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During the two world wars there was a great increase
in consumption of tobacco, presumably related to the stress
and boredom of the times. General Pershing is said to have
cabled his government: 'Tobacco is as indispensable as
the daily ration; we must have thousands of tons without
delay.'

In one survey about ha,Jf those who had stopped
smoking con idered that their health was better. About a
third admitted ,to gaining weight, or a feeling of irritation,
boredom, or inability to relax. Such symptoms are only
transitory.

The report considers that cigarette smoking is the most
likely cause of the recent widespread increase in the inci
dence of bronchial carcinoma, that it is an important
predi posing factor in the development of chronic bron
chitis, that it may be pantly responsible for the continuing
morbidity from pulmonary tuberculosis in elderly men,
that it probably predisposes to coronary artery disease
especially to its more serious effects, and <that it is cer
tainly harmful ,to people with symptoms caused by
arteniosclerotic disease in the heart or ex'tremities. While
not believed to play a ~ignificant part in causing peptic
ulcers, rit clearly had an adverse effect on .their healing.
Further damage from smoking may Ibe its contribution ,to
the causation of cancer of the mouth, pharynx, oesophagus,
and bladder.

The estimates of relative risks by smokers and non-
mokers are interesting, and based largely on the prospec

tive study of Doll and Hill,' who observed 25,000 doctors
over a period of 8 years. The ofesults may actually be an
underesUimation of the I'isk applLica,ble rto the general
population, since doctors are far less likely to die from
bronchitis than are other males in the population of
England and Wales. It is calcula.ted ,that between the ages
of 35 and 45, heavy cigarette smokers have more than four
times the death rate of non-smokers; the difference lessens
with age, but remains considerable at all ages. Secondly, a
man's fractional risk of dying during the <ten-year period
between the age of 35 and 45 is I in 23 for a heavy smoker,
but only I in 90 for a non·smoker. The report points out
that the main objection Ito these assessments is that the ex-

cess deaths in smokers is not necessarily entirely caused by
the smoking. In other words, there may be other deleterious
factors in the ca e of smokers which would not be affected
whether rthe habit was continued or not. That these factors
cannot be more than part of ,the story is indicated by the
finding Ilhat the risks of an ex-smoker, who has discon
tinued the habit for 10 yea,rs, are considerably less than
those of a continuing smoker.

In a consideration of possible preventive measures it
is noted that it is impossible to distinguish those smokers
most liable to suffer ,ill-effects, except possibly that a
'smoker's cough' may presage more severe lung disease.
Consequently, any valid preventive measure must be
generally applicable. It is poss-ible for more effective fil
'tration of smoke to be produced by more effective filter
tips to cigarettes; the difficulty here ,is however <that a
better filter implies also a greater resistance to air-flow
and less easy acceptance by the public.

Modifications of tobacco are.a.t present Iargely unsa,tis
factory. Some strains of tobacco contain far less nicotine
than others, but the part played by nicotine in cigarette
morbidity is doubtful. The ,tar of ,the cigarette and, pre
sumably, its carcinogenic content can be reduced by special
treatments, but this possibility has not yet been properly
exploited by the manufacturers.

The report suggests tha,t only one half of a cigarette
should be smoked - but it does not comment on the
financial implications of this p£'acltice. Smokers might also
be encouraged to revert from cigarettes to pipes or cigars,
and to help- any such propaganda ,to be successful the
government might consider a Mferential increase in taxa
tion ,on cigarettes together with its reduction on cigars and
pipe tobacco. General discouragement from smoking is
plainly important, but despite cer,tain attempts in this
direction the consumption of cigarettes has continued to
rise markedly in Britain in recent years.

There is no reason ,to believe Ilhat the findings of this
report do not apply to this country.

I. Ray. Call. Phys., Land. (1961): Smoking and Health. London: Pitman
& Co.

2. Doll, W. R. and Hill, A. B, (1956): Brit. Med. l., 2, 1071.
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GENERAL REVIEW

The inclusions of cytomegalic ·inclusion disease were first
described in 1904 by lesionek and Krolenenglou,l who
observed them in the kidneys of a stillborn infant. In the
same year, Ribbert 2 reported that he had first observed
similar inclusions in the kidneys of a newborn infant in
1881 and had ubsequently ob erved them in the parotid
glands of 2 older infants. Since then it has become
apparent that this type of ,inclu ion is not infrequently
found in the salivary glands of infants and young children.

They 'have been reported to be present in 10 - 32% of
infants regardless of the cause of death. They were less
frequently found in organs other than the salivary glands,
but even so their presence has been noted in from 1 to 2%
of routine series of autopsies on infants. Most early
workers regarded the inclusions as some form of protozoal
parasite and as an incidental finding in infants dying from
various other causes. Many of the early cases in which
there was generalized distribution of these inclusions were
regarded as examples of congenital syphilis.
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In 1921 Goodpasture and Talbot" observed inclusion cell in
the lungs, kidneys and other organs of a child dying of
bronchopneumonia at 2 months of age. This infant, the fourth
in the family, was markedJy anaemic at birth. The mother
Slated that the second and third children had died at about the
same age of a similar condition. Goodpasture and Talbo1,3 in
1921, and Jackson,' in 1922, drew attention to !!he close
resemblance of these inclusion cells to the affected cells in
salivary-gland di.sease of guinea-pig which Jackson had
described in 1920, and also recalled that Tyzzer had described
intranuclear acidophilic bodies in cases of varicella.

In 1925 van Glahn and Pappenheimer6 described the charac
teristic cells in me intestines, lung, and liver of an adult who
had died of ulcerative colitis, liver abscess, and pneumonia.
In 1930 Pearson7 drew attention to the cytoplasmic inclusions
which had been noted previously, but were otherwise rather
ignored in these cases. In 1932 Farber and Wolbachs described
these inclusion bodies in the salivary glands of 22 of 183 infants
between 2 days and 17 months of age. Of these, 2 had con
genital syphilis and 1 had measles, 2 were aLo siblings, the
elder dying of haemorrhagic disease, the younger of erythro
blastosis foetalis. Since then the same type of inclusion has
been recorded in haemolytic disease of the newborn by
Wanstrom9 in 1933, Andrews aI!d Miller'° in 1935, Vidarill in
1940 and Kinney12 in 1942, who al 0 found them in 4 children
with whooping cough.

Virus Aetiology
In 1947 Cappell and MacFarlane13 described the first 2 cases

of the condition to be recognized in Britain. These were 2
infants who had died of haemolytic disease of the newborn.
In both, widely distributed intranuclear and cytoplasmic in
clusion bodies were found. They described these in detail.
A notable feature was the failure to detect the characteristic
morphological changes in cells other than those that function
as epithelium. In their discussion of the nature of me causal
agent, Cappell and MacFarlane noted that the lesions are
identical morphologically with those attributed to the action
of the salivary-gland virus of rodents. By analogy, they
suggested that the widespread lesions of infants are probably
caused by dissemination of a human strain of salivary-gland
virus. They noted further that, although their 2 cases were
diagnosed as haemolytic disease of the newborn, iso-immuniza
tion of the mother by any of the known blood-group antigens
carried by the foetus had been excluded in both cases.

In 1950, Wyatt and his colleagues" reported a study of
6 cases of inclusion disease and fully reviewed the findings
in previously reported cases. 1'hey concluded that the
aetiological agent of the disease is a specific virus which
per se is a common cause of foetal and infanWe death,
and that the morphology and cytology of the inclusion
bearing cells is pathognomonic of the disease. They al 0

noted that the clinical and pathological pictures are
variable, depending on the intensity of viral activity in
different organs and tissues. In uncomplicated cases death
may result from viral pneumonia, viral nephrosis, viral
hepatitis, viral enteritis, and presumably from other
mechanisms. In 2 patients viral hepatitis caused cirrhosis
of the liveL

In one patient with a clinical picture of diarrhoea,
ulcerative enteritis associated with characteristic inclu
sions was found, and in another the alterations were
characteristic of a viral encephalitis. Since the infection
occurs during intra-uterine life, it was suggested that it
may be an unrecognizable cause 'of foetal abnormalities
and early foetal death. Exfoliative cytological studies of
the urine were suggested as a possible method of ante
mortem diagnosis, because of the frequent ma sive desqua
mation of inclusion-bearing cells into the renal tubules.

Wyatt et al." pleaded for an investigation of thi Im
portant di ease by modern virological meth ds.

In December of the same year (1950), another ompre
hensive re iew by Margaret Smith and ellio 10 appeared.
They, too, noted that the human disea e had not been
transmitted to experimental animal, nor had a viru been
demon trated by the inOCUlation of embryonated egg or
ti ue cultures. However, they con idered that the intra
nuclear and cytopla mic inclu ion peculiar to thi di ea e
were comparable to those a ociated with known viral
infections of man and lower animals, and uggested that
the irus concerned wa the alivary-gland virus.

They presented 20 cases of inclusion disea e of infants
and children. In 3 in tances the disease wa ob erved in
infants dying in the neonatal period. In addition, they
reviewed the finding in the previously reported 69 ca es,
and noted that generalized salivary-gland viru infections
occurred in the majority of instances during the fir t 2
years of life. The infection may occur in Ulero without the
mother howing any evidence of infection. Death from
the uterine infection may occur in liTera or in the neonatal
period.

In infants under 2 months of age, the most frequent
clinical and anatomical manifestations are those of a
blood dyscrasia or of hepatic damage. However, the
character of the disease may vary, since the viral infection
may involve with variable intensity many organs of the
body, including the liver, lung, kidney, brain and intes-
tines. '

In children over 2 months of age, inclusion di ease was
associated with diver e clinical hi tories and anatomic
changes. At times it may be the principal di ea e, more
often it is as ociated with another primary disease and
plays only a minor role in the child' illn . Smith and
Vellios noted, but left unexplained, the as ociations of
pertus IS and generalized salivary-gland virus infection in
approximately one-third of the cases including their own
series.

The disea e has been reported in 5 stillborn infants, and
was presumably a major factor in the til Ibirth. Approxi
mately three quarter of the 9 ca es analy ed by Smith
and Vellios involved infants 2 year old or younger. Only
1 child was over 5 years of age. Twenty-one infants died
within the neonatal period of I month, 9 died on the
first day of life, and others within the fir t 2 weeks. In
their own series of 1,41 I autopsies of infants and children
at St. Louis Children's Hospital, they found 15 cases, an
incidence of slightly over 1%. Wyatt and his as ociates
noted an incidence of 1·1 ~o in autop ies of 461 infants
and children from other St. Louis ho pitals.

Only 3 cases of generalized inclusion di ea e in adults
have been reported. In addition 6 adult cases of local
lesions, including ulcers of the oesophagu and stomach,
and a granuloma of the anus, ha e been described.

Diagnosis during Life
Following up the uggestion of Wyalt and hi associates that

it might be possible to make a clinical diagno is in inclusion
disease by the identification of typical inclusion-bearing cell
in cytological preparations of urine, FetlermanlO reported the
finding of typical inclusion-bearing ceUs in the urine of a
2-day-old premature infant. Thi infant was admitted to hos
pital presenting with jaundice, purpura, hepatomegaly and
plenomegaly. There was no Rh in ompatibiJity, the Coombs'
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test was negative and serological' tests for syphilis were
negative. X-ray films of the skull revealed cerebral calcifica
tion outlining a portion of the ventricular system. Examination
of smears made from a specimen of urine revealed several
inclusion-containing cells. A typical example of these showed
a large intranuclear inclusion in an enormously hypertrophied
cell. The infant died at 4 days of age of generalized inclusion
disease. Typical inclusions were found in sections of brain,
pituitary gland, thyroid gland, lung, liver, pancreas, and
kidneys, thus corroborating the diagnostic value of the finding
of the cells in the urine.

Margileth,17 in 1955, reported the fourth case of cytomegalic
inclusion disease up to that time which had been diagnosed
before death, the diagnosis being made by the finding of
cytomegalic inclusion cells in the urine. This patient was a
premature infant weighing 5 lb. 4 oz. at birth. The infant had
a fair cry and respiration were established within 1 minute,
but it was noted to have many areas of purpura, haemorrhagic
macules and petechiae over the face, extremities, and trunk.
The placenta and amniotic membranes were normal. Within
12 hours of birth definite icterus had developed. The liver was
palpable I cm. below the costal margin, and the spleen was
2 cm. below the costal margin. Otherwise the baby appeared
to be normal.

This baby's case was followed for 15 months. A moderate
haemolytic anaemia developed during the first 2 weeks of life.
At 15 days of age the patient had a severe cerebral
haemorrhage which was almost fatal. Treatment with cortisone,
5 days of oral cortisone followed by intramuscular cortisone
in a dosage of 10 mg. every 12 hours, resulted in dramatic
improvement.

THE VIRUS OF CYTOMEGALIC INCLUSION DISEASE

Cytomegalic inclusions have been observed in the tissues
of animals of a number of species. In each case the virus
has proved .to be species-specific. The salivary-gland virus
of rodents is of low virqlence. Usually, no apparent disease
is produced in rodents inoculated with the homologous
virus, but inclusions are found in the salivary gland and
in the immediate site of inoculation. However, by intra
cranial inoculation in young animals, fatal disease can
often be produced. The infection can be transmitted in
definitely rn senies, and the infective agent has <the proper
ties of a virus, which it undoubtedly is. In 1954 Margaret
Smith'S reported the successful culture of the virus of
salivary-gland disease of mice. She observed cytological
changes, including large intranuclear inclusions, in cul
tures of mouse tissue inoculated with a suspension pre
pared from salivary glands of mice infected with the virus.
These changes also occurred in 2 serial subcultures. After
3 serial passages of the agent in cultures, the disease was
reproduced in mice by intraperitoneal inoculation of the
supernatant fluid from the cultures. Titration of virus in
the cultures showed a significant increase.

The successful culture of the virus of human cytomegalic
inclusion disease was then reported in rapid succession,
but independently, by Rowe and his associates,'" by
Margaret Smith:o and by Weller and his associates."

Rowe and his associates' • reported the isolation of 3
strains of a virus which produced intranuclear inclusion
bodies from spontaneously degenerating cultures of human
adenoids. One strain was studied in detail and appeared
to be closely related to, or identical with, viruses isolated
in other laboratories from a human salivary gland and a
patient with cytomegalic inclusion disease.

The adenoids were obtained from children undergoing
ton illectomy-adenoidectomy at the Children's Hospital,
Washington, and the Clinical Center of the ational Insti-

tutes of Health. The 3 strains were recovered, respectively,
from adenoids taken from an ll-year-old boy, a 7-year
old girl, and a 6-year-old girl. From each of these patients,
after an incubation period of 22 - 51 days in culture, an
adenovirus was isolated. From each, after an incubation
period of 71, 64 and 34 days in culture respectively, 1
culture in each set showed focal areas of degeneration in
the fibroblasts. The changes consisted of sharply demar
cated, smoothly outlined, oval or round cells. As the foci
enlarged, the central cells became necrotic and densely
pigmented, eventually leaving a granular mass surrounded
by a thin border of rounded cells.

After the fourth passage the incubation period shortened
markedly and the virus passed well subsequently. Cyto
pathogenic changes were produced in all types of human
fibroblast cultures tested, ·including tonsils, adenoids, fore
skin, and embryo skin-muscle. Preparations stained with
haematoxylin and eosin showed that numerous cells in 'the
foci contained large eosinop~l intranuclear inclusion
bodies with margination of chromatin and halo formation.
In cultures containing epithelium and £ibroblasts, the
epithelium remained unaffected, except in rare instances
when cells immediately adjacent to affected fibroblasts
underwent clumping and inclusion-body formation.

Cytopathogenic changes were not induced in cultures of
HeLa cells, KB cells, monkey kidney, or rabbit trachea.
Adult and suckling mice injected intracerebrally and intra
peritoneally, and rabbits inoculated intradermally and on
to the scarified cornea, showed no sign of illness. Infec
tivity was destroyed by exposure to 20% diethyl ether
for 2 hours. The virus did not withstand storage for a
week at 4°C. and much v,irus was lost after quick freezing
and storage at -20°C. Slow freezing with storage in dry
ice appeared more satisfactory for virus storage. Tests to
detoot complement-fixing and neutralizing antibodies were
carried out, and these revealed that antibodies were present
in a high proportion of normal sera.

At the same time, Margaret Smith'o reported on the
isolation of a cytopathogenic virus inducing large intra
nuclear inclusions, like those occurring in salivary-gland
virus disease, from each of 2 infants. In both, the virus
had been propagated serially in cultures. of human fibro
blasts derived from uter.ine tissue. She concluded that the
distinctJive cytopathogenic effect and the appalfent species
specificity, together with the isolation of each of the
viruses from human tissue which contained the charac
teI1istic inclusions of salivary-gland virus disease, was
evidence that these viruses were strains of cytomegalic
inclusion disease.

Finally, Weller and his associates," who had previously
reported briefly on the isolation of the agents, described
in detail their studies of the viruses isolated' from 3
infants during life.

Viruses Isolated during Life
The first patient, admitted fo hospital when 3 months old,

presented with jaundice, hepatosplenomegaly, periventricular
cerebral calcification, bilateral optic atrophy, and 1 area of
chorioretinitis. The urine contained a few white cells, but no
inclusion bodies were demonstrated. A liver biopsy was
performed and a 20% suspension in physiological saline was
prepared and inoculated in 0·2 ml. amounts into cultures of
human embryonic skin-muscle tissue. A cytopathogenic agent
was recovered. Histopathologic examination of the liver biopsy
showed diffuse alteration of architecture, with extensive bile
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tasis many degenerate hepatic cell, and scattered multi
nucleate giant cells. There were focal areas of erythropoiesi
and numerous mononuclear inflammatory cell in the portal
area. Few large cells of cytomegalic type were found. Eight
months later hepatosplenomegaly was still present, but the
infant appeared well nourished.

In the second case, petechiae, jaundice and hepatosplenome
galy were noted 8 hours' after birth. There was no evidence
of Rh or major blood-group incompatibility. In films made
from the urine on the 5th and 8th days of life, large epithelial
cells, containing multiple, round, homogeneous, brightly
eosinophilic, cytoplasmic inclusions, were observed. 0 intra
nuclear inclusions were seen.

A liver biopsy was taken on the 25th day of life. Foreskin
cultures inoculated with a 10% suspension prepared from the
liver biopsy, developed focal degeneration. Histological
examination showed preservation of lobular pattern, but loss
of cell-cord pattern with formation of many large multinucleate
giant cells. Rare foci of liver-cell necrobiosis, and a diffu e
inflammatory reaction, consisting of mononuclear cells,
eosinophils, and polymorphonuclear cells, were present
throughout the parenchyma and in the portal tracts. No cells
with intranuclear inclusions were seen. The picture was identi
cal with that of neonatal hepatitis described by Craig and
Landing.

Two foreskin cultures inoculated with urine collected on the
36th day of life developed characteristic cytopathic changes.
At the age of 2 months this baby appeared normal except for
the persistence of hepatomegaly, yet virus was again recovered
from urine collected on the 91st day of life.

The third patient, a baby, was found to have hepatosple
nomegaly and periventricular cerebral calcification at the
age of 6 weeks. Subsequently progressive chorioretinitis
developed. Cytomegalic inclusion cells were demonstrated in
the urine on several occasions, and specific changes developed
in foreskin cultures inoculated with a specimen of urine for
warded in melting ice.

In a study of the cytopathic range of the virus isolated from
the first patient, it was found that focal or generalized
cytopathic changes developed in fibroblasts derived from
human foreskin, from human embryonic skin muscle or lung
tissue, and in a cultured line of fibroblasts. Similar changes
occurred in cultures of human cells and in the outgrowth from
human testicular tissue. The inoculation of cultures of human
epithelial cells of various types was not immediately followed
by the development of overt cytopathic changes. In stained
preparations changes could be demonstrated in some instances.
The marginal cells of plaques of squamous epithelium, in
contact with affected fibroblasts, often showed changes with
intranuclear inclusions.

TO evidence of growth was seen in cultures of mouse and
of chick embryonic tissue, or in cultures of monkey kidney
and rabbit testis. No evidence of illness was produced in
rabbits after intravenous inoculation, or in newborn mice after
intracerebral and intraperitoneal inoculation.

Heating a cell-free suspension of virus for 30 minutes at
56°C. resulted in complete loss of infectivity. Frozen at
-50°e., infectivity appeared to be well maintained.

Examination of stained preparations revealed a marked
alteration of nuclear structures. The earliest change consisted
of the presence in the nucleus of 1 - 4 minute granular bodies
staining amphophilic or weakly eosinophilic. In nuclei in which
slightly larger inclusions were present there was loosening and
coarsening of the chromatin reticulum. Some of the larger
inclusions appeared to be composed of masses of small particles
of this nature. In the paranuclear position there was an oval
zone where the cytoplasm stained more eosinophilic and
appeared to be composed of a mass of fine granules. Infected
cells, apparently about to undergo dissolution, were often noted
to contain one or several large, round, amphophilic to eosino
philic cytoplasmic inclusions.

These viruses differed from the herpes virus in that they did
not induce the rapidly spreading cytopathic changes observed
with herpes virus and also failed to produce illness in newborn
mice. Furthermore, antisera from patients convalescent from
herpes simplex infection failed to neutralize the strain of virus
isolated from the first case (Davis). The foci of cytopathogenic

change produced by these agents are more prominent than
those seen with varicella virus. 0 neutralizing antibody to the
Davis train was found in 6 ra known to contain varicella
antibody. These agents are apparently related to those isolated
by mith and by RO\ e and his co-workers. It also appears that
these agents are common associates of man.

Weller concluded that the aetiological import of the isolation
of these agents during life cannot be defined at pre ent.

STUDIES IN OUTH AFRIC

About 2 year ago, a y tematic study to define the inci
dence and importance of cytomegalic inclu ion di ca e in
thi region was undertaken in collaboration with the staff
of the Transvaal Memorial Hospital for Children. A
watch was kept by one of us (I.K.) for po sible ca es of
cytomegalic inclusion disease among the newborn babies
and the infants under 2 years of age admitted to the
hospital. In particular, infants presenting with jaundice
or other signs of blood dyscrasia and enlarged liver and
spleen were suspected of being sufferers from thi con
dition. These patient were ubjected to the usual detailed
clinical and c1inico-pathological examination. In addition,
urine was collected under uitable conditions for pecial
study for evidence of infection with the cytomegalic inclu
sion disease virus. A part of the sample was preserved by
the addition of 1 m!. of 10% formalin to 9 ml. of urine.
The rest was sent untreated to the laboratories of the
Poliomyelitis Research Foundation for an attempt at the
isolation of virus. It was stored at -20°C. until this could
be done.

Direct-examination Methods
The sample preserved with formalin was centrifuged

and films on clean glass slides were prepared from the
deposit for microscopic examination. These film were
fixed for 20 minutes by immersion of the glass slides in a
mixture of equal parts of ether and 95% ethyl alcohol.

,They were then stained with haematoxylin and eo in and
mounted under a coverslip in DPX.

They were examined under low power, high power and
oil immersion for cells resembling those of cytomegalic
inclusion disease. If these cells were detected or there wa
reason to suspect, from the appearance and nature of the
cells, that the patient might have cytomegalic inclusion
disease, the other specimen, or preferably and usually a
freshly collected specimen, was inoculated onto appropriate
tissue-culture tubes.

Tissue-culture Methods
The studies of Rowe et al., Margaret Smith, and Weller

et al. had shown that this virus produced little or no
cytopathic effect in tis ue cultures of human epithelial
cells, but did so in cultures of human fibroblaslS. The
strains they studied also produced no effect in cultures of
various monkey tissues or in cultures of ti ues from other
animals. It was decided, therefore, to attempt the culture
of the virus on cultures of uterine-muscle tissue and on
cultures of fibroblast-like cells establi hed in the cour e of
other work. Arrangements were made with the Depart
ment of Ob tetric and Gynaecology of the University of
the Witwater rand and also with Dr. . de la Hunt for
a supply of ti ue from patients subjected to hysterectomy.

The uterus was sent immediately after operation to the
laboratory, where suitable segments of tissue were removed.
These were minced finely with scissors and were then
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trypsinized in 0'5% tryp in prepared as described by Dulbecco,
for 3 hours, during which the tissue was agitated with a
magnetic stirrer. The ti ue was then spun for 5 minutes at
1,500 Lp.m., the supematant decanted and the cells washed
3 times in Connaught medium 199. The cells were then sus
pended in a medium consisting of Connaught 199 and 20%
human serum, and tissue-culture tubes were prepared. For the
maintenance phase Connaught medium 199 and 5% bovine
serum were used.

Two cell lines derived from eye tissue and established by
Mr . E. Outhbertson, were also used in this study.

The first was derived from a human embryo eye received
from Dr. H. H. Malherbe on 12 June 1959. This was minced
and planted in clot culture prepared with fowl plasma and
chick-embryo extract. On 18 June a good outgrowth of cells
was apparent. The culture was then trypsinized and planted
onto fresh tubes. Since then, weekly trypsinizations have been
done and subcultures prepared from the resulting suspensions
of cells. For the planting and outgrowth phase, Connaught
medium 199 and 20% human serum, and for the maintenance
phase, Connaught medium 199 and 5% bovine or horse serum
were used. The cells of this line resemble fibroblasts in
appearance.

The second line was derived from the tissue of a naevus of
the eye removed at operation on I July 1959 by Or. Graham
Scott and sent that day in nutrient fluid to the laboratory.
There it was minced with fine scissors and planted in clot
culture with, fowl plasma and chick-embryo extract. On
I7 July a good growth had occurred and the culture was
trypsinized and subcultures prepared. These also grew well,
and ince then weekly passages have been made. The medium
used for the planting and growth phase was Connaught 199
and 20% human serum, and for the maintenance phase
Connaught 199 medium and 5% bovine or horse serum. The
cells of this line also resembled fibroblasts.

When a good confluent growth of tissue had been obtained,
usually one week after planting, the nutrient medium was
withdrawn and replaced by maintenance medium and the tubes
were ready for inoculation. Each specimen of urine was
inoculated into 2 or 3 tissue-culture tubes of each of the tissues.
These tube-s were examined daily. When the pH of the medium
indicated the need, the medium was withdrawn and replaced
by fresh. The tubes were incubated for periods of up to 30 days
and sometimes longer. Cover lip cultures were also prepared
for study of the detailed cytopathic changes.

Results

A large number of patients have been examined in the
2 years since this study was begun. From 2 of them a
virus, resembbng in its cytopathogenic properties the virus
of cytomegalic inclusion disease, was isolated from the
urine during life. One of these infa~ts died and a post
mortem study confirmed the diagnosis. A detailed descrip
tion of these cases, compiled by IX.' and R.S. follows:

Case 1:
J.G., a male infant, was born prematurely, birth weight

4 lb. 2t oz., after a normal pregnancy and labour. This was
the mother's first pregnancy. The infant became jaundiced
3 days. after dehve.ry and this became noticeably worse on the
follOWIng day when the total serum-bilirubin level rose to
21·9 mg. per 100 m!. with a direct bilirubin level of 2·5 mg.
per lOO m!. The haemo.!flobin level was 22·5 G. per lOO mJ.
At thiS stage, Since kerructerus was feared an exsano-uination
transfusion was carried out, 520 mJ. of blo~ beina ~thdrawn
and 515 mJ. given. At the end, the total serum-bilirubin level
was 6·6 mg. per lOO m!. with a direct level of 0'9 mg. per
!oo m~. T~e follOWIng day the infant again developed an
IncreasIng Jaundice and a second exchange transfusion was
performed, when the total serum-bilirubin level was 19·8 mg.
per lOO mJ. Subsequent to this transfusion the baby improved
and lost al~ eVidence of clinical jaundice. The baby was Group
0, Rh POSItive, and the Coombs' test gave a negative result.
The mother's blood was Group 0, Rh po itive and had no
abnorma.1 anubodles. The Wassermann reactions of mother and
child were negative.

At the end of the second week after birth the infant again
developed icterus, gradually increasing in intensity and p,re-
enting a picture of an obstructive jaundice with dark unne

and pale stools. 0 reducing substances were found in the
urine on' repeated examination, thus excluding galactosaemia
as a cause of the condition. Bilirubin was consistently present.

The blood count was essentially normal, with normal
platelets. The osmotic fragility f the red cells was within the
normal range. A random bloed-sugar estimation was normal.

The serum proteins showed a total of 5·3 G. per lOO mJ.
with the fall owing electrophoretic pattern (all figures in grams
per 100 m!.): albumin 2'67, alpha, globulin 0,62, alpha,
globulin 065, beta. globulin 0'58, and gamma globulin 0.78.

The liver-function tests gave the following results: thymol
turbidity I unit, thymol flocculation negative, colloidal-red
floccu!ation negative, cephalin-cholesterol flocculation negative,
zinc-sulphate turbidity 4·2 units, alkaline phosphatase 33 units,
cholinesterase 61 % of average, and serum G - 0 transaminase
320 units per lOO mg.

An iritravenous cholecystogram was performed, but the
biliary system was not seen, suggesting either poor function
or an atresic biliary-duct system. The total serum-bilirubin level
showed a steady increase to an ultimate level of 17 mg. per
lOO m!. (direct 8·5 mg. per lOO m!.). At this stage an explora
tory laparo·tomy was contemplated in the hope of relieving
a congenital obstruction to the extrahepatic biliary ducts.
Fortunately, before this was done the jaundice began to
w~~ .

The diagnosis of cytomegalic inclusion disease was suggested
at this stage, based on the result of the microscopic examina
tion of the urine. This showed many cells with clearly defined,
round, eosinophil inclusion bodies III the cytoplasm, and some
cells with ballooning of the nucleus, margioation of the
chromatin and intranuclear eosinophil inclusion bodies.

A virus resembling the virus of cytomegalic inclusion disease
was isolated in tissue culture from a freshly collected specimen
of urine.

A course of prednisone was started and continued for 6
weeks. The icterus gradually subsided, the stools became
normal in colour, and the urine free from bilirubin. The patient
continued to make good progress, but when 9 months old stiJ]
had a slight hepatosplenomegaly.

Case 2
D.S.K., a male infant of European descent, was born at

home after a full-term normal pregnancy and delivery, with
a birth weight of 7+ lb. He was the 10th child of the mother,
whose othe.r infants had not been jaundiced. He was admitted
to hospital 5 days after birth because of increasing jaundice,
which had first been noticed on the 3rd day. His spleen was
palpable. The total serum-bilirubin level was 27·6 mg. per
100 m!. with a direct-bilirubin leveL of 1·4 rng. per 100 mJ.
Because Rh incompatibility was suspected and kernicterus was
feared, an exsanguination transfusion was performed; 760 mI.
of blood was withdrawn and 750 mJ. given. After this trans
fusion the total serum-bilirubin was 8·9 rng. per lOO rnL and
the direct-bilirubin le'(el 0·6 mg. per 100 mI. The level of total
serum bilirubin rose rapidly again, and 15 hours later, when
the total bilirubin level had reached 23·2 mg. per 100 mJ. with
a direct level of 1'1 mg. per 100 mL, a second exchange
transfusion was done.

Laboratory studies showed no evidence of a haemolytic
process, the mother was found to be GPOup A, Rh positive,
and had no abnormal antibodies. The patient was Group 0,
Rb positive, and the Coombs' test gave a negative reading.
The Wassermann test gave a negative result. The total serum
protein level was 4.8 per 100 mJ., albumin 2·3 G. per 100 rn!.
and globulin 2·5 G. per lOO mJ.

This infant subsequently failed to thrive. He had periods of
vomiting and often had loose stools. He was given a course
of prednisone therapy, but without benefit. His weight gradualJy
decreased until it feU to 4t lb. He died when 3 months old.

The diagnosis of cytomegalic inclusion disease was suggested
shortly before his death by the study of smears made from the
urine. These showed many epithelial cells, some of which
contained clearly defined, round, eosinophil inclusions in the
cytoplasm, a few showed margination of the chromatin of the
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nucleus and intranuclear eosinophil inclusion bodies. These
findings were considered to be in keeping with the diagnosi
of cytomegalic inclusion disease.

A virus resembling the virus of cytomegalic inclusion di ease
was isolated from the specimen of urine collected at the same
time.

An autopsy was performed, and showed a grossly wasted
infant with little ubcutaneous fat and generally congested
organs. Histological examination of sections from the viscera
revealed typical cell of cytomegalic inclusion disease in the
tubular epithelium of the kidney, the cells lining the alveolar
spaces of the lung, the acini and the ducts of the pancreas,
and the epithelium lining the thyroid follicles. Cytomegalic cells
were not found in the liver, spleen, stomach, heart, thymus or
brain. Salivary-gland ti ue was not taken for study. Other
findings of note were atrophy of the lymphoid tissue of the
spleen and thymus.

Comment
These 2 cases illustrate some of the manifestations of

cytomegalic inclusion disease occurring in the neonatal period.
Both presented with jaundice. at first naturally suspected of
being caused by Rh incompatibility. Both, in view of the
deepening jaundice, were given exchange transfusions because
it was feared they might develop kernicterus. Later, because
of the failure of the jaundice to clear, congenital atresia was
suspected in one case. This patient has recovered and, but for
the persistence of hepatosplenomegaly, he is apparently in good
health and is developing normally. llhe other infant died when
3 months old after a progressive deterioration.

In both cases the diagnosis was established during life by
the examination of the urine. Microscopic study revealed a
cytological picture suggestive of cytomegalic inclusion disease,
and this suspicion was confirmed by the isolation of a virus
in tissue culture.

Virus Studies
Tissue cultures of the human embryo eye cell line and of

the human conjunctiva cell line were inoculated with samples
of the respective specimens of urine. Islands of rounded,
slightly refractile cells appeared in the sheet and gradually
increased in size by peripheral extension. Several' i lands
appeared in each tube and then gradually extended, and
finally involved the whole sheet of cells.

The coverslip cultures prepared were stained with haema
toxylin and eosin. These showed the characteristic appearance
of cytomegalic inclusion disease and all stages in the evolution
of the lesion of the cell could be found. The islands of altered
cells were clearly differentiated from the surrounding sheet of
apparently normal cells. The earliest change appeared to be
the rounding of the cell associated with an eosinophilic change
in the cytoplasm. The area of eosinophilia increased, and an
ill-defined mass formed and finally filled most of the cyto
plasm, indenting and often displacing the nucleus to one end
of the cell. In many, but not in all, affected cells the charac
teristic intranuclear body developed. This first appeared as
a small eosinophil dot in the middle of the nucleus, but distinct
from the nucleolus which sometimes showed enlargement and
distortion. The inclusion increased in size until it almost filled
the nucleus, but was separated from the marginated nuclear
membrane by a clear halo. It assumed the outline of the
nucleus, was often rounded, but was sometimes elongated and
kidney-shaped, and occasionally formed 2 rounded bodies
separated by the nucleolus, giving a spectacle appearance.
In some cells a number of small separate eosinophil bodies,
each surrounded by a halo, occurred in the nucleus.
Occasionally a large cell with 2 or more nuclei, each containing
characteristic intranuclear inclusions with a rounded eosino
philic mass in the cytoplasm, was seen. The intranuclear
inclusion body often showed internal structure. In some this
suggested a number of relatively large subunits, each con
sisting of a central dot surrounded by a clear circular zone.
In others the appearance was granular and suggestive of a
mass of elementary bodies.

Attempts were made to grow the virus on a number of other
tissues, including human amnion, primary monkey (Cerco
pithecus aethiops pygerythrus) kidney, and guinea-pig heart-cell

line ti ue cultures. These uhures revealed no cytopathic
effect.

In their cytopathic effects and the appearance of the intra
nuclear inclusion bodies in ti ue cultures of human fibroblasts,
and in their host range of tissue-culture cells, the viruses
isolated from these 2 patients resembled the Davi trains of
virus received from Professor Weller (Figs. 1 - 6). Studies of
their immunological relationship are in progress.

There is ome resemblance between the lesions produced by
these viruses and those produced by herpes simplex viru.
However, the latter are usually much more rapid in their
evolution and in the destruction of the ti ue culture. The
herpes virus also has a much wider range of host ti 'ue-cuIture
cells, being cytopathogenic to human epithelial tissues, monkey,
rabbit and chick t' ues and a number of others, as well a
to human fibroblast tissue cultures.

It wa concluded, therefore, that the viruses i olated were
strains of the cytomegalic inclusion di ease virus.

DISC SSIO

The high proportion of cases of cytomegalic inclusion
disease ascribed in the earliest writings to congenital
syphilis raises doubts about the correctness of this uspi
cion. Indeed, in the light of sub equent developments and
of present knowledge, it seems certain that in most
instances this diagnosis was wrong and that possibly un
necessary rpental angui h was caused to the parents by
these errors. On the other hand, at the present time cases
of haemolytic anaemia of the newborn and of icterus
neonatorum are usually suspected of having a background
of Rh incompatibility between the mother and baby. In
many instances, of cour e, thi interpretation is justified
and can be confirmed by suitable laboratory tests. In
others, no incompatibility is found and it is in such case
in particular that generalized cytomegalic inclusion disease
should be con idered and excluded. The distinction is
important because the treatment and prognosis are dif
ferent.

It is, therefore, of interest to note that the 2 patients
from whom virus was isolated in the pre ent study were
both in the first in tance suspected of having haemolytic
disease of the newborn, presumed to be caused by Rh
incompaJtibility between the mother and the baby, and
both babies received exchange transfusions.

In the first patient, an infant born prematurely with a
birth weight of 4 lb. 2+ oz., presenting with increa ing
jaundice, it was hown that both mother and child were
Group 0, Rh positive and that the mother had no ab
normal antibodies. The po sibility of atresia of the biliary
ducts was then considered, but at 2 months of age the
jaundice began to subside. Also, at this time the examina
tion of the urine microsc<>picaUy revealed the presence of
cells showing ballooning of the nuclei with margination
of the chromatin and eosinophil intranuclear inclusions
suggesting cytomegalic inclusion disease. This suspicion
was confirmed by the isolation of the vim from the urine.

At 9 months of age this infant still had an enlarged
liver and spleen, but wa now thriving. The e infection ,
presumably occurring in utero before birth, are thus not
necessarily fatal or associated with grave deformities, and
indeed may have a favourable outcome.

The second patient, a male infant, born at full term
with a birth weight of 7t lb., also presented with increas
ing jaundice which had become apparent 3 day after
birth. Rh incompatibility was again uspected and an
exchange transfusion wa given. However, the baby wa
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found to be Group 0, Rh posItive and to give negative
reactions in the Coombs' and Wassermann tests. The
mother wa found to be Group A, Rh positive and to
have no abnormal antibodies. The baby failed to thrive.

Examination of the urine when he was 3 months old
revealed a picture suggestive of cytomegalic inclusion
disease.

The baby died soon afterwards and the histological

Fig. J. Culture 01 human fibroblaslS (normal X 120).
Fig. 2. Culture of human fibroblasts (normal X 4 0).
Fig. 3. Culture of human fibrobJaslS infected with Weller's 'Davi'
~[rain (norm:tI X 120). tote rounded cells and intranuclear inclu ion
hodie.
Fig. 4. Culture of human fibroblasts infected \\ith \Veller"s "Davi'

suain (normal X 4 0). Note characteristic inclusion bodies.
Fig. 5. Culrure of human fibroblaslS infected with South African
strain (normal X 120). ote rounded cells and intranuclear inclusion
bodies.
Fig. 6. Culture of human fibroblaslS infected with South Af:rican
strain (normal X 480). NOle characteristic intranuclear inclusion bodies.
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ections of the organs removed postmortem howed typical
cytomegalic inclusion cells in epithelial cells of everal
organs, thus confirming the diagnosis.

Tissue cultures, inoculated with a suspension prepared
from the spleen, developed typical lesions of cytomegalic
inclusion virus infection.

Both these cases exhibit the value of the examination of
the urine in giving a lead to the diagno is, and of the
value of tissue-culture isolation and identification of the
virus in establishing the cause of the patients' illness.

o serological studies were carried out in the pre ent
investigation, except to note that the convalescent sera
from baby G and his mother neutralized the virus in
a tissue-culture neutralization test. Since no pre-illness
phase sera were available for testing, the time of develop
ment of these antibodies is unknown. Such information
in the case of the mothers would indicate whether infec
tion was acquired during pregnancy or whether the infec
tion was of longer standing.

It is not yet clear whether only one pregnancy or
whether the babies of successive pregnancies may be
affected. Most recent studies suggest that only one preg
nancy is involved and that subsequent infants are not
affected. However, in some of the earlier reports more
than one sibling had been affected by a condition possibly
caused by cytomegalic inclusion disease. This question is
therefore in need of further investigation and, of course,
should soon be answered by continued observation of the
subsequent siblings of affected babies.

It is known that the excretion of the virus in the urine
of affected children may continue for many months, and
presumably could be a source of infection to other infants,
children and even adults in the same household or institu
tion.

Other studies have revealed that the proportion of
individuals with protective antibodies to the virus increases
with increasing age, and that about 50% of adults in some
cities of North America have acquired immunity. This
infection is thus very prevalent, a conclusion already
drawn from the results of postmortem studies of infants
dying from a variety of causes. Fortunately it is also clear
that, of those who acquire the infection, only a few suffer
serious ill-effects, but in some of these the disease may
progress and end fatally.

It is particularly dangerous when the infection is
acquired in utero or in the neonatal period. As a cause
of congenital defects and of serious neonatal disorders,
cytomegalic inclusion disease rivals toxoplasmosis and Rh
incompatibility in importance. Every effort should there
fore be made to determine its epidemiology and to find
tests for the earlier recognition of infection in potential
and pregnant mothers, and to find the means of treatment
and prevention of the infection.

SUMMARY

The literature concerned with cytomegalic inclusion disease
or salivary-gland disease is briefly reviewed. Evidence of
the prevalence of this infection is given by the finding
of the typical inclusions in the salivary glands of 10 - 32'10
of infants examined postmortem regardless of the cause of
death. The infection rarely causes overt disease except in
the neonatal period and in infants below 2 years of age.
However, in this age group it may cause a progressive

illn which often ends fatally. It i al 0 an imp rtant
cause of congenital defects ranking with toxopla mo i in
this respect.

The a ociation of thi infection with haemolytic di ea e
and jaundice of the newborn ha been noted by a number
uf investigator. It wa uggested that the widespread
lesion found in ome infants were from the di emination
of a human train of the salivary-gland iru.

The affected cell are epithelial cell, and are usually
considerably enlarged. They contain eo inophil intra
nuclear inclu ion bodies eparated from the marginated
chromatin by a clear halo, giving a typical bird' eye
appearance. Cells characteristic of the disea e may be
found in the urine, making it po sible to confirm a clinical
diagnosi of thi condition by the microscopical examina
tion of smears.

Cytomegalic inclu ion disea e affects various pecies of
animals, but the trains of virus appear to be host-species
specific. Several have now been uccessfully cultured in
tissue cultures. Human train have been grown, and their
cytopathogenicity studied in tissue cultures of human
fibroblasts.

Two patients whose iLlnes was shown to be cau ed by
cytomegalic inclu ion disease were admitted to the Trans
vaal Memorial Hospital for Children soon after birth.
Both pre ented with increasing jaundice and it wa thought
that their condition was the re ult of Rh incompatibility.
Both were given exchange transfusions. One has recovered
and is now developing normally. The other died after a
progressive loss of weight and deterioration in hi con
dition.

The diagnosis wa suggested by the tudy of urinary
smears, and in each ca e was confirmed by the culture of
the viru in tissue cultures of human fibroblasts, and in
the fatal case by postmortem studies.

The importance of this condition i discu ed and the
need for early recognition of the infection and for means
of preventing its serious manifestation is emphasiZed.

We gratefully acknowledge the help we received from Prof.
T. H. Weller of the Harvard School of Public Health an<!
Tropical Medicine, particularly hiS kindness in sending us 2 of
the strains of cytomegalic inclusion di ease virus he had isolated
from cases in the United States.

The tissue-culture studies formed pan of a study upported
by the South African ational Cancer Association, to whom
we are grateful for their grant.
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