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Abstract
Significantly lower risk is seen for mortality, pro-
gression, recovery, and viral clearance. 11 studies
from 10 independent teams in 8 countries show
significant benefit.

Meta-analysis using the most serious outcome re-
ported shows 49% [36‑59%] lower risk. Results are
similar for Randomized Controlled Trials. Early
treatment is more effective than late treatment.

Results are very robust—in worst case exclusion
sensitivity analysis 13 of 14 studies must be ex-
cluded before statistical significance is lost. Emer-
gent results for early vs. late treatment (p = 0.038)
that match biological mechanisms confirm effica-
cy.

SARS-CoV-2 requires acidic pH for endosomal en-
try 1. Alkalinization of the respiratory mucosa may
reduce risk. Studies to date typically use sodium bi-
carbonate.

No treatment is 100% effective. Protocols combine
safe and effective options with individual risk/ben-
efit analysis and monitoring. We also present an
analysis focusing on sodium bicarbonate 2. Alkalin-
ization may affect the natural microbiome, espe-
cially with prolonged use. All data and sources to
reproduce this analysis are in the appendix.

Shafiee et al. present another meta-analysis for al-
kalinization, showing significant improvements for
mortality and recovery.

Alkalinization reduces risk with very high confi-
dence for mortality, progression, recovery, and
in pooled analysis, high confidence for viral
clearance, and low confidence for hospitaliza-
tion and cases.

Emergent results for early vs. late treatment
(p = 0.038) that match biological mechanisms
confirm efficacy.

31st treatment shown effective in November
2021, now with p = 0.0000000039 from 14
studies.

Real-time updates and corrections with a con-
sistent protocol for 226 treatments. Outcome
specific analysis and combined evidence from
all studies including treatment delay, a primary
confounding factor.

Introduction
Immediate
treatment
recommended

SARS-CoV-2 in-
fection typically
starts in the up-
per respiratory
tract, and specif-
ically the nasal
respiratory ep-
ithelium. Entry
via the eyes and gastrointestinal tract is possible,
but less common, and entry via other routes is rare.
Infection may progress to the lower respiratory
tract, other tissues, and the nervous and cardiovas-
cular systems. The primary initial route for entry in-
to the central nervous system is thought to be the
olfactory nerve in the nasal cavity 5. Progression
may lead to cytokine storm, pneumonia, ARDS,
neurological injury 6-22 and cognitive deficits 9,14,
cardiovascular complications 23-29, DNA dam-
age 30-33, organ failure, and death. Even mild un-
treated infections may result in persistent cognitive
deficits 34—the spike protein binds to fibrin leading
to fibrinolysis-resistant blood clots, thromboinflam-
mation, and neuropathology. Systemic treatments
may be insufficient to prevent neurological dam-
age 13. Minimizing replication as early as possible
is recommended.

Evolution of COVID-19 clinical evidence
Meta-analysis results over time
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Fig. 1. SARS-CoV-2 spike
protein fibrin binding leads to

thromboinflammation and
neuropathology, from 4.
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All studies 49% 14 6K
Improvement, Studies, Patients Relative Risk

Mortality 46% 9 5K
ICU admission 67% 1 56
Hospitalization 27% 3 616
Recovery 26% 3 901
Cases 39% 1 80
Viral clearance 41% 3 289

Nasal 76% 2 233
Oral 45% 1 80

RCTs 43% 9 1K
RCT mortality 25% 4 712

Prophylaxis 45% 1 80
Early 76% 2 233
Late 45% 11 6K
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Targeted
treatment to the
primary location
of initial
infection

Logically, stop-
ping replication
in the upper res-
piratory tract
should be sim-
pler and more ef-
fective. Wu et al.,
using an airway
organoid model
incorporating many in vivo aspects, show that
SARS-CoV-2 initially attaches to cilia—hair-like
structures responsible for moving the mucus layer
and where ACE2 is localized in nasal epithelial
cells 37. The mucus layer and the need for ciliary
transport slow down infection, providing more time
for localized treatments 35,36. Early or prophylactic
nasopharyngeal/oropharyngeal treatment may
avoid the consequences of viral replication in other
tissues, and avoid the requirement for systemic
treatments with greater potential for side effects.

Many treatments are expected to modulate
infection

SARS-CoV-2 infection and replication involves the
complex interplay of 500+ host and viral proteins
and other factorsA,38-45, providing many therapeu-
tic targets for which many existing compounds
have known activity. Scientists have predicted that
over 12,000 compounds may reduce COVID-19
risk 46, either by directly minimizing infection or
replication, by supporting immune system function,
or by minimizing secondary complications.

Acidic pH enhances infection, alkalinization may
inhibit infection

Kreutzberger et al. showed that SARS-CoV-2 re-
quires acidic pH for fusion. The mean pH of the
airway-facing surface of the nasal cavity was 6.6,
compatible with fusion, while pH is neutral in other
parts of the nasopharyngeal cavity and in the
lung 47, suggesting no viral fusion in those loca-
tions prior to endocytic uptake. Liu et al. found
that a more acidic pH significantly increased SARS-

CoV-2 pseudovirus infection and cell surface ACE2
levels, mediated by pH-dependent inhibition of
actin polymerization. Treatments that increase the
pH of respiratory mucosa may inhibit fusion and re-
duce risk for COVID-19.

Analysis

We analyze all significant controlled studies of alka-
linization for COVID-19. Search methods, inclusion
criteria, effect extraction criteria (more serious out-
comes have priority), all individual study data, PRIS-
MA answers, and statistical methods are detailed
in Appendix 1. We present random-effects meta-
analysis results for all studies, studies within each
treatment stage, individual outcomes, and Ran-
domized Controlled Trials (RCTs).

Treatment timing

Fig. 3 shows stages of possible treatment for
COVID-19. Prophylaxis refers to regularly taking
medication before becoming sick, in order to pre-
vent or minimize infection. Early treatment refers to
treatment immediately or soon after symptoms ap-
pear, while late treatment refers to more delayed
treatment.

Preclinical Research
3 in vitro studies support the efficacy of alkaliniza-
tion 1,48,49.

Preclinical research is an important part of the de-
velopment of treatments, however results may be
very different in clinical trials. Preclinical results are
not used in this paper.

Results
Table 1 summarizes the results for all stages com-
bined, for Randomized Controlled Trials, and for
specific outcomes. Table 2 shows results by treat-
ment stage. Fig. 4 shows a timeline of the results in
alkalinization studies. Fig. 5 plots individual results
by treatment stage. Fig. 6, 7, 8, 9, 10, 11, 12, 13,
and 14 show forest plots for random-effects meta-

analysis of all studies with pooled effects, mortali-
ty results, ICU admission, hospitalization, progres-
sion, recovery, cases, viral clearance, and nasopha-
ryngeal/oropharyngeal administration (excluding
late treatment).

Fig. 2. SARS-CoV-2 virions
attached to cilia of nasal

epithelial cells, from Chien-Ting
Wu 35,36.

Fig. 3. Treatment stages.
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Relative Risk Studies Patients

All studies 0.51 [0.41‑0.64] **** 14 6,320
RCTs 0.57 [0.44‑0.74] **** 9 1,140

Mortality 0.54 [0.41‑0.72] **** 9 5,892
Hospitalization 0.73 [0.52‑1.03] 3 616
Recovery 0.74 [0.69‑0.80] **** 3 901
Viral 0.59 [0.36‑0.95] * 3 289

RCT mortality 0.75 [0.58‑0.97] * 4 712

Table 1. Random-effects meta-analysis for all stages
combined, for Randomized Controlled Trials, and for
specific outcomes. Results show the relative risk with

treatment and the 95% confidence interval. * p<0.05 *** 
p<0.001 **** p<0.0001.

Early treatment Late treatment Prophylaxis

All studies 0.24 [0.12‑0.51] *** 0.55 [0.44‑0.68] **** 0.55 [0.24‑1.22]
RCTs 0.24 [0.12‑0.51] *** 0.65 [0.53‑0.80] **** 0.55 [0.24‑1.22]

Mortality 0.54 [0.41‑0.72] ****

Hospitalization 0.14 [0.01‑2.65] 0.75 [0.54‑1.04]
Recovery 0.76 [0.60‑0.96] * 0.75 [0.68‑0.82] ****

Viral 0.63 [0.19‑2.06] 0.58 [0.34‑0.98] *

RCT mortality 0.75 [0.58‑0.97] *

Table 2. Random-effects meta-analysis results by treatment stage.
Results show the relative risk with treatment and the 95% confidence

interval. * p<0.05 *** p<0.001 **** p<0.0001.
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November 2021: efficacy (pooled outcomes)
May 2022: efficacy (specific outcome)

November 2022: efficacy (RCT pooled)
July 2023: efficacy (RCT specific)

Fig. 4. Timeline of results in alkalinization studies. The marked dates indicate the time when efficacy was known with
a statistically significant improvement of ≥10% from ≥3 studies for pooled outcomes, one or more specific outcome,

pooled outcomes in RCTs, and one or more specific outcome in RCTs. Efficacy based on RCTs only was delayed by 12.0
months, compared to using all studies. Efficacy based on specific outcomes was delayed by 6.2 months, compared to
using pooled outcomes. Efficacy based on specific outcomes in RCTs was delayed by 7.5 months, compared to using

pooled outcomes in RCTs.

Fig. 5. Scatter plot showing the most serious outcome in all studies, and for studies within each stage. Diamonds
shows the results of random-effects meta-analysis.
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0 0.25 0.5 0.75 1 1.25 1.5 1.75 2+

Yilmaz (SB RCT) 86% 0.14 [0.01-2.65] hosp. 0/30 3/30 alkaline solution
Improvement, RR [CI] Treatment Control

SeaCarede Gabory (RCT) 75% 0.25 [0.12-0.54] progression 7/82 31/91 alkaline seawater

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.00018

Early treatment 76% 0.24 [0.12-0.51] 7/112 34/121 76% lower risk

Mody (RCT) 64% 0.36 [0.19-0.68] no improv. 8/30 22/30 sodium bicarb.
Improvement, RR [CI] Treatment Control

Salva 45% 0.55 [0.35-0.85] death 35/327 34/174 alkaline ibuprofen CT​1 ​
Soares (ICU) 76% 0.24 [0.11-0.54] death 6/44 18/32 ICU patients sodium bicarb.
Delić (RCT) 23% 0.77 [0.56-1.06] death 23/42 37/52 Intubated patients sodium bicarb.
Calonico 49% 0.51 [0.31-0.85] death 1,019 (n) 3,303 (n) alkaline ibuprofen CT​1 ​
El-Badrawy 57% 0.43 [0.09-2.08] death 3/127 3/55 sodium bicarb.

SODICEl-Badr.. (DB RCT) 23% 0.77 [0.50-1.18] death 32/272 42/274 sodium bicarb.
Kalayan 79% 0.21 [0.07-0.65] death 3/37 24/62 alkaline ibuprofen CT​1 ​
Wang (RCT) 39% 0.61 [0.46-0.82] hosp. time 23 (n) 32 (n) sodium bicarb.
Pantazop.. (SB RCT) 67% 0.33 [0.01-7.85] death 0/28 1/28 alkaline seawater
Lumlertgul (RCT) 67% 0.33 [0.04-2.56] death 1/8 3/8 ICU patients intravenous sodium bicarb.

Tau​2 ​ = 0.04, I​2 ​ = 34.5%, p < 0.0001

Late treatment 45% 0.55 [0.44-0.68] 111/1,957 184/4,050 45% lower risk

Karami (DB RCT) 45% 0.55 [0.24-1.22] symptoms 40 (n) 40 (n) sodium bicarb.
Improvement, RR [CI] Treatment Control

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.14

Prophylaxis 45% 0.55 [0.24-1.22] 40 (n) 40 (n) 45% lower risk

All studies 49% 0.51 [0.41-0.64] 118/2,109 218/4,211 49% lower risk

14 alkalinization COVID-19 studies c19early.org
September 2026

Tau​2 ​ = 0.05, I​2 ​ = 37.2%, p < 0.0001
Effect extraction pre-specified
(most serious outcome, see appendix)

​1 ​ CT: study uses combined treatment

Favors alkalinization Favors control
Fig. 6. Random-effects meta-analysis for all studies. This plot shows pooled effects, see the specific outcome analyses for individual

outcomes. Analysis validating pooled outcomes for COVID-19 can be found below. Effect extraction is pre-specified, using the most
serious outcome reported. For details see the appendix.
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Salva 45% 0.55 [0.35-0.85] 35/327 34/174 alkaline ibuprofen CT​1 ​
Improvement, RR [CI] Treatment Control

Soares (ICU) 76% 0.24 [0.11-0.54] 6/44 18/32 ICU patients sodium bicarb.
Delić (RCT) 23% 0.77 [0.56-1.06] 23/42 37/52 Intubated patients sodium bicarb.
Calonico 49% 0.51 [0.31-0.85] 1,019 (n) 3,303 (n) alkaline ibuprofen CT​1 ​
El-Badrawy 57% 0.43 [0.09-2.08] 3/127 3/55 sodium bicarb.

SODICEl-Badr.. (DB RCT) 23% 0.77 [0.50-1.18] 32/272 42/274 sodium bicarb.
Kalayan 79% 0.21 [0.07-0.65] 3/37 24/62 alkaline ibuprofen CT​1 ​
Pantazop.. (SB RCT) 67% 0.33 [0.01-7.85] 0/28 1/28 alkaline seawater
Lumlertgul (RCT) 67% 0.33 [0.04-2.56] 1/8 3/8 ICU patients intravenous sodium bicarb.

Tau​2 ​ = 0.06, I​2 ​ = 38.0%, p < 0.0001

Late treatment 46% 0.54 [0.41-0.72] 103/1,904 162/3,988 46% lower risk

All studies 46% 0.54 [0.41-0.72] 103/1,904 162/3,988 46% lower risk

9 alkalinization COVID-19 mortality results c19early.org
September 2026

Tau​2 ​ = 0.06, I​2 ​ = 38.0%, p < 0.0001

​1 ​ CT: study uses combined treatment

Favors alkalinization Favors control
Fig. 7. Random-effects meta-analysis for mortality results.
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0 0.25 0.5 0.75 1 1.25 1.5 1.75 2+

Pantazop.. (SB RCT) 67% 0.33 [0.01-7.85] 0/28 1/28 alkaline seawater
Improvement, RR [CI] Treatment Control

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.51

Late treatment 67% 0.33 [0.01-7.85] 0/28 1/28 67% lower risk

All studies 67% 0.33 [0.01-7.85] 0/28 1/28 67% lower risk

1 alkalinization COVID-19 ICU result c19early.org
September 2026

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.51 Favors alkalinization Favors control
Fig. 8. Random-effects meta-analysis for ICU admission.

0 0.25 0.5 0.75 1 1.25 1.5 1.75 2+

Yilmaz (SB RCT) 86% 0.14 [0.01-2.65] hosp. 0/30 3/30 alkaline solution
Improvement, RR [CI] Treatment Control

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.19

Early treatment 86% 0.14 [0.01-2.65] 0/30 3/30 86% lower risk

Salva 14% 0.86 [0.83-0.90] hosp. time 327 (n) 174 (n) alkaline ibuprofen CT​1 ​
Improvement, RR [CI] Treatment Control

Wang (RCT) 39% 0.61 [0.46-0.82] hosp. time 23 (n) 32 (n) sodium bicarb.

Tau​2 ​ = 0.05, I​2 ​ = 81.3%, p = 0.089

Late treatment 25% 0.75 [0.54-1.04] 350 (n) 206 (n) 25% lower risk

All studies 27% 0.73 [0.52-1.03] 0/380 3/236 27% lower risk

3 alkalinization COVID-19 hospitalization results c19early.org
September 2026

Tau​2 ​ = 0.05, I​2 ​ = 70.5%, p = 0.074

​1 ​ CT: study uses combined treatment

Favors alkalinization Favors control
Fig. 9. Random-effects meta-analysis for hospitalization.
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SeaCarede Gabory (RCT) 75% 0.25 [0.12-0.54] 7/82 31/91 alkaline seawater
Improvement, RR [CI] Treatment Control

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.00041

Early treatment 75% 0.25 [0.12-0.54] 7/82 31/91 75% lower risk

El-Badrawy 39% 0.61 [0.20-1.83] 7/127 5/55 sodium bicarb.
Improvement, RR [CI] Treatment Control

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.38

Late treatment 39% 0.61 [0.20-1.83] 7/127 5/55 39% lower risk

Karami (DB RCT) 45% 0.55 [0.24-1.22] 40 (n) 40 (n) sodium bicarb.
Improvement, RR [CI] Treatment Control

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.14

Prophylaxis 45% 0.55 [0.24-1.22] 40 (n) 40 (n) 45% lower risk

All studies 59% 0.41 [0.23-0.72] 14/249 36/186 59% lower risk

3 alkalinization COVID-19 progression results c19early.org
September 2026

Tau​2 ​ = 0.06, I​2 ​ = 21.8%, p = 0.002 Favors alkalinization Favors control
Fig. 10. Random-effects meta-analysis for progression.
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0 0.25 0.5 0.75 1 1.25 1.5 1.75 2+

SeaCarede Gabory (RCT) 24% 0.76 [0.60-0.96] recov. time 82 (n) 91 (n) alkaline seawater
Improvement, RR [CI] Treatment Control

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.02

Early treatment 24% 0.76 [0.60-0.96] 82 (n) 91 (n) 24% lower risk

El-Badrawy 19% 0.81 [0.68-0.96] no recov. 84/127 45/55 sodium bicarb.
Improvement, RR [CI] Treatment Control

SODICEl-Badr.. (DB RCT) 28% 0.72 [0.66-0.80] recov. time 272 (n) 274 (n) sodium bicarb.

Tau​2 ​ = 0.00, I​2 ​ = 14.1%, p < 0.0001

Late treatment 25% 0.75 [0.68-0.82] 84/399 45/329 25% lower risk

All studies 26% 0.74 [0.69-0.80] 84/481 45/420 26% lower risk

3 alkalinization COVID-19 recovery results c19early.org
September 2026

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p < 0.0001 Favors alkalinization Favors control
Fig. 11. Random-effects meta-analysis for recovery.

0 0.25 0.5 0.75 1 1.25 1.5 1.75 2+

Karami (DB RCT) 39% 0.61 [0.33-1.12] cases 11/40 18/40 sodium bicarb.
Improvement, RR [CI] Treatment Control

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.11

Prophylaxis 39% 0.61 [0.33-1.12] 11/40 18/40 39% lower risk

All studies 39% 0.61 [0.33-1.12] 11/40 18/40 39% lower risk

1 alkalinization COVID-19 case result c19early.org
September 2026

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.11 Favors alkalinization Favors control
Fig. 12. Random-effects meta-analysis for cases.

0 0.25 0.5 0.75 1 1.25 1.5 1.75 2+

Yilmaz (SB RCT) 62% 0.4 [0.00-2e+04] viral load 30 (n) 30 (n) alkaline solution
Improvement, RR [CI] Treatment Control

SeaCarede Gabory (RCT) 37% 0.63 [0.19-2.09] viral+ 4/82 7/91 alkaline seawater

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.45

Early treatment 37% 0.63 [0.19-2.06] 4/112 7/121 37% lower risk

Pantazop.. (SB RCT) 42% 0.58 [0.34-0.98] viral+ 11/28 19/28 alkaline seawater
Improvement, RR [CI] Treatment Control

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.041

Late treatment 42% 0.58 [0.34-0.98] 11/28 19/28 42% lower risk

All studies 41% 0.59 [0.36-0.95] 15/140 26/149 41% lower risk

3 alkalinization COVID-19 viral clearance results c19early.org
September 2026

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.03 Favors alkalinization Favors control
Fig. 13. Random-effects meta-analysis for viral clearance.
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Randomized Controlled Trials (RCTs)
Fig. 15 shows a comparison of results for RCTs and observational studies. Fig.
16 and 17 show forest plots for random-effects meta-analysis of all Random-
ized Controlled Trials and RCT mortality results. RCT results are included in
Table 1 and Table 2.

Fig. 15. Results for RCTs and observational studies.

RCTs have many potential biases

RCTs help to make study groups more similar and can provide a higher level of
evidence, however they are subject to many biases 50, and analysis of double-
blind RCTs has identified extreme levels of bias 51. For COVID-19, the overhead
may delay treatment, dramatically compromising efficacy; they may encourage
monotherapy for simplicity at the cost of efficacy which may rely on combined
or synergistic effects; the participants that sign up may not reflect real world us-
age or the population that benefits most in terms of age, comorbidities, sever-
ity of illness, or other factors; standard of care may be compromised and un-
able to evolve quickly based on emerging research for new diseases; errors may
be made in randomization and medication delivery; and investigators may have
hidden agendas or vested interests influencing design, operation, analysis, re-
porting, and the potential for fraud. All of these biases have been observed with
COVID-19 RCTs. There is no guarantee that a specific RCT provides a higher
level of evidence.

Conflicts of interest for COVID-19 RCTs

RCTs are expensive and many RCTs are funded by pharmaceutical companies
or other organizations with conflicts of interest, for example governments that
previously denied treatment with the study drug. For COVID-19, this creates an
incentive to show efficacy for patented commercial products, and an incentive

to show a lack of efficacy for inexpensive treatments. The bias is expected to be
significant, for example Als-Nielsen et al. analyzed 370 RCTs from Cochrane re-
views, showing that trials funded by for-profit organizations were 5 times more
likely to recommend the experimental drug compared with those funded by
nonprofit organizations. Bekelman et al. and Lundh et al. show that industry-
sponsored studies are more likely to be favorable. For COVID-19, some ma-
jor philanthropic organizations are largely funded by investments with extreme
conflicts of interest for and against specific COVID-19 interventions.

RCTs for novel acute diseases requiring rapid treatment

High quality RCTs for novel acute diseases are more challenging, with in-
creased ethical issues due to the urgency of treatment, increased risk due to
enrollment delays, and more difficult design with a rapidly evolving evidence
base. For COVID-19, the most common site of initial infection is the upper res-
piratory tract. Immediate treatment is likely to be most successful and may pre-
vent or slow progression to other parts of the body. For a non-prophylaxis RCT,
it makes sense to provide treatment in advance and instruct patients to use it
immediately on symptoms, just as some governments have done by providing
medication kits in advance. Unfortunately, no RCTs have been done in this way.
Every treatment RCT to date involves delayed treatment. Among the 226 treat-
ments we have analyzed, 67% of RCTs involve very late treatment 5+ days after
onset. No non-prophylaxis COVID-19 RCTs match the potential real-world use
of early treatments. They may more accurately represent results for treatments
that require visiting a medical facility, e.g., those requiring intravenous admin-
istration.

RCT bias for widely available treatments

RCTs have a bias against finding an effect for interventions that are widely avail-
able—patients that believe they need the intervention are more likely to decline
participation and take the intervention. RCTs for alkalinization are more likely to
enroll low-risk participants that do not need treatment to recover, making the
results less applicable to clinical practice. This bias is likely to be greater for
widely known treatments, and may be greater when the risk of a serious out-
come is overstated. This bias does not apply to the typical pharmaceutical trial
of a new drug that is otherwise unavailable.

0 0.25 0.5 0.75 1 1.25 1.5 1.75 2+

Karami (DB RCT) 45% 0.55 [0.24-1.22] symptoms 40 (n) 40 (n) sodium bicarb.
Improvement, RR [CI] Treatment Control

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.14

Oral spray/rinse 45% 0.55 [0.24-1.22] 40 (n) 40 (n) 45% lower risk

Yilmaz (SB RCT) 86% 0.14 [0.01-2.65] hosp. 0/30 3/30 alkaline solution
Improvement, RR [CI] Treatment Control

SeaCarede Gabory (RCT) 75% 0.25 [0.12-0.54] progression 7/82 31/91 alkaline seawater

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.00018

Nasal spray/rinse 76% 0.24 [0.12-0.51] 7/112 34/121 76% lower risk

All studies 65% 0.35 [0.19-0.64] 7/152 34/161 65% lower risk

3 alkalinization COVID-19 studies c19early.org
September 2026

Tau​2 ​ = 0.04, I​2 ​ = 11.8%, p = 0.00069
Effect extraction pre-specified
(most serious outcome, see appendix) Favors alkalinization Favors control

Fig. 14. Random-effects meta-analysis for nasopharyngeal/oropharyngeal administration (excluding late treatment). Effect extraction
is pre-specified, using the most serious outcome reported, see the appendix for details. Analysis validating pooled outcomes for

COVID-19 can be found below.
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Observational
RCTs

Efficacy in COVID-19 alkalinization studies (pooled effects)

Favors alkalinization Favors control
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Observational studies have been shown to be reliable

Evidence shows that observational studies can also provide reliable results.
Concato et al. found that well-designed observational studies do not system-
atically overestimate the magnitude of the effects of treatment compared to
RCTs. Anglemyer et al. analyzed reviews comparing RCTs to observational stud-
ies and found little evidence for significant differences in effect estimates.

We performed a similar analysis across the 226 treatments we cover, showing
no significant difference in the results of RCTs compared to observational stud-
ies, RR 0.97 [0.91‑1.03] 58. Similar results are found for all low-cost treatments,
RR 0.98 [0.90‑1.06]. High-cost treatments show a non-significant trend towards
RCTs showing greater efficacy, RR 0.92 [0.84‑1.02]. Details can be found in the
supplementary data.

Lee (B) et al. showed that only 14% of the guidelines of the Infectious Diseases
Society of America were based on RCTs. Evaluation of studies relies on an un-
derstanding of the study and potential biases. Limitations in an RCT can out-
weigh the benefits, for example excessive dosages, excessive treatment delays,
or remote survey bias may have a greater effect on results. Ethical issues may
also prevent running RCTs for known effective treatments. For more on issues
with RCTs see 60,61.

RCTs may be less reliable

Concato et al. report a paradoxical finding—RCT results had higher variability,
and only RCTs were found to sometimes report significant results the opposite
of the overall result. The same trend is seen for the most popular (most politi-
cized) COVID-19 treatments—considering all statistically significant results re-
ported in studies, RCTs are slightly more likely to report a result in the opposite
direction. In other words, for these COVID-19 treatments and for the topics cov-
ered by Concato et al., assuming causality from a single study is more likely to
result in an incorrect conclusion for RCTs.

Increased risk of inconsistent results for RCTs suggests higher prevalence of
bias, which may arise due to many issues including design bias, conflicts of in-
terest, treatment differences by physicians aware of allocation, attrition bias,
ascertainment bias, randomization failures, errors, or fraud.

Using all studies identifies efficacy 8+ months faster (9+ months for low-
cost treatments)

Currently, 59 of the treatments we analyze show statistically significant efficacy
or harm, defined as ≥10% decreased risk or >0% increased risk from ≥3 studies.
Of these, 54% have been confirmed in RCTs, with a mean delay of 7.8 months
(62% with 8.7 months delay for low-cost treatments). The remaining treat-
ments either have no RCTs, or the point estimate is consistent.

All studies must be carefully analyzed

Neither observational studies nor RCTs prove causation—any study can be
flawed or fraudulent. We need much more, for example a combination of results
from many independent teams, detailed understanding of each study, knowl-
edge of conflicts/team reliability, dose-response relationships, delay-response
relationships, logical results across outcomes, or details consistent with pre-
clinical expectations.

All studies must be evaluated individually. RCTs for a given medication and dis-
ease may be more reliable, however they may also be less reliable. For off-
patent medications, very high conflict of interest trials may be more likely to be
RCTs, and more likely to be large trials that dominate meta-analyses.

Fig. 18. For COVID-19, observational study results do not
systematically differ from RCTs, RR 0.97 [0.91‑1.03] across 226

treatments 55.
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Low-cost 0.98 [0.90-1.06]
RR CI

High-profit 0.92 [0.84-1.02]

All treatments 0.97[0.91-1.03]

COVID-19 RCT vs. observational
results from 6,000+ studies
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0 0.25 0.5 0.75 1 1.25 1.5 1.75 2+

Yilmaz (SB RCT) 86% 0.14 [0.01-2.65] hosp. 0/30 3/30 alkaline solution
Improvement, RR [CI] Treatment Control

SeaCarede Gabory (RCT) 75% 0.25 [0.12-0.54] progression 7/82 31/91 alkaline seawater

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.00018

Early treatment 76% 0.24 [0.12-0.51] 7/112 34/121 76% lower risk

Mody (RCT) 64% 0.36 [0.19-0.68] no improv. 8/30 22/30 sodium bicarb.
Improvement, RR [CI] Treatment Control

Delić (RCT) 23% 0.77 [0.56-1.06] death 23/42 37/52 Intubated patients sodium bicarb.
SODICEl-Badr.. (DB RCT) 23% 0.77 [0.50-1.18] death 32/272 42/274 sodium bicarb.

Wang (RCT) 39% 0.61 [0.46-0.82] hosp. time 23 (n) 32 (n) sodium bicarb.
Pantazop.. (SB RCT) 67% 0.33 [0.01-7.85] death 0/28 1/28 alkaline seawater
Lumlertgul (RCT) 67% 0.33 [0.04-2.56] death 1/8 3/8 ICU patients intravenous sodium bicarb.

Tau​2 ​ = 0.01, I​2 ​ = 10.7%, p < 0.0001

Late treatment 35% 0.65 [0.53-0.80] 64/403 105/424 35% lower risk

Karami (DB RCT) 45% 0.55 [0.24-1.22] symptoms 40 (n) 40 (n) sodium bicarb.
Improvement, RR [CI] Treatment Control

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.14

Prophylaxis 45% 0.55 [0.24-1.22] 40 (n) 40 (n) 45% lower risk

All studies 43% 0.57 [0.44-0.74] 71/555 139/585 43% lower risk

9 alkalinization COVID-19 Randomized Controlled Trials c19early.org
September 2026

Tau​2 ​ = 0.05, I​2 ​ = 35.3%, p < 0.0001
Effect extraction pre-specified
(most serious outcome, see appendix) Favors alkalinization Favors control

Fig. 16. Random-effects meta-analysis for all Randomized Controlled Trials. This plot shows pooled effects, see the specific outcome
analyses for individual outcomes. Analysis validating pooled outcomes for COVID-19 can be found below. Effect extraction is

pre-specified, using the most serious outcome reported. For details see the appendix.
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Delić (RCT) 23% 0.77 [0.56-1.06] 23/42 37/52 Intubated patients sodium bicarb.
Improvement, RR [CI] Treatment Control

SODICEl-Badr.. (DB RCT) 23% 0.77 [0.50-1.18] 32/272 42/274 sodium bicarb.
Pantazop.. (SB RCT) 67% 0.33 [0.01-7.85] 0/28 1/28 alkaline seawater
Lumlertgul (RCT) 67% 0.33 [0.04-2.56] 1/8 3/8 ICU patients intravenous sodium bicarb.

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.031

Late treatment 25% 0.75 [0.58-0.97] 56/350 83/362 25% lower risk

All studies 25% 0.75 [0.58-0.97] 56/350 83/362 25% lower risk

4 alkalinization COVID-19 RCT mortality results c19early.org
September 2026

Tau​2 ​ = 0.00, I​2 ​ = 0.0%, p = 0.031 Favors alkalinization Favors control
Fig. 17. Random-effects meta-analysis for RCT mortality results.
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Application
In addition to the dosage and fre-
quency of administration, efficacy
for nasopharyngeal/oropharyngeal
treatments may depend on many
other details. For example consider-
ing sprays, viscosity, mucoadhe-
sion, sprayability, droplet size 62,63,
dispersion 63, and application an-
gle 62 are important.

Akash et al. performed a computa-
tional fluid dynamics study of nasal
spray administration showing 100x
improvement in nasopharyngeal
drug delivery using a new spray placement protocol, which involves holding the
spay nozzle close to horizontal at the nostril, with a slight tilt towards the
cheeks. The study also found the optimal droplet size range for nasopharyngeal
deposition was ~7-17µm.

Interaction Matching Biological
Mechanisms
With 14 studies for alkalinization, we can analyze interactions between sub-
groups of studies. A significant interaction that matches the biological mecha-
nisms provides further confirmation of efficacy. Analysis of early vs. late treat-
ment shows a significant interaction, with p = 0.038.

This reinforces the reliability of the overall finding that alkalinization reduces
risk for COVID-19. If the observed efficacy was due to a systematic bias increas-
ing efficacy in results, we would not expect analysis across studies to find this
significant interaction that matches the biological mechanisms.

Media Censorship
Low-cost treatments were subject to bias and censorship during the pandemic.
Scientific bias is seen in the design, analysis, presentation, and selective re-
porting of studies, which often favored negative results. A similar bias is seen
in the media coverage for low-cost treatments. While broadly seen, bias was
particularly notable for ivermectin and hydroxychloroquine, e.g., Scott Alexan-
der noted that "if you say anything in favor of ivermectin you will be cast out of
civilization and thrown into the circle of social hell reserved for Klan members
and 1/6 insurrectionists. All the health officials in the world will shout 'horse de-
wormer!' at you and compare you to Josef Mengele." 64.

We analyze media coverage for the 226 treatments we cover using Altmetric 65,
which reports the number of ~12,000 tracked news outlets that covered each
study 66. Studies are considered to have received significant media coverage if
they were covered by at least 0.5% of the tracked news outlets. Fig. 20, 21, and
22 show the bias toward negative results for low-cost treatments, in contrast
to the opposite bias for high-profit treatments. This may result in widespread
incorrect perceptions on the relative efficacy of high-profit and low-cost treat-
ments. The impact is significant—increased cost limits the use of high-prof-
it treatments and treatment equity, and high-profit treatments were also more
difficult to access, especially for earlier treatment which improves efficacy and
minimizes community transmission.

The mainstream media did not cover any of the positive studies for alkaliniza-
tion.

Fig. 19. Optimal spray angle may
increase nasopharyngeal drug delivery

100x for nasal sprays, adapted from
Akash et al.

Fig. 20. Media was more likely to cover negative or inconclusive results for low-
cost treatments, and positive results for high-profit treatments.

c19early.org
September 2026

Media coverage was highly biased
High-profit: preferred positive results
Low-cost: preferred negative results
Media preferred to cover positive results for high-profit treatments.
And negative/inconclusive results for low-cost treatments.

Randomized trials only

All studies

6.5×High-profit treatments

2.4×Low-cost treatments

3.3×High-profit treatments

2.3×Low-cost treatments

4× 2× equal 2× 4× 8× 16×

← more coverage when it failed more coverage when it worked →

Many studies show lower risk with low-cost treatments
98% of these were not covered by the media
Coverage of positive vs. negative/inconclusive results; whiskers are 95% confidence intervals.
Data from Altmetric. Log scale. See: c19early.org/msm.html

Fig. 21. Mainstream media was biased against positive results for low-cost
treatments.
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September 2026

Media censorship for COVID-19 low-cost treatments

Only 18 positive studies were covered:
fluvoxamine (3), HCQ (2), antiandrogens (2), budesonide (2), vitamin D, melatonin, probiotics, ivermectin, cannabidiol, famotidine
curcumin, resveratrol, UDCA

53 negative studies were covered:
HCQ (15), ivermectin (7), lopinavir/r.. (5), vitamin D (5), azithromycin (4), zinc (2), vitamin C (2), metformin (2), fluvoxamine (2)
indomethacin, colchicine, selenium, probiotics, vitamin A, ibuprofen, antiandrogens, vitamin B9, cannabidiol

98% of studies showing significantly lower risk were censored:

Media selectively covered negative studies for low-cost treatments

Data from Altmetric: studies receiving significant mainstream media coverage from 6,000+ studies for 226 treatments
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A combination of factors may have led to the media's suppression of low-cost
treatments:

• Politicization led to a media environment where coverage was often framed
to support a political narrative rather than to provide objective scientific in-
formation. As Scott Alexander said: "if you say anything in favor of iver-
mectin you will be cast out of civilization and thrown into the circle of social
hell reserved for Klan members and 1/6 insurrectionists. All the health of-
ficials in the world will shout 'horse dewormer!' at you and compare you
to Josef Mengele." There was strong social pressure to discredit low-cost
treatments.

• Censorship of information conflicting with selected authorities. For exam-
ple, individuals and organizations presenting conflicting science were often
banned on Twitter and YouTube.

• FDA requires "no adequate, approved, and available alternatives" in order to
grant an EUA for novel high-profit interventions, creating a strong incentive
for authorities to ignore or downplay existing low-cost treatments.

• Regulatory capture biases authorities towards high-profit interventions.

• Authorities ignored most evidence for low-cost treatments, for example the
NIH references only 2% of studies in delayed, rarely-updated, biased com-
mentaries with no quantitive analysis.

• Media coverage of science is often not very accurate, e.g., misunderstand-
ing confounding issues. For example the media widely considered the RE-
COVERY HCQ RCT to be conclusive on efficacy, but very late treatment of
late stage patients (mostly on oxygen already) with an excessive toxic dose
(shown dangerous in a dose comparison RCT) provides no information on
the recommended early/prophylactic treatment. With difficulting in under-
standing basic confounders like treatment delay and dose, the media may
favor deferring to authorities. Many studies for low-cost treatments require
greater expertise to analyze. Relatively few journalists have a strong ability
to analyze clinical trials and are outnumbered by the rest.

• Substantial funding from pharmaceutical advertising biases editorial deci-
sions towards high-profit interventions.

• PR power - companies/teams with strong PR presence are favored in the
media, which correlates with high-profit and high conflict of interest studies.

• The media was very negative in general, inflating risk, fear, and anxieties. A
negative bias may improve ratings and revenue, increasing motivation to
continue watching coverage. A combination of low-cost treatments greatly
reducing risk conflicts with the negative narrative.

Authority Delay
25 low-cost treatments were approved in one or more countries, yet many
countries approved no low-cost treatments. The countries that did adopt low-
cost treatments analyzed the evidence early and made timely approvals. With
few exceptions, authorities did not change their initial views, regardless of how
much evidence accumulated showing either efficacy or harm. Why?

The harms of smoking here hidden for 25 yearsB. Authorities did not analyze
the data in real-time, failing to act when harm was known. Widespread ac-
knowledgement of harm came only after attempts by two new surgeon gener-
als, along with pressure from health advocates and a new president, and a re-
view of 7,000 studies.

Similarly for COVID-19, most authorities and experts did not proactively analyze
data in real-time. This guarantees delayed recognition of efficacy or harm, by
which time moral, legal, career, and reputational liabilities strongly disincen-
tivize any admission of error. Claims of no efficacy (for effective treatments)
or safety (for harmful treatments) were often made prior to strong data being
available. Correction would require admitting to errors that increased mortality,
which is unlikely with the same generation of officials.

Analysis of potential treatments was rarely done, and when done these were
typically minimal efforts. For example, NIH reviews were highly delayed, cover
only a tiny fraction of treatments, reference only 2% of studies for the treat-
ments covered, and include no quantitative analysis. They appear as rarely up-
dated side projects from external panels implicitly tasked with justifying prior
failures. As with smoking, the thousands of studies could (and should) have
been analyzed and acted on in real-time.

A key structural improvement, applicable to all current and future diseases, is
for authorities to implement real-time proactive analysis of clinical evidence.
This does not remove all bias, but does make it possible to act on evidence,
whereas delayed action may be unlikely due to moral, legal, career, and reputa-
tional liabilities.

Heterogeneity
Heterogeneity in COVID-19 studies arises from many factors including:

Treatment delay

The time between infection or the onset of symptoms and treatment may criti-
cally affect how well a treatment works. For example an antiviral may be very ef-
fective when used early but may not be effective in late stage disease, and may
even be harmful. Oseltamivir, for example, is generally only considered effec-
tive for influenza when used within 0-36 or 0-48 hours 67,68. Baloxavir marboxil
studies for influenza also show that treatment delay is critical — Ikematsu et al.
report an 86% reduction in cases for post-exposure prophylaxis, Hayden et al.
show a 33 hour reduction in the time to alleviation of symptoms for treatment
within 24 hours and a reduction of 13 hours for treatment within 24-48 hours,
and Kumar et al. report only 2.5 hours improvement for inpatient treatment.

Fig. 22. In contrast to the results for low-cost treatments, mainstream media was
biased towards positive results for high-cost treatments.

c19early.org
September 2026

Media coverage for COVID-19 high-profit treatments

28 positive studies were covered:
tocilizumab (5), paxlovid (5), conv. plasma (4), casirivimab/i.. (3), molnupiravir (3), remdesivir (2), peg. lambda (2), sargramostim (2)
sarilumab, tixagevimab/c..

11 negative studies were covered:
remdesivir (4), conv. plasma (2), molnupiravir, bebtelovimab, sotrovimab, bamlan../e.., paxlovid

97% of negative studies were not covered:

Media selectively covered positive studies for high-profit treatments

Data from Altmetric: studies receiving significant mainstream media coverage from 6,000+ studies for 226 treatments
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Treatment delay Result

Post-exposure prophylaxis 86% fewer cases 69

<24 hours -33 hours symptoms 70

24-48 hours -13 hours symptoms 70

Inpatients -2.5 hours to improvement 71

Table 3. Studies of baloxavir marboxil for influenza show that
early treatment is more effective.

Fig. 23 shows a mixed-effects meta-regression for efficacy as a function of
treatment delay in COVID-19 studies from 226 treatments, showing that effica-
cy declines rapidly with treatment delay. Early treatment is critical for COVID-19.

Fig. 23. Early treatment is more effective. Meta-regression showing efficacy as a
function of treatment delay in COVID-19 studies from 226 treatments.
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p<0.00000000001
mixed-effects meta-regression, most serious sufficiently powered outcome

Delayed public health acknowledgments
Official acknowledgment of efficacy or harm is often delayed—legal, career, and status risks disincentivize admission of error.

EVIDENCE OFFICIAL ACKNOWLEDGMENT APPROX.
DELAY

Citrus Fruit (vita-
min C) for Scurvy
(effectiveness)

1747: James Lind conducted one of the first-ever con-
trolled clinical trials, proving that oranges and lemons
cured scurvy in sailors.

1795: The British Royal Navy finally made a daily ration of
lemon juice a standard issue for all its sailors, effectively
eliminating the disease.

48
years

Handwashing
(lower mortality)

1847: Dr. Ignaz Semmelweis provided conclusive proof
that having doctors wash their hands with a chlorine solu-
tion before delivering babies reduced maternal mortality
rates from over 18% to around 1%.

~1870s: Semmelweis's findings were rejected and he was
ridiculed. His work was only validated decades later (after
his death).

~20+
years

Helicobacter py-
lori (bacteria
causes ulcers)

1982-1984: Marshall and Warren discovered that Heli-
cobacter pylori bacteria causes ulcers, confirmed via di-
rect exposure. Officials maintained that ulcers were
caused by stress and spicy food.

1994: The US NIH released a consensus statement offi-
cially recommending antibiotics as the standard treatment
for peptic ulcers, overturning decades of acid-suppression
therapy.

~12
years

Asbestos (causes
asbestosis & can-
cer)

1924: The British Medical Journal published the first case
study of a death from "asbestosis." By 1918, U.S. insur-
ance companies had stopped selling life insurance to as-
bestos workers.

1971 (US): The Occupational Safety and Health Adminis-
tration (OSHA) was formed and began regulating asbestos
as a carcinogen, setting the first federal workplace safety
standards for it.

~47
years

Leaded Gasoline
(neurotoxicity)

~1924: Dangers of low-level lead exposure were known.
Experts like Alice Hamilton warned the U.S. Surgeon Gen-
eral that adding lead to gasoline would cause widespread
public poisoning.

1973 (US): The Environmental Protection Agency (EPA) or-
dered the first phasedown of lead in gasoline, following
the Clean Air Act of 1970. A full ban for on-road vehicles
took effect in 1996.

~49
years

Harms of Smoking
(causes lung can-
cer)

1939: Franz Müller (Germany) published the first case-
control epidemiological study strongly linking tobacco
smoking to lung cancer. This was followed by major U.S. &
U.K. studies in the 1950s.

1964 (US): The U.S. Surgeon General's report, "Smoking
and Health," was released. It was the first U.S. government
report to definitively link smoking to lung cancer and heart
disease.

25
years
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Patient demographics

Details of the patient population including age and comorbidities may critically
affect how well a treatment works. For example, many COVID-19 studies with
relatively young low-comorbidity patients show all patients recovering quickly
with or without treatment. In such cases, there is little room for an effective
treatment to improve results, for example as in López-Medina et al.

SARS-CoV-2 variants

Efficacy may depend critically on the distribution of SARS-CoV-2 variants en-
countered by patients. Risk varies significantly across variants 73, for example
the Gamma variant shows significantly different characteristics 74-77. Different
mechanisms of action may be more or less effective depending on variants,
for example the degree to which TMPRSS2 contributes to viral entry can differ
across variants 78,79.

Treatment regimen

Effectiveness may depend strongly on the dosage and treatment regimen.

Medication quality

The quality of medications may vary significantly between manufacturers and
production batches, which may significantly affect efficacy and safety. Williams
et al. analyze ivermectin from 11 different sources, showing highly variable an-
tiparasitic efficacy across different manufacturers. Xu et al. analyze a treatment
from two different manufacturers, showing 9 different impurities, with signifi-
cantly different concentrations for each manufacturer.

Other treatments

The use of other treatments may significantly affect outcomes, including sup-
plements, other medications, or other interventions such as prone positioning.
Treatments may be synergistic 82-106, therefore efficacy may depend strongly on
combined treatments.

Effect measured

Across all studies there is a strong association between different outcomes, for
example improved recovery is strongly associated with lower mortality. Howev-
er, efficacy may differ depending on the effect measured, for example a treat-
ment may be more effective against secondary complications and have mini-
mal effect on viral clearance.

Meta-analysis

The distribution of studies will alter the outcome of a meta-analysis. Consider
a simplified example where everything is equal except for the treatment delay,
and effectiveness decreases to zero or below with increasing delay. If there are
many studies using very late treatment, the outcome may be negative, even
though early treatment is very effective. All meta-analyses combine heteroge-
neous studies, varying in population, variants, and potentially all factors above,
and therefore may obscure efficacy by including studies where treatment is less
effective. Generally, we expect the estimated effect size from meta-analysis to
be less than that for the optimal case. Looking at all studies is valuable for pro-
viding an overview of all research, important to avoid cherry-picking, and in-
formative when a positive result is found despite combining less-optimal situa-
tions. However, the resulting estimate does not apply to specific cases such as
early treatment in high-risk populations. While we present results for all studies,
we also present treatment time and individual outcome analyses, which may be
more informative for specific use cases.

Pooled Effects
Pooled effects are no longer required to show efficacy as of May 2022

This section validates the use of pooled effects for COVID-19, which enables
earlier detection of efficacy, however pooled effects are no longer required for
alkalinization as of May 2022. Efficacy is now known based on specific out-
comes for all studies and when restricted to RCTs. Efficacy based on specific
outcomes was delayed by 6.2 months compared to using pooled outcomes. Ef-
ficacy based on specific outcomes in RCTs was delayed by 7.5 months com-
pared to using pooled outcomes in RCTs.

Combining studies is required

For COVID-19, delay in clinical results translates into additional death and mor-
bidity, as well as additional economic and societal damage. Combining the re-
sults of studies reporting different outcomes is required. There may be no mor-
tality in a trial with low-risk patients, however a reduction in severity or im-
proved viral clearance may translate into lower mortality in a high-risk popula-
tion. Different studies may report lower severity, improved recovery, and lower
mortality, and the significance may be very high when combining the results.
"The studies reported different outcomes" is not a good reason for disregarding
results. Pooling the results of studies reporting different outcomes allows us
to use more of the available information. Logically we should, and do, use ad-
ditional information when evaluating treatments—for example dose-response
and treatment delay-response relationships provide additional evidence of effi-
cacy that is considered when reviewing the evidence for a treatment.

Specific outcome and pooled analyses

We present both specific outcome and pooled analyses. In order to combine
the results of studies reporting different outcomes we use the most serious out-
come reported in each study, based on the thesis that improvement in the most
serious outcome provides comparable measures of efficacy for a treatment. A
critical advantage of this approach is simplicity and transparency. There are
many other ways to combine evidence for different outcomes, along with addi-
tional evidence such as dose-response relationships, however these increase
complexity.

Ethical and practical issues limit high-risk trials

Trials with high-risk patients may be restricted due to ethics for treatments that
are known or expected to be effective, and they increase difficulty for recruiting.
Using less severe outcomes as a proxy for more serious outcomes allows faster
and safer collection of evidence.

Validating pooled outcome analysis for COVID-19

For many COVID-19 treatments, a reduction in mortality logically follows from
a reduction in hospitalization, which follows from a reduction in symptomatic
cases, which follows from a reduction in PCR positivity. We can directly test this
for COVID-19.

Analysis of the the association between different outcomes across studies from
all 226 treatments we cover confirms the validity of pooled outcome analysis for
COVID-19. Fig. 24 shows that lower hospitalization is very strongly associated
with lower mortality (p < 0.0000000001). Similarly, Fig. 25 shows that improved
recovery is very strongly associated with lower mortality (p < 0.0000000001).
Considering the extremes, Singh et al. show an association between viral clear-
ance and hospitalization or death, with p = 0.003 after excluding one large
outlier from a mutagenic treatment, and based on 44 RCTs including 52,384
patients. Fig. 26 shows that improved viral clearance is strongly associated
with fewer serious outcomes. The association is very similar to Singh et al.,
with higher confidence due to the larger number of studies. As with Singh et
al., the confidence increases when excluding the outlier treatment, from p =
0.0000000074 to p = 0.00000000015.
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Pooled outcomes identify efficacy 5 months faster (7 months for RCTs)

Currently, 59 of the treatments we analyze show statistically significant efficacy
or harm, defined as ≥10% decreased risk or >0% increased risk from ≥3 studies.
85% of these have been confirmed with one or more specific outcomes, with
a mean delay of 4.6 months. When restricting to RCTs only, 53% of treatments
showing statistically significant efficacy/harm with pooled effects have been
confirmed with one or more specific outcomes, with a mean delay of 7.5
months. Fig. 27 shows when treatments were found effective during the pan-
demic. Pooled outcomes often resulted in earlier detection of efficacy.

Fig. 27. The time when studies showed that treatments were effective, defined as
statistically significant improvement of ≥10% from ≥3 studies. Pooled results

typically show efficacy earlier than specific outcome results. Results from all studies
often shows efficacy much earlier than when restricting to RCTs. Results reflect

conditions as used in trials to date, these depend on the population treated,
treatment delay, and treatment regimen.

Limitations

Pooled analysis could hide efficacy, for example a treatment that is beneficial
for late stage patients but has no effect on viral clearance may show no efficacy
if most studies only examine viral clearance. In practice, it is rare for a non-an-
tiviral treatment to report viral clearance and to not report clinical outcomes;
and in practice other sources of heterogeneity such as differences in treatment
delay are more likely to hide efficacy.

Summary

Analysis validates the use of pooled effects and shows significantly faster de-
tection of efficacy on average. However, as with all meta-analyses, it is impor-
tant to review the different studies included. We also present individual out-
come analyses, which may be more informative for specific use cases.

Polytherapy
There are many complementary mechanisms of action for COVID-19 treat-
ments, with over 500 therapeutic targets 108. Studies show complementary

Fig. 24. Lower hospitalization is associated with lower mortality, supporting
pooled outcome analysis.
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mixed-effects meta-regression
slope 0.87 [95% CI 0.77 to 0.98] p<0.00000000001

Fig. 25. Improved recovery is associated with lower mortality, supporting pooled
outcome analysis.
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mixed-effects meta-regression
slope 0.96 [95% CI 0.81 to 1.1] p<0.00000000001

Fig. 24. Improved viral clearance is associated with fewer serious outcomes,
supporting pooled outcome analysis.
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mixed-effects meta-regression
slope 0.93 [95% CI 0.65 to 1.2] p=0.00000000015
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and synergistic effects with polytherapy 82-106. For example, Jitobaom et al. 83
shows >10x reduction in IC50 with ivermectin and niclosamide, an RCT by Said
et al. 90 showed the combination of nigella sativa and vitamin D was more ef-
fective than either alone, and an RCT by Wannigama et al. 109 showed improved
results with fluvoxamine combined with additional treatments, compared to flu-
voxamine alone.

SARS-CoV-2 can rapidly acquire mutations altering infectivity, disease severity,
and drug resistance even without selective pressure 110-117. Antigenic drift can
undermine more variant-specific treatments like monoclonal antibodies and
more specific antivirals. Treatment with targeted antivirals may select for es-
cape mutations 118. The efficacy of treatments varies depending on cell type 119

due to differences in viral receptor expression, drug distribution and metabo-
lism, and cell-specific mechanisms. Efficacy may also vary based on genetic
variants 120-130.

Variable efficacy across variants, cell types, tissues, and host genetics, along
with the complementary and synergistic actions of different treatments, all
point to greater efficacy with polytherapy. In many studies, the standard of care
given to all patients includes other treatments—efficacy seen in these trials
may rely in part on synergistic effects. Less variant specific treatments and
polytherapy targeting multiple viral and host proteins may be more effective.
Meta-analysis of all early treatment trials shows 71% [60‑79%] lower risk for
studies using combined treatments, compared to 27% [24‑30%] for single treat-
ments.

While not reaching statistical significance, alkalinization studies using polyther-
apy also show greater efficacy than monotherapy studies.

Discussion
Nasopharyngeal/oropharyngeal administration

Studies to date use a variety of administration methods to the respiratory tract,
including nasal and oral sprays, nasal irrigation, oral rinses, and inhalation.
Table 4 shows the relative efficacy for nasal, oral, and combined administration.
Combined administration shows the best results, and nasal administration is
more effective than oral. Precise efficacy depends on the details of administra-
tion, e.g., mucoadhesion and sprayability for sprays.

Polytherapy vs. monotherapy for all treatments
Monotherapy Polytherapy

Early treatment 27% [24–30%]
71% [60–79%]

Late treatment 18% [16–20%]
49% [41–55%]

Prophylaxis 28% [25–30%]
90% [48–98%]

Polytherapy (combined treatment) is more effective than monotherapy. Analysis
of results across 226 treatments. p = 0.000000057, p < 0.0000000001, and p =
0.02.
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Polytherapy vs. monotherapy for alkalinization
Monotherapy Polytherapy

Late treatment 43% [25–56%]
52% [30–66%]

Polytherapy (combined treatment) is more effective than monotherapy. Analysis
of results for alkalinization studies. p = 0.48.
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Combined treatment is more effective
SARS-CoV-2 involves the complex interplay of 500+
host and viral proteins and factors, providing many
therapeutic targets. Many compounds have antiviral
activity for SARS-CoV-2, with many different
mechanisms including blocking attachment, entry, and
replication. Combinations of treatments, with careful
attention to potential side effects, allows improved
efficacy via complementary and synergistic
mechanisms.

Tissue and cell
coverage

Different compounds have different tissue penetration
profiles and efficacy across cell types

Variant coverage Compounds with different viral resistance profiles

Intra/extracellular Disabling and removing intracellular and extracellular
viral particles

Resistance Minimizing persistence and emergence of resistant
variants

Genetics Robustness against individual variations in efficacy
based on genetics

Lower doses Potentially lower doses of individual agents, reducing
toxicity

Viral and host-
directed

Antivirals targeting viral and host proteins

Immune system
function

Supporting or enhancing natural immune system
function

Disease phases Addressing multiple disease phases (viral replication,
inflammation, secondary complications)
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Table 4. Respiratory tract administration efficacy. Relative efficacy of nasal, oral,
and combined nasal/oral administration for treatments administered directly to
the respiratory tract. Results show random-effects meta-analysis for the most

serious outcome reported for all prophylaxis and early treatment studies.

Nasopharyngeal/oropharyngeal treatment mechanisms of action

Nasopharyngeal/oropharyngeal treatments work via different methods. Some
are drugs with other primary uses and have a greater potential for side effects
and drug interactions, for example azelastine and chlorpheniramine are antihis-
tamines. Table 5 summarizes the primary classes of mechanisms of action, and
Table 6 shows mechanisms of action for specific treatments.

Table 5. Primary classes for mechanisms of action for nasopharyngeal/
oropharyngeal treatments.

Impact on the microbiome

Nasopharyngeal/oropharyngeal treatments may not be highly selective. In ad-
dition to inhibiting or disabling SARS-CoV-2, they may also be harmful to ben-
eficial microbes, disrupting the natural microbiome in the oral cavity and nasal
passages that have important protective and metabolic roles 142,143. This may
be especially important for prolonged use or overuse. Table 7 summarizes the
potential for common nasopharyngeal/oropharyngeal treatments to affect the
natural microbiome.

Table 7. Potential effect of nasopharyngeal/oropharyngeal treatments on the
microbiome.

Potential increased risk based on diet

Consuming acidic foods and beverages may temporarily lower salivary pH 144,
which could theoretically create a more favorable environment for SARS-CoV-2
infection. While initial infection typically starts in the nasal cavity, lower pH may

Combined nasal and oral
administration is most effective
Across all nasopharyngeal/oropharyngeal treatments
we cover, combined nasal and oral administration
shows the highest efficacy, followed by nasal
administration, with oral administration alone showing
the lowest efficacy.

ADMINISTRATION IMPROVEMENT STUDIES

Nasal & oral 88% [72‑95%] 10

Nasal spray/rinse 59% [50‑66%] 21

Oral spray/rinse 38% [25‑49%] 11

Nasal/oral sprays and
rinses—primary mechanisms
Primary mechanisms of action for nasopharyngeal/
oropharyngeal sprays and rinses. Note: sequenced
application is possible to maximize efficacy—for
example, using a virucidal spray/wash first (to clean),
followed by a barrier spray (to protect), with a 5-10
minute drying window in between.

Virucidal
action

Chemically inactivating or destroying the structure of
viral particles

Blocking
attachment

Binding to the virus or host cells to prevent viral
attachment to host cells

Physical
barrier

Forming a physical layer over the nasal mucosa
preventing viral access to host cells

Physical
removal

Mechanical washout/flushing of viral particles and
mucus (e.g., large volume irrigation)

Mucociliary
clearance

Stimulating the natural beating of nasal cilia to
accelerate the clearing of trapped pathogens

Nasal/oral sprays and rinses may
affect the microbiome
Nasopharyngeal/oropharyngeal treatments may
significantly alter the microbiome. These effects may
be more important with longer-term prophylaxis.

TREATMENT MICROBIOME
DISRUPTION
POTENTIAL

NOTES

Iota-
carrageenan 137

Low Primarily antiviral, however
extended use may mildly affect the
microbiome

Nitric Oxide 139 Low to
moderate

More selective towards pathogens,
however excessive concentrations
or prolonged use may disrupt the
balance of bacteria

Alkalinization Moderate Increases pH, negatively impacting
beneficial microbes that thrive in a
slightly acidic environment

Cetylpyridinium
Chloride 132

Moderate Quaternary ammonium broad-
spectrum antiseptic that can
disrupt beneficial and harmful
bacteria

Phthalocyanine 140 Moderate to
high

Photodynamic compound with
antimicrobial activity, likely to affect
the microbiome

Chlorhexidine 133 High Potent antiseptic with broad
activity, significantly disrupts the
microbiome

Hydrogen
Peroxide 135

High Strong oxidizer, harming both
beneficial and harmful microbes

Povidone-
Iodine 141

High Potent broad-spectrum antiseptic
harmful to beneficial microbes
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Table 6. Mechanisms of action for nasopharyngeal/oropharyngeal treatments.

facilitate infection in the throat and further progression (changes in nasal cav-
ity pH are also possible, for example via acidic aerosols from carbonated bev-
erages). Other factors that could lower the pH in the respiratory tract include
gastroesophageal reflux disease - certain foods and drinks may relax the lower

esophageal sphincter, allowing stomach acid to flow back into the esophagus
and potentially into the respiratory tract; aspiration - consuming liquids or foods
with a low pH can lead to aspiration, where the contents are accidentally in-
haled into the lungs, causing irritation and lowering the pH in the respiratory

Nasal/oral sprays and rinses—mechanisms of action
Nasopharyngeal/oropharyngeal treatments have many different mechanisms of action. Specific treatments may have significant systemic
effects or significantly alter the microbiome.

TREATMENT MECHANISMS NOTES

Azelastine 131 Antiviral: inhibits interaction between spike protein and ACE2
Antiviral: potential inhibition of viral protease (Mpro)
Other: H1-receptor antagonist (antihistamine)
Other: mast cell stabilizer

Antihistamine. Designed to affect human receptors. Risks include
dysgeusia, drowsiness, and nasal burning.

Cetylpyridinium
Chloride 132

Virucidal: disrupts viral lipid envelope
Antiseptic: quaternary ammonium compound

Chemical virucide. Common in mouthwashes. Can cause
temporary staining of teeth or tongue irritation if used frequently.

Chlorhexidine 133 Virucidal: disrupts viral lipid membranes
Antiseptic: cationic polybiguanide

Chemical virucide. May cause tooth staining and altered taste.

Chlorpheniramine 134 Antiviral: binds to viral spike protein to block entry
Antiviral: high affinity for viral transport proteins
Other: H1-receptor antagonist (1st generation antihistamine)
Other: anticholinergic activity

Antihistamine. Stronger systemic risks than azelastine. Known to
cause significant sedation/drowsiness and cognitive impairment.

Hydrogen
Peroxide 135

Virucidal: oxidizing agent that destroys viral parts
Other: tissue debridement

Chemical virucide. Can be toxic to healthy tissue if concentration
is too high (>1%). Long-term safety on nasal mucosa is debated.

Inhaled Heparin 136 Antiviral: acts as a decoy receptor (mimics heparan sulfate)
Antiviral: anti-inflammatory effects on lung tissue
Other: Anticoagulant

Anticoagulant. Use requires caution regarding bleeding risks.

Iota-carrageenan 137 Barrier: forms a viscous physical layer on mucosa
Trap: electrostatistically traps virus particles (mimics cell surface)

Physical barrier. High safety profile for daily use.

NaCl 138 Cleaning: physically washes away viral particles
Support: moisturizes mucosa to support natural immune barrier

Physical wash. High degree of safety, reduces viral load via
physical removal.

Nitric Oxide 139 Virucidal: physically damages viral structure via nitrosylation
Other: vasodilator (relaxes blood vessels) in systemic use

Virucide/drug hybrid. In nasal spray form, it acts primarily as a
topical disinfectant. Rapidly cleared, so systemic vasodilation risks
are low but present.

Phthalocyanine 140 Virucidal: generates reactive oxygen species (ROS) when exposed
to light to kill virus
Other: photosensitizer

Chemical virucide. A synthetic compound often used in
photodynamic therapy. Works by creating an oxidative
environment hostile to the virus.

Povidone-Iodine 141 Virucidal: oxidizes viral proteins and destabilizes membrane
structures
Antiseptic: broad-spectrum bacterial/fungal killer

Chemical virucide. Highly effective but risk of thyroid absorption
with chronic use. Can be irritating to mucous membranes.

Sodium
Bicarbonate 2

Environment: raises pH to inhibit viral fusion
Cleaning: improves mucociliary clearance (washing)

Physical/chemical environment. Changes the environment rather
than attacking the virus directly. High degree of safety.
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tract; high sugar diets - consuming excessive amounts of sugar may promote
the growth of bacteria in the mouth and throat, which can produce acid and
lower the pH in the respiratory tract; and dehydration - not drinking enough wa-
ter can lead to a decrease in saliva production, which plays a role in neutral-
izing acid in the mouth and throat, and therefore may result in a lower pH in
the respiratory tract. Foods and beverages that can directly lower the pH of the
throat include: citrus fruits and juices: lemons, limes, oranges, grapefruits, and
their juices have a low pH (2.0-3.0) due to their high citric acid content; car-
bonated beverages: carbonated drinks have a pH range of 2.0-4.0 due to the
presence of carbonic acid; vinegar and vinegar-based dressings: vinegar has
a pH of around 2.5-3.0 due to its acetic acid content; tomatoes and tomato-
based products: tomatoes, tomato juice, and tomato sauce have a pH range of
4.0-4.5; coffee and tea: while the pH of coffee and tea can vary, they are gener-
ally acidic, with pH values ranging from 4.5-6.0; alcoholic beverages: most al-
coholic drinks have a pH below 7.0, with wine having a pH of 3.0-3.5 and beer
having a pH of 4.0-5.0. When these acidic substances come into contact with
the throat, they can temporarily lower the pH. The body has mechanisms to
help neutralize the acid and restore the pH balance, such as saliva production
and the buffering capacity of the throat's mucous membranes. Frequent expo-
sure to highly acidic substances or having conditions like acid reflux can lead
to more persistent changes in the throat's pH.

Studies have not specifically looked at COVID-19 risk based on changes in the
respiratory tract pH with different diets, however the benefits of nasopharyn-
geal/oropharyngeal alkalinization seen here match the expected increased risk
with lower pH, and suggest caution with consumption of food and beverages
that lowers pH while waiting for the results of controlled clinical studies.

Publication bias

Publishing is often biased towards positive results, however evidence suggests
that there may be a negative bias for inexpensive treatments for COVID-19.
Both negative and positive results are very important for COVID-19, media in
many countries prioritizes negative results for inexpensive treatments (inverting
the typical incentive for scientists that value media recognition), and there are
many reports of difficulty publishing positive results 145-148. For alkalinization,
there is currently not enough data to evaluate publication bias with high confi-
dence.

One method to evaluate bias is to compare prospective vs. retrospective stud-
ies. Prospective studies are more likely to be published regardless of the result,
while retrospective studies are more likely to exhibit bias. For example, re-
searchers may perform preliminary analysis with minimal effort and the results
may influence their decision to continue. Retrospective studies also provide
more opportunities for the specifics of data extraction and adjustments to influ-
ence results.

Fig. 28 shows a scatter plot of results for prospective and retrospective studies.
100% of retrospective studies report a statistically significant positive effect for
one or more outcomes, compared to 73% of prospective studies, consistent
with a bias toward publishing positive results. The median effect size for retro-
spective studies is 49% improvement, compared to 64% for prospective stud-
ies, suggesting a potential bias towards publishing results showing lower effi-
cacy.

Fig. 28. Prospective vs. retrospective studies. The diamonds show the results of
random-effects meta-analysis.

Late treatment bias

Studies for alkalinization were mostly late
treatment studies, in contrast with typical
high-profit drugs that were more likely to be
tested with early treatment.

Funnel plot analysis

Funnel plots have traditionally been used for
analyzing publication bias. This is invalid for
COVID-19 acute treatment trials — the un-
derlying assumptions are invalid, which we
can demonstrate with a simple example.
Consider a set of hypothetical perfect trials
with no bias. Fig. 30 plot A shows a funnel
plot for a simulation of 80 perfect trials, with
random group sizes, and each patient's out-
come randomly sampled (10% control event
probability, and a 30% effect size for treat-
ment). Analysis shows no asymmetry (p >
0.05). In plot B, we add a single typical vari-
ation in COVID-19 treatment trials — treat-
ment delay. Consider that efficacy varies
from 90% for treatment within 24 hours, reducing to 10% when treatment is
delayed 3 days. In plot B, each trial's treatment delay is randomly selected.
Analysis now shows highly significant asymmetry, p < 0.0001, with six variants
of Egger's test all showing p < 0.05 149-156. Note that these tests fail even
though treatment delay is uniformly distributed. In reality treatment delay is
more complex — each trial has a different distribution of delays across pa-
tients, and the distribution across trials may be biased (e.g., late treatment tri-
als may be more common). Similarly, many other variations in trials may pro-
duce asymmetry, including dose, administration, duration of treatment, differ-
ences in SOC, comorbidities, age, variants, and bias in design, implementation,
analysis, and reporting.

Conflicts of interest

Pharmaceutical drug trials often have conflicts of interest whereby sponsors or
trial staff have a financial interest in the outcome being positive. Alkalinization
for COVID-19 lacks this because it is off-patent, has multiple manufacturers,
and is very low cost. In contrast, most COVID-19 alkalinization trials have been
run by physicians on the front lines with the primary goal of finding the best
methods to save human lives and minimize the collateral damage caused by
COVID-19. While pharmaceutical companies are careful to run trials under opti-
mal conditions (for example, restricting patients to those most likely to benefit,
only including patients that can be treated soon after onset when necessary,
and ensuring accurate dosing), not all alkalinization trials represent the optimal
conditions for efficacy.
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Fig. 29. Early treatment was
more common for high-profit

drugs.
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92% Regdanvimab
89% Sotrovimab
83% Molnupiravir
79% Casirivimab/im..
73% Paxlovid

11% HCQ
11% Vitamin C
13% Melatonin
15% Alkalinization
16% Vitamin D
21% Azvudine
23% Nitric Oxide
24% Zinc
27% Budesonide

↑ Mostly early treatment
↓ Mostly late treatment

Fig. 30. Example funnel plot analysis for simulated perfect trials.
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Limitations

Summary statistics from meta-analysis necessarily lose information. As with all
meta-analyses, studies are heterogeneous, with differences in treatment delay,
treatment regimen, patient demographics, variants, conflicts of interest, stan-
dard of care, and other factors. We provide analyses for specific outcomes and
by treatment delay, and we aim to identify key characteristics in the forest plots
and summaries. Results should be viewed in the context of study characteris-
tics.

Some analyses classify treatment based on early or late administration, as
done here, while others distinguish between mild, moderate, and severe cases.
Viral load does not indicate degree of symptoms — for example patients may
have a high viral load while being asymptomatic. With regard to treatments that
have antiviral properties, timing of treatment is critical — late administration
may be less helpful regardless of severity.

Details of treatment delay per patient is often not available. For example, a
study may treat 90% of patients relatively early, but the events driving the out-
come may come from 10% of patients treated very late. Our 5 day cutoff for
early treatment may be too conservative, 5 days may be too late in many cases.

Comparison across treatments is confounded by differences in the studies per-
formed, for example dose, variants, and conflicts of interest. Trials with con-
flicts of interest may use designs better suited to the preferred outcome.

In some cases, the most serious outcome has very few events, resulting in
lower confidence results being used in pooled analysis, however the method
is simpler and more transparent. This is less critical as the number of studies
increases. Restriction to outcomes with sufficient power may be beneficial in
pooled analysis and improve accuracy when there are few studies, however we
maintain our pre-specified method to avoid any retrospective changes.

Studies show that combinations of treatments can be highly synergistic and
may result in many times greater efficacy than individual treatments
alone 82-106. Therefore standard of care may be critical and benefits may dimin-
ish or disappear if standard of care does not include certain treatments.

This real-time analysis is constantly updated based on submissions. Accuracy
benefits from widespread review and submission of updates and corrections
from reviewers. Less popular treatments may receive fewer reviews.

No treatment or intervention is 100% available and effective for all current and
future variants. Efficacy may vary significantly with different variants and with-
in different populations. All treatments have potential side effects. Propensi-
ty to experience side effects may be predicted in advance by qualified physi-
cians. We do not provide medical advice. Before taking any medication, consult
a qualified physician who can compare all options, provide personalized ad-
vice, and provide details of risks and benefits based on individual medical his-
tory and situations.

Notes

3 of 14 studies combine treatments. The results of alkalinization alone may dif-
fer. None of the RCTs use combined treatment. Currently all studies are peer-re-
viewed. Shafiee et al. present another meta-analysis for alkalinization, showing
significant improvements for mortality and recovery.

Reviews

Multiple reviews cover alkalinization for COVID-19, presenting additional back-
ground on mechanisms and related results, including 157-159.

Perspective
Results compared with other treatments

SARS-CoV-2 infection and replication involves a complex interplay of 500+ host
and viral proteins and other factors 38-45, providing many therapeutic targets.
Over 12,000 compounds have been predicted to reduce COVID-19 risk 46, either
by directly minimizing infection or replication, by supporting immune system
function, or by minimizing secondary complications. Fig. 31 shows an overview
of the results for alkalinization in the context of multiple COVID-19 treatments,
and Fig. 32 shows a plot of efficacy vs. cost for COVID-19 treatments.

Fig. 31. Scatter plot showing results within the context of multiple COVID-19
treatments. Diamonds shows the results of random-effects meta-analysis. 0.5% of

12,000+ proposed treatments show efficacy 160.

Fig. 32. Efficacy vs. cost for COVID-19 treatments.

Conclusion
SARS-CoV-2 infection typically starts in the upper respiratory tract. Progression
may lead to cytokine storm, pneumonia, ARDS, neurological issues, organ fail-
ure, and death. Stopping replication in the upper respiratory tract, via early or
prophylactic nasopharyngeal/oropharyngeal treatment, can avoid the conse-
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COVID-19 involves the interplay of 500+ host/viral proteins/
factors, modulated by many treatments. 0.5% of 12,000+
proposed treatments show efficacy with ≥3 studies.
Protocols combine treatments, none are 100% effective.
c19early analyzes over 6,700 studies for 226 treatments.
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quences of progression to other tissues, and avoid the requirement for systemic
treatments with greater potential for side effects.

Studies to date show that alkalinization is an effective treatment for COVID-19.
Significantly lower risk is seen for mortality, progression, recovery, and viral
clearance. 11 studies from 10 independent teams in 8 countries show signif-
icant benefit. Meta-analysis using the most serious outcome reported shows
49% [36‑59%] lower risk. Results are similar for Randomized Controlled Trials.
Early treatment is more effective than late treatment.

Results are very robust—in worst case exclusion sensitivity analysis 13 of 14
studies must be excluded before statistical significance is lost. Emergent re-
sults for early vs. late treatment (p = 0.038) that match biological mechanisms
confirm efficacy.

SARS-CoV-2 requires acidic pH for endosomal entry 1. Alkalinization of the res-
piratory mucosa may reduce risk. Studies to date typically use sodium bicar-
bonate.

Shafiee et al. present another meta-analysis for alkalinization, showing signifi-
cant improvements for mortality and recovery.

We also present an analysis focusing on sodium bicarbonate 2. Alkalinization
may affect the natural microbiome, especially with prolonged use.

 
Contact. Contact us on X at @CovidAnalysis.

Funding. We have received no funding or compensation in any form, and do not accept do-
nations. This is entirely volunteer work.

Conflicts of interest. We have no conflicts of interest. We have no affiliation with any phar-
maceutical companies, supplement companies, governments, political parties, or advocacy
organizations.

Disclaimer. We do not provide medical advice. No treatment is 100% effective, and all may
have side effects. Protocols combine multiple treatments. Consult a qualified physician for
personalized risk/benefit analysis.

AI. We use AI models (Gemini, Grok, Claude, and ChatGPT) tasked with functioning as ad-
ditional peer-reviewers to check for errors, suggest improvements, and review spelling and
grammar. Any corrections are manually verified. Our preference for em dashes is indepen-
dent of AI.

Updates. Our COVID-19 meta-analyses involve the extraction of over 227,000 datapoints
from thousands of papers for 226 treatments. We thank the thousands of scientists, physi-
cians, and other contributors that have provided updates, suggestions, feedback, and cor-
rections. These are all welcome and can be submitted at https://c19early.org/phmeta.html.

Dedication. This work is dedicated to top evidence-based physicians that worked tirelessly
to analyze evidence and greatly reduce mortality and morbidity during the pandemic. In al-
phabetical order: Dr. Thomas J. Borody, Dr. Mary Talley Bowden, Dr. Flavio Cadegiani, Dr.
Shankara Chetty, Dr. Ryan Cole, Dr. George Fareed, Dr. Sabine Hazan, Dr. Pierre Kory, Dr. Tess
Lawrie, Dr. Robert Malone, Dr. Paul Marik, Dr. Peter McCullough, Dr. Didier Raoult, Dr. Harvey
Risch, Dr. Jackie Stone, Dr. Brian Tyson, Dr. Joseph Varon, and Dr. Vladimir Zelenko.

Public domain. This is a public domain work distributed in accordance with the Creative
Commons CC0 1.0 Universal license, which dedicates the work to the public domain by waiv-
ing all rights worldwide under copyright law. You can distribute, remix, adapt, and build upon
this work in any medium or format, including for commercial purposes, without asking per-
mission. Referenced material and third-party images retain any original copyrights or restric-
tions. See: https://creativecommons.org/publicdomain/zero/1.0/.

Study Notes
Calonico

Retrospective 5,146 hospitalized COVID-19 patients in Argentina, showing low-
er mortality associated with nebulized ibuprofen (NaIHS) treatment. Doubly ro-
bust inverse probability weighting estimators were used to control for con-
founding. Authors emphasize the need for randomized controlled trials.

The treatment appears to be the same as detailed in 161, which reports a pH
of 8.5. Kreutzberger et al. showed that SARS-CoV-2 requires an acidic pH (be-
tween 6.2-6.8) for membrane fusion and cell entry, even when the viral spike
protein is primed by proteases like TMPRSS2. Efficacy seen here may be more
due to alkalinization, which shows more consistent higher efficacy than ibupro-
fen in studies to date.

de Gabory

RCT 355 adults with COVID-19 or other upper respiratory tract infections (UR-
TIs). For COVID-19 patients there was lower progression and faster symptom

Mortality 49%
improvement lower risk ← → higher risk

Alkalinization  Calonico et al.  LATE TREATMENT

Is late treatment with alkalinization + sodium ibuprofenate beneficial?
Retrospective 5,416 patients in Argentina (March 2020 - September 2021)
Lower mortality with treatment (p=0.01)

c19early.orgCalonico et al., National Bureau of Ec.., May 2022

0 0.5 1 1.5 2+RR

Progression, day 21 75%
improvement lower risk ← → higher risk

Progression, day 14 68%
Progression, day 7 35%
Recovery time, daily.. 24%
Recovery time, all sym.. 17%
Recovery time, dyspn.. 26%
Recovery time, loss of.. 29%
Recovery time, loss.. b 26%
Recovery time, post-n.. 14%
Recovery time, facial.. 11%
Recovery time, sore th.. -2%
Recovery time, chest.. 25%
Recovery time, heada.. 3%
Recovery time, loss.. c 14%
Viral clearance 37%

Alkalinization  SeaCare  EARLY TREATMENT RCT

Is early treatment with alkalinization beneficial for COVID-19?
RCT 173 patients in France (July 2021 - March 2022)
Lower progression (p<0.0001) and faster recovery (p=0.02)

c19early.orgde Gabory et al., European Archives of.., Feb 2024
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resolution with alkaline seawater nasal wash (pH ~8) 4 times daily for 21 days.
There was significantly lower transmission for patients with the delta variant
and for patients with high viral load. The seawater nasal wash was safe and
well-tolerated.

Delić

RCT mechanically ventilated patients in Croatia, 42 treated with sodium bicar-
bonate inhalation, and 52 control patients, showing no significant difference in
mortality with treatment. Treated patients showed a lower incidence of gram-
positive or MRSA-caused ventilator-associated pneumonia. ICU mortality re-
sults are from 162.

El-Badrawy

RCT 546 patients showing significantly faster recovery and lower mortality with
sodium bicarbonate (inhaled and nasal drops). The reduction in mortality is on-
ly statistically significant when excluding baseline critical cases. Authors hy-
pothesize that treatment raises endosomal pH, potentially preventing SARS-
CoV-2 attachment and entry into host cells.

Inhalation of nebulized sodium bicarbonate 8.4% (5ml every 4h) 7:00am to
23:00pm every day for 30 days together with 8.4% nasal drops 4 times daily
(three drops for each nostril).

El-Badrawy

Prospective study of 182 COVID-19 pneumonia patients, 127 treated with sodi-
um bicarbonate inhalation and nasal drops, showing significantly faster recov-
ery and improved CT scores with treatment.

Authors note that contacts of index cases also received sodium bicarbonate
treatment, with none reporting COVID-19.

Inhalation of nebulized sodium bicarbonate 8.4% (5ml every 4h) 7:00am to
23:00pm every day for 30 days together with 8.4% nasal drops 4 times daily
(three drops for each nostril).

Kalayan

Retrospective 99 COVID-19 patients in Argentina showing significantly lower
mortality with inhaled alkaline hypertonic ibuprofen (AHI) treatment. The treat-
ment has a pH of 8.5. 3 times daily for 7-10 days.

Mortality, ICU mortali.. 23%
improvement lower risk ← → higher risk

Mortality, 28 day 20%

Alkalinization  Delić et al.  INTUBATED PATIENTS  RCT

Is very late treatment with alkalinization beneficial?
RCT 94 patients in Croatia (October 2020 - June 2021)
Lower mortality with alkalinization (not stat. sig., p=0.13)

c19early.orgDelić et al., Microorganisms, May 2022

0 0.5 1 1.5 2+RR

Mortality 23%
improvement lower risk ← → higher risk

Mortality, exc. critical 55%
Mortality, moderate 79%
Mortality, severe 53%
Mortality, critical -23%
Recovery time 28%
CT score, day 30 33%
CT score, day 60 100%

Alkalinization  SODIC  LATE TREATMENT RCT

Is late treatment with alkalinization beneficial for COVID-19?
Double-blind RCT 546 patients in Egypt (September 2021 - April 2022)
Faster recovery with alkalinization (p<0.000001)
Lower mortality for non-critical patients (p=0.02)

c19early.orgEl-Badrawy et al., Current Therapeutic.., Nov 2022
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Mortality 57%
improvement lower risk ← → higher risk

Progression 39%
Recovery 19%
CT score 73%
Recovery time 66%

Alkalinization  El-Badrawy et al.  LATE TREATMENT

Is late treatment with alkalinization beneficial for COVID-19?
Prospective study of 182 patients in Egypt (April - August 2020)
Improved recovery with alkalinization (p=0.034)

c19early.orgEl-Badrawy et al., Indian J. Respirato.., Jun 2022
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Mortality 79%
improvement lower risk ← → higher risk

Alkalinization  Kalayan et al.  LATE TREATMENT

Is late treatment with alkalinization + sodium ibuprofenate beneficial?
Retrospective 99 patients in Argentina (June - September 2020)
Lower mortality with treatment (p=0.00092)

c19early.orgKalayan et al., European J. Respirator.., Dec 2022
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Karami

RCT 116 healthcare workers comparing 0.2% chlorhexidine mouthwash
(n=36), 7.5% sodium bicarbonate mouthwash (n=40), and placebo (n=40)
twice daily for 2 weeks, with symptoms followed for 4 weeks. There were lower
symtoms and cases in both treatment groups, with statistical significance for
chlorhexidine only. The treatments were stopped after two weeks, results may
be better with continued use, more frequent use, and with the addition of nasal
use.

Lumlertgul

Early terminated RCT 16 critically ill COVID-19 patients showing no significant
difference in AKI development or mortality with alkalinization using intravenous
sodium bicarbonate. The intervention group achieved higher urine pH (75% vs
37.5% reached pH ≥ 7.5), but AKI incidence (37.5% vs 62.5%) and 60-day mor-
tality (12.5% vs 37.5%) were not statistically different. Recruitment stopped
early due to declining COVID-19 ICU admissions, limiting sample size.

Mody

RCT 60 hospitalized patients in India, showing significantly greater clinical im-
provement with inhaled sodium bicarbonate.

Nasal and oral inhalation of nebulized 50ml 8.4% sodium bicarbonate for 5
minutes twice daily for 5 days.

Pantazopoulos

RCT 56 severe COVID-19 patients, showing significantly decreased viral load
with Sinomarin Plus Algae nasal irrigation. Sinomarin Plus Algae is a hypertonic
seawater solution with algal and herbal natural ingredients with a pH of
7.5-8 163.

The treatment group received nasal irrigation every 4 hours, 16 hours per day,
for 2 days. Nasopharyngeal swabs were taken at baseline and 48 hours later to
measure viral load. The treatment group showed a significant increase in cycle
threshold values, indicating decreased viral load, while no difference was seen
in the control group. The treatment was well tolerated with only mild adverse
effects.

Alkalinization is one possible mechanism of action - SARS-CoV-2 requires
acidic pH for infection 1 and the solution has pH 7.5-8. Other possible mecha-
nisms include antiviral activity of ingredients (e.g., fucoidan from Undaria pin-
natifida) and physical removal of viral particles.

Mean total symptoms 45%
improvement lower risk ← → higher risk

Mean week 1 sympto.. 43%
Mean week 2 sympto.. 42%
Mean week 3 sympto.. 79%
Mean week 4 sympto.. 18%
Case 39%

Alkalinization  Karami et al.  PROPHYLAXIS RCT

Is prophylaxis with alkalinization beneficial for COVID-19?
Double-blind RCT 80 patients in Iran (July - October 2022)
Lower progression (p=0.14) and fewer cases (p=0.16), not sig.

c19early.orgKarami et al., Iranian J. Nursing and .., Jan 2024

0 0.5 1 1.5 2+RR

Mortality 67%
improvement lower risk ← → higher risk

AKI 40%

Alkalinization  Lumlertgul et al.  ICU PATIENTS  RCT

Is very late treatment with alkalinization beneficial?
RCT 16 patients in the United Kingdom (July 2021 - January 2022)
Lower mortality with alkalinization (not stat. sig., p=0.57)

c19early.orgLumlertgul et al., Intensive Care Medi.., Mar 2025

0 0.5 1 1.5 2+RR

Improvement 64%
improvement lower risk ← → higher risk

Alkalinization  Mody et al.  LATE TREATMENT RCT

Is late treatment with alkalinization beneficial for COVID-19?
RCT 60 patients in India (July - September 2020)
Greater improvement with alkalinization (p=0.00066)

c19early.orgMody, K., Acta Scientific Orthopaedics, Mar 2021

0 0.5 1 1.5 2+RR

Mortality 67%
improvement lower risk ← → higher risk

ICU admission 67%
Oxygen therapy 80%
Viral clearance 42%

Alkalinization  Pantazopoulos et al.  LATE TREATMENT RCT

Is late treatment with alkalinization beneficial for COVID-19?
RCT 56 patients in Greece (June - December 2022)
Improved viral clearance with alkalinization (p=0.042)

c19early.orgPantazopoulos et al., J. Personalized .., Jul 2023
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Salva

Retrospective 383 hospitalized COVID-19 patients in Argentina showing signif-
cantly lower mortality and shorter hospital stay with nebulized sodium ibupro-
fenate compared to 195 contemporaneous controls.

The treatment appears to be the same as detailed in 161, which reports a pH
of 8.5. Kreutzberger et al. showed that SARS-CoV-2 requires an acidic pH (be-
tween 6.2-6.8) for membrane fusion and cell entry, even when the viral spike
protein is primed by proteases like TMPRSS2. Efficacy seen here may be more
due to alkalinization, which shows more consistent higher efficacy than ibupro-
fen in studies to date.

Baseline SpO2 was significantly different for the patients on mechanical venti-
lation at baseline.

Soares

Analysis of 76 ICU patients in Brazil, 44 treated with bronchoalveolar lavage us-
ing 3% sodium bicarbonate, showing significantly lower mortality with treat-
ment.

Bronchoalveolar lavage with 10ml of sodium bicarbonate solution directly into
the tube (closed circuit), 500μl for each lung segment, followed by aspiration
of the solution, performed every 6 hours for 7 days.

Wang

RCT 55 mild/moderate patients in China, showing shorter hospitalization with
sodium bicarbonate nasal irrigation and oral rinsing. Oral rinse with 5% sodium
bicarbonate solution three times daily. Nasal irrigation two times with the solu-
tion entering through one nostril and exiting from the other. 30-40mL of solu-
tion was used every time and irrigation was performed for at least 30s. Details
of randomization are not provided.

Yilmaz

RCT 60 outpatients with mild COVID-19 showing improved viral clearance with
hypertonic alkaline (pH 9.3) nasal irrigation. All patients received HCQ. The
nasal irrigation group had no hospitalizations, while 3 patients in the control
group required hospitalization, associated with viral load increase at day 3.

Appendix 1. Methods and Data
Search methods

We perform ongoing searches of PubMed, medRxiv, Europe PMC, ClinicalTri-
als.gov, The Cochrane Library, Google Scholar, Research Square, ScienceDi-
rect, Oxford University Press, the reference lists of other studies and meta-
analyses, and submissions to the site c19early.org, which regularly receives
notification of studies upon publication. Search terms are alkalinization and
COVID-19 or SARS-CoV-2. Automated searches are performed twice daily, with
all matches reviewed for inclusion. All studies regarding the use of alkaliniza-
tion for COVID-19 that report a comparison with a control group are included
in the main analysis. Studies with major unexplained data issues, for example
major outcome data that is impossible to be correct with no response from the
authors, are excluded.

Mortality, non-MV 45%
improvement lower risk ← → higher risk

Mortality, MV 76%
Hospitalization time.. 14%
Hospitalization time.. b 18%

Alkalinization  Salva et al.  LATE TREATMENT

Is late treatment with alkalinization + sodium ibuprofenate beneficial?
Retrospective 501 patients in Argentina (April - October 2020)
Lower mortality (p=0.0093) and shorter hospitalization (p<0.0001)

c19early.orgSalva et al., Infectious Diseases and .., Aug 2021

0 0.5 1 1.5 2+RR

Mortality 76%
improvement lower risk ← → higher risk

Alkalinization  Soares et al.  ICU PATIENTS  

Is very late treatment with alkalinization beneficial?
Prospective study of 76 patients in Brazil (December 2020 - May 2021)
Lower mortality with alkalinization (p=0.00013)

c19early.orgSoares et al., Brazilian J. Development, Dec 2021

0 0.5 1 1.5 2+RR

Hospitalization time 39%
improvement lower risk ← → higher risk

Alkalinization  Wang et al.  LATE TREATMENT RCT

Is late treatment with alkalinization beneficial for COVID-19?
RCT 55 patients in China
Shorter hospitalization with alkalinization (p=0.0009)

c19early.orgWang et al., Frontiers in Public Health, Mar 2023

0 0.5 1 1.5 2+RR

Hospitalization 86%
improvement lower risk ← → higher risk

Viral load density, day.. 62%
Viral load density.. b 43%

Alkalinization  Yilmaz et al.  EARLY TREATMENT RCT

Is early treatment with alkalinization beneficial for COVID-19?
RCT 60 patients in Turkey (July - September 2020)
Lower hospitalization with alkalinization (not stat. sig., p=0.24)

c19early.orgYilmaz et al., Laryngoscope Investigat.., Nov 2021
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Effect extraction

We extracted effect sizes and
associated data from all studies.
If studies report multiple kinds
of effects then the most serious
outcome is used in pooled
analysis, while other outcomes
are included in the outcome-
specific analyses. For example,
if effects for mortality and cases
are reported then they are both
used in specific outcome analy-
ses, while mortality is used for
pooled analysis. If symptomatic
results are reported at multiple
times, we use the latest time, for
example if mortality results are provided at 14 days and 28 days, the results at
28 days have preference. Mortality alone is preferred over combined outcomes.
Outcomes with zero events in both arms are not used, the next most serious
outcome with one or more events is used. For example, in low-risk populations
with no mortality, a reduction in mortality with treatment is not possible, how-
ever a reduction in hospitalization, for example, is still valuable. Clinical out-
comes are considered more important than viral outcomes. When basically all
patients recover in both treatment and control groups, preference for viral clear-
ance and recovery is given to results mid-recovery where available. After most
or all patients have recovered there is little or no room for an effective treatment
to do better, however faster recovery is valuable. An IPD meta-analysis confirms
that intermediate viral load reduction is more closely associated with hospital-
ization/death than later viral load reduction 164. If only individual symptom data
is available, the most serious symptom has priority, for example difficulty
breathing or low SpO2 is more important than cough.

Statistical methods

Forest plots are computed using PythonMeta 165 with the DerSimonian and
Laird random-effects model (the fixed effect assumption is not plausible in this
case) and inverse variance weighting. Results are presented with 95% confi-
dence intervals. Heterogeneity among studies was assessed using the I2 sta-
tistic. When results provide an odds ratio, we compute the relative risk when
possible, or convert to a relative risk according to Zhang et al. Reported con-
fidence intervals and p-values are used when available, and adjusted values
are used when provided. If multiple types of adjustments are reported propen-
sity score matching and multivariable regression has preference over propen-
sity score matching or weighting, which has preference over multivariable re-
gression. Adjusted results have preference over unadjusted results for a more
serious outcome when the adjustments significantly alter results. When need-
ed, conversion between reported p-values and confidence intervals followed
Altman, Altman (B), and Fisher's exact test was used to calculate p-values for
event data. If continuity correction for zero values is required, we use the recip-
rocal of the opposite arm with the sum of the correction factors equal to 1 169.
Results are expressed with RR < 1.0 favoring treatment, and using the risk of a
negative outcome when applicable (for example, the risk of death rather than
the risk of survival). If studies only report relative continuous values such as
relative times, the ratio of the time for the treatment group versus the time for
the control group is used. Calculations are done in Python (3.14.7) with scipy
(1.18.1), pythonmeta (1.26), numpy (2.5.2), statsmodels (0.15.0), and plotly
(6.9.0). Mixed-effects meta-regression results are computed with R (4.4.0) us-
ing the metafor (4.6-0) and rms (6.8-0) packages, and using the most serious
sufficiently powered outcome. For all statistical tests, a p-value less than 0.05
was considered statistically significant. Grobid 0.8.2 is used to parse PDF doc-
uments.

When evaluating potential effect modification across groups, we use an inter-
action test as described by Altman (C) et al. We compared the log-transformed
relative risks using a z-test, deriving the standard error of the difference from

the 95% confidence intervals. A two-sided interaction p-value of < 0.05 was
considered a statistically significant difference in treatment effect between the
groups.

Quality evaluation

Cochrane RoB 2/ROBINS-I are often used to evaluate studies, and have the ad-
vantage of providing standardized rules that can be applied with minimal un-
derstanding of the domain and study. However, the rules do not account for
many real-world issues, often overemphasize or underemphasize others, and
studies show low inter-rater reliability 177. Certain domains are more applica-
ble for these tools, however the time-sensitive nature of a pandemic, with sig-
nificant mortality for every day of delay in evidence assessment, and the char-
acteristics of COVID-19 make them inappropriate for this domain. This can
be demonstrated with examples where expert RoB 2/ROBINS-I ratings do not
match reality for COVID-19. Popp et al. use RoB 2 to classify Reis et al. as low
risk of bias, however this is the opposite of reality—the trial not only has very
high risk of bias, but has very high actual known bias, refusing to release da-
ta despite pledging to, reporting multiple impossible numbers, having blinding
and randomization failure, and many other issues 179. Axfors et al. use RoB 2
to classify Horby et al. as low risk of bias, however this is the opposite of real-
ity—the very late treatment and excessive dosage used produces results with
no relevance to recommended usage. HCQ shows poor results with late treat-
ment and excessive dosage, and the combination shows harmC. Hempenius
et al. use ROBINS-I to classify 33 studies for HCQ. The two rated as having the
lowest risk of bias 175,176 are far from the most informative. Both involve very
late treatment, providing no information on recommended usage, and ROBINS-
I does a very poor job of accounting for the impact of confounding factorsD.

Our quality evaluation focuses on known issues and bias, and the potential im-
pact on outcomes, rather than just the risk of bias. The estimated potential im-
pact of each confounding factor, and the direction of the impact is considered.
For example, consider a study that shows significantly lower risk, the value of
the study varies significantly if confounding points to an underestimate or an
overestimate of efficacy. In one case, the real effect may be null, while the oth-
er case provides stronger evidence of efficacy (which may be greater than the
study shows). Analysis focusing on the risk of bias, while simpler, may penal-
ize studies for theoretical or technical issues that have no or minimal impact on
outcomes. Analysis also depends on the outcome, for example certain issues
are less relevant for objective outcomes such as mortality. Inaccurate penaliza-
tion, and inaccurate high-quality evaluation in the face of known major issues
affecting outcomes, increases in significance during a pandemic when imme-
diate recognition of new evidence is critical, and when considering all global
studies, as required during a pandemic. Investigators in other countries may
have different customs for design, analysis, and reporting, and different Eng-
lish language skills, however they may not be less diligent or have greater bias.
Investigators in lower-pharmaceutical-profit countries may have lower bias to-
wards profitable interventions.

Treatment time

We have classified studies as early treatment if most patients are not already
at a severe stage at the time of treatment (for example based on oxygen status
or lung involvement), and treatment started within 5 days of the onset of symp-
toms. If studies contain a mix of early treatment and late treatment patients,
we consider the treatment time of patients contributing most to the events (for
example, consider a study where most patients are treated early but late treat-
ment patients are included, and all mortality events were observed with late
treatment patients). We note that a shorter time may be preferable. Antivirals
are typically only considered effective when used within a shorter timeframe,
for example 0-36 or 0-48 hours for oseltamivir, with longer delays not being ef-
fective 67,68.

Living analysis

This is a living analysis and is updated regularly. We received no funding, this
research is done in our spare time. We have no affiliation with any pharmaceu-

Fig. 33. Mid-recovery results can more accu-
rately reflect efficacy when almost all patients
recover. Mateja et al. confirm that intermedi-
ate viral load results more accurately reflect

hospitalization/death.
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tical companies, supplement companies, governments, political parties, or ad-
vocacy organizations.

A summary of study results is below. Please submit updates and corrections at
https://c19early.org/phmeta.html.

Early treatment

Effect extraction follows pre-specified rules as detailed above and gives priority
to more serious outcomes. For pooled analyses, the first (most serious) out-
come is used, which may differ from the effect a paper focuses on. Other out-
comes are used in outcome specific analyses.

de Gabory, 2/20/2024, Ran-
domized Controlled Trial,
France, peer-reviewed, 4 au-
thors, study period July 2021 -
March 2022, trial
NCT04916639 (history)
(SeaCare).

risk of progression, 74.9% lower, RR 0.25, p <
0.001, treatment 7 of 82 (8.5%), control 31 of
91 (34.1%), NNT 3.9, day 21.

risk of progression, 67.6% lower, RR 0.32, p =
0.003, treatment 7 of 82 (8.5%), control 24 of
91 (26.4%), NNT 5.6, day 14.

risk of progression, 35.3% lower, RR 0.65, p =
0.47, treatment 7 of 82 (8.5%), control 12 of 91
(13.2%), NNT 22, day 7.

recovery time, 24.2% lower, relative time 0.76,
p = 0.02, treatment mean 5.0 (±4.1) n=82, con-
trol mean 6.6 (±4.8) n=91, time to resume daily
activities.

recovery time, 17.0% lower, relative time 0.83,
p < 0.001, treatment 82, control 91, all symp-
toms combined.

recovery time, 25.5% lower, relative time 0.74,
p = 0.03, treatment mean 3.5 (±2.8) n=82, con-
trol mean 4.7 (±4.2) n=91, dyspnea.

recovery time, 29.5% lower, relative time 0.71,
p < 0.001, treatment mean 6.7 (±5.2) n=82,
control mean 9.5 (±5.7) n=91, loss of smell.

recovery time, 25.6% lower, relative time 0.74,
p = 0.005, treatment mean 6.7 (±5.6) n=82,
control mean 9.0 (±5.1) n=91, loss of taste.

recovery time, 13.8% lower, relative time 0.86,
p = 0.22, treatment mean 5.6 (±5.0) n=82, con-
trol mean 6.5 (±4.6) n=91, post-nasal drip.

recovery time, 10.7% lower, relative time 0.89,
p = 0.36, treatment mean 5.0 (±4.7) n=82, con-
trol mean 5.6 (±3.9) n=91, facial pain.

recovery time, 1.8% higher, relative time 1.02, p
= 0.89, treatment mean 5.6 (±5.0) n=82, control
mean 5.5 (±4.6) n=91, sore throat.

recovery time, 25.5% lower, relative time 0.75,
p = 0.04, treatment mean 3.8 (±3.5) n=82, con-
trol mean 5.1 (±4.6) n=91, chest congestion.

recovery time, 3.3% lower, relative time 0.97, p
= 0.78, treatment mean 5.8 (±5.0) n=82, control
mean 6.0 (±4.5) n=91, headache.

recovery time, 14.0% lower, relative time 0.86,
p = 0.20, treatment mean 4.9 (±3.8) n=82, con-
trol mean 5.7 (±4.4) n=91, loss of appetite.

risk of no viral clearance, 36.6% lower, RR 0.63,
p = 0.54, treatment 4 of 82 (4.9%), control 7 of
91 (7.7%), NNT 36, day 21.

Yilmaz, 11/19/2021, Single
Blind Randomized Controlled
Trial, Turkey, peer-reviewed, 8
authors, study period July
2020 - September 2020.

risk of hospitalization, 85.7% lower, RR 0.14, p
= 0.24, treatment 0 of 30 (0.0%), control 3 of
30 (10.0%), NNT 10.0, relative risk is not 0 be-
cause of continuity correction due to zero
events (with reciprocal of the contrasting arm).

relative viral load density, 62.0% better, RR
0.38, p = 0.87, treatment median 15.0 IQR 43.0
n=30, control median 39.51 IQR 1085.1 n=30,
day 7.

relative viral load density, 42.9% better, RR
0.57, p = 0.95, treatment median 1747 IQR
5863.5 n=30, control median 3058 IQR
145568.9 n=30, day 3.

Late treatment

Effect extraction follows pre-specified rules as detailed above and gives priority
to more serious outcomes. For pooled analyses, the first (most serious) out-
come is used, which may differ from the effect a paper focuses on. Other out-
comes are used in outcome specific analyses.

Calonico, 5/31/2022, retro-
spective, Argentina, peer-re-
viewed, 3 authors, study peri-
od March 2020 - September
2021, this trial uses multiple
treatments in the treatment
arm (combined with sodium
ibuprofenate) - results of indi-
vidual treatments may vary.

risk of death, 48.7% lower, RR 0.51, p = 0.01,
treatment 1,019, control 3,303.

Delić, 5/28/2022, Randomized
Controlled Trial, Croatia, peer-
reviewed, 12 authors, study
period October 2020 - June
2021, trial NCT04755972 (his-
tory).

risk of death, 23.0% lower, RR 0.77, p = 0.13,
treatment 23 of 42 (54.8%), control 37 of 52
(71.2%), NNT 6.1, ICU mortality.

risk of death, 20.1% lower, RR 0.80, p = 0.30,
treatment 20 of 42 (47.6%), control 31 of 52
(59.6%), NNT 8.3, 28 day mortality.

El-Badrawy, 11/18/2022, Dou-
ble Blind Randomized Con-
trolled Trial, placebo-con-
trolled, Egypt, peer-reviewed,
8 authors, study period 2 Sep-
tember, 2021 - 30 April, 2022,
trial NCT05035524 (history)
(SODIC).

risk of death, 23.2% lower, RR 0.77, p = 0.26,
treatment 32 of 272 (11.8%), control 42 of 274
(15.3%), NNT 28, all cases.

risk of death, 54.8% lower, RR 0.45, p = 0.02,
treatment 12 of 247 (4.9%), control 27 of 251
(10.8%), NNT 17, mild/moderate/severe cases.

risk of death, 79.2% lower, RR 0.21, p = 0.21,
treatment 1 of 125 (0.8%), control 5 of 130
(3.8%), NNT 33, moderate cases.

risk of death, 53.2% lower, RR 0.47, p = 0.02,
treatment 11 of 63 (17.5%), control 22 of 59
(37.3%), NNT 5.0, severe cases.

risk of death, 22.7% higher, RR 1.23, p = 0.33,
treatment 20 of 25 (80.0%), control 15 of 23
(65.2%), critical cases.

recovery time, 27.6% lower, relative time 0.72,
p < 0.001, treatment mean 4.2 (±2.5) n=272,
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control mean 5.8 (±3.1) n=274, time to clinical
improvement.

CT score, 33.3% lower, RR 0.67, p = 0.001,
treatment 238, control 229, CT score, day 30.

El-Badrawy (B), 6/12/2022,
prospective, Egypt, peer-re-
viewed, 7 authors, study peri-
od 15 April, 2020 - 31 August,
2020, trial NCT04374591 (his-
tory).

risk of death, 56.7% lower, RR 0.43, p = 0.37,
treatment 3 of 127 (2.4%), control 3 of 55
(5.5%), NNT 32.

risk of progression, 39.4% lower, RR 0.61, p =
0.52, treatment 7 of 127 (5.5%), control 5 of 55
(9.1%), NNT 28, deterioration or death, day 30.

risk of no recovery, 19.2% lower, RR 0.81, p =
0.03, treatment 84 of 127 (66.1%), control 45
of 55 (81.8%), NNT 6.4, day 30.

relative CT score, 72.7% better, RR 0.27, p <
0.001, treatment 127, control 55, day 30.

recovery time, 66.2% lower, relative time 0.34,
p < 0.001, treatment mean 3.31 (±0.99) n=127,
control mean 9.79 (±6.29) n=55, time to clinical
improvement.

Kalayan, 12/31/2022, retro-
spective, Argentina, peer-re-
viewed, 10 authors, study pe-
riod June 2020 - September
2020, this trial uses multiple
treatments in the treatment
arm (combined with sodium
ibuprofenate) - results of indi-
vidual treatments may vary.

risk of death, 79.1% lower, RR 0.21, p < 0.001,
treatment 3 of 37 (8.1%), control 24 of 62
(38.7%), NNT 3.3.

Lumlertgul, 3/7/2025, Ran-
domized Controlled Trial, Unit-
ed Kingdom, peer-reviewed,
median age 48.0, 6 authors,
study period July 2021 - Janu-
ary 2022, trial NCT04655716
(history).

risk of death, 66.7% lower, RR 0.33, p = 0.57,
treatment 1 of 8 (12.5%), control 3 of 8
(37.5%), NNT 4.0, day 60.

AKI, 40.0% lower, RR 0.60, p = 0.62, treatment
3 of 8 (37.5%), control 5 of 8 (62.5%), NNT 4.0.

Mody, 3/19/2021, Random-
ized Controlled Trial, India,
peer-reviewed, 1 author, study
period July 2020 - September
2020, trial CTRI/2020/07/
026535.

risk of no improvement, 63.6% lower, RR 0.36,
p < 0.001, treatment 8 of 30 (26.7%), control
22 of 30 (73.3%), NNT 2.1.

Pantazopoulos, 7/3/2023, Sin-
gle Blind Randomized Con-
trolled Trial, Greece, peer-re-
viewed, mean age 63.6, 7 au-
thors, study period June 2022
- December 2022, average
treatment delay 9.5 days, trial
NCT05729204 (history).

risk of death, 66.7% lower, RR 0.33, p = 1.00,
treatment 0 of 28 (0.0%), control 1 of 28
(3.6%), NNT 28, relative risk is not 0 because of
continuity correction due to zero events (with
reciprocal of the contrasting arm).

risk of ICU admission, 66.7% lower, RR 0.33, p
= 1.00, treatment 0 of 28 (0.0%), control 1 of 28
(3.6%), NNT 28, relative risk is not 0 because of
continuity correction due to zero events (with
reciprocal of the contrasting arm).

risk of oxygen therapy, 80.0% lower, RR 0.20, p
= 0.49, treatment 0 of 28 (0.0%), control 2 of 28
(7.1%), NNT 14, relative risk is not 0 because of
continuity correction due to zero events (with
reciprocal of the contrasting arm), high flow
nasal cannula or non-invasive ventilation.

risk of no viral clearance, 42.1% lower, RR 0.58,
p = 0.04, treatment 11 of 28 (39.3%), control
19 of 28 (67.9%), NNT 3.5.

Salva, 8/30/2021, retrospec-
tive, Argentina, peer-reviewed,
26 authors, study period 4
April, 2020 - 31 October,
2020, this trial uses multiple
treatments in the treatment
arm (combined with sodium
ibuprofenate) - results of indi-
vidual treatments may vary,
trial NCT04382768 (history).

risk of death, 45.2% lower, RR 0.55, p = 0.009,
treatment 35 of 327 (10.7%), control 34 of 174
(19.5%), NNT 11, patients not on mechanical
ventilation at baseline.

risk of death, 75.7% lower, RR 0.24, p < 0.001,
treatment 11 of 56 (19.6%), control 17 of 21
(81.0%), NNT 1.6, patients on mechanical ven-
tilation at baseline.

hospitalization time, 13.5% lower, relative time
0.86, p < 0.001, treatment mean 11.5 (±0.3)
n=327, control mean 13.3 (±0.9) n=174, pa-
tients not on mechanical ventilation at baseline.

hospitalization time, 17.8% lower, relative time
0.82, p < 0.001, treatment mean 14.8 (±1.4)
n=56, control mean 18.0 (±5.6) n=21, patients
on mechanical ventilation at baseline.

Soares, 12/29/2021, prospec-
tive, Brazil, peer-reviewed, 17
authors, study period Decem-
ber 2020 - May 2021.

risk of death, 75.8% lower, RR 0.24, p < 0.001,
treatment 6 of 44 (13.6%), control 18 of 32
(56.2%), NNT 2.3.

Wang (B), 3/15/2023, Ran-
domized Controlled Trial, Chi-
na, peer-reviewed, 13 authors.

hospitalization time, 38.5% lower, relative time
0.61, p < 0.001, treatment mean 7.7 (±4.15)
n=23, control mean 12.53 (±5.56) n=32.

Prophylaxis

Effect extraction follows pre-specified rules as detailed above and gives priority
to more serious outcomes. For pooled analyses, the first (most serious) out-
come is used, which may differ from the effect a paper focuses on. Other out-
comes are used in outcome specific analyses.

Karami, 1/9/2024, Double
Blind Randomized Controlled
Trial, Iran, peer-reviewed, 4
authors, study period July
2022 - October 2022, trial
IRCT20220328054364N1.

relative mean total symptoms, 45.5% better,
RR 0.55, p = 0.14, treatment mean 2.52 (±4.99)
n=40, control mean 4.62 (±7.37) n=40.

relative mean week 1 symptoms, 42.6% better,
RR 0.57, p = 0.39, treatment mean 0.7 (±1.84)
n=36, control mean 1.22 (±3.14) n=40.

relative mean week 2 symptoms, 42.0% better,
RR 0.58, p = 0.27, treatment mean 0.87 (±2.26)
n=36, control mean 1.5 (±2.63) n=40.

relative mean week 3 symptoms, 79.4% better,
RR 0.21, p = 0.045, treatment mean 0.2 (±0.72)
n=36, control mean 0.97 (±2.16) n=40.

relative mean week 4 symptoms, 18.5% better,
RR 0.82, p = 0.77, treatment mean 0.75 (±2.43)
n=36, control mean 0.92 (±2.58) n=40.

risk of case, 38.9% lower, RR 0.61, p = 0.16,
treatment 11 of 40 (27.5%), control 18 of 40
(45.0%), NNT 5.7.
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Footnotes
a. Viral infection and replication involves attachment, entry, uncoating and release,

genome replication and transcription, translation and protein processing, assem-
bly and budding, and release. Each step can be disrupted by therapeutics.

b. Smoking was known to cause lung cancer since at least 1939, but this was not
widely recognized in the US until 1964, 25 years later. Surgeon general Leroy Bur-
ney tried publicizing the danger starting in 1957, with limited success. Surgeon
general Luther Terry, appointed in 1961, prompted by President Kennedy in 1962
amid pressure from health advocates, finally got recognition in 1964. The 1964 re-
port reviewed 7,000+ studies, but these could (and should) have been reviewed
and acted upon in real-time as they were published. Historians attribute the 25
year delay to an industry campaign to manufacture doubt and controversy, through
tactics like funding biased and fraudulent research from "independent" organiza-
tions, attacking scientists, and political lobbying. The success of the industry cam-
paign is only possible because officials did not analyze the research in detail.
Fraudulent industry research supported prior failures, but would have been called
out as fraudulent by officials that analyzed and understood the research in real-
time.

c. When administered late in infection, HCQ may enhance viral egress by further in-
creasing lysosomal pH beyond the effect of ORF3a's water channel activity, thereby
promoting lysosomal exocytosis, inactivating degradative enzymes, and facilitat-
ing the release of SARS-CoV-2 particles into the extracellular environment 171,172.
Research also suggests potential cardioprotective effects at lower doses, but car-
diotoxicity with excessive dosage 173. Bobrowski et al. also indicate negative ef-
fects if HCQ and remdesivir are combined.

d. Peters (B) et al. is subject to confounding by calendar-time (SOC evolved rapidly
early in the pandemic, the linear covariate does not reflect non-linear SOC changes
and hospital specific effects), hospital type (non-treatment hospitals were tertiary
university centers), confounding by indication (4/7 hospitals initiated treatment on
deterioration), immortal-time bias for as-treated (exposure assigned after base-
line), significant differences for other experimental treatments, potential overad-
justment from collider bias (steroid use and indication bias), limited baseline
severity information, differences in hospice referral propensity across hospitals,
unadjusted difference in time from onset to admission, difference in PCR positivity,
and other factors. Mahévas et al. is subject to confounding by hospital (treatment
highly dependent on the hospital, different SOC/ICU transfer practices, not includ-
ed in PS), immortal time (only partly addressed in sensitivity analysis), co-treat-
ment differences, calendar-time (SOC evolved rapidly early in the pandemic), bi-
nary coding for age (age ≥65 despite steep age-risk gradient), residual imbalance
(variables dropped from PS), a composite outcome dependent on hospital triage/
capacity, and other factors.

e. Monoclonal antibodies were previously included. Other treatments such as dexam-
ethasone, tocilizumab, and baricitinib were recommended for late stage hospital-
ized patients.
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