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ABSTRACT

Although varicella is usually a mild and self-limited disease, complications can occur. In 1998, the World
Health Organization recommended varicella vaccination for countries where the disease has a significant
public health burden. Nonetheless, concerns about a shift in the disease to older groups, an increase in
herpes zoster in the elderly and cost-effectiveness led many countries to postpone universal varicella
vaccine introduction. In this review, we summarize the accumulating evidence, available mostly from
high and middle-income countries supporting a high impact of universal vaccination in reductions of
the incidence of the disease and hospitalizations and its cost-effectiveness. We have also observed the
effect of herd immunity and noted that there is no definitive and consistent association between
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vaccination and the increase in herpes zoster incidence in the elderly.

Introduction

Varicella-zoster virus (VZV) is known to cause varicella,
a common and usually mild illness in childhood. However,
complications such as encephalitis, pneumonitis and second-
ary bacterial infections may occur, resulting in hospitalization
and deaths.! In 2014, World Health Organization (WHO)
estimated approximately 4.2 million of varicella cases with
severe complications and around 4200 related deaths occur-
ring per year in the world.” Humans are the only reservoir of
Varicella-Zoster virus, and transmission is highly effective.
A secondary attack rate higher than 70% has been described
in unvaccinated groups.” Similar to many other infectious
diseases, active immunization is considered one of the main
preventive interventions for varicella. The WHO recommends
universal vaccination in places where varicella is a public
health problem. However, resources should be sufficient to
ensure reaching and sustaining high vaccine
age (>80%).

Varicella Vaccine (VV), a live-attenuated viral vaccine, was
first developed in Japan in the early 1970s (Oka strain).*’
Several licensed formulations of live attenuated vaccines are
currently available, as monovalent or combined with measles,
mumps and rubella.? After a single dose of V'V, effectiveness
against all forms of diseaseis around 76% to 85% and reaches
up to 100% after two doses.’ The efficacy for hospitalization
reduction is higher than 95% in most of studies.” ' Long-
term protection has been evidenced by both through the
persistence of antibodies and efficacy higher than 90% up to
ten years.“‘12

Despite consistent data about immunogenicity and vaccine
effectiveness (VE), some questions about the introduction of
universal VV do exist. The number of countries with universal

cover-

VV is growing and the knowledge about the impact in “a-real-
world-scenario” among vaccinated populations is being con-
tinuously published. It has been hypothesized that a shift in
the incidence to older ages groups could happen, which may
be associated with a higher incidence of complications.
Moreover, an increase in the incidence of herpes zoster
(HZ) in the elderly individuals was also hypothesized, due to
the lack of a natural boost of immunity through repeated
contact with infected persons. Finally, cost-effectiveness is
also an important point to be addressed."?

Currently, 36 countries and regions have introduced uni-
versal VV (Figure 1; Table 1), but many of these countries
have no data about the impact. The aim of this article was to
review the growing body of evidence about the impact of
universal VV programs in epidemiology and disease related
outcomes, as well as the effect on HZ in the elderly, herd
immunity and cost-effectiveness.

Methods

This is a non-systematic review addressing the impact of universal
VV. Countries where VV was universally introduced were
detected at WHO website (http://apps.who.int/immunization_
monitoring/globalsummary/schedules). The search was per-
formed at PubMed with no limits of date or language, with the
name of each country and the words “varicella” OR “varicella
vaccine” AND “impact” OR “hospitalization” OR “incidence”
OR “herpes zoster”. Where included all studies selected through
criteria assessing any outcome of impact, both in vaccinated and
non-vaccinated population, as well as impact on HZ epidemiol-
ogy. For cost-effectiveness, studies were selected through search
“varicella vaccine” AND “cost-effectiveness”.
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Table 1. Countries who have Universal Varicella Vaccination.
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00 Figure 1: Countries and Territories with Introduction of Varicella
' Containing Vaccines in Universal Immunization Program to Date (2018)

Americas Country Vaccine Funded dosis  1st and 2nd dose introduction (year) Schedule (1st; 2nd dose)
Argentina Varicella 1 2015 15 m;
Bahamas (the) Varicella 2 2012 12m; 4-5y;
Barbados Varicella 1 2012 12 m;
Brazil MMRV, Varicella 2 2013, 2017 15m; 4y
Canada MMRV or Varicella 2 2001, 2012 12-15 m;18 m-6 y
Colombia Varicella 1 2015 12 m
Costa Rica Varicella 1 2007 15m
Ecuador Varicella 1 2011 15-23 m
Panama Varicella 2 2013 15m-4y;
Paraguay Varicella 1 2013 15 m;
Puerto Rico Varicella 2 1997 12m;4-5y
United States of America (the) Varicella 2 1995, 2006 >12m; 4y
Uruguay Varicella 2 1999 12m;5y
Eastern Mediterranean Bahrain Varicella 2 no data 12m; 3y
Kuwait MMRV 2 2017 12,24 m; 12y
Oman Varicella 1 2010 12 m;
Qatar Varicella 2 2002 12m; 4-6y
Saudi Arabia Varicella 2 1998, mandatory sincce 2008 18m; 6y
United Arab Emirates (the) Varicella 2 2012 12m; 5-6y
Europe Andorra Varicella 2 no data 15m; 3y
Finland Varicella 2 2017 18m; 6y
Germany MMRYV, Varicella 2 2004, 2009 11-14 m;15-23 m
Greece MMRYV, Varicella 2 2006, 2009 12-15m; 4-6 y
Israel MMRYV, Varicella 2 2008 12m; 6y
Italy MMRV or Varicella 2 13-15 months; 5-6 years;
Sicily 2003 2y
Veneto 2005 15 months, 3y
Puglia 2006 13 months; 5-6y
Toscana 2008 13-15 months; 5-6y
Basilicata 2010 13 months; 6y
Calabria 2010 13-15 months; 5-6y
Sardinia 2011 13 months; 6y
Friuli-Venezia-Giulia 2013 13 months; 6y
Latvia Varicella 1 2008 12-15m
Luxembourg MMRV 2 2010 12, 15-23 m
San Marino Varicella 2 no data 15m; 10y
Spain Varicella 2 2016 15m; 34y
Madrid Program withdrawn nov/2013 2006 15m
Navarre 2007 15 m, 3y
Ceuta 2009 18 m, 24 m
Melila 2009 15 m, 24 m
Switzerland Varicella 1 no data 11-15y;
Turkey Varicella 1 2013 12 m
Western Pacific Australia MMRYV, Varicella 2 2005 18 m; 10-15y
Japan Varicella 2 2014 12; 18 m
New Zealand Varicella 1 2017 15m
Niue Varicella 1 2017 15m
Republic of Korea (the) Varicella 1 2005 12-15m
Taiwan Varicella 1 2004 12-18 m




Impact of universal VV by region

a. Americas.

The United States of America was the first country to
introduce universal VV and, consequently, it became the
country with the longest follow-up. In 1995, the monovalent
varicella vaccine was approved in the United States of
America by the FDA, and, in the same year, it was intro-
duced as a single-dose routine childhood program. The
coverage increased progressively from 27% to 88%, during
1997 to 2005." Comparing pre (1993-1995) and post-
vaccination (1996-2004), varicella-related ambulatory visits
were reduced by 66% (p < 0.001), reaching 98% of reduc-
tion in children younger than 4 years.'® Overall rate of
hospitalization was 0.4/10000/year before and was reduced
to 0.12/10000/year during the one dose era (p < 0.001), with
greater reduction in children aged less than 4 years."
Despite the success in reducing incidence and hospitaliza-
tion in the vaccinated and non-vaccinated population aged
less than 45 years, the occurrence of outbreaks led to the
recommendation of a second dose in September 2005.'%'
The quadrivalent vaccine (measles-mumps-rubella-varicella)
was licensed by the FDA and, in 2006, the second dose was
introduced in routine National Immunization Program.'”
This implementation resulted in a decline usually greater
than 90% (comparing to pre-vaccination period) in the
incidence, hospitalizations and death, with more pro-
nounced impact in children®*~*%, as well as a reduction in
the magnitude and duration of outbreaks.”” The percentages
of reduction in the United States and other countries are
summarized in Tables 2 and 3.

In Canada, a public-funded single dose VV at 12-15
months of age was introduced gradually through different
provinces and territories during 2000-2007. A reduction of
70% in the hospitalization rates across all age groups was
shown, with a higher impact in children aged between one
and four years (from 65 to 93%).”” Within this same age
range, another study on active surveillance in twelve centers
found similar results, a decline (90%) in hospitalization
rates.”® The proportion of HZ was reported to be lower,
from 8.6% to 3.8%, in children younger than 10 years after
implementation of VV program in Alberta.*’

In Latin America, eleven countries have introduced uni-
versal vaccination by 2018, where most countries have
adopted a single-dose regime during the second year of life.
However, data about the impact are available only from three
countries: Uruguay, Costa Rica and Brazil.”® In 1999, Uruguay
was the first country in Latin America to introduce universal
VV. Six years after the implementation leads to a reduction of
81% in the proportion of varicella related hospitalizations and
87% of outpatient visits in the vaccinated age-groups was
observed. Further, in children aged between one to four
years, the proportion of hospitalizations were reduced by
94% with a single dose.”* Costa Rica reported a decrease of
79.1% in notified cases, and of 87% in hospitalization in
children under five years of age, seven years after the intro-
duction, and achieved coverage up to 95% in 2015.°

The largest country in Latin America, Brazil, recorded
more than 16000 hospitalizations in children aged 1-4 years
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during the six years before VV introduction. Related deaths
reached 2334 between 1996 and 2011, which included mor-
tality in infants < 1 year and in children between 1-4 years of
0.88 and 0.40 deaths/100,000/year, respectively.”’ One dose
VV at 15 months was introduced in 2013 in Brazilian funded
NIP. A study based on nationwide database reported that in
the vaccinated age group (1-4 years), the hospital admission
incidence of varicella and herpes zoster decreased from 27.33
to 14.33 per 100000 people per year, a reduction of 47.6% in
hospitalizations three years after introduction. There was
a direct saving costs decrease 37.91% with a single dose
three years after public vaccine implementation.*’ Another
recent study, a prospective matched case-control study in
two state capitals (Sdo Paulo and Goi4nia) reported 86%
effectiveness against the disease of any severity and 93%
against moderate and severe disease. Interestingly, 22% of
the 168 cases occurred in vaccinated children and these
patients had milder disease than non-vaccinated ones.*

b. Europe.

Before VV introduction, Europe estimated to account for
more than five million cases per year, leading to more than
three million primary care consultations per year, nearly
20,000 hospitalizations per year, and up to 80 to death
per year (95% CI: 19-822). Besides this, around 60% of the
cases were observed in children under five years of age (95%
CI: 2.7-3.3).>> Annual reported incidence per 100,000 popula-
tion varied from western (France, Netherlands, Germany and
United Kingdom) southern (Italy, Spain, Portugal) and east-
ern (Poland, Romania) Europe as 300-1291, 164-1240 and
350, respectively. However, these numbers are much higher
among children, accounting from 1,580-12,124/100,000
among 1-4 years of age and 4,400-18,600/100,000 among
0-4 years of age. Hospitalizations and death have a higher
incidence in individuals of < 4 years of age.”">

In Germany, routine VV was introduced in 2004 in children
younger than two years and a second dose was recommended in
2009. The results from the German program provide robust data
about the impact of VV.>* In a study assessing the period of
a single dose (2005 to 2009), complicated varicella, classified as
requiring hospitalizations or use the of antimicrobials, was
reduced by 81% according to the sentinel surveillance.”
Another similar study during the same period and with similar
methods reported a reduction in the number of cases by 63% in
children aged 1-4 years and 38% in those aged 5-9 years.”> One
single dose schedule reached a reduction of 86.4% (95% CI:
77.3-91.8) in the disease of any severity and 97.7% (95% CI:
90.5-99.4) in moderate to severe cases in children aged
1-7 years.”® In an observational surveillance in Munich area,
the varicella cases reduced by 67%, five years after VV introduc-
tion, accounting a 43% decrease in the hospitalizations in
patients younger than 17 years, which was more pronounced
in children younger than five years (78%).>

The studies assessing the period after the second dose intro-
duction have shown an additional benefit. The data from nation-
wide sentinel surveillance and health insurance claims assessing
VE in the overall incidence found a decrease of 86.6% (95% CI:
85.2-87.9) after a single dose and of 97.3% (95% CI: 97.0-97.6)
after the second dose in children between 1-4 years until 2014.>
Comparing 2005-2012 versus 1995-2003 data, the incidence of
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hospitalizations was markedly reduced in all children under nine
years, with the greatest reduction in those aged between one and
four years (62%, p < 0.05). The admissions due to HZ in adults
older than 50 years showed an increasing trend before VV
introduction.®® The incidence of neurologic complications also
continuously decreases during the first seven years after vaccine
introduction.®

The longest analysis in Germany was based on country-
wide health insurance claims data and the described VE was
81.9% for one doses (95% CI: 81.4-82.5), two-dose VE, and
94.4% for two dose (95% CI: 94.2-94.6) in children born from
2006 to 2013.%°

In Italy, VV was implemented in different regions at dif-
ferent times, thus studies of regional impact has been
reported.”>***® In a collaborative research summarizing the
impact in eight regions that first introduced a two-dose
regime, a progressive reduction in the incidence of cases and
hospitalization was found after the introduction. The regions
that adopted VV earlier, such as Sicily, Veneto, Apulia and
Tuscany, showed a higher rate of reduction.’® More recently,
the data from Tuscany including four years of introduction
revealed a reduction of about 50% in hospitalization, with the
greatest effect on children aged 1-4 years, as determined by
discharge diagnosis.*’

Similarly to Italy, in Spain VV was not introduced as
a nationwide universal program but momentarily in different
regions. The data from several regions also reinforce the impact
in reducing hospitalization in children under five years of age;
there is an inverse correlation between vaccine coverage and
hospitalization incidence.’** In Navarre, the effectiveness of
one and two doses for laboratory confirmed cases was 87%
(95%CI: 60% to 97%) and 97% (80% to 100%), respectively.
However the effectiveness decline after the third year of
vaccination.’® In the same region, another study reports an
impressive reduction of 98.5% in the disease incidence among
the vaccinated children aged up to eight years.® A recently
published study in the community of Madrid reported a single
dose vaccine effectiveness of 76.7% (CI 95%: 71.9 to 80.7%) in
children aged from 15 months to 13 years.*’

In Greece, a retrospective chart review from a single center did
not find differences in hospitalizations related to HZ in children
younger than 16 years seven years after vaccine introduction.”” In
Israel, universal VV was introduced in a two-dose schedule at
12 months and 6-7 years in 2008. In 2009-2012, a retrospective
review from three centers reported a reduction of 75% in hospi-
talizations in children aged 1-6 years, without significant reduc-
tion in children aged from 7 to 18 years.*®

c. Africa.

There are limited data about varicella in Africa. A systematic
review analyzed 20 studies from 13 countries, but there are only
three studies reporting varicella incidence that varied from 441
to 3420 cases per 100,000 persons. Varicella vaccination is not
routine in any country in Africa, which has limited resources
and other competing public health priorities.**®

d. Oceania.

There are considerable number of studies about the impact of
VV in Australia. In a national hospital database study assessing
impact, four years after the introduction of universal VV in 2005
(one dose schedule at 18 months and catch-up at 12-13 years),
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hospitalizations declined by 72.5% in children between 1-4 years
and 52.7% in all ages. Importantly, an indirect effect on the non-
vaccinated age groups was found, but without an increase in the
incidence of HZ in older individuals.*> In the other two reports
the overall incidence was reduced in most age groups but an
increasing trend in HZ hospitalization was found in older
patients.”>** In a more recently published study, a progressive
decline in hospitalizations was reported until 2014, including in
non-vaccinated age groups and also with no increase in the
elderly.® Further, the incidence of congenital and neonatal
varicella was also reduced, with a significant decrease in 85%
neonatal varicella in 2008-2009.°”

e. Asia.

Only a few countries from the Asia-Pacific region have
introduced universal varicella vaccination.®® Four decades
after Japanese scientists developed the varicella vaccine, in
November 2014, Japan started universal VV with a two-dose
schedule. Till that, VV was offered only on a voluntary basis,
approaching 40% of coverage, which was not enough to con-
trol the disease transmission.*” The first Japanese study asses-
sing impact after vaccine introduction was a multicenter
matched case-control study in children younger than
15 years, which reported an effectiveness of 76% and 94%
with one and two doses, respectively.70

In South Korea, a single dose at 15 months of universal VV
was introduced in 2005 but results about its effectiveness are
not clear. Although no nationwide data about impact are
available, two case-control studies observed no significant
protection in children younger than 12 years. Interestingly,
these studies included children vaccinated with different
strains and the majority of patients used a strain that was
different from the United States.”"”> However, most of the
strains used are considered immunogenic.73 Further, the
study design and the way controls were selected could gen-
erate a selection bias.

In Taiwan, a single dose universal VV was introduced in 2004
with a high coverage. The analysis of nationwide data has shown
areduction in incidence from 66 cases per 1000 people per year in
2000-2003 to 23 cases per 1000 people per year in 2008, as well as
a reduction in hospitalizations in children younger than six
years."* Another retrospective nationwide study assessing effec-
tiveness found a reduction of 82% and 85% on the incidence and
hospitalizations, respectively.”* A rise in the incidence of HZ was
found in Taiwan. However, it started even before vaccine intro-
duction and cannot be attributed directly as a consequence of
universal VV.*

In the Middle-East, many countries have recently introduced
VV recently. The impact data on its effect are available from Saudi
Arabia, which introduced universal VV in 2008 with a two dose
schedule, and a study using health insurance data found an overall
60% reduction in the proportion of disease in children aged
between 1-4 years after introduction.”"”

Herd immunity and shift to older age groups

An indirect effect of VV in non-vaccinated age groups has
been described in many studies. As herd immunity is more
pronounced in age groups closer to the vaccinated group,
there are concerns about a shift of the disease to older age
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groups, which have a higher rate of complications.It is more
likely in scenarios with low vaccine coverage (< 80%).”%"7
However, this shift has not been confirmed and several stu-
dies have reported an overall decrease in the incidence,
including among older age groups.'®'*?>*>*>> Further, an
indirect protection has been reported in individuals who are
not eligible for live-attenuated immunization and may be at
a higher risk of complication, such as children aged less than
1 vyear, susceptible pregnant and immunocompromised
individuals.””®7

Changes in epidemiology of herpes zoster

In children and adolescents, VV is associated with
a decrease in the incidence of HZ.**"®* Some theoretical
models hypothesize an increase in the incidence of HZ in
the elderly during some decades due to the lack of natural
booster in VZV specific immune response after repeated
contact with naturally infected individuals.*> These con-
cerns, as well as the cost-effectiveness, led some countries
to opt for no adoption of universal VV, like the United
Kingdom. The evidence about this rise is not conclusive.
Although some studies have shown an increase in HZ after
universal VV was introduced, others did not or even found
a reduction.***>*7¢1%* Moreover, a consistent secular trend
of increase in HZ was reported in elder individuals even
before universal VV introduction, suggesting that other
factors such as the prevalence of chronic diseases or seeking
health-care patterns might be involved, though actual rea-
sons are still poorly understood.’******>%  Certainly,
a longer follow-up is needed to answer these questions.
Furthermore, the introduction of HZ can be
a complementary approach in the elderly.?”%

Cost-effectiveness

The cost-effectiveness of universal VV has been a matter of
debate for many years. Since varicella is commonly a benign
disease in childhood, a rise in the incidence of HZ in older
people could occur, due to lack of boosting throughout life.
Many cost-effectiveness analyses about VV have been
undertaken.®” The most recent systematic review addressing
this issue globally included 38 studies. Authors concluded
that the cost-effectiveness depends mainly on the effect of
the incidence of HZ in the elderly, being cost-effective and
cost-saving from payer and societal perspective not assum-
ing any potential impact on HZ incidence. Conversely,
considering a short-term increase on the incidence of HZ,
VV would not be cost-effective. However, as discussed
above, the real impact of universal VV in HZ disease is
not clear in the older age groups and there is a need for
further investigations, although there is an agreement
among models that VV would reduce HZ incidence after
50 years of introduction.***° Moreover, if the impact on HZ
is so important, HZ vaccines must be included in the
model.” Further, most cost-effectiveness analyses have
intrinsic limitations of assuming uncertain or variable
values as true and are done considering the data from
high income countries.**"!

Conclusion

As discussed above and shown in Tables 2 and 3, extensive
data have been published about the impact of universal VV on
overall incidence, hospitalizations, complications and deaths.
The results are consistent with a reduction greater than 80%
in the incidence of disease and hospitalizations in most of the
studies with a longer follow up. The additional effect of
the second dose, as well as the indirect protection in non-
vaccinated groups, has also been uniformly described.
Concerns about an increase in the incidence of HZ in older
individuals have not been confirmed in most of the studies,
although a trend towards increasing HZ incidence has been
shown by some of them. In this regard, probably longer
observations may be necessary. Furthermore, though accurate
data about burden may be difficult to obtain, universal VV
seems to be cost-effective by reducing the rate of complica-
tions. As a limitation, most data are available from high and
middle-income countries, and impact in low-income coun-
tries may not be the same as reported. Moreover, some coun-
tries have yet to overcome the heavy burden and mortality
from other diseases such as measles, rotavirus, pneumococcal
and meningococcal disease.’* Finally, VV is an important step
in public health strategies and the introduction of universal
vaccination should be considered if feasible from an economic
standpoint.
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Abbreviations

CI confidence interval
ED emergency department
HZ Herpes Zoster

U.S.A. The United States of America
VE Vaccine effectiveness

Vv Varicella Vaccine

WHO World Health Organization.
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