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ABSTRACT

Acceptance of rotavirus (RV) vaccination may be impacted by several factors including the feasibility of
the full schedule administration within the fixed immunization timelines. The human RV vaccine Rotarix
(GSK) and the human bovine reassortant vaccine RotaTeq (Merck & Co.) were developed with different
posologies (2 doses vs 3 doses respectively), which have both scientific and technical implications. A non-
systematic literature review revealed that, in the Italian context, topics such as time to achieve RV
protection in children, number of preventable cases and administration time window, compatibility/
ease of inclusion in the national vaccination calendar, potential overlaps with the peak of natural history of
intussusception and adherence to posology could be impacted by the RV vaccine posology. Results
suggest that a shorter schedule would allow for greater flexibility of use as well as a greater documented
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ease of inclusion in the vaccination calendar, thereby reducing potential direct healthcare costs.

Rotavirus (RV) is a major cause of acute gastroenteritis
throughout the world." In Europe more than 700,000 medical
consultations per year and 87,000 hospitalizations per year for
RV illness were estimated before the availability of RV
vaccines.' In the end of 2017, in Europe, 14 countries had not
considered immunization programs against RV, 5 countries
had implemented a partially-funded program and 13 a fully-
funded program.’'

As the vaccine reimbursement pathways vary across European
countries, according to the National Health Care regulations, it is
very difficult to generate a clear and up-to-date picture of which
RV vaccine is used in each European Country, both vaccines
being in principle available across Europe.

In Italy, universal vaccination against RV has been included
in the Italian National Vaccine Prevention Plan (PNPV)
2017-19,% in an active and free offering throughout the coun-
try, based on the regional tender systems to purchase the
vaccines at the lowest price offered.

The Italian Ministry of Health has reiterated that starting
from those being born in 2017, in addition to mandatory
vaccinations recently introduced, RV vaccination is strongly
recommended,’ as those against pneumococcal and meningo-
coccal diseases, and to be ensured through the so-called 2 + 1’
immunization calendar of the first year of life.”

According to the objectives set out by the Ministry of
Health, RV vaccination was expected to reach the following
vaccine coverage targets: >60% in 2018, >75% in 2019 and
295% in 2020.*

The experience in Sicily, the first Italian region to include an
active and free offering of RV vaccination in 2013, documents the
difficulty of reaching a high level of coverage, as in 2016 the mean
RV vaccination coverage in Sicily reached 45%.” Recent surveys
documented the attitude of healthcare providers (HCPs) in Italy

in offering RV vaccination to parents. In a survey conducted in
Italy in 2015 among family pediatricians, 76.2% of respondents
declared that they were convinced on the value of RV vaccination
and 57.4% of them stated that they recommended it in their daily
practice; however the adherence to RV vaccination was estimated
to be <25% due, in the greatest part (60.4%), to poor confidence in
the vaccine.® In a more recent web-based survey, more than 85.8%
of one thousand family pediatricians spontaneously declared that
they would recommend RV vaccination in the future, however
more than 40% of them feared that a recommended but not
compulsory vaccination might exert a negative impact on family
acceptance.7

On the other side, although surveys carried out among
Italian parents documented significant parental distress due
to rotavirus gastroenteritis (RVGE) hospitalization (93.6%
reporting high/medium stress), many parents were still unwill-
ing to immunize their babies for RV due to a lack of knowledge
of the rotavirus burden of disease and the possibility of pre-
venting RVGE by vaccination.” In such a delicate balance
between HCP recommendations and family perception of
RVGE burden of disease and vaccine safety, acceptance of RV
vaccination may be enhanced by the feasibility of full schedule
administration within the fixed immunization calendar.

Two RV vaccines, human RV vaccine (Rotarix; HRV) and
human bovine reassortant vaccine (RotaTeq; HBRV) have
been approved for clinical use in Europe.”'® Both vaccines
have reported good efficacy and favorable safety profiles in
preventing RV disease. They differ in posology, with HRV
requiring two doses and HBRV three doses.”'’

The purpose of this short paper is to discuss the technical
and scientific implications arising from the differences in
posology of RV vaccines in the Italian context. To prepare
this manuscript, a non-systematic, literature review was
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conducted. References were mainly retrieved from PubMed
and Embase with no time limitation but up to
September 2019 by combining the following keywords: rota-
virus, gastroenteritis, children, pediatric vaccination, rotavirus
vaccines, Italy. Other technical or scientific documents were
retrieved from Google searches.

The SmPC of HRYV states: “The vaccination course consists
of two doses. The first dose may be administered from the age
of 6 weeks. There should be an interval of at least 4 weeks
between doses. The vaccination course should preferably be
given before 16 weeks of age, but must be completed by the age
of 24 weeks.”

The SmPC of HBRV states: “The vaccination course consists
of three doses. The first dose may be administered from the age
of 6 weeks and no later than the age of 12 weeks. There should
be intervals of at least 4 weeks between doses. It is preferable
that the vaccination course of three doses should be completed
by the age of 20-22 weeks. If necessary, the third (last) dose
may be given up to the age of 32 weeks.”'”

The time schedules according to the respective SmPC for
HRYV and HBRYV vaccination is presented in Figure 1.

According to the SmPC, the vaccination course should be
completed preferably by 16 weeks of age (about 4 months) for
HRV,” and 20-22 weeks (about 5 months) for HBRV.'
Efficacy and effectiveness data are based on fully and timely
completed courses. Thus, delaying the full protection time
could imply an extension of the period of exposure of children
to RV and may exert an impact on the general protection of the
pediatric population based on the natural history of RVGE. In
principle, the risk of developing RVGE increases with increas-
ing age,11 and an extended exposure to risk, if considered for an
entire birth cohort, may result in a decrease in the number of
preventable cases.

Based on data reported in the SmPC of HBRYV,'° the reason
for not administering the first dose beyond 12 weeks of age is
likely to be the result of pivotal clinical trials within which this
criterion for inclusion was applied. In any case, this indication
should be observed in the routine use of the vaccine, precisely
for the purpose of replicating the conditions under which the
HBRYV vaccine was developed. From a practical point of view,
this indication, if applied to an entire birth cohort, could affect
the number of children that can be vaccinated according to the
Italian Immunization Calendar.” Children should begin the
vaccination courses at the third month of life, i.e., between 61
and 90 days of age (8-12 weeks of age);” and since the first dose
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of HBRYV should be administered within 12 weeks,'° there is an
interval of 4 weeks during which the first dose can be adminis-
tered (Figure 1). If parents delay decision to vaccinate their
new-born babies, children may miss their scheduled RV vacci-
nation course.

In accordance with the SmPC of HRV,” the administration
of the first dose of HRV is possible up to 20 weeks of age in
order to complete the vaccination course by Week 24 as pre-
scribed, thus extending the administration interval of the first
dose by an additional 8 weeks compared to the 12 weeks
authorized for HBRV (Figure 1)."°

The extension of the period of exposure of children to the
risk of RVGE may result in a lack of prevention of cases
requiring hospitalization, thus giving rise to an additional
burden for families and direct healthcare costs for the Italian
National Health System.”*'?

In principle, by using figures on hospitalizations for RVGE
from the Lombardy Region, published by the Italian National
Health Institute (ISS) together with the University of Milan,"
which reported admissions divided by months of children’s age
at the time of admission, some estimates can be reached. In the
1- to 11-month age group (4-44 weeks), the average number of
admissions was about 15 per week;'” therefore, a 4- to 6-week
delay in RV protection may lead to an estimated 60-90 admis-
sions that cannot be prevented due to the incomplete vaccina-
tion schedule. If we consider the maximum vaccination
periods, i.e., 24 weeks (HRV) or 32 weeks (HBRV), a delay of
8 weeks may lead to an estimate of approximately 120 unpre-
vented hospitalizations due to RVGE per year. Assuming an
average cost of €1,478 per hospi‘[alization,14 the additional
direct health costs could be estimated to approximately
€175,000 per year. Based on the PNPV Calendar,” RV vaccina-
tion should be administered within the maximum period pre-
scribed by the SmPC for HRV (24 weeks) and HBRV
(32 weeks), respectively.”'°

Since these are oral vaccines approved for co-administration
at the same time as the hexavalent (HX) vaccine (combination
of diphtheria, tetanus, acellular pertussis, poliovirus,
Haemophilus influenzae type B (Hib) and hepatitis B) and
pneumococcal conjugate vaccine (PCV), from the public
health standpoint, it would be easier to administer the first
two doses against RV during the two HX + PCV sessions
provided for by the PNPV at the 3™ and 5 month of age
(Figure 1). By starting the vaccination course strictly within the
scheduled time (at 8 weeks) and planning the administration of
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Figure 1. Time schedule for HRV and HBRV vaccination according to the respective SmPC.>'® Legend: Possible (light) and preferred (dark) vaccination schedule for HRV
and HBRV vaccination, in green and blue respectively. HBRV: human bovine reassortant vaccine; HRV: human rotavirus vaccine; SmPC: summary of product

characteristics.
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the second doses of HX + PCV at Month 5, it is possible to
coordinate the co-administration of the two doses of HRV with
HX + PCV.

It should be noted that the SmPCs of both HRV and HBRV
lack explicit co-administration recommendations with the cur-
rently available meningococcal group B pediatric vaccine
(MenB). MenB SmPC lacks co-administration data as well."
Recently, the “Calendario per la Vita” Board proposed the co-
administration of MenB and RV vaccine.'® O’Ryan et al.'”
reported anecdotal MenB and RV vaccines co-administration
during two pivotal clinical trials of MenB vaccine without any
interference detected.'” In terms of routine clinical practice, it
is worth noting that since 2016, the United Kingdom (UK)
vaccination calendar has recommended co-administration of
the first dose of MenB with the first dose of DTaP (diphtheria,
tetanus, and acellular pertussis)/IPV (inactivated polio vac-
cine)/Hib, PCV and HRV at 2 months of age."®'” As the UK
birth cohort in 2018 consisted of more than 657,000 new-
borns,?° and 90% coverage was reached by the first visit, "’
there is a huge database of children vaccinated with four
vaccines in co-administration. In such a context, no impact
has been detected on MenB or RV effectiveness to date.'”
A systematic review recently published by Pereira et al.>' con-
firmed that no safety issues were observed when HRV was co-
administered with MenB in the UK routine immunization
program,”” and in a small sample of pre-term babies.”’

Moreover, a devoted visit to administer the remaining dose
would be demanding. Assuming 12 minutes for the counseling
of parents for each child,** with the presence of two HCPs
during the vaccination session (a doctor and an aide/nurse or
two aides/nurses and a doctor in the unit) and clinical history
assessment and physical examination, vaccine administration
and recording (both in the personal vaccination record and
healthcare system) to be multiplied by the number of children
vaccinated per year, the incremental resources to be invested
can be easily perceived. Furthermore, the time devoted by
parents or carers to bring the baby to a further vaccination
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visit should be added and considered as a loss of productivity
and an increase in societal costs.

According to the Italian Medicines Agency (AIFA) and the
ISS, the incidence of intussusception (IS) in Italy in the period
prior to RV vaccination introduction (in 2002-2012) stood at
around 19-60 cases per 100,000 in children aged 6-32 weeks.*
As shown in Figure 2 the trend for IS risk in Italy reaches its
epidemiological peak approximately at the same time as the RV
vaccination period.

The SmPCs of both RV vaccines estimate the additional risk of
IS after RV vaccination to be in the range of 0-6 cases per 100,000
vaccinations.”! For both RV vaccines, limited evidence of a lower
increase in risk following the second dose is available.”'® Recently,
ATFA estimated the risk of additional IS cases after RV vaccination
to be 1.5 cases per 100,000 children.?” Nevertheless, the Italian
scientific community,16 and the SmPCs of both RV vaccines,”'°
recommend completing the RV vaccination as early as possible to
reduce the risk of an IS episode close to post-vaccination period of
time (Figure 2). Furthermore, the early completion of RV vacci-
nation schedule would contribute to a reduction of RVGE in
newborns, which was reported to be one of the factors closely
associated with IS (odd ratio 11.55, 95% confidence interval: 3.23,
41.23, P < .001) in a case-control study conducted in Italy.*®

It is a common experience that the total number of doses
needed to complete a vaccination course affects the likelihood
of completing the course (compliance) within the time frame
indicated by the SmPC (adherence).”*

Measuring compliance and adherence for the HRV and
HBRYV vaccines requires accurate data and can therefore only
be carried out effectively in highly organized contexts. Some
studies conducted in the United States of America (USA),
where a 3 + 1’ vaccination schedule is used for the first year
of life, among patients under different health insurance systems
are available in the literature.”* During the launch of RV
vaccination in the USA in 2006, some pediatricians set them-
selves the objective of measuring adherence with vaccination in
the presence of criteria they claimed to be restrictive, i.e., before

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72
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Figure 2. Distribution by infant age (weeks) of hospitalization rates for intussusception in children below 2 years of age in Italy (modified from?°). Legend: Preferred
timing of vaccination completion according to the HRV and HBRV SmPCs.”'® Green line HRV; blue line HBRV. HRV: human rotavirus vaccine; RVGE: rotavirus

gastroenteritis; SmPC: summary of product characteristics.



12 weeks of age for the first vaccine dose.”” During the first
6 months after RV vaccination implementation, 770 (19.7%) of
the 3,912 children vaccinated with HBRV received their first
dose outside the prescribed time limits. According to the
authors, the age limit below 12 weeks of age resulted in around
23% reduction in subjects who could be vaccinated in the
whole study period, with a reduction between 16% and 30.5%
considering year by year (30.5% in 2001 vs 16% in 2005).*

A study conducted in 2009 in the USA among children
under private care showed that the use of HRV resulted in
a higher compliance rate compared to HBRV (91.0% vs
83.4%) and a lower age at the completion of the RV vaccination
course.”® Another study conducted within the Medicaid system
evaluated compliance rates and adherence to the vaccination
schedule in a cohort of 673,956 children under the age of
one year, comparing the two approved RV vaccines, HRV
and HBRV.?" When stratified by type of vaccine, children
who received HRV as their first dose had a significantly higher
adherence rate than those who received HBRV as their first
dose (65.2% vs 31.3%; P <.0001).>! The analysis showed similar
results also when considering non-adherence by dose: both the
1" and the 2" dose had a higher rate of noncompliance for the
HBRYV cohort than for the HRV cohort (20.1% vs 1.9% and
49.2% vs 34.8%)."

The same study evaluated the compliance to the vaccination
schedule, defined as the administration of 2 doses of HRV or 3
doses of HBRV to each child. The compliance rate was 1.4
times greater (65.3% vs 46.4%) for schedule completion of
HRV compared to HBRV (Table 1).*!

In a retrospective study also conducted in the USA but
in a population of children with healthcare insurance,
a cohort of 162,614 children scheduled to be vaccinated
according to the HRV or HBRV SmPCs was evaluated.’
Of the children vaccinated with HBRV, 24% did not com-
plete the schedule and 76% completed the course, but only
54% completed it according to the established dosing sche-
dule. Of the children vaccinated with HRV, 15% did not
complete the schedule, 85% completed the HRV course,
and 69% completed the schedule on time.”” The authors
pointed out that the children who did not complete the
vaccination course were predominantly those who started
vaccination with a few weeks delay, and therefore more
attention should be paid to this group.”

In Mexico, after a national switch from HRV to HBRV,
a significant decline in vaccination coverage at national level
(75.6% vs 61.0%, P < .001) was recorded despite institutional
efforts in vaccination implementation. The RV vaccination
compliance also decreased, as only 71.1% of HBRV primed
infants completed the full series compared to 93.7%
(P < .001) of HRV primed infants in previous years.>

Table 1. Compliance to vaccination schedule (% per dose).>’

Vaccine Dose 1 Dose 2 Dose 3
HRV 100 65.3 /
HBRV 100 79.1 46.4

HBRV: human bovine reassortant vaccine; HRV: human rotavirus vaccine.
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In Belgium, a follow-up study carried out in 2007-2012
showed that on average, 85.4% (range: 80.7-88.2%) of eligible
infants were vaccinated against RV: 88.0% (range: 80.5-99.0%)
of them with HRV and 12.0% (range: 9.5-19.5%) with HBRV.
In this time frame, the number of children who did not com-
plete their vaccination course decreased from 10.8% to 7.9%.
However, within these figures, this non-compliance originates
mainly from HBRV compared to HRV (17.3% vs 6.8% in
2012).%*

Finally, very recently, a local experience in Italy carried
out in 2018-2019 assessed RV vaccination coverage and
compliance.” The authors reported a significantly higher
RV vaccination coverage with HRV than HBRV (43.9% vs
7.07%, P < .001 in 2019). In terms of compliance, 83.18% of
HRV vaccinees completed the schedule in 2019 as com-
pared to 75.00% (p < .001) of HBRV recipients.’

The recent implementation of universal RV mass vacci-
nation in Italy poses some operational challenges in order
to achieve the targeted vaccination coverage. RV vaccina-
tion acceptance by the families needs convenient counseling
from the HCPs, a clear understanding of the RV burden of
disease, and trust in the RV vaccines safety, tolerability and
efficacy; furthermore, it has to be well fitted into the vacci-
nation visit series. The posology of RV vaccines results in
a series of technical and scientific differences that may
affect aspects such as the time to achieve RV protection
in children and a narrow administration time window for
HBRV (since an interval of 4 weeks is needed between
doses),”'® potentially leading to an increased number of
unprevented hospitalizations with additional direct health
costs per year.'"'>!® Other implications may arise from: i)
the co-administration of HRV with HX and PCV in
a 2 + 1’ country schedule, turning out to be less complex
for HRV than HBRYV; ii) the completion of the vaccination
course in a shorter time, thereby reducing the RV vaccina-
tion time overlap with the epidemiological peak of IS;*>?°
iii) a better posology adherence with a shorter schedule, as
fully documented in studies from the USA, Mexico,
Belgium and Italy.*~>® Finally, a shorter RV vaccine sche-
dule may also reduce the financial burden for both the
healthcare system and the families of the vaccinated infants
(health and administrative staff, economic resources, time
and family discomfort).

In the era of universal RV mass vaccination implemen-
tation at national level in Italy, significant efforts are
needed to reach the vaccination coverage set by the
Ministry of Health. Further to the engagement of the
HCPs and the education of families with infants on the
value of preventing RVGE and the safety and effectiveness
of RV vaccines, in the light of the deeply discussed inter-
national data, in the Authors’ opinion, a shorter dosing
schedule would allow for greater dosing flexibility as well
as a documented ease of inclusion in the established vacci-
nation calendar. Moreover, a shorter vaccination schedule
may free up resources that could be reinvested in achieving
higher vaccination coverage for the RV vaccine or for other
vaccines included in the calendar.
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charge for all new-borns.

to achieve a full

+ Rotavirus is a major cause of acute gastroenteritis across the world.
+ In 2017, universal mass vaccination against rotavirus was introduced in Italy. The vaccine is offered free of

+ The human rotavirus vaccine (HRV; GSK) and the human bovine reassortant vaccine (HBRV; Merck &
Co.) are the two available vaccines against rotavirus. They differ in the number of doses and timelines to
e ; ;

on series (two for HRV and three for HBRV).

+ Previous studies reported the difficulty in improving rotavirus vaccination coverage due to various causes,
including misperception of the severity of the disease, fears about the safety of the vaccines and the fixed
time ranges for starting and completing the full series

+ We conducted a literature review to look at the clinical and economic implications of the differences

between both recommended dosing schedules.

« Our review suggests that a 2-dose schedule may allow.

and ltaly.

What is the impact?

+ The posology of rotavirus vaccines results in a series of technical and scientific differences that may affect
the time to achieve rotavirus protection in children.

+ The higher coverage and earlier protection should result in fewer cases, and thereby decreased direct
medical costs, and a reduced burden on families and the Italian National Health System.

- an easier inclusion in existing vaccination calendars
- ahigher adherence to the recommended dosing schedule
- a higher vaccination coverage, as seen in other countries such as Mexico, the USA, Belgium

Figure 3. Plain language summary.

Figure 3 elaborates on the findings of this review in a form that
could be shared with patients by HCPs.
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