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Measles and rubella are infectious diseases and humans are the only reservoir of these infections. Effective vaccines
are available with the potential for measles (MV) and rubella (RuV) virus eradication. According to the World Health Organ-
isation guidelines, a national plan was approved in Italy in 2013 to achieve the MV/RuV elimination by 2015, and active
MV/RuV integrated surveillance initiated. Towards this purpose, a regional laboratory centre was set up on 1 September
2013 in Lombardy, Northern Italy. This paper aimed at: (1) evaluating measles-mumps-rubella (MMR) vaccine coverage
and MV/RuV notified cases retrospectively; and (2) presenting the results of MV/RuV integrated surveillance (laboratory
confirmed and viral genetic profiles).

The 95% target for MMR vaccine coverage was achieved in 2001, and coverage increased until 2007 (96.6%), but then
a decreasing trend was observed. Since 2000 to 2014, 3026 rubella cases were notified, with nearly 58% of them in the
2002 epidemic. From 2009, less than 45 RuV cases per year were reported. From 2000 to 2014, 5024 measles cases were
notified. Since 2008, three large outbreaks (in 2008, 2011, and 2013) were observed. From data obtained during our sur-
veillance activity, there were no rubella cases, and 57.5% (46/80) collected samples were MV-positive by real-time RT-PCR.
A fragment of the MV N gene was sequenced from 37 MV-positive samples; D8, D9, and B3 genotypes were detected.

Data obtained retrospectively and from active surveillance underline the necessity to achieve and maintain high vac-
cination coverage and to improve surveillance and the effectiveness of healthcare actions.

Introduction

Measles and rubella are highly contagious diseases caused
by measles virus (MV) and rubella virus (RuV), respectively.
Effective vaccines containing measles, mumps, rubella (MMR)
or measles and rubella (MR) are available and their use can
completely eradicate these viruses in the human population.!
Vaccination campaigns and effective surveillance have stopped
their endemic circulation in some countries, such as the Americas.
However, in the World Health Organization (WHO) European
Region, although the MMR vaccine was introduced in national
vaccination schedules 20 years ago, several measles outbreaks
have occurred because of the underutilization of the vaccine.??
In fact, during the first three months of 2014, 1197 measles cases
were notified in Europe. In the same period, 795 suspected
cases of measles were reported in Italy,” which resulted to be the
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country with the highest number of suspected cases of measles
in Europe (60.1% of all cases in Europe). Since the beginning
of 2014, 2350 rubella cases were notified in Europe, mostly in
Poland.* Considering these data, the WHO European Region
goals to eliminate endemic cases of measles and rubella and to
reduce the incidence of congenital rubella syndrome (CRS) to
less than 1 case per every 100000 live births will be not achieved
by 2015,° as opposed to what reported in the WHO “Global
Measles and Rubella Strategic Plan 2012-2020".!

In Italy, measles has been a notifiable disease since 1934,
and an improved surveillance system was introduced in 2007
Moreover, in March 2011, the Italian Ministry of Health
approved a plan to eliminate measles, rubella and CRS.* The
Italian national health system is decentralized and every region
has to introduce a healthcare plan, in accordance with the
national authorities’ guidelines. Therefore, in 2013, an Italian
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network for the integrated surveillance of measles, rubella and
CRS was set up.” In the Lombardy region (Northern Italy), inte-
grated surveillance of measles and rubella started on 1 September
2013.% As the regional centre (RC), our commitments are to
improve epidemiological and virological surveillance and to gen-
otype circulating MV/RuV. The aim of this paper is to describe
the epidemiological trends of MV and RuV, as well as the MMR
vaccination coverage in Lombardy from 2000 to 2011. Moreover,
data on virological surveillance and on the genotypes circulating
in Lombardy are presented.

Results

Epidemiological profiles of measles and rubella from 2000
to 2014

Vaccination coverage

In Lombardy, since 1999, 12-15-mo-old babies are routinely
immunized with MMR. In 2001, the 95% target for vaccination
coverage with the first dose of the MMR vaccine was achieved.
Vaccination coverage increased until 2007 when the highest
percentage was observed (MV: 96.7%; RuV: 96.6%). Then, a
gradual decrease was observed below the 95% target level (with
the lowest level in 2011: MV: 93.7%; RuV: 93.5%) (Fig. 1).

Notified cases of measles and rubella

From the year 2000 to date, 3026 rubella cases were reported.
The largest rubella outbreak occurred in 2002 when 1749 cases
were notified with an incidence rate of 5.9 per 100000 inhabit-
ants. From 2003 to date, the number of notified cases was less
than 100 per year, with the exception of 2008 when 292 cases
were reported (Fig. 2A).

In the same period, 5024 measles cases were notified in
Lombardy. Figure 2B shows the number of measles cases noti-
fied per year and the trend in vaccination coverage. The 95%
target was achieved in 2001. Nevertheless, in 2002 an outbreak
occurred with 645 notified cases. From 2004 to 2007, the vacci-
nation coverage target was maintained and exceeded, and, at the
same time, a decrease in the number of cases (overall 296) was
observed. From 2008 to 2011, a descending trend in the vaccina-
tion coverage rate was reported. From 2008 to the present, 3205
measles cases were notified, accounting for 63.8% of the total
notified cases of measles in Lombardy since 2000.

Focus on measles cases from 2008 to 2013

From 2008 to 2013, 3099 measles cases were notified (females
47.7%). The age group more affected was the 15-39-y-olds and
the mean age of measles cases changed from 22.4 y (median age:
23 y) in 2008 to 25.2 y (median age: 27 y) in 2013. Moreover,
in 2013, the notified cases increased in 40—-64-y-old (12.6% of
total cases reported) (Fig. 3). Of these cases, 1721 (55.5%) were
laboratory-confirmed measles infections, and 137 (4.4%) were
probable cases. Overall, 689 measles cases (22.1%) were hospital-
ized. An 18-y-old female who developed laboratory-confirmed
measles in late 2011 died about two months after the rash onset.
This patient was affected by immunodeficiency and the cause of
death was pneumonia with respiratory failure.

From 2008 to 2013, three large outbreaks of measles were
observed. The largest outbreak occurred in 2008 with 1075 noti-
fied cases and an incidence rate of 2 per 100000 inhabitants.
A short inter-epidemic period (2009-2010) followed. During
this period, the number of notified cases per year was more than
two-fold higher than that reported in the previous inter-epidemic
period (mean number of notified cases of measles per year: 74 in

2004-2007 vs. 175.5 in 2009-2010). A second

milder outbreak was observed in 2011 (771 cases,

100%

——MV | dose
99%

mean age: 22 y, median age: 23 y) (Fig. 2B). A
third outbreak occurred in 2013 (774 cases) after

—#—RuV | dose

a very short inter-epidemic period in 2012 (128

98%

97%

measles cases; mean age: 23.3 y, median age: 26
y). The number of cases during the 2012 inter-
epidemic period was almost double the number of

96%

cases per year reported in the 2004-2007 inter-

95% - /_

94%

epidemic period (Fig. 2B). In 2013 a 23-y-old
female developed a laboratory-confirmed measles
encephalitis. The patient recovered after weeks
at the Intensive Care Unit and several months

% MMR vaccination coverage

93%

* rehabilitation. This particular patient worked in
a kindergarten at the time of infection and had

92%

not been vaccinated during her infancy because
the personal beliefs of her parents.

91%

Overall, from 2008 to 2013, 2889 of the 3099

90% T T T T T T T T T

notified measles cases (93.2%) were unvacci-
nated. Of the remaining 210 (6.8%) vaccinated
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2010 2011 cases, 158 (75.2%) had received only 1 dose of

measles-containing vaccine, and 53 (25.2%)

were vaccinated with 2 doses. In 11 vaccinated
cases, the onset of clinical symptoms occurred

age data are collected every year from two years old children.

Figure 1: Vaccination coverage rate of MMR in Lombardy from 2000 to 2011. Vaccine cover-

within one month of immunization. No data
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were available regarding the
genetic characteristics of the
infecting strains.

The percentage of vac-
cinated cases with respect
of all notified cases ranged
between 4.7% and 11.7%,
and it was higher during
the inter-epidemic periods
(Table 1).

Measles and rubella inte-
grated surveillance from 1
September 2013 to 30 May
2014

From September 2013,
biological =~ samples  were
collected from 80 (46.3%
females) suspected cases of
MV/RuV  for virological
analysis. Overall, the mean
age of the suspected cases was
22.6 y, with a median age of
24 y (range: 3 mo to 65 y).
Half of the cases were aged
15-39 y (mean age: 26.4
y), followed by 18 (22.5%)
<5-y-of-age (mean age: 2.1
y), 11 (13.7%) aged 40-64 y
(mean age: 48.5 y), 8 (10%)
aged 40-64 y (mean age:
485 y), and 1 (1.1%) aged
65y.

Forty-one (51.3%) cases
were not vaccinated. Seven
(8.7%) individuals were vac-
cinated with the first MMR
dose and 5 (6.3%) cases were
vaccinated with two doses.
Information on vaccination
status was not available for
27 (33.7%) of the suspected
measles cases.

Laboratory analysis of
samples  collected  from
these 80 suspected cases
revealed that 57.5% (46/80)
were MV-positive by real-
time reverse transcription
polymerase chain reaction
(RT-PCR). All  negative
samples for MV were tested
for RuV and no RuV-positive
samples were detected (Fig.
4). Of the laboratory-con-
firmed measles cases, 54.3%

(25/46) were females and the
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Figure 2: Notified cases of (A) rubella and (B) measles per year from 2000 to 30 May 2014 and MMR-vaccine cover-

age trend from 2000 to 2011. *Notified cases in Lombardy from 1 January to 30 May 2014.
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mean age was 26 y (range: 3 mo to 61 y). Most (28/46: 60.9%)
MV-positive cases were unvaccinated. In 14 cases (30.4%) the
vaccine status was not reported, in 1 (2.1%) case the vaccination
status was unknown, 2 individuals (4.3%) were vaccinated with
1 dose, and 1 (2.1%) subject received 2 vaccine doses.

Molecular characterization

From 1 September 2013 to 30 May 2014, 37 sequences of the
N gene of MV, which was circulating in Lombardy, were analysed
and compared with Italian (2013-2014) and reference sequences
present in the GenBank database."! The sequences belonged to
the genotypes D8, D9, and B3.

The D8 genotype was the most frequently detected (31/37:
83.8%). The sequences of the D8 genotype showed 95.5%
to 97.7% similarity with the reference strain Manchester.
UNK/30.94[D8]. These D8 sequences clustered in five genetic
groups. In particular, 15/31 of the D8 sequences (48.4%) fell
in the same group (100% identity) and shared 97.5% similar-
ity with the reference strain. One-third of the sequences were
obtained from samples collected in 2013 and the remaining two-
thirds were obtained from samples collected in 2014.

Two identical sequences analyzed in 2013 and three sequences
with 100% identity detected in 2014 clustered into two distinct

genetic groups with 96.1% and 95.5% similarity with the reference
strain, respectively. One sequence (MVs/Milan.ITA/8.14[D8])
segregated in a separate genetic group with an identity of 97.7%
with the reference strain Manchester. UNK/30.94[D8].

The sequences of the D9 genotype clustered into two genetic
groups: 1 group consisted of 2 identical sequences and the other
group consisted of 1 sequence. The D9 sequences identified in
2013 had similarities ranging between 95.3% and 97.2% with
the reference strain Victoria.AUS/12.99[D9]. In 2014, D9
sequences were not detected in Lombardy.

During spring 2014, three B3 sequences were detected (100%
identity), which were identical to another Italian sequence
(MVs/Rome.ITA/12.14/BuMaBa[B3]) detected in the same
period. The similarity with the reference strain MVi/Ibadan.
NIE/97/1[B3] was 97.7%.

Conclusion

Measles and rubella are acute viral illness with the potential
for severe and life-threatening complications. Measles is a highly
contagious disease and it can lead to ear infection, pneumonia,
encephalitis, subacute sclerosing panencephalitis, blindness, and
death.!*’® Rubella causes a relatively mild disease in children
compared to the measles, but when the infection occurs during
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Figure 3: Notified cases of measles per year and by age-group from 2008 to 2013.
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pregnancy, CRS may be observed." Moreover, rare complica-
tions, such as skin bleeding, encephalitis, neuritis, and epidid-
ymo-orchitis, have been reported in adults.”

MYV and RuV meet all eradication criteria and a large vaccina-
tion campaign was initiated in all WHO regions to achieve the
goal of elimination by 2015.! As with the previous failure to reach
this goal in 2010, this objective will not be reached by 2015 in the
WHO European Region. The principal problem is the decline
in immunization rates in some countries, such as Italy."*" The
distrust of the population, especially in developed countries, may
be attributed to a rise in scepticism about vaccines in general,
and, in particular, about the MMR vaccine.”®" Moreover, the
influence of migration, population movement, religion and anti-
vaccine activists may contribute to this increased worries, partic-
ularly in disadvantaged communities. In addition, the differences
observed in vaccination coverage across Europe also occur at the

country level. A recent Italian report showed different vaccina-
tion coverage rates across Italy with percentages ranging between
72.4% (in Friuli Venezia Giulia) and 95.8% (in Sardinia)."”

In Lombardy, the 95% target for vaccination coverage
with the first dose of the MMR vaccine was achieved in 2001.
Vaccination coverage increased until 2007 when the rate reached
96.6%. Then, during the last 6 y, the vaccination coverage rate
gradually decreased to levels under the 95% target. During this
period, Lombardy experienced a severe measles burden with a
cumulative number of cases that was approximately 2-fold higher
than that reported in the previous 9-y-period.

In this study we focused on the epidemiological profile of
measles from 2008 to 2013. Overall, 3099 measles cases were
reported, of which 22.1% cases were hospitalized. Approximately
50% of cases were laboratory-confirmed measles infections.
During the same period, three large outbreaks were observed.

Table 1. Number of measles notified cases and percentage of vaccinated cases during outbreaks (2008-2011-2013) and inter-epidemic periods

(2009/2010-2012)

Outbreak Inter-epidemic period Outbreak Inter-epidemic period Outbreak
Years 2008 2009/2010 2011 2012 2013
No. cases 1075 351 771 128 774
% of vaccinated cases 6.5% 11.4% 4.7% 11.7% 5.5%
60 -
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Figure 4: Results of measles and rubella integrated surveillance from 1 September 2013 to 30 May 2014. Overall, 46 samples resulted MV-positive; no

RuV-positive samples were detected.
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The largest outbreak occurred in 2008 whereas two milder out-
breaks were observed in 2011 and in 2013. The three outbreaks
were interspersed with short inter-epidemic periods (2009-2010
and 2012), but the number of notified cases per year during these
periods was more than two-fold greater than that in the previ-
ous inter-epidemic period (2004-2007). During the outbreaks,
the most affected age group was the 15-39 year olds. Moreover,
in 2013, the number of notified cases among 40—64 year olds
(12.6% of total cases reported) increased 1.6-fold compared to
the number of cases in the same age group during the previous
two outbreaks. As expected, most reported cases (93%) were
unvaccinated. These data indicate that there are large groups of
susceptible individuals, especially among adolescents and young
adults. Therefore, efforts to prevent measles must be aimed at
improving MMR vaccine uptake not only in small children but
also in older age groups.

Moreover, to achieve the goal of elimination it is important
to improve measles and rubella surveillance. MV/RuV integrated
surveillance is an adequate tool to guarantee sensitive virologi-
cal surveillance. In fact, measles and rubella affect the same age
groups and do not present clear clinical symptoms, so the diagno-
sis of these two diseases can be difficult. Measles and rubella can
be confused with other fever and rash diseases (e.g., parvovirus
B19, enterovirus, human herpesvirus-6).2>* In Lombardy, MV/
RuV integrated surveillance started on 1 September 2013 and,
since then, 46 laboratory-confirmed measles cases were detected,
mostly among unvaccinated subjects or individuals vaccinated
with only one dose of the vaccine. No RuV cases were detected.

Molecular characterisation of MV in Lombardy revealed that
there were three circulating genotypes: D8, D9, and B3. D8 was
the predominant genotype that circulated in 2013 and 2014. The
D8 sequences clustered in 5 different genetic groups, and 4 of
these groups included closely related sequences. In late 2013 a
MYV with the D8 genotype was identified for the first time in
Lombardy. MVs with the D9 genotype circulated only in the lat-
ter part of 2013. In spring 2014, MV strains with the B3 genotype
were detected in a limited geographic area of Lombardy. The B3
sequences were closely related to another sequence detected in the
same period in Rome, Italy. The molecular surveillance of wild-
type viruses in Lombardy showed the circulation of a limited
number of MV genotypes, similar to what has been observed in
other Italian regions. This scenario is peculiar to countries with
endemic transmission of MV, as opposed to countries approach-
ing to elimination, where co-circulation of multiple imported
genotypes generally occurs.?

The data presented here highlight the relevant burden of mea-
sles in Lombardy and the importance of achieving high vaccina-
tion coverage not only in young children but also in adolescents
and young adults. Moreover, the genetic analysis of the circu-
lating strains enriches epidemiological investigation and surveil-
lance activity, which are both essential to control the transmission
of the measles virus.

www.landesbioscience.com

Materials and Methods

Epidemiological surveillance and vaccination coverage

According to the national surveillance guidelines, the
Lombardy regional surveillance system requires, that physicians
report all suspected measles, rubella and CRS cases to the local
health units (LHUs) within 12 hours of the onset of symptoms.
The LHUs are in charge of carrying out all epidemiological
investigations and collecting specimens from each suspected
case. Notified cases are reported systematically to the regional
data warchouse. In this study, we analyzed data aggregated by
year from 2000 to 2014, and we focused on data obtained from
2008 to 2013 for which information (such as vaccination status,
age, gender, serological confirmation results, and hospitaliza-
tion data) on notified measles cases was available. According to
the European Decision 2002/253/EC* and WHO guidelines,*
measles and rubella cases are classified as “possible” if the case
meets the clinical criterion only, “probable” if the case meets the
clinical criterion plus an epidemiological link or “confirmed” if
the case meets the clinical and laboratory criteria.

In Italy, the first dose of the MMR vaccine is recommended
for children aged 12-15 mo, and since 2002, a second dose is
recommended for 5-6-y-old children. The data on vaccination
coverage were retrieved from the regional data warehouse and
analyzed starting in 2000. Vaccine coverage is assessed in 2-y-old
children each year. Vaccination coverage (first dose) data were
available from 2000 to 2011.

Virological surveillance

Sample collection and preparation

The LHUs collect whole blood, dried blood spot (DBS), urine
and saliva/throat swab from all suspected cases not more than 10
days after the onset of rash. The regional laboratory centre (RLC)
confirms the cases and sends the laboratory results to the Italian
Ministry of Health and to the Directorate General for Health,
Regione Lombardia. DBS are stored at room temperature, and
the urine samples and swabs are transported in a cool box at 4 °C.

RNA was extracted from blood, DBS, urine and swabs with
a commercial kit (Invisorb® Spin Virus RNA Mini kit, Stratec
Molecular, Germany, cat. number: 1040300300). The RNA
samples were then stored at -80°C. DBS were pre-treated by
rehydration with molecular grade water for 2 h at 37°C on a
thermo-vortex.

One-step real-time RT -PCR assay

Two, in-house, one-step, singleplex real-time RT -PCR assays
were performed. Five pl of extracted RNA were added to each
one-step real-time RT-PCR mixture, which were prepared and
adjusted following the instructions for the AgPath-ID One-Step
RT-PCR kit (Ambion, cat. number: AM1005). Each singleplex
real-time RT -PCR was performed and adapted using primers
and probes designed by Hiibschen et al.” to amplify the MV
N gene (nucleotides, nt: 584-697) and RuV p150 gene (nt: 195-
323). Amplification was carried out on a 7300 Real-time PCR

Human Vaccines & Immunotherapeutics 211

©2014 Landes Bioscience. Do not distribute.



System (Applied Biosystem) following the same thermal profile
(45 °C x10’; 95 °Cx10” and 50 cycles at 95 °C x15” + 60 °C x1’).

Genotyping assays

Two, one-step, nested, RT-PCR assays were performed to
amplify and sequence the N gene of MV and the El gene of
RuV, according to WHO indication. The measles primers were
designed by the RLC, and the rubella primers were previously
described by Tran et al.?

A nested RT-PCR was performed using primers to amplify
a 450-nt fragment encoding the C-terminal end of the nucleo-
protein (N). The following primers were used for the amplifica-
tion: MV-F1 5-ggattgcyga aatgatatgt racattgaya c-3’ and MV-R1
5’-ccgecttcag ttgatccaat tgetg-3’ in the first round of RT-PCR,
and MV-F2 5-aaggtcagtt ccacattgge a-3’ and MV-R2 5-gcat-
greteg ctgagacccg aa-3’ in the nested PCR.

Specific complementary DNA (cDNA) of the N gene was
synthesized by reverse transcription at 55 °C x30’, immedi-
ately followed by PCR amplification in the same tube, using
the Transcriptor One-Step RT-PCR kit (Roche; cat. number:
0465588500) according to the manufacturer’s instructions. The
PCR cycling program consisted of a denaturation step at 94 °C
for 7’ followed by 45 cycles of 10” at 94 °C, 30” at 58 °C, and
1’307 at 68 °C with a final extension step at 68 °C for 5.

The nPCR was carried out using AmpliTaq Gold polymerase
(Applied Biosystems, cat. number: N8080240) according to the
manufacturer’s instructions. The cycling program consisted of a
denaturation step for 10 min at 94 °C followed by 35 cycles of
20”7 at 95 °C, 30” at 58 °C, and 1" at 72 °C with a final extension
step at 72 °C for 5.

A RT-nested PCR was performed to amplify a 880-nt frag-
ment that covers the 739-nt region of the E1 RuV gene, as rec-
ommended for identification by the WHO. Briefly, in the first
step, reverse transcription was performed at 42 °C for 60’ using
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from the first step were added as the template in 40 pl of the
second round-mix, which was prepared using 0.5 pl of GoTaq
(5 U/pl) polymerase (Promega), 10 pl of coloured GoTaq reac-
tion buffer, 2 pl of deoxynucleotide triphosphates (dNTPs, 10
mM, Promega), 1 pl of each inner primer (25 pM; GRUB739F2
and GRUB765)** and 30.5 pl of molecular grade water (ther-
mal profile: 94 °Cx3’, [95 °C x1-58 °C x1’-72 °C x90”] x40
cycles, 72 °C x7°). The amplification was carried out on a ABI
9700 (Applied Biosystems) thermal cycler, and the products were
visualized on a 2% agarose gel stained with 5 pl of SYBR Green
(Atlas ClearSight DNA Stain, BioAtlas, cat. number: BH40501).

RT-PCR products were purified with Wizard® SV Gel and
PCR Clean-Up System (Promega Corporation; cat. num-
ber: A9282) and sequenced with a BigDye Terminator Cycle-
Sequencing Kit (Applied Biosystems; cat. number: 4337450). The
nucleotide sequences were obtained by automated DNA sequenc-
ing based on fluorescent dye terminator on the genetic analy-
ser ABI PRISM 3100 Genetic Analyser (Applied Biosystems).
Multiple sequence alignment was conducted using Clustal W ver-
sion 2.0.10.
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