
REVIEW

Comparison of the accuracy of Hybrid Capture II and
polymerase chain reaction in detecting clinically important
cervical dysplasia: a systematic review and meta-analysis
Hung N. Luu1, Kristina R. Dahlstrom2, Patricia Dolan Mullen3, Helena M. VonVille4 &
Michael E. Scheurer1,5

1Dan L. Duncan Cancer Center, Baylor College of Medicine, Houston, Texas
2Division of Epidemiology, Human Genetics and Environmental Sciences, School of Public Health, University of Texas Health Science

Center-Houston, Houston, Texas
3Division of Health Promotion and Behavioral Sciences, School of Public Health, University of Texas Health Science Center-Houston, Houston,

Texas
4Library Director, School of Public Health, University of Texas Health Science Center-Houston, Houston, Texas
5Department of Pediatrics, Baylor College of Medicine, Houston, Texas

Keywords

Human papillomavirus, hybrid capture II,

meta-analysis, polymerase chain reaction, test

accuracy

Correspondence

Michael E. Scheurer, Dan L. Duncan Cancer

Center & Department of Pediatrics, Section

of Hematology/Oncology, Baylor College of

Medicine, One Baylor Plaza, MS-BCM305,

Houston, TX 77030. Tel: 713-798-7480;

Fax: 713-798-8711; E-mail: scheurer@bcm.edu

Funding Information

This study was supported by the UT Health

Innovation for Cancer Prevention Research

Postdoctoral Fellowship, Cancer Prevention

and Research Institute of Texas, grant

#RP101503 Roberta Ness, M.D., MPH,

principal investigator to H. N. Luu and the

Cancer Prevention Fellowship, National

Institutes of Health grant R25T CA56452,

(Shine Chang, Ph.D., principal investigator) to

K. R. Dahlstrom.

Received: 4 February 2013; Revised: 20

March 2013; Accepted: 20 March 2013

Cancer Medicine 2013; 2(3): 367–390

doi: 10.1002/cam4.83

Abstract

The effectiveness of screening programs for cervical cancer has benefited from

the inclusion of Human papillomavirus (HPV) DNA assays; which assay to

choose, however, is not clear based on previous reviews. Our review addressed

test accuracy of Hybrid Capture II (HCII) and polymerase chain reaction

(PCR) assays based on studies with stronger designs and with more clinically

relevant outcomes. We searched OvidMedline, PubMed, and the Cochrane

Library for English language studies comparing both tests, published 1985–
2012, with cervical dysplasia defined by the Bethesda classification. Meta-analysis

provided pooled sensitivity, specificity, and 95% confidence intervals (CIs);

meta-regression identified sources of heterogeneity. From 29 reports, we found

that the pooled sensitivity and specificity to detect high-grade squamous intra-

epithelial lesion (HSIL) was higher for HCII than PCR (0.89 [CI: 0.89–0.90]
and 0.85 [CI: 0.84–0.86] vs. 0.73 [CI: 0.73–0.74] and 0.62 [CI: 0.62–0.64]).
Both assays had higher accuracy to detect cervical dysplasia in Europe than in

Asia-Pacific or North America (diagnostic odd ratio – dOR = 4.08 [CI: 1.39–
11.91] and 4.56 [CI: 1.86–11.17] for HCII vs. 2.66 [CI: 1.16–6.53] and 3.78 [CI:

1.50–9.51] for PCR) and accuracy to detect HSIL than atypical squamous cells

of undetermined significance (ASCUS)/ low-grade squamous intraepithelial

lesion (LSIL) (HCII-dOR = 9.04 [CI: 4.12–19.86] and PCR-dOR = 5.60 [CI:

2.87–10.94]). For HCII, using histology as a gold standard results in higher

accuracy than using cytology (dOR = 2.87 [CI: 1.31–6.29]). Based on higher

test accuracy, our results support the use of HCII in cervical cancer screening

programs. The role of HPV type distribution should be explored to determine

the worldwide comparability of HPV test accuracy.

Introduction

Cervical cancer is a significant cause of morbidity and

mortality among women worldwide [1]. Human papilloma-

virus (HPV) infection is one of the most common sexu-

ally transmitted diseases in the world, and infection with

high-risk oncogenic types of HPV has been recognized as

a necessary cause of cervical cancer and its precursor

lesion, cervical intraepithelial neoplasia (CIN) [2, 3]. For-

tunately, preventing cervical cancer is possible due to its

distinct premalignant stage, and as the introduction of

population-based screening programs, cervical cancer
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incidence and mortality have greatly decreased in devel-

oped countries [4–6]. Screening has largely relied on

cytology-based tests; however, given their subjective nat-

ure as well as low sensitivity and specificity, adding HPV

DNA testing to screening programs to improve their effi-

cacy has been proposed [7–9]. Furthermore, the positive

predictive value (PPV) of current screening tests is pro-

jected to decrease in populations vaccinated against HPV,

but this drop in test performance could be mitigated by

adding HPV DNA testing to the screening paradigm [10].

There are several ways in which HPV DNA testing might

be implemented. First, the HPV DNA assay may be used,

either in combination with cytology or alone, as the pri-

mary screening method. Studies have shown that HPV

testing has a higher sensitivity than cytology, indicating

that a longer interval between screenings is possible when

including HPV DNA testing in a screening program

[11–14]. Second, HPV DNA detection may be used to tri-

age women with cytological abnormalities to determine

whether referral for colposcopy is warranted [15, 16].

Lastly, HPV DNA testing may be used as a follow-up to

detect residual disease or predict recurrence among

women who have been treated for high-grade CIN [17].

The two most common methods used for HPV DNA

detection are the Hybrid Capture II (HCII, Qiagen Gai-

thersburg, Inc., MD) and polymerase chain reaction

(PCR) assays. The HCII assay is commercially available

and approved for clinical use, and several types of PCR

assays have been primarily used in the research setting

[18]. Furthermore, both assays have shown high sensitiv-

ity to detect high-risk HPV infections but only moderate

specificity [18]. Meijer et al. [19] have recommended that

any HPV DNA test should have an optimal balance

between clinical sensitivity and specificity. Stoler et al.

[20] proposed a minimum sensitivity of 92% and a speci-

ficity of 85% for any new HPV DNA test. The selection

of a screening test is important to detect clinically rele-

vant cases of HPV infection while avoiding the unneces-

sary cost, stress, and compromise of the cervix to patients

associated with overtreating mild cytological abnormali-

ties. Therefore, the goal of this meta-analysis was to com-

pare the clinical performance of HCII and PCR assays in

both the screening and diagnostic settings.

Methods

Search strategy

Between June 2011 and June 2012, an experienced librar-

ian (H. M. V.) and two investigators (H. N. L. and K. R.

D.) conducted a systematic search to identify published

studies from 1985 to June 2012. Three main biomedical

databases (OvidMedline, PubMed, and Cochrane Library)

were searched using the following search terms: ([PCR]

OR [HCII] OR [Molecular diagnostic techniques]) AND

([Infections] OR [Papillomavirus infections] OR [Uterine

cervical neoplasm] OR [cancer cervix] OR [cervical can-

cer or cervical neoplasm] OR [HPV or papilloma] OR

[HSIL] OR [LSIL] OR [[high grade] OR [low grade]] OR

[CIN]).

Study screening and selection

Inclusion criteria for the meta-analysis were English lan-

guage reports of studies comparing the sensitivity and

specificity of PCR (i.e., MY/PGMY 09/11 or GP5+/6+ or

Amplicor) and HCII using either cytologic or histologic

results as the gold standard for testing comparison (i.e.,

Bethesda classification system) in either a screening or

follow-up/diagnostic setting. The three specific PCR tests

mentioned above were chosen because they are currently

the most-used tests. All citations were independently

reviewed by two investigators (H. N. L. and K. R. D.).

When necessary, authors of a selected article [21] were

contacted to obtain further information. Normally, a

standard threshold of 1 relative light unit (RLU) or 1 pg/mL

of HCII was used to detect the positive presence of HPV

DNA. However, to maximize power in our study, we did

not restrict by this cutoff.

Data abstraction and coding

All eligible studies were abstracted independently by two

reviewers (H. N. L. and K. R. D.) using a coding system

based on the Standards for Reporting Diagnostic Accu-

racy (STARD) and MOOSE for meta-analysis of observa-

tional studies in epidemiology [22, 23]. Any discrepancies

were resolved by discussion and consensus between the

two investigators. Variables used to present our analysis

were grouped into two components, as follows.

Characteristics of study participants

Year study conducted, study location, study settings/pop-

ulation/inclusion–exclusion criteria, sample size, study

design (i.e., cross-sectional, case–control, cohort, random-

ized controlled trial), age (i.e., mean, median, range), and

race/ethnicity.

Testing methods

Gold standard tests (cytology or histology); sample prepa-

ration (cervical collection procedures, including collection

devices, and DNA preparation for HPV testing methods);

types of testing methods (PCR and HCII); test results

(HPV prevalence, sensitivity, specificity, [PPV], negative
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predictive value [NPV], agreement and level of reproduc-

ibility [kappa -j], and their respective 95% confidence

interval, CI); and blinding and/or quality control methods.

Clinical outcomes

Three clinical outcomes were examined, atypical squamous

cells of undetermined significance (ASCUS), low-grade

squamous intraepithelial lesion (LSIL), which includes

HPV infection or mild dysplasia (CIN1), and high-grade

squamous intraepithelial lesion (HSIL), which includes

moderate (CIN2) and severe dysplasia (CIN3) [24].

Because there were only 10 studies on ASCUS, we merged

ASCUS and LSIL to improve the power of analysis.

Statistical analysis

In this meta-analysis, a study unit was defined as a study

having complete information to compare the testing accu-

racy between PCR and HCII. Depending on the specific

PCR test, setting, gold standard, age group, or sample col-

lection method, one article could contribute more than

one study unit. For example, an article by Riethmuller

et al. [25] compared PCR MY09/11 with HCII in two clini-

cal outcomes (i.e., LSIL and HSIL) and thus generated two

study units. Likewise, an article by Stevens et al. [26] con-

tributed eight study units for our analysis because the origi-

nal analysis included both cytology and histology as gold

standards with two clinical outcomes (LSIL vs. HSIL) and

two types of PCR (PGMY09/11 and Amplicor).

Complete information from each study was extracted

to construct two-by-two tables, which included true-

positive, false-positive, true-negative, and false-negative val-

ues. The sensitivity was calculated as (true positive)/([true

positive]+[false negative]) and specificity was calculated

as (true negative)/([true negative]+[false positive]). Forest

plots were generated to present, by type of clinical out-

come, individual and pooled sensitivity and specificity of

each test and to show heterogeneity across studies [27,

28]. Additionally, heterogeneity across studies was exam-

ined using Cochran’s Q-test and the chi-square test [27,

29]. To examine the threshold effect or the difference

derived from the use of different cutoffs or thresholds, we

computed the Spearman correlation coefficient. This

coefficient can be defined as the result of the logit of

sensitivity divided by the logit of (1-specificity) [30].

Stratified meta-analysis and meta-regression were used

to examine the influence of study characteristics and the

magnitude of interstudy heterogeneity on sensitivity and

specificity for both PCR and HCII. Stratified meta-

analyses were performed for the two clinical outcomes

(ASCUS/LSIL and HSIL) by setting (screening vs. follow-

up/diagnostic) and by PCR testing technique (i.e., MY/

PGMY 09/11, GP5+/6+, and Amplicor). Age is an impor-

tant variable, particularly age cutoff of 30 years old; how-

ever, in our analysis, only two articles reported age using

this cutoff (Luu, H. N., K. Adler-Storthz, L. M. Dillon,

M. Follen, and M. E. Scheurer, submitted) [31]. We,

therefore, decided not to include this variable in the anal-

ysis because of low power and inability to generate pooled

sensitivity and/or specificity or perform meta-regression

[30]. For meta-regression, a generalized linear model was

fitted to the data and weighted by the inverse of the vari-

ance using Moses and Littenberg methods [32]. Addition-

ally, a random effects model was used to pool variation

between studies [33] in the current meta-regression

model. For both PCR and HCII, four variables (setting,

gold standard, type of lesion, and study location) were

included in the meta-regression models. For PCR, an

additional variable, type of PCR (i.e., MY/PGMY 09/11,

GP5+/6+, Amplicor), was added to the meta-regression

model. Diagnostic odds ratios (dOR) and their respective

95% CIs were calculated to determine diagnostic test per-

formance as well as the influence of covariates on test

accuracy. The dOR is a measure of the effectiveness of a

diagnostic test. It is defined as the ratio of the odds of

the test being positive if the subject has a disease relative

to the odds of the test being positive if the subject does

not have the disease. The dOR was calculated as (sensitiv-

ity odds)/(odds of [1-specificity]) [34]. Meta-DiSc [30], a

comprehensive software program to evaluate diagnostic

and screening tests through meta-analysis, was used to

perform the statistical analysis for this study. All statistical

tests were two sided and were considered significant at

the level of P < 0.05.

Results

Search results

We identified 481 citations from search databases, of

which 259 citations were duplicates (Fig. 1). By examin-

ing reference lists of those studies, we found an additional

48 citations. We then excluded 175 citations by applying

the inclusion criteria to the titles and abstracts and

retrieved 95 full-text articles for further review. The

review process yielded 28 articles that met all inclusion

criteria [14, 21, 25, 26, 31, 35–57]. In addition, we added

one manuscript from our own group (Luu et al., sub-

mitted), which is currently under review (Fig. 1).

Characteristics of included articles

A total of 22,417 women were described, with four arti-

cles [38, 41, 48, 54] contributing fewer than 100 partici-

pants and 10 articles [14, 21, 25, 26, 31, 37, 39, 42, 52]

ª 2013 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 369

H. N. Luu et al. Comparison between HCII and PCR in Detecting Cervical Dysplasia



(Luu et al., submitted), more than 500 participants. The

article by Schiffman et al. [42] had the largest sample size,

with more than 3400 participants.

Over half of the articles (k = 16) [14, 21, 25, 31, 35,

36, 39, 43, 45–51, 54] reported results from Europe, with

the remainder from Asia-Pacific (k = 5) [26, 44, 52, 56,

57], North America (k = 6) (Luu et al., submitted) [37,

38, 42, 53, 55], and South America (k = 2) [40, 41]. Just

under half (k = 14) [25, 38–41, 44–46, 49–53, 57]

reported studies were conducted in screening settings; 10

were in a follow-up/diagnostic setting [21, 26, 31, 35, 42,

47, 48, 54–56] and the remainder (k = 5) (Luu et al.,

submitted) [14, 36, 37, 43] were in both screening and

follow-up/diagnostic settings. Most (k = 23) used a cross-

sectional study design [21, 25, 26, 31, 35, 36, 38–41, 44–
54, 56, 57]; four, a cohort study design (Luu et al., sub-

mitted) [14, 37, 43] and two, a randomized controlled

trial design [42, 55]. The age range was 15 to 81 years.

Half (k = 15) [25, 35–40, 43, 44, 46–48, 51, 54, 55] used

cytology as the gold standard, 12 (Luu et al., submitted)

[14, 21, 31, 42, 45, 49, 50, 52, 53, 56, 57] used histology

as the gold standard, and two [26, 41] used both.

The 29 included articles contained 82 PCR study units

and 79 HCII study units (Table 1). The uneven number

of study units between PCR and HCII resulted from two

articles [26, 31] that contained studies comparing more

than one type of PCR with HCII.

Accuracy of the tests

In detecting ASCUS/LSIL, PCR was more sensitive

(Fig. 2A and B) but less specific than HCII (Fig. 3A and

B) (pooled sensitivity: 0.70 [95% CI: 0.68–0.71], pooled
specificity: 0.45 [95% CI: 0.44–0.46] for PCR and pooled

sensitivity: 0.56 [95% CI: 0.55–0.58], pooled specificity:

0.63 [95% CI: 0.62–0.64] for HCII. PCR GP5+/6+, how-

Total citations included
from database

(k = 481)

Total citations after
duplicate exclusion

(k = 270)

Exclusion:
- Internal duplicates (k = 19)
- External duplicates (k = 240)

Citations outside
database searches

(k = 48)

Full text available for
review (k = 95)

Citations excluded by
examining abstracts:

- Other than English (k = 1)
- One test only (k = 137)
- Gold standard other than 
   cytology/histology (k = 8)
- No categorization of cervical 
   lesion (k = 28)

Articles meeting all inclusion
criteria
(k = 28)

Article from our lab (k = 1)

Citations excluded by
examining full text:

- Other than English (k = 3)
- One test only (k = 49)
- Gold standard other than
   cytology/histology (k = 4)
- No categorization of cervical 
  lesion (k = 15)

Figure 1. Screening and eligibility evaluation

process.
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ever, was both less sensitive and less specific than HCII in

detecting ASCUS/LSIL lesions (pooled sensitivity: 0.51

[95% CI: 0.45–0.58], pooled specificity: 0.56 [95% CI:

0.53–0.60]) (Table 2). HCII was more sensitive and spe-

cific than PCR in detecting HSIL (Fig. 2C and D, Fig. 3C

and D) (pooled sensitivity: 0.89 [95% CI: 0.89–0.90] and

pooled specificity: 0.73 [95% CI: 0.73–0.74] for HCII vs.

pooled sensitivity: 0.85 [95% CI: 0.84–0.86] and pooled

specificity: 0.62 [95% CI: 0.62–0.63] for PCR). Consistent
with the overall analysis, HCII showed a much higher

sensitivity and specificity than PCR GP5+/6+ in detecting

HSIL in the screening setting (pooled sensitivity: 0.90

[95% CI: 0.88–0.91] and pooled specificity: 0.77 [95% CI:

0.77–0.78] for HCII vs. pooled sensitivity: 0.55 [95% CI:

0.50–0.60] and pooled specificity: 0.58 [95% CI: 0.56–
0.60] for PCR) (Table 2).

Heterogeneity and meta-regression

The Spearman correlation coefficients of HCII and PCR

were 0.005 (P = 0.96) and 0.234 (P = 0.03), respectively.

Further analysis showed that besides a threshold effect for

PCR, both HCII and PCR had heterogeneity due to vari-

ous factors (HCII: v2 = 5184.26, Pheterogeneity < 0.0001,

I2 = 98.5% and PCR: v2 = 2540.74, Pheterogeneity < 0.0001,

I2 = 96.8%).

Setting was not a source of heterogeneity for either

PCR or HCII accuracy (Table 3). PCR has higher accu-

racy to detect HSIL than to detect ASCUS/LSIL (dOR:

5.60 [95% CI: 2.87–10.94], P < 0.0001). PCR MY/PGMY

09/11 and Amplicor showed 2.75 (95% CI: 1.16–6.53,
P = 0.02) and 3.01 (95% CI: 1.05–8.63, P = 0.04) times

higher accuracy in detecting dysplasia lesions than PCR

GP5+/6+ (Table 3). Also, PCR has higher accuracy in

detecting dysplasia lesions in Europe than in Asia-Pacific

Region or North America (dOR: 2.66 [95% CI:

1.16–6.53], P = 0.03 and dOR: 3.78 [95% CI: 1.50–9.51],
P = 0.005 [data not shown], respectively).

For HCII accuracy, we did find that the use of gold stan-

dard methods was contributed to heterogeneity

(dOR = 2.87 [95% CI: 1.31–6.29], P = 0.009, comparison

between histology and cytology, cytology = reference

group). The HCII is 9.04 times (95% CI: 4.12–19.86) more

accurate to detect HSIL than ASCUS/LSIL. Similarly, HCII

had higher accuracy in detecting lesions in Europe than in

Asia-Pacific Region or North America (dOR: 4.08 [95% CI:

1.39–11.91], P = 0.01 and dOR: 4.56 [95% CI: 1.86–11.17],
P = 0.001 [data not shown in Table 3], respectively).

Discussion

In the current meta-analysis, we examined the pooled sen-

sitivity and specificity of HCII and PCR in the screeningT
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A ASCUS/LSIL – Pooled Sensi vity B ASCUS/LSIL – Pooled Specificity

Note: (1*)-ASCUS; (1**)-LSIL; (2+)-ASCUS; (2++)-LSIL; (3±)-LSIL; (3±±)-ASCUS; (4×)-ASCUS; (4××)-LSIL, Histology; (4×××)-LSIL, Cytology; (5|)-Screening; (5||)-
Diagnostic/Follow-up; (6†)-High-risk types; (6††)-Intermediate-risk types; (7§)-Cytology; (7§§)-Histology; (8‡)-ASCUS; (8‡‡)-LSIL; (9¥)-ASCUS; (9¥¥)-LSIL; (10¶)-Histology; 
(10¶¶)-Cytology; (11–1$)-ASCUS-SP Medium; (11–2$)-ASCUS-STM Medium; (11–3$)-LSIL-SP Medium; (11–4$)-LSIL-STM Medium; (12–1!)-ASCUSScreening; (12–2!)-
ASCUS-Diagnostic; (12–3!)-LSIL-Screening; (12–4!)-LSIL-Diagnostic

C HSIL – Pooled Sensi vity D HSIL – Pooled Specificity

Note: (1*)-Screening; (1**)-Follow-up (0–1 year); (1***)-Follow-up (0–3 year); (2+)-Histology; (2++)-Cytology; (3±)-Screening; (3±±)-Diagnostic/Follow-up; (4–1×)-Screening;
(4–2×)-Follow-up(6 months); (4–3×)-Follow-up (12 months); (4–4×)-Follow-up (18 months); (4–5×)-Follow-up (24 months); (5|)-Cytology; (5||)-Histology; (6†)-Screening; (6††)-
Diagnostic/Follow-up; (7§)-Compare with MY09/MY11; (7§§)-Compare with GP5+/6+; (8‡)-Compare with Amplicor; (8‡‡)-Compare with MY09/11; (9¥)-Physician collected 
samples; (9¥¥)-Patient self-collected samples; (10¶)-SP Medium; (10¶¶)-STM Medium; (11–1$)-Screening; (11–2$)-Diagnostic/Follow-up

Sensitivity
0 0.2 0.4 0.6 0.8 1 Specificity
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Nonogaki (2005) (4×××)   0.00    (0.00 – 0.84)
Söderlund-Strand (2005) (5| 0.73    (0.59 – 0.85)
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Luu (Submitted) (12-4!) 0.85    (0.79 – 0.90)

Sensitivity (95% CI)
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Chi-square = 483.29; df =  34 (p = 0.0000)
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Specificity (95%  CI)

Pooled Specificity = 0.62 (0.62 to 0.63)
Chi-square = 7597.20; df =  42 (p = 0.0000)
Inconsistency (I-square) = 99.4 %
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Figure 2. Forest plots of PCR performance in identifying clinical lesions.
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A ASCUS/LSIL – Pooled Sensi vity B ASCUS/LSIL – Pooled Specificity

Note: (1*)-ASCUS; (1**)-LSIL; (2+)-ASCUS; (2++)-LSIL; (3±)-ASCUS; (3±±)-LSIL; (4-×)-ASCUS; (4-××)-LSIL & Histology; (4-×××)-LSIL & Cytology; (5|)-Screening; (5||)-
Diagnostic/Follow-up; (6†)-HR HPV types; (6††)-Intermediate risk HPV types; (7§)-ASCUS; (7§§)-LSIL; (8‡)-ASCUS; (8‡‡)-LSIL; (9–1¥)-ASCUS & SP Medium; (9–2¥)-
ASCUS & STM Medium; (9–3¥)-LSIL & SP Medium; (9–4¥)-LSIL & STM Medium; (10–1¶)-ASUCS & Screening; (10–2¶)-ASCUS & Diagnostic; (10–3¶)-LSIL & Screening; 
(10–4¶)-LSIL& Diagnostic;

C HSIL – Pooled Sensi vity D HSIL – Pooled Specificity

Note: (1*)-Screening; (1**)-Follow-up (0-1 year); (1***)-Follow-up (0–3 year) (2+)-Histology; (2++)-Cytology; (3–1±)-Screening; (3–2±)-Follow-up (6 months); (3–3±)-Follow-up 
(12 months); (3–4±)-Follow-up (18 months); (3–5±)-Follow-up (24 months) (4×)-Cytology; (4××)-Histology; (5–1|)-Screening&HC:1pg; (5–2|)-Screening&HC:2pg; (5–3|)-
Screening&HC:4pg; (5–4|)-Diagnostic&HC:1pg; (5–5|)-Diagnostic&HC:2pg; (5–6|)-Diagnostic&HC:4pg; (6¶)-Physician collected sample; (6¶¶)-Patient self-collected sample; 
(7§)-SP Medium; (7§§)-STM Medium; (8‡)-Screening; (8‡‡)- Diagnostic;

Sensitivity
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Riethmuller (1999) 0.65    (0.54 – 0.74)
Venturoli (2002) (1*) 0.22    (0.10 – 0.39)
Venturoli (2002) (1**) 0.50    (0.34 – 0.66)
Yarkin (2003) (2+) 0.30    (0.17 – 0.47)
Yarkin (2003) (2++) 1.00    (0.72 – 1.00)
Nonogaki (2004) (3±) 0.32    (0.20 – 0.47)
Nonogaki (2004) (3±±) 0.71    (0.42 – 0.92)
Nonogaki (2005) (4×) 0.57    (0.18 – 0.90)
Nonogaki (2005) (4××) 0.36    (0.11 – 0.69)
Nonogaki (2005) (4×××) 0.50    (0.01 – 0.99)
Söderlund-Strand (2005) (5| 0.76    (0.61 – 0.87)
Söderlund-Strand (2005) (5| 0.83    (0.36 – 1.00)
Huang (2006) 0.45    (0.36 – 0.54)
Fontaine (2007) 0.37    (0.21 – 0.55)
Halfon (2007) (6†) 0.95    (0.91 – 0.98)
Halfon (2007) (6††) 0.95    (0.90 – 0.98)
Fontaine (2007) 0.63    (0.44 – 0.79)
Stenvall (2007) 0.50    (0.16 – 0.84)
Stevens (2007) 0.77    (0.74 – 0.81)
De Francesco (2008) 0.59    (0.49 – 0.69)
Mo (2008) (7§) 0.42    (0.36 – 0.49)
Mo (2008) (7§§) 0.66    (0.59 – 0.73)
Bhatla (2009) (8‡) 0.31    (0.14 – 0.52)
Bhatla (2009) (8‡‡) 0.27    (0.12 – 0.48)
Feng (2009) 0.76    (0.69 – 0.82)
Weynand (2010) (9-1¥) 1.00    (0.16 – 1.00)
Weynand (2010) (9-2¥) 1.00    (0.16 – 1.00)
Weynand (2010) (9-3¥) 0.22    (0.03 – 0.60)
Weynand (2010) (9-4¥) 0.22    (0.03 – 0.60)
Lin (2011) 0.57    (0.43 – 0.70)
Luu (Submitted) (10-1¶) 0.10    (0.06 – 0.15)
Luu (Submitted) (10-2¶) 0.27    (0.20 – 0.35)
Luu (Submitted) (10-3¶) 0.17    (0.10 – 0.25)
Luu (Submitted) (10-4¶) 0.44    (0.37 – 0.51)

Sensitivity (95% CI)

Pooled Sensitivity = 0.56 (0.55 to 0.58)
Chi-square = 862.72; df =  33 (p = 0.0000)
Inconsistency (I-square) = 96.2 %

Riethmuller (1999) 0.81    (0.76 – 0.84)
Venturoli (2002) (1*) 0.60    (0.54 – 0.66)
Venturoli (2002) (1**) 0.64    (0.58 – 0.70)
Yarkin (2003) (2+) 0.57    (0.43 – 0.71)
Yarkin (2003) (2++) 0.71    (0.60 – 0.81)
Nonogaki (2004) (3±) 0.46    (0.40 – 0.53)
Nonogaki (2004) (3±±) 0.52    (0.45 – 0.58)
Nonogaki (2005) (4×) 0.76    (0.60 – 0.89)
Nonogaki (2005) (4××) 0.74    (0.56 – 0.87)
Nonogaki (2005) (4×××) 0.72    (0.56 – 0.85)
Söderlund-Strand (2005) (5| 0.12    (0.07 – 0.19)
Söderlund-Strand (2005) (5| 0.86    (0.77 – 0.92)
Huang (2006) 0.83    (0.77 – 0.87)
Fontaine (2007) 0.61    (0.52 – 0.70)
Halfon (2007) (6†) 0.94    (0.88 – 0.98)
Halfon (2007) (6††) 0.86    (0.78 – 0.92)
Fontaine (2007) 0.68    (0.59 – 0.76)
Stenvall (2007) 0.66    (0.48 – 0.81)
Stevens (2007) 0.42    (0.39 – 0.45)
De Francesco (2008) 0.13    (0.07 – 0.21)
Mo (2008) (7§) 0.42    (0.36 – 0.48)
Mo (2008) (7§§) 0.59    (0.53 – 0.65)
Bhatla (2009) (8‡) 0.86    (0.83 – 0.89)
Bhatla (2009) (8‡‡) 0.83    (0.80 – 0.87)
Feng (2009) 0.04    (0.01 – 0.09)
Weynand (2010) (9-1¥) 0.36    (0.22 – 0.51)
Weynand (2010) (9-2¥) 0.40    (0.26 – 0.56)
Weynand (2010) (9-3¥) 0.24    (0.11 – 0.40)
Weynand (2010) (9-4¥) 0.29    (0.15 – 0.46)
Lin (2011) 0.56    (0.48 – 0.64)
Luu (Submitted) (10-1¶) 0.88    (0.86 – 0.90)
Luu (Submitted) (10-2¶) 0.43    (0.40 – 0.47)
Luu (Submitted) (10-3¶) 0.89    (0.87 – 0.91)
Luu (Submitted) (10-4¶) 0.46    (0.42 – 0.51)

Specificity (95% CI)

Pooled Specificity = 0.63 (0.62 to 0.64)
Chi-square = 1964.40; df =  33 (p = 0.0000)
Inconsistency (I-square) = 98.3 %

Riethmuller (1999) 0.82    (0.66 – 0.92)
Bergeron (2000) 0.86    (0.65 – 0.97)
Venturoli (2002) 0.70    (0.58 – 0.81)
Castle (2003) (1*) 0.83    (0.70 – 0.92)
Castle (2003) (1**) 0.83    (0.73 – 0.91)
Castle (2003)  (1***) 0.78    (0.68 – 0.86)
Yarkin (2003) 0.88    (0.47 – 1.00)
Kulmala (2004) 0.85    (0.66 – 0.96)
Nonogaki (2004) 0.83    (0.36 – 1.00)
Nonogaki (2005) (2+) 1.00    (0.48 – 1.00)
Nonogaki (2005) (2++) 0.50    (0.01 – 0.99)
Schiffman (2005) (3-1±) 0.94    (0.93 – 0.95)
Schiffman (2005) (3-2±) 0.90    (0.88 – 0.91)
Schiffman (2005) (3-3±) 0.92    (0.90 – 0.93)
Schiffman (2005) (3-4±) 0.92    (0.90 – 0.93)
Schiffman (2005) (3-5±) 0.87    (0.85 – 0.90)
Söderlund-Strand (2005) 0.80    (0.28 – 0.99)
Huang (2006) 0.08    (0.04 – 0.15)
Carozzi (2007) 0.98    (0.92 – 1.00)
Fontaine (2007) 0.89    (0.65 – 0.99)
Stenvall (2007) 0.75    (0.19 – 0.99)
Stevens (2007) (4×) 0.87    (0.84 – 0.90)
Stevens (2007) (4××) 0.79    (0.75 – 0.82)
Cuzick (2008) (5-1| ) 0.94    (0.73 – 1.00)
Cuzick (2008) (5-2| ) 0.94    (0.73 – 1.00)
Cuzick (2008) (5-3| ) 0.94    (0.73 – 1.00)
Cuzick (2008) (5-4| ) 0.86    (0.67 – 0.96)
Cuzick (2008) (5-5| ) 0.86    (0.67 – 0.96)
Cuzick (2008) (5-6| ) 0.86    (0.67 – 0.96)
De Francesco (2008) 0.87    (0.79 – 0.93)
Klug  (2008) 0.98    (0.91 – 1.00)
Mo (2008) 0.93    (0.66 – 1.00)
Szareswki (2008) 1.00    (0.97 – 1.00)
Bhatla (2009)  (6¶) 0.90    (0.76 – 0.97)
Bhatla (2009)  (6¶¶) 0.80    (0.64 – 0.91)
Feng  (2009) 0.96    (0.88 – 0.99)
Weynand (2010) (7§) 0.89    (0.72 – 0.98)
Weynand (2010) (7§§) 0.86    (0.67 – 0.96)
Castle (2011) 0.88    (0.73 – 0.96)
Lin (2011) 0.84    (0.66 – 0.95)
Wong (2011) 1.00    (0.69 – 1.00)
Luu (Submitted)  (8†) 0.75    (0.48 – 0.93)
Luu (Submitted)  (8††) 0.94    (0.90 – 0.96)

Sensitivity (95%  CI)

Pooled Sensitivity = 0.89 (0.89 to 0.90)
Chi-square = 669.77; df =  42 (p = 0.0000)
Inconsistency (I-square) = 93.7 %

Riethmuller (1999) 0.81    (0.76 – 0.84)
Bergeron (2000) 0.41    (0.35 – 0.47)
Venturoli (2002) 0.72    (0.65 – 0.77)
Castle (2003) (1*) 0.34    (0.32 – 0.37)
Castle (2003) (1**) 0.35    (0.32 – 0.37)
Castle (2003)  (1***) 0.35    (0.32 – 0.37)
Yarkin (2003) 0.67    (0.56 – 0.77)
Kulmala (2004) 0.67    (0.65 – 0.70)
Nonogaki (2004) 0.51    (0.45 – 0.58)
Nonogaki (2005) (2+) 0.80    (0.64 – 0.91)
Nonogaki (2005) (2++) 0.72    (0.56 – 0.85)
Schiffman (2005) (3-1±) 0.45    (0.42 – 0.47)
Schiffman (2005) (3-2±) 0.58    (0.56 – 0.60)
Schiffman (2005) (3-3±) 0.61    (0.59 – 0.63)
Schiffman (2005) (3-4±) 0.64    (0.62 – 0.66)
Schiffman (2005) (3-5±) 0.68    (0.66 – 0.70)
Söderlund-Strand (2005) 0.85    (0.76 – 0.91)
Huang (2006) 0.64    (0.58 – 0.70)
Carozzi (2007) 0.52    (0.44 – 0.59)
Fontaine (2007) 0.68    (0.60 – 0.76)
Stenvall (2007) 0.67    (0.50 – 0.81)
Stevens (2007) (4×) 0.47    (0.43 – 0.50)
Stevens (2007) (4××) 0.56    (0.50 – 0.61)
Cuzick (2008) (5-1| ) 0.95    (0.95 – 0.96)
Cuzick (2008) (5-2| ) 0.96    (0.96 – 0.97)
Cuzick (2008) (5-3| ) 0.97    (0.96 – 0.98)
Cuzick (2008) (5-4| ) 0.95    (0.94 – 0.96)
Cuzick (2008) (5-5| ) 0.96    (0.95 – 0.97)
Cuzick (2008) (5-6| ) 0.97    (0.96 – 0.97)
De Francesco (2008) 0.41    (0.31 – 0.51)
Klug  (2008) 0.21    (0.17 – 0.27)
Mo (2008) 0.64    (0.59 – 0.69)
Szareswki (2008) 0.28    (0.25 – 0.32)
Bhatla (2009)  (6¶) 0.92    (0.89 – 0.94)
Bhatla (2009)  (6¶¶) 0.88    (0.85 – 0.91)
Feng  (2009) 0.20    (0.15 – 0.26)
Weynand (2010) (7§) 0.68    (0.43 – 0.87)
Weynand (2010) (7§§) 0.74    (0.49 – 0.91)
Castle (2011) 0.42    (0.37 – 0.47)
Lin (2011) 0.59    (0.51 – 0.66)
Wong (2011) 0.13    (0.06 – 0.22)
Luu (Submitted)  (8†) 0.90    (0.88 – 0.92)
Luu (Submitted)  (8††) 0.65    (0.61 – 0.69)

Specificity (95%  CI)

Pooled Specificity = 0.73 (0.73 to 0.74)
Chi-square = 12752.46; df =  42 (p = 0.0000)
Inconsistency (I-square) = 99.7 %
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Figure 3. Forest plots of HCII performance in identifying clinical lesions.
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and follow-up/diagnostic settings, following the 2001

Bethesda Classification (i.e., ASCUS, LSIL, and HSIL).

We identified 28 published articles and our own manu-

script that compared HCII and PCR in the same report.

We found that in detecting ASCUS/LSIL, HCII was less

sensitive but more specific than PCR. We also found that

HCII was both more sensitive and more specific in

detecting HSIL than was PCR (both in screening and

diagnostic settings). Clinical outcome and study location

were sources of heterogeneity for the accuracy of both

PCR and HCII. Additionally, PCR types and gold stan-

dard were sources of interstudy variability of the accuracy

of PCR and HCII, respectively.

To our knowledge, this is the first meta-analysis that

directly compares the accuracy of HCII and PCR in

screening and diagnostic settings and across two clinical

outcomes. In 2004, Arbyn and associates [9] conducted a

meta-analysis and reported that for ASCUS detection,

HCII alone was less sensitive but more specific (pooled

sensitivity: 0.95 [95% CI: 0.93–0.97] and pooled specific-

ity: 0.67 [95% CI: 0.58–0.76]) than HPV DNA testing

([all] pooled sensitivity: 0.84 [95% CI: 0.78–0.91] and

pooled specificity: 0.73 [95% CI: 0.63–0.83]) by PCR. The

major difference between our study and Arbyn’s [9] is that

they reported the test accuracy of HCII and a combination

of HPV DNA tests (i.e., HCII, HCI, and PCR). Therefore,

HCII and PCR were not compared directly. The other dif-

ference between our studies is that they [9] included test

results from studies of a single test, whereas our review

was restricted to studies that compared HCII and PCR.

Because findings of the test accuracy come from the same

population, we sought to minimize the source of inter-

study heterogeneity. Furthermore, Arbyn et al. [9]

included 17 articles from 1992 to 2002, whereas we identi-

fied 29 articles from 1999 to 2011. During the 1999–2011
period, HCII has been used more than it was during the

period covered by Arbyn, and our meta-analysis included

only one article [35] that was also in Arbyn’s meta-

analysis [9]. Additionally, the meta-analysis by Arbyn

et al. [9] was restricted to cross-sectional studies while

Table 2. Pooled sensitivity and specificity of PCR and HCII by lesion types (Bethesda classification).

Lesion types # Study units Pooled sensitivity (95% CI) Pooled specificity (95% CI)

PCR

ASCUS/LSIL 35 0.70 (0.68�0.71) 0.45 (0.44–0.46)

MY/PGMY 09/11 171 0.69 (0.67–0.72) 0.48 (0.47–0.50)

Screening 14 0.64 (0.61–0.67) 0.56 (0.55–0.58)

Diagnostic/Follow-up 5 0.75 (0.72–0.79) 0.33 (0.31–0.35)

GP5+/6+ 11 0.51 (0.45–0.58) 0.56 (0.53–0.60)

Screening 5 0.47 (0.40–0.54) 0.62 (0.57–0.66)

Diagnostic/Follow-up 6 0.77 (0.60–0.90) 0.48 (0.42–0.54)

Amplicor 7 0.73 (0.70–0.75) 0.36 (0.34–0.38)

Screening 3 0.55 (0.51–0.60) 0.44 (0.40–0.48)

Diagnostic/Follow-up 4 0.81 (0.79–0.83) 0.33 (0.31–0.36)

HSIL 43 0.85 (0.84–0.86) 0.62 (0.62–0.63)

MY/PGMY 09/11 25 0.84 (0.83–0.85) 0.66 (0.65–0.66)

Screening 13 0.87 (0.86–0.88) 0.67 (0.66–0.68)

Diagnostic/Follow-up 12 0.82 (0.81–0.83) 0.65 (0.64–0.66)

GP5+/6+ 12 0.75 (0.72–0.79) 0.54 (0.52–0.55)

Screening 7 0.55 (0.50–0.60) 0.58 (0.56–0.60)

Diagnostic/Follow-up 5 0.97 (0.95–0.99) 0.43 (0.39–0.46)

Amplicor 6 0.94 (0.93–0.95) 0.38 (0.36–0.40)

Screening 3 0.93 (0.88–0.96) 0.50 (0.46–0.53)

Diagnostic/Follow-up 3 0.94 (0.93–0.96) 0.34 (0.32–0.36)

HCII

ASCUS/LSIL 34 0.56 (0.55–0.58) 0.63 (0.62–0.64)

Screening 22 0.46 (0.43–0.48) 0.71 (0.70–0.72)

Diagnostic/Follow-up 13 0.67 (0.65–0.70) 0.51 (0.49–0.52)

HSIL 43 0.89 (0.89–0.90) 0.73 (0.73–0.74)

Screening 23 0.90 (0.88–0.91) 0.77 (0.77–0.78)

Diagnostic/Follow-up 21 0.89 (0.88–0.90) 0.70 (0.70–0.71)

ASCUS, atypical squamous cell of undetermined significance; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepi-

thelial lesion.
1The Venturoli et al. study [36] contributes 2 study units in the screening group and 2 study units in the diagnostic group.

384 ª 2013 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

Comparison between HCII and PCR in Detecting Cervical Dysplasia H. N. Luu et al.



ours expanded to other study designs (i.e., cohort and

randomized controlled trial). As Sherman et al. [58] rec-

ommended, a longitudinal study design helps to detect

missed lesions by repeated cytology before invasive cancer

occurs. The article by Schiffman et al. [42] (the ASCUS-

LSIL Triage Study-ALTS), included in our meta-analysis,

reported that during 2 years of follow-up during which

study participants were asked to visit at 6-month intervals,

HCII showed higher sensitivity than and comparable spec-

ificity with PCR. Finally, while Arbyn et al. [9] restricted

their analysis to ASCUS, we expanded ours to more

important clinical outcomes (i.e., LSIL and HSIL). With

the availability of the test accuracy for these two clinical

outcomes, misdiagnosis or overtreatment due to screening

test results can be avoided.

Type of clinical outcome was a source of interstudy

heterogeneity in our meta-analysis. Accordingly, both

tests appeared to have higher accuracy to detect HSIL

than to detect ASCUS/LSIL. This is expected because of

the cytological and histological differences between these

lesions, which are driven by HPV. The other source of

heterogeneity within HCII studies was the choice of the

gold standard (i.e., cytology vs. histology). For example,

an article by Stevens et al. [26] reported that when cyto-

logy is used as the gold standard, the sensitivity and spec-

ificity of HCII was 0.87 (95% CI: 0.86–0.89) and 0.47

(95% CI: 0.44–0.49), respectively. On the other hand, test

accuracy is different when histology was used as the gold

standard (sensitivity: 0.79 [95% CI: 0.76–0.82] and speci-

ficity: 0.56 [95% CI: 0.53–0.59]). Our results showing a

Table 3. Multivariable meta-regression of PCR and HCII performance.

Variable Coeff. Standard error P-value dOR (95% CI)

PCR

Settings

Screening Ref. Ref. Ref. Ref.

Diagnostic/Follow-up 0.62 0.35 0.08 1.87 (0.92–3.77)

Gold Standard

Cytology Ref. Ref. Ref. Ref.

Histology �0.03 0.35 0.93 0.97 (0.48–1.96)

Lesion (dOR)

ASCUS/LSIL Ref. Ref. Ref. Ref.

HSIL 1.72 0.34 <0.0001 5.60 (2.87–10.94)

PCR types

GP5+/6+ Ref. Ref. Ref. Ref.

MY/PGMY 09/11 1.01 0.43 0.02 2.75 (1.16–6.53)

Amplicor 1.10 0.53 0.04 3.01 (1.05–8.63)

Location

Asia–Pacific Ref. Ref. Ref. Ref.

North America �0.35 0.50 0.48 0.70 (0.26–1.89)

South America 0.42 0.72 0.56 1.53 (0.36–6.44)

Europe 0.98 0.45 0.03 2.66 (1.16–6.53)

HCII

Settings

Screening Ref. Ref. Ref. Ref.

Diagnostic/Follow-up 0.43 0.38 0.25 1.54 (0.73–3.25)

Gold Standard

Cytology Ref. Ref. Ref. Ref.

Histology 1.05 0.39 0.009 2.87 (1.31–6.29)

Lesion

ASCUS/LSIL Ref. Ref. Ref. Ref.

HSIL 2.02 0.39 <0.0001 9.04 (4.12–19.86)

Location

Asia-Pacific Ref. Ref. Ref. Ref.

North America �0.11 0.55 0.84 0.89 (0.30–2.70)

South America 0.84 0.79 0.29 2.32 (0.48–11.22)

Europe 1.40 0.54 0.01 4.08 (1.39–11.91)

ASCUS, atypical squamous cell of undetermined significance; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepi-

thelial lesion; dOR, diagnostic odds ratio.

Bold values are statistically significant.
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higher HCII test accuracy if histology is used as the gold

standard supports the findings of Sherman et al. [58] that

a lead time bias occurs if repeat cytology is performed,

particularly among women with ASCUS or LSIL. Conse-

quently, one might only detect a smaller proportion of

CIN3 lesions that do not have sufficient features associ-

ated with invasive cancer and miss a larger proportion of

lesions usually associated with invasive cancer [58].

Study location is another important source of heteroge-

neity in our findings. We found higher accuracy of both

PCR and HCII tests between European and Asia-Pacific

Region studies and between European and North Ameri-

can studies. We thought this might be related to the HPV

type distribution in the different study locations. This

interpretation is supported by the meta-analysis by Smith

and associates [59] showing that although 16 and 18 pres-

ence in all regions, there is difference in HPV specific

types in different regions, from 16, 31, 33, and 18 in Eur-

ope; 16, 58, 18, and 51 in Asia-Pacific Region; 16, 18, 31,

and 35 in North America.

Results from several large randomized controlled trials

in Europe [60–62], North America [61, 63, 64], and Asia-

Pacific [65] supported the use of HPV DNA testing over

cytology for cervical cancer screening. For example, the

5-year Population-Based Screening Study Amsterdam

[62], which included approximately 45,000 women aged

26–45, reported that HPV cotesting is more sensitive than

cytology alone to detect baseline CIN2 and 3 and to

detect cervical cancer at the end of the trial. Another ran-

domized trial [65] of approximately 132,000 women, aged

30–59, conducted over 7 years in rural India also reported

substantially higher sensitivity of HCII over cytology. Our

analysis showed that while PCR was more sensitive but

less specific than HCII in detecting ASCUS/LSIL, HCII

was more sensitive and more specific than PCR in detect-

ing HSIL. Our findings, therefore, support the use of

HCII because of its clinical relevance. The 2006 Con-

sensus Guidelines for the Management of Women with

CIN or Adenocarcinoma in situ [66] recommended that

patients with CIN1 preceded by ASCUS or LSIL be

followed-up with either HPV DNA testing every

12 months or repeated cytology every 6–12 months.

CIN1 is heterogeneous in that it may be ASCUS; how-

ever, it may also include LSIL, ASC-H, or even HSIL

[67]. Both high-risk and low-risk HPV types may be pres-

ent in CIN1 lesions [68, 69]. Additionally, several studies

show that in the absence of treatment there is a high rate

of spontaneous regression of low-grade cervical lesions

[70–72] and that CIN1 unusually progresses to CIN2 or

CIN3 [62, 73]. For example, a study by Moscicki et al.

[71] reported that in more than 91% of adolescents and

young women with LSIL, lesions cleared spontaneously

within 36 months. These findings, together with ours

support the use of HCII in a cervical screening program.

This has clinical importance, as a recent report from the

US Preventive Services Task Force (USPSTF) [74] con-

cluded that there was insufficient evidence to recommend

HPV testing for cervical cancer screening. We noticed

that the estimated accuracy of HCII (HSIL: sensitiv-

ity = 0.82, specificity = 0.78; LSIL: sensitivity = 0.66,

specificity = 0.91) from the USPSTF report came from

the 1999 study by Cuzick et al. [75] of older women. As

Castle [76] pointed out, the conclusion from the USPSTF

was reached without the results of randomized, controlled

trials in Europe and India [60–62, 65], and HPV testing

in the US was not evaluated. As more evidence accumu-

lates for HPV testing, the results of our meta-analysis

could be used as an additional tool for public health

professionals as they decide the best test for their specific

cervical screening programs.

The major strengths of our meta-analysis are the use of

both the STARD [22] and MOOSE [23] reporting guide-

lines for study selection, data analysis, and comparison of

test accuracy, which led to the important condition that

both tests must be present in the same article. This eligi-

bility criterion enabled us to minimize a substantial

source of interstudy heterogeneity. The other strength is

that our search allowed us to capture articles and studies

from 1999 to the present, which is the time that HCII has

been most widely used. The other strength is our inclu-

sion of other important clinical outcomes that allows

more conservative application of colposcopy.

The main limitation in our meta-analysis is that we did

not include the technique/device for sample preparation

(i.e., collection of cervical cells and DNA extraction meth-

ods) and age of the study participants, which could be

two potential sources of interstudy heterogeneity. The

large variety of sample collection and preparation meth-

ods (Table 1) prevented us from establishing meaningful

groups for a categorical analysis. We also could not

include the age variable in our meta-analysis because only

two studies [31] (Luu et al., submitted) provided the rele-

vant information.

In summary, we found that while PCR is more sensitive

but less specific than HCII in detecting ASCUS/LSIL, HCII

has higher sensitivity and specificity than PCR in detecting

HSIL, in both screening and diagnostic settings. Given the

clinical relevance and importance of cervical cancer world-

wide, our results support the use of HCII in cervical

screening programs. Also the role of HPV type distribution

should be explored to determine the worldwide compara-

bility of HPV test accuracy. While cost of the test has a

consideration for any screening program, it appears that

the cost of both HCII and PCR has reduced overtime. Fur-

ther studies on the cost-effectiveness of HCII over PCR in

a cervical screening program are, therefore, warranted.
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