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Some aspects of the role of viruses in cancer
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Summary
The cells of tumours induced by many oncogenic
DNA viruses, or cells transformed in vitro, contain
virus-specific T and transplantation antigens; these
have been described for SV40 virus, polyoma virus
and adenoviruses. The investigation of viruses as
causes of malignant disease in man has sought to
establish whether tumour cells possess these virus-
specific proteins; however, to date and with the
limitations of present techniques, this enquiry has not
demonstrated the above viruses as causal of human
cancer. More recent studies with herpesvirus type 2
(HSV-2) have shown this virus to transform animal
and human cells in culture, and induce cancer in
experimental animals: for these reasons, many
researchers have suggested that this agent may be an
agent of some forms of cancer, in particular carcinoma
of the cervix. The possible association of HSV-2 with
human malignant disease is discussed.

SINCE the first description of viruses as a cause of
cancer in chickens (Ellerman and Bang, 1908), a
profusion of other viruses have been shown to cause
cancer in animals. The virus-induced malignancies
include leukaemias, lymphomas, sarcomas and
carcinomas, and the animals affected include mice,
hamsters, rabbits, chickens and monkeys (Rapp and
Reed, 1977). There is no objective reason why man
should be excluded from the list of species affected
by cancers caused by viruses; however, the ethics
which prevent experimentation and the lack of in-
bred lines available in other species, and which have
proved crucial in many experiments, has prohibited
the direct experimental approach used in animal
studies. This has required investigators to use in-
direct methods of investigation, which can provide
circumstantial evidence of association but cannot
afford proof that viruses cause cancer. The oncogenic
viruses of animals include both RNA and DNA
viruses classified in a number of different groups
(Green, 1977). Researchers of human cancer have
suggested a variety of viruses as possibly implicated
in human cancer (Todaro and Huebner, 1972;
Klein, 1972); however, the strongest case at the
present time is for DNA viruses, and the methods
used for these investigations are animal studies,
the transformation of animal and human cells

grown in tissue culture, the detection of virus or
virus-specific nucleic acid in cancer cells and the
presence of viral antibodies in patients with
malignant disease (Rapp and Reed, 1977).

Oncogenic DNA viruses
Table 1 lists examples of oncogenic DNA viruses

in 3 groups; some of the viruses are associated
with naturally occurring cancers, whilst others only
produce tumours when inoculated into experimental
animals. Thus, the papovaviruses include rabbit
papilloma virus which induces benign papillomata
in cottontail rabbits and which in other rabbit
species can develop to a malignant carcinoma;
polyoma and SV40 viruses which are widespread in
mice and monkeys respectively, and induce tumours
when inoculated into newborn mice or hamsters;
and the papovaviruses of man which are associated
with progressive multifocal leucoencephalopathy.
Eight human, 6 simian, one avian and one bovine
serotypes are among the adenoviruses which induce
lymphosarcomas when inoculated into newborn
hamsters (Trentin, Van Hoosier and Samper, 1968;
Merkov and Slifkin, 1973). The herpesviruses
include 2 viruses associated with naturally occur-
ring malignant diseases of leopard frogs and fowls
(Lucke, 1938; Churchill and Briggs, 1967), and at
least 2 monkey herpesviruses which can induce
lymphomas when inoculated into monkeys of a
different species. In addition, the herpesviruses
include 2 infective agents of man that have been
implicated in human malignant disease; these are the
Epstein-Barr virus associated with Burkitt's lym-
phoma (Zur Hausen, 1975), and herpesvirus type 2
which has been associated with carcinoma of the
cervix (Nahmias et al., 1970). The list of viruses
shown in Table 1 is not complete; several other DNA
viruses could be added, and further virus-tumour
associations have been reported but the results
require confirmation.

Oncogenicity of adenovirus and SV40 virus
(a) Tumour induction in experimental animals

Inoculation of newborn hamsters with SV40
virus or human adenovirus types 12, 18 and 31 and,
to a lesser extent, with types 3, 4, 7, 14 and 21,
induces tumours at the site of inoculation; the
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The role of viruses in cancer

TABLE 1. Oncogenic DNA viruses

Virus (natural host) Species affected

Papilloma (rabbit)
Polyoma (mouse)

Papovaviruses SV40 (monkey)

Papovavirus (man)

(8 serotypes (man
Adenoviruses I 6 serotypes (monkey)

1 serotype (bovine)
1 serotype (avian)

Herpesviruses

'Luck6 virus (frog)
Marek's disease (fowls)
H. Samiri (monkey)

H. Ateles (spider monkey)
Epstein-Barr virus (man)

Herpesvirus I and II (man)

cottontail
mouse
hamster

mouse
hamster
hamsters

hamster, mouse

leopard frogs
fowls
marmosets
monkeys
monkeys
man

mouse
hamster

carcinoma
fibrosarcoma
leukaemia
parotid tumour

fibrosarcoma

fibrosarcoma
(progressive multifocal
lencoencephalopathy of man)

lymphosarcoma

adenocarcinoma
lymphoma
lymphoma

lymphoma
infectious mononucleosis
(Burkitt's lymphoma)
adenocarcinoma/
fibrosarcoma

TABLE 2. Transplantation immunity to adenovirus 12-induced tumour cells

Incidence of tumours at day:* Total

Immunizing antigen 7 14 21 35 (%)
rX-irradiated Ad 12 0/15 0/15 1/15 2/15 13-3t

Experiment 1 Jtumour cells (x 3)
X-irradiated normal 0/15 6/15 14/15 15/15 100

.
cells ( x 3)

rCell-free extract 0/20 1/20 2/20 3/20 15t
Ad 12 tumour cells (x 3)

Experiment 2 Cell-free extract: 0/20 11/20 20/20 - 100
4Vo tumour cells ( x 3)

Cell-free extract 0/20 16/20 18/20 20/20 100
Lnormal cells ( x 3)
fAdenovirus 12 0/15 0/15 2/15 4/15 26-7t

Experiment 3 SV40 0/15 4/15 12/15 14/15 93 3
NIL 0/15 7/15 13/15 13/15 86-7

* Immunized hamsters inoculated with 5 x 106 viable adenovirus 12 tumour cells.
t P= <0-01.
t This extract induced immunity to SV40-induced tumour cells.

tumours appear several months later, are encap-
sulated and enlarge rapidly, do not metastasize and
can be transplanted to newborn or adult hamsters.
Histological examination shows the tumour cells to
be fibrosarcoma or anaplastic small cell tumours
of questionable histogenesis (I. Carr, personal
communication). The surface of all tumours in-
duced by SV40 virus or adenovirus 12, including
tumours of different animal species, possess a
common virus-specific transplantation antigen
(TSTA) not present on normal cells. These antigens
can be demonstrated by transplantation immunity
tests; thus, hamsters, immunized with homologous,

irradiated tumour cells or extracts of tumour cells
or homologous virus are relatively immune to chal-
lenge with live tumour cells (Habel and Eddy, 1963;
Potter and Oxford, 1970). The results of transplan-
tation studies with adenovirus 12-induced tumour
cells are shown in Table 2; hamsters immunized with
irradiated adenovirus 12 tumour cells or soluble
extracts from such cells, but not with SV40 tumour
cells or adenovirus 12, were relatively immune to
homologous tumour cells challenge.

In addition to TSTA, virus-induced tumour cells
contain virus-specific tumour (T) antigen; this
antigen is common to all tumour cells induced by a

Virus group
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single virus, is serologically distinct from T antigens
induced by other viruses, and also occurs in cells
during lytic infection. The T antigen can be demon-
strated in tumour cells using sera from tumour-
bearing animals in the immunofluorescence test
(Pope and Rowe, 1964) or by complement-fixation
tests (Black et al., 1963). The results of cross-
complement fixation tests for T antigen from tumour
cells induced by adenovirus 12, SV40 and CELO
virus are shown in Table 3.

TABLE 3. Titres of complement fixing tumour (T) antigen in
virus-induced hamster tumours

CF titre of antigen extracts of
Serum from hamsters tumours induced by:
bearing tumours
induced by: Adenovirus 12 SV40 CELO virus

Adenovirus 12 128 <4 <4
SV40 <4 32 <4
CELO virus <4 <4 32
Normal serum <4 <4 <4

(b) In vitro transformation
Many of the DNA viruses capable of inducing

tumours in laboratory animals can also transform
cells grown in vitro from a normal to a cancerous
form (Casto, 1968; Sambrook, 1972); transformed
animal cells can be shown to be tumorigenic by
inoculating these cells into syngeneic animals and
producing tumours (Rabson and Kirschstein, 1962).
These techniques provide a method for studying
the transformation of human cells; however, these
cells cannot be proved to be tumorigenic, but
from animal studies the in vitro property which
correlates best with tumorigenicity is the loss of
contact inhibition. Thus, transformed cells grow in
vitro to produce densely packed, multilayered
colonies easily recognized by the naked eye; and this
provides a measurement of cancerous changes of
human cells (Jensen, Koprowski and Ponten, 1963;
Todaro and Aaronson, 1968). Human cells can be

transformed by SV40 virus (Jensen et al., 1963)
but adenovirus 12 transformants are unstable
(Todaro and Aaronson, 1968). Cultures derived
from human kidney cells, liver or lung are susceptible
to transformation by SV40 virus, and the trans-
formation of fibroblasts can be quantitated (Todaro,
Green and Swift, 1966). Comparison of the sus-

ceptibility of fibroblasts from different patients to
transformation by SV40, and the induction of
virus-specific T antigen, which parallels this
finding (Aaronson, 1970), has shown significant
differences. The results obtained using cells from 24
subjects are shown in Table 4. Under standard
conditions, approximately one cell in 5000 from
normal individuals was transformed following
exposure to SV40 virus; the results for cells from
patients with Down's syndrome, trisomy 17/18 and
Fanconi's anaemia was approximately 3, 8 and 7
times greater, respectively. These results, together
with those of other similar studies, have shown that
cells from patients with Fanconi's anaemia, Down's
syndrome and Kleinfelter's syndrome - not evident
from the result for a single patient shown in Table 4 -
are more sensitive to transformation with SV40
virus than normal cells; it is also known that in-
dividuals in these groups are more susceptible to
natural malignant disease than are normal subjects.
However, the relationship of cell susceptibility to
transformation and the incidence of malignant
disease is not simple, since patients with ataxia
telangiectasia or Bloom's syndrome are highly
susceptible to cancer, but cells from these patients
show no increased susceptibility to virus trans-
formation (Webb and Harding, 1977); other factors,
such as DNA repair mechanisms, are involved in
both virus transformation and cancer (Setlow, 1978).

(c) DNA virus carcinogenesis
The intensive studies of tumour induction in

experimental animals, and transformation of cells
in vitro, has revealed some features of th+ mechanism

TABLE 4. Transformation of human cell lines by SV40 virus

Chromosome Age range Mean transformation
content Sex No. listed (years) range rate (-)
Normal M 7 < 1-37 0-020 (0-018-0-030)
Normal F 5 1-35 0-026 (0-021-0.028)

synrome 3MF 6 < 1-13 0-071 (0-061-0.083)syndrome 3F

Trisomy 17/18 F 2 < 1 0160 (0-121-0-200)
XO F 2 0-19 0-020 (0-019-0-022)
XXY M 1 26 0-021

Normal (Fanconi's anaemia) M 1 2 0-152
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The role of viruses in cancer

of DNA virus carcinogenesis; however, this process
is far from fully understood. Studies with SV40
and adenoviruses have shown that the agent of
viral transformation is DNA, since purified viral
DNA can transform cells in vitro (Aaronson, 1970).
Moreover, only a portion of the DNA is necessary;
thus transformation of cells by adenovirus types 2 or

5 or SV40 requires only a small fragment of the virus
nucleic acid (Sambrook et al., 1968; Ginsberg et al.,
1974). Consequences of infection by transforming
virus are increased cell DNA synthesis, chromosome
breakage and subsequent repair with integration of
the transforming piece of viral DNA into host cell
DNA (Sambrook et al., 1968). Since only a portion
of virus DNA persists in transformed cells, the
cells do not usually contain infective virus but small
quantities of infective virus can be recovered from
some strains of SV40 virus transformed cells. The
identification of a specific fraction of virus DNA
required for transformation indicates that the alter-
ation in cell behaviour is triggered by a specific gene
or gene product(s) (Green, 1977); only early RNA
sequences of virus replication are transcribed in
tumour cells, and the gene products are limited.
The size of the virus-specific RNA in adenovirus-
transformed cells has been determined, and this is
comparable with the translation of a protein of
molecular weight of 70000 (Green, 1977). This
protein has been identified as the 'T' antigen which
has a molecular weight of approximately 70 000 and
binds to DNA. The 'T' antigen of transformed cells
is different from the antigen form found in pro-
ductively infected cells (Carroll and Smith, 1976)
and, from genetic studies, the protein has been
shown to be essential to the transformation process
(Butel, Brugge and Noonan, 1974).
Although much of the molecular events which

result in cell transformation by viruses are unknown,
certain features of virus-induced tumours suggest
approaches for the study of human tumours. Thus,
tumours induced by adenoviruses or SV40 contain
virus-specific DNA and RNA, contain 'T' antigen
and induce virus-specific T antibody and virus-
specific transplantation immunity. These features
have been looked for in cancer patients without
success (Green, 1977), and within the limits of
available technology these viruses do not seem to
have a biological role in normal cancers of man. It
remains to be seen whether specific products of other
viruses can be found in human cancer cells.

Viruses and cancer of the cervix
Although evidence of a role for adenoviruses and

SV40 virus in human cancer has not been found, the
principles determined and the techniques designed
in the study of these agents can be used for the
study of other viruses in malignant disease. From

these studies, EB virus of infectious mononucleosis
is probably implicated in Burkitt's lymphoma and
nasopharyngeal carcinoma (Zur Hausen, 1975), and
evidence for this and other viruses in human leukae-
mia, Hodgkin's disease and other malignant diseases
has been sought (Rapp and Reed, 1977). Herpesvirus
type 2 (HSV-2) is thought by some workers to be
an aetiological agent of carcinoma of the cervix,
and the search for evidence to establish this associ-
ation is being intensively pursued by a number of
researchers, and will now be summarized.

1. Laboratory studies
(a) Transformation by herpesvirus type 2 (HSV-2).

The proved oncogenic properties of members of the
herpesvirus group in animals (Rapp and West-
moreland, 1976) has long given rise to speculation
of the possible role of these viruses in cancer in man.
This possibility received fresh interest when HSV-2
was shown capable of transforming cells in vitro
(Duff and Rapp, 1971). Herpesvirus-2 causes a lytic
infection of human and numerous animal cells;
however, treatments to the virus which limit the cell
destructive effects can result in virus infection
producing cell transformation. The summary of
several studies with HSV-2 are given in Table 5,
together with those of studies with HSV-1. By
u.v.-treatment of virus before infection, or by
incubating virus-infected cells at temperatures which
limit virus replication, HSV-2 can be shown to
transform mouse, rat and hamster cells in vitro.
In each case transformation was indicated by alter-
ation in cell growth and morphology, and by tumour
production in animals. Human cells have also been
transformed by HSV-2; the criteria of trans-
formation in this case were alteration of cell growth
and morphology, prolonged cell growth in vitro and
the presence of virus-specific antigen, but not
infective virus (Darai and Munk, 1973).

Herpesvirus-2 infection of laboratory animals is a
cytolytic infection which commonly results in death.
However, intravaginal infection of mice with u.v.-
irradiated virus, or infection of animals previously
immunized with inactivated virus can then produce
cytological changes of dysplasia and invasive cancer
(Munoz, 1973; Wentz et al., 1975).

(b) Properties of HSV-2 transformed cells. Cells
transformed by HSV-2 have similar growth pro-
perties to cells transformed by other DNA viruses
(Rapp and Westmoreland, 1976), and do not contain
infective virus (Skinner, 1976; Duff, Doller and
Rapp, 1973). Analysis of transformed cell DNA has
shown the presence 3-32% of the HSV-2 genome
present in 1-5 copies (Frankel et al., 1976), and this
is consistent with the finding that transformation of
mouse cells can be accomplished with a fraction of
HSV-2 DNA (Maitland-.and McDougall, 1977).
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TABLE 5. Transformation of cells in vitro with herpesvirus hominis type 2

Criteria of transformation

Cell
Cells morphology Virus-specific Cell growth Tumours in

Treatment transformed and growth antigens in soft agar animals

Mouse + + - +
Ultra-violet irradiation Rat + + n.t. +

Hamster + + + +

Growth at 20°C Rat + n.t. + +

Growth at 40°C Hamster + + +

Rat + n.t. + +Growth at 42°C Human + + n.t. n.t.

n.t. = not tested; + =conflicting results.

Various studies have detected virus-specific proteins
in HSV-2 transformed cells using immunofluores-
cence or complement fixation (Rapp and Westmore-
land, 1976); in contrast to the viral antigens in cells
transformed by other DNA viruses, HSV-2 specific
antigens are located in the cytoplasm, show weak
staining and are only visible in a proportion of the
cells. Skinner (1976) detected virus-specific antigen
in the early passages of transformed hamster cells,
but the cells were negative for both virus DNA and
antigens at later passage levels; however, other
studies have reported the presence of virus-specific
proteins in transformed cells after prolonged culture
(Gupta and Rapp, 1977).

Cells transformed in vitro by HSV-2 frequently
produce tumours when inoculated into syngeneic
animals; the tumours from the most oncogenic of
transformed cells grow rapidly, are encapsulated with
much central necrosis and metastasize to the lung
and later to other organs (Fig. 1). The histogenesis
of the tumour is variable, depending probably on the
nature of the original transformed cell, but are most
commonly described as fibrosarcomas (Boyd, 1975).
The tumours induce a number of host responses.
Thus, immunization with X-irradiated tumour cells
or fetal hamster cells induce immunity to trans-
planted tumour cells, indicating the presence of both
transplantation and fetal antigen on the tumour
cells, but immunization with HSV did not induce
immunity (Duff et al., 1973): this later finding is
quite distinct from the behaviour of SV40 or adeno-
virus-induced tumours. Serum from tumour-bearing
hamsters has been reported to contain HSV neutral-
izing antibody (Rapp and Westmoreland, 1976);
however, no antibody was found in sera from
hamsters inoculated with cloned cell lines (Boyd,
1975; Skinner, 1976).
2. Human studies

(a) Epidemiology. Extensive epidemiological

studies have indicated the association of pro-
miscuity with carcinoma of the cervix, and have
observed the importance of age of first coitus and
the number of sexual partners in the incidence of
this cancer (Kessler, 1976). In addition, the incidence
is relatively high among women whose husbands
have penile cancer (Martinez, 1969), among prosti-
tutes and in association with venereal diseases
(Rojel, 1953) and in the wives of men whose first
wives died of carcinoma of the cervix (Kessler, 1976).
These findings have been interpreted as signifying
that carcinoma ofthe cervix is caused by a venereally-
transmitted factor; indeed, the evidence is held to
point to the existence of high-risk males who are
most likely to transmit the agent of the disease
(Singer, Reid and Coppleson, 1975; Kessler, 1976).
The nature of the transmitted agent is not known;
from experiments of cell transformation the most
probable agent would be nucleic acid, either as
viral or sperm DNA (Rapp and Westmoreland,
1976; Singer and Stevenson, 1972). In addition to
the above epidemiological findings there is evidence
for the existence of high-risk females. The production
of a1-antitrypsin is genetically controlled by Pi
alleles, and subjects possessing the Pis or Piz
phenotypes produce low levels of this serum protein
and number only 8% of the population; in contrast,
these phenotypes occur with significantly higher
frequency in patients with carcinoma of the cervix
(A. Singer and A. M. Ward, personal communi-
cation).

(b) Virus isolation. Herpesvirus infection is com-
mon in man, and serological evidence of past in-
fection can be demonstrated in over 90% of adults;
however, the majority of infections are by HSV-1,
and antibody to HSV-2 is demonstrable in only 15-
25% of normal adults (Skinner, Whitney and
Hartley, 1977; Christensen and Epsmark, 1976).
Herpesvirus-2 is an increasingly common venereal
infection; the virus can be isolated from the vesicular
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The role of viruses in cancer

FIG. 1. Tumours induced by herpes simplex virus-2 transformed cells. HSV-2 transformed cells
forming a primary subcutaneous fibrosarcoma (top). Multiple metastases in lung (bottom).

lesions, but not from the same areas during remis-
sion, and occasionally from the sacral ganglia of
cadavers. Evidence of an increasingly high incidence
of HSV-2 infection in patients attending special
clinics has been obtained in many studies (Rawls,
Adam and Melnick, 1973). In addition, HSV-2 was
isolated from the genital tract of 1-6% of asymp-
tomatic women and 8-29% of similar men; the

reason for this sex difference is not known (Centi-
fanto, Drylie and Deardourff, 1972; Kleger et al.,
1968).

Investigation of HSV-2 infection in patients with
dysplasia and carcinoma of the cervix has revealed
histological evidence of HSV infection in 23-7%
of biopsy specimens. HSV-2 has been recovered
from cervical cancer cells grown in tissue culture at
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a relatively high pH (Aurelian, 1973). From labora-
tory studies of HSV-2 and other DNA virus trans-
formed cells outlined above, the recovery of infective
HSV-2 virus from carcinoma cells argues against
this virus as a cause of the malignancy. In addition,
since cells transformed in vitro by HSV-2 show
increased resistance to HSV-2 infection (Darai and
Munk, 1973), the presence of virus in carcinoma cells
argues against this viral aetiology for this cancer.

Papovavirus and adenovirus-induced tumour cells
contain variable amounts of viral DNA, even in the
absence of infective virus, and similar results have
been found for HSV-2 transformed hamster cells
(Frankel et al., 1976). Thus, the identification of a
fragment of HSV-2 DNA in cells from a human
cervical tumour was highly provocative (Frankel et
al., 1972); however, this finding has not been con-
firmed. In studies of hamster cells transformed by
HSV-2, Skinner (1976) was unable to demonstrate
HSV-2 DNA in cloned cell populations; the author
suggested that after virus transformation the cells
could lose viral DNA nucleic but retain other pro-
perties of transformation. This could explain the
absence of HSV-2 DNA in carcinoma of the cervix
cells should this virus be the agent of transformation
but, again, this result has not been confirmed.

(c) Serological studies. The results of a large num-
ber of studies have shown that neutralizing antibody
to HSV-2 is found more frequently in sera from
patients with carcinoma of the cervix than in
controls; however, studies in Colombia and Japan
have shown no such difference (Rawls et al., 1973).
The relatively higher incidence of neutralizing anti-
body to HSV-2 in patients with carcinoma ofthe cervix
is not seen in patients with other malignancies. In
addition to neutralizing antibody, Aurelian, Strnad
and Smith (1977) reported a significantly higher
incidence of antibody to the early, virus-specific
structural protein AG-4, and Notter and Docherty
(1976) to an early product of HSV-2 infected hamster
cells in sera from patients with carcinoma of the
cervix than in controls; the antibody has been
suggested as IgG (Falaky and Vestergaard, 1977)
and non-IgG (Thiry et al., 1977). Despite some con-
flicting reports, most authors agree that in many
countries there is a significantly increased incidence
of HSV-2 antibody in patients with carcinoma of
the cervix. This should not be surprising since
carcinoma of the cervix is associated with pro-
miscuity and venereal infection, and HSV-2 causes
venereal disease; the high incidence of HSV-2
antibody in patients with carcinoma of the cervix
can be argued as concomitant factors which are not
necessarily connected.

(d) Conclusions. The present evidence of HSV-2
infection, either by virus isolation or serological
studies in patients with carcinoma of the cervix,

does not contribute significantly to the theory that
this virus is an aetiological agent of this malignancy,
since detractors will point out that the 2 con-
ditions are associated by the common factor of
promiscuity. On the other hand, the epidemiology
of carcinoma of the cervix, the oncogenic potential
of herpesvirus in other species, the probable associ-
ation of the EBV with Burkitt's lymphoma, and the
ability of HSV-2 to transform human cells in vitro
and produce carcinoma of the cervix in animals
draws attention to the possible role of this virus in
cervical cancer. To further our present knowledge
one of the most important needs is for a better
understanding of HSV-2 transformation. The
conditions under which this occurs in the laboratory
are highly artificial, and studies aimed at determining
if transformation can occur under more natural
and physiological conditions are needed. Since the
method of transformation could determine the
properties of the transformed cell, it is possible that
the artificially induced HSV-2 transformed cells at
present being studied are not relevant. Secondly,
the persistence of virus DNA and antigens in HSV-2
cells may not be permanent (Skinner, 1976), as
found in cells transformed by other DNA viruses;
thus, virus-specific products may not be detectable
in human cells even when HSV-2 was the trans-
forming factor. For this reason, long-term studies
of HSV-2 transformed cells are required. Finally,
a variety of single serological techniques have
been used to assess HSV-2 infection in a group
of patients with carcinoma of the cervix; perhaps
more revealing would be a study of a spectrum of
immune responses in the same patients, including
cell-mediated and humoral immune responses.
It is too early to conclude on the relevance of HSV-2
infection to carcinoma of the cervix, and judgement
must await the results of further virological investi-
gations.
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