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Abstract. The high-risk type of Human Papillomavirus (HPV) is the
main etiologic factor of cervical cancer, which is a leading cause of can-
cer deaths in women worldwide. Therefore, classifying the risk type of
HPVs is very useful and necessary to the daignosis and remedy of cer-
vical cancer. In this paper, we classify the risk type of 72 HPVs and
predict the risk type of 4 HPVs of which type is unknown. As a machine
learning method to classify them, we use decision trees. According to the
experimental results, it shows about 81.14% of accuracy.

1 Introduction

Cervical cancer is a leading cause of cancer deaths in women worldwide. Since
the main etiologic factor for cervical cancer is known as high-risk Human Pa-
pillomavirus (HPV) infection [5], it is now largely a preventable disease. There
are more than 100 types of HPV that are specific for epithelial cells including
skin, respiratory mucosa, and the genital tract. Genital tract HPV types are
classified by their relative malignant potential into low-, and high-risk types [4].
The common, unifying oncogenic feature of the vast majority of cervical cancers
is the presence of high-risk HPV. Therefore, the most important thing for diag-
nosis and therapy is discriminating whether patients have the high-risk HPVs
and what HPV types are highly risky.

One way to discriminate the risk types of HPVs is using a text mining tech-
nique. Since a great number of research results on HPV have been already re-
ported in biomedical journals [3], they can be used as a source of discriminating
HPV risk types. Since there are a number of research results on HPV and cervi-
cal cancer, the textual data about them can be easily obtained. In this paper, we
use the textual information describing the characteristics of various HPV types
as document data, and decision trees as a learning algorithm to classify the their
risk types. One advantage of this work is usefulness for designing the DNA-chip,
diagnosing the presence of HPV in cervical cancer patients. Since there are about
100 HPV types, making the DNA chip needs to choose some dangerous ones re-
lated with cervical cancer among them. Therefore, this result classifying the risk
of HPVs can be a big help to save time to understand information about HPV
and cervical cancer from many papers and to choose the HPV types used for
DNA chip.

J. Liu et al. (Eds.): IDEAL 2003, LNCS 2690, pp. 540–544, 2003.
c© Springer-Verlag Berlin Heidelberg 2003

Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.
Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.

ALLGEMEIN ----------------------------------------
Dateioptionen:
     Kompatibilität: PDF 1.2
     Für schnelle Web-Anzeige optimieren: Ja
     Piktogramme einbetten: Ja
     Seiten automatisch drehen: Nein
     Seiten von: 1
     Seiten bis: Alle Seiten
     Bund: Links
     Auflösung: [ 600 600 ] dpi
     Papierformat: [ 594.962 841.96 ] Punkt

KOMPRIMIERUNG ----------------------------------------
Farbbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 150 dpi
     Downsampling für Bilder über: 225 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Mittel
     Bitanzahl pro Pixel: Wie Original Bit
Graustufenbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 150 dpi
     Downsampling für Bilder über: 225 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Mittel
     Bitanzahl pro Pixel: Wie Original Bit
Schwarzweiß-Bilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 600 dpi
     Downsampling für Bilder über: 900 dpi
     Komprimieren: Ja
     Komprimierungsart: CCITT
     CCITT-Gruppe: 4
     Graustufen glätten: Nein

     Text und Vektorgrafiken komprimieren: Ja

SCHRIFTEN ----------------------------------------
     Alle Schriften einbetten: Ja
     Untergruppen aller eingebetteten Schriften: Nein
     Wenn Einbetten fehlschlägt: Warnen und weiter
Einbetten:
     Immer einbetten: [ ]
     Nie einbetten: [ ]

FARBE(N) ----------------------------------------
Farbmanagement:
     Farbumrechnungsmethode: Alle Farben zu sRGB konvertieren
     Methode: Standard
Arbeitsbereiche:
     Graustufen ICC-Profil: 
     RGB ICC-Profil: sRGB IEC61966-2.1
     CMYK ICC-Profil: U.S. Web Coated (SWOP) v2
Geräteabhängige Daten:
     Einstellungen für Überdrucken beibehalten: Ja
     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja
     Transferfunktionen: Anwenden
     Rastereinstellungen beibehalten: Ja

ERWEITERT ----------------------------------------
Optionen:
     Prolog/Epilog verwenden: Ja
     PostScript-Datei darf Einstellungen überschreiben: Ja
     Level 2 copypage-Semantik beibehalten: Ja
     Portable Job Ticket in PDF-Datei speichern: Nein
     Illustrator-Überdruckmodus: Ja
     Farbverläufe zu weichen Nuancen konvertieren: Nein
     ASCII-Format: Nein
Document Structuring Conventions (DSC):
     DSC-Kommentare verarbeiten: Nein

ANDERE ----------------------------------------
     Distiller-Kern Version: 5000
     ZIP-Komprimierung verwenden: Ja
     Optimierungen deaktivieren: Nein
     Bildspeicher: 524288 Byte
     Farbbilder glätten: Nein
     Graustufenbilder glätten: Nein
     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja
     sRGB ICC-Profil: sRGB IEC61966-2.1

ENDE DES REPORTS ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<
     /ColorSettingsFile ()
     /AntiAliasMonoImages false
     /CannotEmbedFontPolicy /Warning
     /ParseDSCComments false
     /DoThumbnails true
     /CompressPages true
     /CalRGBProfile (sRGB IEC61966-2.1)
     /MaxSubsetPct 100
     /EncodeColorImages true
     /GrayImageFilter /DCTEncode
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /EmitDSCWarnings false
     /CalGrayProfile ()
     /NeverEmbed [ ]
     /GrayImageDownsampleThreshold 1.5
     /UsePrologue true
     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /AutoFilterColorImages true
     /sRGBProfile (sRGB IEC61966-2.1)
     /ColorImageDepth -1
     /PreserveOverprintSettings true
     /AutoRotatePages /None
     /UCRandBGInfo /Preserve
     /EmbedAllFonts true
     /CompatibilityLevel 1.2
     /StartPage 1
     /AntiAliasColorImages false
     /CreateJobTicket false
     /ConvertImagesToIndexed true
     /ColorImageDownsampleType /Bicubic
     /ColorImageDownsampleThreshold 1.5
     /MonoImageDownsampleType /Bicubic
     /DetectBlends false
     /GrayImageDownsampleType /Bicubic
     /PreserveEPSInfo false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ColorConversionStrategy /sRGB
     /PreserveOPIComments false
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /ColorImageResolution 150
     /EndPage -1
     /AutoPositionEPSFiles false
     /MonoImageDepth -1
     /TransferFunctionInfo /Apply
     /EncodeGrayImages true
     /DownsampleGrayImages true
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDownsampleThreshold 1.5
     /MonoImageDict << /K -1 >>
     /Binding /Left
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /MonoImageResolution 600
     /AutoFilterGrayImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /SubsetFonts false
     /DefaultRenderingIntent /Default
     /OPM 1
     /MonoImageFilter /CCITTFaxEncode
     /GrayImageResolution 150
     /ColorImageFilter /DCTEncode
     /PreserveHalftoneInfo true
     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /ASCII85EncodePages false
     /LockDistillerParams false
>> setdistillerparams
<<
     /PageSize [ 595.276 841.890 ]
     /HWResolution [ 600 600 ]
>> setpagedevice



Classification of the Risk Types of Human Papillomavirus 541

<definition>
Human papillomavirus type 43 (HPV-43) E6 region.
</definition>
<source>
Human papillomavirus type 43 DNA recovered from a vulvar biopsy with hyper-
plasia.
</source>
<comment>
HPV-43 was classified by Lorincz et. al [435] as a “low-risk” virus. Prevalence
studies indicate that HPV-44 and HPV-43 have been found in 4% of cervical
intraepithelial neoplasms, but in none of the 56 cervical cancers tested. During
an anlaysis of approximately 100 anogenital tissue samples, two new HPV types,
HPV-43 and HPV-44, were identified. The complete genome of HPV-43 was recov-
ered from a vulvar biopsy and cloned into bacteriophage lambda. The biopsy was
taken from a woman living in the Detroit Michigan area. The DNA consisted of
two fragments: a 6.3 kb BamHI fragment and a 2.9 kb HindIII fragment. The total
quantity of unique DNA was 7.6 kb. Only the E6 region of the cloned sample has
been sequenced, although all positions of the ORFs have been deduced and are
consistent with the organization of DNA from HPV-6b. A possible feature of HPV
types associated with malignant lesions is the potential to produce a different E6
protein by alternative splicing. This potential has been found in types HPV-16,
HPV-18, and HPV-31. HPV-43 has both the potential E6 splice donor site at nt
233 and the potential splice acceptor at nt 413.
</comment>

Fig. 1. An example description of HPV43 from HPV sequence database.

2 Dataset

In this paper, we use the HPV Sequence Database in Los Alamos National Lab-
oratory as a dataset. This papillomavirus database is an extension of the HPV
compendiums published in 1994–1997 and provides the complete list of ‘papillo-
mavirus types and hosts’ and the records for each unique papillomavirus type.
An example of the data made from this database is given in Figure 1. This exam-
ple is for HPV43 and consists of three parts: definition, source, and comment.
The definition indicates the HPV type, the source explains where the infor-
mation for this HPV is obtained, and the comment gives the explanation for this
HPV. In the all experiments below, we used only comment. The comment for a
HPV type can be considered as a document in text classification. Therefore, each
HPV type is represented as a vector of which elements are tf · idf values. When
we stemmed the documents using the Porter’s algorithm and removed words
from the stop-list, the size of vocabulary is just 1,434. Thus, each document is
represented as a 1,434-dimensional vector.

To measure the performance of the results in the experiments below, we
manually classified HPV risk types using the 1997 version of HPV compendium
and the comment in the records above. The classifying procedure is as follows.
First, we divided roughly HPV types by the groups in the compendium. Second,
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Table 1. The manually classified risk types of HPVs.

Type Risk Type Risk Type Risk Type Risk
HPV1 Low HPV2 Low HPV3 Low HPV4 Low
HPV5 Low HPV6 Low HPV7 Low HPV8 Low
HPV9 Low HPV10 Low HPV11 Low HPV12 Low
HPV13 Low HPV14 Low HPV15 Low HPV16 High
HPV17 Low HPV18 High HPV19 Low HPV20 Low
HPV21 Low HPV22 Low HPV23 Low HPV24 Low
HPV25 Low HPV26 Don’t Know HPV27 Low HPV28 Low
HPV29 Low HPV30 Low HPV31 High HPV32 Low
HPV33 High HPV34 Low HPV35 High HPV36 Low
HPV37 Low HPV38 Low HPV39 High HPV40 Low
HPV41 Low HPV42 Low HPV43 Low HPV44 Low
HPV45 High HPV47 Low HPV48 Low HPV49 Low
HPV50 Low HPV51 High HPV52 High HPV53 Low
HPV54 Don’t Know HPV55 Low HPV56 High HPV57 Don’t Know
HPV58 High HPV59 High HPV60 Low HPV61 High
HPV62 High HPV63 Low HPV64 Low HPV65 Low
HPV66 High HPV67 High HPV68 High HPV69 Low
HPV70 Don’t Know HPV72 High HPV73 Low HPV74 Low
HPV75 Low HPV76 Low HPV77 Low HPV80 Low

Table 2. The performance of decision trees.

Trial Accuracy (%)
1 86.7
2 86.7
3 66.7
4 73.3
5 92.3

Average 81.14 ± 10.68

if the group is skin-related or cutaneous, the members of the group are classified
into low-risk type. Third, if the group is known to be cervical cancer-related
HPV, the members of the group are classified into high-risk type. Lastly, we
used the comment of HPV types to classify some types difficult to be classified.
Table 1 shows the summarized classification of HPVs according to its risk. “Don’t
know”s in this table are the ones that can not be classified by above knowledge.

3 Experimental Results

Since we have only 76 HPV types and the explanation of each HPV is relatively
short, 5-fold cross validation is used to determine the performance of decision
trees. That is, in each experiment, we used 58 examples as a training set, and the
remaining 15 as a test set. As a learning algorithm of decision trees, Quinlan’s
C4.5 release 8 is used.

Table 2 shows the performance of decision trees. The average accuracy is
81.14±10.68%. Among the misclassified HPV types, 9 low-risk HPVs are classi-
fied as high-risk, and 5 high-risk HPVs are classified as low-risk. Four (HPV13,
HPV14, HPV30, and HPV40) of 9 low-risk HPVs that are misclassied as high-
risk have a potential to cause a laryngeal cancer, though they are not directly
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Table 3. The misclassifed HPVs.

HPV Type Real Type Predicted Type Characteristics
HPV2 Low High normal wart
HPV13 Low High oral infection, some progress to cancer
HPV14 Low High some progress to cancer
HPV18 High Low
HPV30 Low High laryngeal cancer
HPV40 Low High laryngeal cancer
HPV42 Low High genital wart
HPV43 Low High
HPV44 Low High
HPV53 Low High
HPV56 High Low
HPV59 High Low
HPV62 High Low mid-high-risk
HPV72 High Low mid-high-risk

Table 4. Risk type of the HPVs whose risk type is known as ‘Don’t Know’.

Trial HPV26 HPV54 HPV57 HPV70 Accuracy (%)
1 Low Low Low Low 75
2 Low Low High Low 50
3 Low Low High Low 50
4 Low Low Low Low 75
5 High Low High Low 25

related with cervical cancer. And, three (HPV59, HPV62, and HPV72) of 5 high-
risk HPVs which are misclassified as low-risk are the ones which some clinical
researchers classify them as mid-high-risk types. That is, they do not have many
expression about cervical cancer, though we classify them as high-risk to make
a problem simple. Therefore, if we exclude these 7 cases, the errors are only 5
low-risk HPVs (HPV2, HPV42, HPV43, HPV44, and HPV53) and 2 high-risk
HPVs (HPV18 and HPV56). Table 3 summarizes these errors.

One point we should emphasize in classifying the risk-type of HPVs is that
false negatives are far more important than false positives. That is, it is no
problem to misclassify low-risk HPVs as high-risk, but it is fatal to misclassify
high-risk HPVs as low-risk. In false negative case, dangerous HPVs are missed,
and there is no further chance to detect cervical cancer by them. Because only
2 are false negatives in our experiments, the results are reliable.

Four HPVs in Table 1 are classified as “Don’t Know” since their risk type is
not certain. According to the other research results [1,2], their risk types are as
follows.

Type HPV26 HPV54 HPV57 HPV70
Risk Low Low Low High

When we classify their risk types by the decision trees, we obtain 55 ± 20.92%
of accuracy. Table 4 summarizes this results. Especially, HPV70 is not correctly
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classified at all. This is because the comment for HPV70 does not describe its
risk but explains that it is found at the cervix of patients and its sequence is
analyzed.

4 Conclusions

In this paper, we classified the risk type of HPVs by decision trees. The accuracy
is about 82%, which is a little bit higher than expected. But, if we are to use
this result as not reference material but basic information before biomedical
experiments, we need higher accuracy. In addition, it is no problem to classify
low-risk HPVs as high-risk, but it is fatal to classify high-risk HPVs as low-risk.
If we have about 20% of errors, we come to have too many misclassified high-risk
HPVs. If the DNA-chips are designed only based on this result, some of them
will cause misdiagnosis. Therefore, we suggest this result as reference material
to design DNA-chips.

Because the virus is easy to mutate in order to survive within the host,
most viruses have various types like HPVs and each type has different effect on
serious diseases. Therefore, it is required to keep studying on classifying mutants
of viruses like HPVs according to their relation with diseases. In case of HPV,
it is an easy work because there are a number of research results and databases.
But we need to study further how to classify the risk type of viruses when there
is not such data available.
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