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Abstract
COVID-19 patients in critical conditions are hospitalized and treated with various protocols including antiviral drugs, which

have been updated repeatedly. This study was aimed to analyze the demographics, costs, and outcomes of drug regimens in

COVID-19 patients hospitalized in ‘‘Ali Asghar’’ hospital, affiliated with Shiraz University of Medical Sciences, from March

2019 to December 2020 as a retrospective study, approved by the ethics committee of Shiraz University of Medical Sciences

(IR.SUMS.REC.1399.1003) on Dec. 28, 2020. Using hospital information system (HIS) data, 2174 patients receiving favipiravir,

remdesivir, interferon-b, and Kaletra� were analyzed. Descriptive, univariate, and regression analyses were used. The costs and

consequences of different drug regimens were significantly different (P value\0.05); the highest and lowest costs belonged to

remdesivir and Kaletra�, respectively. The highest and lowest mean length of stay and mortality were related to remdesivir and

favipiravir, respectively. Mortality did not differ significantly with various regimens. Length of stay was significantly shorter

with favipiravir and Kaletra� than interferon-b. Remdesivir had significantly the highest cost. Age presented a significantly

positive relationship with mortality and length of stay. Besides, ICU admission significantly increased mortality, length of stay,

and costs. Underlying diseases and low blood oxygen saturation contributed to mortality. COVID-19 correlation with age and

underlying diseases is accordant with the published data. Given the highest costs and broad usage of remdesivir, besides

controversies regarding its outcomes and side effects, a stricter evaluation of remdesivir benefits seems essential. Totally,

COVID-19 therapeutic protocols should be selected carefully to optimize costs and outcomes.
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1 Introduction

For the third time in recent decades, a species of coron-

aviruses invaded humans, named the severe acute respira-

tory syndrome coronavirus 2 (SARS-CoV-2). It was first

identified in Wuhan, China, in December 2019 (Perlman

2020) and rapidly led to a pandemic. According to the

Worldmeter, more than 284 million individuals have been

infected with COVID-19 globally by February 2022, with

more than 5.7 million cases of related mortality (https://

www.worldometers.info/coronavirus/, accessed 21

December 2021). Coronaviruses include four generations

named as a-, b-, c-, and d-coronaviruses, whereas a- and b-

coronaviruses infect mammals. Human coronaviruses may

cause Middle East respiratory syndrome coronavirus

(MERS-CoV), Severe Acute Respiratory Syndrome

Coronavirus (SARS-CoV), and SARS-CoV-2 (Shen et al.

2020; V’Kovski et al. 2021; Li et al. 2020).

SARS-CoV-2 is an enveloped RNA virus. Its patho-

genesis involves viral proliferation in lower respiratory

tract epithelial cells, similar to SARS-CoV and MERS-

CoV. However, it is more fatal than the other two men-

tioned species. SARS-CoV-2 employs human cells’ facil-

ities leading to replication of its RNA to make their own

proteins, including nucleocapsid (N), spike glycoprotein

(S), envelope (E), and membrane (M) proteins (Martines

et al. 2020; Lotfi and Rezaei 2020). The spike protein is

essential for interaction between the virus and cell recep-

tors during viral entry to human cells. Similar to SARS-

CoV, SARS-CoV-2 enters human cells by the S protein

binding to the ACE2 receptors. It can also enter the cell

through clathrin-mediated endocytosis (Owji et al. 2020).
Extended author information available on the last page of the article
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Therefore, the proteins mentioned above are known as

significant targets for antiviral agents against SARS-CoV

and MERS-CoV. Given the 79.5% identity between the

SARS-CoV-2 and SARS-CoV genomes, it was suggested

that the medications previously used in SARS-CoV epi-

demics, such as galidesivir, ribavirin, lopinavir/ritonavir,

remdesivir, and interferon (IFN)-a and -b may also be

effective against SARS-CoV-2 (Lotfi and Rezaei 2020;

Elshabrawy 2020). Thus, previous antiviral drugs and

many other drugs were alternately suggested for COVID-

19 treatment. However, many of them did not prove to be

effective in clinical trials (Negahdaripour 2020).

In general, the therapeutic protocol for COVID-19

depends on the patient’s condition. The patients with sus-

pected and confirmed COVID-19 should be self-isolated

and receive supportive and symptomatic treatments.

However, those in critical conditions should be hospital-

ized and treated with antiviral drugs (Shen et al. 2020;

Srinivas et al. 2020).

IFN-b is a medication suggested for treating COVID-19

(Bagheri et al. 2021). According to several studies, IFNs are

highly important in the effectiveness of adaptive immune

responses against viral infections at various stages

(Mosaddeghi et al. 2021; http://corona.behdasht.gov.ir/,

accessed 13 November 2021). IFN-b can reduce the serum

viral loads leading to symptom alleviation in the early stages

of the disease (Shen et al. 2020). On the other hand, elevated

IFN levels in the advanced stages of COVID-19 may delay

the recovery and increase the disease fatality by inducing the

ACE2 overexpression in the human respiratory tract

epithelial cells, which facilitates viral entry into host cells

(Parashkouhi et al. 2021). This drug has been investigated in

several clinical studies. A study using inhalatory IFN-b1a in

48 COVID-19 patients reported higher therapeutic progress

than placebo on days 15 and 16 (Monk et al. 2021). Another

study by Park and Iwasaki found reduced responses medi-

ated by IFNs in COVID-19 patients. Additionally, the

antiviral effects of IFN have been confirmed in several other

in vitro and in vivo studies (Park and Iwasaki 2020).

Remdesivir is the first medication approved by the US

FDA as well as the European Union regulatory authorities

for clinical use in hospitalized patients with COVID-19

(https://www.ncbi.nlm.nih.gov/books/NBK563261/, acces-

sed December 2021; Wise 2020). Remdesivir is an ade-

nosine analog prodrug inhibiting the viral RNA-dependent

RNA polymerase. It has shown satisfactory in vitro results

in SARS-CoV and MERS-CoV (Beigel et al. 2020; Dog-

grell 2020). A multicenter randomized clinical trial repor-

ted its higher effects than placebo in reducing the hospital

stay of COVID-19 patients (Beigel et al. 2020; Negah-

daripour 2020).

Favipiravir, another antiviral drug suggested for

COVID-19 treatment (Sanchez-Felipe et al. 2020), is a

viral RNA-dependent RNA polymerase previously used in

Japan to treat Influenza caused by influenza virus novel

strains (Yamamura et al. 2020). Another candidate drug

was the combination of lopinavir/ritonavir (Kaletra�),

which is a protease inhibitor mainly used for AIDS treat-

ment (Walmsley et al. 2002). However, it was removed

from the AIDS therapeutic protocol by the world health

organization (WHO) due to its slight effect on reducing the

related mortality (Negahdaripour 2020).

According to the studies, the direct COVID-19 treatment

costs are significantly higher than other common infectious

diseases, because this disease is associated with a higher

chance of hospitalization and mortality (Bartsch et al.

2020). Moreover, a significant proportion of the patients

with COVID-19 require expensive intensive care services

due to their severe disease. Therefore, the therapeutic costs

for COVID-19 are remarkable (Molina et al. 2014).

The objectives of the present study were to compare the

costs, outcomes, and effectiveness of different drug regi-

mens used for COVID-19 treatment, including favipiravir,

remdesivir, IFN-b, and Kaletra�, and evaluate the effects

of demographic and clinical factors in this disease.

2 Methods

2.1 Study Design and Data Collection

The present historical cohort study was a partial evaluation

of the cost-outcome description or Cost-Consequence

Analysis (CCA) type. It was approved by the ethics com-

mittee of Shiraz University of Medical Sciences

(IR.SUMS.REC.1399.1003). Data collection included the

clinical outcomes, treatment costs, underlying diseases, and

demographics of the COVID-19 patients who were treated

with favipiravir, remdesivir, IFN-b, and Kaletra� in the Ali

Asghar Hospital affiliated with Shiraz University of Med-

ical Sciences from March 2019 to December 2020. The

data were collected from the hospital information system

(HIS) of the mentioned hospital. It should be noted that in

the current study, only medicines that had been prescribed

in the hospital were analyzed, so self-medication was not

included. Noting that hospitalized patients do not take

medicines outside the prescribed medicines.

The costs were converted to US dollars using a pur-

chasing power parity (PPP) $ exchange rate of 30,007 Rials

per 1PPP$ in 2020 (World Bank 2020; Singh 2020).

2.2 Study Population

The study population included all the patients who referred

to Ali Asghar Hospital, a referral hospital for COVID-19 in

Shiraz, Iran, with COVID-19 from the beginning of
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February 2020 to the end of November 2021, and their

treatment course, from diagnosis to discharge, was entirely

performed in the mentioned hospital. The study used the

census method. Therefore, there was no sampling. Overall,

more than 3000 patients were admitted to Ali Asghar

Hospital due to COVID-19 from the beginning of March

2019 to December 2020. After data cleaning, 2174 patients

were included in the study.

The study tool included a researcher-made form con-

sisting of the patients’ demographics, clinical outcomes,

and therapeutic costs. The forms were filled using the

information available in the medical records of the patients

and their medical bills available in the accounting unit of

the hospital. In general, medical costs can be divided into

two groups: direct costs and indirect costs. Given the pre-

sent study view, which was the view of the Ministry of

Health and Medical Education of Iran, and the present

limitations, only direct treatment costs were considered.

Therefore, the direct therapeutic and diagnostic costs,

including physician visits, laboratory investigations,

imaging services, medications, the material used, oxygen

administration, and capital goods, were collected for the

patients receiving each drug regimen. The primary thera-

peutic outcomes included mortality and hospital stay.

2.3 Data Analysis

This study first presented the descriptive statistics of all the

participants based on the costs and outcomes of different

drug regimens, demographic variables, and main factors

related to COVID-19. Afterward, the differences in costs

(medication costs and total treatment costs) and outcomes

(hospital stay and mortality) were investigated in different

drug regimens. In an univariate analysis, the Kruskal–

Wallis test was used to investigate the mean differences in

costs, hospital stay, and mortality among the patients

receiving different drug regimens.

Finally, the regression analysis was used to investigate

the effect of different drug regimens on the costs and

outcomes considering demographic and clinical variables.

Moreover, linear multivariate regression and ordinary least

squares estimation were used for cost and hospital stay

models, as well as the logistic regression and maximum

likelihood estimation for the mortality model. The

explanatory variables in all models included the drug reg-

imen (favipiravir, remdesivir, IFN-b, and Kaletra�), drug

cost, total treatment cost, hospital stay, age, gender, ICU

admission, underlying diseases, mortality, and oxygen

saturation. Likelihood ratio (LR) chi-square test and

F-statistic were used for models’ goodness of fit.

3 Results

The demographic and clinical characteristics of the patients

are presented in Table 1. According to our results, 19.6% of

the patients were younger than 40 years old, 51.6% aged

40–65 years old, and 28.8% were older than 65. Moreover,

about 55.6% were female, and 44.4% were male. Besides,

207 patients (9.5%) were expired during hospitalization.

In terms of medication costs, the drug regimen costs

were less than 10 million Rials (333 $PPP) for 44.2% of the

patients, while the mentioned costs were 35–45 million

Rials (1167–1500 $PPP) for 47.7% of the patients. More-

over, 8.2% of the patients had a drug cost of more than 45

million Rials (1500 $PPP). Moreover, the total treatment

costs were\ 50 (1667 $PPP), 50–100 (1667–3333 $PPP),

100–200 (3333–6667 $PPP), and[ 200 (6667 $PPP) mil-

lion Rials for 32.8, 38.6, 17.4, and 11.2% of the patients,

respectively.

In terms of hospital stay, 19.6% of the patients had a

hospital stay of fewer than 40 days, 51.6% were hospital-

ized for 40–65 days, and 28.8% were in the hospital for

more than 65 days. Finally, IFN-b, favipiravir, remdesivir,

and Kaletra� were administered for 13.9, 4.3, 55.8, and

25.8% of the patients. Additionally, 9.4% of the patients

were ICU-admitted.

The mean differences in costs, hospital stay, and mor-

tality between the patients receiving different drug regi-

mens and the related results are presented in Table 2.

According to our findings, drug regimens had significant

effects on the costs and outcomes of treatment (all P val-

ues\ 0.05). The patients receiving Kaletra� had the low-

est drug regimen costs, while those receiving remdesivir

had the highest costs. Moreover, the patients receiving

favipiravir had the shortest hospital stay and lowest mor-

tality, while those receiving remdesivir had the highest

mortality and longest hospital stay.

The co-effect of demographics and drug regimens on

mortality, hospital stay, and treatment costs were investi-

gated using the multivariate regression model, and the

related results are presented in Table 3.

In terms of mortality, the present study results showed

that COVID-19-related mortality was higher in older

patients than younger ones. Moreover, the ICU-admitted

patients were 115 times more likely to die due to COVID-

19. The chance of mortality was two times higher in the

patients with underlying diseases. Besides, one unit of

increase in oxygen saturation could decrease the chance of

mortality by 4%, which was significant. Considering the

effect of drug regimen, the patients receiving favipiravir,

remdesivir, Kaletra� had a lower chance of mortality (by

70, 30, and 50%) than those receiving IFN-b. However,

these differences were not significant.
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Table 1 Demographic and

clinical characteristics of the

patients

Variable Items Frequency (n) Percentage (%)

Age Younger than 40 427 19.6

40–65 years old 1121 51.6

Older than 65 626 28.8

Gender Female 1208 55.6

Male 966 44.4

Mortality Deceased 207 9.5

Survived 1967 90.5

Medication costs Less than 10 million Rials (333 $PPP) 960 44.2

35–45 million Rials (1167–1500 $PPP) 1036 47.7

More than 45 million Rials (1500 $PPP) 178 8.2

Overall medical costs Less than 50 million Rials (1667 $PPP) 712 32.8

50–100 million Rials (1667–3333 $PPP) 840 38.6

100–200 million Rials (3333–6667 $PPP) 379 17.4

More than 200 million Rials (6667 $PPP) 243 11.2

Hospital stay Shorter than 40 days 427 19.6

40–65 days 1121 51.6

Longer than 65 days 626 28.8

Drug regimen Interferon-b 303 13.9

Favipiravir 95 4.3

Remdesivir 1214 55.8

Kaletra� 562 25.8

ICU admission Non-ICU-admitted 1986 90.5

ICU-admitted 207 9.4

Table 2 Mean values of costs, hospital stay, and mortality by drug regimen in the patients with COVID-19

Drug regimen Mean Standard deviation Chi-Square Significance level

Sum price Interferon-b 2,592,388.12 Rials (86.4$PPP) 877,729.24 Rials (29.3$PPP) 1801.55 0.001

Favipiravir 5,061,547.37 Rials (168.7$PPP) 974,175.11 Rials (32.5$PPP)

Remdesivir 45,858,497.69 Rials (1528.6$PPP) 11,236,660.78 Rials (374.6$PPP)

Kaletra� 650,241.99 Rials (21.7$PPP) 348,512.39 Rials (11.6$PPP)

Total 26,358,782.34 Rials (878.6$PPP) 23,507,789.77 Rials (783.6$PPP)

Total sum price Interferon-b 68,438,746.98 Rials (2281.3$PPP) 79,222,346.37 Rials (2640.7$PPP) 436.4 0.001

Favipiravir 45,733,255.92 Rials (1524.4$PPP) 27,068,553.73 Rials (902.3$PPP)

Remdesivir 137,478,244.04 Rials (458.2$PPP) 105,482,932.78 Rials (3516.1$PPP)

Kaletra� 48,055,738.23 Rials (1602$PPP) 62,691,215.05 Rials (2089.8$PPP)

Total 100,730,226.68 Rials (335.8$PPP) 99,394,780.42 Rials (3313.2$PPP)

Hospital stay Interferon-b 7.99 5.07 131.36 0.001

Favipiravir 6.31 3.41

Remdesivir 9 5.11

Kaletra� 6.65 4.41

Total 8.13 4.98

Mortality Yes No 41.25 0.001

Interferon-b 21 282

Favipiravir 2 93

Remdesivir 158 1056

Kaletra� 26 536
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In terms of hospital stay, the present study results

showed that COVID-19-related mortality was increased

with a prolonged hospital stay. Moreover, the ICU-admit-

ted patients had a significantly longer hospital stay. Con-

sidering the effect of the drug regimen, the patients

receiving favipiravir and Kaletra� had a significantly

shorter hospital stay than those receiving IFN-b. However,

those receiving remdesivir had a longer hospital stay than

patients receiving IFN-b, while the difference was not

significant. Additionally, the patients admitted to ICU had

significantly higher treatment costs. The variables of

underlying disease, age, and gender had no significant

effect on treatment costs.

4 Discussion

The COVID-19 pandemic was announced by the WHO in

March 2020. This novel virus spread throughout the world

very rapidly. COVID-19 is a respiratory infection affecting

the overall health of the infected patients. This virus and

the preventive measures taken for the related pandemic

have challenged all interpersonal and social interactions by

establishing several social-distancing and self-isolation

measures (Singh 2020). Limited studies have investigated

the costs and outcomes of COVID-19 drugs. A study on

this topic, which was performed at the COVID-19 referral

hospitals in the Fars province, Iran, showed that the pan-

demic imposed a heavy burden on the economies of the

involved countries (Ghaffari Darab et al. 2021). Another

study in South Africa reported that administration of

remdesivir and dexamethasone for the patients without

mechanical ventilation and those in need of mechanical

ventilation, respectively, could lead to reduced costs due to

shorter ICU stay than the standard care (Jo et al. 2021).

Moreover, antiviral therapy, as an independent intervention

or a part of a multifaceted strategy was mentioned to be

cost-effective for managing respiratory infection outbreaks

with a high chance of mortality, such as COVID-19

(Dawoud and Soliman 2020).

An objective of the present study was to investigate the

relationship between demographics and COVID-19 sever-

ity with the related costs, reporting the significant effect of

age and underlying diseases on the treatment outcomes

(mortality and hospital stay). Our findings are compatible

with those of the previous studies. The chance of mortality

due to COVID-19 was reported to be higher in male

patients and those with underlying diseases, including

diabetes mellitus, hypertension, cardiovascular diseases,

and renal disorders, compared to other patients (Sepandi

et al. 2020). Moreover, a study in China on 541 patients

with COVID-19, of which 26.6% had cardiovascular dis-

eases, reported a mortality rate of 22.2% in those with

cardiovascular diseases compared to a mortality rate of

9.8% in the total study participants. Besides, the patients

with cardiovascular diseases were more likely to develop

hepatic dysfunction and elevated levels of creatinine and

lactate dehydrogenase (Zhang et al. 2020). Another study

Table 3 Cost and effect of demographics and drug regimen on the outcomes of mortality, hospital stay, and treatment costs in the regression

model

Explanatory

variables

Death model LOS model Cost model

Odds ratio P value Coefficients P value Coefficients P value

Age 1.05 0.00 0.019 0.006 - 141,404 (- 4.71$) 0.190

Gender Female Reference

Male 1.01 0.964 0.045 0.815 - 3,841,768 (- 128.1$) 0.223

Ward code Other wards Reference

ICU 115.06 0.00 6.624 0.00 185,000,000 (6166.7$) 0.00

Underlying disease No Reference

Yes 1.81 0.05 0.2054 0.339 4,655,955 (155.2$) 0.184

Drug regimen Interferon Reference

Favipiravir 0.3156441 0.200 - 1.534 0.003 - 154,000,000

(- 5133.3$)

0.070

Remdesivir 0.6253506 0.212 0.347 0.226 524,000,000 (17,466.7$) 0.00

Kaletra� 0.5771197 0.202 - 1.317 0.00 - 193,000,000

(- 6433.3$)

0.00

SPO2 0.9631723 0.00 - 0.0005 0.324 - 5734.913 (- 0.2$) 0.518

Model significance LR chi2

(11) = 795.75

Pseudo

R2 = 0.5820

0.00 Adj

R-squared = 0.2059

0.00 Adj R-squared = 0.

4687

0.00
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in China included 1590 patients with COVID-19 whereof

25.1% had at least one underlying disease. The most

common underlying disease was hypertension (16.9%)

followed by diabetes (8.2%), while 130 patients (8.2%) had

two or more underlying diseases. The study reported that

the patients with any underlying disease had poorer clinical

outcomes than others (Guan et al. 2020). Additionally, a

study on 203 patients with COVID-19 in Wuhan, China,

reported that male gender, underlying diseases, higher

duration between the onset of symptoms and hospitaliza-

tion, renal dysfunction, and elevated procalcitonin levels

had significant relationships with mortality (Chen et al.

2020). Therefore, it seems that older patients with under-

lying diseases should receive special care and be prioritized

for more specialized treatments.

The present study intended to perform an analysis of the

costs and outcomes of different drug regimens used for

COVID-19 treatment. To achieve this goal, favipiravir,

remdesivir, IFN-b, and Kaletra� were evaluated, because

these four drugs were included in the COVID-19 treatment

protocols of Iran at the time of this study. However, some

other medications, such as dexamethasone, and mono-

clonal antibodies, including baricitinib, tofacitinib, tocili-

zumab, and sarilumab, were also added to the treatment

protocols and could be prescribed based on the patients’

conditions (https://www.covid19treatmentguidelines.nih.

gov/management/clinical-management/hospitalized-adults–

therapeutic-management/ accessed 4 January 2021).

According to our findings, the patients taking favipiravir

had the lowest chance of mortality and shortest hospital

stay, while those receiving remdesivir presented the highest

chance of mortality and longest hospital stay, which might

be probably explained by the fact that most patients with

severe COVID-19 and those who were ICU-admitted

received remdesivir. Other studies in this regard have

shown different findings. A randomized clinical trial by

Spinner et al. reported that remdesivir led to clinical ben-

efits in severe COVID-19 compared to placebo, while its

effect was unknown in the patients with moderate COVID-

19 (Spinner et al. 2020). Another study on the ICU-ad-

mitted patients with COVID-19 in Bangladesh showed that

the patients receiving favipiravir had the longest hospital

stay, while those receiving a combination of favipiravir,

remdesivir, and convalescent plasma had the shortest

hospital stay (Nasir 2021). On the other hand, no positive

impact on mortality rates was reported upon remdesivir

usage in two studies (Al-Abdouh 2021; Singh 2021).

Besides, some concerns about its side effects are mentioned

(Negahdaripour 2021).

In a double-blinded study on 1062 patients in two

groups who were hospitalized due to COVID-19, Beigel

et al. investigated the effectiveness of remdesivir compared

to placebo. A group received remdesivir (200 mg on the

first day and 100 mg daily on the next nine days) for

10 days, while the other group received the placebo. This

study demonstrated the effect of remdesivir on reducing the

hospital stay and pulmonary involvement of the patients

(Beigel et al. 2020). Moreover, a clinical study investigated

the effect of remdesivir by administering 200 mg remde-

sivir on the first day and 100 mg daily on the next nine

days for hospitalized patients with COVID-19, reporting

improvements in 68% of these patients (Grein et al. 2020).

Besides, a study by Spinner et al. on 596 patients with

moderate COVID-19 compared the effects of remdesivir

for five and 10 days with the standard care, reporting no

significant difference between remdesivir treatment for 5

and 10 days, while the 5-day remdesivir treatment course

was significantly more beneficial than the standard care.

Moreover, remdesivir treatment for five and 10 days could

significantly reduce the recovery duration. The standard

care in the mentioned study was supportive care, such as

controlling the patients’ oxygen saturation (Spinner et al.

2020). However, a direct comparison of the results of

different studies might not be meaningful due to variations

in the clinical conditions of the study populations, so an

accurate conclusion is difficult to make.

According to our results, the patients receiving favipi-

ravir and Kaletra� had significantly shorter hospital stay

than those receiving IFN-b. Moreover, favipiravir, remde-

sivir, and Kaletra� could reduce the chance of mortality by

70, 30, and 50% compared to IFN-b, respectively. A study

by Cai et al. investigated the effects of favipiravir com-

pared to lopinavir/ritonavir in patients with COVID-19.

The study group included the patients receiving favipiravir

and inhalatory IFN-a, while the control group received

lopinavir/ritonavir and inhalatory IFN-a. The comparative

indices included changes in the pulmonary CT scan, the

time needed for viral clearance, and drug side effects. The

study reported that the favipiravir group had a significantly

faster viral clearance and improved CT scan compared to

the control group. However, more side effects were

reported in the favipiravir group (Cai et al. 2020).

In another study by Cao et al., the effect of Kaletra� was

compared to standard care. The study population were 199

patients with COVID-19 who had respiratory problems and

an oxygen saturation of 94% or lower. No positive effect

was reported for this drug. The standard care in the men-

tioned study was supplemental oxygen, invasive or non-

invasive ventilation, antibiotic treatment, blood pressure

management, hemodialysis, and extracorporeal membrane

oxygenation (Cao et al. 2020).

Moreover, patients receiving IFN-b had a higher chance

of mortality than those receiving favipiravir and Kaletra�,

which might be explained by the administration of IFN-b
in the advanced stages of the disease that may exacerbate

the patients’ conditions (Bagheri et al. 2021). Considering
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the mechanism of action of IFN-b, it can only be admin-

istered in the initial stages of the disease, and it may

aggravate the overreaction of the immune system and

increase the inflammatory reactions if administered during

the acute phase of the disease (Bagheri et al. 2021). The

COVID-19 treatment protocols do not recommend IFN-b
for treating the patients with severe or critical COVID-19,

except for the clinical trials (AIII). However, there is

insufficient evidence to recommend for or against IFN-b
for the early (less than seven days after the onset of

symptoms) treatment of mild to moderate COVID-19

(https://www.covid19treatmentguidelines.nih.gov/therapies/

immunomodulators/interferons/ accessed 4 January 2022).

IFN with or without arbidol was shown to reduce the viral

load in the respiratory tract in a study. Moreover, it

decreased the serum levels of inflammatory factors (Zhou

et al. 2020). Additionally, the antiviral effects of IFN have

been confirmed in several other in vitro and in vivo studies

(Park and Iwasaki 2020).

Considering the COVID-19 pathogenesis and its inter-

actions with the immune system mechanisms, especially

down-regulation of IFNs, it seems that this drug is only

beneficial if administered at the early stages of the disease

(within 5–6 days after onset of the symptoms). However, at

more advanced stages of the disease, the immune system

might present an overreaction, leading to cytokine storm,

which could end in pulmonary tissue destruction, and some

other complications of the disease. Therefore, administra-

tion of IFN-b at this time is not useful and can exacerbate

the patient’s condition. Unfortunately, identifying the

transition point between the early and inflammatory stages

of COVID-19 is difficult using the patient’s conditions or

routine laboratory findings, considering that it could vary

slightly in different patients (Nadimi Parashk-

ouhi et al. 2021). Moreover, determining the exact onset of

the disease is difficult, as when a COVID-19 patient is

admitted to a hospital, several days may have already

passed since the onset of symptoms. Such conditions could

justify the controversial results of the previous studies on

the effectiveness of IFN-b in COVID-19.

Furthermore, favipiravir showed the lowest chance of

mortality in our study. A study by Yamamura et al.

investigated the effectiveness of a combination of oral

favipiravir, methylprednisolone, and unfractionated hep-

arin in the hospitalized patients with COVID-19 who were

not under mechanical ventilation. They reported that this

combination could relatively manage the inflammatory

manifestations of COVID-19 (Yamamura et al. 2020).

While there have been many controversies regarding the

benefits of the mentioned drugs in the management of

COVID-19 patients, recently, two other antiviral drugs

have been recommended to treat patients with COVID-19,

They include PaxlovidTM (nirmatrelvir in combination with

ritonavir as booster) originated in Pfizer, and molnupiravir

(Lagevrio�) introduced by MSD (Dro _zd _zal et al. 2021;

Mahase 2021; Hashemian et al. 2022). PaxlovidTM, a

SARS-CoV-2 protease inhibitor, can be administered

orally at the first signs of infection or at the first knowledge

of exposure and potentially helps to prevent severe illness

that can lead to hospitalization and death (available at:

https://www.pfizer.com/news/press-release/press-release-

detail/pfizers-novel-covid-19-oral-antiviral-treatment-can

didate. accessed 4 January 2022).

Molnupiravir is a nucleoside analog that interferes with

the virus’ replication. It reduced the risk of hospital admis-

sion or death by around 50% in non-hospitalized adults who

had mild to moderate COVID-19 but were at risk of severe

disease (https://www.merck.com/news/merck-and-ridge

backs-investigational-oral-antiviral-molnupiravir-reduced-

the-risk-of-hospitalization-or-death-by-approximately-50-

percent-compared-to-placebo-for-patients-with-mild-or-

moderat/ accessed 4 January 2022).

5 Conclusion

After nearly two years from the pandemic start, there are

still unanswered questions regarding SARS-CoV-2 patho-

genesis, its different outcomes in various populations and

patients, and therapeutic approaches. Hence, findings about

COVID-19 therapies could be parts of a puzzle leading

together to a more complete picture of this disease in

future.

The high expenses and prolonged hospital stay in the

patients receiving remdesivir observed in this study suggest

that this drug might not be a proper candidate for COVID-

19 treatment compared to other antiviral drugs despite its

routine administration in COVID-19 patients. On the other

hand, favipiravir showed a lower chance of mortality and

more cost-effectiveness than remdesivir in our analyses.

However, considering the different conditions of the

patients included in the present study, further investigations

are needed to conclude more accurately. Moreover,

investigating the co-effect of corticosteroids, as the effi-

cacious therapeutic approach in severe COVID-19, in

future research is recommended. Totally, different records

are found in various studies on COVID-19 patients

regarding the clinical benefits of indicated regimens, which

are sometimes controversial. This might be due to very

varied conditions of patients, diversities in administered

protocols in different hospitals, and many other unknown

reasons such as genetic variations, and so on. This study

was performed before O-micron emergence. However,

since remdesivir is still used, the obtained data could be

helpful.
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