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Alkaline phosphatase immunoenzymatic staining for
detection of antigens induced by cytomegalovirus
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SUMMARY An indirect alkaline phosphatase immunoenzymatic staining method was developed to
localise antigens in human embryo fibroblasts that have been induced by cytomegalovirus. The
enzyme label was developed with a naphthol salt and fast blue to obtain a bright blue staining of
the antigens that could be clearly visualised under an ordinary light microscope. The procedure is
rapid, sensitive, and specific and can be used in diagnostic laboratories to detect active infection
caused by cytomegalovirus.

In cells infected with human cytomegalovirus sev-
eral antigens appear at varying intervals. Before
replication of viral DNA cytomegalovirus induces
the appearance of immediate early' and early anti-
gens,2 which are present in the nuclei of infected
cells one and 24 hours after infection, respectively.
About 72 hours after infection, at the end of the
cytomegalovirus replication cycle, late antigens can
be detected in the nucleus and cytoplasm of infected
cells.3 The immune response to antigens induced by
cytomegalovirus is widely used for serological diag-
nosis of cytomegalovirus infection, and the presence
of these antigens in cell cultures infected by clinical
specimens, or in tissue sections, has always been
considered to be a marker of viral infection.
The need for a rapid and sensitive method to

diagnose cytomegalovirus infection has led to the
use of immunoenzymatic stainings in cell cultures or
tissue sections suspected of harbouring the virus.
Until now the immunoperoxidase technique has
been the preferred system to localise antigenic con-
stituents in infected cells,45 but many cells contain
endogenous peroxidase activity which can impair
the specific immunoperoxidase labelling reaction.
As alkaline phosphatase can also be used in immune
labelling methods6-8 our study aimed to develop an
alkaline phosphatase indirect immunoenzymatic
assay to stain and localise the different antigens
induced by cytomegalovirus in infected human
fibroblasts.
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Material and methods

Human embryo fibroblasts were grown in Eagle's
minimum essential medium supplemented with 10%
fetal calf serum and antibiotics. The Towne strain of
human cytomegalovirus was used in all the experi-
ments. Stock virus was propagated at low multiplic-
ity of infection and harvested three to four days after
100% cytopathic effect.9 Virus infection in human
embryo fibroblasts grown on coverslips was carried
out with one plaque forming unit cell, with an
adsorption period of two hours.'0 Cells infected by
cytomegalovirus and mock infected controls were
fixed in acetone for 15 minutes at 4°C at various
intervals after infection (one, 24, 36, 72 hours).
Moreover, infected cells were treated with 75 ug/ml
of the DNA inhibitor cytosine arabinoside (Ara C)
and fixed in acetone at 72 hours after infection to
allow early antigens to accumulate.
Monoclonal antibody against immediate early

antigens to cytomegalovirus (Biotech, United
States) and human reference sera positive for early
and late antigens induced by cytomegalovirus (FG
182: early antigens 1/320, late antigens 1/320; AC
203: early antigens negative, late antigens 1/320)
were used in the immunoalkaline phosphatase test
to detect immediate early antigens in cells fixed one
hour after infection; early antigens in cells fixed 24,
36, and 72 hours after infection when treated with
cytosine arabinoside; and late antigens in cells fixed
at 72 hours after infection. Infected cells fixed with
acetone and relative controls were treated with
reference sera positive for the antigens induced by
cytomegalovirus at 37°C for 45 minutes. After three
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washes in phosphate buffered saline 0.1M, pH 7 4,
phosphatase labelled antibody to human IgG or to
mouse IgG (when monoclonal serum was used) was
added at the dilution of 1/20. Cells were then incu-
bated at 370 for 45 minutes, and after three further
washes in phosphate buffered saline the alkaline
substrate was added.
The alkaline phosphatase substrate was prepared

by dissolving 2 mg of naphthol AS phosphate in
0-2 ml of dimethylformamide in a glass tube and
then adding 9-8 ml of 0-1M Tris hydrochloric acid
buffer, pH 9. Immediately before this preparation
was used fast blue RR was added at a concentration
of 1 mg/ml and the solution filtered directly on to
the slide. The development of the coloured reaction
product was monitored by microscopic examination
of the slides during the staining procedure, the reac-
tion being stopped when optimal contrast was
achieved. The slides were then washed in phosphate
buffered saline and mounted in 80% glycerol.

Results

Antigens induced by cytomegalovirus were visual-
ised with a dark blue precipitate obtained by
developing the alkaline phosphatase label with a
naphthol salt as a coupling agent in the presence of a
diazonium salt (fast blue) as a capture agent. In
human fibroblasts fixed one hour after infection with
cytomegalovirus and treated with monoclonal anti-
body against immediate early antigens positive nuc-
lei were detected with a good labelling intensity in
positive cells. (Fig. 1). In cells fixed at 24 and 36
hours after infection early antigens were present in
the nuclei of infected cells, but a sharper localisation
of the reaction product was observed when early
antigens had accumulated in infected cells after
treatment with cytosine arabinoside for 72 hours
(Fig. 2). In infected human fibroblasts fixed at the
end of the cytomegalovirus replication cycle (72
hours after infection) late antigen positive cells were
seen with nuclear and cytoplasmic inclusions (Fig.
3). In control cells treated with sera positive for
cytomegalovirus no specific staining was noted.

Discussion

The indirect alkaline phosphatase immunoenzyma-
tic staining procedure reported here specifically
detects and stains antigens induced by
cytomegalovirus in infected cells yet does not stain
uninfected control cells. In this assay the bright blue
colour of the reaction product makes positively
labelled antigens stand out with great clarity and can
provide a permanent record easily viewed in an
ordinary light microscope. Moreover, immunoal-
kaline phosphatase staining avoids problems due to
endogenous peroxidase activity, which sometimes
arise when tissues are stained by immunoperoxidase

methods. In fact, as endogenous peroxidase activity
results in non-specific staining and can confuse diag-
nostic interpretations specimens are often pretre-
ated with hydrogen peroxide or other reagents to
eliminate the endogenous enzymatic activity. Pre-
treatments, however, increase the staining time, can
alter the antigenic activity, and decrease the sensitiv-
ity of the assay." 12
Our findings suggest that the immunoalkaline

phosphatase staining we describe fulfils the criteria
of a practical, rapid, and reliable assay for detecting
antigens induced by cytomegalovirus in infected
cells. This staining procedure can also be applied in
the serological diagnosis of active cytomegalovirus
infection by examining the immune state against the
different antigens induced by cytomegalovirus.

The skilful technical help of Miss Marinella Plazzi is
gratefully acknowledged. This work was partially
supported by a CNR Progetto Finalizzato Controllo
delle Malattie da Infezione grant No 84.02007.52.
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