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ABSTRACT

We reviewed intervention studies designed to increase human papillomavirus (HPV) vaccination coverage
to further understand the impact interventions can have on HPV vaccination coverage. We searched 5
databases for intervention studies published from June 2006 to May 2015. Studies were included if they
quantitatively measured HPV vaccination coverage as an outcome and were conducted in the United
States. We abstracted outcomes, methods, and results from each study and classified by type of
intervention conducted. Findings from 34 studies suggest many types of intervention strategies can
increase HPV vaccination coverage in different settings, and with modest cost. Interventions were

ARTICLE HISTORY
Received 31 August 2015
Revised 7 November 2015
Accepted 22 November 2015

KEYWORDS

coverage; human
papillomavirus; HPV;
vaccination; interventions

effective especially when implemented in combination at both provider and community levels. However,
not all interventions showed significant effects on coverage. More research is needed to identify the best

methods for widespread implementation of effective strategies.

Introduction

Human papillomavirus (HPV) is the most common sexually
transmitted infection among men and women in the United
States." Approximately 79 million Americans are infected with
HPYV, and every year, an estimated 14 million people become
newly infected." There are more than 100 types of HPV, and
though not all lead to disease, some types of HPV can cause
genital warts and others cause cancer, including cervical, vul-
var, vaginal, penile, anal, and oropharyngeal cancers."* In the
United States, approximately 27,000 men and women develop
new HPV associated cancers each year.” Approximately
360,000 people develop genital warts each year."

HPV vaccination is a means of primary prevention against
HPYV associated cancers and diseases. There are 3 HPV vaccines
licensed for use in the United States. The quadrivalent vaccine
(4vHPV) was licensed by the Food and Drug Administration
(FDA) in 2006, the bivalent vaccine (2vHPV) was licensed in
2009, and the 9-valent vaccine (9vHPV) was licensed in 2014.°
The 4vHPV and 2vHPV vaccines protect against virus types 16
and 18, which cause an estimated 66% of cervical cancers, and
the 4vHPV vaccine also protects against types 6 and 11, which
cause about 90% of genital warts and recurrent respiratory papil-
lomatosis.*” The 9vHPV vaccine protects against types 6, 11, 16,
18, 31, 33, 45, 52, and 58 and has the potential to prevent
approximately 81% of cervical cancers.” Clinical trial data
have shown that the vaccines are safe and effective, and
post-licensure studies indicate that vaccination dramatically
reduces the incidence and prevalence of HPV, genital warts, and
cervical and anal dysplasias.®* "> All three HPV vaccines that are
licensed for use in the United States are recommended by the
Advisory Committee on Immunization Practices (ACIP).°

Though safe and effective HPV vaccines have been available
since 2006, HPV vaccination coverage in the United States
remains low.'* The Healthy People 2020 target for completion
of the three-dose HPV vaccination series is 80% for adolescent
boys and girls aged 13 to 15 years;'> however, current coverage
estimates fall considerably short of this goal. In 2014, only
60.0% of girls aged 13 to 17 years had initiated the series with
at least one HPV vaccine dose, and 39.7% had received three
doses.'* Coverage for adolescent boys in 2014 was even lower,
with only 41.7% of boys aged 13 to 17 years receiving at least
one dose and 21.6% receiving three doses.'"* Though 2014 esti-
mates demonstrate significant increases from previous years’
assessments of HPV vaccination coverage, given comparatively
low coverage and slow uptake, it is critical for healthcare pro-
viders and public health organizations to increase efforts to
improve HPV vaccination coverage and reduce the burden of
HPYV associated cancers and diseases.'*"'®

Previously published systematic reviews have compiled some
of the available evidence for intervention strategies to increase
HPV vaccination coverage, but no comprehensive review has
been published to date. Many HPV vaccination systematic
reviews have only addressed factors associated with HPV vacci-
nation, such as demographics or perceived barriers, or have
reviewed interventions that target intermediate outcomes, such
as vaccination knowledge or intention to vaccinate.'”*' One
recently published review summarized 14 interventions with
HPV vaccination coverage as a study outcome and concluded
that most of the interventions reviewed significantly increased
HPYV vaccination coverage, in contrast to findings from a previ-
ous review of educational interventions.*"** This recent review
was an important contribution to the literature on HPV
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vaccination interventions; however, it only examined non-indi-
vidual level system or community-based interventions.**

To help healthcare professionals continue to evaluate the
entire spectrum of published interventions to improve HPV
vaccination coverage, we conducted a comprehensive review of
the literature that falls within the Community Guide’s catego-
ries of interventions to increase appropriate vaccination
(Table 1).>> The Community Guide is a centralized resource
developed by an independent Task Force, the Centers for Dis-
ease Control and Prevention (CDC), and other partner organi-
zations.”* Collaborators aggregate and systematically review
literature about public health interventions.** As it relates to
vaccination, the Community Guide broadly reviews and evalu-
ates interventions that can increase general vaccination cover-
age, but the Guide does not present information for specific
vaccines or account for the unique challenges that adolescent
vaccines such as the HPV vaccine face.”> The present review
offers a look at the intervention literature related to HPV vacci-
nation in this framework to understand where strategies cate-
gorized by the Community Guide may or may not be
promising in the context of HPV vaccination.

Results
Intervention study characteristics

Two thousand five hundred and sixty nine studies were
identified in the primary search, resulting in 34 studies
eligible for inclusion in the review (Fig. 1). Table 2 illustrates
the characteristics of the studies included for review. A
majority of the studies focused exclusively on girls (n = 24,
70.6%) 23236-40:42:44:4850.3558 and were implemented prior to
the 2011 ACIP recommendation that boys receive HPV vacci-
nation (n = 22, 64.7%)252729-3236-4042.4446-48.50.55-58 Gy, die
addressed vaccination for many different age groups, including
adolescents and young adults. Sixteen studies (47.1%) assessed
intervention effects on more than one vaccine in the adolescent
platform, including HPV vaccine,25-27:31-#438:4245,4650.52,53.55.56
while eighteen (52.9%) assessed intervention impact only on
HPV vaccination COVerage.28_30’35-37’39_41,43’44)47_49’51)54)57’58

Intervention study results

A forest plot of selected results of intervention studies measur-
ing series initiation (>1 dose of HPV vaccine) is shown in
Figure 2. A forest plot with additional results can be seen in
Figure S1. Table 3 presents the study design, methods, out-
comes, and selected results for all of the studies included in the
systematic review.

Interventions to increase community demand for HPV
vaccination

Nineteen studies (55.9%) utilized interventions to increase com-
munity demand for HPV vaccination.”>** Three studies exam-
ined the effect of vaccination requirements for school attendance
on HPV vaccination coverage.”> > All three studies were ecologi-
cal studies examining how vaccination policies for school atten-
dance affected series initiation as a primary outcome.*>*
Vaccination requirements consisted of educational requirements
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for parents, requirements for HPV vaccination for school atten-
dance, or requirements for another adolescent vaccination for
school attendance; however, requirements for school attendance
typically had broad opt-out provisions, with waivers available for
religious, medical, and/or philosophical objections.””*’” Findings
from the school vaccination policy studies consistently showed
that while school requirements increased other adolescent vacci-
nations’ coverage, HPV vaccination coverage only increased by a
small amount or not at all.>>*” One of the studies demonstrated
that in the five states and the District of Columbia that had
school entry or educational requirements for HPV vaccination
in the 2008-2009 school year, no significant difference was found
in 2008-2009 NIS-Teen HPV vaccination coverage for jurisdic-
tions that had requirements vs. those that did not, though
requirements for other adolescent vaccinations resulted in signif-
icant increases in coverage for those vaccines.”” The two other
school policy studies examined whether other adolescent vacci-
nation requirements had any spillover effects on HPV vaccine
series initiation.”®”” One study looked at tetanus-diphtheria-
acellular pertussis (Tdap) vaccination requirements enacted dur-
ing or before the 2009-2010 school year and found that a greater,
though still small, percentage of females had initiated the HPV
vaccination series in states that had Tdap vaccination mandates
(percentage point difference: 4.4, p = .004).>® The other study
observed the effect that mandates enacted in Michigan in 2010
for Tdap, meningococcal, and varicella vaccination had on HPV
vaccination coverage in two cohorts of 6™ graders; one cohort of
6" graders in 2009, the other 6™ graders in 2010.*” The study
found small significant increases in HPV series initiation by age
13 for girls (hazard ratio [HR] 1.18, p < .001), especially if the
HPV vaccine was co-administered at the first adolescent visit
(HR 1.22, p < .001).”” However, proportionally the increases
were much smaller compared to the coverage increases for the
other adolescent vaccines; HPV coverage increased approxi-
mately 5 percentage points, while Tdap, meningococcal, and var-
icella coverage increased approximately 20 percentage points.>’

Eight studies examined patient reminder and recall systems to
increase community demand for HPV vaccination.”®> Patient
reminder and recall systems utilized many methods of reminding
or recalling patients; one study used letters,?® one used letters or
phone calls,”” two used text messages,””** two provided multiple
types of reminders,”"*> and two allowed a choice (such as tele-
phone call, letter, text message, Facebook message, or email).****
The eight studies addressed a variety of measures, including
series initiation, series completion, and receipt of next vaccine
dose. The mailed letter intervention found significantly greater
HPYV series completion in the entire study age range intervention
group (percentage point difference: 9.8, p < .01).*® Another
study comparing a mailed letter intervention to a telephone
reminder intervention found significantly greater dose 2 and
series completion in both intervention groups; the mailed let-
ter intervention resulted in an 8 percentage point increase in
dose 2 coverage (HR 1.5, p < .05), and the telephone
reminder intervention resulted in an 8 percentage point
increase in dose 2 (HR 1.6, p < .01) and a 5 percentage point
increase in series completion (HR 1.5, p < .05).** Not all pri-
mary measures were found to be significant in this study,
however. Series initiation did not differ significantly between
intervention and control groups.”
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Studies identified through
initial databases search

(n=2,553) (n=18)

Additional studies found
through non-database sources

Excluded if:
Study not focused on intervention implementation,
not conducted in US, conference abstract (n=2,452)

Abstracts reviewed (n=117)

Full-text studies reviewed
(n=92)

Excluded if:

Study provided qualitative data or did not provide
quantitative data related specifically to HPV
vaccination (n=25)

Excluded if:
Study did not include intervention associated with
actual HPV vaccine administered (n=58)

Final number of studies
included (n=34)

Figure 1. Flow chart of review process and study selection.

The studies assessing text message reminders showed increases
in coverage, with significantly greater on-time receipt of next
HPV vaccine dose in an intervention group against two different
control groups (adjusted odds ratio [AOR] 2.03 and AOR 1.83, p
= .002 and .003) in one study*® and small differences in series ini-
tiation between an intervention and control group (percentage

Table 1. Intervention categories (n = 34).

point difference: 3.0; HR 1.3, p = .04) in another study.” Studies
including several types of reminder methods also demonstrated
increases in coverage. One used a messaging cascade of multiple
types of reminders and found that 22.9% of due or overdue
patients received their next dose of HPV, and also showed that
this cascade method was most effective at encouraging series

Category name Definition adapted from Community Guide? N (%)
Increasing Community Demand for HPV Vaccination
Vaccination requirements for HPV vaccination requirements are laws or policies requiring HPV vaccinations as a condition of school 3(8.8%)
school attendance attendance. Laws are created by states, with requirements established by the legislature and
embodied in statutes or adopted as administrative rules by health or education departments.
Institutions, such as colleges and private schools, may establish additional policies for attendance.
Patient reminder and recall Patient reminder and recall interventions involve reminding a target population that HPV vaccinations 8(23.5%)
systems are due (reminder) or late (recall). Reminders and recalls differ in content and are delivered by
various methods, such as by telephone, letters, or postcards.
Patient education Patient education provides information to target populations. Information is disseminated with the 2 (5.9%)
goal of informing and motivating individuals to seek HPV vaccination.
Community-based Community-based interventions implemented in combination involve two or more interventions to 6 (17.6%)
interventions increase HPV vaccination rates within a targeted population. Efforts can involve partnerships
implemented in between organizations, government, and HPV vaccination providers to implement interventions to
combination increase community demand or enhance access to HPV vaccination services.
Provider- or System-Based Interventions to Increase HPV Vaccination
Provider assessment and Provider assessment and feedback involves retrospectively evaluating the performance of providers in 1 (2.9%)
feedback delivering HPV vaccinations to a patient population and giving them feedback on their
performance. Assessment and feedback can also involve incentives or benchmarking.
Provider reminders Provider reminders inform those who administer vaccinations that patients are due for specific 2 (5.9%)
vaccinations. Techniques by which reminders are delivered vary, but can include notes prepared in
advance and posted in patient charts, alerts in electronic medical records, or letters sent by mail.
Healthcare system-based Healthcare system-based interventions implemented in combination involve the use of two or more 9 (26.5%)
interventions interventions to increase HPV vaccination rates within a targeted client population. Interventions
implemented in are primarily implemented in healthcare settings, although efforts may include additional activities
combination within the community.
Enhancing Access to HPV Vaccination Services
Vaccination programs in HPV vaccination programs in schools are interventions delivered on-site to improve immunization 2 (5.9%)
schools rates. HPV vaccination programs are often collaborations between schools and local health
departments, private healthcare providers, or community healthcare services.
Reducing out-of-pocket costs Reducing out-of-pocket costs to families for HPV vaccinations or administration of HPV vaccinations 1(2.9%)

can be implemented by paying for vaccinations or administration, providing insurance coverage, or
reducing copayments for HPV vaccinations at the point-of-service.
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Table 2. Study characteristics (n = 34).

Total studies (n = 34) N (%)
Studies that focused on females only 24 (70.6%)
Adolescents*® 16 (47.1%)
Young adults™ 4(11.8%)
Adolescents and young adults™* 4 (11.8%)
Studies that focused on males only 1(2.9%)
Adolescents™ 1 (2.9%)
Studies that focused on both females and males 9 (26.5%)
Adolescents* 7 (20.6%)
Adolescents and young adults™"* 2 (5.9%)
Randomized controlled trials (RCTs)**** 16 (47.1%)
Quasi-experimental or observational studies™** 19 (55.9%)
Studies that were conducted after 2011 recommendation for HPV vaccination for boys 12 (35.3%)
Studies that assessed only HPV vaccine 18 (52.9%)

*Study populations with age range of 9-17

**Study populations with age range of 18-26

***Study populations with age range of 9-26

****One study included a randomized trial and observational element; therefore, it is classified in two categories and percentages will not add up to 100.0%.

Vaccination requirements for school attendance
Bugenske® (F)
Dempsey?® (F)** A
Potter® (F)** L]
Patient reminder and recall systems
Subit (F)** 4
Szilagyi 2013% (F, mail) T
Szilagyl 2013% (E, phone) -
Morris* (F, email)** A
Morris™ (F, mail}** A
Maorris® (F, text)** A
Morris® (M, email)** A
Morris® (M, mail)**
Morris* (M, text)** A
Rand® (F)** —
Patient education
Hopfer®® (F, combined narrative)** -
[« ity-based inter i in inati
Patel D* (F) R —
Cates 2011 (F, county 1)** A
Cates 2011% (F, county 2)** A
Cates 2011% (F, county 3)** A

Cates 20114 (F, county 4)** A

Cates 2014% (Mm)** ]
Szilagyi 2011% (F)** E |
Rickert** (F) -
Provider reminders
Ruffin®* (F)** A
Szilagyl 2015% (F, GP-PBRN sites) ::—_
Szilagyi 2015% (F, CORNET sites)
Health system-based interventions in combin.
Cassidy®” (F)*** O -
Fiks* {F, combined intervention)** —T—
Moss™® (F)** 3
Perkins®! (M)** * —_—
Perkins®® (F)** ——
Chung® (F, 11-12 y/o)** t:_
Chung* (M, 11-12)**
Staras™ (F, combined intervention)** —_—
Staras® (M, combined intervention)** [l
Vaccination programs in schools
DaleySt (F, 6th grade)** e
Daley® (F, 7-8th grade}**
0 1 2 3 4 5 [ 7 8 9 10 11 12

Relative Effect Estimate

Figure 2. Forest plot of selected HPV vaccination intervention results: series initiation.

M : Effect estimates from original source.

A : Effect estimates calculated by review authors based on given data in source.

“Results presented if study included a measure of series initiation (one or more doses of HPV vaccine). Results were excluded if study did not include a measure of series
initiation or if results were not presented in the original paper such that an effect size could be calculated. If studies measured series initiation in more than one popula-
tion or using different methods, the specifics are indicated in parentheses following the study author’s name. F denotes studies that focused on females and M denotes
studies that focused on males. Full study characteristics and results can be found in Table 3.

**Results were determined to be significant by the original paper.

fEffect estimate’s confidence intervals could not fit in the plot scale. Cassidy et al. found an OR of 9.43 (2.69-33.10) for series initiation.

tEffect estimate’s confidence intervals could not fit in the plot scale. Perkins et al. found an OR of 11 (6.9-17) for series initiation among males.



1570 E. A. SMULIAN ET AL.

*2beIan0d

JUIDIRA AdH Uey}

(¥ADW ‘dep]) abesanod

,SdUIIEA palinbai

10y J31e346 Ajjeuoinodoid
2J9M sofjel piezeH
CCLYH

{(100>d

3 *SA |) JSIA JUISI|OpE

1511 9y} Je paJdlsiulwpe

-03 AdH peY oym sajeway
‘c| abe Aq uonemui sauas

8Ll YH

:(L00">d ) 'sA |) s9jeway
||e ‘€1 abe Aq uonemui sauas

%0°LE D
%S'EY I
(10">d 3 s |) spjo
Jeaf 9z-g| ‘uona|dwod sauds
%S'€S D

%2991 :(10">d ) 'sA |) sp|o
s1eak /-6 ‘uonadwod sauas
%99t D
%196 ‘I

(10">d 3 "sn|) spjo
13k 9z—6 ‘uond|dwod sauds

J pue
| U9IMI] %07+ JO dUIRYIA
:sjuawalinbal
010¢ 49Ye abueyd
sbesanod (FADW/depl)
aupden pasinbai abelany
%L'9€ D
99°0F :| :1ISIA JUISI[OpR
1SJY DY I paJdlsiulwpe
SeM UO[}euldIeA
1USISI|OpR JBYIoUR UIYM
€1 9be Aq uoneniul sauas
%96 D
%EVE
)| :€|L 9be Aq uoneniui sauas

%6'Cy D
%ELY |
(y00’
=d ") 'sA|) uoneniul saLAS

%CrY D
%0°St |
‘(uesyiubis

10U = d ) "SA |) UOIBIMUI SBLS

ejulojie) wisynos
ul siaquisw ueyd yyjesy Jasiey
Shr'TD
09.'6 'l
's3jewsy plo Jeak 97—6 SOT'TL

uebpI
6/1'59:D
8vh'€9 I
:s9eway apesb Y19 £79'871

$91e1S 07 D
JQ + s91e1s OF ¢
0Q + s91e1s 0§
(paui0dai Jou sajew?y
J0 Jaquinu) Ajuo sajewsy 0}
pa1o13sal Inq ‘1S elep usd |
SIN 600C 2Y1 Wl sajeway
pue sajew pjo Jeak /1-€|

$91e1S G D)

g + sa1els G

a + s91e1s 05
(pauiodal
10U $3[eW) JO JIaquinu)
A|uo s3jeway 03 padIIsal
nq ‘19se1ep uss] SIN
6007 9Y) WOJj S9jewy pue

sdJew pjo Jeak /1-€1 990°0C

*1913] JSPUIWII OU YIM

9JeD JO pIEpPUR]S PIAIIAY D
*J91UD [EJIPAW dwioy
s,uaied sy} 4oy Jaquinu
suoyd e pue 1diada1 asop
1X3u abeinodud 0] abessaw
e ‘3[Npayds uoleziunwiwi
jusdsajope ‘1d19dal
950P 1514 JO D1eP YIIM S99
Japuiwal Apayienb paniadal

s9jewsy Jo syuased Jo s9jewd |

|0J3U0D [DLIOISIH 1D
syuawaiinbal
UOI1RUIDIRA 1UISI|OPR (10T
150d ape.b yig ul pajjolud ;|

d)epuew [0oyds

dep] 4o p] ou sey a1eis )
depuew

jooyds dep] 4o p| sey eS|

uo11eINP3 IO UOIIRUIDIRA
AdH uo £d1jod ou pey a1e1s D
uoneUIRA
AdH uo uonednpa bunepuew
£o110d pey a1e3s 1o Anud
Jo0Ys 10} uofeudIRA AdH
Bupepuew £o1jod pey a1e3s ;|

*S9143S DY} JO SISOP OM} LRy} J91ealb
0U Inq dUo 1sed| 1k pey oym ueld
U3{e3Y Y3 JO SISISW DIIM SI[eW}

3|q161[3 "|eu3 Pa||043U0d PAZIWOPURY i\ JO UOIJUSAISIU| PIZIWIOPURI
syjuow z| Jaye uonajdwod sauas :0 v 'SL0Z '[e 19 ‘) oeyd
SswajsAs |[ed34 pue JIpUIWaI Judled

g7 UonR|dwod sapas
aupdeA sniiewoy|ided
uewiny Joj 13113] JpUIIA

"0L0T 40 600 u! dpesb yixis ul pajjoiud
uaJp|iy> uebiydipy jo €| abe £q snieis
uoleziuNWW| 3y} passasse Apnis
9y "WI1sAs uonewIOjul UoNEZIUNWWI
SpIMa1eIS URBIYDI BY} WOy
paALISP 21aMm eleq "Apnis (2160037 |y
e|[22ueA/FADW/dep] Joj salepuew
Jooyds mau jo uonejudwa|dwi
Buimojjoy uonenul sauss :Q

,7010T ‘uebIydIN

u| syuswiaJinbal jooyds

MU Jo uoneusws|dul

pue 3beianod

uolezZiUNWWI JU3S3|opy
‘710T ' 19 Y 4amnod

*£10631eD 9)1epURW YIRS USIMII]
paiedwod a19M S3|eWIY JUIDSI|OpE
Buowe s|aA3| uonRINUI SIS
dUIDIBA \dH UB3\ "Blep UOI1i|R0)
UOIDY UoeZIUNWW| uo paseq A13ua
|00YDS 10} pPalepuRW 1M SBUIIIBA
dep] Jo/pue p] 1uddsajope Jayaym £q
paziiobajed ayes yoeg *Apnis [e2160j0d7 i\
J1eak suo Bupnp uoneniul saudS 0

oz S3UPEA Bulureuod

-snueja| Joj sajepuew

91elS pue Sa)el UoleudIeA

sniinewoj|ided uewny
110 ‘|2 39 ‘Y Kasdwiag

‘elep UII|

-SIN W04} 361900 PARWIIISD Y)M

P31e[24100 UIY} SeM Sn1els Juawaiinbai

91e1S "elep uo
uolleziuNWW| uo paseq snes Aq
sajeys paziiobaied pue sjusawalnbas
uor1eINPa UoijeUIRA pue A1jud
|00YDS 104 UOIFRUIDIEA [00YDS J|PPI

,S91e1S PaMaIARY “Apnis [e3160]003

7 9beIdN0D
UOIIRUIDIRA JUIISI|OpR
pue syuswalinbai
1e3ak auo UOIRUIDIRA [00YDS

buunp suoneudeA AdH 404 91ep 03 dn :0 S|PPIN ZLOT ‘e 19 ‘3 ysuabng

dduepUINIE [00YDS 10} SjudwIInbal uoneudep

uonpuILA AdH 104 pupwag Ayunwwo) buispbaiouf

sones
Ul PaINseaw s)nsal parda|as

sabejuadiad
Ul paInseaw s}nsal paafas

bummas pue
‘3z1s a|dwies ‘uonejndod yabie]

SUOIIPUOD
(D) [043U0D pUE (]) UORUIAISI]

(W) spoyiaw pue (O) awodnnQ a1 “eak Joyiny

*13ded |euibrio ay3 ui pajussaid

jou sem anjea d e Ji Ajuo soljes 10} pR3uUasald a1 S|eAISIUI SIUSPYUO) "Ol3el pIezey :YH ‘Ol3el ysi Paisnipe iyyy ‘013el YU Yy ‘oliel sppo paisnipe :yOV ‘oliel sppo YO ‘(#€ = U) sauewwnS Apnis UOIUSAISIUI UONRUIIRA AdH "€ d]qel



HUMAN VACCINES & IMMUNOTHERAPEUTICS 1571

(abvd 1xau uo panupuo))

SLYH T
VLYH LI

(g0 >d

) *sA ] ‘uedylubis Jou =
d ") sA 1]) uone|dwod sauRs
9LYH T
SLYH LI

(o >d"H
'SA Z1460° > d ) *sA |]) Z 9so@
L'l 4H Tl
€L YH LI

:(uedyiubis Jou =

d 3 'sa g] Questubis Jou
=d ‘) 'sA ||) uoneniul salds

€8°L YOV 7D 'sA |
€0°THOV :1D 'SA |

(200 =

dZysnig00" =d ‘LD sA
1) WI1-UO SSOP IX3U PIAAIDIRY

%L D

%61 -l

%81 <Ll
:uona|dwod salas
%8L D

%9¢ Tl

%9C ‘11

g 9s0Q

%Ll D

%L T

%L L1
:uoneniul saLss

%6'€L D
%LYL|
:(uedyiubis Jou =

d“) 'sa|) sasop aulRseq | <

wouy uona|dwod s1ep 0y dn
%y D
%L LL

(S0

> d ‘) 'sA |) sasop aulaseq
0 wouy uona|dwod s1ep 01 dn
%ESLD
%S°9C °|

(so>d
‘) *SA |) UOIIRIIUI SIS [|BIBAQ

%6'8L D
%TLL
‘(uedytubis Jou =d 9

*SA 1) U0N3|dWOd S3LIS BWI-UQ

"UOIIUDAIIUI

-1sod Syjuow 1 1e pauleisns
9JOM S}|NSal 133)J9 UOIJUSAIRLU|

%L'8€ 1D
%0'S€ :1D
%9°LS ‘I
(€00 =
dZy'sA1100" =d ‘1D sA
1) WI1-UO 3SOP IX3U PIAIIDY

SIOA MON
91e1sdn uj uoneziuebio
2.e> pabeuew jyoid-uou
e ul sadoeld aied Arewnd /€
959D
669 T
789:1l
's3jewsy pjo Jedk £1-5"0L LE0'T

JaAua( ueyjodosw
ur sad132eud duyeipad dieaud
69 D
€05l
'sewdy plo Jedak gL-11 7/6

SIDU G D)
SIDUD G |

‘YD pue ‘0D ‘'YM ‘Zv

‘1N ‘DN Ul S193udd y3jeay
9AINpo.dal usnedino o
S8LD
08L:l
's3|eway pjo Jeak 9z-81 $9¢

A3D JOA MON Ul (3eAnd
¥ “dJlwapede §) says duelpad 6
080°L :2D
80C:1D
4%
HECYTENIIETT
salewy) 0z-81 aq Aew
9|dwes Jo awos) sajewsy
p|o 1eak 0z—6 J0 syuased 716L

aJed Jo plepuels
"DINIS
13]eipoine ue £q s1a113| se
£>uanbaiy swes sy} 1e Juss
2JaM sIapulwal duoyda|a] :g|
“J3quinu suoydaay
s,91oeud ayy papiroid
SJ19N3] 3y “uawjujodde
ue 3jnpayds 01 dndeid
a1ed Arewnd s uadsajope
113y} [[e> 03 syuased
PISIAPE SI3119] JSPUIWSY :||

34ed JO plepuels )
“d/d [eul ayy Jaye
SYIUOW g suoneziunwwi
Buipaau [j13s syuadsajope
0 JU3S SeM I9)13] |euy v °[|ed
auoydaja1 JajeIpoIne puodas
© PIAIdAI J3Je| Yjuow |
suoneziunwuwi paabiel jo
paau Ul ||1is SIUSISI|OPY ‘||ed
auoyda)a} Ja|eipoine pue
19113 151y B 1UDS dI9M Saljiwe :|

9Jed JO plepuels )
*994Y1 pue om} sasop 03 Joud
yede sAep 931y} Juds ‘(jlew
plepuels pa1ds|as ays i
9U0) sabeSSIW INOJ PAAIDIII
juediyed uonuaAIdlul yoe3
‘(Jlew pJepuels Jo ‘abessaw
300gade4 33eAnd ‘suoyd
‘lew-3 ‘1x33) SIvpulWwl
Po1eWOINe PIAIRIRY ;|

$]0J3U0D |BILIOISIH 17D
1n0-pa1do Ing UoUIAISIUL

P3J3JJ0 9I9M OYM S|0JIU0D 1| D)
3s0p XaU
13y 1o} anp sem juedpdined
3y3 183 51X Apjoam ¢

01 dn “Japuiwal dbessaw 1x3] ;|

*UOI}IPUOD [041UOD JO SUONIPUOD
UOIIUSAISIUI OM] JO SUO 0} SJUIISI|Op.
paubisse Ajwopues Apnis 3y “saddeid
aJed Arewnd Bupeddnied ul payiuspl
2I9M dUIIRA AJH JO dSOp Aue panladai

10U pey oym sp1b uads3jope painsul

AP1Ignd ‘[eua pajjoauod paziwopuey

163k | Jaye

uona|dwod pue ‘g Sop ‘uoneIul SIS 10

'SuOIPUOd
[0J1U0D JO UORUSAISIU 0} PIZIWOpUel
pue pa}d3|as Ajwopues 31am

(dudeA AdH Buipnpui) suoneuddeA
pa3abie) a10W o | PAAIRIAI

10U pey oym sjusdsajope ‘adindeid

Yoe3 U] ‘[eL} P3]|04IU0D PIAZIWOPURY |\

SyuOW 7| J33ye uond|dwod 33ep 0}

dn pue ‘syiuow 9 Jayye uoneRIul SAUSS 10

‘Juawubisse wue Apnis 03 papulq
3J3M siapinoid Jou syuedpiped Jayyau
1ng Juawnda Jueddiyied oy soud
pSzIWopueR) pue Payd1ew 3I9M iU

UY3[e3H ‘[e13 P3]|0JIUOD PAZIWOPURY |\

uoleIIUL JO SYUOW §

UIyuM uona|dwod saas awn-ug :0

"sasop 4o 1d19dal

pue elep diydesbowsp sujwIlApP

0} SI3D1e3s3l AQ PIM3IASI DIOM
suey) “burjdwes anisodind ybnoayy
Pa||04ud pue s3llsIbal uoneziunwul
paseq-jendsoy pue spiodas buljjiq
ybnouyy paynuspi 1am spafqns

3191613 *Apnis Loyod aAdadsold i\

(syauow 8
13)Je € 350p JO Syow 9 Is)e

7 950p) 350p 1XaU Jo 1disdal awn-uQ :0

26 SIUBISI|OpE
10} SHSIA dAUIAd
pue suofeziunwwy
Uo |[e23./43pUlWal
pazi|es1udd JO 1Y
9y} JO |eu] paziwopues
v "€L0T '[e 32 ‘d 1ABejizs

L Suoneziunwwy

JUIS3|Ope 10} ||ed3

/13PUIWI JO 10D 13U pue
$S3URANDIYT TLOT ‘(e 39 D Yns

o Uond[dwod

aupdeA sniiaewoyjided

uewny buiseanui Je pawie

SISPUIWI pajewoIne

1O e} pajjoi3uod

paziwopuel 121SNP Y ey
uo Bukess 10z e 19 'Y [93ed

2 UolRUIDRA
snJiaewo||ided
uewny ajowoud
01 s19pujwsai abessaw
3L LLOT ‘[e 32 '3 epuequeyy

sonel
Ul painseaw s}nsai Payda|as

sabejuadiad
Ul PaINSeaw s} nsal Pada|as

bummas pue
‘3z1s 3|dwies ‘uonejndod jabie]

SUOIIPUOD
(D) [043U0D pUE (]) UOIUIAISI]

(V) Spoyaw pue (Q) awodINQ

911 ‘1eak “Joyny

(panupuod) “¢ s|qeL



1572 (&) E.A SMULIANETAL.

%9+ ‘D
%98+ :1D
%191+ X3} || %S'6+
‘lew 1] %001+ ‘|lew-a ||
(0" > d ||e ‘suieseq
woJj pasedwod) sajew
‘3Ul9seq WOl aSealdUl
1Uu243d uona|dwod saLSS
%C9+ ‘D
%L'8+ ‘1D
%9°LZ+ X3 ||
%0°GL+:[rew ||
%9°€L+ :[lew-a ||
(0" > d ||e ‘auieseq
woJj pasedwod) sajeway
‘uljaseq wolj asealdul
1u3243d uona|dwod saLSS
%6°0L+ 2D
%E9L+ 11D
%L'6C+ X9 ||
%9°LL+:[1ew ||
%9°0C+ :[lew-9 ||
(50" > d ||e ‘auijeseq
wolj pasedwod) sajew
‘ulj9aseq wolj dsealdul
1u3>19d uopenIul SRS
%67+ ‘7D
%/L°9+ 11D
%G L1+ X3} ||
%€ 0L+ :J1ew ||
%L'6+ ‘|lew-a ||
(50" > d |je ‘Burseq
wouy pasedwod) sajewsy
‘ul|9seq Wolj dsealdu]
— 1u3>Jad uopenIul SALRS

‘(1000
> d) sauas ayp ut (%€£°97)
S3SOP PU0I3S 10 (%6°91)
151y 9y} buipasu syusned
ueyl (%0°L€) pareurdden 136
03 A9y 210w Apuedyiubis
9I9M dUIdIRA AdH JO
950p pAIY3 3y1 buipssu syusneqd
950p 3udeA
AdH Papasu e panadal
SJUIS3|OpPE JO (PAIDAIIBP
— $950P S/ = U) %6'TC

£funo) obaiqg ues
99€9LL ‘D
€5T'E1D
(j1ew-3 €96 ‘abessaw
X1 7SS ‘|lew 787) L6411l
RETLIVET
pue sajew pjo Jeak /|- |
Jo sueipsenb/syuased 601 LTL

01yQ 1Se3YLION Ul W1sAs
yyjeay d1jgnd Aiepay diwspedy
Sajewsy pue
s9jew pjo Jeak gL-11 /68T

‘(pojdwes 1ou Inq ‘3|q16119)
dnoub |013u0d 1oRJUOD ON 17D

-a1edpiued

0 paulPap 1nq ‘|jed> auoyd
JUSWI|0IUS UB PAAIDIDY 1D

“J9PUIWIBJ 1X3) JO ‘|lew

-9 ‘|IBW :9PUIWI SUO Ised)
1@ 919231 0] ASOYP SJudled :|

“JUSS Sem
psedsod e ‘3|qejieAe a1am
siaquinu suoyd bupiom
0U J| "paJSAI[SP sem abessaw
9DI0A PapI0d3l pajewolne
UE ‘1X3) B 9A19D31 0] 3[qe
10U J| ‘Pa1X3) USY] ‘papiroid
Jlew-3 ou | ‘papinoid
J1 ‘154 JUSS |lewW-7 "pash sem
apedsed buibessaw asimdals v ;|

"POYIaW JIPUIWAI JO 3dI0Yd
e uanIb a1am syuedpiyed jo syuased
‘pa1dRIuOD 3dUQ ‘SPI0d3l A11sIBay
uoneziunwuwy Ayuno) obaiq ues
woJy A|wopuel palda|as 3I9M SaUIDIeA
JUSISD|OPR PIPUSWILIOIDI 3Y) JO dUO
1se3] e UO d)ep 0} dn Jou AI9M oYM

syuediiped “Apnis Moyod aadadsold 1\
‘syuow 9

J19)e uoia|dwod pue uoneiHul SIS 0

"SYH3
ybnoJy) PaYIIUIP] I9M ISOP SUIPIRA
AdH ue 1oj anpiano/anp sjuedpined

9191613 *Apnis Loyod aAndadsold i\
"SYIUOW 9 J3YJe S0P IXaU Jo 1d19ddY :0

e K11s1631 uoneziUNWWI ue

Ul SPI0J3J YIM S)UISI|Ope

Pa1233s Ul spoywW

J3puiwal Jo uospedwod
'SLOT '8 39 ‘T SO

(23
‘suolleziunuwwi Jusdsajope

anoidwi 0} sueipsenb
/siuaied 0} buibessaw
122114 *S10T '[e 18 ‘q uleys-ieg

soljel sabejuadiad
Ul PaINSeaw s} Nsal pPalddas Ul PaINSeaw s} nsal Pada|as

bummas pue
‘3z1s 3|dwies ‘uonejndod jabie]

SUOIIPUOD
(D) [043U0D pUE (]) UOIUIAISI]

(V) Spoyaw pue (Q) awodINQ

911 ‘1eak “Joyny

(panupuod) “¢ s|qeL



HUMAN VACCINES & IMMUNOTHERAPEUTICS 1573

(abvd 1xau uo panupuo))

78" Y
:(Juedyubis jou
=d ‘) "sA|) uoneIMUI SIS

¥¥'C HOV
(100" =
d ") 'sA |) uond|dwod ssuss

8%°0 4O €l
L9'L HO Tl
L0'THO LI
:(uedyiubis Jou
=d " 'sA g] ‘uedyiubis
jou =d ") 'SA 7] ‘90"
=d ‘D "sA |]) uonenul sauds

€1 4H
:(uedylubis Jou
=d ") 'sA|) uona|dwod sauas
Tl YH
‘(ueoyiubis
Jou =d s |) g 3soq
€1 4H
‘(vo0
=d " 'SA [) uoleIIUI SIS

pauodas jou D
%G5S
‘(uedyiubis

10U = d ‘) "SA |) UOLIBIMUI SBUDS

(%69 ¥ADW “%8L

:dep] ‘pauodai sanjea d ou)

SOUIDOBA JU9dS9|0pe J9ylo

uey3 (979) aupdeA AdH 136

01 p|IYy> 413y J0j JUSSUOD
0} A|2Y1] SS3| 1M S)udled
90 :uon3|dwod saIs
%S ‘T 950Q
:auldseq e asop AdH
1SIY B PIPIIU OYM SR
9%6G :DUIdeA
AdH Jo asop Aue paniday

%6°'LE D
%EEY |
(€0
=d " 'sA|) uonadwod sa3g

%8'LLD

%09 ‘€l

%8°LL I

%8°LT LI
‘(uedylubis
Jou = d ) *sA €| Quedylubis
Jou =d ‘) 'SA 7] 'S0

=d ) "sA |]) uoneniul saLdS

%¢C D

% ‘|

:uona|dwod sauas
%9

%L

1z 9so(Q

%EL D

%91 ‘l

:uonen|ul sauds

uebIYdI Jo ANsIaAIUN
9Y3 1e dIulP yYijeay AyssaAun |
8CL D
8tLil
's3jeway pjo Jeak 9z-81 95T

JEVNIETq!

Ul 193U Yijeay paseq
-Jooys jooyds djppiw dljgnd
sajewsy apesb Y19 59z

Apniusy uelydeeddy
ul (SaWoy s,uswom
pue ‘sassaulsnq ‘s2101s
Ue\-[BAR “S[RAIISS) JOOPINO
‘s963]]02> Ayunwiwod ‘sopul
[e21pawW ‘suswiiedap
Y3eay [e30]) suoiied0|
3|dnnw wouj paunday
9LD
8L
:s9]eway p|o Jeak 9z 01 81 i€

duIP yyeay Ausioaun |
sLD

0S ‘€l

Lot =zl

LOL LI

's9(eway p|o Jeak 97 01 81 0¥

JIOA MIN
91eisdn uy uoneziuebio
2Jed> pabeuew jyoid-uoN
6L6°L D
€681 ‘I
1S3|eW?y pue
sajew pjo ek 91 -1 1 718'E

312 JO piepuels )
Japujwal
pajiew pue 133ys 108}
[_UONIEINPA P3|IBW PIAIRIY |

21Ul 3y 01 WaY}
110253 0) WOOISSe|d JI3Y}
ojul bupjjem J3ud yijeay
91 JO JSqWISW JJels e Jo
‘WooJsse[d 3y 0} |[ed> suoyd
e ‘WO0JSSeD JI3Y} Ul JUSpNIs
a1 03 juas ssed e :spoylaw €
Jo | Aq sawiy z 03 dn pajjedal
2J3M SJUSPNIS "UOIRO] |[eddl
paseq-jooyds e je (s)asop

AdH +1 9119331 03 pajjeday |

(€ pue g S3sop 10} SIDPUIWSI
suoyda)al pue 19|ydwed
|euo1}EINP3) B4ED JO pIRpUR)S D)

*dnoib |013u0d 3y} 0 JejIWIS
'€ pue  S3s0p 10y S|[ed
Japuiwal dn Mo||0} PaAIRIAI
os|e syuedpiyied "K103y3 s|jpys
|BIOIABYSQ pUE ‘UOIIAIIOW
‘uolew.oyul ur papunolb
O3PIA QAQ dINUIW €1 PIYIeM |

obessaw ou 1o ‘a)sgam
|euoneWIOul ‘SANBLIRU
OU U1IM 03PIA [euofewlou| -
s1apinoid/spuadxa
Aq paJaAI|Sp SaANnelIeU
UOISI>3P SUIDILA JO O3PIA €|
5199d Aq paIanlap SoAIRIIRU
UOISID3P 3UIDIBA JO 03PIA T
s19pInoid/suadxa pue
s193d Aq paJanljap saAnelleu
UOISID3P 3UIDIRA JO O3PIA 31|

abessaw y1jeay 1uadsajope
|eJauab e YyHm 1x3) | JUdS D)

9S0p dUIIRA AdH

Ue 9AI9IAI 0} ANP SEM P[IYd

11341 ey JapuUIWaI B yym

sueipsenb/jualed 03 Juas
219Mm sabessawl 131 ¢ 03 dn ;|

‘Payusp!

SeM JuaW||oJu Bulmoj|o) syluow
XIS 1e 9ye1dn aupdeA AdH "UOIHPUOD
|OJ3UOD JO UOIIUSAIDIUI JOYNS SAIDI3I
0} paziwopuel 1M syuedpiied
"|eli3 PaJ|0JIU0D pIzZIWOpPURY |

SUYIUOW Q J3Ye UOHRIIUI SIS O

"wiasAs uonewojul

UOIeZIUNWIWI 9)R1S A} WO PIUIWEXd
9J9M S31J UOIIeZIUNWIW| "UOIIRI0]
||eJ34 Paseq-|ooyds e e Pa||edas UM
9S0p AUIIIBA \dH SUO ISe3| Je Papasu
OUM Juasuod |eyualed yum spib

apesb Y19 *Apnis 1oyod aAdadsold N

SUYIUOW XIS J3}Je [00UDS Y} Je pajeniul
oym asoyy buowe uona|dwod/z asop

pue ‘auden AdH Jo asop Aue panIdadyY 0

ceSIUBpNIS 363]|00 djewsy

buowe 3xe1dn pue Juajul

aupden sniiaewo|jided
UBWINH "ZLOT e 19 ‘Q [91ed

ge SI9IUD
Y3jeay paseq-jooyds
1e ||2D3J UoneZIUNWWI
O 150D pUB SS3UBAIDAYT
710 "2 10 'y adway

uofjeulqwiod ul pajusawa|dul SUOIIUIAIIUI paseq-Aunwwo)

*uoLIpuod
|0J3UO0D JO UOIIUAIIIUI 0} paziwopuel
9J9M UBWIOM P3][0IuT *| 3SOp
Buimo||oy JusawoIud ApNis palayo
pue abiey jo 3314 | asop papiaoid

S3SINN “[el} P3][04IU0D PIAZIWOPURY i\
syluow 7| Jaye uons|dwod sauas :0

"JOU JO 3UIDIBA PIAIIAI
£ayy Jayiaym Bupjse pajiews asam
sjueddinied ‘|013u0d 1o UOUIAIII
Buiada1 Jaje syjuow om|
"9seqelep Jiuld A)SISAIUN 3Y) WOy
pajdwes Ajwopuels a1am syuedpiued

‘ely pa||0J3u0d paziwopuey |\
SUYIUOW 7 JaYye uoneiiul sauds :0

"UOIIUSAISIU]
31 dA19D31 01 3[qIBI[S 4aM UOlIRUIDIBA
AdH snolaaid ou pey oym sjuadsajope

JO SJuUdled "[el)} P3[|013U0D PIZIWOpPURY |\

‘SyUoW g Jaye

uona|dwod pue ‘g 3sop ‘uoiienul SIS :Q

¢ UBWOM uelydejeddy
Huowe uona|dwod sauas
aumdeA A\dH sanoidw
uonuanul ded €

-2-1, '€10T '[e 33 ‘Y |oodispuep

o [eU
P3]|0J3u0d paziwopuel
VY :uawom 363)j0d> Buiydeas
18 PaWie UOIIUIAIIUI
UOI1RUIRA AdH dAIRLIRU
€ 4O S1D343 *L LOT °S 434doH
uonednpa juaned

o SIURISB|OpR paInsul
Ap11gnd 1oy abeianod
sniiaewojjided uewny
UO sIapuIWaL 3bessaw 1xa)
P9z1|e4IUD JO SSDUIAIIIYT
'SL0T ‘|2 32 ) puey

sonel
Ul PaINsea s}Nsai Pa1dd|es

sabejuadsad
Ul painseaw synsal paafes

Bumas pue
‘3z1s 3|dwes ‘uonejndod 1a64e)

SUOINpUOd
(D) |043UOD PUE (]) UOIUSAIBI]

(IN) spoyaw pue (Q) awodINQ

31 “1eak “loyiny

(panunuod) *€ aqe)



1574 E. A. SMULIAN ET AL.

Gl HYY

(100" > d

Y *SA ) UOIUSAISIUI
Buimojjoy uona|dwod sa1as
7'l 4y

(100 > d "5 )
uonuandul buimoljoy z asoq
¥'L 9av

(Loo’

> d ‘) 'sA |) uonuaAIAUI
Huimo||oj uoneul s3I

66" 4H

:(yuedyiubis Jou = d

3 *SA |) uoiuaAIRuI-}sod
SUYIUOW 9 UOIIBINUI SIS
YELYH

(o0
=d ‘) 'sA |) uonenul saLS

(Su1jdseq wouy abueyd jujod
abejuadiad 6°0¢+) %L'vT D
(u1jeseq wiouy abueyd
urod sbejuadiad £€+) 9%5°9¢ ¢|
:UOIUBAIDIUI
Buimojjoy uona|dwod sausg
(au1jdseq wouy abueyd jujod
abejuadsad g'61+) %z9€ D
(Su1paseq wouy sbueyd jutod
abejusdiad 9'G+) %0776 |
:uoiuaAIIUL Buimol|oy Z 3sog
(duipeseq wouy sbueyd
utod abejuadiad 0) %6'zy D
(su1jaseq wouy sbueyd juod
obejsdiad 4G 1+) %586 |
:UOIUSAIIUI
Buimo|o} uoneimul SIS

%99 D
%89 °|
:UORUBAIRUI
-1350d syUOW 9 UOHLIMUI SBLS
%TS D
%€ L
:uolenIul SIS

%b0'S 17D %8L'G 1D
998 *¥ £unod |
%ET'E 1€ Aunod |
%9£'9 ' funod |
%80°£ 1L Aunod |
(Lo > d ‘7D *sA seunod
uopuaAIal e ‘Lo >d
‘LD "SA S913UNOJ UOIIUSAIDIUI
||e) uonenIul S3LAS

MIOA MBN “19153Yd0Y
ui sadnpeud ased Lewnd ybi3
6v8'L D
€06'L I
‘sdjewdy pjo Jedhk GL-11 ZSL'E

(sanunod

UOIIUSAISIUI W) 1DUNSIP
Aj|eo1ydesboab) sanunod G|
S9PUNO €1 |
‘eul[0JeD) YUON Ul S31UN0d 87
£20'9D
we'el:l
's9]ew p|o Jeak €16 698'ST

(s9nunod
UOIIUSAIDIUI W) JPUNSIP
A|jed1ydesboab) sanunod 96 17D
(s9nunod
UOIIUSAJIDIUI O} JB[IWUIS
Ajjed1ydesboab) sanunod 6 :1)
S9IUN0D ¥ |
‘euljoJe) YMON Ul S3UN0D 601
657'8LT 0D
oLL'EL LD
€96'61 I
's9]eway p|o Jeak €1-6 86€'L5T

31e3 JO plepuels )

“SUSIA
348D dAIIUSAIAd UO pulysq
10 paziunwiwiun paujewsal

syuedpiyed Ji SHSIA Swoy
pue ‘|[e331/19puUlWwal jlew
lo/pue suoydaa ‘buppdesy
uoneziunwuwi pajuswajdwi
sad1deid e sioyebireu

uoleziunwiwi paurel] :|

ubjedwed ou panidaY D

aupdeA

NAdH In0ge $321n0saJ 3|qIpa.d
03 SYUI| YIM paydune]

SEM 9)ISqIM B pue 393ys

di3 uopedIUNWWOD e UaAIb
a1am s1apinoud ‘Bulureny
auljuo JD 344 e UIAID M
siapiroad {sa13unod ayy ul
paJie sysd olpel 7 ‘siapinoid
61 pue sjuswpedsp

yijeay Aunod uonuanIdlul 0}
PaINGUISIP 349M SINYD0.Q

pue sia150d UoIRUIIRA AdH ‘|

S911UN0d S 93e)s Jo

1531 ‘ubledwed ou paARdY :7)

$313UN0Y UOIUBAISIUI
0} sanue|iwis |euoibal paleys

1nq ‘ubledwed ou paARddY 1)

*sI9pujwai Japinoid apiaoid
01 sa10u Aypns pue ‘sispiroid
10} suonnq ‘siapiroid

10j sapInb ,UoIJeSISAUOD By}
Buiuess, ‘auipoy ‘sasea|al
eIpaW ‘ySd OIpel e ‘3)isgam e
‘sainyd01q ‘siv1s0d papnpoul
S|eLael “s3403s £193016

pue ‘suojes ‘sapew.eyd

Se yans ‘suoledo| AJunwuwiod
pue sdyjo Japiroid
dJedY}{eay UoUIAIRIUI

ui pade|d sem uolewIojul

|_UOIIEINPS UOIIRUIIRA AdH :|

‘pouad uonuanIdul
93 Jo uoisnpuod ay) buimojjoy Ainsibas
91e3S B} pPUB SPI0d3J [eIIPAW WIOJ)
paesisge a1om eyeq ‘dnoib Apnis 0y
paubisse Ajwopues a1am saddeid aled
Asewid uequn 1yb19 Ul sUSDSI|OPY
‘e pa|j0JIuod paziwopuey I\
syjuow g Jaye uonajdwod
S3LISS PUE ‘Z 3SOP ‘UOIIeNIUI SALSS 0

*A13s169Y uoneRZIUNWIW| BUI[0IRD)
YUON 3Y1 eIA S313UN0d ApNis ayy ul
papesqe a1am eyep abesano) ‘uoibal
AUNod-g| e Ul Pa3ed0| 3I9M SIIUNOD
uonuaAII| *ApNis LOY0d dAIIRASOId (N
UOIIUSAIRIUIISOd syjuow 9
pue syjuow ¢ Ja)e Uoieul a3 10

*A1s163Y uolezIUNWIW| BUIOIED YLON

3y} BIA S313UN0d APN1S ay3 Ul payeiIsqe

31am ejep abesano) PuUIsIp Aunod

€| Jopeolq e juasaidal 0} 3| dwes

DUIIUIAUOD B AQ PaII3Ias a1am
sanuno) Apnis Loyod aAdadsold N
SUIUOW 9 JaYye uoleiul SIS 0

's91el JSIA aJed w>_Em>E~m

pue suopeziunwiwi

1uddsajope buiroidwi

uo weiboid 103ebireU

uopeziunwuw yuaned

SPIMALID B JO SSUIAIDAYT
"LLOT "[e 32 ‘d 1ABe)izs

v Skoq

ua1a4d Ul uoneUdIRA

AdH @10wo.d 0}

ubjedwed bupayiew [eOS

© WO} S1D3443 UOIIUSAIIU|
‘7LOT e 19 ‘T s91e)

oy 2212 [eni Ajuewnd

e uj s1ybnep uasy-aid

113y} Joj auddeA AdH JO

uolenul SIYIoW 3seRdUl

0} ubjedwe bupayiew

|eos paiosuods-Aunod e
Bunenjeay "L L0z e 19 ‘T s91e)

sonel
Ul painseaw s}nsai Payda|as

sabejuadiad
Ul PaINSeaw s} nsal Pada|as

bummas pue
‘3z1s 3|dwies ‘uonejndod jabie]

SUOIIPUOD
(D) [043U0D pUE (]) UOIUIAISI]

(V) Spoyaw pue (Q) awodINQ

911 ‘1eak “Joyny

(panupuod) “¢ s|qeL



HUMAN VACCINES & IMMUNOTHERAPEUTICS 1575

(abbd 1xau uo panupuo))

90'L HOV

:(uedylubis Jou

=d ‘) "sA|) dulaseq woly
T 3sop u1 3buey) 96'0 YOV

:(3uedylubis Jou

=d ‘) 'sA|) duljaseq woly
1 s9113s Ul abuey)
‘S9Ms 1INH0D
£€6'0 HOY

‘(3uedyiubis Jou

=d ‘) 'sA|) duljaseq wol)
uoa|dwod sauas ul abuey)
L0l OV

‘(ueoyiubis

1ou =d ") 'sA |) auldseq
wouy z 3sop ul abuey)
76'0 HOY

:(uedyiubis Jou

=d ‘) "sA|) dulaseq woly
uoleniul sauas ul abuey)
‘S9US NYdd-4D

‘(j1e3op Joy saded [euibuio

99s ‘Ajjediydesb pajuasaid

SYOY) SS1BLIBAOD JO

|9A3] Yoe? Je uoiieniul Jo

sppo Jaybiy Ajpuedyiubis
pey dnoib uonuaAIRul YL

*(payiodai jou sorye)
uona|dwod sauss 1o
1d19234 ¢ 9s0p ‘uoi
31435 10 d)eUIIIRA
0} uonuUII YIM
paieosse Apuedylubis
10U SeM SSaUPaPIS dbessa
‘(pamodas
jou sonel) uond|dwod
sauas Jo ‘1d19dal
7 950p ‘(05'L '68'01D:5L°L
gY) uoneniul sslss yum
pajenosse Apuedyiubis
10U 2J3M suonsanb [e31101ayY

u1 abueyd uiod sbeusdId
[+D
S+

[uljaseq

W04y UoNeIIUI SIS
u1 abueyd juiod sbeusdId
‘SOMS 1INYOD
t+D
0l

aulseq

woJj uond|dwod sa1as ul
abueyp jujod abeyuadiad 0 D
L+

:dUl|9seq Wol) 7 ISop
u1 abueyd uiod sbejusdId
L+
0l

[uljaseq

W04y UONRIIUI SIS
u1 abueyd uiod sbeusdId
:S9US NYdd-4o

s|ieyap 4oy 4aded
Jeuibuio 39s ‘Ajjeaiydesd
pajuasaud $9]UIR
‘uoiv|dwod sales swiy
-uo Ja1eaib Apuedyiubis
pey dnob uonuanidlul
aYL (100" >d "D

*SA [) uona|dwod sauas Ajpwi]

%ELTD

%0°S€ ‘I
(Loo

> d ‘) *SA |) uoieRIUI SIUIS

9% D

8LY |

IOA MON Ul S3MIs JINHOD
0y D

L6€°|

IO\ MIN Ul S31Is NHFd-4D
:S9ewd) plo Jeah £ 1L L/LL

saondeud )
sad1pedd g ;|
1SOMPIN
dY3 Ul SUOIINYASUI dlWdpede
7 1 sadnpeud supipaw
Ajlwey paseg-AHunwwod 6
1206
66'S °I
'sajewsy plo Jeak 97—6 LZ0'SL

sjooyds
ybiy u z ‘sjooyds 3jppiuw
Ul € :sexa] ‘Uolsanjen

Ul S1ULJD Y3eay paseq-{ooyds §

vLL Wl

90L €|

601 Tl

oLL:Ll
BIUEBLE]fo]o]]

plo Jeak GL—L | Jo syudsed Gyt

9Jed JO plepuels
(Je1s/asinu ybnoayy
10 SpJ0J3J Y}|eay dIU0III3ID
ybnouyy 1ayd) sydwoud
J1apinoid pasn sadndeld |

‘bundwoud

>luoJ3|d apiroid Jou

pIp eyl WalsAs pi0d3i yijeay
1IU0JII3[3 UR Pash saddeld D)

'S9SOP dU[DIeA

NdH 404 bundwoud d1u011d9|9

papinoid 1ey1 wisAs piodal

Y3jeay J1uoJ1d3|9 pajeasd
-UoIIN1IISUl Ue Pasn sadideid |

abessaw

papis z ‘uonsanb |ed1103aYY p|
abessaw papis

7 ‘uonsanb [e21I033Y4 ON :€|
obessow

papis | ‘uonsanb |ed101dYY 7|
abessaw papis

| ‘uonsanb |edu03ay4 O 1|

"papeiisqe
1EP UOLRZIUNWW] PUB PIMIIADI
sueYd 119y} dARY 0] Pa1da|as Ajwopues
2JaM 3)Is Yydea ulyym syuedpiyed
‘uouaAIdUl 3Y3 buimo||o4 ‘sydwoid
USALIP yes/asinu pazijin sydwoud
J9A119p 03 pawwesboid aq pjnod jey
SYHI PaYDe| 18y} S93130RId UOIIUSAIDIU|
*SUOI}IPUOD [0IIUOD dIBI-JO-pIRpuR)S

10 UOIIUSAIDIUI BAISII 0} PazIWopues
919M |2A3] (1INHOD) [euoneu

pue (NYgd-4D) |ed0] e 1e solulpd aJed

Klewiid “|etsy pajj03u0d pazjwopuey |y

syuow | Jaye uonajdwod
S31I3S PUE ‘7 SOP ‘UOIIRIUUI SIS

‘uoisnpul Joj 3|qib1jd
a1am pouad Apnis ayy ul Juswiutodde
10120p 3UO 1Se3| 18 YIM S3|eWdy

9191613 *Apnis 10Y0d dA1DIdS0NIRY N

pouad seak ¢ e buunp uonsjdwod
S3LI9S A[awi) pue uoeRIul 3L

0

‘0

mv._m_b paziwopuel Y/ :soled
uoljeziunwuwi Juadssjope
uo sydwoud Japinoid

J0 Py 'SL0T '[e 32 'd 1KBe|izS

4y Uon3|dwod

Ajpuwi pue uoneniul

aupdeA sniinewoy|ided

uewny uo Japuiwail

p10234 Y3jeay dIuoid3d ue
40 Pedw| §LOT (e 33 ‘W uyny
SI9pUIWRJ J3PINOIY

UOHDUIIDA AdH 9SDIdU[ 0} SUOIZUIAIIU| PASDG-LDISAS 10 -13PINOId

‘ssauanisensiad abessaw

9}eNn|eAd 0} Pa)sa) aIaM sabessaw
PapIS OM} IO BUO PUE ‘UOIIRSIIAUOD

e uibaq 03 anbiuyda} ,100p-ay3-ui-}00y,
© Se PIPUIIUI SBM ,§19DURD WO} P|Iyd
1noA 123104d 03 JueM NOA Op,, uonsanb
|ed1033Y4 3y} Bupysy "suoipuod
uonuaAIdul eualod ¢ 0} paubisse
Kjwopues 219m J91U Yijeay paseq
-Jooyps e 1e a1ed BUIAIRIBI SIUIDSI|Ope
BunoA Jo syuaed "UOIIPUOD |01JUOD

OU Y}IM [L) P3]|0J3U0D pIZIWOpURY |\

SUYIUOW N0y pue sieak aaiy) Jaye
uona|dwod SaL3S pue UoKRINUI SIS

‘0

& SUOUIAIRIUI

Y3eay Jaliq omy jo

S129)43 :suadsajope bunok

JO uoneziunwwi AdH paseq
-|00Y2S "SLOT ‘e 39 ‘A UMY

sonel
Ul painseaw s}nsai Payda|as

sabejuadiad
Ul PaINSeaw s} nsal Pada|as

bummas pue
‘3z1s 3|dwies ‘uonejndod jabie]

SUOIIPUOD
(D) [043U0D pUE (]) UOIUIAISI]

(V) Spoyaw pue (Q) awodINQ

911 ‘1eak “Joyny

(panupuod) “¢ s|qeL



1576 E. A. SMULIAN ET AL.

(66'LLL-6T) 0S'TT O
‘(ueoyjubis = d

) °sA |) uona|dwod saues

(0L'€€-69°7) €6 HO
‘(uedyiubis

=d ") 'SA |) uoneIIUI SALIDS

€L°L YoV

‘(3uedyiubis Jou

=d ) "sA|) auljaseq wouy
uoa|dwod sauas ul abuey)

%69 D
%S9l
(100" > d ) sa
|) uona|dwod SaLAS %L HT 2
%0°SL |
(Loo’
=d ‘) "sA|) uonenIul SaLS

juedylubis
jou =d ‘||y :spjo Jeaf g|
-1 ‘jo13u0d 0} pasedwod

SLIS Ul DUIIIYIP ||eIBAQ
%L°0-Cl
%0 :LI
(ueoyiubisou =d 5 sag)
‘Juesyiubis Jou
=d ‘D sA |]) spjo Jeaf g|
—€1 ‘|o1u0d 03 pasedwod
Syuow § e uonenIul
SIS Ul 9DUIBYIP [[eIdAQ
%6°L -Cl
%G°L ‘L1
(10> d"DsaglTo
=d " sA L|) spjo seak gL
—11 ‘|osuod 03 pasedwod
Syuow g 1e u ul
SIS Ul DIUIIYIP ||eIIAD

=D
(4]

[uljRseq

woy uona|dwod saLds
u1 abueyd juiod sbeusdIRd
€+D
S+

:dUl[dseq WOl g ISop

uonedOo| Uegin ue
ul 9d1pead duielpad ajeaud |
67D
iZ4l]
RETENIEN
plo Jeak -1 | Jo syuased €5

AU 0€ 3L

YLON Ul so1ufd a1ed i
SLE'SE spIo 1eak gL—¢€L
¥66'7L Sp|o Jeah Z1-LL
:S9)IS UOIJUoAI9UI Je

soleway pjo Jeak gL-11 69€°0S

dnoub |043u0d [BI1OISIH D)
‘uona|dwod
950 40} SISpUIWRI
auoyda|a} paseq-aonoeid
pan1adal os|y “uenisAyd
woJj 1duds/|030304d
|e21UID pUR 3INYd0.q

DV4 B panIadal syualed ;|

i1ped jo piepuels
}NSU0D X|4Y JeUIgaM Tl
uoleyNSu0d X|4y uosiad-u|

‘uosiiedwod e

papiroid ad110eid swes ay3 ul syuaned
40 dnoub |0J3u0d [EDLI0ISIY Y/ "dUIDIeA
AdH Pue AdH UO UoieINPS PIAIRI
Je1s aduyo pue suepisAyd ‘uoiuaAIRUL
9y} 0} JOl{ "|9POW §31199 Y}esH

pue 3duedadde |eyualed o siopipald
uo paseq paubisap sem UOUSAIIU|

‘ubisap [eauswidXxe-1seny

Syjuow ¢| Jaye

uon3|dwod saNI3s pue UofenIul SIS :0

4 SHID U92131d Jo sjuated

yam AB3esns Japuiwial

pue [euonedNpa ue buisn

S3)eJ BUIDIBA AdH dSeR.dUl

01 9AlIeIIUI JUBWRAOIdWI
Aujenb v 410z "[e 32 ‘g Apissed

uoneUIqWOd Ul pajuawWd|dw] SUCUIAIRIUI Paseq-WdlsAs aedyy|eaH

*SOUIP By} Ul (sieak g

—¢| sabe) syuaned Japjo pue (sieak |
-1 1 sabe) syuaned 1obunok 1oy

ejep abeIan0d audea AdH papiroid
£13s1631 uoneziunwiwi s,93e3s Ay}
‘UOIJUIAIDIUI-ISOJ "UOIIIPUO? [043UOD
10 SUOIHPUOD UOIIUSAIIUI OM} JO

9UO dA[9I3. 0] PIZIWOPURI SIIUI|D DI

Kiewilid "[els pajj0Ju0d paziwopuey |y

Jeak |

puE SsyluoW G J3)e UOKeIIUI SIS :O

oy 1213 P3]|013U0D
paziwopuel v :21ed> Aewnd
Ul S9UIDIBA 1UISI|Ope
Jo uoisinoid buiseanu)
10T "2 33 ‘W ASHIID

3DeqPa3) PUE JUSWISSISSE IBPIAOI]

sonel
Ul PaINseaw synsai Pa3d3|as

sabejuadsad

Ul PaJNsea S}Nsai P33I3|3S

Bumas pue
‘3z1s 3|dwes ‘uonejndod 1264e)

SuoIlpuod
(D) |043U0D PUE ([) UOIUDAISI]

(V) spoyaw pue (Q) awodINQ

9111 ‘1eak “Joyny

(panunuod) *€ sqeL



HUMAN VACCINES & IMMUNOTHERAPEUTICS 1577

(abbd xau uo panupuo))

oo >d
‘S'L gH 1 "SA €] uedylubys
ou=d‘I'L g4 D SA Tl
100" > d ¥’ L YH D 'SA LI
:uo13|dwod saL3s
800" =d ‘€L YH D 'SA €]
juedyubis
ou=d‘oLYH D SA Tl
L00®
>d ~N.— HH D 'SA || :Z 950
100" =d ‘9L YH D sA €|
€00 =d'SLYH D SA T
€0 =d'L'LYHDsA LI
:uofneniul s3I

%0°LT D
%0°CC
(Loor
=d " 'sA|) uona|dwod saudg
%0°5€ D
%L9¢€ ‘|
(100
=d ‘) 'sA[) 73500 %H'TS D
%015 ‘|
(620°
=d ‘) "sA|) uonenIul SIS

%€ T
%0 :1D
%Ll
(200
=d'sa1glo=d’1d

*SA ) uoi3|dwod SaUIs SWN-UQ

%S 2D
%0 :1D
%91 I

(810 =d 23 'sn | ‘800"

=d D 'sA|) uona|dwod sauas

%LC 0D

%LT:1D
%8¢ |

(S0

=d ‘gD 'sA | uedyiubis Jou

=d ;u SA : ¢ 9S0p awi-uQ
%LT 7D
%EE 11D
%EL |
(100" > d ‘2D
SA | ._Foo. >d ;u SA _v ¢ 9500

%€9 D

%9L €l

%L9:Cl

%EL ‘LI
:uona|dwod sauas
%S9 D

%EL ‘€l

%9 Tl

%LL L

17 950Q

%91 D

%S €l

%V Tl

%81 11
:uonenIul SIS

eul[oJe] YMON Ul SOHDL £1L
¥99'¢ D

€L9'¢

's9jewdy pjo Jeak /-7 LE€'L

eujjoled
YuoN ui 9d130eid dueipad |
[434S]
€V
AR
:sjudled
11343 10/pue sajewsy
pue sajew pjo Jeak zz-LL ZLE

elueAASUUd
pue A3s131 MaN
ui sad1pdeud ased Alewnd gz
889'G D
196G €l
£85'S T
089'G:Ll
's3[ewdy plo seak £1-1 1 98%'CT

SUOIIPUOD Jeuligam X[{y-34d D
‘s|lew?
dn-moj|o4 Apjaam paniadal
pue weiboid X4y S,0aD 3y}
Aq papuswwoda. sabueyd
paseqg-1apinoid pamainai
ey} Jeuigam e papusne

$101RUIPJO0D UOIIRUIDIRA |

2.1 JO plepuels :7D
wiaisAs Japuiwal
abessaw 1xa) uj pajjoud
J19A3U Inq Bupedpiyed

Ul 152191U1 pa1edIpu| i)
9)ep anp ay3 Jaye skep / suo
pue ‘91ep anp aupdeA 3yl uo
3UO ‘a)ep anp auddeA AdH
yoes 0y Joud skep / abessaw
9UO :3s0p Jad siapuiwal
9bessaw 1xa] 934y1 panladLl
juedpiyey “Wa3sAs Japuiwal

abessaw 1xa) ul pajjolug |

9d130eId JO prepuels )
SUOIIUBAIRIUI
pasndoj-uepiuld
pue pasndoj-A|iwe) pauiquio) :¢|
(1>eqpa9y
/mpne pue ‘sydwoud
pJ0231 y1jeay d1uoid3[d
‘uonlednpa uepiulp)
UOIJUAIIUI PASNI0-uePIUI) |
(s11e> auoydaa
[eUOIEINPA PUE ISPUIWISI)
UOIIUDAIIUI PASNI0)-Ajilue :| |

*A13s1691 uoneziunwwi
91e15 3Y] WoJ) swed axeidn
3UIDBA UO ele(] "3|dWes DUIIUIAUOD
e U0 paseq aIdam sHHDH bunedpieq
*S9UIDIRA JUISI|OPR PIPUSWILIOID
J0 3yeydn aseasnul 03 uoniadwod e
u| paredpiued $191ud yiesy payijenb
A|[e19pay /1 Wo1) $101eUIPI00D
[ea1ur]) *Apnis Loyod aAndadsold i\
yjuow | J33e uona|dwod
S3LI3S 10 ‘7 ISOP ‘UoIeIIUI SALIBS O

*A1s1631 uoneziunwwii
91R1S 3} W) PIIDRIIXD DIIM BIep
abeIano) "|aA3) d13deid pue ‘jeuoiieu
‘33e3s 9y} Je 36eIIA0D UOIRUIDIRA
AdH 1ua11nd pue ‘uonuanaid aseasip
Ul 3UIDIBA 3} JO 3|0J 3Y} ‘3seasIp AdH
Bujuie|dxa uoedINPS JUSMISPUN Y4elS
[ea1ul> pue siapiroid ‘UoUBAIRIUL DY)
Jo uonejuaws|dwi 03 Jold “bulduwes
9DUSIUSAUOD BIA PYINIIAI IIM
syuedpiyed *Apnis Hoyod aAdadsold i
SYIUOW 8 Jayje ISOp IXau
30 1d13331 dwi-uo pue (uonajdwod
31135 40 7 SOP) 3s0p Ixau Jo 1d1d3Y :0

‘pouad
Apnis 3y} Jo pud dY} Je PIsSIsse UM
S31J UOIIRUIDIRA [BUI{ "SUOU JO S|[Ed
suoyda|a} [euoeINpPa pue sISpuUIWaI
Wwey 3AI934 0 ad1deid
4oea ulyum paubisse Kjwopues
9I9M € 10 ‘7 ‘| 3S0p AdH 404 anp
S|ID "SUOU JO UOIIPUOD UONUAIIUI
-Ue[d|UI[D SAI9J34 0] PIzZIWOpURI-IAISN|D
S3J1DRIJ “[el4) PI[|0JIU0D pazZIwopuey |
1e3f 3uo Jaye uona|dwod
S3LI9S PUE ‘Z ASOP ‘UOIIRIIUI SBIDS 0

05 433U
yieay paytjenb jjesopay
1B uonudAIRUL Japiroid
JoUq v Heuigam Aq
uoleZIUNWWI JUIISI|ope

Buisealnu| ‘L0z ‘[ 12 ‘[ SSOW

o SIOPUILIRI DBeSSBW 1X3)
eIA S31eJ UoNS|dWOod SIS
uoneudeA AdH buisealnu

‘¥10T ‘[ 19 3 uosaylely

g 119231 BUDIRA

AdH U0 4109 Jo ‘suepjui|d

‘sal|iwey 1o} uoddns

129p JO SS9UDAIRYT
"€L0T e R Y 9

uol

sonel
Ul painseaw s}nsai Payda|as

sabejuadiad
Ul PaINSeaw s} nsal Pada|as

bummas pue
‘3z1s 3|dwies ‘uonejndod jabie]

SUOIIPUOD
(D) [043U0D pUE (]) UOIUIAISI]

(V) Spoyaw pue (Q) awodINQ

911 ‘1eak “Joyny

(panupuod) “¢ s|qeL



1578 E. A. SMULIAN ET AL.

(uonuansdyui-ysod
Syuow 9 1e pauleIsns) £ YO
(S0" > d "D say)
s9jew ‘pais|dwiod 3sop XN
(uonuanidyui-isod
SYuow 9 1e paulelsns) 'L YO
(0" > d D 'sA|) sojewsy
‘pa19|dwod 3s0p XN
(uonuanidyui-isod
syjuow 9 1e pauieisns) || YO
(100" > d "D
'SA |) S9]ew ‘UollUsAIRUI
Buunp uoneniu sauds
(uonusARIUL
-3s0d syyuow 9
1e paulelsns jou) 9'L YO
(100" > d "D
'SA |) S9]eWwa) ‘UolIUSAIRIUI
Buninp uoneniul sauas

%9°0C *
:uolenIul SIS

oW A
sesuey| ul [eadsoy s,uaipjiyd |
vl

RETENIEN
pue sajew pjo Jeak +|| 7/

SOHD4 9D

SOHD4 Tl

SOHO4 8
(solew

886'V ‘s3lewd) ££0') $T0'6 D
(sajew

YYE'T 'SABWSY 61/'L) €60 I
:S9jeway pue

s9jew pjo Jeak Lz-11 8LL'EL

“A|1wey 3Y) yum swoy as
0Os[e pue ddd s,pIiy> ay1 01
1USS SI9M PIPISU SISOP Sy}
10U J| )l PRISAI[SP Wiea) aied
3y ‘pazijendsoy sem pjiyd
33 3|IYm I50p 3UIDIRA Sy}
paisanbail syuased ) piyd
9y} Jo sueipienb/sjualed ayy
YUM paJeys pue pajeasd sem
ueld aupdeA pazjjeuosiad

e ‘91ep-03-dn jou

9 0} PaUIWLIRISP SSOY} 04 |

3Jed JO plepuels

'SJDUD Y}eay
paseq [00YS pue ‘SIapuiwal
1apinoud ‘siapio Buipuess
‘3UPdeA 3y} BulpuIWWOII
K|buouys ‘||edas/1apulwal
Buizijnn papnput yaiym
‘sue|d UOIUIAIDIUI UMO 413y}
yum dn swed uayy sadideld
UOIIUSAJDIU| "SIUSWIINb3L
UoIeIYILUD pieoq

JO ddURUIIUIRW JO WIO) BY}
Ul S9AIUDUI () pue ‘sajel
|euolleU pue ‘d)e)S ‘DpIMm
-910eid Y3 01 dANE|R) sdlel
UOIRUIDIRA UO YDeqpad)
pazijenplaipul (g) ‘Aoedyys
3uPdeA pue ‘A1ajes audeA
‘AdH wouy Ayjerow pue
Auplgiow dy3 uo uonedINpa
pasndoj () ‘sabueyd apim
-9211deid axew o0} sispiroid
uoddns 03 pue Ayjigelunodde
pue 1snJ3 ysijgeisa o3 (pouad
13foid ay) Buunp syam 9—f
K199 sbunasw "3'1) s1eW0d
pajeadas (1) ;o bunsisuod
UOIIUDAIIU| PISNI0)

-19p1road pantedal sl |

*3|Npays ay3 uo
dn 1ybned aq 03 papasu Asy) Jayym
pue 3ul[3seq 1e SN1els UOIeUIDIRA
SUIWII)SP 0} PISSISSE UM
syuedidiped Jo spi0daJ UoneZIUNWW]
*Apn1s Y3 Ul P3][0IUS 3I9M SIUIISI|OP.
Jualp|iy> pazijendsoy paida|as

Alwopuey *Apnis [euoneaasqo
Yluow | J3Ye uoienIul SIS 10

*SI33U3D Y}[eay |0J3u0d
pue uopuaAIRUI 3y} Ul spouad dn
-MO||04 OM] pUE dul[aseq je paledwod

9I9M S3JRY ‘[el1) P3||01IUOD PAZIWOPURY I

SyluowW 9 Jayye pue
pouad uonuaaRul 3y) buunp asop
1X3U Jo 1d19231 pue uonenIul SaLSS

0

2 USIp|IY> pazijendsoy

10} SN1eIS UOIIRUIDIRA

anoidwi 03 weiboid
101d v/ 5102 " 39 g pnyed

1s'SHIB pue sfoq ul sajes

uoljeuIRA AdH dAoidw

0] UONJUSAIS)UI P3SN0y

-19pIn0id JO SSaUIAIIRYT
"SLOT ‘[ 33 Y suppiad

soijel
Ul Painseaw s}nsaJ Paidd|as

sabejuadsad
Ul paInseaw s} nsal paa|as

bumas pue
‘3z1s 9|dwes ‘uonejndod 1ab1e]

SUOINpUOd
(D) 1043U0D PUE (]) UOIUBAIBIU]

(V) spoyaw pue (Q) awodINQ

a1 “1eak oyiny

(panunuod) *€ sqey



HUMAN VACCINES & IMMUNOTHERAPEUTICS 1579

(abvd 1xau U0 panupuo))

Ly

-16°0) £T'L YH :(pariodal

Jou = d ‘7D *sA g|) asop

1X3u Jo 1d1ad31 03 swl|

(pa110dai J0U S3)RWIISD)

aseaunul Juedyiubis oN
:(LD "SA L]) snyels ajep-03-dn

(S'T-0°L) 9°L HOV :€l
(0z-0°L) ¥'L HOV Tl
(S'1-8°0) L'L HOV :LI
:(pamodai Jou
quesyiubls =d D 'sa g
‘paniodal Jou yuedyiubis
=d ") 'sA g| ‘paviodal
j0u “‘uedyiubis you =d 9
*SA ]) S9]ew ‘UonenRIul SIS
(£'€-1°1) 0T HOV €l
(07-60) €1 HOV Tl
(F'z-1'1) 9°'L YOV :LI
:(pauodau Jou ‘quedyiubis
=d ") sA g| ‘payiodas
Jou Juedylubis Jou
=d ") 'sA g] ‘pamodai Jou
quesyiubis = d “) 'sa ||)
S9[_W) ‘UOIIRINUI SIS

(66'L-L0°L) 9%'L HOY
‘(pamodas
1jou ‘edyubis =d 9
*SA |) S9jew pjo Jeak gL—€|
‘uo3v|dwod SaLIS |[RIDAQ
uedyiubis
Jou ‘pajuasaid jou eleq
:S9Jewdy plo JedA gL-€|
‘uona|dwiod saLds [[eIAAQ
juedylubis
Jou ‘pauasaid 1ou eleq
s3jew
pue sajewsy pjo Jeak g|
—€| ‘uonenul sauds |eIIAQ
(1S'1-T0'L) €71 HOY
‘(pauodas
jou ‘uedyjubis = d
Y *SA|) sojew pjo Jedk 7|
—| | ‘uonenul sauds ||eIINQ
(0¥'1-T0'L) 61°L HOY
‘(pouodas
10u ‘edyubis =d 9
'SA ) s9]ewdy pjo Jeak 7|
—L 1 ‘uonlenul saU3S ||eIBAQ

*$3119S
3UeA AdH 8y paleniul
(9%5) dnoib uonuanIaIul

9yl Ul £99°G JO 88T ‘||eI9N0

%L €D

%8% :CD

%Y'S LD

%C' L€l

%0°L Tl

%L'G ‘L1

'S3eW ‘UOfBIMUI SAS

%L€€D
%0'% :¢J

%9°€ ‘1D

%G°L “€l

%09 |

%G°G ‘LI

'S9|eW) ‘UONIBIMIUI SBLISS

%C-%9'L
:s3seadul abejusdiad Jo sbuey
:S3ew p|o Jeak g|
—€1 ‘uona|dwod sauas |[eJaAQ
pajuasaid Jou
eIR( S9RWa) p|o Jeak g|
—€1 ‘uond|dwod sal3s |[eIIAQ
pajuasaid Jou eyeq
'sajew
pue s3jewsy pjo Jeak g|
—€| ‘uollenul SIS ||_IIAD
%LTE-%T YL
:s9seadul abejusdiad Jo sbuey
:S3jew pjo Jeak 7|
—| | ‘uoneniul sauas ||eIdAQ
%t V%t LT
:sasealdul abejuadiad jo abuey
s9jewsay pjo Jeaf 7|
—| | ‘uonienul saL3s ||eIIAQ

dlulp aied Arewnd
leIpad paseqg-jendsoy |

pauodai Jou azis 3|dwes
's3jewdy pjo Jeak §yL-STL

epLIo|4 Ul SaLePYausq
weibolid dueinsu| yyeaH
S,UdIp|1yD pue presipajy
Buinas Ul dJed Alewld
9€6'L €D
688'€ :7D
¥z8'T 1D
988 €|
viL'L T
6£8'7 11
“mw_mc‘_mh—
pue sajew juadssjope
plo seak /1-L1 8¥L'yL

*$913UN0D UONUIAIBIUI-UOU 7 1)

£unod suo ulyum sadipeld / ;|
‘eu|joJe) YLON Ul SSIUN0d §
pauodai Jou az1s 9|dwes
:S)udS3|ope plo Jeak gL-| L

anpJano bunsi| sunajing
Jypads-iapinoid Apanen) g
3Jed Jo) pajuasald
U3Jp|IyYd SNPIIAO UYM
uoddns uoisap [es1uld
40 w0y 3y} ul ‘sydwoud
uoleZIUNWWI PIALIP
p1023J Y1jeay d1uoi1dag i1

"21e2 JO piepuels :€J ‘7 ‘1)
"wdlsAs

1IH pue pJedisod panaday €|
‘siapinoid
10} sasuodsal pazuewwns
w)sAs ||H dulddeA noge
Buiuiea| uj 3sa193ul 3ed1pUL
pue £101s1Y UoIRUIIRA AJLISA
0} W33sAs (11H) ABojouyda

uoreWLIOjUI Y3eayY pasn |
*19q01Q pue 3snbny

Ul JU3S Spied1sod panIddY ||

$211UN0d uosuedwod ¢ 1)
“uonednps juased
paseq-{ooyds pue ‘seAudul
Japinoid ‘uopednpa
aned ‘||exas pue Jspulwal
pajiew paseq Ansibai
uolezjuUNWW ‘uoledNPa
Japinoud Jo paisisuod

uonuIAIRUI JUsUOdWOod NN |

pue 3|npayds DD 3y} uo Buiuresy pue
Uo11eINP3 PAAIRIAI SIaPIACId Pa|[oIUD
IV 7 UOUSAIDIUI O} [BLI) P3||OJIUOD
paziwopuel pue ‘| UoRUIAIUI

10} Apn3s 1oY0d SaLIas awily pardnualul :|y

syluow 6
J13)Je 3s0p 1XaU Jo 319331 03 dWf}
pue saLas AdH 10} shies a1ep-01-dn

CI[:h)
JO pJepuE)S JO ‘SUOIIIPUOD UOIUIAIIUI
93141 Jo 3uo 0 paubisse Ajwopues
9J3M SJUIDSI|OPY "BUIIILA B} INOqR
Buiuies)| ur 3sa191ul SSIsse 03 paubisap
wa)sAs ABojouyday uonew.oul

U3{eaY dIUl|D-Ul U pUE ‘SUIdU0D
|ejuaied [elURIBHIP PUE UONEIHUI
S3143S duIdeA Ul A)ISISAIP Japusb sy3
ssaippe 01 padojanasp sem ubjedwed
pied1sod dypads-1apuab e :palsa) alem
SUOIUBAIIUI OM] "[eludWLSdX3-ISenD
*SUIUOW € J)Je UONeIIUI SIS

*$9IUN0D uosLiedwod paydlew ¢ 03
paledwod 319M SaW0dIN0 pue saseyd
OM} Ul P2DNPOJIUL BI3M SUORIPUOD
UONUIAIRIU| “UOISN|DUL 40§ 3116112
319M (YDN) AnsiBay uoneziunww
euljo1e) YLON 3y buisn asam eyl pue
S)USISI|OPE 0} Ssuoeziunwwi papioid
ey} AJUNOD UOIUSAIDIUI 3Y} UIYIM

0

‘W

‘0

sad1deld ||y *Apnis Hoyod aAdadsold N

Jeak auo
13)e uonajdwod pue uonenRul S3LAS

‘0

YSENIET
uoneziunww 3owoid
0} eJep pJodal yieay
21U04123|3 buibelans|
1123[01d dn0Idwiw|

YL €10 e 39 ‘Q Apung

»s SIUBISI|OpE
eplo|4 painsul Apignd
Huowe uonenul supdeA
sniinewo||ided uewny
Buiseanu| ‘510z ‘e 19 ‘S selels

¢ BUI0IED YUON
|eanJ ul 9beIaA0D BuldIRA
JudSI|Ope JO JudWdAoIdW]
:S3UIIBA U]

uo u3dY 'SLOT ‘|8 1 ‘Y bunyd

sonel
Ul painseaw s}nsai Payda|as

sabejuadiad
Ul PaINSeaw s} nsal Pada|as

bummas pue
‘3z1s 3|dwies ‘uonejndod jabie]

SUOIIPUOD
(D) [043U0D pUE (]) UOIUIAISI]

(V) Spoyaw pue (Q) awodINQ

911 ‘1eak “Joyny

(panupuod) “¢ s|qeL



1580 E. A. SMULIAN ET AL.

959 HO
(50" > d ‘71 'sA L|) uonedoj
Aq ‘paniadas asop Auy

(887 'VE'L) 95°C YUV
:(pamodai Jou
‘edyiubis = d) siapeib
(8 Pue ,/ ‘uoneniul saLs
(9€°T'LT’L) 69'L YHV
‘(pauodas
Jou uedylubis = d)
siapeib ;9 ‘uoneniul saLag

%0°L -Cl
%C9 LI
:uonedo| Aq ‘paniadal asop Auy
(s9s0p € ||e paAIIRI
pa1eniul oym asoyl Jo
908 :pateniul Ji uonsjdwiod
yb1y) 9%¢/°1 :uonajdwod sauas
%E°0 :SISOP OM |
%0 S0P AUQ
%6°L6 *S9SOP ON
:uonedo| Aue
1B PIAIIAI SISOP JO JaquINN

%8'S D
%€E6 ‘|

‘(uedyiubis

jou =d ‘3 *sa|) siapesb
(8 Pue 7 ‘uonajdwiod sauas
%0'C D
%TEL|

(100" > d s )
s1apesb ,9 ‘uonadwod saLas
%L D

%0C ‘I

:(pauodai Jou = d) siapesb
(8 Pue ,/ ‘uoneniul sauds
%81 D
%vE ‘I

:(payiodal Jou =
d) siapeib (9 ‘uoneniur saLas

sjooyds 7z 1z
S|ooYyds 9 11|
-euljoie) yuonN
iuc:ou pJoj|Ing ul sjooyds 8¢
SEL'9:Tl
18/'L:LI
's9|ewdy plo Jedk £1-0L 916'L

sjooydss /£ )
sjooyds / :|

:sjooyds d1gnd Ja1ieyd
-uou opeliojo) s_w>:mn_ id}
000'L D

(s1opeib 8 pue ./ 00F =
u ‘siapedb ,9 009 = u) 0001 |
:s9jeway apeib 18-9000C

uoibal 413y} ul

SJ1UIJ> [00YDS 1SOY O} SSadJe
pey syuapnis [ooyds a}||91es 7|

Juswyiedap

yyeay |edo| yum diysisuned

Ul SJUIPNIS J0J SN

UOIRUIDIBA A\dH 31IS-UO ‘Aep
-3UO |RI9ASS PeY S|O0YDS ISOH :||

UOIIUdAIRIUI ON D
‘papiroid saDIAIRS
UOI_UIDDRA JOJ 3duRINSUI
paj[iq sty "suiddeA
AdH J0 3|npayds buisop ay1
Aq pawin ‘s31ul> uoneulddeA
Jo sAep ¢ paisoy sjooyds ;|

1| 03 pasodxa a1om
syuaned ‘z] yum uostiedwod
10} 31E JO pIRpUR)S 7D
L1 yum uosiedwod
10} |0J3U0D |EDLIOISIH 11D
sjuaned

‘uoibal J1RY)

Ul SJIUIP [00YS 3SOY B} J SUIDIeA
AdH AI3231 p|N0d SIUSPNIS SOYM
S|ooyds a}||91es se panIas AJunod sy}
ul S|ooyds JaY1Q "dudeA AdH papiroid
1By SIUIJD 1S0Y O} [00YdS J[PPIW

e paI9as A3yl Yyoea Joj pue ‘AJunod
3y} ul suoibal 9 paynuap! sjeyjo

|00YS *Apnis Loyod 3ARAdSOId N

syuow 6
19)Je PIAIAIAI IIM SISOP YDIYM

12 3)IS PUR PIAIBIDI SISOP JO JAGWINN :0

"spJ0da4 A11s1bal pue ‘uased

‘looyds Buisn parepdn Alybnoioyl
91am s3|dwies sy} 1o} SpI0dal
uopeziunwwy ‘dnoib uospedwod

e papinoid sjooyds pa3da|as Ajwopuel
1e syuapnys pajdwes Ajwopuey
‘pajdwes Ajwopue) 219m 3dueINsUl
yijeay paj|iq 1ey} SJIUI|D UOIIRUIDIRA
P31EJ0J-{00YDS P3Oy 1ey) S|ooyds 1e

SJUBPNIS “|el} P3]|0JIU0d paziWwopuey
123K |00YDS U0 JaYe UOeIIUI SALSS 1O

46 'SI00YIS Ul dupeA
NdH Buipinoid uonuanisiul
ue Jo uonenjeAy

‘¥L0T ‘[ 19 ‘g sqqmis

9 SOUWODINO UORUIDIRA
pue ‘JuswasINquiial
1503 :6ul||iq
SdURINSUI YIIM SIUISI|OpE
JO uoneueA Pa1edo)
-looyds ‘7107 "2 39 ‘W A3e@

sjooyds ui sweiboid uoneudep

SJINIAS UOIDUIDIDA A\dH O} SS333Y bupubyusz

"UOIIUSAIIUL JO UOIHIPUOD [0J3UOD

0} paziwopues d1aMm siapiroid ‘g
UOIJUSAISIUL JOJ ‘UOI}PUOD UOUIAISIUI
3Y3 PaAIRdA1 HoYod siy} ul spusned

||e ‘L UOIIUSAIIUI 104 "S|eldlew
UOIUIAIRIUI 3Y} DZI|1IN 0} MOY

soiel
Ul Painseaw synsai Pa1dd|es

sabejuadsad
Ul painseaw synsal paafes

Bumas pue
‘3z1s 3|dwes ‘uonejndod 1a61e)

SUoINpUOd
(D) |043U0D PUE (]) UOIUDAIBI]

(V) spoyaw pue (Q) awodINQ

3 “1eak “loyiny

(panunuod) *€ a|qe)



HUMAN VACCINES & IMMUNOTHERAPEUTICS 1581

uedyubis Jou = d ‘95°L 4O
spjo
1eak 9z—61 ‘diysiosuods
1uelb Aq oy pred
9S0p 3UO IseI) I8 YIM
uon3|dwod SIS AWN-UQ
*sa1el uona|dwod
awWI-uo payaye
¥AdH 9944 J 9pnjpU0d 0}
sasop paJosuods-jueib jo
SIQUINU JUSDYYNS SAIDII
10U pIp (81-01) SIUDS3|OPY

"3UIDeA 3}
40 92unos Jaked Aq sasop
¢ buiaidaI synpe buowe
s31e4 uona|dwod awiy
-Uo (9Z-61) 3inpe ui punoj
2I9M SDURIBYIP Juedylubis
ON ‘sa1e4 uona|dwod
aWI-Uo pardaye
¥AdH 9344 J1 9pn|puod
01 S350p paJosuods-juesb jo
SI3GINU JUIIDLYNS SAIIDI
JoU pIp (81L-01) SIUSS3|OPY
%CE T
%L LD
%LC:l
:sp|jo Jeak 9z
-61 ‘uon3d|dwod saLAS dWN-UQ
%CE 0D
%L LD
%0 ‘I
:spjo Jeak g|
—0L ‘uon3|dwod SadS dWN-UQ

unossI ‘A1) sesuey ul
wiAsAs a1ed y1jeay 1ou A1aes |
LyY OO
¥y LD
AR
splo Jeak 9761 8S¢€

splo 4eak 8101 9€1
:S9jeway p|o Jedk 9z—0L V61

dueINsul
91eaud Aq 1oy pred sasop
duIdeA PaAIddRI A[PAISN|IXT 17D
dueINSUL
d11gnd £q 4oy pied sasop
duIdeA PaAIRdRI A[PAISN|IXT 11D
uorepunoy
Aq pasosuods sasop sulddeA
9344 PaAIRRL APPAISNIXT ;|

*SPJ0J3J DIUOJIIB|D W) patdeiIsge
219M S3S0P AdH 921y} 3} JO Yded 10}
324nos Jafed pue ‘A103sly uoneudIRA

‘SONISLID1ORIRYD JUBIIRY "BUIDIBA BY} 10}
JuawAed JO 93IN0S OU pey 3SIMIBYI0

OUM S3|eWS} Joj UolRpUNO} [ed0] B Aq

papiroid audeA AdH 931 paInquisip

weiboid 3updeA $,133U3 [edIpPaW

9y ‘Apn1s 1oyod dA133ds01134 PaIsaN N

"u0113]dwod S3IS SWI-UO pue
P3AIDII SISOP JO JAGUINU UO (UIPIRA
931J) SAIJUIDUI JIWIOUOI JO 1I3))]

‘0

wm.mw_\_wm 9sop
931yl 3yl Jo uonadwod
Ajpwiy 3Y3 uo (FAdH)
aupdeA sniiaewoy|ided
uewny juajeAupenb
931J JO ddUANYUI
3YL ¥LOT '|e 19 ‘g 4adiey
51502 19)20d-J0-1n0 BupPNpay

soijel
Ul PaiNseaw s}Nsai Paidd|as

sabejuadiad
Ul painseaw synsal paafes

Bumas pue
‘3z1s 9|dwes ‘uonejndod 1a61e]

SUuoINpUOd
(D) 1043UOD PUE (]) UOIUDAIBIU]

(V) spoyaw pue (Q) awodINQ

31 “1eak “loyiny

(panunuod) *€ sqey



1582 (&) E.A SMULIANETAL.

Table 4. Selected results from economic analyses (n = 10).

Author

Intervention codes

Operating costs/costs per site

Cost per unit

Suh®’

Szilagyi 2013

Patient reminder and recall systems

Patient reminder and recall systems

Ranged from $1,087 to
$1,349 per practice

Messaging cost was less than
1% of gross revenue for
visits where needed doses
were given

$18.78 per child per year for mailed
reminders; $16.68 per child per
year for telephone reminders;
$463.99 per additional child fully
vaccinated for mailed reminders;
$714.98 per additional child fully
vaccinated for telephone
reminders

<$0.10 per automated message for
e-mail, text, and phone messages;
$1.50 per postcard; $1.77 per dose
delivered

$1.25 for each postcard sent; $0.80

Bar-Shain® Patient reminder and recall systems
Morris>* Patient reminder and recall systems
Kempe® Community based intervention implemented

in combination
Szilagyi 2011* Community based intervention implemented
in combination
Gilkey*® Provider assessment and feedback

Fiks*® Healthcare-systems based intervention
implemented in combination

for each text message and e-mail
sent
— Ranged from $1.12 to $6.87 per
recalled child immunized over
four schools
— $45.74 per child per year; $465 per
additional child fully vaccinated
$152 per clinic for in-person —
consultations $100 per
clinic for webinar
consultations
— Per additional dose delivered: $24.00
for dose 1, $42.00 for dose 2, and
$189.00 for dose 3 for combined
family/provider intervention

Daley*® Vaccination programs located in schools — $23.98 per vaccine administered
(does not include cost to purchase
vaccine)
Stubbs®’ Vaccination programs located in schools $135,397.44 for total —
program
completion (p < .0001).** Another intervention implemented other.”**’ One prospective cohort intervention implemented

more than one reminder method by using mailed letters and tele-
phone reminders, and found significantly greater HPV series ini-
tiation and completion from zero baseline doses in the
intervention group (percentage point difference in series initia-
tion: 11.2, p < .05; percentage point difference in completion
from zero baseline doses: 7.3, p < .05).>' However, up-to-date
series completion from >1 baseline doses did not differ signifi-
cantly between the intervention and control group.’’ Studies
allowing patient choice of reminder method had mixed results,
with one intervention not showing any significant difference in
series completion,”® while another demonstrated a range of signif-
icant percent increases in initiation and completion (e-mail, mail,
text, and telephone call, all p < .05).**

Two randomized controlled trials in females aged
18-26 years utilized education using video technology to
deliver messages about HPV vaccination.”®”” One study
assessed the effectiveness of a variety of video narrators on
series initiation, and found significant greater series initiation
in the intervention group that had both a provider expert and
peer narrator in the video (percentage point difference: 11, p =
.035; odds ratio [OR] 2.07, p = .036).>® The other study looked
at how a video-based intervention impacted series completion,
and found significantly greater series completion for the group
that viewed a short theory-driven video presentation (percent-
age point difference: 11.5, p = .03; AOR 2.44, p = .001).”

The final six “increasing community demand” interventions
utilized multiple intervention strategies in combination with each

reminder and recall in a school-located vaccination program.”

The results demonstrated 59% of participants getting any dose of
HPV vaccine, but only 25% received dose 2 and 0% completed
the full series.® Two other interventions aimed to increase HPV
vaccination among adolescent females and males respectively, uti-
lizing broad, multi-faceted public awareness campaigns targeted
to each audience in conjunction with education for healthcare
providers.*>*! One of these interventions targeted females using a
social marketing campaign, and though significant differences
were seen between all intervention counties and each control
group (all, p < .01), the 2 counties with higher initiation were
only between 1.6 and 2.0 percentage points greater than the con-
trols, and 2 counties were found to have significantly lower initia-
tion rates.*” The other social marketing campaign targeted
adolescent males, and while those in the intervention group were
more likely to initiate the HPV vaccination series (percentage
point difference: 2.1; HR 1.34, p = .002), this was again a small
increase, and results were not sustained at a 6 month follow up
assessment.*'

Another intervention using multiple methods utilized
immunization navigators trained to track immunization
records, lead reminder and recall efforts, and conduct home
visits.*> This intervention resulted in significant positive
changes from baseline in series initiation (adjusted risk ratio
[ARR] 1.4, p < .001), dose 2 receipt (ARR 1.4, p < .001), and
series completion (ARR 1.5, p < .001).*” The final two studies
in this category assessed educational vaccination messaging in



a school-located clinic*® and a reminder and recall combined
with patient education intervention,>® but found no significant
effects on measures of HPV vaccination coverage.”>*’

Provider or healthcare system based interventions to
increase HPV vaccination

Twelve studies (35.3%) were identified as provider or healthcare
system-based interventions.**>> Three studies assessed single
method interventions targeted at providers: provider assessment
and feedback®® and provider prompts.***> The intervention
assessing provider assessment and feedback utilized CDC’s
AFIX (Assessment, Feedback, Incentives, and eXchange) pro-
gram and targeted it specifically to HPV vaccination.*® The ran-
domized controlled trial had two intervention groups—one in-
person, one web-based—and both found small but significant
increases in coverage among 11-12 year olds at 5 months post-
intervention (1.5% increase in initiation with in-person AFIX (p
= .02) and 1.9% increase with web-based AFIX (p < .01)), but
not for 13-18 year olds at 5 months, and results were not sus-
tained for any group at 1 year post-intervention.*® Another
study implementing electronic health record-generated provider
prompts found significantly greater series initiation in the inter-
vention group (percentage point difference: 13.7, p < .001) and
significantly greater timely series completion (point estimates
not presented; p < .001).** However, another randomized con-
trolled trial assessing the use of provider prompts via electronic
health record or nurses/staff found no significant effect on series
initiation, dose 2, or series completion, despite strong acceptance
of the intervention among providers.*’

The majority of provider-targeted interventions utilized mul-
tiple intervention methods in combination with each other.*’ >
Many assessed interventions in more than one primary care
practice,*>** in federally qualified health centers (FQHC),”*>*" or
in large hospital clinic settings.”>>> Three were focused primarily
at the provider level.”>**°> One intervention presented webinars
for FQHC providers based on the CDC’s AFIX program princi-
ples, with follow-up weekly educational emails for the pro-
viders.* The results found significant, but small increases of 1 to
1.6 percentage points in HPV series initiation (p = .029), dose 2
(p = .001), and series completion (p = .001).”°> Another inter-
vention created individualized vaccine catch-up schedules for
hospitalized children not up-to-date for HPV vaccination, and
increased series initiation in this group by 20.6% (p = not
reported),”” while another using provider prompts, clinical deci-
sion support, and individualized provider feedback found no
significant effect of the intervention on up-to-date status of the
participants or timeliness of vaccine receipt.”

The remaining multiple method provider-based interven-
tions implemented complex interventions targeting both pro-
vider behavior and community demand.*”*>*"*** The first
examined the effects of a family-focused intervention consisting
of patient education and reminder and recall, and a provider
intervention consisting of provider education, assessment and
feedback, and provider reminders.*® Both intervention strategies
implemented together found the largest increases in HPV vacci-
nation coverage across all measures, compared to when each
strategy was implemented separately (series initiation: HR 1.6, p
=.001; dose 2: HR 1.3, p = .008; series completion: HR 1.5, p <
.001).*® Two other trials first implemented provider education,
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followed by supplemental interventions such as school-based
telephone reminder and recall”” or targeted interventions for
each individual practice based on mutually identified barriers to
HPV vaccination.”" The intervention outcomes for both studies
showed increases in coverage, indicating that series initiation
was significantly more likely for females (adjusted odds ratio
[AOR] 1.19, p = significant, but not reported;™ OR 1.6, p <
.001°") and males (AOR 1.23, p = significant, but not reported;5 3
OR 11, p < .001°"), and next dose receipt was also significantly
more likely for females (OR 1.4, p < .05)°" and males (OR 23, p
<.05).”" Many of the increases persisted for outcomes measured
6 months post-intervention, except the series initiation results
for females.”' Another study demonstrated that patient
reminder and recall combined with an in-clinic education and
health information system summarizing patient intention data
for providers resulted overall in 5% increases in HPV vaccina-
tion series initiation, with slightly greater increases for boys (p =
significant, but not reported).”*

The two studies that observed the largest percentage point
increases in HPV vaccination coverage in any of the interven-
tion studies reviewed also had the smallest sample sizes, which
is important to note.*”*” These small observational studies took
place in single pediatric practice settings and utilized a combi-
nation of patient reminder and recall, patient educational mate-
rials, provider education, and provider protocols. Large,
significant differences were seen in outcomes between interven-
tion and control groups in both studies.””*” One study demon-
strated that series initiation was greater by 50.9 percentage
points (p = .001; OR 9.43, p = significant, but not reported)
and series completion was greater by 55.6 percentage points
(p < .001; OR 22.5, p = significant, but not reported).*” The
other study showed that dose 2 completion was greater by 40
percentage points compared to a non-enrolled control group
(p < .001) and 46 percentage points compared to a non-inter-
vention group (p < .001), and series completion was greater by
16 percentage points compared to a non-enrolled group (p =
.008) and 11 percentage points compared a non-intervention
group (p = .018).*

Interventions to enhance access to HPV vaccination services
Three intervention studies (8.8%) were designed to primarily
enhance access to HPV vaccination services.”*>® Two of these
studies aimed to increase access by implementing vaccination
programs located in schools.’®” The first study found signifi-
cant increases in initiation in both a 6th grade (percentage
point difference: 16; ARR 1.69, p = significant, but not reported)
and 7-8™ grade population (percentage point difference: 13;
ARR 2.56, p = significant, but not reported).”® The results of the
second study found minimal overall participation in the inter-
vention, with only 2% of the population receiving any dose,
though there was high series completion (80%) among those
who initiated the series.”” Students at host-school sites compared
to satellite sites were also significantly more likely to have
received any dose of the HPV vaccine (OR 6.56, p < .05).%7

The final study provided grants to reduce out-of-pocket
costs to patients associated with receiving the HPV vaccine, but
results did not indicate significant differences in number of
doses received or on-time completion between those who
received grant sponsored doses and those who did not.*®
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Results from economic analyses

Ten studies assessed the economic effects of implementing HPV
interventions,! 3384246485657 Taple 4 presents summaries of
the economic findings of these studies. Many of these studies
implemented reminder and recall interventions.” ****** One
study found that the overall operating costs for implementing
mail and telephone reminder and recall ranged from $1,087 to
$1,349, with three of the practices demonstrating positive net
additional revenues after the study period and one practice dem-
onstrating a net revenue loss, calculated by subtracting total
operating costs from total additional revenues for each prac-
tice.’’ Another mail or telephone reminder and recall interven-
tion demonstrated average costs of $18.78 for mail and/or
$16.68 for telephone calls per child per year, with the cost per
additional child fully vaccinated at $324.75 for the mail group
and $487.03 for the telephone group.®” Additional reminder and
recall interventions ranged from between $1.25 and $1.50 for
each mailed postcard and < $0.10-$0.80 for each text message/
e-mail/phone message.”>’* Reminder and recall costs in a
school-based health center setting ranged from $1.12 to $6.87
per child immunized.*® The cost of a full “immunization naviga-
tor” program including reminder and recall was found to be
$45.74 per child per year, with the cost per additional child fully
vaccinated at $465.%

Costs of other interventions implemented in school-located
clinics and with providers/healthcare systems were also evalu-
ated.****>*>” One school-located vaccination clinic found a
cost of $23.98 per vaccine administered, not counting the cost
to purchase the vaccine.”® The other school-located vaccination
clinic intervention used only 36% of their original budget, for a
total operating cost of $135,397.44.>” The largest percentage of
the expenses went to personnel costs (67%).” In a study focus-
ing on provider and family interventions, the cost per addi-
tional dose delivered for the most effective intervention for
increasing series initiation (provider-focused) was $6; for
increasing dose 2 and series completion, the most effective
intervention (family-focused) was $10 for dose 2 and $6 for
dose 3 per additional dose delivered; and for the most effective
intervention overall (combined provider and family-focused),
the cost was $24 for dose 1, $42 for dose 2, and $189 for dose
3.*® Finally, AFIX webinars for providers showed promise in
reducing travel costs; the cost of delivering the intervention was
$152 per clinic for in-person consultations, and $100 per clinic
for webinar consultations.*®

Discussion

Of the 34 HPV vaccination intervention studies identified,
the majority of the studies were designed to increase com-
munity demand for HPV wvaccination, but a substantial
number of studies also targeted providers and healthcare
systems. Only a few studies reviewed addressed access to
vaccination services. Overall, while most of the intervention
methods identified in the literature were based on evidence-
based vaccination intervention categories recommended by
the Community Guide,” there was considerable variation
in the efficacy of these interventions in the context of HPV
vaccination. A substantial number of studies did show

significant increases in HPV vaccination coverage following
the intervention. The only Community Guide category of
intervention that we reviewed that is not currently recom-
mended by the Community Guide is patient education
when used alone, due to insufficient evidence.”” The studies
reviewed here should be examined both in context with
their methods and with overall Healthy People 2020 targets,
which will require large increases in coverage, to understand
the potential impact that these reviewed interventions may
have on HPV vaccination coverage.

The single-method intervention strategies that frequently
produced statistically significant increases in HPV vaccination
coverage were reminder and recall’®>® and patient educa-
tion.”**” Reminder and recall interventions were the most com-
mon type of intervention reviewed. Reminder and recall
intervention methods ranged from improving series initiation
with a reminder message that a child is due to start the HPV vac-
cine series, to recall efforts to get children overdue for dose 2 or 3
to get caught up and complete the series. Regardless of type of
reminder or recall utilized (text, mail, phone, e-mail, etc.), many
interventions resulted in a range of increases in a variety of meas-
ures of HPV vaccination coverage,”**>*'*> though not all
resulted in increases.”® The Community Guide does not recom-
mend patient education when used alone as a strategy to increase
vaccination coverage due to insufficient evidence;”> however, the
two patient education studies reviewed here demonstrate some
potential promise of this type of intervention as it relates to HPV
vaccination.’™”” The interventions solely implementing patient
education both used video as a means of delivering information
about the HPV vaccine, but these interventions were directed at
young adults aged 18-26 years, not the target age group for rou-
tine vaccination in the United States. Both trials demonstrated
significant differences in coverage compared to non-intervention
groups, though their sample sizes were moderate.”™>”

Provider assessment and feedback, when used alone, pro-
duced significant but small increases in HPV vaccination initia-
tion, though these changes were not sustained one year after
the intervention period.*® Again, in considering the findings of
these studies, it is important to keep in context that large
increases in coverage are needed to reach the Healthy People
2020 targets.

Numerous effective multi-component interventions were
implemented in the community’®* or in healthcare sys-
tems.*”>> Methods varied across studies, though the most com-
mon strategy included in the multi-component interventions
was some type of reminder and recall system. These efforts
were frequently accompanied by education of parents and/or
providers, enhanced practice-based IT systems, and/or provider
incentives. The studies took place in a variety of settings and
there was a wide range in the number of participants. Many of
the largest increases in coverage were seen as a result of these
multiple strategy interventions, particularly those that involved
a provider-targeted strategy. While not all of the multi-compo-
nent interventions found large or significant increases, many of
the studies reviewed demonstrated that implementing multiple
strategies to address barriers to vaccination can be effective in
increasing HPV vaccination coverage.

The intervention methods that had inconsistent support for
their effectiveness or did not find significant findings were



school-located vaccination services, provider reminders used
alone, vaccination requirements for school attendance, and
programs to reduce out of pocket costs. Vaccination programs
in schools and provider reminders used alone are both
evidence-based strategies cited by the Community Guide’s rec-
ommendations,” but results presented in the studies focused
on HPV vaccination were inconsistent.***>**>” Both catego-
ries had one study that had significant results***® and one
that did not have significant results.*>”” Vaccination require-
ments for school attendance have been shown to be effective
in increasing vaccination coverage for other vaccines,” but no
difference was seen in series initiation with a middle school
entry requirement for HPV vaccination.” It is important to
note that requirements for HPV vaccination for school atten-
dance have broad opt-out provisions, with waivers available
for religious, medical, and/or philosophical objections. There
did appear to be small spill-over effects to HPV vaccination
from other adolescent vaccination requirements,%’27 though
small spill-over effects may not help HPV vaccination cover-
age increase by the amount needed to reach the Healthy Peo-
ple 2020 target of 80% coverage. Programs to reduce out of
pocket costs similarly are cited to increase vaccination per the
Community Guide’s recommendations,” but for the study
examining HPV vaccination specifically, the strategy did not
significantly influence coverage.”® For those strategies with
inconsistent evidence, more research may be needed to better
understand the influence of those strategies on HPV vaccina-
tion coverage. For those strategies that did not demonstrate
changes in coverage, many potential barriers to HPV vaccina-
tion have been identified in the literature,”>*' and it may be
that these particular intervention strategies do not address an
adequate number of barriers to see a consistent change in vac-
cination delivery. Beyond addressing an adequate number of
barriers, additional baseline differences in study conditions
such as study design or community context could have
affected study outcomes.

Some interventions by design may be more resource-inten-
sive than others, but many studies’ economic analyses demon-
strated that interventions could be implemented with modest
cost 31 3438:42:4648.56.57.59 Dye to variations in measures of cost,
it was difficult to directly compare economic measures across
the studies. However, the data from the studies reviewed gener-
ally found that implementing an HPV vaccination intervention
is not cost-prohibitive.

Though HPV vaccines have been available for more than
9 years, HPV vaccination intervention research specifically
focused on increasing coverage is just emerging. The studies
reviewed here indicate that many types of interventions may be
promising. With this knowledge in mind, an important next
step for researchers and practitioners to consider is how to
translate evidence into practice. Many of the interventions
reviewed here are targeted to specific populations, so additional
efforts are needed to study how intervention models can be
implemented on a wide scale and adapted to different settings.
Additional research is needed to examine how strategies can be
customized and commonly integrated into practice.

In addition to this, there is also a need to examine more
closely the effects of interventions to improve provider commu-
nication and recommendations for vaccination. The literature
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shows that though provider recommendations for HPV vacci-
nation are highly correlated with higher coverage, many pro-
viders do not routinely recommend HPV vaccination.®**
Though this fact is demonstrated strongly in the literature, few
of the studies reviewed in this paper aimed to strengthen the
provider recommendation through interventions. As this is one
of the most highly correlated factors in the literature with
higher HPV vaccination coverage, this suggests that there is a
need for more intervention research in this area.

Another important takeaway from this review is the need for
continued aggregation of evidence resulting from vaccination
intervention research, especially as it relates to specific vaccina-
tions. Given that barriers to HPV vaccination are often unique
and increasing coverage may require different approaches,
intervention research specific to HPV vaccination must be
reviewed in context of other vaccination intervention research.
Having more specificity in recommendations from the Com-
munity Guide regarding individual vaccinations and popula-
tions would be helpful. As more HPV vaccination intervention
research continues to be published, reviews such as these
should continue to be updated to highlight trends of what is
working in the field.

Of the studies identified for inclusion in this review, there
was a high amount of variability between intervention strate-
gies, populations, and the measures used. This review demon-
strates a clear need for more studies with population level
samples, comparison groups, and randomized designs to help
indicate which interventions may be most effective in increas-
ing coverage. There is also a strong need to implement and
evaluate HPV vaccination interventions that include coverage
of males as an outcome. Finally, as several of the studies
reviewed indicated that strategies implemented in combination
show promise in their ability to increase vaccination coverage,
particularly when the intervention includes a provider-focused
element, more research should be conducted to assess these
types of multi-component interventions.

One major limitation of this systematic review was that
many studies had limited generalizability in their results, as
many had small sample sizes or were observational studies.
Without a comparison group in several of the studies, it is dif-
ficult to state conclusively whether the intervention was truly
responsible for changes seen. Additionally, each study mea-
sured HPV vaccine uptake differently. This made it difficult to
evaluate and compare effectiveness across studies, and pre-
cluded meta-analysis. It is important, when evaluating the
impact of each intervention, to consult the original studies for
a deeper understanding of study design and measures.
Another limitation is that the ACIP recommendations only
extended to include boys in 2011, which is a likely factor in
the limited number of interventions found in the literature
that targeted boys. This dearth in the literature impacts the
knowledge about interventions to increase HPV vaccination
coverage in boys. A final limitation is that interventions con-
ducted outside of the United States were not included in this
review. The decision to exclude studies conducted in interna-
tional settings was based on differences in healthcare systems
and school-based vaccination policies compared to the United
States, but successful interventions could have been evaluated
and then assessed for feasibility or adaption to United States
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settings. This decision could also be seen as a strength of this
review, however, as differences in context may render compar-
isons invalid.

Conclusion

This review presented a thorough examination of the literature
from licensure of the first HPV vaccine to the present, making
information on HPV vaccination interventions easily accessible
for practitioners working on this priority public health issue.
Variable study populations and outcome measures precluded
meta-analysis, but the literature overall indicates that there are
several strategies that may be promising. While single strategies
can be effective, interventions may be most successful when
implemented in combination with each other to address multi-
ple barriers at community and provider levels.

Most importantly, because the evidence suggests that sev-
eral of the interventions reviewed here may be effective,
more research is needed to translate the evidence into com-
prehensive strategies that can be implemented in a variety
of settings. Additional efforts are needed to study how strat-
egies can be adapted and integrated into practice on a wide
scale.

Methods
Search strategy and selection criteria

Two authors searched PubMed, Web of Science, Wiley
Online Library, Cumulative Index to Nursing and Allied
Health Literature, and Google Scholar databases to capture
a comprehensive list of peer-reviewed studies published
between June 2006 and May 2015. Relevant MeSH (Medical
Subject Headings) search term keywords were entered in
each database (HPV, human papillomavirus, adolescent,
vaccine or vaccination, immunization, intervention, cover-
age), and the search was limited to English language and
peer-reviewed literature.

Studies were eligible for inclusion if they fulfilled the follow-
ing criteria: interventions were designed to measure increases
in HPV vaccination coverage as an outcome, provided quanti-
tative data for HPV vaccination coverage specifically, and were
conducted in the United States. Both randomized controlled
trials and observational studies were eligible. Intervention stud-
ies that only provided qualitative results, were only published
as conference abstracts, or only assessed HPV knowledge, atti-
tudes, or intention to get vaccinated, were excluded. After
review of article titles and abstracts, relevant full-text articles
were obtained and independently reviewed by two authors to
verify that they met the criteria. Finally, references from sys-
tematic reviews'”>* as well as references from the studies iden-
tified were also assessed for inclusion in the review.
Discrepancies related to inclusion criteria were resolved
through discussions among all three authors.

Data extraction

Following the final round of selection of studies, two authors
independently extracted information about intervention

methods, study design, outcomes, participants, and results.
Though outcome measures varied largely across studies, the
principal summary measures extracted were percentage
changes in coverage, risk ratios, hazard ratios, and/or odds
ratios pertaining to receipt of dose 1, 2, and/or 3 of the series,
up-to-date status, and timeliness of receipt. If study results
were presented as percentage differences between intervention
and control groups, one author calculated percentage point
changes between groups to provide a common metric for com-
parison. If studies examined any economic dimensions of inter-
vention implementation, this information was also extracted.
The independent abstractions were compared and discrepan-
cies were resolved through discussion.

Based on a review of each study’s intervention methods, each
study was classified in an intervention category to group similar
types of interventions together for in-depth review. Intervention
categories were adapted from categories used by the Community
Guide’s section on Increasing Appropriate Vaccination and were
adapted to specifically include only HPV vaccination.”®> The
broad categories of interventions identified in the literature were
“increasing community demand for HPV vaccination,” “pro-
vider- or system-based interventions to increase HPV vaccina-
tion,” and “enhancing access to HPV vaccination services.”
Interventions were further classified within each category by
intervention method implemented. Definitions for methodologi-
cal categories can be found in Table 1. It is important to note
that though the classification of interventions in this review is
based on the Community Guide’s categorizations, this review is
not the same as the reviews conducted by the Community Guide.
The review design did not allow for abstracting data in the same
detail as the Community Guide, there was no quality of evidence
analysis to put forth a recommendation or non-recommenda-
tion, and no separate economic evaluation of interventions
beyond what intervention study authors put forth themselves
was conducted. Additionally, a risk of bias assessment was not
performed, as that was beyond the scope of this review.

Abbreviations

CDC Centers for Disease Control and Prevention
HPV human papillomavirus

4vHPV  quadrivalent HPV vaccine

2vHPV  bivalent HPV vaccine

9vHPV  9-valent HPV vaccine

FDA Food and Drug Administration

ACIP  Advisory Committee on Immunization Practices
MeSH  Medical Subject Headings

Tdap tetanus-diphtheria-acellular-pertussis

HR hazard ratio

OR odds ratio

AOR adjusted odds ratio

RR risk ratio

ARR adjusted risk ratio

AFIX  assessment, feedback, incentives, and eXchange
FQHC federally qualified health centers
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