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ABSTRACT

Background: Novel medications for treating any SARS-CoV-2 variant and similar pandemic viruses are sought.
Growing evidence connects coronavirus’ binding, fusion, and replication, as well as evolved acute pulmonary
infections, with locally induced acidity. Stabilized Amorphous Calcium Carbonate (ACC) has demonstrated
preclinical and clinical efficacies for treating biomedical conditions associated with pH modulation effects by
delivering alkaline carbonate content to acidified environments.

Objectives: The study aimed to establish the safety, tolerability, and efficacy of ACC, named AMOR-18
(manufactured by Amorphical LTD), for treating hospitalized patients with moderate-to-severe SARS-CoV-2,
administered as a combination of sublingual powder and inhaled suspensions alongside the Best Available

Treatment (BAT).

Methods: A Phase 1/2 trial-a phase 1 (open label single arm study) expanded into a phase 2, multicenter,
prospective, 1:1 randomized, double-blind, placebo-controlled, concomitantly with Best Available Treatment
(BAT) was performed on hospitalized, moderate-to-severe COVID-19 patients. Patients in the active arm
received four daily sublingually administered doses of 1,475 mg ACC powder and three inhaled doses of
370 mg ACC in 10 ml suspensions (total daily doses of 5.900 mg in the form of powder and 1,110 mg
as a suspension of ACC). The intended primary efficacy outcomes were patient improvement rate, defined
as a reduction of at least one point in an established eight-category Disease Ordinal Scale (DOS), used in
COVID-19 clinical trials; statistically significant reducing time from treatment to discharge; and statistically
significant prevention of patient transfer to the Intensive Care Unit (ICU) and death.

Results: After a successful safety study with six patients in Stage 1, the double-blind study was performed on
sixty patients that were equally randomized (30/30) to the active and placebo arms with similar DOS severity.
The most significant outcome was the prevention of ICU transfer and death (0%) in the active arm compared
to seven ICU transfers and three deaths in the placebo arm (23%; Fisher’s P=0.011). The patient improvement
rate was significantly higher in the ACC (93%; 90% CI=82%-98%) compared to the placebo arm (73%; 90%
CI=59%-84%) in the intention-to-treat sets. All patients in the active arm were discharged within 10 days from
treatment initiation, and only one related adverse effect (constipation) was reported. There were no significant
differences in responses by age, gender, comorbidities, and vaccination status.

Conclusion: This early clinical study demonstrates a clinically meaningful effect in treating moderate-to-
severe COVID-19 patients with a combination of sublingually and inhaled doses of ACC, primarily preventing
disease deterioration and death, as well as enhancing improvement and recovery rates.
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INTRODUCTION

Messenger-RNA (mRNA) vaccines against Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2), the causative agent of the
Coronavirus Disease 2019 (COVID-19), have demonstrated great
success in preventing severe disease and death. However, growing
evidence suggests that SARS-CoV-2 variants can escape or disrupt
the immune response induced by existing vaccines [1-4]. The
currently available vaccines are less effective against new variants of
the disease and, perhaps, future viral pandemics of new strains of
coronaviruses associated with acidotic progression. Therefore, new
effective and innovative antiviral and anti-inflammatory therapies
are still warranted. Additional treatment approaches are under
development or already approved and continuously monitored
by the WHO [5]. There is an urgent need to develop safe drugs
that are effective in treating all the stages of the disease and new
emerging coronavirus stains.

A growing number of fundamental studies report that local
extracellular low pH is often associated with severe forms of
COVID-19 and high lactate levels, indicating a progressive hypoxia
stage [6-10]. Dysregulations or impairments of the innate and
adaptive immune systems may participate in tissue damage and
exacerbate disease severity at lower pH levels [11,12].

Both hypoxia and inflammation contribute to excessive local
acidification in COVID-19 and wice wersa [13]. In addition,
preexisting or progressive local acidity was reported to accelerate
viral activities at early infection stages of various SARS-CoVs,
including increased expression of the Angiotensin-Converting
Enzyme-2 (ACE-2) receptors, better binding and fusion of the
virus into cells, and accelerated replication [13]. Recent studies
suggest that the conformation of the SARS-CoV-2 S-protein can be
sensitive to changes in pH [14]. Thus, treatments that locally target
and modulate low pH may become efficient approaches for a range
of disease severity from mild to critical.

Before the COVID-19 pandemic, Amorphous Calcium
Carbonate (ACC) had been studied in other early-stage clinical
trials and consistently proved to be safe and potentially effective
in treating various diseases, including calcium deficiencies
(hypoparathyroidism) and late-stage cancers (A Study Comparing
Amorphous Calcium Carbonate (ACC) versus Crystalline Calcium
(CCS) in Hypoparathyroidism Patients (AMCS009) [15,16]. ACC
has demonstrated double absorption of calcium and much higher
solubility in the body’s pH range compared to Crystalline Calcium
Carbonate (CCC) forms [17]. Due to its alkaline carbonate content,
ACC is postulated to modulate acidic pH around cells and organs
that results from inflammation and numerous diseases and body
stressors [18]. The primary particles of ACC are nanometric,
unlike CCC. These nanometric particles can penetrate through
mucous membranes into circulation without the need to dissolve
the calcium carbonate molecular structure and decompose their
alkaline carbonate load into carbon dioxide, which usually occurs
in the stomach during oral consumption of calcium supplements
and antacid relief products. The released carbonate ions from
the ACC at pH ranges slightly below the normal (7.35 to 7.45)
immediately eliminate acidic protons (H") and convert them
to bicarbonate ions. Bicarbonate ions are the main natural pH
regulators and critical electrolyte balancing agents in the body and
continue the pH modulation process.
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MATERIALS AND METHODS

Objectives, patients, and study management

This study aimed to assess the safety, tolerability, and efficacy
of Amorphous Calcium Carbonate (ACC, named AMOR-18,
manufactured by Amorphical LTD, Nes Ziona, Israel), administered
as a combination of sublingual powder and suspension inhalation
alongside the Best Available Treatment (BAT), for the treatment
of moderate-to-severe COVID-19 in hospitalized patients. A single
primary endpoint was set and defined as the improvements in the
severity of disease signs and symptoms, assessed by an eight-category
Disease Ordinal Scale (DOS), adapted from previous COVID-19
studies. A secondary efficacy outcome was the prevention of critical
deterioration, assessed by the transferring of patients to Intensive
Care Units (ICU) with or without invasive mechanical ventilation
or Extracorporeal Membrane Oxygenation (ECMO).

Due to high concerns for the safety of medical staff by the spread
of virus-contaminated aerosol, the inhalation procedure was
carefully managed by using a designated disposable inhalation
device connected to the hospital’s air or oxygen supply. The device
delivers the drug aerosols in a closed and filtered system with no
aerosol escape to the environment (FDA approved, Circulaire® II,
manufactured by Westmed Inc, Tucson, Arizona, USA). In other
inhalation practices, any efficient suspension inhaler, including
ones designated for home use, would be appropriate.

A preliminary training phase was performed as a single open-label
clinical study, assessing the tolerability and safety of ACC and the
method of product administration. Six patients were recruited in
three research hospitals in Israel. All six patients recovered and
were released from the hospitals within a few days without any
drugrelated adverse events.

Following data assessment and recommendation by an independent
Data Safety Monitoring Board (DSMB) to continue the study,
a Phase 2 trial was established as a prospective, multicenter,
randomized, double-blind, placebo-controlled trial. The enrollment
target for the initial Phase 2 assessment was 100 subjects with
randomization of 1:1. The active arm received sublingual and
inhaled ACC alongside the BAT, while the control arm received
a placebo and the BAT. The phase 2 trial was performed in three
university hospitals in Israel (Ziv, Shamir, and Kaplan), following
approvals by the ethics committees at each site. Each hospital
independently entered the study after completing its board review,
staff assignments, and training. It should be noted that due to
the various modes of operations of the different centers during
the pandemic, participating staff and medical supervisors of the
designated COVID-19 departments were frequently rotated for
spreading the heavy burden of treating the isolated patients. All
eligible patients were required to sign enrollment consent before
entering the study.

Study design, procedure, efficacy, and safety endpoints

Table 1 summarizes the study design, inclusion and exclusion
criteria, daily dosage, drug modes and frequency of administration,
efficacy endpoints, and methods of patient progress assessment.
The primary endpoint was the improvement rate, defined as at
least a one-point improvement in the DOS score [19]. Subjects
transferred to the ICU or who died was considered to have scores
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of 7 and 8, respectively. Meanwhile, those discharged from the
hospital scored 1 or 2. The secondary efficacy endpoints were the
duration of treatment until discharge, transfer to ICU, or death.

Table 1: The study design parameters. The table includes efficacy outcome
measures and their methods of evaluation, overall participation in each
center, the mode of administration, and daily dosage and their mode of
preparation.

Opverall study design

Prospective, multicenter, 1:1 randomized, double-blind, placebo-
controlled trial of 100 subjects, hospitalized with moderate-to-severe
conditions. Patients were randomized to active + Best Available
Treatment (BAT) or placebo + BAT.

Patient enrollment distribution: 61.7% (37/60) at Ziv, 31.7% (19/60)
at Shamir Medical Center, and 7.7% (4/60) at Kaplan.

Inclusion criteria Exclusion criteria

Males and females of age between
18 to 80 years diagnosed with
SARS-CoV-2 and hospitalized.

Pregnant or breastfeeding females.

Patients with non-SARS-CoV-2
Having imaging evidence for lung  related pneumonia or pulmonary
involvement. disease, tracheostomy, or

mechanical ventilation.

Hypercalcemia (>11.0 mg/dL).
With or without supplemental
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Not hospitalized, with limited
activities, home oxygen
requirement, or both.

Hospitalized, not requiring
supplemental oxygen, and no
longer requiring ongoing medical
care (used if hospitalization was
extended for infection-control or
other nonmedical reasons).

Hospitalized, not requiring
supplemental oxygen but
requiring ongoing medical care
(related to SARS-CoV-2 or other

medical conditions).

Hospitalized, requiring any
supplemental oxygen.

Hospitalized, requiring
noninvasive ventilation or use of
high-flow oxygen devices.

Hospitalized, receiving invasive
mechanical ventilation or
extracorporeal membrane

oxygenation.

Death.

oxygen at enrollment. A screening
Ordinal Disease Severity Score

(DOS) of 3 to 6.

Hyperphosphatemia (>4.5 mg/
dpn).

Participation in another study.

ACC administration procedure

Three inhaled suspensions and four doses of sublingual AMOR-18
powder formulation per day (two hermetically sealed packets each
time).

Total daily sublingual dosage: 5900 mg of powder (2000 mg Ca: 2400

mg carbonate.

The inhaled active suspension was prepared before each
administration, using a double-pack kit, instantaneously forming 10
ml of ACC suspension; 45 mg Ca and 69 mg carbonate per inhalation
(135 and 207 mg, respectively daily dose).

Secondary end points Assessment methods

Percentage of patients with scores
<3 on the eight-category ordinal
severity scale.

Duration of hospital stay.

Duration of Intensive Care Unit

(ICU) stay.

Daily probability of staying at the
hospital.

Duration of mechanical
ventilation use (if needed).

Percentage of patients transferred

to the ICU.

Duration of oxygen

) Percentage of patients who died.
supplementation.

Duration of no oxygen use.

Safety end points Assessment methods

The placebo sublingual powder: mainly microcrystalline
methylcellulose powder at the same particle size range, weight, color,
and flavor as the investigational product.

The inhaled placebo: two tubes of saline (same volume as the active
suspension).

Efficacy endpoints Methods of assessment

Primary end points Eight-category ordinal scale

Change in severity rating of
disease using an eight-category (Adopted from a the Remdesivir
study registration; ClinicalTrials.

gov Identifier: NCT04280705;
Feb 21, 2020)

ordinal scale measured on days
7, 14, and 21. Changes were

measured as improvements >1

point from the baseline score.

Recovery rate: Defined as scores
<3 using the eight-category
ordinal scale.

Not hospitalized and no
limitations of activities.
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Count and percentage of patients
with hypercalcemia per ACC dose
and percentage of patients with
hypercalciuria (Urine and blood
samples collected on days 4, 7, 14,
and 21).

Frequency and severity of adverse
events related to the study drug.

ACC=Amorphous Calcium Carbonate; SARS-CoV-2=Severe Acute

Respiratory Syndrome Coronavirus Virus

The inclusion criteria were participants between 18 years to 80 years
old, diagnosed with SARS-CoV-2 and hospitalized with imaging
evidence for lung involvement, with or without supplemental
oxygen at enrollment (Table 1). All participants had a screening
DOS score of 4 to 6, which required their hospitalization, associated
with at least 1 BAT in most cases. Exclusion criteria were pregnant
or breastfeeding women, patients with non-SARS-CoV-2-related
pneumonia or pulmonary disease, tracheostomy or mechanical
ventilation, hypercalcemia (>11.0 mg/dL), hyperphosphatemia
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(>4.5 mg/dL), or patients participating in another study.

Each patient was treated according to their clinical condition
and at the discretion of the attending physician with various
available BATs at the time of admission, including remdesivir,
dexamethasone, flixotide (fluticasone propionate) and aerovent.
The designed study period per patient was set to a maximum of
22 days, or until the patient was discharged from the hospital,
transferred to ICU, or died. Nevertheless, none of the participants
remained in the study for more than 12 days.

Table 1 also includes the overall participation in each hospital,
reflecting the time at which each center joined the study and
passed the introduction and training period of the medical staff. In
addition, the table describes the treatment procedure and dosage
per patient receiving either the active or the placebo arm.

Procedures

The full description of study medical treatment and procedures are
provided in the protocol section of the Supplementary document.
The ACC administration consisted of three inhaled suspensions
and four doses of sublingual powder formulation per day (two
hermetically sealed packets each time; total of eight packets per
day). The total daily sublingual dosage of the active substance was
5900 mg of powder weight containing 2000 mg calcium and 2400
mg carbonate. The inhaled active suspension was freshly prepared
by rapidly transferring one solution from a small vial into a larger
vial of a second solution, sealing the larger vial and shaking it
vigorously, instantaneously forming a 10 ml of ACC suspension
consisting of 45 mg calcium and 69 mg carbonate (135 mg and
207 mg, total daily doses respectively). The prepared solution was
administered using a double-pack kit.

The placebo sublingual powder formulation consisted of mainly
microcrystalline methylcellulose powder at the same particle size
range, weight, color, and flavor as the investigational product
powder. The placebo inhalation kit contained two tubes of saline of
the same volumes as the inhaled investigational product. A special
standardized inhaler was used, suitable for safe hospital use during
the pandemic with no risk of spreading contaminated aerosol. The
information about the inhaler is found in the protocol provided in
supplementary of this article.

Data collection

The study data was collected using CASTOR's Electronic Data
Capture (EDC) by the different participating sites, based on
electronic Case Report Forms (CRFs), generated by an external
qualified Data Management subcontractor. The individual data
of each participating patient was collected by the participating
investigators according to the protocol study design and table of
activities. The data was documented either in the site’s electronic
file of the patient (Source document) by the medical provider, or
directly into the eCRF as outlined by the protocol. Clinical data
from the patient/participant file/source was transferred by the
study coordinator into the participant eCRF.

The data were solely and objectively produced by the independent
hospital investigators, reflecting the patients’ status during the
course of the study. The sponsor or his CRO designer reviewed
or monitored the data only for their completeness and consistency
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and issued a query for the investigators when incomplete data was
recognized by the system.

Statistical analysis

Statistical analyses were independently performed by Biostats,
Statistical Consulting LTD, using SAS® v9.4 (SAS Institute,
Cary, NC, USA). Baseline demographics, other characteristics,
and safety analyses were performed on all randomized subjects.
The required significance level of findings was selected at 10% as
this is an underpowered Phases 1 and 2 studies consisting of a
small number of participants. All statistical tests were two-tailed,
with corresponding 90% confidence intervals. Demographics and
baseline data were compared between the study arms with ttest
(continuous variables) or Fisher’s exact test (categorical variables).
The proportions of subjects achieving an improvement of at least
one point on the DOS at the discharge/end of study visit are
presented along with two-sided 90% Wailson’ score Confidence
Interval (CI) and compared between the treatment arms with a
Fisher’s exact test. Subgroups were analyzed by age group, sex and
vaccination status is presented. The Mantel-Haenszel test was used
to compare the study arms, adjusted for the subgroup parameter
(either age group, sex, or vaccination status). The Breslow-Day test
was used to test the homogeneity of the treatment effect across the
subgroups.

Recovery rates are presented along with two-sided 90% Wilson’
scores Confidence Interval (CI) and compared between the
treatment arms with a Fisher’s exact test. Death and/or transfer to
ICU rates are presented along with two-sided 90% Wilson’ score
Confidence Interval (CI) and compared between the treatment
arms with a Fisher’s exact test. Subgroup analyses of the death/ICU
rates by age group, sex and vaccination status are presented. The
Mantel-Haenszel test was used to compare the study arms, adjusted
for the subgroup parameter (either age group, sex, or vaccination
status); and logistic regression (instead the Breslow-Day test, since
it was not appropriate due to the sparsity of the data).

The Supplementary for this article includes additional details
regarding the statistical analysis procedures and tables.

RESULTS
Patients

The study began in January 2021, was locked in March 2022, and
was performed throughout two major pandemic waves (Delta and
Omicron) in Israel. The vast majority of the study subjects (except
3 patients) have participated during the Delta waive. All the three
assumed Omicron patients recovered well and none of them was
admitted to ICU. The enrolment, randomization, demographics,
and vaccine status of the study participants are illustrated in Figure
1. Sixty eligible patients were enrolled at three medical centers, and
30 were randomized to each ACC and placebo arm. Only minor
protocol deviations were observed. Therefore, all the reported
results are based on the IntentTo-Treat (ITT) analysis.

Table 2 shows the baseline characteristics of patients in both arms.
The mean age of all participants was 53.9 years, and 68.3% were
males. Almost 70% of the subjects were not vaccinated, and only

about 20% had received two or three doses of a SARS-CoV-2

vaccine.
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Total Enrollment

I

[ 1-Arm Safety Enroliment ]

2 stages (n=66)

A4

[ Double-Blind Study Enroliment ]

Intervention (n=6)
- All recovered with no side effects

Study Continue GO decision

Randomized (n=60)

A 4

[ Allocation

]

Allocated to intervention (n=30)
- Received allocated intervention (n=30)

A

Allocated to placebo (n=30)
- Received allocated Placebo (n=30)

[ Analysis

]

Analysed ITT (n=30)
- mITT analysis (n=28)

Analysed ITT (n=30)
- mITT analysis (n=25)

- Excluded from mITT analysis (n=2) (due
to minor inclusions violation criteria)

- Reported analysis—ITT (since violations
are unrelated to treatment efficacy)

- Excluded from mITT analysis (n=5) (due
to minor exclusion criteria)
- Reported analysis—ITT (since violations
are unrelated to treatment efficacy)

Figure 1: Flow chart of study participation randomization and demographics.

Table 2: Accumulated patient characteristics during the initial screening stage.

Characteristic Active Placebo
Accountability N % N % Total
ITT analysis set 30 100.00% 30 100.00% 60
Gender N % N % Pvalue’
Female 14 46.67% 5 16.67% 0.025
Male 16 53.33% 25 83.33%
Ethnicity N % N % P-value
Not hispanic/Latino® 29 69.67% 25 83.33% 019
Unknown 1 3.33% 5 16.67%
N Mean SD Min  Med Max N Mean  SD Min Med Max P-value”
Age (years)
30 49.9 8.9 28.7 483 649 30 58 11.8 28.2 58.5 80.6 0.0037
Vaccination status N % N % Pvalue’
Not vaccinated/ 22 73.33% 21 70.00%
unknown 1.00
Vaccinated 8 26.67% 9 30.00%
Severity at screening N % % Pvalue’
Moderate 9 30.00% 8 26.67%
Severe 15 50.00% 16 53.33% 1.00
Unknown 6 20.00% 6 20.00%

Note: [TT=Intention-to-treat

Al subjects were from Europe, Middle East, North Africa, and Ethiopia

“Fisher’s exact test
“T-test

J Clin Trials, Vol.13 Iss. 5 No: 1000538
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A significantly higher proportion of females were randomized to
the ACC arm compared to the placebo arm (47% wersus 17%,
p=0.025). Similarly, the mean age of the active arm was significantly
lower than in the placebo arm (49.9 wversus 58.0, p=0.0037). These
two important parameters led to an additional statistical covariance
analysis, which validated that these differences did not affect the
outcome results. This imbalance between the two arms occurred
by chance (the randomization was stratified by site, but not by sex
or age group) with no statistical explanation, except the fact that
the overall number of participants was relatively low. This was an
exploratory and underpowered study. The protocol called for 100
patients, which is still a low number of subjects, but the various
medical centers have been able to recruit only 60 patients due to
the high constraints during the peaks of the pandemic waves. The
low recruiting rates are reflected in the discussion section.

There were no significant differences between the two treatment
arms regarding disease severity, vitals and symptoms at screening,
vaccination status, and BAT administration (Table 3).

Primary outcome

Thestudyconsisted of one Primary Endpoint (PEP) the improvement
rate, defined as at least a one-point improvement in the DOS score.
Although the PEP was evaluated several times during the course of
the study, only the last measurement was counted for the statistical
evaluation (a) prior to release from the hospital (i.e., the recovery
point) or (b) transfer to ICU. Yet, measuring the scoring during
the hospitalization was very important for the practical evaluation
of the patients from a medical standpoint as well as giving a better
insight to the trends of the improvement rates between the two arms.

OPEN aACCESS Freely available online

Table 4 comprehensively summarizes the DOS ranking and the
overall improvement and recovery rate analyses. At screening,
all subjects had a DOS score between 4 and 6, with 77% of the
participants having scores of 5-6. The scoring for each of the
treatment groups was comparable, and there was no statistically
significant difference between the two study arms (P=0.67). The
average DOS score at screening was almost identical for the active
(4.7) and placebo arms (4.8). This is a partial indication for the
non-influential effects of the sex and age imbalanced numbers of
participants between the arms.

The Figures 2A and 2B illustrates the daily improvements in mean
DOS for the two arms. For clarity, the DOS scores were slightly
grouped into 5 scoring categories: 1-2 (mild), 3-4 (moderate), 5-6
(severe), 7 (critical, ICU), and 8 (death). Figure 3 emphasizes the
improvement rates by comparing the DOS scores of admitted
and isolated COVID-19 patients, with (a) patients recovering or
(b) deteriorating into critical states. The improvement rate was
statistically significantly higher in subjects randomized to the ACC
arm compared to the placebo arm (Fisher’s P=0.080).

The average improvement rates from the screening at selected
intervals (Days 7 and 14), and discharge days are displayed in
Table 4. Subjects transferred to the ICU during the study were
considered as treatment failures. Both arm groups continue to
show improvements in DOS scores. However, the curves for the
two arms diverge from Day 7 onwards with a clear advantage for
the active treatment. After day 10, the improvement delta between
the arms became higher than 1.0 on Day 10 (active arm=1.8 ws.
placebo=2.8) and even higher at Day 14 (1.6 vs. 2.8).

Table 3: Patient symptoms and Best Available Treatment (BAT) at the screening stage (before ACC administration).

Symptomes, vitals, and BAT at screening

ACC arm Placebo arm
B;;g‘“;?;;‘l‘:;f:;’ N Men SD Min Med Max N  Mean SD  Min Med Max Pwalue
Respiratory Rate SpO, 12 20.5 5 12 21 30 8 22.4 6.2 11 23.5 30 0.46
Without O, supply 14 94.7 3.9 86 95.5 99 12 95 1.5 92 95.5 97 0.8
With O, supply 14 96.2 2.5 93 96 100 16 94.9 2.5 90 95.5 99 0.17
O, supply unknown 1 98 . 98 98 98
Temperature (°C) 28 36.8 0.5 36 36.8 38.8 28 36.8 0.5 36 36.8 38.2 0.98
Common symptoms N % N % P-value”
Aches and pains 16 53.33% 22 73.33% 0.18
Cough 28 93.33% 27 90.00% 1
Diarrhea 7 23.33% 5 16.67% 0.75
Dyspnea 22 73.33% 19 63.33% 0.58
Fever 14 46.67% 16 53.33% 0.8
Headache 4 13.33% 5 16.67% 1
Loss of taste/smell 5 16.67% 8 26.67% 0.53
Loss of appetite 3 10.00% 1 3.33% 0.61
Nausea 1 3.33% 5 16.67% 0.19
Sore throat 6 20.00% 4 13.33% 0.73
Tachycardia 2 6.67% 3 10.00% 1
Tiredness 24 6.67% 22 73.33% 0.76
Vomiting 2 100.00% 13.33% 0.67
Tachycardia 2 6.67% 3 10.00% 1
J Clin Trials, Vol.13 Iss. 5 No: 1000538 6
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Additional BAT N % N % Pvalue”
At least 1 treatment 27 90.00% 28 93.33% 1
Aerovent 9 30.00% 11 36.67% 0.78
Dexamethasone 15 50.00% 15 50.00% 1
Flixotide 8 26.61% 11 36.67% 0.58
Remdesivir 23 76.671% 21 70.00% 0.77
Vitamin D3 16 53.33% 19 63.33% 0.6
Note: ACC=Amorphous calcium carbonate
" Totest

“ Fisher’s exact test

100%

60% /
40% /
20% /X

0%

100%

Percent of Subjects

80%
60%

40% /
20% 7

o LZ_

7R Qw6 OO NN TN

%,
S,
2,
K
(4

Day

Death.

Figure 2: Eight-point Disease Ordinal Scale (DOS) and probability of Hospitalization over Time-ITT: (A) DOS of active arm; (B) DOS of Placebo.
For clarity the following scales were combined (1-2, 3-4, and 5-6). Note: (mm) 1-2: Home; (wm) 3-4: Moderate; (=) 5-6: Severe; (wmm) 7: Critical; (wmm) 8:

100 Screening Day 2 Day 4 Day 7 Day 10 Day 13
80
]
k3]
2
2 60
(7]
s
S 40
L
[7)
o
20
0
% % Yo% Yo% % Yo%
< %, < %, <% % < % < %o, %
60 6O 60 60 60

A: ACC P: Placebo

(mm) 1-3: Recovery; (mm) 4-6: Hospital Admission; (mm) 7: Worsening ICU; (mm) 8: Death.

Day 15

Figure 3: Improvement, recovery, and deterioration comparison between arms. For clarity the following DOS were combined (1-3 and 4-6). Note:
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Table 4: Improvement and recovery analyses based on the eight-category ordinal scale and recovery rates.
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Eight-point ordinal scale analysis

Eight-point ordinal scale

At screening

4 5 Total P-value’
N % N % % N %
ACC 11 37 18 60 3 30 100 0.68
Placebo 8 27 20 67 7 30 100
Average Ordinal Score (DOS) by day of treatment
Day Screening 7 14 Discharge
N (ON] N DOS N DOS N DOS N DOS
ACC 30 4.7 30 2.4 30 1.8 30 1.6 21 2
Placebo 30 4.8 30 3 30 2.8 30 2.8 29 2.4
Opverall ordinal scale improvement by at least one point
N n % 90% Wilson score CI P-value
ACC 30 28 93 (829%;98%) 0.08
Placebo 30 22 73 (59%:;84%)
One-point ordinal scale improvement by gender P-value® P-value'®
ACC 14 13 93
Female
Placebo 5 3 60
0.034 0.73
ACC 16 15 93
Male
Placebo 25 19 76
One-point ordinal scale improvement by age (yeas) P-value® Pvalue'
ACC 21 19 90
Up to 55
Placebo 11 9 82
0.06 0.21
ACC 9 9 100
Over 55
Placebo 19 13 68
One-point ordinal scale improvement by vaccination status Pvalue® P-value'®
Not vaccinated/ unknown ACC 22 20 91
Placebo 21 15 71
Vaccinated ACC 8 8 100
Placebo 9 7 17
Recovery rates
N n % 90% Wilson score CI P-value
ACC 30 30 100 (92%;100%)
0.011
Placebo 30 23 77 (62%;87%)

Note: ACC = Amorphous calcium carbonate;
"Fisher’s exact test; "Mantel-Haenszel Test; "Breslow-Day Test
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The improvement rates were analyzed by the covariance of gender,
age, and vaccination status. The rates for all the subcategories
were significantly greater in subjects in the active than those in
the placebo arm (Mantel-Haenszel Test P=0.05). The Breslow-Day
test for homogeneity was added to assess the similarity of ACC
statistical effect by age, gender, and vaccination status. The ACC
efficacy was similar across all subgroups. Table 4 compares the
statistical results of these subgroups as reflected between the scoring
of the 2 arms. The ACC effect size were found similar in male
and female subjects, younger and older subjects, and vaccinated or
not vaccinated subjects as indicated by Breslow-Day test p-values,
compared the significant improvement rates for the ACC arms in
each of the subcategories as indicated by the Mantel-Haenszel Test.

Secondary outcome

Preventing disease worsening and mortality has become the main
outcome of determining the efficacy of vaccines and other new
treatments for SARS-CoV-2 [5]. Hence, it was imperative to assess
these aspects in this study. Preventing disease deterioration in
COVID-19 patients is considered the most critical outcome of current
treatments, including the major effect achieved by mass vaccination.

OPEN aACCESS Freely available online

The recovery rate was assessed by subjects having DOS scores < 3
on discharge. Subjects admitted to the ICU or who died during the
study was considered as “not recovered”, regardless of their final
score. The recovery rate was statistically significantly higher in the
active than the placebo arm (100% ws. 76%, P=0.011). No patient in
the active arm was transferred to ICU or died, while seven subjects
in the placebo arm were admitted to the ICU, and three died while
receiving the BAT (Table 5). The recovery rates are also illustrated
in Figure 4 in the form Kaplan-Meier hospitalization probability
curves as a function of days from the first dose to discharge from
the hospital.

The combined ICU and death rates were also analyzed by sex,
age, and vaccination status to reassure no covariant effects. The
combined ICU and death rates across subgroups were statistically
significantly lower in subjects randomized to the ACC compared
with the placebo arm (Mantel-Haenszel test P-values of 0.010,
0.013, and 0.0056, respectively; Table 5). The ACC effect size was
similar in males, younger, and vaccinated participants compared
to females, older, and non-vaccinated subjects as validated by the
Logistic Regression Type III P-values as manifested in Table 5.

Table 5: Deterioration of patients indicated by transferring to ICU and death rates.

Death and ICU hospitalization

Deterioration N n % 90% Wilson score CI P-value
ACC 30 0 0 (09;8%) 0.011
ICU
Placebo 30 7 23 (13%;38%)
ACC 30 0 0 (09;8%) 0.24
Death
Placebo 30 3 10 (49%;23%)
Death or ICU hospitalization
Gender P-value (Mantel-Haenszel Test) P-value (Type 3, Logistic Regression)
ACC 14 0 0
Female
Placebo 5 1 20
0.01 0.85
ACC 16 0 0
Male
Placebo 25 6 24
Age (years) P-value (Mantel-Haenszel Test) P-value (Type 3, Logistic regression)
ACC 21 0 0
Up to 55
Placebo 11 2 18
0.013 0.61
ACC 9 0 0
Over 55
Placebo 19 5 26
Vaccination status P-value (Mantel-Haenszel Test) P-value (Type 3, Logistic regression)
ACC 22 0 0
Not vaccinated/ unknown
Placebo 21 5 23
0.0056 0.93
ACC 8 0 0
Vaccinated
Placebo 9 2 22

Note: Fisher’s exact test; ACC=Amorphous Calcium Carbonate; ICU=Intensive Care Unit
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Figure 4: Kaplan-Meier curves of the hospitalization probability versus time from 1st dose to end of study/discharge from hospital. Note:

Subjects admitted into ICU while on placebo treatment had higher
rates of comorbidities including heart failure, obesity, diabetes,
asthma and hypertension. A full list and details about subjects
and their comorbidities are provided in the statistical analysis
in the Supplementary Appendix. There was insufficient data to
define comorbidity trends that specifically characterize the group
transferred to ICU out of the rest of the placebo arm subjects.

Duration of hospitalization was initially defined as a secondary
endpoint. Since numerous patients were offered the treatment
after several days of hospitalization, with no relief or further
deterioration (with BATs), this outcome was redefined as the time
from the first dose to discharge (instead of admission-to-discharge
period). The duration of hospitalization was not significantly
different between the study arms (log-rank test P=0.29), as illustrated
in Figure 4. There was almost no difference in the probability of
discharge during the first 7 days. Then, there is a divergence in
discharge probability between the two arms starting from Day 9,
where the hospitalization length of the placebo arm patients was
noticeably greater than the active arm. It is important to mention
that the hospital discharge criteria were not based solely on the
DOS ranking but were highly dependent on other BAT-mandated
procedures.

No patient in the active arm received mechanical ventilation
during the duration of the treatment, while two patients in the
placebo arm received mechanical ventilation for 48 h and 78
h. There were no differences between the two groups regarding
oxygen supplementation and overall oxygen saturation of the
patients who received oxygen and those who did not receive it. In
addition, no significant differences in physical examinations were
observed between the two groups. Only the lung status assessments
on days 1 and 4 were different, with significant deterioration in the
placebo arm (P=0.074 and P=0.10, respectively). A similar trend
was observed in the placebo group, when most participants in the
active arm were already discharged from the hospitals after 7 days.
More details about typical laboratory tests and examination results
are provided in the supplementary documents.
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Safety outcome

A total of 25 Adverse Effects (AEs) occurred among 11 patients
in the active arm (incidence=18%). However, only one was
considered related to the study druga constipation case, which
is a generic and most common AE associated with any calcium
administration, including ACC. In contrast, two serious AEs
occurred in the placebo arm, including a case of bacteremia sepsis
and one respiratory failure resulting in death.

Additional safety aspects, associated with the active substance and
consisting of high doses of calcium and carbonate, were assessed
by monitoring the blood levels of calcium and bicarbonate. The
total serum calcium levels for both arms were very similar from
screening-to-discharge, at the lower side of the normal range (8.1

mg/dl-8.8 mg/dl) in each arm.

Bicarbonate levels may be high since the ACC’s carbonate is
spontaneously converted to bicarbonate at the body’s pH range by
simple chemical equilibria. Serum bicarbonate levels were similar
for both arms at the screening and last day of treatment and were
distinctively at the high end of the normal range (22 mEq/L-29
mEq/L). At the screening and last day of treatment, the mean
bicarbonate levels were 31 (active) versus 29 (placebo) and 27 (active)
versus 29 mEq/L (placebo), respectively. This generic observation is
further discussed below.

DISCUSSION

ACC administered sublingually and by inhalation, concomitantly
with BAT, has demonstrated clinically meaningful and statistically
significant reductions in COVID-19 progression compared to
placebo.

The study was a prospective multicenter, randomized, placebo-
controlled trial of hospitalized patients with moderate-to-severe
COVID-19. Despite the demographic differences in age and
gender, the study’s two arms were comparable at baseline in terms
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of disease severity, symptoms, vitals, comorbidities, and vaccination
history. The Breslow-Day tests for homogeneity indicate that the
ACC efficacy was similar across the gender and age subgroups
for both the primary and the secondary endpoints. Similarities
between the groups were also demonstrated in the subpopulations
considered as treatment failures due to ICU admission or death
during the study.

Improvement and recovery rates were clinically and statistically
higher in the active arm, while ICU transfer or death rates
were significantly higher in the placebo arm. The duration of
hospitalization was similar for the two groups during the first 8
days, partly due to the mandatory hospitalization required by
various BATs. However, differences in extended hospitalization
durations were found from Day 9, mainly associated with patient
deterioration and ICU admission of patients exclusively in the
placebo arm.

The premise for applying ACC as a treatment for SARS-CoV-2
is based on growing evidence for its capability to modulate local
pH. Progression of coronavirus infection has been associated
with acidotic extracellular and intracellular microenvironments
that enhance binding, fusion, and replication at the early stages
of the disease [20-25]. Additionally, life-threatening complications
of COVID-19, including Acute Respiratory Distress Syndrome
(ARDS), sepsis symptoms, and organ failures are also associated

with acidosis [23,26,27].

Stabilized ACC has already demonstrated anti-acidosis, anti-

inflaimmatory, and immunomodulatory effects in previous
preclinical and early clinical studies. Similar therapeutic activities
can be anticipated to culminate into an effective antiviral treatment,
especially when associated with organ inflammation, due to the

interplay between extracellular acidosis and the immune system

(28].

The combination of the ACC nanometric primary particles
(between 10 nm and 100 nm in diameter) and enhanced solubility
of its stabilized amorphous structure by two orders of magnitude
(compared to the crystalline phase) makes ACC a unique treatment
substance, attributed to its high absorption via mucous membranes
[29]. Hence, ACC can efficiently deliver both the calcium and the
alkaline carbonate ions by nanoparticle diffusion through mucous
membranes to the body fluids, followed by controlled solubility to
tissues suffering from calcium deficiency and acidosis [30].

Calcium also plays a role in the body’s response to virus attack. The
intensification of COVID-19 severity was recently linked to low
serum calcium levels [28]. This observation is actually reinforced by
the calcium level data collected in this study. The causality of the
phenomenon with the severity is yet uncertain.

The study also provides additional safety information regarding the
use of high doses of ACC including inhalations. Although the ACC
absorption is expected to be very high [17], the excessive intake
of calcium was efficiently excreted from the body. The low range
of calcium values at screening agrees with publications reporting
the association of severity shift from mild/moderate to severe/
critical with low levels of calcium in the serum and simultaneously
increased levels of proinflaimmatory factors [31]. Since several
publications have associated COVID-19 with low serum calcium,
the potential of a therapeutic effect for patients with COVID-19 by
administering high doses of calcium cannot be excluded.

J Clin Trials, Vol.13 Iss. 5 No: 1000538
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The overall high levels of bicarbonate and its reduction in the
active arm could be due to overall improvements in the pulmonary
function. In addition, since the blood bicarbonate indicates
the level of CO, in the blood, it is expected to be high due to
respiratory malfunctions resulting in insufficient expiration of
CO,. These observations are supported by recent publications
reporting increased bicarbonate levels among COVID-19 patients,
with no clear relationship to the blood pH [32].

CONCLUSION

Overall, several significant efficacy outcomes of the ACC treatment
were demonstrated from the perspectives of both improvement
rates and prevention of disease deterioration. These conclusions
are more definite for patients hospitalized with severe conditions
at the screening stage, since this was the predominant stage of the
study participants.

The study outcome supports the potential of ACC in treating
patients with moderate to severe COVID-19 by enhancing recovery
and, most importantly, preventing deterioration to critical or
fatal conditions. Since the study was performed with hospitalized
patients with evidence of clinical pulmonary inflammation, it did
not assess patients with mild conditions at all. Therefore, we cannot
exclude its potential efficacy in treating mild SARS-CoV-2 patients.

The encouraging study results and additional efficacy evidence
observed in numerous successful compassionate treatments for
patients with critical lung functioning deterioration who had
not met the inclusion criteria. A future larger study is warranted
to confirm the promising effects of ACC in treating corona-
type bursts as well as other various lung diseases. The current
low global capability to recruit patients in focused geographical
locations hinders the rapid deployment of such expanded studies.
Alternatively, efficacy studies to treat patients with various severe
pulmonary inflammatory diseases seem to be the next obvious
extension for building confidence in ACC as an anti-inflammatory
drug.

ACKNOWLEDGEMENTS

This article is dedicated to the memory of the deceased Dr. Albert
ELRoeiy, MD, who participated in the study monitoring and
analysis. He was intended to be the leading Author, and originally
wrote segments of the introduction and discussion sections.

CONFLICT OF INTEREST

Drs Yigal Blum, Albert El-Roeiy, and Yafit Stark are (were)
contractual consultants of Amorphical LTD. Drs. Abu Saleh and
Abu Jabal is full employees of the Ziv Medical Center with no
contractual or monitory affiliation with the sponsoring company.
Frederic Deutsch is an independent biostatistician that was hired to
design, implement and analyze the statistical analysis of the study.

AUTHOR CONTRIBUTIONS

Drs Abu Saleh and Abu Jabal oversaw the COVID-19 unit and
its medical team at the Ziv Medical Center during the period of
the study. Drs Blum, El-Roeiy and Stark were involved in the
study planning at the protocol development stage, explaining the
hypothesized ACC mode of action to the various medical teams,
post-study data analysis and writing this article.

11



Saleh NA, et al.

FUNDING

The study was fully sponsored by Amorphical LTD. No other
external funding was provided for the execution of the study and

its analysis.

DATA AVAILABILITY STATEMENT

Additional data about the study design and execution is provided in
a separate Supplementary, including the Study Protocol, Statistical
plan and Statistical analysis report.

REFERENCES

L.

10.

11.

12.

13.

14.

15.

Thompson MG, Grant L, Meece ]. Prevention of COVID-19
with the BNT162b2 and mRNA-1273 vaccines. N Engl ] Med.
2021;385(19):1819-1821.

Cao X. COVID-19: Immunopathology and its implications for
therapy. Nat Rev Immunol. 2020;20(5):269-270.

Corey L, Beyrer C, Cohen MS, Michael NL, Bedford T, Rolland M.
SARS-CoV-2 variants in patients with immunosuppression. N Engl ]
Med. 2021;385(6):562-566.

Bergwerk M, Gonen T, Lustig Y, Amit S, Lipsitch M, Cohen C, et
al. COVID-19 breakthrough infections in vaccinated health care
workers. N Engl ] Med. 2021;385(16):1474-1484.

World Health Organization. Therapeutics and COVID-19: Living
Guideline. 2022.

Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T,
Laenger F, et al. Pulmonary vascular endothelialitis, thrombosis, and

angiogenesis in COVID-19. N Engl ] Med. 2020;383(2):120-128.

Hellman U, Karlsson MG, Engstrom-Laurent A, Cajander S, Dorofte
L, Ahlm C, et al. Presence of hyaluronan in lung alveoli in severe

COVID-19: An opening for new treatment options!. ] Biol Chem.
2020;295(45):15418-15422.

Jimenez L, Codo AC, de Souza Sampaio V, Oliveira AE, Ferreira LK,
Davanzo GG, et al. The influence of pH on SARS-CoV-2 infection
and COVID-19 severity. MedRxiv. 2020.

Mason R]J. Pathogenesis of COVID-19 from a cell biology perspective.
Eur Respir J. 2020;55(4).

Shahbaz S, Xu L, Osman M, Sligl W, Shields ], Joyce M, et al.
Erythroid precursors and progenitors suppress adaptive immunity
and get invaded by SARS-CoV-2. Stem Cell Reports. 2021;16(5):1165-
1181.

Quade BN, Parker MD, Occhipinti R. The therapeutic importance of
acid-base balance. Biochem Pharmacol. 2021;183:114278.

Wen W, Su W, Tang H, Le W, Zhang X, Zheng Y, et al. Immune cell
profiling of COVID-19 patients in the recovery stage by single-cell
sequencing. Cell Discov. 2020;6(1):31.

Liao WH, Yang GG, Henneberg M. The renin-angiotensin-
aldosterone system inhibitors in COVID-19: from acidosis to

ventilation and immunity. Swiss Med Wkly. 2020;150(4950):20444.

Zhou T, Tsybovsky Y, Gorman ], Rapp M, Cerutti G, Chuang GY, et
al. Cryo-EM structures of SARS-CoV-2 spike without and with ACE2
reveal a pH-dependent switch to mediate endosomal positioning of

receptor-binding domains. Cell Host Microbe. 2020;28(6):867-879.

A study comparing Amorphous Calcium Carbonate (ACC)
versus Crystalline Calcium (CCS) in hypoparathyroidism patients
(AMCS009). 2013.

J Clin Trials, Vol.13 Iss. 5 No: 1000538

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

OPEN aACCESS Freely available online

Study the effect of Amorphous Calcium Carbonate (ACC) treatment
on function and welfare improvement in late-stage solid cancer

subjects. 2018.

Vaisman N, Shaltiel G, Daniely M. Increased calcium absorption
from synthetic stable amorphous calcium carbonate: Double-blind
randomized crossover clinical trial in postmenopausal women. ] Bone

Miner Res. 2014;29(10):2203-2209.

Ben Y, Blum YD, Moshe H, Ashkenazi B. Amorphous calcium
carbonate stabilized with polyphosphates or biphosphate. 2021.

Beigel JH, Tomashek KM, Dodd LE. Remdesivir for the treatment
of COVID-19-preliminary report. N Engl ] Med. 2020;383(19):1813-
1836.

Burkard C, Verheije MH, Wicht O. Coronavirus cell entry occurs
through the endo-/lysosomal pathway in a proteolysis-dependent
manner. PLoS Pathog. 2014;10(11):1004502.

Baig AM, Khaleeq A, Ali U, Syeda H. Evidence of the COVID-19
virus targeting the CNS: Tissue distribution, hostvirus interaction,
and proposed neurotropic mechanisms. ACS Chem Neurosci.

2020;11(7):995-998.
Blaess M, Kaiser L, Sauer M, Csuk R, Deigner HP. COVID-19/

SARS-CoV-2 infection: Lysosomes and lysosomotropism implicate
new treatment strategies and personal risks. Int ] Mol Sci.

2020;21(14):4953.
Li J, Wang X, Chen ], Zuo X, Zhang H, Deng A. COVIDI19

infection may cause ketosis and ketoacidosis. Diabetes Obes Metab.

2020;22(10):1935-1941.

Liu C, Zhong G, Zhou Y. Alteration of calcium signaling in
cardiomyocyte induced by simulated microgravity and hypergravity.

Cell Prolif. 2020;53(3):12783.

Rothan HA, Byrareddy SN. The epidemiology and pathogenesis
of coronavirus disease (COVID-19) outbreak. ] Autoimmun.

2020;109:102433.

Shevel E. Conditions favoring increased COVID-19 morbidity and
mortality: Their common denominator and treatment. Ist Med Assoc
J. 2020;11(22):680.

Nechipurenko YD, Semyonov DA, Lavrinenko IA. The role of

acidosis in the pathogenesis of severe forms of COVID-19. Biology
(Basel). 2021;10(9):852.

Erra Diaz F, Dantas E, Geffner J. Unravelling the interplay between
extracellular acidosis and immune cells. Mediators Inflamm.

2018:1218297.
Meiron OE, Bar-David E, Aflalo ED. Solubility and bioavailability

of stabilized amorphous calcium carbonate. ] Bone Miner Res.

2011;26(2):364-372.

Ben Y, Shahar A, Arav A. Stabilized amorphous calcium carbonate
for treatment of neurological, muscular and infertility diseases or
conditions. 2021.

di Filippo L, Doga M, Frara S, Giustina A. Hypocalcemia in
COVID-19:  Prevalence, clinical significance and therapeutic
implications. Rev Endocr Metab Disord. 2021:1-10.

Sada K ei, Yamamoto R, Yano A, Miyauchi A, Kawamura M, Ito H.
Bicarbonate concentration as a predictor of prognosis in moderately

severe COVID-19 patients: A multicenter retrospective study. PLoS
One. 2022;17(6):0270141.

12


https://asbmr.onlinelibrary.wiley.com/doi/10.1002/jbmr.2255
https://asbmr.onlinelibrary.wiley.com/doi/10.1002/jbmr.2255
https://asbmr.onlinelibrary.wiley.com/doi/10.1002/jbmr.2255
https://www.nejm.org/doi/10.1056/NEJMc2022236
https://www.nejm.org/doi/10.1056/NEJMc2022236
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1004502
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1004502
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1004502
https://pubs.acs.org/doi/10.1021/acschemneuro.0c00122
https://pubs.acs.org/doi/10.1021/acschemneuro.0c00122
https://pubs.acs.org/doi/10.1021/acschemneuro.0c00122
https://www.mdpi.com/1422-0067/21/14/4953
https://www.mdpi.com/1422-0067/21/14/4953
https://www.mdpi.com/1422-0067/21/14/4953
https://dom-pubs.onlinelibrary.wiley.com/doi/10.1111/dom.14057
https://dom-pubs.onlinelibrary.wiley.com/doi/10.1111/dom.14057
https://dom-pubs.onlinelibrary.wiley.com/doi/10.1111/dom.14057
https://onlinelibrary.wiley.com/doi/10.1111/cpr.12783
https://onlinelibrary.wiley.com/doi/10.1111/cpr.12783
https://www.sciencedirect.com/science/article/pii/S0896841120300469?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0896841120300469?via%3Dihub
https://europepmc.org/article/med/33249786
https://europepmc.org/article/med/33249786
https://www.mdpi.com/2079-7737/10/9/852
https://www.mdpi.com/2079-7737/10/9/852
https://www.hindawi.com/journals/mi/2018/1218297/
https://www.hindawi.com/journals/mi/2018/1218297/
https://asbmr.onlinelibrary.wiley.com/doi/10.1002/jbmr.196
https://asbmr.onlinelibrary.wiley.com/doi/10.1002/jbmr.196
https://link.springer.com/article/10.1007/s11154-021-09655-z
https://link.springer.com/article/10.1007/s11154-021-09655-z
https://link.springer.com/article/10.1007/s11154-021-09655-z
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0270141
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0270141
https://www.nejm.org/doi/10.1056/NEJMc2113575
https://www.nejm.org/doi/10.1056/NEJMc2113575
https://www.nature.com/articles/s41577-020-0308-3
https://www.nature.com/articles/s41577-020-0308-3
https://www.nejm.org/doi/10.1056/NEJMsb2104756
https://www.nejm.org/doi/10.1056/NEJMoa2109072
https://www.nejm.org/doi/10.1056/NEJMoa2109072
https://www.who.int/publications/i/item/WHO-2019-nCoV-therapeutics-2022.4
https://www.who.int/publications/i/item/WHO-2019-nCoV-therapeutics-2022.4
https://www.nejm.org/doi/10.1056/NEJMoa2015432
https://www.nejm.org/doi/10.1056/NEJMoa2015432
https://www.sciencedirect.com/science/article/pii/S0021925817503713?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0021925817503713?via%3Dihub
https://www.medrxiv.org/content/10.1101/2020.09.10.20179135v1.full.pdf
https://www.medrxiv.org/content/10.1101/2020.09.10.20179135v1.full.pdf
https://erj.ersjournals.com/content/55/4/2000607
https://www.sciencedirect.com/science/article/pii/S221367112100196X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S221367112100196X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0006295220305141?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0006295220305141?via%3Dihub
https://www.nature.com/articles/s41421-020-0168-9
https://www.nature.com/articles/s41421-020-0168-9
https://www.nature.com/articles/s41421-020-0168-9
https://smw.ch/index.php/smw/article/view/2914
https://smw.ch/index.php/smw/article/view/2914
https://smw.ch/index.php/smw/article/view/2914
https://www.cell.com/cell-host-microbe/fulltext/S1931-3128(20)30621-1?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1931312820306211%3Fshowall%3Dtrue
https://www.cell.com/cell-host-microbe/fulltext/S1931-3128(20)30621-1?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1931312820306211%3Fshowall%3Dtrue
https://www.cell.com/cell-host-microbe/fulltext/S1931-3128(20)30621-1?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1931312820306211%3Fshowall%3Dtrue

