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ABSTRACT

OBJECTIVE
To evaluate the safety and efficacy of VPM1002 
and Immuvac in reducing the incidence of 
microbiologically confirmed tuberculosis (TB; 
pulmonary TB and extrapulmonary TB), development 
of latent TB infection, and immunogenicity.
DESIGN
Phase 3 randomised clinical trial (PreVenTB trial).
SETTING
18 sites across six states of India.
PARTICIPANTS
12 717 healthy household contacts (aged ≥6 years) of 
patients with a smear positive TB test.
INTERVENTIONS
Participants were randomly assigned in a 1:1:1 ratio 
(using block randomisation with variable sample 
size) to receive an intradermal injection of VPM1002, 
Immuvac, or placebo in both arms. After one month, a 

second dose was administered in one arm to 11 829 
healthy participants.
OUTCOME MEASURES
The primary outcome was efficacy against confirmed TB 
(pulmonary TB and extrapulmonary TB) over 38 months 
of follow-up. Secondary outcomes were development 
of latent TB infection, adverse and serious adverse 
events, efficacy in predefined age groups, and 
immunogenicity. Exploratory outcomes were efficacy 
when considering tuberculin skin test status, and post 
hoc analyses of efficacy in participants aged 6-14 and 
according to body mass index.
RESULTS
252 and 227 participants developed microbiologically 
confirmed TB in modified intention-to-treat and per 
protocol groups, respectively. The per protocol analysis 
showed 65 (1.68%), 80 (2.09%), and 82 (2.13%) 
participants developed TB in the VPM1002, Immuvac, 
and placebo groups, respectively. Of these, 12 (0.31%), 
16 (0.42%), and 24 (0.62%) developed extrapulmonary 
TB in the VPM1002, Immuvac, and placebo groups, 
respectively. In the per protocol analysis, VPM1002 
showed vaccine efficacy of 21.4% (95% confidence 
interval (CI) −8.9% to 43.2%), 19.5% (−14.6% to 
43.4%), and 50.4% (0.8% to 75.2%) against all TB, 
pulmonary TB, and extrapulmonary TB, respectively. 
Immuvac showed vaccine efficacy of 33.2% (−25.9% 
to 64.5%) against extrapulmonary TB. VPM1002 
and Immuvac showed vaccine efficacy of 64.9% 
(−2% to 90.1%) and 66.3% (1.9% to 90.5%) against 
extrapulmonary TB in participants with tuberculin skin 
test positivity. Both vaccines were well tolerated with 
mild local reactions in about a third of participants. 
VPM1002 and Immuvac induced Mycobacterium 
tuberculosis specific polyfunctional CD4+ T cells. Post 
hoc analyses showed vaccine efficacy of 64.6% (95% CI 
16.3% to 85.1%) against all forms of TB, 62.1% (3.0% 
to 85.2%) against pulmonary TB, and 77.6% (−3.7% to 
95.2%) against extrapulmonary TB in participants aged 
6-14 years in the VPM1002 group.
CONCLUSIONS
Both vaccines were safe but did not show any efficacy 
against all forms of microbiologically confirmed TB 

WHAT IS ALREADY KNOWN ON THIS TOPIC
Extensive efforts have been made globally to develop new tuberculosis (TB) 
vaccines; a phase 2 trial with vaccine M72 showed efficacy of 49.7% against 
pulmonary TB in adults, and a phase 3 trial has started
VPM1002 vaccine has shown promising results in a phase 2 study
Immuvac has also shown immunoprophylactic potential in a large field based 
study

WHAT THIS STUDY ADDS
This multicentre, government funded, phase 3 trial evaluated two vaccines 
for efficacy against TB (pulmonary and extrapulmonary TB) in a single study, 
enrolling household contacts (aged ≥6 years) of patients with smear positive TB
Vaccine efficacy against microbiologically confirmed extrapulmonary TB (which 
poses diagnostic challenges and accounts for higher morbidity and mortality 
rates) was 50.4% for VPM1002
Because no licenced vaccine currently protects people >5 years old, this 
study included vulnerable household contacts ≥6 years old irrespective 
of comorbidities, reflecting a real world scenario (protective efficacy of 
both vaccines seen in children and adolescents against pulmonary and 
extrapulmonary TB)
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or pulmonary TB. VPM1002 showed considerable 
efficacy against extrapulmonary TB. Both vaccines 
showed efficacy against extrapulmonary TB in 
participants who had a positive tuberculin skin test.
TRIAL REGISTRATION
Clinical Trials Registry India CTRI/2019/01/017026.

Introduction
Tuberculosis (TB) poses a major public health problem 
worldwide.1 An estimated 10.8 million people 
were reported to have TB worldwide in 2023, with a 
4.6% increase in incidence rate between 2020 and 
2023.2 India reported 2.55 million people with TB in 
2024.3 The efforts to achieve TB elimination by 2025 
include early detection, treatment, and prevention 
of disease in the most vulnerable people. Although 
India has adopted TB preventive treatment, additional 
strategies like prophylactic vaccines are required. 
BCG is currently the only available licensed vaccine 
against TB that protects against extreme forms of TB in 
young children, but does not offer protection against 
pulmonary TB in adolescents and adults.4 5 However, 
BCG revaccination did not reveal encouraging results 
even in school age children in Brazil6 or in adolescents 
in Chingleput India.7

In the PreVenTB trial, we aimed to investigate the 
efficacy of two vaccines: VPM1002, a recombinant 
BCG vaccine, and Immuvac. We examined the safety 
and efficacy of these vaccines in preventing all forms 
of microbiologically confirmed TB: sputum positive 
pulmonary TB and microbiologically confirmed 
extrapulmonary TB in household contacts of people 
with newly diagnosed smear positive pulmonary TB. 
The rationale for choosing VPM1002 and Immuvac 
has been described in the published protocol.8

Methods
Study objectives
This trial was registered at Clinical Trials Registry India 
(CTRI/2019/01/017026; https://ctri.nic.in/Clinicaltrials/
pmaindet2.php?EncHid=Mjc0MTE=&Enc=&user 
Name=). The primary objective of the study was 
to evaluate the efficacy of two vaccines, VPM1002 
and Immuvac, in reducing the incidence of 
microbiologically confirmed TB (pulmonary TB and 
extrapulmonary TB). Other objectives were to examine 
the safety of the two vaccines in household contacts, 
the efficacy of the vaccines in preventing latent TB 
infection and immunogenicity in a subset of the 
population, their efficacy in preventing pulmonary TB 
and extrapulmonary TB in different age groups, and 
their efficacy in participants who were already infected 
with TB (ie, tuberculin skin test (TST) positive and 
negative).

This trial was a multicentre, double blind, 
randomised, placebo controlled trial undertaken at 
18 sites in six states across India (Delhi, Maharashtra, 
Odisha, Karnataka, Tamil Nadu, and Telangana). Site 
specific block randomisation was used for enrolment 
(for details, see the PreVenTB trial protocol).8 The 18 

trial sites were selected because of their capacity to 
undertake the trial according to good clinical practice 
guidelines and the local prevalence of TB. Latent 
TB infection testing was performed in three states 
(Delhi, Chennai, and Hyderabad) using the TST (Span 
Diagnostics). Study participants were followed up for 38 
months after their first vaccine dose. Immunogenicity 
was evaluated in a subgroup of participants in three 
states (Chennai, Delhi, and Pune). Initially 500 
consecutively screened participants were recruited 
at baseline for immunogenicity and thereafter 150 
consecutive participants were enrolled who received 
both doses of the vaccines and were tested at months 
2 and 6 for immunological parameters. The trial was 
monitored by an external data safety monitoring 
board. The final analysis of primary and secondary 
outcomes was conducted after 38 months of follow-up, 
including immunological parameters and exploratory 
parameters.

Study design
This multicentre, randomised, double blind trial 
with placebo controlled design was undertaken at 18 
sites in six states across India.8 We used site specific 
block randomisation with variable block sizes.8 The 
Clinical Development Services Agency, Department of 
Biotechnology, government of India, monitored the 
trial. The double blind codes remained with one of 
the data safety monitoring board members and were 
decoded on 28 August 2024 after presentation of the 
data under codes A, B, and C.

The trial was undertaken in accordance with good 
clinical practice guidelines and the Declaration of 
Helsinki. The trial was started after obtaining all the 
necessary statutory approvals from the respective 
institutional ethics committees and the Indian 
regulatory authority, Central Drugs Standard Control 
Organisation, and following the guidelines of the 
Indian Council of Medical Research. The trial was 
funded by the Indian Council of Medical Research. All 
the participants were recruited after written informed 
consent or assent was obtained. An independent data 
safety and monitoring committee reviewed the coded 
safety data during the trial and until the end of the 
study.

All participants and the study teams were unaware 
of the study groups. The first participant was enrolled 
and vaccinated on 15 July 2019 and the last participant 
on 31 December 2020. Participants were followed up 
for safety and efficacy according to the protocol until 
38 months after the first vaccine dose was given or 
until they attended their last visit. Follow-up of all 
participants was completed by July 2024.

Study population
A total of 12 722 participants aged 6 years and older 
were randomised according to the inclusion and 
exclusion criteria. Of these, 12 717 participants 
received their first dose (VPM1002, Immuvac, or 
placebo) after written informed consent or assent was 
obtained between 15 July 2019 and 31 December 
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2020. Exclusion and inclusion criteria and study 
procedures have previously been published.8 In brief, 
the participants included healthy household contacts 
of people with a positive smear test for TB, who were 
HIV negative or had stable chronic medical conditions, 
were not pregnant or lactating female contacts, did 
not have confirmed or suspected immunodeficient 
conditions, did not have a history of chronic renal 
failure or dialysis, silicosis, gastrectomy, jejunoileal 
bypass, solid organ transplantation, carcinoma and 
disorders of the liver, kidney, lung, heart, or nervous 
system, had no symptoms of TB or history of TB, 
and had a sputum sample (if produced) negative 
for Mycobacterium tuberculosis at baseline. A total 
of 11 829 participants of 12 717 enrolled received a 
second dose.

Sample size
The methods and sample size calculation have been 
described previously.8 The sample size was determined 
considering the prevalence of TB in household contacts 
to be 2% over a period of three years and assuming that 
the individual vaccines would reduce the incidence 
by 50%. With 2.5% α error (significance level with 
adjustment for multiplicity (testing two hypotheses), ie, 
efficacy of each of VPM1002 and Immuvac compared 
with placebo), 90% power, and 10% dropout rate, 
the sample size was 3918 for each group, which was 
rounded off to 4000, and 12 000 in total. However, a 
total of 12 717 participants were enrolled in view of 
the covid-19 pandemic and considering that even if 
there was a higher than expected dropout rate owing 
to covid-19, we would still have enough numbers to 
draw conclusions.

Randomisation and enrolment
A total of 12 717 participants were enrolled 
and vaccinated (in 1:1:1 ratio) according to the 
randomisation schedule generated by an independent 
statistician. Block randomisation with variable sample 
sizes was generated with a sequence of random 
numbers for each enrolment site. Codes were kept in 
individually sealed opaque envelops. A randomisation 
series was allotted to each site in the state with 
randomisation codes. During the study, all procedures 
were conducted using the participants’ unique code 

and all identifiers were removed. This confidential 
information remained with each site’s principal 
investigator only.

Concealment and masking
To prevent bias in the results, a double blind design 
was followed. All participants and the research 
investigators involved in enrolment, assigning 
participants to groups, and follow-up were masked to 
the vaccine (or placebo) received. After the participants 
were found to be fit for vaccination, the randomisation 
number was assigned by the medical officer, which 
was then sent to the pharmacist. The site pharmacists 
were unmasked to treatment allocation and prepared 
the syringes for vaccination at the site pharmacy 
according to the randomisation number and the 
randomisation schedule. The syringes were labelled 
with only the visit number, randomisation number, 
and the arm (right or left) where each vaccine was to be 
administered. Reconstitution of the study vaccines was 
performed according to the relevant standard operating 
procedure on the morning of vaccine administration, 
immediately before dose administration. The vaccine 
doses were administered by the site staff nurse who 
was also masked to the study groups. A quality control 
person was assigned by the site investigator to ensure 
compliance with the vaccination.

Vaccination
For the first dose of VPM1002, 0.1 mL (2.8×105 colony 
forming units) was administered in one arm and 0.1 
mL of placebo in the other arm. For the second dose, 
participants were given 0.1 mL of placebo in one arm 
after a month. Immuvac was administered in two 
divided doses in both arms; that is, 0.1 mL in each arm 
(0.2 mL, 1×109 bacilli) followed by the second dose 
of the vaccine (0.1 mL, 0.5×109 bacilli) administered 
in one arm after a month. In the placebo group, 
participants were given 0.1 mL of placebo in both arms 
for the first dose. For the second dose, participants 
were given 0.1 mL of placebo in one arm after a month 
(fig 1).8

The primary outcome was to evaluate the efficacy of 
VPM1002 and Immuvac in preventing microbiologically 
confirmed TB (pulmonary TB or extrapulmonary EPTB), 
pulmonary TB, and extrapulmonary TB compared with 

Study
arm

VPM1002 Immuvac Placebo

Route of
administration

Two divided doses of 0.1 mL
each in both upper arms

Single dose of 0.1 mL
in one upper arm

Day 0 Week 4

VPM1002 + placebo Intradermal 

Immuvac Intradermal 

Placebo Intradermal 

Fig 1 | Vaccine schedule. VPM1002: for first dose, 0.1 mL (2.8×105 colony forming units) of vaccine was administered 
in one arm and 0.1 mL of placebo in the other arm; for second dose (week 4), 0.1 mL of placebo was administered in 
one arm. Immuvac: for first dose, 0.1 mL of vaccine was administered in each arm (0.2 mL, 1×109 bacilli); for second 
dose (week 4), 0.1 mL (0.5×109 bacilli) of vaccine was given in one arm. Placebo: for first dose, 0.1 mL of placebo was 
administered in each arm; for second dose (week 4), 0.1 mL of placebo was given in one arm8
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placebo. Secondary outcomes were safety, vaccine 
efficacy in preventing latent TB infection, preventing 
pulmonary TB or extrapulmonary TB in various age 
groups (6-18, 19-35, 36-60, and >60 years), efficacy 
in TST positive and negative household contacts, and 
immunogenicity of the vaccines.

All participants were followed up for 38 months 
after the first dose. Participants suspected of having TB 
were tested according to NTEP (national TB elimination 
programme) guidelines. Biological samples (sputum, 
gastric aspirate, or site specific fluid or sample in 
extrapulmonary TB) were collected for confirmation 

Number of new index pulmonary TB cases

Modified intention
to treat

Participants excluded owing to various inclusion/exclusion criteria

Excluded
Inclusion criteria not met5715 Declined to participate3116

Participants allocated to VPM1002

7210

4241

Received second dose of VPM1002
3957

Developed co-prevalent TB

2558

Number of household contacts
25 124

Number of household contacts assessed for eligibility
24 111

Number of participants eligible for screening

8831

15 280

Number of participants randomised
12 722

Le before first dose
Received first dose of VPM1002
  (intention to treat)

2
4239

25

Analysed for efficacy of VPM1002
4207

Developed co-prevalent TB
Lost to follow-up before 2 months

25
7

Participants allocated to Immuvac
4240

Received second dose of Immuvac
3935

Developed co-prevalent TB

Le before first dose
Received first dose of Immuvac
  (intention to treat)

1
4239

23

Participants allocated to placebo
4241

Received second dose of placebo
3937

Developed co-prevalent TB

Le before first dose
Received first dose of placebo
  (intention to treat)

2
4239

12

Excluded
Analysed for efficacy of Immuvac

4205

Developed co-prevalent TB
Lost to follow-up before 2 months

23
11

Excluded
Analysed for efficacy of placebo

4223

Developed co-prevalent TB
Lost to follow-up before 2 months

12
4

Excluded

Per protocol

Analysed for efficacy of VPM1002
3860

Second dose not given
Second dose not given in required period
Protocol violation

270
76

1

Excluded
Analysed for efficacy of Immuvac

3836

Second dose not given
Second dose not given in required period
Protocol violation

291
77

1

Excluded
Analysed for efficacy of placebo

3845

Second dose not given
Second dose not given in required period
Protocol violation

297
79

2

Excluded

Fig 2 | CONSORT (consolidated standards of reporting trials) diagram showing participant numbers screened and enrolled for vaccine trial. Intention-
to-treat analysis comprised randomised participants with at least one dose of vaccine or placebo. Modified intention-to-treat analysis included 
randomised participants with at least one dose and follow-up beyond two months (visit 6), excluding those with co-prevalent tuberculosis (TB). Per 
protocol analysis included participants from modified intention-to treat analysis, excluding those who did not receive second dose or did not receive 
it within required period
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of M tuberculosis according to NTEP guidelines. A TST 
was done on day 0 and repeated six months after 
vaccination in those who were negative on day 0 at 
three sites in Delhi, Tamil Nadu, and Hyderabad.7

Safety parameters
All solicited, unsolicited adverse events, and serious 
adverse events were recorded for all participants during 
the follow-up period.7 The data safety monitoring 
board reviewed the coded safety data throughout the 
study.

Immunogenicity of VPM1002 and Immuvac
The immunogenicity of VPM1002 and Immuvac to 
elicit M tuberculosis specific immune responses was 
evaluated in a subgroup of participants.8 A total of 491 
participants (169 in VPM1002 group, 162 in Immuvac 
group, and 160 in placebo group) were studied for 
immune responses against whole cell lysates of M 
tuberculosis at day 0, month 2, and month 6 after 
vaccination.

The peripheral blood mononuclear cells were 
stimulated using whole cell lysates of M tuberculosis 
along with costimulatory antibodies (anti-CD28 
or anti-CD49d) and incubated for 24 hours in a 
humidified CO2 incubator (37°C and 5% CO2). After 
collection of supernatants for estimation of cytokines, 
monensin was added to the cells for intracellular 
cytokine staining. Percentages of CD3, CD4, and CD8 
T cells expressing intracellular cytokines interferon 
(IFN)-γ, tumour necrosis factor (TNF)-α, and 
interleukin (IL)-2 were evaluated using flow cytometry. 
Amounts of IL-2, IFN-γ, TNF-α, IL-10, IL-2, IL-7, and 
IP-10 (interferon γ induced protein 10) were estimated 
in sera and supernatants obtained from the cultures 
using multiplex Luminex bead arrays.

Statistical analysis
Vaccine efficacy was calculated in intention-to-treat 
(ITT), modified intention-to-treat (mITT), and per 
protocol populations. The ITT analysis included all 
participants who received at least one vaccine dose 
or placebo. mITT analysis included all participants 
who received at least one vaccine dose or placebo, 
did not have co-prevalent TB7 after vaccination, and 
completed a minimum of two months of follow-up 
after the first dose. Per protocol analysis included all 
participants from the mITT group who received both 
doses of the vaccine within the prescribed period of 
30±7 days and no major protocol violations occurred 
that would potentially affect the vaccine efficacy.

Efficacy analysis in ITT, mITT, and per protocol 
cohorts was done for all participants with 
microbiologically confirmed TB (pulmonary TB or 
extrapulmonary TB), and for pulmonary TB and 
extrapulmonary TB separately as well. Subgroup 
analyses were also performed in the ITT, mITT, and 
per protocol groups. Post hoc analysis for younger age 
groups and analyses for exploratory endpoints were 
also conducted for the ITT, mITT, and per protocol 
groups.

STATA 14.2 software was used to determine vaccine 
efficacy using a Cox proportional hazards regression 
model (vaccine efficacy=1−hazard ratio×100), with 
95% confidence interval (CI). Furthermore, 90% CIs 
were calculated as a post hoc analysis. When the 
numbers in any subgroup were five or less, Fisher’s 
exact test was used and odds ratios (with CIs) were 
approximated by using Woolf’s method with Haldane’s 
correction to account for bias because of small 
numbers.9-11 Immunological data were analysed using 
Graph-pad prism 8.0.2 software (San Diego, CA, USA). 
The χ2 test was applied to compare variables such as 
responder rates for immunological parameters.

Patient and public involvement
Representatives from organisations supporting 
people affected by TB were engaged in the review of 
the study protocol. Their valuable suggestions about 
research design, conduct, and outcome measures were 
incorporated and their comments addressed.

Results
Trial population
Out of 12 722 randomised participants, 12 717 (4239 
in each group) received at least one dose of VPM1002, 
Immuvac, or placebo and were included in the ITT 
analysis (fig 2, supplementary table S-2)12; 11 829 
participants received a second dose. A total of 12 295 
(96.68%) participants completed 38 months of follow-
up, including those who received only one dose of 
the vaccine or placebo. The personal characteristics 
of participants in all three groups were similar (table 
1). A total of 4207, 4205, and 4223 participants in 
the VPM1002, Immuvac, and placebo groups were 
included in the mITT analysis (table 2), and 3860, 
3836, and 3845 were included in the per protocol 
analysis, respectively (fig 2).

Primary outcome: efficacy of VPM1002 and 
Immuvac against microbiologically confirmed TB
For the ITT analysis, the duration of follow-up 
(mean±standard deviation) was 36.14±6.05, 
35.99±6.29, and 36.2±5.74 months for the VPM1002, 
Immuvac, and placebo groups, respectively. For the 
mITT analysis, the duration of follow up was 36.4±5.2, 
36.3±5.5, and 36.3±5.3 months, respectively, and for 
the per protocol analysis, it was 36.5±5.01, 36.4±5.2, 
and 36.4±5.1 months, respectively (table 1).

Of the 12 717 participants in the ITT analysis, 
275 developed microbiologically confirmed TB 
after vaccination—214 had pulmonary TB, 40 
extrapulmonary TB, and 21 developed both 
pulmonary and extrapulmonary TB. The mITT 
analysis comprised 12 635 participants, of which 252 
developed microbiologically confirmed TB—195 had 
pulmonary TB, 36 had extrapulmonary TB, and 21 
participants had both pulmonary and extrapulmonary 
TB. In the per protocol analysis, 11 541 participants 
were analysed, of which 227 developed TB—175 had 
pulmonary TB, 33 had extrapulmonary TB, and 19 had 
both pulmonary and extrapulmonary TB. Therefore, for 
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the efficacy analysis of the vaccines against pulmonary 
TB and extrapulmonary TB, 21 participants in the ITT 
analysis, 21 in the mITT analysis, and 19 in the per 
protocol analysis were included in the counts for both 

pulmonary TB and extrapulmonary TB (supplementary 
table S-1).

In the per protocol analysis (table 2), 65 (1.68%) 
participants developed TB in the VPM1002 group 

Table 1 | Demographic characteristics of participants enrolled in study
Characteristics VPM 1002 (n=4239) Immuvac (n=4239) Placebo (n=4239)
Sex
  Male 1997 (47.2) 1996 (47.1) 1930 (45.6)
  Female 2242 (52.8) 2243 (52.9) 2309 (54.4)
Marital status
  Married 2013 (47.4) 1946 (45.9) 2019 (47.6)
  Unmarried 2174 (51.3) 2247 (53.0) 2167 (51.2)
  Other status 52 (1.3) 46 (1.1) 53 (1.2)
Age at enrolment (years)
  6-18 1525 (36.0) 1593 (37.5) 1536 (36.2)
  19-35 1342 (31.6) 1326 (31.2) 1311 (31.0)
  36-60 1246 (29.4) 1221 (29.0) 1286 (30.3)
  >60 126 (3.0) 99 (2.3) 106 (2.5)
Weight (kg)
  Mean±SD 51.4±17.6 51.1±18.0 51.5±18.1
  Median (IQR) 52 (40-63.3) 51.2 (39.3-63.5) 51.6 (39.5-64.1)
Height (cm)
  Mean±SD 153.1±14.7 152.8±15.1 152.8±14.9
  Median (IQR) 154.3 (146.0-163.0) 154.1 (146.0-163.4) 154.2 (146.5-163.0)
Body mass index <18 in adults (n=1017, 8%) 346 (8.16) 338 (7.97) 333 (7.85)
  Mean±SD 16.6±1.1 16.5±1.0 16.4±1.2
  Median (IQR) 16.9 (16-17.4) 16.7 (15.9-17.3) 16.7 (15.8-17.4)
Body mass index >18 in adults (n=7447, 58.56%) 2512 (59.25) 2443 (57.63) 2492 (58.78)
  Mean±SD 24.6±4.4 24.6±4.5 24.7±4.5
  Median (IQR) 23.9 (21.2-27.2) 24 (21.1-27.2) 24 (21.2-27.4)
Children: normal weight (n=3531, 27.76%) 1140 (26.8) 1207 (28.4) 1184 (27.9)
Children: underweight (n=722, 5.67%) 241 (5.6) 251 (5.9) 230 (5.4)
Follow-up: ITT (n=12 717)
  Mean±SD 36.14±6.05 35.99±6.29 36.2±5.74
  Median (IQR) 37.59 (37.4-37.79) 37.63 (37.36-37.79) 37.63 (37.4-37.79)
Follow-up: mITT (n=12 635)
  Mean±SD 36.4±5.2 36.3±5.5 36.3±5.3
  Median (IQR) 37.6 (37.4-37.8) 37.6 (37.4-37.8) 37.6 (37.4-37.8)
Follow-up: per protocol (n=11 541)
  Mean ±SD 36.5±5.01 36.4±5.2 36.4±5.1
  Median (IQR) 37.6 (37.4-37.8) 37.6 (37.4-37.8) 37.6 (37.4-37.8)
History of smoking or tobacco use
  Yes 779 (18.4) 750 (17.7) 751 (17.8)
  No 3460 (81.6) 3489 (82.3) 3488 (82.2)
History of substance or alcohol misuse
  Yes 452 (10.6) 453 (10.7) 450 (10.6)
  No 3787 (89.4) 3786 (89.3) 3789 (89.4)
Current smoking or tobacco use
  Yes 642(15.2) 594 (14.0) 613(14.4)
  No 3597 (84.8) 3645 (86.0) 3626 (85.6)
Current substance misuse or alcohol consumption
  Yes 431 (10.2) 441 (10.4) 433 (10.3)
  No 3808 (89.8) 3798 (89.6) 3806 (89.7)
Medical history
  Yes 1215 (28.6) 1146 (27.1) 1192 (28.1)
  No 3024 (71.4) 3093 (72.9) 3047 (71.9)
Tuberculin skin test (n=8058)
  Positive 687 (25.6) 702 (26.2) 732 (27.3)
  Negative 1994 (74.4) 1987 (73.8) 1956 (72.7)
Bacterial load of patients with TB with respect to enrolled participants
  Scanty 276 (6.5) 281 (6.6) 261 (6.2)
  CBNAAT+ 4 (0.1) 1 (0.2) 0
  1+ 1945 (46.0) 2039 (48.1) 1943 (45.8)
  2+ 876 (20.6) 834 (19.6) 878 (20.7)
  3+ to 6+ 1138 (26.8) 1085 (25.5) 1157 (27.3)
Data are numbers (%).
CBNAAT=cartridge based nucleic acid amplification test; IQR=interquartile range; SD=standard deviation; TB=tuberculosis.
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compared with 82 (2.13%) in the placebo group, giving 
a vaccine efficacy of 21.4% (95% CI −8.9% to 43.2%). 
Of these, 12 (0.31%) participants in the VPM1002 
group developed extrapulmonary TB compared with 
24 (0.62%) in the placebo group, therefore the vaccine 
efficacy of VPM1002 was 50.4% (95% CI 0.8 to 75.2) 
for extrapulmonary TB (incidence 1.02 (VPM1002) v 
2.06 (placebo) per 1000 person years), reducing the 
incidence of extrapulmonary TB by 50%. The Kaplan-
Meier plots in fig 3 (lower panel) show the effects of 
VPM1002 and Immuvac in providing protection 
against extrapulmonary TB.

Eighty three (1.96%) participants in the ITT analysis 
(table S-2) and 73 (1.74%) in the mITT analysis (table 
2) developed microbiologically confirmed TB in the 
VPM1002 group compared with 89 (2.1%) and 88 
(2.08%) in the placebo group, respectively, showing a 
vaccine efficacy of 7.7% (95% CI −24.6% to 31.6%) in 
the ITT analysis and 16.9% (−13.3% to 39.1%) in the 
mITT analysis. Of the 73 participants with confirmed 
TB in the VPM1002 group (mITT analysis), 63 (1.5%) 
developed pulmonary TB compared with 73 (1.73%) 
in the placebo group, showing a vaccine efficacy of 
13.6% (95% CI −21.1% to 38.3%) against pulmonary 
TB. However, 15 (0.36%) participants developed 
extrapulmonary TB in the VPM1002 group compared 
with 26 (0.62%) in the placebo group, showing a 
vaccine efficacy of 42.3% (−9.1% to 69.4%) against 
extrapulmonary TB only (incidence 1.17 (VPM1002) v 
2.03 (placebo) per 1000 person years).

The per protocol analysis of Immuvac revealed that 
80 (2.09%) participants developed TB compared with 
82 (2.13%) in the placebo group (table 2). Although 
Immuvac did not provide any protection for all TB 
and pulmonary TB, it gave a vaccine efficacy of 33.2% 
(95% CI −25.9% to 64.5%) against extrapulmonary 
TB. A total of 103 (2.43%) participants in the ITT 
analysis and 91 (2.16%) in the mITT analysis 
developed confirmed TB in the Immuvac group. In the 
mITT analysis, 80 (1.9%) developed pulmonary TB 
and 16 (0.38%) developed extrapulmonary TB (table 
2, supplementary table S-2), with a vaccine efficacy of 
38.1% (−15.4% to 66.8%) against extrapulmonary TB 
only (table 2).

Secondary outcomes
Efficacy in preventing latent TB infection
Of the 1994 participants in the VPM1002 group 
who were TST negative at baseline (supplementary 
tables S-3, S-4, S-5), 1681 (ITT), 1675 (mITT), and 
1606 (per protocol) were tested again for TST at six 
months. Of these, 388 (23.08%), 386 (23.04%), and 
360 (22.42%) tested positive, respectively. Of the 
1987 participants in the Immuvac group who were 
TST negative at baseline, 1662 (ITT), 1652 (mITT), 
and 1581 (per protocol) were tested again for TST at 
six months. Of these, 334 (20.1%), 331 (20.04%), 
and 314 (19.86%) tested positive, respectively. In the 
placebo group, of the 1956 participants who were 
TST negative at baseline, 1648 (ITT), 1646 (mITT), 
and 1571 (per protocol) were tested again for TST at Ta
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six months. Of these, 335 (20.33%), 334 (20.29%), 
and 315 (20.05%) tested positive, respectively. The 
difference between the two vaccines and the placebo 
groups when considering the number of participants 
who converted from being TST negative at day 0 to TST 
positive at six months was not significant, indicating 
that the vaccines did not prevent infection.

Efficacy in participants who were TST positive and 
TST negative
We further checked the vaccine efficacy by considering 
latent TB infection status in the participants. In the per 
protocol analysis, 2447, 2456, and 2452 participants 
were tested for TST at baseline in the VPM1002, 
Immuvac, and placebo groups, respectively (table 
3; ITT and mITT data are shown in supplementary 
tables S-6 and S-7). VPM1002 showed vaccine 
efficacy of 69.9% (95% CI −45.2% to 93.8%) against 
extrapulmonary TB (table 3, supplementary tables S-6, 

S-7) in participants who were TST positive. However, 
with Haldane’s modification, a vaccine efficacy of 
64.9% (−2.0 to 90.1) was observed for extrapulmonary 
TB. In participants who were TST negative, VPM1002 
showed a vaccine efficacy of 36.8% (−8.1% to 63.1%) 
against all TB and 44.2% (−3.2% to 69.8%) against 
pulmonary TB.

The vaccine efficacy of Immuvac was 44.3% (95% 
CI −16.2% to 73.4%) against all TB, 43.1% (−28.8% 
to 74.9%) against pulmonary TB, and 71.1% (−39.3% 
to 93.9%) against extrapulmonary TB in participants 
who were TST positive (table 3, supplementary tables 
S-6, S-7). However, with Haldane’s modification, the 
vaccine efficacy for extrapulmonary TB reduced to 
66.3% (1.9% to 90.5%).

Of those who became TST positive at six months, 
6 (1.67%) in the VPM1002 group, 8 (2.55%) in the 
Immuvac group, and 16 (5.08%) in the placebo 
group developed TB during the follow-up period of 38 
months (table 4, supplementary tables S-8, S-9). The 
VPM1002 group showed a vaccine efficacy of 68.4% 
(95% CI 19.2% to 87.7%) against all TB (5.41 v 17.12 
per 1000 year follow-up in VPM1002 and placebo 
groups, respectively), 66.4% (−7.2% to 89.5%) against 
pulmonary TB (3.61 v 10.7 per 1000 year follow-up, 
respectively), and 78.9% (0.4% to 95.6%) against 
extrapulmonary TB (1.8 v 8.56 per 1000 year follow-
up, respectively) in those who converted to being TST 
positive after six months.

Immuvac showed a vaccine efficacy of 50.7% (95% 
CI −15.4% to 78.9%) against all TB (8.46 v 17.12 per 
1000 year follow-up in Immuvac and placebo groups, 
respectively), 40.9% (−62.8% to 78.5%) against 
pulmonary TB (6.35 v 10.7 per 1000 year follow-up, 
respectively), and 62.9% (−39.8% to 90.2%) against 
extrapulmonary TB (3.17 v 8.56 per 1000 year follow-
up , respectively).

Efficacy in preventing pulmonary and 
extrapulmonary TB in prespecified age groups
An analysis was performed of vaccine efficacy 38 
months after the first dose was administered in the 
ITT (supplementary table S-10), mITT (supplementary 
table S-11), and per protocol (table 5) groups by 
considering prespecified age groups (6-18, 19-35, 36-
60, and >60 years).

For VPM1002, the per protocol analysis showed 
that in participants aged 6-18 years, the vaccine 
efficacy was 24.9% (95% CI −19.8% to 52.9%) against 
all forms of TB, 31% (−15.0% to 58.6%) against 
pulmonary TB, and 33.9% (−61.8% to 73.0%) against 
extrapulmonary TB (table 5). In the 19-35 year age 
group, the vaccine efficacy was 27.3% (−34.0% to 
60.6%) against all forms of TB, 29.5% (−34.2% to 
63.0%) against pulmonary TB, and 27.3% (−225.2% to 
83.8%) against extrapulmonary TB. In those aged 36-
60 years, the vaccine efficacy against extrapulmonary 
TB was 85.2% (−20.6% to 98.2%) and 79.5% (27.2% 
to 96.2%) when Woolf’s method with Haldane’s 
modification was applied (to avoid bias because the 
number in one group was less than five).
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For Immuvac, in the 6-18 year age group, the 
vaccine efficacy was 16.8% (95% CI −34.5% to 48.6%) 
against pulmonary TB and 19.7% (−86.0% to 65.3%) 
against extrapulmonary TB. For extrapulmonary TB, 
in participants aged 19-35 years, the vaccine efficacy 
was 26.0% (–230.7% to 83.5%), and in those aged 
36-60 years, the vaccine efficacy was 69.8% (−45.4% 
to 93.8%) and 62% (−10.4% to 89.2%; 90% CI 4.3% 
to 86.8%) when Woolf’s method with Haldane’s 
modification was applied (to avoid bias because the 
number in one group was less than five; table 5).9 10

Immunogenicity of VPM1002 and Immuvac
We studied the responder rate, that is, the proportion 
of participants in the vaccine and placebo groups 
who showed a positive recall response to whole cell 
lysates of M tuberculosis. A responder was defined as 
someone who had a detectable recall T cell response—
at least 0.02% cells above unstimulated control—after 
stimulation with whole cell lysates. A total of 458 
(93.3%) participants showed a CD3 IFN-γ response at 
screening—95.3% in the VPM1002 group, 91.4% in 
the Immuvac group, and 93.1% in the placebo group 
(supplementary table S-12). Considerably higher 
numbers of participants in the Immuvac group showed 
CD3 IFN-γ (98.1%) and CD3 TNF-α (95.1%) responses 
than in the placebo group (91.9% and 88.8%, 
respectively) at two months.

Median frequencies of the CD4 and CD8 T cells 
expressing single cytokines IFN-γ, TNF-α, or IL-2 
showed wide interquartile ranges and did not show 
significant differences in the vaccine groups compared 
with placebo (data not shown). However, frequencies 
of M tuberculosis specific polyfunctional CD4 T cells 
expressing IFN-γ and IL-2, IL-2 and TNF-α (fig 4, upper 
panel) increased significantly in the VPM1002 group 
compared with the placebo group at two months. CD4 
T cells expressing all three cytokines (ie, IFN-γ, IL-
2, and TNF-α) increased significantly at six months 

in the VPM1002 group compared with placebo. 
The Immuvac group showed significantly higher 
frequencies of polyfunctional CD4 T cells expressing 
IFN-γ and TNF-α compared with the placebo group at 
six months (fig 4, lower panel). Polyfunctional CD8 
T cells did not show any significant differences (data 
not shown). The differences observed in the numbers 
of cytokines secreted in the supernatants of whole 
cell lysate stimulated peripheral blood mononuclear 
cells and sera of patients at day 0, two months, and 
six months between the vaccines and placebo were not 
significant (data not shown).

Safety of VPM1002 and Immuvac
Both the vaccines were safe. After the first dose, 
solicited self-healing local reactions at the site of 
injection were observed in one arm of about a third of 
participants vaccinated with VPM1002, and in both 
arms of about a third of those vaccinated with Immuvac. 
After the second dose, about the same proportion had a 
reaction in one arm only in the Immuvac group. These 
proportions were considerably higher than in the 
placebo group, as expected (supplementary table S-13).

Serious adverse events were observed in less than 
10% of the vaccinated population in each group. A 
total of 887 serious adverse events were observed in 
760 participants, with 251 (5.9%) participants in the 
VPM1002 group, 264 (6.2%) in the Immuvac group, 
and 245 (5.7%) in the placebo group throughout the 
follow-up period (supplementary tables S-14, S-15). 
Sixty-eight participants had several events: 29 (0.68%) 
in the VPM1002 group, 20 (0.47%) in the Immuvac 
group, and 19 (0.44%) in the placebo group; however, 
none were related to the vaccines. There were 109 
deaths in total (41 (0.96%) in the VPM1002 group, 33 
(0.78%) in the Immuvac group, and 35 (0.83%) in the 
placebo group). None of the serious adverse events and 
deaths were related to the vaccines (supplementary 
tables S-14, S-15, S-16).

Table 4 | Vaccine efficacy against microbiologically confirmed all tuberculosis (TB), pulmonary TB (PTB), and extrapulmonary TB (PTB) in participants 
who were initially tuberculin skin test (TST) negative and converted to TST positivity at six months: per protocol analysis

TST 
positive at 
6 months 
and type 
of TB

VPM1002 or Immuvac Placebo Absolute 
difference, 
relative  
difference 
(%)

Vaccine efficacy,  
% (90% CI)

P value; vaccine efficacy, 
% (95% CI)

No (%) of  
participants 
who devel-
oped TB

Person 
years of 
follow- 
up

Rate per 1000  
person years  
(90% CI)

No (%) of  
participants  
who devel-
oped TB

Person 
years of 
follow- 
up

Rate per 1000 person 
years (90% CI)

VPM1002 (n=360, 22.42%) v placebo (n=315, 20.05%)*
All TB 6 (1.67) 1107.2 5.41 (2.76 to 10.60) 16 (5.08) 934.3 17.12 (11.35 to 25.83) 3.41, 67.13 68.4 (30.5 to 85.6) 0.01; 68.4 (19.2 to 87.7)
PTB 4 (1.11) 1107.2 3.61 (1.58 to 8.22) 10 (3.17) 934.3 10.70 (6.36 to18.0) 2.06, 64.98 66.4 (11 to 87.3); 

63.3 (24.9 to 83.1)‡
0.06; 66.4 (−7.2 to 89.5); 
63.3 (15.6 to 85.3)‡

EPTB 2 (0.56) 1107.2 1.80 (0.56 to 5.77) 8 (2.54) 934.3 8.56 (4.78 to 15.31) 1.98, 77.95 78.9 (22.3 to 94.3); 
74.8 (37.5 to 91.2)‡

0.05; 78.9 (0.4 to 95.6); 
74.8 (28.2 to 92.8)‡

Immuvac (n=314, 19.86%) v placebo (n=315, 20.05%)†
All TB 8 (2.55) 944.7 8.46 (4.73 to 15.14) 16 (5.08) 934.3 17.12 (11.35 to 25.83) 2.53, 49.8 50.7 (0 to 75.8) 0.10; 50.7 (−15.4 to 78.9)
PTB 6 (1.91) 944.7 6.35 (3.24 to 12.42) 10 (3.17) 934.3 10.70 (6.36 to18.0) 1.26, 39.75 40.9 (−38.3 to 74.7) 0.31; 40.9 (−62.8 to 78.5)
EPTB 3 (0.96) 944.7 3.17 (1.22 to 8.20) 8 (2.54) 934.3 8.56 (4.78 to 15.31) 1.58, 62.2 62.9 (−13 to 87.9); 

59.4 (8.6 to 83.3)‡
0.14; 62.9 (−39.8 to 
90.2); 59.4 (−4 to 85.9)‡

CI=confidence interval.
*Absolute difference: placebo−VPM1002. Vaccine efficacy of VPM1002.
†Absolute difference: placebo−Immuvac. Vaccine efficacy of Immuvac.
‡Additional analysis done (per protocol) when n<5 for any variable. Vaccine efficacy derived from odds ratio (OR), calculated using Woolf ’s method with Haldane’s modification: vaccine 
efficacy=1−OR×100.

10� doi: 10.1136/bmj-2025-085716 | BMJ 2026;393:e085716 | the bmj
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Post hoc analysis in younger age groups
Because BCG has been shown to protect children <5 
years old,13 we performed a post hoc analysis of age 
groups 6 to <10 years and 6 to <14 years for the ITT 
(supplementary table S-17), mITT (supplementary 
table S-18), and per protocol (table 6) groups. 
VPM1002 showed a vaccine efficacy of 78.9% (95% CI 
−81.8% to 97.6%) and 71.2% (−9.6% to 94.9%; 90% 

CI 7.5% to 93.2%) when Haldane’s modification was 
applied in the age group 6 to <10 years against all TB 
(0.86 v 4.06 per 1000 person years in VPM1002 and 
placebo groups, respectively), and 78.9% (−81.2% to 
97.6%) against extrapulmonary TB (0.86 v 4.06 per 
1000 person years in VPM1002 and placebo groups, 
respectively). Immuvac showed a vaccine efficacy 
of 61.6% (−98.3% to 92.6%) against all TB (1.56 v 
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Fig 4 | Bar graphs showing medians with interquartile ranges of polyfunctional CD4 T cells simultaneously expressing 
IFN-γ and TNF-α (No of cells per million CD4 T cells), IFN-γ and IL-2, IL-2 and TNF-α, and all three cytokines IFN-γ, TNF-α, 
and IL-2 in peripheral blood mononuclear cells stimulated with whole cell lysates of Mycobacterium tuberculosis in 
participants administered VPM1002, Immuvac, and placebo. Upper panel: polyfunctional CD4 T cells in VPM1002 
group compared with placebo. CD4 T cells expressing IFN-γ+IL-2 and IL-2+TNF-α were significantly higher in numbers 
in VPM1002 group at two months after vaccination than placebo. CD4 T cells expressing all three cytokines were 
significantly increased in VPM1002 group six months after vaccination compared with placebo. Lower panel: 
polyfunctional CD4 T cells in Immuvac group compared with placebo. CD4 T cells expressing IFN-γ and TNF-α were 
significantly enhanced at six months in Immuvac group compared with placebo. Although CD4 T cells expressing all 
three cytokines were increased in Immuvac group, the difference was not statistically significant. 0A, 2A, 6A represent 
day 0, two months, and six months after vaccination with VPM1002; 0B, 2B, 6B represent day 0, two months, and six 
months after vaccination with Immuvac; 0C, 2C, 6C represent day 0, two months, and six months after placebo. IFN, 
interferon; IL, interleukin; TNF, tumour necrosis factor
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4.06 per 1000 years in Immuvac group and placebo 
groups, respectively) and 80.8% (−64.7% to 97.8%) 
and 74.2% (1.5% to 95.4%; 90% CI 16.9% to 93.9%) 
against extrapulmonary TB in the age group 6 to <10 
years when Haldane’s modification was applied (0.78 
v 4.06 per 1000 years in Immuvac and placebo groups, 
respectively; table 6, supplementary tables S-17, S-18).

In the age group 6 to <14 years, VPM1002 showed 
a vaccine efficacy of 64.6% (95% CI 16.3% to 85.1%) 
against all TB (2.77 v 7.83 per 1000 person years in 
VPM1002 and placebo groups, respectively), a vaccine 
efficacy of 62.1% (3.0% to 85.2%) against pulmonary 
TB (2.38 v 6.26 per 1000 person years in VPM1002 
and placebo groups, respectively), and 77.6% (−3.7% 
to 95.2%) and 73.2% (25.3% to 92.2%; 90% CI 34.8% 
to 90.5%) against extrapulmonary TB when Haldane’s 
modification was applied (0.79 v 3.52 per 1000 person 
years in VPM1002 and placebo groups, respectively). 
Immuvac showed a vaccine efficacy of 37% (−24.8% 

to 68.2%) against all TB (4.92 v 7.83 per 1000 person 
years in Immuvac and placebo groups, respectively), 
38% (−33.6% to 71.3%) against pulmonary TB 
(3.87 v 6.26 per 1000 person years in Immuvac and 
placebo groups, respectively), and 40.2% (−68.0% to 
78.8%) against extrapulmonary TB (2.11 v 3.52 per 
1000 person years in VPM1002 and placebo groups, 
respectively; table 6, supplementary tables S-17, S-18). 
Kaplan-Meier curves for TB (log rank test P=0.048), 
pulmonary TB (P=0.162), and extrapulmonary TB 
(P=0.06) clearly show the cumulative occurrence of 
the disease was more pronounced in the placebo group 
compared with the vaccine groups (fig 5).

Post hoc analysis considering body mass index
For adult participants (>18 years), body mass index ≥18 
and <18 were considered (supplementary tables S-19, 
S-20, S-21). For participants <18 years, classification 
of normal weight or underweight was done based 
on the weight for age.13 In the per protocol analysis, 
the vaccine efficacy for VPM1002 in participants 
with a body mass index ≥18 was 64.1% (95% CI 
−13.0% to 88.6%; 90% CI 6.0% to 86.3%) and 61.7% 
(13.8% to 84.4%; 90% CI 23.1% to 82.0%) against 
extrapulmonary TB when Haldane’s modification was 
applied (supplementary table S-21). For Immuvac, 
the vaccine efficacy was 53.5% (−33.8% to 83.9%) 
and 51.3% (−4.2% to 78.6%; 90% CI 6.5% to 75.7%) 
against extrapulmonary TB only when Haldane’s 
modification was applied. However, neither VPM1002 
nor Immuvac provided any protection against any 
form of TB in participants with body mass index <18 
(supplementary table S-21).

In children <18 years, who were in the normal 
weight range,14 VPM1002 showed a vaccine efficacy of 
45.1% (95% CI 5.4% to 68.2%) against all forms of TB, 
56.9% (19.4% to 77.0%) against pulmonary TB and 
39.2% (−67.3% to 77.9%) against extrapulmonary TB. 
Immuvac showed a vaccine efficacy of 31.6% (−12.9% 
to 58.6%) against all forms of TB, 38% (−7.1% to 
64.2%) against pulmonary TB and 22.4% (−96.8% to 
69.4%) against extrapulmonary TB. Neither VPM1002 
nor Immuvac provided any protection to children who 
were underweight (supplementary table S-21).

We further evaluated vaccine efficacy in participants 
by considering other covariates like gender 
(tables S-22, S23, S-24), BCG vaccination status 
(supplementary tables S-25, S-26, S-27), diabetes 
(supplementary tables S-28, S-29, S-30), and smoking 
status (supplementary tables S-31, S-32, S-33) at 
baseline.

In the per protocol cohort, VPM1002 showed a 
vaccine efficacy of 42.8% (95% CI −36.5% to 76.0%) 
against extrapulmonary TB in participants who had 
a BCG scar (supplementary table S-27). However, 
in those without a BCG scar, the vaccine efficacy for 
extrapulmonary TB was 61.0% (−24% to 87.8%) and 
58.4% (4.9% to 83.3%; 90% CI 15.3 to 80.7) when 
Haldane’s modification was applied.

Neither VPM1002 nor Immuvac provided any 
protection in participants with diabetes (supplementary 
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Fig 5 | Kaplan-Meier plots for cumulative hazard of microbiologically confirmed 
tuberculosis (TB) over 38 months in participants aged 6 to <14 years who received 
VPM1002, Immuvac, or placebo. Upper panel: microbiologically confirmed pulmonary 
and extrapulmonary TB; middle panel: microbiologically confirmed pulmonary TB; lower 
panel: microbiologically confirmed extrapulmonary TB
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tables S-28, S-29, S-30) and those who smoked, 
probably because the proportions (about 4% and 
10%, respectively) were very small and were equally 
distributed across the three groups (supplementary 
tables S-28 to S-33). However, the vaccine efficacy of 
VPM1002 for participants who did not have diabetes 
was 45.8% (95% CI −9.5% to 73.2%; 90% CI 2.2% to 
97.0%) against extrapulmonary TB (supplementary 
table S-30). For participants who did not smoke, the 
vaccine efficacy of VPM1002 was 24.8% (−6.8% to 
47.0%) against all TB, 23.5% (−12.4% to 47.9%) 
against pulmonary TB, and 45.5% (−10.1% to 73.1%; 
90% CI 1.7% to 69.8%) against extrapulmonary TB 
(supplementary table S-33). The vaccine efficacy for 
Immuvac was 36.9% (−23.4% to 67.7%) against 
extrapulmonary TB in those who did not smoke 
(supplementary table S-33).

Discussion
We report the findings of one of the largest randomised, 
double blind, placebo controlled trials in which 
the efficacies of two different vaccines, VPM1002 
and Immuvac, were evaluated for preventing TB, 
pulmonary TB, and extrapulmonary TB in a high risk 
population (household contacts of patients with smear 
positive pulmonary TB). Both vaccines were found 
to be safe, with local solicited self-healing adverse 
events in one third of participants in each group, 
with no serious concerns. The primary outcome was 
to evaluate the efficacy of VPM1002 and Immuvac 
against all forms of TB (including pulmonary and extra 
pulmonary TB), pulmonary TB, and extrapulmonary 
TB. We observed that neither of the vaccines provided 
protection against TB in general; however, protection 
was provided against extrapulmonary TB by both 
vaccines. Extrapulmonary TB, which occurs at sites 
other than the lungs,15 occurs in about a third of 
patients diagnosed as having TB, and the mortality 
for this form of TB may increase to about 40% in some 
countries.16 However, 15-24% of patients with TB may 
have extrapulmonary disease, with an increase to over 
50% in patients coinfected with HIV in countries like 
India.17

Interpretation of results and comparison with other 
studies
Although many vaccines in different stages of 
development have been evaluated for prevention of 
pulmonary TB, limited reports have examined the 
efficacy of any vaccine against extrapulmonary TB. 
One study that evaluated efficacy against pulmonary 
and extrapulmonary TB reported a vaccine efficacy of 
31% (95% CI −12% to 58%) against non-pulmonary 
TB from one of three sites in Brazil after revaccination 
with BCG6. In the current study, VPM1002 showed a 
vaccine efficacy of 50.4% (95% CI 0.8% to 75.2%) 
against extrapulmonary TB (incidence 1.02 v 2.06 
per 1000 person years in VPM1002 and placebo 
groups, respectively), reducing the incidence of 
extrapulmonary TB by more than 50% (in line with our 
basic assumption to calculate sample sizes assuming 

that individual vaccines would reduce TB incidence 
by 50%); however, we observed this finding in 
extrapulmonary TB and not in all forms of TB.

At present, the only vaccine used for protection 
against TB is BCG, which protects against severe forms 
of TB in children <5 years old but does not protect 
against pulmonary TB in adults.18 However, in children 
and adolescents <18 years old within the normal weight 
range, VPM1002 showed a vaccine efficacy of 45.1% 
(95% CI 5.4% to 68.2%) against all TB, and 56.9% 
(19.4% to 77.0%) against pulmonary TB. Immuvac, 
however, had a vaccine efficacy of 31.6% (−12.9% 
to 58.6%) against all forms of TB and 38% (−7.1% 
to 64.2%) against pulmonary TB in children and 
adolescents within the normal weight range; however, 
neither vaccine provided protection for children who 
were underweight. These data emphasise the need for 
nutritional support along with the vaccination,19  20 
particularly for children >5 years old.

The available data on BCG vaccination remain 
controversial21 and revaccination shows variable 
results.22 While some data did not show any protection 
against TB,23 a multicentre study on BCG revaccination 
in school age children from Brazil showed a low level 
of protection against all forms of TB, with a small 
increase in vaccine efficacy from 9% (95% CI −16% to 
29%) at the end of five year follow-up to 12% (−2% to 
24%) at the end of nine year follow-up, with slightly 
higher efficacy (19%; 3% to 33%) at one of the sites 
in Salvador.6 Reanalysis of BCG revaccination data at 
Chingleput showed that BCG was not protective until 
10 years after vaccination, however it showed 36% 
protection at the end of 15 years after vaccination.24 
In contrast, the results of our study showed a vaccine 
efficacy of recombinant BCG against extrapulmonary 
TB in all age groups and against all TB and pulmonary 
TB in a younger age group (6 to <14 years). Our post 
hoc analysis showed that in children aged 6 to <14 
years, VPM1002 provided more than 60% protection 
against all forms of TB in general and pulmonary TB 
in particular. VPM1002 provided more than 70% 
protection against extrapulmonary TB in children aged 
6 to <14 years and Immuvac provided a similar level of 
protection against extrapulmonary TB in the age group 
6 to <10 years, highlighting the protective effects of 
both the vaccines in younger age groups (table 6).

VPM1002 and Immuvac showed protection against 
microbiologically confirmed extrapulmonary TB, not 
only in younger age groups, but also in those aged 
36-60 years (table 5). Prevention of extrapulmonary 
TB could have a major impact on public health by 
reducing the burden of disease, which causes high 
morbidity and mortality owing to associated diagnostic 
challenges.17 VPM1002 also showed protection against 
extrapulmonary TB in participants without a BCG scar 
(supplementary tables S-25, S-26, S-27), a finding that 
could be investigated further. Even though the numbers 
of participants in the mITT analysis for the VPM1002 
and placebo groups were 1605 and 1579, respectively, 
for BCG negative participants (supplementary table 
S-26), the findings have enough power as evident from 
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the 90% confidence intervals (vaccine efficacy 64.2%, 
90% CI 6.4 to 86.3).

A trial of candidate TB vaccine, M72/AS01E, showed 
a vaccine efficacy of 49.7% in participants aged 18-
50 years with latent M tuberculosis infection based on 
interferon γ release assay (IGRA) positivity.25 However, 
the current study included all household contacts 
irrespective of latent TB infection status. VPM1002 
and Immuvac provided more than 60% protection 
against extrapulmonary TB in patients with TST 
positivity (ie, those with latent TB). VPM1002 also 
protected participants who were TST negative against 
pulmonary TB with a vaccine efficacy of 44.2% (90% 
CI 6.5% to 66.7%; table 3). Neither VPM1002 nor 
Immuvac protected against M tuberculosis infection, 
as evident from TST conversion observed at six 
months in participants who were negative at baseline, 
a result similar to that recently published in a meta-
analysis of BCG vaccination.26 However, VPM1002 
was highly protective against all TB, pulmonary TB, 
and extrapulmonary TB and Immuvac was protective 
against all TB and extrapulmonary TB, even in those 
who recently acquired the infection (ie, participants 
with TST conversion from negative to positive six 
months after vaccination; table 4). This finding shows 
that even if the vaccines could not prevent infection, 
they could prevent progression to disease even in 
those who acquired the infection within six months of 
vaccination.

The results indicate that both vaccines may help in 
reducing the burden of extrapulmonary TB because 
they provide protection in different scenarios, leading 
to reduction in mortality and morbidity owing to 
diagnostic challenges17 and delay in identification. 
VPM1002 protects against all TB and pulmonary TB in 
children and adolescents <18 years old who are well 
nourished. Nutrition has been shown to be an integral 
component for improvement in treatment outcomes in 
adults19; the same may apply in those <18 years old. 
Vaccines along with nutritional support in developing 
countries could result in reducing smear positivity in 
young adults and so protect the younger work force.

A previous TB trial with M72 and Ag85A reported 
a vaccine specific increase in polyfunctional CD4+ 
T cells after vaccination, contributing to the vaccine 
efficacy against pulmonary TB.25  27 However, in our 
study, instead of vaccine specific immune responses, 
M tuberculosis specific immune responses were 
studied. Immune correlates of protection provided by 
VPM1002 seem to be through M tuberculosis specific 
polyfunctional CD4+ T cells expressing IFN-γ and IL-2, 
IL-2 and TNF-α, and all three cytokines, IFN-γ, IL-2, and 
TNF-α. However, Immuvac showed a higher frequency 
of CD4 T cells expressing TNF-α and IFN-γ. These 
data are in concordance with earlier reports on the 
immunogenicity of VPM1002.28 CD4+ T cells, which 
express the cytokines IL-2 and TNF-α, have central 
memory phenotype (TCM) and VPM1002 has been 
shown to induce higher frequencies of TCM compared 
with BCG.29 VPM1002, in the current study too, seems 
to induce M tuberculosis specific TCM, which may result 

in long lasting protection against M tuberculosis. 
Antigen 85A specific polyfunctional CD4 T cells 
producing cytokine IFN-γ, TNF-α, and IL-2 have been 
reported to be highly promising.27 IFN-γ and TNF-α help 
in recruiting monocytes and granulocytes to the site of 
infection, and are also involved in the antimicrobial 
activity of macrophages,30 31 a mechanism that could 
also be working through polyfunctional CD4+ T cells in 
those protected by these vaccines.

Based on a detailed landscape analysis of published 
data, this study has evaluated the protective efficacy of 
two vaccines against all forms of confirmed TB among 
the most vulnerable group of household contacts of 
patients with smear positive pulmonary TB. The data 
showing protection from pulmonary TB in a younger 
age group and from extrapulmonary TB in general will 
help to reduce the burden of TB. Sputum collection 
in a younger age group and sample collection for 
extrapulmonary TB pose difficulties and so infection 
often remains undetected or there is a delayed 
diagnosis owing to limited facilities in peripheral 
and rural settings. Although VPM1002 and Immuvac 
show better levels of protection compared with 
BCG revaccination, VPM1002 seems to show better 
protection than Immuvac.

Statement of principal findings
The data show that VPM1002 did not provide protection 
from microbiologically confirmed pulmonary TB 
in general but protected against microbiologically 
confirmed extrapulmonary TB. VPM1002 provided 
protection against all TB, pulmonary TB, and 
extrapulmonary TB in participants aged 6 to <14 
years. VPM1002 also provided protection against 
TB and pulmonary TB in participants <18 years old 
within a normal weight range. VPM1002 protected 
against extrapulmonary TB in participants who were 
TST positive and against TB, pulmonary TB, and 
extrapulmonary TB in those who were recently infected 
with M tuberculosis.

Immuvac did not provide protection against TB 
in general. However, it provided protection against 
all TB and extrapulmonary TB in participants aged 
6-10 years, from pulmonary TB in those aged <18 
years within a normal weight range, and from 
extrapulmonary TB in participants aged 36-60 years. 
Immuvac protected against extrapulmonary TB in 
those who were TST positive and also in those with a 
recent M tuberculosis infection. Supplementary tables 
S-34 and S-35 respectively show summaries of the 
efficacy analysis for VPM1002 and Immuvac (with 
lower confidence limit ≥0).

Strengths and weaknesses of the study
This study has many strengths. It was a large study 
that evaluated the efficacy of two vaccines in a 
single trial performed across six states of India and 
included vulnerable household contacts (aged 6 years 
and older) of patients with a recent TB diagnosis, 
irrespective of their M tuberculosis infection status. 
The study evaluated vaccine efficacy against all TB, 
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pulmonary TB, and extrapulmonary TB, was well 
designed, and was registered. A paediatric population 
was included, as were participants with comorbidities 
like diabetes, those who smoked, those with alcohol 
dependence and other metabolic disorders, with equal 
distribution across the three groups representing a 
real world setting and fulfilling the needs currently 
being emphasised.32 Inclusion of participants who 
were TST positive, TST negative, BCG scar positive, 
and BCG scar negative adds to the value of the study 
in view of the data generated, especially in high TB 
burden states.32 The study was done with domestic 
funding, following all ethical guidelines, and building 
capacity of 18 sites in different states for conducting 
phase 3 trials, with community engagement during 
trial design. A very important strength is that despite 
the covid-19 pandemic, we could follow up 96.68% of 
the participants for 38 months.

A weakness of the study was that owing to the 
covid-19 pandemic, some participants could not be 
given the second dose of the vaccine, so they had to 
be excluded from the per protocol analysis. Although 
strict follow-ups were done, at times, it was difficult to 
perform physical follow-ups, which were sometimes 
delayed owing to lockdowns. Therefore, telephone 
follow-ups were done within required timeframes 
during the pandemic. Because the study was conducted 
in different states of India, applicability of our findings 
in other countries with different ethnicities needs to be 
determined.

Strengths and weaknesses relating to other studies, 
discussing important differences in results
Most recent studies have been done in a defined age 
group of adults and excluded vulnerable populations 
and those with comorbidities. Our study included 
participants ≥6 years and also older populations, those 
with comorbidities, people who smoked, had alcohol 
dependence, were TST positive, TST negative, BCG scar 
positive, and BCG scar negative, which represented 
the general population in any state. Because BCG, 
in general, provides protection only up to 5 years of 
age, this study shows that VPM1002 and Immuvac 
provide protection in participants aged 6-18 years, 
who are not underweight, suggesting the need for 
proper nourishment along with the vaccine. Most 
recent studies have been done in people who are IGRA 
positive or TST positive, whereas our study included 
household contacts irrespective of their infection 
status (TST positive and negative). Additionally, the 
data show that the vaccines do not protect against 
infection, however both vaccines protect against 
developing overt TB, even in those who have converted 
from being TST negative to TST positive; these data are 
lacking in other studies.

Despite the covid-19 pandemic, this study completed 
recruitment during the peak of the pandemic and was 
successfully completed within the expected timeframe 
without much delay. The physical follow-up visits were 
made despite the pandemic and lockdown restrictions, 
and when possible, home visits were made. In all 

participants who were suspected to have TB, efforts 
were made to confirm the diagnosis microbiologically 
and by other confirmatory tests for extrapulmonary TB 
according to NTEP guidelines.

A weakness of the study is that it was conducted 
during the covid-19 pandemic, therefore some 
participants could not be given their second dose and 
so were excluded from the per protocol analysis, as 
mentioned above. However, the data were not affected 
because all those suspected of having TB were tested 
according to NTEP guidelines.

Meaning of the study: possible explanations and 
implications for clinicians and policy makers
Currently, the only licenced vaccine available against 
TB is BCG, which protects against the severe form of TB 
in children <5 years old. Policy makers should consider 
our study findings that VPM1002 showed a vaccine 
efficacy of 50.4% compared with placebo in all age 
groups in reducing extrapulmonary TB over a period 
of time and the potential economic benefits of this 
reduction. Recombinant BCG (VPM1002) and Immuvac 
may be used for protection against pulmonary TB and 
extrapulmonary TB in children and adolescents aged 
>5 to 18 years along with nutritional supplements, and 
against extrapulmonary TB in all age groups. Because 
neonatal BCG is given in many countries, booster doses 
with recombinant BCG (VPM1002) at 5-8 years, 12-
14, and 18-35 years may provide protection against 
pulmonary TB and extrapulmonary TB in the most 
vulnerable groups and in the general population 
as well. Elimination of TB would only be possible if 
boosters are given at younger ages.

Unanswered questions and future research
Because both vaccines gave better efficacy in well 
nourished children and in adults with a body mass 
index ≥18, future research of vaccines could include 
additional nutrition or energy dense nutritional 
supplements in undernourished children and in adults 
with a body mass index <18.

Our study included participants with diabetes, 
those who smoked, had alcohol dependence, low body 
mass index, and other metabolic disorders distributed 
across the three groups and representing a real world 
scenario. Therefore, efficacy against specific high risk 
groups could not be determined. Additionally, this 
study was carried out in a population that had already 
been vaccinated at birth with BCG. Further research 
on common targeted high risk groups for TB could be 
undertaken.
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