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Abstract
The objective of this study was to determine the prevalence and some predictors for vaccine

and non-vaccine types of HPV infections among bivalent HPV vaccinated and non-vacci-

nated young women in Uganda. This was a comparative cross sectional study 5.5 years

after a bivalent HPV 16/18 vaccination (Cervarix1, GlaxoSmithKline, Belgium) pilot project

in western Uganda. Cervical swabs were collected between July 2014-August 2014 and

analyzed with a HPV genotyping test, CLART1 HPV2 assay (Genomica, Madrid Spain)

which is based on PCR followed by microarray for determination of genotype. Blood sam-

ples were also tested for HIV and syphilis infections as well as CD4 and CD8 lymphocyte

levels. The age range of the participants was 15–24 years and mean age was 18.6(SD 1.4).

Vaccine-type HPV-16/18 strains were significantly less prevalent among vaccinated

women compared to non-vaccinated women (0.5% vs 5.6%, p 0.006, OR 95% CI 0.08

(0.01–0.64). At type-specific level, significant difference was observed for HPV16 only.

Other STIs (HIV/syphilis) were important risk factors for HPV infections including both vac-

cine types and non-vaccine types. In addition, for non-vaccine HPV types, living in an urban

area, having a low BMI, low CD4 count and having had a high number of life time sexual

partners were also significant risk factors. Our data concurs with the existing literature from

other parts of the world regarding the effectiveness of bivalent HPV-16/18 vaccine in reduc-

ing the prevalence of HPV infections particularly vaccine HPV- 16/18 strains among vacci-

nated women. This study reinforces the recommendation to vaccinate young girls before
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sexual debut and integrate other STI particularly HIV and syphilis interventions into HPV

vaccination packages.

Introduction
Cervical cancer (CC) is the third commonest cancer among women globally, with an estimated
527,624 new cases and 265,672 deaths in 2012 [1]. Approximately 87% of the CC deaths occur in
low-income countries. In East Africa, CC is the most prevalent cancer and the leading cause of
cancer-related deaths among women [1]. In Uganda a recent data from Kampala Cancer Registry
indicates that the age-standardized incidence for CC rose from a rate of 44.7 per 100,000 women
during the period 1996–2000 to 50.2 per 100,000 women in the period 2006–2010 [2]. Although
the most recent data from Globocan 2012 put Uganda’s age-standardized incidence rate for CC
at 44.4 per 100,000 women in 2012, it remains one of the highest in the world [1].

Persistent infection with sexually transmittable high-risk Human papillomavirus (HPV) is a
necessary cause of cervical cancer [3]. Several mucosal HPV types including HPV 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58 and 59 have been classified as carcinogenic Group 1 or high-risk
(HR) strains because of their association with CC [4–8]. Notably, 70% of cervical cancer cases
were attributable to HPV-16 and18 strains alone [9], making them excellent targets for prophy-
lactic vaccines. Mucosal HPV type 68 was classified as possibly carcinogenic (Group 2A) while
additional mucosal HPV types including HPV 26, 30, 53, 66, 67, 69, 70, 82 and 85 were classi-
fied as probably carcinogenic (Group 2B) based on their phylogenetic relatedness to Group 1
types [5–8]. Other mucosal HPV types including HPV 6 and 11 were classified as low-risk (LR)
because of their association with benign genital warts [10].

Uganda also has a high prevalence of HPV infections among women with normal cervix as
well as invasive cervical cancer [11–12]. More so, among young women<25 years, HPV geno-
prevalence range 39.8%–74.6% compared to women aged> 25 years in Uganda [13–14] mak-
ing young women<25 years the appropriate age group to target with interventions aimed at
primary prevention of cervical cancer through prophylactic HPV vaccines. Pre-HPV vaccine
introduction studies in Uganda [14, 15–16] summarized in Table 1 below shows that HPV
genotypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68/73, 6, 11, 34, 40, 40, 42, 43, 44, 53, 54,
66, 70 and 74 were prevalent and also the persistent genotypes in cervical cancer trajectory
from young women aged<25 years, young primiparious women aged<25 years, middle age
women (average age of 41 years) with normal cervical cytology and old women (average age of
44 years) with invasive cervical cancer (ICC).

To address that, the Bivalent HPV16/18 ASO4-adjuvanted vaccine (Cervarix1, GlaxoS-
mithKline Biologicals, Belgium) was introduced in Uganda in 2008 for young girls as a primary
prevention strategy for cervical cancer. In 2008 alone, over 3000 young girls aged 10–18 years
who were in primary school grade 5 (P5) were given the Bivalent HPV16/18 vaccine as per the
recommended schedule of 0, 1 and 6 months and a dose 3 vaccination coverage of over 95%
was achieved [17]. In order to be able to follow up and determine the impact of HPV immuni-
zation, HPV vaccination registers were set up in Uganda as part of the HPV vaccination pro-
gramme. The key variables in the register were the name, date of birth, address, parents name,
dates and doses of HPV vaccine received by the girls. This was in addition to the school regis-
ters of all girls including the non-vaccinated girls.

Bivalent HPV immunization has been shown to reduce the genoprevalence of HPV types 16
and 18 in the vaccine trials [18–21] and post immunization surveillance studies in Germany,
Scotland and England [22–24] have confirmed this. To our knowledge, such assessments of the
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bivalent HPV-16/18 (Cervarix1) vaccination impact in terms of impact on the HPV genopre-
valence among young women soon after sexual debut has not yet been conducted in any devel-
oping country in Africa. And yet it is important to also conduct it among young women in
developing countries in Africa such as Uganda because of the prevalent other sexually trans-
mitted infections (STIs) such as HIV and syphilis which have the potential to undermine the
protective effects of the HPV vaccination.

We therefore aimed to compare the unvaccinated and vaccinated 15–24 year old women 5.5
years after the bivalent HPV16/18 vaccination (Cervarix1, GlaxoSmithKline, Belgium) pilot
project regarding the genoprevalence and predictors for vaccine and non-vaccine types of HPV
infections to provide information on the early impact of bivalent HPV vaccination in Uganda.
The findings can inform decisions on groups of girls that should be the primary target for HPV
vaccination and catch up or supplementary vaccination campaigns.

Table 1. Prevalence of HPV genotypes among various categories of Ugandan women in pre-HPV vaccine introduction period 2008–2011.

HPV
genotypes

Young aged <25 year old
women (n = 1275) from
Banura et al 2010 study %

Young aged <25 year old
primiparous women (n = 987)
from Banura et al 2010 study %

Middle aged 41 year old women
with normal cervical cytology
(n = 309) from Odida et al 2011
study %

Old aged 44 year old women
with invasive cervical cancer
(n = 239) from Odida et al 2011
study %

High risk
genotypes

16 11.1 8.4 3.2 34.9

18 12.4 5.8 2.6 13.5

31 6.3 5.1 1.0 0.7

33 10.8 5.0 1.6 1.4

35 5.8 5.3 2.3 3.5

39 4.7 3.9 0.3 1.0

45 2.9 3.3 0 6.2

51 14.2 8.7 2.6 0.7

52 12.9 12.1 4.2 2.1

56 8.4 5.5 1.3 0.7

58 2.1 4.0 1.0 0.7

59 2.1 1.7 0.6 0.3

68/73 5.3 5.8 2.3 2.1

Low risk
genotypes

6 19.5 5.5 7.8 1.7

11 14.5 3.2 1.0 0.3

34 0 0.5 0.6 0

40 4.5 1.6 0.3 0

42 0.5 0.2 0.3 0

43 5.0 1.4 0 0.3

44 1.6 1.6 1.3 0

53 3.2 2.7 1.3 0

54 2.4 2.5 1.0 0.3

66 5.3 6.5 1.6 0

70 2.9 2.5 1.0 0.3

74 0.5 1.2 1.3 0.7

% is percent. HPV prevalence summarized in the Table 1 above are based on Banura et al 2010 [15] and Odida et al 2011 [14] pre-vaccine introduction

studies among Ugandan women.

doi:10.1371/journal.pone.0160099.t001
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Materials and Methods

Research Ethics Statement
The ethical approval (number SBS HDREEC-131) for the study was obtained from the Institu-
tional Review Board (IRB) of School of Biomedical Sciences, Makerere University College of
Health Sciences, Uganda. The same IRB provided approval for the consent procedure
employed for participants under the age of 18 years. Additional research clearance was
obtained from Uganda National Council for Science and Technology (UNCST). Informed con-
sents were obtained from each participant aged 18 years and above. For participants below the
age of 18 years, assent was obtained from them plus a proxy informed consent from their
Teachers because they were self- supporting in boarding schools, not living with their parents
at home. These put them in the category of emancipated minors who should be given prompt
opportunity to benefit from the medical tests and treatment provided as part of the research.
The participants were provided transportation to and from the health facility for sample collec-
tion. At the health facility, participants were served a soft drink and were provided the opportu-
nity to receive healthcare services for free.

Study Design and area
This was a comparative cross sectional study [25] conducted in Ibanda district, Uganda. Ibanda
district is situated in rural southwestern Uganda. The district was selected for the study because
it was one of the first districts in Uganda where pilot bivalent HPV-16/18 vaccination of young
girls was implemented in 2008 through 2009.

Study Population
The study population was women aged 15–24 years which comprised of bivalent HPV-16/18
vaccinated and non-vaccinated groups of girls. The vaccinated group was selected strictly from
the 2008 cohort of bivalent HPV-16/18 vaccination. The total population eligible for the study
was 3,459 girls vaccinated in 2008. At the time of vaccination in 2008, the average age of the
vaccinated girls was 13 years and range was 9–18 years [17]. Girls were included in the vacci-
nated group of the study if they were sexually active and by 2008 were in primary school class
five (P5) in Ibanda district. They should in addition be fully vaccinated with 3 doses of Bivalent
HPV16/18 vaccine (vaccinated group). For the unvaccinated group of the study, girls were
included if they were sexually active and by 2008 were in primary school class six (P6) and pri-
mary school class seven (P7) in Ibanda district but were not vaccinated with Bivalent HPV16/
18 vaccine (non-vaccinated group). HPV partially vaccinated girls were excluded from the
study because they were very few as the HPV vaccination coverage in the area in 2008 was
above 95% [17]. Sexually naïve women from both the vaccinated and unvaccinated groups
were excluded from the study because by being sexually naïve they stand no chance of acquir-
ing any sexually transmissible cervical HPV infection and are therefore not eligible members of
young women population at risk of sexually acquired cervical HPV infections on which infer-
ences from the study are drawn. Apart from the above sexual activity criterion, there were no
other exclusion criteria by vaccination groups.

Sample Size Calculation
The sample size was determined by power analysis calculation [26]. The calculation for sample
size for comparing proportions which makes use of the Normal approximation to the Binomial
distribution was used because the primary outcome variable was categorical (i.e. HPV infection
status). The genoprevalence of vaccine HPV-16 or 18 infections in the non-vaccinated groups
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of girls was assumed to be 10.7% based on a previous study conducted in Uganda [13]. The
genoprevalence of vaccine HPV 18 or 16 infections in the vaccinated group that would repre-
sent an important improvement was assumed to be 1%. The proportions compared were thus
0.107 and 0.01. A sample size of 376 was required at a power of 85% and 5% significance level.
This was adjusted to 492 participants (i.e. 241vaccinated and another 241 non-vaccinated girls)
to cater for potential loss to follow up.

Participant’s recruitment and sampling
From July 2014 –August 2014, we performed a multi-stage sampling procedure to select the
study participants and collect data. We first developed a total list of senior secondary schools
where the 2008 cohort of vaccinated girls and their non-vaccinated counterparts were expected
to be studying at the time of the study. All the schools were visited by the research team and
girls in senior secondary three (S3) to senior secondary six (S6) classes were approached,
informed about the study, consented and screened for eligibility. The eligible girls were given
appointment to visit a designated clinic at a health facility within the locality for sample collec-
tion. On the clinic appointment day, vehicles were sent to transport the girls to and from the
health facility in company of their teachers. Fig 1 is the flow chart of the participants within the
study.

Fig 1. Participants flow and procedures in the study. n is the number of participants; CD4 is CD4+ T cells
and TPHA is Treponema pallidumHemagglutination assay, the test for syphilis.

doi:10.1371/journal.pone.0160099.g001
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Sample collection
At the health facility, samples and data were collected from consecutive girls reaching the clinic
until the required sample size was reached. The procedures performed at the clinic included re-
screening for eligibility, assignment to study group using the 2008 HPV vaccination register.

Demographic characteristic and sexual history
An interviewer-administered questionnaire was used to obtain data about the participant’s age,
address, education level, age at sexual debut, number of sexual partners in the past 3 months,
number of sexual partners in the past 1 year, number of sexual partners in a lifetime and con-
dom use level.

Weight and height
Weight was measured using a standard weight scale. Height was also measured using a stan-
dard height scale. BMI was calculated using the formula Kg/m2. The resultant BMI was catego-
rized into underweight (BMI<18.5), normal weight (BMI 18.5–24.9), overweight (BMI 25.0–
30.0) and obese (BMI>30.0) according to WHO criteria [27]. The personnel conducting
weight and height measurements were experienced nurses who had been trained and were
supervised during the entire procedure by the first author.

Blood sampling
Venous whole blood samples were drawn from the cubical vein of each participant using 8 mL
heparinized or EDTA vacutainer tubes. The blood draws were performed by 2 experienced lab-
oratory technicians.

HIV testing
HIV-1/2 testing was performed using HIV-1/2 Rapid Diagnostic Tests (RDTs) in accordance
with Uganda national algorithm, which is based on WHO recommendations [28]. The testing
began with Alere Determine1HIV-1/2 RDT (Alere Medical Co. Ltd US). If the sample was
not reactive, it was considered HIV-negative. Otherwise, the Statpak HIV-1/2 RDT (Chembio
Diagnostics Syst US) was used to confirm HIV positivity. In case of disagreement between the
2 tests, a tie-breaker test, the Uni-Gold™ Recombigen1HIV-1/2 RDT (Trinity Biotech PLC
US), was used. For quality assurance purpose, all HIV-positive results were subsequently con-
firmed by EIA (Architect HIV ab/ag Combo, Abbott Laboratories, Abbot Park, IL, USA) at
Örebro University Hospital, Sweden. HIV positive cases were linked to the Antiretroviral Ther-
apy (ART) clinic available at the health facility where the HIV tests were performed.

CD4 count
Measurement of CD4 lymphocyte counts was carried out using BD FacsCount1 (Immunocy-
tometry Systems; Becton Dickinson, Franklin Lakes, NJ, USA) at the Kiwoko Health Centre IV
laboratory, Ibanda Uganda. The laboratory is designated clinical laboratory for Ibanda district
and follows national standards for quality control. The BD FacsCount1 protocol used for
CD4 estimation is internationally acceptable, robust and known to have a low average coeffi-
cient of variation [29]. Total lymphocyte count (TLC) and haemoglobin (Hb) were determined
by automated blood analyser (ABX micros 60; ABX Diagnostics, Montpellier, France). For
TLC, a cut-off of 1200 cells/μl was used, as this is recommended as a substitute for CD4 counts
when the latter is unavailable and HIV-related symptoms exist [29].
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Syphilis testing
Part of the venous blood collected for HIV testing and CD4 estimation was used for the Syphi-
lis testing. Serum obtained from the venous blood at the study site was kept and transported in
liquid nitrogen to Immunology Laboratory at Makerere University College of Health Sciences
where it was immediately transferred to minus 80°C freezer until testing. The liquid nitrogen
tanks ensured cold chain for samples during transportation from fieldwork site to the Labora-
tory. All the Syphilis tests were performed by an independent Laboratory Technologist (co-
author WM) at Immunology Laboratory of Makerere University College of Health Sciences,
Kampala, Uganda who was not part of the blood draw team. The Syphilis tests were performed
using a commercially available kit SYPHILIS TPHA liquid test (Human Gesellschaft for Bio-
chemica and Diagnostic MBH, Wiesbaden, Germany). The tests were performed according to
the manufacturer’s protocol. The TPHA test is an indirect hemagglutination test for the deter-
mination of antibodies specific to Treponema pallidum which is a common confirmatory test
in many algorithms for syphilis testing [30].

Cervical swabs
Cervical cells were collected using the CareBrush1 (QIAGEN, Gaithersburg, MD, USA) after
inserting the right-sized speculum into the vagina and focusing the cervix. CareBrush1 is a
cytology sampling device manufactured by QIAGEN, Gaithersburg, MD, USA and was
approved by US Food and Drug Administration (FDA) to be used for cervical sample collec-
tion. After cervical sampling, the brush heads were transferred directly into a vial containing
the alcohol-based preservative careHPV collection medium (CareHPV1 collection medium
DCM; QIAGEN, Gaithersburg, MD, USA), for storage and transportation to the laboratory.
CareBrush1 and CareHPV1 collection medium (DCM) have been used for cervical sampling
and storage in many previous studies in Uganda [31–32].

While in the field, the vial containing the cervical samples were stored and transferred into a
liquid nitrogen tank for shipment to immunology laboratory in Makerere University College of
Health Sciences, Kampala, Uganda. All samples were shipped from the field to the laboratory
every fourth night.

CLART HPV2 testing
Cervical swabs were analyzed with a HPV genotyping test, CLART1 HPV2 (Genomica,
Madrid, Spain) which is based on PCR followed by microarray for determination of genotype.
CLART HPV2 (Genomica, Madrid Spain) is a low-density microarray assay based on PCR
amplification of genotype specific HPV L1 fragments from 35 individual HPV genotypes (6,
11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 61, 62, 66, 68, 70, 71, 72,
73, 81, 82, 83, 84, 85 and 89), with analytical sensitivity calibrated against known copies of
cloned plasmids.

Two hundred and fifty (250) μL of the diluted careHPV sample was spun down (15 min,
14,000 revolutions per minute), with the supernatant removed and cell pellet re-suspended and
incubated with proteinase K for two hours at 56°C. HPV DNA was purified using QIACube
with the QIAcube mini kit according to instructions by the manufacturer (QIAGEN).

Five (5) μl of purified DNA were used for the PCR amplification and 50 μl PCR-reactions
were run on PCR-equipment EppendorfMastercycler ep gradient S (Eppendorg AG, Hamburg,
Germany). Each reaction contained 45 μl reaction mix (Genomica, Madrid Spain), 0.75 mM
MgCl (Thermo Fisher Scientific, Waltham, USA) together with sample DNA. PCR-program
included an initial denaturation step at 95° for 5 minutes followed by 40 cycles of 95° at 30 sec-
onds, 55° for 60 seconds and 72° for 90 seconds. PCR-program ended with a 4° step for 8
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minutes. Visualization was performed on the CLART microarray, using 5 μl of the denatured
PCR products. Hybridization between the amplicons and their specific probes on CLART
results in formation of an insoluble precipitate of peroxidase when adding a Streptavidin conju-
gate that bind to the biotin-labeled PCR products. Precipitate is analyzed on the Clinical Array
Reader (Genomica, Madrid, Spain) with CLART1 Human papillomavirus 2 software. All sam-
ples returning an invalid outcome were retested, and the second result was considered
definitive.

CLART HPV2 assay was chosen for HPV genotyping in this study because it has demon-
strated performance comparable to Hybrid Capture 2 (HC2) in terms of concordance level,
clinical sensitivity and specificity. The agreement between CLART HPV2 and HC2 were both
very good concordance levels in the ranges of 98.6–98.8% respectively [33]. The clinical sensi-
tivity of CLART HPV2 against CIN2+ were in the ranges of 96–96.9% which were comparable
with HC2 with 71.4% sensitivity [24]. The specificity of CLART HPV2 against CIN2+ were in
the ranges of 71.9–73.6% [31]. Similarly, CLART HPV2 has demonstrated performance com-
parable to Linear Array. The agreement between CLART HPV 2 and Linear Array was 88.7%
concordance level [34]. The clinical sensitivity of CLART HPV2 by positive predictive value of
CIN2+ in ASCUS were 67.3% vs 57.1%) [35].

Data analysis
Data from the laboratory tests and questionnaire were coded, entered and analyzed with Statis-
tical Package for Social Sciences (SPSS) version 22.0 for windows. The primary outcome vari-
able for this study was the binary (positive or negative) HPV test result which was further
categorized into any HPV, vaccine HPV-16/18 and non-vaccine HPV strains. The study arms
i.e. HPV-16/18-vaccinated and non-vaccinated groups were compared on categorical variables
using Chi square statistics or Fisher’s exact tests when frequency of occurrence of the event or
status were small, for example<5 [26]. To adjust for factors such as age and age at sexual
debut differences between the study groups that have the potential to impact on HPV preva-
lence, log-binomial regression was performed. On continuous numerical variables, the study
groups were compared using independent samples T-test [26]. Hierarchical logistic regression
[26] were performed after controlling for participant’s age, age at sexual debut and educational
level to identify useful predictors for any HPV, vaccine HPV-16/18 and non-vaccine HPV
strains. The level of statistical significance was set at 0.05, two tailed test and 95% confidence
intervals were computed where necessary.

Results
The number of participants eligible for the study was 488, those with HIV test results were 412,
those with CD4 count results were 410, those with TPHA (syphilis) test results were 418 and
HPV test results were 401 (Fig 1). The age range of the 488 participants eligible for the study
which comprised of 51.6% vaccinated young women was 15–24 years and mean age was 18.5
(standard deviation 1.4). Non-eligibility rate was 63.5% and the major reason for non-eligibility
was sexual inactivity (i.e. virginity).

Characteristics of the study participants
The participants’ age range was 15–24 years. The HPV vaccinated group was significantly
younger and also initiated sexual activity at significantly younger age than their non-vaccinated
counterparts (Table 2). Notably, the differences in age and age at sexual debut between the vac-
cinated and unvaccinated groups were just means of 8 and 7 months respectively. Otherwise,
there were no significant differences between the vaccinated and non-vaccinated groups
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regarding the demographic and sexual behavioral characteristics (Table 2). With exception of
age at sexual debut which was significantly lower among the HPV vaccinated group than the
non-vaccinated group, there were no significant differences between the two groups regarding
sexual behaviors and BMI (Table 2). Similarly, there was no significant difference between the
two groups regarding condom use (39.9% vs 42.0%, p = 0.747).

HPV genoprevalence
Out of the 401 cervical samples tested, there were 135 HPV positive cases giving an HPV geno-
prevalence of 33.7% (95% CI 29.1–38.3). The non-vaccine HPV strains were generally more
prevalent than the vaccine HPV-16/18 strains (32.4% 95% CI 27.8–37.0 vs. 3.0% 95% CI 1.3–
4.7). After adjusting for age and age at sexual debut in log-binomial regression, both models for
any HPV prevalence and vaccine HPV prevalence were not statistical significant improvements
from one without such factors (Omnibus test likelihood ratio chi square 0.534, df 2, p 0.766
and 2.402, df 2, p 0.301 respectively).

Table 3 shows that the most prevalent non-vaccine HPV strains overall were HPV58, 52, 6,
66 and 51. Among the bivalent HPV16/18-vaccinated group, the most prevalent non-vaccine
HPV strains were HPV6, 58, 52, 59 and 51 while among the non-vaccinated group, the most
prevalent strains were HPV58, 52, 66, 83 and 51.

Regardless of the HPV vaccination status, the vaccine HPV-16/18 strains were significantly
more prevalent among young women of advanced secondary education, those who tested posi-
tive for other STIs (HIV and syphilis) and those with CD4 count<500 cells/ μL. As for the

Table 2. Comparison of the HPV vaccinated and non-vaccinated groups by demographic characteristics, STI/HIV status, BMI and sexual
behaviors.

Demographic characteristics Vaccinated group Non-vaccinated group p value

[f (%)] [f (%)]

Age group

15–19 years 217 (86.1) 145 (61.4) <0.001*

20–24 years 35 (13.9) 91 (38.6)

Address

Urban 169 (67.1) 169 (71.6) 0.322

Rural 83 (32.9) 67 (28.4)

Education level

Senior 1–4 class 251 (99.6) 100 (43.1) <0.001*

Senior 5–6 class 1 (0.4) 132 (56.9)

Other STIs (HIV and Syphilis)

Positive 3 (1.4) 9 (4.4) 0.121

Negative 209 (98.6) 196 (95.6)

CD4 count

<500 cells/μL 2 (38.6) 5 (71.4) 0.276

�500 cells/μL 207 (51.4) 196 (48.6)

Mean age in years at sexual debut (SD) 15.6 (2.7) 16.2 (3.1) 0.028*

Mean number of sexual partners past 3 months (SD) 0.56 (0.50) 0.55 (0.60) 0.734

Mean number of sexual partners past 12 months (SD) 0.80 (0.53) 0.84 (0.81) 0.488

Mean number of sexual partners in a lifetime (SD) 1.28 (0.89) 1.24 (0.63) 0.608

Mean body mass index (SD) 22.8 (2.7) 23.0 (3.0) 0.362

f is frequency, % is percentage, STIs is sexually transmitted infections, SD is standard deviation, p value is the level of significance

* Statistically significant p–value.

doi:10.1371/journal.pone.0160099.t002
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Table 3. Prevalence of non-vaccine HPV strains among 15–24 year old bivalent HPV vaccinated and non-vaccinated young women in Uganda by
2014.

All Vaccinated group Non-vaccinated group

(n = 401) (n = 205) (n = 196)

HPV type HPV DNA+ (%) HPV DNA+ (%) HPV DNA+ (%)

CARCINOGENIC GROUP 1 OR HIGH RISK TYPES

HPV16 8 (2.0) 0 8 (4.1)

HPV18 4 (1.0) 1 (0.5) 3 (1.5)

HPV31 7 (1.7) 2 (1.0) 5 (2.6)

HPV33 1 (0.2) 1 (0.5) 0 (0.0)

HPV35 5 (1.2) 1 (0.5) 4 (2.1)

HPV39 5 (1.2) 3 (1.5) 2 (1.0)

HPV45 2 (0.5) 1 (0.5) 1 (0.5)

HPV51 13 (3.2) 5 (2.4) 8 (4.1)

HPV52 19 (4.7) 8 (3.9) 11 (5.6)

HPV56 5 (1.2) 1 (0.5) 4 (2.1)

HPV58 22 (5.2) 8 (3.9) 14 (7.2)

HPV59 12 (3.0) 8 (3.9) 4 (2.1)

PROBABLY CARCINOGENIC (GROUP 2A) TYPES

HPV68 4 (1.0) 1 (0.5) 3 (1.5)

POSSIBLY CARCINOGENIC (GROUP 2B) TYPES

HPV66 14 (3.5) 5 (2.4) 9 (4.6)

HPV26 1 (0.2) 0 (0.0) 1 (0.5)

HPV53 6 (1.5) 4 (1.9) 2 (1.0)

HPV70 8 (2.0) 4 (1.9) 4 (2.1)

HPV82 8 (2.0) 3 (1.5) 5 (2.6)

HPV85 0 (0.0) 0 (0.0) 0 (0.0)

LOWRISK (GROUP 3) TYPES

HPV6 17 (4.2) 12 (5.8) 5 (2.6)

HPV11 5 (1.2) 3 (1.5) 2 (1.0)

HPV40 1 (0.2) 0 (0.0) 1 (0.5)

HPV44 3 (0.7) 1 (0.5) 2 (1.0)

HPV61 8 (2.0) 5 (2.4) 3 (1.5)

HPV62 8 (2.0) 5 (2.4) 3 (1.5)

HPV72 0 (0.0) 0 (0.0) 0 (0.0)

HPV81 4 (1.0) 1 (0.5) 3 (1.5)

HPV83 9 (2.2) 3 (1.5) 6 (3.1)

HPV84 6 (1.5) 2 (1.0) 4 (2.1)

HPV89 1 (0.2) 0 (0.0) 1 (0.5)

NOT CLASSIFIED TYPES

HPV42 2 (0.5) 2 (1.0) 0 (0.0)

HPV43 0 (0.0) 0 (0.0) 0 (0.0)

HPV54 3 (0.7) 2 (1.0) 1 (0.5)

HPV71 1 (0.2) 1 (0.5) 0 (0.0)

HPV73 0 (0.0) 0 (0.0) 0 (0.0)

HPV+ frequency, % percent. HPV type classification is based on IARC (2012) monograph volume 100B [7]. HPV types included are those included in

CLART HPV2 assay and those missing were those that are not part of the CLART HPV2 assay. Not classified types are those HPV genotypes that were not

indicated in IARC2012 monograph volume 100b to belong to neither Group 1 nor Group 2A nor Group 2B nor Group 3.

doi:10.1371/journal.pone.0160099.t003
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non-vaccine HPV strains, the prevalence were significantly higher among young women from
urban address and those who tested positive for other STIs (HIV and syphilis).

HPV genoprevalence by bivalent HPV vaccination status. Generally, the genoprevalence
of vaccine HPV-16/18 strains was significantly lower among the bivalent HPV16/18-vacci-
nated group compared to the non-vaccinated group (p 0.006) (Fig 2). As for non-vaccine HPV
strains, there were no statistically significant difference between the vaccinated and non-vacci-
nated groups regarding the prevalence (p 0.203). After adjusting for age, age at sexual debut
and bivalent HPV vaccination status in log-binomial regression, vaccine HPV prevalence ratio
was statistical significant improvement from one without such factors (Omnibus test likelihood
ratio chi square 16.994, df 3, p 0.001). The test of model effect further showed a statistically sig-
nificant association between bivalent HPV vaccination status and vaccine HPV prevalence
(Wald Chi square 3120.619, df 1, p 0.000). Bivalent HPV vaccination decreased the likelihood
of vaccine HPV infection (B -19.480, 95% CI -20.163 to– 18.796).

Predictors for vaccine and non-vaccine HPV DNA positivity
Having a bivalent HPV vaccination status was a protective factor for vaccine HPV-16/18 type
positivity, while having another STI (HIV/syphilis) was a risk factor (Table 4). The factors
adjusted for in Table 4 were age, age at sexual debut and educational level. As for non-vaccine
HPV type positivity, the risk factors were having an urban address, low BMI, multiple sexual
partners in a lifetime, other STI and low CD4 count (Table 4).

Discussion
Here we report a follow-up study on protective effect of a bivalent HPV16/18 vaccine per-
formed in a group of women aged 15–24 years in Ibanda District, Uganda. The overall 33.7%
HPV genoprevalence found in the current study is much lower than the 74.8% from a previous
study among Ugandan women of the same age bracket [8]. The difference could be because the
current study comprised of 51.6% bivalent HPV vaccinated group while the previous study did

Fig 2. HPV genoprevalence among 15–24 year old non-vaccinated and bivalent HPV vaccinated
young women in Uganda by 2014. The vaccinated group comprised of women who received the bivalent
HPV 16/18 vaccine whereas the non-vaccinated group did not.

doi:10.1371/journal.pone.0160099.g002
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not. However, the HPV genoprevalence in the non-vaccinated group was just above 40%, still
much lower than the genoprevalence found in previous studies among non-vaccinated young
women in Uganda [13, 36].

Our study finding that the genoprevalence of vaccine HPV 16/18 strains combined was sig-
nificantly lower among the vaccinated group compared to the non-vaccinated group concurs
with a number of previous bivalent HPV-16/18 vaccine follow up studies in Germany [21],
Scotland [22] and England [23]. These findings also concur with findings from bivalent HPV-
16/18 vaccine efficacy trials in Costa Rica [17–18] and Finland [19]. The consistency of the cur-
rent study finding with previous bivalent HPV16/18 vaccine follow up and vaccine efficacy
studies from other parts of the world implies that the bivalent HPV16/18 vaccine is protective
against vaccine HPV-16/18 strains in African young women in developing country Uganda
and would be useful for primary prevention of cervical cancer.

Our study findings that the genoprevalence of vaccine HPV-16/18 strains were not signifi-
cantly lower among subgroups of vaccinated girls such as those with other STIs (HIV/syphilis),
CD4 count<500 cells/mm3, abnormal BMI, multiple lifetime sexual partners and non-con-
dom use when compared to their non-vaccinated counterparts is unique. However, such
detailed analysis might be hampered by lack of power in our study. In contrast, the findings
from multivariate analysis of our study revealed that a significant risk factor for vaccine HPV-
16/18 type positivity was other STIs (HIV/syphilis) as opposed to bivalent HPV vaccination
which was a protective factor. As for non-vaccine HPV type positivity, other STI plus women’s
number of sexual partners, underweight (BMI<18.5 kg/m2) and low CD4 count<500 cells/
mm3 were risk factors. The association between other STI, particularly HIV infection, and
HPV positivity observed in our study is consistent previous HPV studies in Uganda [13, 36]
and also consistent with a HPV vaccine follow up study in Germany [26] were they also

Table 4. Predictors for vaccine and non-vaccine HPV infections.

Vaccine HPV-16/18 infections Non-vaccine HPV infections

Predictors AOR (95% CI) p value AOR (95% CI) p value

Bivalent HPV-16/18 vaccination

Vaccinated 0.08 (0.01–0.64) 0.006* 0.79 (0.46–1.34) 0.377

Non-vaccinated Ref.

Address

Urban area 2.23 (0.30–34.18) 0.331 4.45 (2.23–8.85) 0.000*

Rural area Ref.

BMI (kg/m2) 0.93 (0.71–1.21) 0.566 0.85 (0.77–0.94) 0.001*

Number of sex partners past 3 months 3.03 (0.58–15.91) 0.190 1.61 (0.94–2.75) 0.082

Number of sex partners past 12 months 0.72 (0.19–2.76) 0.629 1.22 (0.74–2.01) 0.432

Number of sex partners in a lifetime 0.33 (0.04–3.07) 0.328 1.77 (1.17–2.69) 0.007*

Condom use

Ever used 4.52 (0.86–23.84) 0.075 0.79 (0.46–1.34) 0.377

Never used Ref.

Other STIs (HIV/Syphilis)

Positive 14.21(1.96–102.91) 0.009* 10.83 (2.21–53.08) 0.003*

Negative Ref.

CD4 count 1.00 (1.00–1.00) 0.879 1.00 (1.00–1.00) 0.005*

Factors adjusted for were age; age at sexual debut and educational level; AOR is adjusted Odd Ratio

* statistically significant p-value.

doi:10.1371/journal.pone.0160099.t004
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identified other STIs particularly HIV as a useful predictor of HPV positivity in multivariate
models that factored HPV vaccination status among the potential predictors. As earlier noted,
this finding may also imply that catch up or supplementary HPV vaccination campaigns
should be possibly targeted at the aforementioned subgroups of girls at an increased risk of
HPV infection. The findings though points to the need for simultaneous use and integration of
interventions known to be effective against HIV/syphilis, malnutrition and sexual risk behav-
iors into existing HPV vaccination programme targeted at young girls in countries in Africa
such as Uganda.

The strengths of the current study included inclusion of sexually active young women as
confirmed by verbal interview, inclusion of bivalent HPV fully vaccinated group whose vacci-
nation status was first obtained verbally and then confirmed by HPV vaccination register,
inclusion of a non-vaccinated comparison group that was statistically not any different from
the vaccinated group on key predictors of HPV infections, use of a broad spectrum HPV DNA
genotyping assay (CLART, Genomica, Madrid, Spain) that covers 35 HPV genotypes [30] and
laboratory testing of other sexually transmitted infections (HIV and syphilis). On the other
hand, the use of cross sectional design to compare the Bivalent HPV16/18 vaccinated and non-
vaccinated women regarding HPV prevalence could not allow for rigorous determination of
cause-effect relationship between Bivalent HPV16/18 vaccination and HPV infection. Also, the
lack of anti-HPV antibodies data could not allow for assessment of concordance or discordance
between HPV infection status and anti-HPV antibody levels. Therefore, longitudinal study
designs where e.g. study of participants whose HPV status is known from baseline, and corrob-
oration of anti-HPV antibody data with HPV infection status are recommended for future
studies. Whereas the powering of the study to detect a 10-fold reduction in vaccine HPV 16/18
strains in the vaccinated compared to the unvaccinated group was based on the vaccine efficacy
data from clinical trials [18–21], this has consequently led to under powering of the study for
subgroup analyses and other interesting comparisons e.g. by individual genotype. It should
however be noted that subgroup analyses and comparison by individual genotypes were not
among the primary objectives of the study and therefore caution should be taken in declaring
no difference based on statistical tests of this study.

It can be argued that the fact that the vaccinated group were younger and initiated sexual
activity earlier than the unvaccinated group, they had prolonged exposure and the opportunity
to develop persistent HPV infection. These may make age and age at sexual debut important
confounders to the association between HPV vaccination status and HPV infection. It should
however be noted that the differences in age and age at sexual debut between the vaccinated
and unvaccinated group were means of 8 and 7 months respectively, which were too short a
time for differential HPV exposure nor persistence. A previous prospective cohort study of
Ugandan young women of the same age group (12–24 years) found neither incident HPV
infection nor HPV clearance were associated with age after as long as 18.5 months and 226 per-
son-years of follow up [15]. Nevertheless, to account for age and age at sexual debut difference
between vaccinated and unvaccinated groups and their unlikely impact on HPV acquisition or
clearance, we further adjusted for age and age sexual debut in log-binomial regression for prev-
alence ratio and logistic regression for predictors of HPV infection (Table 4).

Conclusions
We found a significantly lower genoprevalence of vaccine HPV-16/18 strains among the biva-
lent HPV-16/18 vaccinated (Cervarix1) young women compared to their non-vaccinated
counterparts in Uganda 5.5 years after bivalent HPV-16/18 vaccine implementation. Other
STIs (HIV/syphilis) persists to be a risk factor for vaccine HPV-16/18 infection despite bivalent
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HPV vaccination. Our data concurs with the findings of bivalent HPV-16/18 vaccine efficacy
trials and other previous bivalent HPV vaccine follow up studies from other parts of the world.
This study reinforces the recommendation to vaccinate young girls in adolescence before sex-
ual debut and the need to integrate other sexual health services into HPV vaccination pro-
gramme targeted at young girls.
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