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Background. The Hybrid Capture 2 (HC2) High-Risk HPV DNA assay serves as a triage test in the Slovenian national 
cervical cancer screening programme ZORA. To improve the limited analytical accuracy of HC2 test results near 
the cut-off value (1.0 relative light units/cut-off (RLU/CO)), we follow an internal protocol of repeating the test on all 
samples with borderline results within the 0.7-2.0 RLU/CO interval. The aim of the study was (i) to determine the clini-
cal relevance of HC2 test results within three different “grey zones” for samples stored in Specimen Transport Medium 
(STM) and (ii) to determine whether the current algorithm of retesting “grey zone” STM specimens with the HC2 assay 
is clinically relevant.
Patients and methods. The study included 594 women between 20 and 65 years of age. All participating women 
were referred for colposcopy, and in cases of abnormal results, biopsy was performed. We assessed the distribution of 
HC2 test results and the corresponding proportion of cervical intraepithelial neoplasia grade 2 or worse (CIN2+) lesions 
in three different “grey zones” (1.0–2.5, 0.4–4.0 and 0.7–2.0 RLU/CO), retested specimens with results within a 0.4–4.0 
RLU/CO interval and calculated the sensitivity and specificity for HC2 at different RLU/CO values.
Results. The proportion of specimens within 1.0–2.5, 0.4–4.0 and 0.7–2.0 RLU/CO intervals was 3.9%, 10.8% and 4.5%, 
respectively. The proportion of CIN2+ lesions within these “grey zones” was 2.5%, 5.6% and 1.2%, respectively. Retesting 
the samples did not detect any additional CIN2+ cases. Within the 1.0–2.5 RLU/CO interval, the sensitivity decreased 
from 93.8% to 91.4%, while the specificity increased from 63.3% to 67.5%; for the 0.4–4.0 RLU/CO interval, the sensitiv-
ity decreased from 95.1% to 89.5%, while the specificity increased from 56.8% to 69.4%; and for the 0.7–2.0 RLU/CO 
interval, the sensitivity remained nearly constant (94.4 vs. 93.2%), while the specificity increased from 60.6% to 66.4%.
Conclusions. Our results show that retesting STM samples within the “grey zones” is not necessary. Retesting samples 
in the negative “grey zone” does not increase sensitivity, and retesting in the positive “grey zone” is not followed 
by a less intensive management of women, since these women are recalled regardless of the results of the retest. 
Furthermore, the majority of samples retain the original HC2 results after retest, and the number of CIN2+ lesions 
among women with “grey zone” HC2 results is low.
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Introduction

The Slovenian national cervical cancer screening 
programme ZORA uses the Hybrid Capture II 
(HC2) assay (Qiagen, Hilden, Germany) as a tri-
age test that stratifies women with low-grade cer-
vical changes into those with high and low risks 
for developing cervical cancer.1 The results of 
the HC2 test are presented as relative light units/
cut-off (RLU/CO) values, and the cut-off value 
for a positive result is 1.0 RLU/CO2. Many stud-
ies have confirmed the high reproducibility of the 
HC2 test results both within and between labora-
tories.3-5 Nevertheless, some studies have noted 
that analytical accuracy is significantly lower in 
the vicinity of the cut-off value.3,4,6-8 Therefore, 
the manufacturer has published instructions for 
the further management of samples with border-
line results that differ regarding which medium is 
used for sample collection. For PreservCyt speci-
mens (Hologic Inc., Marlborough, United States), 
the manufacturer proposed the implementation of 
a borderline RLU/CO area called the “grey zone” 
in the range of 1.0–2.5 RLU/CO and recommend-
ed retesting the samples when results fall within 
this range.2 However, when storing the samples in 
the Specimen Transport Medium (STM) (Qiagen, 
Hilden, Germany), the manufacturer’s instructions 
are different, recommending retesting only the 
samples with suspected HPV infection and those 
with HC2 results near but below the 1.0 RLU/CO 
value. Retesting can be performed with the HC2 
test or using another method.2

Several authors9-16 have investigated the repro-
ducibility and clinical significance of retesting 
PreservCyt samples with borderline HC2 results. 
However, we have not found a single study where 
the same problem was addressed for specimens 
collected in STM. A previous Slovenian study by 
Seme et al.6 evaluated the analytical accuracy of the 
results within 0.4–4.0 RLU/CO. Because these au-
thors found poor reproducibility of HC2 within this 
range, they recommended that tests should be re-
peated by an alternative PCR-based method. At the 
Institute of Oncology Ljubljana, we adapted these 
instructions for our laboratory settings to repeat 
the test with the HC2 assay on specimens for which 
HC2 results fall within the 0.7–2.0 RLU/CO interval.

The aims of our study were (I) to determine the 
clinical relevance of the HC2 test results within 
three different “grey zones” for STM samples and 
(II) to determine whether the current algorithm 
for retesting “grey zone” STM specimens with the 
HC2 assay is clinically relevant.

Patients and methods
Study population

The study population included 596 women who 
participated in the Slovenian HPV self-sampling 
project L3-5512 from April 2014 to July 2016. The 
L3-5512 study protocol has been previously de-
scribed.17 All women were referred to colposcopy 
where smears for high-risk HPV testing were ob-
tained. The indications for colposcopy followed 
the Slovenian national guidelines, including high-
grade cytology, HPV positive triage test after re-
peated low-grade cytology, positive HPV test for 
the surveillance of the women treated for high-
grade intraepithelial lesion (HSIL) and a positive 
HPV test on self-sampling. Women with abnor-
mal colposcopy underwent colposcopy-guided 
biopsy, followed by histological evaluation ac-
cording to WHO recommendations.18 The reported 
high-grade histological outcomes within one year 
after colposcopy included cervical intraepithelial 
neoplasia grade 2 (CIN2), cervical intraepithelial 
neoplasia grade 3 (CIN3), squamous cell carci-
noma, carcinoma with origin outside the cervix, 
cervical glandular intraepithelial neoplasia grade 
2/adenocarcinoma in situ (CGIN2/AIS), vaginal in-
traepithelial neoplasia grade 3 (VAIN3) and vulvar 
intraepithelial neoplasia grade 3 (VIN3). All data 
were obtained from the Registry of the national 
screening programme ZORA.

The study was approved by the National Medical 
Ethics Committee at the Slovenian Ministry of 
Health (consents Nos. 155/03/13 and 136/04/14). All 
participating women provided written informed 
consent.

HPV testing

For the detection of high-risk HPV, we used the 
HC2 assay (Qiagen). The HC2 assay was performed 
according to the manufacturer’s instructions, and 
the results were reported as positive or negative 
using 1.0 RLU/CO as the cut-off value.2 Briefly, the 
test is a nucleic acid hybridization assay with sig-
nal amplification using microplate chemilumines-
cence for the qualitative detection of 13 high-risk 
types of HPV DNA in cervical and vaginal speci-
mens.2 The results were also interpreted according 
to the “grey zone” ranges proposed by the manu-
facturer for PreservCyt (1–2.5 RLU/CO2), Seme et 
al. for STM (0.4–4.0 RLU/CO6) and the Department 
of Cytopathology Institute of Oncology Ljubljana 
for STM (0.7–2.0 RLU/CO). Residual samples were 
stored in the freezer (-30°C) after the denaturation 
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step. If the results for a specimen were within the 
0.4–4.0 RLU/CO range, then the HC2 assay was re-
peated. When the results of the retest differed from 
the original results, we reported the final result as 
inconclusive.

Statistics

The results are presented as ranges of RLU/CO val-
ues for the HPV test result; a proportion of HPV test 
results in a specific range for all HPV test results; 
a proportion of women with CIN2/3+ in a specific 
range for all women with CIN2/3+ in one year since 
colposcopy; and a risk for CIN2/3+ as a proportion 
of women with CIN2/3+ for all women in a specific 
range. Cohen’s kappa with a 95% confidence inter-
val (CI) was calculated as a measure of agreement 
between the original and retested HPV test results 
as a binary variable at a 1.0 RLU/CO cut-off value. 
Sensitivities and specificities were calculated with 
a 95% CI at different RLU/CO cut-off values, and 
the ROC curve was plotted. All analyses were con-
ducted with R v3.5.3.19

Results
Study population

Our final study group included 594 women after 
we excluded one woman who had undergone hys-

terectomy prior to colposcopy and another with 
missing data from colposcopy. Biopsy was per-
formed in 352 women (59.3%). Out of 594 wom-
en, 291 (49.0%) were negative either on colpos-
copy (242) or on histology (49). A histologically 
confirmed low-grade intraepithelial lesion (LSIL) 
was diagnosed in 141 (23.7%) women and CIN2+ 
was diagnosed in 162 (27.3%) women. There 
were 48 CIN2, 102 CIN3, 1 VAIN3, 1 VIN3, 4 AIS 
and 6 squamous carcinomas.

HPV test results based on different 
definitions for the “grey zone” range

The number of HPV test results within and out-
side the three “grey zone” ranges are presented 
in Table 1. The proportion of samples located in 
1.0–2.5 RLU/CO, 0.4–4.0 RLU/CO, and 0.7–2.0 
RLU/CO was 3.9% (23/594), 10.8% (64/594), and 
4.5% (27/594), respectively.

HPV test results for retested samples 
within the 0.4–4.0 RLU/CO range

All 64 samples with results between 0.4–4.0 RLU/
CO values were retested. In 8/64 (12.5%) retested 
samples, the results differed from the original re-
sults (Figure 1). Six samples for which the results 
changed from positive to negative originated 
from patients without CIN2+ lesions, while the 
seventh case was obtained from a patient with 
CIN3+ diagnosis. The sample for which the re-
sult changed from negative to positive was from 
a patient without a CIN2+ diagnosis. Kappa 
agreement between the results before and after 
retesting was 0.75 (95% CI: 0.59–0.91). Retesting 
samples with results within the 0.4–4.0 RLU/CO 
range did not detect any additional CIN2+ cases.

Detection of CIN2+ and CIN3+ at 
different ranges of RLU/CO values

The distribution of women with a CIN2+/3+ di-
agnosis and the risk for CIN2+/3+ based on the 
RLU/CO values of their HPV test results are 
presented in Table 2. The majority of women 
with CIN2+ (85%) had RLU/CO values above 
10, and 1.2%, 2.5% % and 5.6% of CIN2+ cases 
were found within RLU/CO intervals of 0.7–2.0, 
1.0–2.5 and 0.4–4.0, respectively. The risk for 
CIN2+ in women within the 0.4–0.69 and 0.7–0.99 
RLU/CO ranges was 5.6% and 8.3%, respectively; 
however, these results represent one woman per 
range.

TABLE 1. Number of HPV test results according to “grey zones” 
proposed by the manufacturer (PreservCyt)I, Seme et al. (STM)II, 
and the Department of Cytopathology at Institute of Oncology 
Ljubljana (STM)Ill

RLU/CO value I N and % women (Ntot = 594) 

< 1.0 283 (47.6)

1.0–2.5 23 (3.9)

> 2.5 288 (48.5)

RLU/CO value II N and % women (Tot. N = 594) 

< 0.4 253 (42.6)

0.4–0.99 30 (5.1)

1.0–3.99 34 (5.7)

≥ 4.0 277 (46.6)

RLU/CO value Ill N and % women (Tot. N = 594) 

< 0.7 271 (45.6)

0.7–0.99 12 (2.0)

1.0–1.99 15 (2.5)

≥ 2.0 296 (49.8)

N = number; Ntot = total number
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Sensitivity and specificity of the HC2 
test for CIN2+

Calculations of the sensitivity and specificity of 
HC2 for CIN2+ at various RLU/CO values are pre-
sented in Figure 2. At the threshold recommended 
by the manufacturer (RLU/CO = 1.0), the sensitivity 
was 93.8% (95% CI: 90.1–97.5%), and the specificity 
was 63.2% (95% CI: 58.6–67.6%). Increasing or de-
creasing the threshold in the vicinity of 1.0 RLU/
CO did not significantly improve one value with-
out lowering the other. Increasing the cut-off value 
from 1.0 to 2.5 RLU/CO decreased the sensitivity 
from 93.8% to 91.4% (95% CI: 87.0–95.7%), while 
the specificity increased from 63.2% to 67.6% (95% 
CI: 63.0–72.0%). Within the interval of 0.7–2.0 RLU/
CO, the sensitivity remained nearly constant, with 
94.4% (95% CI: 90.7–97.5%) at a cut-off value of 0.7 
vs. 93.2% (95% CI: 89.5–96.9%) at a cut-off value of 
2.0, while the specificity increased from 60.6% (95% 
CI: 56.0–65.3%) to 66.4% (95% CI: 61.8–70.8%). In 
the third “grey zone”, the sensitivity gradually 
decreased from 95.1% (95% CI: 91.4–98.1%) at 0.4 
RLU/CO to 89.5% (95% CI: 84.6–93.8%) at 4.0 RLU/
CO, while the specificity gradually increased from 
56.7% (95% CI: 51.9–61.3%) to 69.4% (95% CI: 65.0–
73.8%).

Discussion

Our results showed that relatively few HC2 test re-
sults fell within the “grey zone” ranges currently 
used by the Institute of Oncology Ljubljana and 
those proposed by the manufacturer for PreservCyt 
specimens (3.7% and 4.5%, respectively). The “grey 

zone” proposed by Seme et al.6 was broader and 
contained 10.8% of the HC2 results. The percentag-
es of CIN2+ diagnoses detected within the above-
mentioned “grey zones” were 1.2%, 2.5% and 5.6%, 
respectively. Retesting the samples within the 
broadest “grey zone” investigated did not detect 
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FIGURE 1. Changes in the RLU/CO values after retesting samples within the 0.4–4.0 
RLU/CO range. The red arrow represents the samples with changes in the results from 
negative to positive, the blue arrows represent samples with changes in the results 
from positive to negative, and the black arrows represent samples that retained the 
original result.

TABLE 2. The distribution of women with a CIN2+/3+ diagnosis and the risk for CIN2+/3+ based on the RLU/CO values of their HPV test results

RLU/CO value N and % women 
(Ntot = 594)

N and % CIN2+ 
(Ntot = 162) Risk for CIN2+ (%) N and % CIN3+

(Ntot = 114)
Risk for CIN3+ 

(%)

RLU/CO < 0.4 253 (42.6) 8 (4.9) 3.2 2 (1.8) 0.8

0.4 ≤ RLU/CO < 0.7 18 (3.0) 1 (0.6) 5.6 1 (0.9) 5.6

0.7 ≤ RLU/CO < 1.0 12 (2.0) 1 (0.6) 8.3 1 (0.9) 8.3

1.0 ≤ RLU/CO ≤ 2.0 15 (2.5) 1 (0.6) 6.7 1 (0.9) 6.7

2.0 < RLU/CO ≤ 2.5 8 (1.3) 3 (1.9) 37.5 2 (1.8) 25.0

2.5 < RLU/CO ≤ 4.0 11 (1.9) 3 (1.9) 27.3 2 (1.8) 18.2

4.0 < RLU/CO ≤ 10.0 26 (4.4) 7 (4.3) 26.9 6 (5.3) 23.1

10.0 < RLU/CO ≤ 100 112 (18.9) 48 (29.6) 42.9 33 (28.9) 29.5

100 < RLU/CO ≤ 1000 105 (17.7) 68 (42.0) 64.8 53 (46.5) 50.5

1000 < RLU/CO 34 (5.7) 22 (13.6) 64.7 13 (11.4) 38.2

CIN2+ = cervical intraepithelial neoplasia grade 2 or greater; CIN3+ = cervical intraepithelial neoplasia grade 3 or greater; N = number; Ntot = total number
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additional CIN2+ cases. Calculations of sensitivity 
and specificity at different RLU/CO values showed 
that increasing or decreasing the cut-off value 
within the three “grey zones” did not significantly 
improve either of the variables.

We have not found any studies that examined 
the proportion of STM specimens with HC2 results 
located in the vicinity of a cut-off value. However, 
a few studies have reported on the number of 
HC2 results found in the “grey zone” interval pro-
posed by the manufacturer (1.0–2.5 RLU/CO) for 
PreservCyt specimens.9-11 Muldrew et al.9, Rao et 
al.10 and Knoepp et al.11 found 3–5.2% of their speci-
mens within this “grey zone”, which is similar to 
our result of 4.5%. This finding implies that the fre-
quency of cases with HC2 results within this “grey 
zone” is similar, regardless of the medium used for 
specimen collection (STM or PreservCyt).

From a clinical point of view, the number of 
CIN2+ cases found within a “grey zone” is much 
more relevant than the number of HC2 equivocal 
results. Among all CIN2+ cases found in our whole 
study group, only 1.2% was within 0.7–2.0 RLU/
CO, 2.5% was within 1.0–2.5 RLU/CO and 5.6% 
was within 0.4–4.0 RLU/CO. Although several 
studies have evaluated the proportion of women 
with CIN2+ diagnoses among those with HC2 re-
sults near the cut-off point, it is difficult to compare 
our results to theirs. The results vary to a moderate 
extent, and some differences could be attributed to 
differences in the studied populations and to the 

definition of the equivocal results. Knoepp et al.12, 
for example, reported 8% of CIN2+ cases among 
the whole study population with equivocal HC2 
results (1.0–2.5 RLU/CO) and 16.5% of CIN2+ cases 
of equivocal HC2 and ASC-US cytology. Origoni 
et al.7 found only 4.6% of CIN2+ cases in women 
with ASC-US cytology and HC2 between 1.0 and 
10.0 RLU/CO, while LaMere et al.13 reported 6.8% 
CIN2+ among cases with low-grade cytology and 
1.0–3.0 RLU/CO. Interestingly, Elkins et al.14 dem-
onstrated that the clinical relevance of the HC2 test 
is age dependent. In two age groups, which togeth-
er ranged from 15–49 years, these authors found an 
approximately equal percentage of CIN2+ diagno-
ses (6%) within the “grey zone” of 1.0–2.5 RLU/CO, 
while there were no CIN2+ cases in the group aged 
50 years or more. Despite variations in their results, 
all authors concluded that women with equivocal 
HC2 results should be managed as unequivocal 
positive results.

Since the manufacturer recommends retest-
ing PreservCyt specimens with results within the 
“grey zone”, several authors have already evalu-
ated whether the retesting algorithm is effective.11, 

13-16 Some authors have performed one retest15, 

16, while others have reported two retests13, and 
some retested only those samples where the results 
were found within the “grey zone” after the first 
retest11 or below 1.0 RLU/CO.14 The range of the 
“grey zone” varied from 0.8 to 3.0 RLU/CO. Some 
authors have found that the majority of their speci-
mens retained the original positive (87%–97%) 
HC2 result.11,13,14 These results are comparable to 
our results for the STM specimens, which showed 
that 87.5% of specimens retained the original HC2 
test result after retest, even though our “grey zone” 
was wider. Ramirez et al.15 and de Vries et al.16 ob-
tained lower values for specimens that retained 
original HC2 diagnoses after retest (64% and 74%, 
respectively). Ramirez et al.15 was the only study 
besides ours where the “grey zone” extended be-
low 1.0 RLU/CO, and these authors also found that 
two results changed from negative to positive. The 
low percentage of cases that retained positive HC2 
results in the study of de Vries16 is due to the age of 
their study population of 50 years or older. All the 
above-mentioned authors concluded that retest is 
not necessary because few results change after re-
test or because retests might be less reliable. For ex-
ample, Ramirez et al.15 mentioned that the amount 
of sample can influence the results, and viral loads 
may vary in successive tests.

The expected added value of retesting equivo-
cal HC2 results is a potential increase in the ac-
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curacy of the triage test and a better identifica-
tion of women who have low-risk for developing 
CIN2+ lesions since these individuals could be 
returned to screening or to a less intensive follow-
up. However, an additional reason that speaks 
against retesting samples within the “grey zones” 
is the finding that sensitivity and specificity do 
not change much within these “grey zone” ranges. 
Calculating the sensitivity of the HC2 test at differ-
ent RLU/CO values demonstrated that decreasing 
the cut-off for positivity to the lower border of the 
“grey zone” range would achieve a small increase 
in the sensitivity and therefore would not add 
a higher accuracy of the test. The sensitivity was 
95.1% at a cut-off value of 0.4, 94.4% at the cut-off 
value of 0.7 and 93.8% at the cut-off value of 1.0 
RLU/CO. Several authors have performed similar 
studies20-26, and a systematic review by Rebolj et al.27 
concluded that the threshold could be increased to 
values between 2.0–10.0 RLU/CO without endan-
gering the sensitivity level necessary for screening. 
This increase would avoid the problem of “grey 
zones”. Compared to our study, the majority of the 
reported studies have compared the relative val-
ues of sensitivity, since HPV-negative women did 
not undergo colposcopy examinations. Therefore, 
their calculations did not include the CIN2+ lesions 
with HC2 results in the negative part of the RLU/
CO range since such cases were missed. Thus, their 
values of sensitivity were higher.

The strength of our study is in reporting results 
within “grey zones” for STM specimens and in-
vestigating two “grey zones” that extended below 
1.0 RLU/CO. The results within “grey zones” for 
STM samples have not been presented before, and 
most reports included “grey zones” above the pro-
posed cut-off value. The limitation of our study 
is a small study population, comprising women 
invited to colposcopy, which showed a higher in-
cidence of CIN2+ lesions. The risk for developing 
CIN2+ was higher within the investigated “grey 
zones” (7.4%, 17.4% and 14.1%, respectively) than 
among the general population since the prevalence 
of the disease was higher in women referred to col-
poscopy than in the population of women in our 
study. Therefore, our findings need to be tested on 
a larger population with the risk for CIN2+ compa-
rable to that of the population where triage is rec-
ommended. An additional limitation of our study 
is the use of residual samples that were stored in 
the freezer (-30°C) after the denaturation step for 
HC2 retesting. This storage procedure could have 
caused sample degradation and might have influ-
enced our results. These findings will be important 

for cervical cancer screening programmes that use 
the HC2 assay as a primary or triage test and col-
lect cervical specimens in STM. The results will 
help specify the best protocol for handling STM 
specimens with results within the “grey zone”.

In conclusion, our results show that retesting 
STM samples within the “grey zones” is not neces-
sary for several reasons. The majority of samples 
within the “grey zone” retain the original HC2 
results after retest. The number of CIN2+ lesions 
among women with “grey zone” HC2 results is 
low. There is limited additional value of the re-
testing algorithm since sensitivity and specificity 
of HC2 for CIN2+ do not change much within the 
“grey zone”. Retesting samples with HC2 results 
in the negative range of the “grey zone” does not 
increase sensitivity, while retesting in the posi-
tive “grey zone” does not add to a less intensive 
management of women. Women with HC2 results 
above 1.0 RLU/CO but within the “grey zone” will 
be followed in the same manner, regardless of the 
outcome of the retest. Only women with two nega-
tive HC2 results will return to regular screening. 
Furthermore, according to Slovenian clinical guide-
lines, the management of women with discordant 
results between the original test and the repeated 
HC2 test does not allow women to be returned to 
screening or to a less intensive follow-up, since at 
least one additional test is needed before the deci-
sion could be made about further management.
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