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Abstract: The clinical manifestations associated with COVID-19 disease is mainly due to a dysreg-
ulated host response related to the overexpression of inflammatory markers. Until recently, only
remdesivir had gained FDA approval for COVID-19 hospitalized patients and there are currently
no evidence-based therapeutic options or options for prevention of complications that have been
established. Some medical treatments such as antivirals, antibacterials, antithrombotics, antipyretics,
corticosteroids, interleukin inhibitors, monoclonal antibodies, convalescent plasma, immunostim-
ulants, and vitamin supplements have been utilized. However, there are limited data to support
their effectiveness. Hence, this study was attempted to identify and evaluate the effectiveness of
antibacterials and antivirals used for COVID-19 using a retrospective cross-sectional approach based
on the medical records of adult patients in four hospitals. The number of antibacterials was calculated
in defined daily dose (DDD) per 100 bed-days unit. Both mixed-logit regression and analysis of
covariance were used to determine the effectiveness of the aforementioned agents in relation to
COVID-19 outcome and patients’ length of stay. The model was weighed accordingly and covariates
(e.g., age) were considered in the model. Heart disease was found to be the most common pre-existing
condition of COVID-19 hospitalized patients in this study. Azithromycin, an antibacterial in the
Watch category list, was used extensively (33–65 DDD per 100 bed-days). Oseltamivir, an antiviral
approved by the FDA for influenza was the most prescribed antiviral. In addition, favipiravir was
found to be a significant factor in improving patients’ COVID-19 outcomes and decreasing their
length of stay. This study strongly suggests that COVID-19 patients’ received polypharmacy for their
treatment. However, most of the drugs used did not reach statistical significance in improving the
patients’ condition or decreasing the length of stay. Further studies to support drug use are needed.

Keywords: defined daily dose; COVID-19; antibacterials; antivirals; SARS-CoV-2

1. Introduction

COVID-19 infection cases and mortality in all countries are high, which has raised
global awareness. Indonesia is the fourth most populous country in the world, and thus
is predicted to suffer greatly and over a longer period compared to other less-populous
countries. Indonesia has been greatly affected by COVID-19 with a Case Fatality Rate (CFR)
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of 8.9% at the end of March 2020 [1] in comparison to the global figure of 7.3% [2]. In Jakarta,
the capital city of Indonesia, it has been reported that there were 4265 hospitalised patients
with PCR-confirmed COVID-19 in 55 hospitals from the period of March to July 2020;
3768 (88%) were discharged and 497 (12%) died; 5% were children, the median age was 46
years (interquartile range: 32–57 years), and 31% had more than 1 reported comorbidity [3].
COVID therapy management at every hospital in Indonesia was fairly similar. In March
2020, Indonesia’s Ministry of Health continues to increase the number of beds for COVID-19
referral hospitals, from 310,700 hospital beds in 2019 to 430,000 in July 2021. All Indonesian
hospitals follow the National Guideline (for diagnosis and therapy) protocols published at
the relevant time alongside the period of patient admission. COVID confirmed patients
were provided healthcare in the COVID referral hospitals with the government bearing all
costs of COVID-19 treatments. It is also important to note that all hospitals in Indonesia
may not have access to the conventional recommended contemporary drugs, and therefore
treatment of patients may vary.

To date, there are limited evidence-based drugs that are effective against COVID-19 in-
fection [4]. In October 2020, the FDA-approved remdesivir (100 mg injection) for treatment
of COVID-19 due to its shorter time to recovery compared to placebo group [5,6]. The Adap-
tive COVID-19 Treatment Trial (ACTT-1) is a randomized, double-blind, placebo-controlled
trial, with 1062 patients (541 assigned to remdesivir and 521 to placebo) [6]. Many drugs
that were utilized to treat this disease were not antivirus drugs. Antibacterials and anti-
inflammatory drugs were used due to their mechanism of action. Chloroquine, for example,
interferes with lysosomal activity and autophagy, which results in inhibition of cytokine
production and modulation of certain co-stimulatory molecules. It is widely used for the
treatment of certain types of malaria and extraintestinal amebiasis. Azithromycin is a com-
mon Food and Drug Administration (FDA)-approved antibacterial used to treat many types
of infections. It binds to the 23S rRNA of the bacterial 50S ribosomal subunit, which results
in inhibition of bacterial protein synthesis. Lopinavir, a Human Immunodeficiency Virus
(HIV) protease inhibitor, is also commonly used against COVID-19, and ritonavir is a potent
inhibitor of the enzymes responsible for lopinavir metabolism; the combination of these
two is a FDA-approved antiretroviral combination used to manage HIV positive patients.
Dexamethasone is a well-known and potent glucocorticoid (a synthetic adrenocortical
steroid), which inhibits neutrophil apoptosis and demargination, inhibits phospholipase
A2, decreases the formation of arachidonic acid derivatives, inhibits NF-Kappa B, and
promotes interleukin-10. It is mainly used for endocrine disorders, allergic states, and local
treatment. On one hand, hydroxychloroquine, chloroquine, and azithromycin had been
reported to have a small benefit on COVID-19 patients’ mortality [4]. On the other hand, a
retrospective observational study reported that remdesivir and lopinavir/ritonavir usage
were effective in reducing COVID-19′s viral load in patients [7,8]. A recent meta-analysis
had also reported that corticosteroids reduce COVID-19′s progression and improve mortal-
ity rate for patients in both Intensive Care Units (ICU) and non-ICU compared to standard
care [9].

However, there has been some reported adverse drug events related to medication
use in COVID-19 patients. The risk of cardiac arrest, for example, was significantly higher
in patients receiving both hydroxychloroquine and azithromycin (OR = 2.13) [10]. Another
common adverse effect for lopinavir-ritonavir includes gastrointestinal disturbance (up to
28% patients), most notably diarrhea and nausea, in COVID-19 patients. Hepatotoxicity
(2–10% patients) was also reported [11,12]. Early administration of a high dose of corti-
costeroids is associated with delayed viral clearance with increased incidence of severe
bacterial infection and hypokalemia [13]. However, a prospective meta-analysis showed
that the administration of systemic corticosteroids in critically ill patients was associated
with a lower 28-day all-cause mortality rate than usual care or placebo [14].
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Injudicious and excess use of antibacterials will lead to drug resistance problems
in the future [15]. A review of studies published on hospitalized COVID-19 patients
identified that while 72% (1450 out of 2010 individuals) of patients received antibacterials,
only 8% (62 out of 806 individuals) demonstrated superimposed bacterial or fungal co-
infections [15,16]. Azithromycin, a broad-spectrum macrolide antibacterial has become a
common treatment for COVID-19 patients in several parts of the world although it is not yet
recommended outside of COVID-19 clinical trials [17–20]. The World Health Organisation’s
(WHO) interim guidance on the clinical management of COVID-19 does not recommend
antibacterial therapy or prophylaxis for patients with mild or moderate COVID-19 unless
signs and symptoms of a bacterial infection are present. It is recommended that daily
assessment is performed on patients for the use of antibacterial treatment with bacterial
coinfection [18]. The guidance further states that empiric antibacterial pneumonia treatment
should be considered for older people residing in long-term care facilities and children
younger than five years with moderate COVID-19 illness.

This paper seeks to contribute to the current growing body of knowledge of studies for
COVID-19 treatments. We hypothesise that the use of antibacterials may not be as effective
compared to antivirals in improving COVID-19 patients’ outcome and in shortening their
length of stay. This study aims to explore the effectiveness of various antibacterial and
antiviral medications administered in the management of patients with COVID-19.

2. Materials and Methods
2.1. Study Design

The minimum sample required in this study was calculated using the Lemeshow equa-
tion as the prevalence in the population is unknown [21,22], where a total of approximately
96 to 100 observations is required for each hospital sample (Equation (1)). The inclusion
criteria for patients in this study was a confirmed positive PCR test from mBioCoV-19
RT-PCR Kit (PT Bio Farma, Bandung, Indonesia) alongside a positive diagnosis from a
doctor. Patient outcome and length of stay were selected as the response variable as a
positive outcome combined with the shortest length of stay in the hospital was desired to
decrease the burden of the healthcare system.

n =
Z2 × P(1− P)

d2 (1)

n = number of required samples
Z = Z score (at 95% CI = 1.96)
P = population proportion (unknown, therefore set at 0.5)
d = alpha (0.10) (sampling error of 10%)

n =
(1.96)2 × 0.5(0.5− 1)

(0.10)2 = 96.04 ∼ 100

2.2. Data Collection

The material for this research was medical records of hospitalized COVID-19 patients’
Rumah Sakit Bhayangkara (Surabaya), Rumah Sakit Pusat TNI Angkatan Laut (RSPAL)
Dr. Ramelan (Surabaya), Rumah Sakit Umum (RSU) Haji (Surabaya), Rumah Sakit Umum
Daerah (RSUD) Bangil (Pasuruan) for the period of July–December 2020. This dataset
includes patients’ demographic data (e.g., gender and age), COVID-19 clinical spectrum
based on National Institute of Health’s (NIH) COVID-19 Treatment Guideline [23]. The
spectrum of illness can range from asymptomatic infection to severe pneumonia with acute
respiratory distress syndrome and death. Mild defined as no pneumonia or mild pneumo-
nia; severe defined as dyspnea, respiratory frequency ≥30 breaths/min, oxygen saturation
[SpO2] ≤93%, a ratio of arterial partial pressure of oxygen to fraction of inspired oxygen
[PaO2/FiO2] <300 mm Hg, and/or lung infiltrates >50% within 24 to 48 h); and critical
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defined as respiratory failure, septic shock, and/or multiorgan dysfunction or failure)
(e.g., asymptomatic, mild, and moderate), comorbidities (e.g., diabetes, kidney disease),
administered number of antibacterial and antiviral agents, type of antibacterial and antivi-
ral administered, length of stay (in days), and COVID-19 outcome (as positive/negative
outcome).

A categorization was made for comorbidity data, for example, indigestion and dys-
pepsia were categorized into digestive system comorbidity while emphysema and asthma
were categorized into respiratory system comorbidity. Additional categorization was also
carried out, especially for pneumonia induced by COVID-19 and the presence of diabetes
in patients. Which antibacterials were used was also classified under WHO’s Anatomical
Therapeutic Chemical (ATC) Classification System, which utilizes a classification system
based on the active ingredients in accordance with the organ system or its therapeutic,
pharmacological, and chemical properties. Antibacterials and antivirals in this study were
classified up to the fourth (e.g., J01E) and fifth level (e.g., J05AH) of ATC respectively.

2.3. Drug Profile

In this study, defined daily dose of antibacterial showed the number of unnecessary an-
tibacterials used for treatment of COVID-19 [24]. The number of drugs used was calculated
as percentage and DDD (defined daily dose)/100 bed-days [25,26].

DDD/100 bed-days =
number of antibacterial (gram)

WHO′DDD antibacterial(gram)
(2)

2.4. Statistical Analysis

The multiple mixed-logit regression model was utilized to explore the effectiveness
of various antibacterial and antiviral drugs administered in this study based on patients’
COVID-19 outcome. Additionally, patients’ age, gender, COVID-19 severity, and comor-
bidity were included as confounding factors. Automatic weigh correction was applied
to the model as the frequencies between the two outcomes was unbalanced. Odds ratio
(hereafter called ratio of cure) was also calculated for factors that reached significance
in the model. In addition, the Analysis of Covariate (ANCOVA) model was employed
to investigate which antibacterials and antivirals were significant in reducing the length
of stay for COVID-19 patients with a positive outcome. Confounding factors (e.g., age,
comorbidity) that were used in multiple mixed-logit regression were also employed in this
model. Level of significance for all tests was set at 5% level. All statistical analyses in this
study were carried out using XLSTAT 2021.4.1.1199 (Addinsoft, Paris, France).

3. Results
3.1. Demographics

This study is representative of several tertiary health facilities government ownership
hospitals in Indonesia. Eighty percent of COVID-19 patients admitted to hospitals were
aged 25–65 years, the number of mild-moderate patients was more than the number of
severe patients, and the average length of stay was 8–13 days. Heart disease and diabetes
were the most common comorbidities among COVID-19 patients’ (Table 1).
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Table 1. Baseline demographic inpatient COVID-19.

Variable RS A
(N = 94)

RS B
(N = 92)

RS C
(N = 100)

RS D
(N = 146)

Hospital Ownership Government
(Police)

Government
(Navy) Government Government

Hospital type † B B B B
Number of beds 234 692 225 366

Gender
Male 58 (62%) 58 (63%) 61 (61%) 72 (49%)

Female 36 (38%) 34 (37%) 39 (39%) 74 (51%)
Age (years)

0–5 1 (1%) 0 0 0
5–11 1 (1%) 0 0 0

12–16 3 (3%) 0 0 0
17–25 32 (34%) 3 (3%) 0 13 (9%)
25–45 36 (38%) 21 (23%) 27 (27%) 59 (40%)
45–65 21 (23%) 61 (66%) 57 (57%) 63 (43%)
>65 0 7 (8%) 16 (16%) 11 (8%)

Clinical spectrum
Asymptomatic 5 (5%) 0 0 0

Mild 46 (49%) 0 0 0
Moderate 43 (46%) 58 (63%) 81 (81%) 59 (60%)

Severe 0 34 (37%) 19 (19%) 87 (40%)
Length of Stay (mean, SD)

Asymptomatic 9.6 (3.1) 0 0 0
Mild 11 (4.8) 0 0 0

Moderate 12.7 (4.4) 12.6 (5.2) 11.1 (5.2) 8.9 (4.1)
Severe 0 8.9 (5.6) 8.7 (5.1) 9 (3.7)

Moderate and Severe 12.7 (4.4) 11.2 (5.6) 10.7 (5.2) 9 (3.8)
Comorbidity

COVID induced Pneumonia 0 92 (100%) 100 (100%) 48 (32.9%)
Heart 9 (9.6%) 37 (40.2%) 28 (28%) 15 (10.3%)

Diabetes 2 (2.1%) 28 (30.4%) 24 (24%) 24 (16.4%)
Digestion 4 (4.3%) 4 (4.3%) 21 (21%) 8 (5.5%)

Respiration 1 (1.2%) 0 18 (18%) 9 (6.2%)
Blood 0 13 (14.1%) 25 (25%) 5 (3.4%)

Immune 0 0 1 (1%) 27 (18.5%)
Nerve 2 (2.1%) 3 (3.3%) 6 (6%) 2 (1.2%)
Kidney 0 0 2 (2%) 0
Liver 0 0 2 (2%) 1 (0.7%)

Obesity 0 3 (3.3%) 0 0
Cancer 0 3 (3.3%) 0 0

Skin 0 0 1 (1%) 0
Others 0 0 6 (6%) 1 (0.7%)

† In Indonesia, there are three classifications of health facilities (primary, secondary, tertiary), and four types
of the hospital (A, B, C, D). Tertiary health facilities are referrals for secondary health facilities, and secondary
health facilities are referrals for primary health facilities. Tertiary health facilities consist of hospital type A and B.
Secondary health facilities consist of hospital type C and D. Primary health facilities are primary health care.

3.2. Drug Use Profile

The use of antibacterials in hospital D (201 DDD per 100 bed-days) was twice that of
hospital A (87 DDD per 100 bed-days), hospital B (92 DDD per 100 bed-days), and hospital
C (128 DDD per 100 bed-days). The most common antibacterial used was azithromycin
(33–65 DDD per 100 bed-days) (Table 2). Oseltamivir was the most prescribed antiviral
because it was recommended by the Indonesian guideline version 2 [27] when this study
was conducted (Table 3).
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Table 2. DDD per 100 bed-days antibacterials.

Group Name ATC Code RS A RS B RS C RS D

Access *
Penicillin

beta-lactam (J01C) ampicillin J01CA01 0 0 0.2 0

ampicillin and
sulbactam J01CR01 0 0.3 0.2 0

Aminoglycoside
(J01G) amikacin J01GB06 0 2.1 0 0

Imidazole (J01XD) metronidazole J01XD01 0 0.6 0 0
Watch *

Other beta-lactam
(J01D) cefuroxime J01DC02 0 0 0 0.2

cefditoren J01DD16 0 0 0 0.2
ceftazidime J01DD02 0 1.9 0 1.8
ceftriaxone J01DD04 0 0.1 13.5 12.6

cefixime J01DD08 0 0 0.2 60.6
cefoperazone J01DD12 0 0.02 0 0

cefoperazone and
sulbactam J01DD62 2.9 0.7 0 0

cefepime J01DE01 0 0.1 0 0
meropenem J01DH02 0.5 2.9 1.3 18.4

Macrolide (J01FA) azithromycin J01FA10 55 64.2 65.3 33
Quinolone (J01M) ciprofloxacin J01MA02 0 0.5 1.9 0

levofloxacin J01MA12 23.9 17.6 45 12.2
moxifloxacin J01MA14 4.3 0.7 0 61.7

Total 86.6 91.7 127.6 200.7
* The WHO’s AWaRe (access, watch, reserve) classification of antibiotics categorized antibiotics to the following:
(1) Access group antibiotics that have activity against a wide range of commonly encountered susceptible
pathogens, (2) Watch group antibiotics that have higher resistance potential, and (3) Reserve group antibiotics that
were antibiotics of last resort when all alternatives have failed or are not suitable [28,29].

Table 3. Antivirals use during hospitalization.

Name ATC Code RS A
(N = 94)

RS B
(N = 92)

RS C
(N = 100)

RS D
(N = 146)

Remdesivir J05AB16 6 (6.4%) 7 (7.6%) 0 49 (33.6%)
Tenofovir disoproxil J05AF07 0 0 1 (1%) 0

Efavirenz J05AG03 0 0 1 (1%) 0
Oseltamivir J05AH02 4 (4.3%) 0 94 (94%) 107 (73.3)

Lamivudine, zidovudine J05AR01 0 0 1 (1%) 0
Lopinavir, ritonavir J05AR10 40 (42.6%) 86 (93.5) 3 (3%) 10 (6.8)

Favipiravir J05AX27 43 (45.7%) 0 1 (1%) 31 (21.2)

Total 93 (99%) 93
(101.1%) 101 (101%) 197

(134.9%)

3.3. Drug Effectiveness

The mixed-logit regression model revealed that the administration of various antibacte-
rials and antivirals showed significant differences in regards to patients’ COVID-19 outcome
(Wald X2

(20) = 101.72; p < 0.001) and that variables in the model brought a significant amount
of information (Log Ratio X2

(20) = 185.12; p < 0.001).
The model revealed that administration of beta-lactam antibacterials (J01D) (OR: 3.10

(0.961–9.39 at 95% CI)) and favipiravir (J05AX) (OR: 6.82 (0.98–47.32 at 95% CI)) was a
positive significant factor in improving patients’ COVID-19 outcome (Table 4).
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Table 4. Antibacterials and antivirals class and its effectiveness in improving patients’ outcome
during hospitalization.

Antibacterials and
Antivirals Class Level of Significance Odds Ratio

(Lower-Upper Bound at 95%)

J01C n.s. -
J01D <0.001 3.006 (0.962–9.397)
J01E n.s. -
J01F n.s. -
J01G n.s. -
J01M n.s. -
J01X n.s. -

J05AB n.s. -
J05AF n.s. -
J05AG n.s. -
J05AH n.s. -
J05AR n.s. -
J05AX <0.001 6.820 (0.983–47.323)

Age (β = 0.315; p < 0.001), COVID-19 induced pneumonia (β = 0.412; p < 0.001), heart
(β = 0.215; p < 0.01), respiration (β = 0.280; p < 0.01), liver (β = 0.224; p < 0.05), and other
(i.e., obesity and cancer) (β = 0.157; p < 0.05) comorbidities were shown to be significant
confounding factors in the model (Table 5). It is very important to note that only three
patients had the classification of ‘liver’ and only two had the classification ‘others’, only
two patients were reported to have obesity, and only one patient was reported to have
cervical and lung cancer in this study.

Table 5. Patients’ confounding factors and their relation to hospitalization outcome.

Confounding and
Comorbidity Factors Standardised Coefficients Level of Significance

Demographics

Gender - n.s.
Age 0.315 <0.001

Comorbidities

COVID induced Pneumonia 0.412 <0.001
Heart 0.215 <0.01

Diabetes - n.s.
Digestion - n.s.

Respiration 0.280 <0.01
Blood - n.s.
Liver 0.224 <0.05

Others 0.157 <0.05

3.4. Length of Stay

A significant difference was observed using the ANCOVA model (Table 6) for the
length of stay for successful treatment of COVID-19 patients who varied in their antibacte-
rial and antiviral treatment (F (18,375) = 2.71; p < 0.001). More specifically, tenofovir (J05AF)
(F = 4.71; p < 0.05; ∆µ = 2.38), and favipiravir (J05AX) (F = 7.21; p < 0.001; ∆µ = 1.79) showed
a significant and meaningful decrease in the length of stay of patients with successful
treatment outcome by more than 1 day. It is however important to note that the use of
tenofovir was only reported for one patient.
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Table 6. Antibacterials and antivirals class and its effectiveness in decreasing patients’ length of stay
during hospitalization.

Antibacterials and Antivirals
Class Level of Significance Difference of Length of Stay

J01C n.s. -
J01D n.s. -
J01E n.s. -
J01F <0.05 0.44
J01G n.s. -
J01M n.s. -
J01X n.s. -

J05AB n.s. -
J05AF <0.05 2.38
J05AG n.s. -
J05AH <0.05 0.17
J05AR n.s. -
J05AX <0.001 1.79

To no surprise, significant confounding factors that influenced length of stay were
COVID-19 clinical spectrum (F = 2.18; p < 0.05; ∆µ(severe–asymptomatic) = 1.62) and respiration
comorbidity (F = 6.34; p < 0.01; ∆µ = 1.81) (Table 7).

Table 7. Patients’ confounding factors and their relation to length of stay.

Confounding and
Comorbidity Factors Level of Significance Difference in Length of Stay

Demographics

Gender n.s. -
Age n.s. -

COVID-related factors

COVID clinical spectrum <0.05 1.62
COVID induced Pneumonia n.s. -

Comorbidities

Heart n.s. -
Diabetes n.s. -
Digestion n.s. -

Respiration <0.01 1.81
Blood n.s. -
Liver n.s. -

Others n.s. -

4. Discussion
4.1. Increased Use of Antibacterials and Antivirals during COVID-19 Pandemic

The antibacterials for COVID-19 patients in this study were generally overused. In
this study, antibacterials were prescribed for almost all patients with COVID-19 with
17 types of antibacterials used by more than 90% of patients, resulting in 87 to 201 DDD
per 100 bed-days. A recent review reported a rate of antibiotic use of 54% to 68% for
non-severe patients and 80% to 100% for severe patients with COVID-19, with only 18%
of patients who received antibiotics having secondary (14%) or co-infections (4%) [27].
Fluoroquinolone, azithromycin [30,31], and ceftriaxone [24,30,32] were the most commonly
prescribed antibacterials [33]. In this study, azithromycin (macrolide antibacterial) was
the most prescribed antibacterial, following COVID-19 management published by the
Indonesian Ministry of Health [27]. In addition, thirteen out of seventeen antibacterials
used were antibacterials in Watch categories [28,29]. Importantly, this may lead to higher
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resistance potential. Antibiotic selection pressure [34,35] would increase the incidence
of multidrug-resistant organisms. Thirteen bacteria have been identified as causing a
secondary infection to SARS-CoV-2, where it may lead to increased mortality and morbidity
for COVID-19 patients [36].

SARS-CoV-2 is an enveloped positive-strand RNA virus [37]. Any antiviral drug with
a mechanism of action targeting the RNA genome would potentially eliminate viruses
from the host. Remdesivir, the first nucleoside analog approved by the FDA for hospital-
ized COVID-19 patients’ [38], inhibits the RNA-dependent RNA polymerase (RdRp) of
coronaviruses. Aside from developing a new drug, researchers have repurposed some
nucleoside analogue reverse transcriptase inhibitors (NRTIs) for SARS-CoV-2 infection [39].
These NRTIs include zidovudine (AZT), tenofovir disoproxil fumarate (TDF), tenofovir
alafenamide (TAF), abacavir (ABC), and stavudine (d4T), which can potentially be useful
against COVID-19 infection [40].

4.2. Antiviral Treatment Showed a Positive COVID-19 Outcome and Decreased Length of Stay

This study showed a benefit of both antibacterials and antivirals in improving patients’
COVID-19 outcome and shortening their length of stay. Interestingly, the clinical benefit of
antiviral treatment was reported to be inconclusive. Some trials showed a better therapeutic
response [41], but others showed no clinical benefit [42–44]. Reported adverse effects
include diarrhea [45], hyperuricemia [42], and elevated transaminases (up to more than
5 times the upper limit of normal) [46].

Favipiravir both significantly improved patients’ COVID-19 outcome and decreased
their length of stay in our study. As mentioned above, this is because favipiravir’s mecha-
nism of action inhibits the RNA-dependent RNA polymerase (RdRp) of RNA viruses [47].
Other studies showed similar results, where COVID-19 patients’ viral clearance rate of
favipiravir was reported at 4 days [48] with its clinical recovery rate at day 14 more than
80% [49,50].

Although tenofovir in this study reached significance, this was only reported for
one patient. A previous review has discussed repurposing nucleotide analogue reverse-
transcriptase inhibitors for SARS-CoV-2 infection (i.e., tenofovir, abacavir, emtricitabine,
zidovudine, particularly tenofovir). Tenofovir was the first nucleotide analogue reverse-
transcriptase inhibitor approved by the Food and Drug Administration (FDA) in October
2001. It has been marketed in the United States for the management of HIV infection.
The cost of tenofovir per day is only 0.2% the price of remdesivir. There are currently
eight ongoing clinical trials investigating the efficacy of tenofovir for COVID-19 treatment
(6 trials) and prevention (2 trials) [39].

It is generally understood that antibacterials are not effective against infection caused
by viruses. Interestingly, our results showed that beta-lactam antibacterials improved
patients’ COVID-19 outcome but not the length of stay. This was perhaps due to β-lactams
tolerability and efficacy against many Gram-positive and Gram-negative bacteria that cause
secondary infection [36] in COVID-19 patients. To date, there are no studies that report on its
effectiveness in COVID-19 patients [51]; previous studies have only reported its prescription
rate, which ranges from 9 to 40% [30,52] and its duration of treatment (e.g., 1 g twice daily
for 7 days) [30]. Resonating with WHO’s recommendation, it is recommended that health
practitioners perform an assessment for co-infections. We speculate that patients in our
study may have had secondary bacterial co-infection and benefited from the administration
of antibacterials.

4.3. Comorbities Increase the Mortality Rate and Length of Stay of Patients with COVID-19

Age was a significant demographic effect that influenced COVID-19 outcome. It
was reported that the older population in this study showed a higher risk of a negative
COVID-19 outcome compared to the younger population. Our results resonate with a
cohort retrospective study in 55 hospitals in Jakarta, where 70% of deceased COVID-19
patients were older than 50 years old [3].
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In general, the mortality risk of COVID-19 patients with comorbidities had been
reported to be higher than patients without comorbidities [3,53–55]. A study of severe
COVID-19 pneumonia showed that of 55% deceased patients, 70% of them had reported
having comorbidities (e.g., hypertension, diabetes, ischemic heart disease) [56]. Another
cohort retrospective study of hospitalized COVID-19 patients had reported that 32% of
deceased patients had pneumonia [57]. Although relatively high, this number was lower
than patients with severe COVID-19 pneumonia [56]. Their results were similar to our study
where COVID-19 pneumonia was a stronger predictor of COVID-19 recovery compared to
existing respiratory comorbidity.

Hypertension and diabetes were the most commonly reported comorbidities among
inpatients with COVID-19 [3,53,58]. In this study, 21% of patients with COVID-19 were
reported to have heart problems, which was also found to be a significant predictor for
COVID-19 recovery. Interestingly, 18% patients with diabetes in this study did not reach
statistical significance as a predictor of COVID-19 recovery. A meta-analysis reported that
there is a three times higher mortality risk in patients with cardiovascular disease; and
two times higher mortality risk in patients with diabetes [53]. Cardiovascular disease and
diabetes were consistently reported as a significant predictor for mortality [59]. Although
in rather small numbers, other comorbidities have been reported, such as liver damage,
obesity and cancer, and they were found to be a significant predictor of COVID-19 recovery.
Several studies have reported that obesity was associated with an increased risk of death
from COVID-19 [60–63], particularly in those aged more than 65 years [61].

The length of stay of COVID-19 patients with severe illness is significantly higher than
moderate illness. The median duration of hospitalization ranged from 5 to 29 days [64].
Echoing other studies, our study showed an average length of stay of 13 days, and that
mortality of patients with severe disease was higher than those with non-severe disease.
Another study reported that the 28-day mortality of the severe group (SpO2 < 90%) was
six times higher than the moderate group (SpO2 > 90%) [65], and higher Sequential Organ
Failure Assessment (SOFA) scores were also correlated with higher mortality rate [66].

In our study, six percent of patients had respiration impairment, and respiration was
the only comorbidity that influenced length of stay, with a mean difference of 1.8 days.
During the COVID-19 pandemic, the prevalence of the acute respiratory diseases asthma
and chronic obstructive pulmonary disease (COPD) were low [67–69]. This could be related
to a wide variety of factors, including effective lockdowns, better quality of air, and regular
use of masks, which were probably responsible for the reduced incidence of exacerbations
of these chronic respiratory diseases [70]. Moreover, systematic reviews have shown an
unclear relationship between respiratory impairment, risk of infection, and severe outcome
from COVID-19 infection [68]. Further study to explain this result is required.

5. Conclusions

This study demonstrates that various drugs have been used for the treatment of
COVID-19. The most prescribed antibacterial and antiviral drugs in this study were in
adherence to the local Indonesian National Guideline where the study was conducted.
This study showed that favipiravir improved patients’ COVID-19 outcomes, but not
azithromycin and oseltamivir. Based on this evidence and echoing the recommended
guidelines, we recommend administration of favipiravir to improve patients’ COVID-19
outcome and decrease their length of stay in accordance with Indonesia’s new treatment
guideline in January 2022. It is however important to note that this study is an observational
study and that the drugs used are yet to be proven effective for COVID-19 in a randomized
clinical trial manner. Additionally, this study utilized historical medical data provided by
the hospital, which means that the analysis of subgroups may be too small to reach reliable
conclusions. This study also warrants future research to develop potentially new drugs or
repurpose old drugs to combat COVID-19.



Pathophysiology 2022, 29 102

Author Contributions: Conceptualization, R.Y., F.H.; methodology, F.H.; software, P.A.I.I., K.K.;
validation, F.H., R.Y.; formal analysis, F.H., P.A.I.I., K.K.; investigation, P.A.I.I., R.H., P.S.H., L., D.R.,
A.K.J.; resources, R.Y., H.W.; data curation, P.A.I.I., R.H., P.S.H., L., D.R., A.K.J., K.K.; writing—original
draft, F.H., R.Y.; writing—review and editing, F.H., K.K.; visualization, P.A.I.I.; supervision, H.W.,
R.Y.; project administration, R.Y., F.H.; funding acquisition, R.Y. All authors have read and agreed to
the published version of the manuscript.

Funding: This study receives internal funding from Universitas Surabaya No. 057/ST-Lit/LPPM-
01/FF/V/2021.

Institutional Review Board Statement: This research has been carried out and obtained permission
from the Director of Rumah Sakit Bhayangkara (Surabaya) Number B/359/VI/2021/Rumkit, Rumah
Sakit Pusat TNI Angkatan Laut (RSPAL) Dr. Ramelan (Surabaya) Number B/ND-82/VI/2021,
Rumah Sakit Umum (RSU) Haji (Surabaya) Number 070/1182/304/2021, Rumah Sakit Umum
Daerah (RSUD) Bangil (Pasuruan) Number 445.1/053/424.072.01/2021; and has also received ap-
proval for an ethical feasibility permit from the Health Research Ethics Committee of Universi-
tas Surabaya (Surabaya) Number 171/KE/VI/2021, Rumah Sakit Bhayangkara (Surabaya) Num-
ber 17/VI/2021/KEPK/RUMKIT, Rumah Sakit Pusat TNI Angkatan Laut (RSPAL) Dr. Rame-
lan (Surabaya) Number 38/EC/KERS/2021, Rumah Sakit Umum (RSU) Haji (Surabaya) Num-
ber 073/09/KOM.ETIK/2021, Rumah Sakit Umum Daerah (RSUD) Bangil (Pasuruan) Number
445.1/02/424.072.01/2021.

Informed Consent Statement: Informed consent was obtained from hospital directors in the study.

Data Availability Statement: The authors confirm that the data supporting the findings of this study
are available on request.

Acknowledgments: The authors would like to thank to the Hospital Directors and staff for allowing
us to conduct research in their hospital.

Conflicts of Interest: The authors declared no potential conflict of interest with respect to the research,
authorship, and/or publication of this article.

References
1. Setiati, S.; Azwar, M.K. COVID-19 and Indonesia. Acta Med. Indones. 2020, 52, 84–89. [PubMed]
2. Hasan, M.N.; Haider, N.; Stigler, F.L.; Khan, R.A.; McCoy, D.; Zumla, A.; Kock, R.A.; Uddin, M.J. The global Case-Fatality Rate of

COVID-19 has been declining since May 2020. Am. J. Trop. Med. Hyg. 2021, 104, 2176–2184. [CrossRef] [PubMed]
3. Surendra, H.; Elyazar, I.R.; Djaafara, B.A.; Ekawati, L.L.; Saraswati, K.; Adrian, V.; Widyastuti; Oktavia, D.; Salama, N.; Lina, R.N.;

et al. Clinical characteristics and mortality associated with COVID-19 in Jakarta, Indonesia: A hospital-based retrospective cohort
study. Lancet Reg. Health West Pac. 2021, 9, 100108. [CrossRef] [PubMed]

4. Rodriguez-Guerra, M.; Jadhav, P.; Vittorio, T.J. Current treatment in COVID-19 disease: A rapid review. Drugs Context. 2021, 10,
2020-10-3. [CrossRef] [PubMed]

5. Baracco, G.J. Remdesivir use and hospital length of stay—The paradox of a clinical trial vs real-life use. JAMA 2021, 4, e2116057.
[CrossRef]

6. Beigel, J.H.; Tomashek, K.M.; Dodd, L.E.; Mehta, A.K.; Zingman, B.S.; Kalil, A.C.; Hohmann, E.; Chu, H.Y.; Luetkemeyer, A.;
Kline, S.; et al. Remdesivir for the Treatment of Covid-19—Final Report. N. Engl. J. Med. 2020, 5, 1813–1826. [CrossRef]

7. Abubakar, A.R.; Sani, I.H.; Godman, B.; Kumar, S.; Islam, S.; Jahan, I.; Haque, M. Systematic review on the therapeutic options for
COVID-19: Clinical evidence of drug efficacy and implications. Infect. Drug Resist. 2020, 13, 4673–4695. [CrossRef]

8. Maciorowski, D.; Idrissi, S.Z.E.; Gupta, Y.; Medernach, B.J.; Burns, M.B.; Becker, D.P.; Durvasula, R.; Kempaiah, P. A review of the
preclinical and clinical efficacy of remdesivir, hydroxychloroquine, and lopinavir-ritonavir treatments against COVID-19. SLAS
DISCOVERY 2020, 25, 1108–1122. [CrossRef]

9. Kim, M.S.; An, M.H.; Kim, W.J.; Hwang, T.-H. Comparative efficacy and safety of pharmacological interventions for the treatment
of COVID-19: A systematic review and network metaanalysis. PLoS Med. 2020, 17, e1003501. [CrossRef]

10. Rosenberg, E.S.; Dufort, E.M.; Udo, T.; Wilberschied, L.A.; Kumar, J.; Tesoriero, J.; Weinberg, P.; Kirkwood, J.; Muse, A.; DeHovitz,
J.; et al. Association of treatment with hydroxychloroquine or azithromycin with in-hospital mortality in patients with COVID-19
in New York State. JAMA 2020, 323, 2493–2502. [CrossRef]

11. Sanders, J.M.; Monogue, M.L.; Jodlowski, T.Z.; Cutrell, J.B. Pharmacologic treatments for coronavirus disease 2019 (COVID-19): A
review. JAMA 2020, 323, 1824–1836. [CrossRef] [PubMed]

12. Wu, R.; Wang, L.; Kuo, H.-C.D.; Shannar, A.; Peter, R.; Chou, P.J.; Li, S.; Hudlikar, R.; Liu, X.; Liu, Z.; et al. An update on current
therapeutic drugs treating COVID-19. Curr. Pharmacol. Rep. 2020, 6, 56–70. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/32291377
http://doi.org/10.4269/ajtmh.20-1496
http://www.ncbi.nlm.nih.gov/pubmed/33882025
http://doi.org/10.1016/j.lanwpc.2021.100108
http://www.ncbi.nlm.nih.gov/pubmed/33681830
http://doi.org/10.7573/dic.2020-10-3
http://www.ncbi.nlm.nih.gov/pubmed/33569082
http://doi.org/10.1001/jamanetworkopen.2021.16057
http://doi.org/10.1056/NEJMoa2007764
http://doi.org/10.2147/IDR.S289037
http://doi.org/10.1177/2472555220958385
http://doi.org/10.1371/journal.pmed.1003501
http://doi.org/10.1001/jama.2020.8630
http://doi.org/10.1001/jama.2020.6019
http://www.ncbi.nlm.nih.gov/pubmed/32282022
http://doi.org/10.1007/s40495-020-00216-7
http://www.ncbi.nlm.nih.gov/pubmed/32395418


Pathophysiology 2022, 29 103

13. Yang, Z.; Liu, J.; Zhou, Y.; Zhao, X.; Zhao, Q.; Liu, J. The effect of corticosteroid treatment on patients with coronavirus infection:
A systematic review and meta-analysis. J. Infect. 2020, 81, e13–e20. [CrossRef] [PubMed]

14. Wang, J.; Yang, W.; Chen, P.; Guo, J.; Liu, R.; Wen, P.; Li, K.; Lu, Y.; Ma, T.; Li, X.; et al. The proportion and effect of corticosteroid
therapy in patients with COVID-19 infection: A systematic review and meta-analysis. PLoS ONE 2021, 16, e0249481. [CrossRef]

15. Ghosh, S.; Bornman, C.; Zafer, M.M. Antimicrobial resistance threats in the emerging COVID-19 pandemic: Where do we stand?
J. Infect. Public Health 2021, 14, 555–560. [CrossRef]

16. Rawson, T.M.; Moore, L.S.P.; Zhu, N.; Ranganathan, N.; Skolimowska, K.; Gilchrist, M.; Satta, G.; Cooke, G.; Holmes, A. Bacterial
and fungal co-infection in individuals with coronavirus: A rapid review to support COVID-19 antimicrobial prescribing. Clin.
Infect. Dis. 2020, 71, 2459–2468. [CrossRef]
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Editorial Board

Editor

Dr. Jonathan Steven Alexander

Website (https://www.lsuhs.edu/departments/school-of-graduate-studies/molecular-and-cellular-

physiology/research/alexander-lab)
 SciProfiles (https://sciprofiles.com/profile/64757)

Editor-in-Chief
LSU Health Sciences Center - Shreveport, Shreveport, United States
Interests: neurophysiology; neurodegeneration; cellular neuroscience; neurobiology; stroke therapy; kidney and
liver transplantation; 3D tissue engineering
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Dr. Silvia M. Arribas

Website (https://portalcientifico.uam.es/ipublic/agent-personal/profile/iMarinaID/04-

259509/name/ARRIBAS%20RODRIGUEZ,%20SILVIA%20MAGDALENA)
SciProfiles (https://sciprofiles.com/profile/530056)


Department of Physiology, Faculty of Medicine, Universidad Autonoma de Madrid, C/ Arzobispo Morcillo 2, 28029-
Madrid, Spain
Interests: fetal programming; hypertension; oxidative stress biomarkers; nutrition; confocal microscopy
Special Issues, Collections and Topics in MDPI journals
Special Issue in
Antioxidants: Antioxidant Foods and Cardiometabolic Health
(/journal/antioxidants/special_issues/Antioxidant_Cardiometabolic)

Prof. Dr. Nicolás G. Bazán

Website (https://www.medschool.lsuhsc.edu/neuroscience/faculty_detail.aspx?name=bazan_nicolas)
SciProfiles (https://sciprofiles.com/profile/1551862)


LSUHSC Neuroscience Center, New Orleans, LA, USA
Interests: neuroprotection and neural/synaptic plasticity; unraveling cell survival signaling in injury and
neurodegeneration; stroke; epilepsy; Alzheimer's disease; retinal degenerations; inflammatory response and
resolution; omega-3 fatty acids; memory formation; cell signaling for successful aging

Prof. Dr. Maria Bloksgaard

Website (http://www.dambic.dk/index.php?page=Maria-Bloksgaard)
SciProfiles (https://sciprofiles.com/profile/117183)


The Research Unit of Cardiovascular and Renal Research, Department of Molecular Medicine, University of
Southern Denmark, Odense, Denmark
Interests: resistance artery mechanics and pharmacology; endothelial function and dysfunction; smooth muscle
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phenotype; fluorescence microscopy; wire myography; pressure myography; hypertension; diabetes; oxidative
stress

Prof. Dr. Nicholas J. Bradshaw

Website (http://bradshawlab.uniri.hr/)
 SciProfiles (https://sciprofiles.com/profile/672313)


Department of Biotechnology, University of Rijeka, Rijeka, Croatia
Interests: proteins involved in the pathogenesis of major mental illness

Prof. Dr. Omar Cauli

Website (https://www.uv.es/uvweb/departamento-enfermeria/es/investigacion/grupos-investigacion/-

frailty-research-organized-group-/miembros-del-grupo-1285857900444.html)
SciProfiles (https://sciprofiles.com/profile/89020)


Department of Nursing, University of Valencia, 46010 Valencia, Spain
Interests: cognitive impairment; frailty syndrome; neurodevelopemntal disorders; depression; neuropathy; sleep;
envirnomental factors; comorbidty; immune alterations; metabolic alterations; biomarkers
Special Issues, Collections and Topics in MDPI journals
Special Issue in
Diseases: Neuro-psychiatric Disorders - from Diagnosis to Care
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Special Issue in
Diseases: Biomarkers in Neuropsychiatric Disorders
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Special Issue in
International Journal of Molecular Sciences: Salivary Biomarkers and Their Application to
Diagnosis and Monitoring Human Diseases (/journal/ijms/special_issues/salivary_biomarker)
Special Issue in
Life: Mental Health Issues and Quality of Life in Older Individuals
(/journal/life/special_issues/Mental_Health)
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Biomedicines: Hormonotherapy: Insights from Molecular Perspectives
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International Journal of Molecular Sciences: Salivary Biomarkers and Their Application to
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MDPI's 25th Anniversary (/journal/diseases/special_issues/inflam_neuro_themed_25th_anniver)
Topics:
Mechanisms and Treatments of Neurodegenerative Diseases (/topics/neurodegenerat)

Prof. Dr. Giulia Martina Cavestro

Website (https://www.hsr.it/dottori/giulia-martina-cavestro)
SciProfiles (https://sciprofiles.com/profile/1147287)


Gastroenterology and Gastrointestinal Endoscopy Unit, Vita-Salute San Raffaele University, San Raffaele Scientific
Institute, Milan, Italy
Interests: gastrointestinal hereditary tumors; Lynch syndrome; familial adenomatous polyposis; Peutz Jeghers
syndrome; hereditary pancreatic cancer; familial pancreatic cancer; familial diffuse gastric cancer; serrated
polyposis
Special Issues, Collections and Topics in MDPI journals
Special Issue in
Cells: Endogenous and Exogenous Factors and Somatic Characteristics of Early Onset
Colorectal Cancers (/journal/cells/special_issues/early_onset_colorectal_cancer)

Dr. Martina Cebova

Website (https://www.sav.sk/?lang=sk&doc=user-org-user&user_no=4108)
SciProfiles (https://sciprofiles.com/profile/88349)


Institute of Normal and Pathological Physiology, Centre of Experimental Medicine, Slovak Academy of Sciences,
Sienkiewiczova 1, 813 71 Bratislava, Slovakia
Interests: myocardial infarction; heart failure; obesity; gasotransmitters; morphological analysis

Dr. Hsiao-Huei Chen

Website (http://www.ohri.ca/profile/hchenlab/profile)


Ottawa Hospital Research Institute, University of Ottawa, Neuroscience, Ottawa, ON, Canada
Interests: neural/synaptic plasticity; neuroinflammation; neural control of metabolism; metabolic syndromes; stroke;
Alzheimer's disease; schizophrenia; autism; stress and anxiety; innate Immune response

Dr. Bruno Chrcanovic

Website1 (https://mau.se/en/persons/bruno.chrcanovic/)
 Website2

(https://www.researchgate.net/profile/Bruno_Chrcanovic)
SciProfiles (https://sciprofiles.com/profile/933906)


Department of Prosthodontics Faculty of Odontology, Malmö University, 211 19 Malmö, Sweden
Interests: implant dentistry; clinical research; oral rehabilitation; prosthodontics; oral surgery; oral pathology
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Prof. Dr. Massimo Conese

Website (https://sites.google.com/a/unifg.it/massimoconese/)
SciProfiles (https://sciprofiles.com/profile/205995)


Department of Medical and Surgical Sciences, University of Foggia, 71122 Foggia, Italy
Interests: amniotic membrane-derived mesenchymal stem cells; adipose-derived mesenchymal stem cells;
pathophysiology and therapy of cystic fibrosis; wound healing; dermal regeneration; interaction of drug delivery
systems with cells; Parkinson's disease; neuroinflammation
Special Issues, Collections and Topics in MDPI journals
Topical Collection in
International Journal of Molecular Sciences: Stress, Immunity, and Tissue
Microenvironment (/journal/ijms/special_issues/Stress_Immun_Microenvironment)
Special Issue in
Journal of Respiration: Cystic Fibrosis: Genetics, Pathophysiology and Novel
Therapeutic Approaches (/journal/jor/special_issues/cystic_fib)
Special Issue in
Molecules: Plant-Derived Phenolic Compounds: From Molecular Mechanisms to Clinical
Application (/journal/molecules/special_issues/Proanthocyanidins_Natural)
Special Issue in
Pharmaceutics: Polymer- and Lipid-Based Nanostructured Drug Delivery Systems for the
Treatment of CNS Diseases: Recent Advances towards Clinical Application
(/journal/pharmaceutics/special_issues/CNS_diseases)

Prof. Dr. Sante Di Gioia

Website (https://www.unifg.it/ugov/person/5949)


Department of Medical and Surgical Sciences, University of Foggia, Foggia, Italy
Interests: gene therapy of cystic fibrosis; cellular therapy of cystic fibrosis; CFTR “interactome”; pathophysiology of
cystic fibrosis lung disease

Dr. Elizabeth Disbrow

Website (https://www.lsuhs.edu/departments/school-of-medicine/neurology/faculty)


Department of Neurology, Louisiana State University Health Sciences Center Shreveport, Shreveport, LA, USA
Interests: Parkinson’s disease; Alzheimer’s disease; neuropsychological and motor testing; functional brain
imaging; human and non-human electrophysiological recording
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Prof. Dr. Dragan M. Djuric

Website (https://www.researchgate.net/profile/Dragan_Djuric2)


Faculty of Medicine, The University of Belgrade, Belgrade, Serbia
Interests: experimental models of cardiometabolic diseases; clinical research; myocardial infarction; heart failure;
diabetic and pre-diabetic cardiomyopathy; cardiovascular effects of hyperhomocysteinemia; hypermethioninemia;
ischaemia-reperfusion aging; gasotransmitters; cardiovascular protection; innovative therapy

Prof. Dr. Pradeep K. Dudeja

Website (https://chicago.medicine.uic.edu/departments/academic-

departments/medicine/gastroenterology-and-hepatology/people/name/pradeep-k-dudeja/)

1. Division of Gastroenterology and Hepatology, Department of Medicine, University of Illinois at Chicago, Chicago,
IL 60612, USA
2. Jesse Brown VA Medical Center, Medical Research Service (600/151), 820 South Damen Avenue, Chicago, IL
60612, USA
Interests: diarrhea; pathophysiology; intestinal transport; gut-microbe interactions; inflammatory bowel diseases;
intestinal electrolyte absorption

Prof. Dr. Albert Gjedde

Website (https://portal.findresearcher.sdu.dk/en/persons/agjedde)


Faculty of Health Sciences, University of Southern Denmark, Odense, Denmark
Interests: brain; energy; metabolism; neuroenergetics; monoaminergic neurotransmission; neuroscience

Prof. Dr. Felicity Gravins

Website (https://www.brunel.ac.uk/people/felicity-gavins)
SciProfiles (https://sciprofiles.com/profile/1266266)


Brunel University London, Uxbridge, UK
Interests: inflammation; thrombosis; ischaemia reperfusion injury; stroke; neutrophils; platelets; endothelial
dysfunction; imaging; in vivo models of disease; translational medicine

Dr. Norman R. Harris

Website (https://www.lsuhs.edu/departments/school-of-graduate-studies/molecular-and-cellular-
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physiology/research/harris-lab)

Louisiana State University Health Sciences Center, Shreveport, LA, USA
Interests: physiology and pathophysiology of the microcirculation; retinal microvascular complications of diabetes;
retinal pathologies

Prof. Dr. Vladimir Jakovljevic

Website (http://medf.kg.ac.rs/en/contacts.php)
 SciProfiles (https://sciprofiles.com/profile/230954)


Faculty of Medical Sciences, University of Kragujevac, Kragujevac, Serbia
Interests: oxidative stress; cardiology; pharmacology; diabetes; apoptosis; internal medicine; hypertension;
antioxidants; reactive oxygen species; rehabilitation

Dr. Miroslaw Kornek

Website (https://www.researchgate.net/profile/Miroslaw_Kornek)
SciProfiles (https://sciprofiles.com/profile/978308)


Department of Internal Medicine I, University Medical Center Bonn, Bonn, Germany
Interests: extracellular vesicles; intrahepatic cancers; liquid biopsy; biomarker; trauma
Special Issues, Collections and Topics in MDPI journals
Special Issue in
Journal of Clinical Medicine: Hepatocellular Carcinoma: The Current Recommendations
for Clinical Practice (/journal/jcm/special_issues/H_C_C)

Dr. Djuro Kosanovic

Website (https://www.researchgate.net/profile/Djuro_Kosanovic)


- I.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia
Interests: pulmonary hypertension; high-altitude medicine; lung fibrosis
Special Issues, Collections and Topics in MDPI journals
Special Issue in
Medicina: Traditional Medicine for the Treatment of Pulmonary Hypertension (PH): Is the
Answer in the Nature?
(/journal/medicina/special_issues/Traditional_Medicine_for_the_Treatment_of_Pulmonary_Hypertension)

Prof. Dr. Peter R. Kvietys

Website (https://faculty.alfaisal.edu/pkvietys/biocv)
 SciProfiles (https://sciprofiles.com/profile/1617114)
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Alfaisal University, Riyadh, Saudi Arabia
Interests: basic mechanisms of the inflammatory response; inflammatory pathologies; microcirculation; vascular
biology; neutrophil-endothelial interactions; IBD and gastritis (gastrointestinal); ARDS (pulmonary);
ischemia/reperfusion (heart)

Dr. Lukas Margaritis

Website (http://www.bioacademy.gr/faculty-details/HMmF/lukas)
SciProfiles (https://sciprofiles.com/profile/668756)


University of Athens, Athens, Greece
Interests: transmission electron microscopy (TEM); computer reconstruction; lab animal handling and irradiation;
neurobiology; cell; biophysics; radiation biology

Prof. Dr. Osamu Matsuo

Website (https://www.researchgate.net/profile/Osamu_Matsuo)
SciProfiles (https://sciprofiles.com/profile/1322102)


Kindai University Faculty of Medicine, Osakasayama 589-8511, Japan
Interests: haemostasis; fibrinolysis; thrombolysis; acute myocardial infarction; thromboembolism; regeneration;
medical education; coaching; communication

Prof. Dr. Tadayuki Oshima

Website (https://researchmap.jp/read0137243/?lang=english)
SciProfiles (https://sciprofiles.com/profile/135311)


Hyogo College of Medicine, Nishinomiya, Japan
Interests: endoscopic diagnosis and treatment of GI cancers; tight junction proteins related to inflammatory; GI
disorders including esophagitis; gastritis; dyspepsia and inflammatory bowel diseases

Dr. Raffaele Parrozzani

Website (https://www.neuroscienze.unipd.it/dipartimento/personale/personale-docente/3379)
SciProfiles (https://sciprofiles.com/profile/716710)


Department of Neuroscience–Ophthalmology, University of Padova, Via Giustiniani 2, 35128 Padova, Italy
Interests: ocular and optic pathway oncology; retinal and optic pathway pathophysiology


 



(/)

zoom_out_map
(/toggle_desktop_layout_cookie)searchmenu

http://www.bioacademy.gr/faculty-details/HMmF/lukas
https://sciprofiles.com/profile/668756
https://www.researchgate.net/profile/Osamu_Matsuo
https://sciprofiles.com/profile/1322102
https://researchmap.jp/read0137243/?lang=english
https://sciprofiles.com/profile/135311
https://www.neuroscienze.unipd.it/dipartimento/personale/personale-docente/3379
https://sciprofiles.com/profile/716710
https://www.mdpi.com/
https://www.mdpi.com/toggle_desktop_layout_cookie


share

announcement

Special Issues, Collections and Topics in MDPI journals
Special Issue in
Journal of Clinical Medicine: New Insights into Pathogenesis, Diagnosis, and Therapy of
Neurofibromatosis (/journal/jcm/special_issues/Pathogenesis_Diagnosis_Therapy_Neurofibromatosis)

Dr. Olga Pecháňová

Website (https://www.sav.sk/?lang=en&doc=user-org-user&user_no=1493)
SciProfiles (https://sciprofiles.com/profile/81807)


Institute of Normal and Pathological Physiology, Centre of Experimental Medicine, Slovak Academy of Sciences,
Bratislava, Slovakia
Interests: nitric oxide; polyphenolic compounds; cardiovascular system; hypertension; metabolic syndrome
Special Issues, Collections and Topics in MDPI journals
Special Issue in
Molecules: Biological Activity of Natural Substances and Their Derivatives
(/journal/molecules/special_issues/natural_substances)
Special Issue in
Pathophysiology: Vasodilators: New Insights
(/journal/pathophysiology/special_issues/vasodilators_new_insights)

Prof. Dr. Daniel Araki Ribeiro

Website (https://www.unifesp.br/campus/san7/docentes-dbc/611-daniel-araki-ribeiro)


Universidade Federal de Sao Paulo, Sao Paulo, Brazil
Interests: experimental carcinogenesis; mutagenesis; genotoxicity; oxidative stress

Prof. Dr. Bernhard Ryffel

Website (https://www.imedpub.com/editor-profile/Dr_Bernhard_Ryffel/)
SciProfiles (https://sciprofiles.com/profile/477500)


Laboratory of Molecular and Experimental Immunology and Neurogenetics, UMR 7355, CNRS-University of
Orleans, Orleans, France
Interests: mechanisms of inflammation, especially chronic progressive respiratory diseases, repair upon injury and
viral superinfection; innate immune danger sensing and cGAS/STING and Inflammasome activation; role of IL-1
family members especially IL-33 and Th17 / Th22 differentiation; role of microbiota on tissue homeostasis and
inflammatory responses; TNF and IFN receptors in host resistance, inflammation and metabolic diseases
Special Issues, Collections and Topics in MDPI journals
Special Issue in
Cells: Nucleic Acid Sensing in Respiratory Diseases
(/journal/cells/special_issues/nucleic_respiratory)
Special Issue in
Biomedicines: 10th Anniversary of Biomedicines—Mechanisms of Inflammation
(/journal/biomedicines/special_issues/mechanisms_Inflammation)
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Dr. Rodney Edwin Shackelford

Website (https://www.lsuhs.edu/departments/school-of-medicine/pathology/research/shackelford-lab)
SciProfiles (https://sciprofiles.com/profile/1697460)


Louisiana State University in Shreveport, Shreveport, USA
Interests: DNA damage response (DDR) proteins; hydrogen sulfide; cancer; type II diabetes; cardiovascular
disease

Prof. Dr. Giovanni F. Solitro

Website (https://www.lsuhs.edu/our-schools/faculty/faculty-directory/faculty-profile/~const-id/3259)


LSU Health Sciences Center - Shreveport, Shreveport, LA, USA
Interests: orthopaedic surgery

Prof. Dr. Karen Stokes

Website (https://www.lsuhs.edu/departments/school-of-graduate-studies/molecular-and-cellular-

physiology/research/stokes-lab)

Department of Molecular and Cellular Physiology, LSU Health Shreveport, Shreveport, LA, USA
Interests: cerebrovascular disease and the microvasculature

Dr. Ken Takahashi

Website (https://www.okayama-u.ac.jp/user/med/phy2/staff/takahashi.html)
SciProfiles (https://sciprofiles.com/profile/261583)


Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama University, 2-5-1 Shikata Cho,
Kita-Ward, Okayama 700-8558, Japan
Interests: cardiovascular regenerative medicine; ischemia-reperfusion injury; space medicine/biology
Special Issues, Collections and Topics in MDPI journals
Special Issue in
Hearts: Cardiac Ischemia Reperfusion Injury (/journal/hearts/special_issues/ischemia)
Special Issue in
Micromachines: 3D In Vitro Tissue and Organ Models
(/journal/micromachines/special_issues/vitro_tissue_and_organ_models)

Prof. Dr. Ikuo Tsunoda

Website (https://www.med.kindai.ac.jp/microbio/index.html)
SciProfiles (https://sciprofiles.com/profile/206004)


Department of Microbiology, Faculty of Medicine, Kindai University, Osaka, Japan
Interests: autoimmune disorders; virus infections; myocarditis; multiple sclerosis; experimental autoimmune
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encephalomyelitis; EAE; Theiler’s murine encephalomyelitis virus; TMEV; neuroimmunology; ELISA; genotyping;
echocardiography; flow cytometry; immunohistochemistry; real-time PCR; bioinformatics; computational biology;
neurodegeneration

Dr. Sorin Tunaru

Website (https://www.researchgate.net/profile/Sorin_Tunaru)
SciProfiles (https://sciprofiles.com/profile/240587)


Max Planck Institute for Heart and Lung Research - W. G. Kerckhoff Institute, Bad Nauheim, Germany
Interests: biochemistry; cell biology; cell signaling; G protein coupled receptors; metabolism

Dr. Yoichi Ueta

Website (https://www.researchgate.net/profile/Yoichi_Ueta)


Department of Physiology, School of Medicine, University of Occupational and Environmental Health, Iseigaoka,
Yahatanishi-ku, Kitakyushu 807-8555, Japan
Interests: neuroendocrinology

Dr. John A. Vanchiere

Website (https://health.usnews.com/doctors/john-vanchiere-68081)


Department of Pediatrics, Louisiana State University in Shreveport, Shreveport, LA, USA
Interests: pediatric infectious disease

Dr. Dido Vassilacopoulou

Website

(http://www.biol.uoa.gr/fileadmin/biol.uoa.gr/uploads/Full_CVs/Vassilacopoulou_D_VI_13_Grk.pdf)
SciProfiles (https://sciprofiles.com/profile/1277477)


National and Kapodistrian University of Athens, Athens, Greece
Interests: biochemistry; molecular biology; neuroscience.; Parkinson's disease; Alzheimer's disease

Prof. Yuping Wang

Website (https://www.lsuhs.edu/departments/school-of-medicine/obstetrics-gynecology/faculty)


Obstetrics & Gynecology, Louisiana State University in Shreveport, Shreveport, LA, USA
Interests: clinical obstetrics and gynecology
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Open Access Article

Evaluation of Antibacterial and Antiviral Drug Effectiveness in COVID-19 Therapy: A Data-Driven Retrospective Approach (/1873-149X/29/1/9)

by
 Rika Yulia (https://sciprofiles.com/profile/2099068), Putri Ayu Irma Ikasanti (https://sciprofiles.com/profile/2098459),
Fauna Herawati (https://sciprofiles.com/profile/903920),
Ruddy Hartono (https://sciprofiles.com/profile/author/Yy9Rc2pUeVNabHRheC9YVkgwYmkrdXZaS09PZU9ZalVYZHRtc3huVm5Taz0=),
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,
Lestiono (https://sciprofiles.com/profile/author/bzdkS1ByZXhyZGFWNXhFT0lvQTlkM1BVc2VOc00zUTFBVTYzdEI5Q3lGdz0=),
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Heru Wijono (https://sciprofiles.com/profile/author/VmEvOHE0UWJScEFoMlNhOFNvTEMyek9sVUFMdEZIZUFoc3VRTngxVVIvQT0=)

Pathophysiology 2022, 29(1), 92-105; https://doi.org/10.3390/pathophysiology29010009 (registering DOI) - 07 Mar 2022

Abstract The clinical manifestations associated with COVID-19 disease is mainly due to a dysregulated host response related to the overexpression of
inflammatory markers. Until recently, only remdesivir had gained FDA approval for COVID-19 hospitalized patients and there are currently no evidence-based
therapeutic options or
[...] Read more.

Open Access Article

Polymorphism in Adiponectin and Adiponectin Receptor Genes in Diabetes Mellitus Pathogenesis (/1873-149X/29/1/8)

by
 Iuliana Shramko (https://sciprofiles.com/profile/1352610), Elizaveta Ageeva (https://sciprofiles.com/profile/1998352),
Eugene Krutikov (https://sciprofiles.com/profile/author/cmlMVEh0cFJIbXhPais5MHVraFBIRGRjVDlBaFRKODIrYXdMOXlTTDdvMD0=),
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Irina Repinskaya (https://sciprofiles.com/profile/author/dDU4NjlaZzB1dzYzakd5YUtIc0VzOXNoUFpkN0RNaDg4bjJsN0hFV3hJUT0=),
Iryna Fomochkina (https://sciprofiles.com/profile/author/ZDFhdGZMbjNYd3p1ZnZMdTdCU2w4MXFLRVI5VHB5ek42WG1abWsyeGkxND0=),
Anatolii Kubishkin (https://sciprofiles.com/profile/2083188), Anna Gurtovaya (https://sciprofiles.com/profile/2097269),
Cyrill Tarimov (https://sciprofiles.com/profile/author/WEh2cHkwQ0VVckNSakN2aVQ5NFhCQWo2VzcvS2pWcWVHVVBvcWtjdFNOMD0=) and

Suman Shekhar
Pathophysiology 2022, 29(1), 81-91; https://doi.org/10.3390/pathophysiology29010008 (https://doi.org/10.3390/pathophysiology29010008) - 28 Feb 2022
Viewed by 266

Abstract The role played by hereditary factors in the development of diabetes mellitus type 2 (DM2) has not yet been fully established. Therefore, the purpose of our
study was to investigate the prevalence of adiponectin and polymorphism in its gene receptors in connection with
[...] Read more.
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Abstract miRNAs biomarkers are emerging as an essential part of clinical oncology. Their oncogenic and tumour suppressor properties playing a role in
malignancy has generated interest in their potential for use in disease prognosis. While several studies on miRNA have been carried out across
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Abstract The aim of this study was to assess the patterns and pattern disruptions of free radical processes in patients with obstructive jaundice of various origins,
and the severity of jaundice before and after decompression. Oxidative stress markers were determined in 128 patients with
[...] Read more.
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Abstract Fibromyalgia can be defined as a chronic pain condition, affecting the musculoskeletal system, etiology and pathophysiology of which is sufficiently
understudied. Despite the fact that many authors consider this entity to be a manifestation of central sensitization, and not an autoimmune disease, the
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more.
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Abstract Biomarker identification is imperative for invasive breast carcinoma, which is more aggressive and associated with higher mortality and worse prognosis
in younger patients (<45 years) than in older patients (>50 years). The current study aimed to investigate angiopoietin-like protein 4 (ANGPTL4) and insulin-like
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Read more.
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Abstract Chronic pain may affect 30–50% of the world’s population and an important cause is small fiber neuropathy (SFN). Recent research suggests that
autoimmune diseases may be one of the most common causes of small nerve fiber damage. There is low awareness of SFN
[...] Read more.
(This article belongs to the Special Issue Pathophysiology of Autoimmune Diseases (
/journal/pathophysiology/special_issues/patho_autoimmune_diseases
))
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documents signed by researchers from more than one
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address.

Year International Collaboration

ratio of a journal's articles including substantial
research (research articles, conference papers and

reviews) in three year windows vs. those documents
other than research articles, reviews and conference
papers.

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those
not cited during the following year.

Documents Year Value
Uncited documents 1999 85
Uncited documents 2000 72
Uncited documents 2001 80
Uncited documents 2002 61
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