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Congenital Cytomegalovirus Infection
: Three Autopsy Case Reports

We report three autopsy cases of congenital cytomegalovirus (CMV) infection
in fetuses with a review of literature. The clinical manifestations in these cases
of congenital CMV infection include intrauterine fetal death, hydrops fetalis, and
CMV pneumonia associated with cardiovascular defect. The pathological char-
acteristics were as follows: 1) the kidney was the most frequently involved organ,
followed by lung and liver, 2) CMV inclusions were found predominantly in
epithelial cells and to a lesser degree in endothelial cells, 3) intrahepatic bile
duct epithelial cells were frequently involved, and 4) inflammatory reaction
around CMV inclusions was not prominent in the early stage of pregnancy.
Diagnostic confirmation was obtained by in situ hybridization (ISH) using a
biotinylated CMV-DNA probe, which demonstrated intranuclear inclusions and
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INTRODUCTION

Cytomegalovirus (CMV) is the most common viral
infection in the fetus and neonate. Fetal CMV infection
may be caused by maternal viremia during which CMV
reaches the fetus through the blood stream. Primary
maternal infection is more likely to result in fetal infec-
tion than recurtent maternal disease. The incidence of
congenital infection ranges from 0.2 to 2.4% of all live
births (1). Approximately 20% of the offsptings infected
in utero are damaged, infrequently with generalized dis-
ease (2). The severely affected infant may show growth
retardation, microcephaly, hydrocephalus with petiven-
tricular calcification, chotioretinitis, thrombocytopena,
putpura and hepatits. We repott three autopsy cases of
congenital CMV infection and discuss the pathologic
features with a btief review of literature.

CASE REPORT

Case 1

A male fetus at 30 weeks gestation was delivered
because of unexplained intrautetine fetal death. The fetus

sometimes recognized cells that did not show intranuclear inclusion.
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weighed 1,700 g and had a crown heel length of 39 cm.
The fetus was severely macerated and internal organs
showed autolysis. Microscopically, a diagnosis of CMV
infection was made based on the presence of cytomegalic
inclusion bodies (CIBs). The intranuclear amphophilic
inclusion bodies surrounded by a clear halo, or basophilic
granular cytoplasmic inclusion bodies were considered as
CIB. CIBs wete noted in the thymus, lungs, and kidneys.
In the autolysed tissue, the nuclear inclusions lost their
usual amphophilia, but cytoplasmic inclusions usually
retained basophilia. In the thymus, a few degenerated
CIBs wete seen in thymic epithelial cells (Fig. 1). In the
lung, the majority of CIBs lay free in the terminal air
spaces and otiginated from pneumocytes. In the kidney,
latge numbers of degenerative CIBs were noted in dilated
tubules of the cortex and they were not accompanied by
inflammatory infiltrate.

Case 2

A female fetus at 24 weeks gestation was delivered
because of hydrops fetalis. The fetus died at 1 min of
age. The fetus weighed 640 g and had a crown heel
length of 29.5 cm. The head was enlarged and measured
21 cm in drcumference. There were no skin lesions and
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Fig. 1. A relatively well-preserved CIB is seen in the autolyzed
thymic epithelial cell (case 1) (H&E, x400).
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Fig. 2. Note the periventricular CIB bearing neuron and the
mononuclear cell infiltration in the periventricular area {(case 2)
(H&E, x400).

no rematkable changes on the body sutface except for
abdominal distension. The brain weighed 254 g and
showed underdevelopment of gyri. Coronal sections of
the cetebral hemisphete showed cystic dilatation of ven-
tricles. Both lungs showed increased consistency and
moderate atelectasis. The liver weighed 50 g with tense
and smooth sutface. Each kidney weighed 1.3 g with
smooth cottical surface. The spleen weighed 5 g. All
other organs were grossly unremarkable. Microscopically,

Fig. 3. ACIB s seen in the bile duct epithelium (case 2) (H&E,
X 400).

CIBs wete noted in the brain, thymus, heart, lungs, liver,
and kidneys. In the brain, single scattered CIBs wete
mostly found in petiventricular glial cells surrounded by
mild infilcration chronic inflammatory cells (Fig. 2).
Ependymal cells lining the ventricles had no CIBs and
wete sevetely damaged by inflammation. There were fodi
of necrosis accompanied by microscopic calcification in
the lateral part of the frontal lobe. In the thymus, single
scatteted CIBs were noted in thymic epithelial cells. In
the heatt, only one CIB was noted in the vascular
endothelial cell of the epicardium. In the lung, CIBs wete
noted in alveolar epithelium, attached to alveoli, and
occasionally floating in alveolat space. Inflammatory cells
wete not obsetved. In the liver, increased extramedullary
hematopoiesis, focal hepatocellular necrosis and chole-
stasis were seen in the parenchyma. CIBs were found
both in hepatocytes and bile duct epithelial cells, and
they were obsetved throughout the entire lobule (Fig. 3).
There was little inflammatoty reaction. The spleen
showed increased extramedullary hematopoiesis. In the
kidney, CIBs wete accompanied with mild inflammatoty
cell infiltration, and they were mote frequently noted in
distal tubules than in proximal tubules. All other otgans
did not exhibit remarkable changes.

Case 3

A female infant was delivered at 38 weeks gestation
by Caesarian section. The infant was lethargic and cya-
notic. Delivery was complicated by meconium passage at
birth. Apgar score was 3 at 1 min and 6 at 5 min. Ven-



Autopsy Cases of Congenital CMV Infection

T e vy '
PR LR, W T B

Fig. 4. Many CIBs are noted in alveolar epithelial cells. The
adjacent alveoli are filled with inflammatory exudate (case 3)
(H&E, x400).

tlator care was provided. Echocardiogram revealed coatc-
tation of the aorta (COA), large patent ductus arteriosus
(PDA) and pulmonaty hypertension. The infant showed
hepatomegaly, oligutia, and signs of congestive heart
failure. Treatment with fluid restriction and diuretics was
petformed. The infant remained thrombocytopenic de-
spite the platelet transfusion. On the 3rd day after birth,
catdiac arrest developed and was expired. The infant
weighed 2,220 g and had a crown heel length of 48 cm.
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The heart showed preductal COA and PDA with car-
diomegaly. The lungs were bilaterally heavy, volumi-
nous, congested, and firm. Cut sutface was pinkish and
diffusely consolidated. The spleen measuted 6X3 X2 cm
in dimension. All other organs appeared grossly unre-
matkable. The brain was not examined. Microscopically,
CIBs wete noted in the lung, kidney, and liver. The lung
alveoli contained extensive exudate, and alveolar walls
were thick with infilcration of lymphocytes. Hyaline
membranes were formed. CIBs were infrequently ob-
served. Most of them were found in pneumocytes (Fig.
4). In the kidney, CIBs were noted in proximal and distal
tubular epithelial cells as well as in glomerular endo-
thelial cells (Fig. 5). Moderate degrees of inflammatoty
cell infilerate and foci of nectosis were noted in the
interstitium. In the liver, bile duct epithelial cells con-
tained CIBs, but hepatocytes did not contain CIBs.
Inflammatoty cells were not observed. The spleen showed
increased extramedullary hematopoiesis. All other organs
did not exhibit remarkable changes.

In situ hybridization

CIBs wete confirmed by in situ hybridization (ISH),
using biotinylated specific probes for CMV-DNA (Re-
search Genetics, Alabama, U.S.A.). The detection system
was streptavidin-conjugated alkaline phophatase with
Fast Red TR chromogen. ISH showed positive teactions
corresponding to intranuclear inclusions, granular cyto-
plasmic inclusions, and even the cells without apparent
intranuclear inclusions (Fig. 6).
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Fig. 5. A: A dilated tubule is lined by CIB bearing cells (H&E, X 400). B: A basophilic cytoplasmic inclusion body is noted in

a glomerulus (case 3) (H&E, X 400).
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Fig. 6. In situ hybridization reveals strong positive reaction in
the nuclei and cytoplasm of inclusion-bearing cells of the kidney.
Inset: note the positive reaction in a cell without apparent intra-
nuclear inclusion (case 2) (in situ hybridization, X400).

DISCUSSION

Intrauterine CMV infection is usually hematogenous,
transplacental infection and rarely direct infection from
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the cervix after amniotic membrane rupture. In all chree
instances, there was no infection history, which the
mother was recognizable during pregnancy, or no amni-
otic membtane rupture. Thus, all of these cases could be
regarded as a congenital CMV infection.

The congenital CMV infection vaty in the clinical
manifestation. Alcthough 90-95% of infants with congen-
ital CMV infection ate normal at birth, it can prove to
be fatal. Congenital CMV infection is a cause of death
in 0.3% of all stillbirths and 0.5% of all neonatal deaths
(3). In the present study, Case 1 showed intrauterine fetal
death (IUFD). It is uncertain whether there is a direct
relationship between CMV infection and IUFD. In light
of the absence of any other identifiable cause of death,
it is suggested that CMV may be a cause of IUFD. Case
3 revealed congenital cardiovascular defects. A vatiety of
congenital malformations have been obsetved in infants
with congenital CMV infection in previous repotts (4, 5).
Several investigators have repotted an association be-
tween congenital cardiovascular defects and CMV infec-
tion (3-3). However, besides the rarity and diversity of
these lesions, there is no evidence that CMV is capable
of affecting the development of the cardiovascualt sys-
tem.

Differing intrinsic susceptibilities of tissue may influ-
ence the frequency of the involved organs during sys-
temic CMV infection (3). We observed CIBs in the kid-
neys, lungs, liver, thymus, brain and heart, in descending
order of frequency. We reviewed the cases of congenital

Table 1. Reported cases of congenital cytomegalovirus infection in Korea

Case  Authors Age at death Associated Involved organ
(gestational age) findings Lung Kidney Liver Brain Thymus Pancreas Adrena Thyroid — Others
1 Han et al. (22) 23 days M - + + + - - + + + Pituitary
> Han et al.(22) (72% Cﬁ(yss) M - .- - - - - - ;
3 Pak et al. (23) (3§ \T/LS) M Prematurity + + + - - - - - -
27 days B B B Spleen
4 Jung et al. (24) (38 wks) F LBW + + + + + oituitary
5 1y Massive
5  Yu et al (25 (38 wko) M periventricular - + - - - - - - -
calcification
22 days LBW, PDA, B B B Testis
6 leeetal (%) (39 wks) M Foramen ovale * * * * epididymis
7 Cho et al. (27) (; ?NIT(Z) M Hydrocephalus + + + + - + - - Intestine
Present at birth
8 case 1 (30 wks) M IUFD + + - - + NE - - -
Present at birth
9 case 2 (24 wks) F Hydrocephalus + + + + + NE - - Heart
Present 3 days
10 case 3 (38 wks) F COA, PDA + + + NE - NE - - -

LBW, low birth weight; PDA, patent ductus arteriosus; IUFD, intrauterine fetal death; COA, coarctation of aorta; NE, not examined
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CMV infection repotted in Korea and summarized them
in Table 1. Nine of the ten cases were disseminated
infection. The kidney is the most commonly involved
organ in congenital CMV infection in Kotea. Previous
repotts in other countries described that the lung is the
most common site in congenital CMV infection (3, 6, 7).
Others described that salivaty gland is frequently in-
volved (4), but none of the cases reported in Kotrea were
consistent with this finding.

Although all the present cases exhibited generalized
infection, most CIBs were found in epithelial cells, and
very few in endothelial cells. In the present cases, most
of cells beating CIBs in the kidney wete tubular epi-
thelium, and only a small number of CIBs wete noted
in glomerular endothelial cells. These findings ate con-
sistent with others that renal inclusion bodies is found
predominantly in tubular epithelium, with only a small
minotity occutting in glomeruli (8, 9). However, a pre-
vious study of adult immunocompromised patients with
CMV infection showed that glomerular endothelial cells
were mote commonly infected than tubular epithelial
cells (10). CIBs in the liver were more frequently found
in bile duct epithelium than in hepatocytes, as shown in
Cases 1 and 2. Previous repotts have shown that bile
duct epithelium involvement is frequent in infants (11-
13), but rare in adult immunocompromised hosts (14).
From these findings, it is ptesumed that immature fetus
cells differ from mature adult cells in susceptibility to
CMV infection.

Inflammatory cell infiltration indicates an immune
reaction to CMV infection. Cases 1 and 2 showed mote
frequent CIBs and less inflammatoty reaction than Case
3. These findings indicate that cellular damage of the
former is caused by a ditect cytopathic effect of CMV
rather than immunologic attack. Cases 1 and 2 expired
at eatlier gestational ages than case 3. They expired at
times when their immune system would have been less
developed than that of Case 3. Cellular immune treac-
tions, particulatly those mediated by T-lymphocytes and
involving macrophages, ate essential for the elimination
of CMV infection (15, 16). In general, T cell develop-
ment is well advanced by the end of the first crimester
of pregnancy (17). The absence of inflammatory lesions
in eatly fetuses has been atttibuted to infections that
precede the development of the cellular immune reacti-
vity, which at later gestational age, would initiate an
inflammatory reaction and the destructive disease (18).
The direct cytopathic effect of CMV is more common
than immunologic attack in early gestational infection.
Among the cases presented here, it is suspected that the
fetuses of Cases 1 and 2 were infected at an eatly gesta-
tional age.

The morphologic diagnosis of CMV infection is
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straightforward, when large inclusion bearing cells ate
present. However, to improve the sensitivity of histo-
pathologic methods and to confirm diagnosis, ISH was
attempted in sections of paraffin-embedded tissue. In our
three cases, all CIBs-containing cells revealed positive
reactions in ISH. Sometimes ISH recognized CMV in
cells that did not show typical CMV inclusion. Several
studies have attested the ability of ISH to label CMV-
infected cells that lack typical inclusion bodies (19-21).
These cells may be CMV-infected cells that have not yet
begin to actively teplicate or may be latent CMV in-
fection.
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