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Human papillomavirus infection of the uterine cervix:
histological appearances in 28 cases identified by
immunohistochemical techniques
JL DYSON,* PG WALKER, A SINGER

From the Departments of *Pathology and Gynaecology, Royal Northern Hospital and Whittington Hospital,
London

SUMMARY Twenty eight biopsy specimens of the cervix showed positive immunohistochemical
staining when treated with an antiserum raised against an internal capsid antigen of human
papillomavirus (HPV). Histological examination of adjoining sections from the same blocks
showed a much wider range of abnormalities than those already described in association with
HPV infection. The picture was usually diagnostic. It rested chiefly on identifying the
koilocyte-the cell with the perinuclear halo that carries the viral antigen in its nucleus-but
abnormal keratinisation was also a feature. The accompanying epithelial findings ranged from
normal to CIN III (cervical intraepithelial neoplasia). The latter was of an unusual but distinct
appearance, in which cytoplasmic maturation was preserved to some degree but in which gross
nuclear atypia was seen in all layers of the epithelium.

The koilocyte was first described by Koss and Dur-
fee in 1956,' and its association with exophytic and
flat wart virus infections of the female genital tract
was established on cytology by Meisels and Fortin in
19762 and Purola and Savia in 1977,3 with colpos-
copic and histological confirmation following in
1977.4 The findings of koilocytosis and certain dys-
keratotic changes-for example, keratosis and indi-
vidual cell keratinisation-are believed by many to
be specific for papillomavirus infection of the cervi-
cal squamous epithelium. Some of these changes
may not be peculiar to human papillomavirus
(HPV) infections, however, and may occur in other
infections.
The specific identification of papillomavirus anti-

gen in cervical epithelium using immunohistochemi-
cal techniques.56 has allowed us to undertake a more
objective descriptive study of the morphological
changes that are found in epithelium infected with
HPV.7

Material and methods

The material came from 200 consecutive patients
referred to a colposcopy clinic in north London
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because of abnormal smears. Biopsy specimens were
taken from 152 women, and material from 139 of
them was studied using a broadly cross reactive
serum raised by immunisation of a rabbit with dis-
rupted capsids from virions purified from a pool of
plantar warts8 and an indirect alkaline phosphatase
technique.9
Of the 139 cases examined, 28 exhibited positive

nuclear staining, shown by deep red coloration
within the nuclei of cells confined to the upper third
of the epithelium. The immediately adjoining sec-
tions from each block were stained with haematoxy-
lin and eosin and examined for histological evidence
of human papillomavirus infection and for the
degree of cervical intraepithelial neoplasia. Details
of the methods and results of the study are given
elsewhere.'°

Results

Cases were classified according to the degree of cer-
vical intraepithelial neoplasia (CIN)," although the
degree of koilocytosis rendered the use of the CIN
classification difficult in several cases. Histological
diagnoses were as follows: benign (two cases); wart
virus infection alone (eight cases); CIN I (two
cases); CIN II (five cases); CIN III (11 cases).
The finding of positive staining in two of the
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Human papillomavirus infection of the uterine cervix

Fig. 1 Koilocytc
and vesicular nuc

biopsy specimens classed as benign was surprising.
It points to the great difficulty that can arise in dis-
tinguishing between HPV infection and mild
inflammatory nuclear changes, and it is compounded
by the knowledge that squamous epithelia from all

'Y t 7ik,* 3iti rsites in the body can show shrinkage of cytoplasm
from the nucleus to give an apparent halo.
At the other extreme of dysplasia, the use of thexr.x5 q+.^..... .*t.. s s...specific stain enabled us to identify koilocytes

Y>r'}>.H..; .r t* X>b among the flattened cells of the surface epithelium
in CIN III lesions.

7;.¢Si -4W ? merit consideration in greater detail.\':v~~~~~~The spcii asets of ths bips specimens...... :...

14. j KOILOCYTOSIS
The nuclei which took the immunohistochemical
stain always showed a perinuclear halo. In 26 cases

, IQ' the cells could be readily identified as koilocytes
because they showed some degree of nuclear

-4>i$0t6pt t 8 i t abnormality in association with a perinuclear halo.
P ".0 _r:;6{ t ? E,X:>Intwo cases virus was expressed in the nuclei of the

*Hi;T: t ,4,:- 0 H ¶Ct flattened cells of the surface epithelium, which
AN. retained only a small perinuclear halo.@1}}¢itt*¢z>.@ b8#e ^ ;- \ Four degrees of koilocytosis are illustrated:

3b§4;¢7o<b (1) In extreme degrees of koilocytosis (Fig. 1) the
perinuclear halo was so huge that it extended to the

>- eo w (- 1 9S|\ -s ->it *- edge of the cell and even disrupted the cell bound-
aries. The nucleus was enlarged and vesicular with

otic epithelium with large perinuclear halo some chromatin clumping adjacent to the cell mem-
1lei. Haematoxylin and eosin x 160. brane. This degree of koilocytosis was characterised

by strongly eosinophillic staining and a relatively
poor affinity for haematoxylin. Immunohistochemi-
cal techniques showed that HPV was being ex-
pressed in large amounts by nuclei in the upper
third of the epithelium. This is an appearance more

tZi...
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"C-%4.~

'*7~~~*X*~~~- - - - - -- -; - .- 9144. - ---

%~

Fig. 2 Flat wart with pronounced koilocytosis. Haematoxylin and eosin x 80.
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commonly seen in exophytic warts, but it is not
unknown in flat wart epithelium.
(2) The more usual picture of flat wart epithelium is
shown in Fig. 2. The epithelium was acanthotic with
prominent dermal papillae. Almost the entire thick-
ness of the epithelium showed koilocytosis, but
immunohistochemistry showed the virus only in the
superficial layers of the epithelium.
(3) In many cases the epithelium was not thickened.
There was sometimes appreciable dysplasia, but
polarity and maturation were not completely lost
and koilocytes were still identifiable. Fig. 3 shows
the following features: the nuclei are large, there is a
considerable change in the nuclear-cytoplasmic
ratio, and the perinuclear halo is thinned; mitoses
are numerous and may be seen halfway up the
epithelium; binucleate cells, a feature of HPV infec-
tion, are common.
(4) The smallest degree of koilocytes was seen in
epithelium which did not show a sufficient degree of
abnormality to qualify for a CIN grading. Koilocytes
were scanty. Much of the epithelium in the superfi-
cial layers was glycogenised, and there were only a
few cells which were koilocytotic. The principal
abnormality in this biopsy specimen was the pres-
ence of prominent cell borders accompanied by
intercellular bridges (Fig. 4). This is not a specific
feature of HPV infected epithelium, but it may be a
valuable aid in distinguising between koilocytotic
and glycogenised epithelium. In the latter the cell
borders tend to be smudged and indistinct.

DYSKERATOSIS
(1) Parakeratosis is a feature more easily recog-

M

Fig. 3 Relatively thin epithelium showing pronounced
nuclear atypia and binucleate cells. Haematoxylin and eosin
x 400.
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Fig. 4 Prominent intercellular bridges in HPV infected
epithelium. Haematoxylin and eosin x 1000.

nised in cytological preparations than in histological
slides, and it was first described in connection with

.~~~~~~~~~~ 3

cytology of wart virus infections.2 Like the
development of intercellular bridges, it is another
example of the tendency for HPV infection to
induce metaplasia to a keratinising type of epi-
thelium.
(2) Individual cell keratinisation is a common fea-
ture of flat wart lesions. In this study it was seen in
10 of the 28 cases and was present in all layers of the
epithelium.

DYSPLASIA
The 28 cases showed a wide range of dysplasia, rang-

*..;"F-kw AP

Fig. 5 Nuclear abnormalities in all layers ofkoilocytotic
epithelium. Haematoxylin and eosin x 250.
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Fig. 6 Atypical mitosis. Haematoxylin and eosin x 1000.

ing from an almost completely normal epithelium to
the CIN III shown in Fig. 5. Although retaining a
semblance of maturation towards the surface, the
epithelium in Fig. 5 is very abnormal. Nuclei were
large and hyperchromatic, and mitoses were numer-

ous in all layers of the epithelium. The mitoses were
often abnormal, taking tripolar and other non-

diploid forms. The cells undergoing mitosis were

large and often, as in Fig. 6, had a strikingly pale,
glassy cytoplasm. There was a discordance between
the architectural arrangement of the epithelium,
which retained some polarity, and the nuclear
changes, which suggested a more frankly malignant
picture.

Discussion

This paper illustrates the great variety of histological
appearances that can be seen in cervical squamous
epithelium infected with HPV. It emphasises the
crucial importance of the koilocyte (the cell which
expresses the virus) in making the diagnosis. The
morphology of the koilocyte in tissue sections has
been discussed before.'2 13 The use of a specific anti-
serum has enabled us to enlarge the range of cells
acceptable as koilocytes. The very least abnormality,
such as is seen in Fig. 4, may be the only indication
of HPV infection. It is the picture commonly seen in
colposcopic biopsy specimens of the apparently
normal cervixes of women who have vulval warts.

The recognition of koilocytes in the extreme
superficial layers of CIN III lesions (Fig. 5), in cases
where the large nucleus and flattening of the cell
make recognition of koilocytosis difficult, is also of
value. To recognise this as a picture associated with
wart virus infection may be to delineate a group of
women whose CIN III lesions may behave in a dif-
ferent manner from other CIN III lesions, although
only follow up over years will clarify their natural
progression.

This study has also shown the tendency of
epithelium infected by HPV to undergo metaplasia
to a keratinising form. Keratinisation appears in
three principal ways: the formation of intercellular
bridges, parakeratosis, and individual cell keratin-
isation. This may have a bearing on the natural his-
tory of the disease since invasive carcinoma is more
likely to arise from a keratinising CIN III than from
non-keratinised epithelium.
A third feature to emerge is the degree of nuclear

atypicality which may be associated with HPV infec-
tion. This is seen in the large hyperchromatic nuclei,
the altered nuclear-cytoplasmic ratio, and the fre-
quent atypical mitoses shown in Fig. 3, 6, and 7. This
form of CIN III is recognised as a specific variant
and is described, in a review of nomenclature of
cervical intraepithelial neoplasia," as Burghardt' s
"large cell undifferentiated keratinising type," in
which cytoplasmic maturation is preserved but nuc-
lear abnormalities are present in all layers. More
recently,"4 the non-diploid mitoses have been recog-
nised as a specific feature of HPV 16 infection.
The natural history of these lesions is unclear. A

review of human papillomavirus'5 has shown that in
humans, as in animals, some papillomaviruses pre-
dispose to malignant change while others regress.
The outcome of genital wart virus infections remains
guarded.'6 We hope that by defining the changes
associated with HPV infection this study will help
towards understanding the problem.
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