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ABSTRACT

Background: Since December 2019 an unprecedented coronavirus pandemic (COVID-19) in Italy
and in all the world, has been spreading. This study is a retrospective overview of Italian popula-
tion in one year of COVID-19. This study aimed to assess the changes of COVID-19 distribution
during the first, second and third waves throughout Italy.

Subjects dan Method: This was a retrospective study carried out in all Italian regions from
symptomatic or COVID-19 high-risk exposure patients. 41,135,655 nasopharyngeal swabs samples
were obtained and analyzed between man and woman in five age categories. The dependent
variables were positivity rate and collection period. The independent variables were age and
gender. The swabs were processed by qRT-PCR technique. The data were extrapolated by QLink
software and evaluated using chi-square test statistical analysis.

Results: The paper presents one year overview epidemiological data of three COVID-19 waves all
over Italy. It was considered a number of 122,853 out of 41,135,655 (10.8%) positive patients in one
year of pandemic. The article briefly reports three epidemic outbreaks caused by the SARS-CoV-2
with positivity rate of 5.13%, 18.07% and 14.02%, respectively. It was evaluated how the patients
average age has shifted from elders towards younger, observing a high percentage (45.13%) in over
65 group in the first wave despite the 0-8 (1.00%) and 8- 18 age groups (2.66%). Contrary, the
number of positive cases in 0-8 and 8-18 age groups increased in second (1.06% and 2.66%) and
third waves (2.06% and 4.39%).

Conclusion: It presents the current epidemic situation associated with the novel coronavirus and
outlines the main clinical features on the three waves in Italy. It was observed a shift toward a
younger patient during the second and the third pandemic wave and a slight predominance of
female on male in the first wave.
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BACKGROUND

Official information about a new outbreak
of pneumonia of unknown etiology in
Wuhan City, the capital of Hubei Province
of China, appeared for the first time on
December 31, 2019 (Xu et al., 2020). On
January 3rd, 2020, this new disease was al-
ready confirmed in 44 patients. All of them
were adult residents of Wuhan city linked
with the local animal and seafood market.
These patients developed symptoms bet-
ween December 12 and 29, 2019. The
incubation period lasted from 2 to 14 days
and the febrile period from 10 to 14 days
(WHO, 2020a). In early January 2020,
Shanghai Public Health Clinical Center
established the complete genomic sequence
of this pneumonia's causative agent, a new
coronavirus strain, temporarily named
2019 Novel coronavirus (2019-nCoV),
which, according to World Health Organi-
zation (WHO) experts, was not previously
identified (Xu et al., 2020). Later on Febru-
ary 2020, the new coronavirus infection
was named COVID-2019 (Corona Virus
Disease 2019), caused by SARS-CoV-2 (Tai
et al., 2020).

Starting from January 21, 2020, WHO
publishes daily Situation reports of the
Emergency Committee under the Inter-
national Health Regulations on pneumonia
caused by SARS-CoV-2, containing infor-
mation on the number of confirmed cases
and deaths risk level plus infection control
guidelines and other relevant information
(Salzberger et al., 2020).

On February 2ist, 2020 the first
Italian patient with COVID-19 (a 38-year-
old man) was hospitalized at Codogno Hos-
pital, Lodi, in northern Italy (Romagnani et
al., 2020). The virus spread firstly in
Europe, then all around the world, beco-
ming global plague. On 11th March 2020,
WHO declared the emergency for global
pandemic by SARS-CoV-2 (WHO, 2020b).
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Since then, the contagious and death situa-
tion has been changing daily. According to
WHO, on April 11th , 2021, the number of
cases in the world was 134,308,070 con-
firmed cases of COVID-19 with the maxi-
mum number of patients registered in the
Americas (WHO, 2021). In terms of the
number of cases of COVID-19, Italy
occupies one of the leading places in the
world (around 3 million cases) (Wang et al.,
2020; Romagnani et al., 2020).

Many countries around the world
faced COVID-19 pandemic where a first
wave occurred in the spring 2020 that
substantially decreased during the summer,
the second massive wave emerged in the
fall of 2020, and the third wave occurs
again in spring 2021.

Lifebrain is the leading group in Italy
for laboratory medicine for patients, and
due to its laboratory network, high profes-
sionalism, and latest-generation technolo-
gies has analyzed and analyze molecular
COVID-19 tests during almost all pandemic
periods in most of Italian regions. Lifebrain
has a massive database of molecular results
in Italian waves. Anyhow, the number of
cases in the first wave were limited due to
restricted authorization law for diagnostic
center of COVID-19.

Using original data from three follow-
ing outbreaks of COVID-19, it was analyzed
gender differences and age shift between
three waves in Italy. The first wave was
administered between March and May
2020. On March 10th 2020, the Italian
government has promptly reacted to the
pandemic by adopting a first set of national
restrictions and recommendations, avoid-
ing non-essential industrial productions
and all the social interactions, including
schools and offices (Salzberger et al., 2020;
Tai et al., 2020). Despite all restriction, the
second wave was administered between
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October and December 2020, the third
arrived in the middle of February 2021.

This study aimed to examine the
changes in patterns of COVID-19 distri-
bution during the first, second and third
waves throughout Italy. It was assessed
obtained data of SARS-CoV-2 in Italy
within one year of pandemic.

SUBJECTS AND METHOD

1. Study Design

This was a respective study to assess
COVID-19 waves in Italy. The study
design consisted of assessing the main
patient patterns during the pandemic.
The data were obtained by Qlik Sense, one
innovative Business Intelligence tool. Data
was collected during one year between
March 2020 until the end of March 2021,
covering three waves, when the number of
SARS-COV-2 positive cases increased
exponentially.

2. Population and Sample

This study used original data from the
Lifebrain laboratories, one of the largest
groups of private clinical structure in
Italy. 41,135,655 nasopharyngeal swabs
samples were obtained at the different
Lifebrain network laboratories sites from
either symptomatic patients or patients
with high-risk exposure to COVID-19. All
samples were collected in 2 ml of viral
preservation medium in Kang Jian Virus
Collection and Preservation System (Jian-
gsu Kangjian Medical Apparatus Co., Ltd.,
China) and tested within 24 hours of
collection.

3. Study Variables

The dependent variables were positivity
rate and the collection period. The inde-
pendent variables were age and gender.

4. Operational Definition of Variables
Age: the age of patients was evaluated for
each COVID-19 pandemic wave and divid-
ed in seven age range: 0-8 years old, 8-18
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years old, 18-30 years old, 30-40 years
old, 40-50 years old, 50-65 years old, over
65 years old.
Gender: both male and female gender
were considered, calculated for each
COVID-19 wave.
Collection period: all samples were
collected during first three waves of
COVID-19 pandemic, first wave was
administered between March and May
2020; the second wave between October
and December 2020; the third between
February and March 2021.
Positivity rate: samples positive for
SARS-CoV-2 are characterized by a cycle
threshold (Ct) value at or below 35 cycles of
the RdRp gene for Mutaplex and of ORF-
1ab gene for PerkinElmer.
5. Study Instruments
Viral RNA was extracted, starting from
200 pl of swab fluid using the MGISP-960
High-throughput Automated Sample Pre-
paration System using MGIEasy Magnetic
Beads Virus DNA/RNA Extraction Kit,
and Janus liquid handler, using Chemagic
360 (PerkinElmer Inc, Waltham, Massa-
chusetts) and PerkinElmer New Corona-
virus Nucleic Acid Detection Kit (Perkin
Elmer Inc, Waltham, Massachusetts). The
detection of SARS-CoV-2 RNA was carried
out using the MutaPLEX® Coronavirus
(SARS-CoV-2) real-time RT-PCR Kit (Im-
mundiagnostik AG, Germany) for the si-
multaneous in vitro detection of RNA of
SARS-CoV-2 and other beta corona-
viruses, extracted from biological spe-
cimens. MutaPLEX® Coronavirus (SARS-
COV-2) kit (Immundiagnostik AG, Ger-
many) detects three viral genes. The cy-
cling conditions were: 10 min at 45°C, 5
min at 95°C, 45 cycles x [10 s at 95 °C, 40
s at 60 °C].

The PerkinElmer SARS-CoV-2 RT-
gPCR Reagent kit (PerkinElmer Inc, Walt-
ham, Massachusetts) was also used for the
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qualitative detection of SARS-CoV-2. The
SARS-CoV-2 RT-qPCR assay uses Tag-
Man™-based real-time PCR technique to
conduct in vitro transcription of SARS-
CoV-2 RNA, DNA amplification and fluo-
rescence detection. The cycling conditions
were: 2 min at 25 °C, 15 min at 250 °C, 2
min at 95 °C and 45 cycles x [3 s at 95 °C,
30 s at 60 °C].

Qlik Sense was used to extrapolate
the data. It is based on the Associative In-
Memory Engine, that allow to explore
quickly the entire Datawarehouse. The
software is able to associate dynamically
the data, exploring freely in any direction,
not following the most common pyramid-
scheme. Practically, it is possible surfing
data from the top side like, Com-
pany/Blood collection point, or data from
the bottom, like discovery business and
customer behaviour.

6. Data analysis

We analyzed the data of seven age groups
of patients: 0-8 years old, 8-18 years old,
18-30 years old, 30-40 years old, 40-50
years old, 50-65 years old, and patients

over 65 years old. The rate differences in
age groups, gender and waves were
estimated by chi-square (?) test.

Analyses were performed using MedCalc
19.2.0 (MedCalc Software Ltd, Ostend,
Belgium).

~. Research Ethics

The study has been led in accordance with
the Declaration of Helsinki, under the
terms of relevant local legislation.

RESULTS
This study tested hypotheses on the age
shift and gender differences within three
COVID-19 pandemic waves. It was used a
database of molecular analysis from three
pandemic waves in one year with a total
number of patients of 41,135,655, 122,853
(10.8%) of which were positive cases. The
main method for verifying SARS-CoV-2 is
reverse transcription PCR. The age group,
gender rate and total swabs number at each
wave are shown in Table 1. Also, Table 1
represents basic descriptive statistics of the
original COVID-19 data obtained in Life-
brain centers all over Italy.

Table 1. Descriptive statistics at each wave in Italy, including total number,

positivity rate, age and gender

WAVE 1 WAVE 2 WAVE 3
N % N % N %
N. total 54,131 100% 205,997 100% 73,217 100%
Positivity rate 2,776 5.13% 37,220 18.07% 16,206 14.03%
0-8 years 28 0.9% 395 1.1% 334 2.1%
8-18 years 74 2.6% 1,635 4.4% 1,009 6.1%
18-30 years 232 8.2% 6,211 16.7% 2,484 15.2%
30-40 years 218 7.8% 5,552 14.9% 2,390 14.7%
40-50 years 389 13.9% 6,654 17.9% 2,734 6.8%
50-65 years 582 20.6% 9,166 24.6% 5,124 24.4%
Over 65 years 1,253 46.1% 7,600 20.4% 3,204 20.7%
Men 1,102 38.9% 18,259 49.1% 8,118 49.8%
Women 1,674 61.1% 18,961 50.9% 8,088 50.2%

During the first pandemic wave, a total of
54,131 patients have used Lifebrain collec-
tion-sites to evaluate their COVID-19 sta-
tus, meanwhile 205,997 and 131,907 pati-
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ents again at second and three waves,
respectively. The summer period, includ-
ing June, July, August, and September, is
an intermediate period, due to the low
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number of positive cases. For this reason,
it has been not considered as a wave.

The first wave of COVID-19 in Italy
began in March 2020 and was disting-
uished by an outbreak with high positive
rate of 5.13% (2,776 out of 54,131). Analy-
zing the obtained data, we found differen-
ces in the disease prevalence by age
groups of population. The age statistics
are reported in Figure 1. The Figure 1
shows that first pandemic wave in Italy
was characterized by a severe clinical

course of the disease among people over
65 years. A change of age range was
observed from first wave to the next two
waves; it was noted a significant
(p<0.001) decrease in over 65 rates
between the first and subsequent two
waves. There was a critically high posi-
tivity percentage of 45.13% (1,253 out of
2,776) among people over 65, whereas the
0-8 and 8-18 age range rate was practi-
cally minimum, 1.00% (28 out of 2,776)
and 2.66% (774 out of 2,776), respectively.
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Figure 1. Shift in average age of COVID-19 patients in all Italy.
The age group are related to the three waves

The second wave of the pandemic in Italy
occurred in the fall of 2020, with a
positivity rate of 18.07% (37,220 out of
205,997), meanwhile the third was at the
beginning of 2021, with a positivity rate of
14.02% (16,206 out of 115,632). Compared
to the pandemic first wave, the subse-
quent were characterized by greater invol-
vement of different age groups, especially
children 0-8 years and adolescents aged
8-18 years. In the age group from o to 8
years, the number of positive patients
doubled from the first wave to 1.06% (395
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out of 37,220) in the second and 2.06%
(334 out of 16,206) during the third. In
the age group from 8 to 18 years, an even
sharper jump in the incidence rate was
observed almost threefold, from 2.66%
(74 out of 2,776) in the first wave to 4.39%
(1,635 out of 37,220) in the second and
6.22% (1,009 out of 16,206) during the
third. However, in subsequent waves, the
number of COVID-19 positive patients
over 65 years significantly decreased
(p<0.001). The number of patients over
65 years of age decreased to 20.42%
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(7,600 out of 37,220) of positive cases in
the second wave and 20.32% (3,294 out of
16,206) in the third wave. In the age group
between 30 and 40, the number of posi-
tive cases during the first, the second and
third waves (7.85%, 218 out of 2,776;
14.91% 5,552 out of 37,220; 14.74% 2,390
out of 16,206) did not differ significantly
from the first wave. The same trend was
observed in age group between 40 and 50
(14.01%, 389 out of 2,776; 17.88%, 6,654
out of 37,220; 16.87%, 2,734 out of
16,206) and in age group between 50 and
65 (20.97%, 582 out of 2,776; 24.63%,

9,166 out of 37,220; 24.43%, 3,294 out of
16,206).

Instead, gender differences between
the last two waves were not as significant
as the average age shift (Figure 2).
However, during the first wave of the
pandemic, it was noted a significant
prevalence of morbidity among women
with 61.1% (1,674 out of 2,776) despite of
men rate 39.70% (1,102 out of2,776), with
Pp<0.01; however, it was not recorded any
statistical significance during the second
and third waves. The ratio of positive
cases among men and women practically
was steady and comparable.

GENDER

p<0 01

60,3%

39,70

m WOMEN

2

50,09

MEN

Figure 2. Male and female ratio between the three waves of COVID-19

In the first wave, gender ration has p
<0.010, instead in the second and third it
was not observed no significant differences.
Figure 3 shows the positivity trend through
one year of COVID-19 pandemic. The trend
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line highlights the three waves with the
positive rate and histograms represent the
total of negativity-positivity (grey columns),
of molecular swabs, divided by months.
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Figure 3. Positivity rate (grey line) related to the total of negativity-positivity
(columns), divided for each month

DISCUSSION

In Italy and in all the world, there is an
unprecedented coronavirus pandemic in
modern history in terms of the number of
cases and socio-economic consequences.
In the end of March, more than 128
million cases of SARS-CoV-2 were regis-
tered globally, of which more than 73
million recovered, and almost 3 million
people died. The most affected countries
are China, USA, Italy and Spain, and the
small countries of Western Europe. At the
same time, governments are introducing
significant, never seen before, restrictions
on people movement, additional security
measures, in particular, they alarm their
citizens to stay at home and wear masks. A
large number of employees were trans-
ferred to remote work, school holidays
were extended, online education was
applied.

In Italy, during the drafting of this
paper, more than 3,5 million cases are
officially registered, of which 2,9 million
people recovered and almost 110 thousand
people died. Implementing a set of mea-
sures in the country is carried out as part

www.jepublichealth.com

of COVID-19 prevention plan. Unfor-
tunately, by the end of March 2021, cases
were reported in all regions of Italy.
However, despite all the efforts taken, the
country is in the middle of the third wave
of COVID-19 infection. The authorities of
many regions are facing a dilemma: the
need to reduce morbidity by introducing
quarantine measures contradicts the need
to reduce the negative socio-economic
consequences of an equally rapidly deve-
loping economic crisis.

According to the Novel Coronavirus
Pneumonia Emergency Response Epide-
miology Team (NCPERET), during the
first wave, the SARC-CoV-2 affected men
and women almost equally, while the
mortality rate among affected men was
significantly higher (Lu, 2020). Besides,
during the first wave, almost 78% of cases
of COVID-19 were detected in persons
aged 30 to 65 years inclusive (Wassenaar
and Zou, 2020). While in the following
outbreaks of COVID-19, there has been a
shift towards infecting younger popu-
lation. The intensity of the pandemic in
the first, second and third waves varied
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significantly in coverage of different age
groups of population.

Firstly, we evaluated the positivity
rate in each age group in all three waves.
The first pandemic wave was characterize-
ed by significant rate of elderly group con-
tagious and a smaller number of children
and adolescents contagious. In compa-
rison with the first wave, the second wave,
but mostly the third, had a shift from eld-
er to younger patients. During the third
wave, a significant increase in the number
of cases among children and adolescents
has been observed. This shift could be im-
puted by not school restriction and a mo-
derate restarting of social relationship. At
the end of third wave, the positivity rate in
children 0-8 has doubled and in adoles-
cents 8—18 years old has tripled, in com-
parison with the first pandemic wave. An-
other possible cause of minor positivity
rate increasing in second and third pande-
mic waves may be associated with the
emergence of new mutations of the SARS-
CoV-2 genome.

According to scientific data, a viral
infection caused by SARS-CoV-2, with
varying degrees of severity of the disease
(from mild to severe forms with the deve-
lopment of deaths), most often affects the
adult population aged 30 to 79 years
(86.6%) (Monod et al., 2021). The child
population is infected with the virus in 7-
11% of cases and becomes sick in 1.7-2.2%
of cases (Wang and Zhang, 2020). In 90%
of cases, children carry the disease in
mild, moderate and asymptomatic forms
(Dong et al., 2020). Still, they can parti-
cipate in the transmission of the virus
(Kucharski et al., 2020), which can be ex-
tremely dangerous for people with conco-
mitant pathology and the elderly. A signi-
ficant decrease in contagious among
people over 65 years could be attributed
by the implementation of a set of res-
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trictive measures in the country, by gene-
ral awareness in adult population, and by
caution and self-isolation of older people.

Anyhow, the age group shifting
could be due to virus adaptation, and vari-
ants arising, because, as it known, virus
needs to spread and survive, and it is
always looking for new hosts (Sinkovics et
al., 1998).

Moreover, it was not observed
gender through three pandemic waves.
During the first pandemic wave, there was
a slight prevalence of morbidity among
men; however, the ratio of positive cases
among men and women practically were
steady during the second and third waves.

Due to the software, it is possible to
extrapolate data in real time, with many
filters, as age, as gender, as regions,
automatically, without any data input.
Also, the capillary network laboratories
cover mostly Italian territory, and then the
data obtained can be compared to the na-
tional trends of Italian Ministry of Health.

However, the current study has
several limitations that should be consi-
dered during the interpretation. The data
are limited to Italy, and it remains to be
tested whether the age shift and gender
difference between the three waved varies
similarly in different countries. Also, the
first wave had a small number of data, due
to the Italian low restrictions on swab-
testing in private facilities, as Lifebrain
laboratories.

Although no gender difference was
noted between positive cases, it would be
interesting to observe if there is a dis-
crepancy between age and gender during
the three waves, however it was not pos-
sible extrapolate this data from the
software.

Overall, our data is in agreement
with Italian Ministry of Health and repre-
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sent complete picture of contagious in
Italy due to capillary system.

This retrospective study provided a
rare overview of population age shift and
gender predominance within Italian three
first COVID-19 waves. It was observed a
shift toward a younger population during
the second and the third pandemic wave
in Italy: the number of infected children
and adolescents under 18 years has more
than doubled compared to the first wave.
On the other hand, the number of positive
cases in the age group over 65 halved.

The data from the first wave show a
slight predominance of positive cases
among women. However, in subsequent
waves, the number of infection cases bet-
ween men and women practically does not
differ.

The overall data assembled on the
prevalence of SARS-CoV-2 infection in
one year of pandemic suggest that the
virus is co-evolving in response to our de-
fensive strategies. However, a huge scien-
tific effort is globally focus to firstly safely
coexist with the virus and then achieve
held immunity, hoping the overcame of
COVID-19 pandemic.
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