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ABSTRACT

The WHO recommends integration of universal mass vaccination (UMV) against hepatitis A virus (HAV) in
national immunization schedules for children aged >1 year, if justified on the basis of acute HAV
incidence, declining endemicity from high to intermediate and cost-effectiveness. This recommendation
has been implemented in several countries. Our aim was to assess the impact of UMV using monovalent
inactivated hepatitis A vaccines on incidence and persistence of anti-HAV (IgG) antibodies in pediatric
populations. We conducted a systematic review of literature published between 2000 and 2015 in
PubMed, Cochrane Library, LILACS, IBECS identifying a total of 27 studies (Argentina, Belgium, China,
Greece, Israel, Panama, the United States and Uruguay). All except one study showed a marked decline in
the incidence of hepatitis A post introduction of UMV. The incidence in non-vaccinated age groups
decreased as well, suggesting herd immunity but also rising susceptibility. Long-term anti-HAV antibody
persistence was documented up to 17 y after a 2-dose primary vaccination. In conclusion, introduction of
UMV in countries with intermediate endemicity for HAV infection led to a considerable decrease in the
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incidence of hepatitis A in vaccinated and in non-vaccinated age groups alike.

Introduction

Most data on the incidence of acute HAV infection and
prevalence of immunity cited in the literature are relatively
old. According to World Health Organization (WHO) esti-
mates, there were 126 million cases of acute hepatitis A in
2005."* Acute hepatitis A-related morbidity and mortality
increase with age. In children aged <6 years, ~70% of
infections are asymptomatic; if illness does occur, it is typi-
cally anicteric. In contrast, in older children, adolescents
and adults, infection often leads to clinically overt acute
hepatitis.>* Acute hepatitis A in adults may lead to pro-
longed incapacitation and rarely also to acute liver failure
in previously healthy individuals and in patients with
chronic liver disease.” There is no specific treatment for
acute hepatitis A except for supportive care and liver trans-
plantation in the rare cases with liver failure.®

The virus is transmitted through the fecal-oral route,
either through person-to-person contact or through con-
taminated food or water.® The highest rates of infection are
found in areas with poor sanitary conditions and hygienic
practices and lack of access to clean water.””® Other risk fac-
tors for acquiring HAV include intravenous drug abuse and
men having sex with men (MSM).” Improvements in sanita-
tion and access to clean water reduce viral circulation and
infection and therefore the risk of waterborne HAV trans-
mission and the overall rates of transmission. This

reduction can be observed in the absence of vaccination as
well as when vaccination programs are in place.

The first commercially produced hepatitis A vaccine was
launched in 1992."° Both inactivated and live attenuated vac-
cines against hepatitis A are currently available."" A live attenu-
ated vaccine is mainly used in China; most other countries use
inactivated vaccines.'” Several monovalent inactivated hepatitis
A vaccines are available, which are licensed for children aged
one year or older (Table S1)."''* The WHO considers that
HAV vaccines of different brand names are interchangeable."'
The antigen content differs between vaccines,'*'” however, all
are considered safe and immunogenic.'>'®*° Long-term persis-
tence of antibodies has been shown with 2-dose vaccination
schedules in adults.”**

Areas with high viral transmission rates have a lower rate of
severe morbidity and mortality than areas with lower viral
transmission rates, as there are few susceptible adults in areas
with high transmission rates.>*> However, epidemiologic shifts
from high to intermediate levels of HAV circulation, resulting
from improvements in sanitation and hygiene, are paradoxi-
cally associated with an increase in susceptibility to infection
due to decreasing immunity in the population as well as to
more symptomatic disease due to older age at first infection.”"°
The impact of vaccination can therefore be confirmed by a
decline of reported symptomatic cases, of fulminant hepatitis
cases and of liver transplants.”* In these settings, the WHO
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recommends the integration of HAV vaccination into the
national immunisation schedule for children aged one year and
above, if indicated on the basis of incidence of acute hepatitis
and consideration of cost-effectiveness." Most countries that
have introduced hepatitis A vaccination in their immunisation
programs use the available monovalent vaccines. Combined
vaccines that include hepatitis A and B or hepatitis A and
typhoid have also been developed. However, with the exception
of Quebec in Canada® and Catalonia in Spain®® where the
combined hepatitis A and B vaccine is used in the, pediatric
immunisation programmes, these are mainly intended for use
in adult travelers or patients with specific risks like chronic liver
diseases.”” Furthermore, hepatitis B vaccination has been intro-
duced as a birth dose, monovalent or combined with other anti-
gens, since the late 1990s or early 2000s in most countries. This
review is therefore focused on the use of monovalent hepatitis
A vaccine in the universal mass vaccination (UMV) setting.

Single-dose inactivated hepatitis A vaccines have been intro-
duced in the national immunisation program in Argentina and
additional countries in Latin America are considering adopting
a similar protocol. This option seems to be comparable in terms
of short and intermediate-term effectiveness, and is less expen-
sive and easier to implement than the classical 2-dose
schedule."** However, until further long-term experience has
been obtained with a single-dose schedule, in individuals at
substantial risk of contracting hepatitis A, and in immunocom-
promised individuals, a 2-dose schedule may be preferable.'
Following an increase in the number of HAV outbreaks in the
1990s, Israel was the first country to introduce nationwide
UMV for 18 months old toddlers using 2 doses of Havrix'™.*
Additional countries that introduced UMV programs for hepa-
titis A include among others Argentina,24 Bahrain,?® Brazil,*
China,”" Greece,””> Panama,™ the US™ and Uruguay’®; as
well as regions of Belarus (Minsk City),”” Canada (Quebec),”
Italy (Puglia)®® and Spain (Catalonia).”

The objectives of this systematic review were to: (1) summa-
rize data on the impact of monovalent inactivated hepatitis A
vaccines in the context of UMV on the incidence of acute hepa-
titis A; (2) assess the impact of UMV on other parameters than
incidence (e.g. indirect effects such as herd immunity); (3)
summarize data on the long-term persistence of anti-HAV
(IgG) antibodies in pediatric populations.

Methods
Search strategy

The PubMed, Cochrane, LILACS and IBECS databases were
searched for literature in English, Spanish and Portuguese pub-
lished between January 1° 2000 and July 25™ 2016 (date of
search). LILACS and IBECS are bibliographic databases with
health science literature from Latin America, the Caribbean
(LILACS) and Spain (IBECS). A search string combining terms
on hepatitis A, vaccines and antibodies was built and adapted
for use in each database. The search string used in PubMed
was: “Hepatitis A Antibodies”[Mesh] OR “Hepatitis A Vacci-
nes’[Mesh] OR “Hepatitis A/prevention and control”’[Mesh]
OR ((“Hepatitis A”[Mesh] OR “Hepatitis A virus”[Mesh] OR
hepatitis  Aftiab]) AND  (“Vaccination”’[Mesh]  OR
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“Antibodies”[Mesh] OR vaccin*[tiab] OR immuniz*[tiab] OR
immunis*[tiab] OR immune[tiab] OR immunity[tiab] OR
immunology[tiab] OR antibod™[tiab])) OR Anti-HAV[tiab].

Inclusion and exclusion criteria

In this systematic review only peer-reviewed primary research
articles were included; review articles were excluded, but the
reference lists of systematic reviews were screened to identify
additional relevant primary articles. Review of the gray litera-
ture was not included. For review objectives 1 and 2, only
observational studies conducted in a setting with UMV with
monovalent, inactivated hepatitis A vaccines were included
(Table S1). Studies from settings where hepatitis A vaccination
was only implemented at the regional level (for example in
Puglia, Italy38 or Minsk City, Belarus®’), or from settings in
which live attenuated hepatitis A vaccines or only combined
hepatitis A vaccines were used in the UMV programs were
excluded. Furthermore, studies in at risk populations, outbreak
studies, modeling studies and economic evaluations were
excluded; as were studies that did not present incidence or
prevalence baseline data (i.e. data from the era prior to the
introduction of UMV). For review objective 3, studies were
only included if they were conducted with monovalent, inacti-
vated hepatitis A vaccines in children (at time of primary vacci-
nation) and provided follow-up data for a minimum of 5 y.

Selection process

Articles were selected in 3 steps. Firstly, titles and abstracts
identified through the search strategy were screened to identify
potentially relevant articles. All titles and abstracts were
screened in duplicate by 2 independent researchers. Any dis-
agreements were resolved by the 2 reviewers by discussing the
title and abstract; in case any doubts remained, the full-text was
screened to ascertain if the article answered one of the research
questions. Secondly, the full-text of the selected articles was
screened, keeping in mind the inclusion and exclusion criteria
described above, to determine whether it answered one of the
review questions. If any aspects of the methodology were
unclear, a comment was placed in the results table. Thirdly, for
articles that presented duplicate data, the article that presented
the most complete data (e.g., longer follow-up) was included.

Results

The search resulted in 3313 unique hits, of which 27 were
included in this systematic review (Fig. 1). In total, 10 articles
were included for review objective 1, 15 for review objective 2
and 10 for review objective 3. Some articles presented data for
more than one review objective.

Objective 1: Impact of UMV on HA incidence

Reduction in incidence

Ten studies provided data on incidence of acute hepatitis A
before and after the introduction of hepatitis A UMV pro-
grams; all but one study (in Greece) found a marked decrease
in acute hepatitis A incidence after UMV was implemented



726 A.L. STUURMAN ET AL.

Search PUBMED

Search COCHRANE

Search LILACS & IBECS

(n=3089) (n=342) (n=276)
| | |
v
Total hits
(n=3536=3709) ’
L—* Duplicates (n=396) W
Unique hits h
(n=3313)
Excluded based on title
v and abstract (n=3210)

Selected for full-text
screening based on title
and abstract (n=103)

Excluded based full-

Y

text* (n=66)

d Excluded because data kK

from same source was

A 4

P presented in another
nclude ; o
(n=27) _ article (n=10) Y,
|
| |
Review objective 1 Review objective 2
(n=10) (n=15)

'

Review objective 3
(n=10)

*Not a primary research article (n=19), not in UMV setting (n=12), not monovalent inactivated vaccine (n=9),

follow-up (n=2)

regional vaccination (n=6), antibody persistence in adults (n=7), risk group vaccination (n=4), economic
evaluation (n=2), quality issues (n=2), outcome not relevant (n=2), model (n=1), persistence with <5 year

Figure 1. Flowchart of the selection procedure.

(Table 1). Declines were independent of the brand of the hepa-
titis A vaccine used in the programs; the number of doses that
was given; the target age at first vaccination, which ranged
from 12 to 24 months; or the attained vaccination coverage
(range 25%-96.8%). After the introduction of UMV, the per-
cent reduction in the incidence of acute hepatitis A was 88% in
Argentina, >95% in Israel, 93% in Panama and 96% in Uru-
guay going form incidence rates ranging 6.0 to 142.4 per
100,000 population before vaccine introduction to a range of
0.4 to 7.9 per 100,000 population.

In Greece, a UMV program was initiated in 2008 however
due the low endemcity level (<3.0 per 100,000 population) reg-
istered since the late 1980s, the program has not had significant
impact on the notification rate of acute hepatitis A cases.*’

Objective 2: Impact of UMV on other measures
and indirect effects

Impact on other outcomes

In Argentina between 2000-2003 approximately 17 cases of ful-
minant hepatitis A were reported while between 2008-2011, 2 y
after the introduction of UMV, no more cases were reported
(Table 2).** A study that looked at hepatitis A outbreaks in day
care centers in the Southern District of Israel showed that no
more outbreak-related acute hepatitis A cases were reported.*'
Hepatitis A vaccination was implemented is some US States as

of 1999, the rate of hepatitis A-related ambulatory healthcare
visits among enrollees going from 20.9 in 1996-1997 to 8.7 in
2004.*> The age-adjusted hepatitis A-mortality rate decreased
significantly from 0.51 in 1999-1995 to 0.28 in 2000-2004.*
The 2011 hepatitis A incidence rate was the lowest ever
recorded for the United States, data form the National Inpa-
tient Survey have shown a reduction in the HA hospitalization
rates from 0.64 in 2004-2005 vs. 0.29 in 2010-2011,** however
the relative rates of hospitalized hepatitis A cases among overall
acute hepatitis A cases increased. In Greece, the number of HA-
related hospital admission per 1000 hospital admissions among
children dropped from 77.3 (95% CI 58.7-95.9) in 1999 (year
of introduction of vaccine in private market) to 18.5 (95% CI
8.2-28.9) in 2013.* Furthermore the outbreaks in 2013 among
Roma populations did not spread to the general population.*’

Indirect effects

A decline in acute hepatitis A incidence was seen in all age
groups after the introduction of UMV in Israel in 1999*%*%*7 as
well as in the US, where vaccination was introduced in 1999 in
some States,”**** Such a drop was also recorded in Argentina
in 2005>* and in Panama in 2007°° (Table 3).

Declines in incidence were generally highest in the age
groups that contained the most vaccinated children.>*%>!
Incidence rates also dropped among children too young to be
vaccinated in the programs.”**>* In most studies, the smallest
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Table 3. Decline (%) in hepatitis A incidence by age group (years) before and after the introduction of universal vaccination.?

Reference; Country

Years compared Target age
(before UMV vs. with at 1st dose

Decline in hepatitis A incidence (%, with p-value or 95%Cl when available)

Age groups with children
younger than target age

Age groups with most
vaccinated children

Other age groups

Oldest age groups

umv) UMV program
Vizzotti et al. 2014”7 2000-2002 vs. 2006~ 1yr Age < 1:nur. Age 0-4: 90.5% Age 10-14: 86.6% Age > 45:58.1%
Argentina 2011 (p < 0.0001) Age 5-9: (p < 0.0001) Age (p = 0.0033)
89.1% (p = 0.0004) 15-44:72.8%
(p < 0.0019)
Dagan et al. 2005%®  1993-1998 vs 2002 1yr Age < 1:84.3% Age 1-4:98.2% Age 10-14: 95.2% Age 45-64: 90.6%
Israel 2004 (p < 0.005) (p < 0.001) Age 5-9: (p =0.01) Age 15-44: (p = 0.15) Age >65:
96.5% (p < 0.001) 91.3% (p < 0.001) 77.3% (p = 0.009)
Estripeaut et al. 2000-2006 vs.2010 12-18 mo Age < 1:100.0% Age 1-4:95.1 Age 5-9: 97.8% Age Age >50:61.8%
2015°° Panama 10-14: 96.6% Age
15-19:91.7% Age
20-24:90.2% Age
25-49: 88.9%
Ly et al. 2015% All 1999 vs. 2011 1yr Age <1:n.r. Age 0-19: 95.9% — Age 20-39:93.1%
states, US
Wasley et al. 2005 1990-1997 vs. 2003 2yrs Age < 2:91.4% (95%Cl  Age 2-9: 95.6% (95%Cl — Age >19: 84.5% (95%Cl
Vaccinating 86.3-94.8) 94.8-96.1%) Age 84.0-85.5)
states®, US 10-18: 90.6% (95%Cl

89.4-91.5%)

Cl: confidence interval; mo: months; UMV: universal mass vaccination; yr(s): year(s); n.r.: not reported; mo: months

2Age-specific groups as reported in the articles. Only studies with age-specific data in the main text or tables (rather than graphs) are shown.

bVaccinating states: states in which HA childhood vaccination was recommend by the Advisory Committee on Immunization Practices (Alaska, Arizona, California, Idaho,
Nevada, New Mexico, Oklahoma, Oregon, South Dakota, Utah, Washington) or considered (Arkansas, Colorado, Missouri, Montana, Texas, Wyoming) as of 1999

Vizotti et al describes a 1-dose vaccination program while the other publications refer to 2-dose vaccination programs.

declines in acute hepatitis A incidence were noted in the oldest
investigated age groups.”****>*° Similarly, a drop in hepatitis
A-associated hospitalization rates was observed in non-vacci-
nated age groups in the US.* In settings where many adults are
likely to have natural immunity from prior infection, the drop
in incidence in age groups not targeted by the UMV programs
suggest a remarkable degree of herd immunity.

Objective 3: Long-term persistence of anti-HAV antibodies

Of the 10 included studies that reported on persistence of anti-
HAV (IgG) antibodies more than 5 y after vaccination of a
pediatric population, 2 studies were performed in Argentina,
one in Belgium, 2 in China, one in Israel and 4 in the US
(Table 4). In six studies, authors reported that children who
received booster vaccinations after the primary immunisation
schedule were excluded from the follow-up analyses. Follow-up
among the included studies ranged from 5 to 17 y. In the study
with the longest follow-up, 87 to 100% (depending on the vac-
cination schedule) of the children whose antibody levels were
measured at follow-up were found to be seroprotected up to
17 y after vaccination.™

The vaccination schedule, the number of doses, the anti-
body-status of the mother and age at vaccination were all found
to influence the height of the geometric mean concentration
(GMC) of anti-HAV antibodies. In the study with the longest
follow-up, children who received the third dose of hepatitis A
vaccine at month 12 compared to month 2 of the vaccination
schedule had a higher GMC after 17 y (354 mIU/mL [95%CI
142-880] vs.129 mIU/mL [95%CI 61-270]).>> In another study,
the GMC at 5 y follow-up was significantly higher among those
who had received 2 doses of hepatitis A vaccine compared to
those who had received only one dose (592 mIU/mL [95%CI
480-729] vs. 123 mIU/mL [95%CI 111-135]).” In 2 studies,

the presence of maternal antibodies was significantly associated
with lower GMCs at 6 and 15 y follow-up among infants vacci-
nated at aged 2 and 6 months, respectively.”*>> One of these
studies also showed that the GMC was higher among children
vaccinated at age 12 or 18 months compared to those aged
6 months.”

Discussion

In 2012, Ott et al. reviewed the literature on the long-term pro-
tective effect of hepatitis A vaccines,”® and new studies have
been published since then.’******”"* To our knowledge, the
present communication is the first systematic review that
examines the overall impact of universal mass vaccination with
inactivated hepatitis A vaccines.

Impact of UMV programs

The goal of the hepatitis A UMV programs in countries with
intermediate endemicity for HAV is to protect individuals
from infection and disease and reducing the virus circulation.
Most UMV programs are aimed at very young children, as they
represent the reservoir of the infection representing an impor-
tant vehicle in the transmission of HAV.>***®> UMV programs
are generally based on 2-dose vaccination, however Argentina
and Brazil have decided to introduce a one dose only pro-
gram.***° This review focused only on countrywide UMV with
monovalent inactivated vaccines. In China, hepatitis A vaccina-
tion was introduced into the routine childhood program in
2008. However, as 92% of the 16 million children aged
18 months are vaccinated annually with a single dose of live
attenuated vaccines, data from China was beyond the scope of
this review.®*® Likewise, some areas implemented vaccination
only in a particular region of a country (e.g. Puglia, Italy’®; or



HUMAN VACCINES & IMMUNOTHERAPEUTICS 731

3S0P PAIY3 JAYVg

Tw/niw gy :(1=u) ik 9-¢ asop 151y 18 9be ‘N s1eak §1< *(L6€-TLL) LLZ (LL=U) SIK £< (67LL-1S) 86T :(8=Y) SIK 9—€ ‘(L1 -99) 86 :(97=U) S: Z—| :350p 35y 1€ 3be Aq JWD ‘NA sIL €1> 01 L1,

3|qejiee 4a6uo| ou S| uoleINWLIO) SIY1

9S0pP puodas \_wt<u

S0P ISy IBYY,

pa1i0dai SaINSORSIP [edURUY 10 324n0os Buipuny ‘|0) palejaJ-Aiasnpul >_con_

sniels Apogue AYH-iue [eulalew 03 19gal — pue +,

!s1e3A :(S)4K ‘uoryeuIBA DIBA S)UN USBIIUE IN [SAUIDIRA POOYP|IYD dUNINOI :ADY ‘Patodal Jou U ‘syjuow :ow ‘SniiA i siieday AVH ‘v sieday :yH ‘dnoib o ‘dn-mojjo) :n4 ‘SHUN ST 1NT ‘IS3433UL JO PIPJUO 3|0 ‘[RAISIUI SDUSPYUOD )

(ru=u)
papnpxa Apnis 1661 Y DUIS dulILA
VH JO SIS0 [eUOIIPPE PIAIBIDI PRy Oym

(ze-o1) 8L+ %bT -+ %89 sNd ua1p|iyD s3uas Krewnd 03 papuodsal ow 7 :2eA | 1e 3by (ow SN ¢c€00C
[ed160jolg WeY>ddg AUINYHWS  (18-LE) 0§ - N4 S L' = qW/NIW €€<% ‘NA SIK L9y S L'93e (+/1L -L€) 8% ‘Wels 1e g/ oym (e} Aydrusbounuiw ul s)ueul ‘) SISOp € ,NF 09€ XuAeH ‘e 19 aloy
(€0L-¥7) 05 (L1=U) aumdeA yH
H€10 (06-L£) 8S -€1D obe Jo sik 91| 40 3S0p [euONIpPE PIAIDIAI JI dN-MO)|0}
(£8-¥1) S€ ++TiD (€Tl %L9 €19 1@ (-7l “+61) LE ‘WeIs 18 i€ID wia)-buoj Joy 3|q16i1jau| “abesoyduY Ow G| :¢ JHow 7| :ziHow
-6%) 82 74O (bF-91) %001 -€49 %/9 H4D %001 abe Jo ik 91-G| 18 (-6 /1) ul sa1ulpd duyelpad pue [ejeuaid 9 114D :(pajed0|je Ajwopuel)
LTI (LL-1€) 67 7D %19 414D %S/ -14D W 9z ‘Mels e :zio abe Jo sif 9| wouy pajjoiud ‘Apnis Aydjusabounwiwi 22eA | 1€ 3by (ow SN BRI1 9102
duou: Q) -liD:bejosIA9L-GLIY  /NIW 0Z<% ‘obe o sIA9L-GL Y =Gl 1e (-8l ‘+07) 8€ ‘Meis e :un uj pajedpiyied oym UIP|IY) 9 pue Q) S3SOP Z NF0ZZXUARH ‘| 13 bulpeids
18:(L=u) )k /<
auou (651-0%) 08 :(5=U) (%8£L) I OL< “(%L'L€) sn
110D (dn-mojjo4 ul pa3UNod Jou S1eak | | SIK9-€ (££-9) LT (=) SIK 6-5 “(%5°05) SIA y—1 e oc(dUIdeA)
21043 Pajen|eAs S0y} "3'1) U0 A|uo Ik -1 1,250p Isiy e %56 1L 12 9By (ow 71-9 ‘0) sasop €102
dn-moj|0} 40j pajen|eAd a1am syuedpied  abe Aq ‘N4 SILGL> 01 €1< w/nIwW 0Z<% ‘N4 S LL=Z Y pNd SIA LIS 18 /6 ‘WIS je 1oL UIP|IYd AN BYSelY 7 NI 0T/ BIbeA 10 N3 07/ XUARH  °[e 19 yeluzoey
sikg
SndsikesL —€ 0JeA | 1@ 9By ow 7|
(088—€¥L) ¥S€E €19 1@ 8| ‘Mels 18 G €49 ;N4 (0g=u) sumeAyH  ‘L‘0:giDow 9 ‘L gD ow g SN
(Sry—STL) SETTID (04T %P6 *€4D %001 ‘TID %.8 SIK €1 18 L1 "UeIS 1@ T :TiD 40 350p 421500 © PAAIAIAL I dN-MOJ[0} ‘L ‘D LD (Paledojje Ajwopuel 1(air Loz
3UoU :|0D —19) 6ZL LD NFIKELLIV LD TTW/NIW 0Z<% N4 K €LLW N SIKELL IR €T VRIS IR 61 111D 1eak /| 1. 3|qib1jau] “UIp|Iyd SAEN isely SINPAYDS) S3SOP € ;N3 09E XLABH  “|e 13 Yeluzoey
ow G|
—Z1 e | 18 3by (ow 9 ‘)
S3S0P  (pa1edo|je Ajwopuei)
(5°66-0°£8) pNd 1K G2 (1 Aep) ADH + (1 Aep) N3 0L
(6£-L¥) 19 :€1D %T'96 ‘€40 (S'66~€'£8) %E 96 1@ €6 ‘WIS e 60L €19 ,N4 XUAeH €19 (67 Aep) ADY +
(S0L-19) 08740 (LLL 74D 6'66—+'68) %086 : 14D W 1K G/ 1@ G ‘LIS 18 90 74D "dn-moj|oy (1 Aep) Jr Jexed3 :z4o (L Aep) [2eis| [J24]
DV S3UIDEA UdssUel  —19) S8 LD NJIKSLIY  /NIWOL< (1D%S6) % ‘N K G2  ,N41AG 2105 peIsIe ZLL D Buunp udAlb 33eA YH ON uaip|iyd AyyesH ADY + (L Aep) Jr Jexed3 ;11D 9107 ‘|e 13 uebeq
(#'807-9'S€1) (£66-T'16) (ow 9 ‘0) sasop
1’891 :T4D ('L62-6'9CT) %S°L6 “T4D (6'66-6'96) %1'66 N4 4K G 18 6/ “Mes 1e 001 74D T (paredojje Ajwopues)n3 0L eulyd 21
auou 0D LZST:LD:N4 K S LD w/niw 0Z<% ‘N4 A Sy N4 44 G 18 0ET “Mess 1e 0€ :LID ualp|Iyd AY)esH  XUABH 74D M) 0ST dAIB3H :LID 910Z ‘[ 33 NA
U 0D MU BRI
UOIII3]35 IN ‘DUIDDBA P3jenualie dAl| Jo (Lo »UIsIq sk |7 e | Je abe ueapy euly)
XUARH 3A19D31 0} ,P31D3|3S, 2IIM UIPIIYD  —T6'LS) 65719 N 4K 0L IV %6066 TTW/NIW §<% ‘N 4K 0L IV pN44A0L 30 0LL ‘WeIsie 0z wnjidg pue 1LISIQ leYuayZ Woly udIpiy) (O 9 ‘0) SISOP 7 N3 0TL XMABH ,,0L0C '[e 13 uelg
%9'L6 €19 pNd
(€Lz-601) TSL 1D {exed] %001 ‘74D %886 14D 1A GG e Ly ‘Lels 1 09 164D N4 (ow9 wnibjag
(£82-100) L¥T *T4D (L0T qw/niw 0z<% ‘N4 K §°5 v 1K GG /g Heis e 7| iTiD ‘0) S950P T N3 0TL XUARH €19 ¢,510C
PUBLRZUMS [[92N1) =LiL) LLL LD N 4K GG IV %00L TTW/NIW 0L<% ‘N44K GGV N4 1A G'G1e 68 ‘LRI Ie L7 :1ID spafqns Ayyesy  [exed3 :zu9 Jowunr fexed3 :L I e 39 3DISH UBA
SUIDEA YH JO 3SOp [euonippe eunuabiy
(€s€ %0001 PaA1a331 Ji sasAjeue dn-moj|o} 1oy (ow9 50510C
Inajsed youes  —181) €SZ:N4 M SL-FL W TW/NIW 0T<% N4 A SL-¥L W 5N 1K SL-pL 38 0g ‘Mels Je yS  3|qibijaul abe Jo s1eak gL > uaip|iyd AyyjeaH ‘0) SSOP g d3eIPad NOY WiXeAy ‘219 zadoT
"INd)seq Youes "UuoijeuiddIeA
1391500q € P3IDYO 9I9M SHISIA (r'62L-6'6LY) (0°001L—8'56) %0001 ;N4 JA g 1e 68 ‘uoneupdea-isod ‘(L=u:ZJD ‘g=u :|ID) 3UIDIeA ow €7—| | DdeA | e aby eunuabiy
pajnpayds ayy jo Aue Je Jw/njw oL > L16S:TD (0°SEL-TLLL) ‘749 (0001 —€'86) %L 66 1K 118801749 ,N4K G BLE  YH JO ISOp [eUOLIPPE PaAIBIAI i sashjeue (u'anpayps) s3s0p T 174D 2s710T
194 21311 DB AYH-1UEe 3soym s133fgng Gzl o N4 L sy 11D Jw/nw 0L<% ‘N4 4L Gy ‘uoneurddeasod U | 1e GEf i1ID dn-moj|oy 40} 3|q1b1jaU| “UBIP|IY> AYI|eSH 3SOP | :1ID) dLIRIPSd MO8 WIXeAY ‘e 39 |nds3
(1D%S6) papajoidolss
GSWBWWO) Jw/njw DD :,dWodnNQ (ID%S6) % :,2WoINQ syuedidiyed Jo Jaquiny uonejndog UOIUIAIRIY| £1nuno) Joyiny

'salpoqnue y sineday-nue jo adudlsisiad widl-buo “f ajqe]



732 (&) A.L STUURMANETAL.

Catalonia, Spain where a combined hepatitis A and B vaccine
was used™) or only in one city (e.g., Minsk, Belarus®), and
were not included.

All but one of the reviewed studies that looked at incidence of
acute hepatitis A showed a marked decline in the incidence after
the introduction of hepatitis A UMV programs in countries with
intermediate levels of endemicity defined elsewhere.® However
reductions in the rate of transmission are also attributable to the
improved hygiene resulting from cleaned water access. It has been
in fact shown that Hepatitis A virus (HAV) is associated with
inadequate water and sanitation, the increases in clean water
access lead to reduced risk of waterborne HAV transmission.®”
The incidence in non-vaccinated age groups was also found to
decrease, likely indicating a strong impact of vaccination programs
on herd immunity.*****>4%* However an increase in the pro-
portion of acute hepatitis A cases hospitalized in the United States
was reported and this could be explained by the increase in age of
the susceptible population which is predominantly adults more
prone to clinically overt and severe disease.**>!

Greece is the only country where the introduction of UMV for
hepatitis A did not show a strong impact on the incidence of hep-
atitis A, as reported in other countries. Differently than in other
countries the UMV in Greece was implemented when already at
least a third of children on a national level had been vaccinate in
the private market and specifically data from Athens metropolitan
area showed a vaccine uptake >50% prior to the UMV introduc-
tion. The low impact of UMV showed in Greece is likely due to
the fact that Greece was already a country with low endemicity at
the time UMV was introduced,® and that children in the main
high risk group, the Roma population, are not vaccinated at the
recommended level to prevent transmission.*’

The evaluation of the impact of hepatitis A vaccination has
been carried out mostly using national or state-wide passive
surveillance systems, based primarily on laboratory-confirmed
or epidemiologically-linked cases of acute hepatitis A,***>%**
4739 and 2 Israeli studies used health insurance organization
data.***® None of the systems ascertained asymptomatic infec-
tions or those with acute hepatitis A disease that did not seek
medical care. None of the authors reported any changes in
underreporting over time. If these factors had any effect on the
outcome, it is likely they led to an underestimation of the
reduction in acute hepatitis A, rather than an overestimation.

Outbreaks have often been the direct trigger for the intro-
duction of UMV programs, such as the 2003-2004 outbreaks
in Argentina.24 In some areas, the overall incidence of acute
hepatitis A was already declining in the decade prior to the
introduction of routine vaccination programs, but maintained
its cyclic pattern.”®*>** For example, Singleton et al. state that
increasing rates of in-home running water perhaps contributed
to somewhat lower HAV incidence in the later pre-licensure
period in Alaska.*® However, the decline in incidence after the
introduction of UMV was unprecedented in magnitude. No
major changes in water or sanitation infrastructure were
reported that coincided with the introduction of UMV and to
which the decrease could be attributed.”***** Furthermore the
decline can’t be entirely explained by the cyclical nature of the
disease, as the decline was accompanied by shifts in the rel-
ative age distribution of acute hepatitis A to older age

24,35,44,46, . . . .
groups®»*>44%% and declines were larger in vaccinating

than non-vaccinating states of the Us.» Finally, epidemic
peaks have been disappearing. The decline in incidence was
sustained over time; studies in this review included up to
8 y of data post-UMV introduction,***>*® during which no
increase in acute hepatitis A incidence was observed.

Vaccination coverage varied widely among geographical
areas; reaching over 95% of young children in Argentina, but
only 25% in US states where vaccination was “considered”
from 1999. Efforts to target children at highest risk in certain
areas of the US might explain the high impact of UMV despite
this low vaccination coverage.”> The impact of UMV on acute
hepatitis A incidence was evident despite limited vaccine cover-
age rates in some countries.

Due to the heterogeneity of the data, meta-analysis was not
performed. The periods compared in the before vs. after com-
parison differ too much between the studies, especially in terms
of years since the introduction of UMV. Additionally, Vizzotti
et al** describes a 1-dose vaccination program while the other
publications refer to 2-dose vaccination programs. As with any
systematic literature review, this review is subject to the limita-
tions of the included articles.

Almost all included studies showed a decline in the inci-
dence following the introduction of hepatitis A UMV pro-
grams. As these studies were conducted in settings with
intermediate endemicity, the results should be interpreted
within this context and differences in the surveillance systems
should also been considered when interpreting the data. In the
study from Greece, a country with low endemicity, no such
decline was seen. Improved hygiene over the past century has
led to low endemicity in much of the developed world. The
resulting high susceptibility may increase the risk of outbreaks
when exposure does occur, and this has been the cause of
recent large outbreaks through food contamination, e.g.
through frozen pomegranate arils in the United States® and
frozen berries in Europe.”” However, this does not necessarily
indicate that mass immunization programs with hepatitis A
vaccine should be introduced in low endemic countries.

Long-term persistence

In this review, evidence of long-term persistence of anti-HAV
(IgG) antibodies in children for up to 17 y following vaccina-
tion with monovalent inactivated vaccines was found.>> How-
ever, these data have been generated following vaccination with
3 doses of an inactivated Hepatitis A vaccine containing 360
EU per dose (HAVRIX 360 EU), not used anymore. Long-term
immune memory is important so that children vaccinated
under childhood vaccination programs will still be protected by
the time they reach the age at which disease is likely to be
symptomatic.'>”" Infants vaccinated before the age of one year
appear to have a lower antibody response.”*> This supports
the target age of one year or older for children immunized in
UMV programs. A recent model-based assessment of vaccine
induced immune memory against HAV in adults suggests that
anti-HAV antibodies will persist for at least 20 y in >95% of
vaccines.”

A limitation in interpretation of most long-term persistence
studies is that a fraction of the children that received the pri-
mary vaccination series also received an additional booster
dose before the last follow-up. Indeed, boosters complicate the



interpretation of follow-up data. For instance, 5 of the included
studies reported that children who received booster doses were
excluded®>>”%; this results in an overestimation in the GMCs
and the percentage of children who were seropositive years
after the primary vaccination series, as boosters were likely
given to precisely those children whose antibodies levels
dropped below a certain threshold. The interpretation is further
hampered by the fact that most studies did not report how
many children were excluded for this reason. For these studies,
it can be concluded that anti-HAV-antibodies can persist up to
the time of last follow-up (6 to 14-15 years).>**>*>7>7* For the
2 studies that did report how many children were excluded due
to the receipt of a booster dose, it can be concluded that anti-
bodies persist to the time of last follow-up (5 and 17 y) in the
majority of children who were not lost to follow-up.****>%’

A limitation of all studies on long-term persistence of
antibodies and immune memory is the large number of par-
ticipants that were lost to follow-up over time. Additionally,
the possibility that the children received a ‘natural booster’
due to exposure to circulating HAV cannot be excluded,
especially in the early years of the vaccination programs.
However, there is also no proof that the long-term persis-
tence of antibodies was the result of natural boosting.>* Fur-
thermore, seroprotection against HAV was defined as a
GMC of at least 5, 10, 20, or 33 mIU/mL depending on
individual assays and vaccines used in the included studies.
However, the true lowest limit of anti-HAV that confers
protection is unknown and might be even lower than the
detection limit of a particular assay.”"”

Information on long-term persistence after administration
of a single dose of vaccine in children is limited, but has been
documented in adults.”®”® This information would suggest that
protective anti-HAV antibody levels after a single dose of inac-
tivated hepatitis A vaccine can persist for up to 11 y. A recent
publication also suggests that antibody titers are lower and anti-
bodies decay faster in younger children (aged 1-7 years).”*
Long-term persistence data after one dose in children would
therefore be valuable, especially as not all children are vacci-
nated twice, either because the second dose is missed or because
only one dose is recommended, e.g., in Argentina and Brazil.

The impact on the disease incidence and other related health
outcomes as well as the long term antibody persistence pro-
vided by the vaccination are all critical considerations of vac-
cine program impact, however every country must also assess
the cost-effectiveness of the program in deciding for or against
the implementation of hepatitis A UMV. The data reported
present certain heterogeneity in terms of epidemiology and
reporting systems and therefore the data should not be read as
a comparison of the impact of immunization programs in the
different country but solely as a descriptive assessment of the
country by country outcomes.

Conclusion

Introduction of UMV with monovalent inactivated hepatitis A
vaccines in countries with intermediate endemicity for HAV
infection led to a considerable decrease in the incidence of hep-
atitis A in vaccinated and in non-vaccinated age groups alike.
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Abbreviations

UMYV  universal mass vaccination
HAV  hepatitis A virus

WHO world health organization
MSM  men having sex with men
GMC geometric mean concentration
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