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Abstract A nested PCR approach has been developed
especially for the detection of small amounts of cy-
tomegalovirus (CMV) DNA in autopsy samples. Lung tis-
sue and submandibular glands in 118 cases of infant death
(92 SIDS cases, 13 natural deaths due to other defined
causes and 13 unnatural deaths) were investigated by this
technique and compared to the results obtained by other
CMYV detection methods (histology, immunohistochem-
istry, in situ hybridization and PCR). CMV-DNA could be
detected in the lung tissue in 7 cases of SIDS using nested
PCR. Compared to conventional PCR (3 positive cases in
lung tissue) the nested approach always gave glear results
and showed less additional bands. In all cases where
CMV could be detected in the lungs, positive results were
also obtained in the submandibular glands. The nested
PCR method proved to be a more sensitive technique than
the other detection methods including PCR and hot start,
and even minimal amounts of target DNA could be de-
tected in the presence of human and bacterial background
DNA.
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Zusammenfassung Es wurde cine nested PCR Methode
speziell fiir den Nachweis geringer Mengen von Zytome-
galievirus DNA in Autopsiematerial entwickelt. In 118
plétzlichen Todesféllen von Siuglingen und Kleinkindern
(92 SIDS-Fille, 13 natiirliche Todesfille anderer definier-
ter Ursache, 13 nichtnatiirliche Todesfille) wurde Lun-
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gengewebe und Gewebe der Glandula submandibularis
mittels dieser Technik untersucht und mit den Ergebnissen
herkémmlicher Methoden (Histologie, Immunhistoche-
mie, in situ Hybridisierung, PCR) verglichen. CMV-DNA
konnte dabei durch nested PCR in 7 Féllen im Lungenpa-
renchym nachgewiesen werden. Die “konventionelle”
PCR (einschlieBlich hot start) ergab in 3 Fillen teils
schwach positive Ergebnisse. Beim Vergleich beider Me-
thoden zeigte die nested PCR klarere Ergebnisse und we-
niger Zusatzbanden. In allen Fillen, in denen in der Lunge
positive Ergebnisse erzielt wurden, konnte auch in den
Speicheldriisen CMV-DNA nachgewiesen werden. Die
nested PCR ist demzufolge verglichen mit PCR und hot
start die sensitivste der Methoden und gerade zum Nach-
weis geringer Mengen von target DNA in Gegenwart von
humaner und bakterieller background DNA geeignet. Die
Methode kann sowohl fiir formalinfixiertes, paraffinein-
gebettetes wie auch {iir tiefgefrorenes Material angewen-
det werden. Sie ist auch zum Virusnachweis in anderen
parenchymatésen Organen (Leber, Nieren) geeignet.

Schliisselworter Zytomegalieinfektion -
Lungengewebe - PCR - Nested PCR

Introduction

The cytomegalovirus (CMV) inclusion disease is an ubiq-
uitious infection giving rise to typical changes of the duc-
tal cells of salivary glands (Costa and Rabson 1985). The
diagnosis of the CMV inclusion disecase can be estab-
lished by histology, immunohistochemistry (IHC), in situ
hybridization (ISH) or PCR (Hofler et al. 1988, Wu et al.
1989, Jiwa et al. 1989, Cassol et al. 1989). The detection
of CMV in other organs is also possible but the morpho-
logical changes, e.g. in lungs, are sometimes minimal and
nonspecific. A PCR assay which had been previously ap-
plied to CMYV detection in salivary glands was found to be
no more sensitive than other detection methods (Ba-
Jjanowski et al. 1994). The aim of the present study was
therefore to develop an alternative nested PCR technique
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and to check the suitability and sensitivity in formalin
fixed tissue as well as in frozen samples compared to
other CMV detection methods.

Material and methods

The study was carried out on 118 cases of infant death comprising
92 SIDS cases, 13 unnatural deaths and 13 cases due to defined
diseases. Specimens from the lung, the submandibular glands, the
liver and the kidneys were fixed in 4% buffered formalin and 4 pum
sections were stained with H & E for microscopy. Lung sections
were investigated in all cases using IHC and ISH and in 77 cases
the submandibular glands were also investigated. IHC was carried
out employing two monoclonal antibodies, CCH2 and DDG9/
CCH2 (DAKO A/S, Glostrup, Denmark). For ISH a DNA Probe
Assay for the detection of CMV (ENZO Diagnostics, Farmingdale,
N.Y.) was used (Bajanowski et al. 1994). The submandibular
glands and the lung tissue in all cases were investigated using PCR
and nested PCR. Liver and kidney specimens from cases showing
positive reactions in the submandibular glands were further inves-
tigated by nested-PCR. '

PCR

The method utilized the amplification of a 139 bp fragment in the
late antigen GP 64 region which has been described elsewhere
(Bajanowski et al. 1994).

Nested-PCR

DNA was extracted from either frozen lung tissue (103 cases: pro-
teinase K lysis, phenol purification and CENTRICON 100 concen-
trators; AMICON, Witten, Germany) or paraffin embedded tissue
(15 cases) — DNA from submandibular glands and kidney and liver
specimens were extracted from paraffin embedded tissues (Ba-
janowski et al. 1994). The phenolized samples were diluted with
distilled water to a final volume of 2 ml and centrifuged at 3500
rpm (4°C for 30 min). This procedure was repeated once. The fi-
nal volume obtained was approximately 50 ul. For the nested PCR
a 435 bp fragment encoded in the region of the major immediate
early antigen (MIE) was amplified (Wolfe et al. 1990). Two assays
were run in parallel: one with 1 pl undiluted extract and one with
1 ul of a 1:50 dilution of the extract. Reaction mixtures were pre-
pared using 0.3 U Taq Polymerase (Goldstar, Eurogentec, Bel-
gium), 0.2 uM of each primer, 100 pM dNTPs, 1.5 uM MgCl,, 2
pl PCR buffer (10 mM) (Goldstar) to a final volume of 24 ul, in
distilled water. Finally 1 ul of extracted DNA was added and the
reaction mixture was overlayed with two drops of oil.

Primer sequences (Wolfe et al. 1990)

CMV-MIEA 1: 5-CCAAGCGGCCTCTGATAACCAAGCC-3”
CMV-MIEA 2: 5-CAGCACCATCCTCCTCTTCCTCTGG-3"
Amplification (30 cycles): 94°C ~ 1 min, 64°C — 1 min, 72°C -
1.5 min.

In the second step a 110 bp fragment was selected. The internal
primer pair did not overlap with the external one. This second re-
action, was performed using 1 pl of the amplified DNA and a 24
ul master mix (see above).

Primer sequences (Fenner et al. 1991)

CMV-MIEA 6: 5-AGTGTGGATGACCTACGGGCCATCG-37
CMV-MIEA 7: 5"-GGTGACACCAGAGAATCAGAGGAGC-37
Amplification (25 cycles): 94°C — 1 min, 64°C — 1 min, 72°C -
1.5 min.

For optimization of the nested approach the following PCR para-

meters were tested in serial experiments (Skowasch et al. 1992,
Brinkmann and Wiegand 1994):

R.Cecchi et al.: CMV-DNA detection in parenchymatous organs in cases of SIDS

— Mg?* concentration (1,5; 2,5; 3,5 mM),

~ primer concentration (0,1; 0,2; 0,4 uM),

— enzyme concentration (0,3; 0,5 U),

— annealing temperature (62, 64, 66°C),

— number of cycles in the nested step (23, 25, 27).

In a series of 50 cases including the cases positive in the lung (de-
tection of the 110 bp nested-fragment) hot start was carried out by
heating the samples (containing DNA, 1 primer, aqua bidest and
oil overlay) up to 94°C for approximately 3 min, and then pipet-
ting a mixture of the other reaction components through the oil
(modified after Chou et al. 1992). The PCR products were sepa-
rated electrophoretically and visualized using silver staining as de-
scribed for the PCR approach (Bajanowski et al. 1994). Together
with the samples, positive controls (CMV-DNA obtained from a
case with histologically defined severe CMV inclusion disease in
the salivary glands) as well as blanks (assay lacking DNA extrac-
tion) were investigated. To verify the specificity of the 110 bp
fragment sequencing of the positive control and 2 other positive
samples was carried out (ABI sequencer 373a, ABI, Foster City,
USA) using cycle sequencing according to Moller et al. (1994).

Results

Lung: Microscopically no typical changes (inclusion bod-
ies) could be observed. Positive reactions were found for
1 case using ICH and 2 cases by ISH. In 3 cases CMV-
DNA could be detected by “conventional” PCR with and
without hot start and 7 cases gave positive results using
nested PCR (Table 1). Of these 7 cases 3 showed mild
forms of interstitial pneumonia.

Submandibular glands: In 10 cases inclusion bodies
typical for CMV could be found microscopically. In 13
out of 77 cases positive reactions were found using both
IHC and ISH. PCR was successful in 10 and the nested
approach in 15 cases.

Liver and kidneys: The specimens investigated each
showed 1 positive reaction in the liver and another one in
the kidney. Both cases were also positive in the sub-
mandibular glands.

Cases positive for IHC (Fig. 1a) and ISH (Fig.1b) in
the lungs showed weak reaction patterns compared to the

Table 1 Resuits of CMV detection in the lung and the sub-
mandibular gland using different methods (histology — immuno-
histochemistry IHC, in situ hybrydization — ISH, PCR, nested
PCR) in overview. In brackets the “success rate” of the method
compared to nested PCR

Method CMV positive cases
Lung Submandibular gland
N (Success rate) N (Success rate)
Nested PCR 7 (100%) 15 (100%)
PCR* 3 (43%) 10 (67%)
ISH 2 (29%) 13 (**)
THC 1 (14%) 13 **)
Histology 0 10 (67%)

*PCR was carried out alternatively with and c/o hot start. The fre-
quency of CMYV detection was not influenced by hot start

*#*THC and ISH in the submandibular gland were carried out only
in 77 cases
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Fig.1 lung (a) Immunohistochemistry: The lung tissue gave posi-
tive results (arrows) in only 1 case. The staining reaction is weak.
(b) In situ hybridization: Two cases were positive by ISH, but only
a few cells with very weak reactions of the cytoplasm were visible.
Morphologically, the positive cells showed no visible changes

salivary glands (Fig.2a and 2b). After optimization,
nested PCR showed always more distinct bands/patterns
with less additional bands compared to conventional PCR
(Fig.3). Hot start resulted in a higher number of additional
bands than “pure” PCR and the detection rate could not be
increased (Fig.4). All cases showing positive results for
CMYV in the lungs were also positive in the submandibu-
lar glands. The sequencing results obtained were in accor-
dance to the published DNA sequence of the MIE con-
taining the 110 bp fragment (Stenberg et al. 1984).

Discussion

Under experimental conditions the detection of virus
DNA in the presence of purified human DNA does not
seem to be impaired (Chou et al. 1992). The tissues ex-
amined in the present study were autopsy samples col-
lected on average 29 h postmortem with subsequent for-
malin fixation. DNA degradation due to postmortem in-
fluences and depurination in formalin (Sellner 1989) had
therefore occured. In the submandibular glands 15 cases

Fig.2 submandibular gland (a) Immunohistochemical detection
of CMV antigens in ductal cells showing typical morphological al-
terations. (b) Positive results using ISH

nested PCR PCR
12345 678 91011121314151617

139bp

Fig.3 The positive results obtained from the lung tissue with
nested PCR (lanes 2-8) are compared to those with PCR (lanes
10-16). The sequence of the samples on both sides is identical.
PCR showed 2 doubtful positive reactions (lanes 12 and 14) and 2
were negative (lanes 11 and 13). Additional bands are less frequent
in the nested approach. Lanes 1, 9, 17: 123 bp ladder (GIBCO-
BRL, UK) as fragment size control
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Fig.4 The results of conventional PCR (lanes 8—12) are compared
to PCR with hot start (lanes 2-6). Lanes 2 and 8: negative controls;
lanes 6 and 12: positive controls. Hot start showed more additional
bands especially in the region near of the 139 bp fragment. The
conventional method showed more intensive additional bands with
larger fragment length. Lanes 1, 7 and 13: 123 bp ladder as frag-
ment size control

were positive for CMV after applying a variety of meth-
ods, but only 10 were positive using conventional PCR al-
though the PCR parameters had been optimized. To fur-
ther improve these results 3 approaches were tested: 1. an
increased number of cycles; 2. hot start (Erlich et al. 1991,
Nuovo et al. 1991, Chou et al. 1992); 3. nested PCR
(Frank et al. 1992, Collins et al. 1993, Haff 1994). An in-
crease in the number of cycles was associated with an in-
crease in non-specific bands. Although hot start usually
leads to a higher sensitivity especially in cases with low
copy numbers (Chou et al. 1992), in combination with a
reduction of mispriming it did not improve the detection
of CMV-DNA in the present study by conventional PCR.
In contrast to the nested step, hot start did not influence
the disadvantageous relationship between target DNA and
background DNA (human and bacterial DNA). In accor-
dance with Frank et al. (1992) and Collins et al. (1993) the
best results were obtained using nested PCR because this
2-step procedure can lead to an improvement of the ratio
between CMV target DNA and background DNA. The
nested PCR approach was more sensitive than conven-
tional PCR (7 positive cases versus 3 in the lung tissue)
and more specific resulting in a further reduction of non-
specific bands. To demonstrate the specificity of the am-
plified 110 bp fragment, sequencing was carried out in 2
positive cases as well as in the “CMV control DNA” and
identical sequences were found which corresponded to the
CMV sequence of the MIE reported by Stenberg et al.
(1984). Therefore it can be concluded that the nested ap-
proach led to specific CMV-DNA fragments in all posi-
tive cases. The advantage of the method applied lies in the
detection of CMV genomic DNA in tissues but this is not
necessarily clinically relevant. During the viraemia stage,
which can last from a few days to several weeks, the virus
has been detected in lymphocytes, monocytes and granu-
locytes (Boland et al. 1992; Revello et al. 1989). At this
stage a dissemination of the virus into several organs can
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occur leading to inflammatory changes (Bruggeman et al.
1985; Griffiths and Grundy 1987). The 3 cases showing
an association of CMV detection in the lungs and mild
forms of interstitial pneumonia could correspond to a gen-
eralized infection but could also be a coincidence. The hy-
pothesis of generalization is more likely in the two cases
exhibiting positive results also in the kidney or in the
liver. The frequency of CMV detection in the sub-
mandibular glands was 12,7% using nested PCR. This
level is higher than reported by other authors in a similar
group and region (Molz et al. 1985 — 10,4%; Piischel et al.
1988 — 9,1%; Cremer and Althoff 1991 — 4,9%), but these
authors investigated the parotis gland by histology, THC
and ISH. In 5-10% of all cases the CMV inclusion dis-
ease should be a generalized infection affecting different
organs (Stagno et al. 1982, Onorato et al. 1985). There-
fore the detection of CMV-DNA in the lung tissue in 7
cases using nested PCR is unexpectedly high showing that
the difference in the detection rate comparing PCR and
nested PCR is relevant.

In conclusion nested PCR can be used as a tool for the
detection of minimal amounts of CMV-DNA. The method
leads to a higher detection rate compared to conventional
PCR and seems to be especially suitable for formalin fixed
autopsy samples with degraded and depurinated DNA.
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