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aBstract
Objective 

Because high-risk human papillomavirus (hrHPV) is the necessary factor in the 
development of high-grade cervical lesions, knowing the colposcopic differences 
between hrHPV-positive and hrHPV-negative lesions could be of value. We have 
evaluated whether there are colposcopic differences between lesions testing hrHPV-
positive or hrHPV-negative.

Materials and Methods

This study was conducted as a retrospective case-control study. We designed a scoring 
system for colposcopic criteria that might be of relevance to distinguish hrHPV-positive 
from hrHPV-negative lesions. Colposcopic images were analyzed from patients at the 
VU University Medical Center Amsterdam, the Netherlands, in whom a GP5+/6+ 
polymerase chain reaction hrHPV test had been performed within a month of the 
colposcopic examination (n = 507). 

Results

Visibility of the transformation zone (corrected for age), a (very) coarse and irregular 
punctation pattern, and a large lesion (more than 25% of the visible cervix) were 
more often associated with a positive hrHPV test status (p = .001, odds ratio (OR) 
= 2.29 (95%CI 1.41-3.73); p = .036, OR = 2.37 (95%CI 1.08-5.19); and p = .044, OR 
= 1.78 (95%CI 1.08-2.94), respectively). After correction for histologic diagnosis, 
the difference between hrHPV-positive and hrHPV-negative lesions for visibility of 
the transformation zone and lesion size remained statistically significant (OR = 2.44 
(95%CI 1.35-4.41) and OR = 1.92 (95%CI 1.04-3.54), respectively).

Conclusions

This study indicates that visibility of the transformation zone, (very) coarse punctation 
pattern, and larger lesion size were the main colposcopic features associated with  
a hrHPV-positive test status.
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introDuction
Persistent infection with a high-risk (hr)HPV type is acknowledged to be the necessary 
factor for the development of high-grade premalignant cervical lesions (cervical 
intraepithelial neoplasia (CIN) 2,3) and progression to cervical carcinoma.(1;2) 
Low-risk types are mainly associated with condylomata acuminata and a subset of 
low-grade CIN lesions.(3;4) Condylomata acuminata can be visible as warty structures 
on the vulva, perianal region, and cervix. Thus far, these warty lesions provide the only 
recognized visual characteristic of an HPV infection, in particular, of the cervix. 

Microscopically, productive HPV infections are characterized by koilocytosis, 
recognizable in cervical smears and biopsies.(5-7) Koilocytes have an enlarged nucleus 
that shows an irregular distribution of nuclear chromatin and has a large, irregularly 
shaped halo around it.(8) Because koilocytes have larger nuclei, they are expected 
to have a stronger acetowhite reaction compared with other (dysplastic) cells, and 
this might be colposcopically visible. Therefore, it can be speculated that, because of  
a specific reaction to acetic acid solution, hrHPV infections associated with koilocytotic 
cells might be colposcopically distinguishable.(8;9) Besides the acetowhitening effect, 
there are several other characteristics related to cervical neoplastic epithelium, 
including vascular patterns such as punctation and mosaic patterns and atypical vessels 
(Figure 1).(8) 

Adding hrHPV testing to cytology improves the efficacy of cervical screening in  
a population-based screening setting.(10) It is expected that hrHPV testing will duly be 

CHAPTER 3

Figure 1: Cervix with mosaic and punctation

Figure 1: Cervix with 
mosaic and punctation.

57



chapter 3

implemented in the Dutch nationwide screening program for cervical cancer. Because 
this is the case, it could be of value to know the colposcopic differences between hrHPV-
positive and hrHPV-negative lesions and the associated histologic diagnosis. Therefore, 
we have evaluated whether there are colposcopic differences between hrHPV-positive 
and hrHPV-negative lesions.

materials anD methoDs
This study was conducted as a retrospective case-control study. Between 1998 and 
2006, 2,569 patients underwent a first colposcopic examination at the VU University 
Medical Center, Amsterdam, the Netherlands, because of an abnormal Papanicolaou 
test result, a positive hrHPV test, or complaints (e.g., postcoital bleeding). Most 
women referred for colposcopy had abnormal Papanicolaou test results, which were 
taken either by the general practitioner or at the gynecological outpatient clinic of 
the VU University Medical Center. Cytological smears were defined according to 
the CISOE-A (Composition, Inflammatory changes, Squamous epithelium, Other 
changes-Endometrium, Endocervix columnar epithelium, Adequacy) classification, 
as is currently in use in the Netherlands, and translated into the Bethesda 2001 
classification.(11)

The hrHPV testing in the study period (1998 – 2006) was performed depending on 
the preference of the physician and on whether the woman participated in the Population 
Based Screening study AMsterdam (POBASCAM) trial.(10;12) In this trial, hrHPV testing 
was introduced in the population-based screening program to study the efficacy of hrHPV 
testing.(12) The colposcopic examinations were performed by gynecologic oncologists, 
general gynecologists, and junior residents under supervision of a gynecologist.

We have selected all women aged 18 years or older who had a visual lesion on 
colposcopy and in whom a GP5+/6+ polymerase chain reaction-enzyme immunoassay 
hrHPV test on a cervical scraping or biopsy had been performed within a month 
of this index colposcopic examination, according to established protocols.(13-16) 
In this assay, a cocktail probe is used of 14 hrHPV types. The final test result was 
hrHPV-positive or hrHPV-negative.(12-16) Women were excluded when they had 
a history of earlier treatment of cervical pathology, such as a large loop excision of 
the transformation zone (LLETZ) or a cold-knife conization. Also, women who were 
pregnant at the date of colposcopy or 3 months before, women who gave breast feeding 
at the time of colposcopy, or women with anatomic cervical malformations (i.e., due to 
diethylstilbestrol exposition) were excluded. 

Firstly, of the 2,569 patients, 355 patients were used as a representative learning 
set with the aim to study the image quality, eligibility of the selected patients, and to 
design a set of visual scoring criteria. Of these 355 patients, 132 had a hrHPV test 
result and colposcopic images available that could be used for this study and met the 
other inclusion criteria. There are several colposcopic grading systems, the best known 
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probably being the Reid colposcopy index designed by Reid and Scazi in 1985.(17). In 
the recent ASCUS-LSIL Triage Study (ALTS) trial, a modified and shortened version of 
this index was used.(18) Besides the Reid colposcopy index, a number of other scoring 
systems are available, the one most recently developed being the Swede score.(19-24) 
On the basis of this literature for different colposcopy scoring systems(17-24) and by 
panel analysis (JL, MK, CB and RV), specific characteristics were identified and used to 
develop a scoring system (Table 1). Most categories are scored absent or present; other 
categories reflect an increase in severity. These different categories were distinguished 
from one another by opinion of the panel members. For example, white is subdivided 
into translucent, white, and very white. ‘Translucent’ was thus defined as a thin layer 
of ‘icing’, ‘white’ was defined as an opaque epithelium, and ‘very white’ was defined as a 
thick, elevated, acetowhite lesion. In addition, besides distinguishing a fine punctation 
or mosaic pattern, we also distinguished between coarse and irregular and very coarse 

Table 1: Scoring table for colposcopic criteria.

Visual Marks
Score

0 1 2 3 4

Transformation zone Not completely 
visible

Completely 
visible

Acetowhitening Absent Translucent White Very white

Punctation Absent Fine Coarse and 
irregular

Very 
coarse and 
irregular

Mosaic Absent Fine Coarse and 
irregular

Very 
coarse and 
irregular

Atypical vessels Absent Present
Immature metaplasia Absent Present
Demarcation Sharp Frayed Diffuse
Leukoplakia Absent Present
Satellite  lesions Absent Present
Cysts (ovula nabothi) Absent Present
Gland openings Absent Present
Number of lesions Count
Size of the lesions    
(as % of visible cervix) <25 25-50 >50

Iodine application No iodine 
application

Tissue colors 
incompletely

Tissue does 
not color

Quadrant of the lesion quadrant I quadrant II quadrant III quadrant IV
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and irregular punctation or mosaic, the latter being a pattern of very asymmetrical, 
wide-spaced punctation or mosaic.

Subsequently, the remaining 2,214 patients were screened for inclusion in the test 
set of this study. A hrHPV test result was available for 537 of these women (24.3%). 
Of these 537 women, 162 (30.2%) were either excluded according to the criteria listed 
in previous paragraphs or could not be colposcopically evaluated. Insufficient images 
(including incorrect illumination, incorrect focus or an endocervical lesion that could 
not be visualized) or absence of digital colposcopic images were reasons for exclusion 
of 110 and 43 women, respectively, resulting in a total of 375 cases constituting the test 
set for this study. 

At a colposcopic examination, approximately 4 images per patient were stored in 
electronic patient files (IMSwebviewer; Centricity Enterprise Web, GE Electronics, 
2003). The colposcopic images were scored blindly by one investigator (CB) and 
afterward evaluated according to the hrHPV test results (GP5+/6+ polymerase chain 
reaction-enzyme immunoassay hrHPV test). Per patient, a score was given for each 
colposcopic characteristic, as identified in the learning set of the study (Table 1). Three 
months after all images were scored, a subset of 40 randomly selected images were 
scored again by the same investigator (CB) and by 2 other experienced colposcopists 
(JL and MK), also blinded for the hrHPV status, allowing the assessment of both 
intraobserver and interobserver variabilities. 

All the collected data were analyzed with the software package SPSS, version 15.0 
(SPSS Inc., Chicago, IL), using frequency tabs, crosstabs with χ2-test, Mann-Whitney test, 
odds ratio (OR), Mantel-Haenszel method, and reliability analysis (intraclass correlation 
coefficient (ICC)). For all statistical tests, the level of significance was set at .05. 

results
The baseline characteristics of the test set of 375 patients are described in Table 2. In 
the hrHPV-positive group, more women had a cytology test result of dyskaryosis; 262 
hrHPV-positive women (92.3%) compared with 55 hrHPV-negative women (62.5%) 
had a dyskaryotic cytology result. The cytology report mentioned in 53 patients (14.1%) 
the presence of koilocytes in the cytology sample. In the hrHPV-positive and hrHPV-
negative groups, 46 (16.0%) and 7 women (8.0%), respectively, had koilocytosis. This 
difference is not statistically significant (χ2-test, p = .057) 

The scores of all images have been collected, and the differences between hrHPV-
positive and hrHPV-negative patients have been summarized in Table 3. A hrHPV-
positive lesion had more often a completely visible transformation zone (p = .001), had 
coarser and more irregular punctation patterns (p = .036), and covered a larger part of 
the cervix (p = .044) than a hrHPV-negative lesion.

Furthermore, ORs were calculated for all characteristics (Table 4). Statistically 
significant ORs were found for visibility of the transformation zone (OR = 2.29 (95%CI 
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1.41-3.73), (very) coarse and irregular punctation and mosaic patterns (OR = 2.37 
(95%CI 1.08 -5.19) and OR =  2.70 (95%CI 1.24-5.89), respectively) and lesion size 
(OR = 1.78 (95%CI 1.08-2.94)). To review the clinical importance of these features, 
sensitivity, specificity, and positive and negative predictive values relative to hrHPV 
test status were calculated (Table 5). Since abnormal features such as punctation and 
mosaic patterns are particularly associated with high-grade lesions that were almost 
exclusively found in hrHPV-positive women, the ORs corrected for the histologic 
grade of the biopsy were also calculated, when available, with the Mantel-Haenszel 
method. All results were stratified in 2 groups: normal and mildly dysplastic cervix 
(CIN 0,1) versus moderately and severely dysplastic cervix (CIN 2,3 (high-grade 
lesions)). After correction for histologic diagnosis, only visibility of the transformation 
zone and lesion size remained statistically significant characteristics with ORs of 2.44 
(95%CI 1.35-4.41) and 1.92 (95%CI 1.04-3.54), respectively. 

Because both visibility of the transformation zone and hrHPV status are known to 
be associated with age, the association between visibility of the transformation zone 
and hrHPV has been studied after correction for age. When stratified for age (5-y 
cohorts), the association between visibility of the transformation zone and hrHPV test 
status still remained statistically significant (p = .010 by Mantel-Haenszel test). 

The intraobserver and interobserver variabilities of the colposcopic characteristics’ 
scores were analyzed with the use of reliability analysis (intraclass correlation coefficient 
(ICC), Table 6). The intraobserver and interobserver variability ICCs for all the scored 
criteria differed greatly between the characteristics. When only those ICCs were taken 
into account for the features that showed statistically significant differences (visibility 
of transformation zone, punctation and mosaic pattern, and lesion size), the ICCs 

Table 2: Baseline characteristics.

Total group  
(n = 375)

hrHPV-positive  
(n = 287)

hrHPV-negative  
(n = 88)

Age, mean (range), y 35.0 (19.5-63.3) 34.6 (19.5-63.3) 36.5 (21.1-53.2)
Koilocytosis, n (%) 53 (14.1) 46 (16.0) 7 (8.0)
Cytology, n (%)
   Normal
   BMDa

   > BMDb

   Unknown

375 (100.0)
38 (10.1)

171 (45.6)
146 (38.9)

20 (5.3)

287 (100.0)
13 (4.5)

130 (45.3)
132 (46.0)

12 (4.2)

88 (100.0)
25 (28.4)
41 (46.6)
14 (15.9)

8 (9.1)

hrHPV, high-risk human papillomavirus; ASC-US, Atypical Squamous Cells of Undetermined 
Significance, ASC-H, 
Atypical Squamous Cells, cannot exclude a high-grade squamous intraepithelial lesion.
a Borderline and mild dyskaryosis (Bethesda 2001: ASC-US, ASC-H and low-grade squamous 
intraepithelial lesion)
b More than Borderline and Mild Dyskaryosis (Bethesda 2001: high-grade squamous 
intraepithelial lesion
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Table 3: Data.

Criteria
hrHPV test

Statistics, pPositive Negative
Transformation zone
   Completely visible
   Not completely visible

176
111

36
52

.001 a

Atypical vessels
   Absent
   Present

283
4

88
0

NA

Leukoplakia
   Absent
   Present

286
1

87
1

NA

Satellite lesions
   Absent
   Present

260
27

83
5

.274 a

Immature metaplasia
   Absent
   Present

104
183

34
54

.683 a

Cysts
   Absent
   Present

280
7

87
1

NA

Gland openings
   Absent
   Present

87
200

31
57

.385 a

Acetowhitening
   No acetowhitening
   Translucent
   White
   Very white

1
21

262
3

0
10
78
0

.197 b

Punctation
   No punctation
   Fine
   Coarse and irregular
   Very coarse and irregular

100
132
45
10

38
42
8
0

.036 b

Mosaic
   No mosaic
   Fine
   Coarse and irregular
   Very coarse and irregular

125
101
52
9

44
36
7
1

.066 b

No. of visible lesions
   1
   2
   3
   4

203
67
16
1

69
17
2
0

.145 b

Lesion size, %
   < 25
   25-50
   > 50

154
87
46

59
18
11

.044 b

a χ2-test
b Mann-Whitney test
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were, in general moderate: 0.756, 0.606, 0.693 and 0.603, respectively (intraobserver 
variability), and 0.608, 0.742, 0.692 and 0.253, respectively (interobserver variability).

Discussion anD conclusions
This study indicates that visibility of the transformation zone, larger lesion size, and 
coarse and irregular punctation and mosaic patterns are the colposcopic features 
associated with a positive hrHPV status. Thus, these criteria can help the colposcopist 
to identify hrHPV-positive patients, because such women are at risk for neoplastic 
cervical lesions, this is important when no hrHPV test is available.

The association between the visibility of the transformation zone and hrHPV 
infections is difficult to explain by the biological behavior of HPV. Knowing that 

Table 4: Odds ratios and odds ratios corrected for histology.

Feature OR (95% CI)
OR (95% CI) (Corrected 
for histologic diagnosis)

Visibility of transformation zone 2.29 (1.41 – 3.73) 2.44 (1.35 – 4.41)
Acetic acid (absent/ translucent vs (very) white) 1.54 (0.70 – 3.40) 0.98 (0.38 – 2.50)
Punctation (present vs. absent) 1.42 (0.87 – 2.31) 1.11 (0.61 – 2.00)
Punctation (absent / fine vs. (very) coarse) 2.37 (1.08 – 5.19) 1.25 (0.49 – 3.21)
Mosaic (present vs. absent) 1.30 (0.80 – 2.10) 1.21 (0.68 – 2.16)
Mosaic (absent / fine vs. (very) coarse) 2.70 (1.24 – 5.89) 1.61 (0.66 – 3.93)
Demarcation (sharp vs. frayed-diffuse) 1.28 (0.65 – 2.50) 1.68 (0.74 – 3.80)
Satellite lesions 1.72 (0.64 – 4.62) 1.88 (0.60 – 5.87)
Metaplasia 1.11 (0.68 – 1.81) 1.23 (0.68 – 2.24)
Cysts 2.18 (0.26 – 17.92) 0.69 (0.08 – 5.85)
Lesion size (cut off 25%) 1.78 (1.08 – 2.94) 1.92 (1.04 – 3.54)
Lesion size (cut off 50%) 1.34 (0.66 – 2.71) 1.13 (0.45 – 2.83)
Gland openings 1.25 (0.76 – 2.07) 1.16 (0.63 – 2.14)

Table 5: Sensitivity, specificity, and positive (PPV) and negative predictive values (NPV) 
compared with hrHPV status.

Characteristic Sensitivity Specificity PPV NPV
Visibility of transformation zone 0.61 0.59 0.83 0.32
Punctation pattern 0.19 0.91 0.87 0.26
Mosaic pattern 0.21 0.91 0.88 0.26
Lesion size 0.47 0.67 0.82 0.28

hrHPV, high-risk human papillomavirus
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the squamocolumnar junction (SCJ) and the transformation zone are the preferred 
location sites for HPV, our hypothesis is that this association might be due to easier 
sampling of HPV of these areas.

A limitation of our study is that a substantial number of patients were excluded 
from this study because no hrHPV test result was available. This is because, according 
to Dutch national guidelines, hrHPV testing is presently not routinely performed in 
the evaluation of cervical lesions.(25) In the more recent years (2000 onward), hrHPV 
testing was more systematically performed because patients were worked up in the 
setting of the POBASCAM trial in which 91% of the women had hrHPV testing.(12)

A further limitation of this article is that we did not relate the colposcopic results to 
low-risk HPV data and the presence of hrHPV type 16.(26) The lack of this information 
makes it difficult to asses the value of the characteristics found in this study in patients 
bearing co-infections with low-risk HPV types. Furthermore, we do not know whether 
these criteria are valid in pregnant women or in women who had surgical procedures 
on their cervix because we did not study these patients. 

The hrHPV-positive lesions are scored as larger than the hrHPV-negative lesions. 
This might be something completely accountable to the presence of hrHPV because 
hrHPV-negative lesions are probably regressive and declining in size, whereas 
hrHPV-positive lesions are in a progressive state and, consequently, larger on average. 
Koilocytosis does not seem to be of influence for the colposcopic appearance of hrHPV-
positive lesions, but this study lacks the statistical power to be able to draw definite 
conclusions about the relationship between koilocytosis and hrHPV status.

Table 6: Intraclass correlation coefficients.

Criteria
Intraobserver variability  

(CB only)
Interobserver variability  

(CB, JL and MK)
Transformation zone 0.756 0.608
Acetowhitening 0.308 0.449
Punctation 0.606 0.742
Mosaic 0.693 0.692
Demarcation 0.364 0.366
Satellite lesions - 0.026 0.055
Metaplasia 0.384 0.186
Cysts 0.661 0.333
No. of lesions 0.033 0.104
Lesion size 0.603 0.253
Gland openings 0.743 0.382

Classification: poor, less than 0.5; moderate, 0.5 to 0.7; good, 0.7 to 0.9; excellent,
greater than 0.9
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Colposcopic examination is subject to interpretation bias.(27-30) This resulted 
in low to moderate ICCs for the intraobserver and interobserver variabilities for all 
features and moderate ICCs if only the statistically significant criteria were taken into 
account. These higher ICCs for visibility of the transformation zone, punctation and 
mosaic pattern, and lesion size suggest that these features have a greater reproducibility 
and are consequently more suitable for use in clinical practice.

In conclusion, this study indicates that visibility of the transformation zone, 
(very) coarse punctation pattern, and larger lesion size were the main colposcopic 
features associated with a hrHPV-positive test status. Especially when an HPV test is 
not available, these features might help to identify women at risk for serious cervical 
disease. Further studies are needed to find out the strengths of these criteria. With the 
development of new diagnostic tools(31), it may be possible to better define colposcopic 
features associated with a hrHPV infection.
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