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Abstract: The infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) gener-
ated many challenges to find an effective drug combination for hospitalized patients with severe
forms of coronavirus disease 2019 (COVID-19) pneumonia. We conducted a retrospective cohort
study, including 182 patients with severe COVID-19 pneumonia hospitalized between March and
October 2021 in a Pneumology Hospital from Cluj-Napoca, Romania. Among patients treated with
standard of care, 100 patients received remdesivir (R group) and 82 patients received the combination
of remdesivir plus tocilizumab (RT group). We compared the clinical outcomes, the inflammatory
markers, superinfections, oxygen requirement, intensive care unit (ICU) admission and mortality
rate before drug administration and 7 days after in R group and RT group. Borg score and oxygen
support showed an improvement in the R group (p < 0.005). Neutrophiles, C-reactive protein (CRP)
and serum ferritin levels decreased significantly in RT group but with a higher rate of superinfection
in this group. ICU admission and death did not differ significantly between groups. The combination
of remdesivir plus tocilizumab led to a significantly improvement in the inflammatory markers and a
decrease in the oxygen requirement. Although the superinfection rate was higher in RT group than
in R group, no significant difference was found in the ICU admission and mortality rate between
the groups.
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1. Introduction

The world is experiencing a global pandemic named as the coronavirus disease 2019
(COVID-19) pandemic which is caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), a ribonucleic acid (RNA)-virus belonging to the genus Beta
coronavirus. By July 2022 a total of 555 millions of cases were reported by World Health
Organization (WHO), with a total of over 6.3 millions of deaths [1].

Regarding the clinical course of COVID-19 disease, there are mild, moderate, and
severe forms of disease. Patients present upper respiratory tract symptoms, loss of taste and
smell, myalgias, fever, tiredness, and gastrointestinal symptoms (diarrhoea). Most of them
had a mild disease form which did not require hospitalisation, whereas moderate forms
are characterised by more aggressive manifestations and less than 50% lungs involvement
on computerized tomography (CT) scans [2].

On the other hand, there are about 15-20% patients developing a severe form of
pneumonia characterised by respiratory distress requiring intensive treatment, including
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supplemental oxygen and in most of the cases non-invasive ventilation [3]. Escalation of
oxygen therapy includes changing the oxygen delivery devices to improve oxygenation.
High-flow nasal cannula has been demonstrated to be effective in improving oxygenation
and leads to decreased need for non-invasive positive pressure ventilation and orotracheal
intubation with mechanical ventilation [4,5].

A small percentage (5% of patients) progress to critical forms of pneumonia with
respiratory failure, acute respiratory distress syndrome (ARDS), hypercoagulopathy and
multiorgan failure, consequently requiring admission to intensive care units (ICU) [6-9].

SARS-CoV-2 virus has the capacity to adapt to new hosts because of the intense
mutations which lead to different variants with a large variety of characteristics. Variants of
concern (VOC) are variants with high transmissibility, virulence, decrease in effectiveness of
therapeutic and social measures and with an impact on public health sector [10]. According
to WHO, since the pandemic has started there are five variants of concern (VOC) of SARS-
CoV-2 infection (alpha, beta, gamma, delta, and omicron) [11]. Delta variant, the fourth
variant declared by WHO, was initially identified in December 2020 in India and it is
known for a high rate of mortality [12].

The greatest challenge in this pandemic was to find an effective treatment in the
shortest time possible. A large variety of therapeutical resources, including monoclonal
antibodies, antivirals, immunomodulators, corticosteroids and convalescent plasma have
been used in the treatment of SARS-CoV-2 infection. Since the pandemic has started there
is no golden standard approved for severe forms of SARS-CoV-2 infection.

Taking into consideration every country’s own economic, political and health care
systems, it was expected that each one tackled the SARS-CoV-2 infection with different
measures and adapted treatment [13]. Monoclonal antibodies should be taken into consid-
eration in those with mild to moderate disease with risk to progression to severe disease.
Monoclonal antibodies have been identified as a potential therapy to prevent disease pro-
gression in patients at risk for severe disease, especially in those non-hospitalized because
they could reduce the risk of hospitalization and mortality. Also, Paxlovid is an alternative
for non-hospitalized patients in the first days of symptoms and with risk for severe forms
of SARS-CoV-2 infection [14].

During the previous epidemies of coronavirus (Middle East respiratory syndrome-
MERS and severe acute respiratory syndrome-SARS), corticosteroid therapy revealed a
potent anti-inflammatory and immunosuppressive effect, including the inhibitory effect
upon the synthesis of pro-inflammatory cytokines, reduction of leucocyte, and induction the
apoptosis of T-lymphocytes [15-17]. Dexamethasone was demonstrated to reduce mortality
in hospitalized patients receiving oxygen support or invasive mechanical ventilation but
not in the absence of supplemental oxygen therapy [18].

The severe infection with SARS-CoV-2 also is linked with coagulation dysfunction,
and some theories are postulated to explain this. One hypothesis is that the infection affects
the Virchow triad including endothelial injury, blood stasis and hypercoagulability [19,20].

In severe disease, the endothelial dysfunction is caused by an angiotensin-converting
enzyme 2 (ACE2) mediated pathway, leading to an overexpressed inflammation [21]. In
moderate or severe cases of hospitalized patients low-molecular weight heparin (LMWH)
should be introduced in the treatment for prophylaxis of blood clotting formation. LMWH
is preferred over unfractionated heparin (UFH) because it lacks the need of measuring
activated partial thromboplastin time (aPTT) and is administered twice daily [22].

Regarding the great amplitude of the COVID-19 pandemic, big steps were taken to
include COVID-19 amongst the indications of several antiviral drugs already approved
by Food and Drug Administration (FDA) to reduce excessive procedures for testing novel
therapies. Remdesivir has originally been developed for the treatment of Ebola virus
disease and was found to inhibit the replication of various coronaviruses in preclinical
studies [23].

Remdesivir (GS-5734) (Figure 1) is an analogue of adenosine that is considered to have
potential benefits against SARS-CoV-2 infection [24,25]. After entering the cell, the drug
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acts through its active metabolite (remdesivir triphosphate [remdesivir-TP] or GS5-443902)
which binds to the viral target protein RNA-dependent RNA polymerase complex and
consequently interferes with viral replication [26]. The drug was conceived for intravenous
administration due to the extensive first hepatic-pass. In terms of plasma protein binding,
the free fraction is thought to be about 12% [27]. Remdesivir can be detected in blood and
plasma by the end of the infusion (30 min). The half-life is about 1 h, and it is predominately
eliminated through the renal pathway [28]. Its antiviral activity against various RNA
viruses was already demonstrated, being approved in the treatment of infections with
filoviruses (Ebola virus and Marburg virus), paramyxoviruses (respiratory syncytial virus)
and coronaviruses (Severe acute respiratory syndrome coronavirus -SARS-CoV and Middle
East respiratory syndrome-MERS-CoV) [29]. It is still unknown the concentration of the
active metabolite triphosphate that accumulates in the respiratory epithelium of those who
receive the drug [30]. Regarding the positive outcomes of remdesivir, the results from the
ACTT (Adaptive COVID-19 Treatment Trial) trial which compared remdesivir with placebo
in severe forms of COVID-19 pneumonia revealed that patients treated with 10 days of
remdesivir had a shorter period to recover (11 days) than those in the placebo group (18
days). Moreover, the trial showed a decreased mortality in those treated with remdesivir
than in placebo group [31]. Another study by Goldman et al. showed that there is no
significant difference in efficacity between 5 or 10 days of remdesivir administration [32].

\‘(\HNIP 0}

Figure 1. Remdesivir molecular structure.

Severe COVID-19 is associated with a hyperinflammatory status. The use of dexam-
ethasone for short term led to the inhibition of the cytokine storm and of the hyperinflam-
matory phase in patients with COVID-19 pneumonia [33]. Another study demonstrated
that dexamethasone in SARS-CoV-2 infection supress cytokine and chemokine production
not only at the transcriptional level but also it acts as theirs direct inhibitor [34].

Moreover, using immunomodulatory therapies, such as interleukin 6 (IL-6) receptor
antagonists which interfere with the cytokine signalling can reduce the hyperinflamma-
tion [35]. Tocilizumab (Figure 2) is a recombinant humanized monoclonal immunoglobulin
G1 (IgG1) antibody that antagonizes the soluble and membrane bounded receptors of
IL-6 and it is already approved for the treatment of the diseases with autoimmune com-
ponent such as rheumatoid arthritis, systemic juvenile idiopathic arthritis, and giant cell
arteritis [36-38]. Tocilizumab is available in intravenous or subcutaneous injection, but
for treating cytokine release syndrome the intravenous administration is preferred. The
half-life of the drug is dose-dependent varying from 6 to 18 days. It should be considered
the possibility of tuberculosis and hepatitis B reactivation in infected patients. One study
by Luo et al. finds that Tocilizumab is also useful for preventing not only for treating the
cytokine storm [39].

Interleukin 6-receptor (IL-6R) has two forms: mIL-6R (membrane-bound interleukin-6
receptor) and sIL-6R (soluble interleukin-6 receptor). IL-6 binds to sIL-6R and forms a
complex and links to the cell membrane to complete signal transduction. Tocilizumab binds
selectively and competitively sIL-6R and then inhibits the IL-6 mediated signal transduction.
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Figure 2. Tocilizumab schematic structure and mechanism of action.

Moreover, the treatment with the combination of remdesivir and tocilizumab com-
paring with dexamethasone had favourable outcomes such as improvement in clinical
condition and in chest CT findings, shorter duration of ICU and hospitalization length [40].

According to our knowledge and based on the literature published papers, the pre-
vious research has been more focused on outcomes in severe COVID-19 patients treated
separately with an antiviral such as remdesivir or an anti-interleukin-6 receptor mono-
clonal antibody such as tocilizumab, and there is just one trial regarding remdesivir versus
the combination of remdesivir plus tocilizumab in severe COVID-19 patients [41]. The
association between this combination of antiviral and immunomodulator is still debatable.

The aim of this study is to assess the effectiveness and the influence over the clinical
outcomes, the inflammatory markers, superinfections, oxygen support, the ICU admission
rate, and the mortality rate in hospitalized patients with severe forms of SARS-CoV-2
infection treated with remdesivir or with remdesivir and tocilizumab.

2. Results

In patients from R group the median age was 55 and 56% were male. The patients in
RT group were slightly older (median age was 59) and 63.4% were male. There was no
significant difference in demographic characteristics between the two groups. Hypertension
was the most common underlying disease (50% in R group and 56% in RT group), followed
by diabetes (30% in R group and 20% in RT group), cardiovascular disease (22% in both
groups) and cancer (6% in R group and 7.3% in RT group). There was not statistically
difference in the distribution of the comorbidities between the groups. The period from
symptoms onset to hospital admission was longer in RT group (a median of 7 days) vs.
R group (a median of 5 days) (p = 0.045). Dyspnea was the most common symptom at
hospital admission in both groups (88% in R group and 90.2% in RT group). Having a
severe form of COVID-19 pneumonia both groups had more than 50% lungs involvement
(70%in R group and 75% in RT group). Also, there was not significantly difference in the
CT findings (ground-glass and consolidation).

Patients treated with remdesivir showed a tendency to receive less advanced oxygen
support at the initiation of treatment and 7 days after. The R group showed a significantly
improvement in de-escalation of oxygen supplementation or in need for non-invasive ven-
tilation (NIV) and invasive mechanical ventilation (IMV) after 7 days (p = 0.05). In line with
this outcome, patients in RT group tended to reduce the need of oxygen support/NIV/IMV,
but the difference was not statistically significant comparing to R group. In addition, RT
group had a statistically significant higher rate of superinfection (p = 0.049). The most
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common bacteria found in R group were Enterococcus spp. in four patients, Candida spp.
in two patients, Enterococcus faecalis in one patient and one with Clostridium Difficile. In
the RT group the most frequently isolated bacteria were 2 cases infected with Pseudomonas
aeruginosa, three with Klebsiella pneumoniae, one with Streptococcus spp., one with Strep-
tococcus pneumoniae, one with Enterococcus spp., one with Candida spp., two cases with
Acinetobacter baumanii and one with Stenotrophomonas maltophilia. ICU admission rate and
death did not differ significantly between the two groups (p = 0.378 in R group, respectively
p = 0.838 in RT group). Patients’ demographic, admission clinical and imagistic data are
presented in Table 1.

Table 1. Characteristics of the chosen cohort.

Remdesivir Remdesivir + Tocilizumab

(n =100) (n = 82) P
Age 55 (48; 65) 59 (52.5; 66.25) 0.043
Sex, n (%) Male 56 (56) 52 (63.4) 0.616

Female 44 (44) 30 (36.6)
Body mass index (BMI) (kg/m?) 26 (24; 32) 28 (23; 33.75) 0.973
Comorbidities, n (%)

Diabetes 30 (30) 20 (24.4) 0.499
Hypertension 50 (50) 23 (56.1) 0.502

Cardiovascular disease 22 (22) 18 (22) 1
Cancer 6 (6) 6(7.3) 0.955
Days from illness onset to hospitalization 5(4;8) 7 (5;9.25) 0.045

Symptoms at hospital admission
Body temperature (°C) 38.45 (37.5; 39) 38.2 (37.72; 39) 0.914
Dyspnea, 1 (%) 88 (88) 74 (90.2) 0.808
Fatigability, n (%) 58 (58) 58 (70.7) 0.105
Pulmonary CT scan findings
O S percenties Toh pereentle) 7060;75) 75 (50;80) 0194
Ground glass opacity, n (%) 82 (82) 72 (87.8) 0.382
Consolidations, 1 (%) 70 (70) 64 (78) 0.291
Oxygen support therapy n (%)
26 (26) 18 (22) 0.645
High flow nasal cannula (HFNC) 34 (34) 24 (29.3) 0.602
Non-invasive ventilation (NIV) 38 (38) 36 (43.9) 0.513
Orotracheal intubation 2(2) 4(4.9) 0.506
De-escalation 64 (64) 50 (61)
Change in oxygen support 1 (%) Not change 24 (24) 12 (14.6) 0.05
Escalation (Worsening) 12 (12) 20 (24.4)

Superinfection, n (%) 16 (16) 24 (29.3) 0.049
ICU admission, n (%) 34 (34) 34 (41.5) 0.378
Death, n (%) 22 (22) 20 (24.4) 0.838

Data are presented as 7 (%) or median and 25-75 percentiles.
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Two-way ANOVA for the repeated measurements was used to examine the mean
differences of the variables stated in the table (SpO,, Borg score, white blood cells, lym-
phocytes, neutrophils, platelets, D-dimers, creatinine, LDH, CRP, serum ferritin) between
the two measurements (before and after), considering the influence of the two different
treatments (remdesivir + tocilizumab) (Table 2).

Table 2. Clinical and laboratory characteristics, measured before treatment and after 7 days.

Variables Remdesivir Remdesivir + Tocilizumab P
Before 84 (80; 87) 82 (80; 84.25)
Sp02% 0.290
7 days after 91 (89; 93) 89 (85.25; 92)
Before 8(8;9) 8(8;9)
Borg score 0.02
7 days after 4(2;8) 8(3;9)
Before 7.9 (6.25;10.31) 10.02 (6.55; 12.59)
White Blood Cells, x10%/uL 0.684
7 days after 9.64(7.87; 13.96) 13.3 (8.83; 16.83)
Before 1.01 (0.66; 1.2) 0.64 (0.45; 0.98)
Lymphocytes, X 103/uL 0.033
7 days after 1.56 (0.71; 2.49) 1.18 (0.88; 1.76)
Before 7.3 (5.21;9.55) 10.43 (6.55; 13.59)
Neutrophils, x103/uL 0.04
7 days after 7.35 (5.52; 10.63) 8.56 (4.68; 12.71)
Before 278 (201; 386) 204 (172.75; 281.5
Platelets, X103/uL 0.972
7 days after 337 (277; 444) 269 (185; 362.5)
. Before 198 (25; 586) 893 (256.75; 2853.5)
D-dimers, ng/mL 0.369
7 days after 268 (25; 844) 1250 (438.75; 3107.5)
Before 0.92 (0.82;1.12) 0.98 (0.83; 1.24)
Creatinine, mg/dL 0.057
7 days after 0.93 (0.73; 1.32) 1.00 (0.845; 1.44)
Before 654 (417; 902) 829 (505.5; 1082.5)
LDH, U/L 0.52
7 days after 412 (268; 719) 606 (365.5; 894.25)
Before 68.8 (39.1; 100.2) 96 (74.7; 108.725)
CRP, mg/L 0.012
7 days after 10.4 (4.7; 37.4) 9(2.52;20.7)
Before 1078 (654; 1940) 1875 (1345; 2877)
Serum Ferritin, ug/L 0.004
7 days after 735 (409.2; 1289) 876 (540.85; 1093.75)

Data are presented as median and 25-75 percentiles. SpO,% = arterial oxygen saturation measured by pulse
oximetry, LDH = lactate dehydrogenase, CRP = C-reactive protein. Laboratory findings evolution before and after
7 days of treatment between R and RT group.

Borg score rating the difficulty of breathing was assessed before and after treatment.
It is a simple numerical list and a subjective way to measure the dyspnea with a score
from 0 (absence of dyspnea) to 10 (maximum sensation). Patients were asked to rate their
dyspnea on the scale before drug administration and after 7 days. It showed a significant
improvement in R group, as compared to the RT group (p = 0.02).

We observed a significant increase in lymphocytes count (p = 0.033) and a significantly
decrease in neutrophiles count (p = 0.04) in RT group. C-reactive protein (CRP) and serum
ferritin levels decreased significantly in RT group before drugs therapy and after 7 days
(p = 0.012, respectively, p = 0.004). Lactate dehydrogenase did not show any statistical
significance before and after but a marked drop in between before and after 7 days can be
noticed in both groups (p = 0.52). White blood-cells, platelets and D-dimers values did not
differ significantly in the group (p = 0.684, p = 0.972 and p = 0.369). The evolution of clinical
and laboratory data measured before and after treatment can be found in Table 2.
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3. Discussion

To our knowledge there is no therapy demonstrated to be effective and safe for patients
with severe forms of SARS-CoV-2 infection. All researchers around the world are still trying
to find the best effective drug to use in the treatment of the disease.

This observational, retrospective study outlines the clinical, imagistic and laboratory
outcomes in a small cohort of patients treated with remdesivir or remdesivir plus tocilizumab.

Since the patients included in the study were admitted to hospital with severe form
of SARS-CoV-2 infection (lung involvement with oxygen support requirement, increased
inflammatory markers) therapeutical resources were limited. Monoclonal antibodies (anti
SARS-CoV-2 mAD) use is allowed by FDA only for positive patients for SARS-CoV-2
infection with higher risk of developing severe disease [42—45]. Their use in this cohort
included would not have any benefit since the patients had already developed the severe
form of SARS-CoV-2 infection.

The result of the Evaluation of Protease Inhibition for COVID-19 in High-Risk Patients
trial (EPIC-HR trial) showed that paxlovid administration in non-hospitalized, unvacci-
nated adults with mild and moderate symptoms reduced the risk of hospital admission
or death through day 28 with 89% comparing to placebo [46].These results are similar
with remdesivir use among patients with increased risk of severe forms (87% lower risk of
hospitalization or mortality comparing to placebo) [47]. Unfortunately, paxlovid use was
approved by FDA only in December 2021 [48] and the patients included in the study were
hospitalized between March and October.

Regarding the clinical outcomes, dyspnea was evaluated clinically by Borg scale and
our results showed that score of dyspnea was significantly more descending in the R
group compared with RT group (from 8 to 4 on the numerical list, p = 0.02), leading to
an improvement in patients’ clinical status after the administration of the antiviral. The
explanation is that R also led to an improvement in oxygen support (p = 0.05). Another
reason can be the fact in RT group the superinfection rate is higher (p = 0.049), including
the bacterial pneumonia, which could aggravate the dyspnea of the patients.

The mechanisms involved in this subjective sign could be the extensive lung lesions,
the eventual microthrombi in the pulmonary vessels or neurological complications [49].
Studies on animals treated with remdesivir showed that lung viral loads were lower and
there was a reduction in damage to the lungs [50], so remdesivir through reducing the
viral load could improve the dyspnea of the patients. Due to our knowledge, there is no
Borg assessment of the dyspnea in the acute phase of the infection, just in the follow-up of
COVID-19 patients where the studies showed an improvement of their dyspnea [51,52],
but with the mention that in some subjects it can persists a long period after recovery [53].
In a cross-sectional study by Zheng et al. conducted on 574 patients for eight months
after recovery, dyspnoea was found to be the most frequent sequelae affecting 29% of
patients [54]. Santus et al. followed-up 20 patients with COVID-19 pneumonia 15 days after
discharge and noticed that Borg score increased significantly (from 4.2 to 2.4, p < 0.01) [51].
One trial including 36 patients showed that Borg score decrease significantly after one-week
of telerehabilitation with 10 exercises in the group with exercise program comparing with
the control group (p < 0.001) [52].

In our cohort, both of groups had an improvement in the respiratory support, but with
a significantly improvement trend in the R group (p = 0.05). The percentage in the R group
(64%) about those with oxygen support improvement is similar with the one obtained by
Grein et al. (68%) in his study comparing remdesivir with control group [24]. Treatment
with remdesivir increased the likelihood of no longer requiring oxygen support among all
patient subgroups at day 14 (any oxygen flow, low oxygen flow, high oxygen flow) [55].
This meta-analysis showed that patients who received remdesivir had a better recovery than
those who received standard of care. One explanation could be that remdesivir decreases
the production of SARS-CoV-2 genetic material, viral RNA subsequently reducing the viral
load as seen in bronchoalveolar lavage fluid of infected animals [56].
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Another study among patients treated with tocilizumab 400 mg (20 patients a single
dose, 37 two doses and one patient three doses) showed a significant descending trend of
oxygen flow before drug and 7 days after treatment (p < 0.001) [57].

One of the most helpful tools to quantify the severity of the pneumonia is the thoracic
computer tomography (CT scan). Typically, the CT scan of the patients shows ground-glass
opacities and consolidations with a bilateral and multifocal distribution, predominantly
the lesions being in the basal, posterior, and peripheral lung areas [58,59]. Regarding
the lung’s involvement, in our study we found that all the subjects had an important
lungs involvement (a median of 70% in R group and 75% in RT group) leading to the
development of a severe form of SARS-CoV-2 infection. In addition, the extension of the
lesions on the initial CT is correlated with the severity of the clinical manifestations [60-62].
The severity of pneumonia is associated with the period from the symptom’s onset to the
hospital admission. Our patients did not present in the first days of symptoms, they had a
prolonged time at home, and they were admitted to hospital after a median of 5 days in R
group, respectively after 7 days in RT group. In a study by Shen et al. was showed that the
peak of the severity was reached on day 8 after the onset of the illness [63]. On the other
hand, the results of a meta-analysis revealed that the peak of the severity of pneumonia is
reached on day 14-15 after the symptoms onset [64].

Our CT examinations noticed that ground-glass opacities were the most frequent (82%
in R and 72% in RT group) and in association to ground-glass our cohort also presented
consolidation (70% in R group and 64% in RT group). Our results come in addition to
the meta-analysis of Zhou et al. that showed that the occurrence of ground-glass is 68%
in COVID-19 disease [64]. Consolidations which are the second most common pattern
appear in association with ground-glass in 44% [65]. According to a post-mortem biopsy
study these CT-findings are the result of the alveolar damage distributed diffuse and of the
cellular fibrous exudate [66].

In our study, the markers of inflammation (CRP and serum ferritin) decreased signifi-
cantly in the group of RT (p = 0.012, respectively 0.004), but the decreased values of LDH did
not reach any significantly statistical difference (p = 0.52). According to previous published
papers, following separately remdesivir or tocilizumab showed that the markers of disease
severity (CRP, serum ferritin, LDH) improved after administration of remdesivir [67,68]
and their plasma levels also decreased after tocilizumab [39,69,70]. Anthony et al. [71] pub-
lished a study on 80 patients who received tocilizumab and corticosteroid therapy revealing
that CRP, serum ferritin and LDH levels have a significant decrease in day 6 after therapy.
Summing up our findings with the results of the studies which analysed the dynamics of
laboratory parameters by comparing remdesivir or tocilizumab with standard care, we can
conclude that the combination of RT might decrease better the inflammatory markers in
patients with severe disease. The normal serum ferritin range varies between 20-110 ug/L
and the results of the study showed us that tocilizumab addition to remdesivir led to a
marked decreased of the inflammatory markers than remdesivir alone. It is true that serum
ferritin levels were higher in RT group before treatment, but the rapid increasement of
inflammatory markers in severe patients was a criteria to add tocilizumab in this group and
the results showed the effectiveness of the combination in the rapid decrease of the markers.
And our results support the theory that serum ferritin might be a potential biomarker in
the prediction of patient with severe disease to respond to tocilizumab [72].

The dynamics of D-dimers in our study reflects a persistence of high values of
D-dimers before and after treatment in the RT group compared to the R treated group.
However, their dynamic is debatable as shown in previous studies, whereas some studies
reported decreased levels and others increased levels. Morena et al. in his cohort of 51 pa-
tients from which 45% received both remdesivir and tocilizumab reported no change in
D-dimers before and after treatment [36]. The trend did not reach any significant difference,
but it can be noticed a marked drop, results that are confirmed by Anthony et al. [71]. In
contrast, Price et al. noted increased levels of D-dimers after treatment with tocilizumab,
with a possible explanation that tocilizumab interferes with cytokine release syndrome
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but do not completely inhibit inflammation. Apart from increased levels of D-dimers,
the presence of other comorbidities and prolonged immobilization conduct to a state of
hypercoagulability with higher risk of venous thromboembolism [73].

Another common abnormality in severe forms is the decreased number of lympho-
cytes which can be considered an indicator of the severe or critical COVID-19 pneumo-
nia [74-76]. In our cohort the lymphocytes values increased statistically significant in
RT group (p = 0.033), results coming in addition to Li et al., that showed high values of
lymphocytes after treatment with tocilizumab [77]. The mechanism of the lymphopenia
can be explained by the large consumption of immune cells leading to the inhibition of the
immune system [66].

The potential developing infections can be masked by the rapidly decreasing levels
of CRP as an effect of both drugs” administration [58]. Superinfections evaluated in our
study by high levels of procalcitonin and by blood cultures, sputum and tracheobronchial
aspiration samples were more frequently in the group who received RT than in R group
(29.3% versus 16%). Considering that before COVID-19 pandemic, tocilizumab was used
in the treatment of rheumatoid arthritis, it was observed that in those patients the risk of
bacterial and fungal infection is high because tocilizumab, by blocking IL-6, produces an
impaired B cell proliferation, T-cell differentiation, and cytotoxicity [59], and also decreases
the host’s immune response [78]. Thus, the use of tocilizumab leads to a higher rate of
superinfections. In his study Campochiaro et al. noticed the presence of bacterial infections
in 33% of the patients treated with two doses of tocilizumab for COVID-19 disease [79].
Not only in tocilizumab treated patients can occur bacterial infections, but also in those
treated with remdesivir, serious adverse effects including septic shock was reported [80].
Besides the adverse effects of the drugs, in severe forms of COVID-19 many patients were
admitted to ICU units so there are other factors that can contribute to the infectious risk, like
vascular catheters or invasive ventilation [81]. Another study by Giacobbe et al. found that
bloodstream infection risk was 25% after 15 days of hospitalization in ICU units and 50%
after 30 days. Moreover, the same study showed that anti-inflammatory therapy such as
steroids and tocilizumab were associated with an increased risk of infection (p = 0.003) [82].

Saade et al., noticed in his cohort of severely ill patients, that dexamethasone was
associated with increased risk of superinfection but above that many of them had malig-
nancies and organ transplantation (34%) [83]. In initial studies on dexamethasone effect
upon SARS-CoV-2 infection, the risk of superinfections was not assessed [83,84]. A later
meta-analysis showed a possible relation between superinfections and corticosteroid ther-
apy, but the rate of superinfection was not a primary outcome in the papers included, so
the results should be cautiously interpreted [85].

According to European Centre for Disease Prevention and Control, 8.3% of the patients
who stayed in ICU units for more than two days had at least one ICU-acquired healthcare-
associated infection [86]. Except for the risk of superinfection, tocilizumab has a good safety
profile. It may cause eosinophilia, erythema, and hypertriglyceridemia in some cases [87].

The mortality rate did not reach any significantly difference between the two groups,
but our cohort was followed just for seven days, a longer period of follow-up should be
required to have a certain conclusion. Our results are the same as those obtained by Chelsea
et al. in his study comparing 54 patients treated with standard of care plus tocilizumab
with 73 patients treated with standard of care plus tocilizumab and remdesivir. In his
study the mortality rate did not differ significantly between the groups [88]. Furthermore,
the REMDACTA double-blind trial, analysing the efficacity of the use of remdesivir with
tocilizumab versus remdesivir with placebo in severe COVID19, 649 patients did not reach
any significantly difference regarding mortality. Mortality by day 28, was similar in both
groups (18.1% in the RT group, 19.5% in the R group, p = 0.69) [41].

In another randomized control trial, comparing the group (n = 101) receiving remde-
sivir plus tocilizumab with the group (n = 104) treated with dexamethasone in severe cases
of COVID-19, the first group had a lower mortality rate (25.74%) versus the control group
(30.76%), a significant shorter time to clinical improvement (a median of 9.41 days versus
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14.21 days) and a shorter hospitalization length (a median of 9.91 days versus 14.68 days)
and duration of ICU (7.68 days versus 10.58 days) [40].

In the COVACTA trial, Rosas et al. compared the mortality rate between 452 patients
with severe COVID-19 pneumonia treated with tocilizumab or with placebo. The mortality
rate at day 28 was not significantly lower in tocilizumab group versus placebo (19.7% in the
tocilizumab group and 19.4% in the placebo group 95% CI, —7.6 to 8.2; p = 0.9) [89]. These
results come in addition to the results of Wang et al. from China on 237 patients with severe
COVID-19 pneumonia who compared a remdesivir treated group with a placebo group and
demonstrated that remdesivir did not improve the mortality rate at 28 days of follow-up
(14% died in remdesivir group and 13% in placebo group, difference 1.1% [95% CI —8.1 to
10.3]) [30]. Contrary, the results from ACTT trial on 1062 patients with COVID-19 and
lower respiratory infection showed the beneficial role of remdesivir upon mortality rate at
day 15 (6.7% in R group respectively 11.9% in placebo group) and at day 29 (11.4% in R
group versus 15.2 in placebo group) [31].

Also, the results regarding tocilizumab’s efficacity in the COVID-19 disease are con-
troversial. One meta-analysis published by Lin et al., on 6314 patients showed no poten-
tial benefit of tocilizumab upon mortality [90], supporting other researchers results that
tocilizumab does not add any difference in mortality [38]. On the other hand, Malgie et al.,
in their meta-analysis noticed a lower rate of mortality in tocilizumab treated group than in
placebo-group, observation based on 10 studies with 1358 patients (RR was 0.27, 95% CI,
0.12-0.59) [91]. Moreover, Kaye et al., in a systematic review on 34 studies (16 case-control
studies and 18 uncontrolled studies) concluded the beneficial role of tocilizumab in reduc-
ing the death rate (26.0% respectively 43.4% in tocilizumab group versus in standard of
care group) [92]. In a small cohort of 51 patients with severe COVID-19 pneumonia treated
with tocilizumab and followed up over a median of 30 days the mortality rate was about
27% [36]. The results are almost equal with the percentage obtained in our paper (24.4% in
RT group).

In the literature there are four case reports in which patients received the combination
therapy of RT with contradictory results. In two cases, the patients improved their status,
while the condition of the other two worsened, and the patients died [93,94].

The pharmacological efficacy of remdesivir is recognized, but it is important to con-
sider the safety profile of this drug. Thus, clinicians should be aware that remdesivir can
increase liver enzymes, and liver function should be determined before starting treatment
and then monitored during treatment. For remdesivir, another side effect, in addition to
altering liver function, is kidney damage [95].

To summarize the information from this section, it can be highlighted the heterogeneity
of the data regarding mortality in patients treated with remdesivir or tocilizumab. These
differences can be explained by the delay from symptoms’ onset to administration of the
drugs, the initial status of the patient, different comorbidities, concomitant medication such
as glucocorticoids and by the need for ICU admission that can increase the risk of death.

4. Materials and Methods
4.1. Study Population

The study was conducted between March and October 2021 in a COVID-19 department
from Cluj-Napoca, Romania.

The diagnosis of COVID-19 was made by a positive real time polymerase chain
reaction (PCR) from nasopharyngeal swab or sputum samples and abnormal computed
tomography scan findings including bilateral, subpleural, peripheral ground-glass opacities
and consolidations.

All the patients were positive for delta variant of concern of SARS-CoV-2, as it was the
main variant at the time of the study and all the patients were unvaccinated.

The severe form of COVID-19 pneumonia according to Romanian guidelines was de-
fined by the presence of at least one of the following: pulmonary involvement > 50% on CT
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scan (scored by visual assessment) [96], hypoxia (defined by SpO, < 94%) which required
supplemental oxygen, PaO, /FiO; < 300 mm Hg or respiratory rate (RR) > 30/min [97,98].

The patients with severe forms of COVID-19 pneumonia were treated according to
Romanian guidelines for the treatment of COVID-19 pneumonia [97]. All patients received
standard of care consistent of dexamethasone, anticoagulants, antibiotics for the prevention
of bacterial infection, nutritional support (high protein diet, vitamin supplementation-
complex B vitamins, vitamin C and D), hepatic and gastric protective drugs and oxy-
gen therapy.

Remdesivir (Veklury®) was administered intravenously as a 200 mg loading dose
on day 1, followed by a 100 mg maintenance dose administered daily on days 2 to 5 to
patients with symptoms for less than 10 days, requiring increased oxygen support during
hospitalization.

Tocilizumab (Actemra®) was administrated at the end of the 5 days of remdesivir
treatment. Tocilizumab required a double dose intravenous administration: a first dose
of 400 mg followed by another 400 mg dose after 12 h, for patients weighting more than
60 kg. According to the Treatment Guidelines tocilizumab was administrated to patients
with significantly increased markers of inflammation (C-reactive protein > 75 mg/dL or
IL-6 > 150 pg/mL).

Inclusion criteria

In this study patients were included if they met all the following criteria: (1) patients
with laboratory-confirmed SARS-CoV-2 infection through PCR test, with severe forms ne-
cessitating treatment with Remdesivir or Remdesivir and Tocilizumab; (2) aged > 18 years;
(3) hospitalized in our unit for at least 7 days after the administration of the drugs (4) un-
vaccinated patients

Exclusion criteria

The patients were excluded based on the following criteria: (1) insufficient laboratory
or imaging records; (2) patients transferred to other units (3) concomitant immunosuppres-
sive therapies, active tuberculosis, concomitant bacterial or fungal systemic infections.

4.2. Envrolled Population

We enrolled 261 patients in the study who met the inclusion criteria. We excluded
those with insufficient data (n = 54), those who were transferred in other units (n = 9) and
those concomitant immunosuppressive therapies, active tuberculosis, concomitant bacterial
or fungal systemic infections (1 = 16). Of the 182 patients, 100 patients received remdesivir
(group R) and 82 received both remdesivir and tocilizumab (group RT). Enrolment of the
patients and treatment assignment are described in Figure 3.

Patients meeting the inclusion criteria (n=261)

Excluded:

1) insufficient laboratory or imaging records (n = 54)

2) patients transferred to other units (n=9)

3)concomitant immunosuppressive therapies, active tuberculosis,

182 enrolled in the study concomitant bacterial or fungal systemic infections (n=16)

Remdesivir group Remdesivir plus Tocilizumab group

(n=100) (n=82)

Figure 3. Study flowchart.
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4.3. Study Design

Data were obtained via medical records from the time before remdesivir or remdesivir
plus tocilizumab administration to day 7. The following data were recorded: age, gender,
body mass index (BMI), comorbidities (diabetes, arterial hypertension, other cardiovascular
diseases, cancer), signs/symptoms at hospital admission (temperature, dyspnea, fatigabil-
ity), days from illness onset to hospitalization and pulmonary CT scan findings (percentage
of pulmonary involvement, ground glass opacity, consolidations). After noting baseline
demographic and clinical data at the beginning of the treatment, the following parameters
were collected: laboratory test results including white blood cell, lymphocytes, neutrophils
and platelets count, serum levels of d-dimer, serum ferritin, lactate dehydrogenase (LDH),
C-reactive protein (CRP) and creatinine, type of respiratory support. Superinfections are
infections developed after the initial SARS-CoV-2 infection caused by different microbial
pathogens. Diagnosis of secondary infections including bacterial, fungal, or viral infections
were identified and confirmed in blood cultures, sputum specimens and tracheobronchial
aspiration samples in those with marked inflammatory syndrome and with high levels of
procalcitonin (>0.5 ng/mL).

Oxygen saturation (SaO;) was measured during the morning check-up by peripheric
pulse oximetry and by arterial blood gas sample. COVID-19 disease presents a type 1
respiratory failure in which the optimal peripheral oxygen saturation is between 92-96%
according to the COVID-19 Treatment Guidelines [99]. To keep the target saturation in
this interval, also considering the partial pressure of oxygen (PaO;) in the arterial blood
sample, oxygen support and the debit of administration were escalated. Oxygen flow
was supported by the following oxygen delivery devices: nasal cannula [2-6 litres/min],
simple facial mask [6-10 litres/min], reservoir mask [10-15 litres/min], high flow nasal
cannula [a flow rate of up to 60 litres per minute] [100]. When PaO, values dropped to
less than 65 mmHg or SaO, < 92% on supplemental oxygen, non-invasive ventilation
[NIV] was used to improve work of breathing and oxygenation. As a last resort solution,
for those admitted to ICU units and unresponsive to high-flow nasal cannula therapy or
non-invasive ventilation orotracheal intubation with invasive mechanical ventilation was
provided.

Borg score, for rating the difficulty of breathing was assessed before and after treatment.
Consider the acute onset of the disease and immobility status of the patients the Borg score
was used instead of Modified Medical Research Council (mMRC) dyspnea scale. We used
the modified version of the scale by Mahler and Horowitz known as the “Modified Borg
Dyspnea Scale” [101]. It is a simple numerical list and a subjective way to measure the
dyspnea with a score from 0 (absence of dyspnea) to 10 (maximum sensation). Patients
were asked to rate their dyspnea on the scale before drug administration and after 7 days.

Other clinical outcomes, including patients’ ICU admission rate, and mortality rate at
the end of the 7 days treatment were assessed in each group.

4.4. Statistical Analysis

Statistical analysis was performed using the MedCalc® Statistical Software version
19.7 (MedCalc Software Ltd., Ostend, Belgium; https://www.medcalc.org (accessed on
12 January 2021)). Quantitative data were examined for normality of distribution using the
Shapiro-Wilk test and were expressed as median and 25-75 percentiles. Qualitative data
were expressed as frequency and percentage. Comparisons between groups were verified
using the Mann-Whitney test or chi-square test, whenever appropriate. Comparison
between baseline and follow-up, was performed with two-way ANOVA for the repeated

measurements test after qualitative variables were log transformed. A “p” value lower than
0.05 was considered statistically significant.

5. Limitations

Our research has some limitations. Consistent to our knowledge, our study is a
retrospective observational study, being the only one following the outcomes in groups
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treated with remdesivir versus remdesivir plus tocilizumab in severe forms of COVID-19
pneumonia. Having a limited number of patients this can be a significant bias.

Moreover, the fact that we do not have any “control group”, without antiviral or
antiviral plus IL-6 blocker can bias the results of the study. Time of tocilizumab addition to
remdesivir can also interfere with the results of the study.

Another bias is the lack of follow-up the patients to see if there are any adverse events
on long term, such as tuberculosis reactivation as our country is an endemic country for
tuberculosis. To get more information, more research is required, with randomized clinical
trials to identify an effective combination of drugs in COVID-19.

6. Conclusions

Administration of remdesivir in combination with tocilizumab significantly decreased
the inflammatory markers (C-reactive protein, serum ferritin) also with an improvement
in oxygen requirement but with a higher rate of superinfection than administration of
remdesivir but nevertheless ICU admission and mortality rate was not significant between
the groups.

To summarise, the association between remdesivir and tocilizumab has both advan-
tages and disadvantages in patients hospitalized with severe SARS-CoV-2 infection but
further studies with a higher number of patients and clinical randomized trials are required
to find an effective combination therapy for patients with severe forms of COVID-19.
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Abbreviations

ACE2 Angiotensin-converting enzyme 2
ACIT Adaptive COVID-19 Treatment Trial
aPTT activated partial thromboplastin time
ARDS acute respiratory distress syndrome
BMI body mass index

COVID-19 coronavirus disease 2019

CRP C reactive protein

CT computed tomography

EPIC-HR trial Evaluation of Protease Inhibition for COVID-19 in High-Risk Patients
FDA Food and Drug Administration
HFNC high flow nasal cannula

ICU intensive care unit
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Ig Gl immunoglobulin G1

IL-6 interleukin 6

IL-6R interleukin 6 receptor

MV invasive mechanical ventilation

LDH lactate dehydrogenase

LMWH low-molecular weight heparin

mAB monoclonal antibodies

MERS Middle East respiratory syndrome

mIL-6R membrane-bound interleukin-6 receptor

mMRC Dyspnea Scale Modified Medical Research Council Dyspnea Scale

NIV non-invasive ventilation

PaO, Partial pressure of oxygen

PaO,/FIO, The ratio of arterial oxygen partial pressure (PaO; in mmHg) to
fractional inspired oxygen

PCR polymerase chain reaction

R Remdesivir

RR respiratory rate

RT Remdesivir plus Tocilizumab

SARS severe acute respiratory syndrome

SARS-CoV severe acute respiratory syndrome coronavirus

SARS-CoV-2 severe acute respiratory syndrome coronavirus 2

sIL-6R soluble interleukin-6 receptor

SpO; peripheral oxygen saturation

T Tocilizumab

UFH unfractionated heparin

VOC Variants of concern

References
1.  WHO Coronavirus (COVID-19) Dashboard | WHO Coronavirus (COVID-19) Dashboard with Vaccination Data. Available online:

10.

11.

12.

13.

https://covid19.who.int/ (accessed on 23 June 2022).

Gandhi, R.T.; Lynch, ].B.; del Rio, C. Mild or Moderate COVID-19. N. Engl. . Med. 2020, 383, 1757-1766. [CrossRef] [PubMed]
Jalaber, C.; Lapotre, T.; Morcet-Delattre, T.; Ribet, F.; Jouneau, S.; Lederlin, M. Chest CT in COVID-19 pneumonia: A review of
current knowledge. Diagn. Interv. Imaging 2020, 101, 431-437. [CrossRef]

Ferreyro, B.L.; Angriman, F,; Munshi, L.; Del Sorbo, L.; Ferguson, N.; Rochwerg, B.; Ryu, M.; Saskin, R.; Wunsch, H.; Da Costa,
B.R; et al. Association of Noninvasive Oxygenation Strategies with All-Cause Mortality in Adults with Acute Hypoxemic
Respiratory Failure: Systematic Review and Meta-Analysis. JAMA 2020, 324, 57-67. [CrossRef] [PubMed]

Frat, J.-P; Thille, A.W.; Mercat, A.; Girault, C.; Ragot, S.; Perbet, S.; Prat, G.; Boulain, T.; Morawiec, E.; Cottereau, A.; et al.
High-Flow Oxygen through Nasal Cannula in Acute Hypoxemic Respiratory Failure. N. Engl. J. Med. 2015, 372, 2185-2196.
[CrossRef] [PubMed]

World Health Organization (WHO). Coronavirus Disease (COVID-19); WHO: Geneva, Switzerland, 2020. Available online:
https:/ /www.who.int/health-topics/coronavirus (accessed on 7 June 2022).

Zhou, E; Yu, T.; Du, R;; Fan, G,; Liu, Y,; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X,; et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054-1062.
[CrossRef]

Chen, N.; Zhou, M.; Dong, X.; Qu, J.; Gong, E; Han, Y.; Qiu, Y.; Wang, J.; Liu, Y.; Wei, Y,; et al. Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: A descriptive study. Lancet 2020, 395, 507-513.
[CrossRef]

Vulturar, D.-M.; Crivii, C.-B.; Orasan, O.H.; Palade, E.; Buzoianu, A.-D.; Zehan, 1.G.; Todea, D.A. Obesity Impact on SARS-CoV-2
Infection: Pros and Cons “Obesity Paradox”—A Systematic Review. J. Clin. Med. 2022, 11, 3844. [CrossRef]

ECDC-European Center for Disease Control. SARS-CoV-2 Variants of Concern as of 6 May 2021. Available online: https:
/ /www.ecdc.europa.eu/en/COVID-19/variants-concern (accessed on 29 October 2022).

Tracking SARS-CoV-2 Variants. Available online: https://www.who.int/activities / tracking-SARS-CoV-2-variants (accessed on
29 October 2022).

Emerging Variants of SARS-CoV-2 and Novel Therapeutics against Coronavirus (COVID-19)-PubMed. Available online: https:
/ /pubmed.ncbinlm.nih.gov /34033342 / (accessed on 29 October 2022).

Yoo, J.Y.; Dutra, S.V.O.; Fanfan, D.; Sniffen, S.; Wang, H.; Siddiqui, ].; Song, H.-S.; Bang, S.H.; Kim, D.E.; Kim, S.; et al. Comparative
analysis of COVID-19 guidelines from six countries: A qualitative study on the US, China, South Korea, the UK, Brazil, and Haiti.
BMC Public Health 2020, 20, 1-16. [CrossRef]


https://covid19.who.int/
http://doi.org/10.1056/NEJMcp2009249
http://www.ncbi.nlm.nih.gov/pubmed/32329974
http://doi.org/10.1016/j.diii.2020.06.001
http://doi.org/10.1001/jama.2020.9524
http://www.ncbi.nlm.nih.gov/pubmed/32496521
http://doi.org/10.1056/NEJMoa1503326
http://www.ncbi.nlm.nih.gov/pubmed/25981908
https://www.who.int/health-topics/coronavirus
http://doi.org/10.1016/S0140-6736(20)30566-3
http://doi.org/10.1016/S0140-6736(20)30211-7
http://doi.org/10.3390/jcm11133844
https://www.ecdc.europa.eu/en/COVID-19/variants-concern
https://www.ecdc.europa.eu/en/COVID-19/variants-concern
https://www.who.int/activities/tracking-SARS-CoV-2-variants
https://pubmed.ncbi.nlm.nih.gov/34033342/
https://pubmed.ncbi.nlm.nih.gov/34033342/
http://doi.org/10.1186/s12889-020-09924-7

Int. . Mol. Sci. 2022, 23, 14462 150f18

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Brobst, B.; Borger, J. Benefits and Risks of Administering Monoclonal Antibody Therapy for Coronavirus (COVID-19); StatPearls: Tampa,
FL, USA, 2022.

Ahmed, M.H.; Hassan, A. Dexamethasone for the Treatment of Coronavirus Disease (COVID-19): A Review. SN Compr. Clin.
Med. 2020, 2, 2637-2646. [CrossRef]

Lansbury, L.; Rodrigo, C.; Leonardi-Bee, J.; Nguyen-Van-Tam, J.; Lim, W.S. Corticosteroids as adjunctive therapy in the treatment
of influenza. Cochrane Database Syst. Rev. 2019, 2, 466-467. [CrossRef]

Schoot, T.S.; Kerckhoffs, A.PM.; Hilbrands, L.B.; Van Marum, R.J. Immunosuppressive Drugs and COVID-19: A Review. Front.
Pharmacol. 2020, 11, 1333. [CrossRef] [PubMed]

The RECOVERY Collaborative Group. Dexamethasone in Hospitalized Patients with COVID-19. N. Engl. ]. Med. 2021, 384,
693-704. [CrossRef] [PubMed]

Ahmed, S.; Zimba, O.; Gasparyan, A.Y. Thrombosis in Coronavirus disease 2019 (COVID-19) through the prism of Virchow’s
triad. Clin. Rheumatol. 2020, 39, 2529-2543. [CrossRef] [PubMed]

Henry, B.M.; Vikse, ].; Benoit, S.; Favaloro, E.J.; Lippi, G. Hyperinflammation and derangement of renin-angiotensin-aldosterone
system in COVID-19: A novel hypothesis for clinically suspected hypercoagulopathy and microvascular immunothrombosis.
Clin. Chim. Acta 2020, 507, 167-173. [CrossRef]

Bourgonje, A.R.; Abdulle, A.E.; Timens, W.; Hillebrands, J.L.; Navis, G.J.; Gordijn, S.J.; Bolling, M.C.; Dijkstra, G.; Voors, A.A;
Osterhaus, A.D.; et al. Angiotensin-converting enzyme 2 (ACE2), SARS-CoV-2 and the pathophysiology of coronavirus disease
2019 (COVID-19). J. Pathol. 2020, 251, 228-248. [CrossRef]

Chandra, A.; Chakraborty, U.; Ghosh, S.; Dasgupta, S. Anticoagulation in COVID-19: Current concepts and controversies.
Postgrad. Med. ]. 2021, 98, 395-402. [CrossRef]

Santoro, M.G.; Carafoli, E. Remdesivir: From Ebola to COVID-19. Biochem. Biophys. Res. Commun. 2020, 538, 145-150. [CrossRef]
Grein, J.; Ohmagari, N.; Shin, D.; Diaz, G.; Asperges, E.; Castagna, A.; Feldt, T.; Green, G.; Green, M.L.; Lescure, EX,; et al.
Compassionate Use of Remdesivir for Patients with Severe COVID-19. N. Engl. J. Med. 2020, 382, 2327-2336. [CrossRef]
McCreary, E.K; Pogue, ]. M. Coronavirus Disease 2019 Treatment: A Review of Early and Emerging Options. Open Forum Infect.
Dis. 2020, 7, ofaal05. [CrossRef]

Malin, ].J.; Sudrez, I.; Priesner, V.; Fatkenheuer, G.; Rybniker, J. Remdesivir against COVID-19 and Other Viral Diseases. Clin.
Microbiol. Rev. 2020, 34. [CrossRef]

Jorgensen, S.C.; Kebriaei, R.; Dresser, L.D. Remdesivir: Review of Pharmacology, Pre-clinical Data, and Emerging Clinical
Experience for COVID-19. Pharmacother. ]. Hum. Pharmacol. Drug Ther. 2020, 40, 659-671. [CrossRef] [PubMed]

Humeniuk, R.; Mathias, A.; Kirby, B.J.; Lutz, ].D.; Cao, H.; Osinusi, A.; Babusis, D.; Porter, D.; Wei, X.; Ling, J.; et al. Pharmacoki-
netic, Pharmacodynamic, and Drug-Interaction Profile of Remdesivir, a SARS-CoV-2 Replication Inhibitor. Clin. Pharmacokinet.
2021, 60, 569-583. [CrossRef] [PubMed]

CHMP. Remdesivir Gilead, INN-Remdesivir. Available online: https:/ /www.ema.europa.eu/en/documents/other/summary-
compassionate-use-remdesivir-gilead_en.pdf (accessed on 15 August 2022).

Wang, Y.; Zhang, D.; Du, G.; Du, R;; Zhao, J; Jin, Y.; Fu, S,; Gao, L.; Cheng, Z.; Lu, Q.; et al. Remdesivir in adults with severe
COVID-19: A randomised, double-blind, placebo-controlled, multicentre trial. Lancet 2020, 395, 1569-1578. [CrossRef]

Beigel, ].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—Preliminary report. N. Engl. . Med. 2020, 383, 1813-1826. [CrossRef]
Goldman, J.D.; Lye, D.C.; Hui, D.S.; Marks, K.M.; Bruno, R.; Montejano, R.; Spinner, C.D.; Galli, M.; Ahn, M.-Y; Nahass, R.G;
et al. Remdesivir for 5 or 10 Days in Patients with Severe COVID-19. N. Engl. J. Med. 2020, 383, 1827-1837. [CrossRef]

Selvaraj, V.; Kwame, D.-A,; Finn, A.; Flanigan, T.P. Short-Term Dexamethasone in SARS-CoV-2 Patients. RI Med. J. 2020, 103,
39-43.

Morgan, P; Arnold, S.J.; Hsiao, N.W.; Shu, C.W. A Closer Look at Dexamethasone and the SARS-CoV-2-Induced Cytokine Storm:
In Silico Insights of the First Life-Saving COVID-19 Drug. Antibiotics 2021, 10, 1507. [CrossRef]

Rizk, ].G.; Kalantar-Zadeh, K.; Mehra, M.R.; Lavie, C.J.; Rizk, Y.; Forthal, D.N. Pharmaco-Immunomodulatory Therapy in
COVID-19. Drugs 2020, 80, 1267-1292. [CrossRef]

Morena, V.; Milazzo, L.; Oreni, L.; Bestetti, G.; Fossali, T.; Bassoli, C.; Torre, A.; Cossu, M.V.; Minari, C.; Ballone, E.; et al. Off-label
use of tocilizumab for the treatment of SARS-CoV-2 pneumonia in Milan, Italy. Eur. J. Intern. Med. 2020, 76, 36—42. [CrossRef]
Khiali, S.; Khani, E.; Entezari-Maleki, T. A Comprehensive Review of Tocilizumab in COVID-19 Acute Respiratory Distress
Syndrome. J. Clin. Pharmacol. 2020, 60, 1131-1146. [CrossRef]

Samaee, H.; Mohsenzadegan, M.; Ala, S.; Maroufi, S5.S.; Moradimajd, P. Tocilizumab for treatment patients with COVID-19:
Recommended medication for novel disease. Int. Immunopharmacol. 2020, 89, 107018. [CrossRef]

Luo, P; Liu, Y.; Qiu, L.; Liu, X,; Liu, D.; Li, J. Tocilizumab treatment in COVID-19: A single center experience. |. Med. Virol. 2020,
92, 814-818. [CrossRef]

Chowdhury, A TM.M,; Kamal, A.; Abbas, K.U.; Talukder, S.; Karim, R.; Ali, A.; Nuruzzaman; Li, Y.; He, S. Efficacy and Outcome
of Remdesivir and Tocilizumab Combination against Dexamethasone for the Treatment of Severe COVID-19: A Randomized
Controlled Trial. Front. Pharmacol. 2022, 13, 726. [CrossRef]

Tatham, K.C.; Shankar-Hari, M.; Arabi, Y M. The REMDACTA trial: Do interleukin receptor antagonists provide additional
benefit in COVID-19? Intensiv. Care Med. 2021, 47, 1315-1318. [CrossRef] [PubMed]


http://doi.org/10.1007/s42399-020-00610-8
http://doi.org/10.1002/14651858.CD010406.pub3
http://doi.org/10.3389/fphar.2020.01333
http://www.ncbi.nlm.nih.gov/pubmed/32982743
http://doi.org/10.1056/NEJMoa2021436
http://www.ncbi.nlm.nih.gov/pubmed/32678530
http://doi.org/10.1007/s10067-020-05275-1
http://www.ncbi.nlm.nih.gov/pubmed/32654082
http://doi.org/10.1016/j.cca.2020.04.027
http://doi.org/10.1002/path.5471
http://doi.org/10.1136/postgradmedj-2021-139923
http://doi.org/10.1016/j.bbrc.2020.11.043
http://doi.org/10.1056/NEJMoa2007016
http://doi.org/10.1093/ofid/ofaa105
http://doi.org/10.1128/CMR.00162-20
http://doi.org/10.1002/phar.2429
http://www.ncbi.nlm.nih.gov/pubmed/32446287
http://doi.org/10.1007/s40262-021-00984-5
http://www.ncbi.nlm.nih.gov/pubmed/33782830
https://www.ema.europa.eu/en/documents/other/summary-compassionate-use-remdesivir-gilead_en.pdf
https://www.ema.europa.eu/en/documents/other/summary-compassionate-use-remdesivir-gilead_en.pdf
http://doi.org/10.1016/S0140-6736(20)31022-9
http://doi.org/10.1056/NEJMoa2007764
http://doi.org/10.1056/NEJMoa2015301
http://doi.org/10.3390/antibiotics10121507
http://doi.org/10.1007/s40265-020-01367-z
http://doi.org/10.1016/j.ejim.2020.05.011
http://doi.org/10.1002/jcph.1693
http://doi.org/10.1016/j.intimp.2020.107018
http://doi.org/10.1002/jmv.25801
http://doi.org/10.3389/fphar.2022.690726
http://doi.org/10.1007/s00134-021-06540-w
http://www.ncbi.nlm.nih.gov/pubmed/34617150

Int. . Mol. Sci. 2022, 23, 14462 16 of 18

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Fact Sheet for Healthcare Providers: Emergency Use Authorization for Bebtelovimab Highlights of Emergency Use Authorization
(EUA) These Highlights of the EUA Do Not Include All the Information Needed to Use Bebtelovimab under the EUA. See
the Full Fact Sheet for Healthcare Providers for Bebtelovimab. Bebtelovimab Injection for Intravenous Use. Available online:
https:/ /www.fda.gov/media/156152/download (accessed on 15 August 2022).

Fact Sheet for Health Care Providers Emergency Use Authorization (EUA) of Bamlanivimab and Etesevimab Authorized Use
Treatment. 2022. Available online: https://www.fda.gov/media/145802/download (accessed on 15 August 2022).

Fact Sheet for Health Care Providers Emergency Use Authorization (EUA) of Regen-COV®(Casirivimab and Imdevimab). 2022.
Available online: https://www.fda.gov/media/145611/download (accessed on 15 August 2022).

Frequently Asked Questions on the Emergency Use Authorization of Sotrovimab. Available online: https://www.fda.gov/
media/149535/download (accessed on 15 August 2022).

Hammond, J.; Leister-Tebbe, H.; Gardner, A.; Abreu, P.; Bao, W.; Wisemandle, W.; Baniecki, M.; Hendrick, V.M.; Damle, B.;
Simén-Campos, A.; et al. Oral Nirmatrelvir for High-Risk, Nonhospitalized Adults with COVID-19. N. Engl. ]. Med. 2022, 386,
1397-1408. [CrossRef] [PubMed]

Gottlieb, R.L.; Vaca, C.E.; Paredes, R.; Mera, J.; Webb, B.].; Perez, G.; Oguchi, G.; Ryan, P; Nielsen, B.U.; Brown, M.; et al. Early
Remdesivir to Prevent Progression to Severe COVID-19 in Outpatients. N. Engl. |. Med. 2022, 386, 305-315. [CrossRef] [PubMed]
Fact Sheet for Healthcare Providers: Emergency Use Authorization for Paxlovid TM Highlights of Emergency Use Authorization
(EUA) These Highlights of the EUA Do Not Include All the Information Needed to Use Paxlovid TM under the EUA. See the Full
Fact Sheet for Healthcare Providers for Paxlovid. Available online: https://www.fda.gov/media/155050/download (accessed
on 15 August 2022).

Hentsch, L.; Cocetta, S.; Allali, G.; Santana, I.; Eason, R.; Adam, E.; Janssens, ]J.-P. Breathlessness and COVID-19: A Call for
Research. Respiration 2021, 100, 1016-1026. [CrossRef]

Williamson, B.N.; Feldmann, F.; Schwarz, B.; Meade-White, K.; Porter, D.P.; Schulz, J.; Van Doremalen, N.; Leighton, I.; Yinda,
C.K,; Pérez-Pérez, L.; et al. Clinical benefit of remdesivir in rthesus macaques infected with SARS-CoV-2. Nature 2020, 585, 273-276.
[CrossRef]

Santus, P; Tursi, F.; Croce, G.; Di Simone, C.; Frassanito, F.; Gaboardi, P; Airoldi, A.; Pecis, M.; Negretto, G.; Radovanovic, D.
Changes in quality of life and dyspnoea after hospitalization in COVID-19 patients discharged at home. Multidiscip. Respir. Med.
2020, 15, 713. [CrossRef]

Rodriguez-Blanco, C.; Gonzalez-Gerez, ].; Bernal-Utrera, C.; Anarte-Lazo, E.; Perez-Ale, M.; Saavedra-Hernandez, M. Short-Term
Effects of a Conditioning Telerehabilitation Program in Confined Patients Affected by COVID-19 in the Acute Phase. A Pilot
Randomized Controlled Trial. Medicina 2021, 57, 684. [CrossRef]

Kamal, M.; Omirah, M.A.; Hussein, A.; Saeed, H. Assessment and characterisation of post-COVID-19 manifestations. Int. J. Clin.
Pr. 2020, 75. [CrossRef] [PubMed]

Zheng, D.; Zhang, L.; Feng, B.; Liu, Y,; Liu, H.,; Hu, J.; Lin, Q.; Xi, X.; Wang, W.; Ye, W.; et al. Long-Term Clinical Sequelae and
Immunological Features of COVID-19 Survivors: A Cross-Sectional Study in Wuhan, China. SSRN Electron. . 2021, 10, 3745148.
[CrossRef]

Beckerman, R.; Gori, A.; Jeyakumar, S.; Malin, ].J.; Paredes, R.; P6évoa, P.; Smith, N.J.; Teixeira-Pinto, A. Remdesivir for the
treatment of patients hospitalized with COVID-19 receiving supplemental oxygen: A targeted literature review and meta-analysis.
Sci. Rep. 2022, 12, 9622. [CrossRef] [PubMed]

Taha, HR.; Keewan, N.; Slati, F.; Al-Sawalha, N.A. Remdesivir: A Closer Look at Its Effect in COVID-19 Pandemic. Pharmacology
2021, 106, 462-468. [CrossRef] [PubMed]

Surana, P.; Nayak, R.; Sheikh, A.; Haldankar, P.; Kale, J. Clinical experience of tocilizumab treatment among a cohort of patients
with COVID-19 infection from Western India. . Fam. Med. Prim. Care 2022, 11, 123. [CrossRef] [PubMed]

Bernheim, A.; Mei, X.; Huang, M.; Yang, Y.; Fayad, Z.A.; Zhang, N.; Diao, K,; Lin, B.; Zhu, X,; Li, K,; et al. Chest CT Findings in
Coronavirus Disease-19 (COVID-19): Relationship to Duration of Infection. Radiology 2020, 295, 200463. [CrossRef] [PubMed]
Zhao, W.; Zhong, Z.; Xie, X.; Yu, Q.; Liu, J. Relation Between Chest CT Findings and Clinical Conditions of Coronavirus Disease
(COVID-19) Pneumonia: A Multicenter Study. Am. |. Roentgenol. 2020, 214, 1072-1077. [CrossRef]

Yang, R.; Li, X.; Liu, H.; Zhen, Y.; Zhang, X.; Xiong, Q.; Luo, Y.; Gao, C.; Zeng, W. Chest CT Severity Score: An Imaging Tool for
Assessing Severe COVID-19. Radiol. Cardiothorac. Imaging 2020, 2, €200047. [CrossRef]

Xiong, Y,; Sun, D.; Liu, Y.; Fan, Y.; Zhao, L.; Li, X.; Zhu, W. Clinical and High-Resolution CT Features of the COVID-19 Infection:
Comparison of the Initial and Follow-up Changes. Investig. Radiol. 2020, 55, 332-339. [CrossRef]

Li, K; Wu, J.; Wu, F; Guo, D.; Chen, L.; Fang, Z.; Li, C. The Clinical and Chest CT Features Associated with Severe and Critical
COVID-19 Pneumonia. Investig. Radiol. 2020, 55, 327-331. [CrossRef]

Shen, C.; Yu, N.; Cai, S.; Zhou, J.; Sheng, J.; Liu, K.; Zhou, H.; Guo, Y. Evaluation of dynamic lung changes during coronavirus
disease 2019 (COVID-19) by quantitative computed tomography. |. X-ray Sci. Technol. 2020, 28, 863-873. [CrossRef] [PubMed]
Zhou, X.; Pu, Y,; Zhang, D.; Xia, Y.; Guan, Y,; Liu, S.; Fan, L. CT findings and dynamic imaging changes of COVID-19 in 2908
patients: A systematic review and meta-analysis. Acta Radiol. 2021, 63, 291-310. [CrossRef] [PubMed]

Ojha, V,; Mani, A.; Pandey, N.N.; Sharma, S.; Kumar, S. CT in coronavirus disease 2019 (COVID-19): A systematic review of chest
CT findings in 4410 adult patients. Eur. Radiol. 2020, 30, 6129-6138. [CrossRef] [PubMed]


https://www.fda.gov/media/156152/download
https://www.fda.gov/media/145802/download
https://www.fda.gov/media/145611/download
https://www.fda.gov/media/149535/download
https://www.fda.gov/media/149535/download
http://doi.org/10.1056/NEJMoa2118542
http://www.ncbi.nlm.nih.gov/pubmed/35172054
http://doi.org/10.1056/NEJMoa2116846
http://www.ncbi.nlm.nih.gov/pubmed/34937145
https://www.fda.gov/media/155050/download
http://doi.org/10.1159/000517400
http://doi.org/10.1038/s41586-020-2423-5
http://doi.org/10.4081/mrm.2020.713
http://doi.org/10.3390/medicina57070684
http://doi.org/10.1111/ijcp.13746
http://www.ncbi.nlm.nih.gov/pubmed/32991035
http://doi.org/10.2139/ssrn.3745148
http://doi.org/10.1038/s41598-022-13680-6
http://www.ncbi.nlm.nih.gov/pubmed/35688854
http://doi.org/10.1159/000518440
http://www.ncbi.nlm.nih.gov/pubmed/34515227
http://doi.org/10.4103/jfmpc.jfmpc_817_21
http://www.ncbi.nlm.nih.gov/pubmed/35309657
http://doi.org/10.1148/radiol.2020200463
http://www.ncbi.nlm.nih.gov/pubmed/32077789
http://doi.org/10.2214/AJR.20.22976
http://doi.org/10.1148/ryct.2020200047
http://doi.org/10.1097/RLI.0000000000000674
http://doi.org/10.1097/RLI.0000000000000672
http://doi.org/10.3233/XST-200721
http://www.ncbi.nlm.nih.gov/pubmed/32925165
http://doi.org/10.1177/0284185121992655
http://www.ncbi.nlm.nih.gov/pubmed/33631941
http://doi.org/10.1007/s00330-020-06975-7
http://www.ncbi.nlm.nih.gov/pubmed/32474632

Int. . Mol. Sci. 2022, 23, 14462 17 of 18

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Xu, Z.; Shi, L.; Wang, Y.; Zhang, J.; Huang, L.; Zhang, C.; Liu, S.; Zhao, P,; Liu, H.; Zhu, L; et al. Pathological findings of COVID-19
associated with acute respiratory distress syndrome. Lancet Respir. Med. 2020, 8, 420-422. [CrossRef]

Lee, C.; Ahn, M.Y;; Byeon, K.; Choi, J.-P.; Hahm, C.; Kim, H.; Kim, S.; Kim, T.H.; Oh, J.; Oh, D.H. Clinical Experience with Use of
Remdesivir in the Treatment of Severe Acute Respiratory Syndrome Coronavirus 2: A Case Series. Infect. Chemother. 2020, 52,
369-380. [CrossRef]

Pandya, H.; Jain, A.; Reddy, P.; Shah, A. A case report: Remdesivir effective in the treatment of severe category COVID-19. Int. ].
Res. Med Sci. 2020, 8, 3742-3745. [CrossRef]

Tomasiewicz, K.; Piekarska, A.; Stempkowska-Rejek, ].; Serafiriska, S.; Gawkowska, A.; Parczewski, M.; Niscigorska-Olsen, J.;
Lapinski, T.W.; Zarebska-Michaluk, D.; Kowalska, J.D.; et al. Tocilizumab for patients with severe COVID-19: A retrospective,
multi-center study. Expert Rev. Anti Infect. Ther. 2020, 19, 93-100. [CrossRef]

Xu, X.; Han, M,; Li, T,; Sun, W.; Wang, D.; Fu, B.; Zhou, Y.; Zheng, X.; Yang, Y.; Li, X,; et al. Effective Treatment of Severe COVID-19
Patients with Tocilizumab. Proc. Natl. Acad. Sci. USA 2020, 117, 10970-10975. [CrossRef]

Antony, S.J.; Davis, M.A.; Davis, M.G.; Almaghlouth, N.K.; Guevara, R.; Omar, F; Del Rey, F.; Hassan, A.; Arian, M.U.; Antony,
N.; et al. Early use of tocilizumab in the prevention of adult respiratory failure in SARS-CoV-2 infections and the utilization of
interleukin-6 levels in the management. J. Med. Virol. 2020, 93, 491-498. [CrossRef]

Tom, J.; Bao, M.; Tsai, L.; Qamra, A.; Summers, D.; Carrasco-Triguero, M.; McBride, J.; Rosenberger, C.M.; Lin, C.J.E,; Stubbings, W.;
et al. Prognostic and Predictive Biomarkers in Patients with Coronavirus Disease 2019 Treated with Tocilizumab in a Randomized
Controlled Trial. Crit. Care Med. 2021, 50, 398-409, Publish Ah. [CrossRef]

Price, C.C.; Altice, FL.; Shyr, Y.; Koff, A.; Pischel, L.; Goshua, G.; Azar, M.M.; Mcmanus, D.; Chen, S.-C.; Gleeson, S.E.; et al.
Tocilizumab Treatment for Cytokine Release Syndrome in Hospitalized Patients with Coronavirus Disease 2019. Chest 2020, 158,
1397-1408. [CrossRef] [PubMed]

Pourbagheri-Sigaroodi, A.; Bashash, D.; Fateh, F.; Abolghasemi, H. Laboratory findings in COVID-19 diagnosis and prognosis.
Clin. Chim. Acta 2020, 510, 475-482. [CrossRef] [PubMed]

Haitao, T.; Vermunt, ].V.; Abeykoon, J.; Ghamrawi, R.; Gunaratne, M.; Jayachandran, M.; Narang, K.; Parashuram, S.; Suvakov, S.;
Garovic, V.D. COVID-19 and Sex Differences. Mayo Clin. Proc. 2020, 95, 2189-2203. [CrossRef]

Tan, L.; Wang, Q.; Zhang, D.; Ding, J.; Huang, Q.; Tang, Y.-Q.; Wang, Q.; Miao, H. Lymphopenia predicts disease severity of
COVID-19: A descriptive and predictive study. Signal Transduct. Target. Ther. 2020, 5, 1-33. [CrossRef]

Li, P; Lu, Z,; Li, Q.; Wang, Z.; Guo, Y,; Cai, C.; Wang, S.; Liu, P; Su, X.; Huang, Y.; et al. Administration Timing and Efficacy of
Tocilizumab in Patients With COVID-19 and Elevated IL-6. Front. Mol. Biosci. 2021, 8, 221. [CrossRef] [PubMed]

Tleyjeh, I.M.; Kashour, Z.; Damlaj, M.; Riaz, M.; Tlayjeh, H.; Altannir, M.; Altannir, Y.; Al-Tannir, M.; Tleyjeh, R.; Hassett, L.; et al.
Efficacy and safety of tocilizumab in COVID-19 patients: A living systematic review and meta-analysis. Clin. Microbiol. Infect.
2020, 27,215-227. [CrossRef] [PubMed]

Campochiaro, C.; Della-Torre, E.; Cavalli, G.; De Luca, G.; Ripa, M.; Boffini, N.; Tomelleri, A.; Baldissera, E.; Rovere-Querini, P;
Ruggeri, A.; et al. Efficacy and safety of tocilizumab in severe COVID-19 patients: A single-centre retrospective cohort study. Eur.
J. Intern. Med. 2020, 76, 43—49. [CrossRef]

Bansal, V.; Mahapure, K.S.; Bhurwal, A.; Gupta, I.; Hassanain, S.; Makadia, ].; Madas, N.; Armaly, P.; Singh, R.; Mehra, L; et al.
Mortality Benefit of Remdesivir in COVID-19: A Systematic Review and Meta-Analysis. Front. Med. 2021, 7, 606429. [CrossRef]
Despotovic, A.; Milosevic, B.; Milosevic, I.; Mitrovic, N.; Cirkovic, A.; Jovanovic, S.; Stevanovic, G. Hospital-acquired infections in
the adult intensive care unit—Epidemiology, antimicrobial resistance patterns, and risk factors for acquisition and mortality. Am.
J. Infect. Control 2020, 48, 1211-1215. [CrossRef]

Giacobbe, D.R.; Battaglini, D.; Ball, L.; Brunetti, I.; Bruzzone, B.; Codda, G.; Crea, F.; De Maria, A.; Dentone, C.; Di Biagio, A.; et al.
Bloodstream infections in critically ill patients with COVID-19. Eur. |. Clin. Investig. 2020, 50, €13319. [CrossRef]

Saade, A.; Moratelli, G.; Dumas, G.; Mabrouki, A.; Tudesq, J.-J.; Zafrani, L.; Azoulay, E.; Darmon, M. Infectious events in patients
with severe COVID-19: Results of a cohort of patients with high prevalence of underlying immune defect. Ann. Intensiv. Care
2021, 11, 83. [CrossRef]

Sterne, ].A.C.; Murthy, S.; Diaz, ].V.; Slutsky, A.S,; Villar, ].; Angus, D.C.; Annane, D.; Azevedo, L.C.P.; Berwanger, O. Association
between Administration of Systemic Corticosteroids and Mortality Among Critically Ill Patients with COVID-19: A Meta-analysis.
JAMA 2020, 324, 1330-1341. [CrossRef]

van Paassen, J.; Vos, ].S.; Hoekstra, E.M.; Neumann, K.M.I; Boot, P.C.; Arbous, S.M. Corticosteroid use in COVID-19 patients: A
systematic review and meta-analysis on clinical outcomes. Crit. Care 2020, 24, 1-22. [CrossRef]

Healthcare-Associated Infections in Intensive Care Units-Annual Epidemiological Report for 2017. Available online: https://www.
ecdc.europa.eu/en/publications-data/healthcare-associated-infections-intensive-care-units-annual-epidemiological-1 (accessed
on 6 August 2022).

Zhao, M.; Lu, J; Tang, Y.; Dai, Y.; Zhou, J.; Wu, Y. Tocilizumab for treating COVID-19: A systemic review and meta-analysis of
retrospective studies. Eur. J. Clin. Pharmacol. 2020, 77, 311-319. [CrossRef]

Schneider, C.A.; Jenny, M.; Kathleen, J.; Wolowich, W.R. Impact of Adding Remdesivir to Tocilizumab in Hospitalized Patients
with Coronavirus Disease. J. Infect. Dis. Epidemiol. 2021, 7, 238. [CrossRef]

Rosas, 1.O.; Brdu, N.; Waters, M.; Go, R.C.; Hunter, B.D.; Bhagani, S.; Skiest, D.; Aziz, M.S.; Cooper, N.; Douglas, LS.; et al.
Tocilizumab in Hospitalized Patients with Severe COVID-19 Pneumonia. N. Engl. ]. Med. 2021, 384, 1503-1516. [CrossRef]


http://doi.org/10.1016/S2213-2600(20)30076-X
http://doi.org/10.3947/ic.2020.52.3.369
http://doi.org/10.18203/2320-6012.ijrms20204265
http://doi.org/10.1080/14787210.2020.1800453
http://doi.org/10.1073/pnas.2005615117
http://doi.org/10.1002/jmv.26288
http://doi.org/10.1097/CCM.0000000000005229
http://doi.org/10.1016/j.chest.2020.06.006
http://www.ncbi.nlm.nih.gov/pubmed/32553536
http://doi.org/10.1016/j.cca.2020.08.019
http://www.ncbi.nlm.nih.gov/pubmed/32798514
http://doi.org/10.1016/j.mayocp.2020.07.024
http://doi.org/10.1038/s41392-020-0148-4
http://doi.org/10.3389/fmolb.2021.651662
http://www.ncbi.nlm.nih.gov/pubmed/33937333
http://doi.org/10.1016/j.cmi.2020.10.036
http://www.ncbi.nlm.nih.gov/pubmed/33161150
http://doi.org/10.1016/j.ejim.2020.05.021
http://doi.org/10.3389/fmed.2020.606429
http://doi.org/10.1016/j.ajic.2020.01.009
http://doi.org/10.1111/eci.13319
http://doi.org/10.1186/s13613-021-00873-x
http://doi.org/10.1001/jama.2020.17023
http://doi.org/10.1186/s13054-020-03400-9
https://www.ecdc.europa.eu/en/publications-data/healthcare-associated-infections-intensive-care-units-annual-epidemiological-1
https://www.ecdc.europa.eu/en/publications-data/healthcare-associated-infections-intensive-care-units-annual-epidemiological-1
http://doi.org/10.1007/s00228-020-03017-5
http://doi.org/10.23937/2474-3658/1510238
http://doi.org/10.1056/NEJMoa2028700

Int. . Mol. Sci. 2022, 23, 14462 18 of 18

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Lin, W.-T,; Hung, S.-H.; Lai, C.-C.; Wang, C.-Y.; Chen, C.-H. The effect of tocilizumab on COVID-19 patient mortality: A systematic
review and meta-analysis of randomized controlled trials. Int. Immunopharmacol. 2021, 96, 107602. [CrossRef]

Malgie, J.; Schoones, J.W.; Pijls, B.G. Decreased Mortality in Coronavirus Disease 2019 Patients Treated With Tocilizumab: A
Rapid Systematic Review and Meta-analysis of Observational Studies. Clin. Infect. Dis. 2020, 72, €742—€749. [CrossRef] [PubMed]
Kaye, A,; Siegel, R. The Efficacy of IL-6 Inhibitor Tocilizumab in Reducing Severe COVID-19 Mortality: A Systematic Review.
Peer] 2020, 8, €10322. [CrossRef]

pour Kasgary, H.A.; Babamahmoodi, F.; Badabi, A.R.D.; Davanloo, A.A.; Moradimajd, P.; Samaee, H. Combination Therapy with
Remdisivir and Tocilizumab for COVID-19: Lessons for Futures Studies. Arch. Clin. Infect. Dis. 2020, 15, 103537. [CrossRef]

Ali, S.; Khalid, S.; Afridi, M.; Akhtar, S.; Khader, Y.S.; Akhtar, H. Notes from the Field: The Combined Effects of Tocilizumab and
Remdesivir in a Patient with Severe COVID-19 and Cytokine Release Syndrome. J[MIR Public Health Surveill. 2021, 7, e27609.
[CrossRef] [PubMed]

Charan, J.; Kaur, R.J.; Bhardwaj, P; Haque, M.; Sharma, P.; Misra, S.; Godman, B. Rapid review of suspected adverse drug events
due to remdesivir in the WHO database; findings and implications. Expert Rev. Clin. Pharmacol. 2020, 14, 95-103. [CrossRef]
[PubMed]

The Radiology Assistant: COVID-19 Imaging Findings. Available online: https:/ /radiologyassistant.nl/chest/COVID-19/covid1
9-imaging-findings (accessed on 10 November 2022).

ORDIN 2103 12/10/2021-Portal Legislativ. Available online: https://legislatiejust.ro/Public/DetaliiDocument /247389 (accessed
on 5 November 2022).

Clinical Spectrum | COVID-19 Treatment Guidelines. Available online: https://www.covidl9treatmentguidelines.nih.gov/
overview /clinical-spectrum/ (accessed on 18 November 2022).

Oxygenation and Ventilation | COVID-19 Treatment Guidelines. Available online: https://www.covid19treatmentguidelines.nih.
gov/management/critical-care/oxygenation-and-ventilation/ (accessed on 2 February 2022).

Daher, A.; Balfanz, P.; Aetou, M.; Hartmann, B.; Miiller-Wieland, D.; Miiller, T.; Marx, N.; Dreher, M.; Cornelissen, C.G. Clinical
course of COVID-19 patients needing supplemental oxygen outside the intensive care unit. Sci. Rep. 2021, 11, 2256. [CrossRef]
[PubMed]

Mahler, D.A.; Horowitz, M.B. Perception of breathlessness during exercise in patients with respiratory disease. Med. Sci. Sports
Exerc. 1994, 26, 2. [CrossRef]


http://doi.org/10.1016/j.intimp.2021.107602
http://doi.org/10.1093/cid/ciaa1445
http://www.ncbi.nlm.nih.gov/pubmed/32964913
http://doi.org/10.7717/peerj.10322
http://doi.org/10.5812/archcid.103537
http://doi.org/10.2196/27609
http://www.ncbi.nlm.nih.gov/pubmed/34009133
http://doi.org/10.1080/17512433.2021.1856655
http://www.ncbi.nlm.nih.gov/pubmed/33252992
https://radiologyassistant.nl/chest/COVID-19/covid19-imaging-findings
https://radiologyassistant.nl/chest/COVID-19/covid19-imaging-findings
https://legislatie.just.ro/Public/DetaliiDocument/247389
https://www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/
https://www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/
https://www.covid19treatmentguidelines.nih.gov/management/critical-care/oxygenation-and-ventilation/
https://www.covid19treatmentguidelines.nih.gov/management/critical-care/oxygenation-and-ventilation/
http://doi.org/10.1038/s41598-021-81444-9
http://www.ncbi.nlm.nih.gov/pubmed/33500431
http://doi.org/10.1249/00005768-199409000-00002

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Study Population 
	Enrolled Population 
	Study Design 
	Statistical Analysis 

	Limitations 
	Conclusions 
	References

