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Original article

Possible different genotypes
for human papillomavirus
vaccination in lower middle-
Income countries towards
cervical cancer elimination in
2030: a cross-sectional study

Purpose: Human papillomavirus (HPV) genotype and age distribution of HPV infection were
crucial for the national vaccination and screening program planning. However, there was a
limited study providing these data in the normal cervix population. This study aimed to explore
the HPV genotypes profile of women with clinically normal cervix based on Visual Inspection
of Acetic Acid (VIA) test.

Materials and Methods: A 7-year cross-sectional study was conducted from 2012 to 2018 in
private and public health care centers in Jakarta. Subjects were recruited consecutively. Data
were collected by anamnesis, VIA, and HPV DNA test using the polymerase chain reaction
(PCR; SPF10-DEIA-LiPA25) method. HPV genotyping procedures include DNA extraction, PCR
(SPF10-DEIA-LiPA25) using the HPV XpressMatrix kit (PT KalGen DNA, East Jakarta, Indone-
sia), and hybridization. The IBM SPSS ver. 20.0 (IBM Corp., Armonk, NY, USA) were used to
analyze the data.

Results: A total of 1,397 subjects were collected. Positive HPV-DNA tests were found in 52
subjects (3.7%); 67% were single and 33% were multiple HPV infections. HPV 52 was the most
frequently detected HPV genotype, followed by HPV 39, 16, 18 74, 44, 31, 54, and 66, respective-
ly. The highest HPV infections in this population were in the 31-40 and 41-50 years old group.
Conclusion: This study suggested beneficial screening for women aged 31-50 years old. Instead
of “original” nonavalent (HPV 16, 18, 6, 11, 31, 33, 45, 52, 58), the different “nonavalent” formula
for HPV vaccines protecting against HPV 16, 18, 6, 11, 31, 39, 44, 52, 74 might be useful for Indone-
sian population. However, further multicenter studies with a huge sample size are still needed.

Keywords: Human papillomavirus, Vaccines, Cervix, Papillomavirus, Prevention

Cervical cancer is one of the greatest threats to women'’s well-being, which places a
tremendous financial burden and mental tension on affected individuals and families
and increases national budget consumption for health [1,2]. Cervical cancer is con-
firmedly caused by persistent high-risk human papillomavirus (Hr-HPV) infection.
This infection takes such a long time, approximately 3-17 years, to develop into cervi-
cal cancer. Human papillomavirus (HPV) status (positive versus negative), HPV geno-
types, prevalence versus the incidence of detected HPV (length of contamination),
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and high-grade cytology are the foremost imperative indica-
tors of the chance of precancer at standard testing in a cervi-
cal cancer screening program based on HPV testing from age
30 years. Some studies determined that the highest risk HPV
types through approximately 2 to 3 years after the standard
screening is profoundly related to precancer lesions [3,4].
Therefore, we have a relatively long time to prevent HPV in-
fection from becoming invasive by implementing the right
vaccination and screening program [5].

HPV infection is prevalent in the first decade of sexual ac-
tivity of young women [6]. The majority of cervical cancer cas-
es involved the HPV-16 and 18 infections, and most of those
cases come together with HPV 31, 33, 45, 52, and 58 as multi-
ple infections [7,8]. Some studies conclude that the persistence
of HPV infection, the severity of cervical pre-cancerous lesions,
and the tendency to develop cervical cancer might be pre-
dicted by discovering the viral load and multiple HPV infec-
tion status of Hr-HPV. Furthermore, understanding HPV can
provide a more insightful picture of the disease’s natural his-
tory and cancer development associated with Hr-HPV [9-11].

In 2020, the World Health Organization (WHO) set a global
strategy to accelerate cervical cancer elimination, with a goal
of 90% of the population vaccinated, 70% of the population
screened with a high-performance test, and 90% of women
with precancer lesion and cervical cancer treated by 2030 [12].
Unfortunately, many lower middle-income countries (LMIC)
and Indonesia do not yet have an established national vacci-
nation program. Hence, a particular strategy is needed to build
the program. While evidence-based clinical rules guarantee
that the best healthcare conventions are accessible [13], there
was a limited study about HPV genotype prevalence and dis-
tribution in the normal cervix population. Hence, the data on
HPV genotype distribution and the age distribution of HPV
infection were essential for the national vaccination and screen-
ing program [7]. This study is expected to provide an overview
of the genotypes and age group distribution of HPV genotypes
to support cervical cancer primary prevention, program de-
velopment, and improve management algorithms [14].

This study is a cross-sectional study. The data were collected
from January 2012 to July 2018. Subjects were reproductive
age women admitted to Gyne-, Colposcopic, and Gyne-On-
cologic Outpatient in both public and private clinics of the
Obstetrics and Gynecology Department of Dr. Cipto Man-
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gunkusumo General Hospital (RSCM), Primary Health Care
(PHC), and other health care facilities appointed in “See and
Treat” Female Cancer Program (FCP) Jakarta.

After passing the ethical review by the Ethics Committee of
the Faculty of Medicine, University of Indonesia and RSCM,
this study was conducted. Subjects’ characteristics, VIA test
results, HPV status, and HPV genotyping data were obtained
consecutively in each study location. The inclusion eligibili-
ties of the subjects were staying in Jakarta, would like to par-
ticipate, and being married or sexually active. The exclusion
eligibility were pregnant women, recently having a genital in-
fection, cervical cancer, or a pre-cancerous lesion patient.

VIA negative patient was defined as an absence of white
epithelial lesion (WEL) after 5% acetic acid application to the
cervix. HPV DNA status was defined as a positive or negative
HPV DNA test result which polymerase chain reaction (PCR)
SPF10-DEIA-LiPA25 identified from cervical mucus of the
women taken before the VIA test. The presence of one or more
HPV DNA genotypes was considered as a positive result, while
the absence of HPV DNA genotype was defined as a negative
result.

The procedures were performed in the lithotomy position
after informed consent involving the husband to explain the
indications, procedure, possible side effects, and the treat-
ment. The examiner was inserting a speculum into the vagina
to reveal the cervix. Before the VIA test, the first inspection
was carried out to assess whether the cervix was normal, with
severe inflammation, suspicious pre-cancerous, or invasive
cervical cancer. Furthermore, the examiner was applying a
5% acetic acid solution to the cervix, particularly at the trans-
formation zone, including the squamocolumnar junction. The
result was evaluated after 60 seconds. The result was consid-
ered a positive VIA based on the appearance of WEL. Other-
wise, the absence of WEL was considered a negative VIA. Pa-
tients with negative VIA results then underwent the HPV-DNA
test.

HPV DNA testing was performed by Leiden University Med-
ical Center and KALGen Laboratory Jakarta. HPV genotyping
procedures include DNA extraction, PCR (SPF10-DEIA-Li-
PA25), and hybridization. DNA extraction aimed to extract
the virus in cells. In this step, the HPV XpressMatrix kit (PT
KalGen DNA, East Jakarta, Indonesia) was used. This kit con-
sists of solution A (alkaline cell lysis), solution B (buffer neu-
tralizer), and solution C (buffer washer). PCR (SPF10-DEIA-
LiPA25) aimed to amplify the L1 HPV region to detect 21 types
of HPV subtypes, using GAPDH (glyceraldehyde 3-phosphate
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dehydrogenase) as the gene of origin. The kit used for this step
was the HPV XpressMatrix kit. Which consists of PCR mix,
Polymerase Hot Start Taq DNA, and DNA template. PCR was
performed using the following conditions: denaturation for
15 minutes at 95°C; denaturation for 15 seconds at 94°C, 40
cycles; followed by amplification at 55°C for the 30 seconds;
extension for 1 minute at 72°C; and followed by extension for
5 minutes at 72°C.

Hybridization was used to identify 21 types of HPV subtypes.
There were 15 Hr-HPV subtypes (16, 18, 31, 33, 35, 39, 45, 51,
52,53, 56, 58, 59, 66, 68) and 6 Lr-HPV subtypes (6, 11, 42, 43,
44, 81). In this step, DNA Xprex was used as a DNA hybridizer

as a complement to HPV XpressMatrix, which used a con-
trolled proportional integral derivative temperature accuracy
that functions as a vacuum to remove residual waste after in-
cubation and washing.

The size of this study was not based on power calculation.
Instead, based on available data. The effect size of odds ratio
2 would be considered clinically significant. The odds ratio of
2 was considered as the minimum effect size.

The data were processed using IBM SPSS for Windows ver.
20.0 (IBM Corp., Armonk, NY, USA). Age categories are pre-
sented based on the median age. The data were analyzed using
chi-square. Missing data were not included in the calculation.

Negative VIA test results
meet the inclusion criteria

FCP and PHC

‘ Cipto mangunkusumo hospital ‘

(PCR and electrophoresis)

Incomplete data Double in well Incomplete data
n=62 n=3 n=42
Detecting HPV DNA

n=1,397
| |
Negative Weak positive Positive
n=1,336 n=7 n=54
| — L
Negative HPV gfan_oty_plng HPV ggr!oty_plng
(hybridization) (hybridization)
n=1,345
n=7 n=54
A
! |
| | | | |
! Detected Not detected Not detected Detected
! n=5 n=2 n=7 n=47
| | |
! |
! PCR and electrophoresis
: n=9
! |
T Not detected
n=9
I
Positive with detected HPV genotypes
n=52
—— Exclusion  —— Inclusion - - - Added into

Fig. 1. Subjects’ recruitment flowchart. VIA test, Visual Inspection of Acetic Acid test; FCP. Female Cancer Program; PHC, Primary Health Care;

HPV, human papillomavirus; PCR, polymerase chain reaction.
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This study was approved by the Institutional Review Board
of University of Indonesia (no., 532/PT02.FK/ETIK/2011) and
was undertaken with appropriate informed consent of par-
ticipants or guardians.

There have been 1,504 subjects who met the inclusion crite-
ria, then 62 subjects from FCP and PHC and 42 subjects from
Cipto Mangunkusumo Hospital were excluded due to incom-
plete data (age), while three subjects were excluded due to
double subject data. Thus, 1,397 subjects with complete data

Table 1. Demographic characteristic (n=52)

were processed. Finally, 52 subjects were defined as HPV DNA
positive groups with detected HPV genotypes described in
Fig. 1.

The demographic characteristics of the subjects were de-
scribed in Table 1. The median age of the subjects was 40 years
old. The subjects consist of no subject in <20 years old group,
10 subjects (19.2%) in 20-30 years old group, 17 subjects (32.7%)
in 31-40 years old and 41-50 years old group, and eight sub-
jects (15.4%) in >50 years old group.

High-risk HPV infections were found in 55.8%, Lr-HPV in-
fections were found in 13.4% of the HPV-DNA positive wom-
en, and unknown HPV type (HPV X) infections were found in
30.8% of the HPV-DNA positive women. Single infection was
found in 35 subjects (67.3%), while multiple infections were
found in 17 subjects (32.7%) (Table 2).

In Table 3, the HPV genotypes of each classification of HPV-

Table 3. HPV genotypes of HPV-DNA positive (n=52)

Characteristic Value
Age (yr) 40(22-59)
<20 0
20-30 10(19.2)
31-40 17(32.7)
41-50 17(32.7)
>50 8(15.4)
Marital status
Married once 42(80.8)
Married more than once 3(5.8)
Widow 7(13.4)
Marital age (yr) 22 (15-48)
First menstruation age (yr)? 13(10-16)
Contraceptive use”
No history of contraception 25(59.5)
Implant 1(2.4)
Injected contraception 6(14.3)
Intrauterine device 4(9.5)
Oral contraceptive pills 4(9.5)
Sterilization 2(4.8)

Values are presented as median (minimum—maximum) for numeric variables for
the distribution of abnormal data or number (%) for categorical variables.
“n=32; as many as 20 subjects missing data. "n=42; as many as 10 subjects

missing data.

Table 2. HPV-DNA positive classification

Variable No. (%)
HPV genotyping (n=52)
High-risk HPV 29(55.8)
Low-risk HPV 7(13.4)
HPV X 16(30.8)
No. of infections (n=52)
Single infection 35(67.3)
Multiple infections 17(32.7)

HPV, human papillomavirus; HPV X, unknown HPV type.
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Variable No. (%)
High-risk
16 5(96)
52 5(9.6)
31 119)
39 1(1.9)
Sl 1(1.9)
66 1(1.9)
18,39 2(38)
52,44 1(1.9)
52,54 1(1.9)
56, 74 1(1.9)
66, HPV X 1(1.9)
16,18, 31 1(1.9)
18, 11,39 1(1.9)
31,52, 54 1(1.9)
39,68, 73 1(1.9)
51,52,53 1(1.9)
52,56, 74 1(1.9)
16,39, 52, 58 1(1.9)
18, 39,52, 58 1(1.9)
73,66, 39, 68 1(1.9)
Low-risk
74 3(5.8)
6 1(1.9)
44 1(1.9)
44, HPV X 1(1.9)
54,69, 71, HPV X 1(1.9)
Unknown type
HPV X 16(30.8)

HPV, human papillomavirus; HPV X, unknown HPV type.
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Table 4. Frequency and age distribution of HPV genotypes

HPV genotypes Frequency T
HPV X 19 2(2.4)
52 12 3(3.6)
39 8 3(36)
16 7 1(1.2)
18 5 1(1.2)
74 5 2(2.4)
44 3 0
31 3 1(1.2)
54 3 1(1.2)
66 3 1(1.2)
51 2 0
56 2 0
58 2 1(1.2)
68 2 0
73 2 0
6 1 0
" 1 1(1.2)
53 1 0
69 1 0
Al 1 0

Values are presented as number (%).
HPV, human papillomavirus; HPV X, unknown HPV type.
3Percentage of all positive women, regardless single or multiple infections.

DNA positive were shown. The frequency of HPV X was 19,
HPV 52 was 12, HPV 39 was 8, HPV 16 was 7, HPV 18 and 74
were 5, HPV 44, 31, 54, and 66 were 3, HPV 51, 56, 58, 68, and
73 were 2, and HPV 6, 11, 53, 69, and 71 were 1 (Table 4).

We identified 52 women who tested positive, 67% were posi-
tive for a single HPV, and 33% were positive for multiple HPV
infections. In this study, 55.8% of HPV infections were found
as high-risk HPV infections, and the proportion of HPV 16
and 18 infections was 14.4%, regardless of single or multiple
infections. HPV infections were highest in the 31-40 and 41-
50 years old group (32.7%), followed by 20-30 (19.2%) and
>50 years old group (15.4%). There is no positive HPV-DNA
detected in the <20 years old group due to the lack of partici-
pants in this age group. In our study, the most frequent known
type of HPV infection was HPV 52, 39, 16, 18, 74, 44, 31, 54,
and 66. In our previous study, different results showed that
HPV 31 infection was not frequent [15].

A persistent HPV infection has been known as the cause of

https://doi.org/10.7774/cevr.2022.11.2.141

Age group (yr)?

31-40 41-50 >50
4(4.8) 7(8.4) 6(7.2)
4(4.8) 4(4.8) 1(1.2)
2(2.4) 3(3.6) 0
4(4.8) 2(2.4) 0
2(2.4) 2(2.4) 0

0 1(1.2) 2(2.4)
1(1.2) 1(1.2) 1(1.2)
1(1.2) 1(1.2) 0

0 2(2.4) 0
2(2.4) 0 0
2(2.4) 0 0

0 1(1.2) 1(1.2)
0 1(12) 0
1(1.2) 1(1.2) 0
1(12) 1(1.2) 0
1(1.2) 0 0

0 0 0
1(1.2) 0 0

0 1(12) 0

0 1(12) 0

cervical cancer [6]. In the northeastern part of Brazil, where
cervical cancer incidence is also high, a study result conclud-
ed that 30% of 32 patients with abnormal colposcopic/cyto-
logic changes were HPV-DNA positive [16]. However, the de-
velopment of cervical pre-cancerous lesions and invasive cer-
vical cancer is a multifactorial process. HPV infection alone
may not be sufficient to transform normal into either pre-can-
cerous or cancerous lesions. Therefore, positive HPV results
might also be found in normal cervix populations [6]. In this
normal population study, 58% of HPV infections were high
risk, and the proportion of HPV 16 and 18 infections was con-
sidered high (14.4% in total).

Several previous studies stated that HPV infection could
occur even in normal cervical populations, either single or
multiple. Cuschieri et al. [17] in 2004 observed HPV infections
with multiple HR-HPV types were found in 3.4% of the nega-
tive neoplasm samples. A study in Malaysia of Hr-HPV geno-
types showed that HPV-DNA existed in 84 (46.7%) of 200 sam-
ples collected in a health screening program from an ethnic
group of Malay, Indians, and Chinese, where HPV-16, the high-
risk oncogenic genotype, was the most frequently found (40%),
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followed by HPV 18 (3.3%), HPV 31 (0.6%), HPV 33 (1.7%), and
low-risk HPV (Lr-HPV) 87 (0.6%).

HPV consists of more than 200 identified genotypes which
are grouped into high-risk types, such as HPV 16, 18, 31, 33,
35, 39, 45, 51, 52, 56, 58, 59, 66, and 68, and low risk, such as
HPV 6, 11, 40, 42, 43, 44, 53, 54, 61, 72, 73, and 81, while sev-
eral HPV genotypes remained untyped [17-19]. However, there
is a limited study of single and multiple HPV infections in the
normal cervix population. Also, the distinguishing factors of
cervical cancer risk associated with infection with one or more
HPV types have not yet been defined [20]. Li et al. [21] in Bei-
jing, China, found that the incidence of CIN2+ was higher in
patients with HPV 16 single infection than multiple infections
of the same genotype HPV. In addition, the prevalence of mul-
tiple HPV infections in women with either normal or abnor-
mal cytology was considered low [22].

The genotype of HPV and its combination that infects the
cervix varies in several countries, but several meta-analyses
confirmed the five most prevalent HPV strains in women with
and without cervical neoplasia, including HPV 16, 18, 31, 52,
and 58. In our study, the most frequent Hr-HPV infections
were HPV 16 and 52. Several studies also support this finding.
In Jakarta, Indonesia, Schellekens et al. [23] in 2004 found that
a combination of HPV genotypes involved single and multi-
ple HPV infections, which is the most frequent HPV infection
were Hr-HPV 16 followed by Hr-HPV 18 and 52. In the same
city, the study by Vet et al. [24] in 2008 showed that HPV gen-
otype variants of pre-cancerous lesions were predominantly
Hr-HPV 52 followed HPV 16 and 39, Lr-HPV 70 and 6, while
Murdiyarso et al. [25] found that HPV 16, 18, 45, and 52 infec-
tions in patients with squamous cell carcinoma cytology were
higher or equal than in the normal population.

Itis well known that HPV genotype dispersion has geograph-
ical contrasts worldwide. Thus, there have been numerous
studies in the world describing differences in the genotype of
HPV in several countries. A huge-sized meta-analysis in Afri-
ca found that the most frequently HPV genotype contributed
in African women with normal cervical cytology was HPV 16,
52, 35, 18, 58, 51, 45, 31, 53, and 56, respectively, in descend-
ing order [14]. A population-based cohort study identified
HPV 16 as the most common high-risk type found in Hong
Kong and HPV 52 in Guangzhou cohorts [26]. A study by Wol-
day et al. [22] in 2018 in Ethiopia concluded that the most fre-
quent genotypes found were HPV 16 (44.1%), followed by HPV
35 and HPV 45 (each 6.2%), HPV 31 (4.4%), HPV 56 (3.7%),
HPV 18 and HPV 59 (each 3.1%), HPV 58 (2.5%), and HPV 39
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(1.9%), while the most common Hr-HPV infections among
women with normal cytology were HPV 16 (20.3%), followed
by HPV 35 (8.7%), HPV 56 and HPV 58 (each 5.8%), HPV 18,
HPV 31, and HPV 39 (each 4.4%), HPV 45 (2.9%), and HPV 59
and HPV 68 (each 1.5%). HPV 52 had a high prevalence in an
isolated Honduran community in Central America and was
highly prevalent in Mexico [27,28]. Moreover, based on some
studies, HPV 52 and 58 are known to have a higher prevalence
in Asia than in other areas, while HPV 58 has a more signifi-
cant proportion of the cervical cancer burden in Asia than else-
where [29-32]. Different from other countries, in this study,
we found that HPV 39, 44, and 74 also had a high incidence
besides HPV 16, 18, and 52.

Different genotypes of HPV worldwide need to be taken in-
to account for cervical cancer prevention and surveillance
strategies, particularly in vaccination and screening programs.
Currently the HPV vaccination regimen used is quadrivalent
(4vHPV) which provides protection against HPV genotypes 6,
11, 16, and 18 and nonavalent (9vHPV) protecting against
HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58 [33]. It can be
seen that the nonavalent vaccines do not protect against the
HPV 39, 74, and 44 genotypes, which had a higher frequency
of infection in this study of 8/52, 5/52, and 3/52, respectively,
compared to the genotypes protected by the nonavalent vac-
cination regimen that exists today.

The WHO's current recommendations on cervical cancer
screening (2013) are age-based, but there are limited studies
with age stratification in the population. The age stratification-
based data were needed to determine the right age target for
HPV-DNA testing or cervical cancer screening. However, most
of the studies presented mean or median age, which did not
help define the prevalence of HPV infection by age group [34].
Our study applied age-based stratification of the population,
and we found that HPV infection was highest in 31-40 and
41-50 years old, suggesting that screening for women aged
31-50 years old would be significant for screening program
outcomes.

An unsatisfactory Squamo-Columnar Junction (SCJ) can
produce false-negative VIAs. Although most of the women
over 50 years old have unsatisfactory SCJs, a critical marker in
the VIA test, we include this population yet to see the number
of satisfactory SCJs in this age group. The total of women over
50 years old in our study population was 228 subjects, includ-
ing 149 subjects (65%) with satisfactory SCJ and 79 subjects
(35%) with unsatisfactory SCJ. A total of 134 subjects (58.77%)
from 228 subjects in the over 50 years old group were under
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56 years old, including 101 subjects (75.73%) with satisfactory
SCJ and 33 subjects (24.62%) with unsatisfactory SCJ. Among
the subjects with unsatisfactory SCJ, there was no (0%) HPV-
positive subject.

Our study provides age-based stratification. Thus, this study
can be generalized to VIA negative population. However, the
sample size of this study was limited. Furthermore, due to the
lack of <20 years old group, we cannot describe HPV geno-
type in this age group. Despite these limitations, we believe
this study can be generalized to Indonesia’s population with
anormal cervix.

In conclusion, our results suggest that HPV infection varies
based on age group in women with normal cervix appearance,
which is highest in 31-40 and 41-50 years old. Moreover, HPV
52,39, 16, 18, 74, 44, 31, 54, and 66 are the most common HPV
genotypes found in this study. Although in the clinically nor-
mal population, 58% of HPV infections were high risk, the
proportion of HPV 16, as well as 18 infections, were 14.4% in
total. This finding should become a special consideration for
the densely populated LMICs. Moreover, HPV genotyping
and age-based stratification data were critical for policy and
strategy making and the management of cervical cancer screen-
ing and vaccination programs in Indonesian populations. Our
findings suggested that screening for 31-50 years old women
would be useful, and we proposed different formulas for more
suitable “nonavalent” HPV vaccines, particularly in Indone-
sia as one of LMIC-middle-upper income countries, which is
conferring protection against HPV 31, 39, 44, 52, and 74, in-
stead of original nonavalent (HPV 31, 33, 45, 52, and 58) sure-
ly besides HPV 16, 18, 6, and 11. Further multicenter and pop-
ulation-based studies with huge sample size and well-distrib-
uted age groups are still needed.
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