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A B S T R A C T

Objective: Immunotherapy of tuberculosis (TB) to shorten treatment duration represents an unmet medical need.
Orally delivered, tableted TB vaccine (V7) containing heat-killed Mycobacterium vaccae (NCTC 11659) has been
demonstrated in prior clinical studies to be safe and fast-acting immune adjunct.
Methods: The outcome of Phase III trial of V7 containing 10 µg of hydrolyzed M. vaccae was evaluated in 152
patients randomized at 2:1 ratio: V7 (N=100), placebo (N=52). Both arms received conventional 1st or 2nd
line TB drugs co-administered with daily pill of V7 or placebo.
Results: After one month mycobacterial clearance was observed in 68% (P < 0.0001) and 23.1% (P=0.04) of
patients on V7 and placebo. Stratified conversion rates in V7 recipients with drug-sensitive and multidrug-
resistant TB were 86.7% and 55.6% vs 27.2% and 15% in placebo. Patients on V7 gained on average 2.4 kg
(P < 0.0001) vs 0.3 kg (P=0.18) in placebo. Improvements in hemoglobin levels, erythrocyte sedimentation
rate and leukocyte counts were significantly better than in controls. Liver function tests revealed that V7 can
prevent chemotherapy-induced hepatic damage.
Conclusion: Oral M. vaccae is safe, can overcome TB-associated weight loss and inflammation, reduce hepato-
toxicity of TB drugs, improve sputum conversion three-fold OR 3.15; 95%CI (2.3,4.6), and cut treatment length
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by at least six-fold. Longer follow-up studies might be needed to further substantiate our findings
(Clinicaltrials.gov: NCT01977768).

1. Introduction

Tuberculosis (TB) is a global health problem. Ukraine and Mongolia
have the largest TB prevalence rates in Europe and Asia. The incidence
of pulmonary TB, including HIV co-infection, remained largely un-
changed in Ukraine, being 85 per 100,000 in 2005 [1] and 84 in 2017
[2]. The incidence of multidrug-resistant TB (MDR-TB) has doubled
from 15.3 in 2012 to 30 in 2017. The proportion of MDR-TB, often with
extensively resistant form of TB (XDR-TB), among new and previously
treated TB cases was reported to be 24.1% and 58.1% respectively [3].
The favorable treatment outcome for drug-sensitive (DS-TB) and drug-
resistant TB in Ukraine was 76% and 51% [2]. On the other hand,
Mongolia is one of countries with highest TB burden in the Western
Pacific region. In 2010 the estimated incidence of TB was 331 per
100,000 [4]. The rate of MDR-TB in Mongolia has been reported to be
27.5% and 1.4% among retreated and newly diagnosed TB cases, re-
spectively [5]. The treatment success rates were apparently 84% and
60% for new and drug-resistant cases [4].

In general, it is accepted that DS-TB is curable with the first line of
anti-tuberculosis treatment (ATT) in 85% of cases within 6 months.
Nevertheless, despite the availability of effective treatment, the threat
of TB does not seem to go away. Among main challenges posed by
Mycobacterium tuberculosis infection are the difficult-to-treat forms of
TB, such as MDR-TB, XDR-TB, and TB with HIV. It takes as long as 24
months to treat a patient with MDR-TB and the typical success rate is
around 50% [6]. TB refractory to conventional ATT requires the de-
ployment of 2nd line drugs. However, the cost of such a therapy in-
creases by orders of magnitude without substantial benefit of better
safety or efficacy. Improved treatment options are urgently needed.

Significant efforts are directed at finding new TB drugs. For ex-
ample, the Advisory Committee to the US FDA has recently voted to
approve pretomanid in combination with bedaquiline and linezolid to
treat XDR or MDR tuberculosis. Apart from finding new chemical en-
tities effective against TB, immune-based interventions, like therapeutic
vaccines, are sought as an adjunct therapy to conventional ATT [7]. The
longest and most studied TB immunotherapeutic consists of killed
Mycobacterium vaccae, which was originally discovered in 1972 by John
and Cynthia Stanford on shores of lake Kyoga in Uganda [7,8]. They
had a hint that M. vaccae may possess anti-TB properties during their
sabbatical in Africa in the midst of Buruli ulcer outbreak they were
investigating. They noted that some environmental factors may be in-
fluencing the pathogenicity of Mycobacterium ulcerans – an infectious
agent, which causes skin ulcerations. This prompted them to collect soil
and water samples across the country to see if any local microbial
species may be involved in this phenomenon. Incidentally, various
mycobacteria, including M. vaccae, as related to the genus of TB-
causing pathogen M. tuberculosis were discovered in 1964 by Bönicke
and Juhasz in milk and dung from cattle [9].

All previous formulations of M. vaccae designed to treat TB were
made as injectable preparations producing seemingly consistent success
rates [10], but occasionally results were reported as having no clear
clinical benefit. As a rule, trials that were declared unsuccessful had TB
patients who received just one single shot of M. vaccae [11]. Then, ten
years ago, a small trial in Argentina was carried out, indicating that
repeated doses of orally delivered capsules with 1 mg of M. vaccae may
be more effective than parenteral formulation [12]. Inspired by that
report we have made a tableted formulation of M. vaccae (V7) at a
hundred-fold smaller dose and have then conducted two Phase II ran-
domized clinical trials, which confirmed safety and efficacy of this non-
pathogenic form of mycobacteria [13,14]. The aim of the present Phase

III study was to substantiate the clinical benefit of V7 versus placebo in
an ethnically diverse population of Ukrainian and Mongolian TB pa-
tients.

2. Material and methods

2.1. Ethics consideration

The conduct of the study was approved by the internal review board
of the lead hospital in respective countries in accordance with the
Helsinki Declaration. As per IRB #00010097 resolution the participants
in the trial have provided informed consent, participated in this study
voluntarily and were free to withdraw from this study at any time.
Treatment was provided free-of-charge. This study is registered with
the ClinicalTrials.gov ID: NCT01977768.

2.2. Clinical setting and baseline patients’ characteristics

The study was conducted at four Mongolian and five Ukrainian TB
hospitals and dispensaries between 2014 and 2018. The main eligibility
criteria were an informed consent and positive sputum smear at study
entry. All patients had one or more symptoms of pulmonary TB such as
low-grade fever, cough, chest pain, dyspnea, hemoptysis, and weight
loss. Patients in each country were randomly allocated by computer-
generated sequence into two groups at 2:1 ratio, to receive in double-
blinded fashion either V7 pills or identically appearing placebo pills
without M. vaccae. The randomization resulted in equal distribution of
baseline characteristics; ethnicity, age, gender, height, body weight,
blood cell counts, serum biochemistry parameters, severity and various
manifestations of the disease. Thus, the statistical bias due to popula-
tion heterogeneity was unlikely. The distribution of patients with: DS-
TB; MDR-TB; XDR-TB and TB-HIV was 45:45:1:9 and 22:20:1:9 in V7
and placebo arms respectively, which did not differ statistically (Chi-
square, P=0.13). Some of the patients, especially those with drug-re-
sistant TB, required individualized treatment rather than standard 1st

line TB drugs; the proportion of such patients was dependent from their
baseline diagnosis in V7 and placebo arms; the inter-group difference
was not statistically significant (Fisher's two-tailed, P=0.85).
Remaining patients were prescribed conventional 2HREZ/4HR re-
gimen, occasionally supplemented with streptomycin. In Mongolia all
patients - except one re-treated case in each arm - were conditionally
categorized as DS-TB since information on their drug resistance status
and HIV infection was not available at the time of treatment initiation.

2.3. V7

The therapeutic modality (V7) tested in this trial is a specially for-
mulated oral tablet containing 10 µg/pill of hydrolyzed and heat-in-
activated Mycobacterium vaccae (NCTC 11659) supplied by BioEos
company (Marden, Kent, UK). Tableted formulation of V7 is manu-
factured at GMP-compliant plant according to a patented process de-
veloped by Immunitor company (US2011/0081382). Placebo pills are
made using same excipients, but without M. vaccae. At the time when
this trial was initiated V7 has already been approved either as a health
supplement (No. 05.03.02-03/89960) or biologically active product
(No. F20151113PH00837) by the Ministries of Health of Ukraine and
Mongolia respectively. V7 (Tubivac) has also received orphan drug
designation request status from the U.S. FDA (No. DRU-2019-7145) for
TB indication. The preparation is stable at ambient temperature with a
shelf life of three years.
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2.4. Treatment regimen

The TB drugs were provided free-of-charge from the national dis-
tribution system administered by the respective Ministries of Health.
Standard TB therapy consisted of daily doses of isoniazid (H) 300 mg;
rifampicin (R) 600 mg; ethambutol (E) 1200 mg; pyrazinamide (Z)
2000 mg; and when needed streptomycin (S) 1000 mg. Individualized
therapy for drug-resistant patients comprised 1st and 2nd line TB drugs
as decided empirically by a physician. The choice of 2nd line drugs
comprised: aminoglycosides such as kanamycin (K) and amikacin (A);
thioamides e.g., ethionamide (T); fluoroquinolones e.g., levofloxacin
(L), sparfloxacin (F), and gatifloxacin (G); cycloserine (Cs); para-ami-
nosalicylic acid (P); and clofazimine (C). In the immunotherapy group,
in addition to ATT, patients received once-daily pill of V7 which was
given 30 min before or after breakfast. In the control group, patients
received once-daily placebo pill made of same excipients as V7, but
without M. vaccae. All patients, either treatment-naïve or those who
had a relapse, were enrolled at the beginning of their TB treatment. No
other immune-modulating or anti-infective drugs besides ATT were
used during this study.

2.5. Laboratory assays

Light microscopy examination of sputum smear with Ziehl-Neelsen
staining or acid-fast bacteria (AFB) was conducted prior to study entry
and post-treatment time. Sputum smears were scored by a blinded la-
boratory technician from 0 to 3. Drug resistance profile to 1st and 2nd
line TB drugs was done in Ukraine only, using commercially available
kit (Tulip Diagnostics, Goa, India) with ready-to-use tubes containing
TB drugs incorporated at manufacturer-predetermined concentrations
into standard Lowenstein-Jensen agar slants. The MDR-TB was diag-
nosed as such when resistance to both isoniazid and rifampicin, with or
without resistance to additional drugs, was present. When there was an
additional resistance to any fluoroquinolones and amikacin, kana-
mycin, or capreomycin, then it was classified as XDR-TB. Only one
patient with XDR-TB was identified in each treatment arm. Other tests
such as complete blood count (CBC) and biochemistry analysis were
carried out by routine clinical laboratory methods.

2.6. Statistical analysis

Obtained data were analyzed with statistical software available
online (GraphPad Software Inc., La Jolla, CA). All statistical analyses
were done on intent-to-treat basis, involving the total number of en-
rolled patients. Where necessary the analysis of subgroups within re-
sponder and non-responder populations was carried out. Parametric
baseline values relative to the end of study results were evaluated by
paired Student's t-test and intergroup differences were evaluated by
unpaired t-test, by comparing observed means ± SD (standard devia-
tions). The comparison of categorical values was performed by Fisher's
exact and Chi-square two-tailed tests. Odds ratios were calculated to
reveal the association between various outcomes. The probability or P
values, commonly from two-tailed tests, were considered as significant
at P ≤ 0.05 cut-off value.

3. Results

This study comprised 152 patients with pulmonary TB, including
100 recruited in Ukraine and the remaining 52 in Mongolia. In each
country all enrolled patients were randomized at 2:1 ratio to receive
either V7 or placebo. The calculation of sample size has taken into
consideration the outcome from two prior Phase II studies, which de-
monstrated that P values were reliable and statistically significant at as
little as 20 patients enrolled per treatment arm [13,14]. As expected,
the baseline characteristics of patients in the two treatment groups were
not statistically different, indicating that the outcome was not biased by

sample heterogeneity. For example, the difference of female to male
ratio between treatment and placebo groups 26/74 and 7/45 was not
statistically different (Chi-square, P = 0.1), so was the average age of
participants, i.e., 39.3±11 vs 39.6±9.9 (unpaired t-test, P = 0.96).

3.1. Lack of adverse reactions

Unlike injectable formulations of M. vaccae that usually cause a
local inflammatory skin reaction resulting in permanent scar formation
at the site of injection, no adverse side effects attributable to orally
administered V7 were seen during the entire study duration. No re-
activation of TB, malaise, intolerance or allergic reactions were evident
at any time during the study period nor after a decade of commercial
use for TB and unrelated clinical indications, e.g., asthma, allergy,
COPD, lung cancer, etc. After one month, self-reported and physician-
observed clinical symptoms appeared to improve among V7 recipients,
while the proportion of patients with satisfactory results was con-
siderably smaller in placebo arm. This subjective impression is sup-
ported by analysis of secondary endpoints such as changes in body
weight, BMI, erythrocyte sedimentation rate, leukocyte and lymphocyte
counts, hemoglobin and total protein concentrations as well as select
liver function parameters as detailed below (Table 2 and Fig. 2).

3.2. Effect on mycobacterial clearance

After one month of treatment, mycobacterial clearance in sputum
smears was observed in 68 out 100 (68%; P<0.0001) and 12 out 52
(23.1%; P=0.04) across all patients on V7 and placebo respectively
(Fig. 1, Table 2). Stratified conversion rates in V7 recipients with DS-TB
and MDR-TB were 86.7% and 55.6% vs 27.2% and 15% in placebo
(Fig. 1). The two-tailed Fisher's exact test comparing outcomes within
V7 arm across two main categories of TB patients, i.e., DS-TB vs MDR-
TB indicates that the difference in sputum conversion rate was depen-
dent on drug resistance status (P < 0.0001). Similarly, the dis-
crepancies in conversion rates between two categories in the placebo
arm were also significant (P<0.0001) supporting the impression that a
higher proportion of DS-TB patients responded to ATT and those who

Table 1
Baseline characteristics of patients with pulmonary TB randomized at 2:1 ratio
into V7 and placebo arms.

Characteristics V7
N = 100 (%)

Placebo
N = 52 (%)

P value

Asian 33 (33%) 19 (36.5%) 0.72
Caucasian 67 (67%) 33 (63.5%)
Females 26 (26%) 7 (13.5%) 0.1
Males 74 (74%) 45 (86.5%)
Age (years) 39.7±11 39.6±10 0.96
Height (cm) 173.1±7 172.9±7 0.85
Weight (kg) 64.2±8.3 61.5±10.7 0.09
BMI (kg/m2) 21.4±2.1 20.5±2.9 0.05
AFP-positive smears 100 (100) 52 (100) 1.0
Mean sputum score 1.23±0.55 1.12±0.41 0.16
DS-TB 45 (45%) 22 (42.3%) 0.86
MDR-TB 45 (45%) 19 (36.5%) 0.39
XDR-TB 1 (1%) 1 (1.9%) 1.0
TB-HIV 9 (9%) 9 (17.3%) 0.18
DS-TB/HIV 4 (4%) 9 (17.3%) 0.03
MDR-TB/HIV 5 (5%) 0 (0%) 0.17
Leukocytes (x109L) 8.95±3.7 8.1±2.4 0.13
Lymphocytes (%) 26.4±7 27.8±5.7 0.23
Hemoglobin (g/dL) 132±17.8 128.4±15.8 0.22
Total protein (g/L) 73.8±5.1 74.6±6.1 0.56
ESR (mm/h) 18.18±11.9 16.88±11.6 0.52
ALT (mM/h*L) 0.34±0.15 0.39±0.46 0.32
AST (mM/h*L) 0.16±0.09 0.13±0.05 0.41
Total bilirubin (µM/L) 11.4±2.4 11.4±2.5 0.97
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had drug-resistant TB were less responsive. As there was only one XDR-
TB patient in each arm, neither of whom converted, no statistical
analysis was feasible. Fisher's exact test comparing conversion outcome
of nine TB-HIV patients in each treatment arm has not produced
meaningful results (P = 0.15), due perhaps to population dissimilarity
in drug-resistance pattern. In V7 arm, 4 patients had DS-TB and 5 had
MDR-TB, while in placebo all nine HIV-positive individuals were di-
agnosed with drug-sensitive TB. At the baseline TB patients in placebo
and V7 arms were similar in terms of their initial mean±SD sputum
scores; 1.23±0.55 vs 1.12±0.41 (P = 0.16) but their post-treatment
scores differed three-fold; 1.04±0.77 vs 0.33±0.47 (P < 0.0001) for
placebo and V7 respectively (Table 1, 2). Paired t-test comparing con-
version rate in V7 and placebo arms supports superior efficacy of V7,
i.e., 1.12±0.41 vs 0.33±0.47 (P < 0.0001), but not in controls, i.e.,
1.23±0.55 vs 1.04±0.77 (P = 0.07).

3.3. Effect on body weight

Wasting is a prominent feature of TB. The body mass index (BMI),
can unequivocally distinguish those who are normal or cachexic based
on 18.5 kg/m2 cut-off threshold. At study entry both arms, V7 and
placebo, had a substantial proportion of individuals with wasting; i.e.,
11/100 (11%) and 15/52 (28.8%), respectively. While the inter-group
difference in proportions was statistically significant (P=0.04), the
mean absolute body weight and BMI values at baseline were not sta-
tistically significant for V7 vs placebo, i.e., 64.2±8.3 vs 61.5±10.7 kg
(unpaired t-test; P= 0.09) and 21.4±2.1 vs 20.5±3 kg/m2 (P= 0.05)
respectively. After one month the average body weight gain in V7 arm
was 2.4 kg: from 64.2±8.3 to 66.6±8.2 (P < 0.0001), but placebo
recipients gained only 0.3 kg, which was not significant: 61.5±10.7 to
61.8±10.5 (P = 0.18). The changes in BMI mirrored absolute weight
values; in V7 and placebo the BMI increased from 21.4±2.1 to
22.19±2.1 (P < 0.0001) and 20.5±3 to 20.7±3 (P = 0.1), respec-
tively. The proportions of patients who responded favorably, by either
parameter, i.e., absolute weight and BMI, were 86% and 34.6% for V7
and placebo respectively, which was highly significant by Fisher's 2 × 2
contingency table (P < 0.0001). Those who ended up with reduced
weight or maintained the same body mass were 3% and 11% vs 17.3%
and 48.1% in the V7 and placebo arms respectively, indicating that V7
intake resulted in better overall outcome in larger population of pa-
tients.

3.4. Effect on TB-associated inflammation

The patients with TB are known to have elevated erythrocyte se-
dimentation rate (ESR) and higher leukocyte counts, both of which are
indicative of TB-associated inflammation. At baseline, the patients who
had ESR levels above 20 mm/h normal threshold were not significantly
different, i.e., 34% vs 25% (Fisher's test; P = 0.27) in adjunct and
placebo groups. After one month, 72% of patients on V7 had ESR levels
decreased, while among those on TB drugs alone the proportion of re-
sponders became 53.8%. The difference in trend indicating better re-
solution of inflammatory status in V7 recipients vs placebo was statis-
tically significant (P = 0.03). In absolute numbers, V7 reduced ESR
levels from mean 18.2±12 to 12.4±9 mm/h (paired t-test;
P < 0.0001), whereas in placebo arm ESR has increased, albeit insig-
nificantly, i.e., 16.9±11.6 to 17.3±13.3 (P = 0.77).

In the immunotherapy arm, absolute numbers of leukocytes de-
creased from mean 8.95±3.7 to 7.45±2.3 × 109 cells/L (P< 0.0001),
while among those on placebo this reduction was not significant;
8.1±2.4 to 7.9±2.8 × 109 cells/L (P = 0.56). This drastic difference
was not evident when ratios of responders vs non-responders were
compared in V7 and placebo arms prior to and after treatment. The
proportion of patients who experienced decline in WBC among subjects
receiving V7 and placebo was similar, i.e., 61% vs 59.6% (P = 0.86).
However, the decline in average leukocyte counts was more than
double in V7 than in placebo arm, i.e., 3.6±2.5 (range: 12.4–0.1) vs
1.6±1.5 (range: 6.5-0.1) x109 cells/L (P < 0.0001).

3.5. Effect on anemia

Many TB patients are characterized by anemia, which is usually
associated with poor prognosis. About a quarter of patients in both
groups, V7 and control, were anemic with hemoglobin content below
normal 120 g/dL level; 24% and 25% (P = 0.32). After one month V7
recipients experienced an increase in hemoglobin from 132±17.8 to
136.9±14.7 g/dL (P= 0.0011), but in placebo the opposite trend was
observed, albeit insignificant, i.e.,128.4±15.8 to 126.7±17.2 g/dL
(P = 0.44). The unpaired t-test of the outcome shows that the inter-
group difference 136.9±14.7 vs 126.7±17.2 g/dL is significant
(P = 0.0002), which is also attributable to favorable change in the
proportion of non-anemic patients after one month; 90% vs 76.9%,
respectively.

3.6. Effect on liver function

TB drugs are known to adversely affect liver function. We have
evaluated whether V7 influences in any way the drug-induced hepa-
totoxicity by measuring alanine transaminase (ALT), aspartate transa-
minase (AST) and total bilirubin levels. In V7 arm, the difference be-
tween baseline and post-treatment mean ALT values expressed in mM/
h*L was 0.34±0.15 vs 0.33±0.21, which by paired t-test was not
significant (P=0.23). In placebo arm, where participants were treated
with TB drugs only, the mean ALT values have increased significantly
within one month, i.e., from 0.39±0.46 to 0.54±0.61 (P= 0.04).
Similarly, AST levels in placebo group have risen from 0.13±0.05 to
0.17±0.07 (P= 0.005), whereas in V7 recipients no liver damaging
effect was observed, i.e., 0.16±0.09 vs 0.17±0.07 (P= 0.41). The
total bilirubin values (µM/L) in V7 arm increased from 11.4±2.4 to
13.7±3.4 (P < 0.0001), but placebo patients also experienced rising
bilirubin levels from 11.03 ± 3.1 to 13.9±4 (P= 0.0015).

3.7. Effect on total protein levels

Compared to healthy controls patients with pulmonary TB have
either decreased or increased levels of total protein in serum. We have
evaluated the effect of TB therapy on this parameter. Placebo patients
had 74.6±6.1 g/L of total protein at baseline, which has not changed

Fig. 1. Sputum clearance percentage in V7 and placebo arms depending on TB
form. Post-treatment sputum conversion rates, expressed in % on the Y-axis,
among patients with DS-TB; MDR-TB; DS-TB/HIV; MDR-TB/HIV and XDR-TB
after one month on V7 vs. placebo had the following P values by Fisher's exact
test in 2× 2 contingency table: P < 0.0001; P= 0.0021; P= 0.077; P= 1.0
and P= 1.0 respectively.
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after one month, i.e., 74.6±5.6 (P= 0.93). Patients in the V7 arm had
a similar baseline content of protein, 73.8±5.1 g/L, which had slightly
increased to 74.6±5.6 (P= 0.043). The proportion of patients who had
either increased or decreased serum protein were about same in V7 and
placebo arms, i.e., 44.4% vs 23.8% and 33.3% vs 19% respectively
(P= 1.0).

3.8. Effect on lymphocyte counts

In our patients, the average baseline figures were 26.4±7% and
27.8±5.7% (P= 0.22) and the proportion of patients with lower than
normal lymphocyte percentage (≤20%) was 21% vs 11.5% (P= 0.18)
for V7 and placebo, respectively. After one month, V7 patients had
retained their lymphocytes at the same level 26.8±5.6% (paired t-test
P= 0.96), but in controls they have slightly increased to 29.3±5.3%
(P= 0.85). Both outcomes were not statistically significant. The break-
down analysis of those who gained lymphocytes vs those who had their
counts declined reveals that 51% of V7 recipients vs 50% in placebo
arm were gaining lymphocytes (P= 0.81), while 44% vs 34.6%
(P= 0.06) were losing and a negligible proportion 5% vs 13.5%
(P= 0.55) had stable lymphocytes counts.

4. Discussion

TB remains the deadliest infectious disease, which is fueled by
malnutrition, drug-resistance and HIV infection [15]. Many previously-
reported immune interventions including, IFN-gamma, IL-2, IL-12,
corticosteroids, vitamin D, thalidomide and various anti-cytokine re-
gimens showed some improvements, but results were inconsistent and
occasionally associated with adverse effects [7]. Clearly, safer and
better immune therapies are needed. The results of this Phase III study
in a representative population of patients in two countries with distinct
ethnic background, indicate that when TB drugs are combined with V7,
this combination produces faster clearance of M. tuberculosis at a sig-
nificantly higher rate than in the placebo arm receiving TB che-
motherapy only.

After one month, 68% of V7 recipients became sputum smear ne-
gative, whereas in placebo only 23.1% sputum converted. When pa-
tients were stratified by their TB diagnosis, the following conversion
rates were observed among DS-TB; MDR-TB, TB/HIV; DS-TB/HIV and
MDR-TB/HIV: 86.7%; 55.6%; 44.4%; 75%; 20% vs placebo 22.1%;
15%; and 33.3% for DS-TB; MDR-TB; and DS-TB/HIV accordingly
(Fig. 2). Superior response rate resulting from immune intervention,
occurring within such a short period of time, i.e., one month, has never
been reported in any of TB treatment trials up to date. There was a
three-fold difference in mean study-end sputum score, i.e., 1.04 vs 0.33,
i.e., OR = 3.15 with 95%CI [2.3 to 4.6], indicating that V7 helped to
reduce mycobacterial burden even among those who had not yet fully
converted. Our findings support two prior Phase II clinical trials of V7
involving individuals with diverse forms of TB, i.e., DS, MDR, XDR and
TB/HIV using two unrelated strains of M. vaccae, i.e., ATCC 95051 and
NCTC 11659 [13,14]. In this study, we have used strain of M. vaccae
provided by BioEos, which is the same NCTC 11659 strain we have
received from Immodulon for our Phase II trial [13]. While today the
identity of this strain, also known as SRL172 or DAR-901, is being
questioned and proposed to be either M. obuense [16] or M. kyogaense
[17], in our hands it has, nevertheless, better efficacy than M. vaccae
strain deployed in China (VaccaeTM) as the therapeutic vaccine [10,18],
and which is also being tested in Phase III as a prophylactic TB vaccine
[10,19]. Statistically, sputum conversion rates resulting from the use of
two British strains, were identical, i.e., 68% vs 72.2% (P= 1.0), re-
spectively, but different from Chinese strain (presumably ATCC 95051),
courtesy of Anhui Longcom company, i.e., 68% vs 31.8% (P= 0.003).

Consumption is a term synonymous with TB and represents poorly
manageable wasting syndrome associated with malnutrition and dis-
ease severity [20]. The remarkable feature of our immunotherapy is the

beneficial effect on body weight gain, which was eight-fold higher than
in controls, i.e., 2.4 kg vs 0.3 kg. None of our patients received weight-
boosting supplements, thus ruling out the role of nutritional interven-
tion [21]. Lack of weight gain during TB treatment has been associated
with treatment failure and poor immune status [22]. On average, our
patients on V7 regimen had gained 3.7% from their baseline mean
weight, whereas those on placebo gained 0.47%. While this appear as a
modest accrual, it is double the reported 1.4% weight gain after two
months of TB chemotherapy among TB patients in the USA, indicating
that our immune adjunct contributes to superior clinical benefit [22]. In
general, our experience with V7 and two unrelated TB im-
munotherapies developed by us, i.e., V5 and Immunoxel, indicates that
a strong relationship exists between reversal of cachexia by immune
intervention and sputum conversion [23,24]. Another indicator of
malnutrition – low level of serum total protein – has also been improved
in V7, but not in the placebo arm (P= 0.04 vs P= 0.93).

It is well known that cachexia, leukocytosis, elevated ESR, and low
hemoglobin content are requisite parameters to gauge the severity of
TB. The return of these indices to normal levels is an indication of
disease control and a good correlation has been found with sputum
conversion. The notion that weight loss in TB is associated with in-
flammation is supported by the potent anti-inflammatory activity of V7.
Two simple biomarkers associated with inflammation and common in
TB are high WBC counts and elevated ESR [25]. The effective TB
therapy has been shown to normalize these markers. V7 brought down
ESR and leukocyte counts more efficiently than ATT alone. Anemia is
another common manifestation of pulmonary TB and HIV. The precise
cause of anemia is not clear, but inflammation and iron deficiency are
thought to be the main culprits [26]. As our patients were not receiving
iron supplementation, we believe that the increase in hemoglobin
content relates to the anti-inflammatory property of V7. The fact that
V7 has not influenced the lymphocyte counts in an adverse manner is
another beneficial outcome seen in this and previous V7 trials. Finally,
as judged by ALT and AST assays, V7 counteracts TB drug-induced
hepatotoxicity - an important factor that affects negatively compliance
and success of TB chemotherapy [27]. We are not sure why bilirubin
has not followed the same trend as ALT and AST, but this perhaps is due
to disparate pathways between hemoglobin-driven, catabolic produc-
tion of bilirubin and subsequent processing by liver [28].

What is the mechanism of V7 action? It is unlikely that V7 affects
directly the replication of mycobacterial bacilli. V7 targets host's im-
munity since it has shown its utility in a variety of etiologically un-
related diseases, i.e., various cancers, psoriasis, dermatitis, colitis,

Fig. 2. The proportion of patients who responded favorably to treatment. The
proportion expressed in % on Y-axis. The P values resulting from comparison of
V7 vs. placebo analyzed by Chi-square 2×2 contingency table are as follows:
HB (P= 0.015); ESR (P= 0.013); WBC (P= 0.43); Lymphocytes (P=0.45);
ALT (P= 0.03); AST (P= 0.025); Bilirubin (P= 0.35); Protein (P= 0.006);
Weight (P < 0.0001); BMI (P < 0.0001). The statistical analysis of other data
relating to each of above shown parameter are described in detail in the Results,
see paragraphs 3.3–3.8.
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asthma and a range of brain disorders such as anxiety, stress, depres-
sion, etc [29]. TB is a disease whereby pulmonary tissues harboring
mycobacteria are constantly assaulted by the host's immune system,
creating chronic inflammation and ensuing pulmonary damage [7].
Therefore, immune therapies should be aimed at downplaying rather
than exacerbating an already intense immune response. It has been
described that M. vaccae can efficiently reduce pro-inflammatory cy-
tokines [16,18,19]. However, it is not enough to just suppress in-
flammation since some anti-inflammatory agents produced contra-
dictory outcomes [30,31]. It is well known that an orally delivered
antigen produces the immune tolerance reaction to it, thus M. vaccae,
which mimics M. tuberculosis, is likely to induce specific anti-in-
flammatory response in a host that results in clinical benefit [32]. We
do not know yet how the down-regulation of inflammation correlates
with bacterial clearance; the precise mechanism of action of M. vaccae
is being investigated and further studies addressing this question need
to be carried out [29]. Clearly, there is a synergy when a regulator of
immunity against TB, e.g., Mycobacterium bovis or BCG vaccine is
combined with TB drugs – this leads to enhanced inhibition of myco-
bacterial growth in an ex vivo setting [33].

Our study has several limitations. First is that our trial concluded
after one month without further information, e.g., relapse rate in V7
arm beyond this time-point. By now we have extensive long-term
follow-up experience encompassing hundreds of patients, indicating
that such relapses are rare, i.e., no more than one-or-two in 100 over 12
months. Our budget was not large enough to carry out the longitudinal
study; our priority was to confirm that treatment can be shortened. The
choice of study duration was deliberate as we knew a priori that the
difference between immunotherapy and placebo will become apparent
within one month. Our one-month conversion rates for DS-TB and
MDR-TB are on a par with rates, i.e., 85% and 50%, achieved by con-
ventional 1st and 2nd line TB drugs after 6 and 12–24 months of la-
borious treatment. Second, we have relied on sputum smear conversion
by microscopy rather than culture-based method. Again, based on our
own experience of using either of the methods and published evidence,
both criteria are equally valid in assessing treatment efficacy, difference
being only 1–2%, but the former method is certainly easier, faster and
less costly, making it more suitable in countries with limited infra-
structure [34]. Third, the assortment of measured parameters was
limited as complete lab analysis was not feasible at every site and
budget restraints prevented us establishing a centralized analytical fa-
cility. Nevertheless, whatever was available, was sufficient in every
instance to reach reliable P values to support our conclusions. Finally, it
may appear at first glance that we had very relaxed inclusion criteria,
but again it was our conscious intention to have a real-life population
sample without variance from the natural occurrence of TB in its var-
ious manifestations.

The current thinking is geared toward developing TB drugs to
suppress mycobacteria, but interventions targeting the host have been
somewhat neglected until recent times [35]. We believe strongly that
V7 holds a promise in improving and shortening conventional TB
treatment regimens. V7 is available over-the-counter in Ukraine
and Mongolia as an affordable immune supplement, but im-
munomodulators, especially those that do not require a prescription,
are dismissed and not taken seriously despite superior performance.
The global emergence of drug-resistant TB and TB-HIV - a problem that
is unlikely to go away by itself - concerns greatly TB caregivers and
policymakers [15]. This ongoing public-health threat may prompt a
shift from the current paradigm and may result in a wider acceptance of
immunotherapeutic approaches as an adjunct to TB treatment regimens
and as preventive therapy directed against latent TB [36].

5. Conclusion

This Phase III trial culminates our effort started in 2009, which
nevertheless has a long history in the making, originating from

serendipitous discovery of the properties of M. vaccae by John and
Cynthia Stanford back in 1972 [7,8]. Our trial reveals not only the
clinical benefit, but also drastically reduced treatment duration to as
short as one month. Oral delivery of M. vaccae, first unveiled by John
Stanford's team in Argentina [12], has obvious advantages over par-
enteral preparations. V7 is stable and can be kept for three years at
ambient temperature without costly cold-chain requirements. Our
findings derived from an easy-to-use once-daily tableted formulation
support previous clinical trials of M. vaccae showing shortened treat-
ment duration with beneficial effect on well-being, body weight, in-
flammation, anemia and hepatotoxicity due to TB drugs. These favor-
able outcomes were invariably statistically more significant than in ATT
alone arm [10,19,37]. We hope that adequate policy changes will be
implemented to embrace V7 and unrelated TB immunotherapeutic in-
terventions, which have been brought to the marketing stage [23,24].
In addition to VACCAETM sold by Anhui Longcom, there is another
therapeutic TB vaccine consisting of heat-killed Mycobacterium indicus
pranii manufactured in India by Cadila Pharmaceuticals [38]. Lesser
known immune adjuvants are being developed by other companies [39]
or are already commercialized as supplements as reviewed elsewhere
[7].
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