
Interlaboratory Reproducibility and Proficiency Testing within the
Human Papillomavirus Cervical Cancer Screening Program in
Catalonia, Spain

R. Ibáñez,a M. Félez-Sánchez,a,b J. M. Godínez,b C. Guardià,c E. Caballero,d R. Juve,e N. Combalia,f B. Bellosillo,g D. Cuevas,h

J. Moreno-Crespi,i L. Pons,j J. Autonell,k C. Gutierrez,l J. Ordi,m S. de Sanjosé,a,b,n I. G. Bravoa,b

Infections and Cancer Unit, Cancer Epidemiology Research Program, Catalan Institute of Oncology (ICO), L’Hospitalet de Llobregat, Barcelona, Spaina; Infections and
Cancer, Bellvitge Institute of Biomedical Research (IDIBELL), L’Hospitalet de Llobregat, Barcelona, Spainb; Primary Care Clinical Laboratory Barcelonés Nord y Vallés
Oriental, Catalan Institute of Health, Badalona, Spainc; Microbiology Department, University Hospital Vall d’Hebron, Catalan Institute of Health, Barcelona, Spaind; Primary
Care Clinical Laboratory Bon Pastor, Catalan Institute of Health, Barcelona, Spaine; Pathology Department, UDIAT-CD, University Hospital Parc Tauli, Universitat Autònoma
de Barcelona, Barcelona, Spainf; Pathology Department, Hospital del Mar, Barcelona, Spaing; Pathology and Molecular Genetics Department, University Hospital Arnau de
Vilanova, Catalan Institute of Health, Lleida, Spainh; Pathology Department, University Hospital of Girona Dr, Josep Trueta, Infections and Cancer Unit, Catalan Institute of
Oncology, Girona, Spaini; Pathology Department, IISPV, URV, Hospital de Tortosa Verge de la Cinta (HTVC), Catalan Institute of Health, Tortosa, Spainj; Pathology
Department, Hospital Consortium of Vic, Vic, Barcelona, Spaink; Clinical Laboratory ICS Tarragona, Molecular Biology Section, University Hospital of Tarragona Joan XXIII,
Catalan Institute of Health, Tarragona, Spainl; Pathology Department, CRESIB–Hospital Clínic, University Barcelona, Barcelona, Spainm; CIBER Epidemiology and Public
Health, Barcelona, Spainn

In Catalonia, a screening protocol for cervical cancer, including human papillomavirus (HPV) DNA testing using the Digene
Hybrid Capture 2 (HC2) assay, was implemented in 2006. In order to monitor interlaboratory reproducibility, a proficiency test-
ing (PT) survey of the HPV samples was launched in 2008. The aim of this study was to explore the repeatability of the HC2 as-
say’s performance. Participating laboratories provided 20 samples annually, 5 randomly chosen samples from each of the follow-
ing relative light unit (RLU) intervals: <0.5, 0.5 to 0.99, 1 to 9.99, and >10. Kappa statistics were used to determine the
agreement levels between the original and the PT readings. The nature and origin of the discrepant results were calculated by
bootstrapping. A total of 946 specimens were retested. The kappa values were 0.91 for positive/negative categorical classification
and 0.79 for the four RLU intervals studied. Sample retesting yielded systematically lower RLU values than the original test (P <
0.005), independently of the time elapsed between the two determinations (median, 53 days), possibly due to freeze-thaw cycles.
The probability for a sample to show clinically discrepant results upon retesting was a function of the RLU value; samples with
RLU values in the 0.5 to 5 interval showed 10.80% probability to yield discrepant results (95% confidence interval [CI], 7.86 to
14.33) compared to 0.85% probability for samples outside this interval (95% CI, 0.17 to 1.69). Globally, the HC2 assay shows
high interlaboratory concordance. We have identified differential confidence thresholds and suggested the guidelines for inter-
laboratory PT in the future, as analytical quality assessment of HPV DNA detection remains a central component of the screen-
ing program for cervical cancer prevention.

Persistent infection with oncogenic human papillomaviruses
(HPVs) is necessary for the development of invasive cervical

cancer (CC) (1–3). CC screening based on cervical cytology has
been instrumental in decreasing the incidence and mortality asso-
ciated with CC in those countries with high screening coverage
rates (4). However, the infectious etiology of this disease leads to
the suggestion that the detection of the DNA of HPVs responsible
for cellular transformation might provide a strong predictive
marker for the early detection of women at risk (5). Worldwide
studies have established that tests for the presence of HPV DNA
show a higher sensitivity than cytology for the detection of high-
grade cervical intraepithelial lesions (6). Despite this demon-
strated higher sensitivity, the application to CC screening pro-
grams is still not widespread (6–10).

Currently, one of the most widely used tests for the detection of
HPV DNA is the Digene Hybrid Capture 2 (HC2) assay (Qiagen,
Gaithersburg, MD), approved by the U.S. Food and Drug Admin-
istration (FDA) in 2003 for use in clinical settings. Large prospec-
tive cohort studies and randomized controlled trials have proved
that this assay has high clinical sensitivity (90 to 95%) for the
detection of high-grade cervical intraepithelial neoplasia (CIN)
(6). The HC2 procedure does not include a PCR amplification

step and uses a cocktail of probes designed to detect 13 HPV types
classified as carcinogenic (groups 1 and 2A: HPV16, -18, -31, -33,
-35, -39, -45, -51, -52, -56, -58, -59, and -68) by the International
Agency for Research on Cancer (11).

In the past few years, several tests for detection of DNA or
transcripts of HPVs have been developed (12, 13). A number of
these tests have been proposed to be applied for CC screening.
Beyond sensitivity and specificity, an additional critical factor be-
fore the introduction of a new test as a screening technique is the
need for high reproducibility under the diverse conditions that the
different clinical laboratories may face (14). The current guide-
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lines for HPV tests propose a lower confidence bound of not less
than 87% for both intralaboratory reproducibility and interlabo-
ratory agreement (14). Good reproducibility of blinded clinical
samples in laboratories might further guarantee the reliability of
the results (15).

In Catalonia in northeast Spain, a screening protocol, includ-
ing HPV testing for selected indications, was implemented in 2006
(16). Women became eligible for the carcinogenic HPV testing if
they belonged to any of the three following categories: (i) an in-
adequate screening history, i.e., women aged older than 40 years
with no history of cytology in the previous 5 years, (ii) an incident
diagnosis of atypical squamous cells of undetermined significance
(ASC-US); or (iii) the first follow-up visit after a surgical coniza-
tion. During the 2006-2012 period, 116,970 tests for carcinogenic
HPVs have been performed within the CC screening activities in
the public health sector in Catalonia. In order to monitor inter-
laboratory reproducibility, a proficiency testing (PT) survey of the
HPV samples was launched in 2008, covering the 12 laboratories
involved in the screening activities.

The aim of the present study was to evaluate the interlabora-
tory reproducibility and error rate of performance of the HC2
assay on cervical specimens among the 12 reference laboratories
participating in the HPV screening in Catalonia during the period
2008-2011. Additionally, we aimed to investigate the nature and
origin of the discrepant results in order to provide guidelines for
the assessment of interlaboratory concordance thresholds in the
future.

MATERIALS AND METHODS
Design of external proficiency testing program. All tests (original and PT
assays) were performed using the HC2 assay with the “high-risk” probe
pool only, following the manufacturer’s instructions. According to the
FDA-approved guidelines, the threshold for positivity is the HC2 assay
response against a control sample containing 1.0 pg ml�1 HPV DNA,
roughly equivalent to 5,000 genomic copies. A sample was considered
positive if it rendered a relative light unit (RLU) ratio of �1 with respect to
the positive control.

The 12 laboratories for HPV screening in Catalonia (Hospital Univer-
sitari Dr. Josep Trueta, Consoci hospitalari de Vic, Hospital Universitari
Joan XXIII, Hospital del Mar, Hospital Universitari de Bellvitge–Institut
Català d’Oncologia [ICO], Hospital Clínic, Hospital Universitari Vall
d’Hebron, Hospital Universitari Verge de la Cinta, Hospital Universitari
Arnau de Vilanova, Consorci sanitari Parc Tauli, and the Laboratoris
d’Atenció Primària Doctor Robert and Bon Pastor) participated in the PT
program. The laboratory at the ICO was designated by the health depart-
ment of the government of Catalonia as the reference laboratory for PT
purposes. The overall project was approved by the ethics committee of the
ICO/Infections and Cancer, Bellvitge Institute of Biomedical Research
(IDIBELL). All information regarding the identification of patients was
anonymized before analysis.

The PT was conducted annually and blindly. Between 2008 and 2011,
each participating laboratory delivered 20 samples to the reference labo-
ratory. The PT of the reference laboratory itself was performed by one of
the 12 laboratories. For PT, the laboratories provided the residual aliquot
of the original samples. Eleven of the participating laboratories collected
the samples in specimen transport medium (STM). One laboratory used
liquid cytology-based screening, and in this case, buffer conversion was
performed prior to retesting, according to the manufacturer’s guidelines.
Samples were kept frozen at �20°C before delivery. As far as possible,
laboratories were requested to deliver samples for PT within the 3 months
after the initial testing. Nevertheless, the possible effect of time elapsed
between the original test and the PT was also assessed. In order to ensure
a uniform coverage distribution of positive and negative HC2 values, the

laboratories were asked to provide annually five randomly chosen samples
of each of the following RLU intervals: �0.5, 0.5 to 0.99, 1 to 9.99,
and �10.

Concordance analysis. HPV samples were collated and analyzed to
allow for interlaboratory comparisons. Paired HC2 test results were cate-
gorized as original negative/PT negative, original positive/PT negative,
original negative/PT positive, and original positive/PT positive based on
the 1.0 RLU cutoff.

Cohen’s kappa statistics were used to determine the level of agreement
between the original and the PT categories of results (positive/negative
and RLU intervals). The kappa statistic is a measure of interrater agree-
ment, which tests the interrater agreement by chance as the null hypoth-
esis (17). Generally, a kappa score between 0.8 and 1 is considered excel-
lent agreement, values between 0.61 and 0.8 are considered substantial
agreement, values between 0.41 and 0.6 are considered moderate agree-
ment, values between 0.21 and 0.4 are considered fair agreement; and
values between 0 and 0.2 are considered slight agreement (18).

The correlations between the original and PT HC2 readouts and the
correlations between changes in the signals in both readouts and the time
elapsed between both tests were assessed by linear regression using SPSS
Statistics 17.0 (SPSS Statistics/IBM, Chicago IL). A paired Wilcoxon and
Mann-Whitney test implemented in R (http://www.r-project.org/) was
used to test the null hypothesis of the median difference between the
original RLU values and the values for PT to be not different from zero.

For all statistical analyses, a P value of �0.05 was considered signifi-
cant for rejection of the null hypothesis.

Bootstrapping analysis. In order to estimate the limits for the ex-
pected number of discrepancies between the original results and the PT
results, a bootstrapping analysis was done. One thousand “virtual labs”
were generated by bootstrapping among the pooled samples, allowing for
replacement. All of these virtual labs were constructed with the same data
structure that was requested for the PT, i.e., 20 samples in total, 5 samples
from each of the intervals defined above. We also performed the same
analyses in another hypothetical scenario, with 40 samples per virtual lab,
10 from each interval. The total numbers of discrepancies and concor-
dances and Cohen’s kappa statistics were computed for each of the virtual
labs. The distribution of discrepancies was fitted to a Poisson model, and
the 95% confidence interval (CI) was calculated based on the fitted model.

We explored further the differential repeatability of the technique for
different values of the RLU variable. Each of the intervals, 0.5 to 0.99 and
1.0 to 10 RLU, was divided in 0.1-unit subintervals. For each subinterval,
1,000 virtual labs were created by drawing random samples with replace-
ment from the original pooled samples. The size of each virtual lab was
equal to the original number of samples within the subinterval. The mean
percentage of discrepancies was calculated for each of the defined subin-
tervals. The 2.5% and 97.5% quantiles of the 1,000 bootstrap samples were
used to define the lower bound and the upper bound of the 95% CI. In all
cases, bootstrapping analyses were performed using in-house Perl scripts.

RESULTS

During the period 2008-2011, a total of 946 specimens were re-
tested for PT within the framework of the CC screening program
in Catalonia, Spain. The results of these paired tests were used to
study interlaboratory reproducibility.

Comparison between original and PT paired tests showed
high correlation. The distribution of the samples selected for PT
was chosen to show a flat distribution of RLU values around the
clinical cutoff value. The precise distribution of the samples tested
in the PT and the comparison with the distribution of the general
population are given in Table 1. In the general population in
which the HC2 assay was used to assess the presence of DNA of
oncogenic HPVs (n � 46,949), the distributions of positive and
negative results for the period 2006-2009 were 22% and 78%,
respectively. In contrast, in the PT samples, these distributions
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were 52.2% and 47.8%, respectively. Regarding the classification
by categories of RLU values, in the HPV-tested general popula-
tion, the central intervals spanning 0.5 to 9.99 RLU comprised
only 9.8% of all samples, while 47% of the PT samples were lo-
cated in these intervals. These differences arise from the focus of
the PT program itself, the aim of which is to evaluate the inter-
laboratory reliability of the technique and not necessarily match
the distribution of the RLU values in the general population.

A comparison of the RLU values for the HC2 test by the 12
tested laboratories and for the repeated test is shown in Fig. 1. The
overall correlation coefficient for the original and the PT values
was 0.95 (P � 0.05), ranging between 0.88 and 0.97 for each of the
individual laboratories (data not shown). Correlation restricted to
samples interpreted as positive (RLU of �1) in both the original
test and in the PT retest increased up to 0.97 (P � 0.05) (data not
shown). The PT retests rendered systematically lower RLU values
than those reported by the original laboratories, with a pairwise
median decrease of 9% in signal. This median difference was sig-

nificantly different from zero, as determined by a paired Wilcoxon
and Mann-Whitney test (P � 0.005).

Time elapsed between original test and PT did not influence
reproducibility. The mean time elapsed between the first test and
the PT reading was 90.5 days, with a median of 53.0 days and a
range from 8 to 885 days. To determine whether time elapsed
between consecutive assays on the same sample could influence
the differences between the RLU values reported by the HC2 assay,
the correlation between the original and the PT readout values was
assessed (Fig. 2). No significant correlation was found (P � 0.83),

TABLE 1 Data from the general population compared to data from the
reference HPV laboratories used for the HPV proficiency testing

Category of
results

Screening general
population (n [%])a

Proficiency testing
(n [%])b

HPV negative 36,600 (78) 452 (47.8)
HPV positive 10,349 (22) 494 (52.2)
Total 46,949 (100) 946 (100)
RLUc �0.5 34,580 (73.7) 253 (26.7)
0.5 � RLU � 1 2,020 (4.3) 199 (21)
1 � RLU � 10 2,563 (5.5) 246 (26)
RLU �10 7,786 (16.6) 248 (26.2)
a Data were obtained from the HPV test performed by screening the general population
in the period 2007-2009.
b Data were obtained from the reference HPV laboratories for the HPV proficiency
testing during the period 2008-2011.
c RLU, relative light units.

FIG 1 Scatterplot of the relative light unit (RLU) values for the results of the HC2 test at the original laboratory and for the paired proficiency test. Results are
expressed as logarithmic values of RLU reads. The correlation coefficient for linear regression was 0.95 (P � 0.05).

FIG 2 Scatterplot of relative light unit (RLU) ratios between the original and
proficiency tests as a function of time elapsed between the two tests. Results are
expressed as logarithmic values of the ratio of RLU and time in days. The
correlation coefficient obtained for linear regression was 0.003 (P � 0.219),
and therefore no loss in signal can be attributed to the time elapsed between
consecutive tests.
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indicating that the time interval between consecutive tests did not
result in a decrease of the RLU readout value.

All laboratories exhibited high agreement with the PT re-
sults. In order to assess the agreement between the two tests, Co-
hen’s kappa values were calculated for the positive/negative cate-
gorical classification and the RLU intervals (Table 2). Paired
comparisons between the original and PT analyses for positive/
negative results rendered an overall excellent agreement (kappa �
0.91). The kappa values for the individual laboratories ranged be-
tween 0.84 and 0.97, being above 0.90 for eight (66.7%) of them
(see Table S1 in the supplemental material). The laboratory using
liquid cytology-based samples did not behave differently from the
rest of laboratories tested, which used STM as the collecting me-
dium. The total number of discordant results was 44 (4.6% of the
total samples). A slightly asymmetric distribution of discordant
tests was observed, with more discordant samples being positive in
the original test and negative in the PT than vice versa (25 versus
19, respectively), although this difference was not significant (Z
score � 1.28, P � 0.20). The vast majority of discrepant results
(97.7%) were reported in samples with RLU values between 0.5
and 10.0 in the original tests. Remarkably, 13 of them showed a
large difference between the paired tests: 10 positive samples with
an original RLU value between 2.0 and 9.0 produced negative
results between 0.08 and 0.77 in the PT. In contrast, only two
samples with original negative results (RLU values of 0.61 and
0.72) produced positive results (RLU values of 2.97 and 2.98, re-
spectively) in the PT retest. Only one sample was an outlier fol-
lowing Tukey’s criterion (19), showing an original result of 38.57
and a 0.17 result in the PT.

The reproducibility of the tests in each of the RLU intervals
here defined showed an overall kappa value of 0.79 with values
ranging from 0.70 to 0.84 for each of the individual laboratories
(see Table S2 in the supplemental material). The observed concor-
dance in the extreme intervals, i.e., RLU value of �0.5 and RLU
value of �10, was higher than that in the intervals around the
cutoff, i.e., RLU value between 0.5 and 10, with overall agreement
values of 96.4% and 70.1%, respectively.

Exploring new alternatives in the design of the PT. Finally, we
explored different alternatives for future improvement of the PT
design. First, we aimed to provide a threshold for identifying sig-
nificant deviations from the maximum expected number of dis-

crepancies, under the current sampling scheme for PT. Limits for
a discrepancy report were determined under two scenarios: 20
samples analyzed for PT per laboratory with 5 samples per each
interval (i.e., the one currently implemented) and 40 samples per
laboratory with 10 samples for each interval (which could be im-
plemented depending on the budget). We generated, by boot-
strapping with replacement from the original data, 1,000 data sets
that corresponded to virtual labs, using the same stratified struc-
ture of samples (Fig. 3). The results were fitted to a Poisson distri-
bution and the accumulated probability for the detection of the
corresponding number of discrepant results was calculated. We
aimed to find the number of discrepant results that could be ex-
pected to appear by chance with a probability of �5% (Fig. 4).
Using the stratified structure of samples evaluated in the present
study (n � 20, five samples of each interval), the probability of
having two or more discrepancies was 7.5%, whereas the proba-
bility of three or more discrepancies was 1.7%. If 40 samples in
total were collected, the probability of finding three or more dis-
crepancies was 13.1%, while retrieving four or more discrepancies
presented a probability of 4.7%. Thus, under the present PT struc-
ture with retesting of 20 samples per laboratory, the analyses
should be labeled as significantly discordant when PT yields three
or more discrepant samples. If 40 samples were to be retested
using the same structure, the flag for significant discordance
should be raised for sets with four or more discrepant samples.

Finally, we explored whether the results could be used to im-
prove the PT design, by modifying the boundaries for sample
stratification. We focused on the readout values with lower repro-
ducibility, identified above by means of kappa values as the area
around the positivity threshold. This gray area comprised two of
our RLU categories (0.5 to 0.99 and 1 to 9.99). By using bootstrap-
ping analyses as described above, we explored the expected per-
centage of discrepancies for both RLU categories (Fig. 4). The
results indicated that in the 0.5 � RLU � 1 interval the expected
number of samples showing discrepant results did not experience
significant changes, remaining flat around 13.7% (95% CI, 5.5 to
28.6%). In the 1 � RLU � 10 interval, we observed a significant
monotonic decrease (P for trend � 0.001) in the percentage of
samples showing discrepant results, starting from 25.9% (95% CI,
14.8 to 38.9%) for values in the 1 � RLU � 2 interval and stabi-
lizing after the RLU �5 interval to reach 9.7% (95% CI, 5.7 to

TABLE 2 Comparison of tested laboratories and HPV proficiency testing laboratory paired HC2 test resultsa

Proficiency testing
of HC2 assay
results

HC2 assay results for original samples

Total

Analysis of
agreement

Negative Positive Kappa P

Negative 433 25 458 0.91
Positive 19 469 488 0.00

Total 452 494 946
RLU � 0.5 0.5 � RLU � 1 1 � RLU � 10 RLU � 10

RLU � 0.5 243 81 11 1 336
0.5 � RLU � 1 10 99 13 0 122 0.79
1 � RLU � 10 0 19 213 7 239 0.00
RLU �10 0 0 9 240 249

Total 253 199 246 248 946
a HC2, hybrid capture 2.

Ibáñez et al.

1514 jcm.asm.org Journal of Clinical Microbiology

 on A
ugust 1, 2018 by IR

D
-C

E
N

T
R

E
 D

E
 D

O
C

U
M

E
N

T
A

T
IO

N
http://jcm

.asm
.org/

D
ow

nloaded from
 

http://jcm.asm.org
http://jcm.asm.org/


13.4%). Moreover, we have explored the differential probability
for a sample to show a discrepancy upon retesting, as a function of
the RLU values. The highest probability for discrepancies was con-
centrated in the RLU interval of 0.5 to 5; the probability for a
sample in this interval to show a discrepancy was 10.80% (95% CI,
7.86 to 14.33) compared with 0.85% (95% CI, 0.17 to 1.69) for
samples outside this interval. The accumulated probabilities for
discrepancies for the different intervals of the RLU variable are
given in Table 3. These improved intervals will be implemented in
the future for the PT activities when the HC2 assay is used. We will
thus ask the participating laboratories to annually provide ran-
domly chosen samples from each of the following RLU intervals
with the following structure: RLU �0.5, 5 samples; 0.5 � RLU �
1, 10 samples; 1 � RLU � 5, 10 samples; and RLU �5, 5 samples.
In this case, the probability of having three or more discrepancies
by chance is 13.5%, whereas the probability of three four or more
discrepancies by chance is 4.8%.

DISCUSSION

An interlaboratory PT program was successfully implemented for
the detection of high-risk HPV types within the CC screening
activities in the public health system in Catalonia. It was consid-
ered instrumental to ensure the accuracy of the results obtained by
HPV testing. A total of 946 samples were analyzed for PT during
the 2008-2011 period, and a total of 44 (4.6%) discrepancies were
found. The present PT study was in agreement with the guidelines
proposed by Meijer and coworkers for the validation of high-risk
HPV tests for primary CC screening (14). These guidelines pro-
posed that interlaboratory agreement should be determined by
evaluation of at least 500 samples, with 30% of the samples having
tested positive in a reference laboratory using a clinically validated

assay and reaching an agreement with a lower confidence bound
not less than 87%.

It is very important to note that the distribution of the RLU
values used for the PT does not follow the distribution obtained
from the general population participating in the screening algo-
rithms in which the HC2 assay was used to assess the presence of
DNA of oncogenic HPVs (Table 1). Differences between distribu-
tions reflect the analytical nature of our PT program, as we were
interested in assessing the overall performance of the laboratories
using the HC2 technique. We chose therefore to design a balanced
PT sample distribution to explore the full range of the readout
variables equally, as otherwise the central values, close to the cut-
off and more prone to discrepancies, would have been under-
sampled.

Paired tests demonstrated an almost excellent interlaboratory
agreement for all 12 participating laboratories, for both positive
and negative agreement (kappa � 0.91) and for the four RLU
categories (kappa � 0.79). In our study, RLU values were slightly
but significantly lower in the PT program retesting than those
obtained in the original laboratory, with a median decrease of
9.0% from the original RLU value. One possible explanation for
this trend is specimen degradation between the two tests, as has
been reported to a certain extent for the HC2 assay (20, 21). We
tested the hypothesis of the influence of time elapsed between the
two consecutive tests to account for this difference, but we did not
find a significant association between the decrease in the RLU
readout variable and the time between the two HC2 tests. An
alternative explanation is the impact of consecutive freeze-thaw
cycles, as samples were denatured, analyzed originally, frozen,
sent, and thawed for PT analysis, especially because the HC2 test
does not include an amplification step. Finally, although in abso-

FIG 3 Distribution of numbers of clinically discrepant results between the original laboratory and the proficiency test (circles) and fit to a Poisson distribution
(gray line). The accumulated probability for the detection of the corresponding number of discrepancies is shown above each point. By bootstrapping with
replacement of the all samples, 1,000 virtual labs were generated, and the numbers of discrepancies were calculated. With the same stratified structure of samples
used in this study (RLU �0.5, 0.5 � RLU � 1, 1 � RLU � 10, and RLU �10), two different scenarios were tested: 20 samples, 5 from each interval (A); and 40
samples, 10 from each interval (B).
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lute terms more samples were found to be positive originally and
tested negative in the PT than the reverse case, the difference be-
tween the two numbers was not statistically significant. Overall,
the small decrease in signals during retesting has little or no clin-
ical significance because HPV retesting is not part of the routine
clinical practice (21).

Several reports have addressed the use of the HC2 assay in CC
screening and its performance compared to those of other meth-
ods for detecting HPV genetic material (13, 22–24). However, few
data on the reproducibility of HC2 assays are available. In the LSIL
(low-grade squamous intraepithelial lesion) Triage Study (ALTS)
study, interlaboratory reproducibility values across four laborato-
ries were found to be similar to those communicated herein
(kappa � 0.84) (21). The interlaboratory reproducibility for HC2
in seven laboratories participating in an Italian clinical trial was
also high (15). In both cases, the RLU values around the cutoff
(RLU � 1) were more prone to show discrepant results, as ob-
served in our study. Thus, the random variation in RLU values had
more influence on the classification as positive or negative for
samples having values close to the cutoff (15). One fundamental
contribution of the present study is the detailed description of the
differential reproducibility of the HC2 technique for different in-
tervals of RLU values. We conclude, therefore, that, in our set-
tings, 0.5 � RLU � 5 is the interval in which the PT paired values
of the readout RLU values were more likely to show discrepancies.

A central aim of the initial PT assessment after the first 4 years
of the CC screening activities was to provide guidelines for a better
PT control in the future. As such, we have estimated the number of
samples that should test discrepant after retesting to be considered
a “significant discordant.” In our case and with our data structure,

FIG 4 Expected percentages of discrepancies along the relative light unit (RLU) intervals of 0.5 to 0.99 (A) and 1 to 9.99 (B). Mean percentages of discrepancies
were obtained by bootstrapping. The gray area encompasses the 95% confidence interval.

TABLE 3 Comparison between the percentage of discrepancies between
the original results and the results after proficiency testing, as a function
of the RLU valuea

Categories of samples
Mean % (95% CI) probability
of discrepancy

Proficiency testing
RLU �0.5 0 (0)
0.5 � RLU � 1 9.59 (6.02–13.58)
1 � RLU � 10 9.87 (6.50–13.82)
RLU �10 0.41 (0–1.21)

Proposed proficiency testing
RLU � 0.5 0 (0)
0.5 � RLU � 1 9.59 (6.02–13.58)
1 � RLU � 5 12.56 (7.64–18.47)
RLU �5 1.18 (0.30–2.87)

a The categories used in the current proficiency testing scheme and those proposed for
the improved proficiency testing are shown.
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this critical value is 3 or more individual discrepant samples in the
sets of 20 samples to be retested. Two factors in our PT design, the
number of retested samples and the stratified structure, could be
changed for improvement in the future. Increasing the number of
retested samples would allow us to more accurately find a number
of discrepancies that were significantly higher than expected by
chance. This has been exemplified in the simulation described
above, by including 40 instead of 20 samples per laboratory per
year. Obviously, this change also doubles the cost of the PT assess-
ment, and a cost-benefit equilibrium must be found. Regarding
sampling structure, the aim of the PT program is analytical, not
clinical, and we have thus chosen to monitor values throughout
the dynamic range of the readout variable equally, instead of
randomly sampling from the entire population. This strategy
allows us to place special emphasis on the region in which the
technique is less reproducible. In order to focus in the sensitive
area in which samples were more likely to be discordant (0.5 to
5 RLU), we propose that the following sample structure be
applied for future PT assessments: 5 samples with RLU �0.5,
10 samples with 0.5 � RLU � 1, 10 samples with 1 � RLU � 5,
and 5 samples with RLU �5.

In conclusion, the results of the PT assessment for the CC
screening program in Catalonia have shown that the HC2 assay
has a high interlaboratory concordance. The use of a common,
standardized protocol with well-defined anticontamination mea-
sures for samples and processing fluids in the 12 laboratories in-
volved has been instrumental for achieving these excellent results.
We have also detected a significant decrease in the HC2 signals
after retesting that cannot be linked to the time elapsed between
consecutive tests and that may be attributable to the additional
freeze-thaw cycle. We have additionally explored in depth the dif-
ferential repeatability along the dynamic response of the readout
variable and have demonstrated that most discrepant results ac-
cumulate in the 0.5 to 5 RLU interval, with samples in this interval
being 12.7 times more likely to show discrepant results than sam-
ples outside this interval. With this information, we have further
defined recommendations and confidence thresholds for inter-
laboratory PT in the future when the HC2 assay is used as screen-
ing test, as analytical quality assessment of HPV DNA detection
remains a central component of the screening program for CC
prevention.
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