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Abstract

Severe acute respiratory syndrome coronavirus‐2 (SARS‐CoV‐2) induces the

production of proinflammatory cytokines, which results in a cytokine storm, and

immune‐modulators like Mycobacterium indicus pranii (MIP) might ameliorate

coronavirus disease of 2019 (COVID‐19) related cytokine storm. Therefore, the

present study evaluates whether MIP offers an advantage in the treatment of

severe COVID‐19 patients infected with SARS‐CoV‐2. A prospective MIP cohort

study was conducted in chest disease hospitals in Srinagar, Jammu and Kashmir,

India. In the present prospective, randomized clinical study, critically severe

COVID‐19 patients were divided into two groups, the MIP group (n = 105) and the

best standard treatment (BST) group (n = 210). Procalcitonin, ferritin, high‐sensitive

C‐reactive protein, D‐dimer levels, and interleukin levels on 5th‐day posttreatment

were significantly reduced in the MIP group compared to the BST group. Compared

to the BST group, 105 consecutive patients with severe COVID‐19 in the MIP group

reported early weaning off ventilation, resolution of chest architecture (computed

tomography [CT] scan), a significant increase in SpO2 levels, and decreased mortality

with a hazard ratio: 0.234 (95% confidence interval: 0.264–2.31) (p = 0.001). MIP

restored SpO2, immune/inflammatory response, normalized lung abnormalities

(chest CT scan), and reduced mortality without any serious complications. However,

there is a need for placebo‐controlled double‐blind and controlled clinical trials to

confirm the efficacy.
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1 | INTRODUCTION

The global pandemic of coronavirus disease of 2019 (COVID‐19)

originated from Wuhan, China, in December 2019, which engulfed

the whole continent within a span of 4 months.1 At the time of

preparation of this draft (June 12, 2021), the total number of

176 112 919 cases are recorded so far with 3 802 235 deaths, fur-

thermore, at present most severely affected countries include USA,

India, and Brazil.2–4 Throughout the world, more than 300 clinical

trials have been conducted in different parts of the world using a

wide range of antiviral drugs and other classes of drugs against

COVID‐19, but till now, an effective therapy against COVID‐19 has

not been developed. Currently, COVID‐19 is managed by a diverse

set of therapeutic regimens, which includes plasma therapy, tradi-

tional medicines, and various repurposed pharmacological drugs.5 In

spite of these attempts, Food and Drug Administration (FDA) has

officially approved only nucleoside analog remdesivir, but its effec-

tiveness is still a debate.6 Furthermore, there are reports of the

beneficial role of traditional medicines and phytomedicine against

different types of viruses. Owing to their antioxidant, immune‐

modulatory and anti‐inflammatory activity researchers have hy-

pothesized regarding the beneficial role of traditional cum phyto-

medicine against COVID‐19.7 Throughout the world, as of now, there

are more than 80 vaccines under clinical trials, and many of them

have been approved for use. Similarly, off‐target vaccine‐like BCG

vaccines are being evaluated for their protective role in COVID‐19

patients. Although some vaccine trials have reported very promising

results in preclinical stages and have postulated that these candidate

vaccines can provide effective protection against severe forms of

COVID‐19.8 As there is every chance that the severe acute re-

spiratory syndrome coronavirus‐2 (SARS‐CoV‐2) virus can mutate

and change antigenically hence search for the vaccine will be a never

lasting attempt. SARS COV‐2 have a similar pathogenetic pathway

like that of Middle East respiratory syndrome coronavirus and

SARS‐CoV‐1, which involves hyper‐activation of inflammatory

pathways, which results in cytokine storm and consequently multiple

organ failure.9,10 SARS‐CoV‐2 is believed to bind with toll‐like re-

ceptors and causes activation of the inflammasome and henceforth

production of proinflammatory cytokines.11 Plethora of studies have

proposed immune deregulation as an independent risk factor for

negative outcomes in COVID‐19, henceforth various immune mod-

ulators have been proposed to have a beneficial role in COVID‐19 or

might be helpful in inhibiting the severe progression of diseases

caused by SARS‐CoV‐2.3 But the majority of these immune mod-

ulators are yet to be evaluated in actual clinical conditions.

In India, owing to the dramatic increase in the number of cases and

unavailability of specific therapy against COVID‐19, the Indian gov-

ernment proposed Mycobacterium indicus pranii (MIP; commercially

available as Sepsivac), which is prepared from heat‐killed MIP (formerly

known as MycobacteriumW), will be tested on 50 COVID‐19 patients

at two centers in India.9 MIP is an easily cultivatable and nonpathogenic

microorganism grouped with other beneficial Mycobacterium

(M. fortuitum, M. smegmatis, and M. vaccae) in Runyon Group IV.

Furthermore, MIP was extensively evaluated for its biochemical and

immunological properties and has been successfully used as an immune

modulator in a wide spectrum of diseases.12 MIP was earlier developed

for the treatment of sepsis caused by gram‐negative bacteria and has

been already approved for a phase‐III clinical trial in India.13 MIP was

used as a vaccine for leprosy warts caused by human papilloma-

virus14,15 and as a prophylactic drug against pulmonary tuberculosis.16

The rationale of using MIP is based on the analogy that in both gram‐

negative sepsis and severe progression of COVID‐19, immune‐

dysregulation mediated by cytokine storm plays an important role in

disease progression and mortality. Recently a study has found that

candidate drug offers protection against COVID‐19 via upregulation of

adaptive natural killer cells and regulates the generation of robust

cytokines, which include interleukin‐2 (IL‐2) and interferon‐γ

(IFN‐γ).13,16 To further support this, in situ studies have found differ-

ential expression of cytokine genes in the presence of MIP, and these

studies have attributed differential expression of cytokines to mod-

ulation of immune response evoked by MIP.17 Immunomodulatory

action of MIP has been shown to be mediated by upregulation of Th1

immune response and simultaneously downregulation of Th2 immune

response which results in upregulation of inhibitor Κappa Kinase‐α and ‐

β in patients infected with pulmonary form of tuberculosis.18

Elsewhere, in Human Immunodeficiency Virus patients, MIP in combi-

nation with antiretroviral therapy resulted in increased expression of

the CD4 T‐cells. To summarize the immune modulator role of MIP, it

may be postulated that MIP evokes a balanced immune cum in-

flammatory response which helps in restoration of the tissue micro-

environment and keeps check on cytokine storm. An added advantage

of using MIP in developing countries like India includes drugs being

easily available as cheap preparations and is not associated with any

serious side effects associated with its use.19 Accordingly, these find-

ings led us to hypothesize the beneficial role of MIPin severely ill

COVID‐19 patients. Therefore, the present clinical study was con-

ducted to gather initial experience of evaluating the role of MIP in

severely ill COVID‐19 patients.

2 | METHOD

The institutional ethical committee approved the study (CDSCO U/P

No: EC/NEW/INST/2020/7452/16 Dated: September 26, 2020,

under protocol title: role of immunomodulator MIP in COVID‐19). In

the present study, we identified risk factors for severe progression of

diseases and death as an outcome of the disease and subsequently

evaluated the role of MIP therapy in severely ill COVID‐19 patients

based on changes in these risk factors.

2.1 | Identification of factors for severe
progression of the disease

From March 23, 2020, to December 15, 2020, a total of 1894 cases

of COVID‐19 were admitted to CD hospital Srinagar, Jammu and
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Kashmir. Patients were divided as per the severity of disease;

henceforth severely ill patients were used for identification of risk

factors for the severe outcome of COVID‐19 disease as per

guidelines of Chinese management guidelines for COVID‐19

(version 6.0) and WHO Interim Guidelines.20,21 For identification

of risk factors for the severe outcome of disease, we compared

inflammatory and immune response in these patients by correlation

matrix analysis, and the parameters that showed significant

correlation with days for hospitalization and number of days under

high/medium flow invasive/mechanical ventilator support were

identified. Henceforth role MIP therapy was evaluated in severely

ill COVID‐19 patients based on changes in these identified

risk factors.

2.2 | Patient selection (inclusion/exclusion criteria)

A study was conducted in chest disease hospitals in Srinagar,

Jammu and Kashmir. Inclusion criteria for patients in both groups

were defined as (i) confirmed COVID‐19 infection as per real‐time

reverse transcription (RT‐PCR), (ii) severely ill COVID‐19 patients,

(iii) computed tomography (CT) scan abnormalities indicative of

COVID‐19 (multiple ground‐glass abnormalities), (iv) patients that

need mechanical oxygen intubation, (v) age above 18 years,

(vi) pulmonary function defined as oxygen saturation 93% or below

as per Chinese management guidelines for COVID‐19 version 6.0).

Written consent was obtained from patients once at the time of

admission and once at the time of instituting the treatment.

Patients undergoing treatment with MIP were made aware

of their treatment by medical staff.12,14 Exclusion criteria were

defined as (i) patients died within 48 h of hospitalization,

(ii) patients suffering from other pulmonary morbidities, (iii) patients

below 18 years of age, (iv) patients having more than two

associated comorbidities, (iv) patients where written consent could

not be obtained.

2.3 | Study design

A prospective cohort study (interventional) was conducted

on patients treated with MIP and was compared in terms

of all‐cause mortality, inflammatory and immune response (risk

factors identified) with patients treated with best standard

treatment (BST) group/comparator group. To ensure strict

control on baseline characteristics, MIP recipients were

retrospectively matched by propensity‐score matched at

1:2 ratios (MIP: BST) to comparator patients admitted from March

3, 2020, to November 15, 2020. After establishing matching,

BST patients records were retrospectively chart reviewed by a

team of experts who were unaware of patient information

in the MIP group. For patients whose baseline characteristics

were not available in the system database, their records were

retrieved manually.

2.4 | Treatment

2.4.1 | MAP

Patients in the MIP group received MIP at a dosage of 0.1 ml in-

tramuscular three times a day at three different sites for 3 con-

secutive days in addition to BST used and approved at chest disease

hospital Srinagar, Jammu and Kashmir, India. Each dose of 0.1 ml MIP

(Sepsivac; Cadila Pharmaceutical) contains 0.5 × 109 heat‐killed MIP

0.9% sodium chloride, and 0.01% thimerosal (as preservative).

2.4.2 | BST

In the comparator group, patients received standard/symptomatic

therapy, which comprised of Ivermectin 12mg twice daily for 3 days,

doxycycline 200mg stat followed by 100mg twice daily for 4 days,

and azithromycin 500mg once daily for 5 days.

2.5 | Patient

Patient information was obtained from the hospital master data file

and medical records of patients. Variables considered of clinical

relevance in the present study included Immune, inflammatory,

all‐cause mortality, the need for ventilator support. In both groups

above, parameters were considered at the time of initiation/admin-

istration of MIP and on the 5th‐day posttreatment. CT scan was

performed on an average 5.8th day after the onset of symptoms as

per the method described in our earlier publication15 and on the 5th

day after randomization. Briefly, images were taken in single in-

spiration breath‐hold, and two radiologists separately analyzed CT

images. The semiquantitative method was used to calculate the

percentage of lung involvement and was classified as mild (<25%),

moderate (25%–50%), severe (51%–75%), and diffuse (>75%).

2.6 | Outcomes

We identified all‐cause mortality during hospitalization in both

groups as the primary outcome, while secondary outcomes con-

sidered in the present study included differences in mean oxygen

requirement, oxygen saturation, and change in immune cum in-

flammatory markers. Short‐term safety of MIP was evaluated on the

basis of liver function test, kidney function test, hemoglobin level,

death, and premature discontinuation of treatment (in MIP group).

2.7 | Statistical analysis

In the present interventional study, we did not conduct a prior

sample size calculation. The MIP cohort (n = 105) was a sample of

convenience and included all patients treated with MIP. The BST
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control sample size was estimated by matching at 1:2 (cases to

controls) by propensity score analysis. Continuous variables were

expressed as mean ± SE; interquartile range while categorical

variables were expressed as count/percentage with odds ratio.

Comparison for continuous variables was estimated by

Mann–Whitney U test, and categorical data were compared by χ2

test. Time‐dependent events in the MIP group were compared by a

two‐sided log‐rank test (hazard ratio [HR] and 95% confidence

interval) on Kaplan–Meier survival analysis across days of

hospitalization. High‐sensitive C‐reactive protein (Hs‐CRP) con-

centration across different days of treatment was compared by

repeated‐measures mixed‐model, and p < 0.05 was considered

statistically significant, and statistics were performed with IBM

SPSS Statistics, version 20 and statographics 18.22

3 | RESULTS

3.1 | Comparison of baseline characteristics in two
groups

A total of 105 patients were included in the MIP group. Similarly,

from the retrospective historical control group, out of 1894 patients

admitted from March 2020, 210 BST control patients were identified

to serve as a comparator group for the MIP group. Henceforth clin-

ical, biochemical, and radiological characteristics between these

groups were compared (Tables 1 and 2).

3.2 | Relationship between hospital stay
inflammatory/cytokine response in severely ill
COVID‐19 patients

To identify role of inflammatory/cytokine response in severely ill

COVID‐19 patients, we attempted to evaluate correlation between

inflammatory/cytokine responses and number of days for hospital

stay in severely ill COVID‐19 patients. From results of present study,

significantly positive correlation was observed between hospital

stay and plasma levels of procalcitonin (y = 2.145x + 213.2;

r² = 0.810; p < 0.05), ferritin (y = 1.792x + 178.1; r² = 0.763; p < 0.05),

D‐dimer (y = 1.313x + 178.5; r² = 0.678; p < 0.05), and Hs‐CRP

(y = 1.897x + 278.2; r² = 0.410; p < 0.05). Furthermore plasma ferritin

levels were found to have positive correlation between levels of

Hs‐CRP (y = 0.980x + 567.8; r² = 0.810; p < 0.05) and lactate dehy-

drogenase (LDH) (y = 1.567x + 167.9; r² = 0.734; p < 0.05), similarly

LDH was found to be positively correlated with Hs‐CRP levels

(y = 1.634x + 167.8; r² = 0.762; p < 0.05). On similar line, ILs (IL‐1, IL‐2,

and IL‐6) and tumor necrosis factor (TNF)‐α were correlated

with hospital stay of severely ill COVID‐19 patients (Figure 1).

From these results, we found positive correlation between hospital

stay and levels of IL‐1 (y = 0.109x + 65.20; r² = 0.365; p < 0.05), IL‐6

(y = 1.077x + 129.8; r² = 0.670; p < 0.05), and IL‐2 (y = 0.034x + 20.52;

r² = 0.365; p < 0.01), while in present study we could not find any

significant correlation between TNF‐α, IL‐4, IL‐10, and interferon

(INF)‐γ (y = 0.003x + 1.653; r² = 0.023; p = 0.879) levels and hospita-

lization (Figure 1).

3.3 | Proinflammatory and immune response in
patients under two different arms of treatment

On the day of randomization when ILs and TNF‐α responses of pa-

tients were compared in two treatment arms, we could not find any

significant difference in pretreatment values of IL‐1, IL‐2, IL‐6, and

TNF‐α. On the 5th day of treatment, a significant reduction was

observed in values of IL‐1 in the MIP group (p = 0.03), while a non-

significant reduction in values of IL‐1 was observed in the BST group.

Similarly, in both groups, IL‐2 was significantly reduced in MIP (0.05)

and BST (0.05) group, although levels of IL‐6 and TNF‐α were re-

duced in both treatment arms, reduction in posttreatment values

remained non significantly reduced up to 5th day of treatment

(Figure 2A–D). When these parameters were compared among two

treatment groups on the 5th day, significantly lower levels (IL‐1:

p = 0.04; IL‐2: p = 0.04; IL‐6: p = 0.03; TNF‐α: p = 0.01) were found in

the MIP group compared to the BST group. Similarly, in the present

study on the 5th day of randomization, we observed a significant

reduction in levels of IL‐4 in both treatment arms, while no significant

difference was observed between these treatment arms when values

were compared on 5th day (Figure 3A). On similar lines when levels

of INF‐γ were compared in the MIP group levels showed significant

reduction while as in the BST group levels remained more or less

nonsignificantly reduced. In addition, when levels of INF‐γ were

compared on 5th day between these groups, we could find sig-

nificantly lowered levels in the MIP group compared to the BST

group (Figure 3C). Contrarily to these findings, we could not observe

any significant reduction in levels of IL‐10 in both the treatment arms

(Figure 3B)

In a similar fashion on the day of randomization, when

proinflammatory/inflammatory markers were compared between

BST and MIP groups, we could not observe any significant

difference between the two treatment arms. When these

proinflammatory/inflammatory markers were compared on the

5th‐day posttreatment, levels of procalcitonin (p = 0.02), ferritin

(p = 0.09), Hs‐CRP (p = 0.05), and levels of D‐dimer (p < 0.001) were

found to be decreased significantly in the MIP group compared to

levels of these parameters on the day of randomization. Although

significant reduction was observed in posttreatment values of LDH

(p = 0.05) in the BST group, the gradient of reduction was below the

gradient of reduction observed in the MIP group. Posttreatment

values compared in BST and MIP revealed an early reduction of

proinflammatory/inflammatory markers in the MIP group compared

to the BST group (Figure 4A–F). In the present study when

posttreatment values of BST and MIP group were compared,

a significant reduction in levels of ferritin (0.02) and Hs‐CRP (0.05)

was observed in the MIP group compared to BST group, while as

significantly lower levels of D‐dimer were observed in BST arm
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TABLE 1 Baseline demographic and
clinical characteristics of severely ill
COVID‐19 patients of BST arm (n = 210)
and MIP arm (n = 105)

Characteristics BST (n = 210) MIP (n = 105) p

Age (mean years: IQR) 52.23 ± 19.78 (28–67) 56.89 ± 25.22 (32–87) 0.53

Male 187 (89.04%) 92 (87.61%) 0.93

Cough 195 (92.85%) 91 (87.02%) 0.91

Productive sputum 78 (37.14%) 34 (32.38%) 0.45

Sore throat 133 (63.33%) 67 (63.80%) 0.94

Fever 87 (41.42%) 43 (40.95%) 0.93

Anorexia 41 (19.52%) 19 (18.09%) 0.56

Rhinitis 37 (17.61%) 21 (20%) 0.32

Insomnia 30 (14.28%) 15 (14.28%) 0.87

Hymoptypsis 21 (10%) 8 (7.61%) 0.13

Dysgusia 31 (14.76%) 15 (14.28%) 0.82

Nausia 13 (6.19%) 6 (5.71%) 0.56

Diarhoea 32 (15.28%) 17 (16.19%) 0.67

Myalgia 132 (62.85%) 62 (59.04%) 0.42

Fatigue 51 (24.28%) 24 (22.85%) 0.31

Headache 47 (22.38%) 17 (22.85%) 0.90

Oropharyngeal congestion 103 (49.04%) 45 (42.85%) 0.12

Comorbidities

Chronic obstructive pulmonary disease 47 (22.38%) 24 (22.85%) 0.45

Asthma 29 (13.80%) 12 (11.42%) 0.69

Diabetes mellitus 81 (38.57%) 48 (45.71%) 0.21

Cardiomyopathy 84 (40.0%) 52 (49.52%) 0.15

Chronic kidney disease 51 (24.28%) 19 (18.09%) 0.37

Cancer 5 (2.37%) 3 (2.85%) 0.74

Chronic liver disease 61 (29.04%) 29 (27.61%) 0.89

Cardio vascular disease 41 (19.52%) 16 (15.23%) 0.27

Thyroid disorder 58 (27.61%) 34 (32.38%) 0.51

Setriod use 29 (13.80%) 14 (13.33%) 0.94

Smoker 91 (43.33%) 37 (35.28%) 0.15

Anemia 103 (49.05%) 56 (53.33%) 0.76

Therapy

Hydoxychloroquine and azithromycin 210 (100%) 105 (100%) 1.00

Ivermectin 210 (100%) 105 (100%) 1.00

Doxycycline 39 (18.57%) 15 (14.28%) 0.86

Prednisolone 35 (16.66%) 16 (15.23%) 0.85

Dexamethasone 73 (34.78%) 34 (32.38%) 0.90

Remdesivir 21 (10.0%) 12 (11.42%) 0.83

Favipiravir 31 (14.76%) 15 (14.28%) 0.95

Abbreviations: BST, best standard treatment; COVID‐19, coronavirus disease of 2019; IQR,

interquartile range; MIP, Mycobacterium indicus pranii.
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compared to MIP arm (Figure 4B,D,F). Furthermore, on the 5th‐day

post randomization, no significant difference was observed in levels

of procalcitonin, ferritin, Hs‐CRP, and D‐dimer in the BST group

compared to values on the day of randomization. Results of this

study revealed the superiority of MIP therapy in the amelioration of

inflammatory response in severely ill COVID‐19 patients compared

to BST therapy (Table 3).

3.4 | Primary and secondary outcomes in patients
under two different arms of treatment

The present study revealed 77 death out of 210 patients in the BST

group with HR = 1.406 (95% CI: 0.734–0.892; p = 0.021), while out of

105 patients treated with MIP, 14 patients died with HR = 0.234

(95% CI: 0.264–2.31) (p = 0.001) (Figure 5). In the MIP group

TABLE 2 Baseline biochemical characteristics of critically ill COVID‐19 patients of BST arm (n = 210) and MIP arm (n = 105)

Parameters

BST arm (n = 210) MIP arm (n = 105)

p
95% CI (lower
bound–upper bound) Mean ± SE IQR

95% CI (lower
bound–upper bound) Mean ± SE IQR

Temperature (35.90–41.01) 38.92 ± 0.89 3.30 (36.12–40.85) 37.19 ± 0.91 2.93 0.64

SPO2% (82–85) 81.97 ± 2.12 8.0 (76.12–84.94) 80.53 ± 2.05 13 0.19

White blood cell count
(103/L)

(6597–8569) 7596 ± 480 4589 (7833.44–10819.89) 7326.66 ± 696.21 4500 0.45

Lymphocyte(106/L) 1456–1987 1562 ± 189 602 1467.33–1733.56 1596.12 ± 256.89 415 0.89

Platelet count(109/L) 141–194 156 ± 20.56 63 123.56–193.77 189.99 ± 17.78 71 0.12

Blood sugar(mg/dl) 91.27–155.45 96.12 ± 17.45 32 56.89–104.56 85.78 ± 13.98 51 0.56

Bilirubin(mg/dl) 1.79–3.82 1.92 ± 0.43 0.74 1.22–3.78 1.89 ± 0.34 0.79 0.12

Heart rate (beats/min) (82–96) 91.34 ± 5.34 09 (83.13–97.66) 90.40 ± 3.38 25 0.65

Respiration rate
(breaths/min)

(16–38) 31.10 ± 2.10 10 (21.28–29.91) 35.60 ± 2.01 11 0.19

Creatinine (mg/dl) (0.86–1.87) 1.21 ± 0.12 0.45 (1.00–1.54) 1.27 ± 0.12 0.70 0.43

Hemoglobin (g/dl) (11–15) 12.53 ± 0.31 3.71 (10.50–13.13) 11.82 ± 0.61 2.60 0.61

SGOT (IU/L) (38–59) 42.12 ± 5.32 14.56 (38.85–51.79) 45.32 ± 3.01 21.0 0.32

SGPT (IU/L) (59–78) 63.67 ± 7.33 39.67 (54.23–77.49) 65.86 ± 5.42 15.0 0.67

ALP (IU/L) (167–149) 134.39 ± 7.82 7.97 (119.04–178.01) 148.53 ± 13.74 67.0 0.68

Abbreviations: ALP, alkaline phosphatase; BST, best standard treatment; CI, confidence interval; COVID‐19, coronavirus disease of 2019; IQR,
interquartile range; MIP, Mycobacterium indicus pranii; SGOT, serum glutamic oxaloacetic transaminase; SGPT, serum glutamic‐pyruvic transaminase.

F IGURE 1 Associations between increased
serum inflammatory factors, interleukins (IL‐1;
IL‐2, IL‐4, IL‐6, IL‐10, and INF‐ γ) and TNF‐α
levels with hospital stay in coronavirus disease of
2019 patients (Pearson's product‐moment
correlations) correlation analyses were conducted
between variables and were considered
significant at p < 0.05; p < 0.01; p < 0.0001.
Hs‐CRP, high‐sensitive C‐reactive protein
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remaining 91 surviving patients showed improvement in clinical

conditions as indicated by body temperature reduction, improved

SPO2, modulation of inflammatory/immune response, improvement

in chest imaging (Figure 6), and reduction in the need for mechanical

ventilation compared to 133 surviving patients in BST group. In the

MIP group, the mean need for oxygen reduced from 11.69 L/min; SD:

3.40; (range: 5–16) at Day 0 to 3.61 L/min; SD: 2.63 (range: 0–8) at

Day 5 (14 patients were weaned off ventilation on 3rd and 4th day of

F IGURE 2 (A–D) The violin plots of interleukin‐1 (IL‐1), IL‐6, and TNF‐α level in patients with coronavirus disease of 2019 (COVID‐19) in
severely ill COVID‐19 patients under best standard treatment (BST) arm and Mycobacterium indicus pranii (MIP) arm. The red dot in the
violin is the median value, and the blue rectangle is the 25th and 75th percentiles. (A) On 5th day of treatment, a significant reduction was
observed in values of IL‐1 in the MIP group (p = 0.03) while a nonsignificant reduction in values of IL‐1 was observed in the BST group.
(B) Similarly in both groups IL‐2 was significantly reduced in MIP (0.05) and BST (0.05) groups. (C and D) Nonsignificant reduction in values of
IL‐6 and TNF‐α was observed

F IGURE 3 (A–C) The box plots of interleukin‐4 (IL‐4), IL‐10, and INF‐γ level in patients with coronavirus disease of 2019 (COVID‐19) in
severely ill COVID‐19 patients under best standard treatment (BST) arm and Mycobacterium indicus pranii (MIP) arm
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treatment) with a mean difference of −6.182 L/min and p = 0.001

(Wilcoxon signed‐rank test). While as in the BST group mean the

need for oxygen reduced from 11.34 L/min; SD: 3.34; (range: 5–16)

at Day 0 to 8.54 L/min; SD: 2.12(range: 3–12) at Day 5 (16 patients

were weaned off ventilation on 5th day of treatment) with a mean

difference of 3.87 and p = 0.05. Similarly, oxygen saturation (SPO2)

levels increased (80.07 ± 8.30 on Day 0 to 91.38 ± 5.70 mean dif-

ference was +10.45 and p = 0.001in MIP group and 82.45 ± 14.45 on

Day 0 to 88.98 ± 15.56 mean difference was +5.45 and p = 0.51 in

BST group) on 5th day of treatment (Table 4). FromTable 4, it can be

appreciated that on the 5th day of treatment need for oxygen was

significantly reduced in almost all patients in the MIP group, with

14 patients being weaned off from ventilation, 21 patients required

low oxygen flow, and other 56 patients required moderate oxygen

flow (Table 4). Chest CT scan findings on the day before treatment

with MIP showed lesions, which are characteristic for COVID‐19

F IGURE 4 (A–F) Dynamic changes of high‐sensitive C‐reactive protein (Hs‐CRP), D‐dimer, LDH, ferritin, procalcitonin. During
hospitalization, the horizontal lines represent the median value in each group. On 5th‐day posttreatment, levels of procalcitonin (p = 0.02),
ferritin (p = 0.09), Hs‐CRP (p = 0.05), and levels of D‐dimer (p < 0.001) were found to be decreased significantly in Mycobacterium indicus pranii
(MIP) group. Significant reduction was observed in posttreatment values of LDH (p = 0.05) in best standard treatment (BST) group, but the
gradient of reduction was below the gradient of reduction observed in the MIP group
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TABLE 3 Comparison of hemato‐biochemical parameters of MIP and BST in severely ill COVID‐19 patients

Parameters Group
Before treatment After treatment Wilcoxon signed rank
Means (SD) Means (SD) Positive ranks Negative ranks Mean difference (Z) p

Temperature (C) BST (133) 38.53 ± 2.34 37.56 ± 2.19 34 99 −1.93 0.321

MIP (86) 39.05 ± 1.31 36.96 ± 3.14 49 37 −2.12 ≤0.05

Respiration (breaths/min) BST (133) 34.91 ± 2.76 28.45 ± 5.34 56 77 −2.78 0.07

MIP (86) 35.03 ± 4.21 28.76 ± 4.11 54 32 −5.47 ≤0.001

Hemoglobin (g/dl) BST (133) 11.34 ± 1.67 12.47 ± 1.45 93 40 +2.11 0.13

MIP (86) 11.90 ± 2.11 11.45 ± 2.31 49 37 +0.21 0.52

WBC (103/L) BST (133) 7456.±371 5193 ± 456 45 88 −2167 ≤ 0.05

MIP (86) 7298 ± 561 5943 ± 513 35 37 −2234 ≤0.05

SGOT (IU/L) BST (133) 44.78 ± 5.34 37.12 ± 4.61 49 84 −5.67 0.21

MIP (86) 43.14 ± 4.23 34.45 ± 6.21 42 44 −3.45 0.06

SGPT (IU/L) BST (133) 72.45 ± 12.05 52.56 ± 10.21 77 56 −13.13 0.19

MIP (86) 68.89 ± 15.45 55.22 ± 12.45 28 58 −8.89 0.26

ALP (IU/L) BST (133) 123.56 ± 14.90 104.12 ± 16.45 58 75 −22.90 0.09

MIP (86) 112.45 ± 10.23 95.67 ± 8.47 28 58 −20.78 0.11

Creatinine (mg/dl) BST (133) 1.09 ± 0.32 0.92 ± 0.31 48 85 −0.67 0.42

MIP (86) 1.21 ± 0.24 0.93 ± 0.23 21 65 −0.43 0.51

Abbreviations: ALP, alkaline phosphatase; BST, best standard treatment; COVID‐19, coronavirus disease of 2019; MIP, Mycobacterium indicus pranii;
SGOT, serum glutamic oxaloacetic transaminase; SGPT, serum glutamic‐pyruvic transaminase; WBC, white blood cell.

F IGURE 5 Radiological findings in severe coronavirus disease of 2019 (COVID‐19) patients treated with Mycobacterium indicus pranii
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(Figure 6). When comparing CT scan findings on the 5th day of

treatment, 77 patients (in the MIP group and 75 patients in the BST

group) showed improvement in pulmonary lesions and resolution of

lesions towards normality. The resolution of pulmonary lesions

observed in CT scan findings in the MIP group were completely in

agreement with levels of oxygen saturation observed in these

patients, where almost 100% of patients showed a dramatic increase

in oxygen saturation on the 5th‐day posttreatment. An important

finding of the present study was a significant reduction (p = 0.01) in

hospitalization stay in MIP group compared to a hospital stay in BST

group as in present study patients were discharged from hospital

following twin criteria which include: (i) negative results on PCR for

SARS‐CoV‐2 on two test conducted on 3 days apart, (ii) absence of

fever for 3 days before discharge from hospital (Figure 4F).

From Tables 4 and 5, it can be seen that MIP therapy is

quite superior compared to BST therapy in amelioration of clinical

symptoms and offers therapeutic benefits in severely ill COVID‐19

patients as indicated by primary and secondary outcomes of diseases.

Based on the findings, it can be well postulated that MIP offers

therapeutic benefits by modulation of immune‐inflammatory path-

ways, henceforth ameliorating/preventing cytokine‐induced tissue

damage as indicated by normalization of lung architecture.

3.5 | Adverse events in MIP group

On the 5th day of treatment, total leukocyte count (TLC) levels in

35 patients, hemoglobin in 49, neutrophil 35, and lymphocyte in

F IGURE 6 Kaplan–Meier estimates of the
time from intervention (administration of
Mycobacterium indicus pranii [MIP] and best
standard treatment [BST]) to death or to
improvement. The ordinal scale ranging from
Category 1 (death) to Category 0 (discharged
with full return to baseline physical function)

TABLE 4 Comparison of primary and secondary outcomes in BST arm and convalescent plasma arm

Characteristics Pre‐BST (n = 133) Post‐BST(n = 133) p Pre‐MIP (n = 91) Post‐MIP (n = 91) p

Need for high flow mechanical ventilation 92.85% 83.51% ≤0.05 90.69% 50% ≤0.01

Hospitalization (days) 25.31 ± 12.83 18.37 ± 13.77 ≤0.01

All‐cause mortality 36.66% 13.33% ≤0.01

SPO2 (%) (with posttreatment comparison on 5th day) 81.02 ± 12.82 86.22 ± 13.22 0.02 80.07 ± 8.30 91.38 ± 5.70 ≤0.01

Negative conversion of SARS‐CoV‐2 on basis of RT‐
PCR on 7th day

79 (59.39%) 67 (73.62%) ≤0.05

Negative conversion of SARS‐CoV‐2 on basis of RT‐
PCR on 14th day

87 (65.41%) 83 (91.20%) ≤0.01

Retrogression to moderate diseases 75 (56.39%) 71 (78.02%) ≤0.05

Abbreviations: BST, best standard treatment; MIP, Mycobacterium indicus pranii; SARS‐CoV‐2, severe acute respiratory syndrome coronavirus‐2.
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45 were decreased compared to Day 0 values. Similarly, serum

glutamic oxaloacetic transaminase (SGOT), serum glutamic‐pyruvic

transaminase (SGPT), and creatinine levels were increased in 42

(4 values missing), 28 (2 values missing), and 21 patients, respectively.

It is important to note all these changes were nonsignificant, except

creatinine levels were significantly reduced on the 5th day. None of

the patients in the MIP group exhibited any major complication

during hospitalization that can be attributed to the use of MIP in

severely ill COVID‐19 patients.

These findings are of immense utility as the majority of countries

are facing a shortage of mechanical ventilators, which results in a

difficult task for the clinician in prioritizing patients for intensive care

unit (ICU), and subsequently, this shortage results in increased mor-

tality in hospitalized patients. The significant effect of MIP was on

estimates of the probability of survival or reduction in the need for

mechanical ventilation.

4 | DISCUSSION

With the spread of COVID‐19 across the globe, researchers from

different clinical settings claimed a wide range of drugs as effective

therapeutic remedies against SARS‐CoV‐2, but in the majority of the

case, these claims were refuted by placebo‐controlled double‐blind

clinical trials.22 Presently there is no effective treatment available

against COVID‐19, although a wide spectrum of drugs has been re-

purposed, and the safety and efficacy of these drugs are yet to be

evaluated.23 Until the date of drafting, this manuscript there are only

3–4 studies that have reported a reduction in intensive care stay of

severely ill COVID‐19 patients.24 Present study reports that inclusion

of MIP in therapeutic protocol results in a significant reduction in the

number of patients that need mechanical ventilation and MIP results

in decreased mortality in severely ill COVID‐19 patients. Association

was stronger when the need for ventilation or death was considered

together as a composite parameter. Results of the present study are

in agreement with earlier studies using Tocilizumab recombinant

humanized monoclonal antibody directed against IL‐6 receptor25 and

anakinra recombinant human IL‐1 receptor antagonist.26 Both studies

were based on the hypothesis of hyper inflammation ad immune

dysregulation implicated in the severe progression of COVID‐19.

Immunotherapeutic against COVID‐19 mostly work by suppression

of inflammatory cytokines, inhibition of kinases, and complement

cascade.27 However, there is still a lack of completely assured drugs

against COVID‐19.

Inefficacy of a wide spectrum of antiviral drugs against

SARS‐CoV‐2 has questioned their use in COVID‐19, and con-

currently there are a number of large cohort studies that report

hyper‐inflammation and immune dysfunction named as cytokine

storm as pathogenic hotspots in severe progression in COVID‐19. It

is widely accepted that cytokine storm significantly increases ICU

stay, the need for mechanical ventilation, and increased mortality in

COVID‐19.28,29 Abnormal immune‐inflammatory response causes

hyper‐activation of CD4 and CD8 lymphocytes, which subsequently

causes tissue necrosis, and fibrosis in visceral organs.30 Autopsy of

pulmonary tissue and CT scan findings have revealed bilateral diffuse

alveolar damage and fibroblastic multiplication in alveolar tissues.31 In

spite of ample evidence offered by a plethora of studies, immune

modulators have been nevertheless very rarely introduced in the

therapeutic protocol of COVID‐19 patients. During our literature

survey, we found only a limited number of immunologically active

drugs in a limited number of western countries included in the regular

treatment with encouraging results in severely ill COVID‐19

patients.32,33

Based on these findings and earlier use of MIP, it cannot be

denied the beneficial role of MIP in the regulation of immune

pathways and amelioration of hyperactive inflammatory state in

SARS‐CoV‐2. Therefore, we decided to include MIP at a dose rate of

0.1ml intramuscular three times a day at three different sites for

3 consecutive days with standard therapy used in our institute. In the

present case, a series of critically ill COVID‐19 patients treated with

MIP were compared with critically ill COVID‐19 patients treated

without MIP. In this real‐life setting, we found a significant reduction

in the need for mechanical oxygenation or death in severely infected

COVID‐19 patients treated with standard therapy with the inclusion

of MIP compared to patients treated with standard therapy without

MIP. The association with the use of MIP was found stronger with

TABLE 5 Comparison of secondary
outcome in BST arm and convalescent
plasma arm

Characteristics
BST
arm (n = 133)

MIP
arm (n = 91) p

Resolution of cough on 5th day; n (%) 85 (63.90%) 67 (73.62%) 0.43

Resolution of fever on 5th day; n (%) 95 (71.42%) 66 (72.52%) 0.82

Resolution of myalgia on 5th day; n (%) 58 (43.60%) 87 (95.60%) ≤0.01

Resolution of sore throat on 5th day; n (%) 62 (46.61%) 71 (78.02%) ≤0.01

Resolution of shortness of breath on 5th day; n (%) 39 (29.32%) 73 (80.21%) ≤0.01

Days of respiratory support postenrollment 65 (48.87%) 56 (61.53%) ≤0.05

Need for invasive mechanical ventilation on 5th

day postenrollment; n (%)

71 (53.38%) 35 (38.46%) ≤0.01

Abbreviations: BST, best standard treatment; MIP, Mycobacterium indicus pranii.
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respect to normalization of lung architecture (CT scan), a significant

increase in oxygen saturation, reduction/weaning off mechanical

ventilation. Furthermore, concomitant improvement in biological and

clinical parameters offers indirect evidence of the beneficial/effective

role of MIP in COVID‐19 patients. Our results are in concurrence

with earlier studies on a small cohort of COVID‐19 patients who

reported a decrease in overall death rates and early clearance of viral

load in patients treated with different immune modulators.34 Classi-

cal findings in severe COVID‐19 patients are multiple organ damage

caused by cytokine storm induced by SARS‐CoV‐2, and currently, in

Indian conditions, no immune‐modulator is widely included in the

COVID‐19 population because of a wide spectrum of causes, which

range from efficacy, safety, availability, and economic reasons.35,36

However, corticosteroids used in earlier patient populations have

given controversial findings, which have led many clinicians to dis-

continue their use.37 Earlier studies have reported the im-

munotherapeutic as well as the immunoprophylactic effect of MIP.

These findings are attributed to balancing inflammatory pathways,

early protective Th1 immune response, downregulation of Th2 re-

sponse, and immune modulation.32,38 Earlier studies have reported

that MIP when used as an adjuvant in combination with other stan-

dard drugs, the combinational therapeutic protocol, results in apop-

tosis of hyperactivated immune cells henceforth keeps an effective

check on hyper inflammation.39 Henceforth, it can be proposed that

MIP prevents cytokine storm‐induced lung damage in COVID‐19. In

addition to this, MIP has been found to result in accelerated viral

clearance by activation of the MyD88 pathway in Th1‐mediated in-

nate immune response.40 Furthermore, immune‐modulatory action of

MIP was reported by a recent clinical trial conducted on COVID‐19

patients. The study reported a significant reduction in C‐reactive

protein (an inflammatory marker) in those patients who were treated

with MIP.41 Furthermore, a recently genomic‐wide association study

has attributed the immune‐modulatory role of MIP to high antigenic

potential.42 MIP, as an adjuvant to standard therapy against tu-

berculosis, revealed immune modulation and regulation of in-

flammatory process in later part treatment is perhaps useful in the

restoration of normal tissue architecture.43 Furthermore, there are

several reports on the aerosol route of delivery of MIP to induce local

lung immune response.44 Taken together, these findings, in addition

to the results from the present study, suggest that MIP modulates

immune response by regulating/subduing cytokine storm and si-

multaneously cause activation of those immune pathways, which

result in enhanced viral clearance.

In clinical settings, when patients are under a wide range

of therapeutic preparations simultaneously, it is very difficult to

assign side effects to a particular drug. Assessment of side effects

associated with the use of MIP in the present study was an increase

in alkaline phosphatase levels, SGOT, SGPT, and deceases in

TLC and hemoglobin in some patients. However, the use of MIP in

earlier studies has not reported any adverse effects associated

with the use of the drug. Similarly, in the present study, we could

not find any adverse effect during the hospitalization of COVID‐19

patients. However, to have a clear view of safety, patients

undergoing treatment with MIP should be followed for a longer

duration.

In conclusion, the use of MIP use for 3 days at a dose of 0.1 ml

three times resulted in a significant reduction in the stay of patients

in ICU and mortality in severe COVID‐19 patients. Taken together,

MIP gives an opportunity for use in COVID‐19 patients in developing

countries like India. The beneficial role it offers ranges from its re-

ported immunomodulatory role, balancing inflammatory pathway,

economically cheap, and easily available.

Nevertheless, the limitation of the present study was our results

are based on a small cohort population, and we cannot rule out

sampling and time‐varying confounders that might have affected

results in our study; our study was an open‐label study that might

have affected various clinical decisions, the study being nonrandom

so the effect of unmeasured confounding cannot be ruled out.

Therefore, it is suggested that clinical trials with a large sample size

and of longer duration should be conducted to understand the

beneficial role of MIP in COVID‐19 populations.
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