
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/265608026

Immunogenicity of bivalent HPV vaccine among partially vaccinated young

adolescent girls in Uganda

Article  in  Vaccine · September 2014

DOI: 10.1016/j.vaccine.2014.08.071 · Source: PubMed

CITATIONS

16
READS

210

9 authors, including:

Some of the authors of this publication are also working on these related projects:

HIV Associated Cancers in Low and Middle Income Countries View project

HPV vaccine introduction into low resource settings View project

Emmanuel Mugisha

PATH

22 PUBLICATIONS   699 CITATIONS   

SEE PROFILE

Yuanji Pan

Leidos Biomedical Research, Inc.

21 PUBLICATIONS   576 CITATIONS   

SEE PROFILE

Edward Kumakech

Örebro University

19 PUBLICATIONS   617 CITATIONS   

SEE PROFILE

Aloysious Ssemaganda

University of Manitoba

26 PUBLICATIONS   274 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Aloysious Ssemaganda on 05 October 2018.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/265608026_Immunogenicity_of_bivalent_HPV_vaccine_among_partially_vaccinated_young_adolescent_girls_in_Uganda?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/265608026_Immunogenicity_of_bivalent_HPV_vaccine_among_partially_vaccinated_young_adolescent_girls_in_Uganda?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/HIV-Associated-Cancers-in-Low-and-Middle-Income-Countries?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/HPV-vaccine-introduction-into-low-resource-settings?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel_Mugisha?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel_Mugisha?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/PATH?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel_Mugisha?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yuanji_Pan?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yuanji_Pan?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Leidos_Biomedical_Research_Inc?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yuanji_Pan?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Edward_Kumakech2?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Edward_Kumakech2?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Oerebro_University?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Edward_Kumakech2?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Aloysious_Ssemaganda?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Aloysious_Ssemaganda?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Manitoba?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Aloysious_Ssemaganda?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Aloysious_Ssemaganda?enrichId=rgreq-f4889607ae5f53f493e35e9860dc7730-XXX&enrichSource=Y292ZXJQYWdlOzI2NTYwODAyNjtBUzo2NzgyODk0NzE0NDI5NDZAMTUzODcyODIyMDYzOQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


I
y

D
A
M
a

b

c

d

e

a

A
R
R
A
A

K
H
A
I
P
U

1

m
d
c
a

9

v

s

h
0

Vaccine 32 (2014) 6303–6311

Contents lists available at ScienceDirect

Vaccine

j our na l ho me page: www.elsev ier .com/ locate /vacc ine
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a  b  s  t  r  a  c  t

Background:  Investigations  of vaccine  efficacy  and  immunogenicity  for  adult  females  receiving  fewer
than  three  doses  of human  papillomavirus  (HPV)  vaccine  have  suggested  protection  against  infection  and
precancerous  lesions.  We  investigated  the  immunogenicity  of  bivalent  HPV  vaccines  among  adolescent
girls  from  Uganda  who  received  one,  two,  or three  vaccine  doses.
Methods:  Young  girls  vaccinated  through  a  government  program  in  Uganda  were  invited  to participate.
HPV16-  and  HPV18-specific  antibodies  were  measured  at  ≥24  months  after  the  last  vaccine  dose  using
an  enzyme  linked  immunoassay  in girls  who  received  one  (n = 36),  two  (n = 145),  or  three  (n =  195)  doses.
Results:  Nearly  all subjects  (99%)  were  HPV16  and  HPV18  seropositive  at  the  time  of  blood-draw.
Geometric  mean  antibody  levels  (GMTs)  were:  HPV161-dose =  230  EU/mL,  HPV162-dose =  808  EU/mL,
and HPV163-dose = 1607  EU/mL;  HPV181-dose =  87  EU/mL,  HPV182-dose = 270  EU/mL,  and
HPV183-dose =  296  EU/mL.  The  GMT  ratio  for  2:3  doses  was  0.50  (HPV16)  and  0.68  (HPV18)  and
did  not  meet  the  non-inferiority  criteria  (i.e.,  lower  bound  of  97.5%  confidence  interval  of the  GMT  ratio
greater  than  0.50).  The  GMT  ratio  for 1:3 doses  for  HPV16  and  HPV18  was  inferior,  but  absolute  GMTs for

one  dose  were  higher  than  adult  women  who  received  one  dose  (HPV16  = 124  EU/mL,  HPV18  =  69  EU/mL)
where  efficacy  has  been  demonstrated.
Conclusions:  Even  though  immunogenicity  with  less  than  three  doses  did  not  meet  a  priori  non-inferiority
thresholds,  antibody  levels measured  ≥24  months  after  last  dose  were  similar  to  those  of  adult  women
who  have  been  followed  for more  than  eight  years  for efficacy.
. Introduction

Cervical cancer is a major global public health problem with
ore than 530,000 new cases and over 275,000 deaths annually and
isproportionately affects developing countries [1]. High income
ountries have reduced mortality through well-organized, system-
tic screening programs that detect precancerous lesions [2,3]. The

∗ Corresponding author at: PATH, 2201 Westlake Avenue, Suite 200, Seattle, WA
8121, USA. Tel.: +1 206 285 3500.
∗∗ Co-corresponding author at: National Cancer Institute, 6120 Executive Boule-
ard, EPS, Room 8086, Rockville, MD 20852, USA. Tel.: +1 301 594 2934.

E-mail addresses: slamontagne@path.org (D.S. LaMontagne),
afaeianm@mail.nih.gov (M.  Safaeian).

ttp://dx.doi.org/10.1016/j.vaccine.2014.08.071
264-410X/© 2014 Published by Elsevier Ltd.
©  2014  Published  by  Elsevier  Ltd.

investment and expense of establishing comprehensive cervical
cancer screening programs based on European models are too great
for low-resource countries [4,5]; however, new approaches, such as
visual inspection with acetic acid (VIA) followed by immediate and
appropriate treatment, show some promise in making screening
feasible, affordable, and cost-effective [6].

The past decade has brought significant change to the landscape
of cervical cancer prevention with the development and availability
of two  highly efficacious vaccines (bivalent Cervarix®, developed
by GlaxoSmithKline, Belgium; quadrivalent Gardasil®, developed
by Merck & Co., USA). The bivalent vaccine includes HPV serotypes

16 and 18, and the quadrivalent vaccine includes HPV 6, 11, 16 and
18 serotypes. These vaccines prevent nearly 100% of precancerous
lesions caused by two carcinogenic types of human papillomavirus
(HPV), HPV16 and 18, associated with 70% of all cervical cancers

dx.doi.org/10.1016/j.vaccine.2014.08.071
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2014.08.071&domain=pdf
mailto:slamontagne@path.org
mailto:safaeianm@mail.nih.gov
dx.doi.org/10.1016/j.vaccine.2014.08.071
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7–9]. Efficacy of both HPV vaccines has been established in adult
emale populations [7,8] and immuno-bridging studies among
irls demonstrated non-inferiority of vaccine-induced immunity
9–16]. The results of these immuno-bridging studies have indi-
ated that antibody levels generated among girls aged 9–15 years
ere several folds higher than adult women [9–13,16]. In addition,

mong all vaccine recipients antibodies peak soon after the admin-
stration of the third dose and wane for a period of months before
lateauing around 24 months [7,10–12,14–16]. Recent studies have
ound that two doses of bivalent HPV vaccine given to adoles-
ents produced a similar antibody response [14,16] compared to
dult women (among whom efficacy has been demonstrated) [7,8]
hat was maintained at 24, 36, and 48 months after the first dose
14,16,18]. Findings from natural history studies have suggested
hat modest levels of antibodies resulted in partial protection from
uture infections [19] and these levels were significantly lower
han antibody levels among adolescents girls who received three
r fewer doses of the bivalent or quadrivalent HPV vaccine [18],
ven when measured eight years after vaccination [7,10,11]. This
uggests that protection may  not require all three vaccine doses.
revious investigations of vaccine efficacy [20] and immunogenic-
ty [21] in adult women receiving less than three doses suggest that
wo and even one dose may  be sufficient for protection.

Country experience to-date has demonstrated feasible models
f HPV vaccine delivery that have achieved high coverage in a vari-
ty of low-, middle-, and high-income countries [22–26]. However,
ompletion of all three doses can be challenging [22–25,27–29],
ith variable three-dose completion rates of 18–33% in the US [22],

8–85% in Canada [22], 61–90% in Uganda [23], 68–88% in India
23], 83–99% in Vietnam[23], and 44–77% in Australia [26], depend-
ng upon year of measurement, age, delivery strategy, and/or
eographic location. The feasibility of delivering HPV vaccine is
hallenged by needing to administer three doses within six months
23,27–29], mobilizing health workers for delivery [24], coordinat-
ng with schools for school-based immunizations [22–24,27–30],
nd financing the costs of delivery [24,31]. If fewer than three
oses of HPV vaccine afforded protection, identified barriers to
hree-dose vaccine implementation, including costs of vaccine pro-
urement and delivery, could be reduced. In the absence of efficacy
rials, information on the immunogenicity of HPV vaccine among
irls who receive one or two doses would address a program-
atic need for countries where delivery could be easier, resulting

n higher completion rates and reduced overall costs.
This study compared HPV16 and HPV18 antibody responses

licited by the bivalent vaccine among young adolescent girls
n Uganda who received one or two doses relative to girls who
eceived all three doses at ≥24 months after last dose.

. Materials and methods

.1. Study design and population

We  designed a cross-sectional follow-up study of the immuno-
enicity of bivalent HPV vaccine in adolescent girls who  were
accinated as part of a government-run HPV vaccination demon-
tration program in Uganda implemented from October 2008 to
ctober 2009 in Nakasongola District [23]. Nakasongola District is

 rural pastoralist community in central Uganda with a population
f 200,000, largely ethnically and economically homogenous. All
irls in the district aged 10 years were eligible for HPV vaccination,
dministered by immunization program vaccinators at schools or

ommunity-outreach venues on a 0-, 1-, and 6-month schedule
23]. Three-dose completion among girls aged 10 years was 52% in
he first year and 60% in the second year of implementation, with
otable dropout rates [23].
e 32 (2014) 6303–6311

Our primary objective was  to compare the immune response
more than 24 months after last dose of vaccine received among
three groups—receipt of one, two, or three doses of vaccine. Girls
who received one or two doses were compared to those who
received three doses with non-inferiority defined similarly to other
studies [14,18,32,33]. Recruitment to each study group targeted up
to 200 girls to address our objective.

All girls listed on HPV vaccine registers from the district’s
nine sub-counties who  received at least one dose of vaccine from
October 1, 2008 through October 31, 2009 were eligible for the
study. Recruitment for each study group started in the sub-county
with the highest number of partially vaccinated girls and continued
to the next sub-county until the group enrollment target of 200 was
reached. The entire sub-county was notified of the study through
sensitization meetings with district leaders, home visits to inform
parents and the girls, and announcements and leaflets, which acted
as an invitation to all parents of vaccinated girls. However, if recruit-
ment to a group was completed from only one sub-county (as was
expected for the three-dose group), then subsequent invitations for
study participation were made to parents/guardians of girls from
the other study groups, i.e., those who had received only one or two
doses.

Interested parents attended an informational meeting for the
study, where the objectives and procedures were explained, and
if willing, written consent was obtained from both the par-
ent/guardian and the participant. Eligibility included age less than
18 years, received at least one dose of bivalent vaccine during the
time period of the demonstration program, in good health and
afebrile, and able to comply with the study procedures during the
study. Fig. 1 outlines the sampling frame. Data collected included
verification of vaccine doses received, dates of vaccination, demo-
graphics, height, weight, arm circumference, age at menarche, and
mosquito net use (as a proxy for possible malaria exposure). All sub-
jects were recruited, consented and had blood drawn within one to
four days in a single location before moving to the next location
in the district. All subjects exited the study once the blood draw
procedures were completed.

2.2. Study procedures

Consented participants provided approximately 10 mL  of blood
at a central location (either the local health facility or school),
which was centrifuged and serum aliquotted to three vials on site,
then stored in cryo-containers at −70 ◦C according to standard
procedures. Samples were sent to the HPV Immunology Labora-
tory of the National Cancer Institute (Fredrick, Maryland, USA) and
tested by enzyme-linked immunosorbent assay (ELISA) for HPV16
and HPV18 antibody concentrations. Antibody levels, expressed as
ELISA units (EU)/mL, were calculated by interpolation of optical
density values from the standard curve by averaging the calcu-
lated concentrations from all dilutions that fell within the working
range of the standard curve. The laboratory-determined seropos-
itivity cutoffs for HPV16 and HPV18 were 8 EU/mL  and 7 EU/mL,
respectively [34,35].

2.3. Data analysis

Geometric mean antibody levels (expressed as GMTs) are
presented. To test non-inferiority of one and two  vaccine doses
relative to three doses, we  calculated the ratios of type-specific
GMTs (1:3 dose and 2:3 dose), with multiplicity-adjusted 97.5%
confidence intervals. We  defined non-inferiority as the lower

bound of the confidence interval of the GMT  ratio greater than 0.50
[18,32,33]. Positivity at the laboratory’s suggested cutoff (defined
above) was  used to dichotomize results. We  report GMT  ratios and
absolute GMTs by vaccine dose received. While thus far no immune
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Fig. 1. Study flow, bivalent HPV vaccine immu

orrelate of protection has been identified for HPV vaccine, we
easoned that because of the near complete vaccine efficacy
bserved in adult women who received all three doses [7,8], the
inimum antibody levels among the three-dose group could serve

s an immunogenicity benchmark. Antibody levels among girls
n our study who received one or two doses of HPV vaccine were
ompared with the lowest antibody level measured among girls
ho received three doses (160 EU/mL for HPV16 and 18 EU/mL for
PV18). The percent of participants in each dosing group in our

tudy whose titers were above these levels was  calculated.
We conducted an exploratory analysis to compare GMTs for

dolescent girls who received one or two doses of HPV vaccine to
atural infection-induced HPV16 and HPV18 antibody levels mea-
ured among young women who participated in a bivalent HPV
accine trial in Costa Rica (CVT), and those who  received fewer
han three doses in the CVT [21,34]. Briefly, in this trial women
8–25 years were randomized to receive either bivalent HPV16/18
r hepatitis A vaccine at the recommended 0, 1, 6 month schedule
nd were followed for four years. While women were randomized
o get three vaccine doses, 20% of women in both arms received
ewer than three doses, mainly due to pregnancies and colposcopic
eferral [21]. We  compared HPV16/18 antibody responses of the
gandan girls to post hoc analysis of sera from CVT participants
ho received one, two, or three vaccine doses. The same ELISA

ssay performed by the same laboratory was used to evaluate the
ntibody responses.

All statistical analyses were performed in Stata SE, version 11
Stata Corp., College Station, TX, USA).
.4. Ethics

This study was approved by ethics committees in the United
tates and Uganda: PATH Research Ethics Committee, Seattle, WA,
nicity among young adolescent girls, Uganda.

USA; National Cancer Institute, Special Studies Institutional Review
Board, Rockville, MD,  USA; the Uganda Virus Research Institute,
Science and Ethics Committee, Entebbe, Uganda; and the Uganda
National Council of Science and Technology, Kampala, Uganda.

3. Results

Registries for two  rounds of vaccinations indicated that in Naka-
songola District there were 5120 girls vaccinated from October
1, 2008 through October 31, 2009: 291 girls who had received
one dose, 1044 who had received two doses, and 3785 girls had
received all three doses of bivalent HPV vaccine. Fifty-three girls
were excluded from study eligibility as their third dose of vaccine
was received after October 31, 2009. All girls in all nine sub-counties
who had received one or two doses of HPV vaccine were invited to
participate, but only girls from two sub-counties who had received
all three doses were invited, as the recruitment goal had been
reached within the first few days of study enrollment (Fig. 1).
There were 150 girls who  received two  doses of HPV vaccine who
consented for the study of which 145 completed all study proce-
dures and were included in our analysis. For girls who received
only one dose of HPV vaccine, 40 consented, 39 completed the
study procedures, and 36 were included in our analysis. We  did
not achieve the recruitment totals for the one-dose and two-dose
groups because new information from the parents indicated that
some girls identified on the vaccine registry as partially vaccinated
were subsequently tracked by health workers and given missed
doses. Even though the vaccination history was  not updated on the

vaccine register, vaccination cards in the possession of the parents
clearly indicated missed doses were received and this information
was taken as the “gold standard” in determining final vaccination
status.
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Table  1
Participant demographics.

Girls who received
3  doses (n = 195)

Girls who received
2 doses (n = 145)

Girls who received
1  dose (n = 36)

Mean age at vaccination (years) (range) 10.8 (10–11) 10.6 (10–11) 11.0 (11–11)
Mean  follow-up time from first dose received to blood

draw (months) (range)
38 (29–43) 41 (30–49) 40 (29–48)

Mean  follow-up time from last dose received to blood
draw (months) (range)

38 (29–43) 39 (29–49) 33 (17–48)

Body  mass index
10.3–29.3) 18.6 (14.0–28.5) 18.1 (13.7–27.2)
16.2–19.5) 18.3 (16.8–19.8) 17.8 (16.4–20.4)

8 (5.5%) 0
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Fig. 2. HPV16 antibody titers box plot at time of immunogenicity measurement
Mean (range) 17.8 (
Median  (Interquartile range) 17.6 (
Menarche before vaccination (number of girls) 0 

The mean age at vaccination was 10 years for all three groups
Table 1). The mean follow-up time between first dose of vaccine
nd time of blood collection for antibody measurement varied by
tudy group—38 months for the one-dose, 41 months for the two-
ose, and 40 months for the three-dose group—due to recruitment
rom two vaccination rounds where round 1 started October 1,
008, and round 2 began April 1, 2009. The mean follow-up time
etween the last dose of vaccine and time of immunogenicity mea-
urement also varied by study group—38 months for the one-dose
roup, 39 months for the two-dose group, and 33 months for the
hree-dose group—due to the longer follow-up time for those with
ewer doses and those who received vaccine during round 1 (start-
ng October 1, 2008). Body mass index (BMI), arm circumference,

enarche, and mosquito net use were similar across the study
roups. Almost all participants were vaccinated before menarche
100% of the one- and three-dose and 95% of the two-dose group).

Among girls who received three doses of vaccine, 89% (n = 159)
eceived their 2nd and 3rd doses within pre-specified dosing win-
ows. Although not powered to detect differences in antibody

evels between girls receiving all three doses within the dosing
indow and those with more extended time between doses, HPV16

ntibody and HPV 18 antibody levels trended toward slightly higher
alues amongst the latter (data not shown). Among girls who
eceived only two doses of vaccine, 75% (n = 106) received the sec-
nd dose within the pre-specified dosing window; 5% received the
econd dose earlier; and 20% received the second dose >90 days
fter dose 1. No statistical differences in antibody levels for HPV16
nd HPV 18 were found between these dosing groups in post hoc
nalysis.

Nearly all subjects (99.25%) seroconverted.1 HPV16 and HPV18
ntibody levels for each group at each study visit are shown in
able 2 and Fig. 2. Antibody GMTs were 230 EU/mL for HPV16 and
7 EU/mL for HPV18 for the one-dose group, 808 EU/mL for HPV16
nd 270 EU/mL for HPV18 for the two-dose group, and 1607 EU/mL
or HPV16 and 296 EU/mL for HPV18 for the three-dose group. The
MT  ratio between girls who received two doses and three doses
as 0.50 (HPV16) and 0.68 (HPV18) and did not meet our pre-
efined criteria for non-inferiority (Table 2). The same threshold
or non-inferiority between those who received one dose and those
ho received three was also not met. However, approximately

0% (HPV16) and 86% (HPV18) of one-dose vaccines had antibody
evels above the minimum levels observed among the three-dose
accines (Table 2). For two-dose recipients, 86% (HPV16) and 98%
HPV18) had HPV16/18 levels that were above the minimum levels

bserved among the three-dose vaccines. HPV16 and HPV18 anti-
ody levels among girls who had received two doses and those who
eceived three doses did not differ by age, length of time between

1 One participant in the three-dose group was seronegative for both HPV16 and
PV18; one individual in the two-dose group was seronegative for both HPV16 and
PV18; and two participants in the two-dose group were seronegative for either
PV16 or HPV18. One individual in the one-dose group was seronegative for HPV18.
among young adolescent girls who received two or three doses of vaccine, Uganda.
Levels among seropositives only. Dashed lines are assay seropositivity cutoff levels
(8  EU/mL for HPV16 and 7 EU/mL for HPV18).

first dose of vaccine and immunogenicity measurement, BMI, or
onset of menarche (data not shown).

HPV16 and HPV18 antibody levels for each of our study groups
were slightly higher (but not statistically significantly) compared
to those of adult participants in the Costa Rica HPV16/18 Vaccine
Trial (CVT) with the same number of doses measured 36 months
after first dose (Fig. 3), among whom vaccine efficacy for one and
two doses has been demonstrated [21]. Both HPV16 and HPV18
antibody levels in our study from all groups were higher than those
found in natural history studies of HPV infection that demonstrated
immune protection from subsequent infection (Fig. 3) [19,21,35].
4. Discussion

We  measured the immune response to bivalent HPV vaccine
more than three years after vaccination among African adolescent
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Table  2
HPV16- and HPV18-specific antibody geometric mean titers and antibody ratios of GMTs (1:3 doses and 2:3 doses), young adolescent females, Uganda.

No. of doses N GMTs (95% CI) Ratio (97.5% CI) n (%) above lowest antibody levels
of girls who received 3 doses

HPV16
1 36 229.86 (139.27–379.38) 0.14 (0.09–0.23) 22 (61.11)
2  145 808.38 (631.86–1034.22) 0.50 (0.37–0.69) 125 (86.21)
3  195 1607.92 (1381.78–1871.07) Referent 194 (100.00)a

HPV18
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1 36 86.87 (54.98–137.23) 

2  145 270.21 (213.15–342.55)
3  195 395.51 (331.15–472.37) 

irls who received less than three doses. Even though we did not
eet the pre-defined threshold for non-inferiority, our findings are

imilar to previous studies of immunogenicity in the context of two
oses of bivalent HPV vaccine [14,16] (Table 3). We  also observed
hat HPV16 antibody levels among African adolescent girls who
eceived two doses of bivalent HPV vaccine were higher than those
easured among adult women who received two  doses of the same

accine (808 EU/mL [632–1034] vs. 519 EU/mL [452–594]) [21] and
or whom efficacy has been demonstrated [20]. While surrogate

arkers of immune protection or minimal levels required for pro-
ection have not been established yet, given that antibody levels
mong our study population were similar to those of CVT partici-
ants where vaccine efficacy was demonstrated for two- and even
ne-dose group, we may  expect protection in this population as
ell.

Our finding among the three-dose recipients is also encourag-
ng and indicates that vaccine induced immune responses among
hese participants is robust and comparable to other settings
14–16] (Table 3). While absolute levels may  not be directly com-
arable due to use of different laboratories and reagents, there
emained a similarity of patterns of immunogenicity. Schwarz
t al. reported immunogenicity at 48 months after the first dose
mong adolescents who received three doses of bivalent HPV vac-
ine: HPV16 antibody GMTs of 2375 EU/mL, and HPV18 antibody
MTs of 797 EU/mL [15]. Sow et al. investigated the safety and

mmunogenicity of bivalent HPV vaccine given to 10- to 25-year-
ld females in Senegal and Tanzania participating in a randomized
rial and found antibody concentrations at months 7 and 12
when peak levels are expected) were higher (HPV16 GMT  range:

276–4909 EU/mL) [36] than in our study which measured levels
t least 24 months after last dose, when levels have declined and
re in the plateau phase [7,11,14,15,37] (Table 3).

ig. 3. HPV16 and HPV18 specific antibody geometric mean titers by number of doses rec
nd  women  aged 18–25 years in Costa Rica (≥24 months after first dose). Dashed lines a
ere  shown to confer immune protection from future infections (60 EU/mL for HPV16 an
0.22 (0.13–0.37) 31 (86.11)
0.68 (0.49–0.95) 143 (98.62)
Referent 194 (100.00)a

HPV16 antibody levels at >24 months after the dose among girls
receiving one dose in this study were nearly double (230 EU/mL
[139–379]) than those from adult women  who  received one dose
in the CVT (124 EU/mL [92–168]) measured at a similar time point;
levels of HPV18 antibody concentrations were slightly higher,
though not to the same degree (87 EU/mL [55–137] vs. 69 EU/mL
[52–90]) [21]. All GMTs reported among girls who only received
one dose of vaccine in our study were higher than levels shown to
confer partial protection in natural history studies [19]. Safaeian
and colleagues found HPV16 GMTs at 60 EU/mL and HPV18 GMTs
at 28 EU/mL were partially protective against future infections in
women previously infected [19]. Even though an immune correlate
of protection for bivalent HPV vaccine has yet to be determined,
if the antibody concentration levels measured in this study hold
steady over the long term, girls who received as few as one dose
of bivalent HPV vaccine in this pilot program in Uganda may  still
receive the protective benefits of the vaccine. Further follow-up of
these girls is warranted in the coming years, especially as they are
entering an age when sexual exposure to HPV will be greatest [38].

In addition to the clinical benefit that partially vaccinated ado-
lescent girls may  receive, there is a larger programmatic context
to consider should fewer than three doses of HPV vaccine be con-
sidered sufficient. As noted previously, even in well-resourced
national HPV vaccination programs implemented in high-income
countries, such as Australia, the United Kingdom, and the United
States, there are significant challenges to ensuring that girls who
initiate HPV vaccination complete the three dose series [22,29].
Barriers include loss to follow-up, absenteeism in school (for pro-
grams utilizing schools as a vaccination venue), misinformation on

the need for all three doses, and clinicians’ reluctance to encour-
age vaccination [22–25,27–30]. These challenges are magnified
in developing countries with fewer human resources and less

eived among girls aged 10–12 years in Uganda (≥24 months after last vaccine dose)
re levels from naturally infected women in Costa Rica HPV16/18 Vaccine trial that
d 28 EU/mL for HPV18) [34,35].
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Table 3
Studies reporting long-term immunogenicitya of the HPV16/18 AS04-adjuvanted vaccine among adolescent and adult females.

Author (reference) Ages
(years)/Sex

Doses Sched.
(months)

@mo. 2 @mo. 7 @mo. 12/13 @mo. 18 @mo. 24/27 @mo  36 @mo. 48

Reported HPV16 GMTs, EU/mL (95% CI, if known), at month since first dose
LaMontagne (this

issue)
10–17 yo F 1

2
3

0, 1, 6 230 (139–379)
808 (632–1034)
1608 (1382–1871)

Safaeian [21] 18–25 yo F 1
2
3

0, 1, 6 136
433
899

Romanowski [14];
Schwarz [15];
Romanowski
[16]

9–14 yo F 2 0, 6 11,067 (9190–13,328) 1702
(1416–2045)

1595 (1298–1960) 1320 (1084–1607)

Lazcano-Ponce [45] 9–10 yo F 3 0, 6, 60 10,442 (9894–11,020)
After 2 doses

1432
(1357–1510)
@mo.27
After 2
doses

Pedersen [10];
Petaja [11]

10–14 yo F 3 0, 1, 6 17,273
(15,118–19,734)

4074
(3027–5484)

3445 (2581–4599) 2862 (2129–3847)

Rivera  Medina
[12]; Schwarz
[15]

10–14 yo F 3 0, 1, 6 19,882 3226 2375 (2206–2557)

Kim  [13] 10–14 yo F 3 0, 1, 6 19,620
(17,189–22,395)

Schmeink[17] 9–15 yo F 3 0, 1, 6 21,713
Sow  [36] 10–14 yo F 3 0, 1, 6 18,423

(16,185–20,970)
4010
(3276–4909)

Garcia-Sicilia [46] 10–18 yo F 3 0, 1, 6 18,965
(16,849–21,347)

Wheeler [47] 11–18 yo F 3 0, 1, 6 Range: 21,235–22,813 Range:
8020–10,292

Pedersen [10];
Petaja [11]

15–25 yo F 3 0, 1, 6 7293 (6624–8030) 1426
(1207–1686)

1372 (1163–1619) 1186 (1007–1397)

Romanowski [14];
Schwarz [15];
Romanowski
[16]

15–25 yo F 3 0, 1, 6 10,332 (8329–12,792) 1865
(1505–2311)

1592 (1283–1976) 1420 (1134–1777)

Esposito  [48] 15–25 yo F 3
3

0, 1, 6
0, 1, 12

3117
3195

10,312 11,885
@mo.13

Lazcano-Ponce [45] 18–25 yo F 3 0, 1, 6 6991 (6333–7717) 1035
(953–1125)
@mo.27

Konno  [37] 20–25 yo F 3 0, 1, 6 8033 (a) 2899 (a) 1522 (b)

Reported  HPV18 GMTs, EU/mL (95% CI, if known), at month since first dose
LaMontagne (this

issue)
10–17/F 1

2
3

0, 1, 6 87 (55–137)
270 (213–343)
396 (331–472)

Safaeian [21] 18–25/F 1
2
3

0, 1, 6 69
245
389

Romanowski [14];
Schwarz [15];
Romanowski
[16]

9–14/F 2 0, 6 5510 (4646–6535) 702
(563–876)

689 (530–896) 543 (427–691)
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Lazcano-Ponce [45] 9–10/F 3 0, 6, 60 5837 (5517–6175)
After 2 doses

619
(583–657)
@mo.27
After 2
doses

Pedersen [10];
Petaja [11]

10–14/F 3 0, 1, 6 6864 (5976–7883) 1412
(1079–1850)

1188 (887–1591) 941 (715–1238)

Rivera  Medina
[12]; Schwarz
[15]

10–14/F 3 0, 1, 6 8262 1263 865 (797–938)

Kim  [13] 10–14/F 3 0, 1, 6 9895 (8674–11,287)
Schmeink[17] 9–15/F 3 0, 1, 6 8839
Sow [36] 10–14/F 3 0, 1, 6 6487 (5590–7529) 1403

(1141–1727)
Garcia-Sicilia [46] 10–18/F 3 0, 1, 6 6902 (6061–7861)
Wheeler [47] 11–18/F 3 0, 1, 6 Range: 7075–8316 Range:

2395–3272
Pedersen [10];

Petaja [11]
15–25/F 3 0, 1, 6 3319 (3023–3644) 616

(515–738)
575 (481–689) 470 (395–559)

Romanowski [14];
Schwarz [15];
Romanowski
[16]

15–25/F 3 0, 1, 6 4262 (3572–5084) 728
(588–900)

712 (560–906) 605 (476–768)

Esposito  [48] 15–25/F 3
3

0, 1, 6
0, 1, 12

2271
2338

3964 4501
@mo.13

Lazcano-Ponce [45] 18–25/F 3 0, 1, 6 3483 (3164–3834) 438
(395–485)
@mo.27

Konno  [37] 20–25/F 3 0, 1, 6 4076 (a) 1352 (a) 627 (b)

a Absolute levels for GMTs measured in EU/mL between studies may  not be directly comparable due to use of different laboratories, procedures, source of reagents, and time of specimen processing. Information provided as
reference only.
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rogram funding to track populations for subsequent doses, espe-
ially in rural areas where the majority of the population may
till reside [23,24,27,28,30]. If two doses of HPV vaccine were
nough then these challenges could be reduced and the financial
esources required for delivery of three doses [31] could be repro-
rammed to meet additional health needs. A two-dose schedule
ay  also facilitate easier integration of HPV vaccine with other

ervices, such as twice-yearly deworming programs, thereby fur-
her reducing health-worker burden for vaccine delivery [23]. The
overnments of Chile [39] and Quebec, Canada [40] have already
ade the decision to recommend two doses of HPV vaccine in their

rogram, and the government of South African recently launched
heir nationwide HPV vaccination program for young girls using

 two-dose schedule of 0, 6 months [41]. Additional results from
hase 4 follow-up studies linking efficacy endpoints with receipt
f fewer doses of HPV vaccine [42] will provide further evidence
s to whether two doses of HPV vaccine is sufficient for long-term
rotection. Recent approval by the European Medicines Agency for

 two-dose vaccine regimen for the both the bivalent and quadri-
alent HPV vaccine for 9–14 year old girls [43] contributed to the
vidence base used by the Strategic Advisory Group of Experts on
mmunization (SAGE) to make a global recommendation to the

orld Health Organization for two-doses, provided girls start the
eries prior to their 15th birthday [44].

While the results of our study of immunogenicity among par-
ially vaccinated adolescent girls in Uganda is thought-provoking
nd provides further empirical data to inform the debate on fewer
han three-dose HPV vaccination schedules, it is important to note

 few limitations. First, this was not a randomized controlled trial
f the efficacy of one-dose and two-dose HPV vaccination com-
ared to three doses. As such, inferences of efficacy for fewer than
hree doses cannot be made. Second, we did not achieve an opti-

al  sample size, especially among those who received only one
ose of bivalent HPV vaccine, to test with sufficient power our pri-
ary hypothesis of non-inferiority. However, despite this, GMTs

mong adolescents who received only one dose measured nearly
hree years after vaccination were still higher than women who
eceived one dose of HPV vaccine for which no breakthrough cases
ave been detected four years after vaccination [20,21]. Additional

arger studies of girls who were partially vaccinated are warranted
o both confirm the initial findings of our study and independently
alidate GMT  levels three years after vaccination. Third, our study
as on the bivalent HPV vaccine and results may  not be inferred

o the quadrivalent HPV vaccine. Further, we used the same ELISA
nd calibrated standards to measure immunogenicity as that used
n the bivalent HPV vaccine trial among adult women  in the CVT
19–21,34]. Thus, in principle our results can be compared with
tudies using ELISAs with data reported based on GlaxoSmithK-
ine EU/mL standards; however, inter-laboratory differences could
ffect results. We also note that our study was among gener-
lly healthy African adolescent girls, but we have not investigated
f there are differences among those HIV-positive or otherwise
mmunosuppressed, as well as other potential differences between
irls in this study and those who were vaccinated in the original
emonstration program. Lastly, the implications of immunogenic-

ty levels among girls who received only one dose of HPV vaccine
n our study are speculative and meant to generate discussion for
urther studies. Caution should be taken when interpreting these
esults.

Adolescent girls in Uganda who received fewer than three doses
f bivalent HPV vaccine in a routine vaccination pilot developed a
obust immune response that may  afford protection, despite pre-

enting lower concentrations of antibodies compared to those who
eceived all three doses. If a two-dose regimen is proven sufficient
o adequately protect vaccinated girls from future infections with
accine-type HPV, low-resource settings, like Uganda, may  benefit

[

e 32 (2014) 6303–6311

from cost reductions and increased programmatic feasibility of
vaccine delivery.
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