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Abstract
Since the SARS-CoV-2 epidemic started, it became clear that the impact of the infection incidence and
fatality rate were closely related to the population structure. Our analysis was devoted to the distribution
of the infected cases in the Italian population strati�ed by age and sex in order to de�ne the differences in
gender impact of COVID-19 in each age class. Data on infected cases were extracted from the Italian
EpiCentro (ISS) web site from March 12 to May 20, 2020. Data were pooled in ten years’ groups. Odds
ratio (OR) men versus women was evaluated by the Fisher exact test. Logistic regression was used to
investigate the combined effect of age and sex on infection incidence. Statistical analysis, performed by
R-Bioconductor, highlights differences in age-dependent susceptibility to infection between men and
women. In elderly class (50+ ) generally man result more infected than women, with the exception of the
oldest women (90+). In age classes <50 OR was about 1.0, while an intriguing exception is the age group
20-29 in which the ratio was unbalanced in favour of men. This analysis supports a strong in�uence of
biological sex and environmental factors related to age in COVID-19 infection by SARS-Cov-2.

Introduction
COVID-19 epidemic started in December 2019 in Wuhan (China), and soon spread throughout the world
[1]. The causative agent was identi�ed as the Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2), closely related to the human SARS betacoronavirus (~80% homology) and MERS-CoV (Middle-
East Respiratory Syndrome) betacoronavirus (~40% homology). The �rst western country affected was
Italy, where, after the identi�cation of the �rst Italian patient on February 21, 2020, the epidemic expanded
very rapidly. The government decided that public health should have priority and declared the lockdown
(March 11, 2020) to minimize transmission of COVID-19 through social distancing. Schools, travels and
commercial activities have been shut down, except some essential services.

It was immediately clear that the impact of the infection was closely related to the demographic
composition of the population because deaths were concentrated at older ages [2, 3]. Furthermore,
COVID-19 fatality rate appears to be higher in men than in women all over the world [4].

O�cial bulletins and literature reported percentages of infected and dead patients, strati�ed data by age
and sex, but referred to the total of infections. Some authors suggested to calculate this ratio using the
population size strati�ed by age and sex as the denominator to discriminate speci�c infection incidence
and fatality rates for each class, especially when the rate of the disease is highly variable by age and sex
as in the SARS-CoV-2 infection [5].

Populations show different demographic pro�les: developing countries have a higher proportion of
younger people (like China), while in industrialized countries, like Italy, the share of older people is larger
than the younger one. Also sex ratio is often age-dependent: generally there are more women among the
elderly since they have a longer life expectancy, but at birth the ratio is reversed, with more surviving boys
than girls [6].
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Frequently diseases manifest differently in men and women. These differences of symptoms, diagnosis,
severity, duration of the disease involve biological sex (genetic, anatomy, hormones and physiology) as
well psychological and cultural behavior (ethnical, social, and religious background, environmental and
lifestyle) changing throughout the life course [7]. The concept of gender is controversial; it is often
associated to the socially constructed roles and behaviors or referred to a complex interrelation and
integration of both biological and cultural aspects. The “gender” medicine considers both aspects and
represents the �rst step to the “precision” medicine.

The World Health Organization (WHO) pays particular attention on gender differences and their impact on
diagnosis to shed light on the risk factors causing disease in men and women and address the
corresponding speci�c treatments [8].

Here we analyze the distribution of the SARS-CoV-2 infected patient-cases in the Italian population
strati�ed by age and sex to evaluate the gender impact on COVID-19 in each age class.

Methods
Data sources.

The most recent detailed data (January 1, 2019) on resident population in the Italian municipalities are
available from the National Institute of Statistics of Italy (ISTAT) [9]. Although these data are more than a
year old, the actual population underwent only a contraction of less than 0.19% [10]. We pooled these
data, strati�ed by sex, into ten years’ groups. The actual demographic structure of Italian population
(Fig.1 and Supplementary Table S1) shows a slight deviation of male/female ratio before the age of 40 in
favor of a slightly higher male component. After the age of 40 the percentage of men decreases slowly
until the older ages when it is reverted (men/women odd ratio= 0.65 in 80-89 years class).

Data for people infected by the SARS-CoV-2 virus in Italy were extracted from o�cial bulletins of the
Italian “Istituto Superiore di Sanità” (ISS) from March 12 to May 20, 2020 [11]. The �rst bulletin with sex-
disaggregated data was on March 12, 2020. Data are combined into ten years bins. Every bulletin was an
upgrade of the total cumulative number of infected cases at the date of publication.

To our knowledge, few publications on COVID-19 take into account the different age classes, just
mentioning the population structure, but do not really include in the statistical analysis the population
pro�le for each class [12].

Data Analysis.

Positive patient-cases (pos) in the age groups (0-9, 10-19, … , 90+) were extracted from o�cial data
sources detailed above, while negative patient-cases (neg) were calculated as the difference between
total Italian population and positive patient-cases in the corresponding  age group. Signi�cance of odds
ratio (OR) Male versus Female = (M_pos/M_neg)/(F_pos/F_neg), was evaluated by the Fisher exact test
on 2x2 contingency tables. Lethality was computed as the ratio (num_deaths/num_positive). We used
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logistic regression to test the combined effect of age and sex on infection and death. Models: 
Logit(Positive)~Sex+Age+Sex:Age; Logit(Dead)~Sex+Age+Sex:Age. The Positive and Dead response
variables are encoded as follows: positive=1, negative=0 and dead=1, alive=0 respectively. The Age
predictor corresponds to the age groups {0-9, 10-19,…, 90+} discretized as {1,2,..., 10}, the Sex  variable {M,
F} is binarized as M= -1, F= +1 respectively. Dataset was randomly split: 70% to train the models, 30% as
independent validation set. Area under the curve (AUC) of ROC curve computed on the validation set was
used as a measure of model goodness-of-�t. Statistical analyses were performed using R-Bioconductor.
Plots and charts were created using R-Bioconductor and Microsoft Excel.

Results
Ratio of infection between sexes evaluated on population structure.

A thorough investigation on COVID-19 epidemic needs age- and sex-disaggregated data, normalized to
the total population size of the corresponding class (age group and sex) [5, 13].

This is necessary to disaggregate also the epidemic indexes (incidence and fatality) to really understand
how age and sex contribute to infection.

An example of two different results is reported in Table 1, from the o�cial COVID-19 bulletin of March 23,
2020. The data were strati�ed by age and sex, but the percentages of affected cases were obtained using
in A) total patient-cases for ages as denominator while in B) total population size for ages as
denominator, as suggested by Bhopal [5]. The results obtained in B) are more informative on the real
impact of the infection in each class of age and sex.

Random versus non-random virus spreading.

Epidemic data analysis in Italy is complex due to the evolution of the infection and the outbreak of
epidemic in the last period. In the �rst period, probably from the end of December 2019 to the end of
February 2020, the infection was not identi�ed as caused by Coronavirus 2 (CoV-2), so the virus was free
to circulate and infect people without any constraint [14]. When the �rst COVID-19 Italian patient was
identi�ed, government declared complete lockdown to the whole country (March 11). Lockdown imposed
social distancing to minimize an uncontrolled transmission of COVID-19. Two additional events
characterized the Italian epidemic after end of March: about 60% of Italian cases came from Lombardy
region where many patients contracted infection in hospital or emergency room. Moreover, at the end of
March the infection spread also in the Elderly Care Homes (Italian RSA). It is likely that in these locations
elderly people represented the majority of subjects. In this view it is possible to consider that until March
11 the epidemic diffused randomly, while after March 11 (complete lockdown) there was a non-random
diffusion of  the virus both among the younger age classes (school closure) and the older ones (infection
in hospitals and RSA). It is to note that the average virus incubation is around 14 days and the infection
has a duration between 30-40 days, depending on the severity of the symptoms, therefore the effects of
the random virus circulation could be clearly detected until the end of March [15]. For these reasons all
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ISS o�cial bulletins until March 26, 2020, can be considered equally informative to analyze the
differential spreading of the infection between age and sex classes of population, because the epidemic
was essentially driven by an exponential diffusion of the infection without any further confounding
factors, which came into play after that date. Figure 2 shows the OR Male/Female for cumulative
incidence data based on the population structure strati�ed by age: all data points are statistically
signi�cant, except for the younger age classes, where the few recorded cases led to a poor data sampling.
The corresponding OR for new cases are reported in Supplementary Fig.S1, with essentially the same
trend. The evolution of the epidemic in Italy is con�rmed when computing the ratio of Male/Female
incidence and cumulative incidence in the same time points (Supplementary Fig. S2, S3). In all �gures a
visual separation between the two phases (before and after March 26, 2020) is highlighted by a blank
(Supplementary Tables S2-S6 for details of statistical testing results, plotted in Fig. 2, 3,  Supplementary
Fig. S1-S3 respectively). The choice of March 26 as a separation time-point, between random and non-
random virus circulation, is also justi�ed by the correlation pattern of male/female ratios, where a kind of
phase transition can be observed between March 26 and March 30, 2020 (Supplementary Fig. S4).

Data from March 12 to March 26, 2020: random virus circulation. Cumulative data collected from March
12 to March 26, 2020, during the exponential phase of the epidemic, shows that there are slightly more
infected boys than girls in the 0-9 age class are and more men than women in the 50-59 age class are. A
large difference in OR is present in the age classes from 60 to 90+ where the percentage of infected men
is about double than women of the same age. In the 10-19 and 30 to 49 age classes both men and
women are equally likely infected, while the opposite occurs in the 20-29 class, in which the percentage of
sick women was signi�cantly higher than men. All ORs for this range of time, except 10-19 age class, are
statistically signi�cant (FDR corrected p-value <0.05, see Fig. 2 and Supplementary Fig. S1, S2).

Data from March 30 to May 20, 2020: non-random virus circulation. The data collected from March 30 to
May 20, 2020, show that ORs changed particularly within the elderly. While age classes 0-19 and >50
gradually reach the OR=1.0 (same percentage of infected men and women) the age classes from 30-49
inverted their OR values. It is to note that in the 20-29 age class the OR remains in favor of a lower
percentage of infected men across the analyzed period.

Gender fatality rate (risk of death).

To analyze the effects of the infection on deaths strati�ed by age and sex, we report the fatality rate
computed from o�cial data (Fig. 3). In this report, we do not consider the mortality rate (i.e., the ratio to
the whole population).The statistical analysis of cumulative data shows that men suffer a signi�cant
higher fatality rate than women are at every age class, with no differences in pre- or post-lockdown period
(Fig. 3). Data for age classes 0 to 29 are often too under-sampled for a reliable statistical analysis.

Differences between pre- and post-lockdown phase. We analyzed data on March 26 and May 20, 2020 by
logistic regression to highlight the different effects of Age:Sex interaction on infections and deaths by
COVID-19 before and after the lockdown (Table 2). The effects of Age and Sex predictors and their
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interaction are largely signi�cant, except for the interaction Sex:Age on Deaths at March 26: this suggests
that before the lockdown the sex difference was only weakly dependent on the age (Fig. 4).

Discussion
In this paper we analyze shares of men and women infected by SARS-Cov-2, normalized on the
demographic structure of the population, to investigate differences in sex and gender infection incidence.

The �rst Italian patients were identi�ed in Italy at the end of February 2020 and soon after the lockdown
was declared. Observing the OR Male/Female of patient-cases strati�ed by age (Fig. 1), it is possible to
follow the trend during epidemic from the beginning to May 20, 2020 and the differences between age
classes. Overall, the OR shows a different evolution in time for each age class due to different factors:
endogenous (biological sex and age physiology), and exogenous (sociality, habits, job and lifestyle). As
previously detailed, we assume that infection data were determined by a random spread of the virus until
March 11, 2020, with detectable consequences until two weeks after, and by a non-random virus
circulation after that date. For this reason, we analyzed separately the two periods: until March 26, 2020
(hereafter named “pre-lockdown”) and the second one until May 20, 2020 (named “post lockdown”).

We �rst analyze the differences between pre- and post-lockdown periods, and subsequently, we discuss
the gender issue during the pre-lockdown period.

Male/Female infection ratio in each age class during epidemic.

Age class 0-9: the OR was at �rst slightly in favor of more infected boys than girls, but then decreased
towards 1.0 (boys and girls tended to be infected at the same level). This change was likely due to habits
for boys of staying outside in larger groups more often than the girls and the propensity to practice team
sports like football: during lockdown they had to reduce these physical contacts.

Age class 10-19: the value of OR remains essentially the same in pre- and post-lockdown. As for teenager
peer groups are essential to social and general development and the social distancing imposed by
lockdown did not change the infection ratio, we suppose that this was mostly due to biological factor
(sex, hormones).

Age class 20-29: maybe the most interesting. Indeed, the OR remains constantly signi�cantly in favor to
more infected women than men during the whole reporting period, likely for biological reasons that were
not affected by and thus independent from a different lifestyle during lockdown.

Age classes 30 to 49: data started with an OR~1.0 to then reach values signi�cantly <1.0, towards a
larger proportion of infected women.

Age class 50-59: the trend is similar to the previous one, though with starting value of OR signi�cantly
>1.0.
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It is possible that this increase of the middle age infected women in post-lockdown was due to a larger
portion of women that are healthcare-worker, compared to men (84% for European region) that were
selectively infected in RSA[16].  In Italy on April 28, 2020, 69% of infected healthcare-workers were women
[17].

Age classes >60:  a huge difference in OR men/women is present in the pre-lockdown period, with men
infected even more than twice than women. The trend shows a rapid evolution towards lower values after
lockdown, particularly for people in the age class 80-89, where, at the end, men and women appear
equally likely infected and, particularly for people aged 90+ with a clearly higher proportion on infected
women. We suppose that the rapid change toward a larger incidence in women was heavily due to a non-
random diffusion of the virus in the elderly. At the end of March, the virus diffused in hospitals often
through emergency room and in the RSA, in which older people are admitted (usually age 65 and over).
This happened in a framework where women account for the majority of population (Fig. 1), male/female
population sex-ratio decreases from 0.92 to 0.37 in 60-69 to 90+ age classes respectively, and in such
older Italian population cohort about 56%  are women over 65 years old (63% for  age >80)
(Supplementary Table S1). ISS o�cial bulletins from April 23 to May 20, 2020 report that RSA host 40-
60% of new diagnosed cases with a large majority of women.

Differential male/female risk of death.

Scienti�c literature and o�cial web sites on COVID-19 report a higher fatality rate in men than women are
across the whole age spectrum [18]. Our statistical analysis con�rms this difference in fatality rate and
shows that this trend does not changes between pre- and post-lockdown period and even increases a bit
(Fig. 3) although in some age classes women are more likely infected than men. To highlight this aspect
we choose two representative dates of pre- and post-lockdown phases for disease incidence and death
cases: March 26, 2020, the end of period with data re�ecting the exponential phase of the infection
spread, and May 20, 2020, for the post-lockdown phase. Figure 4 shows the cumulative counts of patient-
cases and deaths in these two time points. It is to note that, although the incidence of infection increases
in women from March 26 to May 20, 2020 (Supplementary Fig. S2), the fatality rate remains higher in
men than women (Fig. 3) probably because the COVID-19 disease in men tends to be more severe than in
women [19].

Analysis of infection incidence in exponential virus spreading.

As discussed above, SARS-CoV-2 virus spread freely, with an exponential growth of infection until March
11, 2020. After lockdown the virus was characterized by a forced non-random spreading due to social
distancing, Thus the weeks between February and the end of March  allow to analyze the virus spreading
in the different age and sex classes of population, with minima confounding effects (dates March 12-19-
23-26, 2020 in Fig. 2).

We should consider several aspects possibly involved in sex-speci�c response to SARS-CoV-2.  
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Female gender is known to have a stronger immune response to viral infections compared to male
gender, due to more robust innate and adaptive immune responses [7]. Immune system is under the sex
hormones in�uence: as a general rule, estrogens promote both innate and adaptive immune responses,
which result in a better and faster response to pathogens. Instead androgens have an immune
suppressive effect which may explain the greater susceptibility to infectious diseases observed in men,
but a minor incidence of asthma in boys than girls [20]. X-chromosome inactivation in women causes an
imbalance of genes involved in immune response, such as CD40L and TLR7, and ACE2 that exert a
protective function in pathologies like hypertension, cardiovascular diseases and acute respiratory
distress syndrome, which are concurrent conditions representing a major risk of worse prognosis in
COVID-19 [7, 21]. ACE2 expression is higher in young people than in elderly individuals and higher in
women than in men [22]. Other factors may be involved in infection such as hormone-regulated
expression of genes or environmental factors like smoking, drinking and personal care [23]. Chronic
activation of innate and adaptive immune functions increases with age and leads to a decline of the
immune system response, causing a greater sensitivity to infections and chronic diseases [24].

On the basis of these few elements, we try to explain our results.

The 0-9 age class presents a larger proportion of infected male children. This result could be due to a
better response of female gender immune system and higher level of ACE2 in female than male gender.

In the 10-19 age class, sex hormones change the OR bringing it closer to 1.0. Although estrogens give a
better immune performance than androgens, it is possible that other unknown mechanisms occur,
possibly linked to sex maturation. These mechanisms may be crucial since in the 20-29 age class, when
the sexual identity is fully de�ned, the OR is signi�cantly inverted, with clearly more infected women than
men. This is a relevant result also because it is reported in foreign European and extra-European countries
[25]. It is to note that no environmental factors like social distancing due to lockdown change the OR in
the 20-29 age class during the epidemic (May 20, 2020, last date reported in this work).

The population aged 30-49 shows a more balanced ratio of infected man and women, though still with a
slightly larger women proportion.

The population aged 50-59, and mainly from 60 to 90+ shows a larger presence of infected men, up to
more than two-fold than women,

In the older age, the presence of overexpressed X-linked genes might reveal its greater importance.
Women are more protected by infection by their strong immune system, and they have higher level of
ACE2 than men. In addition, women in midlife and over usually assume Vitamin D to help the
menopausal transition and to prevent osteoporosis due to the lack of estrogens, while in older men
vitamin D de�ciency is not adequately evaluated. It is known that adequate vitamin D levels would
contribute to reduce in�ammation and acute respiratory tract infection. Many authors speculate that,
among other factors, the different susceptibility to virus infection may be the consequence of lower
vitamin D levels in men in their sixties, compared with age-matched women [26].
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Conclusion
This is the �rst preliminary study investigating the role of sex and gender in SARS-CoV-2 infection, related
to the population structure from infancy to elderly.

The sex and gender approach to health (gender medicine) is an innovative discipline emerging from new
considerations of biological (sex speci�c aspects) and gender (sociocultural, environmental habit)
differences in predisposition and manifestation of disease. These multifactorial domains interact in
health and diseases and evolve during ageing.

The SARS-CoV-2 epidemic highlighted a huge difference in age and gender virus impact both in incidence
of cases and in fatality rate. The severe effects of this epidemic underline the need to understand the
different sex reaction to viral agent causing the disease. Our results suggest complex modulations of the
response to infection, speci�c for age and sex groups and indicate new perspectives in future gender
research to understand the disease mechanisms and develop suitable therapies.
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age
classes

(cases
male)/(total
cases per
age)

 

A

(cases
male)/(total
cases per
age)

 

A

(cases
male)/
cases
female)

 

 

A

(cases
male)/(total
male per
age)

 

B

(cases
female)
/(total female
per age)

 

B

(cases
male)/
(cases
female)

 

 

B

0-9 57.3% 42.7% 1.34 0.0069% 0.0055% 1.27

10-19 52.1% 47.9% 1.09 0.0062% 0.0072% 0.86

20-29 45.7% 54.3% 0.84 0.0306% 0.0390% 0.78

30-39 50.5% 49.5% 1.02 0.0559% 0.0555% 1.01

40-49 50.2% 49.8% 1.01 0.0784% 0.0768% 1.02

50-59 56.2% 43.8% 1.28 0.1371% 0.1024% 1.34

60-69 67.1% 32.9% 2.04 0.1977% 0.0890% 2.22

70-79 66.4% 33.6% 1.98 0.2735% 0.1169% 2.34

80-89 57.9% 42.1% 1.38 0.3532% 0.1662% 2.12

90+ 35.3% 64.7% 0.55 0.3239% 0.2197% 1.47

 

Table 1. Estimates of Male/Female sex-ratio from data of o�cial COVID-19 bulletin, Mar 23, 2020. * Data
on infected cases from “Bollettino-sorveglianza-integrata-COVID-19”, Mar 23, 2020. (A) Percentage of
infected Male and Female cases (referred to total cases) and their ratio, disaggregated by age class. (B)
Percentage of infected Male and Female patient-cases (referred to total population) and their ratio,
disaggregated by age class. The ratio Male/Female derived in (A) and (B) are different, since the ratio in
(B) re�ects the population structure.
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        Main predictors Interaction

Date Logistic Model   Intercept Sex Age Sex:Age

2020 Mar
26

 

A)  Positive ~ Sex + Age +
Sex:Age

      AUC=0.720 (95% CI
0.717-0.723)

coe�cient -8.7162 0.2379 0.3365 -0.0711

p-value <2e-16 <2e-16 <2e-16 <2e-16

std error 0.0152 0.0152 0.0022 0.0022

B)  Dead ~ Sex + Age +
Sex:Age

      AUC=0.712 (95% CI
0.709-0.715)

coe�cient -15.9827 -0.6692 0.9610 0.0030

p-value <2e-16 4.13e-
10

<2e-16 0.808 n.s.

std error 0.1071 0.1071 0.0124 0.0124

2020
May 20

C)  Positive ~ Sex + Age +
Sex:Age

      AUC=0.700 (95% CI
0.698-0.702)

coe�cient -7.5763 0.1282 0.3374 -0.0198

p-value <2e-16 <2e-16 <2e-16 <2e-16

std error 0.0087 0.0087 0.0012 0.0012

D)  Dead ~ Sex + Age +
Sex:Age

      AUC=0.692 (95% CI
0.690-0.694)

coe�cient -15.3822 -1.0455 1.0760 0.0737

p-value <2e-16 <2e-16 <2e-16 <2e-16

std error 0.0518 0.0518 0.0059 0.0059

     

                 

Table 2. Contribution to cases and deaths of Age:Sex combined factors. *We analyzed data on Mar 26
and May 20, 2020, by the following models:  (A,C) Logit(Positive) ~ Sex + Age + Sex:Age ; (B,D)
Logit(Dead) ~  Sex + Age + Sex:Age. Data refer only to Covid-19 certi�ed infections and deaths, as
detailed in ISS bulletins. The Positive and Dead response variables are encoded as  positive=1,
negative=0 and dead=1, alive=0 respectively. The Age  predictor corresponds to the age group {0-9, 10-
19,…, 90+} discretized as {1,2,..., 10}, the Sex  variable {M, F}  is binarized with integer values {-1,1}
respectively. The effect of Age and Sex predictors and their interaction, is largely signi�cant, except for
the interaction Sex:Age on Death at Mar 26, 2020. AUC for models, computed on independent sets, are
expressed as: value (95% Conf  Int)

Figures
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Figure 1

Italian population strati�ed by age and gender. The percentages refer to the whole Italian population on
Jan 1, 2019 (see Methods). The ratios Male versus Female population are shown on the left side.
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Figure 2

Odds Ratio Male versus Female of cumulative SARS-Cov-2 positive cases, strati�ed by age. The OR
Male/Female was computed at all the dates (14 time points) for which o�cial statistics were available:
OR=(Male_pos/Male_neg)/(Female_pos/Female_neg), where _pos and _neg refer to the total cumulative
positive and negative cases on the corresponding date. The blanks between bars on Mar 26 and Mar 30,
2020, separate the �rst exponential phase of infection spread, and the post lockdown phase, whose
effects start to be visible about two weeks after the o�cial lockdown date (Mar 11, 2020). The statistical
signi�cance of OR (indicated by “*”) was assessed by the Fisher exact test; p-values were adjusted for
multiple testing by FDR correction. The red horizontal line highlights the value OR=1.0 (Null hypothesis of
no difference between Male and Female). Error bars correspond to standard 95% Con�dence Interval of
OR. Details of statistical testing and signi�cance are reported in Supplementary Table S2.

Figure 3

Ratio of fatality rates Male/Female by COVID-19, strati�ed by age. The ratio Male_fatality/
Female_fatality was computed at all the dates (14 time points) for which o�cial statistics were available.
Fatality at each time point is based on the cumulative positive cases and deaths counts. The blanks
between bars on Mar 26 and Mar 30, 2020, separate the �rst exponential phase of infection spread, and
the post lockdown phase, whose effects start to be visible about two weeks after the o�cial lockdown
date (Mar 11, 2020). The red horizontal line highlights the value ratio=1 (no difference between Male and
Female). The statistical signi�cance of OR (indicated by “*”) was assessed by Z-test for proportions; p-
values were adjusted for multiple testing by FDR correction. The red horizontal line highlights the value
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ratio=1.0 (Null hypothesis of no fatality rate difference between Male and Female). Details of statistical
testing and signi�cance are reported in Supplementary Table S3.

Figure 4

Barplots of data analyzed by logistic regression. The graphs correspond to the models A,B (Mar 26, 2020,
positive cases and deaths) and C,D (May 20, 2020, positive cases and deaths) in Table 2, as indicated in
the top left corner of each graph.
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