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1  |  INTRODUCTION

With more than 500,000 new cases in 2018, cervical can-
cer is the fourth most frequent cancer among women 
worldwide. Overall, 70% of cervical cancers are due to 
persistent infection with human papillomavirus (HPV) 
oncogenic genotypes 16 and 18.1 There is a high disparity 
in cervical cancer incidence and mortality between devel-
oped and developing countries. Based on GLOBOCAN 
estimates in 2018, the incidence of cervical cancer in the 
developed world was 10 cases per 100,000 compared to 18 
cases per 100,000 populations in the developing world.2 In 
the Lao People's Democratic Republic (Lao PDR), cervical 
cancer is the third leading cause of women cancer with an 
estimated annual number of 320 cases and an estimated 
crude annual incidence rate of 9.2 per 100,000 women.3

To prevent cervical cancer, the World Health 
Organization (WHO) provided recommendations for a 
screen- and- treat program.4 In countries with no cervical 
cancer prevention and control program, the WHO strate-
gies to be implemented are based on available resources.4 
Among the five different strategies proposed, one is based 
on visual inspection of the cervix with 3%– 5% acetic acid 
and another one consists of conventional cytology. HPV 

testing relies on different molecular techniques that re-
quire specific infrastructure and remains expensive. A 
simple and affordable DNA test, the careHPV™ test, based 
on signal amplification of HPV DNA, allows the detec-
tion of 14 high- risk genital HPV (HR- HPV) genotypes and 
presents several advantages over the standard molecular 
techniques5: it does not require sophisticated molecular 
laboratory infrastructure and can be performed without 
electricity or running water. In addition, the results are 
obtained within 2– 5 h. In a cross- sectional study carried 
out in China, the sensitivity and specificity of digene high- 
risk HPV HC2 DNA test for cervical specimens were 97.1% 
(95% confidence interval [CI]: 93.2– 100) and 85.6% (95% 
CI: 84.2– 87.1), respectively (areas under the curve were 
not significantly different from the careHPV™ test on cer-
vical specimens, p = 0.0163).5

Infection with human immunodeficiency virus type 
1 (HIV- 1) increases the risk of developing precancerous 
and cancerous cervical lesions.6 In the USA, the stan-
dardized incidence ratio for cervical cancer in women 
living with HIV- 1 (1996– 2012) was 3.24 (95% CI: 2.94– 
3.56).7 As compared to otherwise healthy women, 
those living with HIV- 1 have also higher prevalence 
of HR- HPV infection and related diseases. The impact 
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Aims: The objective of this cross- sectional study was to compare the efficacy of 
careHPV™ test versus conventional Pap smear or Siriraj liquid- based cytology in 
the detection of cervical cancer in women living with human immunodeficiency 
virus type 1 (HIV- 1).
Materials & Methods: Overall, 631 women consented to participate. Four cervi-
cal specimens were taken for the purpose of conventional Pap smear, Siriraj liquid- 
based cytology, careHPV™ test, and HPV- 16 genotyping. The exact McNemar test 
was used to compare the efficacy and diagnostic performance of the tests.
Results: Of the 631 women with follow- up, 331 were human papillomavirus 
(HPV) negative. High- grade squamous intraepithelial lesions were found in 37 
women, biopsy- proven high- grade cervical intraepithelial neoplasia in 50 women, 
and invasive carcinoma in seven women. The proportion of women with high- 
grade cervical lesion or carcinoma detected after abnormal careHPV™ test was 
higher (6.02%; 95% confidence interval [CI]: 4.4– 8.1) than that detected by con-
ventional Pap smear (4.59%; 95% CI: 3.2– 6.5). careHPV™ and HPV- 16 genotyping 
had, respectively, the highest sensitivity (80.8%; 95% CI: 67.4– 89.5) and specificity 
(92.2%; 95% CI: 89.8– 94.2). HPV- 16 was the most frequently detected genotype.
Conclusions: careHPV™ test represents a screening option in Lao PDR, particu-
larly in women living with HIV- 1 because of higher prevalence of chronic HPV 
in this population.
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of combination antiretroviral therapy (cART) on HR- 
HPV– related lesions has been investigated in a recent 
meta- analysis that found a significantly lower preva-
lence of HR- HPV in treated women (adjusted odds ratio 
[aOR]  =  0.83, 95% CI: 0.70– 0.99), a decreased risk of 
precancerous lesions (aOR  =  0.59, 95% CI: 0.40– 0.87), 
and a reduction in invasive cervical cancer incidence 
after adjustment for CD4 cell count and treatment dura-
tion (crude HR = 0.40, 95% CI: 0.18– 0.87).8

In Lao PDR, the prevalence of HIV- 1 infection is rela-
tively low, around 0.2% in 15– 49 years old.3 In 2011, the 
number of women living with HIV- 1 was estimated at 
5,263, half of them receiving cART under the National 
HIV/AIDS Program supported by the Global Fund.9 The 
estimates of cervical cancer among women living with 
HIV- 1 are not known.

Regular screening is considered as a key tool in the 
prevention of cervical cancer, in particular in women 
living with HIV- 1 for whom the primary prevention by 
vaccination is not effective.10 According to clinical guide-
lines, women living with HIV- 1 should be screened for 
cervical cancer twice within the first year following HIV 
diagnosis, and annually thereafter if the results are nor-
mal.11 However, screening and/or preventive vaccina-
tion programs against HPV infection does not exist in 
Lao PDR. The screening coverage for women aged 18– 
69 years was estimated at 2.2%, 5.2% in urban areas and 
1.4% in rural areas of Lao PDR.12 In addition to this low 
coverage, most women do not know that HPV causes cer-
vical cancer.9

Attending HIV treatment centers could be an oppor-
tunity to screen for cervical cancer. The most successful 
strategy for cervical cancer screening, the conventional 
Pap smear test, that has shown to help reducing the cervi-
cal cancer rates by 60%– 90% in developed countries, relies 
on a level of infrastructure unattainable in most of the de-
veloping world. In the past few years, several tests looking 
for the DNA of HR- HPV have demonstrated high sensi-
tivity in the detection of cervical intraepithelial neoplasia 
(CIN).13,14 Women living with HIV- 1 in Lao PDR could 
benefit from such tests for an early detection of cervical 
cancer. The LaoCol study was initiated to assess the effi-
cacy of available screening tests and to inform the Laotian 
healthcare authorities on the importance of screening 
programs among women living with HIV- 1.

2  |  OBJECTIVES

The main objective of this cross- sectional study was to 
compare the efficacy of careHPV™ test versus conven-
tional Pap smear or Siriraj liquid- based cytology in the 
detection of histology proven high- grade CIN or invasive 

cervical cancer in a cohort of women living with HIV- 1 in 
Lao PDR.

The secondary objectives were (1) to estimate and 
compare the performances (sensitivity, specificity, posi-
tive, and negative predictive values) of these three tests in 
the detection of histology proven high- grade CIN or inva-
sive cancer (CIN2+), (2) to assess the agreement between 
the two cytological tests and between careHPV™ and 
PapilloCheck HPV test, (3) to determine the prevalence of 
different types of oncogenic HPV strains among women 
living with HIV- 1, and (4) to identify factors associated 
with CIN grade 2 and plus (CIN2+).

3  |  METHODS

3.1 | Study design and participants

The study population included women living with HIV- 1 
who attended four HIV reference centers in Lao PDR in 
Vientiane (Mahosot, Setthathirath), Savannakhet and 
Luang Prabang from January 2014 to May 2015 and who 
consented to participate.

Eligible women had documented HIV- 1 positive 
status, were aged between 25 and 65  years, and had no 
history of cervical cancer, pelvic radiotherapy, or recent 
pregnancy (until 3 months after delivery). The study pro-
tocol and consent forms were approved by the Lao PDR 
Ethical Review Committee (National Ethical Committee 
for Health Research, September 13th, 2013) and the 
Thailand Ethical committee (Ethic Committee, Faculty 
of Associated Medical Science, Chiang Mai University, 
January 20th, 2014). All participants provided written in-
formed consent.

Previous medical history, the most recent CD4 cell 
count, HIV viral load, and current cART medication were 
collected from the patients' medical record.

Gynecological examination was performed in all partic-
ipants by the same gynecologist. Four cervical specimens 
were collected from each patient: (1) with a spatula for con-
ventional pap smear cytology; (2) with a cytobrush placed 
into a plastic vial containing a specific preservative solution 
for Siriraj liquid- based cytology; (3) with a cytobrush placed 
into careHPV™ collection medium for HPV testing using 
careHPV™ (QIAGEN); and (4) with a cytobrush placed 
into PapilloCheck® collection medium for HPV genotyp-
ing using PapilloCheck®. Physical examination included a 
systematic colposcopy; acetowhite areas were biopsied and 
processed for histological examination. Patients with posi-
tive HR- HPV DNA and negative colposcopy were proposed 
a gynecologic follow- up 6 months later.

Appropriate free of charge treatment was provided to 
patients identified with CIN lesions or cancer.
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3.2 | Procedures

3.2.1 | Reference method

Systematic colposcopy and histological examination of bi-
opsies carried out in women with abnormal colposcopy 
were considered as the reference method to determine the 
presence of high- grade cervical lesions or cancer. Absence 
of high- grade lesions was defined as normal colposcopy or 
absence of high- grade lesions (CIN2 and CIN3) and carci-
noma by histological examination.

In patients with normal colposcopy and one abnormal 
cytological test (conventional Pap smear or Siriraj liquid- 
based cytology), a second colposcopy was performed to 
re- evaluate the presence of high- grade cervical lesions or 
cancer.

3.2.2 | Conventional Pap smear or Siriraj 
liquid- based cytology

Both cervical cytology tests were evaluated, regardless of 
the HPV results. The results were categorized according to 
the 2001 Bethesda System terminology15: negative; atypical 
squamous cells of undetermined significance (ASC- US); 
low- grade squamous intraepithelial lesion (LSIL); high- 
grade squamous intraepithelial lesion (HSIL); atypical 
squamous cells, cannot exclude HSIL (ASC- H); and can-
cer. A positive cytology test was defined as the presence of 
any cytological abnormalities.16

3.2.3 | HPV DNA testing and genotyping

Specimens collected for HPV DNA testing were stored at 
room temperature and sent to the Centre d’Infectiologie 
Christophe Mérieux (CICML in Vientiane, Lao PDR) 
High- risk HPV detection was performed within 14  days 
after sampling using the careHPV™ test (Qiagen), a 
signal- amplification diagnostic test allowing the detection 
of 14 HR- HPV genotypes (16, 18, 31, 33, 35, 39, 45, 51, 52, 
56, 58, 59, 66, and 68).6

Genotyping
Specimens collected for the identification of specific HPV 
genotypes were kept at −20°C and sent by batches to the 
virology laboratory at Chiang Mai University on a monthly 
basis. HPV DNA genotyping was performed using the 
PapilloCheck® test system (Greiner BioOne GmbH, 
Frickenhausen, Germany). The test can identify 24 HPV 
genotypes including HPV6, 11, 16, 18, 31, 33, 35, 39, 40, 42, 
43, 44/55, 45, 51, 52, 53, 56, 58, 59, 66, 68, 70, 73 and 82.17

3.2.4 | Sample size

The sample size was estimated to compare the ef-
ficacy of two screening tests, measured by the pro-
portion of women detected with a high- grade lesion 
(CIN2+) among the screened women. We assumed 
an expected difference of 1.7% in the proportion of 
detected women between the two screening tests 
(2.8% with conventional Pap smear and 4.5% with 
careHPV™), and an expected proportion of discord-
ant pairs of 2.7%. Based on these parameters, the re-
quested sample size to detect a significant difference 
with a unilateral alpha risk of 5% and power of 80% 
was 600 patients (calculated with b Query version 
5.0).

3.2.5 | Statistical analysis

Quantitative characteristics were described as median 
and interquartile range and qualitative characteristics as 
absolute and relative frequencies in each category. The 
proportions of screened women with high- grade cervi-
cal lesion or carcinoma detected by the different screen-
ing tests were compared by the exact McNemar test. 
Sensitivity, specificity, positive predictive value, nega-
tive predictive value (NPV), positive likelihood ratio 
(LR+), negative likelihood ratio (LR−), and their 95% 
confidence interval (CI) were estimated based on the 
Wilson Score method. The level of agreement for cytol-
ogy interpretation between conventional Pap smear and 
Siriraj liquid- based cytology was estimated after classifi-
cation into two categories: negative or minor cytological 
abnormalities (negative, ASC- US, or LSIL) versus sig-
nificant cytological abnormalities (ASC- H, HSIL, or in-
vasive cancer). The agreement between the careHPV™ 
test and the PapilloCheck® HPV assay was estimated 
at aggregated level for the 14 high- risk HPV genotypes 
detected by the careHPV™ test. Both agreements were 
measured using the Cohen kappa coefficient with 95% 
CI. To identify factors associated with CIN2+ histology, 
univariate logistic regressions were performed using 
age, last known CD4+, nadir CD4+ Lymphocytes count, 
and HPV test results in the model. Two multivariate lo-
gistic regressions were carried out including the above- 
mentioned characteristics and careHPV™ or HPV- 16 
results in the first and second models, respectively. The 
effect of each factor was estimated by an odds ratio and 
its 95% CI.

All statistical analyses were carried out using the R 
software, version 3.3.1 (Free Software Foundation, http://
www.r- proje ct.org).

http://www.r-project.org
http://www.r-project.org


1988 |   PABORIBOUNE et al.

4  |  RESULTS

From January 31, 2014 to May 27, 2015, a total of 772 
women consented to participate. In total, 128 women 
did not attend the gynecology consultation, one women 
was diagnosed with invasive cervical cancer and sent for 
appropriate care without HPV test, and 12 women were 
excluded due to unsatisfactory biopsy results, leaving 631 
women for analysis (Figure S1).

4.1 | Characteristics of the 
study population

Table  1  summarizes demographic and behavioral char-
acteristics of the study population. With a median age 
of 36 years (interquartile range, IQR, 31.1– 42.4), 60% of 
the women were engaged in a relationship. Median age 
at first sexual experience was 19 years and 94% reported 
less than 4  lifetime sexual partners. Median age at HIV 
diagnosis was 31  years (IQR: 27– 37) and median nadir 

CD4+ was 151 (IQR: 50– 274) cells/mm3. At inclusion, 
94.2% of women were on cART, with a median CD4+ cell 
count of 374 (IQR: 240– 504) cells/mm3 and median HIV 
load of 4341  copies/ml (IQR: <250– 1,094,000). Of the 
501 women with known results, 471 (94%) had HIV load 
<200 copies/ml.

4.2 | Description of tests and 
biopsy results

Overall, 631 women had a follow- up, of whom 222 (35.2%) 
were HPV positive (Figure S2). At least one LR- HPV and 
HR- HPV genotype was found in 41 and 107 women, re-
spectively. LSIL and HSIL were observed in 139 (30.6%) 
and 37 (5.8%) women, respectively. Biopsy- proven high- 
grade CIN was found in 51 women, with CIN2 in 22 cases 
and CIN3 in 18 cases. In situ and invasive carcinoma 
(IC) were detected in three and four women, respectively 
(Table 2). Conventional cytology was unable to detect any 
of the ICs.

Characteristics
All patients
N = 631

Age, years, median (IQR) 36.0 (31.1– 42.4)

Marital status

Married/cohabitation 379 (60.1)

Separated/divorced/single 143 (22.6)

Widowed 109 (17.3)

Number of children, median (IQR) 1 (1– 2)

Age at first sexual encounter, years, median (IQR) 19 (18– 22)

Level of education, n (%)

Illiterate 74 (11.7)

Primary 256 (40.6)

Secondary 264 (41.8)

Technical/University 37 (5.9)

Lifetime number of sexual partners, n (%), N = 629

1– 3 596 (94.8)

>=4 33 (5.2)

Characteristics of HIV infection

Age at HIV diagnosis, years, median (IQR) 31 (27– 37)

Prior diagnosis of AIDS (stage 3 or 4), n (%) 397 (60.1)

Current cART, n (%) 588 (93.2)

CD4+, cell count /mm3, median (IQR), N = 624 374 (240– 504)

Nadir CD4+, cell count/mm3, median (IQR), N = 626 151 (50– 274)

HIV load, copies/ml, median (IQR), N = 501 4341 (<20– 109,4000)

HIV viral load < 200 copies/ml, n (%), N = 501 471 (94)

Abbreviation: HIV, human immunodeficiency virus.

T A B L E  1  Characteristics of the study 
population
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4.3 | Comparison of performances of 
conventional Pap smear or Siriraj liquid- 
based cytology with careHPV™

The efficacy of careHPV™ test as compared to conventional 
Pap smear or Siriraj liquid- based cytology in the detection of 
cervical cancer is shown in Table 3. Among screened women, 
the proportion of those with a high- grade cervical lesion or a 
carcinoma detected after abnormal careHPV™ test was sig-
nificantly higher (6.02%; 95% CI: 4.4– 8.1, n = 38/631) than 
that detected by conventional Pap smear (4.59%; 95% CI: 
3.2– 6.5, n = 29/631, p = 0.05). The efficacy of careHPV™ 
versus Siriraj liquid- based cytology and PapilloCheck versus 
careHPV™ was not significantly different.

Performance of different techniques to detect CIN2 
or higher grade lesions is shown in Table 4A. careHPVTM 
had the highest sensitivity (80.8%, 95% CI: 67.4– 89.5) 
while HPV- 16 genotyping showed the lowest sensitivity 
(25.2%, 95% CI: 15.2– 39.5). The best specificity was seen 
for HPV- 16 genotyping (92.2%, 95% CI: 89.8– 94.2). care-
HPV™ and liquid- based cytology had similar ability to 
confirm and eliminate the presence of CIN2+ histology 
lesions with a LR+ of 2.6 and a LR− of 0.3. Sensitivity 
and specificity of each test stratified by age group are 
provided in Table S1. careHPV™ and Siriraj liquid- based 
cytology showed 100% sensitivity in women more than 
50  years old while the specificity did not vary between 
the age strata. The accuracy of each test in terms of the 

proportion of true positive and false negative is reported 
in Table 4B.

With cytology diagnoses classified into two categories: 
negative or minor cytological abnormalities (negative, 
ASC- US, or LSIL) versus significant cytological abnor-
malities (ASC- H and HSIL), the agreement between con-
ventional Pap smear and Siriraj liquid- based cytology was 
poor (Cohen kappa: 0.39, 95% CI: 0.21– 0.52).

4.4 | HPV genotyping virology

HPV genotypes detected by PapilloCheck are presented in 
Figure 1. HPV- 16 was the most frequently detected geno-
type (9%), followed by HPV 52 (8.4%) and 68 (6.7%).

The agreement between careHPV™ and PapilloCheck 
HPV test assessed at aggregated level for 14 HPV high- risk 
types in 591 specimens was moderate (Cohen kappa 0.7, 
95% CI: 0.55– 0.86) (Table S2).

4.5 | Prevalence of cervical HPV 
infection and associated diseases

Factors associated with CIN2+ lesions in HIV- 1– infected 
women are summarized in Table  5. Positive careHPV™ 
test (OR: 9.39, 95% CI: 4.6– 21.4) and presence of HPV- 16 
(OR: 4.26, 95% CI: 1.9– 8.7) were significantly associated 

T A B L E  2  HPV status of women with biopsy- proven high- grade CIN

Biopsy/
colposcopy

Gold CIN1/
low grade CIN2/high grade

CIN3/high 
grade

In situ 
carcinoma

Invasive 
carcinoma Normal

HPV test

Negative test 13 (25.5%) 5 (22.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 308 
(57.8%)

Positive test 38 (74.5%) 17 (77.3%) 18 (100.0%) 3 (100.0%) 4 (100.0%) 225 
(42.2%)

Total N = 51 N = 22 N = 18 N = 3 N = 4 N = 533

Abbreviations: CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus.

Test

Proportion of high- 
grade lesion/carcinoma 
(95% CI)

careHPV™
Conventional 
Pap smear

p value p value

careHPV™ 6.02 [4.4– 8.1] – – 

Conventional Pap smear 4.59 [3.2– 6.5] 0.05 – 

Siriraj liquid- based cytology 5.86 [4.3– 7.9] 1 0.06

PapilloCheck 6.66 [4.9– 8.9] 0.12 0.002

PapilloCheck HPV- 16 1.90 [1.1– 3.3] <0.001 <0.001

Abbreviation: HPV, human papillomavirus.

T A B L E  3  Efficacy of different 
techniques in the detection of cervical 
cancer
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with CIN2+ lesions. Multivariate analysis with HPV- 16 in 
the model showed that nadir Lymphocyte CD4 account 
less than 200 cells per mm3 was significantly associated 
with a decreased risk of CIN2+ in HIV- 1– infected patients 
(OR: 0.51, 95% CI: 0.3– 0.9).

5  |  DISCUSSION

The primary objective of this cross- sectional, multicenter 
study was to compare the efficacy of careHPV™ test versus 
conventional Pap smear or Siriraj liquid- based cytology 
in the detection of cervical cancer in a cohort of women 
living with HIV- 1 in Lao PDR. The results showed that 
the efficacy of careHPV™ test to detect high- grade cervi-
cal lesions or carcinoma was significantly higher than the 
conventional Pap smear but was not significantly differ-
ent than that of Siriraj liquid- based cytology. However, as 
the careHPV™ molecular test does not have an internal 
control to assess the sampling error, we cannot consider 
samples negative for high- risk HPV as true high- risk HPV 
negative samples.

All women were examined and underwent colpos-
copy and biopsy by the same gynecologist. We found 
high prevalence of HR- HPV (34.8%), similar to what has 
been reported in a study of women living with HIV- 1 in 
Thailand,18 emphasizing the potential benefits of inte-
grating cervical screening program in this population. The 
conventional Pap smear cytology is the only method used 
throughout hospitals in Lao PDR,19 though this method 
may not be the gold standard for the diagnosis of cervical 
cancer.9

Cytology, either conventional Pap smear or Siriraj 
liquid- based cytology, visual inspection with acid ace-
tic and HPV testing are the current screening tests for 
cervical cancer and pre- cancerous lesions, with large 
disparities in their access worldwide. Cervical cytology 
Pap smear test is the most common screening method, 
established in high- income countries as the primary T
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T A B L E  4 B  Accuracy of HPV testing, conventional Pap smear, 
or Siriraj liquid- based cytology to detect CIN2 or worse histology in 
women living with HIV- 1

Test Accuracy (%) 95% CI

careHPV 69.4 [65.7– 
72.88]

Conventional Pap smear 65.2 [61.4– 
68.9]

Siriraj liquid- based 
cytology

69.9 [66.2– 
73.3]

Note: Accuracy: Proportion of true positive and false negative.
Abbreviations: HIV- 1, human immunodeficiency virus- 1; HPV, human 
papillomavirus.
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screening test, and has led to significant decrease in 
the incidence of and mortality from cervical cancer.4 
However, this method seems to be less effective in de-
veloping countries,4 probably due to inadequate skill 
for good quality sample collection.4 Conventional Pap 
smear requires frequent visits and trained staff. The test 
can have false- negative and false- positive results due 
to inadequate sampling and slide preparation, errors in 
laboratory detection, and interpretation. The accuracy 
of this screening tool remains controversial with sensi-
tivity and specificity ranging from 30% to 87% and from 
86% to 100%, respectively.20

Siriraj liquid- based cytology was developed to improve 
the diagnostic reliability of conventional Pap smear. Siriraj 
liquid- based cytology rinses cervical cells in preservatives 
so that blood and other potentially obscuring material 
can be separated. The rate of detection for epithelial cell 
abnormalities was similar using either conventional Pap 
smear or Siriraj liquid- based cytology in some studies1,21,22 
while others reported better performance of the Siriraj 
liquid- based cytology.23,24 In our study, Siriraj liquid- based 
cytology was more sensitive for the detection of HSIL than 
the conventional Pap smear.

Molecular tests for the detection of HPV DNA can 
increase the sensitivity to detect CIN2+ lesions, thereby 
improving the prevention of cervical cancer. Different mo-
lecular assays for HR- HPV detection in primary screening 
for cervical cancer prevention have provided a significant 
increase in sensitivity and reproducibility compared to the 
conventional Pap smear test.25 HPV- based screening using 
affordable and rapid tests such as careHPV™ for a single- 
visit screen- and- treat approach can increase the screening 
intervals.26 It can be therefore considered as an attractive 
option to improve the cost- effectiveness of screening par-
ticularly in resource- constrained countries. Studies that 

compared the sensitivity of the conventional cytology 
tests to that of HPV test concluded that the latter may be 
more effective for the purpose of precancer and cancer 
screening. In our study, the sensitivity and specificity of 
careHPV™ test to detect CIN2+ lesions were, respectively, 
80.8% and 68.5%. HPV- 16 genotyping was the less sensi-
tive (25.2%) but as reported elsewhere,27 it turned out to 
be the most specific (92.2%) test to detect CIN2+ lesions. 
The performance of careHPV™ test has been evaluated in 
other settings among women in the general population. In 
a cross- sectional study among women attending routine 
cervical cancer screening in Tanzania, the sensitivity and 
specificity of the careHPV™ test to detect high- grade cer-
vical lesions or cancer (HSIL+) were 88.9% and 78.9%, re-
spectively.28 In a multi- country study, cervical careHPV™ 
testing was the most sensitive and had the best NPV for 
CIN2+ and CIN3+ as compared to vaginal careHPV™ 
testing, visual inspection with acetic acid, or conventional 
pap smear.29 In nine cases of CIN2+, careHPV™ test was 
negative. This could be explained by inaccurate histologi-
cal interpretation or poor sample quality. The accuracy of 
careHPV™ was higher than the conventional Pap smear 
but almost equivalent to Siriraj liquid- based cytology. The 
relatively low accuracy of careHPV™ could result in more 
false- positive results and over- referral for colposcopy.

Given its clinical performance and affordable cost, 
careHPV™ test represents an attractive screening option 
for the screen- treat approach recommended by the WHO. 
It could also replace the need for colposcopy examination 
which can be limited in developing countries due to the 
lack of expertise or equipment.

careHPV™ test has been evaluated in rural China in the 
general population of women aged 25– 65 years of age and 
was shown to be comparable to the gold standard HPV test 
Hybrid Capture 2 (HC2).30 An excellent agreement was 

F I G U R E  1  Human papillomavirus 
genotypes detected by PapilloCheck

9

8.2

6.5

5.6 5.4 5.3 5 5.0
4.4 4.4

3.9 3.7
3.1

2.5
2 2 2 1.9

1.4 1.4 1.2 1.1 1.1 0.9

0

1

2

3

4

5

6

7

8

9

10

16 52 68
44

/5
5 39 51 58 42 56 59 18 53 70 31 33 66 82 40 6 43 11 45 73 35

Percentage

Genotypes



1992 |   PABORIBOUNE et al.

also found between these two HPV tests in a population 
of 149 women living with HIV- 1 in African countries.31 
In our study, the positivity rate of careHPV™ was 41.9% 
and the sensitivity of the test to detect CIN2+ was 80.8%, 
almost similar to those of 93.3% and 94.3% observed in 
two studies performed among women living with HIV- 1 
in Africa.32,33 The specificity of careHPV™ in the present 
study (68.5%) was higher than that (58%) reported in the 
Segondy et al. study.32 The discrepancy in the observed 
specificity between the two studies cannot be explained 
by differences in HR- HPV prevalence, since the rates were 
similar (41%) in the two studies. The overall rate of HR- 
HPV positive in our samples was similar to what has been 
reported by another study carried out in Lao PDR.34

Women infected with HPV- 16 and/or HPV 18 are more 
likely develop CIN2 or worse lesions than those infected 
with other high- risk genotypes.35 Genotyping for these 
strains alone or in combination with other screening 
methods could therefore result in a better identification of 
high- risk women.

As in other parts of the world, epidemiological stud-
ies in Southeast Asia have shown that the distribution of 
cervical HPV genotypes differs across populations, and 
oncogenic genotypes other than HPV- 16 and HPV- 18 are 

frequent.36,37 HPV- 16 followed by HPV 52 and 68 were 
the most common genotypes in our study. HPV- 16 and 
HPV 68 were also among the most common genotypes 
in healthy women in Lao PDR.34 Phongsavan et al. also 
reported genotypes 33/52/58 in 4.3% and 16 in 3.1%, of 
their samples in Laos.19 HPV 51 and 70 (5.0%), followed 
by HPV- 16 (4.6%), HPV 71 (4.1%), and HPV 81 (3.7%) 
were the most common types found among young fe-
male sex workers (15– 29  years) in Cambodia.38 HPV- 
16 (17.9%), HPV 90 (16.6%), and HPV7 1 (10.3%) were 
reported in Thailand among patients during routine 
check- up or investigation and treatment in hospital.36 In 
Vietnam, HPV 52 was the most common type (11.4%), 
followed by HPV- 16 (6.6%), and HPV 58, 62, and 51 
(4.3% each).37

To further increase the screening rate, self- collected 
vaginal samples were used in a study carried out in slums 
of Hyderabad.26 The study provided evidence of the fea-
sibility and acceptance of the self- collection.26 Another 
study carried out in rural areas of India compared the per-
formance of careHPV™ on self- collected vaginal samples 
or clinician- collected cervical samples.39 The sensitivity of 
the test for detecting CIN2+ was 53.1% for cervical sam-
ples and 40.6% for vaginal samples. The loss of sensitivity 

T A B L E  5  Factors associated with the risk of CIN2+ in HIV- infected women

n (%)

Logistic model

Univariable Multivariable with careHPV Multivariable with HPV16

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Age at baseline

18– 39 years 399 30

40– 49 years 151 13 1.16 (0.6– 2.2) 0.67 1.45 (0.7– 2.9) 0.28 1.41 (0.7– 2.8) 0.33

≥50 years 81 4 0.64 (0.2– 1.7) 0.41 0.72 (0.2– 2.0) 0.57 0.75 (0.2– 2.0) 0.60

CD4+ T lymphocytes count (seven missing)

≥300 cells/mm3 403 27

<300 cells/mm3 221 20 1.39 (0.7– 2.5) 0.29 1.11 (0.55– 2.2) 0.75 1.70 (0.9– 3.3) 0.11

Nadir CD4+ T lymphocytes count (five missing)

≥200 cells/mm3 254 24

<200 cells/mm3 372 23 0.63 (0.4– 1.2) 0.13 0.57 (0.3– 1.14) 0.11 0.51 (0.3– 0.9) 0.04

Positive CareHPV

No 409 9

Yes 222 38 9.18 (4.5– 20.6) <0.0001 9.39 (4.6– 21.4) <0.0001 – – – 

Cervical HPV- 16

No 574 35

Yes 57 12 4.11 (1.9– 8.3) 0.0001 – – – 4.26 (1.9– 8.7) <0.0001

Cervical HPV52

No 578 40

Yes 53 7 2.05 (0.8– 4.6) 0.10 – – – – – – 

Abbreviations: HIV, human immunodeficiency virus; HPV, human papillomavirus
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should however to be balanced with the potential increase 
in screening coverage. The use of self- collecting device 
for cervical cytology may have applications in Lao PDR. 
Self- sampling has been reported as highly acceptable re-
gardless of age, educational background, and residence in 
rural areas of Lao PDR.40

Cervical cancer screening requires a sensitive and spe-
cific test. However, the highly trained personnel and sophis-
ticated laboratory equipment needed to achieve this level 
of performance are often lacking in developing countries. 
careHPV™, was designed specifically, and approved by the 
WHO, for application in low- resource public health settings 
to screen women 30 years of age and older. The test proce-
dure is simpler than other assays and has a faster time to re-
sults. Therefore, this test represents an attractive screening 
option in Lao PDR and similar countries. This is particularly 
true for women living with HIV- 1 because of the higher 
prevalence of chronic HPV infection in this population. The 
implementation of information campaigns and screening 
programs in HIV attending centers would be a significant 
step toward the set- up of such programs at national level. 
This project was the opportunity to strengthen the skills of 
Laotian healthcare actors who received additional training 
on screening, diagnosis, and treatment of cervical cancer.

The results of LaoCol study can be used by local health 
authorities as a basis to improve their national cervical 
cancer screening policy and to establish HPV vaccination 
programs.

ACKNOWLEDGMENTS
The authors express their gratitude to Dr Philipe 
Mayaud from the London School of Hygiene and 
Tropical Médicine and Pr Qiao from the Department 
of Cancer Epidemiology, Cancer Institute/Hospital 
Chinese Academy of Medical Sciences, and Peking 
Union Medical College.

CONFLICT OF INTEREST
There is no conflict of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are avail-
able on request from the corresponding author.

ORCID
Mitra Saadatian- Elahi   https://orcid.
org/0000-0003-1265-8806 
Nicole Ngo- Giang- Huong   https://orcid.
org/0000-0001-8950-3234 

REFERENCES
 1. Pankaj S, Nazneen S, Kumari S, et al. Comparison of conven-

tional Pap smear and liquid- based cytology: a study of cervical 

cancer screening at a tertiary care center in Bihar. Indian J 
Cancer. 2018;55:80- 83. doi:10.4103/ijc.IJC_352_17

 2. Ferlay J, Colombet M, Bray F. Cancer Incidence in Five 
Continents, CI5plus: IARC CancerBase No. 9th [Internet]. 
International Agency for Research on Cancer; 2018. Available 
at: http://ci5.iarc.fr

 3. Bruni L, Albero G, Serrano B, Mena M, Gómez D, Muñoz J, 
Bosch FX, de Sanjosé S. Information Centre on HPV and 
Cancer (HPV Information Centre). Human Papillomavirus and 
Related Diseases in Laos. Summary Report ICO/IARC. 17 June 
2019. Available at: https://hpvce ntre.net/stati stics/ repor ts/
LAO.pdf

 4. WHO Guidelines for Screening and Treatment of Precancerous 
Lesions for Cervical Cancer Prevention. World Health 
Organization. ISBN- 13: 978- 92- 4- 154869- 4, 2013.

 5. Qiao YL, Sellors JW, Eder PS, et al. A new HPV- DNA test 
for cervical- cancer screening in developing regions: a cross- 
sectional study of clinical accuracy in rural China. Lancet 
Oncol. 2008;9:929- 936. doi:10.1016/S1470 - 2045(08)70210 - 9

 6. Clifford GM, Tully S, Franceschi S. Carcinogenicity of Human 
Papillomavirus (HPV) types in HIV- positive women: a meta- 
analysis from HPV infection to cervical cancer. Clin Infect Dis. 
2017;64:1228- 1235. doi:10.1093/cid/cix135

 7. Hernández- Ramírez RU, Shiels MS, Dubrow R, Engels EA. 
Cancer risk in HIV- infected people in the USA from 1996 to 
2012: a population- based, registry- linkage study. Lancet HIV. 
2017;4:e495- e504. doi:10.1016/S2352 - 3018(17)30125 - X

 8. Kelly H, Weiss HA, Benavente Y, et al. Association of antiret-
roviral therapy with high- risk human papillomavirus, cer-
vical intraepithelial neoplasia, and invasive cervical cancer 
in women living with HIV: a systematic review and meta- 
analysis. Lancet HIV. 2018;5:e45- e58. doi:10.1016/S2352 
- 3018(17)30149 - 2

 9. Sichanh C, Quet F, Chanthavilay P, et al. Knowledge, aware-
ness and attitudes about cervical cancer among women attend-
ing or not an HIV treatment center in Lao PDR. BMC Cancer. 
2014;14:161. doi:10.1186/1471- 2407- 14- 161

 10. Massad LS, Seaberg EC, Heather Watts D, et al. Long- term in-
cidence of cervical cancer in women with human immunodefi-
ciency virus. Cancer. 2009;115:524- 530.

 11. Centers for Disease Control and Prevention. Sexually transmit-
ted diseases treatment guidelines 2002. MMWR Morb Mortal 
Wkly Rep. 2002;51:59.

 12. WHO/ICO Information Centre on HPV and Cervical Cancer 
(HPV Information Centre): Human Papillomavirus and Related 
Cancers in Laos. Summary Report 2010. Available at: http://
www.hpvce ntre.net/

 13. Mayrand M- H, Duarte- Franco E, Rodrigues I, et al. Human 
papillomavirus DNA versus papanicolaou screening tests for 
cervical cancer. N Engl J Med. 2007;357:1579- 1588.

 14. Bulkmans NWJ. Human papillomavirus DNA testing for the 
detection of cervical intraepithelial neoplasia grade 3 and can-
cer: 5- year follow- up of a randomized controlled implementa-
tion trial. Lancet. 2007;370:1764- 1772.

 15. Nayar R, Wilbur DC. The Bethesda system for reporting cervi-
cal cytology: a historical perspective. Acta Cytol. 2017;61:359- 
372. doi:10.1159/00047 7556

 16. Darragh TM, Colgan TJ, Thomas Cox J, et al. The lower 
anogenital squamous terminology standardization proj-
ect for HPV- associated lesions: background and consensus 

https://orcid.org/0000-0003-1265-8806
https://orcid.org/0000-0003-1265-8806
https://orcid.org/0000-0003-1265-8806
https://orcid.org/0000-0001-8950-3234
https://orcid.org/0000-0001-8950-3234
https://orcid.org/0000-0001-8950-3234
https://doi.org/10.4103/ijc.IJC_352_17
http://ci5.iarc.fr
https://hpvcentre.net/statistics/reports/LAO.pdf
https://hpvcentre.net/statistics/reports/LAO.pdf
https://doi.org/10.1016/S1470-2045(08)70210-9
https://doi.org/10.1093/cid/cix135
https://doi.org/10.1016/S2352-3018(17)30125-X
https://doi.org/10.1016/S2352-3018(17)30149-2
https://doi.org/10.1016/S2352-3018(17)30149-2
https://doi.org/10.1186/1471-2407-14-161
http://www.hpvcentre.net/
http://www.hpvcentre.net/
https://doi.org/10.1159/000477556


1994 |   PABORIBOUNE et al.

recommendations from the College of American Pathologists 
and the American Society for Colposcopy and Cervical 
Pathology. Int J Gynecol Pathol. 2013;32(1):76- 115. doi:10.1097/
PGP.0b013 e3182 6916c7

 17. Hesselink AT, Heideman DA, Berkhof J, et al. Comparison of 
the clinical performance of PapilloCheck human papillomavi-
rus detection with that of the GP5+/6+- PCR- enzyme immuno-
assay in population- based cervical screening. J Clin Microbiol. 
2010;48:797- 801. doi:10.1128/JCM.01743 - 09

 18. Sirivongrangson P, Bollen LJ, Chaovavanich A, et al. Screening 
HIV- infected women for cervical cancer in Thailand: findings 
from a demonstration project. Sex Transm Dis. 2007;34(2):104- 
107. doi:10.1097/01.olq.00002 22716.17186.9f

 19. Phongsavan K, Gustavsson I, Marions L, Phengsavanh A, 
Wahlström R, Gyllensten U. Detection of human papilloma-
virus among women in Laos: feasibility of using filter paper 
card and prevalence of high- risk types. Int J Gynecol Cancer. 
2012;22(8):1398- 1406. doi:10.1097/IGC.0b013 e3182 664b6b

 20. Nanda K, McCrory DC, Myers ER, et al. Accuracy of the Papanicolaou 
test in screening for and follow- up of cervical cytologic abnormal-
ities: a systematic review. Ann Intern Med. 2000;132(10):810- 819. 
doi:10.7326/0003- 4819- 132- 10- 20000 5160- 00009

 21. Sharma J, Toi PCH, Siddaraju N, Sundareshan M, Habeebullah 
S. A comparative analysis of conventional and SurePath liquid- 
based cervicovaginal cytology: a study of 140 cases. J Cytol. 
2016;33(2):80- 84. doi:10.4103/0970- 9371.182525

 22. Ronco G, Cuzick J, Pierotti P, et al. Accuracy of liquid based ver-
sus conventional cytology: overall results of new technologies 
for cervical cancer screening: randomised controlled trial. BMJ. 
2007;335(7609):28. doi:10.1136/bmj.39196.740995.BE

 23. Strander B, Andersson- Ellström A, Milsom I, Rådberg T, Ryd W. 
Liquid- based cytology versus conventional Papanicolaou smear 
in an organized screening program: a prospective randomized 
study. Cancer. 2007;111(5):285- 291. doi:10.1002/cncr.22953

 24. Davey E, d'Assuncao J, Irwig L, et al. Accuracy of reading 
liquid- based cytology slides using the ThinPrep Imager com-
pared with conventional cytology: prospective study. BMJ. 
2007;335(7609):31. doi:10.1136/bmj.39219.645475.55

 25. Cuzick J, Bergeron C, von Knebel Doeberitz M, et al. New tech-
nologies and procedures for cervical cancer screening. Vaccine. 
2012;30(Suppl 5):F107- F116. doi:10.1016/j.vacci ne.2012.05.088

 26. Ronco G, Dillner J, Elfström KM, et al. International HPV screen-
ing working group. Efficacy of HPV- based screening for pre-
vention of invasive cervical cancer: follow- up of four European 
randomised controlled trials. Lancet. 2014;383(9916):524- 532. 
doi:10.1016/S0140 - 6736(13)62218 - 7

 27. Agorastos T, Chatzistamatiou K, Katsamagkas T, et al. HERMES 
study group. Primary screening for cervical cancer based on 
high- risk human papillomavirus (HPV) detection and HPV 16 
and HPV 18 genotyping, in comparison to cytology. PLoS One. 
2015;10:e0119755. doi:10.1371/journ al.pone.0119755

 28. Katanga J, Kjaer SK, Manongi R, et al. Performance of care-
HPV, hybrid capture 2 and visual inspection with acetic acid 
for detection of high- grade cervical lesion in Tanzania: a cross- 
sectional study. PLoS One. 2019;14:e0218559. doi:10.1371/journ 
al.pone.0218559

 29. Jeronimo J, Bansil P, Lim J, et al. A multicountry evaluation of care-
HPV testing, visual inspection with acetic acid, and Papanicolaou 
testing for the detection of cervical cancer. Int J Gynecol Cancer. 
2014;24:576- 585. doi:10.1097/IGC.00000 00000 000084

 30. Zhao FH, Jeronimo J, Qiao YL, et al. An evaluation of novel, 
lower- cost molecular screening tests for human papilloma-
virus in rural China. Cancer Prev Res (Phila). 2013;6:938- 948. 
doi:10.1158/1940- 6207.CAPR- 13- 0091

 31. Ngou J, Magooa MP, Gilham C, et al. Comparison of care-
HPV and hybrid capture 2 assays for detection of high- risk 
human Papillomavirus DNA in cervical samples from HIV- 1- 
infected African women. J Clin Microbiol. 2013;51:4240- 4242: 
doi:10.1128/JCM.02144 - 13

 32. Segondy M, Kelly H, Magooa MP, et al. Performance of careHPV 
for detecting high- grade cervical intraepithelial neoplasia among 
women living with HIV- 1 in Burkina Faso and South Africa: HARP 
study. Br J Cancer. 2016;115:425- 430. doi:10.1038/bjc.2016.207

 33. Bansil P, Lim J, Byamugisha J, Kumakech E, Nakisige C, 
Jeronimo JA. Performance of cervical cancer screening tech-
niques in HIV- infected women in Uganda. J Low Genit Tract 
Dis. 2015;19:215- 219. doi:10.1097/LGT.00000 00000 000090

 34. Takamatsu R, Nabandith V, Pholsena V, et al. Cervical cytol-
ogy and human papillomavirus among asymptomatic healthy 
volunteers in Vientiane, Lao PDR. BMC Cancer. 2017;17:872. 
doi:10.1186/s1288 5- 017- 3900- 6

 35. So KA, Lee IH, Lee KH, et al. Human papillomavirus genotype- 
specific risk in cervical carcinogenesis. J Gynecol Oncol. 
2019;30:e52. doi:10.3802/jgo.2019.30.e52

 36. Chansaenroj J, Lurchachaiwong W, Termrungruanglert W, et al. 
Prevalence and genotypes of human papillomavirus among 
Thai women. Asian Pac J Cancer Prev. 2010;11(1):117- 122.

 37. Hernandez BY, Vu NT. Cervical human papillomavirus infec-
tion among female sex workers in southern Vietnam. Infect 
Agent Cancer. 2008;3:7. doi: 10.1186/1750- 9378- 3- 7

 38. Couture MC, Page K, Stein ES, et al. Cervical human pap-
illomavirus infection among young women engaged in sex 
work in Phnom Penh, Cambodia: prevalence, genotypes, risk 
factors and association with HIV infection. BMC Infect Dis. 
2012;12:166. doi:10.1186/1471- 2334- 12- 166

 39. Asthana S, Labani S. Adjunct screening of cervical or vaginal sam-
ples using careHPV testing with Pap and aided visual inspection 
for detecting high- grade cervical intraepithelial neoplasia. Cancer 
Epidemiol. 2015;39:104- 108. doi:10.1016/j.canep.2014.11.006

 40. Kuroshima Y, Ohtake K, Handou K, Matsuzaki A, Saio M, 
Yoshimi N. Investigation using a self- scraping instrument for 
uterine cervical cancer screening in Laos. J Jpn Soc Clin Cytol. 
2014;53:55- 59. doi:10.5795/jjscc.53.55

SUPPORTING INFORMATION
Additional supporting information may be found in the 
online version of the article at the publisher’s website.

How to cite this article: Paboriboune P, 
Phongsavan K, Arounlangsy P, et al. Efficacy of 
careHPV™ human papillomavirus screening versus 
conventional cytology tests for the detection of 
precancerous and cancerous cervical lesions among 
women living with HIV- 1 in Lao People's 
Democratic Republic. Cancer Med. 2022;11:1984– 
1994. doi:10.1002/cam4.4502

https://doi.org/10.1097/PGP.0b013e31826916c7
https://doi.org/10.1097/PGP.0b013e31826916c7
https://doi.org/10.1128/JCM.01743-09
https://doi.org/10.1097/01.olq.0000222716.17186.9f
https://doi.org/10.1097/IGC.0b013e3182664b6b
https://doi.org/10.7326/0003-4819-132-10-200005160-00009
https://doi.org/10.4103/0970-9371.182525
https://doi.org/10.1136/bmj.39196.740995.BE
https://doi.org/10.1002/cncr.22953
https://doi.org/10.1136/bmj.39219.645475.55
https://doi.org/10.1016/j.vaccine.2012.05.088
https://doi.org/10.1016/S0140-6736(13)62218-7
https://doi.org/10.1371/journal.pone.0119755
https://doi.org/10.1371/journal.pone.0218559
https://doi.org/10.1371/journal.pone.0218559
https://doi.org/10.1097/IGC.0000000000000084
https://doi.org/10.1158/1940-6207.CAPR-13-0091
https://doi.org/10.1128/JCM.02144-13
https://doi.org/10.1038/bjc.2016.207
https://doi.org/10.1097/LGT.0000000000000090
https://doi.org/10.1186/s12885-017-3900-6
https://doi.org/10.3802/jgo.2019.30.e52
https://doi.org/10.1186/1750-9378-3-7
https://doi.org/10.1186/1471-2334-12-166
https://doi.org/10.1016/j.canep.2014.11.006
https://doi.org/10.5795/jjscc.53.55
https://doi.org/10.1002/cam4.4502


Cancer Medicine. 2022;11:1–11.     | 1wileyonlinelibrary.com/journal/cam4

Received: 11 February 2021 | Revised: 12 October 2021 | Accepted: 19 November 2021

DOI: 10.1002/cam4.4502  

R E S E A R C H  A R T I C L E

Efficacy of careHPV™ human papillomavirus screening 
versus conventional cytology tests for the detection of 
precancerous and cancerous cervical lesions among women 
living with HIV- 1 in Lao People's Democratic Republic

Phimpha Paboriboune1 |   Keokedthong Phongsavan2 |   Phetsamone Arounlangsy3 |   
Bruno Flaissier4 |   Oukham Aphayarath5 |   Prasit Phimmasone6 |   
Ketmala Banchongphanith7 |   Mixi Xayaovong1 |   Gonzague Jourdain8 |   Anne- 
Marie Schott9 |   Mitra Saadatian- Elahi10,11  |   Laurent Magaud12 |   
Amna Klich13,14,15,16 |   Nicole Ngo- Giang- Huong8  |   Isabelle Heard17 |   
Muriel Rabilloud13,14,15,16 |   Valentina Sanchez Picot18 |   Christophe Longuet18

1Centre d'Infectiologie Christophe Mérieux (CICML), Vientiane, Lao- PDR
2Setthatirath Hospital, Vientiane, Lao- PDR
3Public Health Science University, Vientiane, Lao- PDR
4Fondation Mérieux, Phu Phanang National Bio- Diversity, Vientiane, Lao- PDR
5HIV Center Setthathirath Hospital, Vientiane, Lao- PDR
6HIV Center Mahosot Hospital, Vientiane, Lao- PDR
7National Center for HIV/AIDS and STI, Vientiane, Lao- PDR
8French National Research Institute for Sustainable Development (IRD), Marseille, France
9Université Claude Bernard Lyon 1, Villeurbanne, France
10Service Hygiène, Epidémiologie, Infectiovigilance et Prévention, Centre Hospitalier Edouard Herriot, Hospices Civils de Lyon, Lyon, France
11Public Health, Epidemiology and Evolutionary Ecology of Infectious Diseases (PHE3ID) –  Inserm –  U1111 –  UCBL Lyon 1 –  CNRS –  UMR5308 –  
ENS de Lyon, Lyon, France
12Hospices Civils de Lyon, Pole Santé Publique, Lyon, France
13Université de Lyon, Lyon, France
14Université Lyon 1, Villeurbanne, France
15Service de Biostatistique- Bioinformatique, Pôle Santé Publique, Hospices Civils de Lyon, Lyon, France
16Équipe Biostatistique- Santé, Laboratoire de Biométrie et Biologie Évolutive, CNRS UMR 5558, Villeurbanne, France
17French National Human papillomavirus Reference Laboratory, Institut Pasteur, Paris, France
18Fondation Mérieux, Lyon, France

This is an open access article under the terms of the Creat ive Commo ns Attri bution License, which permits use, distribution and reproduction in any medium, provided 
the original work is properly cited.
© 2022 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

www.wileyonlinelibrary.com/journal/cam4
https://orcid.org/0000-0003-1265-8806
https://orcid.org/0000-0001-8950-3234

