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ARTICLE INFO ABSTRACT
Keywords: The performance of different clinical screening algorithms comprising point-of-care HPV-DNA testing using self-
Cervical cancer collected vaginal (‘V’) specimens, and visual inspection of the cervix with acetic acid (VIA) was evaluated in
HPV Papua New Guinea.
Screening

Women aged 30-59 years provided V specimens that were tested at point-of-care using the Xpert HPV Test
(Cepheid, Sunnyvale, CA). A clinician-collected cervical (‘C’) specimen was then collected for point-of-care Xpert
testing, and liquid-based cytology (LBC). Following this, VIA examination was conducted, blind to HPV test
results, and ablative cervical cryotherapy provided if indicated. Detection of high-grade squamous intraepithelial
lesion (HSIL) by LBC was the reference standard used to evaluate clinical screening algorithms.

Of 1005 women, 36 had HSIL+. Xpert HPV Test performance using V specimens (sensitivity 91.7%, speci-
ficity 87.0%, PPV 34.0%, NPV 99.3%) was superior to VIA examination alone (51.5%, 81.4%, 17.5%, 95.6%
respectively) in predicting underlying HSIL+. A screening algorithm comprising V specimen HPV testing fol-
lowed by VIA examination had low sensitivity (45.5%) but comparable specificity, PPV and NPV to HPV testing
alone (96.3%, 45.5%, 96.3% respectively).

Self-collect
Papua New Guinea
Visual inspection with acetic acid
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A ‘test-and-treat’ screening algorithm based on point-of-care HPV testing of V specimens had superior per-
formance compared with either VIA examination alone, or a combined screening algorithm comprising HPV

testing plus VIA.

1. Background

Papua New Guinea (PNG) has among the highest estimated burdens
of cervical cancer globally (estimated age-standardised incidence rate
34.5 per 100,000; age-standardised mortality rate 21.7,/100,000) [1].
Cervical cancer is the leading cause of cancer mortality among women
with an estimated 1000-1500 deaths every year [2,3]. The high burden
of cervical cancer in PNG could be substantially alleviated through the
implementation of an effective and accessible national cervical
screening program, with associated medical referrals as needed [2,4-6].

A cervical screening initiative for women in PNG was established in
1999 by a non-governmental Australian-supported charity (the
MeriPath program), and provided a service from more than 30 health
facilities in 16 provinces [7]. The program was able to achieve only
modest coverage however, with around 45,000 women screened over
ten years (2001-2011), representing less than 4% of the target popu-
lation aged 20-59 years. Also, as specimens were sent to Australia for
testing, more than half of those found to have high-grade disease were
lost to follow-up, due to the delay between testing and recall. Re-
cognizing these constraints, a Ministerial Task Force on Cervical Cancer
called for locally-appropriate models of cervical screening and early
treatment to be evaluated in PNG [8]. The Task Force favoured the
‘screen and treat’ approach endorsed by the World Health Organization
(WHO) for use in low- and middle-income countries (LMICs), based on
visualization of the cervix after acetic acid (VIA), followed by ablative
cervical cryotherapy [8]. Many countries have however experienced
difficulties scaling up VIA, while maintaining adequate quality, and
have reported much lower sensitivity and specificity than had been
achieved in research settings [9-11]. In PNG, the first evaluation of VIA
plus cryotherapy for primary cervical screening was recently completed
(n = 614) and found poor correlation between VIA and laboratory-
based high-risk HPV test results [12]. These findings in PNG and else-
where have stimulated a search for more robust, accurate, reliable and
easy-to-use screening methods, particularly those that could be offered
at point-of-care, to enable immediate clinical decision making.

The recognition that persistent infection with high-risk types of HPV
(hrHPV) is the necessary factor for development of both cervical pre-
cancer and cancer [13] has led to the development of new screening
technologies that detect HPV-DNA directly. In the last decade, the po-
tential health impact of HPV-DNA based testing as the primary
screening pathway has been demonstrated in large-scale randomised
trials and prospective studies [14-16]. These findings led to re-
commendations in Europe, the United States, Australia and other high-
income settings for cervical screening programs to adopt HPV-DNA
testing [16-19] for primary cervical screening; and to the WHO re-
commendation that HPV-DNA testing be integrated into screening
programs in LMICs [20]. A key issue for LMICs is the cost and technical
expertise required for HPV testing. In addition, the requirement that
clinicians collect specimens stands as a substantial barrier, as it has with
cytology screening, because of the requirement for a pelvic examina-
tion. Therefore, the development of an accurate, easy-to-use, nucleic
acid amplification test (NAAT) that provides laboratory quality results
within 60 min has been a significant advance (GeneXpert, Cepheid,
Sunnyvale, CA). The Xpert HPV Test detects 14 oncogenic HPV types,
including identifying HPV16, 18 and 45, and its performance for the
detection of histologically-confirmed cervical pre-cancer found to be
comparable to laboratory-based HPV molecular assays [18,21,22]. The
portable Xpert HPV Test can be conducted on an individual basis, and
with suitable training and support, provided at point-of-care within
routine clinical settings in LMICs [23,24]. Furthermore, we recently
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demonstrated the excellent performance of self-collected vaginal spe-
cimens compared with clinician-collected cervical specimens tested on
Xpert HPV [23], and compared with laboratory-based Roche Cobas
4800 HPV and Hologic Aptima HPV assays [25]. The use of self-col-
lected vaginal specimens for hrHPV testing offers a cervical screening
solution that is rapid and minimally-invasive for women, and not de-
pendent on advanced laboratory or clinical expertise.

The WHO has recommended sequential ‘test and treat’ algorithms
be evaluated in LMICs in order to inform future policy and practice
[20]. Two recent studies evaluated a two-stage screening strategy
comprising laboratory-based hrHPV testing and VIA examination
[26,27], but neither provided same-day ‘screen and treat’ services as
advocated by WHO. A third study recently sought to evaluate Xpert
HPV testing at point-of-care followed by VIA, but failed to ascertain
disease status among women who tested HPV negative and was there-
fore unable to evaluate the performance of the combination algorithm
to detect high-grade disease [24].

The objective of the current study was to evaluate the performance
of different clinical screening algorithms comprising point-of-care Xpert
HPV testing and VIA examination for the detection of high-grade cer-
vical disease. This study was to determine which clinical screening al-
gorithm would be most suitable for further evaluation in large-scale
screening studies to inform future population-based cervical screening
in PNG and other high-burden, low-resource settings.

2. Materials and methods
2.1. Setting

The study was conducted in two well-women clinics at Goroka
General Hospital (Goroka, Eastern Highlands Province) and Mt Hagen
General Hospital (Mt Hagen, Western Highlands Province), PNG, which
serve provincial populations of 579,825 and 362,850 respectively [28].
Both clinics provide cervical ‘screen and treat’ services based on VIA
examination alone followed by ablative cervical cryotherapy if in-
dicated. Clinic staff at both sites attended intensive residential training
courses in VIA examination and cryotherapy, at an internationally-re-
cognised training centre in Thailand. This was followed by on-site as-
sessment and staff accreditation in PNG, within six-months of initial
training. Day-to-day support supervision of clinical staff conducting VIA
was provided by a consultant gynaecologist at each site (AK, BK).

2.2. Study design and participants

Cross-sectional study among 1000 women attending cervical
screening services in PNG. Sample size requirements were based on
estimated prevalences of hrHPV infection and ASC-H / HSIL of around
15-20% and 4-7% respectively in this population [2,12]. A sample size
of 1000 women would enable test performance characteristics to be
estimated with approximately 3-6% precision.

Clinic attendees aged 30-59 years (the target age for VIA-based
screening in PNG) with an intact cervix were invited by clinic staff to
participate in the study and, following completion of informed consent
procedures, were enrolled sequentially.

2.3. Study procedures
A short face-to-face interview was conducted by a member of the

clinical research team to collect socio-demographic, behavioural and
clinical information. Clinic staff used a pictorial guide to advise women
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how to collect a mid-cavity vaginal specimen using a cytobrush (“Just
for Me”, Preventative Oncology International, Cleveland Heights,
Ohio). Each self-collected vaginal (V) specimen was provided im-
mediately after collection to an onsite laboratory technician, who
placed it into 20 ml ThinPrep PreservCyt (Hologic, Marlborough, MA)
solution. A 1 mL sample of PreservCyt fluid was then tested using the
Xpert HPV test as per manufacturer's instructions. Following self-col-
lection, women underwent a clinical examination conducted by a re-
search nurse or health extension officer during which a clinician-col-
lected cervical (C) specimen was obtained using the same type of
cytobrush. Specimen processing and testing for hrHPV was identical to
that described above. VIA examination was then carried out by the
same clinician who was blinded to hrHPV test results. Women with a
positive VIA examination (acetowhite staining observed within the
squamo-columnar junction) were offered same-day ablative cryo-
therapy. Women with extensive acetowhite staining, those with cervical
lesions considered suspicious of possible cancer, and cases where it was
not possible to visualise the entire squamo-columnar junction, were
referred to the Gynaecology Department at participating provincial
hospitals, as per study-specific standard operating procedures.

Cervical PreservCyt specimens were stored at 4 °C for a median of
13 months (interquartile range 11-18 months) before cool shipment to
Melbourne, Australia, where additional molecular testing (data not
presented) was conducted at the Department of Clinical Microbiology
and Infectious Diseases, The Royal Women's Hospital. Following this,
liquid based cytology (LBC) was performed on residual PreservCyt
specimens at the Victorian Cytology Service (VCS), a National
Association of Testing Authorities (NATA) / Royal College of
Pathologists Australia (RCPA) accredited laboratory. All cervical slides
were assessed by experienced assessors and any slides with High-Grade
Squamous Intraepithelial Lesion (HSIL) were confirmed by a senior
cytopathologist [29]. In our analysis, high-grade disease included all
those with the cytological finding of HSIL or worse. Women who were
not offered ablative cryotherapy at point-of-care but who were subse-
quently found to have HSIL were traced in the community and advised
to return for further treatment.

2.4. Statistical analysis

All test result data were entered into an MS Excel study-specific
database and independently checked against source data (e.g. paper-
based case record forms; electronic GeneXpert.GXX files) at designated
time points during the study, following completion of fieldwork, and on
completion of offsite laboratory testing.

The sensitivity, specificity, positive predictive value (PPV) and ne-
gative predictive value (NPV) of the following algorithms for the de-
tection of underlying HSIL were then calculated: VIA examination
alone; Xpert HPV Test alone; and different possible combinations of VIA
examination and Xpert HPV Test results (e.g. positive for HPV16 and
VIA positive vs. hrHPV negative). A specific objective was to evaluate
the possible benefit of VIA examination among women who test posi-
tive for hrHPV infection (e.g. detection of underlying HSIL among
women who test positive for any hrHPV and are VIA positive, compared
with detection among women who are either (a) hrHPV negative OR (b)
positive for any hrHPV infection but subsequently have a negative VIA
examination).

Performance measures were calculated as proportions with 95%
confidence intervals (CIs) for the detection of high-grade disease, based
on a disease threshold of HSIL [29]. Chi squared or Fisher's exact tests
(as appropriate) and the Wilcoxon rank-sum tests were used to compare
the outcomes of interest between groups (e.g. differences in socio-
demographic and behavioural characteristics by hrHPV status). The p
values < 0.05 were considered as statistically significant. All statistical
analyses were performed using Stata version 14.1 (StataCorp, College
Station, TX).
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Table 1
Selected socio-demographic, behavioural and clinical characteristics of study
participants by hrHPV status of self-collected vaginal specimen (N = 1005).

hrHPV Positive hrHPV Negative p value’
n = 167 (16.6%) n = 838 (83.3%)
Age®, median (IQR) (years) 38 (IQR 34-43) 39 (IQR 35-45) -
Marital status”
- Married 146 750 0.473
- Single, Divorced or 20 85
Widowed
Education® (highest level)
- Never attended school 55 (33.1) 289 (34.9) 0.113
- Primary school 66 (39.8) 381 (47.1)
- Secondary school 23 (13.9) 92 (11.1)
- Tertiary school 22 (13.3) 65 (7.9)
Age of sexual debut:
- Median years (IQR) 18 (IQR 17-20) 18 (IQR 16-20) 0.215
Lifetime number of sexual
partners®
- Median (IQR) 1 (IQR 1-2) 1 (IQR 1-2) -
Number of partners in last
month’
- Median (IQR) 1 (IQR 1-1) 1 (IQR 1-1) 0.328"
Previous cervical 29 (17.4) 150 (17.9) 0.802
screening’
HPV vaccination’ 0 (0) 2(0.2) 0.665""
Previous STI/genital 78 (47.0) 373 (44.6) 0.631
infection®
Current genital symptoms? 112 (67.1) 501 (59.9) 0.084
- Genital warts" 4 (2.4) 5 (0.6) 0.076
- Genital discharge’ 115 (71.0) 570 (68.8) 0.186
VIA positive’ 51 (34.5) 95 (12.7) < 0.001
High-grade disease (HSIL 33 (6.3) 3 (0.70) < 0.001
or worse)"
2 n =1004.
® n = 1001.
¢ n=993.
4 n=1003.
€ n=99%.
f'n=0968.
& n =1002.
" n =988
''n =990.
i'n=89s.
k n=527.

* Chi-square unless otherwise indicated.
** Wilcoxon rank sum test.
*** Fisher's exact test.

3. Results
3.1. Sociodemographic, behavioural and clinical characteristics

A total of 1005 women were recruited (614 and 391 at sites 1 and 2,
respectively) between November 2014 and October 2015. More than
90% of those invited to participate in the study were enrolled. All offsite
laboratory investigations were completed by October 2016. Overall, the
prevalence of hrHPV infection (based on testing self-collected vaginal
specimens) was 16.6% (167/1005; Table 1). Women with hrHPV were
marginally younger than hrHPV negative women (median age 38 years
vs. 39 years) and significantly more likely to have a positive VIA ex-
amination (34.5% vs. 12.7%; p < 0.001). No statistically significant
differences were observed in marital status, education level, age of
sexual debut, and other behavioural and clinical characteristics be-
tween hrHPV positive and negative women (Table 1). A majority of
participants had not previously undergone cervical screening (n = 824,
82.2%), and only two (0.2%) reported having received HPV vaccine.
Approximately two-thirds (n = 685, 69.2%) of women reported vaginal
discharge at the time of their clinic visit. VIA examination was con-
ducted on 895 women (89.1%), of whom 16.3% (146/895) were VIA
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positive (Table 1). It was not possible to complete VIA examination in
110 women (10.9%) due to an inability to visualise the entire squamo-
columnar junction and/or concomitant cervicitis.

3.1.1. Cytology findings
A total of 991 cervical specimens were available for liquid based

cytology of which 527 (53.2%) were considered to be satisfactory for
evaluation by experienced assessors and cytopathologists at VCS. High-
grade disease (HSIL or worse) was detected in 6.8% of specimens (36/
527), the majority among hrHPV positive women (91.7%; 33/36)
(Table 2). Evidence of cervical cancer was detected in nine (1.7%)
women, all of whom were hrHPV positive on their self-collected vaginal
specimen.

Of the 464 unsatisfactory specimens, 14 (3.0%) could not be pro-
cessed because of low sample volume, and 450 (97.0%) did not contain
sufficient cellular material to be deemed satisfactory for evaluation. A
liquid based specimen is deemed to be unsatisfactory when there are
fewer than 5000 visible squamous cells on the slide [29]. The proces-
sing of specimens for laboratory-based molecular assays prior to con-
ducting LBC was considered a key factor. There was no difference in the
proportion of satisfactory and unsatisfactory LBC specimens from
hrHPV positive women (18.4% vs. 14.9% respectively; p = 0.137). The
quality of C specimens varied by site: 46.1% (281/610) of specimens
collected in site 1 were satisfactory compared with 64.6% (246/381) in
site 2 (p < 0.001). There was no significant difference in overall
hrHPV prevalence between site 1 and site 2 (16.6% vs. 16.7%;
p = 0.996); and no difference between sites in the proportion of sa-
tisfactory LBC specimens from hrHPV positive women (18.9% vs.
17.9%; p = 0.773).

3.1.2. Performance of different clinical algorithms for the detection of high-
grade disease (HSIL or worse)

VIA examination was completed in 96.7% (33/36) of women
identified with high-grade disease, while for three women it was not
possible to complete the examination because the squamo-columnar
junction was not fully visualised. Overall, 48.5% (16/33) of women
with high-grade disease had negative VIA examinations. Of the 17
women with high-grade disease who were VIA positive, 11 (64.7%)
received same-day cryotherapy; three (17.6%) were referred for spe-
cialist review due to suspected cervical cancer; one (5.9%) was preg-
nant (cryotherapy was deferred); and two (11.8%) were Xpert HPV
negative on both their self-collected vaginal and clinician-collected
cervical specimens and did not receive cryotherapy, but were later
contacted and asked to return for review.

VIA examination alone had low sensitivity (51.5%; 95%CI:
33.5-69.2) and PPV (17.5%; 95%CIL: 10.6-26.6), and moderate-high
specificity (81.4%; 95%CI: 77.3-84.9) and NPV (95.6; 95%CI:
93.0-97.5), for the detection of cytological high-grade disease
(Table 3). VIA alone had comparable sensitivity at each site (55.6% and
46.7%; p = 0.20) but greater specificity in site 1 compared to site 2
(96.0 vs. 68.8; p < 0.05) (data not presented).

Table 2
Cytology findings by HPV status® (n = 527).

Papillomavirus Research 6 (2018) 70-76

Point-of-care Xpert HPV testing of self-collected vaginal specimens
had high sensitivity (91.7%; 95%CI: 77.5-98.2), specificity (87.0%;
95%CI: 83.7-89.8), PPV (34.0%; 95%CI: 24.7-44.3), and NPV (99.3;
95%CI: 98.0-99.9) for the detection of high-grade disease based on
Xpert test results for all HPV types combined (‘Any hrHPV’; Table 3).
The performance of self-collected vaginal and clinician collected cer-
vical specimens for the detection of high-grade disease were compar-
able using the GeneXpert platform (Table 3). Clinical algorithms based
on HPV16 alone, HPV18/45 alone, or HPV16,/18/45 alone, had lower
sensitivity (66.7-86.4%) but greater specificity (96.8-99.1%) than an
algorithm based on detection of any hrHPV type (sensitivity 91.7%,
specificity 87.0%) (data not presented). The performance of HPV-based
clinical algorithms for the detection of underlying HSIL did not vary
significantly by clinical site (data not presented).

Xpert HPV Test followed by VIA examination had marginally higher
specificity (96.3% vs. 87.0%) but significantly lower sensitivity (45.5%
vs. 91.7%; p < 0.001) than Xpert HPV Test alone (Table 3). The ad-
dition of VIA to algorithms based on HPV16 alone, HPV18/45 alone, or
HPV16/18/45 alone, also led to substantial and statistically significant
reductions in sensitivity (data not presented).

4. Discussion

This is the first study to evaluate a ‘test and treat’ cervical screening
algorithm comprising point-of-care Xpert HPV testing using self-col-
lected vaginal specimens followed by VIA examination; a sequential
algorithm that WHO has recommended be evaluated as a priority [19].
We found that the combination algorithm had significantly lower per-
formance for the detection of high-grade cervical disease compared to
point-of-care hrHPV testing alone in this setting. A ‘test and treat’ al-
gorithm based on Xpert HPV alone would have appropriately treated
92% (33/36) of all women with high-grade disease (HSIL or worse);
over-treated 13% (64/491) of women without disease; and would not
have detected and treated 8% (3/36) of women with high-grade dis-
ease. A ‘screen and treat’ algorithm using VIA alone would have ap-
propriately treated 51.5% (17/33) of women with HSIL or worse; over-
treated 18.6% (80/429) of women without disease; and missed 48.5%
(16/33) of women with underlying high-grade disease. The clinical
performance of a combination algorithm (HPV testing followed by VIA)
was comparable to that of VIA alone (45.5% appropriately treated;
3.7% over-treated; 54.5% missed). We further found that clinical al-
gorithms based on partial genotyping (e.g. providing same-day treat-
ment to women who were HPV 16 or HPV 16/18/45 positive, and
deferring treatment of those with other hrHPV infections), had sub-
optimal performance compared to providing same-day treatment to all
hrHPV positive women, irrespective of hrHPV type, in this setting. In-
corporating partial genotyping into combination algorithms comprising
HPV testing and VIA did not improve their performance characteristics.
Overall, our findings suggest that a ‘test and treat’ strategy comprising
point-of-care Xpert HPV testing of self-collected vaginal specimens
followed by same-day cervical ablation (e.g. using cryotherapy or

HPV 16 Positive HPV18/45 Positive Other hrHPV Positive

Cytology hrHPV Negative Any hrHPV Positive
Negative (n = 433) 394 (91.6) 39 (9.0)

LSIL (n = 31) 20 (64.5) 11 (35.5)

AGUS" (n = 4) 3(0.7) 1(0.3)

ASC-H® (n = 23) 10 (43.5) 13 (56.5)

HSIL (n = 27) 3(11.1) 24 (88.9)

Cancer (n = 9) 0 (0) 9 (100)

5(1.2) 2(0.5) 34 (7.9)
1(3.2) 1(.2) 10 (32.3)
1(0.3) 0 0(0)
4(17.4) 1(4.3) 10 (43.5)
9(33.3) 6 (22.2) 17 (63.0)
5 (55.6) 0 5 (55.6)

@ Based on self-collected vaginal specimen tested on Xpert HPV and includes infection with multiple hrHPV types.

> Atypical Glandular Cells of Undetermined Significance.
¢ Atypical Squamous Cells — cannot exclude HSIL.
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Table 3
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Performance of VIA examination and HPV Xpert test algorithms for detection of high-grade disease.

Screening Algorithm

High-Grade Disease

Percentage %

Positive n Negativen (%) Sensitivity [95% Specificity [95% PPV [95% CI] NPV [95% CI]
(%) CI cI
Algorithm 1 POSITIVE  VIA + 17 (3.7) 80 (17.3) 51.5 81.4 17.5 95.6
(n = 462) NEGATIVE VIA - 16 (3.5) 349 (75.5) [33.5-69.2] [77.3-84.9] [10.6-26.6] [93.0-97.5]
Algorithm 2 POSITIVE  Any hrHPV + 33(6.3) 64 (12.1) 91.7 87.0 34.0 99.3
(n = 527) (hrHPV test on self-collected [77.5-98.2] [83.7-89.8] [24.7-44.3] [98.0-99.9]
specimen)
NEGATIVE Any hrHPV - 3(0.6) 427 (81.0)
(hrHPV test on self-collected
specimen)
Algorithm 3 POSITIVE  Any hrHPV + 33(6.2) 48 (9.1) 91.7 90.3 40.7 99.3
(n = 529) (hrHPV test on clinician-collected [77.5-98.2] [87.3-92.7] [29.9-52.2] [98.1-99.9]
specimen)
NEGATIVE Any hrHPV - 3(0.6) 445 (84.1)
(hrHPV test on clinician-collected
specimen)
Algorithm 4  POSITIVE  Any hrHPV + and VIA + 15 (2.9) 18 (3.5) 45.5 96.3 45.5 96.3
(n = 515) (hrHPV test on self-collected [28.1-63.6] [94.2-97.8] [28.1-63.6] [94.2-97.8]
specimen)
NEGATIVE Any hrHPV - or 18 (3.5) 464 (90.1)

Any hrHPV + and VIA -
(hrHPV test on self-collected
specimen)

Algorithm 1 versus Algorithm 2; sensitivity p < 0.01, specificity p = 0.02, PPV p < 0.01, NPV p < 0.01.
Algorithm 1 versus algorithm 3; sensitivity p < 0.01, specificity p < 0.01, PPV p < 0.01, NPV p < 0.01.
Algorithm 1 versus algorithm 4; sensitivity p = 0.62, specificity p < 0.01, PPV p < 0.01, NPV p = 0.63.

Algorithm 2 versus algorithm 4; sensitivity p < 0.01, specificity p < 0.01, PPV p = 0.24, NPV p < 0.01.

newly-available portable thermocoagulation devices) without VIA-
based triage would have excellent performance for the detection and
treatment of high-grade disease, and be feasible to implement in the
low-resource setting of PNG.

We used liquid-based cytology as our diagnostic reference standard
(with HSIL the pre-defined disease threshold), rather than histology
(with a disease threshold of CIN2), which is often the preferred diag-
nostic reference (or ‘gold standard’), because it was not feasible to
provide colposcopy, or to collect four-quadrant cervical biopsies for
histological examination, due to shortages of experienced clinical staff
and logistical considerations in this setting. Colposcopy and biopsy are
also not considered feasible or sustainable within existing health ser-
vices for population-level screening in PNG. Researchers in other low-
resource settings have also used HSIL as their preferred disease
threshold for similar reasons [26,30,31]. In the Australian setting,
around 80% of HSIL diagnoses at VCS are confirmed histologically as
high-grade disease (cervical intraepithelial neoplasia grade 2 or worse),
with the majority (around 54%) diagnosed as CIN3 or worse [32]. The
performance of cytology is greatly dependent on specimen collection
and storage, both of which are challenging in settings such as PNG, so
that although our specimens were assessed at VCS, it is possible that the
level of correlation between HSIL diagnoses and CIN2 + may have been
less than 80% in our study. An advantage of our chosen reference
standard was that it allowed us to collect specimens and to measure our
primary study outcome among women who were hrHPV negative,
among whom it would not have been ethical to take four-quadrant
cervical biopsies for histological examination, had we selected the
histological endpoint of CIN2 as our disease threshold.

The performance characteristics of our ‘test and treat’ algorithm
based on point-of-care Xpert HPV testing alone might be considered
sub-optimal compared with current practice in many high-income
countries (hrHPV testing followed by liquid based cytology if hrHPV-
positive, with referral for colposcopy and biopsy if HSIL or worse)
[33-38]. However, same-day ‘test and treat’ strategies offer consider-
able advantages over two- or three-step algorithms in low-resource
settings that offset potential differences in algorithm performance. Loss
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to follow-up among women identified as having cervical disease at in-
itial screening is a major concern in many low-resource settings [39,40]
and was substantial in an earlier Pap test based program in PNG [7].
This risk is substantially reduced in screening programs based on hrHPV
‘test and treat’, because the majority of women can be offered same-day
treatment. In the current study, we demonstrated the operational fea-
sibility of providing point-of-care Xpert HPV testing and ablative cer-
vical cryotherapy in routine clinical settings in PNG. Compared to
screening algorithms that include cytology and colposcopically directed
biopsy, our ‘test and treat’ approach appears readily scalable and would
require substantially fewer resources (including senior clinical staff
training, capital costs, logistical support, technical oversight). Overall,
these advantages suggest that HPV ‘test and treat’ strategies are likely to
have a far greater impact at population level than more complex al-
gorithms in low-resource settings, despite possible differences in per-
formance characteristics.

In addition, the specificity and predictive value of future HPV-based
point-of-care strategies could be further enhanced by the inclusion of
highly-specific assays into clinical screening algorithms, such as those
that target HPV oncoproteins E6 and E7, some of which have potential
to be provided at point-of-care [41,42]. Such combination algorithms
are likely to be required in future as successful screening programs are
scaled up, and the overall burden of disease falls among women in such
settings, in order to maintain optimal predictive values. It would be
anticipated that the underlying prevalence of HSIL will be lower in
second and subsequent rounds of screening, perhaps requiring an al-
gorithm or test with better specificity than is needed in first (pre-
valence) round screening.

To date three other studies have assessed screening algorithms
comprising VIA examination and hrHPV testing [9,24,27]. Two of these
studies conducted off-site laboratory hrHPV testing and thus were un-
able to provide a same-day screen and treat service [9,27]. Initial
treatment decisions were therefore made on the basis of VIA ex-
amination findings alone, which had low sensitivity and predictive
value. In India, the sensitivity and specificity of hrHPV testing alone for
the detection of histologically-proven cervical intraepithelial neoplasia
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(CIN) grade 2 or above was 73.4% and 95.7%; and for a combination
algorithm comprising VIA followed by hrHPV testing, was 45.0% and
99.6%, respectively [9]. HPV testing alone had 93.8% sensitivity and
95.6% specificity for the detection of CIN3 or worse; and an algorithm
comprising VIA and hrHPV testing had substantially lower sensitivity
(64.2% vs. 93.8%), but comparable specificity [9]. Women found to be
hrHPV positive were recalled for repeat clinical review and treatment,
but substantial losses to follow-up were observed [9]. Similar findings
on the performance of hrHPV testing alone, and in combination with
VIA, for the detection of CIN2 or worse were reported in Cameroon
[27]. The most recent study assessed an algorithm comprising Xpert
HPV testing at point-of-care followed by VIA, but failed to ascertain
disease status among women who tested hrHPV negative, and was
therefore unable to fully evaluate the performance of the combination
algorithm to detect high-grade disease [24]. In contrast to these earlier
studies, all women in our study, irrespective of hrHPV test result, were
offered VIA examination and asked to provide a specimen for liquid-
based cytology in order to detect underlying HSIL.

Our study had a number of potential limitations. The modest sample
size, although sufficient to estimate performance measures with a high
degree of precision, nonetheless meant that the total number of HSIL
cases was comparatively small (n = 36). A high proportion (46%) of
cervical specimens were considered unsatisfactory for LBC due to poor
sample quality, and were excluded from analysis. While there was a
lengthy storage period between collection and LBC analysis (median 13
months), low volume and poor cellularity were the primary reasons for
samples being deemed unsatisfactory and not the degradation of nu-
clear quality, which is a documented effect of long-term storage [43]. A
key contributing factor to C specimen depletion was the fact LBC was
performed last in a series of laboratory tests (data not reported). Al-
though the quality of clinician-collected cervical specimens for LBC
analysis varied by site, we did not see any difference in hrHPV infection
by site or by sample quality. Overall, this reduced the precision of es-
timated performance characteristics but we do not believe that this
introduced bias, and an analysis of the performance of the algorithm
based on hrHPV testing alone by clinical site found no significant dif-
ferences. Improved staff training, support supervision and clinical
mentoring are currently being implemented to improve the quality of
specimen collection in future projects.

Despite considerable investment in overseas and local training for
staff, variability in the performance of VIA was observed across the
sites. This highlights the challenge in maintaining adequate quality for
a test contingent on, among other things, an unobstructed view of the
SCJ and the appearance of the cervix that is uncomplicated by other
genital infections. The observed poor performance of an algorithm
based solely on VIA as well as that hrHPV testing and VIA further add to
a growing body of evidence suggesting that VIA is not sufficiently ac-
curate for clinical triage among hrHPV positive women, because it
cannot readily discriminate between those with and without disease.

5. Conclusions

We have demonstrated the excellent performance characteristics of
Xpert HPV for the detection of high-grade cervical disease using self-
collected vaginal specimens tested at point-of-care, and found that
performance was comparable to clinician-collected cervical specimens.
We further demonstrated the feasibility of implementing an HPV-based
point-of-care ‘test and treat’ screening strategy in routine clinical set-
tings. These findings suggest that self-collected vaginal specimens could
be used as the primary screening method in PNG and other high-
burden, low-resource settings. This strategy has the potential to sub-
stantially reduce clinic waiting times and the need for all women to
undergo a potentially uncomfortable and/or embarrassing pelvic ex-
amination (given that the majority of women attending for screening
would be HPV negative), and would allow highly-skilled clinical staff to
spend more time conducting clinical assessments and providing
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treatment to women at greatest risk of disease i.e. those having a po-
sitive Xpert HPV Test. The effectiveness, health system implementation
requirements, acceptability and cost-effectiveness of this strategy war-
rant further evaluation in large-scale field trials.
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