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Introduction

Human papillomavirus (HPV) is the most widespread
sexually transmitted disease (STD), with an estimated
global prevalence of 10.4% among women with normal
cytology, although substantial differences are encoun-
tered in different regions [1]. Relatively few high-risk
HPV types (HR-HPV), most notably HPV16 and HPV18,
are associated with more than 99% of all cervical carci-
nomas [2].

Effective prevention of cervical cancer with organized
cytology-based screening programs necessitates well-
trained professionals with different skills. Until now, such
programs have only been implemented in some highly
developed countries [3], and on the global scale, the vast
majority of women diagnosed as having cervical cancer
have never participated in organized cytological screen-
ing [4]. Since the demonstration of HR-HPV types as the
necessary cause of cervical cancer [5], and recognition
that cervical cytology suffers from low sensitivity, the use
of HPV testing by Hybrid Capture II (HC2) was approved

by the United States Food and Drug Aministration (FDA)
in 2003 to be used concomitantly with cytology or alone
[6]. In view of these facts, HR-HPV testing has been a
part of new strategies for the screening of HPV induced-
lesions in the US [7].

A variety of self-sampling devices have been intro-
duced for collection of vaginal samples for HC2 testing.
These systems have been tested in several studies, and
shown to be a potentially viable screening option for
women outside the regular programs of screening [8-11].
Indeed, the sensitivity of such self-collected vaginal sam-
ples for HPV testing has varied from 66.1% to 90% [3, 8-
11]. Based on this experience, self-sampling for HPV test-
ing seems a promising first-line option in cervical cancer
screening, particularly in settings where cervical cytology
is not readily available or insufficient in quantity to ensure
wide enough coverage of the whole female population. In
this setting, only women testing positive for hr-HPV
should be referred for additional examinations [3].
Additionally, a high level of concordance between self-col-
lected samples and physician sampling have been experi-
enced. Restricting the results in HR-HPV, the concordance
remains high but in contrast, low-risk HPV is more fre-
quently identified in self-collected samples [11]. Revised manuscript accepted for publication October 1, 2007
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Summary

Purpose: To compare Hybrid Capture II (HC2) in detecting high-risk (HR) HPV in patient-collected vaginal samples with those
obtained using gynaecologist collected samples. Methods: Patients were submitted to Pap smears, visual inspection with acetic acid
(VIA) and HC2 for hr-HPV. Results: A total of 1,081 HC2 tests for HR-HPV were performed: 770 (71.2%) samples were collected
by a physician and 311 (28.8%) were self-collected by the patients. In detecting any cervical lesion, the sensitivity of HC2 collected
by a physician was higher (92.86%) than that (37.5%) in the self-sampling group. Negative predictive value (NPV) was high for both,
99.69% and 93.75%, respectively. Using the CIN2 cutoff, performance of HC2 was significantly improved: 92.9% and 62.5%, respec-
tively. HC2 specificity for any cervical lesion and for CIN2 or higher were close to 90% in both groups. Conclusions: Self-sampled
HPV testing is a powerful option to increase the detection of cervical lesions in women segregated from prevention programs.

Key words: Hybrid capture; HPV; Cervical cancer; Liquid based cytology; Self-sampling.
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Interestingly, women generally found the self-sampling
option more suitable than the test performed by clini-
cians, but they were not confident that the test had been
done properly [12]. Important demographic differences
were also reported, e.g., married women having more
positive attitudes towards self-sampling than single
women, and Asian women having more negative attitudes
than women in other ethnic groups [12]. Adolescents and
young adult women seemed to prefer clinician to self-
testing, largely because of concerns about self-collection
accuracy [13]. These observations are essential issues to
be considered by the authorities who want to plan self-
sampling HPV testing as an alternative tool for primary
screening, because a remarkably high prevalence of hr-
HPV (three to six times higher than the expected preva-
lence in women of comparable age) can occur; apparent-
ly, these results closely depend on to the skill of the pop-
ulation analysed [13, 14]. 

In spite of encouraging data, there are several divergent
results regarding the agreement between clinician- and
self-collected vaginal samples for HPV, and the sensitivi-
ty value of HPV clinician testing and self-testing to detect
cervical lesion [14]. Most of the disagreements discussed
above may be largely related to differences in recruitment
and data collection procedures, study populations, analyt-
ic methods and outcome measures [14]. 

In our ongoing multi-center study in Latin America, a
cohort of over 12,000 women have been examined using
eight different diagnostic tests as potential screening tools
in low-resource settings. The main objective of this study
was to compare the results of HC2 assay (for HR-HPV)
in two types of samples: i) patient-collected vaginal sam-
ples, and ii) samples collected by gynecologists.

Materials and Methods

The enrolled cohort is part of the Latin American Screening
(LAMS) study, a prospective multicenter cohort study that test-
ed optional cervical cancer screening methods and assessed the
natural history of HPV infections and CIN in four clinical cen-
ters in Brazil (Leonor Mendes de Barros Hospital, HLMB;
Hospital de Clínicas de Porto Alegre and State University of
Campinas) and Argentina (First Chair, Gynecology Hospital of
Clinics). The study design and the baseline data of the LAMS
study have been detailed recently [15].

The present analysis comprises the HLMB cohort only. In this
cohort, patients were screened for cervical cancer with Pap
smears, visual inspection with acetic acid (VIA) and HC2 for
high risk HPV (HR-HPV).

HC2 was collected by a physician or by a self-sampling
method and inclusion of the patient in either group was ran-
domly performed. The self-collected sample by the patient was
performed after preliminary oriented-instruction by a well-
trained nurse. General characteristics of the patients were
reported.

Women testing positive for any of the tests were referred for
colposcopy, and cervical biopsies were performed if necessary. 

All patients gave their written consent to participate in the
study, which was approved by the local Ethics Committee.

Histological specimens

All cases referred for colposcopy and biopsies were taken
according to clinical evaluation. The cases were primarily clas-
sified according to WHO’s 1994 classification [16] and, after-
wards revised according WHO’s 2003 classification [17]. 

Hybrid Capture Assay

The HC2 protocol was performed according to the instructions
of the manufacturer (Digene Co., Gaithersburg, MD, USA). In
estimation of the viral load, samples with relative light units
(RLU) > 20 were considered to harbor a high viral load and, those
with 5-19.9 were intermediate, and those with 1-4.99 were low
[18]. Only HR-HPV was tested (carcinogenic types included: 16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68) [19].

Statistical methods

In statistical analyses, two different statistical softwares were
used: SPSS for Windows (Version 11.5) and STATA/SE 8.2. The
performance indicators (sensitivity, SE, specificity, SP, negative
predictive value NPV, and positive predictive value, PPV) for
conventional Pap tests and liquid based cytology (LBC) were
calculated from the 2 x 2 contingency tables, using colposcopic
biopsies as the gold standard. The chi-square test was used to
analyze correlations between categorical data, with Pearson’s
correlation and Fisher’s exact test, and calculating OR and their
95% CI where appropriate. In all statistical analyses p < 0.05
was regarded as significant.

Results

A total of 1,081 tests of HC2 for hr-HPV were per-
formed: 770 (71.2%) samples were collected by a physi-
cian and 311 (28.8%) were self-collected by the patients. 

Table 1 shows the principal characteristics of the
patients regarding age, years of education, age at first
intercourse, number of pregnancies, number of deliveries
or caesarean sections, number of abortions (prenatal
births), number of partners since first intercourse and dur-
ing the previous 12 months, and the number of Pap tests
during the lifetime. Interestingly, the values of both
groups were quite similar. Mean and median age were
around 37 years. The other parameters revealed that the
women in our case series have comparable cultural atti-
tudes.

Table 2 depicts the race distribution which revealed a
significant difference among women in both groups (sam-
pled by a physician or self-collected samples). High-risk
HPV infection in white women was more prevalent in
comparison to the results observed in black and mixed (p
= 0.0001). No other variable was significantly different in
either group, including contraception methods, which
demonstrates the homogeneity of the women’s history
regarding contraceptive usage, and previous history of
sexually transmitted disease.

Table 3 exhibits the results of hr-HPV Pap smear exam-
ination, HC2 tests and VIA correlated to the method of
sample collection. All parameters were more significant-
ly positive in the self-sampling group than in material
sampled by a physician. The differences were particular-
ly interesting in cases with any cytological abnormality (p
= 0.008) and in positive VIA (p = 0.0001).
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Table 4 demonstrates the correlation of HC2 positive
tests related to the final diagnoses in the two groups of
sampling. It is important to observe that among the sam-
ples collected by a physician only one case of CIN2 or
higher was negative; in contrast, three cases were missed
in sell-collected samples. Conversely, healthy cervix or
CIN1 cases were consistently negative by HC2 tests in
both groups (97.4% and 95.6% in physician-collected
sampling and self-sampling, respectively).

Finally, Table 5 shows the biopsy-proven performance
of HC2 testing for HR-HPV in both sampling methods.
Considering any cervical lesion, the sensitivity of HC2
collected by the physician was higher than that observed
in the self-sampling group (92.86% and 37.5%, respec-
tively). However, the NPV was importantly high for both
(99.69% and 93.75%, respectively). Using a more restric-
tive cutoff, CIN2 or higher, the performance was signifi-
cantly enhanced: 92.86% and 62.5%, respectively. It is
important to emphasize that for both sampling methods
the 95% CI was very small, which reinforces the robust-
ness of the HC2 method in both sampling situations.
Similarly, and remarkably, the HC2 specificity values for
any lesion higher than ASCUS and for CIN2 or higher
were very high (close to 90%) and also presented a small
95% CI.

Discussion

HPVs infect epithelial cells and cause a variety of
lesions including warts to cervical neoplasia and cancer.
High-risk HPV DNA is found in almost all cervical cancers
(> 99.7%), with HPV16 being the most prevalent type in
both low-grade disease and cervical neoplasia [20].
Identifying HR-HPV in women with cervical cancer is crit-
ical to understanding the pathogenesis of cervical cancer
[21]. Presently, the identification of HR-HPV has been
determinedly advocated by epidemiologists who are clear-
ly identifying the correlation between HR-HPV infection
and cervical high-grade lesions [1, 7, 11, 22, 23].

The complexity of cytologic-based screening and the
necessity of resources, infrastructure, professional exper-
tise, together with the need for repeated and well-con-
trolled screenings at regular intervals, make cervical cyto-
logic screening very difficult to be efficiently implement-
ed in poor countries [22]. Additionally, the accuracy and
reproducibility of the Pap test is far from acceptable as
the primary screening option in low resource settings
[24]. Recognition of HR-HPV DNA is also important to
improve the identification of cervical lesions alone or
associated with cytological examination [25, 26].
Recently, we studied HC2 as an optional tool for primary
screening, and the results clearly demonstrated this ten-
dency due to the superior correlation of positive hr-HPV
testing with biopsy-proven high-grade lesions when com-
pared with cytology, conventional or liquid-based prepa-
rations [27]. Importantly, the HC2 option seems to be
more cost-effective than cytology and its use is encour-
aged for low resource countries [7, 28-31], and it is more
accurate for women aged 30 years or more [7, 29]. HC2

Table 1. — Quantitative history variables of the patients tested
for hr-HPV by the two sampling  methods for HC2 assay.

Method of HC2 sampling
HC2 sampling by physician HC2 self-sampling

Characteristics Mean ± Std. deviation Mean ± Std. deviation P*

Age 37.55 ± 9.73 36.97 ± 9.97 0.384
Years of education 7.1 ± 3.5 7.5 ± 3.5 0.11
Age at first sexual 

intercourse 18.5 ± 3.8 18.9 ± 4.5 0.697
No. of pregnancies 2.8 ± 2.2 2.5 ± 1.9 0.017
No. of deliveries 1.7 ± 1.9 1.4 ± 1.6 0.058
No. of cesarean sections 0.6 ± 1.0 0.7 ± 1.0 0.63
No. of abortions/

prenatal births 0.5 ± 0.9 0.4 ± 0.8 0.029
No. of partners since 

the first intercourse 2.5 ± 3.3 2.4 ± 2.1 0.058
No. of partners during 

the past 12 months 1.0 ± 0.4 1.0 ± 0.7 0.959
No. of life-time Pap smears 6.5 ± 4.8 6.6 ± 5.2 0.707
* Mann-Whitney U-test; HC2, Hybrid capture II; HR-HPV, high-risk human papillomavirus.

Table 2. — Race, contraception, STD and smoking history of
patients tested for HR-HPV by the two sampling methods for
HC2 assay.

Method of HC sampling

HC2 sampling HC2
by physician self-sampling

Characteristics N (%) N (%) P

Race White 511 (66.5%) 194 (62.4%)
Black 71 (9.2%) 53 (17%)
Mixed 164 (21.4%) 50 (16.1%)
Other 22 (66.5%) 14 (4.5%) 0.001*

Contraception none 216 (28.1%) 90 (28.9%)
hormonal 193 (25.1%) 76 (24.4%)
condom 109 (14.2%) 55 (17.7%)
IUD 67 (8.7%) 26 (8.4%)
tubal 
sterilization 142 (18.5%) 50 (17.8%)
other 42 (5.5%) 14 (5.2%) 0.696*

History of STD Patient 55 (7.2%) 18 (5.8%) 0.5**
Partners 68 (8.8%) 22 (7.1%) 0.406**

Previous pap smear 718 (93.4%) 297 (95.5%) 0.233**
Smoking (current or past) 279 (36.3%) 108 (34.7%) 0.680**
* Pearson’s chi-square; ** Pearson’s chi-square with continuity correction; HC2,
Hybrid capture II; HR-HPV, high-risk human papillo ma virus; IUD, intrauterine
contraceptive device; STD, sexually tran smitted disease.

Table 3. — Results of Pap smear, HC2 for HR-HPV and VIA in
the two groups of sampling.

Method of HC sampling

HC2 sampling HC2
by physician self-sampling

Exam N/total (%) N (%) P*

Pap ASCUS or higher 72/770 (9.4%) 47/311 (15.1%) 0.008
HSIL or higher 10/770 (1.3%) 12/311 (3.9%) 0.014

HC2 Positive 108/770 (14%) 63/311 (20.3%) 0.014

VIA Positive 89/770 (11.6%) 64/311 (20.6%) 0.000
* Pearson chi-square; HC2, Hybrid capture II; HR-HPV, high-risk human
papilloma virus; VIA, Visual inspection with acetic acid.



A. Longatto-Filho, C. Roteli-Martins, L. Hammes, D. Etlinger, S.M. Miranda Pereira, M. Erz̆en, M. Branca, P. Naud et al. 330

hr-HPV also has an important predictive impact for both
negative and positive results. Oncogenic HPV infections
comprise a significant risk factor for incident cervical
abnormalities [32-35]. Remarkably, among older women
where HPV may be added to general screening, the esti-
mated absolute risk of high grade lesions in HC2-positive
women is believed to be superior than 20% within ten years
which indicates that even a single positive HPV test in
cytologically negative women is substantially predictive of
high-grade CIN; this fact supports the use of HC2 testing
to stratify women into different risk categories [36].

In this context, self-sampling screening could be an
important option to select cervical lesions in women out
of the regular health system programs in poor regions of
developing countries. There are several data that robustly
demonstrated this potential [4, 8-13], including in Brazil
[3]. Complementary, the performance of HC2 for HR-
HPV in self-collected material and those collected by a
physician was slightly different. In the physician material
the sensitivity was significantly superior to that found in
self-collected samples but the NPV in both groups was
quite similar. The values observed are concordant to those
observed in recent meta-analyses [11]. A high level of
concordance of 0.87 (95% CI, 0.82 to 0.91) was observed
between self- and physician-sampling for detection of
HPV DNA (Kappa 0.66, 95% CI, 0.56 to 0.76). Self-sam-
pling was demonstrated as sensitive as physician-
obtained sampling to detect HR-HPV or HPV DNA. 

Our results endorse the findings previously reported
and open a new route of cervical cancer prevention to be
considered for public health authorities. Self-sampling
may be also a useful option for studies on HPV transmis-

sion and vaccine trials [11]. Considering circumstances
where there are important difficulties in assessing women
who are out of the regular prevention cervical cancer pro-
grams strongly favors the use of the self-sampling method
to evaluate hr-HPV among these women [10].

In spite of several efforts, cervical cancer is still the
leading cause of morbidity and mortality in Brazil [37].
The last three decades has not shown any significant
results in decreasing mortality in Brazil. Recent analyses
published by INCA (Brazilian National Institute Against
Cancer) estimated for 2006 19,260 new cases, or 20 cases
for 100,000 women (www.inca.gov.br). Contrary to these
terrible facts there is no discussion that opportunistic or
organized screening based only on cytological screening
is insufficient to preclude thousands of preventable
deaths.  The uses of human papillomavirus DNA tests,
alone or combined with cytology, are now recommended
by INCA in Brazil [37].

Noteworthy conclusions can be assessed with our
results. Self-sampling is a reliable tool for women to col-
lect material for HC2 analysis. Even with a performance
slightly inferior to those obtained by a physician, the abil-
ity to collect optimal samples by women was clearly rat-
ified in that HC2 can be performed elsewhere with confi-
dent performance. These observations are similar to those
reported by Hollanda and co-workers in Brazil [3].

Importantly, HC2 for HR-HPV showed a consistent and
superior performance when compared with other screen-
ing options, including cytology, as we have already
observed previously [27]. Additionally, HC2 showed high
sensitivities to detect CIN2 or higher lesions (92.86%)
which support the high clinical sensitivity of HC2 tests to

Table 5. — Performance indicators of HC2 testing in detecting cervical lesions in the two groups *.

Method of HC2 sampling
Histology cutoff Statistical index ** HC sampling by physician HC2 self-sampling

Value                     (IC95%) Value                 (IC95%)

Any lesion*** Sensitivity 92.86% 75.0-98.8 37.50% 19.5-59.2
Specificity 91.48% 89.1-93.4 87.55% 82.7-91.2
Positive predictive value 30.23% 21.0-41.2 21.95% 11.1-38.0
Negative predictive value 99.69% 98.8-99.9 93.75% 89.7-96.3

CIN2 or higher Sensitivity 92.86% 64.2-99.6 62.50% 25.9-89.8
Specificity 89.83% 87.3-91.9 86.81% 82.1-90.5
Positive predictive value 15.12% 8.6-24.8 12.20% 4.6-27.0
Negative predictive value 99.85% 99.0-100.0 98.75% 96.1-99.7

*Cases that did not complete screening were not included in this analysis; **For all comparisons; Pearson’s chi-square < 0.001; *** Any lesion = HPV infection, cervical
intraepithelial neoplasia (CIN) or carcinoma.

Table 4. — HC2 results related to the final diagnosis in the two groups of sampling.

Method of HC sampling
HC2 sampling by physician HC2 self-sampling

Final diagnosis Positive Negative Positive Neative

CIN2 or higher 13 (12%) 1 (0.2%) 5 (7.9%) 3 (1.2%)
Healthy cervix or CIN1 73 (67.6%) 645 (97.4%) 36 (57.2%) 237 (95.6%)
Screening not completed 22 (20.4%) 16 (2.4%) 22 (34.9%) 8 (3.2%)
Total 108 (100%) 662 (100%) 63 (100%) 248 (100%)
P * < 0.001 < 0.001
* Pearson chi-square; HC2, Hybrid capture II; HR-HPV, high-risk human papillomavirus; CIN, cervical intraepithelial neoplasia.
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identify high-grade lesions. Moreover, the NPV was
almost 100% for CIN2 or higher (99.85%) which evident-
ly demonstrates that HR-HPV testing negative with HC2 in
self-sampling material is a safe and reliable resource for
population screening. Importantly, the specificity for high
grade lesions was superior by almost 90% implicating an
additional gain for the self-sampling option. Our results
found comparable values in the literature which strongly
support the reproducibility of HC2 for HR-HPV collected
by the self-sampling method [38, 39].

Conclusion

Self-sampling screening in remote areas of developing
countries should be seriously considered as a powerful
tool to reduce the prevalence of cervical cancer and its
high-grade precursors, and to cooperate with the efforts to
decrease mortality [3]. Obviously, these assumptions
must be further measured in screening programs to test
the efficiency in a large population.
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