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Abstract Respiratory tract infections have been thought
to act as a trigger mechanism in sudden infant death. In
118 autopsy cases of infant death, paraffin-embedded or
frozen lung tissues were investigated by means of a nest-
ed polymerase chain reaction (PCR) to detect adenovirus
(AV) DNA. The primers used are general primers and al-
low the detection of most pathogenic adenoviruses with
high specificity and sensitivity and independently of de-
vitalization of viruses or degradation of viral DNA. For
the investigation three groups were established: there
were 13 cases of unnatural death, 78 cases of natural
death without histological signs of interstitial pneumo-
nia, and 27 cases with interstitial pneumonia. The first
group was AV negative. In the group without interstitial
pneumonia AV was detected in 10.2% of the cases. In
the group with interstitial pneumonia the frequency of
AV detection was almost 26%. The results obtained dem-
onstrate an association between interstitial pneumonia
and detection of AV DNA, indicating that AV may play
an important part in pulmonary infection in infants. His-
tological evidence of interstitial pneumonia was not ob-
served in all AV-positive cases, perhaps because nonspe-
cific virus-related changes occurred only in early stages
of viral infection. Comparison of the AV frequency in
SIDS (15%) and non-SIDS cases (4%) indicates an asso-
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ciation between pulmonary AV infections and sudden
death. These results support the working hypothesis of
respiratory infections acting as a trigger mechanism in
sudden infant death.
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Introduction

Viral infections of the respiratory system and the diges-
tive tract have been considered to act as trigger mecha-
nisms in the sudden infant death syndrome (SIDS) [5,
24, 30]. Although changes associated with viral infec-
tions are defined histologically [10, 22, 23], it is difficult
to demonstrate a viral origin, because the histological
changes are neither virus specific nor attributable to a
specific type of virus [10, 22, 23]. The detection of a
specific type of virus would verify the diagnosis, and we
have therefore developed a nested PCR approach for the
detection of adenovirus (AV) DNA and tested its applica-
bility and specificity in autopsy samples.

Adenoviruses were first isolated from resected human
adenoids by Rowe et al. [21]. The virus possesses a cap-
sid consisting of 252 capsomers [13]. The double strand-
ed DNA has a weight of 23x10¢ Da and a length of
36 kb [18]. Only some of the 47 known antigenically dis-
tinct serotypes affect humans. The most important dis-
cases caused by AV are epidemic keratoconjunctivitis
[14], acute gastroenteritis, pharyngitis and diseases of
the respiratory tract, including pneumonia [7].

Materials and methods

Subjects

All infant deaths (n=118) in which postmortem examinations had
been carried out at the Institute of Forensic Medicine in Miinster
in the period 1991-1993 were included in this study. The investi-
gation comprised examination of the scene of death, a full autopsy
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using a standard autopsy protocol similar to that of the SIDS
Global Strategy Workshop [6], histology on 28 organs and tissues
and regular toxicological screening.

Lung histotogy (samples from all five lobes; haematoxylin and
eosin, alcian blue-PAS, semi-thin sections) allowed the definition
of a subgroup (n=27) showing different grades of interstitial pneu-
monia (IP; classification according to Schifer [22], Entrup and
Brinkmann [10]). On the basis of further autopsy findings and his-
topathology the cases were finally divided into 13 unnatural deaths
and 105 natural deaths, which included 93 cases of SIDS and were
further subdivided into cases with no morphological signs of virus
infection (69 SIDS cases and 9 cases with defined natural cause of
death) and 27 cases with signs of virus infection (various grades of
IP; see Fig. 1). Because of the results of quantitative expression
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Fig. la—e Lung histology in cases of interstitial pneumonia:
a mild, b severe infiltration of the bronchial wall and the peribron-
chial tisssue by lymphocytes and monocytes, typical for inflam-
mation caused by paramyxoviruses (parainfluenza and respiratory
syncytial viruses); ¢, d infiltration of the alveolar walls by lym-
phocytes and monocytes, dilatation and congestion of the capillar-
ies, alveolar haemorrhages and incipient hyalin membranes (d, ar-
row) characteristic for inflammation caused by orthomyxoviruses;
e severe infiltration of the alveolar walls

we have attributed 24 cases to SIDS. In only 3 cases were the his-
topathological changes judged to be the cause of death; these
cases showed severe interstitial infiltration with bacterial superin-
fection and accompanying mild myocarditis.

For the purposis of other comparisons we have also subdivided
the material into SIDS cases (7=93) and non-SIDS cases (n=25).
The SIDS cases were all in infants (aged between 8 and 365 days)
who died suddenly and unexpectedly without significant preceding
illness or symptoms and for whom the extensive postmortem ex-
amination failed to demonstrate an adequate cause of death.

Three specimens taken from the three right lung lobes were
frozen in liquid nitrogen and stored for up to 24 months at —70°C
for the virus examination. DNA extraction (approximately 20 mg
tissue/case) was carried out from one randomly selected specimen
with proteinase K lysis, phenol/chloroform purification and centr-
icon 100 concentrators (Amicon, Witten, Germany). In 18 cases
only paraffin-embedded tissues were available, and 4-um lung
sections were deparaffinized by xylol/ethanol before proteinase K
lysis at 37°C overnight. As template DNA for PCR, 1 ul of the fi-
nal DNA extract (50 ul) was used either undiluted or in a final di-
lution of 1:10. For further investigation the extracted DNA was
marked with a code so that those performing the PCR analysis
were blind to the histology and to the cause of death.



Table 1 Causes of death in
cases of unnatural and of natu-
ral death (IP interstitial pneu-
monia, SIDS sudden infant
death syndrome)

Table 2 Distribution by sex
and by month of death in each
group of cases studied
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Unnatural deaths (n=13)

Natural deaths (n=105)

PCR protocol

For the first amplification the primer pair HA1 and rH1 was evalu-
ated. These primers amplify a 321-bp fragment of the 5’-con-
served hexon gene region equivalent to nucleotide positions 1-321
with reference to AV2 and AVS5 [1, 15]. The amplification condi-
tions, using 1 ul template DNA, were 1 U Tag-polymerase
(Promega, Madison, Wis.), 0.3 umol each primer, 100 pumol of
each dNTP, 2 ul PCR buffer (Promega, Madison, Wis.), diluted to
a total volume of 25 pl with distilled water. The reaction mixture
was overlaid with 2 drops of oil.

The primer sequences used were HA1 (forward primer) 5'-
ATGGCTACCCCTTCGATGAT’ and rHI (reverse primer) 5-CA-
GCACGCCGCGGATGTCAA'.

The first amplification used the following sequence 94°C —
1 min (denaturation), 56°C — 1 min (annealing), 72°C — 1 min (ex-
tension) and was repeated for 19 cycles (thermocycler Perkin-Fl-
mer Cetus 9600).

Of 25 pl from the first amplification, 2 ¢l was used in the nest-
ed step. The amplification conditions were identical to those in the
first PCR except that 30 cycles were carried out, and the primer
sequences used were npl (forward primer) 5'-AGACGTACTTGA-
GCCTGAA’ and np2 (reverse primer) 5-CCTTGTACGAGT-
ACGCAGTA’.

The primer sequences were selected from the sequence struc-
ture of AV2 [1, 15] using the program “Primer 0.5” (Whitehead
Institute for Biomedical Research). The final PCR product is a
138-bp fragment located in the 5’-conserved hexon region of the
hexon gene (nucleotide positions 107-244).

Electrophoresis was carried out using polyacrylamide gels
(8%, 0.45 mm thick) with a separation distance of 10 cm. The
PCR products were visualized by silver staining [4]. Both positive
controls (purified DNA of AV2) and blanks were investigated to-
gether with the samples. For fragment size calibration the 123 bp
ladder was used (Gibco BRL, Eggenstein, Germany). As a further
check on the specificity of the PCR products, fragments obtained
in 5 positive cases (3 cases with IP, 2 cases without infection; all 5
SIDS cases) were sequenced using Taq cycle sequencing (ABI se-
quencer 373a, ABI, Foster City, Calif.) according to Moller et al.
[171.

The presence of antibodies against adenovirus antigens was in-
vestigated in all cases using the complement fixation reaction.

Head injury 4 Without IP (n=78)
Drowning 3 Sepsis 3
Suffocation 3 Pneumonia due to aspiration 2
Cocaine poisoning 1 Bronchopneumonia 2
Embolism of pulmonary 1 Exsiccosis 1
arteries due to injection Bronchopulmonary dysplasia 1
of carotide juice SIDS 69
Laryngeal bolus 1
With IP (n=27)
Myocarditis 2
Sepsis i
SIDS 24
Group Total Male  Female Month of death
n n n (%)
Oct.—March April-Sept.
n (%) n (%)
Unnatural deaths 13 10 3 (30) 8 (61) 5 (39)
Natural deaths without TP 78 47 31 (40) 48 (61) 30 39
Natural deaths showing IP 27 15 12 44) 12 44) 15 (56)
Total 118 72 46 39 69 (58) 49 (42)
Results

The causes of death in the controls and in the cases of
natural death are shown in Table 1. The sex distribution
did not vary much in the subgroups formed (Table 2).
The age distribution was quite similar in groups with and
without signs of virus infection, while that among the
unnatural deaths was associated with clearly higher
mean values (Fig. 2). The postmortem intervals (the time
between the presumed time of death and autopsy)
showed no wide differences with group (Fig. 2). About
60% of the victims died in the autumn and winter
months (Table 2), except for those with 1P, among whom
the proportion is nearly inverse (44% in autumn and win-
ter); this difference is not statistically significant, howev-
er (Chi-square test). The incidence of AV-positive cases
varied between zero for unnatural deaths to 10.2% in in-
fants with no evidence of infection and 26% in those
with IP (Table 3). Of 7 AV-positive cases showing
changes, 3 showed bronchiolitis and focal peribronchial
infiltration, while the remaining cases were associated
with a more diffuse type of lymphomonocytic infiltration
of the alveolar walls. The differences between the sub-
groups with natural death are significant at the 5% level
(Chi-square test).

The sex distribution in SIDS and non-SIDS cases and
the ratio of victims who died in autumn and winter
months is nearly identical in the two groups and also in
the entire series (Table 4). Differences in the average
age and the postmortem intervals are not significant.
The association of AV findings with SIDS and non-
SIDS cases revealed incidences of 15% and 4%, respec-
tively (Table 5). These differences are not significant

(r2=2.17).
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Fig. 2 The box-and-whisker plots of age (weeks) and postmoriem
interval (h) in the three groups investigated (unnatural death, natu-
ral death with and without interstitial pneumonia) are shown. The
“boxes” show the range between the 25th and 75th percentiles.
The “whiskers” mark the range between the smallest and highest
values, also given numerically. The horizontal lines marked with
“m” give the median of the distribution and the horizontal lines
matked with numbers show the arithmetic mean age and PMI in
the groups

Of the 18 cases in which the DNA was extracted from
paraffin-embedded material, 2 were positive for AV
DNA (11.1%): 1 was a SIDS case without IP; the other
was also a SIDS case but with signs of IP. The frequency
of AV detection among the cases with DNA extraction

from frozen samples was 13%. No differences in the in-
tensity of the fragments attributable to the extraction
method were observed (Fig. 3). Sequencing gave an
identical DNA sequence in all 5 cases corresponding to
the published sequence of AV 2 [1, 15]. Antibodies
against AV antigens were only detected in 2 of the AV-
positive SIDS cases showing no IP, while the remaining
13 positive cases were negative for antibodies.
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Fig. 3 Detection of adenovirus DNA using nested PCR followed
by polyacrylamide gel electrophoresis and silver staining. On the
first and last position (Sr) the 123-bp ladder (Gibco BRL) is shown
as fragment size control. The 138-bp fragment in lanes 2, 8, 10, 12
and /3 indicates the presence of viral DNA (also sequenced). The
fragment in lane 2 is weak. Positive (Co) and negative (neg) con-
trols are also included. The template DNA used in the case shown
in lane 8 was obtained from paraffin-embedded tissue. In the other
cases, DNA extraction was carried out using frozen material

Table 3 Adenovirus (AV) de-

tection in each group of cases Group Number of cases AV-positive cases Proportion of cases positive
studied (n) (n) (%)
* P=0.05 (difference between ~ Unnatural deaths 13 0 o
group with IP and the other Natural deaths 78 82 10.2%
groups; Chi-square test) without TP
a Two AV-positive cases with- Natural deaths 27 7° 25.9
out IP were sequenced with IP
® Three AV-positive cases with  Tuta1 118 15 12.7
IP were sequenced
Table 4 Distribution by sex
and by month of death in SIDS ~ Group "(Fo)tal 1(\2;11&: fe)male ) Month of death
-SID n n 2
and non-SIDS cases Oct.- March April-Sept.
(my (%) (%)
SIDS 93 56 37 (40) 54 (58) 39 (42)
Non-SIDS 25 16 9 (36) 15 (60) 10 (40)
Total 118 72 46 39 69 (58) 49 (42)
tion in SIDS . ..
}:cli) I:Oi_SAI\Igg?:SCelson S Group Number of cases AV-positive cases Proportion of cases positive
() () (%)
3 142 15.0
a]n 5 of the AV—positive SIDS §I£§SIDS 35 1 4.0
cases the amplified fragment Total 118 15 12.7

was sequenced




Discussion

Coumbe et al. [8] investigated tissue samples from 40
SIDS cases using in situ hybridization. They found no
evidence to suggest that cytomegalovirus or human her-
pesvirus 6 is involved in causing SIDS by way of over-
whelming viraemia. The results of An et al. {3] indicate
that AV could be the most frequent cause of respiratory
viral infections in infants. The most common serotypes
causing respiratory diseases are AV 1, 2, 5, 6 (all subge-
nus C) and occasionally AV 3 (subgenus B) [27]. The
histopathology of AV pneumonia was first described by
Goodpasture et al. [11] and is characterized by necrotiz-
ing bronchitis and bronchiolitis with desquamation of
epithelium [22, 25], haemorrhages and areas of consoli-
dation and atelectasis. The cytopathic effects of AV are
expressed in the form of intranuclear inclusion bodies
[22].

The present methods of virus detection (culture and
electron microscopy, immunofluorescence and serology)
may give false-negative results or not provide evidence
of active viral infection [3]. The postmortem interval (in
our cases an average of 29 h) is regularly associated with
degradation and devitalization of viruses. Several AV are
fastidious and difficult to grow in culture [9, 12, 28]. The
limit of resolution for electron microscopy (108 particles
per ml; Gelderblom, personal communication, cited in
[20)]) is relatively high. At present, PCR is the most sen-
sitive method of virus detection [2] and is not dependent
on virus devitalization.

The results of the present study provide further evi-
dence for the viral aetiology of IP in some cases. It was
also demonstrated that AV infection is more frequent in
SIDS (15.0%) than in cases of unnatural death (0%). As
AV3 does not belong to subgenus C, the 5-conserved
hexon gene region might differ to such an extent that it
cannot be amplified with the primers selected from the
AV?2 nucleotide sequence. This suggests that AV infection
might be more frequent than has been detected in this se-
ries. Furthermore, AV infection is a frequent and there-
fore important cause (25.9%) of IP. The method applied
has a high sensitivity, and the specificity was confirmed
by Taq cycle sequencing. The primers HA1 and rH1 do
not allow differentiation between AV subtypes of subge-
nus C, because the homology of the DNA sequence of the
amplified fragment of AV 2 and AV 5 is 100% [19].

An et al. [3] investigated lung tissue by means of in
situ hybridization. The virus detection was successful in
24% of the SIDS cases (n=45) and in 3% of the non-
SIDS cases (n=30), and in 72% of the positive cases the
viruses found were AV. The AV incidence in their SIDS
cases was 17.7%, similar to the incidence in the present
study (15.0%).

It should be mentioned that 3 additional positive cases
were found, in which the results of nested PCR were not
reproducible. These cases were not recorded as AV posi-
tive. It can only be supposed that the amount of template
DNA in these cases was near the detection limit.

In 8 of 15 AV-positive cases (53.3%), no signs of in-
terstitial inflammation were found histologically. There
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are three possible explanations for this. (1) The first
stage of IP is characterized only by nonspecific findings
(haemorrhages, oedema or desquamation of epithelial
cells [10]), and that such changes may be caused by vi-
rus infection, but not exclusively. It is therefore impossi-
ble to diagnose this early stage of IP specifically by his-
tology. (2) AV detection in some cases without IP may
result from viraemia caused by AV infection from anoth-
er location (for example, the gut). At present it is not
clear whether the primers used are able to detect AV 40
and 41, which are involved in the aetiology of acute gas-
troenteritis (P. Pring-Ackerblom 1995, personal commu-
nication). The persistence of AV in lymphocytes of nor-
mal human hosts has been documented for 24 months af-
ter initial infection [16]. (3) Finally, in the 2 cases in
which antibodies against AV were found but no IP, a re-
activation of adenovirus infection may have occurred.

AV detection was successful regardless of whether or
not the formalin-fixed specimens were used (success rate
in formalin fixed specimerns: 11%; success rate in fro-
zen specimens: 13%). This indicates the suitability of the
method developed for DNA detection in autopsy sam-
ples. In only 13% (n=2) of the AV-positive cases were
the victims younger than 3 months at death. This does
not contradict the findings reported by An et al. (37.5%
[3]) for this age group, because the differences are not
significant (Fisher test, P=0.05). Our results are also
consistent with those of Uren et al. [26] and Williams et
al. [29], who rteported a substantially higher viral infec-
tion rate in infants older than 3 months.
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