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Abstract. According to the Centre for Disease Control and
Prevention in 2020, a cluster of pneumonia cases of unknown
etiology caused by the severe acute respiratory syndrome
(SARS)-coronavirus 2 was reported in Wuhan, China.
The present review examined the literature to reveal the
incidence of novel coronavirus-2019 disease (COVID-19)
infections, underlying comorbidities, workplace infections
and case fatality rates. A review was performed to identify
the relevant publications available up to May 15, 2020. Since
the early stages of the COVID-19 outbreak, the case fatality
rate among healthcare workers (HCWs) has stood at 0.69%
worldwide and 0.4% in Italy. Based on the current informa-
tion, most patients have exhibited good prognoses in terms
of after-effects or sequelae and low mortality rate. Patients
that became critically ill were primarily in the elderly
population or had chronic underlying diseases, including
diabetes and hypertension. Among all working sectors,
HCWs, since they are front-line caregivers for patients with
COVID-19, are considered to be in the high-risk popula-
tion. Increased age and a number of comorbidity factors
have been associated with increased risk of mortality in
patients with COVID-19. The most frequent complications
of COVID-19 reported that can cause fatality in patients
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were SARS, cardiac arrest, secondary infections and septic
shock, in addition to acute kidney failure and liver failure.
Overcoming the COVID-19 pandemic is an ongoing chal-
lenge, which poses a threat to global health that requires
close surveillance and prompt diagnosis, in coordination
with research efforts to understand this pathogen and
develop effective countermeasures.

Introduction

Since the novel coronavirus-2019 disease (COVID-19) first
emerged in Wuhan, China, it has rapidly spread to other areas
of the country and then the world. It has now affected most
countries in the world, with the epicenter having shifted from
Asia to various parts of Europe and North America (1,2).
The virus that causes this disease was initially referred to
as 2019-novel coronavirus (nCoV) by the Centre for Disease
Control and Prevention (CDC), but was later given the name
severe acute respiratory syndrome (SARS)-coronavirus 2
(CoV-2) (1).

The etiological agent of COVID-19, SARS-CoV-2, was
identified on January 3, 2020 and was confirmed to belong to
the genera of $-CoVs (3). Other viruses in the same family of
CoVs have previously been identified to be the cause of SARS
and Middle East Respiratory Syndrome (MERS) epidemics in
2003 and 2012, respectively (4,5).

Soon after the identification of this virus, researchers
worldwide began trying to discover the transmission pathways
of this virus to humans, in addition to its pathogenicity and
evolutionary origin, to ascertain the causes of mortality and
the mechanism underlying severe cases of COVID-19 (6,7).
Human-to-human transmission was reported both in hospitals
and family settings, which was found to be characterized by
2-10-day incubation times, and it was revealed to be spread
through droplets in the air and contaminated hands or
surfaces (5,8-10). Despite the adoption of extensive control
measures worldwide, the impact of the COVID-19 pandemic
has been devastating, with several categories of professions,
particularly healthcare workers (HCWs), being among the
worst hit (11).
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In past SARS and MERS CoV epidemics, HCWs were
also markedly affected. During the SARS epidemic, HCWs
represented 21% of all cases in the world (12). By contrast, in
other countries, including Canada, Hong Kong and Singapore,
that number reached >50% of all cases, with multiple reported
deaths (12). Recent data from Italy revealed that 11.9% of
all diagnosed COVID-19 cases (27,439/230,414 diagnosed)
occurred in HCWs (13). The infectivity of COVID-19 is greater
than that of influenza (R, value, which the basic reproduction
number, which represents viral infectivity, of 0.9-2.1), with an
estimated R, value of 2.28-3.10 (14,15).

Despite intensive research efforts worldwide on the treat-
ment of the SARS-CoV-2 infection, little is known regarding
the causes of COVID-19-related mortality (16). The purpose of
the present review was to analyze the causes of mortality asso-
ciated with SARS-CoV-2 infection in general, with particular
focus on the result of infection in a professional environment.

Materials and methods

PRISMA. This review was performed in accordance with the
PRISMA statement (17).

Literature search. The SCOPUS (release date: September 26
2018; https://www.scopus.com), Medline (using PubMed as
the search engine; Release date: January 1996; https:/pubmed.
ncbi.nlm.nih.gov/), Embase (version: 2020; https:/www.else-
vier.com/solutions/embase-biomedical-research) and Web of
Sciences databases (version: 2020; https:/www.webofknowl-
edge.com) were searched to recognize the relevant literature
available between January 1 and May 15, 2020, to examine the
possible transmission pathways and causes of SARS-CoV-2
infection-related mortality.

The term ‘MeSH’ was used with the following entry terms:
‘SARS-CoV-2’ or ‘2019-nCoV’ or ‘Covid-19’ or ‘Wuhan
coronavirus’ or ‘COVIDI19’ and ‘mortality’ and ‘HCWs’,
‘SARS-CoV-2’ or ‘2019-nCoV’ or ‘Covid-19’ or ‘Wuhan
coronavirus’ or ‘COVIDI9’ and ‘comorbidity’ and/or ‘HCWs’.
Subsequently, a survey of the research manuscripts that were
suitable for inclusion in this review was performed, and the
research papers of importance therein were collected and
reviewed.

Inclusion and exclusion criteria. The following inclusion
criterion was adopted: Studies that investigated the causes
of mortality as a result of SARS-CoV-2 infection. Research
articles, clinical trial studies, reports from international
agencies and case studies were included. No geographical
restriction was applied. The following exclusion criteria were
used: i) Scientific papers not published in English; ii) confer-
ence abstracts; iii) systematic reviews; and iv) meta-analyses.
In cases of duplicate studies, the article with more detailed
information was included.

Quality assessment and data extraction. A total of two
external reviewers (CL and GD) retrieved the articles inde-
pendently. The title, abstract and full text of each potentially
relevant study were reviewed. Any disagreement on the eligi-
bility of the studies was resolved by debate or by consulting the
third reviewer (FV). The following information was extracted

from all qualified papers: Authors, year of publication, nation-
ality of subjects and study characteristics.

Results

Search results. Following a search of the scientific literature
by the reviewers, a total of 978 documents were collected. A
total of 260 (26%) were excluded due to them being reviews,
596 (61%) were excluded due to them being only abstracts and
45 (5%) studies were disqualified after a subsequent review of
the title. A total of 64 (7%) of the papers were ruled out due
to not being written in English. At conclusion, 13 (1%) studies
complied with the inclusion criteria and were included in the
present review (Fig. 1) (18-30). The data mainly came from
studies in Chinese and Italian populations, since China and
Italy were among the first countries affected during the first
pandemic phase.

Epidemiological analysis of mortality data. Since the early
stages of the COVID-19 outbreak, in February, 2020, the
case fatality rate (CFR; defined as the ratio resulting from the
number of individuals deceased divided by the number of total
recorded infections) in China has been 2-4% (14). This is a
much lower CFR compared with that of SARS and MERS,
which were ~10 and ~35%, respectively, but higher than that of
influenza (0.1%) (4,31).

The COVID-19 pandemic is rapidly developing. At the
time of writing the present review (June 2020), it has been
~6 months since the first case of COVID-19 was reported in
Wuhan. So far, according to a report from the World Health
Organization, COVID-19 has affected 4.5 million individuals
worldwide, with 302,462 deaths as of May 15, 2020. Italy
ranked fourth in the world in terms of case number and
second in terms of mortality during the first 3 months of
pandemic (16). By May 15,2020, Italy's CFR was ~13%, whilst
that in China was only 4% (32,33). Such a high figure is typi-
fied by the observations in the Lombardy region, where ~50%
of all Italian infections have been recorded, with the CFR
there being ~16% (31). However, it should be noted that CFR
is generally an overestimated value of actual lethality, which
is measured as the infection fatality ratio (IFR). In addition,
the real number of cases of infection, including asymptom-
atic and paucisymptomatic cases, are likely underestimated
due to them being easily overlooked as a result of limited
testing (34). IFR is the parameter that measures the percentage
of reduction over the overall infected population, including the
generally unknown number of recorded cases that were not
recorded (34).

Tables I-III show the main results of the eligible
studies (18-30). Based on this information, most patients
with COVID-19 had good prognoses, whilst a few were in
a critical condition, particularly the elderly and those with
chronic underlying diseases (9). Statistical analyses performed
worldwide have confirmed that SARS-CoV-2 infection affects
men and women differently (9,18-21,23-26,28,29,32,35). The
fatality rate of confirmed cases in China is 4.7% in men,
compared with 2.8% in women (35). These data are relevant
with regards to HCWs, which are mainly represented by
women (90%) in the Hubei province in China (35). Therefore,
any interpretation of the differences in sex among age
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Figure 1. Flow diagram illustrating the included and excluded studies in this review.

groups and countries must be made with great caution (32).
Italian data also supported this trend (18); the latest analysis
conducted by the Italian National Institute of Health (ISS) on a
population of 18,641 patients (deceased and tested positive for
SARS-CoV-2) in Italy revealed that 6,339 patients were women
(34% of the total), and of those who died after being infected
with SARS-CoV-2, the women were generally older compared
with the corresponding group of men who succumbed to
COVID-19 (mean age in women, 83 years; mean age in men,
79 years) (18). To explain this, a number of general hypotheses
were made, including the following: i) Stronger smoking habits
among men; ii) higher attention to daily personal hygiene
among women; iii) more effective innate and adaptive immune
responses in women (36). In addition, differences between men
and women with regard to mechanisms of infection, which
can be associated with differences in hormonal and genetic
profiles, were also highlighted (37,38).

Advancing age, hypertension, high lactate dehydrogenase
levels, as well as men with severe heart trauma, hyperglycemia
and use of high-dose corticosteroids were previously associ-
ated with a higher risk of mortality in general (39,40). Patients
with cardiovascular disease (CVD) who were infected with
the virus were also associated with an elevated risk of adverse
outcomes, such that the infection itself was found to be associ-
ated with CVD complications (41-43).

Infection caused by or occurring in the workplace and
mortality. Following a review of the literature, only studies
that analyzed the relationship between infection and mortality
in HCWs could be found. To the best of our knowledge, no
other working sector appears to have been investigated in
depth. Of the several professional scenarios where individuals

could be exposed to SARS-CoV-2, only environments of
HCWs appeared to be associated with the highest risk of
exposure (44-48).

As front-line caregivers for patients with COVID-19,
HCWs are considered to be in the high-risk population (49).
Medical staff caring for these patients face mental stress,
physical exhaustion, separation from families, stigma, and the
emotional stress of losing their patients and colleagues (50,51).
Multiple HCWs have acquired SARS-CoV-2 and some have
died. In Italy, as of May 2020, 203 HCWs had succumbed to
COVID-19 (33).

As of February 11, 2020, 3,019 HCWs were reported to
have been infected with SARS-CoV-2 in China. A total of
1,716 HCW cases were confirmed by nucleic acid testing (52)
and =6 HCWs have died (28). It was estimated that 3.8%
patients with COVID-19 were HCWs as reported by Zeng
Yixin, vice minister of China's National Health Commission
during a news conference, on February 14th, 2020 (53). In
addition, hospital-associated transmission has been reported
to be a major route of spreading SARS-CoV-2 (2).

HCWs are frequently at higher risks of being infected
during novel disease outbreaks, particularly before the trans-
mission dynamics have been fully ascertained (48,54,55).
Risks of SARS-CoV-2 infection may be higher among profes-
sionals who work closely with patients, including dentists and
ophthalmologists (56,57). In addition, certain procedures,
such as non-invasive ventilation, high-flow nasal cannula
and bag-mask ventilation, are key treatments performed in
non-mechanical ventilation wards that may generate large
volumes of aerosol (58). HCW infection risks can be lessened
if proper precautions are taken in hospitals, such as using
personal protective equipment (PPE) (47,48,54,59,60).
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To date, little is known regarding the route of SARS-CoV-2
transmission in healthcare milieus. Heinzerling et al (55)
previously described the first known cases of occupational
SARS-CoV-2 transmission to HCWs in Solano Hospital
(Solano County, CA, USA). Among a cohort of 121 healthy
HCWs who were exposed to patients COVID-19 positive
without protection, 43 of whom were symptomatic, but only
three developed confirmed COVID-19 despite multiple
protected exposures (55). HCWs who developed COVID-19
had a longer duration of exposure to the patient than other
HCWs, whose origin of SARS-CoV-2 infection was initially
unknown (55). In addition, exposure during nebulizer treat-
ments and biphasic positive airway pressure was also more
common among HCWs who developed COVID-19 (55). These
results emphasize the increased COVID-19 transmission risk
associated with prolonged, unprotected patient contact and the
importance of ensuring that HCWs exposed to patients with
confirmed/suspected COVID-19 are well protected (50).

With regards to the USA, there is no comprehensive
analyses of mortality among HCWs. During March 1-May
31,2020, COVID-NET in the USA received reports of 28,972
hospitalized adult patients. HCP status was documented for
6,760 of the sampled patients, 438 of whom were HCPs,
yielding a weighted estimate of 5.9% (95% CI=5.1-6.8%). A
substantial proportion of HCP with COVID-19 had indicators
of severe disease: 27.5% were admitted to an intensive care
unit (ICU), 15.8% required invasive mechanical ventilation
and 4.2% died during hospitalization (61). This value included
doctors, nurses and paramedics, in addition to important
healthcare support staff, including hospital janitors, nursing
home workers and administrators (61).

In Italy, according to the National Institute for Insurance
against Accidents at Work data (updated to include data up
to May 15, 2020), 43,399 reports associated with COVID-19
infection were made, 54% of which occurred in March and
very quickly spread to Northwest Italy (62). Of these 43,399
COVID-19 reports, almost all (99%) were associated with
industry and services' insurance management, with cases
recorded in other sectors including agriculture, navigation and
state administration (<500 cases) (62). Of those reports, 72.8%
were from the healthcare and social services sectors, including
hospitals, private clinics and assisted health centers, compared
with those in productive activities, such as the food supply
chain, involved in the pandemic (62).

With regards to lethal exitus in HCWs, a survey (data
available up to May 15, 2020) included 171 reports of deaths
for COVID-19, where 82.5% (n=141) of these were men and
17.5% (n=30) were women (62). The mean age of these patients
was 59 years (for both sexes). The age range data showed that
79.8% (n=121) of the overall cases of COVID-19 were patients
aged 50-64 years. The >64-year age group was next at 19.3%
(n=33), then the 35-49-year age group at 8.2% (n=14) and
finally the <34-year age group at 1.7% (n=3) (50).

A previous territorial analysis revealed the following
distribution of mortality in Italy: 57.9% (n=99) occurred in
northwest Italy (Lombardy 43.9%), 14.0% (n=24) in northeast
Italy (Emilia-Romagna, 8.2%), 11.1% (n=19) in central Italy
(Marche, 4.1%), 15.2% (n=26) in southern Italy (Campania,
7,6%) (n=9) and 1.8% (n=3) in the Italian island of Sicily (62).
In detail, HCWs as healthcare technicians (70% of whom are
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nurses) and physicians were the most at risk of virus infection,
where 15.5% of cases were codified, followed by healthcare
social workers (10.7%), administration employees (8.3%) and
social services workers (6.0%) (62).

Clinical manifestations. The complete clinical manifestation
of COVID-19 infection includes respiratory, neurological,
cardiovascular and coagulative symptoms, which in certain
cases can result in mortality (Table II) (18-30,63-68).

The most common symptoms reported in the articles
examined in the current review were as follows: Fever
(76-98.6%), cough (34.6-82%), myalgia or weakness
(11-44%), pneumonia and complicated dyspnea (5-74%;
Table II) (18-21,24-30,69). Less commonly reported symp-
toms included headache, diarrhea (3-28%), hemoptysis, sore
throat (3-14%), rhinorrhea (2.4-6%) and phlegm-producing
cough (Table II) (18-21,24-30,68). In addition, patients
with COVID-19 tended to show higher leukocyte numbers,
prolonged prothrombin time (24), abnormal respiratory
findings and increased levels of plasma proinflammatory cyto-
kines, including IL-1, IL-6 and TNF (Table II) (70).

According to several studies, significantly higher blood
levels of cytokines and chemokines were found in patients
with COVID-19, including interleukin (IL)-1p, IL-1RA,
IL-6, IL-7, IL-8, IL-9, IL-10, colony-stimulating factor
(CSF), fibroblast growth factor-2, granulocyte-macrophage
CSF, monocyte chemoattractant protein 1 (MCPI1), IFN-y,
macrophage inflammatory protein la (MIPla), MIP1p,
platelet-derived growth factor subunit B, TNFa and vascular
endothelial growth factor (23,25). Some of the patients with
severe COVID-19 who were admitted to the ICU exhibited
high levels of proinflammatory cytokines, including IL-2,
IL-7, IL-10, granulocyte-CSF, C-X-C motif chemokine ligand
1, MCP1, MIP1la and TNFa, all of which are considered to
enhance disease severity (71,72).

High erythrocyte sedimentation rate and D-dimer levels
have also been detected (73). The main manifestations of severe
COVID-19 in the respiratory system were severe pneumonia
and detectable serum SARS-CoV-2 viral load, combined with
the incidence of ground-glass opacity in the lung and acute
cardiac injury (ACI) (24).

Bonetti er al (74) previously reported that several labora-
tory abnormalities, including lymphopenia, increased values
of C reactive protein, lactate dehydrogenase, erythrocyte sedi-
mentation rate, accurately predicted the risk of mortality in a
cohort of 144 patients with COVID-19. A number of studies
suggested that a marked decrease in the total number of
lymphocytes indicated that SARS-CoV-2 can destroy immune
cells to inhibit immune function (74,75). Furthermore, damage
to T lymphocytes may be one of the important factors leading
to disease exacerbation in patients with COVID-19 (70,71).
The low absolute lymphocyte value could be used as a refer-
encing index for the clinical diagnosis of new SARS-CoV-2
infections (75).

Comorbidities. Old age, obesity and smoking habits (76)
may be associated with increased mortality (Table IIT) (19).
Populations with reduced immune functions, including the
elderly, patients with diabetes and HIV, in addition to indi-
viduals with long-term use of immunosuppressive drugs, are
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associated with increased risk of complications and higher
mortality rates in COVID-19 (Table III) (19). For example,
patients with diabetes are at higher risks of ketoacidosis during
COVID-19, whereas patients with chronic kidney disease
frequently develop renal dysfunction that necessitates kidney
transplantation (20). Therefore, clinicians need to thoroughly
assess the comorbidities of patients on an individual basis
during diagnosis and the treatment of COVID-19 (77).

Similar to patients that were affected by avian origin influ-
enza A, elderly men suffering from comorbidities and acute
respiratory distress syndrome (ARDS) have been reported to
have a higher mortality risk (75). In all of the studies analyzed
(Table 1I), ARDS was reported as a major cause of mortality.
Fig. 2 summarizes the main comorbidities of COVID-19,
including hypertension, COPD, cardiovascular disease,
diabetes and malignancies and outcomes in patients who died
of COVID-19, including ARDS, acute respiratory injury and
heart failure.

Patients with CVD have a greater risk of COVID-19.
Previous studies have revealed an association between CVD
and SARS or MERS in terms of disease severity and the risk
of death (76,77). In addition, a large number of studies have
reported an association between pre-existing CVDs and the
severity of COVID-19 (10,18,19,21-27,76-80).

A systematic analysis of 637 MERS-CoV cases showed
that hypertension and diabetes were prevalent in ~50% of
patients, whereas CVDs were present in 30% of cases (29).
Diabetes was also identified as an independent predictor of
mortality and morbidity in patients with SARS (72). A total
of 12 studies (18-29) reported diabetes among the comor-
bidities of patients who succumbed to COVID-19, whilst 10
studies (18,20-27,29) previously reported hypertension as a
risk factor (Table III).

With the spread of SARS-CoV-2 and the increase in cases,
an increasing number of infected individuals have exhibited
comorbidities such as diabetes, hypertension and CVD (41).
Chen et al (19) previously reported a higher number of men
with SARS-CoV-2 infection compared with women. The
reduced susceptibility of women to all viral infections may
account for the important role of the X chromosome and sex
hormones in innate and adaptive immunity (19,81).

Hospitalization period. According to the Italian Report of
ISS published on March 26, 2020, among the Italian patients
who succumbed to COVID-19, the median hospitalization
time from symptom onset to death was 9 days; 4 days from
symptom onset to hospitalization and 5 days from hospital-
ization to death. The time from hospitalization to death was
2 days more in those who were moved to ICU compared
with those who were not (6 vs. 4 days) (82). According to
Chen et al (19), in deceased patients, the median time from
symptom onset to hospitalization was 10.0 days (interquartile
range, 7.0-13.0), which tended to be longer compared with that
in patients who recovered [9.0 (6.0-12.0) days]. The median
time from symptom onset to death was 16 (12.0-20.0) days,
whereas the median time from symptom onset to discharge for
patients who recovered was 26 (21.8-29.0) days. The median
time from hospitalization to death was 5 (3.0-9.3) days and
the median time from hospitalization to discharge was 16
(14.0-19.0) days (65). According to a study by Cao et al (23),

the median time from symptom onset and from SARS-CoV-2
exposure to death was 15 and 17 days, respectively.

Causes of mortality. All studies examined in the present
review (Table II) reported ARDS (18-26,28-30) and acute
respiratory injury (ARI) (19-21,26,28,30) as the main
COVID-19-related complications followed by cardiac compli-
cations, including arrhythmia, heart failure and myocardial
damage (Fig. 2) (18,21,23-26,29-30).

The high prevalence of arrhythmia may be partly caused by
metabolic dysfunction, hypoxia, neurohormonal or inflamma-
tory stress as a result of viral infection in patients with or without
prior CVD (28,83). Zou et al (8) reported that heart failure was
observed in 23% of patients with COVID-19 presentations. In
particular, heart failure was more commonly detected than
acute renal failure (ARF) in this cohort and was more common
in patients who did not survive hospitalization than in those
who did (18-21,26,29). With regard to ARDS, respiratory failure
is characterized by the rapid onset of widespread lung inflam-
mation and subsequent mortality (18,21,24,25). The mortality
rate of ARDS in all patients with COVID-19 was ~50% and if
ARDS reached the moderate/advanced stages, the mortality rate
reached as high as 70% (19,29).

Cardiovascular event risk factors following pneumonia
include old age, pre-existing CVD and severe pneumonia at
admission (84). Coronary heart disease has also been found
to be associated with poorer outcomes in influenza and other
viral respiratory infections (84).

Other common complications associated with COVID-19
include shock (64), ARF, acute liver injury (ALI) and
secondary infection (23,24,28,29). Multiple organ dysfunc-
tion syndrome can either occur individually at different times
or concurrently (23,25,79). Secondary infection, sepsis and
subsequent septic shock have been reported by seven previous
studies (18-21,24,26,29). According to Zhou et al (21), sepsis
developed at a mean of 9 days after illness onset in all patients
with COVID-19. Coagulopathy commonly occurs during
sepsis and may be an indicator of worse outcomes of severe
COVID-19 (20). ARI and systemic coagulopathy can be listed
as two of the underlying causes of morbidity and mortality that
characterize SARS-CoV-2 infection (85).

Recent observations have suggested that respiratory failure
during COVID-19 is not followed by the development of ARDS
alone and that microvascular thrombotic processes may also
serve a role (86). These processes may have significant conse-
quences as far as the diagnostic and therapeutic management
of these patients is concerned. A strong association has been
found among the D-dimer levels, disease progression and chest
CT features, suggesting venous thrombosis (21). Han et al (87)
previously reported reduced coagulation functions in patients
with SARS-CoV-2 infection compared with those in healthy
individuals, including elevated D-dimer, fibrin/fibrinogen
degradation products and fibrinogen levels. In addition,
Zhou et al (21) and Tang et al (88) recently reported a positive
correlation between elevated D-dimer levels upon hospital-
ization and in-hospital COVID-19 mortality, suggesting the
presence of an unknown pulmonary embolism and the possible
role of CT pulmonary angiography in the rapid identification
of cases that will undergo rapid clinical deterioration with
COVID-19.



DOS
PUBLICATIONS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 23:

10, 2022 11

RISK FACTORS:
age > 60 years old
sex=C'
Obesity
Smoking
Immunosuppresion <.

VO =

Malignancy :

O

Diabetes

Hypertension Q
CLD

more frequent outcome

less frequent outcome

congenital
acquired ++

ALl

COPD  cOMORBIDITIES @ * g % ‘ OUTCOMES
ED

HF, Arrhythmia, Myocard:hsm

ARF {44
ARDS, ARI, VAP
++++ .
MODS
+

8
O

Figure 2. Comorbidities and outcomes of patients who succumbed to COVID-19. ALI, acute liver injury; ARDS, acute respiratory distress syndrome;
ARF, acute renal failure; ARI, acute respiratory injury; CD, coagulation disorders; CLD, chronic liver disease; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; CVD, cardiovascular disease; ED, electrolyte disorders; HF, heart failure; MODS, multiple organ dysfunction syndrome;

SI, secondary infection; SS, septic shock; VAP, ventilator-associated pneumonia.

ARF was previously assessed as a complication in five
different studies and was found to have a higher incidence rate
in Italy compared with that elsewhere, where it was detected
in 24% of deceased patients (18,20,21,26,29). In addition, ARF
was revealed to be more common among patients with more
severe disease, particularly those admitted to the ICU and
could therefore be considered a negative prognostic factor of
survival (89).

It has been suggested that an insufficient systemic inflam-
matory immune response during a cytokine storm may
contribute to the hypoperfusion-related damage of renal
tubules (90). In addition to organ dysfunction as a result of
immune dysregulation, emerging evidence has suggested the
possibility of a direct cytopathic effect of SARS-CoV-2 (91).

ALI as a COVID-19 complication was observed only by
three studies (23,28,29). In the study by Yang et al (28), which
detected in 28% (n=14) of the examined patients, all of whom
were admitted to hospital already in a critical condition.

It was observed in some studies that poorer clinical
outcomes were associated with disease severity (29,29,63,67).
In addition, disease tended to progress faster in the elderly,
with a shorter median number of days from early symptom
onset to death recorded among people aged =65 years (67).

Cytokine release syndrome (CRS) is a systemic inflam-
matory response that occurs in a large number of patients
with severe COVID-19, which is also an important cause
of death (92). IL-6 is the key molecule of CRS (92).
SARS-CoV-2 binds to alveolar epithelial cells and then acti-
vates innate and adaptive immune systems, resulting in the
release of a large number of cytokines, including IL-6 (93).
During the first phase of the pandemic, the therapeutic use

of an IL-6 receptor antagonist (tocilizumab) in combination
with corticosteroids was recommended for the treatment
of cytokine storm, which reduced the dose and treatment
period compared with corticosteroid therapy alone (94).
However, after the studies were conducted, its use was
eliminated since it showed no clinical benefit (95-97).
Given the proposed role of these proinflammatory factors,
increases in vascular permeability can let a large amount of
fluid and blood cells into the alveoli, resulting in dyspnea
and even respiratory failure (98,99). The first gross exami-
nation report of an autopsy of a patient who succumbed to
COVID-19 revealed that the bronzed aspect of both lungs
and a large amount of gray-white viscous liquid overflow
could be observed following incision (100).

Discussion

COVID-19-related contagion and mortality rates are continu-
ously growing worldwide, having spread from China to the
rest of the world, including South America (64). During the
initial stages of the pandemic, Italy, Spain and France were
particularly affected in Europe (101,102). As of May 2020,
the USA is the country with the most COVID-19 cases
(>1,361,522 cases) (102) and a 6% mortality rate. By contrast,
the mortality rate in Italy is ~13% (103). Latin America and
the Caribbean are also witnessing increasing infection rates,
with >425,000 cases (102). In addition, Brazil, Peru, Chile and
Mexico are countries that are on the list of the highest numbers
of infections in the Americas (102). In Brazil, the pandemic
was growing exponentially with an increase of 10,000 infec-
tions per day as of May 2020 May (104).
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COVID-19 was also analyzed as an outcome of infection in
the workplace. The analyzed data revealed that healthcare and
social services have been particularly affected (105). In the
USA, HCWs represent 10-20% of patients with COVID-19, a
number similar to that observed in other badly affected coun-
tries, such as Italy and Spain (103). In Italy, ~17,000 HCWs
have been infected at the time of writing (May 2020) (106).
Although a number of studies have explored COVID-19
in HCWs worldwide (23,50,62,107), to date, systematized
mortality data are scarce (49).

The high number of infections among HCWs, mainly
during the early stages of the outbreak, could be attributed to
a lack of awareness regarding its presence in hospitals treating
patients with SARS-CoV-2 infection (54,108). In addition,
only a partial knowledge of the risks, lack of bespoke preven-
tive actions and possibly the inadequate availability of PPE
have been proposed to serve a role in the number of infec-
tions (54,108).

The Italian healthcare system is a well-developed health-
care system (109); however, the country was unprepared
to cope with the impact of COVID-19 (110). According to
Chou et al (110), a significant diffusion route of SARS-CoV-2
is in-hospital transmission, particularly through HCWs. This
was largely underestimated at the early stages of the pandemic,
including by the HCWs themselves (49,111).

In some hospitals in Europe, especially in Italy and Spain,
the same waiting rooms contained both patients who were
infected and those who were not (112). This provided a favorable
milieu for the virus to spread (111). Incidentally, centralized
ventilation systems also made a negative contribution, since
they did not contain high-efficiency particulate air filters,
which may have functioned to trap the viral particles (93).

The guidelines developed during the first pandemic phase
for the prevention of SARS-CoV-2 infection recommend the
use of rapid diagnostic tests for the screening of patients and
HCWs prior to their admission to hospital, which has enabled
the early identification of asymptomatic cases (102,105). The
currently available molecular diagnostic methods have also
improved. In addition, antibody-based methods used to detect
infections that went undetected in the population, including
those that are asymptomatic, were also employed early but were
found to be unsuitable for early disease detection (59,113-115).
Furthermore, according to Li et al (112), HCWs were not
well-prepared for this sudden COVID-19 outbreak, particu-
larly in departments of infectious diseases.

During the first phase of the pandemic, little was known
regarding SARS-CoV-2 transmission in the health care
sector. Reports from Singapore, Illinois, USA and Hong Kong
previously described clusters of HCWs exposed to patients
with COVID-19 without any documented HCW transmis-
sion (116,117). Most cases of HCW exposure to COVID-19
occurred even when the HCWs were using precautions
against contact, droplet or airborne risks (93). In addition, as
COVID-19 community transmission increased, determining
whether HCW infections develop in workplaces or in the
general population became increasingly difficult (50).

The studies examined in the present review confirmed that
increased age was associated with increased risk of mortality
in patients with COVID-19 (18-30). Although the mean age
of patients tested positive for SARS-CoV-2 observed in China

was lower than that in Italy, mean life duration should be
taken into consideration, as it is longer in Italy compared with
China (40,52).

According to Zhou et al (21), age-related defects in T- and
B-cell function, in addition to the excess production of type 2
cytokines, may lead to the insufficient control of viral repli-
cation and more prolonged proinflammatory reactions. This
can potentially result in poorer outcomes. Cardiac complica-
tions, including the induction or aggravation of heart failure,
arrhythmia and myocardial infarction are common among
patients with pneumonia (21).

Cardiac arrest was observed in ~3% of patients with
pneumonia (117). Cardiovascular event risk factors following
pneumonia include old age, pre-existing CVD and high severity
of pneumonia at admission (21,116). Most deceased patients in
all studies had at least one comorbidity (18,20,21,22,24-28,30).
The most common pre-existing pathologies diagnosed prior
to infection with COVID-19 were hypertension, diabetes,
ischemic cardiopathy, atrial fibrillation and active cancer in
the last 5 years (18,23,24,64,66-68,78,79). Furthermore, the
main complications causing lethal exitus in patients were
ARDS with ARI, cardiac failure, secondary infection and
septic shock, with ARF and ALI only appearing in a small
percentage of cases (18,20-22,24,27,28,30).

According to Liu ef al (29), admission to the ICU with
mechanical and assisted ventilation was only required for
elderly patients. Furthermore, in a study performed by
Huang et al (24), patients admitted in ICUs had higher plasma
levels of proinflammatory cytokines, such as IL-2, IL-7, IL-10
and TNFa, compared with patients not admitted to the ICU.
The highest mortality rate was recorded in ICU cases (24).

According to Chen et al (19), patients with COVID-19
may also be at risk of severe lung embolism. According to
Magro et al (85), severe COVID-19 may define a type of
microvascular damage syndrome mediated by the activation
of complement pathways and an associated pro-coagulant
condition.

Although both the etiology and incidence of acute pulmo-
nary embolism under the setting of COVID-19 pneumonia
remain unclear, available biological and clinical data raised
concerns regarding unsuspected pulmonary embolism and
warrants further research into this specific issue (117). The
International Society on Thrombosis and Haemostasis advo-
cates the use of laboratory tests, including tests for D-dimers,
prothrombin time and platelet count, to identify patients who
are at risk of an adverse outcome and require hospitaliza-
tion (118).

According to the ISS report that described the charac-
teristics of 6,801 patients with COVID-19 who died in Italy,
the mean patient age at death was 78 years, with women
comprising 29.6% of all deaths and being older than men at
the time of death. The majority of patients with the infection
died of ARDS, followed by ARF, secondary infections and
ALI (18). This potentially explains why the median age of
deceased Italian patients is much older than that of patients in
other countries, and may also contribute to the increase in the
mortality rate to <13% (119). Elderly age is associated with the
presence of comorbidities that can contribute to the mortality
of patients with COVID-19 (18,119). However, these mortality
rate estimates are based on the number of casualties relative
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to the number of confirmed cases of infection and do not
represent the actual death rate. Patients who die on any given
day were infected much earlier and therefore the mortality
rate denominator should be the overall number of individuals
infected at the same time as those who died (120). However, the
full denominator remains unknown since asymptomatic cases
or patients with mild symptoms may not be tested and will not
be confirmed as COVID-19 cases. Such cases therefore cannot
be included in the assessment of real mortality rates as actual
estimates only pertain to clinically apparent COVID-19 cases.
These findings showed that the current numbers may be under-
estimating the potential threat of COVID-19 in symptomatic
patients (120).

During the first pandemic phase in the world, no autop-
sies have been performed on any patients who succumbed
to COVID-19. Therefore, in most cases, there was no official
verification of the causes of death (121), which has led to the
loss of information regarding the causes that resulted in lethal
exitus that could have provided useful information for treat-
ment strategies (122).

Due to the potential infection by SARS-CoV-2, tight control
is essential to monitor its potential host adaptation, infectivity,
viral evolution, transmissibility and pathogenicity, to obtain an
effective vaccine and accelerate herd immunity (90,123,124).

Despite the short time elapsed since the COVID-19
outbreak, a large number of studies have been conducted and
large quantities of real-time information have been generated.
This enabled the present review to provide an accurate descrip-
tion of the mortality causes. A limitation of the present study is
that it only focused on articles published in English during the
early stages of the outbreak, considering that this pandemic was
initiated in China. Although the data examined herein cannot
be used to represent the rest of the world in terms of COVID-19,
it will provide a foundation for further studies. Furthermore,
in the present study, the COVID-19-related mortality due to
occupational infection was only described during the first
phase of the pandemic. Therefore, no second-wave mortality
data were reported. The existing data on COVID-19-mediated
mortality were mainly centered on China and Italy, but not
on other European countries. Since COVID-19 case numbers
have rapidly increased, particularly in European countries, it is
of importance to determine the transmissibility and mortality
rates of SARS-CoV-2 in these countries to establish prevention
and control procedures. Lastly, the analysis of COVID-19 in
the present study was also performed with regards to mortality
in HCWs. However, analysis on the incidence, mode of trans-
mission and clinical characteristics would have been difficult
due to incomplete data.

Following a thorough analysis of the studies in the present
review, it may be reasonable to question whether COVID-19
should be categorized as severe pneumonia. According to
Pomara et al (16), the only medical method that can address
this issue is autopsy. Despite the decline in the frequency of
postmortem examinations, autopsies are a useful procedure
for determining the cause of deaths. Physicians are now
considering whether COVID-19 has a systemic pathology that
involves the vascular system of other body regions instead
of only the lungs, including the heart, kidneys, liver, bowels,
brain or even the skin (24,117,125). Pomara et al (16) strongly
recommended conducting total autopsies on patients who
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succumbed to suspected or confirmed COVID-19, particularly
in the presence of other comorbidities.

COVID-19 is a public health and humanitarian crisis
that has put the healthcare systems of numerous countries
under pressure and has caused the death of thousands world-
wide, including hundreds of HCWs engaged in the frontline
care of patients (126). Additional studies are required to
further clarify the pathophysiology of COVID-19, which
appears to be more of a multi-organ disease than a type of
pneumonia. In any case, the presence of comorbidities defi-
nitely remains a prognostic factor for predicting an unfavorable
outcome.

In conclusion, the COVID-19 pandemic is an ongoing chal-
lenge and poses a threat to global health. Therefore, control
over the spread of the virus, fast diagnostics and research
efforts are required to understand this pathogen and develop
effective countermeasures.
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