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A B S T R A C T

Background: Variable sex-disaggregated data on Coronavirus disease 2019 (COVID-19) incidence proportion (IP)
have been reported in different datasets and studies. Factors explaining the inconsistent distribution of COVID-19
among sexes are still unclear.
Objectives: This study aimed to analyse time-related variation of sex-disaggregated COVID-19 IP in Italy since
March 9th to May 11th 2020, and to test its association with the frequency of swab testing for severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2).
Study design: Sex-disaggregated data on COVID-19 cases were collected from Italian publicly accessible databases
along with undisaggregated data on the number of reverse transcriptase–polymerase chain reaction (RT-PCR)
SARS-CoV-2 tests. Crude and adjusted associations between the frequency of RT-PCR SARS-CoV-2 testing and
male-to-female (M/F) ratio of COVID-19 IP were performed.
Results: COVID-19 IP increased progressively in both sexes. Sex prevalence of COVID-19 IP reversed over time,
with the M/F ratio of COVID-19 IP having passed from 1,73 to 0,91. The mean number of daily swabs for RT-PCR
SARS-CoV-2 test increased progressively until reaching a plateau in the last three weeks of the study period. The
M/F ratio of COVID-19 IP inversely correlated with the number of daily swabs for RT-PCR SARS-CoV-2 test (r ¼
-0,87, p < 0.001), even after adjusting for the median age of COVID-19 cases (β ¼ -0,66, p < 0,001).
Conclusions: Time-related changes of sex distribution of COVID-19 IP in Italy are strongly influenced by the
number of swabs testing for SARS-CoV-2. Whether gender-related disparities in the access to the diagnosis of
COVID-19 may explain such a result need to be explored.
1. Introduction

Despite large efforts having been made to understand Coronavirus
Disease 2019 (COVID-19) pathophysiology and epidemiology worldwide
[1, 2, 3, 4, 5, 6, 7, 8], sex-related differences in COVID-19 outbreak
remain unclear based on data available so far. Early reports from
different countries, including Italy, have shown significantly higher
COVID-19 incidence proportions (IP) in males as compared to females [1,
2, 3, 4]. This has led to hypothesize a different biologically-determined
susceptibility to COVID-19 between sexes. However, in other studies
COVID-19 cases have been reported to be either more frequent among
females than males or even equally distributed between sexes [5, 6].
Thus, whether gender, that is the cluster of socially defined character-
istics of sex, may be a significant driver of COVID-19 risk needs to be
elucidated. This study aimed to: 1) analyse time-related changes of
COVID-19 IP in females and males in Italy since March 9th up to May 11th
).
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2020; 2) investigate whether the temporal trend of sex distribution of
COVID-19 IP was associated with concomitant variations in the number
of swabs performed daily to diagnose severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection. The median age of COVID-19
cases, which is a strong determinant of the susceptibility to develop
and die from COVID-19 [9], has been included as a confounder of the
association between sex distribution of COVID-19 IP and the frequency of
swab testing.

2. Methods

Sex-disaggregated data on total COVID-19 cases and deaths as well as
undisaggregated data on the median age of COVID-19 cases and the
frequency of daily swabs for reverse transcriptase–polymerase chain re-
action (RT-PCR) SARS-CoV-2 tests were collected from publicly acces-
sible infographics and bulletins (available at http://www.protezionecivi
ober 2020
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le.gov.it and http://www.epicentro.iss.it, respectively). Sex-
disaggregated demographic characteristics of Italian population at
January 1st 2019 were collected from the Italian National Statistical
Institute (ISTAT) database (available at https://www.istat.it). COVID-19
IPs in females and males were calculated as the ratios between COVID-19
total cases (since March 9th up to May 11th 2020) and population size per
100.000 persons. Logarithmic (LG)-transformed values of skewed vari-
ables were used. Bivariate correlations were performed to assess the
relationship between the male-to-female (M/F) ratio of COVID-19 IP and
either the median age of COVID-19 cases or the number of daily swabs for
RT-PCR SARS-CoV-2 tests. Multivariable regression analysis was per-
formed to test whether the M/F ratio of COVID-19 IP was independently
predicted by the number of daily swabs for RT-PCR SARS-CoV-2 tests
after correcting for the median age of COVID-19 cases.

3. Results

Since March 9th 2020 up to May 11th 2020 COVID-19 IP increased
progressively in both sexes (Figure 1). Concomitantly, sex distribution of
COVID-19 IP reversed, with the M/F ratio of COVID-19 IP having passed
from 1,73 to 0,91 (Figure 2). In addition, the median age of COVID-19
cases decreased from 65 to 62 years. Over the observed nine consecu-
tive weeks, the mean of daily swabs for RT-PCR SARS-CoV-2 tests
increased progressively until reaching a plateau in the last three weeks
(Figure 3). A crude positive association was observed between the LG-M/
F ratio of COVID-19 IP and the LG-median age of COVID-19 cases (r ¼
0,74, p < 0,001). In addition, a crude inverse correlation emerged be-
tween the LG-M/F ratio of COVID-19 IP and the number of daily swabs
for RT-PCR SARS-CoV-2 tests (r ¼ -0,87, p < 0.001) (Figure 4). Both the
LG-median age of COVID-19 cases and the number of daily swabs for RT-
PCR SARS-CoV-2 tests were independent predictors of the LG-M/F ratio
of COVID-19 IP (β ¼ 0,26, p ¼ 0,018 and β ¼ -0,66, p < 0,001, respec-
tively) in the multivariable regression analysis.

4. Discussion

We observed that COVID-19 IP increased progressively in both sexes
since March 9th to May 11th 2020. However, sex distribution of COVID-
19 IP changed over time, with COVID-19 IP having been lower in fe-
males than males in the initial phases and having become higher in
Figure 1. Temporal trend of COVID-19 inci
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females than males by the end of the observed period. Accordingly, the
M/F ratio of COVID-19 IP decreased progressively, becoming and
remaining less than 1 from the second half of April 2020 onwards. The
observed temporal changes in the sex prevalence of COVID-19 IP suggest
that some gender-related factors may have influenced either the esti-
mation of COVID-19 cases or the susceptibility to develope SARS-CoV-2
infection in males and females over time. In this regard, some speculative
hypotheses may be suggested.

First, gender inequalities in the access to health care facilities for RT-
PCR SARS-CoV-2 tests might explain the higher COVID-19 IP in males as
compared to females at the beginning of the observed period. Indeed, the
Italian SARS-CoV-2 testing policy, at least in the initial phases of COVID-
19 epidemic, have prioritized the access of symptomatic subjects to
diagnostic tests for COVID-19, thereby limiting the possible identifica-
tion of COVID-19 asymptomatic cases [3, 10]. Therefore, it is likely that
males, which have been reported to be at higher risk of developing
symptoms and severe clinical manifestations of COVID-19 [11], may
have had a higher access to COVID-19 diagnostic tests at the beginning of
the observed period as compared to females. Conversely, the progressive
temporal increase of COVID-19 IP in females might mirror the fact that
women are more likely to become symptomatic and therefore access
diagnostic tests later as the disease progresses [11]. Also, it might be
related to the expansion of testing policies to asymptomatic cases over
time. These speculations are in line with the observed inverse association
between the M/F ratio of COVID-19 IP and the number of swabs per-
formed daily for RT-PCR SARS-CoV-2 tests. The availability of
sex-disaggregated data on RT-PCR SARS-CoV-2 tests would be crucial to
further support this hypothesis. Noteworthy, female and male population
sizes and proportions remained almost unchanged over the short
observed period (10930 and 17018 COVID-19-related deaths were
recorded up to May 7th 2020, which represents the 0.04% 0.06% of
estimated female and male population sizes at the beginning of the
Italian COVID-19 outbreak, respectively). This makes unlikely the hy-
pothesis that variations occurring in the sample populations may have
contributed to determine the observed temporal trend in sex distribution
of COVID-19 IP over the same period.

Second, it should be considered that the application of social
containment measures were definitively established in Italy on March
21st with the shutting down of all non-necessary businesses and occu-
pations; these measures might have contributed to generate gender-
dence proportion in females and males.
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Figure 2. Temporal trend of M/F ratio of COVID-19 incidence proportions.

Figure 3. Mean of daily swabs for RT-PCR SARS-CoV-2 tests performed in nine consecutive weeks.

V. Bianconi et al. Heliyon 6 (2020) e05304
related disparities in the distribution of COVID-19 cases over time.
Supporting this hypothesis, in Italian social fabric females more often
have primary roles as caregivers within families and front-line in-
teractions with communities for essential demands [11, 12, 13]. These
social commitments may have exposed females to a higher risk of
contagion in the lockdown period as compared to males. In addition,
3

females are more represented thanmales in an occupation sector that was
not subjected to lockdown during the Italian COVID-19 epidemic, which
is the healthcare system [12, 13, 14].

Further to the aforementioned social dynamics, additional factors
may contribute to explain the temporal trend of COVID-19 IP in females
and males. Thus, for instance, a different biological-determined



Figure 4. Correlation between daily swabs for RT-PCR SARS-CoV-2 tests and LG-M/F ratio of COVID-19 incidence proportions.
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susceptibility between the sexes to develope COVID-19, due to a complex
interplay between genetic and hormonal features, may contribute to
explain at least in part the decreasing trend of the M/F ratio of COVID-19
IP over time. Although the more unfavourable prognosis of COVID-19 in
men than in women might support at least in part a different sex-based
susceptibility to SARS-CoV-2 infection and its complications, exposure
studies in both sexes will allow more precise conclusions to be reached.

In the present study a positive association emerged between the
median age of COVID-19 cases and the M/F ratio of COVID-19 IP over the
observed period, suggesting that COVID-19 may have affected younger
age groups in females as compared to males. Since asymptomatic COVID-
19 cases have been reported to be more likely females and younger [9], a
favourable interaction between younger age and female gender may have
protected younger women from being affected from more severe and
symptomatic forms of COVID-19 at least in the early phase of the
epidemic; this may have prevented younger women to be tested for
SARS-CoV-2 infection. However, with the massive spread of the
epidemic, protection from symptomatic COVID-19 may have been lost
progressively in younger women, thus imposing RT-PCR SARS-CoV-2
testing and retarding the peak of COVID-19 IP in this population
category.

In conclusion, epidemiological data on Italian COVID-19 outbreak
show time-related changes in sex distribution of COVID-19 IP, suggesting
that possible gender inequalities may have influenced either the esti-
mation of COVID-19 cases or the susceptibility to COVID-19 over time.
Therefore, the implementation of social policies aimed at respecting and
promoting gender equity should be considered in order to improve the
control of COVID-19 pandemic.
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