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Introduction: Group A rotaviruses (RVA) are the leading
cause of acute gastroenteritis (AGE) in young children,
causing ca 250,000 deaths worldwide, mainly in low-
income countries. Two proteins, VP7 (glycoprotein,
G genotype) and VP4 (protease-sensitive protein, P
genotype), are the basis for the binary RVA nomencla-
ture. Although 36 G types and 51 P types are presently
known, most RVA infections in humans worldwide
are related to five G/P combinations: G1P[8], G2P[4],
G3P[8], G4P[8], G9P[8]. Aim: This study aimed to
characterise the RVA strains circulating in Italy in the
pre-vaccination era, to define the trends of circula-
tion of genotypes in the ltalian paediatric population.
Methods: Between September 2014 and August 2017,
after routine screening in hospital by commercial anti-
gen detection kit, 2,202 rotavirus-positive samples
were collected in Italy from children hospitalised with
AGE; the viruses were genotyped following stand-
ard European protocols. Results: This 3-year study
revealed an overall predominance of the G12P[8] geno-
type (544 of 2,202 cases; 24.70%), followed by G9P[8]
(535/2,202; 24.30%), G1P[8] (459/2,202; 20.84%) and
G4P[8] (371/2,202; 16.85%). G2P[4] and G3P[8] geno-
types were detected at low rates (3.32% and 3.09%,
respectively). Mixed infections accounted for 6.49% of
cases (143/2,202), uncommon RVA strains for 0.41%
of cases (9/2,202). Conclusions: The emergence of
G12P[8] rotavirus in Italy, as in other countries, marks
this genotype as the sixth most common human gen-
otype. Continuous surveillance of RVA strains and
monitoring of circulating genotypes are important for
a better understanding of rotavirus evolution and gen-
otype distribution, particularly regarding strains that
may emerge from reassortment events.

Introduction

Group A rotaviruses (RVA) are the leading cause of
acute gastroenteritis (AGE) in young children world-
wide, and are estimated to cause 250,000 deaths
every year among children aged o-5 years, mainly in
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low-income countries of sub-Saharan Africa and South
East Asia [1].

Rotaviruses belong to the Reoviridae family, and
possess a triple-layered icosahedral capsid enclosing
a genome of 11 segments of double-stranded RNA
encoding six structural and five or six non-structural
proteins. The RVA capsid consists of three protein lay-
ers, with the outer layer made up of the VP7 (capsid)
and VP4 (spike) proteins [2,3].

The middle-layer protein VP6 defines nine antigenically
distinct groups (A-1) [2,4]. The outer capsid proteins
VP7 and VP4 define the G and P genotypes, respectively
[5,6]. Based on nucleotide differences in genes 9 (VP7)
and 4 (VP4), RVA are currently classified in 36 G and 51
P genotypes [7]. Although several G/P genotype com-
binations have been reported [8,9], the RVA genotypes
G1P[8], G2P[4], G3P[8], G4P[8] and G9P[8] have caused
together up to three quarters of human RVA infections
worldwide. The only exception is Africa, where a differ-
ent epidemiology from the rest of the world has been
observed, with a greater genotype diversity among RVA
affecting humans [10].

RVA are recognised as the leading cause of AGE in the
paediatric population (<5 years-old), but older children
and adults may also have symptomatic infections.
However, the role of RVA infections in adult gastroen-
teritis has been poorly investigated [11]. The continuing
evolution of RVA is linked to two typical mechanisms
of viruses possessing a segmented genome: genetic
drift and genetic shift. The former is caused by the
accumulation of random point mutations owing to the
error-prone nature of the viral RNA-dependent RNA pol-
ymerase. The latter can occur during infection of the
same host cell with two different viral variants through
the exchange of one or more complete genomic seg-
ments [9,12].
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TABLE

Rotavirus genotypes circulating in Italy, September 2014-August 2017 (n=2,202)

RVA Italian geographical areas Whole RotaNet-taly area
Northern Italy Central Italy Southern Italy

ARG n % n % n % il %
G1P[8] 251 22.88 137 19.83 71 17.15 459 20.84
G2P[4] 17 1.56 31 4.49 25 6.04 73 3.32
G3P[8] 21 1.91 30 4.34 17 4.11 68 3.09
G4P[8] 130 11.85 116 16.79 125 30.19 371 16.85
G9P[8] 305 27.80 147 21.27 83 20.05 535 24.30
G12P[8] 295 26.89 187 27.06 62 14.98 544 24.70
Mixed 78 7.11 36 5.21 29 7.00 143 6.49
Uncommon (o] (o] 7 1.01 2 0.48 9 0.41
Total 1,097 100 691 100 414 100 2,202 100

The table reports numbers and percentages related to the RVA genotypes detected in all positive samples analysed in this study. The numbers
cover the whole RotaNet-Italy area (n=2,202) and the involved regions are divided in three major Italian geographical areas: northern Italy
(n=1,097), central Italy (n=691) and southern Italy, including Sardinia island (n=414). The 100% values refer to the total number of RVA

genotypes detected for each geographical area.

In 2006, two live-attenuated RVA vaccines were
licensed for human use and have since then been
introduced into national immunisation programmes
in an increasing number of countries worldwide. Their
antigenic compositions are based on the most common
RVA genotypes circulating worldwide: the monovalent
vaccine Rotarix, which is based on human G1 and P[8]
antigen specificities, derived from a single human live
attenuated G1P[8] RVA strain, and the pentavalent vac-
cine Rotateq, which is based on Gi1, G2, G3, G4 and
P[8] antigens, derived from five live attenuated human-
bovine reassortant RVA strains [13-15]. Both vaccines
provide high protection against RVA AGE, resulting in a
large decrease of the RVA AGE-related mortality (up to
53% reduction) and hospitalisations (up to 47% reduc-
tion) after the implementation of vaccination [16].

As part of the European Rotavirus Network
(EuroRotaNet, http://www.eurorota.net/ ), an lItalian
national surveillance network (RotaNet-Italy study
group) for RVA gastroenteritis has been active since
2007. The molecular surveillance performed in Italy
under the framework of the EuroRotaNet project in
the time period from 2007 to 2009 showed that RVA
strains possessing the G1 to G4 and G9 G genotypes
and the P[4] and P[8] P genotypes were the most com-
mon cause of RVA AGE [17], in agreement with previous
studies conducted worldwide [8,18].

During winter 2017, anti-RVA vaccination was added to
the list of recommended vaccines to be administered
to the paediatric population in Italy. Both Rotarix and
Rotateq are available on the market and their admin-
istration is not mandatory. In addition, a debate about
the benefits of anti-RVA vaccination is still ongoing
among physicians [19]. For these reasons, the anti-
RVA vaccination coverage in lItaly is still low (8%) and
not homogeneous among the different Italian regions
(range: 0-40%), which have autonomy in the decision

about non-mandatory vaccinations and started the pro-
grammes at different times [20].

Since the first detection of the G12 strain L26 (G12P[4])
in the Philippines in 1987 [21], this unusual RVA geno-
type associated with different human VP4 P genotypes
has been reported as the cause of AGE in human spo-
radic cases [22-24]. In the past few years, reports of
G12 RVA associated with the P[8] VP4 genotype have
increased remarkably in several countries, including
Brazil, Mexico, Spain and the United States[25-28], so
that the emerging G12P[8] is now considered one of
the major human genotypes circulating worldwide. The
G12P[8] RVA strains were also detected in Italy in 2012
and 2013 when they were responsible for an outbreak
in limited geographical areas [29,30].

This work was performed with the aim to characterise
the RVA strains circulating in Italy during three consec-
utive RVA surveillance seasons before the introduction
of anti-RVA vaccination at national level. This paper
reports the obtained genotyping results and describes
the spread of the G12P[8] RVA strains in the Italian pae-
diatric population.

Methods

Study design

This study was conducted as passive surveillance in
hospitals of the Italian National Sanitary System (SSN)
coordinated by the Ministry of Health, and located in
13 of the 20 Italian regions. The SSN hospitals involved
in the study provided free inpatient care to the esti-
mated 5,000,000 paediatric population living in the
13 regions involved. The study included patients from
whom stool analysis was requested. An epidemic sea-
son was defined as the period from 1 September of one
year to 31 August of the following year.
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FIGURE 1

Geographical distribution of rotavirus genotypes circulating in Italy, September 2014-August 2017 (n=2,202)
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The different genotypes are colour-coded, highlighting the predominance for each Italian region involved in the surveillance. Regions
correspond to the following numbers: 1=Piedmont, 2=Lombardy, 3=Trentino-Alto Adige, 4 =Veneto, 5=Emilia-Romagna, 6 =Tuscany,
7=Umbria, 8=Marche, g=Lazio, 10=Sardinia, 11=Campania, 12=Basilicata and 13=Apulia.

The RVA passive surveillance in Italy has been active
since 2007 and has been described previously [17].
Briefly, children admitted with AGE are enrolled follow-
ing informed consent. Detailed demographic and clini-
cal data are recorded and stool samples collected. RVA
routine screening is conducted according to each hos-
pital’s care protocol.

Laboratory surveillance of rotavirus infections
in Italy

As part of the European rotavirus surveillance network
EuroRotaNet, the laboratory surveillance of rotavirus
in Italy is carried out through RotaNet-Italy, a network
of 13 regional laboratories located in the main Italian
hospitals which passively report, on a voluntary basis,
the occurrence of cases of RVA infection and send
the patients’ clinical samples to the Italian Public
health Agency (Istituto Superiore di Sanita (ISS)). All
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laboratories of the Italian network used high-quality
commercial immunochromatographic assays for anti-
gen detection. All faecal samples screened as RVA-
positive were confirmed and genotyped with molecular
methods; no false positives were observed during the
study period.

The population under study consisted of patients with
symptoms of acute gastroenteritis admitted to paediat-
ric hospitals or units and included mainly children aged
0-15 years. Nonetheless, it also sporadically includes
adults in much smaller number.

Based on clinician requests, patients’ stool specimens
are generally screened by routine standard methods for
the presence of common enteric bacterial pathogens
by the local hospital laboratory. During the winter sea-
son, the test of rotavirus A is usually performed first,



FIGURE 2

Temporal distribution of circulating rotavirus genotypes in Italy, September 2014-August 2017 (n=2,202)
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Total number of rotaviruses per season in Panel A: 2014/15: n=775; 2015/16: n=712; 2016/17: n=715. Cumulative data for the three seasons

by month are shown in Panel B.

instead of the bacterial tests. Most of the tests used to
detect rotavirus antigen also detected adenovirus, and
less frequently norovirus. Patients whose samples test
positive for RVA are enrolled in the RotaNet-Italy frame-
work. RVA-positive samples are then sent to the central
ISS laboratory for molecular analysis and genotyping.

Sample collection

Between September 2014 and August 2017, stool speci-
mens were collected from children and adults hospital-
ised for RVA-AGE throughout Italy, and were genotyped
for both VP7 and VP4. As established by EuroRotaNet,
a rotavirus surveillance season was defined as the
12-month period between September and August of
the following calendar year. A total of 700 patients with
complete RVA genotype assignment was determined as

the minimum required sample size to be enrolled in the
study each year, according to the network’s guidelines
and the Italian population size. All cases passively
reported by the participating laboratories were pro-
spectively enrolled over the surveillance period, start-
ing on 1 September of each year. Rotavirus infection
was diagnosed at the local hospitals by commercial
antigen detection methods. Epidemiological informa-
tion was obtained from RotaNet-Italy questionnaires
filled in by the hospital staff (Supplement S1). Informed
consent was obtained from all individual participants
included in the study.
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FIGURE 3

Passive and voluntary surveillance sampling of rotavirus in Italy, from patients hospitalised with acute gastroenteritis

symptoms, September 2014-August 2017 (n=2,202)
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Sampling is shown for the three geographical areas of Italy and for the overall country. Northern Italy: n=1,097, central Italy: n=691,

southern Italy: n=414 and overall sampling: n=2,202.

Nucleic acid extraction, group A rotaviruses
genotyping and nucleotide sequencing

Rotavirus genotyping was performed at the ISS fol-
lowing EuroRotaNet protocols [31], and genotype was
assigned on the basis of the molecular size of PCR
amplicons [5,6,32]. In order to confirm genotyping
results, the identified G12P[8] RVA strains were also
subjected to nucleotide sequencing of VP7 and VP4
gene segments.

The RVA sequences obtained in this study were depos-
ited in GenBank, under the following accession num-
bers: from KY688157 to KY688176 for VP7 and from
KY688177 to KY688181 for VP4.

Statistical analysis

Categorical variables were described using counts
and percentages. Mean and standard deviation
(SD) were used to describe numerical variables. The
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U-Mann-Whitney test was performed to compare the
age of patients among the different RVA genotype
groups. Statistical trend analyses were carried out to
evaluate the significance of temporal variations in the
RVA genotypes. The autoregressive integrated mov-
ing average (ARIMA) model was implemented using
ps<o0.05 as the value to identify a statistical significant
trend, beyond chance. The outcome evaluated was the
number of cases, assuming that no substantial back-
ground demographic changes had occurred in the
study period.

Ethical statement

Data are anonymous and provided through EuroRotaNet
and the Italian SSN as routine rotavirus strain surveil-
lance; therefore, for this type of study, ethical content
is not required.



FIGURE 4

Rotavirus infections in Italy, by genotypes and age group, September 2014-August 2017 (n=2,202)
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The total number of infections for each genotype are: G1P[8]: n=459, G2P[4]: n=73, G3P[8]: n=68, G4P[8]: n=371, G9P[8]: n=535, G12P[8]:

n=544, mixed infections: n=143 and uncommon genotypes: n=9.

Results

Cases reported by genotype and geographical
area

Between September 2014 and August 2017, across
three consecutive surveillance seasons, a total of
2,202 RVA-positive samples (775 samples in 2014/15;
712 samples in 2015/16; 715 samples in 2016/17) from
patients with AGE were collected throughout Italy and
analysed by molecular methods, in order to assign
the G/P genotypes. Sampling was performed in 13
Italian regions, taking into account the population size
of the regions involved in the surveillance, grouped
as three major geographical areas: those located
in northern Italy (population size age o-14 years:
2,760,000), in central Italy (population size age 0—-14
years: 2,161,000) and in southern lItaly (population
size age 0—14 years: 1,670,000) [33]. Considering the
whole surveillance period, RVA-positive samples with
available information on genotype were mostly from
northern Italy (n=1,097; 49.81%), followed by cen-
tral Italy (n=691; 31.38%) and southern Italy (n=414;
18.81%). This pattern of distribution was also observed
for every single surveillance season. In 2014/15, 275
(35.48%) positive samples were from northern lItaly,
287 (37.04%) from central Italy and 213 (27.48%) from
southern lItaly. In 2015/16, 497 (69.80%) RVA-positive
stool samples were from northern ltaly, 162 (22.76%)
from central Italy and 53 (7.44%) from southern Italy.
In 2016/17, 325 (45.45%) samples were from northern
Italy, 242 (33.85%) from central Italy and 148 (20.70%)
from southern Italy.

The lItalian surveillance network is composed of 13
regions, covering almost all of the peninsular Italian
population, with a theoretical sampling fraction per

region of 7.69%. Only four of the 13 regions reached
this value, while three of 13 regions were slightly below
and four of 13 were considerably below the 7.69%
value.

Considering the whole study period, the G12P[8] geno-
type was detected at the highest rate in Italy (24.70%
of all positive samples), followed by G9P[8] with
24.30%, G1P[8] with 20.84% and G4P[8] with 16.85%.
The G2P[4] and G3P[8] genotypes were rarely detected
(3.32% and 3.09%, respectively) (Table). Mixed RVA
infections were present in 6.49% of samples, while
uncommon genotypes (i.e. G9P[4], G1oP[8] and G4P[6])
were detected in 0.41% of samples. In order to con-
firm the unexpectedly large number of Gi12 detected
by genotyping, we sequenced the VP7 gene of 20
strains. In addition, five of these strains were randomly
selected for nucleotide sequencing of the VP4 gene. All
sequences confirmed the genotypes assigned by PCR
for both VP7 and VP4 genes.

The analysis of RVA genotype distribution by geo-
graphical areas (northern, central and southern Italy)
revealed important differences (Figure 1). While geno-
types G1P[8] and G9P[8] were reported in similar pro-
portions in the three investigated areas, the G12P[8]
genotype was mainly identified in patients from north-
ern and central Italy, whereas genotype G4P[8] was
mostly reported in southern Italy. Stratified analysis by
region showed that the G1P[8] genotype was the pre-
vailing RVA genotype in patients from north-eastern
regions of the country (Trentino, Veneto) and Sardinia,
the G9P[8] in the whole of northern Italy (Lombardy,
Piedmont, Veneto), the G12P[8] in central Italy (Emilia-
Romagna, Umbria, Marche, Lazio), while the G4P[8] and
G2P[4] genotypes was dominant in central (Tuscany)
and southern Italy (Basilicata, Apulia).
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Trends of circulation of rotavirus genotypes

The distribution of RVA genotypes in the three investi-
gated seasons is shown in Figure 2A. Yearly variations
in the predominance of RVA genotypes were tested
for statistical significance using the ARIMA model.
Interestingly, the G12P[8] genotype was absent in the
2014/15 season, emerged and circulated in both the
2015/6 and 2016/7 season and became the most fre-
quently reported RVA genotype across the country.
Conversely, genotypes G1P[8] and G4P[8] peaked in the
season 2014/15 and decreased progressively in the fol-
lowing two seasons. In genotype G1P[8], we observed
a statistically significant decreasing trend of detection
in the surveillance period, both for the whole study
region (p=o0.041) and in northern Italy (p=0.009).
Similarly, decreasing trend for genotype G4P[8] was
statistically significant both for the whole study region
(p=0.0007) and in central Italy (p=0.0001). Finally,
genotype G9P[8] circulated continuously during the
whole period. The analysis of the temporal distribu-
tion did not yield other statistically significant results
for the rest of RVA genotypes; this indicates that in
the period from 2014 to 2017, the trends were stable
or, alternatively, that any increase or decrease was too
limited to exclude that variations were due to chance.

Seasonality

We analysed the seasonal distribution of the RVA gen-
otypes circulating in Italy by considering the cumula-
tive sum of detections during the entire study period
per month (Figure 2B). When grouping the seasons,
the G12P[8], G1P[8] and G9P[8] RVA genotypes showed
a peak in March, while the G3P[8] genotype revealed
a longer peak stretching across March and April. The
G4P[8] genotype showed an early peak in February,
and the G2P[4] a late peak in May (Figure 2B).

The circulation in the 3 years, both by genotype (Figure
2) and overall (Figure 3), revealed an absence of peaks
in the middle of the 2015/16 season. The G12P[8] geno-
type increased and peaked for the first time in October
2015, with the highest number of G12-related AGE cases
in March 2017, while the G1P[8] and G4P[8] genotypes
peaked in March 2015 and February 2015, respectively,
before a decrease in the following seasons. The G9P[8]
showed high rates of detection across the three years,
peaking always in March (Figure 2).

Despite the overall absence of a defined peak of the
RVA infections during the 2015/16 season and the
marked presence of peaks in 2014/15 and 2016/17,
the RVA circulation in the three major geographical
areas differed from the overall circulation (Figure 3). In
northern Italy, the RVA peak was present in all three
consecutive seasons. In detail, the 2015/16 peak was
clearly visible, probably related to the oversampling
in this area during the middle season, where samples
from northern ltaly represented 69.80% (497/712) of
the total sampling. In central Italy, the distribution was
similar to the overall RVA detection, with a flat and long
distribution, while in southern lItaly, only the 2014/15

www.eurosurveillance.org

and 2016/17 peaks were present and RVA samples were
almost absent in 2015/16 (Figure 3).

Demographic data

Considering the whole sample collection, the male/
female ratio of RVA AGE-affected patients was 1.34
(for 16 cases the information was not available). Sex
distribution by genotype showed that male cases pre-
dominated in all genotype groups. None of the patients
enrolled in the surveillance had received anti-rotavirus
vaccination before hospitalisation.

The overall distribution of infections in different age
groups revealed that most RVA infections occurred
in children aged o-24 months (1,310/2,202 cases;
59.49%) and 25-60 months (660/2,202; 29.97%). The
median age of infected patients was 19.00 months
(interquartile range (IQR): 24.00). Only 31 of 2,202 infec-
tions (1.41%) occurred in adult patients between 19 and
90 years of age. However, this information is expected
to be strongly biased by the selective approach to the
RVA surveillance scheme, which mainly included paedi-
atric units. The G1P[8] was the only genotype infecting
patients in all the age classes considered (Figure 4).

The total number of infections for each genotype are:
G1P[8]: n=459, G2P[4]: n=73, G3P[8]: n=68, G4P[8]:
n=371, G9P[8]: n=535, G12P[8]: n=544, mixed infec-
tions: n=143 and uncommon genotypes: n=9.

The statistical analysis revealed that patients affected
by the G2P[4] genotype were significantly older (median
age: 47.00 months; IQR: 35.00) than those affected by
the G3P[8] (median age: 21.50 months; IQR: 15.25, dif-
ference: 25.50 months; p=0.011), G4P[8] (median age:
31.90 months; IQR: 16.10, difference: 15.10 months;
p=0.020) and G9P[8] (median age: 29.75 months; IQR:
27.25, difference: 17.25 months; p=o0.005) genotypes.
Moreover, the comparison between a single group of
patients affected by a defined genotype and the rest
of patients affected by all the other genotype combina-
tions, revealed that the G12P[8] RVA genotype affected
children significantly older (median age: 39.98 months;
IQR: 23.00) than the other genotypes (p=0.045)
(Supplement S2).

Discussion

This study reports the national surveillance of RVA
infections during 36 months (September 2014 to
August 2017) in Italy, showing for the first time since
EuroRotaNet was established in 2007 that RVA geno-
type G12P[8] predominated over the five most com-
mon genotypes circulating worldwide (G1P[8], G2P[4],
G3P[8], G4P[8] and G9P[8]) [17]. Since 2015, the G12P[8]
genotype has been reported in Italy [29,30]. Also other
findings indicate that this genotype can be considered
an emerging RVA genotype and adapted to the human
host [34].



Our genotyping results collected during three consec-
utive RVA surveillance seasons revealed that in the
2014/15 season, the RVA genotypes circulation was the
same as in all seasons since 2007, with a predominance
of common genotypes such as G1P[8], G4P[8] and [9]
and only limited circulation of the emerging G12P[8]
genotype. The 2015/16 surveillance period represented
an unusual season, marked both by the absence of the
RVA peak of infection in winter and early spring typi-
cal in Italy and other countries with temperate climate
[35] and by the emergence and predominance of the
G12P[8] genotype. Since RVA is not a notifiable disease
in Italy, we cannot exclude the possibility that a bias
in case reporting to RotaNet-Italy might have occurred.

The number of 700 samples per year established by
EuroRotaNet for Italy has been calculated as about
one sample for 100,000 inhabitants, after taking into
account that the Italian population is about 61,000,000
inhabitants. Children aged o—14 years (paediatric age)
are about 8,000,000 in ltaly, therefore EuroRotanet
recommended that sampling should reach one sam-
ple representing 12,000 inhabitants. Four of 13 regions
involved in the RVA AGE surveillance were fell short
of the theoretical sampling fraction value, three are
very small regions in terms of paediatric population
(Sardinia, Basilicata and Marche: overall 460,000 chil-
dren), while Tuscany region could represent a source
of bias as the population is 5,000,000 inhabitants and
children aged o-14 are about 460,000 [33]. Overall,
these four regions represented a lack of 240 samples
from the areas involved, which generated a bias in case
reporting. In addition, we observed an oversampling in
northern Italy during the 2015/16 season. However, the
seasonal peak in northern Italy was present but not
strongly defined, resulting in a flat season concerning
sampling. For this reason the overall results possibly
had a low-level of bias in case reporting.

The absence of a seasonal peak might also be linked
to unusual climate, as was observed in the last decade
for several other pathogens including viruses, bacteria
and parasites [36-38]. In fact, the years 2015 and 2016
in Italy were characterised by unusually high tempera-
ture and humidity which stably persisted during the
whole winter season [39].

The 2015/16 genotyping data revealed a decrease in
the G1P[8] and G4P[8] RVA strains together with the
circulation of the G12P[8] genotype in Italy. This trend
was confirmed also in the 2016/17 season, where the
G4P[8] strains was almost absent. The decreasing
trend for the G1P[8] and G4P[8] genotypes was also
confirmed by the statistical analysis, considering both
the whole set of Italian data and the data collected
separately from three major Italian areas. Interestingly,
the frequency (6.49%) of infections with mixed geno-
types detected in our study appears in line with the
mean European detection rate of mixed RVA genotypes
(6%). This finding represents a decreasing trend for
mixed infections in Italy; previously, between 2007 and

2014, the frequency of mixed RVA infection in Italy had
been assessed at 12%, the highest of the countries
participating in EuroRotaNet, together with Hungary
and Denmark (10%) [40].

In this study, it was not possible to define the rate of
overall RVA illness because the denominators (number
of negative samples, number of positive samples for
other causes than RVA) were not specifically identified.
Nevertheless, a regional geographical distribution of
RVA genotypes was clearly defined, establishing areas
where the circulation highlighted the need for accurate
epidemiological studies in order to improve vaccina-
tion against RVA. The vaccination was introduced in the
Italian National Immunisation Plan (PNPV 2017-2019)
in January 2017, and the national coverage (20 regions)
was assessed at 8.43% after the first year [41]. When
considering only the 13 regions involved in the Italian
surveillance, the coverage decreases to 3.98%, since
the two regions not involved in the RotaNet-Italia net
have the largest anti-RVA vaccination coverage: Liguria
with 18.78% and Sicily with 40.80% [41].

Interestingly, the epidemiological findings linked to
clinical data obtained in this study revealed that, older
children were affected by the G12P[8] RVA genotype
rather than the other genotypes (Supplement S2). This
may depend on reinfection of older children with the
emerging G12 genotype after its spread into the gen-
eral paediatric population in Italy, resulting in a shift of
the mean age of children affected [42].

The circulation and predominance of the G12P[8] RVA
strains were reported throughout Italy, with a marked
predominance in central Italy. In addition, all the
strains shared 99-100% sequence identity with mod-
ern G12P[8] strains previously detected in lItaly [29]
as well as worldwide. Although the current study indi-
cates that 49% of RVA AGE cases detected in Italy in
the period from 2014 to 2017 were caused by either
of the two VP7 genotypes Gi12 and Gg, not included
in any vaccine, there is a large evidence of the cur-
rent vaccines’ efficacy against homotypic strains,
partly heterotypic strains and even fully heterotypic
strains [43-46]. Nonetheless, further investigations
are desirable. Despite the documented cross-reaction
between rotavirus serotypes [2,3], a recent study has
highlighted the ability of this genotype to escape
vaccine-induced immunity, causing symptoms in fully
vaccinated children and representing a risk for the pae-
diatric population, even in a scenario with 100% vac-
cination coverage [47].

To overcome the limitations mainly linked to the collec-
tion of samples and to the assessment of denominators,
the establishment of an active institutional surveil-
lance for AGE would be a concrete tool for the control
and reduction of the disease and consequently the rate
of hospitalisations. Our findings highlight the need for
constant monitoring of the RVA strains circulating in
Italy. The effort made by the Italian RVA surveillance
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programme will improve information on the epidemiol-
ogy of this pathogen, supporting the evaluation of the
effectiveness of rotavirus vaccines.

Conclusion

The findings reported in this paper highlight the emer-
gence of the G12P[8] genotype in the Italian paediatric
population. This genotype was detected for the first
time in Italy in 2015, before the introduction of anti-
RVA vaccination, and continued to circulate in con-
junction with the improvement of vaccination. For this
reason, further studies will be needed to establish the
efficacy of the vaccine in a population where RVA vari-
ants other than those included in the vaccine compo-
sition circulate. Our data suggest that rotaviruses are
in continuous evolution, and constant monitoring of
the circulation of RVA strains is critical for an overall
better knowledge of the epidemiology of this enteric
pathogen in humans. The surveillance of RVA strains
and the definition of their circulation pattern will prove
useful for assessing the effectiveness of any potential
vaccine-driven change in rotavirus strain distribution.
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