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Abstract

SARS-CoV-2 is known to cause severe bilateral pneumonia and acute respiratory distress syndrome or COVID-19 in patients,
which can be debilitating and even fatal. With no drugs or vaccines available yet, a wide range of treatment regimens used are
being repurposed. The need of the hour is to analyze various currently available regimens and devise a treatment plan that is most
effective for COVID-19. Here we describe the case of a 68-year-old man with hypertension and diabetes, exhibiting symptoms
of cough and shortness of breath, who presented at the emergency department of our hospital. Chest computed tomography
revealed bilateral ground glass opacities that were indicative of COVID-19, and a computed tomography score of 24 was indicative
of severe pulmonary pneumonia. He tested positive for COVID-19. His treatment regimen included the use of convalescent
plasma, oxygen therapy, steroids, high-dose antibiotics, broad-spectrum antiviral remdesivir, and anti–interleukin-6 monoclonal
antibody (Tocilizumab) at various stages of the disease. Oxygen supplementation was required at the time of admission. The
patient initially developed a cytokine release storm, and oxygen supplementation was initiated to manage his condition. Supportive
care and multiple treatment regimens were used to successfully recover the patient’s health. With a rapid increase in number of
confirmed cases worldwide, COVID-19 has become a major challenge to our health care system. With no available vaccines
currently, the establishment of a combination of therapeutic drugs that effectively reduce disease progression is of utmost
importance.

(JMIR Public Health Surveill 2021;7(5):e27609) doi: 10.2196/27609
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Introduction

COVID-19 is a severe acute respiratory infection that has spread
worldwide since the first confirmed case in Wuhan (Hubei
Province, China) on December 31, 2019 [1,2]. It has since
affected 235 countries, areas, or territories, with 76,900,875

confirmed cases, including 1,696,401 deaths as of December
20, 2020 [3]. The causative infectious agent for COVID-19 is
a novel encapsulated, positive sense RNA virus that belongs to
family Coronaviridae, and has been named SARS-CoV-2 [4].
The gold standard for COVID-19 diagnosis is a positive finding
on an RT–PCR test, which confirms the presence of viral nucleic
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acid in blood or respiratory swab samples of a patient. Initial
diagnosis of COVID-19 is based on (1) the patient’s history,
which may indicate possible contact with a patient with
confirmed COVID-19; (2) clinical symptoms, which range from
mild or moderate (cough, fever, tiredness, or shortness of breath)
to severe (pulmonary pneumonia, acute respiratory distress
syndrome [ARDS]); and (3) radiological findings consistent
with COVID-19 [5,6]. The first 2 cases of COVID-19 in
Pakistan were reported on February 26, 2020, with 457,288
confirmed cases and 9330 deaths as on December 20, 2020 [7].

Currently available treatment alternatives for hospitalized
patients with COVID-19 with severe or critical disease
presentation are limited to drugs that aid in the resolution of
symptoms and provide supportive care. These include the use
of convalescent plasma, oxygen therapy, steroids, and
broad-spectrum, high-dose antivirals and antibiotics [8]. Here
we report the case of an elderly male who presented with cough,
shortness of breath, and severe pulmonary pneumonia at our
hospital during the early months of the pandemic. The patient
was admitted after an initial examination and later tested positive
for COVID-19. The patient was treated with convalescent
plasma, dexamethasone, high-dose antibiotics, broad-spectrum
antiviral remdesivir, and anti–interleukin (IL)-6 monoclonal
antibody Tocilizumab in addition to a number of other drugs.
The patient’s condition initially worsened after admission, from
requiring a low flow of oxygen to developing ARDS, and
required mechanical ventilation; thereafter, his condition
improved, and he made full recovery and was discharged after
14 days. This case study is aimed to analyze the role of a
combination of different drugs on the progression of COVID-19
in our patient and to highlight its life-saving potential.

Case Presentation

On the evening of June 10, 2020, a 68-year-old Pakistani male
physician with a history of hypertension and diabetes mellitus
presented with fever, cough, and shortness of breath. Difficulty
in breathing had started 3 days prior to reporting to the
emergency department of our hospital and seemed to worsen
with time. His vital parameters at the time of presentation
included a temperature of 98.6°F, pulse rate of 85 beats per
minute, blood pressure of 110/70 mmHg, and oxygen saturation
(SpO2) of 87% in ambient air. After the initial physical
examination, the on-duty physician admitted the patient to the
intensive care unit for the management of possible pulmonary
pneumonia and suspected COVID-19, an RT–PCR test, and
chest computed tomography (CT). Chest CT revealed bilateral
multifocal patchy and confluent areas of ground glass opacity
(GGO) in the lungs. Associated interlobular septal thickening
with an erratic paving appearance, subpleural fibrosis, and
prominent lower lobe bronchi were also noted bilaterally, with
more marked effects on the right side. The CT severity score
was 24, which was indicative of severe disease. On admission
to the intensive care unit (day 1), the patient was initially
administered a one-time intravenous dose each of convalescent
plasma (450 mL) and paracetamol (1 g) and administered
supplemental oxygen through a non-rebreathable mask at 4 L
O2/min to maintain an SpO2 of >90%. He was also started on

a regimen of intravenous methylprednisolone (60 mg, once
daily [OD]) and enoxaparin sodium (60 mg, OD). On Day 2,
his laboratory findings indicated lymphopenia, neutrophilia,
increased C reactive protein (CRP), and raised serum lactate
dehydrogenase (LDH); hence, a 7-day course of two antibiotics,
meropenem trihydrate (500 mg, thrice daily) and moxifloxacin
(400 mg, OD), was also added to the regimen. On days 3 and
4, the patient’s condition deteriorated considerably. He was
semiconscious and developed ARDS. The flow velocity of
oxygen had to be increased to 15 L O2/min, which was still
insufficient to maintain an SpO2 of 90%-91%. Serum ferritin
levels of the patient increased, with a further increase in
lymphopenia, CRP, and LDH, and as the patient developed
signs of cytokine release syndrome (CRS), tocilizumab (80 mg)
was administered intravenously with the dose repeated after 12
hours. On day 5, the patient was started on continuous positive
airway pressure ventilation where an SpO2 between 88%-92%
was maintained, along with a 50% fraction of inspired oxygen
(FiO2), positive end-expiratory pressure (PEEP) of 6 cmH2O,
and pressure support ventilation (PSV) of 14 cmH2O. The
patient was then maintained in a prone position for up to 12
hours to manage the respiratory distress. In addition to ventilator
support, dexamethasone (8 mg, twice daily [BD]) was
administered intravenously. On day 8, remdesivir (200 mg) was
administered intravenously with a dose halved to 100 mg for
the next 4 days. A one-time dose of 20% albumin infusion (50
mL) was also administered intravenously, and a regimen of
intravenous linezolid (600 mg, BD) was added. On day 10, the
patient’s condition began to improve and an SpO2 of 97% was
achieved in the same ventilator setting. Serum ferritin, CRP,
and LDH levels also reverted to baseline. On day 11, the patient
displayed signs of recovery, having achieved an SpO2 of 97%,
FiO2 reduced to 45%, PEEP of 6 cmH2O, and PSV of 14
cmH2O. On day 12, FiO2 was further reduced to 40%, and the
PEEP and PSV were 6 cmH2O and 14 cmH2O, respectively.
The patient was advised to sit upright for 1 hour after regular
intervals. Since the patient displayed signs of improvement, he
was gradually weaned off the ventilator and instead provided
an oxygen mask, which helped maintain an SpO2 of 94%-96%
at 2 L O2/min. On day 13, patient was prescribed oral doses of
dexamethasone (5 mg, OD), moxifloxacin (400 mg, OD), and
linezolid (600 mg, BD) for a 3-day course. Furthermore, a
reduced intravenous dose of enoxaparin sodium (40 mg, OD)
for the next 7 days was advised. The RT–PCR test for
COVID-19 was repeated, which yielded a negative result, and
the patient was discharged on day 14 of admission (June 24,
2020).

Discussion

Principal Findings
This case study summarizes the clinical characteristics upon
presentation, diagnosis, and treatments administered to a
68-year-old male physician with diabetes and hypertension who
presented with fever, cough, and shortness of breath at our
hospital. Considering his age, history (potential exposure at his
work place and the presence of underlying comorbidities
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including hypertension and diabetes), symptoms (fever, cough,
and shortness of breath), low SpO2 (of 87%), and chest CT
findings (CT severity score of 24), our patient was suspected
with COVID-19 and was at the risk of developing severe
disease. A positive RT–PCR finding for COVID-19 and later
stages of disease progression during the course of his
hospitalization confirmed this notion; however, timely
recognition of risks and the provision of immediate, effective
treatment most likely ensured his recovery and survival.

In a study describing the clinical characteristics, treatments, and
outcomes of 138 confirmed COVID-19 cases, Wang et al [9]
reported fever (98.6%), dry cough (59.4%), and dyspnea (31.2%)
as the most common symptoms associated with COVID-19.
Moreover, all their patients presented bilateral GGOs on chest
CT. In another study, Zhu et al [10] analyzed the chest CT scans
of 72 patients with COVID-19, who were divided into two age
groups: ≤60 years (n=44) and >60 years (n=32). They reported
GGOs in the peripheral areas accompanied by interlobular septal
thickening, subpleural line, and pleural thickening. More
extensive involvement of the lobes and subpleural line and
pleural thickening in the patients older than 60 years was also
observed. In another study involving 51 patients with
COVID-19, Li and Xia [11] evaluated whether chest CT was a
reliable tool for rapid diagnosis and management of patients
with COVID-19. They concluded that chest CT had a low
misdiagnosis rate for COVID-19, and common features
characteristic of COVID-19 include the presence of GGOs and
consolidation with or without vascular enlargement, interlobular
septum thickening, and air bronchogram. Furthermore, older
patients showed a greater degree of lung involvement than
younger patients. The chest CT findings of our patient also
indicated the presence of severe bilateral pneumonia, a high CT
score 24, and characteristic imaging features reportedly
consistent with COVID-19 (GGO, interlobular septal thickening,
and subpleural fibrosis). In addition to presenting signs and
symptoms characteristic to COVID-19, where shortness of
breath is indicative of severe disease, several epidemiological
studies have reported that old age, male gender, and the presence
of underlying comorbidities including diabetes, hypertension,
cardiovascular disease, and renal and liver diseases are risk
factors for severe COVID-19 [12,13]. Our patient also had some
of these risk factors (old age, hypertension, and diabetes), which
indicated the possibility of progression to severe COVID-19.

As many of the factors were not indicative of a possibly
favorable outcome, the patient was administered a number of
therapeutic interventions including convalescent plasma,
anticoagulants, antibiotics, corticosteroids, immunomodulatory
drugs, and antivirals during the course of hospitalization.

Based on the hospital protocol at the time, one of the first
interventions our patient received was intravenous convalescent
plasma therapy (CPT). CPT is being used in different countries
to provide passive immunization against SARS-CoV-2. It has
been hypothesized that if CPT is administered in early stages
of COVID-19, it reduces the overall viral load, improves disease
prognosis, and increases the chances of survival among patients
with COVID-19 [14]. In a retrospective study [15], the clinical
outcomes of 37 critical patients with COVID-19 who received

CPT were compared with controls who were simultaneously
hospitalized but did not receive CPT. Patients who received
CPT displayed greater improvement in SpO2 and had a better
survival rate.

The pathogenesis of SARS-CoV-2 and its effect on host
physiology is currently under intense investigation. In cases of
severe COVID-19, the progression of viral infection manifests
in the form of a massive inflammatory response termed as the
cytokine storm or CRS, which initially affects the lungs, causing
oxygen insufficiency and leading to ARDS, but can also spread
to other organs such as the heart, kidneys, and liver, leading to
multiple organ failure and eventually death [16,17].

The hallmarks of CRS include high serum levels of
proinflammatory cytokines and chemokines, especially the IL-1
family and IL-6, which initiate the inflammatory cascade
resulting in lung inflammation, fever, and fibrosis. These
changes can be monitored through laboratory parameters
including the lymphocyte count, which typically decreases (ie,
lymphocytopenia), and an increase in serum levels of CRP,
LDH, and ferritin [18]. The presence of these circulating
biomarkers is considered predictive of the severity of COVID-19
and adverse outcomes such as death among patients with
COVID-19 [19]. Hence, targeting them in order to reduce the
overall inflammatory cascade (ie, the CRS) is the first logical
step to control disease progression [16,20].

Use of glucocorticoid therapy for the management of CRS [21]
has been explored and is associated with a reduction in
respiratory inflammation and improvement in lung function,
often eliminating the need for invasive ventilation in cases of
severe or critical COVID-19. In a study by Liu et al [22],
administration of a pulse dose of methylprednisolone to 101
patients with COVID-19 resulted in improved lung function
among 15 patients who were critically affected, with only 1
patient requiring mechanical ventilation. In an open-label,
controlled clinical trial [23] of 2014 patients with COVID-19
who received dexamethasone and 4321 patients who received
usual care, the mortality rate was markedly reduced among
patients who received dexamethasone. Moreover, among
patients who received dexamethasone, mortality rates in patients
who required invasive and noninvasive mechanical ventilation
were significantly reduced, whereas no effect was observed
among patients who received no respiratory support.

In our case, the initial use of CPT and methylprednisolone was
unable to curtail the cytokine storm and effectively prevent the
onset of ARDS. Consequently, the patient’s condition
deteriorated rapidly to the point where he was started on
continuous positive airway pressure on day 5. The patient was
then administered a regimen of combination therapy with 2
daily doses of dexamethasone and tocilizumab every 12 hours.
Tocilizumab is an anti–IL-6 antibody preparation, which has
been shown to be highly effective in improving disease severity
by neutralizing IL-6, which plays a major role in inflammatory
cascades and results in ARDS [24]. In a retrospective assessment
of 21 critical patients with COVID-19, Xu et al [25] observed
a resolution of lymphopenia in 85% of patients and a reduction
in CRP levels in 84.25% of patients within 5 days of tocilizumab
administration. Similarly, Guaraldi et al [26] reported that
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administration of tocilizumab was positively correlated with
recovery and reduced the requirement of invasive mechanical
ventilation at later stages.

In addition to the aforementioned immunomodulatory therapies,
our patient received remdesivir on day 8. Remdesivir is a
broad-spectrum antiviral agent that has previously been
investigated for its inhibitory effect on viral replication in the
Ebola virus, severe acute respiratory syndrome coronavirus,
and Middle East respiratory syndrome coronavirus. The
double-blind, randomized, placebo-controlled trial by Beigel
et al [27] concluded that 541 (of a total 1062) patients who
received remdesivir had a shorter recovery time (10 days as
compared to 15 days in control group). Their data also suggest
that remdesivir may reduce the progression of the disease to a
more severe stage. Since the results of the trial were made
public, remdesivir has become the first antiviral to have been
authorized by the Food and Drug Association for emergency
use among hospitalized adult patients at the risk of severe
disease [28]. The effects of the drug are, however, closely
monitored and updated with the emergence of new evidence
[29]. Thus far, the preliminary results of a more recent solidarity
trial led by the World Health Organization recommended against
the use of remdesivir for the treatment of COVID-19 owing to
its limited efficacy [30]. Moreover, in addition to ambiguity
regarding its efficacy, remdesivir is also associated with acute
kidney and liver injury [31].

Furthermore, it has been suggested that remdesivir may be more
effective in combination with an immunomodulator such as
dexamethasone or tocilizumab. A number of trials investigating

the use of remdesivir in combination with tocilizumab are
currently underway, and the final verdict regarding its efficacy
is still pending [29,30,32,33].

In our patient, however, the combination of remdesivir,
tocilizumab, and dexamethasone, administered at a favorable
time (ie, during the early stages of the disease when the patient
did not yet require mechanical intubation) resulted in timely
resolution of the cytokine storm, resulting in an improvement
in his ARDS symptoms and subsequent recovery. The
underlying reason could be attributed to the effective recognition
of risks and a timely administration of the available drugs.

Conclusions
Despite being the focus of medical and scientific studies for
more than a year, worldwide availability of a safe and effective
COVID-19 vaccine still remains to be accomplished. Similarly,
a number of antivirals and immunomodulators are being actively
tested; however, an effective combination is still unavailable.
Therefore, to effectively control COVID-19, there is a need to
continuously explore and identify safe, effective combinations
of the already available therapeutic agents. In order to ensure
the safety and survival of patients, there is also a constant need
to stay informed about the latest evidence. In our patient with
CRS with normal liver and renal functions, combined treatment
with tocilizumab, dexamethasone, and remdesivir helped reduce
CRS and the subsequent requirement of mechanical ventilation.
However, mixed evidence regarding the use of tocilizumab in
combination with remdesivir suggests that caution should be
exercised until more evidence is available for or against this
combination for it to become a treatment regimen nationwide.

Conflicts of Interest
None declared.

References

1. Wang W, Tang J, Wei F. Updated understanding of the outbreak of 2019 novel coronavirus (2019-nCoV) in Wuhan, China.
J Med Virol 2020 Apr;92(4):441-447 [FREE Full text] [doi: 10.1002/jmv.25689] [Medline: 31994742]

2. Cucinotta D, Vanelli M. WHO Declares COVID-19 a Pandemic. Acta Biomed 2020 Mar 19;91(1):157-160 [FREE Full
text] [doi: 10.23750/abm.v91i1.9397] [Medline: 32191675]

3. World H. Coronavirus Disease (COVID-19) Pandemic. World Health Organization. URL: https://www.who.int/emergencies/
diseases/novel-coronavirus-2019 [accessed 2020-11-30]

4. Jebril N. World Health Organization declared a pandemic public health menace: a systematic review of the coronavirus
disease 2019 “COVID-19”. Int J Psychosoc Rehabilitation 2020;24(9):2784-2795 [FREE Full text] [doi:
10.37200/IJPR/V24I9/PR290311]

5. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected with 2019 novel coronavirus in
Wuhan, China. Lancet 2020 Feb 15;395(10223):497-506 [FREE Full text] [doi: 10.1016/S0140-6736(20)30183-5] [Medline:
31986264]

6. Alshami A, Douedi S, Varon J. Coronavirus in the Arena: One More Time. CRMR 2020 Sep 15;16(1):3-4. [doi:
10.2174/1573398X16999200302154418]

7. COVID-19 Coronavirus Pandemic. Worldometer. URL: https://www.worldometers.info/coronavirus/ [accessed 2020-11-30]
8. Elhusseiny KM, Abd-Elhay FA, Kamel MG. Possible therapeutic agents for COVID-19: a comprehensive review. Expert

Rev Anti Infect Ther 2020 Oct;18(10):1005-1020. [doi: 10.1080/14787210.2020.1782742] [Medline: 32538209]
9. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical Characteristics of 138 Hospitalized Patients With 2019 Novel

Coronavirus-Infected Pneumonia in Wuhan, China. JAMA 2020 Mar 17;323(11):1061-1069 [FREE Full text] [doi:
10.1001/jama.2020.1585] [Medline: 32031570]

10. Zhu T, Wang Y, Zhou S, Zhang N, Xia L. A Comparative Study of Chest Computed Tomography Features in Young and
Older Adults With Corona Virus Disease (COVID-19). J Thorac Imaging 2020 Jul;35(4):W97-W101 [FREE Full text]
[doi: 10.1097/RTI.0000000000000513] [Medline: 32235187]

JMIR Public Health Surveill 2021 | vol. 7 | iss. 5 | e27609 | p. 4https://publichealth.jmir.org/2021/5/e27609
(page number not for citation purposes)

Ali et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://europepmc.org/abstract/MED/31994742
http://dx.doi.org/10.1002/jmv.25689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31994742&dopt=Abstract
http://europepmc.org/abstract/MED/32191675
http://europepmc.org/abstract/MED/32191675
http://dx.doi.org/10.23750/abm.v91i1.9397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32191675&dopt=Abstract
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.psychosocial.com/article/PR290311/25748/
http://dx.doi.org/10.37200/IJPR/V24I9/PR290311
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(20)30183-5
http://dx.doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31986264&dopt=Abstract
http://dx.doi.org/10.2174/1573398X16999200302154418
https://www.worldometers.info/coronavirus/
http://dx.doi.org/10.1080/14787210.2020.1782742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32538209&dopt=Abstract
http://europepmc.org/abstract/MED/32031570
http://dx.doi.org/10.1001/jama.2020.1585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32031570&dopt=Abstract
http://europepmc.org/abstract/MED/32235187
http://dx.doi.org/10.1097/RTI.0000000000000513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32235187&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


11. Li Y, Xia L. Coronavirus Disease 2019 (COVID-19): Role of Chest CT in Diagnosis and Management. AJR Am J Roentgenol
2020 Jun;214(6):1280-1286. [doi: 10.2214/AJR.20.22954] [Medline: 32130038]

12. Xu PP, Tian RH, Luo S, Zu ZY, Fan B, Wang XM, et al. Risk factors for adverse clinical outcomes with COVID-19 in
China: a multicenter, retrospective, observational study. Theranostics 2020;10(14):6372-6383 [FREE Full text] [doi:
10.7150/thno.46833] [Medline: 32483458]

13. Wang B, Li R, Lu Z, Huang Y. Does comorbidity increase the risk of patients with COVID-19: evidence from meta-analysis.
Aging (Albany NY) 2020 Apr 08;12(7):6049-6057 [FREE Full text] [doi: 10.18632/aging.103000] [Medline: 32267833]

14. Xi Y. Convalescent plasma therapy for COVID-19: a tried-and-true old strategy? Signal Transduct Target Ther 2020 Sep
15;5(1):203 [FREE Full text] [doi: 10.1038/s41392-020-00310-8] [Medline: 32934211]

15. Liu STH, Lin H, Baine I, Wajnberg A, Gumprecht JP, Rahman F, et al. Convalescent plasma treatment of severe COVID-19:
a propensity score-matched control study. Nat Med 2020 Nov;26(11):1708-1713. [doi: 10.1038/s41591-020-1088-9]
[Medline: 32934372]

16. Moore JB, June CH. Cytokine release syndrome in severe COVID-19. Science 2020 May 01;368(6490):473-474. [doi:
10.1126/science.abb8925] [Medline: 32303591]

17. Jain U. Effect of COVID-19 on the Organs. Cureus 2020 Aug 03;12(8):e9540 [FREE Full text] [doi: 10.7759/cureus.9540]
[Medline: 32905500]

18. Conti P, Ronconi G, Caraffa A, Gallenga C, Ross R, Frydas I, et al. Induction of pro-inflammatory cytokines (IL-1 and
IL-6) and lung inflammation by Coronavirus-19 (COVI-19 or SARS-CoV-2): anti-inflammatory strategies. J Biol Regul
Homeost Agents 2020;34(2):327-331. [doi: 10.23812/CONTI-E] [Medline: 32171193]

19. Figliozzi S, Masci PG, Ahmadi N, Tondi L, Koutli E, Aimo A, et al. Predictors of adverse prognosis in COVID-19: A
systematic review and meta-analysis. Eur J Clin Invest 2020 Oct;50(10):e13362. [doi: 10.1111/eci.13362] [Medline:
32726868]

20. Hojyo S, Uchida M, Tanaka K, Hasebe R, Tanaka Y, Murakami M, et al. How COVID-19 induces cytokine storm with
high mortality. Inflamm Regen 2020;40:37 [FREE Full text] [doi: 10.1186/s41232-020-00146-3] [Medline: 33014208]

21. Chrousos GP, Meduri GU. Critical COVID-19 disease, homeostasis, and the "surprise" of effective glucocorticoid therapy.
Clin Immunol 2020 Oct;219:108550 [FREE Full text] [doi: 10.1016/j.clim.2020.108550] [Medline: 32745524]

22. Liu J, Zheng X, Huang Y, Shan H, Huang J. Successful use of methylprednisolone for treating severe COVID-19. J Allergy
Clin Immunol 2020 Aug;146(2):325-327 [FREE Full text] [doi: 10.1016/j.jaci.2020.05.021] [Medline: 32479759]

23. RECOVERY Collaborative Group, Horby P, Lim WS, Emberson JR, Mafham M, Bell JL, et al. Dexamethasone in
Hospitalized Patients with Covid-19. N Engl J Med 2021 Feb 25;384(8):693-704 [FREE Full text] [doi:
10.1056/NEJMoa2021436] [Medline: 32678530]

24. Khiali S, Khani E, Entezari-Maleki T. A Comprehensive Review of Tocilizumab in COVID-19 Acute Respiratory Distress
Syndrome. J Clin Pharmacol 2020 Sep;60(9):1131-1146 [FREE Full text] [doi: 10.1002/jcph.1693] [Medline: 32557541]

25. Xu X, Han M, Li T, Sun W, Wang D, Fu B, et al. Effective treatment of severe COVID-19 patients with tocilizumab. Proc
Natl Acad Sci U S A 2020 May 19;117(20):10970-10975 [FREE Full text] [doi: 10.1073/pnas.2005615117] [Medline:
32350134]

26. Guaraldi G, Meschiari M, Cozzi-Lepri A, Milic J, Tonelli R, Menozzi M, et al. Tocilizumab in patients with severe
COVID-19: a retrospective cohort study. Lancet Rheumatol 2020 Aug;2(8):e474-e484 [FREE Full text] [doi:
10.1016/S2665-9913(20)30173-9] [Medline: 32835257]

27. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil AC, ACTT-1 Study Group Members. Remdesivir for
the Treatment of Covid-19 - Final Report. N Engl J Med 2020 Nov 05;383(19):1813-1826 [FREE Full text] [doi:
10.1056/NEJMoa2007764] [Medline: 32445440]

28. Lamb YN. Remdesivir: First Approval. Drugs 2020 Sep;80(13):1355-1363 [FREE Full text] [doi:
10.1007/s40265-020-01378-w] [Medline: 32870481]

29. Wilt TJ, Kaka AS, MacDonald R, Greer N, Obley A, Duan-Porter W. Remdesivir for Adults With COVID-19 : A Living
Systematic Review for American College of Physicians Practice Points. Ann Intern Med 2021 Feb;174(2):209-220 [FREE
Full text] [doi: 10.7326/M20-5752] [Medline: 33017170]

30. WHO Solidarity Trial Consortium, Pan H, Peto R, Henao-Restrepo A, Preziosi M, Sathiyamoorthy V, et al. Repurposed
Antiviral Drugs for Covid-19 - Interim WHO Solidarity Trial Results. N Engl J Med 2021 Feb 11;384(6):497-511 [FREE
Full text] [doi: 10.1056/NEJMoa2023184] [Medline: 33264556]

31. Rahimi MM, Jahantabi E, Lotfi B, Forouzesh M, Valizadeh R, Farshid S. Renal and liver injury following the treatment
of COVID-19 by remdesivir. J Nephropathol 2020 Aug 30;10(2):e10-e10. [doi: 10.34172/jnp.2021.10]

32. Abbaspour Kasgari H, Babamahmoodi F, Davoudi Badabi AR, Abbaskhani Davanloo A, Moradimajd P, Samaee H.
Combination Therapy with Remdisivir and Tocilizumab for COVID-19: Lessons for Futures Studies. Arch Clin Infect Dis
2020 Jun 20;15(4) [FREE Full text] [doi: 10.5812/archcid.103537]

33. Akinosoglou K, Velissaris D, Ziazias D, Davoulos C, Tousis A, Tsiotsios K, et al. Remdesivir and tocilizumab: Mix or
match. J Med Virol 2021 Jan;93(1):56-58 [FREE Full text] [doi: 10.1002/jmv.26117] [Medline: 32492200]

JMIR Public Health Surveill 2021 | vol. 7 | iss. 5 | e27609 | p. 5https://publichealth.jmir.org/2021/5/e27609
(page number not for citation purposes)

Ali et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://dx.doi.org/10.2214/AJR.20.22954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130038&dopt=Abstract
https://www.thno.org/v10p6372.htm
http://dx.doi.org/10.7150/thno.46833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32483458&dopt=Abstract
https://www.impactaging.com/full/12/6049
http://dx.doi.org/10.18632/aging.103000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32267833&dopt=Abstract
https://doi.org/10.1038/s41392-020-00310-8
http://dx.doi.org/10.1038/s41392-020-00310-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32934211&dopt=Abstract
http://dx.doi.org/10.1038/s41591-020-1088-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32934372&dopt=Abstract
http://dx.doi.org/10.1126/science.abb8925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32303591&dopt=Abstract
http://europepmc.org/abstract/MED/32905500
http://dx.doi.org/10.7759/cureus.9540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32905500&dopt=Abstract
http://dx.doi.org/10.23812/CONTI-E
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32171193&dopt=Abstract
http://dx.doi.org/10.1111/eci.13362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32726868&dopt=Abstract
https://inflammregen.biomedcentral.com/articles/10.1186/s41232-020-00146-3
http://dx.doi.org/10.1186/s41232-020-00146-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33014208&dopt=Abstract
http://europepmc.org/abstract/MED/32745524
http://dx.doi.org/10.1016/j.clim.2020.108550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32745524&dopt=Abstract
http://europepmc.org/abstract/MED/32479759
http://dx.doi.org/10.1016/j.jaci.2020.05.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32479759&dopt=Abstract
http://europepmc.org/abstract/MED/32678530
http://dx.doi.org/10.1056/NEJMoa2021436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32678530&dopt=Abstract
http://europepmc.org/abstract/MED/32557541
http://dx.doi.org/10.1002/jcph.1693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32557541&dopt=Abstract
http://www.pnas.org/cgi/pmidlookup?view=long&pmid=32350134
http://dx.doi.org/10.1073/pnas.2005615117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32350134&dopt=Abstract
http://europepmc.org/abstract/MED/32835257
http://dx.doi.org/10.1016/S2665-9913(20)30173-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32835257&dopt=Abstract
http://europepmc.org/abstract/MED/32445440
http://dx.doi.org/10.1056/NEJMoa2007764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32445440&dopt=Abstract
http://europepmc.org/abstract/MED/32870481
http://dx.doi.org/10.1007/s40265-020-01378-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32870481&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/M20-5752?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://www.acpjournals.org/doi/abs/10.7326/M20-5752?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.7326/M20-5752
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33017170&dopt=Abstract
http://europepmc.org/abstract/MED/33264556
http://europepmc.org/abstract/MED/33264556
http://dx.doi.org/10.1056/NEJMoa2023184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33264556&dopt=Abstract
http://dx.doi.org/10.34172/jnp.2021.10
https://doi.org/10.5812/archcid.103537
http://dx.doi.org/10.5812/archcid.103537
http://europepmc.org/abstract/MED/32492200
http://dx.doi.org/10.1002/jmv.26117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32492200&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
ARDS: acute respiratory distress syndrome
BD: twice daily
CPT: convalescent plasma therapy
CRP: C reactive protein
CRS: cytokine release syndrome
CT: computed tomography
FiO2: fraction of inspired oxygen
GGO: ground glass opacity
IL: interleukin
OD: once daily
PEEP: positive end-expiratory pressure
PSV: pressure support ventilation.
RT–PCR: reverse transcription–polymerase chain reaction
SpO2: oxygen saturation
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