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Abstract
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Background: A prospective, randomized open label parallel group trial was carried out to evaluate the effect of 8.4% soda-bicarbon-
ate steam inhalation on the course of covid-19 infection in mild to moderate confirmed cases of covid-19.

Methods: 30 patients were enrolled and compared with 30 patients in a control group, giving a total sample size of 60 patients. Ran-
domisation was achieved by sealed envelope technique. The 30 patients in the SB group received SB inhalation in addition to all other 
therapeutic measures as part of covid-19 treatment protocol. The control group was treated according to same treatment protocol, 
but without SB inhalation therapy. Clinical symptoms and lab markers were recorded on Day 1 and Day 5 of patients’ stay at hospital. 
Results: Patients receiving 8.4% SB inhalation as part of their treatment showed faster improvement in symptomatology and quicker 
normalization of inflammatory lab markers.
Conclusion: The results of this study show a highly significant improvement in the clinical picture of covid-19 affected patients 
treated with inhalations of steam impregnated with 8.4% sodium bicarbonate. 

Abbreviations

ASL: Airway Surface Liquid; SB: Sodium Bicarbonate; RT-PCR: Re-
verse Transcription Polymerase Chain Reaction

Introduction
The human population of the world is currently facing a pan-

demic of respiratory infection. We know that such diseases can be 
caused by various microbes, including bacteria and fungi as well as 
viruses [1]. These organisms require certain environmental con-
ditions to thrive and cause damage via the infection. A key factor 
amongst these conditions is the local pH. The pH of the environ-
ment where these microbes harbour can significantly influence bi-
ological activity including enzyme actions, reaction rates, protein 
and nucleic acid stability [2,3].

Associated with this infective activity are the properties of the 
airway surface liquid (ASL), which contains a complex mixture of 
antimicrobial factors that kill inhaled or aspirated organisms and 
act as a first line of defence. The composition of ASL is critical for 
antimicrobial effectiveness. Changes in the ASL occur with inflam-
mation or infection, resulting in local acidosis [4,7].

In respiratory tract infections caused by bacteria, viruses, fungi, 
and mycobacteria, there is usually a local acidic medium in the lung 
secretions. Thus, the infection results in lowering of the local pH 
within the respiratory tract.

The present pandemic of Covid-19 is caused by a novel mem-
ber of the Corona group of viruses, namely SARS-CoV-2;2019-nCoV. 
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There is evidence in literature that viruses belonging to the Corona 
group need a low pH environment to allow the first connectivity 
of the virus to the cell wall [5-7]. It therefore follows that if the in-
fection lowers the pH, and in turn supports viral proliferation, any 
elevation of the pH of naso-oropharyngeal environment to an alka-
line medium may disrupt the virus and its activity. 

Sodium Bicarbonate (SB) inhalation (4.2% and 8.4%) has been 
used as a treatment measure in pathological respiratory conditions 
such as cystic fibrosis and chlorine gas inhalations. Its safety, tol-
erability and efficacy in improvement in those clinical conditions 
have been well established [8,9].

We set out to evaluate the effect of SB 8.4% inhaled with steam 
resulting in the increased pH of the ASL on the course of Covid-19 
infection. 

Aim of the Study
The aim was to find a method of aborting and/or mitigating the 

devastating effects of Covid-19 infection by means of an inexpen-
sive, accessible and safe agent. The effect was monitored (i) clini-
cally and (ii) by measuring the surrogate markers of the two pro-
cesses (intense inflammation and coagulation) which have been 
identified as the method by which high morbidity and mortality 
results in these patients. These markers are ESR, CRP, Serum Fer-
ritin, Serum Procalcitonin, Serum LDH, IL6 and D Dimer.

Materials and Methods
We carried out a prospective randomized trial, using an open 

label randomized parallel group method. The subjects were adults 
aged 18 or more, with clinical covid-19 disease confirmed by a RT-
PCR test. All patients were admitted in hospital wards receiving 
treatment according to standard covid-19 treatment protocol. We 
excluded patients on ventilatory support.

The study was subject to local ethical committee approval and 
patients were given a volunteer information document and signed 
an informed consent prior to enrolment.

After approval of the local ethical committee and registration 
of the study on Clinical Trials Registry of India with registration 
number (CTRI/2020/07/026535), all patients signed their written 
consents after detailed explanation of the study protocol. 

Study group
30 patients were enrolled (SB group) and compared with 30 pa-

tients in a control group (Non-SB group), giving a total study size 
of 60 patients. Randomisation was achieved by sealed envelope 
technique. The 30 patients in the SB group received 8.4% sodium 
bicarbonate steam inhalation in addition to all other therapeu-
tic measures as part of covid-19 treatment protocol. The control 
group was treated according to same treatment protocol, but with-
out 8.4% sodium bicarbonate steam inhalation therapy. 

Administration of sodium bicarbonate and measurement of 
pH

For each administration, 50 ml of 8.4% Sodium Bicarbonate 
vapour was delivered through a naso-oral delivery apparatus at-
tached to an electrically operated steam generating apparatus (See 
figure 1). The administration was for 5 minutes per session. This 
was done at a frequency of twice daily 8 hours apart, for 5 days.

After each administration of 8.4% SB steam, the pH of the pa-
tient’s saliva was measured using a pH indicator strip.

Outcome measures
Outcome was assessed by the following:

1. Clinical parameters. The clinical progression of patient’s 
condition was monitored and recorded using these crite-
ria: Fever, Cough, Sore throat, Runny nose, Wheezing, Chest 
pain, Muscle aches, Joint pain, Fatigue/Malaise, Shortness of 
breath, inability to walk, Headache, Lover chest wall indraw-
ing, Altered consciousness/confusion, Seizures, Abdominal 
pain, Vomiting/Nausea, Diarrhoea, Conjunctivitis, Skin rash, 
Skin ulcers, Lymphadenopathy, Bleeding (Haemorrhage), 
Loss of taste and Loss of smell.

2. Laboratory markers:

a. ESR
b. CRP
c. Serum Ferritin
d. Serum Procalcitonin
e. Serum LDH
f. Serum IL6
g. D-dimer.
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ESR, CRP, S. ferritin, S. procalcitonin, S. LDH and S. IL6 are mark-
ers of infection and inflammation while D-dimer is a marker of co-
agulopathy.

The higher the values of these lab markers, the more intense the 
underlying pathological process.

Statistical analysis 
The statistical analysis of data was done using R software ver-

sion 4.0.3. The data was categorically presented with numbers 
and percentages. Chi-square (or Fisher’s Exact Test when needed) 
were used to compare the results between the SB group and non-
SB group. Continuous data was presented descriptively with mean, 
median and standard deviation (SD). Comparison between the SB 
and the non-SB group for change from baseline in different param-
eters was done using two-sample t-test. All the statistical tests per-
formed were two sided with a level of significance of 5%. Within 
group (SB and non-SB group) comparisons for the change in dif-
ferent parameters was done using the paired t-test. Data was also 
presented graphically using spaghetti plots for individual subjects 
for all the parameters. 

Results
Each laboratory parameter was summarized descriptively by 

Day (Day 1 and Day 5) and also by group (SB and Non-SB group). 
This descriptive summary included mean, median, standard devia-
tion, minimum and maximum. 

Change of lab values from baseline data, from Day 1 to Day 5, 
was also summarized descriptively. 

On summarising the change from baseline data, we found that 
the change from Day 1 to Day 5 is numerically higher in the SB 
group than that for the non-SB group for the following parameters 
- ESR, CRP, LDH, IL6, D-Dimer and Ferritin. 

For most patients in the SB group, this change was in the form 
of reduction in the lab values of markers (ESR, CRP, LDH, IL6 and 
Ferritin) from Day 1 to Day 5 thus indicating an improvement in 
the underlying process of inflammation/infection. Spaghetti plots 
for individual subjects for all the parameters confirmed the trend 
of improvement in the SB group as compared to the non-SB group.

Spaghetti plots for day 1 to day 5 progression of laboratory 
parameters

Similarly, the change of D-dimer values from day 1 to day 5 in 
most patients in the SB group was in the form of reduction in lab 
values thus indicating an improvement in the underlying patho-
logical process of coagulopathy. 
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For CRP, the change from baseline to Day 5 was statistically sig-
nificantly better in the SB group than the non-SB group (p-value 
0.043).

The overall small sample size of the study could be one reason 
that the difference between the two treatments in terms of change 
from baseline could not show statistical significance for ESR, LDH, 
IL6, Ferritin and D-Dimer. However, as mentioned above, for all 
these parameters the results are numerically better in the SB group.

The p-values for each parameter for within treatment group 
comparison (i.e. the change in parameter values from Day 1 to Day 
5 for SB and non-SB groups separately) have been shown in the 
table below (Table 1). P-values less than 0.05 have been considered 
to be statistically significant.

Proportion of subjects showing improvement was statistically 
significantly higher in the SB group as compared to the non-SB 
group as shown in the table below (Table 2). Proportion of im-
provement was found to be 73.33 and 26.67 in the SB and Non-SB 
groups, respectively (p-value 0.0003).

Discussion 
Infection by the Covid-19 virus poses significant dangers to a 

patient’s life, and any therapeutic measure that can influence that 
favourably should be a welcome addition to the therapeutic arma-
mentarium. Whilst vaccines remain in various stages of develop-
ment, patients continue to present and require treatment beyond 
the supportive. 

Like other coronaviruses (SARS-CoV), entry of SARS-CoV-2 into 
a host cell seems to be pH dependent, because once a virus fuses 
with a human cell via S- glycoprotein then its entry inside the cell 
utilizes a pH-dependent endocytotic pathway [10]. When these 
endo-lysosome vesicles move towards the nucleus, their pH drops 
(more acidic), which catalyzes fusion of viral and cell membranes 
[11]. The studies have mentioned that there is more reduction in 
viral entry if alkaline conditions are retained in the host cells i.e. pH 
> 7, while as under acidified conditions (pH < 7) there is more viral 
load inside the host cells [10,12,13]. Therefore, it is evident that 
novel therapeutic strategies could be designed to lower the pH (al-
kaline) of endo-lysosomes through infusion of pH lowering agents 
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Param-
eter

Day Statistics SB Group 
(N = 30)

Non-SB 
Group 

(N = 30)
ESR Day 1 N 30 30

Mean 55.04 61.53
SD 16.27 32.44

Median 56.50 56.00
Min, Max (22, 92) (14, 194)

Day 5 N 30 30
Mean 32.24 48.11

SD 18.32 22.33
Median 28.00 49.00

Min, Max (7, 74) (9, 98)
Change  

from Day 
1 

 to Day 5

N 30 30
Mean -22.80 -13.43

SD 22.88 28.47
Median -24.00 -13.50

Min, Max (-58, 40) (-131, 20)
Within group p-value <0.0001 0.015

Between group  
p-value

0.165

CRP Day 1 N 30 30
Mean 27.34 26.10

SD 19.01 18.83
Median 21.80 19.95

Min, Max (8.6, 92) (7.2, 77)
Day 5 N 30 30

Mean 12.21 19.22
SD 14.45 13.38

Median 7.50 16.80
Min, Max (0.18, 70) (2.6, 52)

Change 
from Day 

1 to

Day 5

N 30 30
Mean -15.13 -6.87

SD 17.86 12.40
Median -10.98 -5.35

Min, Max (-76, 24) (-50, 
11.10)

Within group p-value <0.0001 0.005
Between group p-

value
0.043

LDH Day 1 N 30 30
Mean 248.59 242.83

SD 75.09 67.27
Median 222.50 228.00

Min, Max (138, 412) (184, 507)
Day 5 N 30 30

Mean 248.21 257.57
SD 102.29 57.15

Median 206.00 245.50
Min, Max (19, 506) (183.22, 

400)
Change 

from Day 
1 to

Day 5

N 30 30
Mean -0.37 14.74

SD 65.73 75.37
Median 10.00 29.50

Min, Max (-191, 
122)

(-212, 
170)

Within group p-value 0.975 0.293
Between group p-

value
0.411

IL6 Day 1 N 30 30
Mean 16.58 16.31

SD 19.24 34.14
Median 9.45 8.00

Min, Max (4.90, 96) (2.85, 190)
Day 5 N 30 30

Mean 9.10 11.01
SD 12.46 14.28

Median 5.95 7.90
Min, Max (1.97, 70) (2, 83)

Change 
from Day 

1 to

Day 5

N 30 30
Mean -7.49 -5.31

SD 13.82 20.38
Median -4.40 -0.62

Min, Max (-70, 6) (-107, 
6.60)

Within group p-value 0.006 0.164
Between group p-

value
0.629
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D-Dimer Day 1 N 30 30
Mean 601.25 511.44

SD 398.00 173.87
Median 488.06 485.00

Min, Max (256, 
2079)

(306.28, 
1130.30)

Day 5 N 30 30
Mean 485.69 546.98

SD 303.41 214.73
Median 405.14 470.34

Min, Max (250, 
1900)

(305, 
1256.60)

Change 
from Day 

1 to

Day 5

N 30 30
Mean -115.55 35.54

SD 411.60 177.55
Median -87.30 34.88

Min, Max (-1829, 
337)

(-320, 
484)

Within group p-value 0.135 0.282
Between group p-

value
0.072

Total 
Count

Day 1 N 30 30
Mean 5700.73 6181.67

SD 1955.78 1566.15
Median 5435.00 5950.00

Min, Max (2090, 
12524)

(3560, 
10100)

Day 5 N 30 30
Mean 6135.37 5009.00

SD 1922.07 1876.82
Median 6005.00 4235.00

Min, Max (3580, 
11000)

(2940, 
11000)

Change 
from Day 

1 to

Day 5

N 30 30
Mean 434.63 -1172.67

SD 2258.22 1837.32
Median 948.50 -1525.00

Min, Max (-4018, 
4290)

(-4576, 
3530)

Within group p-value 0.301 0.002
Between group p-

value
0.004

Platelets Day 1 N 30 30
Mean 235766.67 234633.33

SD 83500.02 59155.25
Median 205000.00 214000.00

Min, Max (120000, 
397000)

(146000, 
374000)

Day 5 N 30 30
Mean 223033.33 186033.33

SD 74966.88 57689.71
Median 207500.00 183000.00

Min, Max (110000, 
373000)

(101000, 
320000)

Change 
from Day 

1 to

Day 5

N 30 30
Mean -12733.33 -48600.00

SD 123520.75 77097.61
Median -30000.00 -66500.00

Min, Max (-225000, 
210000)

(-170000, 
127000)

Within group p-value 0.577 0.002
Between group p-

value
0.182

Ferritin Day 1 N 30
Mean 310.53

SD 212.49
Median 268.29

Min, Max (89.96, 
1200)

Day 5 N 30
Mean 252.83

SD 144.89
Median 222.80

Min, Max (65.30, 
725)

Change 
from Day 

1 to

Day 5

N 30
Mean -57.69

SD 194.42
Median -20.54

Min, Max (-975, 
209)

Within group p-value 0.115
Between group p-

value
0.658
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Procalci-
tonin

Day 1 N 30
Mean 0.06

SD 0.04
Median 0.05

Min, Max (0.01, 
0.10)

Day 5 N 30
Mean 0.07

SD 0.09
Median 0.05

Min, Max (0.01, 
0.50)

Change 
from Day 

1 to

Day 5

N 30
Mean 0.01

SD 0.08
Median 0.00

Min, Max (-0.09, 
0.45)

Within group p-value 0.351
Between group p-

value
0.121

Table 1

Parameter SB Group 
(N = 30) n (%)

Non-SB Group 
(N = 30)n (%) P-value

Improvement Yes 22 (73.33) 8 (26.67) 0.0003
No 8 (26.67) 22 (73.33)

Table 2

known as lysosomotropic agents. They are defined as weaker bas-
es that have potential to penetrate lysosomes in their protonated 
form and thus increase their intracellular pH [14]. The use of safer 
lysosomotropic agents could pave a way to act as one of the effec-
tive counter strategies to thwart infection caused by SARS-CoV-2. 

This study has attempted to exploit the vulnerability of the virus 
to an alkaline pH, which may offer a quick, cheap and readily avail-
able attempt to influence the course of the disease. Using simply 
inhalation of sodium bicarbonate (baking soda) solution in water, 

we demonstrated an elevation of the naso-oropharyngeal pH, and 
a similar effect can be expected further down the respiratory tree. 
We have attempted to demonstrate the effect of doing so on the 
course of disease in patients who are hospitalised with positive di-
agnoses of covid-19 infection. 

The results of this study showed a highly significant improve-
ment in the clinical symptomatic picture of covid-19 affected pa-
tients when they were treated with inhalations of steam impreg-
nated with 8.4% sodium bicarbonate. There was also a highly 
significant reduction in the CRP values of patients treated with 
steam inhalations impregnated with 8.4% sodium bicarbonate. 
Whilst there was a trend showing improvements in numerical 
values of other blood markers (ESR, LDH, IL6, D-dimer and Fer-
ritin), they did not reach statistical significance perhaps due to the 
small sample size of the patients. The overall small sample size of 
the study could be one reason that the difference between the two 
treatments in terms of change from baseline could not show statis-
tically significant results for ESR, LDH, IL6, D-Dimer and Ferritin. 
However, as mentioned above, for all these parameters the results 
are numerically better in the SB group. 

The results of this study appear to validate the basic science 
findings that the Corona-Sars-2-enveloped virus-related activity 
can be mitigated by creating an alkaline pH environment in the na-
sopharyngeal and oropharyngeal spaces. There are recent reports 
[15] which indicate that combating this virus at the nasopharynx 
and oropharynx level in the early stages of the infection, or perhaps 
even before the stage of infection is reached can either prevent the 
infection, or failing which can reduce the severity of the disease. 

Further studies with a larger patient population can establish 
further proof for the application of sodium bicarbonate as a useful 
agent to combat the Covid-19 infection.

Conclusion
There is a significant reduction in severity of symptoms of mild 

to moderate cases of covid-19 treated with 8.4% sodium bicarbon-
ate steam inhalation as an adjuvant to standard covid treatment 
protocol. 
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Proportion of subjects showing clinical symptomatic improve-
ment was statistically significantly higher in the SB group as com-
pared to the non-SB group. Proportion of improvement was found 
to be 73.33 and 26.67 in the SB and non-SB groups respectively 
(p-value 0.0003).

Further studies with a larger patient population can establish 
further proof for the application of sodium bicarbonate as a useful 
agent to combat the covid-19 infection.

   I would like to acknowledge Myself Health Check Ltd (Unit 1 
Hayes Estate, Godstone Road, Caterham, Surrey, United Kingdom 
CR36SF) for sponsoring this clinical study and providing an oppor-
tunity to add scientific value to the fight against Covid-19. 
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