
Epidemiology and Infection
http://journals.cambridge.org/HYG

Additional services for Epidemiology and Infection:

Email alerts: Click here
Subscriptions: Click here
Commercial reprints: Click here
Terms of use : Click here

The status of CMV as a human pathogen

P. D. Griffiths and J. E. Grundy

Epidemiology and Infection / Volume 100 / Issue 01 / February 1988, pp 1 ­ 15
DOI: 10.1017/S095026880006550X, Published online: 19 October 2009

Link to this article: http://journals.cambridge.org/abstract_S095026880006550X

How to cite this article:
P. D. Griffiths and J. E. Grundy (1988). The status of CMV as a human pathogen. 
Epidemiology and Infection, 100, pp 1­15 doi:10.1017/S095026880006550X

Request Permissions : Click here

Downloaded from http://journals.cambridge.org/HYG, IP address: 144.82.107.153 on 19 Sep 2012

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by UCL Discovery

https://core.ac.uk/display/1863907?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Epidem. Inf. (1988), 100, 1-lfi
Printed in Great Britain

SPECIAL ARTICLE

The status of CMV as a human pathogen

Cytomegalovirus (CMV) is a common infectious agent which is well adapted to
its host. Following primary infection, which is almost always asymptomatic in
people with normal immunity, the virus establishes latency at sites which are
unknown. The virus is probably maintained in this latent state by immune
surveillance mechanisms since immunosuppression frequently leads to reac-
tivation of virus.

Cytomegalovirus has been identified in most anatomical areas of the human
body. The aim of this article is to define criteria for pathogenicity so that clinical
and experimental data can be reviewed to determine if CMV is likely to cause
disease at these various clinical sites. Thus, patients have been shown to die
frequently with CMV but do they die from it ?

POTENTIAL MECHANISMS OF PATHOGENICITY

There are several mechanisms whereby CMV could induce disease in its human
host.

Direct viral lysis
Cytomegalovirus may cause tissue damage by infecting, replicating and

ultimately lysing target cells. We believe that Class IHLA molecules represent the
major cellular receptor for CMV (Grundy, Shanley & Griffiths, 1987) which exists
in body fluids coated with the host protein /?2-microglobulin (McKeating, Griffiths
& Grundy, 1987). Potentially, therefore, all nucleated cells within the body could
be targets for CMV replication and lysis.

Immunopathology
Cytomegalovirus could initiate infection of target cells as above but without

necessarily proceeding through a full replicative cycle. The expression of virus-
specified immediate-early (IE) or early (E) antigens, either as whole proteins or
peptide fragments on the cell surface, would be sufficient to make the cell
vulnerable to attack by cytotoxic T-lymphocytes (Borysiewicz et al. 1983). In
this case, the damage would be triggered by the virus but would be caused by the
body's cell-mediated immune response. Cells supporting the full replicative cycle
of CMV would also be targets for such responses since IE and E antigens appear
in these cells prior to virus replication and since CMV structural proteins (or
fragments thereof) could also be recognized by cytotoxic T-cells. Triggering of
delayed-typc hyperscnsitivity T cells could similarly lead to destructive
inflammatory responses.



2 P. D. GRIFFITHS AND J. E. GRUNDY

Triggering of' autoimmunity'
By perturbing the cell membrane of a non-productively infected cell, CMV could

induce cytotoxic T-lymphocyte responses against host antigens. Alternatively,
CMV infection of or interaction with lymphocytes could induce a polyclonal
activation of T or B cells, resulting in the expansion of clones with reactivity
against self-antigens. Furthermore, interferon release, stimulated by CMV
infection, would increase HLA display on uninfected cells leading to accentuation
of graft rejection or graft versus host disease (GVHD).

Synergy
Synergism between CMV and another virus could induce disease not produced

by either virus alone. For example, asymptomatic CMV infection of the brain
could recruit to that organ macrophages bearing latent human immunodeficiency
virus (HIV) which could then reactivate to cause encephalitis. Likewise,
asymptomatic CMV or HIV infection of bystander lymphocytes or macrophages
could induce release of lymphokines which could support the growth of
neighbouring cells infected with the other virus. Alternatively, synergy between
CMV and HIV could readily occur if one virus impaired the immune surveillance
required for the suppression of replication of the other. Finally, expression of
regulatory regions of the CMV genome (Stinski & Roehr, 1985) could lead to trans-
activation of latent HIV genomes resulting in viral lysis of the HIV infected
cells.

Oncogenidty
Cytomegalovirus has a very large DNA genome with complex control

mechanisms which lead to the ordered appearance of its specified proteins during
replicative cycles (reviewed by Griffiths & Grundy, 1987). If integration of the
CMV genome occurred into host DNA, these control sequences could influence
expression of host oncogenes by the mechanisms of promoter insertion, enhancer
insertion or genome translocation as has been described for other viruses (Weiss,
1985). Alternatively, partial expression of the CMV genome could lead to
transactivation of host oncogenes. Two distinct subgenomic fragments have been
reported to have transforming activity (Nelson et al. 1982; Clanton et al. 1983).

If CMV contains an oncogene homologue, as has been claimed (Spector &
Vacquier, 1983), this potentially could directly induce altered growth charac-
teristics in infected cells.

CRITERIA TO BE SATISFIED
In this section we define certain general criteria whose fulfilment for any given

syndrome would support the concept that CMV is acting as a pathogen. Not all
criteria would have to be met before pathogenicity was accepted but the strongest
cases would be expected to meet most.
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Table 1. Association between CMV infection at particular anatomical sites and
dysfunction of those organs

Patient group*
A

I \

Site of Organ Renal Marrow Congenital Infant
infection dysfunction? transplant transplant AIDS infection infection

Salivary gland No + + + + +
Kidney No + + + + +
Retina Yes + + H- + •
Liver Yes + + + + •
Lung Yes + + + + +
Brain Yes + +
Colon Yes + + +

* + indicates infection at these sites.

1. CMV should be found at the clinically involved site in the absence of other
pathogens

Table 1 shows the sites of the body from which CMV has been isolated regularly.
The data, as presented, suggest that CMV infection of the salivary gland and
kidney does not produce disease but that this virus is pathogenic at all other sites.
However, a selection bias may be present. Since only diseased organs are biopsied,
any agent, such as CMV, which is found in most organs will be associated with that
disease but may not be the aetiological agent.

2. Disease should occur in those with high CMV titres
If CMV is damaging by way of lytic infection then disease should be directly

correlated with high CMV titres. There are problems of course in attempting to
measure virus titres in biopsies from affected organs such as inner ear or brain. We
have therefore accepted data on virus titres in urine as fulfilling this criterion.

3. Effective antiviral chemotherapy should suppress disease
Therapy with ganciclovir is fairly effective at reducing the titre of CMV in

humans (Collaborative Study, 1986). If disease was caused by lytic infection, then
one would expect therapy to hasten resolution of disease.

Notice that failure to satisfy this criterion does not indicate that CMV is not
pathogenic. As discussed earlier, CMV may be causing disease by expression of
only IE or E antigens on infected cells which can then act as targets for
immunopathological processes. Since drugs like ganciclovir operate only at the
DNA replication stage (Tocci el al. 1984), which occurs after IE and E gene
expression, these drugs would not be expected to inhibit immunopathological
conditions.

4. Animal models should reproduce the CMV syndromes
This criterion is difficult to satisfy for human CMV since the virus is highly

species-specific and so animal experiments with the human virus cannot be
performed. However, all species so far tested have their own species-specific
cytomegaloviruses and murine CMV infection of mice, rat CMV infection of rats
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Table 2. Induction by murine CMV of organ dysfunction in various
groups of mice

Effect of MCMV seen in

Normal Newborn Immunocompromized Effect of
Syndrome mice mice only mice only immunity

Hepatitis + • • Protective
Eye infection + • • Protective
Microcephaly •
Ear infection • + • Protective
Mononucleosis +
Immiuriosuppression +
Pneumonitis . • + Damaging
Gastrointestinal infection +
Allograft effects + • • Damaging
Encephalitis • + + Protective

and guinea-pig CMV infection of guinea-pigs have all been used as animal models
of the human infection. The mouse model has been studied intensively (reviewed
by Osborn, 1982; Hamilton, 1982) and murine CMV (MCMV) has been shown to
infect all of the organs associated with the human disease (see Table 2). However,
since murine CMV does not cross the placenta in mice (Johnson, 1964), congenital
infection cannot be studied in this model (this is thought to be due to differences
in the structure of the placenta in the mouse and man rather than differences
between the two viruses).

Note that not all of the mouse models mirror the human conditions exactly. For
example, MCMV causes labyrinthitis in the mouse which is different histologically
from the endolymphatic labyrinthitis seen in humans (Davis & Strauss, 1973) and
also infects the vascular tissues of the eye rather than the retina and choroid as
seen in humans (Hudson, 1979). These discrepancies may be due to differences in
the route of infection in the experimental and natural situations and so we have
accepted virus infection of the same organ as fulfilment of this criterion.

5. Immunity against the virus should prevent disease
If the virus infection is the cause of the syndrome then prevention of infection

should be associated with control of disease Unfortunately, however, the live
passaged vaccine strains used to date have not provided convincing evidence of
protection against CMV infection (Plotkin el al. 1984). We have therefore
evaluated this criterion by reference to the ability of naturally induced immunity
to moderate the pathology found in each syndrome.

SYNDROMES REPORTED TO BE ASSOCIATED WITH CMV

CM V mononucleosis
Although most cases of primary CMV infection in apparently healthy

individuals remain asymptomatic, occasional cases of a mononucleosis-like illness
are seen. CMV mononucleosis is a febrile illness accompanied by a lymphocytosis
and atypical lymphocytes are found in the peripheral blood (Klemola &
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Kaariainen, 1965; Kantor et al. 1970; Jordan et al. 1973). However, when
compared to infectious mononucleosis caused by Epstein-Barr virus, exudative
pharyngitis is not a feature of CMV mononucleosis, the Paul Bunnell test is
negative and lymphadenopathy is less commonly seen (Klemola & Kaariainen,
1965; Kantor et al. 1970; Jordan et al. 1973). Hepatomegaly and splenomegaly are
often seen in patients with CMV mononucleosis (Kantor et al. 1970; Jordan et al.
1973) and hepatitis can be a presenting symptom (see below). Haemolytic
anaemia, thrombocytopenia and myocarditis can also be features of CMV
mononucleosis (discussed below). In addition, various immunologic abnormalities
have been observed which disappeared when the mononucleosis-like syndrome
resolved; these include the presence of autoantibodies, cold agglutinins,
rheumatoid factors and cryoglobulins (Kantor et al. 1970). It is estimated that
10-14% of cases of mononucleosis are due to CMV (Hamilton, 1982). When
infectious mononucleosis is transmitted by blood transfusion following open-heart
surgery it is termed the 'post-perfusion syndrome'.

Mononucleosis can be reproduced in the mouse model (Grundy, 1979), as can the
production of autoantibodies (Bartholomaeus et al. 1983) and, being a mani-
festation of primary CMV infection, can be moderated by immunity. Criteria 4
and 5 are therefore satisfied (see Table 3).

Hepatitis
Patients with CMV mononucleosis often have some degree of hepatitis, as

indicated by raised serum levels of liver enzymes. In particular, transaminases are
elevated with variable changes in alkaline phosphatase (Klemola & Kaariainen,
1965; Hanshaw et al. 1965; Jordan et al. 1973). In addition, hepatitis can be the
major presenting symptom of CMV infection in previously healthy adults (Lamb
& Stern, 1966; Carter, 1968; Shusterman, Frauenhoffer & Kinsey, 1978) and this
may be accompanied by jaundice (Lamb & Stern, 1966; Shusterman, Frauenhoffer
& Kinsey, 1978). Cytomegalovirus hepatitis has also been described following
blood transfusion (Toghill et al. 1967; Fiala et al. 1974). Cytomegalovirus has not
been found to be associated with chronic liver disease (Toghill, Williams & Stern,
1969).

Immunosuppressed adults (reviewed by Glenn, 1981; Meyers, Flournoy &
Thomas, 1986) may develop hepatitis alone. More frequently, hepatitis is part of
disseminated infection with viraemic spread to multiple organs. Thus, although
the hepatitis itself is not life-threatening, it represents a poor prognostic sign for
the patient.

Hepatitis is frequently found in cases of congenital CMV infection. The
hyperbilirubinacmia is in both the direct and indirect fractions and is rarel\T

sufficient to cause kernicterus (Hanshaw, Dudgeon & Marshall, 1985). The
condition usually resolves during the first year of life.

Cytomegalovirus has been cultured from liver biopsies and the hepatitis appears
to respond to ganciclovir (Collaborative Study, 1986). The syndrome can be
reproduced in the mouse model (Mohamed, 1974; Grundy, 1979; Papadimitriou,
Shellam & Allan, 1982) and pre-existing immunity against CMV protects against
hepatitis. Criteria 1, 3, 4 and 5 are therefore considered proven.
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Table 3. Criteria for pathogenicity which have been satisfied in
specified clinical syndromes

Criteria +

Syndrome

Mononucleosis

1 2 :

Hepatitis +
Haemolytic anaemia
Thrombocytopenia
Retinitis +
Gastrointestinal infection +

-

-
Microcephaly + +
Hearing loss + . +
Immunosuppression
Pneumonitis-allografts +
Pneumonitis-AIDS
Allograft effects
Encephalitis
Kaposi's sarcoma
Prostatic carcinoma
Colonic carcinoma

* * Is CMV
J 4 5 pathogenic?

+ + Yes
h + + Yes

+ + Yes
+ + Yes

(- + Yes
h + • Yes

+ * Yes
+ * Yes

+ + Yes
+ • Yes
+ - Possibly
+ • Possibly
+ • Possibly

Unlikely
No
No

Mechanism of
pathogenicity

Lytic
•
•

Lytic
Lytic ?

•
•
•

Immunopathology ?
Lytic ?

Viral synergy ?
•
•

+ See text for details. * Maternal immunity.

Haemolytic anaemia
Haemolytic anaemia is occasionally seen in infants with congenital CMV

infection (Hanshaw, Dudgeon & Marshall, 1985) but has also been reported during
CMV infection in previously healthy individuals (Hams, Meyer & Brody, 1975;
Coombs, 1968) and more frequently in adults who had received blood transfusions
(Kantor el al. 1970; Kantor & Goldberg, 1971; Holt & Kirkham, 1976). Both
Coombs'-positive and Coombs'-negative anaemias have been reported (Zuelzer
et al. 1970).

Thrombocytopenia
Thrombocytopenia is a common feature of congenital CMV infection (Hanshaw,

Dudgeon & Marshall, 1985). In CMV infection of adults, thrombocytopenia has
been described either accompanying (Harris, Meyer & Brody, 1975) or in the
absence (Chanarin & Walford, 1973; Fiala, Kattlove & Lemkin, 1973) of
haemolysis.

Haemolytic anaemia (Grundy, 1979) and thrombocytopenia (Osborn & Shahidi,
1973) can be reproduced in animal models and are often manifestations of primary
infections; criteria 4 and 5 are therefore satisfied for both.

Retinitis
Cytomegalovirus retinitis is seen in cases of congenital CMV who arc born with

symptoms but not in those who are asymptomatic at birth (Pass et al. 1980).
Retinitis is found frequently in AIDS patients (Egbert et al. 1980) and is
occasionally seen in other immunosuppressed individuals. The lesions are
frequently sight-threatening.
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Cytomegalovirus DNA has been detected in the retina (Kennedy et al. 1986),

ganciclovir can effectively suppress the disease process (Collaborative Study,
198G) and animal models are available (Hudson, 1979). Criteria 1, 3 and 4 are
therefore satisfied.

Gastrointestinal infection
Cytomegalovirus has been detected in most parts of the gastrointestinal tract

from the oesophagus to the anus (Wong & Warner, 1962; McDonald et al. 1985).
It is frequently found in the base of ulcers and may be associated with severe
haemorrhage. Such ulcers have been described in patients with normal immunity,
immunosuppressed patients and those with ulcerative colitis.

The clinical response to ganciclovir therapy and the absence of other recognized
pathogens (criteria 3 and 1) indicate that CMV is probably acting as a pathogen
in the gastrointestinal tract.

Microcephaly
Cases of cytomegalic inclusion disease may have microcephaly at birth (Pass

et al. 1980). Others may develop microcephaly during infancy but may also have
impaired intellectual development in the absence of formal microcephaly.

Disease correlates with high viral titres (Stagno et al. 1975). No clear dissociation
has been shown between damage to the ear or brain and it must remain likely that
both organs can be affected by virus lysis although immunopathological processes
can also be implicated (Griffiths et al. 1982). Maternal immunity is partially
protective (Stagno et al. 1982) so we consider criterion 5 to be satisfied (see Table
3).

Hearing loss
Sensorineural hearing loss can occur in congenitally infected babies who are

born with or without symptoms. It may be unilateral or bilateral and may be
profound (Hanshaw, Dudgeon & Marshall, 1985; Pass et al. 1980). Children with
high CMV titres in the urine are at increased risk of hearing loss (Stagno et al. 1975)
but immunopathological processes may also be involved (Griffiths et al. 1982).

Cytomegalovirus has been isolated from the inner ear of a fatal case of
congenital infection (Davis et al. 1979) and from the middle-ear effusion of a 12-
month-old child with conductive hearing loss (Embil, Goldbloom & McFarlane,
1985). Since MCMV can infect the ear (Davis & Strauss, 1973), CMV can be found
at the affected site and maternal immunity is protective (Stagno et al. 1982),
criteria 1, 2 and 5 are considered to be satisfied.

Ifnmunosuppression
Immunosuppression has been described in patients with CMV mononucleosis as

evidenced by decreased responses of peripheral blood lymphocytes to mitogenic
stimulation (Rinaldo et al. 1980). Accessory macrophages were reported to be
responsible for this defect (Carney & Hirsch, 1981) and recently Rodgers et al.
(1985) described an inhibitor of interleukin 1 released by monocytes after exposure
to CMV. However, the latter effect could not be reproduced using stocks of CMV
free from contamination with mycoplasma (Scott & Sissons, 1987) and so it must
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bo concluded that the inhibitory action on interleukin 1 was caused by
mycoplasma.

An immunosuppressive syndrome associated with CMV infection has been seen
in renal transplant patients. It follows an AIDS-like course with opportunistic
superinfections but often resolves spontaneously in those individuals who survive
the acute episode. It is possible that a similar effect may occur with CMV infection
of bone marrow transplant or AIDS patients but the underlying severe
immunosuppression makes this difficult to identify with certainty.

Since this syndrome can be reproduced in mice (reviewed in Griffiths & Grundy,
1987) and is a manifestation of primary infection, criteria 4 and 5 are considered
to be satisfied.

Pneumonilis
Interstitial pneumonitis is a frequent complication of CMV infection in renal

and bone-marrow transplant recipients (Rubin et al. 1981; Meyers, Flournoy &
Thomas, 1986). Histologically, it resembles interstitial pneumonitis seen in
patients with collagen vascular disease (Hammer el al. 1983) and is characterized
by a mononuclear cell infiltrate in the lung septae with perivascular cuffing and
endothelial cell swelling (Beschorner et al. 1980; Hammer et al. 1983). Radiologic
changes may or may not be present (Milburn, Prentice & du Bois, 1987).
Cytomegalovirus pneumonitis in transplant recipients has a case-fatality rate of
approximately 85 % and has been reported to be the single most common cause
of death in bone marrow transplant patients (Watson, 1983; Meyers, Flournoy &
Thomas, 1986).

Most cases of perinatal CMV infection are asymptomatic but occasionally infant
pneumonitis may occur (Stagno et al. 1981). This resembles pneumonitis caused by
Pneumocystis carinii and the patient may require ventilatory support.

AIDS patients frequently have CMV detected in the lung by culture of BAL
fluid but P. carinii is often found in the same specimen (Murray et al. 1984; Stover
et al. 1985). Such patients frequently respond promptly to treatment with co-
trimoxazole irrespective of whether or not CMV was co-infecting the lung.

The mouse model shows that a host immune response is required for CMV-
induced pneumonitis (Shanley, Pesante & Nugent, 1982; Grundy, Shanley &
Shearer, 1985) and that the syndrome can be prevented by continued
immunosuppression. All of the clinical findings in human allograft patients are
consistent with these data so we have hypothesized elsewhere that CMV
pneumonitis in allograft patients is an immunopathological condition while in
AIDS patients lung infection may be asymptomatic or may cause disease through
extensive cell lysis (Grundy, Shanley & Griffiths, 1987). Thus, CMV pneumonitis
in allograft patients fulfils criteria 1 and 4 while the same syndrome in AIDS
patients fulfils only criterion 4 because such patients also have P. carinii in their
lungs.

Allograft effects
Cytomegalovirus infection is often closely associated with rejection episodes in

renal transplant patients (Lopez et al. 1974; May et al. 1978; Pass et al. 1979). It
is a moot point whether the virus triggers the adverse response or whether the
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immunosuppressive effect of the treatment required for the suppression of renal
rejection episodes induces reactivation of CMV. However, in the mouse model
MCMV infection has been shown to enhance the cytotoxic T-cell response to
alloantigens (Grundy & Shearer, 1984; Grundy & Reid, 1985).

Likewise, patients with GVHD following bone-marrow transplantation have
more severe CMV infection, especially pneumonitis (Appelbaum el al. 1982;
Meyers, Flournoy & Thomas, 1986; Miller et al. 1986). However, it is not clear
whether CMV triggers GVHD or whether the profoundly immunosuppressive
effect of GVHD (and that of its treatment) are responsible for CMV reactivation.
In the mouse model, CMV has been shown to accentuate the GVH reaction
(Grundy, Shanley & Shearer, 1985).

Since only the mouse data provide evidence of CMV actually causing these
allograft effects, we cannot conclude that CMV is pathogenic in humans, although
this remains a strong possibility (see Table 3).

Encephalitis
Encephalitis due to CMV has been described in AIDS patients but not in other

immunosuppressed individuals. The patients present with memory loss and
impaired intellectual function. Human immunodeficiency virus is frequently also
found in brain macrophages from AIDS patients with encephalitis (reviewed by
Carne, 1987). Cytomegalovirus may be pathogenic in this setting but we consider
it to be unproven at this time, with support only for criterion 4 following
intracerebral inoculation of MCMV (Lussier, 1973, 1975; Hudson, 1979).

KaposVs sarcoma
Fifteen years ago, cultures of cells derived from Kaposi's sarcoma (KS) tissue

were found to contain a herpesvirus which resembled CMV (Giraldo, Beth &
Haguenau, 1972; Giraldo et al. 1972). Serological studies later revealed that
100% of patients with KS have IgG antibodies against CMV. The geometric mean
titre of these antibodies was significantly raised above that of controls in
European cases of KS but not in African cases of KS (Giraldo et al. 1975).
Subsequent publications reported that CMV could not be cultured from KS tissue
but that virus DNA, RNA or proteins could be detected (Giraldo, Beth & Huang,
1980; Boldogh et al. 1981; Drew & Mintz, 1984).

Unfortunately, the studies reported to date have all used nucleic acid probes
prepared from whole virion DNA. Since regions of CMV DNA are now known to
bind avidly to human DNA (Peden, Mounts & Hayward, 1982; Ruger, Bornkamm
& Fleckenstein, 1984), the results claiming to detect CMV DNA or RNA must be
assumed to be unreliable until the experiments have been repeated using cloned
sequences of the virus genome which lack cross-reactivity with host DNA.
Likewise, the studies of virus-specified proteins within KS tissue must be repeated
using monoclonal antibodies of defined specificity before the results can be
accepted. Thus, at the time of writing, the CMV/KS association is based upon
some early seroepidemiology together with the coincidence of KS developing in
AIDS patients who also have CMV infection (Marmor et al. 1984). Clearly, those
who believe that KS may be caused by CMV (Giraldo & Beth, 1986) require more
convincing evidence.
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Prostatic carcinoma
Albrecht & Rapp (1973) showed that CMV irradiated with ultraviolet light

could transform hamster fibroblasts and that these cells could produce tumours in
mice. Rapp et al. (1975) reported that cell cultures derived from normal prostate
developed cytopathic changes and that CMV antigens and DNA were detectable
in these cells. Similarly, Geder et al. (1976) showed that unirradiated CMV
prepared from the prostatic tissue described above could transform human
embryo lung fibroblasts and that these could also produce tumours in nude mice
(Geder, Kreider & Rapp, 1977). Passage of the tumour cells in vitro led to
identification of a herpesvirus which was rather confusingly given the initials
HMCV (Hershey Medical Center Virus); this virus has been identified as infectious
bovine rhinotracheitis virus (Geder et al. 1978).

It seems safest to assume that the whole CMV/prostatic carcinoma story is an
unfortunate example of an adventitious virus presumably acquired from fetal calf
serum despite strenuous attempts (Geder et al. 1978) to maintain sterile conditions.
Curiously, however, this interpretation is not discussed in a recent review (Rapp
& Robbins, 1984) where the reference identifying HMCV as infectious bovine
rhinotracheitis is not quoted.

Colonic carcinoma
Cytomegalovirus has been isolated from surgical specimens of colonic adeno-

carcinomas (Hashiro, Horikami & Loh, 1979) and CMV DNA has been reported
to be detectable using whole virus genomic material (Huang & Roche, 1978). In
contrast, Hart, Neill & Norval (1982) could find no association between CMV and
carcinoma of the colon using in situ hybridization and explant techniques.

CONCLUSIONS

It will be seen from Table 3 that some CMV syndromes satisfy several of the
proposed criteria and so we suggest that CMV is causally associated with these
conditions.

Others meet none or only one criterion and so we are reluctant to conclude at
this point that CMV is pathogenic in these settings. In particular, the suggestion
that CMV may be naturally oncogenic is far from proven. The association between
CMV and KS certainly falls far short of that between Epstein-Barr virus and
Burkitt's lymphoma or nasopharyngeal carcinoma. The best that can be said
about the data suggesting that CMV DNA can transform cells or may contain an
oncogene homologue is that it argues against immunization with CMV vaccines
which contain DNA.

Despite the difficulties of working with different viruses, the animal models have
provided good evidence to support the many pathogenic roles of CMV and perhaps
deserve to be read more widely by human virologists. Indeed, the murine models
may give examples of organ-specific damage which have not yet been recognized
in man. For example, Shanley (1987) has shown that athymic nude mice can
develop necrotizing adrenalitis. The possibility that human AIDS patients may
have a similar disease inducing Addisonian crises is an intriguing one which
deserves further study.
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In preparing this review it is clear to us that some of the conclusions in Table

3, although probably supported by most virologists, are still somewhat subjective
and need to be placed upon firmer scientific ground. Perhaps this will only happen
when controlled trials of subunit CMV vaccines show which ' CMV syndromes' can
be prevented.

P. D. GRIFFITHS AND J. E. GRUNDY

Department of Virology
Royal Free Hospital School of Medicine
London NW3, England

REFERENCES

ALBRECHT, T. & RAPP, F. (1973). Malignant transformation of hamster embryo fibroblasts
following exposure to ultraviolet-irradiated human cytomegalovirus. Virology 55, 53-61.

APPELBAUM, F. R., MEYERS, J. D., FEFER, A., FLOURNOY, N., CHEEVER, M. A., GREENBERG,
P. D., HACKMAN, R. & THOMAS, E. D. (1982). Non-bacterial nonfungal pneumonia following
marrow transplantation in 100 identical twins. Transplantation 33, 265-268.

BARTHOLOMAEUS, W. N., SHELLAM, G. R., ALLAN, J. E., REED, W. D. & JOSKE, R. A. (1983).
Autoantibodies to liver-specific lipoprotein following hepatitis induced by mouse cyto-
megalovirus. Clinical Experimental Immunology 52, 89-93.

BESCHORNER, W. E., HUTCHINES, G. M., BURNS, W. H., SARAL, R., TURSCHKA, P. J. & SANTOS,
G. W. (1980). Cytomegalovirus pneumonia in bone marrow transplant recipients: miliary and
diffuse patterns. American Review of Respiratory Disease 122, 107-114.

BOLDOOH, I., BETH, E., HUANG, E.-S., KYALWAZI, S. K. & GIRALDO, G. (1981). Kaposi's
sarcoma. IV. Detection of CMV DNA, CMV RNA and CMNA in tumour biopsies. International
Journal of Cancer 28, 469-474.

BORYSIEWICZ, L. K., MORRIS, S., PAGE, J. D. & SISSONS, J. G. P. (1983). Human cyto-
megalovirus-specific cytotoxic T-lymphocytes: requirements for in vitro generation and
specificity. European Journal of Immunology 13, 804-809.

CARNE, C. A. (1987). ABC of AIDS: neurological manifestations. British Medical Journal 294,
1399-1401.

CARNEY, W. P. & HIRSCH, M. S. (1981). Mechanisms of immunosuppression in cytomegalovirus
mononucleosis. II. Virus monocyte interactions. Journal of Infectious Diseases 144, 47-54.

CARTER, A. R. (1968). Cytomegalovirus disease presenting as hepatitis. British Medical Journal
3, 786.

CHANARIN, I. & WALFORD, D. M. (1973). Thrombocytopenic purpura in cytomegalovirus
mononucleosis. Lancet ii, 238-239.

CLANTON, D. J., JARIWALLA, R. J., KRESS, C. & ROSENTHAL, L. J. (1983). Neoplastie
transformation by a cloned human cytomegalovirus DNA fragment uniquely homologous to
one of the transforming regions of herpes simplex virus type 2. Proceedings of the National
Academy of Sciences 80, 3826-3830.

COLLABORATIVE DHPG TREATMENT STUDY GROUP. (1986). Treatment of serious cytomegalo-
virus infections with 9-(l,3-dihydroxy-2-propoxymethyl) guanine in patients with AIDS
and other immunodeficiencies. Neio England Journal of Medicine 314, 801-805.

COOMBS, R. R. H. (1968). Cytomegalic inclusion-body disease associated with acquired auto-
immune haemolytic anaemia. British Medical Journal 2, 743-744.

DAVIS, G. L. & STRAUSS, M. (1973). Viral disease of the labyrinth. II. An experimental model
using mouse cytomegalovirus. Annals of Otolaryngology 82, 584-594.

DAVIS, L. E., JAMES, C. G., FIBER, F., MCLAREN, L. C. (1979). Cytomegalovirus isolation from
a human inner ear. Annals of Otology 88, 424-426.

DREW, W. L. & MINTZ, L. (1984). What is the role of cytomegalovirus in AIDS ? Annals of the
New York Academy of Science 437, 320-324.

EGBERT, P. R., POLLAR, R. B., GALLAGHER, J. G. & MERIGAN, T. C. (1980). Cytomegalovirus
retinitis in immunosuppressed hosts. II. Ocular manifestations. Annals of Internal Medicine
93, 664-670.

EMBIL, J. A., GOLDBLOOM, A. L. & MCFARLANE, E. S. (1985). Isolation of cytomegalovirus from
middle ear effusion. Journal of Paediatrics 107, 435-436.



12 P. D. GRIFFITHS AND J. E. GRUNDY

FIALA, M., KATTLOVE, H. & LEMKIN, S. (1973). Cytomegalovirus mononucleosis with severe
thrombocytopenia. Annals of Internal Medicine 79, 450-451.

FIALA, M.f NELSON, R. J., MYHRE, B. A., GUZE, L. B., OVERBY, L. R. & LINO, C. M. (1974).
Cytomegalovirus in non-B post-transfusion hepatitis. Lancet ii, 120G-1207.

GEDER, L., HYMAN, R. W., FIOUEROA, M., OAKES, F. J., ILTIS, J. P., DAWSON, M. S. & RArp,
F. (1978). Identification of a herpesvirus isolated from cytomegalovirus-transformed human
cells. Journal of Virology 27, 713-724.

GEDER, L., KREIDER, J. & RAPP, F. (1977). Human cells transformed in vitro by human
cytomegalovirus: tumorigenicity in athymic nude mice. Journal of the National Cancer
Institute 58, 1003-1007.

GEDER, L., LAUSCH, R., O'NEILL, F. & RAPP, F. (1976). Oncogenic transformation of human
embryo lung cells by human cytomegalovirus. Science 192, 1134-1137.

GIRALDO, G. & BETH, E. (1986). The involvement of cytomegalovirus in acquired immune
deficiency syndrome and Kaposi's sarcoma. Progress in Allergy 37, 319-331.

GIRALDO, G., BETH, E., COEUR, P., VOOEL, CH. L. & Dmiu, D. S. (1972). Kaposi's sarcoma: A
new model in the search for viruses associated with human malignancies. Journal of the
National Cancer Institute 49, 1495-1507.

GIRALDO, G., BETH, E. & HAQUENAU, F. (1972). Herpes-type virus particles in tissue culture
of Kaposi's sarcoma from different geographic regions. Journal of the National Cancer Institute
49, 1509-1526.

GIRALDO, G., BETH, E. & HUANG, E.-S. (1980). Kaposi's sarcoma and its relationship to
cytomegalovirus (CMV). III. CMV DNA and CMV early antigens in Kaposi's sarcoma.
International Journal of Cancer 26, 23-29.

GIRALDO, G., BETH, E., KOURILSKY, F. M., HENLE, W., HENLE, G., MIKE, V., HURAUX, J. M.,
ANDERSEN, H. K., GHARBI, M. R., KYALWAZI, S. K. & PUISSANT, A. (1975). Antibody
patterns to herpesviruses in Kaposi's sarcoma: serological association of European Kaposi's
sarcoma with cytomegalovirus. International Journal of Cancer 15, 839-848.

GLENN, J. (1981). Cytomegalovirus infections following renal transplantation. Reviews of
Infectious Diseases 3, 1151-1178.

GRIFFITHS, P. D. & GRUNDY, J. E. (1987). Molecular biology and immunology of cyto-
megalovirus. Biochemical Journal 241, 313-324.

GRIFFITHS, P. D., STAONO, S., PASS, R. F., SMITH, R. J. & ALFORD, C. A. (1982). Congenital
cytomegalovirus infection: Diagnostic and prognostic significance of the detection of specific
immunoglobulin M antibodies in cord serum. Paediatrics 69, 544-549.

GRUNDY, J. E. (1979). In murine cytomegalovirus infection: a study of genes controlling
resistance and their effects on pathogenesis. Ph.D. thesis. University of Western Australia.

GRUNDY, J. E., MCKEATINO, J. A., WARD, P. D., SANDERSON, A. R. & GRIFFITHS, P. D. (1987).
/?2microglobulin enhances the infectivity of cytomegalovirus and when bound to the virus
enables' Class I HLA molecules to be used as a virus receptor. Journal of General Virology 68,
793-803.

GRUNDY, J. E. & REID, M. F. (1985). The effect of primary and secondary infection with
cytomegalovirus on the host response to alloantigens. Transplantation Proceedings 17,
592-594.

GRUNDY, J. E., SHANLEY, J. D. & GRIFFITHS, P. D. (1987). Hypothesis: Is cytomegalovirus
interstitial pneumonitis in transplant recipients an immunopathological condition? Lancet
ii, 996-999.

GRUNDY, J. E., SHANLEY, J. D. & SHEARER, G. M. (1985). Augmentation of graft-versus-host
reaction by cytomegalovirus infection resulting in interstitial pneumonitis. Transplantation
39, 548-553.

GRUNDY, J. E. & SHEARER, G. M. (1984). The effect of cytomegalovirus infection on the host
response to foreign and hapten-modified self histocompatibility antigens. Transplantation 37,
484-490.

HAMILTON, J. D. (1982). Cytomegalovirus and Immunity. Basel: Karger.
HAMMER, S. P., WINTERBAUER, R. H., BOCKUS, D., REMMINOTON, F., SCALE, G. E. & MEYERS,

J. D. (1983). Endothelial cell damage and tubuloreticular structures in interstitial lung
disease associated with collagen vascular disease and viral pneumonia. American Iievieiv of
Respiratory Disease 127, 77-84.

HANSHAW, J. B., BETTS, R. F., SIMON, G. & BOYNTON, R. C. (1965). Acquired cytomegalovirus



The status of CMV as a human pathogen 13
infection: association with hepatomegaly and abnormal liver-function tests. New England
Journal of Medicine 272, 002-608.

HANSIIAW, J. B., DUDGEON, J. A. & MARSHALL, W. C. (1985). Viral Diseases of the Fetus and
Newborn. Philadelphia: Saunders.

HARRIS, A. I., MEYER, R. J. & BRODY, E. A. (1975). Cytomegalovirus-induced thromocytopenia
and hemolysis in an adult. Annals of Internal Medicine 83, 670-671.

HART, H M NEILL, W. A. & NORVAL, M. (1982). Lack of association of cytomegalovirus with
adenocarcinoma of the colon. Gut 23, 21-30.

HASIIIRO, G. M., HORIKAMI, S. & Lou, P. C. (1979). Cytomegalovirus isolations from cell
cultures of human adenocarcinomas of the colon, lntervirology 12, 84-88.

HOLT, S. & KIRKHAM, N. (1976). Cytomegalovirus-induced haemolytic anaemia after cardiac
surgery. Thorax 31, 786-788.

HUANG, E. S. & ROCHE, J. K. (1978). Cytomegalovirus DNA and adenocarcinoma of the colon:
evidence for latent viral infection. Lancet i, 957-960.

HUDSON, J. B. (1979). The murine cytomegalovirus as a model for the study of viral
pathogenesis and persistent infections. Archives of Virology 62, 1-29.

JOHNSON, K. P. (1964). Mouse cytomegalovirus: placental infection. Journal of Infectious
Diseases 120, 445-450.

JORDAN, M. C, ROUSSEAU, W. E., STEWART, J. A., NOBLE, G. R. & CHIN, T. D. Y. (1973).
Spontaneous cytomegalovirus mononucleosis: clinical and laboratory observations in nine
cases. Annals of Internal Medicine 79, 153-160.

KANTOR, G. L. & GOLDBERG, L. S. (1971). Cytomegalovirus-induced postperfusion syndrome.
Seminars in Hematology 8, 261-266.

KANTOR, G. L., GOLDBERG, L. S., JOHNSON, B. L., DERECHIN, M. M. & BARNETT, E. V. (1970).
Immunologic abnormalities induced by postperfusion cytomegalovirus infection. Annals of
Internal Medicine 73, 553-558.

KENNEDY, P. G. E., NEWSOME, D. A., HESS, J., NARAYAN, O., SURESCH, D. L., GREEN, \V. R..
GALLO, R. C. & POLK, B. F. (1986). Cytomegalovirus but not human T lymphocyte virus type
III/lymphadenopathy associated virus detected by in situ hybridisation in retinal lesions in
patients with the acquired immune deficiency syndrome. British Medical Journal 293,
162-164.

KLEMOLA, E. & KAARIAINEN, L. (1965). Cytomegalovirus as a possible cause of a disease
resembling infectious mononucleosis. British Medical Journal 2, 1099-1102.

LAMB, S. G. & STERN, H. (1966). Cytomegalovirus mononucleosis with jaundice as presenting
sign. Lancet ii, 1003-1006.

LOPEZ, C, SIMMONS, R. L., MEVER, S. M., NAJARIAN, J. S., GOOD, R. A. & GENTRY, S. (1974).
Association of renal allograft rejection with virus infections. American Journal of Medicine 56,
280-289.

LUSSIER, G. (1973). Encephalitis caused by murine cytomegalovirus in newborn and weanling
mice. Veterinary Pathology 10, 366-374.

LUSSIER, G. (1975). Animal model: Murine cytomegalovirus-induced cerebral calcification.
American Journal of Pathology 80, 555-558.

MCDONALD, G. B., SHARMA, P., HACKMAN, R. C, MEYERS, J. D. & THOMAS, E. D. (1985).
Esophageal infections in immunosuppressed patients after marrow transplantation. Gas-
troenterology 88, 111 1-1117.

MCKEATING, J. ., GRIFFITHS, P. D. & GRUNDY, J. E. (1987). Cytomegalovirus in urine
specimens has host /?2-microglobulin bound to the viral envelope: A mechanism of evading
the host immune response? Journal of General Virology 68, 785-792.

MARMOR, M., FRIEDMAN-KIEN, A. E., ZOLLER-PAZNER, S., STAHL, R. E., RUBINSTEIN, P.,
LAUBENSTEIN, L., WILLIAM, D. C, KLEIN, R. J. & SPIOLAND, L. (1984). Kaposi's sarcoma in
homosexual men: a seroepidemiologic case-control study. Annals of Internal Medicine 100,
809-815.

MAY, A. G., BETTS, R. F., FREEMAN, R. B. & ANDRUS, C. H. (1978). An analysis of
cytomegalovirus infection and HLA antigen matching on the outcome of renal trans-
plantation. Annals of Surgery 187, 110-117.

MEYERS, J. D., FLOURNOY, N. & THOMAS, E. D. (1986). Risk factors for cytomegalovirus
infection after human marrow transplantation. Journal of Infectious Diseases 153, 478—488.

MILBURN, H. J., PRENTICE, H. G. & DU Bois, R. M. (1987). The role of bronchoalveolar lavage



14 P. D. GRIFFITHS AND J. E. GRUNDY

in the evaluation of interstitial pneumonitis in bone marrow transplant recipients. Thorax. (In
the Press.)

MILLER, W M FLYNN, P., MCCULLOUQH, J., BALFOUR, H. H., GOLDMAN, A., HAAKE, R.,
MCGLAVE, P., RAMSEY, N. & KERSEY, J. (1986). Cytomegalovirus infection after bone
marrow transplantation: As association with acute graft-vs-host disease. Blood 67,1102-1107.

MOIIAMED, A. H. (1974). Murine CMV infected liver: depletion of acid phosphatase with
concomitant increase of alkaline phosphatase. Microbios 10, 103-113.

MURRAY, J. F., FELTON, C. P., GARAY, S. M., GOTTLIEB, M. S., HOPEWELL, P. C, STOVER, D.
E. & TEIRSTEIN, A. S. (1984). Pulmonary complications of the acquired immunodeficiency
syndrome: Report of a National Heart, Lung and Blood Institute Workshop. New England
Journal of Medicine 310, 1682-1688.

NELSON, J. A., FLECKENSTEIN, B., GALLOWAY, D. A. & MCDOUGALL, J. K. (1982). Trans-
formation of NIH 3T3 cells with cloned fragments of human cytomegalovirus strain
AD169. Journal of Virology 43, 83-91.

OSBORN, J. E. (1982). Cytomegalovirus and other herpesviruses. In The Mouse in Biochemical
Research, vol. 2 (ed. H. L. Foster, J. D. Small and J. G. Fox), pp. 267-292.

OSBORN, J. E. & SHAHIDI, N. T. (1973). Thrombocytopenia in murine cytomegalovirus infection.
Journal of Laboratory and Clinical Medicine 81, 53-63.

PAPADIMITRIOU, J. M., SHELLAM, G. R. & ALLAN, J. E. (1982). The effect of the beige mutation
on infection with murine cytomegalovirus: Histopathologic studies. American Journal of
Pathology 108, 299-309.

PASS, R. F., STAGNO, S., MYERS, G. J. & ALFORD, C. A. (1980). Outcome of symptomatic
congenital cytomegalovirus infection: Results of long-term longitudinal follow-up. Pediatrics
66, 758-762.

PASS, R. F., WHITLEY, R. J., DIETHELM, A. G., WIIELCHEL, J. D., REYNOLDS, D. W. &
ALFORD, C. A. JR. (1979). Outcome of renal transplantation in patients with primary
cytomegalovirus infection. Transplantation Proceedings 11, 1288-1290.

PEDEN, K., MOUNTS, P. & HAYWARD, G. S. (1982). Homology between mammalian cell DNA
sequences and human herpesvirus genomes detected by a hybridisation procedure with high-
complexity probe. Cell 31, 71-80.

PLOTKIN, S. A., SMILEY, M. L., FRIEDMAN, H. M., STARR, S. E., FLEISIIER, G. R., WLODAVER,
C, DAFOE, D. C, FRIEDMAN, A. D., GROSSMAN, R. A. & BARKER, C. F. (1984). Towne-
vaccine-induced prevention of cytomegalovirus disease after renal transplants. Lancet i,
528-530.

RAPP, F., GEDER, L., MURASKO, D., LAUSCH, R., LADDA, R., HUANG, E.-S. & WEBBER, M. M.
(1975). Long-term persistence of cytomegalovirus genome in cultured human cells of prostatic
origin. Journal of Virology 16, 982-990.

RAPP, F. & ROBBINS, D. (1984). Cytomegalovirus and human cancer. Birth Defects 20,
175-192.

RINALDO, C. R., CARNEY, W. P., RICHTER, B. S., BLACK, P. H. & HIRSCII, M.S. (1980).
Mechanisms of immunosuppression in cytomegalovirus mononucleosis. Journal of Infectious
Diseases 141, 488-495.

RODQERS, B. C, SCOTT, D. MM MUNDIN, J. & SISSONS, J. G. P. (1985). Monocyte-derived
inhibitor of interleukin 1 induced by human cytomegalovirus. Journal of Virology 55,
527-532.

RUBIN, R. H., COSIMI, A. B., HIRSCH, M. S. & HERRIN, J. T. (1981). Effects of antithymocyte
globulin on cytomegalovirus infection in renal transplant recipients. Transplantation 31,
143-145.

RUOER, R., BORNKAMM, G. W. & FLECKENSTEIN, B. (1984). Human cytomegalovirus DNA
sequences with homologies to the cellular genome. Journal of General Virology 65, 1351-1364.

SCOTT, D. & SISSONS, J. G. P. (1987). The apparent immunosuppression produced by human
cytomegalovirus infection of mononuclear cells in vitro may be largely duo to mycoplasma
contamination. In Abstracts of the VHth International Congress of Virology, OP14.2.

SHANLEY, J. D. (1987). Modification of acute murine cytomegalovirus adrenal gland infection
by adoptive spleen cell transfer. Journal of Virology 61, 23-28.

SHANLEY, J. D., PESANTI, E. L. & NUGENT, K. M. (1982). The pathogenesis of pneumonitis due
to murine cytomegalovirus. Journal of Infectious Diseases 146, 388-396.



The status of CMV as a human pathogen 15
SHUSTERMANN, N. H M FRAUENHOFFER, C. & KINSEY, M. D. (1978). Fatal massive hapatic

necrosis in cytomegalovirus mononucleosis. Annals of Internal Medicine 88, 810-812.
SPECTOR, D. H. & VACQUIER, J. P. (1983). Human cytomegalovirus (strain AD169) contains

sequences related to the avian retrovirus oncogene v-myc. Proceedings of the National
Academy of Science 80, 3889-3893.

STAGNO, S., BRASFIELD, D. M., BROWN, M. B., CASELL, G. H., PIFER, L. L., WHITLEY, R. J. &
TILLER, R. E. (1981). Infant pneumonitis associated with cytomegalovirus, chlamydia,
pneumocystis, and ureaplasma: a prospective study. Pediatrics 68, 322-329.

STAGNO, S., REYNOLDS, D. W., TSIANTOS, A., FUCCILLO, D. A., LONG, W. & ALFORD, C. A.
(1975). Comparative serial virologic and serologic studies of symptomatic and subclinical
congenitally and natally acquired cytomegalovirus infections. Journal of Infectious Diseases
132, 5G8-577.

STAGNO, S., PASS, R. F., DWORSKY, M. E., HENDERSON, R. E., MOORE, E. G., WALTON, P. D.
& ALFORD, C. A. (1982). Congenital cytomegalovirus infection: The relative importance of
primary and recurrent maternal infection. New England Journal of Medicine 306, 945-949.

STINSKI, M. F. & ROEHR, T. J. (1985). Activation of the major immediate early gene of human
cytomegalovirus by cis-acting elements in the promoter-regulatory sequence and by virus-
specific trans-acting components. Journal of Virology 55, 431-441.

STOVER, D. E., WHITE, D. A., ROMANO, P. A., GELLENE, R. A. & ROBESON, W. A. (1985).
Spectrum of pulmonary disease associated with the acquired immunodeficiency syndrome.
Avierican Journal of Medicine 78, 429-437.

Tocci, M. J., LIVELLI, T. J., PERRY, H. C, CRUMPACKER, C. S. & FIELD, A. K. (1984). Effect of
the nucleoside anolog 2'-nor-2'-deoxyguanosine on human cytomegalovirus replication.
Antimicrobial Agents and Chemotherapy 25, 247-252.

TOGHILL, P. J., BAILEY, M. E., WILLIAMS, R., ZEEGEN, R. & BOWN, R. (1967). Cytomegalovirus
hepatitis in the adult. Lancet ii, 1351-1354.

TOGHILL, P. J., WILLIAMS, R. & STERN, H. (1969). Cytomegalovirus infection in chronic liver
disease. Gastroenterology 56, 936-937.

WATSON, J. G. (1983). Problems of infection after bone marrow transplantation. Journal of
Clinical Pathology 36, 683-692.

WEISS, R. A. (1985). Unravelling the complexities of carcinogenesis. In Viruses and Cancer (ed.
P. W. J. Rigby and N. M. Wilkie), pp. 1-21. Cambridge: Cambridge University Press.

WONG, T.-W. & WARNER, N. E. (1962). Cytomegalic inclusion disease in adults. Archives of
Pathology 74, 403-i22.

ZUELZER, W. W., MASTRANGELO, R., STULBERG, C. S., PAGE, R. H. & THOMPSON, R. I. (1970).
Autoimmune hemolytic anemia: Natural history and viral-immunologic interactions in
childhood. American Journal of Medicine 49, 80-93.


