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Abstract

The novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes coronavirus 
disease 2019 (COVID-19) and has created a worldwide pandemic. Many patients with this 
infection have an asymptomatic or mild illness, but a small percentage of patients require 
hospitalization and intensive care. Patients with respiratory tract involvement have a spec-
trum of presentations that range from scattered ground-glass infiltrates to diffuse infiltrates 
with consolidation. Patients with the latter radiographic presentation have severe hypoxemia 
and usually require mechanical ventilation. In addition, some patients develop multiorgan fail-
ure, deep venous thrombi with pulmonary emboli, and cytokine storm syndrome. The respira-
tory management of these patients should focus on using low tidal volume ventilation with 
low intrathoracic pressures. Some patients have significant recruitable lung and may benefit 
from higher positive end-expiratory pressure (PEEP) levels and/or prone positioning. There 
is no well-established anti-viral treatment for this infection; the United States Food and Drug 
Administration (FDA) has provided emergency use authorization for convalescent plasma and 
remdesivir for the treatment of patients with COVID-19. In addition, randomized trials have 
demonstrated that dexamethasone improves outcomes in patients on mechanical ventilators 
or on oxygen. There are ongoing trials of other drugs which have the potential to moder-
ate the acute inflammatory state seen in some of these patients. These patients often need 
prolonged high-level intensive care. Hospitals are confronted with significant challenges in 
patient management, supply management, health care worker safety, and health care worker 
burnout.
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Introduction

The novel severe acute respiratory 
syndrome coronavirus 2 (SARS-
CoV-2) causes coronavirus disease 

2019 (COVID-19) and has created a world-
wide pandemic. As of October 4, 2020, 
there were 34 804 348 confirmed cases 
throughout the world (216 countries) with 

1 030 738 deaths (https://covid19.who.
int/), translating to an overall mortality 
rate of approximately 3.0%. The number 
of confirmed cases in the United States 
was 7 256 234 with 207 366 deaths. Many 
patients with this infection have an asymp-
tomatic or mild illness. However, some pa-
tients present with severe acute respiratory 
distress syndrome (ARDS) with significant 
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hypoxemia and require hospitalization 
and intensive care. This review provides 
up-to-date information on the characteris-
tics of this virus, the clinical presentations 
including radiology, pathophysiology, lung 
pathology, and current treatment options.

Virology

Virus Characteristics

The recent COVID-19 pandemic has led 
to increased research on the specific char-
acteristics of SARS-CoV-2 to better un-
derstand viral structure, macromolecular 
function, and pathogenicity. SARS-CoV-2 
is a β-coronavirus that is single stranded, 
non-segmented, enveloped, and positive-
sense RNA virus measuring about 65–72.5 
nm in diameter (Fig 1).1,2 The genome of 
coronaviruses ranges from 26 to 32 kilo-
bases in length.3 The SARS-CoV-2 genome 
contains 14 open reading frames that en-
code for 27 proteins, which include four 

structural proteins, namely spike protein 
(S), envelope protein (E), membrane pro-
tein (M), and nucleocapsid protein (N); 
16 nonstructural proteins (nsp 1–16); and 
5–8 accessory proteins. SARS-CoV-2 uses 
the human angiotensin converting enzyme 
2 (ACE2) receptor to enter and infect hu-
man cells.4-6 The mechanism of binding 
and entry of SARS-CoV-2 is mediated 
mainly by the S protein, which can be fur-
ther divided into the S1 and S2 subunits.5,6 

Subunit S1 serves as the main protein 
assisting with viral binding onto a host 
cell; S2 facilitates fusion of the virus into 
the host membranes.1 The S protein itself 
has been shown to exist as a trimer. The 
S1 trimer is later removed for viral entry.4 
To enter a host cell, all coronavirus S pro-
teins are further cleaved at the S2ʹ site by 
host proteases, changing its conformation 
and allowing fusion of viral and host mem-
branes. In SARS-CoV-2, a furin cleavage 
occurs in the Golgi apparatus in a specific 
site at the boundary between S1 and S2, 
unique to this viral subtype.4 Experiments 
with amino acid mutations in the furin 
cleavage site concluded that the four ami-
no acids present at this site are not neces-
sary for viral entry as both mutated viruses 
(conservation of only arginine at pos 685) 
and non-mutated viruses have entry into 
the host. However, due to the unique na-
ture of the furin cleavage site on SARS-
CoV-2 in comparison to other SARS-CoVs, 
this site has been hypothesized to poten-
tially increase viral infectivity.4 

The S1 subunit contains a receptor bind-
ing domain that binds to the ACE2 pepti-
dase domain.7 Shang, et al, demonstrated 
increased binding affinity of SARS-CoV-2 
receptor binding domain to ACE2 in com-
parison to SARS-CoV, due mainly to the 
presence of a proline-proline-alanine mo-
tif in SARS-CoV-2, allowing for a favorable 
turn to be made when binding.5 Wang, et 
al, confirmed this increased affinity bind-
ing using surface plasmon resonance as-

Figure 1: SARS-CoV-2 structure. Source: Wikimedia, file: 
Coronavirus virion structure.svg, accessed September 5, 2020.
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says, demonstrating a 4-fold higher af-
finity of SARS-CoV-2 to human ACE2 in 
comparison to SARS-CoV.6

Genome sequencing of SARS-CoV-2 
compared to other human and animal vi-
rus genomes demonstrates a close rela-
tion to the several other viruses, including 
bat-SL-CoV2XC21 and bat-SL-CoV2C45.8 
Examination of specific sequences within 
each viral genome showed a greater than 
90% sequence similarity. However, the 
spike protein on the membrane of the vi-
rus demonstrated a lower sequence iden-
tity at 80%.8 Lu, et al, further hypothesized 
that due to a similarity observed in the ge-
nome sequences between SARS-CoV and 
SARS-CoV-2 that perhaps the novel 2019 
coronavirus uses the same ACE2 recep-
tor.7 Anderson, et al, mentions the 96% 
identical nature of RaTG13 from the Rhi-
nolopphus affinus bat with SARS-CoV-2; 
however, once again the spike exhibits dif-
ferences in the receptor binding domain, 
further demonstrating effective adaptive 
binding of SARS-CoV-2 to human ACE2 
and hypothesized evolution of SARS-
CoV-2 from RaTg13.5,9 Examination of the 
genome and sequence identity has aided in 
understanding the SARS-CoV-2 evolution 
and may help researchers target specific 
viral components to reduce pathogenicity.

In Vitro Growth Studies

The isolation of SARS-CoV-2 has allowed 
the use of cell culture and organoid cul-
tures to study viral characteristics, such as 
replication, lifecycle, stability, and patho-
genesis. Furthermore, the in vitro setting 
of these studies allows for the evaluation of 
antiviral drug therapy and antibodies that 
can block viral infection and could contrib-
ute to the development of vaccines. 

Cell lines from human epithelial airway 
cells develop cytopathic effects after infec-
tion with SARS-CoV-2. These cells express 
both ACE2 and transmembrane serine 
proteinase 2 (TMPRSS2). However, hu-

man cell lines are expensive and are not 
infinitely proliferative.10 Other cell lines, 
such as Vero cells, derived from the kidney 
of the African green monkey, can support 
viral replication resulting in high titers of 
viral particles and can replicate continu-
ously in cell culture.11 In particular, Vero 
E6 cells are used to replicate SARS-CoV-2 
due to the lack of interferon (IFN), which 
allows viral entry and replication, and the 
expression of ACE2 on cell membranes.10 
Vieira, et al, reported that the predomi-
nant changes in Vero E6 cells after SARS-
CoV-2 infection include mitochondrial de-
generation, increased ribosomal thickness 
and quantity, intense smooth vesicle pro-
liferation, and thickening of both the nu-
clear membrane and rough endoplasmic 
reticulum.12 These investigators observed 
nucleocapsids in the cisterns of the rough 
endoplasmic reticulum, suggesting it as a 
site for viral assembly. The viral progeny 
is then released by fusing smooth vesicles 
with the cell membrane.12 

Cell lines can be used to study thera-
peutic agents. In one experiment, remdesi-
vir demonstrated antiviral activity in an in 
vitro cell line.13 Studies with Vero E6 cells 
also demonstrated the immunomodula-
tory effects of chloroquine as a viral infec-
tion and replication inhibitor.13 Still, there 
are substantial differences between study-
ing cultured cells instead of whole organs, 
such as the lungs, liver, kidney, and gastro-
intestinal (GI) tract, infected by the virus.

Using in vitro organoids allows the 
pathophysiology of SARS-CoV-2 to be 
studied in a more holistic manner and al-
lows antiviral drug testing without the ex-
pense and ethical concerns of animal mod-
els.14 Research studies have demonstrated 
that SARS-CoV-2 can directly infect both 
human blood vessel and kidney organoids, 
and that this infection can be inhibited by 
human recombinant soluble ACE2.15 Fur-
thermore, a study focusing on developing 
organoids of the GI tract demonstrates that 
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the virus readily replicates in enterocytes, 
which have a high ACE2 expression.16 This 
could lead to the possibility that the GI 
tract serves as a site for viral replication 
and could help explain why diarrhea is 
commonly observed in infected patients. 
Human bronchial organoids also demon-
strated permissiveness to the SARS-CoV-2 
virus.10 Furthermore, liver organoids had 
impaired cholangiocytes, which provide 
bile transportation.10 These organoid stud-
ies could have value in therapeutic anti-
viral trials. One study established human 
capillary and kidney organoids and im-
plemented a human recombinant soluble 
ACE2 (hrsACE2) therapy, concluding that 
hrsACE2 reduces SARS-CoV-2 infections 
in a dose-dependent manner.15 In another 
experiment, liver organoids were infected 
with SARS-CoV-2 and exposed to barici-
tinib, which reduced the viral load by in-
hibiting Janus kinases (JAK) and Numb-
associated kinases (NAK).17 Although these 
experimental approaches provide valuable 
information, it is important to recognize 
that isolated organoids cannot demon-
strate the systemic effects of SARS-CoV-2 
as well as an animal model can.18 

Diagnosis

The identification of COVID-19 requires 
upper respiratory tract secretions to iden-
tify viral RNA or viral antigens. Viral RNA 
is identified using reverse transcription 
polymerase chain reaction (RT-PCR) as-
says. There are multiple assays available 
that appear to have good sensitivity.19 Viral 
infection can also be established by iden-
tifying specific viral proteins in upper air-
way secretions. Most assays try to identify 
the COVID-19 spike protein. These assays 
are potentially much faster. However, all 
assays have the potential to provide false-
negative results due to poor specimen col-
lection, laboratory errors, low levels of 
viral RNA, or low levels of viral protein in 

secretions.

Clinical Presentation

SARS-CoV-2 infections can be asymp-
tomatic or associated with COVID-19.20 
The clinical presentation of these patients 
includes constitutional symptoms and 
symptoms specific to various organ sys-
tems including the respiratory tract, GI 
tract, central nervous system (CNS), skin, 
and oral and nasal tissue.

In a systematic review and meta-analysis 
of 656 patients reported by Rodriguez, et 
al, fever occurred in 88.7% of confirmed 
patients.21 Another meta-analysis of 31 ar-
ticles and 46 959 patients shows that the 
most common clinical manifestations are 
fever (87.3%), muscle soreness or fatigue 
(35.5%), and chest distress (31.2%).22 Fe-
ver was the most common symptoms in 
five retrospective clinical studies reviewed 
by Lovato, et al, and was reported in 85.6% 
of 1556 hospitalized patients with CO-
VID-19; 39.4% of these patients also had 
fatigue.23 Fever was also the most common 
presenting symptom in a meta-analysis by 
Tahvildari, et al, who included 80 articles 
and analyzed 417 COVID-19 patients.24 In 
this study, it was the most common pre-
senting symptom in patients who tested 
positive for COVID-19 and was reported in 
up to 62% of patients in 82% of the ana-
lyzed studies. Other symptoms including 
dizziness and chills, were reported less fre-
quently.24

Katal, et al, found that CNS involve-
ment in coronavirus infection occurs in 
more than one-third of the hospitalized 
patients with various degrees of severity 
ranging from mild to life-threatening con-
ditions. Myalgia, headache, cerebrovascu-
lar disease, and encephalopathy are the 
most common CNS manifestations associ-
ated with COVID-19.25

Respiratory manifestations with CO-
VID-19 include a spectrum that ranges 
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from dry cough and dyspnea to pneumo-
nia, pulmonary edema, ARDS, and multi-
organ failures, requiring hospitalization in 
intensive care units and leading to death 
in severe cases.20 A systematic review with 
meta-analysis of 660 articles by Rodri-
guez, et al, reports that cough (57.6%) and 
dyspnea (45.6%) are the most frequent 
symptoms.21 A meta-analysis of 46 959 pa-
tients shows that cough occurs in 58.1%, 
dyspnea in 38.3%, and chest distress in 
31.2% of patients.22 Five retrospective clin-
ical studies of 1556 hospitalized patients 
with COVID-19 reveal cough as a common 
symptom (68.7%); nasal congestion is re-
ported in 3.7%; rhinorrhea is rare.23

In addition to the respiratory manifes-
tations, patients with COVID-19 frequent-
ly present with GI symptoms, which can 
occur in up to 26% of patients.26 The most 
common GI presentation in patients with 
COVID-19 is diarrhea (3.8%–34%) fol-
lowed by nausea and/or vomiting (3.9%–
10.1%) and abdominal pain (1.1%–2.2%). 
Other common GI symptoms reported in 
these patients include anorexia, anosmia, 
and dysgeusia. Moreover, a few COVID-19 
case studies and case series have reported 
cases with GI symptoms preceding respi-
ratory symptoms, with some patients pre-
senting with GI symptoms without respi-
ratory symptoms.26 A systematic review of 
clinical studies by D'Amico, et al, reported 
diarrhea in 2%–50% of cases. It may pre-
cede or follow respiratory symptoms. A 
pooled analysis revealed an overall per-
centage of diarrhea at onset of 10.4%.27 
Pooled data from five retrospective clinical 
studies of 1556 hospitalized patients with 
COVID-19 revealed that pharyngodynia is 
present in 12.4% of patients.23

A systematic review of 1457 patients 
with different ethnicities by Costa, et al, 
showed that 885 patients (60.7%) had 
smell disorders and 822 patients (56.4%) 
had taste disorders with varying intensity, 
with women more often affected.28 This 

olfactory/gustatory dysfunction (OGD) oc-
curred even without nasal obstruction/rhi-
norrhea and can precede other COVID-19 
signs and symptoms. The recovery of 
smell/taste, when it occurs, usually occurs 
in the first two weeks after COVID-19 reso-
lution. Olfactory/gustatory dysfunction is 
a strong predictor of infection by SARS-
CoV-2 and should be considered a part of 
the clinical features of COVID-19, even in 
mild cases.28 Agyeman, et al, estimated the 
prevalence of OGDs in COVID-19 patients 
in a systematic review.29 Twenty-four stud-
ies with 8438 patients with confirmed CO-
VID-19 infection from 13 countries were 
analyzed. The pooled proportions of pa-
tients presenting with olfactory or gusta-
tory symptoms were 41.0% and 38.2%, 
respectively. Increasing age was inversely 
correlated with the prevalence of OGD. A 
higher prevalence of olfactory dysfunction 
was found using objective measurements 
than with self-reports. No significant dif-
ferences in the prevalence of OGDs by sex 
of patient were observed.29

A systematic review of 44 articles that 
included 507 patients with cutaneous 
manifestations was summarized by Zhao, 
et al.30 The skin lesions were polymorphic, 
erythematous, and chilblain-like. Urticar-
ial lesions were most common, occurring 
on an average of 9.9 days (range 1–30) af-
ter the onset of systemic symptoms.30

Radiology

Early diagnosis of COVID-19 is vital for 
prompt clinical intervention and reduc-
tion of transmission to other individuals. 
Therefore, imaging has been proposed as a 
supporting diagnostic method in addition 
to the gold-standard testing with RT-PCR 
assays. Chest radiographs have low diag-
nostic yield in the early stages of the in-
fection. However, infiltrates on computed 
tomography (CT) scans of the thorax have 
occasionally preceded symptom onset.31 
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Given its high sensitivity, multiple stud-
ies have established a significant role for 
CT scans in the diagnosis of COVID-19 pa-
tients. However, most radiology organiza-
tions and several scientific societies have 
recommended against the routine use of 
CT for the screening for COVID-19.32

Ai and colleagues first determined the 
diagnostic value of chest CT scans in pa-
tients with COVID-19. A total of 1014 
patients with suspected COVID-19 un-
derwent chest CT scans and RT-PCR. Of 
those, 601 (59%) had positive RT-PCR 
results; abnormal chest CT findings were 
present in 97% of the 601 patients. Using 
RT-PCR as the gold-standard diagnostic 
reference for COVID-19, their results show 
that the sensitivity and specificity of CT 
scans are 97% and 25%, respectively. The 
high false-positive rate of CT scans in de-
tecting abnormal lung changes could be at-
tributed to significant overlap with pneu-
monia caused by other pathogens, such as 
other respiratory viruses. An additional 
analysis of 258 patients who underwent 
multiple RT-PCR tests indicated that 15 of 
these patients had conversion from an ini-
tial negative to a positive test result. The 
initial chest CT scans were positive in 67% 

of these patients, and 93% of the patients 
presented with typical CT images consis-
tent with COVID-19 diagnosis.33

In a systemic review done by Ojha, et 
al, who included 4410 adult patients with 
confirmed COVID-19, CT imaging was in-
dicated in patients with specific criteria, 
including moderate-to-severe pneumonia, 
worsening respiratory status, possible risk 
for progression, or hypoxemia after recov-
ery. In those subgroups, CT scans in com-
bination with laboratory testing were used 
to diagnose COVID-19 and monitor the re-
sponse to treatment.34 In this review, the 
most common radiological pattern across 
all the CT scans performed was ground-
glass opacities (GGOs), detected in 50.2%, 
followed by mixed GGOs plus consolida-
tion pattern in 44.4%, and consolidation 
in 24.2%. A reticular pattern was found 
in 9.9%. The hallmark distribution of the 
opacities was bilateral, mostly peripheral/
subpleural, and mainly located posteri-
orly in the lungs. Less common findings 
included cavitation (0.1%), pleural effu-
sions (5%), mediastinal lymphadenopathy 
(5.4%), pericardial effusions (3.6%), and a 
reverse halo sign (2.4%).34

Wang, et al, described the serial changes 

Figure 2: Ground-glass opacities on computed tomography in a patient with COVID-19. Source: Wikimedia, file: 
COVID19CT2.webp, accessed September 5, 2020.
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in the pulmonary parenchymal abnormali-
ties over time in 90 COVID-19 infected pa-
tients. The predominant pattern detected 
after symptoms onset was GGOs (65% on 
illness days 0–5), which gradually pro-
gressed to a mixed pattern of GGOs plus 
consolidations (38% in the third week). 
Most of these patients (94%) had residual 
lesions at the time of discharge, and the 
majority of these were GGOs.35

Pan, et al, also described similar find-
ings, with GGOs (75%) being the most 
common imaging manifestations at 0–4 
days from the onset of symptoms pro-
gressing to a crazy paving pattern (53%) at 
5–8 days.31 Ai, et al, pointed out that con-
solidations (91%) were the most common 
manifestation at 9–13 days, with gradual 
resolution of consolidations (75%) at more 
than 14 days of symptom onset. The find-
ings peaked at 10 days in this study.35

In summary, CT imaging can be used in 
the early diagnosis, evaluation of disease 
progression, and monitoring response to 
therapy. The most common CT manifesta-
tions are bilateral, peripheral/subpleural, 
posterior GGOs with/without consolida-
tions with a lower lobe predominance 
(Fig 2). Since information is continuously 
evolving with new studies, it is essential for 
clinicians and radiologists to have updates 
on various manifestations of COVID-19 on 
CT scans, so that they can contribute to the 
management of these patients. 

Pathology

Patients with a COVID-19 and acute re-
spiratory failure usually have abnormal 
chest x-rays with infiltrates that range 
from patchy ground-glass infiltrates to dif-
fuse areas of consolidation. Autopsy stud-
ies in these patients have shown impor-
tant abnormalities in the alveolar spaces 
and pulmonary vasculature. Schaller and 
colleagues conducted autopsies on 10 pa-
tients with COVID-19 who died in a Ger-

man hospital.36 All patients had dissemi-
nated diffuse alveolar damage at different 
stages, usually more prominent in middle 
and lower lung fields (Fig 3). Nine patients 
had acute diffuse alveolar damage with 
hyaline membranes, intra-alveolar edema, 
and thickened alveolar septa with perivas-
cular lymphocyte infiltration. Ten patients 
had organizing diffuse alveolar damage 
with pronounced fibroblastic prolifera-
tion, partial fibrosis, pneumocyte hyper-
plasia, and patchy lymphocyte infiltration. 
One patient had fully established fibrosis; 
four patients had mild lymphocytic myo-
carditis. At the time of autopsy, the virus 
was detected in the respiratory tract in all 
patients. These patients had a mean age of 
79 and significant comorbidity.

Carsana, et al, studied 38 patients who 
died in two hospitals in northern Italy in 
March 2020.37 All autopsies showed fea-
tures of exudative and proliferative dif-
fuse alveolar damage with capillary con-
gestion, necrosis of pneumocytes, hyaline 
membranes, interstitial and intra-alveolar 
edema, type II pneumocyte hyperplasia, 
squamous metaplasia, and platelet fibrin 
thrombi (Fig 3). Inflammatory infiltrates 
were largely macrophages in the alveolar 
lumen and lymphocytes in the intersti-
tium. Electron microscopy revealed viral 
particles in pneumocytes.

Ackermann and co-workers compared 
seven lungs obtained at autopsy from pa-
tients who died of COVID-19 with seven 
lungs from patients who died from H1N1 
influenza.38 The main histologic pattern 
was diffuse alveolar damage with necro-
sis of the alveolar lining cells, pneumocyte 
type II hyperplasia, and intra-alveolar fi-
brin deposition. Perivascular T-cell in-
filtration was also present. Lungs from 
patients with COVID-19 had severe endo-
thelial injury associated with the presence 
of intracellular virus and disrupted cellular 
membranes. Pulmonary vessels in these 
patients had a widespread thrombosis 
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with microangiopathy. Alveolar capillary 
microthrombi were nine times more prev-
alent in patients with COVID-19 than in 
patients who had influenza infection. Pa-
tients with COVID-19 infection had signifi-
cant amounts of new vessel growth based 
on the mechanism of intussusceptive an-
giogenesis. These lungs also contained 
angiogenesis secondary to conventional 
sprouting; these angiographic features 
appeared to increase as a function of the 
length of hospital stay. ACE2 expression 
was much higher in epithelial cells and en-
dothelial cells from patients in the lungs of 
patients who died from COVID-19.

Grosse studied 14 lungs from patients 

who died with COVID-19. All lungs con-
tained bilateral diffuse alveolar damage; 
11 of the 14 lungs had acute broncho-
pneumonia.39 These lungs also contained 
thrombotic/thromboembolic vascular oc-
clusions. Eleven patients had capillary 
microthrombi, five patients had thrombi 
in midsize pulmonary vessels with com-
plete vessel occlusion, one patient had 
bone marrow emboli, and one patient had 
septic emboli. All patients had pulmonary 
hemorrhage that ranged from mild to 
marked, and two patients had pulmonary 
infarction. Four patients had deep venous 
thrombi, but no patient had thrombi in 
any other organs, including heart, kidney, 

COVID-19

Figure 3: Pulmonary Pathology. A. Diffuse alveolar damage with minimal lymphocyte infiltration; B–D. Fibrinous mi-
crothrombi in small-sized pulmonary arterioles. Reused with permission from John Wiley and Sons. Source: Journal 
of Thrombosis and Haemostasis. doi: 10.1111/jth.14844 (accessed September 22, 2020).
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liver, spleen, and brain. 
In summary, lungs from patients with 

COVID-19 have the typical features of 
ARDS, which include an exudative phase, 
an inflammatory phase, and a fibrotic 
phase. There is extensive injury to the en-
dothelium with new vessel formation based 
on the mechanism of intussusception, and 
there is formation of microthrombi in cap-
illaries. There are increased levels of ACE2, 
and virus is present in endothelial and epi-
thelial cells and in extracellular locations. 
These pathologic changes should increase 
diffusion distances for oxygen and carbon 
dioxide transfer, abnormalities in alveolar 
spaces, interstitium, and pulmonary ves-
sels create very abnormal ventilation-per-
fusion relationships, and diffuse infiltrates 
reduce lung compliance.

Pathophysiology

Acute Respiratory Failure

Hypoxemia

Patients with COVID-19 and acute respi-
ratory failure can have significant hypox-
emia but do not always have significant 
dyspnea associated with the low oxygen 
saturations. This has led to several com-
mentaries that try to explain these obser-
vations.40 This presentation often involves 
patients who have minimal radiographic 
infiltration and consequently may not 
have increased work of breathing or stim-
ulation of the J receptors in the lung pa-
renchyma. Viral effects on the autonomic 
nervous system, carotid bodies, and the 
CNS could reduce the transmission of in-
formation related to hypoxemia or reduce 
the CNS’s “interpretation,” ie, dyspnea, of 
hypoxemia.40 In addition, older patients 
and patients with diabetes have decreased 
respiratory responses to hypoxemia. The 
response to hypoxemia is also significantly 
increased in patients who also have hyper-

capnia, which is unusual in patients with 
COVID-19 during the initial phase of the 
respiratory syndrome. Finally, this presen-
tation likely occurs in other patients with 
non-COVID-19 ARDS during the initial 
phase of the clinical course but has not re-
ceived much attention from clinicians.

The pathophysiologic explanations for 
hypoxemia in patients with COVID-19 in-
clude pronounced ventilation-perfusion 
abnormalities (V/Q mismatch), right-to-
left shunts, and possibly diffusion limita-
tion. Pathological studies in these patients 
indicate that they have diffuse lung dis-
ease with the typical pathologic features 
of ARDS. However, they also have signifi-
cant vascular disease with microthrombi 
and new vessel formation. The presence of 
microthrombi should cause redistribution 
of blood flow from those regions to other 
regions of the lung, which potentially cre-
ates more V/Q mismatch. Reynolds, et al, 
used contrast enhanced transcranial Dop-
pler of the middle cerebral arteries follow-
ing the injection of agitated saline to iden-
tify shunts in the lung.41 They found that 
83% (15/18) of patients had detectable 
microbubbles. The p

a
O

2
/f

i
O

2
 ratio was in-

versely correlated with the number of mi-
crobubbles. In addition, the number of mi-
crobubbles was inversely correlated with 
lung compliance. This study suggests that 
patients with COVID-19 have dilatation of 
the pulmonary vasculature which allows 
the bubbles of approximately 24 µm in di-
ameter to pass through the lung parenchy-
ma into the systemic circulation. Vascular 
disease in these patients may limit auto-
regulation and reduce the possibility of 
internal adjustment of V/Q relationships 
to maintain better gas exchange. In addi-
tion, changes in vascular permeability in-
crease the potential for fluid accumulation 
which in turn further aggravates gas ex-
change. Finally, rapid blood flow through 
narrowed capillaries could limit the time 
available for diffusion and contribute to 
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hypoxemia.

Compliance 

Some patients requiring mechanical venti-
lation for significant hypoxemia have had 
surprisingly normal lung compliance. This 
has led to the idea that the lung disease in 
these patients may differ from the usual 
disease seen in patients with other causes 
of ARDS. However, information collected 
on larger numbers of patients who require 
mechanical ventilation would suggest that 
compliance tends to be in the expected 
range for ARDS. Fan, et al, summarized 
information from seven studies reporting 
details regarding gas exchange and pres-
sure-volume characteristics of the lung 
in patients with COVID-19.42 The median 
p

a
O

2
/f

i
O

2
 ratio ranged from 103 to 182 

mm Hg in 1914 patients; the median f
i
O

2
 

ranged from 70% to 100% in 1581 patients; 
the median compliance ranged from 26 to 
35 mL/cm H

2
O in 614 patients; the median 

plateau pressure ranged from 21 to 27 cm 
H

2
O in 652 patients; and the median PEEP 

ranged from 10 to 15 cm H
2
O in 1928 pa-

tients. In general, these patients had very 
poor gas exchange and reduced lung com-
pliance in the expected range for ARDS pa-
tients. Less than 50% of patients in these 
various studies underwent prone position-
ing during their management.

Phenotypes

Patients with acute respiratory failure 
secondary to COVID-19 have a spectrum 
of clinical presentations that range from 
significant hypoxemia and relatively clear 
chest x-rays to significant hypoxemia and 
very abnormal chest x-rays. These obser-
vations have suggested that there are two 
phenotypes. Some patients have hypox-
emia with low V/Q relationships, low lung 
weights, low lung elastance (high compli-
ance), and low recruitability with PEEP.43 
At the other end of the spectrum, some 
patients have high right-to-left shunts, 

high lung weights, high lung elastance 
(low compliance), and high recruitability 
with PEEP. These two phenotypes suggest 
that some patients have pulmonary dis-
ease with a mild or benign clinical course 
and do not progress to the point at which 
they require mechanical ventilation. Other 
patients have a severe clinical course and 
eventually require mechanical ventilation 
and often have high mortality rates.

Mechanical ventilation

The management of patients with acute 
respiratory distress requiring mechani-
cal ventilation should focus on the stan-
dard approach used in other patients with 
ARDS.44 This approach should include the 
use of low tidal volumes (6–8 mL/kg ideal 
body weight) and low plateau pressures 
(<30 cm H

2
O). Ideally, the driving pres-

sure should be <15 cm H
2
O. These patients 

may benefit from a relatively “high” PEEP 
level to increase lung recruitment. The f

i
O

2
 

should be maintained at the lowest pos-
sible level resulting in O

2
 saturations in the 

range of 88%–92%. Some patients will de-
velop hypercapnia, which does not neces-
sarily require changes in ventilator param-
eters unless the arterial pH is below 7.2. 
Clinicians should strongly consider the 
possibility of prone positioning in patients 
with severe hypoxemia defined by a p

a
O

2
/

f
i
O

2
 ratio <150 mm Hg.45 These patients 

are at increased risk for self-induced lung 
injury if they make excessive effort during 
inspiration and increase transpulmonary 
pressure.46 This is relatively difficult to de-
tect and is best studied using esophageal 
balloons to measure intrapleural pressures 
to calculate transpulmonary pressures.

Hypercoagulability 

A prominent complication in patients 
with severe COVID-19 is hypercoagulabil-
ity, which leads to thrombosis with more 
complicated disease courses and worse 
outcomes. Hypercoagulability can be iden-
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tified in these patients using routine labo-
ratory tests including increased D-dimer, 
fibrinogen, factor VIII, and von Willebrand 
factor (vWF) levels. A retrospective study 
in Wuhan, China, reported that 25% of 
hospitalized patients without thrombopro-
phylaxis developed lower extremity venous 
thromboembolism (VTE).47 A retrospec-
tive study in the Netherlands on hospital-
ized ICU patients with nadroparin throm-
boprophylaxis demonstrated an incidence 
of ischemic stroke in 2.5% of patients and 
an incidence of VTE in 27%, with 81% of 
those patients developing pulmonary em-
boli.48 In general, the incidence of arterial 
thrombosis in various studies was signifi-
cantly less at about 2.5%–3.7%.49 Several 
studies done on post-mortem COVID-19 
patients have identified microthrombi and 
widespread thrombosis.38,50 When com-
pared to patients with severe influenza, 
alveolar microthrombi were nine times 
more prevalent in COVID-19 patients.38 

Several mechanisms could explain the 
pathophysiology of the hypercoagulable 
state in COVID-19. These mechanisms 
include a pro-inflammatory state, ves-
sel wall injury, and stasis of blood flow. 
In critical illness, such as COVID-19, the 
coagulation cascade is activated by sys-
temic inflammation to limit the spread of 
infection.49 The systemic inflammatory 
response results in adaptive hemostasis 
and increased cytokine production. The 
inflammatory cytokines formed include 
IL-6, IL-7, TNF, CCL2, CCL3, and the IL2 
receptor, activating monocytes, neutro-
phils, and the endothelium.51 In one study, 
80% of the bronchoalveolar lavages from 
COVID-19 patients with severe respira-
tory failure contained abundant monocyte 
and macrophages, identified by CD4 and 
CD16 markers.51 These macrophages have 
excessive production of IL-6.51 In response 
to pro-inflammatory cytokines, mainly IL-
6, mononuclear cells express tissue factor 
and promote the generation of thrombin 

from prothrombin, triggering the coagula-
tion cascade and thus the hypercoagulable 
state.51 

A unique mechanism proposed to in-
duce hypercoagulability with SARS-CoV-2 
involves the virus binding to, activating, 
and directly damaging the endothelium. In 
the lung autopsies of COVID-19 patients, 
endothelial injury with an intracellular 
virus was identified in post-mortem pa-
tients.38 The SARS-CoV-2 spike (S) glyco-
protein binds to and fuses with the ACE2 
receptor on the endothelium to mediate 
cellular entry, consequently contributing 
to the shedding of ACE2 that normally de-
grades angiotensin II (ANGII).52 However, 
with the loss of ACE2 from viral internal-
ization, there is decreased degradation of 
ANGII, resulting in excess binding of AN-
GII to its receptor AT1R, thereby stimulat-
ing IL-6 release.52 Excess ANGII induces 
tissue factor and plasminogen activator 
1 expression and increases levels of vWF 
and factor VIII.53 These factors lead to the 
generation of thrombin, fibrin clot forma-
tion, and the hypercoagulable state of CO-
VID-19, contributing to the poor prognosis 
in patients.

Multiple observational studies have 
been performed on COVID-19 patients 
to identify the effect of anticoagulation 
on mortality. A study in New York city at 
Mount Sinai Hospital used Cox propor-
tional hazard models and found that me-
chanically ventilated COVID-19 patients 
on treatment-dose anticoagulation had 
an in-hospital mortality of 29.1% with a 
median survival of 21 days; patients with-
out treatment-dose anticoagulation had 
a mortality of 62.7% and median survival 
of 9 days.54 This study also showed the 
association between a longer duration of 
anticoagulation treatment and a reduced 
risk of mortality. A retrospective observa-
tional study in Tongji Hospital in Shang-
hai, China, on 449 severe patients reported 
a decrease in 28-day mortality in heparin 
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users compared to non-users for patients 
with a sepsis-induced coagulopathy score 
>4 (p=0.029) or D-dimer levels six times 
the upper limit of normal (p=0.017).55 
Many trials, including a double-blind ran-
domized controlled trial (Coagulopathy of 
COVID-19: A Pragmatic Randomized Con-
trolled Trial of Therapeutic Anticoagula-
tion versus Standard Care as a Rapid Re-
sponse to the COVID-19 Pandemic, RAPID 
COVID COAG, www.invent-vte.com/

studies/study/~815-rapid-covid-coag), 
comparing patients randomized to low-
dose anticoagulation to those randomized 
to high-dose anticoagulation, are still un-
derway to determine whether anticoagu-
lation decreases disease progression and 
death in COVID-19 patients. 

Cytokine Storm

Cytokine storm is defined as the hyperac-
tive immune response due to an infection 
producing an uninhibited, maladaptive 
release of pro-inflammatory cytokines. In 
patients infected with COVID-19, studies 
have suggested that cytokine storm corre-
lates with disease progression in patients.56 
In fact, one study demonstrated increased 
levels of pro-inflammatory cytokines, such 
as granulocyte colony-stimulating factor, 
IP-10, MCP-1, macrophage inflammatory 
protein 1A, and TNF-α, in COVID-19 ICU 
patients in comparison to patients in the 
general wards.56 Furthermore, the cyto-
kine storm positively correlates with the 
development of severe clinical manifesta-
tions, such as ARDS and extra-pulmonary 
organ failure.57 

In the early stages of an immune re-
sponse against viral infections, type 1 in-
terferons (INF) and IFN-a and b have key 
antiviral roles in the control of infection.58 
In vitro cell experiments of COVID-19 
demonstrated delayed release of cytokines 
and chemokines from respiratory epithe-
lial cells, with low levels of antiviral INFs 
and high levels of IL-IB, IL-6, TNF, CCL2, 

CCL3, and CCL5 in the later stages of in-
fection.59,60 The abnormal release of IFNs 
and IFN-a and b cytokines later in the in-
fection cycle hinders the normal antiviral 
response, and the hyperactive release of 
cytokines attracts neutrophils and mono-
cytes causing infiltration of inflammatory 
cells in the lungs and death in a murine 
model.59 Infiltration of inflammatory cells 
eventually leads to apoptosis of airway and 
alveolar epithelial cells.61 Consequently, 
the impaired pulmonary microvascular 
and alveolar epithelial cell barriers poten-
tiate vascular leakage, pulmonary edema, 
and ARDS. 

Cytokine storm is strongly associated 
with disease progression in older patients. 
Studies have suggested an upregulated 
cytokine response in elderly patients is 
a potential reason for the severe deterio-
ration in this age group. In one study on 
macaques (old world monkeys), despite 
similar SARS-CoV viral titers in aged ma-
caques and in young macaques, the aged 
macaques were more likely to develop an 
increase in differential expression of genes 
associated with inflammation, potentially 
causing more severe clinical manifesta-
tions in these animals.62 Reducing type 1 
IFN diminished the pathologic manifesta-
tions in this age group.62 In another study 
performed on aged SARS-CoV infected 
mice, viral replication induced delayed re-
lease of IFN-a and b with an influx of in-
flammatory mononuclear macrophages.63 
The rapid production of mononuclear 
macrophages through positive feedback 
contributed to the dysregulated, elevated 
pro-inflammatory cytokines, such as TNF, 
IL-6, IL-1b, and increasing the disease se-
verity.17 When the monocyte-macrophages 
were depleted and the inflammatory cyto-
kine TNF neutralized, the mice were pro-
tected against the lethality of the virus.63 
Similarly in humans, patients with a more 
severe disease course presented with high-
er levels of IL-2R and IL-6.57 With continu-
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ing evidence of immune dysregulation in 
COVID-19, reducing this response could 
alleviate the severe manifestations in some 
patients. 

Ye, et al, reviewed the pathogenesis 
and treatment of cytokine storm in CO-
VID-19.64 Multiple classes of medication 
were reviewed, including INF-γ, corti-
costeroids, intravenous immunoglobu-
lins, interleukin antagonists or blockers, 
and blood purification using plasma ex-
change, absorption, and filtration. Mehta 
and coworkers suggested a standardized 
scoring system should be used to identify 
patients with cytokine storm to provide 
more accurate diagnoses.65 Finally, Sinha 
and colleagues suggested that the inflam-
matory events associated with COVID-19 
are not necessarily more pronounced than 
the inflammatory events associated with 
some cohorts of patients with ARDS.66 In 
particular, patients with hyperinflamma-
tory ARDS have much higher levels of IL-6 
than patients with severe COVID-19. Con-
sequently, the best approach to managing 
cytokine storm is unclear at this time. 

Treatment

Various drugs and biological products 
have so far been proposed and used for 
the treatment of patients with COVID-19 
(Table 1).

Convalescent Plasma

Convalescent plasma transfusion (CPT) 
has been tested in the past during epidem-
ics and pandemics, such as the Spanish In-
fluenza in 1915–1917, severe acute respira-
tory syndrome (SARS) in 2003, influenza A 
(H1N1) in 2009, avian influenza A (H5N1), 
and Ebola. It is obtained from patients 
who recently recovered from a viral ill-
ness, expecting to have maximum levels of 
polyclonal antibodies directed against that 
virus. In the absence of definitive therapy 
for COVID-19 infection thus far, CPT may 

be a crucial treatment for this disease.67

There is a lack of randomized control 
trials investigating CPT in COVID-19 pa-
tients. Only two trials were published af-
ter being stopped prematurely.68,69 The 
first study was a randomized trial in the 
Netherlands organized by Gharbharan, et 
al, comparing CPT with usual care for hos-
pitalized COVID-19 patients. The primary 
endpoint was 60-day mortality. However, 
the study was terminated early after en-
rollment of 86 patients. Of the 66 patients 
tested, 53 already had anti-SARS-CoV-2 
antibodies at baseline, with neutralizeing 
antibodies in 79% and titers comparable to 
the donor plasma. Subsequently, the study 
was discontinued by a data safety monitor-
ing board due to concerns about the lack of 
benefit.68

The second clinical trial took place in 
seven medical centers in Wuhan, China, 
as an open-label, multicenter randomized 
clinical trial.69 A toal of 103 confirmed CO-
VID-19 patients with severe or life-threat-
ening illness were included. The primary 
endpoint was clinical improvement at 28 
days. There was statistically insignificant 
clinical improvement in patients in the 
convalescent plasma group (51.9%) com-
pared to the control group (43.1%). The pri-
mary outcome occurred in 91.3% of conva-
lescent plasma severe COVID-19 subgroup 
compared to the 68.2% of the controls in 
this subgroup (p=0.03). No significant dif-
ference was found in the primary outcome 
of 28-day mortality between the plasma 
group and the control group.69

An open-label multicenter cohort study 
across 2807 acute care centers in the 
United States with over 35 322 severe or 
life-threatening COVID-19 patients was 
conducted by Joyner, et al. The endpoints 
were 7- and 30-day mortality. The 7-day 
mortality was significantly lower in pa-
tients transfused with convalescent plas-
ma within three days of diagnosis com-
pared to those transfused 4 or more days 
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after diagnosis (8.7% vs 11.9%, p<0.001). 
The results were similar at 30-day mortal-
ity endpoint (p<0.001). Moreover, the 7- 
and 30-day mortality rates were inversely 
associated with the IgG antibody levels in 
the transfused plasma, with lower mortal-
ity observed with higher concentrations of 
antibodies.70

Rajendran, et al, analyzed five stud-
ies reporting CPT in COVID-19 patients. 
This review concluded that convalescent 
plasma reduced mortality in critically ill 
patients, increased neutralizing antibody 
titers, accelerated the disappearance of 
SARS-CoV-2 RNA, and improved clinical 
symptoms.71 Another systematic review by 
Sarkar, et al, reached the same conclusion 
after analyzing seven studies with 5444 
patients. The use of CPT seems to reduce 
mortality, increase viral clearance, and im-
prove the clinical condition in COVID-19 
patients.67

Based on these limited data, CPT ther-
apy in COVID-19 patients appears to be 
safe and reduces mortality. Nonetheless, 
despite these promising outcomes, more 
randomized control trials on a large scale 
need to be conducted for better evaluation.

Remdesivir

Remdesivir (Veklury®, GS-5734, 
C

27
H

35
N

6
O

8
P, MW-602.6 g/mole, Gilead 

Sciences Inc, United States) is a nucleoside 
analog prodrug that inhibits viral RNA-de-
pendent RNA polymerase.72 It was initially 
used to treat Ebola virus infections as an 
adenosine analog that incorporates into vi-
ral RNA, leading to inhibition of viral rep-
lication.73 In 2019, remdesivir infusion was 
administered for compassionate use to 
the first confirmed COVID-19 case in the 
United States. The patient was a 35-year-
old man who received it on the 7th day of 
hospitalization; it resulted in remarkable 
clinical improvement and discontinuation 
of supplemental oxygen by the 8th day.74

Subsequently, a larger study was per-

formed by Grein, et al, with 53 confirmed 
COVID-19 patients with hypoxia (room 
air oxygen saturation of ≤94%) who were 
treated with remdesivir. The loading dose 
was 200 mg on the first day followed by 9 
days of 100 mg infusions. Of those patients, 
68% demonstrated clinical improvement 
based on oxygen support, with 57% of the 
30 mechanically ventilated patients ex-
tubated and 47% of patients discharged. 
In total, the mortality rate was 13%; 60% 
developed adverse reactions, mainly he-
patic and renal dysfunction.75 Despite the 
encouraging results, the study had various 
limitations, including small sample size, 
lack of a comparison group, and missing 
data.76 

Clinical trials are currently underway 
in several countries, including the United 
States, Norway, Canada, France, and Chi-
na, in an attempt to adequately assess the 
efficacy of remdesivir. Although the length 
of treatment differs slightly, the dose of 
remdesivir is usually 200 mg on the first 
day, followed by 100 mg daily for the rest 
of the treatment period.77 The first ran-
domized controlled clinical trial of remde-
sivir for treatment of COVID-19 was done 
in China by Wang, et al. The study ana-
lyzed the treatment of 237 patients (158 
received remdesivir and 79 received pla-
cebo). The primary endpoint was the time 
needed to achieve clinical improvement. 
Despite the fact that the remdesivir group 
had a reduced time to clinical improve-
ment (18 vs 23 days), this outcome was 
statistically insignificant. No statistically 
significant mortality or morbidity benefits 
were associated with remdesivir.78 There 
are several limitations to these results ac-
cording to a systemic review published by 
Musa, et al. First, patients in the remdesi-
vir and placebo groups received additional 
drugs (INF-α, lopinavir-ritonavir, antibi-
otics, and corticosteroids) before and after 
enrollment. These additional drugs made 
it difficult to differentiate between the ef-
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fects of remdesivir and other treatments, 
especially since the placebo group received 
a higher percentage of these drugs. Second, 
36 patients stopped treatment due to ad-
verse reactions, reducing the sample size. 
Since the trial was terminated early, the 
statistical power was reduced from 80% to 
58% in identifying a difference. Although 
these findings do not support remdesivir 
to treat COVID-19, the limitations, miss-
ing data, and early termination may have 
affected the results.76

The Adaptive COVID-19 Treatment 
Trial (ACTT) is an ongoing double-blind 
randomized controlled trial of remdesivir. 
After the data and safety monitoring board 
performed a preliminary analysis of 1063 
patients, the National Institute of Allergy 
and Infectious Diseases reported in April 
2020 that remdesivir significantly reduced 
time-to-recovery compared to placebo (11 
vs 15 days, p<0.001). There was also a 
modest increase in survival (mortality at 14 
days 7.1% vs 11.9%) that approached sta-
tistical significance (p=0.059). Although 
preliminary findings are supportive, it re-
mains possible that the final results may 
differ at the conclusion of the trial. Nev-
ertheless, based on the ACTT and Gilead 
open-label trial, the US Food and Drug 
Administration issued an Emergency Use 
Authorization (EUA) for use of remdesivir 
for COVID-19 in May 2020.79

Clinicians should consider remdesivir 
administration based on the strength of 
evidence available in the literature so far, 
which suggests decreased time-to-recov-
ery and possibly increased survival.

Corticosteroids

Hyperimmune responses leading to un-
controlled inflammation could contribute 
to the ARDS and multiorgan failure seen in 
COVID-19 patients. For this reason, corti-
costeroids have been reasonably hypothe-
sized as a possible treatment in COVID-19 
infected patients to control this hyperin-

flammatory response.80

The COVID-19 Dexamethasone (Co-
DEX) randomized clinical trial by Bruno, 
et al, is a multicenter, open-label, random-
ized clinical trial conducted in 41 ICUs in 
Brazil. A total of 299 patients with COV-
ID-19 and moderate-to-severe ARDS were 
enrolled. The 151 patients assigned to the 
treatment group received 20 mg of dexa-
methasone intravenously daily for 5 days, 
followed by 10 mg of dexamethasone dai-
ly for 5 days or until ICU discharge, plus 
standard care. The results were compared 
to the 148 patients who received standard 
care alone. The results demonstrated a sig-
nificant (p=0.04) increase in the number 
of ventilator-free days in the dexametha-
sone group compared to the standard care 
group. There was no significant difference 
in the secondary outcomes, including all-
cause mortality, ICU-free days, mechani-
cal ventilation duration, or patients’ clini-
cal status.81

The Randomized Evaluation of CO-
VID-19 Therapy (RECOVERY) study is 
an open-label randomized controlled trial 
that compared the mortality in COVID-19 
patients who received dexamethasone to 
COVID-19 patients who received standard 
care alone in the United Kingdom. A total 
of 2104 patients received dexamethasone 6 
mg iv or orally up to 10 days; 4321 received 
standard care alone. The study concluded 
that the use of dexamethasone resulted in 
significant (p<0.001) lower 28-day mor-
tality. Stratification revealed that the 28-
day mortality was lower in those on either 
invasive mechanical ventilation or oxygen 
at randomization, but not in those on no 
respiratory support.82

Tocilizumab

Tocilizumab is a monoclonal antibody 
that selectively targets the interleukin-6 
(IL-6) receptor and is mainly used to treat 
rheumatoid arthritis. Severe COVID-19 
patients present with elevated inflamma-
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tory markers, and the elevation of IL-6 has 
been associated with the severity of infec-
tion. Therefore, tocilizumab has been pro-
posed as a potential treatment for severe 
COVID-19 infections.83

A retrospective cohort study on 630 
propensity-matched critically ill COV-
ID-19 patients was done by Biran, et al, 
where 210 patients received tocilizumab 
and were compared to the 420 patients 
in a control group. The mortality rate was 
57%, including 49% of the tocilizumab 
group and 61% of the control group. The 
median overall survival in patients receiv-
ing tocilizumab from date of admission 
was not reached; in non-tocilizumab users, 
the median overall survival was 19 days 
(p=0·003). Cox regression analysis noted 
an association between use of tocilizumab 
and decreased hospital related mortality 
(p=0·004).84

In a single-center cohort study con-
ducted on 154 mechanically ventilated 
patients by Somers, et al, 79 patients re-
ceived tocilizumab, and 76 patients served 
as the control group. This treatment had a 
45% reduction in hazard of death with im-
proved status on an ordinal outcome scale. 
Even though this study showed a statisti-
cally significant association between to-
cilizumab use and an increased risk of 
superinfections (54% vs 26%, p<0.001), 
there was still no difference in 28-day 
case fatality rate in tocilizumab-treated 
patients with superinfection compared to 
those without superinfection (22% vs 15%, 
p=0.42).85 A meta-analysis and systemat-
ic review conducted by Zhao included 10 
studies involving 1675 severe COVID-19 
patients. The result revealed a significant 
difference in mortality between the tocili-
zumab group (132/675, 19.5%) and control 
group (283/1000, 28.3%; p < 0.001), sug-
gesting the efficacy of tocilizumab treat-
ment for severe COVID-19.83

The first global, double-blind, placebo-
controlled randomized controlled trial with 

tocilizumab (COVACTA trial of Actemra/
RoActemra [tocilizumab] from Roche) is 
currently in phase III. However, as of July 
29, 2020, a Roche update indicated that 
this trial did not have promising results. 
The results of Actemra use showed that pa-
tients did not meet the primary endpoint 
of improved clinical status. Moreover, it 
did not meet the key secondary endpoint 
of reducing patient mortality. There was 
no significant difference in ventilator-free 
days between groups (median of 22 days 
in Actemra/RoActemra vs 16.5 days in pla-
cebo, p=0.32). Patients treated with tocili-
zumab did demonstrate shorter inpatient 
time compared to placebo. Nonetheless, it 
is not considered significant due to its not 
meeting the primary endpoint.86

Based on these limited data, there is 
still inadequate evidence that tocilizum-
ab improves outcomes in the treatment 
of COVID-19 patients. More randomized 
controlled trials need to be conducted pri-
or to using tocilizumab in COVID-19.

National Institutes of Health (USA) 
Expert Panel Recommendations87

i. The COVID-19 Treatment Guidelines 
Panel recommends using dexametha-
sone 6 mg/day for up to 10 days for 
the treatment of COVID-19 in patients 
who are mechanically ventilated and 
in patients who require supplemental 
oxygen but who are not mechanically 
ventilated.

ii. Because remdesivir supplies are lim-
ited, the panel recommends prioritiz-
ing remdesivir for use in hospitalized 
patients with COVID-19 who require 
supplemental oxygen but who do not 
require oxygen delivery through a 
high-flow device, noninvasive ventila-
tion, invasive mechanical ventilation, 
or extracorporeal membrane oxygen-
ation.

iii. The Panel recommends against the 
use of chloroquine or hydroxychloro-
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quine for the treatment of COVID-19 
in hospitalized patients. The Panel 
recommends against using hydroxy-
chloroquine plus azithromycin to 
treat COVID-19, except in a clinical 
trial.

iv. The Panel recommends against the 
use of the following immunomodu-
latory [drugs] for the treatment of 
COVID-19, except in a clinical trial. 
Examples include anti-IL-6 receptor 
monoclonal antibodies (eg, sarilumab 
and tocilizumab) and anti-IL-6 mono-
clonal antibody (siltuximab).

v. The panel concluded that there are 
insufficient data to recommend either 
for or against the use of convalescent 
plasma for the treatment of COV-
ID-19.

Hospital Management during the 
COVID-19 Pandemic

The COVID-19 pandemic has presented 
significant challenges to hospitals. In par-
ticular, the physical workload and emo-
tional stress in health care professionals 
has required hospitals to create protocols 
to maintain worker safety and to prevent 
burnout. Triage protocols for acute re-
spiratory infection admissions start with 
hospital entry point restrictions, including 
point of entry mask requirements.88 If pa-
tients are COVID-19 suspects, they are im-
mediately taken to an isolation room.88 To 
prevent transmission among health care 
providers, teams are usually established to 
reduce cross-transmission.88 If a member 
of one team is infected, then the rest of the 
team must quarantine, and this shifts work 
to other medical personnel. 

The key principle established in the 
majority of hospitals is central, regu-
lar communication between the hospi-
tal leadership and medical professionals. 
Centralized communication is organized 
and established weekly by one individual 

to alleviate the mass threads of informa-
tion sent by multiple individuals. This one 
individual provides updates on hospital 
metrics of number of cases, bed capacity, 
amount of available resources, and avail-
able staff.89 Part of the strategy focuses on 
allowing for two-way communication so 
that hospital providers are heard and have 
check-ins on an individual basis to demon-
strate a supportive environment.89 To pre-
vent additional burnout, focus leadership 
groups, targeting PPE, COVID-19 testing, 
and discharge protocols, have been creat-
ed to split up additional work load among 
providers. During the initial phase of the 
pandemic, to ensure adequate personnel 
and hospital supplies, elective surgeries 
were cancelled and these procedural-based 
providers were directed to assist in screen-
ing clinics, phone lines, and emergency de-
partments, to allow for the inpatient hos-
pitalists to focus on their inpatient duties 
and prevent burnout.89

Conclusions

The novel severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) causes 
coronavirus disease 2019 (COVID-19) and 
can cause severe acute respiratory failure. 
These patients usually have diffuse pulmo-
nary infiltrates and severe hypoxemia and 
often require mechanical ventilation and 
have a relatively high mortality. COVID-19 
can also cause an acute inflammatory re-
sponse, cytokine storm, which contributes 
to the inflammation in the lung and other 
organs and is associated with elevated lev-
els of ferritin, D-dimer, CRP, and eryth-
rocyte sedimentation rates. Patients with 
COVID-19 frequently have coagulopathy 
and can develop deep venous thrombi 
and pulmonary emboli. At present, there 
is no specific antiviral treatment. Cortico-
steroids improve outcomes in patients on 
oxygen or on mechanical ventilation. The 
FDA has provided Emergency Use Autho-
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rization for the use of remdesivir and con-
valescent plasma in hospitalized patients. 
Multiple other drugs are under study.

This pandemic has had widespread and 
devastating effects throughout the world. 
Management of this pandemic will require 
the development of safe antiviral drugs 
with specific activity against this virus, 
the production of effective vaccination, or 
spontaneous changes in viral virulence. 
The likelihood of and the timeframe for 
the development of any of these events are 
unknown.

Conflicts of Interest: None declared.
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