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Afﬁc{e history: Objective: The COVID-19 pandemic has called an urgent need for drug repurposing to improve the
Received 12 March 2021 outcome of the disease. Quaternary ammonium compounds have been demonstrated to have antiviral
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A effects and may be of use against SARS-CoV-2 infections.
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Design: In this double-blind, single-center study, we enrolled patients with positive PCR test and/or CT
findings for COVID-19. The participants of each group were randomly assigned to Diphenhydramine

’ég’\}"l/]‘;“llg Compound (Diphenhydramine + Ammonium Chloride) plus standard of care or to Diphenhydramine
) . alone and standard of care groups. The primary outcome was all-cause mortality within 30 days of

Ammonium Chloride . . . .. . .

SARS-CoV-2 randomization. Secondary outcomes include viral burden, clinical status, assessed by a 5-point ordinal

Randomized clinical trial scale, and length of stay in hospitalized patients.

Lysosomotropic agents Results: A total of 120 patients were included in the trial, 60 of which were assigned to the Ammonium
Chloride group. The primary endpoint was not statistically different between the two groups (HR: 3.02
(95% CI, 0.57-16.06; p = 0.195)). Recovery time and viral burden were significantly lower in the
Ammonium Chloride group, corresponding to an odds ratios of 1.8 (95% CI, 1.15-2.83; p = 0.01) and 7.90
(95% (I, 1.62-14.17; p = 0.014), respectively.
Conclusion: The findings of this study advocate the careful addition of Ammonium Chloride to standard of
care for COVID-19 patients.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

Coronavirus disease 2019 (COVID-19) is an acute respiratory
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Table 1
Scores in clinical status scale.
Outcome Score
HRCT findings at day 7 after randomization compared to baseline® Improve 1
No change 2
Worsen 3
Transfer to ICU requiring invasive mechanical ventilation 4
Death 5

@ Data from baseline chest-CT analysis demonstrated positive findings according to the presence of ground-glass opacity, involvement of three or more pulmonary lobules,
consolidations, and/or mixed patterns in all included participants. Improvement or aggravation of the aformentioned findings relevant to each participant was used to

calculate the clinical scale score.

have broad-spectrum antiviral activities and may hold therapeutic
value against COVID-19 (Kargar Kheirabad and Nourozi, 2020;
Baker et al., 2020).

Currently, there is no evidence on the safety or efficacy of the
addition of Ammonium Chloride to standard treatment regimen in
COVID-19. This trial was designed to examine whether adding the
compound would improve the outcome of the infection in COVID-
19 patients.

Materials and methods

This double-blind, placebo-controlled, single-center, random-
ized clinical trial was conducted in Imam Ali Hospital, Alborz
province, Iran. Eligible participants were selected from a pool of
adults aged between 18 and 70 years who were diagnosed with
COVID-19 by positive RT-PCR test or with suspected history,
symptoms (cough and dyspnea) and high-resolution computed
tomography (HRCT) scan findings accompanied by active clinical
disease. Patients with a history of coexisting respiratory diseases
(asthma, chronic obstructive pulmonary disease, interstitial lung
diseases, etc.) were excluded (Supplementary Figure 1).

The baseline data was acquired using paper-based question-
naires that included symptoms upon admission, history of
illnesses, major coexisting illnesses, and demographic data.

Table 2
Statistical plan and analysis of the study outcomes.

Randomization and treatment

Using a four-unit permuted block randomization, the patients
were assigned (1:1) to either Diphenhydramine and Ammonium
Chloride (10 ml oral syrup three times a day for 7 days) plus
standard of care or Diphenhydramine (10 ml oral syrup three times
a day for 7 days) plus standard of care alone. For double blinding,
the Medicine boxes were either labeled as A(Ammonium Chloride)
or B (Control).

Procedures

At the time of the trial, Diphenhydramine was part of the
standard care in outpatients and hospitalized COVID-19 patients to
provide symptomatic alleviation of the disease in this hospital.
Therefore, we opted to use already formulated Diphenhydramine
compound (12.5 mg Diphenhydramine +125 mg Ammonium
Chloride/5 ml syrup) for our intervention group and Diphenhy-
dramine (12.5 mg Diphenhydramine/5 ml syrup) as placebo for
control group. The standard of care in the hospital also included
concomitant Atazanavir (300 mg PO bid in hospitalized patients)
and Methylprednisolone (1 g/day for 3 days in patients admitted to
ICU) based on hospital recommendations. Laboratory tests were
obtained following admission into the hospital. HRCT-scan

Outcome Ammonium Control Univariate model Multiple model
Chloride (N = 60)
(N =60)
Crude estimate  p- Adjusted p-Value
Value estimate
All-cause mortality at 30 days after randomization* No 54 (90.0%) 58 (96.7%) 3.22 (0.62- 0.143  3.02 (0.57- 0.195
Yes 6 (10.0%) 2 (3.3%) 16.66)° 16.06)"
ICU admission requiring invasive mechanical ventilation* No 39 (86.7%) 36 (81.8%) 0.69(0.22-2.19) 0.531 0.91 (0.25- 0.895
Yes 6 (13.3%) 8 (18.2%) # 3.37)°
HRCT findings at day 7 following randomization compared to Worsen 14 (23.3%) 32 (53.3%) 4.25(2.06-8.77) <0.001 4.44 (2.11- <0.001
baseline* No 6 (10.0%) 10 (16.7%) * 9.30)°
change
Improve 40 (66.7%) 18 (30.0%)
Viral burden (Subtraction of the test values derived from day 7 from baseline, 14.97 + 15.57 8.07 + 6.91 (0.42- 0.037 7.90 (1.62- 0.014
Mean =+ SD) 14.31 13.39)¢ 14.17)¢
Time to discharge, days (Mean + SD) 6.23 + 4.31 9.80 +5.03 1.95(1.25-3.05) 0.003 1.80(1.15-2.83)° 0.010
$
Clinical status ordinal scale, median (& IQR) 1+2 0.35 (0.17-0.70)" 0.003

3+£2 0.34 (0.17-0.68)  0.002
#

*

a
b
c
d
e
f

: Data presented as number (%); $: hazard ratio; #: odd ratio; €: mean difference; SD: standard deviation; ICU: intensive care unit. SpO,: pulse oxygen saturation.
Hazard ratio calculated using Multiple Cox Regression, adjusted for SpO,, and lymphocyte count at baseline.

Odds ratio derived from a Multiple Logistic Regression model, adjusted for concurrent diseases, SpO, and lymphocyte count at baseline.

QOdds ratio calculated using Ordinal Logistic Regression adjusted for SpO, at baseline and concurrent diseases.

0Odds ratio derived from a Multiple Linear Regression adjusted for SpO, at baseline and concurrent diseases.

Hazard ratio calculated using Multiple Cox Regression adjusted for SpO, at baseline and concurrent diseases.

QOdds ratio calculated using Ordinal Logistic Regression adjusted for SpO, at baseline, age, and concurrent diseases.
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imaging and RT-PCR tests were performed on the day of admission
as baseline measurements and a second assessment was
performed at day 7 after randomization to evaluate clinical
improvements.

Outcomes

The primary outcome was all-cause mortality within 30 days
after randomization for all patients. The secondary outcomes
included hospitalization duration in discharged patients, clinical
status at day 7 following randomization and viral burden. The
scores on the ordinal clinical status scale are fully demonstrated in
Table 1.

Statistical analysis

The study sample size for each treatment arm was calculated to
be 60, in order for the trial to have 80% power at a two-sided P value
of 0.05 to detect a clinically relevant reduction in mortality with an
assumed mortality rate of 10.9% and 2% in intervention and control
groups (Self et al., 2020).

The statistical plan and analysis of all outcomes and the effect of
Ammonium Chloride on CT findings and ICU admission and the use
of invasive mechanical ventilation as standalone endpoints have
been described in Table 2.

Results

Between August 22 and October 22, 2020, 120 patients were
included in the trial, with 60 patients receiving Ammonium
Chloride. 45 patients in the Ammonium Chloride group and 44
patients in the control group comprised the hospitalized patients,
respectively. Baseline characteristics of the participants are
available in Supplementary Table 1.

Outcomes

The Kaplan-Meier curve for the time to death as primary end-
point is shown in Supplementary Figure 2, corresponding to a
hazard ratio of 3.02 (95% confidence interval [CI], 0.57-16.06; p =
0.195). The between-group differences in mortality did not vary
considerably according to baseline severity.

Time to discharge from hospital was significantly lower in the
Ammonium Chloride group (Supplementary Figure 3) with an
adjusted odds ratio of 1.8 (95% CI, 1.15-2.83; p = 0.01).

Patients receiving placebo were associated with higher clinical
scores in the scale compared to those receiving Ammonium
Chloride. Odds ratio for scoring higher values in the Ammonium
Chloride group was 0.35 (95% CI, 0.17-0.7; p = 0.003) in the ordinal
clinical scale.

The analysis of viral burden demonstrated a significant
decrease in viral load for the Ammonium Chloride group compared
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to control group, corresponding to an odds ratio of 7.90 (95% CI,
1.62-14.17; p = 0.014).

Discussion

The findings of this trial suggest that the addition of
Ammonium Chloride to standard of care was not superior to
standard of care alone in reducing mortality rate in COVID-19
patients. Patients receiving Ammonium Chloride had shorter time
to recovery and were more likely to have reduced viral load and
clinical improvement.
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