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Cytomegalovirus infection in the north west of England: a report
on a two-year study. The incidence and epidemiology of cytomegalovirus
(CMV) in Manchester has been studied for two years. 36 cases of con-
genital infection were found. Over 90% of those detected in routine surveys
or born without central nervous system disease have not shown any serious
developmental defects following their virus infection and are progressing normally.
Virus excretion was found in 3 2% of children admitted to hospital, but, except in
cases with mental retardation (with or without symptoms of central nervous system
disease) and with feeding problems, there was no definite relation between virus
excretion and the clinical condition bringing them into hospital. Serological surveys
of different groups in the population indicated that the majority of infections occurred
in adolescence and early adulthood, that 40-45% ofwomen of child-bearing age were
not immune to CMV, and that 5% of blood donors were capable of transmitting infec-
tion to patients receiving blood transfusions. Virus was isolated from 5 2% of
schoolchildren aged 5-6 years, from 0- 4% of babies born in hospital, and from the
cervix of 3-4% of women attending hospital clinics. In adults CMV infection was
found to be associated sometimes with atypical glandular fever, hepatitis, and poly-
neuritis. Very close contact seems necessary for the spread of CMV.

Recently Stern and Elek (1965) and Stern (1968a) admitted to hospital were excreting CMV and that
have investigated cytomegalovirus (CMV) in congenital infections seemed common. Their
London. They found that this infection was work led to an investigation into the prevalence of
common in children and adults, the incidence of CMV infection in the Manchester area. A report
antibody increasing from 6% in young children to is given here on the preliminary findings covering
54% in adults. They also found that 10% of mainly a two-year period from August 1967 to
children aged between 2 months and 5 years July 1969.
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and Fairfield General Hospital, Bury, and Dr. B. Epstein, Dr. G. V. Feldman, Dr. Kathleen V. Lodge, Dr. N. M. Mann, Dr. D. Macaulay,
at the Duchess of York, Withington and Wythenshawe Hospitals, Manchester, carried out the routine surveys of babies and children in
hospital. Adults attending hospital clinics were seen by Dr. R. W. Burslem and Mr. J. B. Jones, Withington Hospital, Manchester, and
Dr. P. S. Silver, Bolton. Girls on remand were seen by Dr. Jean L. Broughton, Manchester.

Material from cases of congenital infection were also submitted by Dr. R. I. Mackay, Hope Hospital, Salford, Dr. Catherine M. White,
Stepping Hill Hospital, Stockport, Dr. D. Hilton, Oldham and District General Hospital, Professor J. A. Davis, St. Mary's Hospital, Man-
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Collaborative Study
Materials and Methods

(1) Virus isolations. Throat swabs and/or urines
for virus isolation were obtained mainly from infants,
children,and adults admitted to hospitals in the Manches-
ter Regional Board area and occasionally from elsewhere,
from primary schoolchildren and from children and
adults notified to the Manchester Health Department
as having had infectious hepatitis recently. Cervical
swabs were also obtained for virus isolation from certain
groups of adult women and adolescents.

Throat and cervical swabs were collected in transport
medium consisting of Hanks' basic salt solution con-
taining 0 2% bovine albumin (Armour) and 0 05%
sodium bicarbonate. Unless concurrent investigations
for mycoplasma infection were envisaged, the medium
also contained 100 ,ug. neomycin per ml. The transport
medium for urine consisted of Hanks' basic salt
solution containing 10% calf serum (Burroughs Well-
come No. 1), 10% sorbitol, 0 3% lactalbumin hydro-
lysate, 0 3% sodium bicarbonate, and 100 pg. neomycin
per ml. Specimens were sent to the laboratory by road
or by post without refrigeration.
On arrival at the laboratory, specimens were usually

inoculated into one tube of at least two lines of confluent
human embryo or foreskin fibroblast cultures, having
approximately equal sensitivity to CMV (Dugdale and
Siddall, 1969). The embryo fibroblast cultures were
either WI.38 or ones produced locally from lung or
complete or partial embryos. Cultures were incubated
rolling at 34-35 'C. for at least 3 weeks, being examined
for the cytopathic effect (CPE) of CMV followed by a
medium change twice weekly.
The maintenance medium for the cell lines consisted of

Eagles' solution (Burroughs Wellcome BHK medium,
or Grand Island Biological Company G/13 medium)
containing 3% calf serum, 0 09-0-13% sodium bicar-
bonate, and antibiotics (usually penicillin, 100 units/ml.,
neomycin, 50 Ag./ml., and nystatin 50 units/ml.).

Isolates were preliminarily identified by the typical
CPE in human fibroblasts, by their inability to produce
CPE in monkey kidney cells or continuous human cell
lines, and by their characteristic intranuclear inclusion
bodies. In almost all cases the presence of complement-
fixing antibody in the serum of the patients from whom
the agent was isolated was confirmed. Further sero-
logical tests are being carried out on representative
strains.

(2) Serological tests. Sera were obtained from
children and adults admitted to hospital with a variety
of medical and surgical conditions, from women and
adolescents attending hospital clinics, and from nurses
and other selected groups.

In these preliminary studies only the complement-
fixing technique was used for determining antibody
(Stern and Elek, 1965), antigen being prepared from
fibroblast cultures infected with either the Rawles (Stem
and Elek, 1965) or AD169 (Rowe et al., 1958) strains.
Uninfected cultures were used for preparing control
antigen. A 5-volume test in WHO perspex plates
was done, using two 0 - 05 ml. volumes of serum

and one volume of other reagents. 11-1j minimal
haemolytic doses of complement, 2-5% sensitized
sheep red cells, and overnight fixation at 4 °C. were
used. Sera were screened at or titrated from initial
dilutions of 1/16 or 1/20, but were recorded as
1/8 or 1/10 as two volumes of each serum dilution
were used in the test. Serum was inactivated at
56 'C. for 30 minutes before being tested. Recently a
micromethod has been employed with the AD169 strain
antigen using one-quarter of these volumes with
equally satisfactory results. In this six-volume test
similar dilutions of serum starting at 1/16 or 1/20 were
made in micro-plates using 0 025 ml. volume micro-
diluters (Cooke Engineering Company). Equal volumes
of the required antigen and complement dilutions were
mixed and immediately added to the serum dilutions
by a 0 * 025 ml. dropper. After overnight incubation at
4 'C., 0 025 ml. amounts of 1-25% sensitized cells were
added.

Results
The results of our study are given in the following

sections: (1) description ofthe clinical findings in the
cases of congenital infection; (2) incidence of
excretion of CMV in unselected admissions to
children's hospitals and the clinical findings in these
cases; (3) incidence of CMV infection in routine
surveys of newborn babies; (4) CMV in infectious
hepatitis; (5) adult infection associated with CMV;
(6) serological findings.

(1) Congenital infections. 36 cases of con-
genital CMV infection have been diagnosed, 32 of
them in the Manchester conurbation. All these
cases except 2 were found to have large amounts of
virus in the urine and throat, and were shown to be
excreting virus initially during the first 4 weeks of
life, or if tested after that time had the classical
clinical features diagnostic of the congenital disease
(Stern, 1968b). These cases are summarized in
Table I and fall into 4 main categories: (a) those
with involvement of the central nervous system with
or without involvement of other organs (6 cases);
(b) those with hepatosplenomegaly and/or spleno-
megaly with or without jaundice, petechiae, and
purpura (11 cases); (c) those with other symptoms
(5 cases); and (d) those who were apparently normal
infants at birth and progressed normally during the
neonatal period (14 cases). The 20 hospital cases
were investigated because of their clinical symptoms.
The other 16 were detected in surveys in which
CMV infection was not anticipated clinically and
include the 13 subjects noted in section 3.

(a) Cases with involvement of the central nervous
system. The 6 cases with involvement of the central
nervous system all had microcephaly and 4 had
intracranial calcification; they were all mentally

514

 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.45.242.513 on 1 A

ugust 1970. D
ow

nloaded from
 

http://adc.bmj.com/


Cytomegalovirus Infection in the North West of England 515

TABLE I
Cases of Congenital Cytomegalovirus

Total Male/ Hi- BSyndrome t Sue >25 <265 1

(b)~~~~o FmlCases with

(c)Female aa~CCases hkg. kg.

u 04 0 oA 0n

other __syptm 5_ 4/1 4_13 2_ _ __0
(a) Casea with CNS
involvement 6 4/2 6 - 4 2 6 445* 1 6 34 43 2 NT

(b) Cases with
splenomegaly 11 7/4 10 1 7 4 -- - 2- 4 8 9 11 8 1 2 2

(c) Caaea with
other symptoma 5 4/1 4 1 3 2 ..---3. . ..--1 1

(d) Caaea without
symptoms 14 6/8 - 14 9 5 _ _ _ _ _ _ _ _ _ _ _ _

Total 36 21/15 20 16 23 13 6 4 4 7 113 1113 1511 1 5 3

*Excluding the fatal case. NT = not tested.

retarded. One who had club feet died at 7 days,
and necropsy revealed large numbers of classical
inclusion bodies in kidneys, lungs, pancreas, and
other organs. 5 of the cases had associated
hepatosplenomegaly, 1 had jaundice, and 3 had
jaundice, petechiae, and thrombocytopenic purpura
during the postnatal period. 3 of these cases have
been treated with idoxuridine and its effect on them
has already been reported (Conchie, Barton, and
Tobin, 1968; Barton and Tobin, 1970). One of the
microcephalic patients was a mongol but there was
no evidence that this defect was due to the CMV
infection. He had bilateral inguinal hernias and an
undescended left testis. The other 4 surviving
patients have spastic paralysis of varying extent.
Another infant with cataracts, retinitis, heart

defects, and microcephaly was found to be excreting
large amounts of CMV in her throat and urine 8
weeks after birth. Initially she was considered as a
possible case of congenital CMV infection, but at
1 year of age, though still excreting CMV, was
found to have levels of rubella antibody compatible
with congenital infection. Though rubella virus
was not isolated, her lesions must be presumed to
be due to rubella rather than CMV.

(b) Cases with splenomegaly without involvement of
the central nervous system. 7 of the 11 cases without
cerebral involvement but with enlargement of the
liver or spleen when first examined had neonatal
jaundice and thrombocytopenic purpura. One had
jaundice without petechiae and another petechiae
without jaundice. The jaundice faded after weeks
or months in all cases except one with 'biliary
atresia'. This patient died from hepatic cirrhosis.
One boy appears to have partial unilateral

deafness; another, though behind in development in
the first year, had apparently caught up by 18 months
of age. One boy with minimal hepatospleno-
megaly has congenital heart disease with septal
defects and a persistent ductus arteriosus; he also
has a cleft palate and may be partially deaf. One
had a persistent ductus arteriosus at birth, but this
was considered to be related to the infant's pre-
maturity rather than to a definite structural defect,
and by 6 months of age the lesion had disappeared.
Only 2 of these infants became mentally retarded;
the others have so far developed normally sub-
sequent to their initial illness. One retarded infant
was picked up during a survey in premature baby
units, and though premature, was normal at birth.
After the first two months of life he suffered from
repeated upper respiratory infections and became
anaemic and very slow in his development.

(c) Cases with other symptoms. 5 patients with
neonatal illnesses without central nervous system
disease or enlargement of the liver or spleen were
found. 3 infants suffered from diarrhoea and failed
to thrive for many weeks, one having a slowly
resolving pneumonia. Another of these infants
also has a cleft palate. A fourth baby had neonatal
tetany. The fifth infant, who excreted CMV
briefly in the neonatal period, was the twin of
another from whom no virus was isolated shortly
after birth. Both suffered from a refractory
anaemia during the neonatal period. After their
initial illness all these infants progressed satis-
factorily and none appear to be mentally retarded.

(d) Infants normal at birth. 14 babies who were
found in routine surveys to be excreting virus
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Collaborative Study
shortly after birth progressed normally during the
neonatal period. These have been followed up for
from 2-26 months, and none have shown any sign
of developmental or physical retardation. One
infant developed a transient scoliosis about the
middle of the first year of life but progressed
satisfactorily before and since. He was the twin of
a macerated fetus which was also infected with
CMV.

During the surveillance of these 36 congenital
cases, 95 of 102 throat swabs and 111 of 118 urines
were found to contain CMV. The failure to
detect virus in 3 throat swabs and 3 urines could be
explained by the time taken for the specimens to
reach the laboratory or by the condition of the cell
cultures used for isolation. The other negative
specimens were from 2 cases of transient excretion
similar to that described by Hildebrandt et al. (1967).
CMV was found in these cases on two occasions in
the first month of life but subsequent samples of the
urine and throat failed to yield virus. The other
congenitally infected infants have all continued to
excrete virus, their ages ranging from 6 months to
3 years when last tested.

Liver function tests were done on at least one

occasion on 18 of the 36 congenitally infected
infants. In the group with central nervous system
involvement, 1 of 2 infants without jaundice had
normal alkaline phosphatase and transaminase
levels when tested at 7 and 19 months of age; in the
other, raised levels returned to normal after a course

of idoxuridine at 5 months of age. In the 3
children with neonatal jaundice the alkaline
phosphatase and transaminase levels were normal
when estimated at ages between 10 and 19 months.
In those with splenomegaly but without central
nervous system involvement, but excluding the
infant with biliary atresia, only 1 of 9 followed up for
periods up to 30 months had continuing raised
alkaline phosphatase or transaminase levels. This
patient was last tested at 5 months of age and then
had a SGOT level of 80 SF units and a SGPT level
of 115 SF units. In the groups with other or no

symptoms 1 of 7 followed up had a raised SGOT
level (90 SF units) at 4 months.

Sera from 18 congenital cases were estimated for
IgG and IgM levels during the first 6 months of life,
the mean age at which blood samples were taken
being 131 weeks. IgG levels were within normal
limits except in 2 cases, both ofwhom had diarrhoea
and failed to thrive. These had levels of 320-440
mg./100 ml. at different times during their illnesses.
One of these also had a low level of IgM (29 mg./
100 ml.) which together with her IgG level was still

low at 8 months of age (IgG 500 mg./100 ml.,
IgM 24 mg./100 ml.). IgM levels ranged from
24-300 mg./100 ml. with a mean of 106 mg./
100 ml. This is higher than one would have
expected in this age-group (McCracken et al.,
1969a). 3 infants whose IgM levels were tested
within the first month of life had levels of 29, 55, and
130 mg./100 ml., the first 2 being symptomless virus
excreters.

(2) Children in hospital found to be excreting
virus. From July 1967 to December 1968, 1395
children admitted to Booth Hall Children's Hospital
and the Duchess of York Hospital for Babies were
examined routinely for virus excretion, throat
swabs and/or urine being tested for its presence.
45 children were found to be excreting CMV, and
the distribution by age and clinical group for which
each was admitted to hospital initially is given in
Table II.
The incidence of excretion rose from 1 8% in the

first 2 months of life to a maximum in the 6- to
1 1-month-old age-group of 6%. It then decreased
to 1 -5% in children over 4 years. Some of the
cases, especially in the younger age-groups, were
probably congenital infections, but the increasing
percentage of excreters with age suggests that most
had acquired infection after birth.

Increased CMV isolation rates apparently
occurred in children with mental and/or develop-
mental retardation (X2 = 10, p = <0.01), feeding
problems (x2 = 10, p = <0 01), and blood dys-
crasias (X2 = 9, p = <0-01). Besides 3 excreters
admitted to hospital because of mental retardation,
5 others, included in other categories, were also
mentally retarded. Thus 180% (8/45) of those
excreting CMV were mentally retarded as com-
pared with 3% for the whole group (X2 = 33,
p = <0 001). 9 children were admitted with
feeding problems and failure to thrive, and behaved
in some ways very similarly to those known to be
congenitally infected. 2 of 3 cases with thrombo-
cytopenic purpura examined were excreting CMV;
the other virus excreter in the blood dyscrasia group
had anaemia.

Besides the cases found during the routine
investigation, 19 other infants or children excreting
CMV were encountered, some in the two hospitals
where the routine survey was carried out and some
elsewhere. 10 were seen because of respiratory
infections, 4 with diseases of the central nervous
system, 2 with feeding difficulties, 2 with non-
specific fevers, and 1 with a rubelliform rash.
Among the respiratory cases excreting CMV were

7 with whooping cough-like syndromes, and 3
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Cytomegalovirus Infection in the North West of England 517

TABLE II
Isolations of Cytomegalovirus by Age and Clinical Syndrome from Infants and Young Children Admitted

to Duchess of York and Booth Hall Hospitals, Manchester, July 1967-December 1968

Age-groups

Syndrome on Hospital Admission Months Years Total (%)

<3 3-5 6-11 1-4 >4

Respiratory disease 3/126 2/79 4/91 2/139 0/14 11/449 (2 2)
CNS disease 0/38 0/23 3/20 2/75 1/12 6/168 (3*6)
Mental and/or developmental

retardation 0/3 0/6 1/7 3/14 0 4/30 (13*3)
Feeding problem, metabolic

disease, etc. 3/44 2/14 2/15 2/27 0/4 9/104 (8 7)
Congenital defects 1/42 0/6 0/7 0/24 0/1 1/80 (1*3)
Gastro-enteritis, etc. 2/100 0/62 1/41 2/51 0/5 5/259 (2 *0)
Blood dyscrasias 0/3 1/1 0/1 2/11 0/4 3/20 (15 -0)
Jaundice 0/33 0/2 0 0 0 0/35 (0)
Others 0/119 2/27 1/25 3/57 0/22 6/250 (2 *4)

Total (NO) 9/508 (1-8) 7/220 (3 2) 12/207 (5 8) 16/398 (4 0) 1/62 (1 6) 45/1395 (3 2)

strains of Bordetella pertussis were isolated from the
4 cases which were investigated for this organism.
Respiratory syncytial virus or one of the para-
influenza viruses, as well as CMV, were found in
6 other cases of respiratory infection.
Among the retarded infants 3 had spastic para-

lysis, 2 showing symptoms only after some months
of life. Other cases with involvement of the
central nervous system included 4 with convulsions
and 2 with pyogenic meningitis. Another child,
aged 16 months, was admitted to hospital because of
loss of weight, apathy, hypotonia, and failure to
progress after measles. After some months, how-
ever, he recovered and appears to be progressing
normally. One boy of 7 years and another of 5
months had retinal and intracranial haemorrhages.
The elder was suffering from concurrent CMV
infection as judged serologically, while the other
was infected at the same time as his symptoms by
an echovirus type 7. These and other cases of
retinal and intracranial haemorrhages associated
with virus infection are being reported elsewhere.
Among the other diagnoses for which children

excreting virus were admitted to hospital were two
urinary infections and single instances of intussus-
ception, leukaemia, battered baby syndrome, and
constipation. One 3-year-old boy was admitted
because of small stature and another 5-year-old lad
had concurrent CMV and toxic epidermal necrolysis
(Ritter's (Lyell's) syndrome). One infant was
found to have a marked scoliosis and hypotonia at
9 months of age; at this time both CMV and polio-
myelitis type 2 were isolated from him. When
seen at 3 years of age he had developed normally
but still had a slight degree of scoliosis.

Four cases excreting virus and which were
considered to have possible but not definite con-
genital infections died unexpectedly. One aged
2 years who was mentally retarded came to hospital
with a history of one fit and had another soon after
admission; he appeared to recover from this
adequately but died suddenly a few hours later.
Another, aged 10 months, who was in hospital
because of intermittent diarrhoea also died un-
expectedly without any obvious cause of death.
2 others, aged 6 and 10 months, were apparently
reasonably healthy but were found dead in their
cots at home. Necropsy material was obtained
from 3 of these cases: 2 showed histological signs
of CMV infection, and virus was isolated from the
cervix of the second 10-month-old infant at
necropsy. The pathological findings on these fatal
cases will be reported separately.
Of 18 cases with acquired infection or not proved

congenital infection who have been followed up for
from 3-20 months (mean 8 8 months), 14 have
continued to excrete virus in the throat and/or urine.
Only 2 appear to have ceased to excrete virus though
2 children who had apparently stopped subsequently
re-excreted CMV. 108 of 123 throat swabs and
138 of 143 urines from these cases yielded virus.
Two cases, both babies of immigrants, being

followed up because of congenital rubella, became
infected with CMV during the first year of life.

Nineteen cases of probably acquired infection
had normal transaminase levels at ages varying from
3 months to 21 years; these children were mostly
tested soon after virus excretion was detected, but
5 have been retested at intervals from 6 months to
1 years after initial virus isolation.
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TABLE III
Cytomegalovirus Isolations in Newborn Babies 1967-69

Group Institution and Date No. Tested No. Yielding IsolationVirus Rate/ 1000

Special care units A Aug. 1967-June 1969 663 5 7*6
B Aug. 1967-Apr. 1969 619 2 3-2
C Aug. 1967-July 1969 423 0 <2 0
D Nov. 1967-July 1969 91 0 -

1796 7 3-9

Normal babies A Aug. 1968-Jan. 1969 932 2 2-1

Babies of unmarried mothers A Feb. 1969-July 1969 212 1 -

B Apr. 1969-July 1969 143 1 -

C May 1969-July 1969 27 1 -

E March 1969-July 1969 72 1 -

454 4 8 8

(3) Incidence of infection in newborn babies.
During various periods from August 1967 to July
1969 throat swabs were obtained from babies in four
special care units, from normal babies born in
hospital, and from babies of unmarried mothers.
The results are given in Table III. The study on
babies of unmarried mothers was done because 7 of
the first 9 congenital CMV infections seen were in
this group. No virus excretion was found among
the babies of the 761 married women among those
delivered from August 1968 to January 1969.
Single samples of throat swabs and/or urines yielded
CMV in 8 of the 9 mothers producing infected
infants who were tested.

(4) Infectious hepatitis. As CMV can cause
liver disease at all ages, urine was collected 6 weeks
after the onset of jaundice from cases notified to the
Manchester Health Department. No virus excre-
tion was found among the 124 from whom satis-
factory specimens were received; most of these were
between 7 and 12, or over 20, years of age. Recently,
one adult with jaundice was found to be excreting
CMV and, together with another case, had sero-
logical evidence of concurrent infection.
The isolation rate of virus from the hepatitis cases

was in contrast to that found in 746 Manchester
schoolchildren between 5 and 6 years old, 5 2% of
whom were found to be excreting virus. The
excretion rate varied from less than 3 to 24- 6% in
different schools, and appeared to be increased in
areas of low economic status.

(5) Adult infection. Investigations so far have
been mainly with children and only a few adult
patients have been investigated. 3 adults in one
family and one adult in another had atypical

glandular fever with illnesses of 2-3 months'
duration and antibody titres of 1/32 to 1/256 in late
convalescent sera tested by the CMV complement-
fixation test. Single urine specimens were only
received from them towards the end of their illness,
and, though no virus was isolated, 2 children in one
family and one in the other were excreting virus.
2 of the children had had a whooping cough-like
syndrome just before the onset of the illness in the
adults while the child in the second family had been
unwell for the same length of time as his mother.
5 patients with polyneuritis were found to be
excreting CMV and to have serological responses
suggestive of recent infection with this virus. 4 of
these occurred in Manchester, 2 being associated
with atypical glandular fever and another with mild
hepatitis. One case was found in Preston, virus
being isolated there by Dr. D. N. Hutchinson.
3 other cases of polyneuritis had serological findings
indicative of recent infection but no virus was
cultured from the urine or throats of these patients
and only from the contacts of one of them. Besides
the 2 adult cases of hepatitis noted above, 4 others
with undiagnosed pyrexia were found to be excreting
CMV and had serological evidence of recent
infection. One girl had a marked eosinophilia, but
its relation to the CMV infection was not clear.

Virus was also isolated from 4 girls on remand
and 4 women attending a special disease clinic.
Virus was isolated from the cervix in 7 of these and
from the throat in one. When virus was found in
the cervix this was either the only site in which it
was present or, if detected elsewhere, was probably
present in the cervix in larger amounts (Walker and
Tobin, 1969). Virus has also been isolated from
the cervix of 6 women attending routine hospital
clinics. Isolation rates in all these three groups

518 CoBaborative Study
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Cytomegalovirus Infection in the North West of England
were between 3 and 4%. Virus was still present
in the cervix for up to 3 months post partum in the
only 2 women delivered of congenitally infected
children who were examined. It was found in the
urine of both and in the throat of one. Virus was
also found during pregnancy in the urine of 3
women and in the cervix of another who were
delivered of normal uninfected children. 2 women
who previously had produced congenitally infected
children subsequently produced uninfected ones.

(6) Serological surveys. Patients of different
ages admitted to hospital, and certain other groups,
were examined for CMV antibody using the com-
plement-fixation technique. In 1967-1968 antigen
was prepared from the Rawles strain and in 1969
from AD169 strain. The results are given in
Table IV.

TABLE IV
Cytomegalovirus Complement-fixing Antibodies by
Age and Occupation, Manchester Regional Hospital

Board Area, 1967 and 1969

Antigen

Age or Rawles (1967) AD169 (1969)
Special Group

No. % No.
Tetd With

Tetd With
Tested Antibody Tse Antibody

<3 mth. 50 54 67 54
3-11 mth. 71 6 65 12
1-4 yr. 85 12 12 12
5-10 yr. 50 18 60 18
11-20 yr. 58 33 96 36
21-35 yr. 79 53 81 68
36-50 yr. 66 55 29 74
> 50 yr. NT NT 25 72

Antenatal patients 181 56 174 59
Blood donors 25 72 75 51
Laboratory

technicians 19 32 NT NT
Pupil midwives 48 36 26 38
Nurses NT NT 69 49
Girls on remand NT NT 42 67

NT = not tested.

After the disappearance of transferred maternal
antibody after 3 months, up to 12% of infants
became infected in the first year of life, and by the
time children left primary school this figure had
risen to 18%. The percentage with antibodies
then increased steadily up to the age of 35, after
which it tended to remain stationary. The
percentage of those with antibody in the special
groups fitted in with this general pattern. The
raised percentage of those with antibody among
15-18-year-old girls on remand could reflect as

much their socio-economic background as a higher
rate of recent infection among them.
Of 11 cases of congenital infections in whom

blood was obtained in the first 6 weeks of life,
7 failed to fix complement with antigen standardized
against adult serum, complement-fixing antibody
only appearing in these infants after some weeks.
The mothers of these 11 children all had antibody
levels of 1/64 or more during the immediate
post-natal period. Once complement-fixing anti-
body had developed, it persisted for 12 months or
more in all except one of those followed up. In the
exception, complement-fixing antibody disappeared
between the 10th and 18th months of life. In 2
where virus appeared for only a short time during
the first month of life complement-fixing antibody
did not develop. In a child of 2 years with throm-
bocytopenic purpura no complement-fixing antibody
was detected, though virus excretion continued for
the 18 months he had been observed.

Serological studies on 12 children receiving blood
from a total of 103 donors during and after open-
heart surgery indicated that 5 had acquired a
subclinical infection with CMV.

Follow-up was made of 170 women without
complement-fixing antibody for infection during
the second and third trimesters of pregnancy, but
none developed antibody. 35 women undergoing
spontaneous abortion were bled on admission to
hospital and 6 weeks later; 2 showed significant
rises in titre to CMV.

Discussion
The results of both virus isolation and serological

studies show that CMV infection is as widespread in
Manchester as it is in London, though the incidence
of virus excretion does not seem as high as that
found by Stem (1968a) among children in hospital.

Originally the congenital disease was considered
to be always serious, but our limited experience
suggests that the majority of congenital infections
do not produce any obvious clinical signs, and only
in a minority of cases do they present with the
classical syndromes. Those infants bom with
signs of central nervous system disease remain
severely affected, but those with hepatospleno-
megaly and other symptoms of extraneural disease
have progressed more satisfactorily than anticipated.
Only 2 of the 30 congenitally infected babies who
did not show central nervous system symptoms
during the neonatal period have developed signs of
mental retardation. 24 of these subjects have been
followed up now for over a year and 10 for over
2 years. Liver function tests have returned to
normal in those with neonatal jaundice who were
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Collaborative Study
followed up for 6 months or more. Long-term
observation will be necessary to see if the late
subjective defects suggested by Hanshaw (1966)
develop. 9 of 20 congenital cases found in Mel-
bourne by Jack et al. (1967) did not become retarded.
Starr and Gold (1968) found that 7 of 8 infants
shown to be excreting CMV within 30 days of birth
were apparently normal during the neonatal period,
as were 4 of the 6 cases reported by Hanshaw,
Steinfeld, and White (1968).
There was no apparent connexion between

birthweight and severity of disease. About a third
of our congenital cases had birthweights of less than
2 5 kg., and these were usually associated with a

gestation of less than 40 weeks.
Deafness in congenital infection has been noted,

and 3 of our subjects may have some defect in
hearing. Cleft palate was seen in 2 of the cases

of probable deafness. Lesions of the first embry-
onic arch have been considered as possible defects
due to CMV infection (McCracken et al., 1969b).
Heart defects have been attributed to CMV infec-
tion but only in one of our congenital cases has any
such lesion been found (Benyesh-Melnick, Mirko-
vic, and Rosenberg, 1966). One case had bilateral
inguinal hernias (Lang, 1966).
No definite clinical picture was found to be

associated with CMV infection among the excreters
in the children's hospitals and its exact role in each
individual patient's disease was difficult to assess.

In many of the respiratory syndromes, other agents
such as Bordetella pertussis and viruses were found
and were the probable aetiological agents for the
symptoms causing admission to hospital. In other
cases, such as those with intracranial and retinal
haemorrhages, the joint effect of CMV and another
virus may have caused the syndrome. CMV could
have been the cause in those cases which failed to
thrive or had feeding or other digestive difficulties,
or which developed more slowly than expected.
The incidence of mental retardation among the
virus excreters in hospital (18%) was higher than
that for this group as a whole (3%), and the probable
importance of this virus as a cause of mental
retardation has been stressed by Hanshaw (1968)
and by Stern et al. (1969).
Though acquired CMV infection has been

described as causing hepatitis we found only 3 cases

of acquired infection with jaundice, all being
adults. We did not find any CMV excreter among
124 patients clinically diagnosed as suffering from
infectious hepatitis, or among 31 cases admitted to
the Duchess of York Hospital Special Care Unit
with neonatal jaundice and which were examined
routinely during the period of this study.

Polyneuritis associated with CMV has been
described by Klemola et al. (1967) and Ironside and
Tobin (1967) and a further probable 6 cases of this
syndrome have been found in the North West.
These will be reported in a separate communication.
A few serial titrations of virus in congenital cases

have shown a constant level of virus excretion
(Barton and Tobin, 1970), and in others the time of
appearance of the typical cytopathic effect in the
same line of cells was very similar with different
specimens received from the same patients at
intervals up to 3 months. In adults, virus excretion
was much less, virus being found perhaps more
readily in the throat during the first few weeks of
illness; urine excretion has continued for periods up
to a year or more in the few clinical cases followed
for this time. As the amount of virus in the urine
in adults is often low, intermittent negative results
will be obtained unless optimum conditions for
virus isolation are maintained.
Of the congenitally infected infants, 58% and of

the acquired infections 59% were male. A male
predominance in CMV cases has already been
stated by McCracken et al. (1969b). However, in
the serological studies, no male predominance at any
age was noted, and in the symptomless congenital
infections there were more females than males.
The number of sudden deaths, i.e. 4 of 64

(6 *3%) excreters, was above the death rate (<0 *8%)
expected in this age-group in the area (X2 = >30
p = <0 001) (Registrar-General's Return-Man-
chester, 1969). Though signs of CMV infections
were found at necropsy in 2 of the 3 examined,
these were minimal. On the other hand, the cause
of death in these cases was not explained satisfactorily.
Rising titres in 2 women undergoing spontaneous
miscarriages indicate that CMV may play a causal
role in some abortions, as suggested by Diosi et al.
(1967), as well as being an occasional cause of still-
birth and death in the neonatal period.

Risks to midwives and nurses are not considered
to be very high, and so far in our experience the
few non-immune nurses known to be exposed to
intimate contact with babies excreting large amounts
of virus have not been infected. We have been
unable to isolate CMV on 5 of 6 occasions from
nappies of babies excreting CMV in the urine at
concentrations up to 106 virus particles/ml. urine,
by either swabbing or wringing out the nappies by
hand. However, 1 of 48 pupil midwives tested
during a 6-month training course became infected,
and may have picked up her infection in hospital,
though there was no evidence for this.
The incidence of congenital infection among

infants in hospital varied considerably but never
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Cytomegalovirus Infection in the North West of England
reached the high proportion that Stern (1968a)
found in a small series in London. Initially our
highest incidence was 1/50 among babies of un-
married mothers, but as the studies progressed this
incidence dropped to 1/114. The over-all incidence
of congenital infections in our survey from August
1968 to January 1969 in married women was less
than 1/700, as the infected infants found were born
of unmarried mothers. The rate of congenital
infection in babies of unmarried mothers was thus
at least six times that in those of married women.
If our figures are typical of the country as a whole,
up to 1,000 congenitally infected infants should be
born to unmarried mothers, and if one assumes a
similar number to married mothers there should be
up to 2,000 congenitally infected infants born
annually in Great Britain. Of these congenitally
infected infants 200 could be mentally retarded.
The Manchester incidence of antibodies at

different ages was found to be similar to that found
in London by Stern and Elek (1965) and somewhat
higher than that found by Jack and McAuliffe (1968)
in Melbourne, and Hanshaw (1968) in Rochester,
N.Y. Up to 12% of children become infected in
the first year or so of life, but most infection occurs
later in adolescence and early adulthood. The
isolations of virus from schoolchildren indicate that
early infection is most prevalent in Manchester
among the lower socio-economic groups. ' We have
no evidence that this applies to adult infection. A
large proportion of women (43%) in Manchester
enters the child-bearing period susceptible to CMV,
whereas only a few (6%) are susceptible to rubella
(Public Health Laboratory Service Rubella Working
Party, 1967).
The steady increase in those with antibody from

adolescence up to the age of 35 does not necessarily
indicate a regular 2% infection rate per year among
adults. The difference in the rate of congenital
infections in babies of married and unmarried
women, the lack of infection in the women
attending the antenatal clinics, the lack of trans-
mission of virus from congenitally infected babies
to susceptible nurses, and the observation that most
of our adult cases of clinical infection were in
'unattached' people without contact with infected
children, suggest that CMV infection needs close
contact for its spread and should be included among
the 'kissing' diseases. As only 18% of primary
schoolchildren have had experience of CMV, much
of the adult infection must be from adult to adult.
From family studies under way it appears that if
children are infected with CMV their parents
usually, but not always, have antibodies, but an
infected parent does not necessarily mean infected

children in the family. Infection is less likely to
occur in stable married people, especially during
pregnancy, than in the unmarried, the former being
mainly at risk from their children, while the latter
are free to change their intimate friends as often as
they like.
From antibody studies at different ages (Holzel

et al., 1953; Pereira, Blake, and Macrae, 1969) with
viruses of the herpes group associated with oral
transmission of virus, it appears that herpes simplex
virus is acquired more easily than EB virus, and EB
virus than CMV. If close contact is necessary for
transmission of CMV our epidemiological studies,
together with some clinical and serological evidence,
suggest that maternal infection in the first 4 months
of pregnancy is necessary to produce a congenitally
infected infant with prolonged CMV excretion.

Alexander (1967) showed that among women in
Taiwan there was a high incidence of cervical
excretion of CMV. Our investigations also show
that virus can be found in the genital tract of a
proportion of women. Whether these are inter-
mittent infections of long standing as Alexander
suggested, or recent infections, has not yet been
determined. Infection of the cervix probably
occurs in both the congenital and the acquired
disease at all ages, but whether recurrence is
associated with infection early in life has yet to be
ascertained. Recurrent cold sores due to herpes
simplex virus are more likely to follow primary
infection in childhood than in adulthood (Dr. M.
Longson, personal communication). Certainly the
rate of cervical excretion in Taiwan (18%) and in
the Manchester area (3-4%) appears to parallel
the incidence of infection early in life. Recurrent
virus excretion in the cervix might act occasionally
as a reservoir of infection among adults, and its
presence in the genital tract might explain in part
the increased incidence of congenital infection
among offspring of unmarried parents.
The serological indication of acquired CMV

infection in children receiving blood transfusions
during heart operations suggests that in the Man-
chester area about 5% of donors are CMV carriers
and can transmit the virus to recipients. Usually,
as in our cases, the infection is subclinical but can
occasionally cause clinical disease (Lang and
Hanshaw, 1969). Our rate of CMV infection after
transfusion is similar to that noted in Bristol
(O. Caul, P. J. Conway, M. Mott, and T. G. M.
Perham, personal communication) and elsewhere
(Diosi, Moldovan, and Tomescu, 1969).
Our views on the epidemiology of CMV infection

in Manchester are based on circumstantial evidence
from a very limited experience, and further work
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is in hand to substantiate or refute them. Besides
the importance of CMV in congenital infections, it
can occasionally cause severe acquired disease, and
may be transmitted by blood transfusion, or
reactivated by malignant disease, immunosuppres-
sive therapy, and other procedures. Further
study on this widespread infection is obviously
necessary.
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advice at the beginning of this study and for supplying
strains for preparation of complement-fixing antigen,
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