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Electron microscopic examination 
of congenital cytomegalovirus hepatitis 
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Summary. The electron microscopic features of cytomegalovirus hepatitis 
in the liver biopsy of  a three-week-old infant were studied. 

The liver cells did not contain virus, but severe alterations similar 
to virus hepatitis were observed. In the bile duct cells, nuclear and cyto- 
plasmic virus inclusions were demonstrated. In the nuclear inclusions 
virus particles of various degrees of maturity were embedded in dense 
granular material. The cytoplasm of the infected cells contained vacuoles 
with mature viruses. The Golgi zone seemed to play an important role 
in vacuole formation. In another type of infected cell, viruses were lying 
free in the cytoplasm and passed into the lumen of the bile ducts. It 
is concluded that viruses are eliminimated by the bile. Based on this 
electron microscopical observations, the examination of duodenal fluid 
is recommended as a new diagnostic procedure for demonstrating vi- 
ruses. 
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Cytomegalovirus infections show an increasing incidence world-wide. There 
are a large number of symptomless hosts, but the manifest disease is also 
becoming more frequent, mostly in newborn infants and in immunosup- 
pressed adults (Hamazaki 1983; Lennartz and Piesbergen 1983; Medearis 
1964; Nankervis and Kumar  1978). In fetal life, infection occurs diaplacen- 
tally (Benirschke et al. 1974; Collaborative study, 1970; Finegold and Kar- 
penter 1982). Intrauterine infection can pass off without any symptoms, 
may produce a grave septic clinical picture or, after a symptom-free period, 
severe delayed complications may appear (as e.g. blindness, deafness and 
mental retardation) (Berenberg and Nankervis 1970; Hanshaw et al. 1976; 
McCracken et al. 1969). 



120 M. Balfizs 

At present there is still no cure for the disease, however, encouraging 
attempts have been made at preventing it or curing it by vaccination (Balfour 
1983; Elek and Stern 1974; Sarov and Abady 1975; Stinski et al. 1979). 
A familiarity with, and an exact diagnosis of, the disease is important not 
only because of the increasing number of case but because the infection 
may be transmitted by mother's milk, blood transfusion and by saliva (Nan- 
kervis and Kumar 1978). 

One of the major symptoms of congenital cytomegalovirus disease is 
hepatitis associated with hepatomegaly and jaundice (Krech et al. 1971; 
Hamazaki 1983). Light microscopically, it resembles the hepatitis caused 
by hepatitis viruses (Seifert and Oehme 1957). An exact diagnosis can be 
made on the basis of the pathogonomic inclusions (Krech et al. 1971 ; Me- 
dearis 1964). 

We present a cytomegalovirus hepatitis diagnosed in the liver biopsy 
of a three-week-old infant. The disease caused the symptoms of a perinatal 
sepsis. The hepatitis associated with severe histological changes was cured 
within two months. On follow-up examination, at the age of one-and-a-half 
years, the child was found to have bilaterally impaired hearing. In the pres- 
ent study the electron microscopic characteristics of the infected bile duct 
cells are reported for the first time in the literature, The electron microscopic 
study of cytomegalovirushepatitis has so far been reported only by Donnel- 
lan et al. (1966) and by Wills (1972), however, they did not detect virally 
infected cells. 

Case report 

The patient, a pre-term male infant with a birthweight of 2450 g was admitted to the 3rd 
Department of Medicine of the Ap/tthy Paediatric Hospital at the age of 24 h. His skin was 
icteric, there were petechiae and suffusions all over his body. He had marked hepatosplenomeg- 
aly. His thrombocytopenia was controlled by repeated administration of thrombocyte suspen- 
sions, his grave acidosis by that of 4.2% sodium bicarbonate. During the first three weeks, 
due to acute circulatory failure, resuscitation was performed on several occasions. The assumed 
diagnosis was perinatal sepsis. 

Bacteriological inoculation was made from all his body orifices and discharges, repeatedly 
with negative results. The virological examinations excluded the possibility of hepatitis. 

At the age of three weeks, owing to persisting jaundice and continuous hepatosplenomega- 
ly, needle biopsy of the liver was performed. The result of histology revealed a severe form 
of viral hepatitis associated with cholestasis and with persisting extramedullary haematopoiesis 
(Fig. 1). The electron microscopic examination showed virus particles of a size corresponding 
to the herpes virus group in the lumen of the bile ductules. Then serial sections of paraffin 
blocks were made revealing inclusions that contained the characteristic cytomegalovirus in 
the duct cells (Fig. 2). Diagnosis: cytomegalovirus hepatitis. 

Method of electron microscopic examinations 

1 mm 3 pieces of liver tissue were fixed in 1 per cent Palade buffered osmium tetroxide, then 
dehydrated in a graded series of ethanol and embedded in Araldite. The sections were prepared 
by Reichert's ultramicrotome and photographed by the JEM 100 CX electron microscope. 
Serial semi-thin sections were made of each block and the infected duct cells were selected 
from them. 
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Fig. 1. The light microscopic picture shows the hydropic degeneration and ballooning of hepatic 
cells, dark-staining Kupffer cells and haemopoietic foci. H and E. x 140 

Fig. 2. On the left, cytomegalovirus inclusions of bile duct cells are present, around them, 
there is a chronic inflammatory infiltration. H and E. x 160 



Fig. 3. The nucleus of the cytomegalovirus infected duct cell contain large, dark inclusions, 
with a light halo around them, and the cytoplasm of the cells is roughly granulated. H and 
E. x 240 

Fig. 4. The electron microsopic picture shows an epithelial cell of the bile duct infected by 
cytomegalovirus. On the right, the nucleus contains a network of inclusion. In the cytoplasm 
(on the left) virus-containing vacuoles are present, x 8,250 



N 

Fig. 5. The higher power view of a nuclear inclusion. Virus particles composed of cores of 
varying density and of nucleocapsids are embedded in a dense granular substa-nce, x 82,500 

Fig. 6. Details of three duct cells. In the cell, on the right, there is no virus infection, the 
cell in the middle shows virus inclusions near the Golgi zone and dilated endoplasmic reticulum. 
In the cell on the left, the viruses are lying free in the cytoplasm, x 12,500 



Fig. 7. Near the extensive Golgi zones there are vacuoles containing viruses. The virus bodies 
can be seen in the process of leaving or entering the vesicles, x 40,000 

Fig. 8. In the duct cell, there is a dilatation of the endoplasmic reticulum, the mitochondria  
are destructed and there are free lying virus particles in the cytoplasm, x 40,000 



Fig. 9. The luminal surface of the duct cells is damaged, the microvilli are destructed. Beside 
the cytoplasmic parts there are several mature virus particles in the lumen, x 40,000 

Fig. 10. Detail of a liver cell. In the cytoplasm the rough endoplasmic reticulum is distended, 
the mitochondria are destructed and extensive bile deposits are present, x 12,500 
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Results 

The light microscopic pictures showed a clear halo around the dark inclu- 
sions in the nucleus of the infected bile duct cells (" owl's eye" inclusion). 
The course granulation in the cytoplasm of the cells indicated the cytoplas- 
mic inclusions (Fig. 3). 

In electron microscopic examinations, the infected bile duct cells could 
be easily recognized. They preserved their connection and were attached 
to the adjacent noninfected cells (Fig. 4). The cells were larger than the 
surrounding duct cells but they did not obstruct the lumen. 

The nucleus retained its oval shape, but, in general, no nucleolus could 
be seen. The amount of nuclear chromatin had become sparser containing 
fine, evenly distributed granules. Marginal clumping had disappeared. The 
nuclear membrane could hardly be recognized. The nucleus contained inclu- 
sions occupying about two-thirds of the nucleus. In the inclusions there 
was a network of dense, granular material in which virus particles of various 
degrees of maturity were embedded (Fig. 5). These had ring-like capsids 
of a diameter of 80 to 100 nm and cores of varying shape and density. 
The cores ranged between 50 and 70 nm in diameter. In some places, fine 
filaments could be observed around the viruses. 

In the cytoplasm, the viruses appeared in two forms. In most of the 
cells (type I) they were situated in vacuoles surrounded by a single mem- 
brane. Within them the viruses possessed a double membrane measuring 
120 to 180 nm in diameter (Fig. 6). These cells contained extensive Golgi 
zones, the vacuoles with one or two viruses had become detached from 
the Golgi apparatus. The vacuoles fused giving rise to extensive cytoplasmic 
inclusions. The close link between the Golgi zones and the virus inclusions 
was striking (Fig. 7). 

In the other form of infected cells (type II), the viruses were lying free 
in the cytoplasm (Fig. 8). Here, no extensive Golgi zones were present. 
The endoplasmic reticulum was dilated. On the luminal surface, sequestra- 
tion of parts of the cytoplasm could be observed (Fig. 9). 

In the lumen of the bile ductules and ducts free lying mature viruses 
could be demonstrated. These originated from the infected type II duct 
cells. The viruses with the separated cytoplasm parts passed into the lumen. 
Virus particles were also present in the lumen of the greater bile ducts, 
allowing the conclusion to be drawn that these are eliminated in the bile. 

There was no viral infection of the hepatic cells. In the cytoplasm there 
was a dilatation of the endoplasmic reticulum. The mitochondria were dam- 
aged and extensive bile deposits were formed (Fig. 10). The bile canaliculi 
were normal and contained no bile cylinders. The vascular cell membrane 
was seriously damaged. In the Disse's space detached cytoplasmic parts 
could be observed. Phagocyte activity in the Kupffer cells was marked. 

Discussion 

Electron microscopic study of human cytomegalovirus is has been made 
on human fibroblast culture (Krech etal. 1971; Ruebner etal. 1965; 
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Ruebner et al. 1966), and on human diploid amnion-cell culture (Vonka 
et al. 1976). Only a few researchers have succeeded in demonstrating human 
cells infected with cytomegalovirus electron microscopically. Donnellan 
et al. (1966) studied the electron microscopic characteristics of the infected 
tubular epithelial cells of the kidney, and Martin and Kurtz (1966) in the 
alveolar epithelial cells of the lung. 

An important factor in cytomegalovirus research is that the cytomegalo- 
virus infections of the mouse and the guinea pig seem to have an almost 
similar course to human infections. The size of viruses has become known 
as well as the mechanism of replication (Smith and Harven 1973) and the 
electron microscopic changes in infected cells have been described (Fong 
and Brigati 1982; Fong and Hsiung 1980; Fong et al. 1983; Ruebner et al. 
1966; Smith and Harven 1974). Special attention is devoted to the biochemi- 
cal examination of viral nucleocapsids and the dense material surrounding 
the viruses, since their antigen components are assumed to determine the 
hosts response (Sarov and Abdy 1975; Stinski et al. 1979). The experiments 
revealed that the infection proceeds in a different way in various tissues 
(Fong et al. 1983). 

Since electron microscopic descriptions of cytomegalovirus-infected bile 
duct cells cannot be found in the literature, the results of our investigations 
were compared with those of animal experiments. We found that the infected 
bile duct cells are similar to the duct cells of the salivary glands of guinea 
pigs infected with cytomegalovirus (Fong and Hsiung 1980). 

We observed that the viruses are surrounded by a dense granular sub- 
stance in nuclei. The fibrillar substance described in animal experiments 
was absent. In the cytoplasm, mature viruses could be seen in large vacuoles, 
surrounded by a single membrane. The Golgi vesicles took part in envelop- 
ing the viruses. The close link between the cytoplasmic vacuoles and the 
Golgi apparatus has been observed by several authors (Donnellan et al. 
1966; Ruebner et al. 1965; Smith and Harven 1973 and 1974). In guinea 
pig cytomegalovirus infection, virus particles containing vacuoles were 
found only in the duct cells of the salivary glands, they were not observed 
in the liver, spleen and lungs (Fong et al. 1983). 

In other type of the infected duct cells the viruses were lying free in 
the cytoplasm. Severe destruction of the organelles was seen in these cells. 
On the luminal surface, sequestration of the cytoplasmic parts were ob- 
served. The viruses together with the cytoplasmic processes passed into 
the lumen of the ductules. Viruses were also present in greater bile ducts 
where the epithelial cells had not been infected. This suggested that the 
viruses are eliminated by the bile. Our observation calls attention to the 
fact that viruses can pass into the duodenal fluid and can be demonstrated 
here. 

In the liver cells, severe changes occurred, similar to those seen in viral 
hepatitis (Lapis and Schaff 1979). Viruses were absent from the liver cells. 

Our conclusions are as follows: I. In cytomegalovirus hepatitis liver 
biopsy is not only a reliable diagnostic procedure but offers a good possibili- 
ty for the detailed study of the infection. 
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2. Elec t ron microscopic  changes  in the liver cells co r r e spond  to those 
caused by  hepat i t is  viruses. 

3. In  the nucleus o f  the infected bile duct  cells, viruses are su r rounded  
by a dense g ranu la r  substance.  

4. In  the c y t o p l a s m  of  the infected duct  cells, viruses are present  in 
two forms.  Most ly ,  they are in vacuoles,  enve loped  by single m e m b r a n e .  
The  Golgi  a p p a r a t u s  plays an i m p o r t a n t  role in fo rming  virus conta in ing 
vacuoles.  

5. In  some cells, viruses are found  lying free in the cy top l a sm and  enter ing 
the lumen  o f  the bile ducts. The  examina t ion  o f  duodena l  fluid for  demon-  
s t rat ing viruses is r e c o m m e n d e d  as a new diagnost ic  procedure .  

6. In  cy tomega lov i rus  infections in guinea pigs, the duct  cells o f  the 
sal ivary glands showed similar  electron microscopic  changes  to the h u m a n  
bile duct  cells described in this study. The  s ta tements  o f  F o n g  et al. (1983), 
tha t  guinea pig cy tomega lov i rus  infect ion is a reliable mode l  for  s tudying 
the cy topa tho log ica l  impl ica t ions  o f  h u m a n  infection, are suppor ted .  
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