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Cytomegalovirus Infection
For many years, long before the advent of

diagnostic virology, pathologists had been aware
of the presence of large inclusion-bearing cells
found in the ducts of salivary glands and in other
organs. The first reference to these cells was made
by Ribbert in 1881 (quoted by Farber and
Wolbach, 1932) who described what he considered
to be protozoan-like cells in the kidney of a
stillborn syphilitic infant. About the same time
similar reports appeared of the finding of the
same large cells in the salivary glands and viscera
both in syphilitic and non-syphilitic infants.
Some years later Jackson (1920) called attention to
cells, which she regarded as protozoan parasites,
in the ducts of salivary glands of guinea-pigs.
Goodpasture and Talbot (1921) first described the
cytoplasmic inclusions as well as the intranuclear
inclusion in the lungs, kidneys, and liver of a 2-
month-old infant. They considered that this
abnormal cell morphology, to which they gave the
name cytomegalia, was not caused by a protozoan
but was probably caused by a filtrable virus,
similar to varicella or herpes. Cole and Kuttner
(1926) showed that similar inclusions found in the
salivary glands of rats and guinea-pigs were caused
by a virus, but attempts to propagate a virus from
human material were at the time unsuccessful.
It is now known that this failure of transmission
can probably be attributed to a unique species
specificity shown by the salivary gland
viruses.
Contemporary studies revealed a surprisingly

high incidence of these inclusion-bearing or
cytomegalic cells in the duct epithelium of salivary
glands in infants at necropsy. In a series reported
by Farber and Wolbach (1932) from the Boston
Children's Medical Center, typical intranuclear
and cytoplasmic cells were found in 12% of 183
necropsies. By this time the condition, usually
referred to as generalized cytoplasmic inclusion
disease, generalized inclusion or salivary gland
disease, was considered to be a specific disease
entity and one which was usually fatal in infancy.
Twenty years later Fetterman (1952) made the
important observation that cytomegalic inclusion

disease (CID) could be diagnosed during life by the
demonstration of inclusion cells in urinary sedi-
ments. This technique, crude though it was.
was better than no diagnostic technique at all and
was used with varying degrees of success for a
number of years until the causative agent of the
human disease was finally isolated. In 1954,
Smith isolated a virus from mouse salivary gland
tissue in mouse tissue cell cultures. Later the same
workers isolated an agent from human salivary
gland material in human tissue cell cultures.
Agents with similar properties were recovered
from adenoids of children by Rowe and his co-
workers (1956). The following year Weller and
his colleagues (1957) reported the isolation of
'inclusion-producing agents' in human skin tissue
cultures from infants with illnesses resembling CID.
These observations were made at a time when great
progress in virology was resulting from the develop-
ment of cell culture techniques, and it is significant
that several viruses, for example, poliovirus,
measles, varicella, and cytomegalovirus (CMV)
were first isolated in cell cultures of human origin.
One of the patients from whom virus was first
isolated by Weller et al. (1957) was a 3-month-
old infant admitted for investigation of micro-
cephaly. In view of the coexistence of cerebral
calcification, hepatosplenomegaly, and optic atrophy
with choroido-retinitis, toxoplasmosis was con-
sidered to be the likely cause. A liver biopsy was
cultured for evidence of infection with Toxoplasma
gondii, but the inoculated human fibroblast cells
developed focal areas of degeneration, with intra-
nuclear and cytoplasmic inclusion. Further studies
from the Children's Medical Center at Boston
revealed that CMV could be recovered from a
number of infants with hepatosplenomegaly, micro-
cephaly with mental retardation, motor disabilities,
jaundice, petechiae, chorioretinitis, and cerebral
calcification. The incidence of brain damage in
infants with these defects was high; in one series
only two were free of residual damage. Further
virological studies brought out two important
facets of congenital CID. Firstly, infants with
neurological manifestations did not necessari1y

581

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.46.249.581 on 1 O

ctober 1971. D
ow

nloaded from
 

http://adc.bmj.com/


have extraneural damage, and secondly and more
important, CMV could be recovered from 'normal'
newborns (Hildebrandt et al., 1967; Stern, 1968).
Serological studies by Hanshaw (1968) revealed
a significantly higher incidence of complement-
fixing antibody to CMV in microcephalic children
than in normal children of the same age. No
significant differences were noted between micro-
cephalic and normal children in respect of anti-
bodies to toxoplasmosis, rubella, and herpes
simplex viruses.

Recently, two studies of cytomegalovirus infec-
tion reported in this journal have thrown further
light on the varied manifestations with which this
disease may present. The most important finding
from the two-year collaborative study in the North
West of England was that 90% of children found to
be excreting virus without central nervous system
disease progressed normally (Collaborative Study,
1970). 36 cases of congenital infection were
encountered: 6 had CNS disease with microcephaly
(4 also had cerebral calcification and 5 had hepato-
splenomegaly); 1 of these infants with cataracts,
retinitis, and heart defects was found to be excreting
CMV, but later was found to have levels of antibody
compatible with congenital rubella. 11 of the 36
had splenomegaly without CNS disease; 2 of these
became mentally retarded, the remaining 9 later
developed normally. 5 had miscellaneous neonatal
illnesses-including diarrhoea and failure to thrive,
leaving 14 infants found to be 'normal' at birth.
A follow-up into the second year has shown no
evidence of developmental or physical retardation
appearing at a later date. 45 children out
of a total of 1395 examined were found to be
excreting virus (3 -2%). The incidence rose from
1l8% in the first 3 months of life to 6% in
6-12 months group. Increased CMV isolation
rates were encountered in children with mental
retardations, developmental retardations, and blood
dyscrasias.
The second paper reports 5 patients with neonatal

CMV infection, none of whom had the classical
picture of the neonatal disease (McEnery and
Stern, 1970). 4 of the 5 cases had either jaundice
at birth or hydropic disease: 2 suffered from rhesus
incompatibility, 1 of whom had persistence of
jaundice with an obstructive element. Recovery
of CMV from the infant and the mother, but not
from the donor who gave the blood for the exchange
transfusion, suggests that infection was congenital,
as it probably was in one other infant who died
with signs of generalized CID. One case had a
transient haemolytic anaemia, one a symptomless
infection, and in a fifth case with severe hydrops

fetalis inclusion bodies were found only in the
submandibular glands. The association between
rhesus incompatibility and obstructive hepatitis
in neonates with congenital CMV has previously
been reported by Emanuel and Kenny (1966),
indicating that CMV may be the factor responsible
for their liver disease. It is known that CMV
infection can be transmitted by blood transfusion
(Kaariainen, Klemola, and Paloheimo, 1966;
Kaariainen et al., 1966) in patients undergoing
open-heart surgery, and it has also been reported
after an intrauterine transfusion (King-Lewis and
Gardner, 1969).
The majority of cases of CMV infection present-

ing in the newborn and in the early weeks of life
are probably congenital in origin, but it is difficult
to be certain at what stage in intrauterine life
infection is acquired. There is no 'marker' of
maternal illness in CMV as is often obtained in
rubella, though occasionally a history of a mild
non-specific respiratory infection is forthcoming.
Serological tests on blood specimens collected early
in pregnancy and after delivery have shown some
evidence of seroconversion during the pregnancy,
but specimens thus taken do not tell precisely
when infection was acquired.

Structural malformations of the type seen in con-
genital rubella, such as heart disease and cataracts,
are very uncommon in CMV (it is of interest that
one of the cases with congenital malformation seen
in the Collaborative Study referred to above turned
out to be a probable case of congenital rubella),
and it could be argued that because of this, fetal
infection with CMV usually occurs after the period
of organogenesis. This hypothesis presupposes
that if rubella and CMV infection occurred at the
same stage in pregnancy the effect on the fetus
would be the same. This does not necessarily
follow but nevertheless there is, as yet, no evidence
that CMV is teratogenic in the strict sense of the
word, and the fetal damage that is seen is more in
keeping with damage of formed organs similar to
that which is seen in congenital toxoplasmosis.
Some infections are probably acquired quite late

during pregnancy and possibly by the cervical-
amniotic, as opposed to the haematogenous, route.
A recent study reported from Pittsburgh by
Medearis and his colleagues (1970) is of some
interest in this connexion. These workers found
a higher carrier rate of CMV in the cervical smears
and urine in Indian (Navaho) women living in
Pittsburgh than in the indigenous female population.
Recovery of virus from urine and cervix was also
more frequent from primagravida than from multi-
gravida and more frequent in the second and third
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Cytomegalovirus Infection 583
trimester. Further studies of this type are needed
to fill in gaps in our knowledge of the pathogenesis
of intrauterine cytomegalovirus infection.

J. A. DUDGEON
The Hospital for Sick Children,

Great Ormond Street, London W.C.1.
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