
Abstract The present study focuses on the immunomax
technique in association with the avidin-biotin-peroxidase
complex (ABC) technique and a non-isotopic variation of
in situ hybridisation (ISH) for optimal microscopical de-
tection of human cytomegalovirus (HCMV). The studies
were performed on an archival paraffin material originat-
ing from five children deceased due to intrauterine infec-
tion. The results of immunocytochemical and hybridocy-
tochemical studies, with or without amplification using
biotinylated tyramine, were compared with the routine
histopathological results and results obtained using the
polymerase chain reaction (PCR). Early antigen (EA)-
HCMV was demonstrated in approximately twice as
many cells as detected in the routine staining and also in
cells that seemed morphologically intact. The hybridocy-
tochemical studies confirmed the presence of HCMV
DNA in cells that were positive in the immunocytochemi-
cal tests and, in addition (using the ISH-immunomax

technique), in cell nuclei of intact myocardial myocytes.
In general, fewer cells manifested the presence of HCMV
mRNA than the presence of HCMV DNA. The immuno-
max technique was found to be more sensitive than the
techniques of classical immunocytochemistry or of ISH.
The former technique permitted the documentation of a
higher number of HCMV replication sites than could be
detected using the latter techniques. However, the clinical
course of HCMV infection or the cause of death of the
children was not directly related to the intensity of
HCMV expression in tissues.

Keywords Immunomax technique · In situ 
hybridisation · PCR · Cytomegalovirus · Congenital
cytomegalic inclusion disease

Introduction

The cytomegalovirus (CMV), a species-specific member
of the Herpesviridae family, subfamily of Betaherpes-
virinae, belongs to the most frequent class of human
pathogens, which induce, as a rule, asymptomatic but
persisting infection in humans with normal immunity.
Signs and symptoms of the disease induced by human
(H) CMV infection most frequently develop in cases of
immunosuppressive treatment of various diseases fol-
lowing transplantation of organs or bone marrow and in
the course of the acquired immunodeficiency syndrome
(AIDS). The disease may also result from intrauterine in-
fection with HCMV [1, 28]. According to World Health
Organization (WHO) data, HCMV infection represents
the most frequent intrauterine infection and affects 
0.4– 2.3% of living newborns. Almost 90% of the new-
borns with the congenital HCMV infection exhibit no
clinical symptoms. However, periodically they excrete
the virus in urine and saliva. Later on, the children may
be affected by serious neurological complications, in-
cluding progressive deafness, visual disturbances and
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mental retardation [1, 3]. In 5% of the children, the typi-
cal symptomatic inclusion body disease develops and an-
other 5% of the children present atypical symptoms [3].

Pathogenetic mechanisms of the intrauterine infection
with HCMV remain poorly recognised. Histopathologi-
cal studies and analysis of HCMV gene expression in
various organs and cell types permit accurate determina-
tion of the range of virus replication, causative involve-
ment in the induction of injury to vitally important or-
gans and cell death [5, 28, 29]. The data provide valu-
able supplementation to the not always uniform clinical
pattern of HCMV infection and to laboratory results.

In recent decades, we have witnessed a development
of rapid, economic and increasingly sensitive techniques
for detection of the HCMV both at the stage of acute in-
fection and in the latent form [2, 11, 21, 25]. For detec-
tion of the virus in tissue, multiple molecular biology
techniques are being employed, including polymerase
chain reaction (PCR) and in situ hybridisation (ISH),
with the use of non-radioactively labelled probes particu-
larly recommended in recent years [19, 31].

Since the 1990s immunocytochemical techniques
have been employed, followed by in situ hybridisation
(ISH) with or without simultaneous DNA detection in
1995 and for mRNA detection in 1997. The new tech-
nique of amplification with biotinylated tyramine (im-
munomax, catalysed reporter deposition, CARD, and
tyramide signal amplification, TSA) is now in use [10,
14, 23, 32]. In the presence of H2O2 and peroxidase, the
applied biotinylated tyramine becomes incorporated due
to free radical formation and reaction with the electron-
rich fragments of protein molecules (tyrosines, trypto-
phans, phenylalanines, etc.), which surround the sites 
of peroxidase. Therefore, addition of the streptavidin-
peroxidase complex results in a more intense labelling
[7, 10, 13, 14].

Using the ABC technique and classical ISH with si-
multaneous application of the immunomax technique
and the routine histopathological diagnosis of the infec-
tion, we compare the sensitivity of the detection of ac-
tive HCMV replication in autopsy material of children
who died due to intrauterine HCMV infection. Results
on HCMV DNA detected using ISH were compared to
results of DNA detection using PCR, applied to the anal-
ogous, paraffin-embedded tissues.

Material and methods

Tissue material

Archival paraffin blocks with autopsy material (brain, liver, 
pancreas, stomach, large intestine, kidneys, myocardium, adrenal
glands, parotid, lungs and spleen) originated from five children,
deceased due to intrauterine symptomatic infection with CMV
from 1988 to 1995. The children were patients of the B.
Krysiewicz Voivodship Children Hospital. Preliminary diagnosis
of the congenital infection with CMV was based on serological
tests and the main clinical symptoms soon after birth. The diagno-
sis was confirmed using histopathological testing of selected or-
gans, in which giant cells were detected with typical intracellular

inclusions. None of the children received any specific anti-viral
therapy.

As the negative control, fragments of liver, pancreas, lungs and
kidneys were used. These were isolated from six adult Wistar
strain rats, fixed in 10% formalin and embedded in paraffin.

The studies were conducted on serial, 5-µm paraffin sections
and placed on SuperFrost/Plus microscope slides. The archival
material was fixed in buffered 10% formalin and embedded in par-
affin using the routine procedure. At first, the above-mentioned
tissues were evaluated following classical staining with haematox-
ylin and eosin (H&E). The immunocytochemical and the ISH
studies, associated with the immunomax technique, were per-
formed on subsequent sections of at least four selected organs in
each child and in selected tissues of the control rats (Table 1).

Immunocytochemical studies

For immunocytochemical studies, mouse monoclonal antibodies,
CCH2 [immunoglobulin (Ig)G1, kappa)], were employed, directed
against CMV-early antigen (EA) protein (Dako). The studies fol-
lowed the classical ABC technique [6], associated with the im-
munomax technique. In the latter technique, the key reaction in-
volved a 10-min incubation with 10 µl biotinylated tyramine dis-
solved in 0.1% Tween 20 in the presence of 10 µl 3% H2O2 in
1 ml phosphate buffered saline (PBS; room temperature). This was
followed by another application of streptavidin complex. The col-
our reaction was evoked with the horse radish peroxidase sub-
strate, 0.05% diaminobenzidine (DAB) in 0.05 M Tris-HCl buffer,
pH 7.6, supplemented with 0.001% H2O2. Positive reaction mani-
fested, in at least three sequential sections, as a dark brown or
black precipitate in the cell nucleus and cytoplasm of the morpho-
logically altered cells (giant cells) or in the cells which manifested
no lesions under the light microscope.

Control reactions were based on substituting specific antibod-
ies with normal sera of the respective species in 0.05 M Tris-HCl,
pH 7.6, supplemented with 0.1% bovine serum albumin (BSA)
and 15 mM sodium azide (negative control).

In situ hybridisation

The following molecular probes were used for ISH:

1. CMV oligonucleotide probe NCL-CMV, fluorescein isothiocy-
anate (FITC) conjugated (Novocastra Laboratories) comple-
mentary to HCMV early gene transcript

2. CMV ingenius probe (CMV early phase), digoxigenin labelled
(R&D Systems) – a mixture of three oligoprobes constructed
for the published sequences of Towne and AD169 strains,
complementary to regions of preserved early phase CMV DNA
sequence

Table 1 Organs studied for human cytomegalovirus (HCMV)
presence in children with intrauterine infection with the virus.
+ the organ was examined

Tissue/ autopsy no. 30/88 59/90 1/92 16/92 8/95

Pancreas + + +
Liver + + + + +
Stomach +
Colon + +
Heart + + + + +
Lungs + + + +
Adrenal glands + +
Kidneys + + + +
Brain + + +
Parotid +
Spleen +
Sum 5 6 9 5 6
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In this portion of the studies the following antibodies were used:

1. Sheep monoclonal anti-digoxygenin antibodies (Fab frag-
ments), labelled with horseradish peroxidase (Boehringer
Mannheim)

2. Rabbit antibodies against FITC, labelled with horse radish per-
oxidase (Dako)

Similar to the immunocytochemical studies, biotinylated tyramine
(synthesized in the Department of Histology and Embryology,
University of Medical Sciences in Wroclaw) was also applied in
the ISH studies.

In the hybridocytochemical studies, the classical ones and
those associated with the immunomax technique, sequential sec-
tions of the tissue material, which were tested earlier by immuno-
cytochemical techniques, were applied. Several variants of the in
situ nucleic acid hybridisation protocols were applied, following
recommendations of the R&D systems and our own modifications
of mRNA detection [8, 9].

For detection of HCMV DNA, a digoxygenin-labelled oligonu-
cleotide probe was used. This probe was complementary to con-
servative regions of CMV DNA early phase. Detection of CMV
DNA in paraffin sections was performed according to recommen-
dations of Boehringer Mannheim and the appropriate literature da-
ta [31]. Optimum conditions of ISH were tested for paraffin sec-
tions and for detection of both mRNA and DNA of HCMV. In ad-
dition, the optimum parameters of the immunomax technique were
established. For this reason, various concentrations of biotinylated
tyramine, times of reaction, and antibody and genetic probe levels
were examined.

The contents of EA-HCMV antigenic protein and of HCMV
nucleic acids (mRNA and DNA) were calculated using the semi-
quantitative technique of scoring mean number of positive cells
with the scale of 0 to ++++, where + denotes up to 10 positive
cells, ++ 11 to 30 positive cells, +++ 31 to 100 positive cells and
++++ more than 100 positive cells for 10 fields of the section, ex-
amined at a 100× magnification under a light microscope. The cal-
culations were performed on the mean of three consecutive sec-
tions of each organ in a given patient and resulted in a mean num-
ber (Table 2). The results obtained were compared with the num-
bers of giant cells noted in H&E-stained sections and examined in
the same manner.

PCR technique

Tissue fragments were extracted twice with xylene and then
washed twice in ethanol. After drying them, DNA was isolated
from the samples. For this purpose, DNA isolation buffer, which
was devoted to isolation of the acids from paraffin-embedded tis-
sues, was prepared. The buffer contained 50 mM Tris, pH 8.5;
1 mM ethylene diamine tetraacetic acid (EDTA); 0.5% Tween 20
and 200 µg/ml proteinase K. Buffer (200 µl) was added to each
sample. After 3 h incubation at 55°C, the tubes were centrifuged
for 30 s, placed in 95°C for 8–10 min and centrifuged again for
30 s. The tubes were stored at –20°C. In order to increase effec-
tiveness of amplification of the DNA isolated from paraffin em-
bedded tissues, the thermic profile of the PCR reaction was modi-
fied, and the number of reaction cycles was increased. The ther-
mic profile run was as follows:

1. Preliminary denaturation: 94°C, 7 min
2. Annealing: 42°C, 30 s
3. Elongation: 72°C, 2 min
4. Denaturation: 95°C, 50 s
5. Final annealing: 42°C, 1 min
6. Terminal elongation: 72°C, 7 min

The cycles 2 to 4 were repeated 50 times. Primers for amplifica-
tion of the HCMV genome fragment were designed on the basis of
literature data [27]: 

● CMV IE1 upstream 5’ CCA CCC GTG GTG CCA GCT CC 3’
● CMV IE2 downstream 5’ CCC GCT CCT CCT GAG CAC CC 3’ T
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The amplified fragment originateed from the region of the imme-
diate early gene exon 4 and was 159 bp in length. The amplifica-
tion reaction was conducted in a 10-µl reactive mixture, contain-
ing 100 ng template, 0.25 U Taq polymerase (Qiagen), 1 µM of
each of the primers, buffer containing 10 mM Tris-HCl (pH 8.7 
at 20°C), (NH4)2SO4, 1.5 mM MgCl2, 50 mM KCl, 1XQ solution
and 200 µl of each dNTP (dATP, dCTP, dGTP, dTTP). The prod-
ucts were separated using agarose (2%) gel electrophoresis.

Results

Selected clinical data on children deceased due to con-
genital infection with HCMV are shown in Table 3.

Histopathological findings

Eleven types of organs were examined (at least five or-
gans in each patient) (Table 1). In the routine H&E stain-
ing, the presence of giant cells with intracellular inclu-
sions was demonstrated in the pancreas, colon, liver,
lungs, kidneys and brain (Table 2). Particularly extensive
cytopathic lesions were seen in cells of renal parenchyma
and in the pancreas. In the kidneys, the affected cells in-
cluded mostly altered cells of the proximal tubule epithe-
lium (Fig. 1). In the pancreas, the cytopathic lesions were
seen both in the exocrine portion and in the Langerhans
islets. In the liver, the numbers of giant cells were rela-
tively low. All of the children presented signs of interstiti-
al pneumonia (Table 3). Detection of giant cells in the or-
gan presented particular difficulties. Individual giant cells
were found in the interalveolar septa in only two of four
examined patients (case 1 and case 3) (Table 2). In a sin-
gle case, Pneumocystis carinii was demonstrated in the
lungs (case 3). Four of five examined children manifested
traits of myocardial ischaemia, myocardial necrosis
and/or myocarditis (cases 1, 2, 3 and 5; Table 3). Upon
routine staining of the cardiac sections, the presence of
giant cells could not be demonstrated in any of the chil-
dren. Nonspecific inflammation with infiltrates of mono-
nuclear (mainly lymphocytes) and multinuclear cells
were particularly intense in the lungs, kidneys and liver.
Haemorrhage to the central nervous system and to the
lungs was seen in one child (case 1). Inborn malforma-
tions (microcephaly, internal hydrocephalus, cerebral at-
rophy, microgyria and intracranial calcification) were ob-
served in two of the children (case 4 and case 5; Table 3).

Detection of EA using ABC-immunomax technique

Results obtained using the ABC technique with the si-
multaneous application of the immunomax technique are
presented in Table 2. Application of the biotinylated ty-
ramine increased sensitivity of the reaction by up to
three orders of magnitude compared with the classical
ABC technique. The technique permitted the visualisa-
tion of pathological cells much more clearly by duplicat-
ing the numbers of detected sites of CMV replication

and permitting detection of EA HCMV in morphologi-
cally unaltered cells. The EA HCMV was detected in the
studied material mainly in giant cells but also in morpho-
logically intact cells, including blood leucocytes and
cells of the vascular endothelium. The most numerous
immunopositive, pathologically altered cells could be
seen in the renal epithelium of proximal tubules, with the
strongest reaction in cell nuclei when compared with the
cytoplasm (Fig. 2). On average, twice as many immuno-
positive cells were seen in the pancreas and the lungs
compared with giant cells seen in routinely stained prep-
arations (Fig. 3). In routinely stained preparation, the
numbers of immunopositive cells in the liver were higher
than the numbers of giant cells in three of the five exam-
ined children (Table 2). Intensity of the reaction varied,
with the presence of the signal both in the cytoplasm and
in cell nuclei of the enlarged cells (Fig. 4). In one of
three examined patients (case 2), a focus of individual
immunopositive cells in the brain was demonstrated. The
numbers of immunopositive cells in the liver, pancreas
and kidneys varied between individual patients (Table 2).
The immunocytochemical reaction for EA was negative
in selected organs of rats.

Detection of HCMV DNA and HCMV mRNA using ISH
immunomax technique

Application of the immunomax technique permitted
significant (up to a few hundred-fold) augmentation of

Fig. 1 Fragment of renal parenchyma in human cytomegalovirus
(HCMV) infection with giant cells in tubular epithelium. Note the
presence of nuclear inclusion bodies surrounded by the halo (“owl
eyes”). H&E staining

Fig. 2 Immunocytochemical localisation of early antigen (EA)
human cytomegalovirus (HCMV) in cytomegalic cells of renal tu-
bular epithelium. Note the stronger reaction in the cell nuclei than
in the cytoplasm. ABC-immunomax technique

Fig. 3 Immunocytochemical detection of early antigen (EA) hu-
man cytomegalovirus (HCMV) in pancreatic acinar cells. The pos-
itive reaction is noted mainly in cell nuclei of cytomegalic cells.
ABC-immunomax technique

Fig. 4 Fragment of liver lobule with cytomegalic cells. Note the
immunopositivity of cell nuclei and the weak cytoplasmic reaction
for the presence of human cytomegalovirus (HCMV) early pro-
tein. ABC-immunomax technique

Fig. 5 Hybridocytochemical detection of HCMV DNA in cyto-
megalic cells of the altered epithelium of renal tubuli. Immuno-
max technique.

Fig. 6 Hybridocytochemical reaction for human cytomegalovirus
(HCMV) DNA in an individual hepatocyte. Immunomax tech-
nique

Fig. 7 Hybridocytochemical detection of human cytomegalovirus
(HCMV) mRNA in cytomegalic cells of renal tubular epithelium.
Note that the weak reaction localised mainly in the cell nuclei. 
Immunomax technique

Fig. 8 Hybridocytochemical detection of human cytomegalovirus
(HCMV) DNA in cell nuclei of myocardium. Immunomax tech-
nique. All bar markers represent 20 µm

▲
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Fig. 1–8 Legend see page 485
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sensitivity of the hybridocytochemical reaction when
compared with classical ISH. In the studied sections,
the distribution of cells with the presence of HCMV
DNA in the renal tubular epithelium overlapped with
the detected distribution of the viral early protein (com-
pare Fig. 2 and Fig. 5). In the lungs and the pancreas,
the hybridocytochemical localisation of HCMV DNA
was consistent with that detected using immunocyto-
chemistry and pertained an almost identical number of
cells (Table 2). In the liver, HCMV DNA was localised
in cell nuclei of widely spread hepatocytes. The cells
were enlarged or of a normal size, frequently without
the pale halo around the intranuclear inclusions
(Fig. 6). Moreover, HCMV DNA was demonstrated in
the endothelial cells of liver sinuses, in leucocytes in
their lumen and in blood leucocytes of pulmonary and
adrenal vessels.

The combination of hybridocytochemical and the im-
munomax techniques in the studied autopsy material per-
mitted localisation of viral nucleic acid in the cells in
which no EA HCMV was detected. In our material, this

pertained to cardiac myocytes in which nuclear localisa-
tion of HCMV DNA was noted in morphologically unal-
tered cells in two patients examined for this parameter
(Fig. 7, Table 2).

In the studied material, detection of HCMV mRNA
could be achieved only when using immunomax amplifi-
cation of the signal. The reaction product was less evident
than that for DNA of the virus, which was detected in the
same tissues. Compared with the detection of DNA or
EA, the reaction product was either detected in a lower
number of cells, or it was not detected at all (Fig. 8). He-
patic localisation of the transcript of the early HCMV
gene corresponded to the localisation documented using
the immunocytochemical techniques. No HCMV mRNA
could be demonstrated in endothelial cells or in leucocy-
tes in the lumen of vessels, even when the immunomax
amplification was employed.

All of the control reactions for detection of HCMV
nucleic acids proved negative. Similarly, no DNA or
mRNA of the virus was detected in selected tissues of
the control rats.

Table 3 Synopsis of clinical and morphological data. CNS central nervous system, HCMV human cytomegalovirus. Ig immunoglobulin

Case, Age at Gender Histopathological findings Clinical outcome Serology in the
autopsy death children
no. (days)

1, 30/88 1 f Hyaline membranes and massive Intrauterine sepsis in the foetus. Anti-CMV: non-tested
haemorrhage to pulmonary parenchyma. Hypertrophic cardiomyopathy,
Internal haematocephalus I-IV and pneumonia, hepatitis, hepato-
diffuse bilateral subpial haemorrhage. splenomegaly, bleeding to CNS
Interstitial pneumonia, myocarditis, 
cytomegalic nephritis, pancreatitis Cause of death: respiratory/circulatory

insufficiency
2, 59/90 80 f Interstitial cytomegalic pneumonia, Intrauterine sepsis in the foetus, Anti-CMV:IgM+IgG–

bilateral lobular pneumonia incipient. Dystrophia, microcephaly, petechiae, 
Cytomegalic sialadenitis, nonspecific hepatosplenomegaly, hepatitis, 
interstitial nephritis, nonspecific chronic pneumonia, infection of urinary system
hepatitis, myocardial ischaemia, 
hyperplasia of adrenal glands, inanitio Cause of death: respiratory/circulatory 

insufficiency
3, 1/92 100 m Generalised massive cytomegalic Intrauterine sepsis, interstitial Anti-CMV: 

infection of lungs, liver, pancreas and pneumonia, hepatosplenomegaly, IgM+IgG–<?1>
kidneys. Bilateral pneumocystic petechiae, hypotrepsy, secondary 
interstitial pneumonia, myocardial anaemia, jaundice, cardiomyopathy
ischaemia

Cause of death: Respiratory/circulatory
insufficiency, sudden cessation of 
circulation,

4, 16/92 69 f Congenital malformation of skull, congenital HCMV syndrome, Anti-CMV: 
microcephaly and internal hydrocephalus microcephaly, internal hydrocephalus, IgM–IgG+<?1>
I–III, external hydrocephalus, simple total pneumonia, obturative bronchitis, 
cerebral atrophy, diffuse bilateral lobular spastic paresis, seizures
pneumonia

Cause of death: respiratory/circulatory 
insufficiency

5 8/95 33 f Microcephaly, internal hydrocephalus Microcephaly, internal hydrocephalus, Anti-CMV:IgM–IgG 
I-IV, microgyria, intracranial calcification, sepsis, encephalomalacia, encephalitis, non-tested<?1>
encephalomalacia, generalised cytomegalic pneumonia bilateralis, myocarditis
infection of liver, pancreas, colon and 
kidneys, interstitial pneumonia, myocardial Cause of death: respiratory/circulatory
necrosis insufficiency and sudden cessation 

of circulation



in most cases, the localisation of giant cells, demonstrat-
ed by means of H&E staining. Moreover, the reaction
product was much more evident and present in higher
numbers of cells than was observed when using the rou-
tine staining. Application of the immunomax technique
has allowed the identification of additional cells produc-
ing the viral protein. These cells were not identified with
routine staining. They included hepatocytes, endothelial
cells and blood leucocytes. The additional advantage of
biotinylated tyramine amplification includes the poten-
tial to apply antibodies in thousand-fold lower concen-
trations, preserving the most evident signal of the reac-
tion. This confirms economic advantages of applying the
technique in pathological diagnosis. In this study, the ap-
plied mouse monoclonal antibodies, CCH2, detect a non-
structural DNA-binding protein (the so-called polymer-
ase processivity subunit; pp52 protein or ppUL44 pro-
tein, corresponding to the UL44 reading frame). The pro-
tein at the preliminary stage of HCMV infection is pres-
ent in the cell nucleus and is transplaced at later stages of
the infection toward the nuclear envelope and the cell
cytoplasm [22, 33]. The prevalent nuclear localisation of
the immunocytochemical reaction product in the majori-
ty of the sections studied by us points to the current pro-
duction of the early protein, but its location in giant cells
mainly indicates a late stage of the infection, accompa-
nied by the typical cytopathic effect. The results are con-
sistent with the study on dynamics of the inborn and the
postnatally acquired HCMV infection. The latter studies
have demonstrated prevalence of the early protein in the
inborn infection with HCMV relative to the immediate
early protein (IEA), which has dominated in the postna-
tally acquired infection [17]. In this study, the results on
the detection of HCMV nucleic acids have confirmed the
much higher sensitivity of the immunomax technique
relative to classical hybridocytochemistry and the advan-
tages of using ISH compared with immunocytochemis-
try. In the tissues studied by us, the number and distribu-
tion of cells with a positive signal for HCMV DNA have
mostly coincided with the results obtained using imuno-
cytochemistry. The immunomax technique has permitted
the detection of viral nucleic acids in the cells. Upon
routine histological staining, these cells have been free
of lesions and contained no early protein. This can be ex-
emplified by detection of viral DNA in cell nuclei of
myocardial myocytes. Detection of HCMV DNA in the
myocardium, accompanied by myocarditis or cardiomy-
opathy, corroborates observations of other authors in
children with the inborn infection or in adult patients [5,
20]. HCMV DNA was detected in myocardium at all
stages of myocarditis and in hypertrophic cardiomyopa-
thy even if in such cases immunocytochemical studies
failed to detect the early proteins or late proteins of
HCMV [26].

Since the classical ISH has detected no gene tran-
script in any of the studied organs, detection of HCMV
mRNA in the studied tissues has been possible only due
to the amplification with biotinylated tyramine. Intensity
of the reaction for HCMV mRNA was lower than the re-
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PCR technique

The presence of CMV DNA in the studied paraffin-
embedded tissues was confirmed also by means of 
PCR (Fig. 9). One of the amplified fragments (autopsy
no. 8 of 95) was inserted into pGEM – T easy vector
(Promega) and sequenced using an automatic sequencing
apparatus (Beckman). The obtained sequence was com-
pared with sequences of the Entrez database by means of
the Internet and employing the BLASTIN program. The
analysis confirmed the compatibility of the amplified se-
quence with the HCMV sequence (exon 4, the immedi-
ate-early region, 159 bp in length).

Discussion

Pathogenetic mechanisms of intrauterine infection with
HCMV and of its transmission to the foetus, both result-
ing in serious clinical consequences, remain under inves-
tigation [1, 29]. Effectiveness of the complex diagnosis
of congenital infections with HCMV and the time at
which the diagnosis is established frequently decide on
the fate of the affected child. This stresses the need for
new techniques, which exhibit high sensitivity and speci-
ficity, in order to detect the virus. The immunomax tech-
nique, used in association with immunocytochemical
techniques and with ISH, represents such a novel ap-
proach [14, 23]. High sensitivity and specificity of the
technique was documented previously by our group in
the detection of mRNA for polypeptide hormones in ani-
mal tissues and in cultured cells of human thyroid med-
ullary carcinoma [8, 9].

In this study, the immunocytochemical technique for
detection of the early protein of HCMV has confirmed,

Fig. 9 Electrophoresis in 2% agarose of polymerase chain re-
action (PCR)-amplified human cytomegalovirus (HCMV) DNA
fragment, 159 bp in length, from the kidney (autopsy no. 8 of 95).
Lanes: 1 and 6 contain the pBluescript size marker, digested 
with Avall/HinfI restriction enzymes. Lane 2 contains the PCR-
amplified product of a fragment of exon 4 of HCMV DNA
(159 bp) using oligonucleotide primers CMV IE1 and CMV IE2.
Lane 3 contains the pUC19 marker digested with MspI restriction
enzyme, and lanes 4 and 5 are the same as lane 2 but employ a
lower concentration of the deparaffinised material template



should be considered. HCMV is supposed to participate
in the control of TNF-α expression and in the resulting
inflammatory response [4, 15, 30]. As found in in vitro
studies, TNF-α may potentially serve as a stimulator of
HCMV major immediate-early promoter in undifferenti-
ated haematopoietic progenitors [24]. Application of the
immunomax technique may prove useful also in such
studies.

References

1. Alford CA, Britt WJ (1990) Cytomegalovirus. In: Fields BN,
Knipe DM (eds) Virology. Raven, New York, pp 1981–2010

2. Boeckh M, Boivin G (1998) Quantitation of cytomegalovirus:
methodologic aspects and clinical applications. Clin Microbiol
Rev 11:533–554

3. Demmler GJ (1997) Congenital cytomegalovirus infection and
disease. Rep Ped Inf Dis 7:17–18

4. Geist LJ, Monick MM, Stinski MF, Hunninghake GW (1994)
The immediate early genes of human cytomegalovirus upregu-
late tumor necrosis factor-α gene expression. J Clin Invest
93:474–478

5. Hamazaki M (1983) Histological study of congenital and ac-
quired cytomegalovirus infection. Acta Pathol Jpn 33:89–96

6. Hsu SM, Raine L, Fanger H (1981) Use of avidin-biotin-
peroxidase complex (ABC) in immunoperoxidase techniques.
J Histochem Cytochem 29:577–580

7. Hunyady B, Krempels K, Harta G, Mezey E (1996) Immuno-
histochemical signal amplification by catalyzed reporter depo-
sition and its application in double immunostaining. J Histo-
chem Cytochem 44:1353–1362

8. Kasprzak A, Zabel M, Surdyk-Zasada J, Seidel J (1998)
mRNA hybridocytochemical detection of particular peptide
hormones in rat thyroid C cells and human medullary cancer
TT cells. Med Sci Mon 4[suppl 2]:181–183

9. Kasprzak A, Zabel M, Surdyk-Zasada J, Seidel J (1999) 
Hybridocytochemical detection of mRNA for calcitonin,
CGRP, somatostatin and NPY in cultured cells of medullary
thyroid carcinoma using immunomax technique. Folia Histo-
chem Cytobiol 37:59–60

10. Kersten HMJ, Poddighe PJ, Hanselaar AGJM (1995) A novel
in situ hybridization signal amplification method based on 
deposition of biotinylated tyramine. J Histochem Cytochem
43:347–352

11. Koffron AJ, Hummel M, Patterson BK, Yan S, Kaufman DB,
Fryer JP, Stuart FP, Abecassis MI (1998) Cellular localization
of latent murine cytomegalovirus. J Virol 72:95–103

12. Koffron AJ, Mueller KH, Kaufman DB, Stuart FP, Patterson
B, Abecassis MI (1995) Direct evidence using in situ poly-
merase chain reaction that the endothelial cell and T-lympho-
cyte harbor latent murine cytomegalovirus. Scand J Infect
99[suppl]:61–62

13. Koji T, Kanemitsu Y, Hoshino A, Nakane PK (1997) A novel
amplification method of nonradioactive in situ hybridization
signal for specific RNA with biotinylated tyramine. Acta
Histochem Cytochem 30:401–406

14. Komminoth P, Werner M (1997) Target and signal amplifica-
tion: approaches to increase the sensitivity of in situ hybridiza-
tion. Histochem Cell Biol 108:325–333

15. Kutza AST, Muhl E, Hackstein H, Kirchner H, Bein G (1998)
High incidence of active cytomegalovirus infection among
septic patients. Clin Infect Dis 26:1076–1082

16. Luban NLC (1994) Cytomegalovirus. In: Anderson AKC,
Ness PM (eds) Scientific basis of transfusion medicine: impli-
cations for clinical practise. Saunders, Philadelphia, pp 637–
653

17. Maeda A, Sata T, Sato Y, Kurata T (1994) A comparative
study of congenital and postnatally acquired human cytomega-
lovirus infection in infants: lack of expression of viral immedi-

489

action for HCMV DNA, but cellular localisation of
mRNA was consistent with the detected HCMV DNA
and the early protein within cell nuclei and cytoplasm of
the infected cells. In general, HCMV mRNA has been
detected in a somewhat lower number of infected cells
(including giant cells) and has not been detected in endo-
thelial cells or blood leucocytes. This corroborates ob-
servations of other authors who could not detect HCMV
mRNA until they used PCR, which pointed to a low 
level of viral expression in the cells [12, 28].

The application of PCR for detection of DNA in par-
affin-embedded tissues has proven successful after modi-
fication of the parameters of the technique. The tech-
nique has confirmed compatibility of the amplified se-
quence with the sequence of exon 4 (the immediate early
region) of HCMV and, in our studies, has supplemented
the complex diagnosis of active HCMV infection on the
basis of the archival material.

The nonspecific inflammatory lesions noted in the
histopathological examination have been consistent with
results of the earlier studies pertaining to morphological
alterations in autopsied tissues in cases of the congenital
HCMV syndrome [1, 5, 16, 17]. Despite the symptoms
of a diffuse intrauterine viral infection in all studied pa-
tients, death of vitally important organs (lungs, heart,
brain) has not seemed directly connected with either the
numbers of cells exhibiting evident cytopathic lesions
(giant cells) or the expression of nucleic acids and early
protein of HCMV at the tissue level. In our material, the
highest numbers of giant cells have been encountered in
the kidneys and the pancreas even if no clinically severe
symptoms of renal insufficiency or pancreatitis have
been described. The primary cause of death (respirato-
ry–circulatory insufficiency) has reflected most probably
on the release of inflammatory mediators under the ef-
fects of active replication of HCMV, which has resulted
in a systemic inflammatory response (sepsis). Highly
pronounced dysregulation of central immune mediators
in the course of the viraemia has induced immunosup-
pression. This favoured viral replication in line with nat-
ural immaturity of foetal and newborn immune systems.
The role of cytokines such as tumour necrosis factor
(TNF)-α, interleukin (IL)-1 and IL-6 has been proven in
sepsis. These lead to a diffuse vasculitis and secondary
anoxia in the organs and result in multiple organ dys-
function syndrome [15, 18].

The present study has demonstrated that HCMV viral
expression can be optimally detected using the immuno-
max technique. This has resulted in detection of a higher
number of cells containing the viral protein and in local-
isation of cells, including the morphologically intact
ones, which carry nucleic acids of HCMV. In the case of
HCMV mRNA, detection of the gene transcript has been
possible only when the immunomax technique was ap-
plied. Any further tissue-level explanation of cell injury
pathomechanism in HCMV infection requires that the
participation of cells that mediate virus transmission to
distant organs is taken into account. In addition, the tis-
sue expression of cytokines and TNF-α, in particular,



tion for small CMV genomic sequences within heavily infect-
ed cellular sections. J Pathol 177:171–180

26. Schonian U, Crombach M, Maser S, Maisch B (1995) Cyto-
megalovirus-associated heart muscle disease. Eur Heart J 16
[Suppl]:46–49

27. Shibata D (1990) Detection of human cytomegalovirus. In:
Innis MA, Gerfand DH, Sninsky JJ, White TJ (eds) PCR pro-
tocols, a guide to methods and application. Academic, New
York, pp 368–371

28. Sinzger C, Jahn G (1996) Human cytomegalovirus cell tro-
pism and pathogenesis. Intervirology 39:302–319

29. Sinzger C, Muntefering H, Loning T, Stoss H, Plachter B,
Jahn G (1993) Cell types infected in human cytomegalovirus
placentitis identified by immunohistochemical double stain-
ing. Virchows Arch 423:249–256

30. Wilcox CM, Harris PR, Redman TK, Kawabata S, Hiroi T, 
Kiyono H, Smith PD (1998) High mucosal levels of tumor ne-
crosis factor a messenger RNA in AIDS-associated cytomega-
lovirus-induced esophagitis. Gastroenterology 114:77–82

31. Wood NB, Sheikholeslami M, Pool M, Coon JS (1994) PCR
production of a digoxygenin-labeled probe for the detection of
human cytomegalovirus in tissue sections. Diagn Mol Pathol
3:200–208

32. Yang H, Wanner IB, Roper SD, Chaudhari N (1999) An opti-
mized method for in situ hybridization with signal amplifica-
tion that allows the detection of rare mRNAs. J Histochem
Cytochem 47:431–445

33. Zweygberg Wirgart B, Landqvist M, Hokeberg I, Eriksson
BM, Olding-Stenkvist E, Grillner L (1990) Early detection of
cytomegalovirus in cell culture by a new monoclonal antibody,
CCH2. J Virol Methods 27:211–220

490

ate early protein in congenital cases. Virchows Arch 424:
121–128

18. Mayer J, Hajek R, Vorlicek J, Tomiska M (1995) Sepsis and
septic shock. Support Care Cancer 3:106–110

19. Musiani M, Roda A, Zerbini M, Pasini P, Gentilomi G, 
Gallinella G, Venturoli S (1996) Chemiluminescent in situ hy-
bridization for the detection of cytomegalovirus DNA. Am 
J Pathol 148:1105–1112

20. Myerson D, Hackman RC, Nelson JA, Ward DC, McDougall
JK (1984) Widespread presence of histologically occult cyto-
megalovirus. Hum Pathol 15:430–439

21. Pillay D, Griffiths PD (1992) Diagnosis of cytomegalovirus
infection: a review. Genitourin Med. 68:183–188

22. Plachter B, Nordin M, Zwygberg Wirgart B, Mach M, Stein H,
Grillner L, Jahn G (1992) The DNA-binding protein p52 of
human cytomegalovirus reacts with monoclonal antibody
CCH2 and associates with nuclear membrane at late times af-
ter infection. Virus Res 24:265–276

23. Poddighe PJ, Bulten J, Kersten HMJ, Robben JCM, Melchers
WJG, Hanselaar AGJM (1996) Human papilloma virus detec-
tion by in situ hybridisation signal amplification based on 
biotinylated tyramine deposition. J Clin Pathol:Mol Pathol
49:M340–344

24. Prosch S, Volk HD, Reinke P, Pioch K, Docke WD, Kruger
DH (1998) Human cytomegalovirus infection in transplant re-
cipiens: role of TNF-alpha for reactivation and replication of
human cytomegalovirus. In: Scholz M, Rabenau HF, Doerr
HW, Cinatl J Jr (eds) CMV-related immunopathology. Basel,
Karger, pp 29–41 (Monographs in virolology, vol 21)

25. Ray RA, Smith M, Sim R, Nystrom M, Pounder RE, 
Wakefield AJ (1995) The intracellular polymerase chain reac-


