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ABSTRACT

Background: A low cost and reliable method for detecting high-risk (HR) HPV isimportant to
permit HPV screening for cervical cancer prevention. We validated alow-cost commercially
available HPV method (H13, Hybribio, Hong Kong) and determined the distribution of HPV
infectionsin over 1717 cancer-free women in Guatemala.

Methods: H13 results were compared with two more established HPV tests: (Xpert™ (Cepheid)
and SPF10-LIPA,s™ (DDL)). HR-HPV was detected in cervical samples from 1717 cancer-free
women receiving Pap smears using the Hybribio™ real-time PCR assay of 13 HR types. HPV
positive samples were sequenced to determine viral type.

Results: The Hybribio H13 Assay showed 93% agreement with Xpert, and a similar result with
SPF10-LIPA s (kappa=0.78 and 0.76). A total of 13% (226/1717) of women tested HPV +. The
highest prevalence was found in younger women (<30 years, 22 %) and older ones (>60 years,
15%). The six most common HR-HPV types among the 148 HPV + typed were HPV 16 (22%),
HPV 18 (11%), HPV39 (11%), HPV58 (10%), HPV52 (8%), and HPV45 (8%).

Conclusions. The Hybribio Assay was low cost, and reliable in screening for HR-HPV infection.
Asin most places, HPV 16 was the most prevalent HR type in Guatemala and the age-specific
prevalence curve peaked in younger ages with a secondary peak possibly representing immune

senescence in older women.
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Highlights

1. Alow cost and valid method, Hybribio Assay, could be used for CC screening in low
income regions.

2. Atotal of 13% of cancer-free women were HPV+ and positivity was associated with
younger age (<30 years old) in Guatemala.

3. HPV16 was the mgjor prevalent type.

Keywords HPV; cervical cancer; Guatemala, prevalence, screening, real-time PCR
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I ntroduction

In Guatemala, cervical cancer (CC) isaleading cause of cancer in women (1530 cases/year,
Age-standardized rate (ASR) 31/100,000) resulting in an estimated 717 deaths) (Globocan 2012).
In the Instituto de Cancerologia (INCAN), the main adult oncology hospital in Guatemala, over
40% of women diagnosed with malignancies have advanced CC, requiring costly management
that often has a poor outcome (1). Therefore, afocus on prevention isimportant.

There is overwhelming evidence that persistent infection with specific types of HPV is
the main cause of CC (2, 3). HPV types that are classified as established carcinogens are HPV 16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and possibly 68 (4). While prophylactic vaccination of
adolescents and possibly young adults is the ultimate preventive strategy, screening will remain
important for decades to come. Cytology-based screening has been associated with a major
reduction in the incidence and mortality of the disease in developed countries (5). However,
cytology is either unavailable or poorly conducted in most low-income countries (6).

In the general population, HPV prevalence reaches its peak of 25-30% in women in their
early 20s (7-9), and typically declines to 8-15% from age 30-45 (10). A second peak is often
observed in postmenopausal women (11, 12)]. HPV DNA testing has been proposed as an
alternative to cytology in women older than 25-30 years (13-15). However, commercially
available tests are typically expensive and require sophisticated equipment (16, 17). The use of
HPV assays targeting lower-resource settings would be useful for CC prevention in such settings,
which contribute most the world CC burden.

This study sought to assess the concordance of a new low-cost HPV assay (H13,
Hybribio Ltd, Hong Kong) with established commercial tests, GeneXpert (Xpert, Cepheid,
California, USA) and SPF10-LIPA2s (DDL, Netherlands) assays (18-20). In addition, we

determined the prevalence of HPV infection in the general female population in Guatemala.
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Materialsand Methods
Study populations
To validate the H13 test against other clinical tests, a convenience sample of 40 mostly positive
subjects undergoing screening at the Curacao Medical Lab was employed. In addition, atotal of
1717 samples were obtained from the general population of asymptomatic sexually active
women undergoing routine screening with Pap smear at hospital-based screening clinicsin
Guatemala, after obtaining informed consent. A questionnaire on reproductive and socio-
demographic characteristics was administered by trained personnel on the Guatemalan subjects
(21). The samples were collected by a medical practitioner using a Dacron swab placed in atube
containing 3 ml of Scope mouthwash, maintained at 4° C and transported at room temperature
(22). The study was approved by an Institutional Review Board (IRB) and testing in the US
laboratory was judged exempt by the NIH Office of Human Studies Research.
HPV testing
The detection of HPV was performed using a Hybribio Assay that detects 13 High-risk HPV
types by Real time PCR (Hybribio Biochem Co. Ltd. China). A cdll lysate was prepared per the
manufacturer’ sinstruction. To determine HPV type, HPV positive samples were subjected to
Touchdown PCR and DNA sequencing (Fig. 2). Samplesin which the internal control (1C) did
not amplify and those that remained negative on retesting were excluded.

The sensitivity of the Touchdown PCR was determined by a series of 10-fold dilutions of
DNA from HPV+ and HPV- cell lines using Broad-Spectrum (BS) GP5+ and GP6+ Primers
(BSGP5+/6+) (150bp) (Supplementary Fig. 1) (23). For the Hybribio Assay, each 96-well plate
included four HPV+ controls. CC cell line DNA from HeLa (HPV18), Caski (HPV16), MS751

(HPV45) DNA and plasmid DNA from the Hybribio Assay kit; HPV- controls included C33A
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DNA and water. The HPV+ samples were amplified by using 400 nM BSGP5+/6+. Briefly, 10
min denaturation step at 95°C was followed by 40 cycles of amplification. Each cycle included
denaturation at 94°C for 20 s, annealing at 38°C for 30 s, and elongation at 71° C for 80 s. The
final elongation step was 5 min. The ramping rates were adjusted as described (24); 1.8° C/cycle
from 74° C to 38° Cinfirst 20 cycles. Each experiment included HPV+ and HPV- controls and a
sample lacking template DNA (Supplementary Fig. 1 and 2). The PCR products were subjected
to Sanger Sequencing on an ABI3730X L. Sequences were analyzed by assembly and trimming
in SegMan (DNASTAR, Madison, WI) followed by BLAST search (NCBI). Samples with
inconclusive Sanger sequence were repeated with a next-generation sequencing method (S.

Wagner, and J. Boland, manuscript in preparation).

Statistical analyses

We compared the detection of HPV by the Hybribio Assay to Xpert and SPF10-LIPA2in 40
cervical cytology samples collected in aclinical laboratory in Curacao and calculated percent
agreement and kappa. Statistical analyses on the Guatemalan samples were performed to
determine age-specific HPV prevalence, comparing the age groups with the Pearson Chi-sgquare
test including fisher’s exact test using GraphPad Prism version 7 for Windows. P < 0.05 was
regarded as statistically significant. We performed analyses of association between HPV
infection and other risk factors (age, age of menarche, age of first birth, smoking history, oral

contraceptives and cooking method as a measure of socioeconomic status).
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Results

To evaluate the Hybribio H13 test as a potential low cost assay for HR-HPV screening
we compared it against two commercial assays, Xpert and DDL. Table 1 shows that high levels
of agreement were seen between Hybribio Assay and the other tests (93%, kappa=0.78 and 0.76,
respectively). Also, 89% agreement (kappa=0.67) was observed between SPF10-LIPA,sand
Xpert (Table 1). We also evaluated the sensitivity and required assay volume of the H13 test and
determined that a 10ul real-time PCR volume gave equivalent results (Supplementary Table 1).
In a separate study, we determined that the H13 test is xxx. Therefore, H13 isalow-cost and

reliable assay for HPV screening.

To apply the H13 test to samples from alow and middle income country, we used the test
to determine the prevalence and distribution of HPV typesin Guatemala. We recruited
asymptomatic women from the general population at hospital clinics performing cytology
screening. The women sampled ranged in age from 17 to 79 years attending clinics in Guatemala
City and the city of Puerto Barrios. The data on age of menarche, reproductive history, smoking,

oral contraceptive use, and wood smoke exposure is shown in Table 2.

To determine the prevalence of HPV infection, 1717 subjects were tested (Fig. 2). The
overall prevalence of HPV infection was 13% (226/1717) (Table 3). HPV typing was successful
in 148 HPV+ samples and the 13 HR-HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68
were detected in 143 subjects (Table 3.) (143/226). Of the 13 HR types, HPV 16 (22%, 32/148),
HPV 18 (11%, 16/148) accounted for 32% (48/148) and HPV 39, 58, 45, 52 combined 37%,

55/148). Types of unknown risk (Unk), HPV67 and 74 were detected in 1% (Table 3).
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To understand the age specific prevalence of HPV infection, the women were divided
into 6 age groups (Table 1). HPV prevalence ranged from 22% in the <30 to 8% to 14% in the
30-59 age groups, and 15% in the >60-year group. Age specific prevalence for HPV was
significantly higher in the younger age groups (<30) (P=0.0022). Interestingly, the oldest age
group (>60) showed an increased prevalence as compared to age groups from 30-59 (Fig. 1 and

Table 2).
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Discussion

Numerous studies support HPV testing as the most sensitive primary screening method
for CC. However, there are few HPV tests that are affordable for LMICs. We performed a small
comparison study of the Hybribio H13 test with two other commercial assays, GeneXpert and
DDL and demonstrate a high rate of concordance. Commercial tests in Guatemala cost between
$100-210, out of the range of practical use. Mexico carried out a large screening program with
the hybrid capture (HC2, Qiagen) at an approximate cost of $11 per test, but many poor and rural
areas remain unscreened. A method has been developed with support from medical foundations,
called careHPV (Qiagen). This system has been rigorously tested in China, Indiaand in pilot
programs in other areas (25) and is under further evaluation in several Latin American countries.
However, thereis still considerable discussion on the most effective strategies for managing

HPV+ women in different economic and cultural settings (26-28).

We sought to establish a method that would be cost effective, and use only equipment
available in a standard molecular biology laboratory. We employed a validated storage buffer,
mouthwash containing 15% ethanol, which costs $0.01 per sample with fewer shipping
requirements than methanol based buffers (22). The Hybribio Assay under the conditions we
employed (10ul reaction volume), costs about $3/assay (Table S1). While Hybribio requires a
real-time PCR instrument, we have purchased used AB17000 instruments for under $1000, and
found that some Latin American hospitals and clinical laboratories have real-time PCR

instrumentation.

In this study, the Hybribio Assay was compared for detection of HPV to two clinically
validated tests (Xpert and SPF10-LIPAs). Both Hybribio Assay and Xpert test target the E6 and

E7 of 13 and 14 HR-HPV types, respectively. Hybribio Assay has a pooled probe for HR-HPV
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types, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68; whereas X pert test detects HR-HPV 16,
18/45 in separate detection channels, with 11 other HR types detected in 3 additional channels.
HR types detected are the same as the Hybribio Assay except HPV66 isincluded [19, 20]. The
SPF10-LIPA s test targets the conserved L1 region and detects 14 HR types and 11 LR types (18).
In a separate study, we further validate H13 against HC2 (Qiagen) and Onclarity (BD

Diagnostics) (Fokom Domgue et al, manuscript in press).

Few studies of HPV prevalence have been described in Guatemala, even though this
country has one of the highest incidences of HPV related diseases and mortality in Latin
America (1, 29). However, our study has the advantage of collecting samples from healthy
women using alow-cost HPV screening method. The overall prevalence of HR HPV infection in
this study was 13% for Guatemala, smilar to rural Costa Rica (30) and lower than studies from
Northern Spain (29%) (7) and other countries (25% to 29%) (31, 32). The differenceislikely due

to differences in age between the populations.

As seen in most countries, HPV 16 is the most common type found in women with or
without cancer (33, 34). The combined prevalence of HPV 16, and HPV 18 was highest in the
youngest age groupsin this country. A similar prevalence of HPV 16 and 18 was reported in
other studies (35) aswell asin Guatemalanswith CC (21). In addition to HPV 16 and 18, 15
other HPV types were observed frequently in our study, most notably HR-HPV 39, 58, 45, and

52.

Women <30 years of age had the highest prevalence, while the HPV prevalence
decreased markedly with increasing age, up to age 60. This trend has been observed in Costa

Ricaand other studies (7-9). In Guatemala, there is a second peak in women >60. Similar results
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were observed in Guangdong China (11) and Russia (12) and may be associated with reduced

clearance or reactivation of HR-HPV infection at later age.

Our study has several limitations that might affect our conclusions. We used a Hybribio
Assay that detects only 13 HR types. In addition, we attempted to sequence all positive samples
to determine type. In asmall portion of samples, we had afailure to detect the IC indicating a
failure in sample collection, preservation or storage. Most of these samples were negative using
both Hybribio and a touchdown PCR method (data not shown). This could indicate a limitation
to using Scope mouthwash as a preservative. We have limited cytology data on the women and
have not demonstrated that Hybribio Assay is effective in CC prevention. However, the
manufacturer reports data on a comparison with Qiagen (with >95% agreement with and FDA
approved test), the test passed two WHO proficiency trials and has been used in a study of

48,559 women in China (11).

In conclusion, we have established the Hybribio H13 test as an affordable aternative for
HPV screening. HPV infection was detected in 13% of asymptomatic women in Guatemala. The
distribution of HPV typesistypical of other countries and the highest HPV prevalenceisin
youngest age groups (<30). This low-cost approach to detect HPV could be employed in other

countries to reduce the burden of CC.
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Tables

Table 1. Comparison of the Hybribio Assay to the Xpert and SPF10-L 1PA s assay

HR HPV,
No.
Pos/Pos | Pos/Neg | Neg/Pos | Neg/Neg | Overall Kappa
Agreement
(%)
Hybribio Assay/Xpert 30 2 1 7 93% 0.78
Hybribio Assay/SPF10-L | PAs* 22 0 2 4 93% 0.76
SPF10-L I PAs/Xpert 21 3 0 4 89% 0.67
Data shown for the 13 HR typesin 0 4 89% 0.67
common to thethreeassays. HR, high
risk; HPV, human papillomavir us,
Pos, positive; Neg, negative.

14
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Table 2. Crude and multivariate analysisfor risk factorsrelated to 13HR HPV detection by

Hybribio assay
Agegroup Total | HPV+ | HPV+ | Crude | 95% CI p Age 95% ClI p
No. | No. (%) OR for adjusted
13HR OR for
HPV 13HR
HPV
<30 17 5 29
30-34 209 | 26 12 0.34 0.12-1.1 | 0.060 | 0.34 0.12-1.1 | 0.060
35-39 293 |31 11 0.28 0.098 - 0.025| 0.28 0.098 - 0.026
0.94 0.94
40-49 496 |48 10 0.26 0.091 - 0.014 | 0.26 0.091 - 0.014
0.84 0.84
50-60 370 |36 10 0.26 0.090 - 0.015 | 0.26 0.090 - 0.016
0.85 0.85
>60 7 2 29 0.96 0.11-6.4 | 0.970 | 0.96 011-64 |0.97
Age of menarche
<13 772 84 11
>13 579 | 58 10 11 0.59 - 069 |12 061-21 |0.62
2.00
Age of first birth
<20 760 |95 13
>20 582 |51 9 0.67 047 - 0.030 | 0.67 0.47 - 0.032
0.96 0.96
Smoking history
Yes 73 7 10 0.89 036-18 |0.77 | 0.91 0.37-19 |0.82
No 1319 | 141 11
Oral
contraceptives
Yes 300 |33 11 1.00 0.65-15 | 0.99 |0.95 0.60-15 | 0.81
No 952 | 105 11
Cooking method
Wood & Gas 970 | 105 11 0.90 061-13 | 058 | 091 062-13 | 0.64
Gasonly 417 |41 10

15
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Table 3. Prevalence of HR-HPV types by Hybribio assay in cancer free women in
Guatemala

Specific HPV typein

HPV types No. 13HR (%)

13 HR types* 16 32 22%
18 16 11%
31 4 3%
33 2 1%
35 6 4%
39 16 11%
45 12 8%
51 5 3%
52 12 8%
56 6 4%
58 15 10%
59 10 7%
68 7 5%

Other types 67" 1 1%
70** 1 1%
73* 1 1%
74" 2 1%

with HPV types No. 148
Total HPV+ No. 226
Total HPV- No. 1491

Total No. 1717

16
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Overall HPV+ frequency 13%
*: HR
*k LR
#. Unknown

17


https://doi.org/10.1101/134775
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/134775; this version posted May 8, 2017. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

Table S1. Comparison of the Hybribio Assay with 10 pl to 20 pl volume

Input DNA (5ng/ul)  13HR HPV Types (FAM) Internal Control (JOE)

Total
Volume Volumelnput DNA
Sample (uh (uh (nQ) Ct Ct
HPV positive
controls
Caski (HPV16) 20 2 10 15.74 27.26
10 1 5 16.15 28.61
HeLa (HPV18) 20 2 10 22.26 26.23
10 1 5 23.03 26.26
MS751 (HPV45) 20 2 10 26.90 29.79
10 1 5 27.96 29.91
ME180
(HPV39/18) 20 2 10 27.61 25.99
10 1 5 27.72 25.96

Unknown samples from cell

lysate

S1 DD015959 20 2 ND* 24.05
10 1 ND 24.80

S2 DD015960 20 2 17.60 27.59
10 1 18.02 28.10

S3 DD015963 20 2 16.85 20.78
10 1 17.20 21.30

S6 DD015964 20 2 16.01 22.05
10 1 16.80 22.70
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HPV negative
control (C33A) 20 2 10 ND 25.66

10 1 5 ND 25.04
Controlsfrom kit

Positive control

(Kit) 20 2 23.88 23.39
10 1 25.07 25.68

Negative control

(Kit)** 20 2 ND ND
10 1 ND ND
Not

*: detected

Dnase-free distilled water from
*k kit
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Figure Legends

Figure 1. Age specific prevalence of HPV by age group in Guatemala. The prevalence of HPV
in asymptomatic women in Guatemalais displayed by age group. A Pearson test of al six groups

is statigtically significant (P<0.0022). The number of total women in each age group (n) is shown.

Figure 2. Flow chart of participants and associated HPV test outcomes.
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Supplementary Figure Legends
Figure S1. Amplification of HPV positive and negative cell line genomic DNA by

Touchdown PCR method using BS GP5+/6+ Primers.

Figure S2. Touchdown PCR from swab cell lysate, (A): Lane 1.- Lane 4 HPV positive control
with input DNA 1ng, 0.1ng, 0.01ng and 0.001ng; Lane 5. HPV negative control (cell line); Lane
6. no template control. Lane 7 to Lane 16 indicate unknown swab samples. M indicate the DNA
ladder marker. Touchdown PCR from HPV positive swabs by Hybribio Assay (B): Lane 1. —
Lane 18 are swab cell lysate; Lane 19. HPV positive control (cell line); Lane 20. HPV negative
control (cell line); Lane 21. no template control. The samples were amplified with the

BSGP5+/6+ primers.
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