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INTRODUCTION

Innate immunity is a fast, first-line defense against invading pathogens. Innate immune responses are responsible
for initial defense against novel pathogens like COVID-19 and do not need the prior exposure required for
adaptive immune responses. Innate immune cells such as macrophages and natural killer (NK)-cells detect
pathogens entering body by recognising conserved pathogen-associated molecular patterns (PAMPS) and mount
rapid responses to contain infection.™ Th1 responses and IFN-y secretion by macrophages and NK cells following
PAMP detection are critical for anti-viral immunity.” IFN-y is known to E)rovide resistance to infection by
coronavirus and its deficiency is associated with susceptibility to coronavirus.! IFN-y also reduces the expression
of Ag}giotensin Converting Enzyme-2 (ACE2) receptor, which is essential for the entry of coronavirus into the
cell.
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In the management of COVID-19 transmission, boosting
of the innate immune response via approved products
such as Bacille-Calmette-Guerin (BCG) inoculation or
other vaccines containing PAMPs has been suggested to
provide resistance to COVID-19 infection and associated
morbidity and mortality.®® BCG inoculation is found to
be associated with reduced upper and lower respiratory
virus infections5. Like BCG, a heat-killed preparation of
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Mycobacterium  w  (Mw) is an  approved
immunomodulator in India. Mw is a potent TLR2 and
NOD?2 agonist with therapeutic activity in the setting of
lung cancer, bladder cancer, and sepsis."™ Live
Mycobacterium w is a nonpathogenic organism.
Treatment with Mw is associated with polarization of
macrophages to an M1 phenotype with subsequent pure
Thl-type adaptive immune responses.* Mw also
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enhances NK cell mediated activity.*2 The efficacy of

Mw is dependent on its ability to induce IFN-y responses
and is lost in IFN-y knockout animals.”® In a small
controlled clinical study in a high-risk healthcare
workers, Mw exposure was found to reduce the
incidence of COVID-19.%4 In the current study, we
evaluated the effect of Mw inoculation on the incidence
of symptomatic COVID-19 in a large cohort.

RESULTS

This is a retrospective analysis of prospectively collected
data for a cohort of 3831 subjects monitored for the
development of symptomatic Covid-19 between June 1
and October 15, 2020. Of 3831 subjects studied, 2563
subjects (Mw group) volunteered to take Mw and 1268
(control group) were not inoculated. Of the 2563 subjects
in the Mw group, 1663 received only one injection (0.1
ml intradermal in deltoid) while 900 received two
injections (0.1 ml in deltoid over two weeks apart).

All subjects had their temperature measured once a day
as per local government guidelines. Those who were
found to have symptoms suggesting COVID-19 infection
were tested for COVID-19 by RT-PCR as per guidelines.
Those who had RT-PCR-confirmed COVID-19 infection
were quarantined or hospitalised as per medical advice.
All subjects are employees of the Cadila group of
companies. Human  resources departments  of
organisation coordinated Mw inoculation as well as
COVID-19 diagnostic test results and subject
hospitalization records.

Ethics: An independent external ethics committee
approved this study.

RESULTS
Of 3831 subjects, 132 (3.45%) were diagnosed with
COVID-19 confirmed by RT-PCR. The baseline

Table 1: Baseline Characteristics.
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characteristics of the 132 COVID-19+ subjects are
shown in Table 1. The incidence of COVID-19 was
1.95% (50 of 2563) in the Mw group and 6.47% (82 of
1268) in the control group. All COVID-19+ subjects
(132) had fever whereas dry cough, weakness, headache,
loss of smell and taste, body ache, difficulty in breathing,
sore throat and diarrhoea were more frequently seen in
the Mw-free control group (p<0.05). Of the 132 COVID-
19+ subjects, 57 were hospitalized and 75 were home
quarantined. The incidence of hospitalisation was 0.51%
(13 of 2563) in the Mw group and 3.47% (44 of 1268) in
the control group.

Comparing the two groups, the hazard ratio of
developing symptomatic COVID-19 and COVID-19 56
specific hospitalization was 0.297 (95% CI 0.209 -0.422;
p <0.0001) and 0.144 (95% 0.078 to 0.268, p<0.0001)
for Mw-treated groups, respectively. This translates to a
protective efficacy (1 - HR) of 58 70.3% (95% CI1 57.8 to
79.1) and 85.6% (95% CI 73.2 to 92.2), respectively. Of
the 1663 subjects who received one injection of Mw, 29
(1.74%) developed symptomatic COVID-19. Of the 900
subjects who received two injections of Mw, 21 (2.33%)
developed COVID- 19. The difference between these
two sub-groups was not significant (odds ratio = 0.7474;
95% Cl, 62 0.4237 to 1.3181; p=0.3145).

The incidence of symptomatic COVID-19 over time
suggests that the prophylactic effect of Mw manifests
quickly following the first administration of Mw (Figure
1) with widening of the gap between two arms over time,
reflecting ongoing immune remodeling.

A local injection site reaction persisting for more than
two weeks was seen in 690 (26.92%) subjects. This
reaction was self-limiting and resolved without any
specific treatment. No other side effects were seen.

symptoms Mw Arm (%) Control Arm (%) p-value
N=50 N=82
Male / Female 49/1 76/6 -
Mean age (range) 38.5 (22 —57) 38.33 (22 - 66) -
Fever 50 (100%) 82 (100%) 0.244
Dry Cough 21 (42%) 59 (72%) 0.0008
Weakness 19 (38%) 52 (63%) 0.005
Headache 13 (26%) 50 (61%) 0.0002
Loss of smell and test 22 (44%) 71 (87%) 0.0001
Body ache 11 (22%) 65 (79%) 0.0001
Chest pain 11 (22%) 27 (33%) 0.1812
Difficulty in breathing 9 (18%) 29 (35%) 0.0356
Sore throat 7 (14%) 31 (38%) 0.0048
Diarrhoea 5 (10%) 22 (27%) 0.0293
Rashes on body surface 2 (4%) 11 (13%) 0.0969
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Figure 1: Incidence of symptomatic covid-19 and covid-19 specific hospitalisation over time. Top: Tracking
incidence of symptomatic COVID-19 and covid-19 specific hospitalizationover time, we found that there were
rapid and significant differences in the rates of symptomatic COVID-19 and covid-19 specific hospitalization
between Mw-treated and control groups. Bottom: The trend towards Mw-mediated resistance to symptomatic
COVID-19 was apparent and significant as early as week 1 and became more significant over the first 8 weeks of

the study period.

Supplementary table: COVID-19 incidence and odds ratio per group. 126.

The reduction in incidence of symptomatic COVID-19
diagnoses and COVID-19 specific hospitalizations in the
group receiving Mw inoculations seen in this study
suggests that it is possible to increase resistance against
development of COVID-19 by boosting the innate
immune response. The protective efficacy seen in the
Mw-treated group of 70.3% for COVID-19 diagnosis
meets the WHO guidelines for protective efficacy of
>50%. It is also identical to the efficacy seen with
ChAdOx1 nCoV-19 vaccine.'™ The protective efficacy
seen upon Mw exposure in this study may be due to the
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group control group
% No. % No.
1 011% | 3 | 044% | 6 | 02474 Obo_gég;o P =0.0485 | 0.2474 Obo_gg%o P = 0.0479
2 027% | 7 | 079% | 10 | 03463 | %5120 | p=00318 | 03463 | %3211 | p=00310
3 047% | 12 | 120% | 14 | 04241 | %5010 | p=00208 | 04241 | %10%7 0| p=00286
4 070% | 18 | L1e6% | 21 | 04241 | “Z2010 | p=ooo79 | 04241 | %2200 | p=0.0072
5 10s% | 27 | 181% | 23 | 05808 | “po1f® | P=00573 | 05808 | Vo0t | p=0.0837
6 117% | 30 | 220% | 20 | 05118 | “o020® | p=00108 | 05118 | “o0°0 1 | P=0.005
7 125% | 32 | 244% | 31 | 05107 | P11 | p=oo0s2 | 05107 | P51 | p=0.0071
8 133% | 34 | 276% | 35 | 04806 | “o0'® | P=00026 | 04806 | “>0iel | P=0.0021
9 148% | 38 | 363% | 46 | 04087 | 02011 | p=00001 | 0.4087 | 0Z07%1° | P <0.0001
10 16a% | 42 | 426% | 54 | 03eas | 02271 | p<oooor | 03848 | 020010 | p<0.0001
DISCUSSION ability of Mw to trigger strong TLR2 signalling,

polarisation of macrophages to a M1 phenotype,
activation of NK cells, and increased IFNy secretion and
associated improved antiviral immune response. In
accordance with previous studies using Mw, no systemic
side effects were observed, suggesting that Mw may be a
well-tolerated immunomodulator and amenable to broad
use. Finally, that significant differences in COVID-19
diagnoses emerged between Mw- treated and -untreated
groups in as little as 1 week post-inoculation is also in
line with current understanding of innate immunity’s
fast-acting and long-lasting  attributes,  further
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underscoring its clinical applicability. This is in contrast
to time taken for the initiation antigen-specific adaptive
immune response following administration of vaccine.

This is a limited retrospective observational study and
findings should be considered indicative and not
definitive. These results need to be replicated in a
prospective randomized controlled trial before Mw can
be recommended as an effective measure to provide
resistance against COVID-19.

Conclusion: This study suggests that modulation of
innate  immune responses using Mw, an approved
immunomodulator, is a promising strategy to reduce
incidence of symptomatic COVID-19 infection and/or
mitigate the development of COVID-19-associated
morbidity until a vaccine can be administered.
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