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Abstract
Background

COVID-19 resulted in loss of human lives owing to respiratory failure caused by dysregulated immune system. Though
many treatments are evaluated, the most appropriate is yet to be established. We hypothesized accelerated recovery and
reduced mortality in mild, moderate and severe COVID-19 with Siddha regimen consisting of natural products.

Methods

In a randomized, controlled open-label trial conducted on 200 hospitalized COVID-19 patients, they were allocated
equally to be treated with add-on Siddha regimen with Standard care or only standard care.
The primary and secondary end points were accelerated recovery (≤ 7 days) and mortality comparison between the
groups respectively. Patients were followed through 90 days.

Results

In this study the accelerated recovery was 59.0% and 27.0% in treatment and control group (ITT analyses) (p < 0.001)
respectively and Odds for it were four times higher in the treatment group (OR: 3.9; 95% CI: 1.9, 8.0). The estimated
median time for recovery in the treatment group was 7 days (95% CI: 6.0, 8.0; p=0.003) and 10 days (95% CI: 8.7, 11.3) in
control. Hazard ratio for death in control was 2.3 times that of treatment group. No adverse reactions or alarming
laboratory values were observed in response to intervention. In severe treatment group (n=80), mortality was 15.0% and
39.5% in control (n=81). The COVID stage progression was 65% less in treatment group.

Conclusion

Siddha regimen demonstrated that they can synergistically improve oxygenation status, enhance the recovery rate and
reduce the mortality better as compared to only Standard of Care.

1. Introduction
The pandemic of COVID-19 disease has devastated millions of humans with a loss to life, family, peace and prosperity
affecting physical and mental wellbeing. More than 228 million con�rmed cases of COVID-19 including 4.69 million
deaths have been reported globally till September 2021 by World Health Organization (WHO) since it was �rst identi�ed
in China. India has experienced a devastating second wave of COVID-19 pandemic since April 2021 accounting for
nearly 50% of the global active COVID-19 cases [1]. Tamil Nadu was among the top �ve Indian states with 2 million
con�rmed cases at the end of May 2021[2].

SARS-CoV-2 infection is reported with a range of clinical manifestations, from no symptoms to critical illness. In general,
SARS-CoV-2 infection can be categorized into asymptomatic, mild, moderate, severe and critical illness. However, the
criteria for each category may overlap or vary and a patient’s clinical status may change over time [3]. Most people with
COVID-19 experience mild and moderate symptoms and approximately 10-15 % of cases progress to severe disease and
about 5% become critically ill [4]. The most common symptoms being fever, cough, sore throat, malaise, headache,
muscle pain, nausea, vomiting, diarrhea, loss of taste and smell [3] [5]. Patients with only mild disease present with low
fever and slight asthenia, without pneumonia and breathlessness. The prognosis of most mild patients is good, with the
mortality rate ranging from 0 to 14.6% [6] [7]. Mortality of patients admitted in intensive care unit is 21.6% in United
States [8]. The prognosis of the elderly and those with underlying chronic conditions is poor [9]. Old age and certain co-
morbidities including obesity, Diabetes mellitus, chronic pulmonary diseases and chronic kidney disease have been
found to be associated with high risk for hospitalization or death [10].
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The treatment protocol guidelines of Standard of Care (SOC) was released by the Ministry of Health and Family Welfare,
Government of India (GOI) which includes the general symptomatic management and intensive respiratory care to the
critical COVID-19 patients [11]. During the early pandemic, the Ministry of AYUSH, (Ayurveda, Yoga and Naturopathy,
Unani, Siddha and Homeopathy), Govt. of India (GOI) and the Govt. of Tamil Nadu, India has released advisory and
guidelines for the prophylaxis, management and convalescence of COVID-19 using AYUSH medicines including Siddha
in India [12, 13].

One of the AYUSH systems, the Siddha system of medicine describes the clinical features and various stages of SARS-
CoV-2 infection comparable under the headings Kabasuram (Iya suram), Kabavatha suram and Sannipatha suram in
Siddha system of medicine. It can be considered as the prototype description of any fever with predominant pulmonary
in�ammations as per the Siddha literature [14]. According to Siddha pathophysiology, Kaba suram is due to elevation of
Iyam, which is one of the three humors of the human body. Vitiated Iyam, Vali and Azhal humors all at the same time
lead to the state of Sanni which is a state of apoplexy akin to the severe stage of COVID-19 [15].

In countries like India, the overwhelming numbers of COVID-19 incidence put an enormous strain on the framework of
health system beyond its scope to manage with respect to the number of hospital beds, workforce and facilities required
to treat moderate and severe cases. Preventing mortality and promoting accelerated recovery from SARS-CoV-2 infection
are extremely essential in order to manage the pandemic effectively with the available resources. In view of the rapid
transmission of infection and a lack of effective therapies, research on the complementary treatment of COVID-19 is a
dire necessity. Though the Siddha formulations have been in use since time immemorial for treating various ailments, it
requires systematic studies and rigorous clinical research to demonstrate the safety and e�cacy for repurposing of
Siddha drugs in COVID-19 management.

Recently, a molecular docking study of a Siddha poly herbal formulation Kabasura Kudineer (KSK) identi�ed about 15
natural compounds suggestive of inhibiting SARS-CoV-2 as they gave a better energy score compared to synthetic drugs
[16]. An in-silico computational study wherein out of 37 of the screened compounds of the same herbal formulation, 9
showed high binding a�nity against SARS-CoV-2 spike protein [17]. A recently published review article highlighted the
usefulness of Siddha herbs for the effective management of respiratory ailments and as immune boosters [18].
Kabasura kudineer is one such poly-herbal formulation that has been studied for its anti-viral properties through in-silico
computational screening against SARS-CoV-2 spike proteins [17]. A single case study on mild COVID-19 reported that
administration of the Siddha drug Thalisathy churnam (part of the regimen in our study) worked well for the patient to
recover from COVID 19 clinical symptoms within a week [19]. Nochi Kudineer and Adathodai Kudineer, two of the
selected polyherbal Siddha formulations used in our study for moderate and severe COVID-19 disease, showed anti-viral
property as reported in an in-vitro study [20]. Also, Adathodai Kudineer has been shown to have anti SARS-CoV-2 activity
through computational study of compounds isolated by Gas chromatography–mass spectrometry (GC-MS) method.
They were found to have high energy a�nity against the SARS-CoV-2 spike protein (PDB ID 6LU7) and its complex with
Angiotensin converting enzyme 2 (ACE 2) receptor of human cells (PDB ID 6LZG) [21]. Further, an open clinical
evaluation of the additional therapeutic effect of selected Siddha formulations among the asymptomatic, mild and
moderate category of COVID-19 patients has demonstrated the accelerated recovery as compared to only Standard of
Care management [22]. No clinical trial has been reported so far using AYUSH interventions on severe category of SARS-
CoV-2 infection to the best of our knowledge. In this context, we conducted a randomized controlled trial to determine the
safety and e�cacy of selected Siddha formulations as co-intervention with Standard of Care among the mild, moderate
and severe COVID-19 patients in terms of determining the accelerated recovery and prevention of death compared with
that of only Standard of Care as control group.

2. Methods
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2.1. Study design
A prospective, single center, open-label randomized controlled trial was conducted. The trial was conducted jointly by
National Institute of Siddha, Chennai and Government Chengalpattu Medical College Hospital, Chengalpattu district,
Tamil Nadu, India between July and December 2020.

2.2. Patients
Eligible patients were men and non-pregnant, non-lactating women with COVID-19, aged 18 to 85 years con�rmed by RT-
PCR positive assay for SARS-CoV-2 in nasopharyngeal and oropharyngeal swab specimens and / or pneumonia
con�rmed by pulmonary imaging. Exclusion criteria (before randomization) includes inability to have oral feeding (that
precludes oral administration of Siddha drugs); diabetic ketosis, diabetic nephropathy, septicemia / Multi Organ
Dysfunction Syndrome (MODS); known severe renal impairment (estimated glomerular �ltration rate < 30 mL/min per
1.73 m2) or receipt of continuous renal replacement therapy, alanine aminotransferase (ALT) / aspartate
aminotransferase (AST) more than 5 times the normal upper limit and total bilirubin 3 times higher than the normal
upper limit; participating in another therapeutic clinical trial for COVID-19 before or at the same period; severe heart
diseases, severe COVID-19 with more pronounced ARDS (PaO2 / FiO2 < 200 mm/Hg) at enrollment, critical COVID-19
patients with life expectancy < 48 hours, and who had severe underlying diseases that affects survival, including blood
diseases, dyscrasia, active bleeding and severe malnutrition. Withdrawal criteria (excluded after randomization) includes
patients who did not tolerate the trial drugs and develop adverse reactions during the drug trial, developing ARDS within
48 hours of enrollment, also any inter-current illness which would warrant other extended drug treatment were to be
withdrawn. Patients wanting to withdraw from the study were also allowed to do so.

2.3. Intervention:
Details of Siddha regimen and Standard of Care is given in the Table 1
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Table 1
Details of drug intervention

Siddha interventions Standard of Care

Asymptomatic / Mild COVID-19 Moderate / Severe COVID-
19

Kabasura Kudineer [50] Nilavembu
kudineer [51] – 60ml tid in
symptomatics & bid in
asymptomatics (5g each of Kudineer
powder made into 60 ml decoction as
per classic literature)

Amukkura churnam [29] 2g;
Thalisathi churnam [52] (2g) – 4g tid
with honey or milk

Adathodai Manappagu [53] 20ml bid
with water

Karuppu Vishnu chakram [54] 2 pills
bd with honey

Nellikkai Leghyam 5g bid

Adathodai Kudineer [55];
Nochi Kudineer [56] – 60ml
tid (5g each of Kudineer
powder made into 60 ml
decoction as per classic
literature)

Amukkura churnam[29] 2g;
Thalisathi churnam [57]
(2g) – 4g tid with honey or
milk

Maldevi (Thaalaga)
chenduram 100 mg bid
with honey

Pavala parpam [58]100mg
bd with honey

Thippili rasayanam [59] 5g
bid

Tab. Paracetamol, Tab. Zinc, Tab. Vitamin C,
Tab. Azithromycin, Tab.
Hydroxychloroquinone, Inj. Dexamethasone,
Inj. Ceftriaxone, Inj. Remdesivir, Inj.
Methylprednisolone, Inj. Enoxaparin,
Inj.Tocilizumab, Cap. Doxycycline, Tab.
Deriphyllin, Tab. N-acetylcysteine and Tab.
Pirfenidone

– The above drugs were administered as per
the CLINICAL MANAGEMENT PROTOCOL:
COVID-19

Published by Govt. of India Ministry of
Health and Family Welfare Directorate
General of Health Services (EMR Division)
Version 3 (2020)

Herbal tea was administered to all treatment group patients 100 ml
twice a day.

Ingredients: Azadiracta indica (leaves), Curcuma longa (rhizome),
Ocimum sanctum (leaves), Gyzyrrhiza glabra (root), Syzygium
aromaticum (fruit), Terminalia chebula (rind), Alpinia galanga
(rhizome), Piper cubeba (fruit), Zingiber o�cinale (rhizome),
Coriandrum sativum (seed) and Palm Jaggery- decoction made out
of 10g with 200 ml water, boiled down to 100 ml, twice a day palm
jaggery may be added if not a diabetic.

The treatment group received selected Siddha formulations along with Standard of Care and the control group received
only Standard of Care. The trial drugs were procured from Good Manufacturing Practices (GMP) certi�ed pharmaceutical
companies under the scrutiny of the State licensing authority of Indian Medicine (SLA-IM) which manufacture and
control the quality of drugs in compliance with the Drugs and Cosmetic Act 1940 and Rules 1945[25, 26].

2.4. Objectives:
Our primary objective was to determine the proportion of patients who had accelerated recovery treated with selected
Siddha drugs along with Standard of Care management and compared with that of patients taken only Standard of
Care. The other objectives were to assess for the reduction in all-cause mortality, respiratory and other symptoms due to
COVID-19 and prevention of COVID-19 stage progression and compared between the groups.

2.5. Patient recruitment, Data collection method and outcome
measurements:
Mild, moderate and severe COVID-19 patients were screened using selection criteria and enrolled as study participants
after obtaining informed consent. The COVID-19 patients recruited were categorized as mild, moderate and severe as per
the Clinical Management Protocol guidelines for COVID-19, issued by the Ministry of Health and Family Welfare, Govt. of
India [11]. Those patients who were admitted to the COVID-19 ward within 48 hours of testing positive in mild cases were
screened and enrolled. In moderate and severe cases, the time taken from RT PCR testing to admission and enrollment at
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ICU ranged from 5 – 12 days. All the patients were enrolled within 24 hours of admission. As the study was conducted in
a tertiary care hospital, selection comprised of severe COVID-19 cases predominantly (n=161). Quali�ed and trained
Siddha Post graduate scholars and consultant physicians were involved in the participant recruitment and data
collections were done under the supervision of the study investigators.

The medicines were weighed using high precision electronic balances and packed as single dose in sterile disposable
sachets and the decoctions were prepared under aseptic precautions by trained pharmacists as per classical literature.
The endpoint assessment methods were adopted from the minimum common outcome measure set developed by the
working group of WHO-led international collaborative response team to the outbreak of COVID -19. The outcome
measures used in this study were resolution / progression by WHO clinical progression scale, viral burden, mortality,
symptoms, co-infection, co-morbidities, biomarkers and post COVID functional parameters. Recovery or resolution is
de�ned with the negative test for RT-PCR, remission of COVID-19 symptoms and the SpO2 (in moderate and severe
cases) becoming ≥ 94% based on WHO clinical progression scale [27]. The discharge policy of Ministry of Health and
Family Welfare, Government of India about mild COVID-19 patients was 14 days [28]. 50% (7 days) of this time period
was arbitrarily considered as cut off point for ‘accelerated’ recovery for mild, moderate and even for severe COVID-19
patients in this study and recovery achieved up to 7 days from enrollment was considered as accelerated recovery in this
study. Disease days were calculated from the date of onset of the �rst symptom (before admission) to date of recovery
and the hospital days de�ned from the date of admission to date of discharge.

2.6. Sample size:
The sample size was estimated for a moderate effect size of 0.3, 80% power and level of signi�cance 5%. The sample
size was estimated to be 176 and considering a drop out of 10%, we had to recruit 200 patients.

2.7. Randomization:
After the screening through inclusion and exclusion criteria, the study participants were equally allocated in either
treatment group or the control group by computer-generated random numbers.

2.8. Allocation concealment and Implementation:
Allocation details were sealed in envelopes to conceal the sequence until the intervention was assigned. Chief
statistician generated the allocation sequence, investigators and trained PG scholars enrolled and assigned participants
to the treatment and control groups. No blinding was done since the color, texture, �avor and taste of Siddha drugs could
not be masked.

2.9. Follow up:
Post discharge management in the convalescence period (after the completion of treatment and discharged from
hospital care): Nellikkai Legium (5gm twice a day after food) and Amukkura Churnam tablet [29] (2 tablets twice a day
after food) were prescribed to the treatment group patients at the time of recovery and advised to take for 20 days to
prevent the post COVID-19 symptoms as per the ‘Aarokyam’ special programme of Government of Tamil Nadu [30]. The
study participants were followed up through telephone for 90 days (counted from admission) at 3 time points 30th, 60th
and 90th days to check for post COVID-19 symptoms and mortality after discharge. During follow up the patients were
enquired and assessed for overall functionality, lingering breathlessness and the quality of life through Post-COVID-19
Functional Status Scale (PCFS), Modi�ed Medical Research Council breathlessness scale (mMRC) and European Quality
of Life Five Dimension - Five Levels (EQ5D5L) scales respectively [31, 32, 33, 34, 35, 36, 27].

2.10. Data management and Statistical analysis:
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The collected data was entered into Microsoft O�ce Excel on the same day. Data cleaning was done by re-entry method
and cross veri�ed for the correctness of the data. Data from all the randomized patients were analyzed (intention-to-treat
analysis). Descriptive statistics were presented as mean with standard deviation and median with quartiles, and
proportions with percentage according to type of data. Chi-Square test was applied to �nd the association between
groups. Binary logistic regression was employed to identify the odds of accelerated recovery. Kaplan – Meier was used
to estimate the median time required for recovery. Analysis is done using SPSS (IBM SPSS Statistics for Windows,
Version 26.0, Armonk, NY: IBM Corp. Released 2019). Relative risk was calculated to assess the signi�cance of
difference in the event of COVID stage progression between the groups. Rate ratio was estimated in the overall recovery
between groups. Signi�cance level was �xed as 5% (α = 0.05).

3. Results
Between 20 July 2020 and 4 December 2020, 383 patients were screened, of which 183 patients were excluded due to
reasons such as not meeting the inclusion criteria of not willing to participate, renal complications, sepsis and Acute
respiratory distress syndrome (ARDS). Two hundred (200) patients who were found eligible and volunteered to
participate in the trial were recruited. One hundred (100) patients each were randomly assigned to each treatment and
control group. Five patients in the control group discontinued participation in the study and all the 100 in treatment group
participated through the trial. In the treatment group, 8 (8.0%) mild, 12 (12.0%) moderate and 80 (80.0%) severe patients
were enrolled while 12 (12.0%) mild, 7 (7.0%) moderate and 81 (81.0%) severe patients in the control group (Figure 1).

3.1 Demographic and baseline characteristics of study patients
Descriptive statistics of baseline characteristics showed that they were evenly distributed between the two groups.
Demographic characteristics, vital parameters, co-morbidities and the clinical signs and symptoms at baseline are
presented in Table 2. The median age of study patients was 53 years in treatment group and 56 years in control group.
There were 80 (80.0%) males in the treatment group and 72 (72.0%) in the control group. The number of patients in the
age category of 46-64 years in the treatment group was 49 (49.0%) and 43 (43.0%) in the control group. Those in the age
category 18 to 29 years were less in both the treatment and control groups (n=7 each group; 7.0%). Diabetes was the
most common co-morbidity in the treatment (48.0%) and control groups (44.0%), followed by hypertension in treatment
(23.0%) and in the control (36.0%) groups. At the time of hospital admission, the mild and moderate COVID-19 patients
predominantly presented with complaints of fever (58.9%) and cough (38.5%). But the severe category (n=161) patients
predominantly presented with complaints of di�culty in breathing (100.0%) and fever (65.8%). Symptoms such as
di�culty in breathing, headache, loss of smell, myalgia, diarrhea, loss of taste, nausea, vomiting, sore throat, fatigue,
chills or rigor and nasal congestion were also reported by the mild and moderate categories at the time of admission.
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Table 2
Personal and baseline characteristics of mild, moderate and severe COVID-19 study patients

Characteristics Treatment group
(n=100)

Mean ± SD (or) n (%)

Control group
(n=100)

Mean ± SD (or) n (%)

Age [years (Median (Q1, Q3)] 52.5 (41.0, 60.5) 56.0 (45.0, 65.0)

18 – 29 7 (7.0) 7 (7.0)

30 – 45 29 (29.0) 19 (19.0)

46 – 64 49 (49.0) 43 (43.0)

≥ 65 15 (15.0) 31 (31.0)

Gender

Male 80 (80.0) 72 (72.0)

Ethnicity    

Mixed 100 (100.0) 100 (100.0)

Severity category

Mild 8 (8.0) 12 (12.0)

Moderate 12 (12.0) 7 (7.0)

Severe 80 (80.0) 81 (81.0)

Vital parameters

SpO2 (Room air) 85.8 ± 7.2 83.5 ± 10.3

Respiratory rate/minute 35.0 ± 10.9 36.0 ± 12.9

Heart rate/minute 93.4 ± 14.0 89.7 ± 15.1

Temp (°F) 98.6 ± 0.1 98.9 ± 3.3

Systolic Blood pressure 124.3 ± 10.9 124.0 ± 13.1

Diastolic Blood pressure 77.4 ± 5.6 78.0 ± 6.5

BMI (kg/m2) 25.9 ± 4.4 25.6 ± 3.8

Presence of co-morbidity

0 41 (41.0) 36 (36.0)

1 41 (41.0) 37 (37.0)

≥ 2 18 (18.0) 27 (27.0)

Type of comorbidity    

Diabetes 48 (48.0) 44 (44.0)

*One patient may present with more than one symptom

SpO2 – Oxygen Saturation of Peripheral circulation; BMI = Body Mass Index
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Characteristics Treatment group
(n=100)

Mean ± SD (or) n (%)

Control group
(n=100)

Mean ± SD (or) n (%)

Hypertension 23 (23.0) 36 (36.0)

Cardiovascular disease 5 (5.0) 7 (7.0)

Clinical Symptoms *

At-least with one symptom 98 (98.0) 92 (92.0)

Di�culty in breathing 90 (90.0) 84 (84.0)

Fever 67 (67.0) 64 (64.0)

Cough 55 (55.0) 54 (54.0)

Myalgia 15 (15.0) 12 (12.0)

Fatigue 11 (11.0) 12 (12.0)

Diarrhoea 11 (11.0) 4 (4.0)

Loss of smell 9 (9.0) 7 (7.0)

Headache 9 (9.0) 6 (6.0)

Loss of taste 7 (7.0) 9 (9.0)

Nausea or vomiting 5 (5.0) 6 (6.0)

Loss of appetite 5 (5.0) 0 (0.0)

Sore throat 4 (4.0) 4 (4.0)

MuLBSTA score    

0 – 5 (0.47 - 2.17) 30 (30.0) 41 (41.0)

6 – 10 (2.92 - 9.33) 57 (57.0) 39 (39.0)

11 – 15 (12.27 - 32.36) 13 (13.0) 20 (20.0)

Median time from symptom onset to randomization (Median (Q1,
Q3)]

7.0 (5.0 – 11.5) 7.0 (4.5-10.5)

Conditions at randomization    

2 4 (4.0) 4 (4.0)

3 2 (2.0) 1 (1.0)

4 10 (10.0) 8 (8.0)

5 54 (54.0) 43 (43.0)

6 30 (30.0) 39 (39.0)

*One patient may present with more than one symptom

SpO2 – Oxygen Saturation of Peripheral circulation; BMI = Body Mass Index

3.2. Treatment outcome
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Fifty nine (59.0%) from treatment group and twenty seven (27.0%) from control group had accelerated recovery which
was signi�cantly (p < 0.001) different. Twenty eight (28.0%) in the treatment group and thirty seven (37.0%) in the control
group had normal recovery (after 7 days) (Table 3). In the control group thirty �ve (35.0%) patients had COVID stage
progression (deterioration from mild, moderate and severe COVID categories) of which thirty three (33.0%) died during
intervention whereas in the treatment group thirteen (13.0%) had stage progression in which all of them (13.0%) died
[37]. In the control, two patients died without undergoing stage progression due to sudden cardiac arrest and cerebro-
vascular accident whereas no death was observed in the treatment group without stage progression (Table 7). The
number of deaths during treatment were higher in the control group [33 (33.0%)] compared to the treatment group [13
(13.0%)]. Three patients in the control group had died during the 90 day follow up. No death was reported in treatment
group during the follow up period. In severe treatment group (n=80), 42 (52.5%) had accelerated recovery and 12 (15.0%)
died; and in severe control (n=81), 18 (22.2%) had accelerated recovery and 32 (39.5%) had died during intervention
(Supplementary table 4). Treatment with Siddha formulations resulted in 63% reduction in the COVID-19 stage
progression compared with control group (RR: 0.37; 95% CI: 0.21, 0.66; p < 0.001).

Table 3
Treatment outcome of mild, moderate and severe COVID-19 study patients

Treatment Outcome Treatment group (N=100)

n (%)

Control group (N=100)

n (%)

p-value

Accelerated Recovery * 59 (59.0) 27 (27.0) < 0.001#

Normal Recovery 28 (28.0) 37 (37.0)

Death 13 (13.0) 33 (33.0)

No recovery 0 (0.0) 3 (3.0)

* Accelerated recovery implies the recovery ≤ 7 days. Recovery is measured with WHO clinical progression scale.

# Fisher’s exact test.

Table 7
COVID-19 Stage progression (from baseline) in mild,

moderate and severe patients
Stage progression Treatment Control p-value

Yes 13 (13.0) 35(35.0) < 0.001

No 87 (87.0) 65 (65.0)

Chi-square test is used. p < 0.05 is considered signi�cant.

3.3. Hematological, biochemical parameters, liver function, renal
function and immune markers
As the hematological and bio-chemical parameters could not be performed for all patients at the end point, the values for
the available patients are presented (Supplementary table 1). There was no signi�cant difference between treatment and
control groups. The percentage difference of lab values of both pre and post interventions also was found to be
insigni�cant in both groups, though prognostic markers such as ferritin, IL-6 and D-dimer were reduced post treatment in
many patients. No adverse reactions were observed clinically in both the groups. The laboratory parameters of blood cell
count, blood and urine biochemistry did not show any alarming increase or decrease in values.

3.4. Day / Week wise cumulative recovery
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Outcome of treatment on each day in both the groups is shown in �gure 2. The relief of any one symptom was begun to
be observed from day 2 in both the groups. After two days, the cumulative recovery was found to be slightly higher in the
treatment group when compared to the control group. In the control group, the event of death had occurred as early as
the 2nd day of intervention, whereas in the treatment group, it was from 5th day of the intervention. There was a steep
rise in cumulative recovery in the treatment group (62%) till day 8 (Control 34.0 %). In control group, 19 (19.0%) patients
had died till day 7 while 4 (4.0%) in the treatment group. Until day 14, 28 (28.0%) died in the control group while 10
(10.0%) in the treatment group.

Weekly outcomes about recovery are given in �gure 5. Cumulative weekly recovery shows that treatment group has
higher proportions of recovery till 28 days. On day seven, 59 (59.0%) recovered in the treatment group and 27 (27.0%) in
control group. On day fourteen, the cumulative recovery of the treatment group is 77 (77.0%) and 53 (53.0%) in control.
By day twenty one, 85 (85.0%) recovered in the treatment group and 61 (61.0%) in the control. At twenty eighth day, 87
(87.0%) recovered in treatment and 63 (63.0%) in control. In all those who had recovered (n = 151) during intervention,
the maximum time taken was 28 days.

3.5. Accelerated recovery between the groups with reference to
selected baseline parameters
Certain subgroups of treatment group showed statistically signi�cant difference (p<0.05) of increased proportion of
accelerated recovery when compared with control using non parametric test. This is shown in Table 4.
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Table 4
Comparison of accelerated recovery of based on selected subgroup

characteristics
Characteristics Accelerated Recovery p-value

Treatment group Control group

n (%) n (%)

Gender      

Male 44 (55.0) 20 (27.8) 0.001

Female 15 (75.0) 7 (25.0) 0.001

Age      

18 - 45 23 (63.9) 9 (34.6) 0.023

46 - 64 26 (53.1) 13 (30.2) 0.027

≥ 65 10 (66.7) 5 (16.1) 0.001*

BMI      

< 25 31 (68.9) 15 (36.6) 0.003

≥ 25 27 (51.9) 12 (22.6) 0.002

Comorbidity      

Present 32 (54.2) 14 (21.9) < 0.001

Absent 27 (65.9) 13 (36.1) 0.009

MuLBSTA score      

0 – 5 (0.47 - 2.17) 19 (63.3) 16 (39.0) 0.043

6 – 10 (2.92 - 9.33) 33 (57.9) 9 (23.1) 0.001

11 – 15 (12.27 - 32.36) 7 (53.8) 2 (10.0) 0.013*

SpO2 (%)      

< 75 3 (37.5) 1 (6.7) 0.103*

75 - 85 14 (50.0) 5 (22.7) 0.078*

85 - 90 24 (64.9) 11 (33.3) 0.008

> 90 18 (66.7) 10 (40.0) 0.054

Disease category      

Mild 6 (75.0) 5 (41.7) 0.197*

Moderate 11 (91.7) 4 (57.1) 0.117*

Severe 42 (52.5) 18 (22.2) < 0.001

Chi-square test is done for statistical signi�cance; * Fisher's Exact Test p-value
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3.6. Univariate binary logistic regression to calculate Odds of
accelerated recovery by Treatment
Univariate binary logistic regression was performed to identify the factors which were associated with accelerated
recovery. The results showed that treatment group (OR: 3.89; 95% CI: 2.2, 7.1) was better than the control group; the age
group of 18-45 years (OR: 2.20; 95% CI: 1.1, 4.9) was compared with older age group (≥ 65 years); BMI (< 25) was
compared with BMI ≥ 25 (OR: 1.95; 95% CI: 1.1, 3.5); absence of co-morbidity (OR: 1.81; 95% CI: 1.0, 3.2) with presence
of co-morbidity ; MuLBSTA score range 0 – 5 (OR: 2.59; 95% CI: 1.1, 6.4) and 6 – 10 (OR: 2.07; 95% CI: 0.9, 4.9) with 11-
15 and SpO2 levels 85 – 90% (OR: 4.75; 95% CI: 1.5, 15.4) and > 90% (OR: 5.54; 95% CI: 1.7, 18.6) with SpO2 <75% under
room air. Thus the above subgroups were associated with accelerated recovery (Table 5).
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Table 5
Univariate Binary Logistic Regression to calculate Odds of accelerated

recovery
Factors Odds Ratio (Crude) 95% CI for OR p-value

LL UL

Treatment        

Control group Ref      

Treatment group 3.891 2.147 7.052 < 0.001

Gender        

Male Ref      

Female 1.163 0.606 2.235 0.649

Age (years)        

≥ 65 Ref      

18 - 45 2.204 1.100 4.870 0.050

46 - 64 1.521 0.724 3.195 0.268

BMI        

≥ 25 Ref      

< 25 1.946 1.090 3.475 0.024

Comorbidity        

Present Ref      

Absent 1.810 1.016 3.223 0.044

MuLBSTA score (mortality level)    

11-15 (12.27 - 32.36) Ref      

0-5 (0.47 - 2.17) 2.593 1.058 6.353 0.037

6-10 (2.92 - 9.33) 2.074 0.873 4.930 0.099

SpO2 (%)        

< 75 Ref      

75 - 85 2.911 0.859 9.862 0.086

85 - 90 4.750 1.466 15.391 0.009

> 90 5.542 1.655 18.551 0.005

Disease category      

Severe Ref      

Mild 2.057 0.806 5.252 0.131

Moderate 6.312 2.002 19.902 0.002
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3.7. Multivariate binary logistic regression to calculate Odds of
accelerated recovery by Treatment
When we adjusted for every other factor such as gender, age, BMI, presence of comorbidity, MuLBSTA score, level of
SpO2 and the severity category of disease the accelerated recovery for treatment group is nearly four times better than
the control group (OR: 3.9; 95% CI: 1.9, 8.0; p < 0.001) which is statistically signi�cant (Table 6).

Table 6
Multivariate Binary Logistic Regression to calculate Odds of accelerated recovery

Factors Adj OR* 95% CI p- value Adj OR# 95% CI p-value

LL UL LL UL

Treatment

(Treatment group)

        3.854 1.861 7.980 < 0.001

Gender 4.024 2.204 7.349 < 0.001        

Age (years) 3.704 2.024 6.777 < 0.001        

BMI level 3.759 2.035 6.944 < 0.001        

Comorbidity 3.878 2.127 7.069 < 0.001        

MuLBSTA score 4.149 2.233 7.710 < 0.001        

SpO2 (%) 3.606 1.945 6.683 < 0.001        

Disease category 4.104 2.197 7.667 < 0.001        

* Adjusted Odds for treatment after adjusting the corresponding row variable

# Adjusted Odds for treatment after adjusting all row variables

3.8. Kaplan-Meier survival analysis for Recovery (Intervention)
period, Disease days & Hospital stay
Kaplan-Meier survival analysis was performed to estimate median time for recovery, which is 7 days for treatment group
with 95% CI: 6.0, 8.0. In the control group, the estimated median time for recovery is 10 days, 95% CI: 8.7, 11.3, which is
statistically signi�cant by Log Rank (Mantel-Cox) test (p=0.003). The results are presented in Supplementary Table 2 &
Figure 3a

Kaplan-Meier survival analysis was performed to estimate median time for disease days, which is 16 days for treatment
group with 95% CI: 13.8, 18.2 and in the control group, it is 17 days, 95% CI: 14.4, 19.6, which is statistically signi�cant by
Log Rank (Mantel-Cox) test (p=0.036). The results are presented in Supplementary Table 2 & Figure 3b

Kaplan-Meier survival analysis performed for hospital days estimated the median as 12 days in the treatment group with
95% CI: 10.7, 13.3 and in the control, it was 12 days, 95% CI: 10.6, 13.4, which is not statistically signi�cant by Log Rank
(Mantel-Cox) test (p=0.140). The results are presented in Supplementary Table 2 & Figure 3c

3.9 Cox proportional hazard model
The Hazard rate of death in the control group is two and half times higher than that of treatment group (HR: 2.26; 95 %
CI: 1.9, 4.3; p = 0.013) (Supplementary table 3) & (Figure 4). The proportion of death is higher in the gender male, age
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category ≥ 65 years, BMI ≥ 25, presence of co-morbidity, MuLBSTA score 11 - 15, SpO2 (%) Room air (< 75) compared to
other categories in both the groups (Supplementary table 4).

3.10 Post-treatment follow up
The outcome of the patients in terms of functionality, lingering breathlessness and quality of life followed through 30-
day, 60-day and 90-days post recovery is depicted in Tables 8, 9 &10 and supplementary tables 5, 6 & 7.

Table 8
Post interventional assessment through Post COVID Functional Status Scale (PCFS) in patients

PCFS Treatment (N=95)

n(%)

Control (N=89)

n(%)

p-value

30th day 49 (51.6) 24 (27.0) 0.001

60th day 67 (70.5) 36 (40.4) 0.094

90th day 71(74.7) 42 (47.2) 0.016

Proportion of patients who had zero score in PCFS is furnished here; Chi-square test is used; p < 0.05 is considered
signi�cant.

Table 9
Assessment of lingering breathlessness post recovery in the patients

mMRC Treatment

(N=95)

n (%)

Control

(N=89)

n (%)

p-value

30th day 59 (62.1) 31 (34.8) 0.053

60th day 67 (70.5) 34 (38.2) 0.057

90th day 71 (74.7) 41 (46.1) 0.016

Proportion of patients who had zero score in mMRC is furnished here; Chi-square test is used. p < 0.05 is considered
signi�cant.

Table 10
Quality of life assessment using EQ5D5L

EQ5D5L Treatment (N1=95)# Control (N2=89)# p-value*

EQ5D5L Index

(Mean ± SD )

n (%) EQ5D5L Index

(Mean ± SD )

n (%)

30th day 0.91 ± 0.2 62 (65.3) 0.80 ± 0.3 28 (31.5) < 0.001

60th day 0.93 ± 0.2 66 (69.5) 0.82 ± 0.3 31 (34.8) 0.003

90th day 0.94 ± 0.2 68 (71.6) 0.87 ± 0.3 39 (43.8) 0.076

Proportion of patients who had the score one in EQ5D5L is furnished here; *t test is used. p < 0.05 is considered
signi�cant.

# N1 & 2 includes dead and excludes missing post Covid data

4. Discussion
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In the current study, we found that among the recruited of COVID-19 patients at the tertiary care hospital, the proportions
of severe COVID-19 patients in both groups were higher than mild and moderate categories. The distribution of patients
recruited in the study was markedly higher in the age group 46 - 64 years which corroborates with other studies reported
on the age distribution of patients in COVID-19 all over the world during the �rst wave of the pandemic [38]. The average
recovery period from COVID-19 is among the lowest (7 days) in the state of Tamil Nadu when compared to other and
even neighboring Indian states [39]. During this pandemic in Tamil Nadu, mass distribution, door to door campaign and
the household practice of taking the herbal concoctions Kabasura Kudineer and Nilavembu Kudineer might have a role in
the facilitated recovery from COVID-19. This evinces interest in conducting studies to evaluate the possible association
of consuming the concoctions and other Siddha medicines with shortened recovery time. Many randomized controlled
clinical trials have been conducted in various parts of the world on COVID-19 and therapeutic interventions. Among the
published trials some of them are related to the reduced time of recovery and thereby the reduced length of hospital
stays and reduced mortality. The RECOVERY trial showed an absolute risk reduction in mortality by 2.8% with
dexamethasone over control [40, 41]. In our study, the risk reduction in mortality was by 20% (difference between
treatment and control) with Siddha intervention. Treatment with Hydroxy-chloroquine (HCQ) and Lopinavir / Ritonavir did
not show any mortality bene�t in either the RECOVERY or World Health Organization (WHO) Solidarity trials [40]. The
National Institutes of Health (NIH) and Brazilian HCQ trials did not show any bene�t for HCQ based on the seven-point
ordinal scale outcomes [42].

This study consisting of the Siddha regimen as an add-on intervention with Standard of Care was associated
signi�cantly with accelerated recovery as compared to only Standard of Care using logistic regression model. The
accelerated recovery was 2.3 times higher in treatment than the control group in severe cases. The ACTT-1 trial involved
recruitment of (N=1063) mild, moderate, severe and critical cases which showed that treatment with Remdesivir reduced
the time to recovery by 4 days [43]. In this study the recovery time has been reduced by 3 days when compared to control.
Bene�cial effect was observed in the recovery days (median, 7 days, as compared with 10; rate ratio for recovery, 1.48
[95% CI, 1.06 to 2.08]). Similarly, the COVID stage progression was effectively prevented in treatment group by the add-on
Siddha treatment and it was 63% lower in treatment group than control. The difference in the median disease days
between the groups is marginal, but signi�cantly less in treatment group. Whereas no difference was observed in the
length of hospital stay which is due to the hospital policy that was to manage and observe the severe COVID cases for
minimum period of 10 days.

MuLBSTA score, which is a 90 days viral pneumonia predictor index for death in COVID-19 according to Guo et al., 2019
[44] was calculated in this study at baseline in severe category. It has predicted the average mortality as 8.2% and 6.8%
(mode = 7.0%) in treatment and control groups respectively. At the endpoint, the all-cause 90 day cumulative mortality in
severe COVID category of treatment and control groups were 15% and 40.7% respectively. In severe cases, the proportion
of death was 2.9 times less in treatment than the control which depicts the effectiveness of the Siddha intervention in
reducing the mortality. The difference in proportion of death was signi�cantly higher in the control group than treatment
group which was derived using Cox proportional hazard model. In this study, 90-days post interventional follow up was
carried out to assess the long term effectiveness of both the Siddha treatment and convalescence medications, we
observed that there were 3 deaths in the control group and no death in treatment group. This also exhibited the long term
effectiveness of Siddha intervention in the treatment group. The 90 day follow up assessment showed signi�cant
improvement in the overall functionality and quality of life and reduction of lingering breathlessness as compared to the
Control group.

The safety of selected Siddha regimen was assessed by adverse drug reactions and basic blood parameters such as
hematology, biochemistry, renal and liver function tests. It was observed that there were no adverse drug reactions or
alarming increase or decrease in the investigatory values. Hence, the selected Siddha regimen can be considered to be
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safe as an add-on intervention to the standard care. Day-wise and weekly (7th, 14th, 21st & 28th day) treatment outcome
in terms of recovery was observed to be quicker in treatment than control group.

Few studies and a press release revealed that the traditional Chinese medicine was effective in the reduction of mortality
of COVID-19 especially in the critically ill patients [45, 46]. There are published protocols available in Ayurveda,
Homeopathy and Unani for randomized clinical trials for COVID-19 [47, 48]. A randomized placebo controlled pilot
clinical trial was conducted using an Ayurvedic treatment regimen on asymptomatic COVID-19 patients. It resulted in
100% recovery at day 7 in the trial group and reduction of the risk of viral dissemination [49]. As life threatening
eventualities were possible in this study which recruited moderate and severe COVID-19 cases, a standalone placebo
group could not be incorporated in the study design [23]. Another open clinical trial in mild and moderate COVID -19 was
conducted using selected Siddha regimen which revealed that the effect of integrated approach for COVID-19
management was bene�cial in terms of speedy recovery thereby reducing the hospitalization days [22]. The �ndings of
our study also corroborate with the results of the above study.

As mortality is an outcome in this study, the selected Siddha interventions were given along with the standard care due to
ethical considerations. Hence, the interference of the standard care may have played a role in the outcome. Since it is not
a blinded clinical trial, to minimize the observer and assessment bias, dispensing of trial drugs to the study patients and
the assessment of outcome parameters were done by the different individuals with assessment training from the study
team. Since it was not feasible to perform the lab investigations for all the patients at endpoint we could not describe the
speci�c hematological and immunological parameters associated with the accelerated recovery and prevention of
mortality. Most of the participants were from South India, belonging to severe category of COVID-19 and were adult
males. Therefore, the results of this study may be further validated with multicentric trials in other states of India.

To sum up, this �rst Siddha RCT to evaluate the effects of Siddha regimens on COVID-19 patients particularly in severe
cases demonstrated that the Siddha medicines can help in the accelerated clinical recovery and reduce all-cause
mortality. No adverse effect was observed to be associated with Siddha regimen. Selected Siddha decoctions, Churnam,
Chenduram and Parpam dosage forms when co-administered with Standard of Care has demonstrated that they can
synergistically relieve the respiratory distress and improve oxygenation status of patients as compared to administration
of only Standard of Care.

5. Recommendations
This study is proof of concept that Siddha medicines when added to SOC can reduce recovery time and mortality,
especially among severe COVID-19 patients. Double blind, placebo controlled, randomized multicentric clinical trials with
Siddha regimen is recommended at national and international levels to generalize.
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Figure 1

Trial Pro�le
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Figure 2

Treatment outcome of mild, moderate and severe COVID-19 study patients 

Figure 3

a: Kaplan-Meier survival plot for recovery (Intervention) period 

 b: Kaplan-Meier survival plot for Disease days

c: Kaplan-Meier survival plot for Hospital stay
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Figure 4

Hazard curve for death between treatment and control groups
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Figure 5

Cumulative recovery of mild, moderate and severe COVID-19 patients at different time points 
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