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Abstract 
 
There is much discussion among clinicians, epidemiologists, and public health 
experts about why case fatality rate from COVID-19 in Italy (at 12.1% as of April 
2, 2020, versus a global case fatality rate of 5.2%) is considerably higher than 
estimates from other countries (especially China, South Korea, and Germany). In 
this article, we propose several potential explanations for these differences. We 
suggest that Italy’s overall and relative case fatality rate, as reported by public 
health authorities, is likely to be inflated by such factors as heterogeneous 
reporting of coronavirus-related fatalities across countries and the iceberg effect 
of under-testing, yielding a distorted view of the global severity of the COVID-19 
pandemic. We also acknowledge that deaths from COVID-19 in Italy are still 
likely to be higher than in other equally affected nations due to its unique 
demographic and socio-economic profile. Lastly, we discuss the important role of 
the stress imparted by the epidemic on the Italian healthcare system, which 
weakened its capacity to adequately respond to the sudden influx of COVID-19 
patients in the most affected areas of the country, especially in the Lombardy 
region. 
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There is much discussion among clinicians, epidemiologists and public health 

experts about why case fatality rates from COVID-19 in Italy (at 12.1% as of April 

2, 2020, blue line in Figure 1, versus a global case fatality rate of 5.2% [1]) are 

considerably larger than in other countries (especially China, South Korea, 

Germany, and Japan). In this article, we attempt to put forward several potential 

explanations underlying these differences in case fatality rates across countries, 

with special emphasis on the apparent excess fatalities from COVID-19 in Italy.  
 

Figure 1. COVID-19 case fatality rates in Italy  
Calculations by the authors from data available at [20] through April 2, 2020. 
Specifically, total deaths (solid black line, left axis, plotted versus date) is the 
cumulative total number of deaths Italy is attributing to COVID-19 in its daily DPC 
news release; ICU beds occupied (solid red line, left axis) is the cumulative total 
number of ICU units occupied by COVID-19 patients according to this report; the 
corresponding daily % changes are plotted (dashed black and red lines, 
respectively) on the right axis; the available number of ICU beds for COVID-19 
use is estimated as 4,125, i.e., a 55% utilization of the total available supply of 
ICU beds in Italy prior to the pandemic (7,500, given an estimate of 12.5 ICU 
beds per 100,000 inhabitants [11], on the basis of a population of 60 million); 
lastly, the death rate (solid blue line, right axis) is the ratio of cumulative total 
deaths to cumulative total positive COVID-19 tests, also from Italy’s DPC. 
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1. Demographics 

As widely reported, the novel Severe Acute Respiratory Syndrome CoronaVirus-

2 (SARS-CoV-2) appears to be most harmful to male elderly [2] and Italy has one 

of the oldest populations globally, with a relatively large percentage of older 

adults (≥ 65 years of age), corresponding to nearly one fourth of the general 

population [3]. Thus, while in Italy the novel coronavirus spread quickly among its 

oldest, in other nations such as South Korea (a younger country to begin with) 

the coronavirus spread among the (younger female) members of a fringe 

religious group before reaching the general population. 

In addition, Italy’s elderly population is well-integrated within Italian society. For 

instance, Italian elderly usually live with their extended, multi-generation families, 

and actively participate in the life of their communities [4]. While socially 

beneficial, this integration may have facilitated the exposure of this vulnerable 

population subgroup to infection much more than in other high-income countries. 

Lastly, many Italian elderly live in small towns, where access to testing and high-

quality medical care may not have been immediate. Accordingly, data from the 

Italian Istituto Superiore di Sanità (ISS) clearly showed the skewed distribution of 

the demographic profile of COVID-deceased individuals in Italy, with median age 

of around 80 years [2]. 

 

2. Chronic comorbidities  

The novel coronavirus appears to be especially harmful to people with pre-

existing chronic conditions, which are highly prevalent in the general population 

and especially among the elderly [2]. For example, hypertension, type 2 diabetes, 

ischemic heart disease, atrial fibrillation, cancer, chronic kidney disease, stroke 

and COPD were among the most common comorbidities consistently associated 

with COVID-19 related fatalities in the ISS reports [2] [5]. 

More specifically, in terms of background risk for respiratory disease [6] [7], Italy's 

elderly population appears to display these conditions at a much greater rate 
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than Germany and at a greater rate than other European countries (see, e.g., 

Figure 2; PEF = Peak Expiratory Flow [6]), perhaps because of smoking habits 

(including possibly a large prevalence of former smokers among male elderly) or 

high-degree of air pollution in Northern Italy. China (also a country with high 

prevalence of male smokers) has much higher rates of both, but its population is 

also much younger. 
 

Figure 2. Peak Expiratory Flow (PEF) relative to Germany  
Estimation based on a cross-country panel regression of PEF data (38,295 
observations) in Wave 6 of the Survey on Health, Ageing and Retirement in 
Europe (SHARE) after controlling for age, self-reported health, gender, weight, 
and height [6].	

 
 

3. Definition of COVID-related deaths 

In absence of consistent international guidelines [8] [9], there may be 

considerable discrepancies among countries in distinguishing deaths from other 

causes while being infected with COVID. In particular, to our understanding, Italy 
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is currently labeling a COVID-related death as any death where the patient had 

tested positive to the virus, independent of the primary underlying cause of 

morbidity. Other countries may be using a much less expansive definition of 

COVID-death, e.g., as one that is induced directly by the virus, which might 

further explain some of the inconsistencies in case fatality rates observed 

worldwide.  

Accordingly, many experts recommend caution when estimating case fatality 

rates as the ratio of total deaths to total infected individuals during an epidemic, 

since (as we discuss further next) at the time it is calculated there is likely a non-

trivial portion of both patients and outcomes that are going underreported. For 

instance, Battegay et al. [10] go as far as to state that “a precise estimate of the 

case fatality rate is therefore impossible at present.” 

  

4. Effect of COVID-19 on the Italian National Health System 

One of the most worrisome aspects of the novel coronavirus pandemic is the 

stress it has been imposing on the local provision of health care.  

In particular, intensive care units (ICUs) of local and regional hospitals in Italy in 

general, and especially Lombardy region, have had to deal with thousands of 

patients with severe acute respiratory syndromes induced by COVID-19. This 

has nearly exhausted the available provision not only of ICU beds (see red solid 

versus dashed lines in Figure 1; despite being among the largest per capita in 

Europe, albeit well behind Germany [11]), but also of respirators and ventilators 

[12]. In addition, the epidemic has progressed at a speed that made adding 

capacity challenging, at a time when the global supply chain is stretched and in 

some cases broken [13]. This raises worries that some patients may not be 

receiving the best possible care they would have received in normal 

circumstances, leading to worse health outcomes. These events are quite 

remarkable once one considers that Lombardy is one of the wealthiest regions in 

Europe, while the Italian Health System is widely considered among the best in 

the world in terms of access as well as for quantity and quality of care provided to 
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patients [14]. The quality of the health care is also one important reason for the 

high life expectancy of the Italian population, alongside lifestyle and diet, among 

other factors [15]. However, the longevity of the Italian population (alongside the 

lowest birth rate in the world [16]) has also generated a skewed demographic 

profile, made of a relatively large proportion of elderly and fragile individuals, 

which overlaps closely with the most vulnerable subgroups to COVID-19 [2]. 

It is equally important to emphasize that COVID-related case fatality rates within 

Italy display significant heterogeneity, e.g., are as high as 17% in Lombardy, also 

the most populous region of Italy, and as low as 3% in Umbria, among the least 

populated of Italian regions. This heterogeneity translates into a high cross-

region dispersion of death rates of 3.4%, which amounts to about 43% of those 

rates’ equal-weighted cross-regional average (8.0%; authors’ calculations based 

on [17]). Obviously, regional discrepancies in case fatality rates across Italy are 

also function of the different stages of the COVID-19 epidemic curve, with 

Lombardy and other Northern regions being at later stages of the outbreak as 

compared to the rest of the country.    

Nevertheless, and consistent with the above discussion, the regional case fatality 

rate is also highly positively correlated (up to 70%) with the regional-level number 

of hospitalized symptomatic and/or ICU-admitted COVID-19 patients, once again 

suggesting that case fatality rates spiked as hospitals’ capacity (and presumably 

their ability to provide quality care) has diminished with the progression of the 

epidemic. Accordingly, numerous news reports have suggested that, in the early 

stages of the epidemic, a few small medical facilities, perhaps overwhelmed by 

the number of symptomatic hospitalized patients and the severity of their 

conditions, may have failed to follow safety procedures and so furthered the 

spread of the virus among other patients with serious illnesses as well as to 

visitors and medical personnel [18]. 
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5. Extent of testing for COVID-19 and the tip of the iceberg 

Italy and South Korea (along with Germany) are among the countries where the 

largest numbers of tests per million population for COVID-19 have been 

performed (see Figure 3). 
 

Figure 3. Number of COVID-19 tests per million people 
Data in linear scale as of April 2, 2020 [19]. 
 

 
 

In particular, Italy has tested more than 580,000 people for COVID-19 as of April 

2, 2020 [20]. Of course, running more tests implies in principle that a larger 

portion of the coronavirus iceberg (and its health outcomes) would be observed, 

including infected but asymptomatic individuals, relative to other countries where 

COVID-19 is stealthily spreading and killing. Accordingly, we would expect (and 

actually estimate) the cross-country correlation between total coronavirus tests 

per million population and the corresponding mortality rate to be nontrivially 
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negative (-18%, with a t-statistics of -2.11; authors’ calculations based on the 

closest available data to April 2, 2020 from 131 countries and territories affected 

by the coronavirus [1]). However, Italy has only been testing symptomatic people 

over the last several weeks, while it has been widely reported that South Korea 

(and more recently Germany) has been adopting extensive contact tracing by 

testing several asymptomatic people for each symptomatic one on the basis of 

their immediate proximity to him or her [21]. Nevertheless, the “South Korean 

approach”, similar to that adopted by other Asian countries (e.g. Taiwan) has 

also raised concerns for the potential violation of privacy and human rights, 

hence the applicability to Western countries is uncertain [22], [23], [24]. 

On the basis of these observations and the fact that roughly 2.3% of people 

tested in South Korea resulted in a coronavirus infection (authors’ calculations 

based on [25]), we propose in the Appendix a simple model to estimate the 

Italian coronavirus iceberg as of April 2, 2020. According to our model, if Italy had 

followed the more aggressive South Korean coronavirus proactive testing 

approach, it should have tested about 8 asymptomatic people for each 

symptomatic one it did test (i.e., TR = 7.6; see equation [A-4] in the Appendix); 

such more widespread testing would have yielded between 132,879 (i.e., y*(N^ – 

N) in equation [A-5] for y = 3%) and 310,052 (for y = 7%) additional coronavirus-

positives, i.e., a coronavirus iceberg between more than two to nearly four times 

larger than its observed tip (i.e., an iceberg ratio IR between 2.2 and 3.7; see 

equation [A-5]).  

In other words, our model indicates that there are currently several times more 

COVID-19 infected people in Italy than it is currently reported, leading to a severe 

underestimation of the denominator (i.e. total number of infected individuals, 

including asymptomatic cases and those with mild symptoms). Hence, this would 

translate in a current over-reporting of COVID-19 case fatality rate in Italy, as 

compared to countries (like South Korea) adopting proactive and extensive 

contact tracing. For instance, our model implies that under the assumption of a 

rate of infection among asymptomatic tested patients y = 5%, there would be an 

estimated case fatality rate of slightly more than 4% (ECFR = 4.1%; see equation 
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[A-6]), i.e., more in line with global numbers. Others have suggested even higher 

degrees of underestimation of the total number of COVID-19 infected individuals 

[26], which would further decrease the overall case fatality rate in Italy and other 

countries with comparable underestimation of total number of infected people.  

 

6. Socioeconomic Order 

The impact of socio-economic heterogeneity in affecting case fatality rates of an 

epidemic cannot be underestimated. 

Italy is a Western democracy where restrictions to daily liberties are difficult to 

enforce in a draconian fashion. The entire country has been in lockdown since 

March 9, paralyzing the economy. The diffusion of the internet and related 

technologies is low among the elderly, the most at-risk category [27]. 

Relative to Italy, China has managed to effectively seclude a city (Wuhan) and 

the surrounding Hubei province that is as large in population size as Italy, while 

keeping the rest of the country functioning economically and supporting that 

effort. South Korea's population is highly tech-literate and tech tools have helped 

the local authorities track the infected and limit the spread of the virus to at-risk 

categories, such as the elderly and/or people with pre-existing conditions. 

Obviously, the long-term economic sustainability of extreme public health 

measures, as national lockdowns in Italy and other western countries, is a major 

concern, and may further exacerbate socioeconomic inequalities with additional 

negative impact on the wellbeing of the most vulnerable population subgroups.  

 

7. Lessons learned from the Italian experience 

We conclude that Italy’s overall case fatality rate, as reported by public health 

authorities, is likely to be inflated for possibly several different factors including 

the iceberg effect of under-testing, yielding a distortedly inflated view of the 

global severity of the COVID-19 pandemic, although we acknowledge that deaths 

in Italy are still likely going to be higher than in other equally affected countries 
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due to its unique demographic and socio-economic profile. In addition, we cannot 

ignore the stress on the health care system imposed by COVID-19 sudden 

pandemic in the most affected areas of the country, in terms of death toll.   

Therefore, we caution from ignoring the lessons that the Italian circumstances 

may offer, especially for similarly affected Western countries. The COVID-19 

pandemic has exposed several intrinsic structural limitations of the national 

public health care systems across Western countries, especially a lack of 

coordinated and timely response mechanisms for enabling rapid actions for the 

health crisis, like those deployed in several Asian countries. There is a need to 

expand public and private investments in infectious disease control and 

surveillance, as well as in epidemic preparedness.  

Adequate community response, which is critical for epidemic containment, has 

been lacking in Italy, with dramatic consequences on local hospitals, many of 

which have eventually been overwhelmed in the most affected areas. We also 

need to rebalance the epidemiology and public health training, mostly centered 

on chronic non-communicable diseases, to enhance capacity in infectious 

disease epidemiology and control. We should strive to capitalize on new data 

analytics and technology tools to facilitate proactive case identification, like in 

some Asian countries (e.g., South Korea and Taiwan, among others [24] [28]).  

Communication with the public is crucial to offset misinformation and fake news, 

which can be extremely detrimental in managing a health crisis of this nature. 

International partnerships and rapid sharing of data among national authorities 

and within the scientific community (e.g., unlike the delays that plagued 

communications from China at the first onset of the coronavirus epidemic [29]) 

are also crucial, and should be further encouraged and enhanced in the future.  

In a context of limited evidence and significant uncertainty, Italy is running a 

massive public health intervention that is unique in the history of Western 

democracies. We all have to hope that it succeeds. 

  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 April 2020                   doi:10.20944/preprints202004.0065.v1

https://doi.org/10.20944/preprints202004.0065.v1


	10 

References 
 

[1] Worldometer’s Coronavirus web page: 
https://www.worldometers.info/coronavirus/  

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

[3] The Central Intelligence Agency (CIA)’s The World Factobook archive web 
page, Median Age: https://www.cia.gov/library/publications/the-world-
factbook/fields/343rank.html 

[4] Mazzola P. Rimoldi S., Rossi P., Noale M., Rea F., Facchini C., Maggi S., 
Corrao G., Annoni G. Aging in Italy: The Need for New Welfare Strategies in 
an Old Country. The Gerontologist. 2016;doi:10.1093/geront/gnv152. 

[5] Instituto Superiore di Sanita’ (ISS), 2020, Characteristics of COVID-19 
patients dying in Italy Report based on available data on March 20th, 2020: 
https://www.epicentro.iss.it/coronavirus/bollettino/Report-COVID-
2019_20_marzo_eng.pdf 

[6] Backhaus A. Why does COVID-19 appear to be so lethal in Italy? Twitter. 
March 8, 2020: 
https://twitter.com/AndreasShrugged/status/1236638942017073153 

[7] Worldometer’s Coronavirus age and sex demographics web page: 
https://www.worldometers.info/coronavirus/coronavirus-age-sex-
demographics/ 

[8] Paterlini M. On the front lines of coronavirus: the Italian response to covid-19. 
BMJ. 2020;	doi:10.1136/bmj.m1065. 

[9] Worldometer’s Coronavirus death rate web page: 
https://www.worldometers.info/coronavirus/coronavirus-death-rate/#correct 

[10] Battegay M., Kuehl R., Tschudin-Sutter,S., Hirsch H., Widmer A., Neher R. 
2019-Novel Coronavirus (2019-nCoV): estimating the case fatality rate – a 
word of caution. Swiss Medical Weekly 2020/05-06. 

[11] Rhodes A., Ferdinande P., Flaatten H., Guidet B., Metnitz P., Moreno R. The 
variability of critical care bed numbers in Europe, Intensive Care Medicine. 
2012; doi:10.1007/s00134-012-2627-8. 

[12] Rosenbaum L. Facing Covid-19 in Italy — Ethics, Logistics, and Therapeutics 
on the Epidemic’s Front Line, NEJM. 2020; doi:10.1056/NEJMp2005492 

[13] Xu N. Ventilators are key to preventing coronavirus deaths—but does the 
world have enough of them? Fortune. March 17, 2020: 
https://fortune.com/2020/03/17/coronavirus-ventilator-shortage/ 

[14] World Population Review, Best Healthcare In The World 2020: 
https://worldpopulationreview.com/countries/best-healthcare-in-the-world/ 

[15] European Commission & World Health Organization. State of Health in the 
EU: Italy, Country Health Profile 2017: 
http://www.euro.who.int/__data/assets/pdf_file/0008/355985/Health-Profile-
Italy-Eng.pdf?ua=1  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 April 2020                   doi:10.20944/preprints202004.0065.v1

https://doi.org/10.20944/preprints202004.0065.v1


	11 

[16] The Central Intelligence Agency (CIA)’s The World Factobook archive web 
page, Birth Rate: https://www.cia.gov/library/publications/the-world-
factbook/fields/345rank.html 

[17] Dipartimento della Protezione Civile (DPC), Emergenza Coronavirus, dati 
regionali: https://github.com/pcm-dpc/COVID-19/blob/master/dati-regioni/dpc-
covid19-ita-regioni-20200324.csv 

[18] Giuffrida A., Beaumont P. Coronavirus: inquiry opens into hospitals at centre 
of Italy outbreak. The Guardian. February 26, 2020: 
https://www.theguardian.com/world/2020/feb/26/coronavirus-inquiry-opens-
into-hospitals-at-centre-of-italy-outbreak 

[19] Our World In Data COVID-19 web page: https://ourworldindata.org/covid-
testing 

[20] Dipartimento della Protezione Civile (DPC), Emergenza Coronavirus, dati 
nazionali: https://github.com/pcm-dpc/COVID-19/blob/master/dati-andamento-
nazionale/dpc-covid19-ita-andamento-nazionale.csv 

[21] Beaumont P. Coronavirus testing: how some countries got ahead of the rest. 
The Guardian. April 2, 2020: 	
https://www.theguardian.com/world/2020/apr/02/coronavirus-testing-how-
some-countries-germany-south-korea-got-ahead-of-the-rest 

[22] Wang J., Ng C., Brook R. Response to COVID-19 in Taiwan - Big Data 
Analytics, New Technology, and Proactive Testing, JAMA. 2020; 
doi:10.1001/jama.2020.3151. 

[23] Zastrow M. South Korea is reporting intimate details of COVID-19 cases: has 
it helped? Nature, March 18, 2020.  

[24] Korea Centers for Disease Control & Prevention (KCDC), COVID-19 National 
Emergency Response Center, Epidemiology & Case Management Team. 
Contact Transmission of COVID-19 in South Korea: Novel Investigation 
Techniques for Tracing Contacts. Osong Public Health Res Perspect. 2020 
Feb;11(1):60-63. 

[25] Wikipedia Template webpage: 2019–20 coronavirus pandemic data for South 
Korea medical cases on April 2, 2020: 
https://en.wikipedia.org/wiki/Template:2019%E2%80%9320_coronavirus_pan
demic_data/South_Korea_medical_cases 

[26] Ioannidis J. A fiasco in the making? As the coronavirus pandemic takes hold, 
we are making decisions without reliable data. Statnews.com. March 17, 
2020: https://www.statnews.com/2020/03/17/a-fiasco-in-the-making-as-the-
coronavirus-pandemic-takes-hold-we-are-making-decisions-without-reliable-
data/ 

[27] Coppola D. Distribution of the level of internet literacy in Italy in 2016, by age 
group. Statista.com. March 2017: 
https://www.statista.com/statistics/795780/internet-literacy-by-age-group-in-
italy/ 

[28] Sui C. What Taiwan can teach the world on fighting the coronavirus. 
NBCNews.com. March 10, 2020: https://www.nbcnews.com/health/health-
news/what-taiwan-can-teach-world-fighting-coronavirus-n1153826 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 April 2020                   doi:10.20944/preprints202004.0065.v1

https://doi.org/10.20944/preprints202004.0065.v1


	12 

[29] Allen-Ebrahimian B. Timeline: The early days of China's coronavirus outbreak 
and cover-up, Axios. March 18, 2020: https://www.axios.com/timeline-the-
early-days-of-chinas-coronavirus-outbreak-and-cover-up-ee65211a-afb6-
4641-97b8-353718a5faab.html 

  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 April 2020                   doi:10.20944/preprints202004.0065.v1

https://doi.org/10.20944/preprints202004.0065.v1


	13 

Appendix 
 

We propose a simple model to infer the iceberg of COVID-19 cases in Italy and 

ensuing mortality rate from observed testing and outcome data stemming from 

the more widespread testing approach followed in South Korea. 
 

We begin by defining: 
 

N = actual number of coronavirus tests in Italy = 581,232 
 

P = actual number of coronavirus-positive people among those tested in Italy = 

115,242 
 

D = actual number of coronavirus deaths in Italy = 13,915 
 

x = fraction of asymptomatic people tested in South Korea 
 

y = fraction of asymptomatic people yielding a positive test  
 

z = fraction of all (symptomatic and asymptomatic) people tested in South Korea 

who yielded a positive test = 2.3% 
 

The above definitions imply that: 
 

N^ = total number of people Italy would have tested if it had followed the South 

Korean model: 
  

N^ = N / (1 – x)   [A-1] 
 

Under the assumption that a given y is the same for both Italy and South Korea, 

it then ensues that: 
 

y = (P + z*N^) / (N^)   [A-2] 
 

such that one can then estimate x as a function of a given y: 
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x = 1 – [(z*N – y) / P]  [A-3]  
 

which then allows to compute N^, the Test Ratio TR of asymptomatic people 

tested versus symptomatic ones, the Iceberg Ratio IR of total positives over 

symptomatic positives, and the resulting Estimated Case Fatality Rate ECFR: 
 

TR = (N^ – N) / N   [A-4] 
  

IR = [y*(N^ – N) + P] / P  [A-5] 
 

ECFR = D / [y*(N^ – N) + P] [A-6] 
 

as a function of a given y. 
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