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Objectives: Possible immunomodulatory effect of amantadine in patients treated in intensive care unit 

(ICU), mostly among patients with brain injuries or vascular diseases was observed in several studies. 

The potential antiviral effect of amantadine against SARS-CoV-2 was discarded in clinical trials; how- 

ever, immunomodulatory potential was not studied. The aim of the study was to investigate the effect 

of immunomodulatory amantadine therapy on mortality in patients with respiratory insufficiency due to 

COVID-19 requiring mechanical ventilation in ICU. 

Methods: Retrospective analysis of 241 cases of 141 (58.5%) receiving intravenous amantadine sulfate vs 

100 (41.5%) controls on standard of care only was performed. 

Results: Overall mortality was 72.6%, being notably lower among amantadine treated patients (59.5%, 

n = 84) compared with controls (91%, n = 91), P -value = 0.001. In multivariate models administration 

of amantadine was independently associated with lower mortality rate (hazard ratio: 0.220, CI: 0.146- 

0.333 P -value = 0.001). Furthermore, survival was improved in patients who received amantadine; late 

administration of amantadine after 5th day was independently associated with lower mortality (hazard 

ratio: 0.560, CI: 0.313-0.999, P -value = 0.050). 

Conclusion: In patients treated in ICU with severe respiratory failure, administration of amantadine is 

associated with lower mortality, which may be associated with the potential anti-inflammatory and im- 

munomodulatory effects of this agent. 

© 2022 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/ ) 
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. Introduction 

The first reports on the possible uses of amantadine were pub- 

ished as early as 1960s ( Monto and Arden, 1992 ). Following ini- 

ial reports on antiviral properties described in 1963, amantadine 

btained approval for prophylaxis and treatment of influenza type 

 viruses infections in 1976 ( Hubsher et al. , 2012 ); however, in

he following decades it was withdrawn from influenza’s treat- 

ent recommendations due to universal viral protein M2 resis- 

ance ( Influenza Antiviral Drug Resistance, 2021 ). 

Amantadine is currently classified as a neurostimulant and used 

or this purpose in neurologic indications. It passes the blood-brain 

arrier easily with adequate concentrations in the cerebrospinal 
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uid ( Hubsher et al. , 2012 ). As a neurostimulating agent, the drug 

odulates dopamine activity by increasing its extracellular re- 

ease, blocking reuptake, and upregulating postsynaptic dopamine 

eceptors ( Gualtieri et al. , 1989 ). Amantadine binds to and acts 

s a σ1 receptor agonist. Activation of the σ1 receptor is re- 

ated to dopaminergic (DA) effects of amantadine at therapeu- 

ically relevant concentrations ( Peeters et al. , 2004 ). In addition, 

mantadine non-competitively inhibits the n-methyl-d-aspartate 

eceptor and mediates stimulation of acetylcholine release ( Stoof 

t al. , 1992 ). Despite the lack of a complete understanding of 

he molecular mechanisms of DA activity, amantadine has been 

uccessfully administered in a wide variety of consciousness al- 

erations, memory, and cognitive functions ( Geisler et al. , 1996 ; 

raus et al. , 2005 ; Stelmaschuk et al. , 2015 ). Amantadine increases

opamine levels, especially in the frontal lobe while exhibiting a 

oderate anti-inflammatory effect by inhibiting the secretion of 
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ro-inflammatory factors within the microglia ( Jiménez-Jiménez 

t al. , 2020 ). The neuroprotective effect is aided by the stimula- 

ion of neurotrophic factor expression, namely brain-derived neu- 

otrophic factor and glial cell-derived neurotrophic factor ( Zhong 

t al. , 2020 ). 

According to data obtained from research on traumatic brain 

njury, neurostimulants such as amantadine promote wakeful- 

ess and may increase patient participation in early rehabilitation 

 Ghalaenovi et al. , 2018 ). Available studies indicate a beneficial ef- 

ect of amantadine therapy on the state of consciousness in in- 

ensive care unit (ICU)-hospitalized traumatic brain injury patients 

hose treatment was started shortly after the injury ( Giacino et al. , 

012 ; Shafiee et al. , 2022 ). It was also shown that early amantadine

reatment was associated with a mortality decrease among con- 

ervatively treated large hemisphere infarction patients ( Li et al. , 

021 ). Finally, recently it was suggested that rapid initiation of 

mantadine during early care of patients admitted with ischemic 

troke, intracerebral hemorrhage, or subarachnoid hemorrhage is 

ssociated with improved wakefulness ( Leclerc et al. , 2021 ). 

DA receptors are known to be involved as a gateway for the 

ntry of various viruses ( Gaskill et al. , 2014 ; Simanjuntak et al. ,

017 ). There are at least a few examples associating the potential 

ffect of dopamine on viral infections in vitro . Elevated dopamine 

evels play a significant role in the early stage of Japanese en- 

ephalitis virus infection, increasing viral entry into dopamine D2 

eceptors-expressing cells through a signaling pathway mediated 

y phospholipase C ( Simanjuntak et al. , 2017 ). It was also shown

hat midbrain DA neurons are permissive to SARS-CoV-2 infection. 

ARS-CoV-2 triggers DA neuronal inflammatory and cellular senes- 

ence responses ( Chen et al. , 2021 ). In the studies published to

ate, the direct antiviral effect of amantadine in the SARS-CoV-2 

nfection treatment was discarded. Moreover, we wish to empha- 

ize that in the current analysis antiviral effect of amantadine was 

ot studied, and there is no substantive basis to pursue such an 

ssumption further. However, the possible neurostimulatory and 

nti-inflammatory effect in patients treated in ICUs seems to be 

orth reporting also in patients with COVID-19. Therefore, the aim 

f the study was to investigate the effect of amantadine therapy 

n mortality in patients treated in ICU with COVID-19 and describe 

ssociated factors. 

. Methods 

.1. Patients and methods 

Our database contains information about patients hospitalized 

t the Regional Hospital in Szczecin, Poland. Patients participat- 

ng in the study were observed from March 4, 2020 to January 23, 

022 when the database was closed with a total of 4287 records. 

CU data was collected between March 24, 2020 and May 29, 2021, 

nd contained 241 entries. All data were fully anonymized before 

tatistical analysis. 

In this study, we retrospectively analyzed the dataset of pa- 

ients with COVID-19 requiring mechanical ventilation, admitted to 

CU. All patients included in this analysis presented with acute res- 

iratory distress syndrome (ARDS) in the course of SARS-CoV-2 in- 

ection. Each time the final decision on admission to ICU was made 

y a consultant anesthesiologist. In every case, polymerase chain 

eaction for SARS-CoV-2 or antigen testing was performed using 

haryngeal swabs confirming infection with this virus, and pneu- 

onia was confirmed using chest computed tomography (CT). In 

he assessment of imaging examinations, the radiologist was sup- 

orted by the artificial intelligence algorithm and analyzed the per- 

entage of lung tissue affected by COVID-19. All laboratory tests 

ere performed within 24 hours following hospital admittance. 
144 
The primary objective of this study was to determine the effi- 

acy and safety of amantadine sulfate in patients with COVID-19 

neumonia treated in the ICU. A secondary goal of this study was 

o try to identify the risk factors associated with higher mortality. 

he tertiary aim of this study was to try to determine the correla- 

ion between amantadine and other immunomodulatory agent use. 

n order to answer the above questions, we established the follow- 

ng inclusion and exclusion criteria for the study: 

Inclusion criteria for this study were as follows: (i) acute respi- 

atory failure requiring mechanical ventilation; (ii) CT confirmed 

OVID-19-pneumonia; (iii) age > 18 years; (iv) confirmed SARS- 

oV-2 infection as an indication for in-hospital admittance. 

Exclusion criteria: (i) active neoplastic disease. 

Treatment was in line with the current knowledge, guidelines 

f the Polish Society of Epidemiologists and Infectious Diseases 

pecialists and product characteristics. 

If given, the following concomitant medications were used: (i) 

he 5-day remdesivir course started within 7 days of onset of 

ymptoms; if symptoms lasted longer, drug administration was 

ot initiated. Remdesivir was administered intravenously (IV) once 

aily for 5 days, with a loading dose of 200 mg on day 1, followed

y a maintenance dose of 100 mg; (ii) tocilizumab (TCZ) was ad- 

inistrated IV at a dose of 8 mg/kg (maximum dose: 800 mg) 

wice, 12 hours apart. It was only used in patients with biochem- 

cally confirmed cytokine release storm (interleukin [IL]-6 > 100 

g/ml). Before administering TCZ, we ruled out acute viral infec- 

ions including cytomegalovirus, hepatitis B and C as well as hu- 

an immunodeficiency virus based on standard serological meth- 

ds. Acute Toxoplasma gondii was also excluded prior to TCZ ad- 

inistration; (iii) supportive treatment was applied to each of the 

atients; (iv) chloroquine or lopinavir were not used. 

The supportive treatment included: (i) antibiotic therapy (Cef- 

riaxon was drug of choice but could vary depending on the pa- 

ient’s condition and was modified in the course of treatment); (ii) 

xygen therapy (Only mechanical ventilation was used. Extracor- 

oreal membrane oxygenation was not used.); (iii) IV rehydration; 

iv) dexamethasone administered IV in a dose of at least 6 mg per 

ay; (v) low-molecular-weight or non-fractionated heparin in pro- 

hylactic or therapeutic doses. 

Amantadine sulfate was administered IV in two doses of 200 

g per day (each in 500 ml). After initiating therapy with aman- 

adine, the drug was administered until extubating (unless the 

uid and electrolyte imbalance required modification). Infusion 

f amantadine was based on the European Medicines Evaluation 

gency drug registration; therefore, no ethical consent for this pro- 

edure was needed. 

.2. Ethical issues 

The retrospective analysis was approved by the Bioethical Com- 

ittee of Pomeranian Medical University, Szczecin, Poland (ap- 

roval number: KB-0012/92/2020); however, no additional consent 

as necessary from the patients. The study was conducted in ac- 

ordance with principles of the Declaration of Helsinki. 

.3. Sampling and data collection methodology 

In this study, we collected clinical data from medical records, 

ncluding age, sex, comorbidities, treatment history, duration of 

n-hospital stay, duration of treatment in the ICU, survival statis- 

ics, baseline blood oxygenation levels, chest CT scan results, and 

elected laboratory parameters. Comorbidities were assessed in 

erms of their incidence. 
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.4. Statistics 

Clinical and baseline laboratory characteristics were calculated 

or parametric and nonparametric statistics separately. Statistical 

omparisons were performed using the Mann-Whitney U test for 

onparametric statistics. Multi-way tables were constructed with 

onsideration of the chi-square test. CIs and Interquartile ranges 

IQRs) are indicated where appropriate. Kaplan-Meyer cumulative 

ortality was calculated with statistical significance of survival 

ata analyzed using the log-rank test. Unadjusted and multivari- 

te Cox proportional hazards models were used to assess the ef- 

ect of the analyzed parameter on the risk of death and to cal- 

ulate the hazard ratios (HRs); for the final model, the best fit 

ased on Akaike’s information criteria was selected. P -values of 

.05 were considered significant. Commercial software (Statistica 

3.0 PL; Statasoft, Warsaw, Poland) was used for the statistical cal- 

ulations. 

. Results 

.1. Clinical characteristics of patients with COVID-19 and factors 

ssociated with mortality 

The final dataset included 241 adult patients with a median 

ge of 65 (IQR 59-71) years. None of the patients analyzed in 

he study were vaccinated with the full dose of the SARS-CoV-2 

accine. In 143 patients, we confirmed infection with the wild- 

ype variant SARS-CoV-2, which accounted for 59% of all in- 

luded in this analysis. The remaining 41% (n = 98) were infec- 

ions with the Alpha (B.1.1.7) variant. The key biochemical param- 

ters indicative of advanced inflammation were significantly ele- 

ated in the analyzed group. Namely, the median IL-6 was 104 

g/ml (IQR 51.80-167.00) with a concurrently low procalcitonin 

oncentration [median 0.27ng/ml (IQR 0.150-0.50)]. Body mass in- 

ex (BMI) was calculated for each patient; median of BMI was 

9.4 (IQR 26.57-34.41). Male gender dominated in the study group 

n = 153; 63.5%). The most common concomitant disease was 

rterial hypertension, which was present in 129 (53.5%) cases. 

besity and diabetes were found in 97 (40.2%) and 81 (33.6%) 

ases, respectively. Chronic circulatory failure was observed in 24 

9.9%) cases. Key concomitant COVID-19 medication included dex- 

methasone which was administered IV in a dose of at least 6 

g per day (n = 241; 100%) in all cases, remdesivir was admin- 

strated in 99 cases (41%), while TCZ was used in 127 patients 

52.7%). 

Overall mortality in our study was high (72.6%). ( Table 1 .) There 

ere no statistically significant differences between survived/died 

roups regarding gender, height, weight, BMI, initial laboratory 

ests, comorbidities, administration of remdesivir, or TCZ. Groups 

iffered significantly regarding percentage of lung involvement 

survived 32.47% [16.09-51.57%] vs died 47.20% [31.74-59.68%]). Sur- 

iving patients were notably younger, with median age of 62 (IQR 

5-68) years, compared to those who died (median: 67 [IQR: 60- 

2] years, P -value = 0.005). 

.2. Clinical and laboratory data on amantadine treated vs control 

roup 

The study group included 141 (58.5%) patients who received 

mantadine, and 100 (41.5%) controls treated without this agent. 

here were no statistically significant differences between groups 

egarding gender, height, weight, BMI, percentage of lung in- 

olvement, white blood cells count, hemoglobin levels, platelets 

ount, C-reactive protein (CRP), procalcitonin, IL-6, creatinine lev- 

ls, alanine aminotransferase (ALT) activity ( Table 2 ). Patients re- 
145 
eiving amantadine were notably older, with median age of 67 

IQR: 60-71) years, compared to non-amantadine groups (me- 

ian: 63 [IQR: 58-68] years, P -value = 0.032), with slightly higher 

latelet counts (amantadine group 219.5 × 10 3 /ul [176.5-285.5] vs 

on-amantadine group 185 × 10 3 /ul [148-258] P -value = 0.014), 

nd D-dimer (amantadine group 0.806 ug/l [0.413-1.566] vs non- 

mantadine group 0.522 [0.281-1.193] P -value = 0.025), at base- 

ine. Arterial hypertension was statistically more common in the 

roup treated with amantadine (59.5% vs 45%, P -value = 0.025). 

f the 141 patients who received amantadine, 99 (70%) were 

nfected with wild-type SARS-CoV-2, and 51 (30%) were in- 

ected with the Alpha variant. Of the 100 patients who were 

reated without amantadine, 44 (44%) were infected with wild- 

ype SARS-CoV-2, and 56 (56%) were infected with the Alpha 

ariant. 

.3. Amantadine associated general outcomes 

Overall mortality was high and reached 72.6% (n = 175). Mor- 

ality in the amantadine group was notably lower [59.5% (n = 84)] 

ompared to non-amantadine group (91% (n = 91), P -value < 

.001). The median overall length of hospital stay was 12.7 (IQR 

.9-23.4) days, 19.9 (IQR 11.3-29.6) days for the amantadine group, 

nd 6.6 (IQR 2.6-10.0) days for non-amantadine. For those who sur- 

ived, the median length of treatment was 30 (IQR 21.9-30) days 

or the amantadine group, and 10.9 (IQR 3.9-13.9) days for the non- 

mantadine. For those who died, the median length of treatment 

as 15.8 (IQR 10.1-21.6) days for the amantadine group, and 6.5 

IQR 2.2-9.8) days for the non-amantadine ( Figure 1 ). 

We constructed multivariate Cox proportional hazards models 

or all statistically significant factors, administration of amantadine 

n line with the main goal of our study, comorbidities in line with 

he secondary goal of the study, and administration of remdesivir 

nd TCZ in line with the tertiary goal. In multivariate proportional 

ox hazards models ( Table 3 ), administration of TCZ was associated 

ith higher mortality (HR: 1.731,CI: 1.183-2.532, P -value = 0.005), 

hile administration of amantadine associated with lower risk of 

eath (HR: 0.220, CI: 0.146-0.333, P -value = 0.001). Virus strain 

as not a statistically significant factor in Cox proportional hazards 

odel for mortality. 

.4. Clinical characteristics of patients treated with tocilizumab 

epending on amantadine intake 

In line with the additional goals of this analysis, to reflect the 

ombined effect of the agents with immunomodulatory potential, 

e analyzed the TCZ treatment-associated variables among 127 pa- 

ients who received this agent in the dataset of ICU-treated cases. 

ubsequently, we have calculated the differences among patients 

ho received TCZ by amantadine use, with the only significant dif- 

erence between the groups being older age among patients receiv- 

ng amantadine and administration of remdesivir. The multivariate 

ox proportional hazards models constructed similarity to the sta- 

istical models of amantadine alone with administration of aman- 

adine being the only factor associated with differences of mortal- 

ty among patients receiving TCZ with severe COVID-19 (HR: 0.205 

CI: 0.131 - 0.322], P -value = 0.001) ( Table 4 ). Kaplan-Meyer cumu- 

ative mortality was calculated with statistical significance of sur- 

ival data ( Figure 2 ). 

.5. Clinical characteristics of patients treated without tocilizumab 

epending on amantadine intake 

Of the 114 patients who did not receive TCZ, 60 (53%) were 

reated with amantadine and 54 (47%) without it. Groups were 
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Table 1 

Characteristic of study groups by survival outcomes. 

Survived N = 66 (27.4%) Died N = 175 (72.6%) P -value 

Age, years, median (IQR) 62 (55-68) 67 (60-72) 0.005 

Height, cm (IQR) 172 (162-178) 172 (164-178) 0.666 

Weight, kg (IQR) 90 (75-103) 88 (79-100) 0.950 

Body mass index, kg/m ² (IQR) 30.47 (26.12-34.41) 29.38 (27.16-34.29) 0.756 

Percentage of lung involvement, % (IQR) 32.47 (16.09 - 51.57) 47.20 (31.74 - 59.68) 0.010 

White blodd cell, x10 3 /ul (IQR) 7.73 (5.45-12.26) 7.67 (5.4-10.31) 0.545 

Hemoglobin, g/dl (IQR) 13.7 (12.3-15) 13.55 (12-14.7) 0.651 

Patelets, x10 3 /ul (IQR) 221 (184-275) 199 (156-277) 0.139 

C-reactive protein, mg/l (IQR) 123.06 (60.93-215.51) 126.54 (70.27-190.4) 0.894 

Procalcitonin, ng/ml (IQR) 0.22 (0.13-0.54) 0.27 (0.16-0.48) 0.341 

Interleukin-6, pg/ml (IQR) 86.5 (38.6-157) 107 (53.9-175) 0.162 

Creatinine, mg/dl (IQR) 1.08 (0.8-1.46) 1.11 (0.86-1.52) 0.262 

Alanine aminotransferase, U/l (IQR) 36 (23-58) 40 (23-62) 0.497 

D-dimer, ug/l (IQR) 0.6 (0.39-1.67) 0.71 (0.35-1.37) 0.769 

Gender, n (%) 

Male 

35 (57%) 118 (66%) 0.251 

Obesity, n(%) 

Yes 

28 (46%) 69 (38%) 0.297 

Diabetes, n(%) 

Yes 

16 (26%) 65 (36%) 0.157 

Hypertension, n(%) 

Yes 

35 (57%) 94 (52%) 0.485 

Heart failure, n(%) 

Yes 

5 (8%) 19 (11%) 0.594 

Remdesivir administration, n(%) 

Yes 

23 (38%) 76 (42%) 0.535 

Tocilizumab admission, n(%) 

Yes 

27 (44%) 100 (56%) 0.126 

Virus strain, n(%) 

Wild/Alpha 

47 (71%) 96 (55%) 0.021 

Abbreviation: IQR, Interquartile range. 

P-values for gender, obesity, diabetes, hypertension, heart failure, remdesivir and tocilizumab admission and virus strain were re- 

cived from Chi-square Pearson. 

Table 2 

Characteristic of groups by amantadine use. 

Amantadine 

N = 141 

Non-amantadine 

N = 100 P -value 

Age, years 67 (60-71) 63 (58-68) 0.032 

Height, cm 172 (164-178) 172 (165-178) 0.898 

Weight, kg 88.5 (75-100) 88 (80-103) 0.747 

Body mass index 29.705 (27.34-32.87) 29.38 (26.55-34.94) 0.904 

Percentage of lung involvement, % 44.205 (25.065-58.79) 45.180 (25.230-56.410) 0.934 

White blodd cell, x10 3 /ul 8.145 (5.94-11.365) 7.34 (5.02-9.77) 0.077 

Hemoglobin, g/dl 13.6 (12.05-14.7) 13.4 (11.8-15.2) 0.736 

Patelets, x10 3 /ul 219.5 (176.5-285.5) 185 (148-258) 0.014 

C-reactive protein, mg/l 121.285 (75.98-202.595) 127.23 (61.33-176.035) 0.199 

Procalcitonin, ng/ml 0.285 (0.15-0.545) 0.24 (0.14-0.43) 0.183 

Interleukin-6, pg/ml 109 (51.4-181) 95.2 (51.8-151) 0.313 

Creatinine, mg/dl 1.05 (0.855-1.475) 1.12 (0.81-1.59) 0.426 

Alanine aminotransferase, U/l 40 (25-62) 36.5 (20.5-59) 0.194 

D-dimer, ug/l 0.806 (0.413-1.566) 0.522 (0.281-1.193) 0.025 

Gender, n (%) 

Male 

85 (60%) 68 (68%) 0.223 

Obesity, n(%) 

Yes 

61 (43.2%) 36 (36%) 0.275 

Diabetes, n(%) 

Yes 

47 (33.3%) 34 (34%) 0.914 

Hypertension, n(%) 

Yes 

84 (59.5%) 45 (45%) 0.025 

Heart failure, n(%) 

Yes 

15 (10.5%) 9 (9%) 0.675 

Remdesivir administration, n(%) 

Yes 

54 (38.3%) 45 (45%) 0.297 

Tocilizumab admission, n(%) 

Yes 

81 (57.5%) 46 (46%) 0.079 

Mortality, n(%) 

Died 

84 (59.5%) 91 (91%) 0.001 

Virus strain, n(%) 

Wild/Alpha 

99 (70%) 44 (44%) 0.001 

P-values for gender, obesity, diabetes, hypertension, heart failure, remdesivir and tocilizumab admission and virus strain 

were recived from Chi-square Pearson. 

146 
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Figure 1. Kaplan-Meier curves displaying the estimated survival probability for amantadine related treatment. 

Table 3 

Cox proportional hazards model for mortality risk for all patients included in the study. 

Cox proportional hazards model for mortality 

P -value HR Lower 95% CI HR value Upper 95% CI HR value 

Age, years 0.275 1.011 0.991 1.031 

Platelets, x 10 3 /ul 0.174 0.999 0.996 1.001 

D-dimer, ug/l 0.768 0.991 0.930 1.055 

Percentage of lung 

involvement, % 

0.395 1.004 0.995 1.013 

Tocilizumab, 

Yes (reference) 

0.005 1.731 1.183 2.532 

Remdesivir admission, 

Yes (reference) 

0.161 0.759 0.516 1.116 

Amantadine admission, 

Yes (reference) 

0.001 0.220 0.146 0.333 

Gender, 

Male (reference) 

0.114 1.368 0.927 2.019 

Hypertension, 

Yes (reference) 

0.269 1.248 0.843 1.847 

Heart failure, 

Yes (reference) 

0.671 1.139 0.624 2.079 

Diabetes, 

Yes (reference) 

0.978 1.006 0.683 1.481 

Obesity, 

Yes (reference) 

0.423 1.176 0.791 1.748 

Virus strain, 

Wild (reference) 

0.359 0.839 0.577 1.221 

Abbreviation: HR, Hazard ratio. 
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omogenous in terms of age, gender, height, weight, BMI, white 

lood cell, hemoglobin, CRP, procalcitonin, IL-6, creatinine, ALT, and 

-dimer. Patients treated with amantadine had significantly higher 

evels of platelets (221 × 10 3 /ul [184 -300] vs 182.5 × 10 3 /ul [144 

 258], P -value = 0.04). Obesity and hypertension were more com- 

on in amantadine group (33 [55%] vs 18 [33.3%], P -value = 0.02) 

nd (38 [63.3%] vs 21 [38.9%], P -value = 0.009), respectively. 

n the multivariate Cox proportional hazards models constructed 

dentically to Section 3.4 , administration of amantadine was the 

nly factor associated with differences in mortality among pa- 

ients with severe COVID-19 treated without TCZ (HR: 0.224 [CI: 

.133-0.375], P -value = 0.001). Kaplan-Meyer cumulative mortal- 

ty was calculated with statistical significance of survival data 

 Figure 3 ). 
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.6. Characteristics of patients treated with amantadine divided into 

wo groups based on time of admission 

The median time from ICU admission to amantadine admin- 

stration was 3 days (IQR 0-6 days). The decision to administer 

mantadine rested with the attending physician. The decisive is- 

ue in most cases was the patient’s hydration status and tempo- 

ary contraindications to the administration of amantadine, such 

s: severe decompensated heart failure (New York Heart Asso- 

iation grade IV), cardiomyopathy, myocarditis, second or third- 

egree atrioventricular block, bradycardia. To reflect possible bias 

elated to the timing of administration, we divided patients treated 

ith amantadine into those who received the first dose within 5 

ays of admission (n = 99 [70.2%]) to the ICU and those who re- 
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Table 4 

Cox proportional hazards model for mortality risk for patients treated with tocilizumab. 

Cox proportional hazards model for mortality 

P -value HR Lower 95% CI HR value Upper 95% CI HR value 

Age, years 0.840 1.002 0.979 1.026 

White blood cell 0.206 0.972 0.930 1.016 

Remdesivir administration, 

Yes 

0.405 1.207 0.775 1.878 

Amantadine admission, 

Yes 

0.001 0.205 0.131 0.322 

Gender, 

Male 

0.061 1.507 0.981 2.315 

Hypertension, 

Yes 

0.379 1.218 0.784 1.893 

Heart failure, 

Yes 

0.815 1.095 0.514 2.333 

Diabetes, 

Yes 

0.942 0.983 0.613 1.575 

Obesity, 

Yes 

0.504 1.159 0.752 1.788 

Abbreviation: HR, Hazard ratio. 

Figure 2. Kaplan-Meier curves displaying the estimated survival probability for patients treated with TCZ divided into amantadine dependant groups. 

Figure 3. Kaplan-Meier curves displaying the estimated survival probability for patients treated without TCZ divided into amantadine dependant groups. 
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Table 5 

Cox proportional hazards model for mortality risk for patients treated with amantadine according to admission time groups. 

Cox proportional hazards model for mortality 

P -value HR Lower 95% CI HR value Upper 95% CI HR value 

Remdesivir admission, 

Yes 

0.649 1.114 0.700 1.774 

Tocilizumab admission, 

Yes 

0.099 0.668 0.414 1.078 

Amantadine admission time, 

> 5 day 

0.050 0.560 0.313 0.999 

Gender, 

Male 

0.309 1.275 0.799 2.036 

Hypertension, 

Yes 

0.717 1.089 0.686 1.730 

Heart failure, 

Yes 

0.405 1.377 0.649 2.924 

Diabetes, 

Yes 

0.322 0.783 0.482 1.271 

Obesity, 

Yes 

0.361 1.235 0.785 1.942 

Abbreviation: HR, Hazard ratio. 
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eived it after 5 days from intensive care initiation (42 [29.8%]). 

e set this limit as for majority of antiviral agents benefit be- 

ond 5 days following COVID-19 symptom onset is not observed, 

nd also to exclude the bias for early ICU mortality. The analyzed 

roups were homogeneous in terms of age, gender, BMI, laboratory 

esults, comorbidities, and concomitant treatment but differed sig- 

ificantly in terms of mortality (34% points to the advantage of re- 

eiving amantadine after 5 days from admittance, P -value = 0.05). 

n multivariate proportional Cox hazards models ( Table 5 ) ad- 

inistration of amantadine after 5 th day was independently 

ssociated with lower mortality (HR: 0.560 [CI: 0.313-0.999], 

 -value = 0.050). 

.7. Characteristic of patients treated in intensive care unit for at 

east 48 hours 

In order to avoid a statistical error related to the enrollment 

f patients with immediate ICU mortality, we created an addi- 

ional analysis excluding individuals with immediate (within 48 

ours of ICU admission) mortality. The 48-hour period is based 

n the summary of product characteristics of amantadine, ac- 

ording to which amantadine achieves its full therapeutic ef- 

ect after 48 hours ( How long does it take for amantadine to 

tart working? 2022 ). There were no statistically significant dif- 

erences between particular groups regarding gender, age, height, 

eight, BMI, white blood cell count, hemoglobin levels, CRP, pro- 

alcitonin, IL-6, creatinine levels, and ALT activity. Patients re- 

eiving amantadine had slightly higher platelet counts and D- 

imer at baseline. Arterial hypertension was statistically more 

ommon in the group treated with amantadine (59% vs 42%, 

 -value = 0.014). 

In multivariate proportional Cox hazards models ( Table 6 ), gen- 

er (HR: 1.526 [CI: 1.063-2.190], P -value = 0.023), and administra- 

ion of TCZ was associated with higher mortality (HR: 1.543 [CI: 

.089-2.185], P -value = 0.015), while administration of amantadine 

ssociated with lower risk of death (HR: 0.242 [CI: 0.169-0.348], 

 -value = 0.001). 

.8. Characteristics of patients diagnosed with wild-type of 

ARS-CoV-2 depending on amantadine intake 

We confirmed wild-type SARS-CoV-2 infection in 143 patients. 

ut of 143 patients, 99 (70%) received amantadine for treatment. 
149 
he groups differed in terms of BMI (amantadine 30.56 [26.67- 

5.15] vs non-amantadine 27.81 [26.39-29.92], P -value = 0.039). 

here were no statistical differences in terms of gender, age, 

eight, weight, percentage of lung involvement, or basic laboratory 

ests. Obesity and arterial hypertension were much more common 

n the group treated with amantadine (45 [45%] vs 10 [23%], P - 

alue = 0.009) and (58 [59%] vs 16 [36%], P -value = 0.014), re- 

pectively. The remaining comorbidities and administration of TCZ 

r remdesivir did not differ statistically. Mortality rate was signif- 

cantly lower in group treated that amantadine (57% vs 91%, P - 

alue = 0.001). 

We constructed multivariate Cox proportional hazards models 

or all statistically significant factors, administration of amantadine 

n line with the main goal of our study, comorbidities in line with 

he secondary goal of the study, and administration of remdesivir 

nd TCZ in line with the tertiary goal. In multivariate proportional 

ox hazards models, administration of TCZ was associated with 

igher mortality (HR: 2.200 [CI: 1.248-3.876], P -value = 0.006), 

hile administration of amantadine associated with lower risk of 

eath (HR: 0.212 [CI: 0.123-0.365], P -value = 0.001). 

.9. Characteristics of patients diagnosed with Alpha strain of 

ARS-CoV-2 depending on amantadine intake 

We confirmed Alpha (B.1.1.7) strain SARS-CoV-2 infection in 98 

atients. Out of 98 patients in this group, 42 (43%) received aman- 

adine for treatment. The groups differed in terms of D-dimer level 

amantadine 0.855 [0.409-2.064] vs non-amantadine 0.512 [0.264- 

.9715], P -value = 0.023). There were no statistical differences in 

erms of gender, age, height, weight, BMI, percentage of lung in- 

olvement, or basic laboratory tests. The comorbidities and admin- 

stration of TCZ or remdesivir did not differ statistically. Mortality 

ate was significantly lower in group treated with amantadine (66% 

s 91%, P -value = 0.002). 

Similarly, we constructed multivariate Cox proportional haz- 

rds models for all statistically significant factors, administration 

f amantadine in line with the main goal of our study, comor- 

idities in line with the secondary goal of the study and admin- 

stration of remdesivir and TCZ in line with the tertiary goal. In 

ultivariate proportional Cox hazards models administration of 

mantadine associated with lower risk of death (HR: 0.216 [CI: 

.128-0.364], P -value = 0.001). Other factors were not statistically 

ignificant. 
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Table 6 

Cox proportional hazards model for mortality risk for patients who survived first 48 hours after admission to intensive care unit. 

Cox proportional hazards model for mortality 

P -value HR Lower 95% CI HR value Upper 95% CI HR value 

Platelets, x 10 3 /ul 0.049 0.998 0.996 1.000 

D-dimer, ug/l 0.410 1.026 0.966 1.090 

Remdesivir admission, 

Yes 

0.417 1.156 0.816 1.638 

Tocilizumab admission, 

Yes 

0.015 1.543 1.089 2.185 

Amantadine admission, 

Yes 

0.001 0.242 0.169 0.348 

Gender, 

Male 

0.023 1.526 1.063 2.190 

Hypertension, 

Yes 

0.829 0.963 0.684 1.357 

Heart failure, 

Yes 

0.779 1.093 0.591 2.022 

Diabetes, 

Yes 

0.840 1.038 0.728 1.480 

Obesity, 

Yes 

0.397 0.860 0.607 1.220 

Abbreviation: HR, Hazard ratio. 
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. Discussion 

To our knowledge, this is the first study to investigate the 

urvival effects of amantadine in ICU patients treated for severe 

OVID-19 respiratory failure and ARDS. Our study demonstrates 

he survival benefits of IV administration of amantadine sulfate 

n patients treated in ICU alone and in combination with im- 

unomodulatory TCZ. The majority of admitted patients presented 

he laboratory features of cytokine storm, with the median IL-6 

evels in the group exceeding 100 pg/ml, regardless of amantadine 

se, which strengthens the possibility for the immunomodulatory 

ffect in the analyzed cases. Furthermore, survival was improved 

n patients who received amantadine late, after 5 days from ICU 

dmission, and also when cases who died within 48 hours of ad- 

ission were excluded, which strengthens the suggestion that the 

urvival benefit is a relevant scientific finding. It must be empha- 

ized that we discard the possibility of the direct antiviral but not 

mmunomodulatory effect at this stage of the disease. Possible im- 

unomodulatory properties of amantadine include effects on al- 

ered T cell function ( Wandinger et al. , 1999 ), production of IL-

, reduction of the production of the pro-inflammatory cytokines, 

pecifically interferon- γ and tumor necrosis factor- α ( Kubera et al. , 

009 ). 

In our study, a negative effect of TCZ on ICU survival was ob- 

erved. It is most likely related to the more severe general con- 

ition of patients treated with TCZ. To avoid a sample selection 

ias, as TCZ has a proven therapeutic effect in the treatment of 

atients with COVID-19 in severe general condition and cytokine 

torm ( Biran et al. , 2020 ; Chober et al. , 2022 ), we have created ad-

itional analyzes to show the effectiveness of amantadine in treat- 

ng patients in the context of the use of other immunomodulatory 

rugs. Survival benefit associated with amantadine was retained in 

his group. 

There are no published data on the amantadine treatment in 

atients with COVID-19 and ARDS requiring mechanical ventila- 

ion and ICU treated; however, amantadine has been widely used 

s a neurostimulant in the intensive care setting before, for rea- 

ons other than severe COVID-19 respiratory failure. The study 

y Leclerc et al. (2021) examined the effect of neurostimulants 

uch as amantadine and modafinil on the treatment effects of pa- 

ients hospitalized for intracerebral hemorrhage, ischemic stroke, 

r subarachnoid hemorrhage. A total of 87 patients were assessed 

ver the 3.7 year study period. Of the 62 patients treated with 

mantadine monotherapy, 34 (55%) were considered treatment re- 
150 
ponders. Respondents were more likely to be discharged home 

r for emergency rehabilitation compared to non-responders. The 

esults of our studies cannot be directly compared, while both 

tudies showed a positive effect of the use of amantadine in pa- 

ients hospitalized in the ICU. Furthermore, in the study by Rah- 

an Abbasivash et al, the effect of oral administration of aman- 

adine on the neurological outcomes of patients with diffuse ax- 

nal injury in the ICU was evaluated ( Abbasivash et al. , 2019 ).

ll patients in this study were intubated and received mechan- 

cal ventilation. They were divided into two groups: patients re- 

eiving amantadine and placebo. There were no significant differ- 

nces in the duration of mechanical ventilation, hospitalization and 

ortality in both groups. The study found no effect of amantadine 

n the final results, probably due to the small group of patients 

tudied, and the low overall mortality among the patients studied 

n = 5; 7%). In an analysis by Saniova et al. (2004) , patients with

evere brain injuries treated with amantadine sulfate in addition 

o standard therapy had a lower mortality rate and higher Glas- 

ow Coma Scale than those treated with standard therapy alone. 

hese studies demonstrate the favorable effects of amantadine in 

he ICU setting, but cannot be directly translated into the COVID-19 

atients. 

The main advantage of our analysis is a large dataset of pa- 

ients characterized by high homogeneity, which allows the im- 

act of the drug under study to be assessed. The collection of data 

rom one center allowed us to exclude the possibility of an error 

elated to different standards of individual care. Being an obser- 

ational study, we are aware of the high risk of information bias 

hich could be the cause of unexpected results. Paradoxical re- 

ults (regardless of their statistical significance) raise doubts about 

he accuracy of the data. As examples for repeated unexpected re- 

ults: The resence of heart failure decreases the hazard of death 

y 10% (HR = 0.9), presence of diabetes mellitus lower the haz- 

rd of death by 30%. and presence of hypertension decrease the 

azard of death by 13% (HR = 0.83). A further randomized clinical 

rial is needed to approve or disapprove our results. This can be 

onsidered as a pilot study. A randomized clinical trial is needed 

o confirm the utility of amantadine in treatment of COVID-19 

atients. 

. Conclusion 

Patients treated in ICUs due to severe respiratory failure may 

enefit from the initiation of amantadine sulfate treatment. The 
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ignificantly lower mortality among patients who started treat- 

ent later in hospitalization suggests no effect of amantadine 

n the acute phase of SARS-CoV-2 infection. The exact way the 

edicine works is unknown and requires further studies. It seems 

ustified to conduct further studies, including a randomized con- 

rolled trial, especially due to the low cost of possible treatment if 

he effectiveness is confirmed. 

. Limitations 

Our research has several limitations that we are aware of. They 

ainly concern with its retrospective nature, lack of randomization 

f the treatment groups, and the lack of clear criteria for inclusion 

n the administration of amantadine. However, our analyzes were 

ultidirectional and point to a potential survival signal, and there- 

ore seem highly valuable basis for future considerations. 

Also, the administration of amantadine was based on the inde- 

endent decision of the clinician, which may introduce a decision 

ias. For this purpose, analyses excluding early mortality patients 

ere performed. 
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