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Introduction

TB is a public health problem, especially in developing coun-
tries due to poverty, HIV co-infection, and drug-resistant TB, 
especially MDR-TB. The cost of treating MDR-TB is 100 times 
more expensive than drug-susceptible strains, with the treatment 
time at least two to three times longer, and with more severe side 
effects. Despite the availability of TB drugs the situation is far 
from ideal and it is clear that better, faster-acting, less toxic and 
affordable therapeutic interventions are urgently needed to cur-
tail the current crisis.1

Immune-based interventions could be an indispensable strategy 
to complement mycobacterial chemotherapy.2-5 Today, the most 
familiar TB immunotherapy is heat-inactivated Mycobacterium 
vaccae preparation, the use of which has been initiated by John 
Stanford and colleagues almost 30 years ago.6 M. vaccae, discov-
ered in 1964 by Bonicke and Juhasz, is a non-pathogenic environ-
mental saprophyte belonging to the same genus as Mycobacterium 
tuberculosis.7 It has been investigated extensively as a preventive 
TB vaccine or immunomodulatory agent for tuberculosis and 
leprosy and many unrelated diseases such as cancer, autoimmune 
and mood disorders.8-10 Killed M.  vaccae is safe: three decades 

One-month Phase II trial was conducted in 43 sputum smear-positive patients with pulmonary tuberculosis randomized 
into treatment (n = 22) and placebo (n = 21) arms to investigate the safety and efficacy of an orally-administered 
therapeutic TB vaccine (V7) containing 10 μg of heat-killed Mycobacterium vaccae provided by Longcom company. 
Immunotherapy and control groups comprised 8 newly diagnosed (1stDx TB; 18.6%), 6 re-treated (RTB; 14%), and 29 
multidrug-resistant (MDR-TB; 67.4%) cases distributed at 5:4:13 and 3:2:16 ratios, respectively. Both arms received 
conventional TB drugs administered under directly observed therapy. The average weight gain in V7 arm was modest, but 
statistically significant (0.6 kg; p = 0.004), while placebo patients lost 0.1 kg (p = 0.77). Except defervescence and increased 
lymphocyte percentage, other secondary endpoints such as erythrocyte sedimentation rate (ESR), leukocyte counts and 
hemoglobin content were not significantly affected. In control patients only one secondary endpoint, ESR, has improved. 
After one month mycobacterial clearance in sputum smears was observed in 31.8% (p = 0.03) and 9.5% (p = 0.83) of 
patients on V7 and placebo. However, the difference between outcomes in two arms was below significance threshold (p 
= 0.07). Thus, larger population of patients with prolonged follow-up is required to support these preliminary findings.
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of clinical studies in more than 20 countries failed to reveal any 
adverse side-effects except local reaction at the site of injection. 
Injectable M.  vaccae (Vaccae®) was approved in 2001 for sale 
in China as adjunct immunotherapy to TB drugs.11 This inter-
vention usually resulted in better outcome than chemotherapy 
alone. In Luo et al., study negative sputum conversion seen in 
MDR-TB patients after 6 months was 43% vs. 21% on TB drugs 
alone.12 Nevertheless, M. vaccae appeared to produce a measurable 
improvement in some geographical regions, but not in others, this 
inconsistency has led some researchers to doubt its efficacy.13-15

The capsulated version of M. vaccae administered orally has 
been first tried-out in 2010 by Dlugovitzky et al., as an alterna-
tive to parenteral delivery.16 The results of this ten-patient study 
in Argentina were highly encouraging—this prompted us to test 
tableted M.  vaccae. For this project two strains of mycobacte-
ria were procured from independent GMP sources—one from 
China and another from Europe. The objective of this study was 
to evaluate whether a vaccine delivered per os is safe and pro-
duces better outcome than placebo with primary endpoint being 
sputum smear clearance after one month. The findings from the 
initial trial of oral formulation based on Chinese preparation of 
M. vaccae are described in this paper.
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before and after leukocyte counts, erythrocyte sedimentation 
rate (ESR), and hemoglobin levels (Table 1). Among patients on 
placebo only ESR has been reduced in a significant manner (p = 
0.001). Out of 21 patients 15 (71.4%) had experienced modest 
decrease in ESR (range 2–12 mm/h); 2 had unchanged levels 
(9.5%); and remaining 4 (19%) had increased erythrocyte sedi-
mentation rate. In V7 arm 13 out of 22 (59.1%) had decreased 
ESR, while the rest (40.9%) experienced increased ESR (range 
1–24 mm/h).

Effect on body weight and body mass index (BMI). 
According to BMI almost half (45.5%) of enrolled patients in 
V7 arm had entry level values below normal 18.5 kg/m2 and the 
rest were in the normal range between 18.6–25.2 kg/m2. The 
mean/median baseline weight and body mass index were 55.9 
± 9.8/53.5 kg and 19.3 ± 2.6/18.8 kg/m2 respectively. After one 
month one patient (4.5%) lost 1 kg, 11 patients (50%) retained 
the same weight and in remaining 10 (45.5%) patients the 
increase in body mass ranging between 0.5–2 kg, with aver-
age (median) body weight accrual equal to 0.6 ± 0.9 (0) kg (p 
= 0.004) (Table 1). Changes in body mass index mirrored the 
variations in the absolute bodyweight.

In control group four patients (19%) lost weight (range 1–2 
kg), 13 patients (61.9%) retained the same body mass, and 
remaining 4 (19%) gained 1 kg each, with average (median) 
loss equal to 0.1 ± 0.74 (0) kg. Nevertheless, the weight loss in 
the control group was not statistically significant (p = 0.77). 
According to BMI the patients on placebo were better off at 
baseline since only 5 (23.8%) had entry level values below nor-
mal 18.5 kg/m2 and the rest (76.2%) were in the normal range 
between 19–31.2 kg/m2. Among patients on placebo the propor-
tion of underweight to normal BMI has not changed at study 
conclusion.

Discussion

The oral administration of M.  vaccae was safe and produced 
statistically significant sputum smear conversion and improved 
secondary endpoints such as weight gain, body mass index, lym-
phocyte counts and deffervescence. Other secondary endpoints 
such as ESR, leukocyte counts and hemoglobin content were not 
affected. Although the proportion of smear converted patients 
in V7 arm was 3-fold higher than in the control, i.e., 31.8% vs. 
9.5%, the inter-group difference was not statistically significant 
(p = 0.07). It is thus, apparent that the effect was suboptimal since 
targeted sample size, i.e., 20 patients per arm, which was suf-
ficient in our prior immunotherapy trials, was not large enough 
to attain a satisfactory level of statistical power. If required this 
needs to be explored further by recruiting larger population of 
patients and following them for longer periods of time. As a hind-
sight we now can estimate the minimum sample size, i.e., at least 
38 subjects per arm, in order to attain robust statistical power 
with C.I. level 0.95 with SD = 1.

While our outcome appears to be modest the results of avail-
able to us clinical reports of injectable Vaccae® are in line with 
our findings. For example, according to Wang et al., sputum 
conversion rate after one month was 31% in adjunct M. vaccae 

Results

Effect on mycobacterial clearance. After one month seven 
(31.8%) of V7-treated patients became sputum negative, which 
was significant (p = 0.03). Among converted patients, four 
(57.1%) had MDR-TB, two (28.6%) RTB and only one (14.3%) 
newly diagnosed TB. In placebo arm two patients, one with 
MDR-TB and another with 1st Dx TB, had converted (Table 1). 
The difference in outcomes between treatment arms as calculated 
by two-tailed Fisher’s exact test was not, however, significant (p 
= 0.07). Patients in V7 arm had higher mean bacillary load than 
control patients, i.e., 1.4 ± 0.8 vs. 1 ± 0.29 (p = 0.02) and after 
one month this value had decreased 2-fold to 0.77 ± 0.69 vs. 0.87 
± 0.46 (p = 0.58; unpaired t-test).

Lack of adverse reactions. During the entire duration of the 
follow-up no adverse events neither mild, moderate, severe, life-
threatening or unexpected attributable to V7 were identified. No 
re-activation of TB was noted either. Quite contrary patients who 
were receiving chemotherapy along with V7 appeared to fare bet-
ter (Fig. 1). The quantitative endpoints detailed below indicate 
that the addition of V7 to anti-tuberculosis therapy (ATT) was 
safe and produced better clinical outcome.

Effect on axillary body temperature. The average ± SD 
(median) baseline body temperature values in V7 and placebo 
arms were relatively low, i.e., 37.1°C ± 0.5 (37°C) vs. 37.4°C ± 
0.6 (37.8°C) (p = 0.03). The proportion of patients in V7 arm 
who had low-grade fever was smaller as well, e.g., 54.5% vs. 
66.7% in placebo, but the inter-group difference was not sta-
tistically significant (p = 0.31). After one month the proportion 
of V7 recipients who had normalized temperature of 37°C or 
less increased to 86.4% as opposed to placebo, among whom 
slightly over half (57.1%) had achieved normal body tempera-
ture (Table 1).

Effect on hematology parameters. The effect of V7 and pla-
cebo on white blood cells and hematology parameters are shown 
in Table 1 and Figure 1. Except slight but significant increase in 
relative lymphocyte count from 27.9% ± 7.7 to 30.9% ± 6.2 (p 
= 0.006) no other significant changes were observed including 

Figure 1. The proportion of patients who responded favorably in two 
treatment arms.
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mycobacteria.20 However, this does not mean that the immune 
response needs to be shut down.

In prior immunotherapy studies we have seen very clear 
increase in CD4-positive lymphocyte population, but unfortu-
nately we have little information regarding their subtype. This 
needs to be established in studies addressing the immune mecha-
nism of V7 action that could identify the long-sought immune 
correlates, such as cytokine profiles and immune cell subtypes, 
associated with positive clinical outcome. The only inflammation 
related improvement we have seen in placebo patients is reduction 
in ESR. This has been seen in our other studies as well, indicat-
ing that some forms of ATT might display the anti-inflammatory 
activity in addition to direct antimicrobial effect. This indeed 
has been noted by McConkey and Situnayake in their 1988 study 
of patients with rheumatoid arthritis who surprisingly responded 
favorably to rifampicin and isoniazid combination even though 
they had no TB.23

It is commonly held that difficult-to-treat cases such as 
MDR-TB or RTB respond poorly to M. vaccae therapy. However, 
truly effective immune intervention, which targets the host 
response, should not discriminate drug-sensitive strains from 
species of M. tuberculosis refractory to TB drugs.2-5 Almost every 
drug-resistant TB patient in this study has been on palliative 
therapy consisting of two drugs only, i.e., H and R, to which by 
definition MDR-TB is not responsive. These patients are unique 
as majority of them have no signs of inflammation. Such indi-
viduals respond poorly even to V5 therapy since one-month con-
version rate in this population was in 50–62.5% range.24,25

There are several limitations to our study, which were pri-
marily due to lack of funds. First, the observation period was 
one month only, which is not sufficient to see long-term effects, 
such as recurrence and conversion rate on follow-up; second, no 
mechanistic studies were performed to identify immune corre-
lates, e.g., particular cytokines or phenotypes of cells involved; 
third, the optimal antigen load is ought to be determined if 
further studies of Vaccae® are warranted. Alternatively, other 
sources of M.  vaccae need to be evaluated as well as an effort 
to find optimally effective dose. Our manuscript describing the 
outcome of clinical trial of V7 formulation based on “rough” 
strain of M. vaccae used by Stanford et al., is now submitted to 
another journal.

group, while it was 23% in drug-sensitive control patients on 
2HRZS/4HR regimen (n = 35), but only 3% in MDR-TB 
group.17 In Luo et al., study of MDR-TB patients divided into 
immunotherapy (n = 28) and control (n = 28) groups the sputum 
conversion rates at 6 months were 43% and 21%.12 In another 
Luo et al., trial involving re-treated TB patients the bacillary 
clearance rates after one month in immunotherapy (n = 171) and 
control (n = 171) populations were 36.8% vs. 19.9% respectively. 
However, the statistical difference between two groups at the 
end of 6 mo was negligible, i.e., 99.4% vs. 98.8% respectively.18 
In a separate randomized trial of unrelated M. vaccae strain, the 
sputum culture conversion after 1 mo was 35% in the M. vaccae 
group and only 14% in the placebo group.19 Thus, in these stud-
ies the addition of M. vaccae resulted in one-month conversion 
rates, which were very similar, i.e., 31%; 36.8%; and 35% vs. 
31.8% in our study.

Nevertheless, such an outcome is somewhat inferior to immune 
therapies we and others have evaluated in the past.20 For example, 
in the latest trial of Immunoxel, a multiherbal immunomodula-
tor from Ukraine, the conversion rate after one month stood at 
84.1% vs. 19% in controls.21 In randomized, double-blind, pla-
cebo-controlled Phase IIb trial of V5 in first-diagnosed, relapsed 
and MDR-TB we had 88.7% vs. 14.8% patients converted after 
one month.22 In both studies no statistical difference was observed 
when first-diagnosed, drug-sensitive TB and MDR-TB subsets of 
patients were compared in regard to smear conversion rate.

There appear to be major distinctions which set apart clini-
cal features produced by Chinese version of M. vaccae from two 
above interventions. Except defervescence other inflammation 
markers such as elevated leukocyte counts and ESR were not 
affected. Prior to enrollment both groups had mean body tem-
perature above cut-off normal value 37°C. At study conclusion 
the mean values normalized in V7 group, i.e., less than 37°C, 
but not in placebo recipients. In Stanford et al., studies, which 
employed “rough” version of M.  vaccae strain at much higher 
1 mg dose, there was a clear anti-inflammatory effect as evi-
denced by ESR decline.6 The negligible effect of oral Vaccae® 
on inflammation biomarkers correlates with suboptimal spu-
tum conversion, which supports our hypothesis that effective 
TB immunotherapy, must possess anti-inflammatory properties 
instead of exacerbating already present immune reaction against 

Table 1. Summary of baseline and outcome data from one-month trial of oral M. vaccae
A

rm
s

No. Sex 
F/M Age Dx

Sputum 
smear (+/−)

Axillary 
temperature (Co)

Body 
weight (kg)

BMI 
(kg/m2)

Hemoglobin 
(g/L)

ESR 
(mm/h)

Leukocytes 
(x109 L)

Lymphocytes 
(%)

before after before after before after before after before after before after before after before after

M
. v

ac
ca

e

22 7/15

41.9

± 10

(39)

1stDx = 5

RTB = 4

MDR = 13

22/0 15/7
37.1

± 0.5

36.8

± 0.5

55.9

± 9.8

56.5

± 9.4

19.3

± 2.6

19.5

± 2.6

128.4

± 17.7

127.4

± 13.5

18.5

± 14.1

18.3

± 11.6

8.5

± 2.6

7.9

± 2.2

27.9

± 7.7

30.9

± 6.2

31.8% 
converted 

p = 0.03

−0.3 
p = 0.05

+0.6 
p = 0.004

+0.2 
p = 0.003

−1 
p = 0.59

−0.2 
p = 0.92

−0.6 
p = 0.15

+3 
p = 0.006

Pl
ac

eb
o

21 4/17

44.3

± 11

(44)

1stDx = 3

RTB = 2

MDR = 16

21/0 19/2
37.4 ±

0.6

37.2 ±

0.7

63.9

± 12.6

63.8

± 12.9

22.01

± 4.8

21.99

± 4.9

105

± 18.8

106.2

± 18.7

22.4

± 12.3

18.6

± 8.9

7.5

± 3.5

7.5

± 2.8

27.2

± 8.6

27.1

± 5.5

9.5% 
converted 

p = 0.83

−0.2

p = 0.12

−0.1

p = 0.77

−0.02

p = 0.65

+1.2

p = 0.26

−3.8

p = 0.001

0

p = 0.98

−0.1

p = 0.93

Difference 
between 
arms (P)

0.27 0.65 0.14 1.0 0.07 0.08 0.12 0.03 0.04 0.03 0.04 0.001 0.001 0.34 0.92 0.29 0.6 0.78 0.04
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time since TB diagnosis in V7 arm was 4.6 vs. 6.2 y in control 
group (p = 0.3). Overall, subject populations in two groups were 
not distinct and treatment outcomes were unlikely to be biased 
by baseline heterogeneity. All study subjects presented with 
active form of pulmonary TB. Most common symptoms were 
prolonged cough, pain in the chest, low-grade fever, night sweats, 
fatigue, dyspnea, hemoptysis, and loss of weight and appetite. 
Active pulmonary tuberculosis was certified by a medical his-
tory and clinical findings compatible with tuberculosis, a chest 
X-ray showing lung involvement and positive sputum smear for 
acid-fast bacilli (AFB). All subjects signed the consent form with 
understanding that they were free to withdraw from the study at 
any time. The conduct of the trial (imm02) was approved by IRB 
of Lisichansk TB Dispensary and registered at ClinicalTrials.gov 
site under NCT01380119 identifier.

Treatment regimen. All subjects received either standard 
TB therapy consisting of orally administered Isoniazid (H; 
300 mg); Rifampicin (R; 600 mg); Pyrazinamide (Z; 2,000 
mg); Ethambutol (E; 1200 mg); with or without intramuscular 
injection of Streptomycin (S; 1,000 mg) or were on individual-
ized treatment regimens as decided by the medical staff based 
on results of drug resistance profile or prior medical history. 
Accordingly, 28 out of 29 patients with MDR-TB were on pallia-
tive care consisting of daily HR due to repeated failure to respond 
to chemotherapy over the course of years and were thus deemed 
incurable. The anti-TB drugs were procured through the central-
ized national supply system of Ukraine. Subjects in immunother-
apy and control groups received in addition to ATT once-daily 
tablet of V7 or placebo; usually 30 min before or after break-
fast. As per approved protocol the treatment was administered 
to hospitalized patients for 30 d under directly observed therapy 
(DOT). V7 is approved in 2011 by the Ministry of Health of 
Ukraine as an immunomodulating supplement.

Clinical endpoints and exclusion/inclusion criteria. Every 
hospitalized patient with AFB-positive sputum smear was eligible 
to enter the study. No restrictive exclusion criteria for study enroll-
ment were set up except disallowing patients who tolerated poorly 
chemotherapy and were likely to be non-compliant or those who 
have taken study-unrelated immunomodulatory therapies during 
study or prior to entry. Pregnant or breast-feeding women were 
excluded as well as those with alcohol or substance abuse or men-
tal ineptitude, which in opinion of the local investigator would 
interfere with adherence to the requirements of the study. The 
primary endpoint of interest was the effect of prescribed therapy 
on sputum smear microscopy findings. The main secondary end-
point was absence or presence of adverse effects attributable to V7 
administration. The additional secondary endpoints comprised 
changes in select hematology parameters as well as changes in 
axillary body temperature and body weight including body mass 
index.

Safety monitoring. The clinical protocol included standard 
GCP criteria of reporting adverse events (AE) as per NIH or ICH 
guidelines of clinical safety data management.27 These include 
grading AE from zero to five.

Laboratory evaluation. In addition to clinical assessment a 
standard microbiology examination of sputum smear staining by 

Despite persisting doubt concerning the efficacy of M. vac-
cae as an immune adjunct it has been, nevertheless, approved 
in China for TB indication. According to recent review articles, 
Vaccae® has been evaluated in over 50 clinical trials in China, 
almost all of which reported positive clinical outcome.11,26 These 
data are hard to dismiss and it is imperative to allocate additional 
resources to reveal the benefit of M. vaccae that can be adminis-
tered by simpler delivery route.

In conclusion, our study of tableted M.  vaccae shows that 
this formulation is well-tolerated without any observed adverse 
effects and has a potential as add-on option to the chemotherapy 
of drug-resistant TB capable of producing significantly improved 
sputum conversion at faster rate than conventional chemotherapy 
regimens. In addition, oral M. vaccae needs be investigated as a 
prophylactic intervention since the parenteral version has been 
demonstrated to prevent both de novo infection and activation of 
latent TB in high risk individuals including those infected with 
HIV.8,26

Materials and Methods

Vaccine preparation. V7 vaccine preparation was made from 
bulk of GMP grade M. vaccae (Vaccae®; Batch No. M20111124 
courtesy of Anhui Longcom Biologic Pharmacy Co., Ltd., 93 
Kexue Avenue, National New High-Tech Industrial Development 
Zone, Hefei, Anhui Province 230088, China). Vaccae® was 
approved by Chinese FDA in 2001 for adjunct therapy of tuber-
culosis. The vaccine contains 22.5 μg of antigen per dose and is 
administered intramuscularly once per week or every two weeks 
for 6 mo. M. vaccae was grown on solid agar media, harvested; 
cells were broken with a press and autoclaved as per Longcom 
procedure. The obtained antigenic material was used for making 
tableted vaccines. The antigen quantity from the bulk source was 
adjusted to an equivalent of 10 μg of total mycobacterial protein 
per tablet. Placebo pills had the same appearance and ingredients 
except M. vaccae.

Subjects. The subject population consisted of 43 sputum 
smear-positive patients, of which two third (n = 29; 67.4%) had 
MDR-TB diagnosis and remaining patients had 1st diagnosed 
TB (n = 8; 18.6%) and re-treated TB (n = 6; 14%). The distri-
bution of three categories of TB among treatment and placebo 
arms was 13:4:5 and 16:2:3 ratios respectively (p = 0.14). All 
MDR-TB patients, except one, were on palliative care consisting 
of daily dose of Isoniazid (H) and Rifampicin (R) only. The aver-
age/median age was 43.1/41 y (range 28–71) with 11 females and 
32 males recruited at three TB dispensaries in Eastern Ukraine 
and computer-randomized into two groups. Randomization has 
not produced significant baseline bias in demographic features 
as discrepancies in age and gender were not different with p = 
0.65 and p = 0.27, respectively. Inflammation markers in both 
groups such as erythrocyte sedimentation rate (ESR) and leuko-
cyte counts were similar with p = 0.34 and p = 0.29. Subjects in 
V7 arm had slightly lower axillary body temperature, i.e., 37.1°C 
± 0.5 vs. 37.4°C ± 0.6 (p = 0.08) and significantly lower body 
weight and body mass index (BMI), i.e., 55.91 kg vs. 63.86 kg 
(p = 0.03) and 19.3 vs. 22 (p = 0.03), respectively. Mean elapsed 
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were done on intent-to-treat basis, involving the total number 
of subjects without subgrouping them into responders and non-
responders. The resulting probability values were considered as 
significant at p ≤ 0.05.
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Ziehl Neelsen method was conducted prior to study entry and at 
one month post-treatment. Smears were scored in a blind fashion 
from 3 to 0 according to the severity of bacterial load. TB drug 
resistance was determined by readily available commercial kit 
(Tulip Diagnostics, Goa, India). These tests were supplemented 
by investigation of hematological parameters such as hemoglobin 
content, erythrocyte sedimentation rate (ESR), leukocyte and 
lymphocyte counts.

Statistical analysis. The obtained results were analyzed with 
statistical software GraphPad, freely available on the internet 
(GraphPad Software, Inc., La Jolla, CA 92037). The baseline 
quantitative values relative to the end of study values were evalu-
ated by paired or unpaired Student t-test. Other statistical calcu-
lations such as determination of standard deviation, mean and 
median, were performed with the same software. The non-para-
metric or categorical values of treatment outcomes were com-
pared by McNemar, Fisher’s exact two-tailed test or Chi-square 
contingency tables. The Wilcoxon test was used to compare 
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