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ABSTRACT

Background: The antiviral agent favipiravir is an RNA-dependent RNA polymerase (RdRp)
inhibitor.

Materials and Methods: We examined patients with a clinical, laboratory, and radiological
diagnosis of severe coronavirus disease 2019 (COVID-19) pneumonia. We investigated the
effect of administering enteral favipiravir at a 2 x 1,600 mg loading dose and 2 x 600 mg
maintenance dose for 5 days in addition to the standard COVID-19 treatment.

Results: In total, 180 patients, who were hospitalized at the Istanbul Tuzla State Hospital and
received favipiravir treatment between March 20, 2020 and May 30, 2020, were examined. Of
these, 47 patients died. Thirty-three of the patients who died were aged over 65 years (70%),
indicating that fatality was higher in elderly patients. Most of those who died had at least one
comorbidity. Of the 101 patients who initiated favipiravir within <3 days of hospitalization,

17 died (17%). Of the 79 patients who initiated favipiravir after >3 days of hospitalization, 30
died (38%) (P=0.002).

Conclusion: We found that initiation of favipiravir within the first 72 h after the onset of
disease symptoms reduced fatality in patients with COVID-19.

Keywords: COVID-19; Favipiravir; Time-to-treatment; Hospitalization

INTRODUCTION

The novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has spread globally
and caused an unprecedented pandemic, with 150 million cases and over 3 million deaths in
ayear. SARS-CoV-2 is an enveloped, positive-sense, single-stranded RNA virus responsible
for causing coronavirus disease 2019 (COVID-19) [1]. Although various strategies have been
developed to treat COVID-19, there is still no standard treatment [2]. Antivirals that have
been used to treat other viral infections are also being tried against COVID-19 [3].

Favipiravir is an oral broad-spectrum anti-viral agent that selectively and potently inhibits the
RNA-dependent RNA polymerase (RARp) of RNA viruses [4]. Favipiravir has shown potent in
vitro activity against SARS-CoV-2 [5]. Consequently, favipiravir has been added to the options
available for treating COVID-19 [6]. It was determined that favipiravir treatment reduced viral
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clearance and provided clinical and radiological improvement [7]. In Turkey, Ministry of Health
suggested the usage of favipiravir as an antiviral according to clinical researches in Europe.

In our study, we investigated whether the time when favipiravir is initiated influences the risk
of fatality in hospitalized patients with severe COVID-19 pneumonia.

MATERIAL AND METHODS

This study was carried out at Tuzla State Hospital, Istanbul, Turkey, with approval of the
Marmara University Faculty of Medicine Ethics Committee after obtaining permission from the
Scientific Research Unit of the Ministry of Health and the Istanbul Provincial Health Directorate
(Marmara University Faculty of Medicine Research Ethics Committee; approval no.: E.70737436-
050.01.04-2000202899; date: September 29, 2020). Patients with severe COVID-19 pneumonia,
who were admitted to Tuzla State Hospital between March 20, 2020 and May 30, 2020 and
treated with favipiravir at any stage of their treatment, were examined retrospectively. All patients
with their or their family consent used favipiravir. The study conducted according to their health
records with no personal information. Therefore, informed consent not asked to the patients
whether their families. The study included patients aged over 18 years who were not pregnant,
had severe pneumonia (respiratory rate >30/min) with or without comorbidities and/or severe
respiratory distress (dyspnea or use of extra respiratory muscles) and/or fingertip oxygen
saturation <90% (PaO,/FiO, <300 in patients receiving oxygen), were treated with favipiravir at
any stage of their treatment, and had bilateral multi-lobar ground glass opacities observed in a
computed tomography (CT) scan of the lungs. During the first half of the study period, according
to the COVID-19 treatment protocol followed in our country, favipiravir could be administered

to patients in whom standard COVID-19 treatment was not successful. Therefore, favipiravir was
started later in some of our patients. However, the treatment protocol changed in the second half
of our study, and favipiravir was used from the beginning of the treatment.

The research data were collected retrospectively through the Tuzla State Hospital registration
system. Descriptive statistics were used to analyze categorical variables, represented as
numbers, and continuous variables, represented as mean + SD or median and interquartile
range. The results were compared using t-test with the software SPSS 22.0 Statistics (IBM,
Armonk, NY, USA).

RESULTS

We examined 180 patients who were hospitalized with severe pneumonia in the Istanbul
Tuzla State Hospital and treated with favipiravir. The median age of the patients was 59 + 17.4.
Of these, 108 patients were aged <65 years. Fifteen of these patients died, indicating a fatality
rate 0f 12% (15/108). In addition, 32 of 72 patients who were aged >65 years died; the fatality
rate of these patients was 45% (32/72; P <0.001). This indicates that fatality increased with an
increase in age. In total, 47 patients died, of whom 30 were male and 17 were female.

We observed that as the number of comorbidities increased, the fatality rate also increased.
In our study, 113 0f 180 patients (63% of all patients) had at least one comorbidity (Fig. 1). The

https://doi.org/10.3947/ic.2020.0149 301



o by
1 C Infection & ¢
Chemotherapy

Early favipiravir use and COVID-19 fatality

B Non-survivor ® Survivor

Figure 1. Relationship between comorbidities and survival (X: Types of comorbities, Y: Number of patients).
HT, hypertension; CAD, coronary artery disease; PAH, peripheral artery disease; HL, hyperlipidemia; CHF,
congestive heart failure; DM, diabetes mellitus; COPD, chronic obstructive pulmonary disease.

main comorbidities were hypertension (79 patients), hyperlipidemia (57 patients), diabetes
mellitus (52 patients), and coronary artery disease (33 patients). Of the 47 patients who died,
42 had at least one comorbid disease (89%). Cough (94 patients, 52%), dyspnea (86 patients,
47%), and fever (82 patients, 45%) were the topmost initial clinical findings (Fig. 2).

Among the hematological parameters, lymphopenia (lymphocyte count <1 x 10°/L), low
hemoglobin levels (hemoglobin <12 g/dL), leukocytosis (leukocyte count >7.5 x 10°/L) (P=0.001)
and neutrophilia (neutrophil count >7.5 x 10°/L) (P= 0.003) are associated with disease severity. In
this study, disease severity and platelet count were not correlated (P >0.5). C-reactive protein
(CRP) levels were increased in the patients; survivors had mean CRP values of about 85 mg/L,
while non-survivors had mean values of 122 mg/L, which correlates with disease severity

and prognosis (P=0.004). Other predictors studied were the serum ferritin and lactate
dehydrogenase (LDH) levels. High levels of ferritin (>200 pg/L) and LDH (>260 units/L) are
associated with disease severity (P = 0.001). Survivors showed significantly higher plasma
D-dimer levels than the non-survivors. Among the coagulation parameters studied, D-dimer
level >1,000 ng/mL was a predictor of fatality (P = 0.0003). Clinicians should consider

low lymphocyte, leukocyte, and hemoglobin counts as well as the CRP, LDH, ferritin, and

Anosmi B Non-survivor & Survivor
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Figure 2. Clinical findings (X: Number of patients, Y: Symptoms).

https://icjournal.org https://doi.org/10.3947/ic.2020.0149 302



Early favipiravir use and COVID-19 fatality

° :
1 C Infection &
Chemotherapy

Table 1. Laboratory findings

Survivors (n =133) Non-survivors (n = 47) Normal range P-value
Age, mean (IQR), years 54 (45 - 67) 71 (60 - 82)
Male 77 30
Female 56 17
Duration of symptoms, days 311 (1-5) 572 (2-7)
White blood cells, median (IQR), x10°/L 7.4 (4.8 -8.8) 9.2 (6.3-11.2) 4-1 0.001
Hemoglobin count, median (IQR), g/dL 12.7 (11.6 - 13.9) 9.2 (9.8 - 12.5) Males: 13 - 18 0.001
Females: 11.5 - 16.5
Lymphocyte count, median (IQR), x10°/L 1.17 (0.8 - 1.4) 0.75 (0.4 - 1) 1.5-4.5 0.001
Neutrophil count, median (IQR), x10°/L 5.5(3-6.5) 7.94 (4.7 -10.1) 2.0-7.5 0.003
Platelet count, median (IQR), x10°/L 230 (151 - 274) 236 (175 - 256) 150 - 450 >0.5
C-reactive protein, median (IQR), mg/L 85 (23 - 108) 122 (111 - 233) <8.0 mg/L 0.004
Ferritin, median (IQR), pg/L 330 (94 - 339) 812 (218 - 1,043) Females: 10 - 200 pg/L; 0.001
Males: 30 - 300 pg/L
Lactate dehydrogenase, median (IQR), units/L 333 (222 - 369) 528 (368 - 640) 110 - 210 0.001
Creatinine, mg/dL 0.9 (0.7 - 1.0) 1.3(0.7 - 1.7) .2 0.004
ALT, U/L 31(22 - 39) 33 (17 - 35) 4 >0.5
Na, mEq/L 135 (133 - 139) 136 (133 - 140) 135 - 145 >0.5
D-Dimer, median (IQR), ng/mL 830 (430 - 1,210) 2,897 (1,070 - 3,185) <500 0.0003
P-values were calculated using Pearson's chi-square test.
IQR, interquartile range; ALT, alanine aminotransferase.
Table 2. Respiratory support
Favipiravir initiation time <72 h (n =133) >72 h (n = 47) P-value
Supplemental oxygen 104 2 0.0001
High-flow nasal oxygen 2 7 0.02
Non-invasive mechanical ventilation 4 3 0.3
Invasive ventilation 23 35 0.001

https://icjournal.org

D-dimer serum levels. These serum values can be used in risk stratification to predict severe
and fatal COVID-19 in hospitalized patients (Table 1).

Moreover, the need for advanced respiratory support increased in patients who

initiated favipiravir after >72 h (Table 2). When we evaluated the time-to-treatment after
hospitalization, we found that the fatality rate was lower in those who received favipiravir
treatment within the first 72 h of hospitalization (P = 0.002; Fig. 3).

Non-Survivor Survivor Total
M <3 days favipiravir initiation 17 84 101
W >3 days favipiravir initiation 30 49 79

Figure 3. Relationship between the time of initiating favipiravir and survival (X: Number of survivors and non-
survivors, Y: Number of patients).
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DISCUSSION

COVID-19 is a multisystemic inflammatory disease [8]. Currently, there is no universal
standard for drug treatment, and various combination therapies are being administered [9].
Our standard treatment involves the administration of antivirals (favipiravir), broad spectrum
antibiotics, low-molecular weight heparin, antithrombotic drugs, corticosteroids, and oxygen
therapy [10]. For severe COVID-19 pneumonia, cytokine storm, macrophage activation
syndrome, and acute respiratory distress syndrome, convalescent plasma, interleukin-6
inhibitors, and anakinra, an interleukin-1 receptor antagonist, are added to the treatment
[11]. Combination therapy is currently customized for each patient.

Based on other viral infections, early antiviral therapy is considered more useful in the
treatment of COVID-19. The benefit of early antiviral therapy in the treatment of influenza
has been observed previously [12, 13]. SARS, Middle East respiratory syndrome (MERS),
and COVID-19 are caused by viruses with similar genetic structures [14]. The benefit of early
antiviral treatment has also been reported in SARS and MERS [15]. Several clinical trials on
COVID-19 have demonstrated that early antiviral therapy is necessary and beneficial.

For instance, Magleby et al. conducted a retrospective cohort study in 678 hospitalized
patients with COVID-19 in New York. They demonstrated that high viral load was
independently associated with mortality, and that early antiviral therapy prevents increased
viral load in the lower respiratory tract by inactivating the viruses in the upper respiratory
tract [16]. Weiss et al. determined that the viral load in the upper respiratory tract peaks early
in mild cases of COVID-19 (4 days) compared to that in moderate to severe cases (8 days).
Similarly, viral load in the lower respiratory tract peaks early in mild cases (6 days) compared
to that in moderate to severe cases (11 days). This indicates the importance of early diagnosis
and the time to initiate treatment [17].

Goyal et al. reported that if a patient receives antiviral therapy in the early phase of infection,
there are high chances that the duration of shedding and intensity of the effector immune
response may decrease; however, there may be a limited impact on viral area under the curve,
possibly owing to higher levels of early SARS-CoV-2 replication [18]. Early antiviral therapy
can effectively reduce virus clearance time and prevent the rapid progression of COVID-19.
Therefore, COVID-19 patients should receive combination treatment with antiviral agents at
an early stage. By reducing the rate, quantity, or duration of viral replication, the degree of
direct viral injury to the respiratory epithelium, vasculature, and organs may be minimized.
Additionally, secondary processes that depend on viral stimulation, including the activation
of inflammatory cells, cytokines, and coagulation, could potentially be minimized if the viral
replication is attenuated [19].

According to Saber-Ayad et al., antiviral drugs administered shortly after the onset of
symptoms can shorten the course of clinical illness and reduce its infectivity by lowering

viral shedding [20]. In another study conducted in Wuhan, Yu et al. divided 129 hospitalized
patients with mild to moderate COVID-19, who were treated with antiviral drugs, into the early
antiviral treatment and late antiviral treatment groups. The group receiving early antiviral
treatment recovered in 7 days less than the group receiving late antiviral treatment [21].

WuJ et al. found that older adults and patients with underlying diseases are more likely to
experience severe COVID-19 progression. It is recommended to start antiviral treatment in
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time to slow the progression of the disease and improve the prognosis [22]. Early antiviral
therapy, along with the combination therapy, increases viral clearance and reduces viral load,
resulting in fatal complications including cytokine storm, macrophage activation syndrome,
and acute respiratory distress syndrome [23]. According to a previous multivariate analysis,
one comorbidity and the time from illness to antiviral treatment are statistically significantly

Early favipiravir use and COVID-19 fatality

associated with the severity of disease [24]. Similarly, since it is not known precisely which
patients will have a more severe course of viral infection, antiviral treatment should be initiated
without delay, especially in the elderly patients, patients with multiple chronic diseases, and
patients who meet the clinical and laboratory criteria for severe COVID-19 at the time of onset
[25]. Murohashi et al. demonstrated the importance of the early-stage use of a combination

of favipiravir and methylprednisolone in severe cases, to achieve a favorable clinical outcome
[26]. Doi et al. described the successful treatment of patients with COVID-19 using favipiravir to
rapidly and substantially clear SARS-CoV-2 from nasal secretions irrespective of whether it was
started relatively early or later within the first week of infection [27].

Similar to the above-mentioned studies, we found that early antiviral therapy is beneficial and
reduces fatality in patients with COVID-19.

The primary defense mechanism against viral infections is the response formed by the
humoral immune system. However, in some infectious diseases, such as COVID-19, the
immune system may not be able to neutralize the virus. In these cases, it is necessary to use
treatments that will reduce the rate of replication of the virus. Early initiation of antiviral
drugs will reduce the rate of viral replication and decrease the time required for the humoral
defense mechanism to neutralize the virus.

In conclusion, we found that initiation of the antiviral agent favipiravir, an RdRp inhibitor,
within the first 72 h of the onset of disease symptoms significantly reduced fatality.
Nevertheless, the research has limitations, such as the fact that the study was conducted with
the participation of a small group of patients.
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