
86 Clin Pathol 1994;47:886-891

Rapid diagnosis of cytomegalovirus encephalitis in
patients with AIDS using in situ hybridisation
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M La Placa

Abstract
Aims-To evaluate the presence of
cytomegalovirus (CMV) DNA in the cere-
brospinal fluid of patients with AIDS and
suspected viral encephalitis using an in
situ hybridisation assay with digoxigenin
labelled CMV DNA probes.
Methods-The presence of CMV DNA
was evaluated in cerebrospinal fluid cells
of 10 patients with AIDS using in situ
hybridisation. The positivity of CMV
DNA was confirmed by the presence of
CMV induced antigens in the same speci-
mens. The presence of CMV DNA and
CMV induced antigens was also analysed
in peripheral blood leucocytes. The time
required to perform the in situ hybridisa-
tion assay was about eight hours.
Results-The in situ hybridisation assay
was sensitive, specific, and provided good
resolution. Six patients proved positive
for the presence of CMV DNA in CSF
cells and all six also proved positive for
CMV DNA in blood leucocytes. Ofthe six
CMV positive patients, five were treated
with specific antiviral drugs: ofthese, one
died during the treatment while four
clinically recovered after one month of
treatment.
Conclusions-The in situ hybridisation
assay using digoxigenin labelled CMV
DNA probes can be used as a valuable
diagnostic test for the detection of CMV
DNA in the cerebrospinal fluid cells of
patients with suspected CMV encephali-
tis and can therefore prompt adequate
antiviral therapeutic intervention.
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In immunocompromised patients cytome-
galovirus (CMV) can produce a variety of
clinical syndromes, including chorioretinitis,
oesophagitis, colitis, pneumonia, adrenalitis,
and encephalitis.'2 CMV encephalitis is rare
in immunocompromised transplant recipients
while in patients with AIDS it seems to occur
more frequently; in fact it has been described
in up to 30% of such patients in post mortem
histopathologic studies.34
CMV encephalitis represents a challenging

problem. It has no uniform clinical presenta-
tion; radiological findings and brain com-

puted tomography are not very specific and
sensitive.5 Laboratory diagnosis generally
relies on viral cultures of cerebrospinal fluid
or demonstration of intrathecal production of

specific immunoglobulins. However, during
the early phase of the disease and in immuno-
compromised patients, these laboratory tests
are often negative, leaving the definite diagno-
sis to the necropsy pathologist.6-8

Hybridisation techniques for CMV DNA
have been suggested as a promising tool for
the specific and reliable diagnosis of CMV
infection. We recently reported the rapid and
sensitive detection of CMV DNA in urine
samples using dot blot hybridisation assays910
and the in situ detection of CMV DNA both
in infected cultured cells and in biopsy speci-
mens of patients with AIDS and concomitant
CMV infection." 12 In those studies we used
digoxigenin labelled CMV DNA probes, con-
structed in our laboratory. These proved
highly specific and sensitive.

Early and rapid diagnosis of CMV
encephalitis is essential for antiviral treatment;
moreover, CMV can infect most central ner-
vous system cells.6 13 Our study, therefore,
evaluated the use of digoxigenin labelled
CMV DNA probes in hybridisation assays on
cerebrospinal fluid cell preparations, for an
early diagnosis ofCMV encephalitis.

Methods
Ten patients with AIDS and suspected suba-
cute viral encephalitis were enrolled in the
study. Six were men and four women. Five
were intravenous drug misusers, two were
homosexual men, and three patients had con-
tracted HIV infection by heterosexual inter-
course. Their ages ranged from 26-59 years.
Diagnosis of encephalitis was based on clini-
cal findings such as headache, fever, altered
consciousness, seizures; on focal neurological
signs; on radiological and computed tomogra-
phy examination of the brain to show
parenchymal abnormalities or non-specific
cortical atrophy; and on examination of the
cerebrospinal fluid. Bacterial, including
mycobacterial, and cryptococcal encephalitis
were excluded by negative cultures and nega-
tive antigen detection; toxoplasma encephali-
tis was not suspected given the absence of
typical cerebral lesions on computed tomo-
graphy.

Paired cerebrospinal fluid and blood sam-
ples were taken from the patients enrolled in
the study. Cerebrospinal fluid was obtained
by lumbar puncture; only samples free of
blood contamination were used for further
investigation. Cells from 2-3 ml cerebrospinal
fluid were collected by centrifugation at 1000
rpm for 10 minutes at room temperature and
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resuspended in phosphate buffered saline
(PBS) (0-15 M, pH 7 4), then cytocentrifuged
on glass slides pretreated as described
before." About 500 cells were analysed on
each slide.

Cells were fixed in 4% paraformaldehyde in
PBS for 30 minutes. After fixation cells were
washed three times in PBS for 10 minutes
each and then dehydrated with ethanol
washes (at 30, 60, 80, 95, and 100%) for five
minutes each. Cells were then air dried and
stored at 4°C. Cells could be stored for at
least a month with no decrease in their inter-
action with the hybridisation probe.
To study the presence of CMV DNA in

peripheral blood polymorphonuclear leuco-
cytes (PMNLs), PMNLs from 5 ml of peri-
pheral blood treated with EDTA were
separated by sedimentation on a 6% dextran
solution, centrifuged, and resuspended in
PBS.'4 They were then cytocentrifuged on
pretreated glass slides and fixed as described
above for cerebrospinal fluid cells.

Samples of cerebrospinal fluid cells, taken
from patients with AIDS and cryptococcal
encephalitis (n = 5), mycobacterial encephali-
tis (n = 1), and toxoplasma encephalitis (n =
3) were analysed for the presence of CMV
DNA.

CMV DNA PROBE
The probe was constructed using the Towne
CMV Xba I D fragment (20 kilobases)
belonging to the repeated regions of the CMV
genome.'5 The D fragment was cloned in
plasmid pACYC 184 and amplified in
Escherichia coli HB 101 16 Routine methods for
the large scale preparation of plasmid were
used.'7 The D fragment was separated from
the pACYC 184 vector by electrophoresis in a
0-6% low melting point agarose gel. The D
fragment was then recovered from the gel"7
and processed for labelling.

Probe labelling was carried out by incorpo-
ration of digoxigenin labelled deoxyuridine
triphosphate (Dig-dUTP) (Boehringer) using
the method of random primed DNA labelling,
as described before.'8 '9
Our digoxigenin labelled CMV DNA probe

visualised 0-i1 pg of homologous DNA after
dot blot hybridisation, followed by immu-
noenzymatic reaction with colorimetric detec-
tion. The CMV DNA probe could be stored
at - 20°C for at least four months with no
decrease in its activity.

IN SITU HYBRIDISATION
Pretreatment of cells
Cells were hydrated briefly in PBS and then
placed in 0-02 N HCl for 10 minutes. After
three washes with PBS cells were treated with
0 01% Triton X-100 in PBS for two minutes.
After a further three washes with PBS the cells
were treated with pronase (Sigma) (0-5
mg/ml) in 0-05 M TRIS-HCI buffer, pH 7-6,
containing 5 mM EDTA for five minutes.
After pronase treatment the cells were washed
twice with PBS containing 2 mg/ml glycine.
After these treatments cell monolayers were
postfixed with 4% paraformaldehyde in PBS

for five minutes and washed twice with PBS
containing 2 mg/ml glycine. Cells were then
dehydrated by ethanol washes (30, 60, 80, 95,
and 100%).

Hybridisation reaction
Dehydrated cells were overlaid with 10 ,ul of
the hybridisation mixture. The hybridisation
mixture consisted of 50% deionised for-
mamide, 10% dextran sulphate, 250 ,ug/ml
carrier calf thymus DNA, and 2 ,ug/ml digoxi-
genin labelled probe DNA in 2 x SSC buffer
(0-3 M sodium chloride, 0-03 M sodium cit-
rate, pH 7-0). Cell samples and the hybridisa-
tion mixture containing the labelled probe
were denatured together" by heating in an
85°C water bath for six minutes, and were
then left to hybridise at 37°C for three hours.
After hybridisation cells were washed three
times under stringent conditions."

Detection ofhybridized probes
Slides were briefly washed in a 150 mM
TRIS-HCI buffer (pH 7-5) containing 150
mM NaCl. The blocking reagent (Boeh-
ringer) was applied to cell samples for 30 min-
utes at room temperature. After two washings
for two minutes in TRIS-HCl buffer cells
were incubated for 30 minutes with poly-
clonal anti-digoxigenin Fab fragments, conju-
gated to alkaline phosphatase (Boehringer),
diluted 1 in 5000 in TRIS-HCI buffer.
Unbound antibody was removed by two 15
minute washes with TRIS-HCI buffer. Cells
were then equilibrated for two minutes with
equilibration buffer (EB) (100 mM TRIS-
HCI, 100 mM NaCl, 50 mM MgCl2, pH
9-5), and were then treated with alkaline
phosphatase substrate, as described before."
The development of a dark blue coloured
precipitate at the enzyme site in positive cells
was monitored by microscopic examination.
The reaction was usually complete after about
15 minutes. Cells were washed for five min-
utes with TE buffer (100 mM TRIS-HCI, 1
mM EDTA), pH 8, mounted with 50% glyc-
erol in PBS, and examined by light micro-
scopy.

For each experiment, positive and negative
controls consisting of CMV infected and
mock infected human fibroblasts were tested.
Moreover, as control probes, the CMV unla-
belled DNA probe and the digoxigenin
labelled pACYC 184 DNA probe were used.
Herpes simplex virus types I and II bio-
tinylated probes (Enzo Biochem, New York)
visualised by avidin biotin horseradish peroxi-
dase, was also used as a negative control in
CMV positive samples.

Cerebrospinal fluid cells were treated by
indirect immunofluorescence using a pool of
anti-CMV monoclonal antibodies (anti-p65
from Clonab; anti-early antigens and anti-late
antigens from Du Pont), diluted 1 in 20 in
PBS, and visualised with fluorescein conju-
gated Fab fragments of rabbit immunoglobulin
to mouse immunoglobulin (Dako), diluted 1
in 40 in PBS.
The CMV antigenaemia assay was per-

formed in PMNLs, collected and fixed as
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described before,'4 by indirect immunofluo-
rescence using the pool of monoclonal anti-
bodies and the fluorescein conjugated Fab
fragments described above.

Results
Of the 10 patients with AIDS examined, posi-
tive findings for the detection of CMV DNA
in cerebrospinal fluid cells by in situ hybridisa-
tion were found in six patients. Cerebrospinal
fluid cells, positive for CMV DNA, stained
dark blue showing a strong positive signal
with a good preservation of cellular morphol-
ogy and absence of background staining (fig
1). The percentage of CMV positive cells
ranged from 6% to 30% of the cells. The in
situ hybridisation assay using our CMV DNA
probe on cerebrospinal fluid cells was shown
to be specific on the basis of the results of the
following control reactions: (a) no signal was
observed in CMV positive samples when the
primary incubation with anti-digoxigenin Fab
fragments was either omitted or replaced with
an incubation with non-immune sheep serum;
(b) CMV positive cells did not stain at all after
hybridisation with the unlabelled probe and
with the digoxigenin labelled pACYC 184
DNA probe; (c) CMV positive cerebrospinal
fluid cells appeared without a positive signal
when they were hybridised with the bio-
tinylated DNA probe for the detection of
herpes simplex virus types I and II. Moreover,
the cerebrospinal fluid samples from patients
with AIDS in which cryptococcal, mycobacte-
rial, or toxoplasma encephalitis were diag-
nosed proved negative for the presence of
CMV DNA.
To assess the reproducibility of our results,

all the samples were retested twice and the
results agreed with previous findings.

Out of the six patients who proved positive
for the presence of CMV DNA in cere-
brospinal fluid cells, in five we were also able to
analyse cerebrospinal fluid cells for the pres-
ence of CMV induced antigens and all these
five proved positive (fig 2). In one patient
cerebrospinal fluid cell specimens were no
longer available. The six patients also proved
positive for CMV DNA in blood PMNLs by
in situ hybridisation (fig 3) and for antigen-
aemia. In the six patients positive for CMV in
cerebrospinal fluid cells the cranial computed
tomogram showed in two a focal parenchymal
lesions with contrast uptake, in one a cortical
atrophy with diffuse enlargement of ventri-
cles, and in three a mild athrophy. Moreover,
in four out of the six positive patients, other
CMV diseases were detected: CMV retinitis
with white exudate with associated haemor-
rhage (n = 1); interstitial CMV pneumonitis
(n = 1); and CMV retinitis together with
CMV pneumonitis (n = 2). Out of these six
patients positive for CMV in cerebrospinal
fluid cells, five were treated with ganciclovir
(DHPG) (10 mg/kg daily) while one was not
treated because of renal failure and pancy-
topenia. Of the five treated with ganciclovir,
one patient died during treatment and in this
case histological examination of the brain at

necropsy showed microglial nodules with
numerous inclusion bearing cells; four
showed a clinical improvement after one
month of treatment. Clinical improvement
was assessed by the disappearance of focal
parenchymal lesions in the brain at computed
tomography in two patients, by improved
vision in one patient with retinitis, stabilised
retinitis in another one, and in the resolution

Figure 1 CMVDNA positive cells in cerebrospinalfluid
specimens;
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Figure 2 CMV induced
antigens, positive cells in

cerebrospinal fluid
specimens.

of interstitial pneumonitis at radiological
examination in two patients. Clinical findings
of the six patients positive for CMV DNA in
cerebrospinal fluid cells are summarised in the
table.
Of the four patients negative for CMV

DNA in cerebrospinal fluid cells, all four
proved negative for viral antigens in the same
cells. Of these four patients, three proved
negative for CMV DNA and CMV antigens
in blood PMNLs while one proved positive
for both CMV DNA and CMV antigenaemia.
Of the four patients negative for CMV

DNA in cerebrospinal fluid cells, one proved
positive for varicella zoster virus in cell
cultures infected with cerebrospinal fluid, in
one, AIDS dementia complex, and in two, a

progressive multifocal leucoencephalopathy
was diagnosed on the basis of clinical course
and magnetic resonance imaging.

Figure 3 CMVDNA positive cell in blood sample.

Discussion
This study explored the use of an in situ
hybridisation assay technique using digoxi-
genin labelled CMV DNA probes, to detect

Results oflaboratory and clinicalfindings in six patients positive for CMVDNA in cerebrospinalfluid cells

Presence Clinical
ofCMV outcome
DNA in CMV after one

Case cerebrospinal DNA in Other CMV CMV month of
No fluid cells PMN ceUls Brain scan manifestations treatment treatment

1 + + Mild athrophy No change
2 + + Mild athrophy Pneumonitis, retinitis DHPG Death
3 + + Focal parenchymal lesions Pneumonitis, retinitis DHPG Improvement
4 + + Focal parenchymal lesions DHPG Improvement
5 + + Mild athrophy Retinitis DHPG Improvement
6 + + Severe athrophy Pneumonitis DHPG Improvement
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CMV DNA in the cerebrospinal fluid cells of
patients with AIDS and suspected viral
encephalitis.

Early diagnosis of CMV encephalitis is
essential for effective treatment with antiviral
agents, to curb progression of the disease. A
rapid and specific detection procedure is
therefore essential. Radiological and com-

puted tomography studies of the brain during
CMV infection frequently lack positive or spe-
cific findings. Detection of CMV in cerebro-
spinal fluid by culture or demonstration of
intrathecal specific antibody can be used, but
results are often negative especially during the
early phase of the disease. Hybridisation tech-
niques using digoxigenin labelled probes have
proved useful for rapid viral diagnosis, with
the advantage of a sensitivity similar to radio-
labelled probes, short processing time, and
stability of the probes.202' Moreover, in situ
hybridisation offers the advantage of specifi-
cally and sensitively identifying viral genomic
sequences within infected cells with an excel-
lent topological resolution.'2 22

To avoid problems caused by bacterial con-

tamination of specimens, which could give
false positive reactions in the CMV DNA
hybridisation assay, we used as a viral probe
only the CMV XbaI D fragment, which was

excised and separated from the pACYC 184
vector; this avoided cross-reactions between
the vector DNA and the plasmid DNAs pre-
sent in contaminating bacteria.

After hybridisation with target DNA, the
digoxigenin labelled probes were visualised
with anti-digoxigenin Fab fragments conju-
gated with alkaline phosphatase. The use of
Fab fragments avoids non-specific interac-
tions that might arise with cells expressing Fc
receptors. Moreover, having alkaline phos-
phatase as an enzyme marker overcomes the
disadvantage of horseradish peroxidase, such
as the presence of endogenous enzyme in the

23 24

test specimens.
The entire assay could be performed in

about eight hours, as the hybridisation time
was shortened to three hours without loss of
sensitivity.

Central nervous system disease with CMV
has been reported in both immunocompetent
and immunodepressed subjects.225-27 Al-
though CMV encephalitis is rare in adult
immunocompetent subjects or immunocom-
promised transplant recipients, it occurs more
frequently in patients with AIDS. In our study
six such patients out of 10 suspected ofhaving
viral encephalitis proved positive for the
detection ofCMV DNA in cerebrospinal fluid
cells. The results obtained on the presence of
CMV DNA in cerebrospinal fluid cells were

consistent with the presence ofCMV antigens
in the same cells. Ganciclovir treatment of five
of the six CMV positive patients resulted in a

clinical remission of four, thus strengthening
the diagnosis of CMV encephalitis, while one

died during the period of treatment. In this
patient, evidence of CMV infection of the
brain was found at necropsy.

In our study all six patients positive for
CMV DNA in cerebrospinal fluid cells, also

proved positive for CMV DNA in PMNLs,
which are known to be the major carrier of
virus in the blood.28 A recent study on the cor-
relation between viraemia and glial nodule
encephalitis after systemic CMV infection in a
guinea pig model has shown that infection of
the brain may follow direct vascular infec-
tion.9 In patients with AIDS prolonged
viraemias associated with the compromised
capacity of the host to clear the virus may
facilitate the spread of CMV infection to the
brain, often resulting in symptomatic
encephalitis. Recently, some authors have
described rapid detection of CMV DNA in
cerebrospinal fluid using the polymerase chain
reaction (PCR)30-32; this method offers very
high sensitivity, but the extreme sensitivity of
PCR could give false positive results if cere-
brospinal fluid specimens, obtained by lumbar
puncture, are even minimally contaminated
with patients' blood in which CMV DNA
may be present without involvement of cen-
tral nervous system. As PCR is now being
widely used it would be interesting to com-
pare the results of PCR with those of in situ
hybridisation on cerebrospinal fluid samples
from patients with AIDS and a clinical diag-
nosis of viral encephalitis.

In conclusion, our findings show that in
situ hybridisation assay in cerebrospinal fluid
cells can be a useful tool for a rapid diagnosis
of CMV encephalitis, prompting specific
antiviral treatment.
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