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Abstract. Severe acute respiratory syndrome coronavirus 2 
(SARS‑CoV‑2) is transmitted to humans mainly via contact 
and droplet transmission and its entry into cells is mediated 
by the efficient binding of the spike (S) viral protein with 
the angiotensin converting enzyme‑2 (ACE2) receptors. 
Although acute respiratory distress syndrome (ARDS) caused 
by SARS‑CoV‑2 fulfills the criteria of the Berlin definition, 
in a considerable proportion of patients with COVID‑19, 
there is a dissociation between their relatively well‑preserved 
lung mechanics and the severity of hypoxaemia. The extent 
of pneumococcal related morbidity and mortality is largely 
unknown. Respiratory comorbidities that increase the risk 
of severe disease and mortality due to SARS‑CoV‑2 include 
chronic obstructive pulmonary disease, asthma, bronchiectasis 
and fibrotic interstitial lung diseases, regardless of aetiology. 
Pneumococcal and seasonal influenza vaccinations are useful 
in preventing a substantial burden of mortality in high‑risk 
populations, while general quarantine and social distancing 
can reduce the infiltration of the virus within the community. 
To date, several therapeutic agents have been studied or are 
currently examined, such as hydroxychloroquine, chloroquine, 
ritonavir/lopinavir, remdesivir, colchicines and interleukin‑6 
inhibitors. However, the usage of most of these into clinical 
practice was not based on randomised clinical trials and their 
results should be viewed with extreme caution; remdesivir 
seems to be the more promising option. Rigorous efforts are 
under way for the development of a safe and successful vaccine 
against SARS‑CoV‑2.
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1. Transmission of SARS‑CoV‑2

Severe acute respiratory syndrome coronavirus 2 (SARS‑CoV‑2), 
which has been described as the cause of the recent corona‑
virus disease 2019 (COVID‑19) pandemic, is transmitted to 
humans mainly via contact and droplet transmission. The term 
droplet refers to droplets >5 µm in diameter that fall rapidly 
to the ground under gravity. Therefore, they can travel over 
a limited distance of about a meter. Droplets >5 µm tend to 
remain trapped in the upper airways.

The airborne transmission of SARS‑CoV‑2 is also possible. 
When the diameter of the droplets is ≤5 µm, they are referred to 
as droplet nuclei or aerosols. Due to their smaller size, they can 
be inhaled and reach the bronchioles and alveoli. Initially, this 
mode of transmission was mainly feared in cases of ‘aerosol 
generating medical procedures’ as intubation, cardiopulmo‑
nary resuscitation, bronchoscopy, and surgery. However, there 
is mounting evidence to indicate that droplet nuclei containing 
SARS‑CoV‑2 can also be formed during talking, coughing, 
sneezing and singing (i.e., in the absence of aerosol generating 
procedures) (1,2). This can lead to the spread of the virus 
at distances greater than 1 or 2 meters and up to 10 meters, 
particularly in indoor settings with poor ventilation (3,4).

Infected respiratory secretions or droplets can contaminate 
surfaces, creating fomites. Viable SARS‑CoV‑2 can be found 
on surfaces for hours and even up to days, depending on envi‑
ronmental factors, such as humidity and temperature, and the 
type of surface (5‑7). By touching contaminated surfaces, the 
virus can be transmitted directly or to other persons (e.g., via 
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thermometer, stethoscope) (8). There are no specific reports, 
which have directly demonstrated fomite transmission in the 
community, and it is not considered the main route of trans‑
mission.

The entry of SARS‑CoV‑2 into cells is mediated by the effi‑
cient binding of the spike (S) viral protein with the angiotensin 
converting enzyme‑2 (ACE2) receptors (9). The respiratory 
tract is the main route of entry of SARS‑CoV‑2. ACE2 and 
transmembrane serine protease 2 (TMPRSS2) have been 
detected in both nasal and bronchial epithelium by immuno‑
histochemistry (10). In particular, the high expression of ACE2 
receptors has been noted in nasal epithelial cells, including 
goblet cells and ciliated cells (11). It is noteworthy that in both 
symptomatic and asymptomatic patients with SARS‑CoV‑2, 
nasal swabs have yielded higher viral loads than throat swabs, 
highlighting the central role of the nasal epithelium in the 
transmission of COVID‑19 (12). In the lung, ACE2 receptors 
are highly abundant on alveolar epithelial type II cells (11,13).

2. COVID‑19 and ARDS

The definition of acute respiratory distress syndrome (ARDS) 
is universal and does not depend on the underlying cause. 
The latest Berlin definition of ARDS (14) proposed 
3 mutually exclusive categories of ARDS, based on the 
degree of hypoxaemia: Mild (200 mmHg < PaO2/FIO2 
≤ 300 mmHg, with PEEP or CPAP ≥5 cmH2O), moderate 
(100 mmHg< PaO2/FIO2 ≤ 200 mmHg, with PEEP ≥5 cmH2O), 
and severe (PaO2/FIO2 ≤ 100 mmHg, with PEEP ≥ 5cmH2O) 
and 4 ancillary variables for severe ARDS: Radiographic 
severity, respiratory system compliance (≤40 ml/cm H2O), 
positive end‑expiratory pressure (≥10 cm H2O), and corrected 
expired volume per minute (≥10 l/min). The onset should 
be acute, within 7 days of a known clinical insult or new or 
worsening respiratory symptom. Chest imaging reveals bilat‑
eral opacities. Finally, respiratory failure should not be fully 
explained by cardiac failure or fluid overload. A meticulous 
assessment by objective means (e.g., echocardiography) is 
important to exclude hydrostatic edema if no evident risk 
factor is present (i.e., trauma or sepsis). ARDS observed in 
the context of COVID‑19 fulfills the criteria of the Berlin 
definition.

However, in a considerable proportion of patients 
with COVID‑19, there is a dissociation between their 
relatively well‑preserved lung mechanics and the severity of 
hypoxaemia (15). Gattinoni et al proposed two phenotypes 
in COVID‑19‑associated ARDS, namely type L and type H. 
Type L is characterised by low elastance, a low ventilation to 
perfusion ratio, low lung weight and low recruitability and 
Type H is characterised by high elastance, high right‑to‑left 
shunt, high lung weight and high recruitability (16). Several 
non‑invasive options are available for type L patients, such as 
high flow nasal cannula (HFNC), continuous positive airway 
pressure (CPAP) or non‑invasive ventilation (NIV). It is 
important to note the striking dissociation between the lack 
of dyspnea and the degree of hypoxaemia in these patients. 
It is attributed to vasoplegia, which maintains blood flow 
to areas with reduced ventilation and finally results in the 
worsening of the V/Q ratio. More importantly, these patients 
can progress rapidly and require intubation or change to the 

H phenotype. Intubated type L patients may benefit from the 
use of low to moderate PEEP to redistribute flow from injured 
to healthy areas of the lung (17). Type H patients should be 
treated as having severe ARDS, including higher PEEP, prone 
positioning and extracorporeal support (16).

3. COVID‑19 in relation to co‑morbidities and co‑infections

There are several respiratory comorbidities that increase the 
risk of severe disease and mortality due to SARS‑CoV‑2. 
These include chronic obstructive pulmonary disease (COPD), 
asthma (particularly uncontrolled asthma), bronchiectasis 
and fibrotic interstitial lung diseases regardless aetiology. In 
general, patients with chronic respiratory failure of any cause 
are at an increased risk of severe disease.

Patients with COVID‑19 can be co‑infected with other respi‑
ratory tract viruses and/or bacteria, resulting in an increased 
risk of mortality (18). A significant number of deaths due to the 
1918 influenza pandemic were the result of secondary bacterial 
pneumonia (usually caused by pneumococci and staphylo‑
cocci) (19‑21). The extent of pneumococcal‑related morbidity 
and mortality in the context of COVID‑19 is largely unknown. 
In a previous meta‑analysis, 7% of hospitalised patients with 
COVID‑19 had a bacterial co‑infection increasing to 14% in 
patients admitted to the intensive care unit (ICU). The most 
common bacteria in the hospital setting were Mycoplasma 
pneumonia, Pseudomonas aeruginosa and Hemophilus 
influenzae (18). During the 2009 influenza pandemic, 25% of 
severe or fatal cases had a bacterial co‑infection (22). Thus, 
it seems that in the current pandemic, the extent of bacterial 
co‑infection is limited in comparison to the previous influenza 
pandemics. Nevertheless, the importance of pneumococcal 
vaccination during the current pandemic is self‑evident, 
following existing vaccination plans, as it can prevent a 
substantial burden of mortality in a high‑risk population (23). 
A high degree of vigilance is required, particularly for patients 
with COVID‑19 with atypical imaging features (24). The pres‑
ence of consolidative areas with lobar/segmental distribution, 
tree‑in‑bud and pleural effusion should raise suspicion for 
super‑infection with a bacterial pathogen.

The seasonal influenza vaccination is also important. First, 
it will reduce the rate of co‑infection. Second, it will reduce the 
possibility of a bacterial super‑infection. Third, it will alleviate 
pressure on the healthcare systems worldwide by reducing the 
number of influenza cases per se. In a previous meta‑analysis, 
the rate of viral co‑infection was 3%, with the commonest 
being respiratory syncytial virus (RSV) and influenza A (18).

4. COVID‑19 and children

Children are less susceptible to SARS‑CoV‑2 infection (25,26) 
and are also less likely to develop severe disease (27‑29). There 
are several explanations. An obvious one is that the younger 
immune system could be more effective in containing and 
successfully clearing infection. The competency of the adap‑
tive immune function decreases with age (30). In addition, the 
previous exposure of children to coronaviruses could lead to 
cross‑immunity (31). Finally, children have been found to  have 
a significantly lower expression of ACE2 and TMPRSS2 in 
the upper and lower airways (nasal and bronchial) compared 
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to adults (32). However, children are not invulnerable to 
COVID‑19. A small proportion can develop severe disease and 
prolonged ventilation (33). Furthermore, the development of a 
Kawasaki‑like disease in children with COVID‑19 (mainly in 
Europe) is a major factor of concern and further study (34). 
Characteristically, in Bergamo (Italy) a 30‑fold increased 
incidence of Kawasaki disease was observed shortly after the 
spread of COVID‑19 (35).

Unfortunately, there are no epidemiological data in Greece 
regarding the prevalence of common coronaviruses in the 
previous years. As previously stated, the previous exposure 
of children to coronaviruses could lead to cross‑immunity, 
rendering them less susceptible to COVID‑19 (31).

5. The role of general quarantine and social distancing

Given the lack of a vaccine and effective medicines against 
SARS‑CoV‑2, the importance of social distancing and wearing 
a mask in public (particularly in crowded places) is of para‑
mount importance. A general quarantine has proven to be an 
effective intervention, particularly when imposed in a timely 
manner, in order to reduce the infiltration of the virus within 
the population. However, it cannot be imposed indefinitely as it 
will eventually cause unbearable economic and social distur‑
bances with the danger of social riots. It is important to find a 
way, apart from general quarantine, to reduce new infections. A 
broad screening of the population could be extremely helpful. 
However, this poses several practical challenges both from a 
medical and a social perspective. First, a cost‑effective, rapid 
test with sufficient sensitivity and specificity is needed that can 
be performed at home, multiple times if necessary, over the 
course of time. Reverse transcription‑polymerase chain reac‑
tion (RT‑PCR) cannot serve this purpose as it is costly and the 
results are not immediately available. Second, this approach 
requires a high degree of personal responsibility. In the case of 
a positive test, the individual should be self‑isolated, in spite of 
the costs on a personal level.

6. Management of patients with COVID‑19

An unknown and probably large portion of patients with 
COVID‑19 are asymptomatic. Thus, the precise percentage 
of patients with COVID‑19 requiring oxygen therapy or 
mechanical ventilation cannot be accurately estimated. A more 
practical approach is to estimate the proportion of hospitalised 
patients with COVID‑19 requiring ICU admission. In Italy, 
up to 12% of all positive cases and up to 16% of hospitalised 
patients required ICU admission (36,37). The management of 
acute respiratory failure (the use of oxygen therapy, non‑inva‑
sive ventilation and mechanical ventilation) in patients with 
COVID‑19 should follow current recommendations (38). It is 
important to keep in mind that mechanical ventilation is not a 
curative intervention. The aim is to ‘buy time’ while causing 
minimal additional damage, by maintaining the lowest possible 
PEEP and gentle ventilation (15) according to the phenotype 
of the individual patient based on the L and H phenotype 
as stated before (16,17). In patients presenting mainly with 
ground glass opacities, there can be a striking dissociation 
between the lack of dyspnoea and the degree of hypoxaemia. 
This is attributed to vasoplegia, which maintains blood flow to 

areas with reduced ventilation and finally results in worsening 
of the V/Q ratio. More importantly, these patients can progress 
rapidly and require intubation or swing to the H phenotype. 
Intubated type L patients, may benefit from use of low to 
moderate PEEP to redistribute flow from injured to healthy 
areas of the lung (17). Type H patients, should be treated as 
severe ARDS, including higher PEEP, prone positioning and 
extracorporeal support (16).

The severity of the COVID‑19 pandemic created an 
unprecedented need for effective management strategies that 
have led to a number of studies being conducted. Several agents 
have been studied or are currently examined as hydroxy‑
chloroquine, chloroquine (39), ritonavir/lopinavir (40), 
remdesivir (41,42), colchicine (43) and interleukin‑6 inhibi‑
tors (44‑46). Most of these were non‑randomised and their 
results should be viewed with extreme caution. Furthermore, 
the pressing need for effective management led to studies 
not fulfilling the appropriate scientific standards and the 
retractions from leading medical journals vividly depict the 
problem of rushed science. It should be clearly stated that 
only randomised clinical trials can produce reliable results. 
Hydroxychloroquine is a characteristic example (47). Despite 
the initial enthusiasm based on non‑randomised trials (39), 
in a retrospective cohort of 1,438 patients, treatment with 
hydroxychloroquine, azithromycin, or both, compared with 
neither treatment, was not significantly associated with 
differences in in‑hospital mortality (48). In addition, the 
Recovery trial stopped enrolling participants to the hydroxy‑
chloroquine arm as there was no significant difference in the 
primary endpoint of 28‑day mortality (49). Finally, the World 
Health Organization (WHO) accepted the recommendation 
from the Solidarity Trial's International Steering Committee 
to discontinue the trial's hydroxychloroquine and lopi‑
navir/ritonavir arms as the interim trial results demonstrate 
that they produce little or no reduction in the mortality of 
hospitalised COVID‑19 patients when compared to standard 
of care (50).

Currently, remdesivir seems to be the more promising 
option (41). In a double‑blind, randomised, placebo‑controlled 
trial, remdesivir was superior to placebo in shortening the 
time to recovery in adults hospitalised with COVID‑19 and 
evidence of lower respiratory tract infection (42). This effect 
was not observed in patients who were classified as having 
mild to moderate disease at enrollment. Based on that study, 
the National Institutes of Health (NIH) recommends the use 
of remdesivir for hospitalised patients with severe COVID‑19 
(patients with SpO2 ≤94% on room air, those who require 
supplemental oxygen, mechanical ventilation, or extracor‑
poreal membrane oxygenation (ECMO) (51). Similarly, the 
European Medicines Agency (EMA) has recommended 
granting a conditional marketing authorization to remdesivir 
for the treatment of COVID‑19 in adults and adolescents from 
12 years of age with pneumonia who require supplemental 
oxygen.

7. COVID‑19 and glucorticoids

According to the preliminary findings of the Recovery 
trial, dexamethasone at a dose of 6 mg once daily reduced 
28‑day mortality among those receiving invasive mechanical 
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ventilation or oxygen at randomization, but not among 
patients not receiving respiratory support (52). Based on these 
results, the Infectious Diseases Society of America (IDSA) 
recommends the use of dexamethasone (6 mg intravenous or 
per os) or equivalent daily doses of alternative glucocorticoids 
(methylprednisolone 32 mg and prednisone 40 mg) for 
10 days among hospitalised patients with severe COVID‑19. 
Severe illness is defined as patients with SpO2 ≤94% on room 
air, those who require supplemental oxygen, mechanical 
ventilation, or ECMO. There are also encouraging data on the 
use of methylprednisolone in severe and critical patients with 
COVID‑19 (53).

However, special caution is needed regarding the use of 
glucocorticoids. They should not be considered a silver bullet 
and should not be given indiscriminately to all patients with 
COVID‑19, as they seem to be beneficial only in patients 
with severe disease. In a previous meta‑analysis (54), patients 
with severe coronavirus infection were more likely to require 
corticosteroids, while corticosteroid use was associated with 
an increased mortality overall.

8. Future challenges

The international scientific community has joined forces with 
the goal of developing a vaccine against SARS‑CoV‑2 as soon 
as possible. Rigorous efforts are under way and currently 
there are 21 candidate vaccines in clinical evaluation (two 
of these studies are in phase 3), and 139 candidate vaccines 
in preclinical evaluation (55). The development of a safe and 
successful vaccine is an extremely time‑consuming proce‑
dure, taking up to several years. However, given the massive 
efforts that are taking place, it is expected that a vaccine may 
be available towards the middle of 2021. The development of 
a successful targeted therapeutic approach is a much more 
difficult task in our opinion. As previously stated, it must be 
based on randomised controlled trials, otherwise the results 
will always remain in doubt (56‑58). Beyond the highly 
expected vaccine, other types of treatment are currently under 
meticulous evaluation, including the role of BCG and the stem 
cells (59,60).
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