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Case-fatality rate by age group in Italy and Chinaa
Italy as of March 17, 2020

China as of February 11, 2020

No. of deaths
(% of total)

Case-fatality
rate, %b

No. of deaths
(% of total)

Case-fatality
rate, %b

1625 (100)

7.2

1023

2.3

0–9

0

0

0

0

10–19

0

0

1 (0.1)

0.2

20–29

0

0

7 (0.7)

0.2

30–39

4 (0.3)

0.3

18 (1.8)

0.2

40–49

10 (0.6)

0.4

38 (3.7)

0.4

50–59

43 (2.7)

1.0

130 (12.7)

1.3

60–69

139 (8.6)

3.5

309 (30.2)

3.6

70–79

578 (35.6)

12.8

312 (30.5)

8.0

≥80

850 (52.3)

20.2

208 (20.3)

14.8

All
Age groups, y

Data from China are from Chinese Centre for Disease Control and Prevention. Age was not available for 1 patient.
b
Case-fatality rate calculated as number of deaths/number of cases.
a

References: Onder G, Rezza G, Brusaferro S. Case-Fatality Rate and Characteristics of Patients Dying in Relation to COVID-19 in Italy.
JAMA. 2020 Mar 23. doi: 10.1001/jama.2020.4683.

The most commonly observed comorbidities in deceased COVID-19-positive patients
Diseases

N

%

Ischaemic heart disease

249

27.8

Atrial fibrillation

213

23.7

Heart failure

153

17.1

Stroke

101

11.3

Hypertension

655

73.0

Diabetes

281

31.3

Dementia

130

14.5

Chronic obstructive pulmonary disease (COPD)

150

16.7

Active cancer in the past 5 years

155

17.3

Chronic liver disease

37

4.1

Chronic renal failure

199

22.2

0 comorbidities

15

2.1

1 comorbidity

151

21.3

2 comorbidities

184

25.9

3 comorbidities and over

360

50.7

Number of comorbidities

The dilemma of COVID-19, ageing and cardiovascular disease: insights from cardiovascular ageing science
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Schematic of inflammatory profile before and after COVID-19 infection. Simplified schematic of the preinfection
inflammatory profile among predisposed older individuals vs their younger counterparts.
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The Dilemma of Coronavirus Disease 2019, Aging,
and Cardiovascular Disease
Insights From Cardiovascular Aging Science
As we brace for the imminent impact of the coronavirus disease 2019 (COVID-19) pandemic, we are faced
with a controversy on how to best minimize the risk of
lethal disease among the most vulnerable of us. Preliminary epidemiological data show an uneven-handed impact on the population, with an exponential increase in
disease severity and mortality in those beyond the sixth
decade of life with cardiovascular disease (CVD) and diabetes. Given that angiotensin-converting enzyme 2
(ACE2), an enzyme coopted by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) to enter epithelial cells, is upregulated in patients with CVD and diabetes treated with angiotensin-converting enzyme
inhibitors (ACEIs) and angiotensin receptor blockers
(ARBs), it was proposed that this increase in ACE2 expression underpins the greater COVID-19 severity in this
population. This has created substantial controversy regarding the approach to patients taking ACEIs/ARBs in
preparation for the pandemic, with some advocating for
discontinuing these medications while expert opinions
recommended against discontinuation, given the lack of
strong evidence.1
To begin to unravel this complex dilemma, we must
consider the role of ACE2 not only in COVID-19 pathogenesis but also as a component of renin-angiotensin
system (RAS) signaling throughout the body. First, one
must recognize the scarcity of data on the topic, particularly in humans. Nonetheless, the urgency of the situation makes it imperative to use inductive reasoning to
guide our next steps toward protecting our patients. It
is well established now that while ACE2 is targeted by
SARS-CoV-2 to gain entrance into cells, it plays a major
anti-inflammatory role in RAS signaling by converting
angiotensin II, the quintessential perpetrator of
inflammation,2 to angiotensin 1-7, which carries antiinflammatory properties.3
What has been missing in discussions of the aforementioned dilemma is the age-associated decline in
ACE2 expression, as observed in the lungs of rats,4 which
is in line with a constellation of major proinflammatory
changes perpetrated by an age-associated increase in
RAS signaling throughout the body.5 Exaggerated forms
of this proinflammatory profile are also salient pathophysiologic features of hypertension and diabetes, which
are highly prevalent at older ages.5 The upregulation of
ACE2 in individuals with diabetes and hypertension
treated with ACEIs/ARBs is, in a way, restorative of physiological function. Hence, these observations raise an apparent paradox: given ACE2 itself is the gateway of SARSCoV-2 entry into cells, how can the reduction in ACE2
levels in older persons and those with CVD predispose
for greater COVID-19 severity?
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Figure. Schematic of Inflammatory Profile Before and After
Coronavirus Disease 2019 (COVID-19) Infection
Older patients with CVD
Lower ACE2 levels
Higher angiotensin signaling

Younger patients without CVD
Higher ACE2 levels
Lower angiotensin II
signaling

COVID-19
SARS-CoV-2 binding to ACE2 leads to
reduced ACE2 cell surface expression

Infected older patients
with CVD
Critically low ACE2 levels
Exaggerated angiotensin
II signaling

Infected younger patients
without CVD
Modestly low ACE2 levels
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Likely lower incidence of
disease, but higher severity

Likely higher incidence of
disease, but lower severity

Simplified schematic of the preinfection inflammatory profile
among predisposed older individuals vs their younger
counterparts. ACE2 indicates angiotensin-converting enzyme 2;
CVD, cardiovascular disease; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2.

Thisapparentparadoxbecomesclearifwedistinguish
the role of ACE2 as a gateway for SARS-CoV-2 facilitating
the infection from its pivotal anti-inflammatory function
in RAS signaling that is compromised in individuals with
COVID-19, contributing to its severity (Figure).3 Indeed,
data on the severe acute respiratory syndrome epidemic
of 2003 demonstrates this divergence in factors predisposingtodiseaseoccurrenceanditsseverity;intheformer
epidemic, although younger individuals in their third
and fourth decades of life accounted for most of those
infected,6 theseyoungerpatientshadlowerdiseaseseverity and risk of mortality compared with older people with
preexisting conditions.
Similarly, in the COVID-19 pandemic, it is plausible
that greater expression of ACE2 leads to higher predisposition to incur the disease; preliminary epidemiologic data from South Korea, where the most populationwide testing has taken place, show that most cases are
among younger adults7 who are expected to have higher
levels of ACE2.4 However, when it comes to COVID-19
severity, reduction in ACE2 levels with aging and CVD and
its associated upregulation of angiotensin II proinflammatory pathway8 likely predispose older individuals with
cardiovascular comorbidities to severe forms of COVID19, as has been observed in Italy.7 This predisposition is
exploited with SARS-CoV-2 binding to ACE2 itself, further reducing ACE2 cell surface expression, upregulating angiotensin II signaling in the lungs, and yielding acute
(Reprinted) JAMA Cardiology Published online April 3, 2020
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lung injury.3 Hence, compared with young individuals, older persons with CVD who already have reduced ACE2 levels will be expected to be more predisposed to exaggerated inflammation with
further reduction in ACE2 expression in the context of COVID-19,
manifesting with greater disease severity.
In summary, older individuals, especially those with hypertension and diabetes, have reduced ACE2 expression and upregulation of angiotensin II proinflammatory signaling; the increase in ACE2
levels with ACEI/ARB treatment is more likely to be corrective to
these changes. We hypothesize that with superimposed COVID-19
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Case-Fatality Rate and Characteristics of Patients Dying in
Relation to COVID-19 in Italy
Only 3 cases of coronavirus disease 2019 (COVID-19)
were identified in Italy in the first half of February 2020
and all involved people who had recently traveled to
China. On February 20, 2020, a severe case of pneumonia due to SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2) was diagnosed in northern
Italy’s Lombardy region in a man in his 30s who had no
history of possible exposure abroad. Within 14 days,
many other cases of COVID-19 in the surrounding area
were diagnosed, including a substantial number of critically ill patients.1 On the basis of the number of cases
and of the advanced stage of the disease it was hypothesized that the virus had been circulating within the
population since January.
Another cluster of patients with COVID-19 was simultaneously identified in Veneto, which borders
Lombardy. Since then, the number of cases identified in
Italy has rapidly increased, mainly in northern Italy, but
all regions of the country have reported having patients with COVID-19. After China, Italy now has the second largest number of COVID-19 cases2 and also has
a very high case-fatality rate.3 This Viewpoint reviews
the Italian experience with COVID-19 with an emphasis
on fatalities.

The overall case-fatality rate in Italy (7.2%) is substantially higher than in China (2.3%). When data were
stratified by age group, the case-fatality rate in Italy and
China appear very similar for age groups 0 to 69 years,
but rates are higher in Italy among individuals aged
70 years or older, and in particular among those aged
80 years or older. This difference is difficult to explain.
The distribution of cases is very different in the 2 countries: individuals aged 70 years or older represent
37.6% of cases in Italy and only 11.9% in China. In addition, a relevant number of cases in Italy are in people
aged 90 years or older (n = 687), and this age group
has a very high fatality rate (22.7%); data on cases in
those aged 90 years or older were not reported in
China. In addition, the report from the WHO-China
Joint Mission on Coronavirus Disease 2019 Mortality,
which presents data on 2114 COVID-19 related deaths
among 55 924 laboratory-confirmed cases in China,
reported a fatality rate among patients aged 80 years
or older that was similar to the rate in the Italian sample
(21.9% in China vs 20.2% in Italy).5
Thus, the overall older age distribution in Italy relative to that in China may explain, in part, the higher average case-fatality rate in Italy.

Surveillance System and Overall Fatality Rate

Definition of COVID-19–Related Deaths

At the outset of the COVID-19 outbreak, the Italian National Institute of Health (Istituto Superiore di Sanità
[ISS]) launched a surveillance system to collect information on all people with COVID-19 throughout the country. Data on all COVID-19 cases were obtained from all
19 Italian regions and the 2 autonomous provinces of
Trento and Bozen. COVID-19 cases were identified by reverse transcriptase–polymerase chain reaction (RT-PCR)
testing for the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The fatality rate was defined as
number of deaths in persons who tested positive for
SARS-CoV-2 divided by number of SARS-CoV-2 cases.
The overall fatality rate of persons with confirmed
COVID-19 in the Italian population, based on data up to
March 17, was 7.2% (1625 deaths/22 512 cases).3 This rate
is higher than that observed in other countries2 and may
be related to 3 factors.

A second possible explanation for the high Italian casefatality rate may be how COVID-19–related deaths are
identified in Italy. Case-fatality statistics in Italy are based
on defining COVID-19–related deaths as those occurring in patients who test positive for SARS-CoV-2 via
RT-PCR, independently from preexisting diseases that
may have caused death. This method was selected because clear criteria for the definition of COVID-19–
related deaths is not available.
Electing to define death from COVID-19 in this way
may have resulted in an overestimation of the casefatality rate. A subsample of 355 patients with COVID-19
who died in Italy underwent detailed chart review.
Among these patients, the mean age was 79.5 years (SD,
8.1) and 601 (30.0%) were women. In this sample, 117
patients (30%) had ischemic heart disease, 126 (35.5%)
had diabetes, 72 (20.3%) had active cancer, 87 (24.5%)
had atrial fibrillation, 24 (6.8%) had dementia, and 34
(9.6%) had a history of stroke. The mean number of preexisting diseases was 2.7 (SD, 1.6). Overall, only 3 patients (0.8%) had no diseases, 89 (25.1%) had a single
disease, 91 (25.6%) had 2 diseases, and 172 (48.5%) had
3 or more underlying diseases. The presence of these comorbidities might have increased the risk of mortality independent of COVID-19 infection.
COVID-19–related deaths are not clearly defined in
the international reports available so far, and differences

Fatality Rate and Population Age
The demographic characteristics of the Italian population differ from other countries. In 2019, approximately 23% of the Italian population was aged 65 years
or older. COVID-19 is more lethal in older patients, so the
older age distribution in Italy may explain, in part, Italy’s higher case-fatality rate compared with that of other
countries. The Table shows the age-specific fatality rate
in Italy compared with that of China.4
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Table. Case-Fatality Rate by Age Group in Italy and Chinaa
Italy as of March 17, 2020

China as of February 11, 2020

No. of deaths
(% of total)

Case-fatality
rate, %b

No. of deaths
(% of total)

Case-fatality
rate, %b

1625 (100)

7.2

1023 (100)

2.3

0-9

0

0

0

0

10-19

0

0

1 (0.1)

0.2

20-29

0

0

7 (0.7)

0.2

30-39

4 (0.3)

0.3

18 (1.8)

0.2

40-49

10 (0.6)

0.4

38 (3.7)

0.4

50-59

43 (2.7)

1.0

130 (12.7)

1.3

60-69

139 (8.6)

3.5

309 (30.2)

3.6

70-79

578 (35.6)

12.8

312 (30.5)

8.0

≥80

850 (52.3)

20.2

208 (20.3)

14.8

All
Age groups, y

Data from China are from Chinese
Center for Disease Control and
Prevention.4 Age was not available
for 1 patient.

b

Case-fatality rate calculated as
number of deaths/number of cases.

in definitions of what is or is not a COVID-19–related death might explain variation in case-fatality rates among different countries. To better understand the actual causes of death, the ISS is now reviewing
the complete medical records of all patients with positive RT-PCR results who have died in Italy.

SARS-CoV-2. This may have led to the identification of a large number of individuals who had mild or limited symptoms, but a much
lower case-fatality rate compared with Italy (1.0% vs 7.2%) because many patients with mild disease who would not be tested in
Italy were included in the denominator in Korea.2

Testing Strategies

Conclusions

A third possible explanation for variation in country-specific casefatality rates are the differing strategies used for SARS-CoV-2 RT-PCR
testing. After an initial, extensive testing strategy of both symptomatic and asymptomatic contacts of infected patients in a very early
phase of the epidemic, on February 25, the Italian Ministry of Health
issued more stringent testing policies. This recommendation prioritized testing for patients with more severe clinical symptoms who
were suspected of having COVID-19 and required hospitalization.
Testing was limited for asymptomatic people or those who had limited, mild symptoms. This testing strategy resulted in a high proportion of positive results, ie, 19.3% (positive cases, 21 157 of 109 170
tested as of March 14, 2020), and an apparent increase in the casefatality rate because patients who presented with less severe clinical disease (and therefore with lower fatality rate) were no longer
tested (case-fatality rate changed from 3.1% on February 24 to 7.2%
on March 17). These more mild cases, with low fatality rate, were thus
no longer counted in the denominator.
Other countries have different testing strategies. For example,
the Republic of Korea has adopted a strategy of widely testing for

In conclusion, the current data illustrate that Italy has a high proportion of older patients with confirmed COVID-19 infection and that
the older population in Italy may partly explain differences in cases
and case-fatality rates among countries. Within Italy, COVID-19
deaths are mainly observed among older, male patients who also
have multiple comorbidities. However, these data are limited and
were derived from the first month of documented COVID-19 cases
in Italy. In addition, some patients who are currently infected may
die in the near future, which may change the mortality pattern.
From a research perspective, the comparisons discussed highlight the need for transparency in reporting testing policies, with
clear reporting of the denominators used to calculate case-fatality
rates and the age, sex, and clinical comorbid status of affected persons when comparing COVID-19 case and mortality rates between
different countries and regions. Finally, because the outbreak is
new, continued surveillance, with transparent and accurate reporting of patient characteristics and testing policies, is needed from
multiple countries to better understand the global epidemiology of
COVID-19.
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Characteristics of COVID-19 patients dying in Italy
Report based on available data on March 26th, 2020
1. Sample
The present report describes characteristics of 6801 COVID-19 patients dying in Italy.* Geographic
distribution across the 19 regions and 2 autonomous provinces of Trento and Bozen is presented in the
table below. Data are update to March 26th, 2020.
Tabel 1. Geographic distribution of deceased patients COVID-2019 positive
REGIONS

N

%

Lombardia
Emilia-Romagna
Veneto
Piemonte
Liguria
Marche
Lazio
Friuli-Venezia Giulia
Puglia
Toscana
Bolzano
Trento
Campania
Sicilia
Sardegna
Abruzzo
Umbria
Molise
Calabria
Valle d'Aosta

4484
1068
301
194
180
97
88
66
61
59
46
46
40
15
13
12
11
8
6
6

65.9
15.7
4.4
2.9
2.6
1.4
1.3
1.0
0.9
0.9
0.7
0.7
0.6
0.2
0.2
0.2
0.2
0.1
0.1
0.1

Total

6801

100.0

* COVID-19 related deaths presented in this report are those occurring in patients who test positive for
SARSCoV-2 RT by PCR, independently from pre-existing diseases.

2. Demographics
Mean age of patients dying for COVID-2019 infection was 78 (median 79, range 30-100, IQR 73 -85).
Women were 2,012 (29.6%). Figure 1 shows that median age of patients dying for COVID-2019 infection
was more than 15 years higher as compared with the national sample diagnosed with COVID-2019 infection
(median age 63 years). Figure 2 shows the absolute number of deaths by age group. Women dying for
COVID-2019 infection had an older age than men (median age women 82 - median age men 78).
Figure 1. Median age of patients with COVID-2019 infection and COVID-19 positive deceased patients
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Figure 2. Absolute number of deaths by age group
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3. Pre-existing conditions
Table 1 presents most common comorbidities diagnosed before COVID-2019 infection. Data on diseases
were based on chart review and was available on 710 patients dying in-hospital for whom it was possible to
analyse clinic charts. Mean number of diseases was 2.7 (median 3, SD 1.6). Overall, 2.1% of the sample
presented with a no comorbidities, 21.3% with a single comorbidity, 25.9% with 2, and 50.7% with 3 or
more.
Before hospitalization, 30% of COVID-19 positive deceased patients followed ACE-inhibitor therapy and 17%
angiotensin receptor blockers-ARBs therapy. This information can be underestimated because data on drug
treatment before admission were not always described in the chart.
Table 1. Most common comorbidities observed in COVID-19 positive deceased patients
Diseases

N

%

Ischemic heart disease

249

27.8

Atrial Fibrillation

213

23.7

Heart failure

153

17.1

Stroke

101

11.3

Hypertension

655

73.0

Diabetes

281

31.3

Dementia

130

14.5

COPD

150

16.7

Active cancer in the past 5 years

155

17.3

Chronic liver disease

37

4.1

Chronic renal failure

199

22.2

0 comorbidities

15

2.1

1 comorbidity

151

21.3

2 comorbidities

184

25.9

3 comorbidities and over

360

50.7

Number of comorbidities

4. Symptoms
Figure 3 shows symptoms most commonly observed at hospital admission. Fever, dyspnoea and cough
were the most commonly observed symptoms, while diarrhoea and haemoptysis were less commonly
observed. Overall, 6.4% of patients did not present any symptoms at hospital admission.
Figure 3. Most common symptoms observed in COVID-19 positive deceased patients
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5. Acute conditions
Acute Respiratory Distress syndrome was observed in the majority of patients (96.4% of cases),
followed by acute renal failure (24.7%). Superinfection was observed in 10.4% and acute cardiac injury in
10.1% of cases.
6. Treatments
Antibiotics were used by 86% of patients during hospital stay, while less used were antivirals (54%) and
corticosteroids (35%). Concomitant use of these 3 treatments was observed in 8.1% of cases.

7. Time-line
Figure 4 shows, for COVID-19 positive deceased patients, the median times, in days, from the onset of
symptoms to death (9 days), from the onset of symptoms to hospitalization (4 days) and from
hospitalization to death (5 days). The time from hospitalization to death was 2 days longer in those who
were transferred to intensive care than those who were not transferred (6 days vs. 4 days).

Figure 5. Median hospitalization times (in days) in COVID-19 positive deceased patients
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8. Deaths under the age of 50 years
As of March 26th, 84 out of the 6801 (1.2%) positive COVID-19 patients under the age of 50 died. In
particular, 17 of these were less than 40 years, 14 men and 3 women (age range between 30 and 39
years). For 5 patients under the age of 40 years no clinical information is available; the remaining 8 had
serious pre-existing pathologies (cardiovascular, renal, psychiatric pathologies, diabetes, obesity) and 1
had no major pathologies.
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Characteristics of and Important Lessons From the
Coronavirus Disease 2019 (COVID-19) Outbreak in China
Summary of a Report of 72 314 Cases From the Chinese
Center for Disease Control and Prevention
The Chinese Center for Disease Control and Prevention recently published the largest case series to date of
coronavirus disease 2019 (COVID-19) in mainland China
(72 314 cases, updated through February 11, 2020).1 This
Viewpoint summarizes key findings from this report and
discusses emerging understanding of and lessons from
the COVID-19 epidemic.

Epidemiologic Characteristics
of the COVID-19 Outbreak
Among a total of 72 314 case records (Box), 44 672
were classified as confirmed cases of COVID-19 (62%;
diagnosis based on positive viral nucleic acid test result
on throat swab samples), 16 186 as suspected cases
(22%; diagnosis based on symptoms and exposures
only, no test was performed because testing capacity is
insufficient to meet current needs), 10 567 as clinically
diagnosed cases (15%; this designation is being used in
Hubei Province only; in these cases, no test was performed but diagnosis was made based on symptoms,
exposures, and presence of lung imaging features consistent with coronavirus pneumonia), and 889 as
asymptomatic cases (1%; diagnosis by positive viral
nucleic acid test result but lacking typical symptoms
including fever, dry cough, and fatigue).1
Most case patients were 30 to 79 years of age
(87%), 1% were aged 9 years or younger, 1% were aged
10 to 19 years, and 3% were age 80 years or older.
Most cases were diagnosed in Hubei Province (75%)
and most reported Wuhan-related exposures (86%;
ie, Wuhan resident or visitor or close contact with
Wuhan resident or visitor). Most cases were classified
as mild (81%; ie, nonpneumonia and mild pneumonia).
However, 14% were severe (ie, dyspnea, respiratory
frequency ⱖ30/min, blood oxygen saturation ⱕ93%,
partial pressure of arterial oxygen to fraction of inspired
oxygen ratio <300, and/or lung infiltrates >50% within
24 to 48 hours), and 5% were critical (ie, respiratory
failure, septic shock, and/or multiple organ dysfunction
or failure) (Box).1
The overall case-fatality rate (CFR) was 2.3% (1023
deaths among 44 672 confirmed cases). No deaths occurred in the group aged 9 years and younger, but cases
in those aged 70 to 79 years had an 8.0% CFR and
cases in those aged 80 years and older had a 14.8% CFR.
No deaths were reported among mild and severe cases.
The CFR was 49.0% among critical cases. CFR was elevated among those with preexisting comorbid conditions—10.5% for cardiovascular disease, 7.3% for diabetes, 6.3% for chronic respiratory disease, 6.0% for
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Box. Key Findings From the Chinese Center
for Disease Control and Prevention Report
72 314 Cases (as of February 11, 2020)
• Confirmed cases: 44 672 (62%)
• Suspected cases: 16 186 (22%)
• Diagnosed cases: 10 567 (15%)
• Asymptomatic cases: 889 (1%)
Age distribution (N = 44 672)
• ⱖ80 years: 3% (1408 cases)
• 30-79 years: 87% (38 680 cases)
• 20-29 years: 8% (3619 cases)
• 10-19 years: 1% (549 cases)
• <10 years: 1% (416 cases)
Spectrum of disease (N = 44 415)
• Mild: 81% (36 160 cases)
• Severe: 14% (6168 cases)
• Critical: 5% (2087 cases)
Case-fatality rate
• 2.3% (1023 of 44 672 confirmed cases)
• 14.8% in patients aged ⱖ80 years (208 of 1408)
• 8.0% in patients aged 70-79 years (312 of 3918)
• 49.0% in critical cases (1023 of 2087)
Health care personnel infected
• 3.8% (1716 of 44 672)
• 63% in Wuhan (1080 of 1716)
• 14.8% cases classified as severe or critical
(247 of 1668)
• 5 deaths

hypertension, and 5.6% for cancer. Among the 44 672
cases, a total of 1716 were health workers (3.8%), 1080
of whom were in Wuhan (63%). Overall, 14.8% of confirmed cases among health workers were classified as
severe or critical and 5 deaths were observed.1
COVID-19 rapidly spread from a single city to
the entire country in just 30 days. The sheer speed of
both the geographical expansion and the sudden increase in numbers of cases surprised and quickly overwhelmed health and public health services in China, particularly in Wuhan City and Hubei Province. Epidemic
curves reflect what may be a mixed outbreak pattern,
with early cases suggestive of a continuous common
source, potentially zoonotic spillover at Huanan Seafood Wholesale Market, and later cases suggestive of a
propagated source as the virus began to be transmitted from person to person (Figure 1).1

Comparison of COVID-19 With SARS and MERS
The current COVID-19 outbreak is both similar and different to the prior severe acute respiratory syndrome
(Reprinted) JAMA April 7, 2020 Volume 323, Number 13
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symptoms in December were only discovered when retrospectively investigated. Major epidemic response
actions taken by the Chinese government are shown in brown boxes. The normally scheduled Lunar New Year
national holiday is shown in light yellow, whereas the extended holiday during which attendance at school and
work was prohibited (except for critical personnel such as health workers and police) is shown in dark yellow.
This figure was adapted with permission.1 CDC indicates Chinese Center for Disease Control and Prevention;
HICWM, Hubei Integrated Chinese and Western Medicine; 2019-nCoV, 2019 novel coronavirus; WHO, World
Health Organization.
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Daily numbers of confirmed cases are plotted by date of onset of symptoms (blue) and by date of diagnosis
(orange). Because, on retrospective investigation, so few cases experienced illness in December, these cases are
shown in the inset. The difference between the cases by date of symptom onset curve (blue) and the cases by
date of diagnosis curve (orange) illustrates lag time between the start of illness and diagnosis of COVID-19 by viral
nucleic acid testing. The graph's x-axis (dates from December 8, 2019, to February 11, 2020) is also used as a
timeline of major milestones in the epidemic response. The first few cases of pneumonia of unknown etiology are
shown in blue boxes on December 26 (n = 4) and 28-29 (n = 3). Most other cases that experienced onset of
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Figure 1. Epidemic Curve of the Confirmed Cases of Coronavirus Disease 2019 (COVID-19)
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(SARS; 2002-2003) and Middle East respiratory syndrome (MERS;
2012-ongoing) outbreaks. SARS was initiated by zoonotic transmission of a novel coronavirus (likely from bats via palm civets) in
markets in Guangdong Province, China. MERS was also traced
to zoonotic transmission of a novel coronavirus (likely from bats via
dromedary camels) in Saudi Arabia. All 3 viral infections commonly
present with fever and cough, which frequently lead to lower respiratory tract disease with poor clinical outcomes associated with
older age and underlying health conditions. Confirmation of infection requires nucleic acid testing of respiratory tract samples
(eg, throat swabs), but clinical diagnosis may be made based on
symptoms, exposures, and chest imaging. Supportive care for
patients is typically the standard protocol because no specific
effective antiviral therapies have been identified.
The World Health Organization (WHO) declared the SARS outbreak contained on July 5, 2003. A total of 8096 SARS cases and
774 deaths across 29 countries were reported for an overall CFR of
9.6%. MERS is still not contained and is thus far responsible for
2494 confirmed cases and 858 deaths across 27 countries for a
CFR of 34.4%. Despite much higher CFRs for SARS and MERS,
COVID-19 has led to more total deaths due to the large number of
cases. As of the end of February 18, 2020, China has reported
72 528 confirmed cases (98.9% of the global total) and 1870
deaths (99.8% of the global total). This translates to a current
crude CFR of 2.6%. However, the total number of COVID-19 cases is
likely higher due to inherent difficulties in identifying and counting
mild and asymptomatic cases. Furthermore, the still-insufficient
testing capacity for COVID-19 in China means that many suspected
and clinically diagnosed cases are not yet counted in the
denominator.2 This uncertainty in the CFR may be reflected by the
important difference between the CFR in Hubei (2.9%) compared
with outside Hubei (0.4%).1,2 Nevertheless, all CFRs still need to be
interpreted with caution and more research is required.
Most secondary transmission of SARS and MERS occurred in
the hospital setting. Transmission of COVID-19 is occurring in this
context as well—3019 cases have been observed among health
workers as of February 11, 2020 (of whom there have been 1716
confirmed cases and 5 deaths).1 However, this is not a major means
of COVID-19 spread. Rather, it appears that considerable transmission is occurring among close contacts. To date, 20 provinces
outside of Hubei have reported 1183 case clusters, 88% of which
contained 2 to 4 confirmed cases. Of note, 64% of clusters documented thus far have been within familial households (Chinese
Center for Disease Control and Prevention presentation made to
the WHO Assessment Team on February 16, 2020). Thus, although
COVID-19 seems to be more transmissible than SARS and MERS, and
many estimates of the COVID-19 reproductive number (R0) have already been published, it is still too soon to develop an accurate R0
estimate or to assess the dynamics of transmission. More research
is needed in this area as well.

Response to the COVID-19 Epidemic
Since 2003, the Chinese government has improved its epidemic
response capacity. Some of these efforts are evident in the
response to COVID-19 (Figure 2). For example, in the 2002-2003
SARS outbreak, 300 cases and 5 deaths already had occurred by
the time China reported the outbreak to the WHO, whereas in the
COVID-19 outbreak, only 27 cases and zero deaths had occurred
jama.com

when the WHO was notified (January 3, 2020) (Figure 2). From the
time of WHO notification, 2 months elapsed before SARS-CoV was
identified compared with only 1 week from the time of WHO notification until 2019-nCoV was identified.
The timing of the COVID-19 outbreak, prior to China’s annual
Lunar New Year holiday, was an important factor as China considered how to respond to the outbreak. Culturally, this is the largest and
most important holiday of the year. It is the expectation that people
return to their family homes, which is the cause for the several billion person-trips made by residents and visitors during this time,
mostly on crowded planes, trains, and buses. Knowing this meant
each infected person could have numerous close contacts over a protracted time and across long distances, the government needed to
quickly act. However, it was not only the speed of the government’s
response, but also the magnitude of that response that were influenced by the impending holiday travel time. Knowing that specific
treatment and prevention options, such as targeted antiviral drugs
and vaccines, were not yet available for COVID-19, China focused on
traditional public health outbreak response tactics—isolation, quarantine, social distancing, and community containment.3-5
Identified case patients with COVID-19 were immediately isolated in designated wards in existing hospitals, and 2 new hospitals
were rapidly built to isolate and care for the increasing numbers of
cases in Wuhan and Hubei. People who had been in contact with
COVID-19 cases were asked to quarantine themselves at home or
were taken to special quarantine facilities, where they could be
monitored for onset of symptoms. Enormous numbers of large
gatherings were canceled, including all Lunar New Year celebrations, and traffic in Wuhan and in cities across Hubei was restricted
and closely monitored. Virtually all transportation was subsequently restricted at a national level. All of these measures were
instituted to achieve social distancing. In addition, an estimated
40 million to 60 million residents of Wuhan and 15 other surrounding cities within Hubei Province were subjected to community containment measures. Although these types of traditional outbreak
response actions have been successfully used in the past, they
have never been executed on such a large scale.
There have been some questions about whether these actions
are reasonable and proportional responses to the outbreak. Some
have argued that a number of these approaches may infringe on the
civil liberties of citizens, and some of these measures have been referred to as “draconian.” However, it is not only individual rights that
must be considered. The rights of those who are not infected, but
at risk of infection, must be considered as well. Whether these approaches have been effective (eg, in terms of reduced infections and
deaths averted), and whether these potential benefits have outweighed the costs (eg, economic losses), will be debated for years.4,5

Next Steps
Importantly, another major goal of China’s current outbreak
response activities is to help “buy time” for science to catch up
before COVID-19 becomes too widespread. China must now focus
on adjusting tactics and strategies as new evidence becomes
available. 3,6 Much remains to be done and many questions
remain unanswered. China is very grateful for the help it is receiving from the international scientific, health, and public health
communities. The global society is more interconnected than ever,
and emerging pathogens do not respect geopolitical boundaries.
(Reprinted) JAMA April 7, 2020 Volume 323, Number 13
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Figure 2. Timeline Comparing the Severe Acute Respiratory Syndrome (SARS) and Coronavirus Disease 2019
(COVID-19) Outbreaks
SARS outbreak 2002-2003

COVID-19 outbreak 2019-2020

Nov 16: First case
First known casea of atypical pneumonia
in Foshan City, Guangdong Province, China

Dec 8: First case
Onset of symptoms in first known casea of pneumonia with
unknown etiology in Wuhan City, Hubei Province, China

Nov

Dec 31: Reported to WHO
China reports a cluster of cases of pneumonia
with unknown etiology in Wuhan to WHO
China
27 cases
0 deaths

Dec

Feb 11: Reported to WHO
China reports an outbreak
of acute respiratory symptoms
in Guangdong to WHO
China
300 cases
5 deaths

Jan 7: New virus identified
Chinese scientists identify the pathogen
as a novel coronavirus

Jan

Jan 30: WHO global alert
WHO declares a “public health
emergency of international concern”
China
Outside China
7736 confirmed cases
82 confirmed cases
170 deaths
0 deaths

Feb

Mar 12: WHO global alert
WHO issues a global alert on
“cases of severe respiratory illness
[that] may spread to hospital staff”

Mar
Feb 20: Current status
China
74 675 confirmed cases
2121 deaths

Apr 2: >2000 cumulative cases worldwide
Apr 16: New virus identified
WHO scientists identify the pathogen
as a novel coronavirus

Outside China
1073 confirmed cases
8 deaths

Apr

Apr 28: >5000 cumulative cases worldwide

The timeline of events for the SARS
outbreak (left) from first case to final
worldwide containment. The timeline
of events for the COVID-19 outbreak
(right) from the onset of symptoms
for the first case on December 8,
2019, to status on February 20,
2020. Over the course of the first
2 months, more than 70 000 cases
have been confirmed and many more
are suspected. WHO indicates World
Health Organization.

May
May 28: >8000 cumulative cases worldwide

Jun
Jul 5: Final status
WHO declares worldwide containment
China
Outside China
5327 cases
2769 cases
349 deaths
425 deaths

Jul

a

Proactive investment in public health infrastructure and capacity
is crucial to effectively respond to epidemics like COVID-19, and
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A Covid-19 Response Action – Diabetes Management in Care Homes
A National Stakeholders Covid-19 Response Group Interim Guidance

This guidance was prepared by a
multidisciplinary stakeholder group in order to:
•

•

•

•

Minimise morbidity and mortality from
Covid-19 in care home residents with
diabetes
Alert care homes that those residents with
diabetes are at very high risk of Covid-19
infection
Emphasise that those at the highest risk of
poor outcomes from Covid-19 are those
who have: frailty, several existing medical
conditions such as cardiovascular disease or
respiratory disease, diabetes-complications,
treatment with steroids, a life expectancy
<6 months
Maintain the safety of all those living and
working within the care home

Addressed to: Care home managers, other care
home staff, community nursing and diabetes
staff, primary care providers including general
practitioners

This guidance is designed to support clinical decisionmaking in care homes. As such, the guidance will take into
account the availability of skilled personnel, access to
monitoring of blood glucose (sugar) and ketones, fluid
administration limits, and overall level of care likely to be
available.

__________________________________________
Prevention and Control Issues
Care homes represent a major challenge to ensuring that
Covid-19 prevention and control issues are optimal. Advice
on special precautions to be taken can be found at:
https://www.gov.uk/government/publications/coronavirus
-covid-19-admission-and-care-of-people-in-care-homes
Communication between all relevant parties (care homes,
community services, primary care) may be enhanced by
technology for virtual reviews/case conferences to
minimise contacts for healthcare professionals.

____________________________________________
Advice for care home managers
•

•

____________________________________________
Background

•

The epidemiology of Covid-19 incidence, severity of illness
and mortality seem to be shifted towards older people
particularly those with multiple comorbidities such as
diabetes, hypertension, and cardiovascular disease.

•

Residents of care homes (both residential and nursing) are
a highly co-morbid population who are particularly
vulnerable to Covid-19 infection. A quarter of residents
have diabetes and two-thirds may have frailty which is
better predictor of intensive care unit (ICU) outcomes than
age or other factors.

•

Equip your care home with sufficient capillary
blood glucose (sugar) strips (with a meter),
and strips for ketones if possible
Have available a hypoglycaemia treatment kit
plus intramuscular (IM) glucagon, and
replenishing this every time it is has been used
Maintain a written record of a resident’s blood
glucose, medications, temperature, food chart
and body weight
Have a daily foot care surveillance plan in
place for all residents with diabetes to ensure
good foot health
Ensure good communication with your local
diabetes specialist nurses, the community
nursing service, and with your primary care
team who want to provide you and your staff
with support and guidance at all times

Covid-19 and Diabetes: Interim Care Home Guidance 28th April 2020

_______________________________________________________________________________________________
Effect of Covid-19 on individual residents and their diabetes management
Covid-19 can cause a serious acute illness in residents with diabetes by:
o
o
o

increasing the risk of a rapid worsening of diabetes control which can lead to life-threatening conditions called diabetic
ketoacidosis (DKA) and hyperosmolar hyperglycaemic state (HHS)
increasing susceptibility to other infections including pneumonia, chest and foot infections, and sepsis
worsening symptoms and signs in those with frailty, kidney disease and/or cardiovascular (heart) disease.

_______________________________________________________________________________________________
Management of your residents with diabetes
Usual management of each resident with diabetes should aim to ensure that they:
o
o
o
o
o
o

receive plenty of oral fluids to maintain good hydration
maintain a daily appropriate exercise and nutritional plan with regular meals or if appetite reduced, have food ‘little
and often’
receive their usual diabetes treatment
have regular twice daily capillary blood glucose testing with the aim to keep the level between 7 and 12 mmol/l
have daily foot checks to ensure early detection of poor blood supply, infection, and regular changes of dressings
have the opportunity to have their wishes documented in any anticipated future emergency (e.g. hospital admission) by
completion of a ReSPECT form or similar.

Table A – General areas of concern
Area of Concern

Potential Effect of Covid-19

ACTION

‘Higher Risk’ residents
with Diabetes

Increase their vulnerability to more
serious life-threatening disease

Diabetes control
(glucose targets)

Risk of worsening diabetes control
by causing higher glucose levels

Extra vigilance and surveillance looking for any deterioration in health by
twice-daily assessment of symptoms, blood glucose and ketones where
possible
Aim for random sugar (glucose) levels of 7-12 mmol/l

Hospital Admission

Will increase need for specialist
review and referral to hospital in
residents with acute illness
Increase the risk of acute illness
with or without major changes in
glucose control

Best place of care:
care home v hospital

Persistent fever, increasing shortness of breath, or persistent diarrhoea
and/or vomiting. Also see ‘Special Note’
Decision to admit to hospital based on a shared decision basis with
manager, nursing advice, resident and/or carer: threshold for hospital
admission LOW in residential (non-nursing) homes

!
Special Note: residents with diabetes and Covid-19 who are:
•

•

generally unwell, very thirsty, look dehydrated with deep breathing, and blood
sugar ≥ 11 mmol/l, may have diabetic ketoacidosis (DKA) – check urine for raised
ketones if strips available
very dehydrated, confused or more drowsy than usual, and with blood sugar ≥ 30
mmol/l, may have hyperosmolar hyperglycaemia state (HHS).

Please consult your local diabetes nurse specialist or primary care team for immediate
assessment and treatment guidance and arrangements for hospital admission as
appropriate.

Covid-19 and Diabetes: Interim Care Home Guidance 28th April 2020

Table B – Managing hyperglycaemia (high glucose levels) in varying circumstances (clinical scenarios)
Suggested Initial Actions in different Clinical Scenarios
Clinical scenario

Initial Actions required

Stable non-COVID-19 resident

Continue usual diabetes treatment; maintain close monitoring for COVID-19 symptoms.

COVID-19 positive and stable
resident
COVID-19 positive and unwell
resident on oral therapy*

Continue usual diabetes treatment even if they have reduced appetite, but regular monitoring is required
to avoid high (i.e. ≥12 mmol/l) and low blood sugars (i.e. <4 mmol/l).
Initially, adjust oral hypoglycaemic medications and ensure regular and frequent testing of blood sugar (24 hourly ∆):
A Stop metformin in patients with fever and acute illness to minimise risk of lactic acidosis.
B Stop SGLT-2 inhibitors** particularly in those with diarrhoea and vomiting due to an increased risk of
dehydration and/or DKA
C Consider adding a different oral hypoglycaemic treatment as necessary (e.g. linagliptin)
D Alert your local diabetes nursing team if sugar levels continue to rise and remain above 12 mmol/l, as
commencement of insulin may be necessary at some stage
COVID-19 positive and unwell
A Seek local diabetes nursing team support/advice for further management; test blood sugar frequently
resident on insulin*
(e.g. 2-4 hourly ∆)
B Continue insulin at usual dose, closely monitor blood glucose (every 2-4 hours ∆) and depending on
insulin regimen present, adjust insulin up or down initially by 2-4 units or as advised by your local diabetes
nursing team, every 6 hours if blood sugar outside target range of 7-12mmol/L.*** ∆
COVID-19 positive and unwell
A Seek local diabetes nursing team support/advice for further management; test blood sugar frequently
resident, unable to take oral
(e.g. 2-4 hourly ∆)
therapy*
B Replace oral therapy by a basal long-acting analogue insulin starting at a daily dose of 0.15 units/Kg
body weight (e.g 0.15 x 80kg given as 12 units once daily or 6 units twice daily). Aim to maintain blood
sugar levels within the target range of 7-12 mmol/l.∆
COVID-19 positive on any
A Seek local diabetes nursing team support/advice for further management; test blood sugar frequently
therapy but with erratic eating (e.g. 4-6 hourly)
patterns and fluctuating
B Continue their usual hypoglycaemic therapy.
surges of blood glucose*
C Short-acting insulin can be given subcutaneously as required in boluses of up to 6 units or greater
depending on local diabetes nursing advice, every 6 hours when blood sugar levels are ≥15mmol/L***
*please liaise with your local community nursing team and/or diabetes specialist nurse advice to manage the resident; ** for example,
canagliflozin, dapagliflozin, empagliflozin; ***for more detailed advice, please visit: https://abcd.care/coronavirus; ∆ monitoring frequency
and glucose target range dependent on shared decision making, staff resources and health status of resident

Management of hypoglycaemia (low blood sugar, <4 mmol/l)
Residents receiving insulin or certain glucose-lowering tablets called sulphonylureas (e.g. gliclazide, glipizide) or glinides (e.g.
nateglinide) have a higher risk of hypoglycaemia particularly if their usual meal pattern is disturbed through acute illness or
nausea. A guide to management is given below:

Awake and able to
drink
•

•
•
•
•

Give fast acting carbohydrates
such as 60mls of Gluco juice,
200 ml of pure fruit juice, or 56 dextrose (glucose) tablets
Wait 10 to 15mins, re-check
capillary blood glucose (BG)
Repeat treatment until BG >4
mmol/L
Then give 20 g long-acting
carbohydrate, such as 2 biscuits
or a slice of bread
Review medications, discuss deescalation of glucose-lowering
treatments with team
responsible for diabetes care

Awake, able to drink but
confused or agitated
If uncooperative:
• Squeeze half a tube of glucogel
into the inside of the cheek
and massage
• Wait 10 to 15mins, re-check
BG
• Repeat treatment until BG
>4mmol/L
• Then give 20 g of long-acting
carbohydrate, such as 2
biscuits or a slice of bread
• Review medications, discuss
de-escalation of glucoselowering treatments with team
responsible for diabetes care

Unconscious, may
be fitting
•
•

•
•
•

•
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Ask for help and dial 999
Place patient in recovery
position
Stop any scheduled
insulin
Give 1mg glucagon IM
once only if possible
If becomes awake, give
20 g of long-acting
carbohydrate, such as 2
biscuits or a slice of bread
Liaise with paramedics on
arrival for further
management

_______________________________________________________________________________________________
Management of foot care and end of life
Residents with diabetes and Covid-19 require strict attention to foot care to detect early any changes in blood supply to the feet
or any signs of infection which might lead to sepsis. Some residents may also be at end of life and this will alter how diabetes
care is delivered. A guide to key management aspects are given below:

Foot Care

Residents with diabetes are at high risk of diabetes foot disease which can be exacerbated
by Covid-19. Please ensure that each foot is protected from trauma or other injury and
arrange daily inspection for:
• skin discolouration - might indicate diminished blood supply (limb ischaemia)
• infection
•

•

End of Life
•

•

For residents with type 2 diabetes, stop all oral glucose-lowering therapy and GLP-1
RA (glucagon-like peptode-1 receptor agonist, e.g. exenatide, liraglutide) injections;
for those taking a small dose of daily insulin, consideration should also be given to
stopping this insulin by discussion with local team responsible for diabetes care .
For residents with type 1 diabetes, treatment with insulin should be continued but
consideration given to simplifying the regimen and switching to a once-daily dose
long-acting insulin analogue such Insulin Glargine (Lantus) or Insulin Degludec
(Tresiba)
Stop all routine blood sugar testing in those with type 2 diabetes on diet and/or
metformin; in other cases where there are no prospects of recovery, consideration
should be given to stopping all blood sugar testing
For further advice on diabetes care at end of life, seek guidance from your local
diabetes and palliative care team, or visit: Diabetes UK, End Of Life Diabetes Care, 3rd
Edition, 2018 at: https://www.diabetes.org.uk/resources-s3/201803/EoL_Guidance_2018_Final.pdf

Further Advice

For more information and support with glucose and ketone testing or managing your residents
with diabetes when they become Covid-19 positive, please consult with your local community
nursing service, local diabetes specialist nurses, or primary care team.
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