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Abstract: Since its outbreak in China at the end of 2019, the new coronavirus disease (COVID-19)
was characterized by both easy spreading and high mortality. The latter proved to be way more ele-
vated in the North of Italy -with a peak of 18.4% in region Lombardia and even 31% in the city of
Bergamo and surrounding county- than in the rest of the world. In an attempt to conceptualize the
reasons for such a dramatic situation, four key elements have been identified: COVID-19 itself, old
age, lung disease, and heart failure. Their harmful combination has been named “The deadly quar-
tet”. The underlying risk factors, among which a lot of them are distinctive features of the popula-
tion in northern Italy, have been summarized as “unmodifiable”, “partially modifiable”, and “modi-
fiable”, for the sake of clarity. Up-to-date scientific evidence in this field has been described in the
form of a narrative and easy-to-read review.
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1. INTRODUCTION
In early December 2019, a new coronavirus, identified

by the Chinese Center for Disease Control and Prevention
and named 2019-nCoV or SARS-CoV-2 by WHO, was de-
scribed to induce severe acute respiratory syndrome (COron-
aVIrus  Disease  2019  or  COVID-19)  in  Wuhan,  China.
SARS-CoV-2 later spread to Italy, other European countries,
and the US experiencing much fear and concern. The WHO,
on March 11th, 2020 called the disease a pandemic [1].

COVID-19  is  transmitted  by  airborne  droplets  and  is
very contagious.  Its  usual clinical  signs and symptoms in-
volve the respiratory system and include high temperature,
cough,  shortness  of  breath,  (usually  bilateral)  pneumonia
with ground glass opacities at a computed tomography scan
[2].  However,  even  the  cardiovascular  system  can  be  in-
volved in around 15% of the cases. Patients with additional
extrapulmonary complications often have underlying cardio-
vascular diseases and/or one or more cardiovascular risk fac-
tors. Features associated with mortality include male gender,
elderly,  and presence  of  comorbidities  such as  high  blood
pressure, diabetes, smoking, and previous myocardial infar-
ction or stroke. As a general rule, the higher the number of
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cardiovascular risk factors, the higher and earlier the mortali-
ty  due  to  COVID-19.  Acute  cardiac  injury,  detected  by  a
rise in high-sensitivity troponin blood levels, is commonly
observed in severe cases and is strongly linked with mortali-
ty.  The higher the level  of  troponin,  the higher the risk of
death. Severe acute respiratory distress is strongly related to
mortality as well. On balance, COVID-19 leads to a high in-
flammatory burden, which in turn can cause vascular inflam-
mation, myocarditis, and potentially life-threatening arrhyth-
mias [3].

2. SEARCH STRATEGY
Pubmed/Medline, Scopus, and Web of Sciences databas-

es were searched electronically utilizing Boolean operators
and  combinations  of  word  variants  for  “coronavirus”  and
“SARS-CoV-2” and “COVID-19” and“death” and “mortali-
ty”  and  “Italy”.  The  search  and  selection  criteria  were  re-
stricted to the English language (at least the abstract). A to-
tal of 1,123 papers were identified, 435 duplicated included.
The  titles  and  abstracts  of  the  remaining  688  papers  were
screened for subject importance. After a discussion between
six reviewers (GC, PPB, FB, DS, MC, and FR), a complete
intra-examiner agreement was obtained. In the case of disa-
greement over study inclusion, a discussion was held with
the seventh reviewer (JLM) to reach an agreement. Finally,
9 suitable papers were identified. Additional 18 papers were
included after checking the references of the relevant select-
ed  reviews  and  studies.  As  the  selection  process  included
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heterogeneous study designs and sources, the results and key
information obtained were summarized by means of a narra-
tive approach.

3. SCIENTIFIC EVIDENCE
With regard to COVID-19 mortality, the current reports

in the literature show some fluctuations among the different
countries involved in the pandemic. Chinese scientists were
the first to gather data and submit the related reports. So, in
Wuhan, the epicenter of the outbreak in China, the reported
overall  mortality  was  4.3%  [4].  However,  mortality  was
higher among COVID-19 patients with cardiovascular mani-
festations, than in those without cardiac involvement. When
analyzing the entire population enrolled in their retrospec-
tive study, Guo and Coll. found that hypertension, coronary
heart disease, and cardiomyopathy were the most common
underlying cardiac conditions. Mortality during admission to
hospital  was  7.6% for  patients  without  underlying  cardiac
conditions and normal troponin, 13.3% for those with under-
lying  cardiac  conditions  and  normal  troponin,  37.5%  for
those without underlying cardiac conditions but elevated tro-
ponin, and 69.4% for those with underlying cardiac condi-
tions and elevated troponin. Patients with underlying cardiac
conditions were more likely to display elevation of troponin
compared with individuals without them. Blood troponin val-
ues showed a strong direct correlation with C-reactive pro-
tein and N-terminal pro-brain natriuretic peptide. Blood tro-
ponin and N-terminal pro-brain natriuretic peptide were high-
er  in patients  who passed away.  Furthermore,  during their
stay in the intensive care unit,  patients  with high troponin
had more frequently malignant arrhythmias, and the adminis-
tration of corticosteroids as well as the need for mechanical
ventilation was more common compared to those with nor-
mal troponin levels. The mortality rates of patients with and
without  the  use  of  angiotensin-converting  enzyme  inhibi-
tors/angiotensin receptor blockers were 36.8% and 25.6%,
respectively [5].

In the first few reports coming from the US, the severity
of  the  disease  in  terms  of  mortality  was  analyzed  by  age
group among COVID-19 cases that occurred from February
12thto March 16th, 2020. Overall mortality was 9.1%. When
focusing on age, 80% of deaths were among subjects older
than  65  years,  with  the  highest  percentage  of  severe  out-
comes among those aged 85 years or more. A lot of cases oc-
curred among very old adults living in nurses' houses. Con-
versely, no deaths were reported among young people aged
less than 19 years [6]. In another survey carried out in the
New  York  City  area,  outcomes  were  assessed  in  patients
who were  discharged  from the  hospital  or  had  died  at  the
study endpoint. In this respect, 21% of them passed away,
while  mortality  for  those  requiring  mechanical  ventilation
was 88.1% [7].

Conversely,  the mortality rate in Italy was way scarier
than  in  the  rest  of  the  world.  Overall,  the  death  rate  there
was  12.2%  among  positive  cases  and  even  higher  in  the
North of Italy. In region Lombardia -whose capital is Milan-
and  related  counties  like  Bergamo,  mortality  rates  were

18.4% and 31% respectively, thus generating a public hue
and cry. In fact, northern Italian regions Lombardia, Emili-
a-Romagna, and Veneto had by far the highest number of in-
fected individuals, accounting for 76% of all cases in Italy.
The most affected counties were Bergamo, Brescia, Milan,
and Cremona,  which taken together  accounted for  33% of
all  cases  in  Italy  [8].  These  numbers  cannot  be  explained
simply owing to the epidemic starting in Italy earlier than in
the other countries besides China [9].

In an attempt to conceptualize the reasons for such a dra-
matic  situation,  four  key  elements  have  been  identified:
COVID-19  itself,  old  age,  lung  disease,  and  heart  failure.
The  term  “The  deadly  quartet”  has  been  coined  to  name
their harmful combination.

4. CORONAVIRUS (COVID-19)
The first animal model showing that viruses belonging

to  the  Coronavirus  family  can  jump  from  animals  to  hu-
mans, thus inducing myocarditis and congestive heart fail-
ure,  dates  back  to  1992  [10].  Regarding  SARS-CoV-2,  it
binds the carboxypeptidase angiotensin-converting enzyme
2 (ACE2) receptor in the pulmonary epithelium and myocar-
dial  cells  surface,  and  is  responsible  for  the  pulmonary
pathology. ACE2 activity has been shown to be regulated by
renin-angiotensin-system blockers in some but not all clini-
cal studies [11]. ACE2 polymorphisms have been linked to
diabetes mellitus, cerebral stroke, and hypertension as well
[12].

5. OLD AGE
While a vast majority of patients with COVID-19 infec-

tion require minimal care, others with moderate and severe
disease require intensive care, primarily to support their pul-
monary and cardiac functions. The risk for hospitalization al-
so increases with age; specifically, 11.8% of patients in their
60s require admission, with 16.6% of patients in their 70s,
and 18.4% of patients in their 80s or older [13]. Those with
severe disease have reduced immunity to fight the burden of
the  infectious  process  and  often  suffer  from  hypertension
and diabetes as well. The risk for death from COVID-19 is
1.0 to 1.50% overall, but rises with age from < 1% among
children aged 9 years or less to nearly 8% for subjects aged
80 years or older [13]. Higher mortality in Italy has been at-
tributed to a much higher (23%) number of older folks (65
years or higher) in the general population. Conversely, the
proportion of the population older than 65 years is 9.5% in
Alaska  and  19.1%  in  Florida  [14].  As  to  the  first  four
months of the disease, 84.1% of those who passed away in
Italy were over 70 years (29.7% between 70 and 79 years;
40.5%  between  80  and  89  years)  [15].  Regarding  China,
where  COVID-19  started,  available  data  are  less  precise.
What is known is that about 55% of the deceased had more
than 49 years. The Chinese Center for Disease Control and
Prevention reported a case fatality rate (i.e. the ratio between
the number of  deceased patients  and that  of  patients  diag-
nosed with Covid-19) of 14.8% in those over 80 years [15].
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6. SEVERE PNEUMONIA
A vast majority of patients with COVID-19 infection pre-

sent with acute and severe respiratory distress, develop pneu-
monia, and many require mechanical or assisted ventilation.
Patients with pre-existing pulmonary disease are prone to de-
velop  extensive  interstitial  alveolar  pneumonia.  Further,
there is intense inflammation in the lungs, which is also re-
flected in the systemic circulation as high white blood cell
count and high CRP levels [16].

7. CARDIAC INJURY AND HEART FAILURE
The demographic and clinical profile of hospitalized pa-

tients with COVID-19 shows a high (20-50%) prevalence of
cardiac involvement [17, 18]. Many patients have acute myo-
carditis as a result of direct viral infiltration but also from in-
tense systemic inflammation and cytokine storm. In some pa-
tients,  particularly  the  elderly  with  diabetes  and hyperten-
sion and pre-existing coronary atherosclerosis, there may be
instability of atherosclerotic plaque followed by rupture, in
situ clotting and acute coronary syndrome. Cardiac involve-
ment is characterized by ST-segment elevation and elevated
levels of C-reactive protein, creatinine kinase-MB, N-termi-
nal pro-B-type natriuretic peptide, and cardiac dysfunction
and arrhythmias. In one report, patients with cardiac injury
were generally older than those without (median age 74 vs.
60 years), had more frequent acute respiratory distress syn-
drome (58.5% vs 14.7%) and acute kidney injury (8.5% vs
0.3%), and suffered from higher mortality (51.2% vs. 4.5%).
Other studies in different groups of patients confirmed these
findings [5, 18].

In addition to the deadly quartet, which can apply world-
wide, a few peculiar Italian factors are likely to have con-
tributed to such a high mortality. Again, for the sake of clari-
ty, we have tried to summarise them as:

1).  Unmodifiable  factors:  Male  gender  and  cold
weather.

2). Partially modifiable factors: These include the ex-
treme burden of incidence of the disease, shortage of medi-
cal personnel, weakness in the national health care system es-
pecially  with  regard  to  the  availability  of  ventilators  and
pharmacological guidelines as to the use of anti-viral/anti-in-
flammatory/anti-malarial drugs in old patients [1]. Overall,
5,090  intensive  care  unit  beds  with  a  ventilator  (8.4  per
100,000 population) are available in Italy, and 2,601 beds in
coronary care units (4.3 per 100,000 population), while they
are too much higher numbers in the US (36 ICU beds per
100,000 population) [19].

3). Modifiable factors: These include avoidance of high-
ly transmissible viral infection and high air pollution. In this
respect,  the  Champions  League soccer  match on February
19th, 2020 (Atalanta vs Valencia), which was attended in Mi-
lan by more than a third of the population of Bergamo, who
continued partying overnight thereafter, acted as ‘infective
bomb of transmission‘. Italian people have a marked tenden-
cy to socialise with frequent congregations and clustering. It
is also possible that in early stages, there was not much adop-

tion of standard hygienic measures, and instructions to lock-
down proved difficult to be accepted [9]. The burden of air
pollution in the Val Padana land (corresponding to regions
Lombardia  and Emilia-Romagna)  is  overwhelming.  Based
on  the  air  quality  index  (comprising  PM10,  PM2.5,  O3,  SO2

and NO2),  Lombardia and Emilia Romagna are among the
most polluted areas in Italy, even worse than some regions
in China [20]. There is evidence that people living in territo-
ries with high levels of air pollution and with long-term ex-
posure to it  are more prone to develop chronic respiratory
and cardiovascular diseases [21, 22]. In a recently published
paper,  a  strong  link  between  exposure  to  NO2  and  coron-
avirus fatality was detected. In fact, 78% of deaths were in
five regions located in northern Italy and central Spain. Inter-
estingly, the same five regions had the highest NO2 concen-
trations combined with downwards airflow, which prevent
an efficient  dispersion of  air  pollution.  Coronavirus might
hitch a ride from air pollution [23].

Fig. (1). The deadly quartet, i.e., the combination of COVID-19,
old  age,  lung  disease  (pneumonia),  and  heart  failure.  Abbrevia-
tions:  AMI:  acute  myocardial  infarction  (A  higher  resolution  /
colour version of this figure is available in the electronic copy of
the article).

CONCLUSION
We suggest that old age, lung disease and heart failure

play an interactive role in multiorgan failure and resultant
death  in  patients  with  COVID-19  infection  (Fig.  1).  Con-
comitant specific Italian features are contributing factors. Se-
vere inflammation and cytokine storm in the elderly patients
with compromised immune response and diabetes and hyper-
tension contribute to the failure of the heart, lungs and other
organs and eventually to death [24, 25]. In particular, myo-
cardial injury is significantly linked with a worse outcome
of COVID-19, since it is associated with the appearance of
cardiac  dysfunction  and arrhythmias.  So,  aggressive  treat-
ment should be considered for patients at high risk of myo-
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cardial damage and differential diagnosis with other infec-
tive  pathologies,  including  endocarditis,  should  be  done
[26].

Further,  the  pandemic  of  COVID 19  is  an  exceptional
challenge  to  ascertain  effective  drugs  for  prevention  and
treatment [27].
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