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Summary. The current study aims to describe the charac-
teristics of the SARS-CoV-2 infection from the beginning of 
its spread in Italy, in February 2020, up to April 2021 across 
the tested positive cases in Italy. Global data strongly suggest 
that a sex/gender-based disparity exists, with men being at 
higher risk of SARS-CoV-2 infection, hospitalization, poor 
clinical outcomes and death due to the coronavirus disease 
2019 (COVID-19).
With this in mind, we focused on a sex/gender analysis, in 
order to better understand the role of sex/gender-related 
determinants in the outcome of COVID-19. We used rou-
tinely collected data retrieved from the Italian National Sur-
veillance System of confirmed SARS-CoV-2 infections. Data 
is collected and entered daily on a secure online platform 
by the 19 Italian Regions and the two Autonomous Prov-
inces, and all the system is coordinated by the Italian Na-
tional Institute of Health.
In total, 4.027.075 cases occurred from February 2020 to April 
2021, and were included in the analysis. Our results show 
that in Italy the numbers of SARS-CoV-2 infections are quite 
similar in women and men, even if some differences in ex-
posure and outcomes between sexes are present. In par-
ticular, the case fatality rate over 50 years of age is signifi-
cantly higher in men than in women, with the difference 
increasing with age.
These data further confirm the importance of the integration 
of a sex/gender analysis in future studies, thus enabling ef-
fective public health measures and gender-specific solutions.
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Introduction

Coronavirus disease (COVID-19) is an infectious disease 
caused by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), a newly discovered human coronavirus. 
It was first reported in December 2019, in the city of 
Wuhan, China,1,2 and then spread rapidly worldwide, 
being declared by the World Health Organization a pub-
lic health emergency of international concern on 30 
January 2020.3 To date (July 5, 2021), it caused more 

than 184 million cases and near 4 million deaths world-
wide. Most people affected by COVID-19 develop a mild 
to moderate respiratory illness, and recover without the 
need of any special treatment. However, older people 
and subjects with pre-existing and/or underlying medi-
cal conditions – like cardiovascular disease, diabetes, 
obesity, chronic respiratory disease, and cancer – are 
more likely to develop severe respiratory illness often 
requiring intensive care.1

Global data strongly indicates that a sex/gender dis-
parity exists, with men being at higher risk of SARS-
CoV-2 infection, hospitalization, poor clinical outcomes 
and death due to COVID-19 than women.4-6

Several international studies have reported that the 
male/female ratio of COVID-19 infections and the case 
fatality rate (CFR) is higher in males than in females.7-9 
In particular, an epidemiological study from 38 coun-
tries reported a mean CFR in males 1.7 times higher than 
in females.10 Long-term COVID-19 outcomes after in-
tensive care unit (ICU) admission are also worse in 
critically ill men than in their female counterparts.11 
Similar sex-based disparities had been previously ob-
served in the severe acute respiratory (SARS) and Middle 
East respiratory syndrome (MERS) epidemics.12,13

Many factors can contribute to the sex-specific dispar-
ity in disease outcomes, including intrinsic differences 
in innate and adaptive immunity, the role of sex hor-
mones, as well as gender-specific behavioral differenc-
es.14 All these factors confer a protective advantage 
against COVID-19 to women, who are reported to have 
lower viral loads, lower inflammation, better clinical 
outcomes and lower mortality than men.

It is also worth to underline that sex differences in 
COVID-19 clinical outcomes could be also impacted 
by pre-existing comorbidities, that are clearly related to 
the severity of the disease and are usually found in se-
vere and lethal COVID-19 cases.15 A study explored the 
presence of pre-existing comorbidities, diagnosed be-
fore the infection, in a sample of patients who died 
from SARS-CoV-2: women had a higher percentage of 
three or more conditions than men (71% vs 64%).16 
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The most common diseases were, in both sexes, isch-
emic heart disease, atrial fibrillation and type 2 diabetes, 
even if such non-communicable diseases affect differ-
ently the two sexes, males being less frequently but 
more seriously affected (GBD – Global Burden of Dis-
ease – data http://ghdx.healthdata.org/gbd-results-tool, 
accessed 5 July 2021).

A proper understanding of the factors associated with 
COVID-19 severity and mortality is paramount in order 
to effectively allocate healthcare resources, implement 
appropriate preventive and containment measures, and 
define adequate therapeutic protocols. Among those fac-
tors, the role of sex/gender-related determinants in the 
outcome of COVID-19 needs to be fully understood.

The current study aims to describe the characteristics 
of the SARS-CoV-2 infection from the beginning of its 
spread in Italy, in February 2020, up to April 2021 across 
the tested positive cases in Italy, from a gender perspective.

Methods

Data sources

We used routinely collected data retrieved from the Ital-
ian National Surveillance System of confirmed SARS-
CoV-2 infections diagnosed up to April 30, 2021. This 
system, established on 27 February 2020, is coordinat-
ed by the Italian National Institute of Health. Data is 
collected and entered daily on a secure online platform 
by the 19 Italian Regions and the two Autonomous 
Provinces, according to an increasingly harmonized 
track-record.17 As previously described,18 this surveil-
lance system collects data on all cases of SARS-CoV-2 
infection confirmed by RT-PCR, following the interna-
tional case definition that considers as a confirmed case 
any person with laboratory confirmation of SARS-CoV-2 
virus, irrespective of their clinical signs and symp-
toms.19,20

The data collected includes information on demo-
graphics, clinical outcomes, date of diagnosis, geograph-
ical area of diagnosis and comorbidities.

In the analysis by regional area, three macro areas 
were considered: 
nn North, 27,486,438 people (the Regions included are 

Valle d’Aosta, Piedmont, Liguria, Lombardy, Trenti-
no-Alto Adige, Veneto, Friuli-Venezia Giulia, Emilia-
Romagna);

nn Center 11,786,952 people (Tuscany, Umbria, Marche, 
Lazio);

nn South and Islands 19,962,823 people (Abruzzo, 
Molise, Campania, Puglia, Basilicata, Calabria, Sic-
ily and Sardinia).

All records are checked for inconsistencies and duplicate 
at the coordinating center.

The Italian Presidency of the Council of Ministers au-
thorized the scientific dissemination of COVID-19 surveil-
lance data on 27 February 2020 (Ordinance no. 640).

Study population and outcomes

All cases occurred from February 2020 to April 2021 were 
included in the analysis (data extracted on June 27, 
2021). The following age groups were considered: chil-
dren and young adults (<40 years of age), middle aged 
(40-59), elderly (60-79), very elderly (>80). The case 
distributions in the study period (epidemic curve) were 
made by date of diagnosis.

Statistical analysis

We described the main demographic and clinical char-
acteristics and the distribution of cases over time by sex 
using counts with percentages and median with inter-
quartile range (IQR) for categorical and continuous 
variables, respectively. For the calculation of the infec-
tion rates, we used the January 1, 2019 data on the Ital-
ian population, divided by area, sex and age groups, as 
provided by the Italian National Institute of Statistics 
(https://www.istat.it/en/).

CFRs, not accounting for delays, were calculated by 
age and sex.

Results

In total 4,027,075 cases occurred and were included in 
the analysis, during the studied period. The total number 
of tests performed was 59,744,776, and the test rates 
(number of tests/population) by macro area were:
nn North = 1.15
nn Center = 1.06
nn South and Islands = 0.78.

The median age was 47, and the prevalence of females 
was 51.2%. A total of 120,440 deaths was recorded, with 
an overall CFR of 3.09%. The trend of the weekly diag-
nosed cases, showed in Figure 1, was substantially similar 
in the two sexes throughout the period, except for the first 
3 months, where there was a first increase in male cases, 
immediately followed by an increase in female cases.

The median age of the diagnosed cases (Figure 2) 
was substantially similar in male and female patients, 
except for the period between March and April 2020, 
where it was significantly higher in women (80 years) 
than in men (70 years).

Table 1 shows the data of all patients divided by 
gender, geographical distribution and age group. The 
data shows a higher number of cases in <40-year-old 
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men, but the infection rate was higher in women until 
age <60, after which men resulted the most affected sub-
jects between 60 and 79 years of age. The over-80 group 
showed a clear prevalence of women (63.4%) compared 
to men (36.6%). This is probably because women, hav-
ing a longer life expectancy than men, are more repre-
sented in this age group.

We also take into consideration the geographical di-
vision in 3 distinct macro areas: North, Center, South 
and Islands. No differences were found between sexes 

in all the three areas (Table 1), even if in the North of 
Italy a higher infection rate in both sexes occurred, due 
to the higher virus circulation in this area, especially 
during the first phase, from February to April 2020.

The CFR showed significant variations in relation to 
age and sex. The CFR was essentially 0% in both sexes 
until the age of 50. Over 50, the CFR among males was 
always higher than that among women, with the differ-
ence increasing with age (from 5% at 70 to 15% at 90) 
(Figure 3).
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Figure 1. Number of cases of SARS-CoV-2/COVID-19 infection diagnosed from 17/2/2020 to 30/4/2021 in Italy according to sex. The blue 
line represents men, the orange women. Italian National Institute of Health surveillance data update: 27/6/2021.

Figure 2. Distribution of the median age of COVID-19 cases by sex from February 2020 to April 2021 in Italy. The grey zone represents the 
25-75 percentiles; the blue zone represents the 5-95 percentiles.
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Table 1. Distribution of the number of cases of COVID-19 and infection rates (number of cases/ population) by sex, age group and 
geographic areas from February 2020 to April 2021 in Italy (data update: 27/06/2021)

Age groups 
(years)

Male  
patients

(no. and %)

Female 
patients

(no. and %)

Total  
patients  

(no.)

Infection rate 
(no. cases/1000) 

in males

Infection rate 
(no. cases/1000) 

in females

Infection rate 
(no. cases/1000) 

total

<40 793,085 (50.6) 774,769 (49.4) 1,567,862 64.12 65.85 64.96

40-59 651,686 (48.3) 696,793 (51.7) 1,348,482 71.05 73.95 72.52

60-69 232,871 (52.0) 214,732 (48.0) 447,604 66.33 56.12 61.00

70-79 166,762 (50.8) 161,364 (49.2) 328,126 61.15 49.87 55.03

>80 122,617 (36.6) 212,278 (63.4) 334,902 76.38 77.91 77.34

Unknown 46 (46.5) 53 (53.5) 99 – – –

North 1,102,823 (48.7) 1,160,188 (51.3) 2,263,030 81.51 81.61 81.56

Center 348,354 (48.8) 365,414 (51.2) 713,768 60.01 58.83 59.40

South and islands 515,890 (49.1) 534,387 (50.9) 1,050,277 51.33 50.66 50.99

Total 1,967,067 (48.9) 2,059,989 (51.1) 4,027,075 66.94 66.51 66.72
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Figure 3. Case fatality rate (CFR) among COVID-19 cases in Italy from February 2020 to April 2021, by age and sex. The blue line and dots 
represent men, the orange line and dots represent women.

Figure 4. Case fatality rate (CFR) data in Italy in 2020 stratified by COVID-19 waves.
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The CFR in the period February-June 2020 was high-
er compared to the period July 2020-December 2020 
(Figure 4), particularly in the elderly (data not shown). 
In January 2021 the vaccination campaign started, and 
the CFR showed a steep reduction.

Discussion

Our data seem to support the hypothesis that in Italy 
COVID-19 does affect both sexes, but with some differ-
ences in exposure and outcomes. In the first pandemic 
period, the median age was significantly higher in wom-
en. This was probably due to a number of outbreaks that 
occurred in long-term care facilities, where many of the 
hosts were elderly, with chronic diseases and disabilities 
or health problems, and where women were more rep-
resented than men.

Although the numbers of cases were quite similar in 
women and men, the infection rates by age group 
showed some differences. These differences in each age 
group could be driven by the distinct gender-related so-
cial roles, which could lead to different exposures to the 
pathogen. According to the results of an international 
survey that included also Italy, women were more likely 
to abide by the COVID-19 restriction measures, and 
more compliant with such measures than men.21 How-
ever, in Italy the infection rates in the under 60 popula-
tion was higher in women than in men.

Gender differences in sociodemographic character-
istics or employment status may create different percep-
tions, and induce different types of behavior; for in-
stance, women perform activities in which the risk of 
contagion is higher, like caring for the children and the 
sick at home, and they have higher proportion of health-
care workers. The infection rates changed in the 60-79 
age group, with higher proportions in men than in 
women. This can be partly due to the lower risk percep-
tion and lesser compliance with the restriction measures 
of men compared to women. The reduced infection rate 
in women over 60 could also be related to the fact that 
women may be more concerned about COVID-19 and 
more compliant with the rules if they are older, poorer, 
or in worse health conditions.21

The difference in the CFR between February-June 
2020 and July-December 2020 probably depends on 
the lack of knowledge of COVID-19 at the beginning 
of this pandemic, with particular reference to the 
therapeutic and prevention options, which caused 
great difficulty in managing severe cases. Furthermore, 
in the first period there was a tendency to diagnose 
symptomatic cases mainly in the over 30 population, 
while in the subsequent periods the greater availabil-
ity of diagnostic tools improved the screening; conse-
quently, numerous asymptomatic cases were identified 

even in younger subjects at lower risk of complications 
and death.

The CFR differed by sex, being higher in men than 
in women, with significant differences among the over 
50. A poorer outcome in men has been described, and 
sex-related genetic and hormonal factors – as well as 
immunological responses – may play a role in this bias.22

Angiotensin-converting enzyme 2 (ACE2) is a key 
protein involved in the cell entry of SARS-CoV-2 gene.23 
Since ACE2-encoding genes are located on the X chromo-
some,24 a double copy of ACE2 in females may compen-
sate for the virus-mediated down-regulation of ACE2,25 
thus explaining the greater cellular protection in females. 
It is important to underline that the X chromosome 
also contains the most prominent immune-related genes 
in the human genome.26 Therefore females, because of 
their XX chromosome, develop more robust inflamma-
tory immune responses than males.27

Lower testosterone concentrations – a situation ob-
served in elderly men – was also considered among the 
risk factors for poor outcomes in men. The severity of 
COVID-19 seems to coincide with the nadir of lifetime 
testosterone, and the comorbidities predisposing indi-
viduals to an increase in COVID-19 severity are also 
associated with lower testosterone concentrations.28 A 
survey showed that an increased estradiol to testosterone 
ratio during hospitalization was associated with disease 
severity, inflammation, and mortality in COVID-19 
males.29 A recent systematic review investigating risk fac-
tors in COVID-19 highlighted that age, sex, obesity, and 
multiple comorbidities increase the risk of adverse out-
comes.30 However, the precise role of sex in such differ-
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ences is still being debated and, in general, the influence 
of sex and gender on transmission and outcomes de-
pends on the infectious disease, the mechanism of trans-
mission and the interaction between the host and the 
pathogen. This means that the effects of biological and 
gender differences vary from disease to disease.

These data further confirm the importance of the 
integration of a sex/gender analysis in future studies, 
also investigating the different gender-related social 
roles, in order to better understand the complex interac-
tion among sex/gender, age and disease exposure/out-
comes. These data may provide the scientific basis to 
enable effective public health measures and gender-
specific solutions, also reducing both social and eco-
nomic costs.

References

1.	Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y et al. Clinical 
features of patients infected with 2019 novel coronavirus 
in Wuhan, China. Lancet. 2020;395:497-506.

2.	Zhu N, Zhang D, Wang W, Li X, Yang B, Song J et al. A 
novel coronavirus from patients with pneumonia in China, 
2019. N Engl J Med. 2020;382:727-33.

3.	World Health Organisation [Internet]. Coronavirus disease 
(COVID-19) - Weekly Epidemiological Update. 2020. Avail-
able from: https://www.who.int/docs/default-source/coro-
naviruse/situation-reports/20200824-weekly-epi-update.
pdf?sfvrsn¼ 806986d1_4.

4.	Chen J, Qi T, Liu L, Ling Y, Qian Z, Li T et al. Clinical pro-
gression of patients with COVID-19 in Shanghai, China. J 
Infect. 2020;80:e1-e6.

5.	Ferroni E, Giorgi Rossi P, Spila Alegiani S, Trifirò G, Pitter 
G, Leoni O et al. Survival of hospitalized COVID-19 pa-
tients in Northern Italy: a population-based cohort study 
by the ITA-COVID-19 Network. Clin Epidemiol. 2020;12:
1337-46.

6.	ISS COVID-Translational research [Internet]. Recommenda-
tions for the collection and analysis of data disaggregated 
by sex related to incidence, manifestations, response to 
therapies and outcomes in COVID-19 patients. Version April 
26, 2020. Available from: https://www.iss.it/docu-
ments/20126/0/Rapporto+ISS+COVID-19+n.+18_
2020+genere+%281%29.pdf/c2ecaa7b-5bf8-a531-eca1-
2a0c08a4f220?t=1589894350690.

7.	Epidemiology Working Group for Ncip Epidemic Response 
CCfDC. [The epidemiological characteristics of an outbreak 
of 2019 novel coronavirus diseases (COVID-19) in China]. 
Zhonghua Liu Xing Bing Xue Za Zhi. 2020;41:145-51.

8.	Global Health 50/50 [Internet]. COVID-19 sex-disaggre-
gated data tracker. Available from: https://globalhealth5050.
org/the-sex-gender-and-covid-19-project/the-data-tracker/.

9.	Xie J, Tong Z, Guan X, Du B, Qiu H. Clinical characteristics 
of patients who died of coronavirus disease 2019 in China. 
JAMA Netw Open. 2020;3(4):e205619.

10.	Scully EP, Haverfield J, Ursin RL, Tannenbaum C, Klein SL. 
Considering how biological sex impacts immune respons-
es and COVID-19 outcomes. Nat Rev Immunol. 
2020;20:442-7.

11.	Zettersten E, Engerstrom L, Bell M, Jaderling G, Martensson 
J, Block L et al. Long-term outcome after intensive care for 
COVID-19: differences between men and women-a nation-
wide cohort study. Crit Care. 2021;25:86.

12.	Alghamdi IG, Hussain, II, Almalki SS, Alghamdi MS, Al-
ghamdi MM, El-Sheemy MA. The pattern of Middle East 
respiratory syndrome coronavirus in Saudi Arabia: a de-
scriptive epidemiological analysis of data from the Saudi 
Ministry of Health. Int J Gen Med. 2014;7:417-23.

13.	Karlberg J, Chong DS, Lai WY. Do men have a higher case 
fatality rate of severe acute respiratory syndrome than wom-
en do? Am J Epidemiol. 2004;159:229-31.

14.	Haitao T, Vermunt JV, Abeykoon J, Ghamrawi R, Gunaratne 
M, Jayachandran M et al. COVID-19 and sex differences: 
mechanisms and biomarkers. Mayo Clin Proc. 2020;95:
2189-203.

15.	Ejaz H, Alsrhani A, Zafar A, Javed H, Junaid K, Abdalla AE 
et al. COVID-19 and comorbidities: deleterious impact on 
infected patients. J Infect Public Health. 2020;13:1833-9.

16.	SARS-CoV-2 Surveillance Group, Istituto Superiore di San-
ità. Characteristics of SARS-CoV-2 patients dying in Italy. 
Report based on available data on April 28th, 2021 [Inter-
net]. Available from: https://www.epicentro.iss.it/en/coro-
navirus/bollettino/Report-COVID-2019_28_april_2021.pdf.

17.	Italian Government - Presidency of the Council of Ministers 
[Internet]. #IoRestoaCasa, measures for containment and 
management of the COVID-19 epidemiological emergen-
cy. 2020. Available from: http://www.governo.it/it/ioresto-
acasa-misure-governo.

18.	Riccardo F, Ajelli M, Andrianou XD, Bella A, Del Manso M, 
Fabiani M et al. Epidemiological characteristics of 
COVID-19 cases and estimates of the reproductive numbers 
1 month into the epidemic, Italy, 28 January to 31 March 
2020. Euro Surveill. 2020; 25(49):2000790.

19.	European Centre for Disease Prevention and Control [In-
ternet]. Case definition and European surveillance for coro-
navirus disease (COVID-19), as of 3 December 2020. Avail-
able from: https://www.ecdc.europa. eu/en/covid-19/sur-
veillance/case definition.

20.	Fabiani M, Mateo-Urdiales A, Andrianou X, Bella A, Del 
Manso M, Bellino S et al. Epidemiological characteristics of 
COVID-19 cases in non-Italian nationals notified to the Ita-
lian surveillance system. Eur J Public Health. 2021;31:37-44.

21.	Galasso V, Pons V, Profeta P, Becher M, Brouard S, Foucault 
M. Gender differences in COVID-19 attitudes and behavior: 
panel evidence from eight countries. Proc Natl Acad Sci 
USA. 2020;117(44): 27285-91. 

22.	Aksoyalp ZS, Nemutlu-Samur D. Sex-related susceptibility 
in coronavirus disease 2019 (COVID-19): proposed mecha-
nisms. Eur J Pharmacol. 2021;174548.

23.	Hoffmann M, Kleine-Weber H, Schroeder S, Kruger N, Her-
rler T, Erichsen S et al. SARS-CoV-2 cell entry depends on 
ACE2 and TMPRSS2 and is blocked by a clinically proven 
protease inhibitor. Cell. 2020;181:271-80.e8.

- Copyright - Il Pensiero Scientifico Editore downloaded by IP 216.73.216.146 Wed, 02 Jul 2025, 04:45:33



9Spuri M, Cataldo C, Del Manso M et al: Epidemiological characteristics of COVID-19 cases in Italy

24.	Tipnis SR, Hooper NM, Hyde R, Karran E, Christie G, Turner 
AJ. A human homolog of angiotensin-converting enzyme. 
Cloning and functional expression as a captopril-insensitive 
carboxypeptidase. J Biol Chem. 2000;275:33238-33243.

25.	Viveiros A, Rasmuson J, Vu J, Mulvagh SL, Yip CYY, Norris 
CM et al. Sex differences in COVID-19: candidate pathways, 
genetics of ACE2, and sex hormones. Am J Physiol Heart 
Circ Physiol. 2021;320:H296-H304.

26.	Abate BB, Kassie AM, Kassaw MW, Aragie TG, Masresha SA. 
Sex difference in coronavirus disease (COVID-19): a system-
atic review and meta-analysis. BMJ Open. 2020;10:e040129.

27.	Gebhard C, Regitz-Zagrosek V, Neuhauser HK, Morgan R, 
Klein SL. Impact of sex and gender on COVID-19 outcomes 
in Europe. Biol Sex Differ. 2020;11:29.

28.	Sandeep D, Ghanim H, Batra M, Dandona P. Hypogonad-
otropic hypogonadism in men with diabesity. Diabetes 
Care. 2018;41(7):1516-25.

29.	Sandeep D, Zhang N, McPhaul MJ, Wu Z, Ghoshal AK, 
Erlich EC et al. Association of circulating sex hormones 
with inflammation and disease severity in patients with 
COVID-19. JAMA Netw Open. 2021;4(5):e2111398.

30.	Booth A, Reed AB, Ponzo S, Yassaee A, Aral M, Plans D et 
al. Population risk factors for severe disease and mortality 
in COVID-19: a global systematic review and meta-analysis. 
PloS One. 2021. 16(3):e0247461.

Author contribution statement: all the Authors participated in 
conceiving the content of the manuscript and in the final review. 
Matteo Spuri and Claudia Cataldo contributed equally as co-first 
authors.

Conflict of interest statement: the Authors declare no conflicts of 
interest.

Correspondence to:
Massimo D’Archivio
Center for Gender-Specific Medicine
Italian National Institute of Health
Viale Regina Elena 299
00161 Rome, Italy
email: massimo.darchivio@iss.it

- Copyright - Il Pensiero Scientifico Editore downloaded by IP 216.73.216.146 Wed, 02 Jul 2025, 04:45:33


