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Abstract
Three methods were used to investigate the
role of infection in sudden unexpected infant
death (SUD): (i) microbiological comparison
of SUD victims and matched, live, community
controls; (ii) postmortem classification of the
contribution of infection to death; and (iii)
case-control analysis of the relative risk
associated with both infection and heavy
wrapping.
Limited sampling from the upper respiratory
tract and gut in SUD victims and controls
showed no significant excess of viral infection
in the SUD victims (odds ratio=1-98, 95%
confidence interval (CI) 0.9 to 4.5). At postmortem examination, infection explained death
in 3/95 babies and may have contributed to
death in 37/95.
Over 70 days of age, the combined presence
of viral infection and wrapping in excess of 10
togs produced an odds ratio of SUD of 51-5
(95% CI 5.64 to 471-48) compared with wrapping of less than 6 togs.
Viral infection was not a major risk factor as
long as babies were lightly wrapped. In heavily
wrapped babies the presence of a viral infection
greatly increased the risk of SUD.
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Infection is a common finding in babies dying
suddenly and unexpectedly (SUD).'-8 In a
small proportion, overwhelming infection is
clearly the cause of death, but in the majority it
is uncertain whether infection contributes to
death or not.8
Previous studies have failed to determine
whether infection occurs more commonly in
SUD victims than in similar infants living in the
same community at the same time."2`
Furthermore, pathologists vary considerably in
their interpretation of postmortem findings.9 10
Lack of control babies for postmortem examination of a similar age who die from accidents has
made it difficult to establish a consistent classification of those findings which explain death,
contribute to death, or are non-contributory.
Although minor respiratory tract infections
are the most common finding in SUD victims,
there has been no association between SUD and
any one particular organism.1-8 Consequently,
if infection is associated with SUD, the mechanism may be related to factors common to
infection in general, such as an increase in
metabolic rate and body temperature or to
effects on airway patency." It is possible that
infection interacts with other environmental or
physiological factors known to be associated
with SUD, such as heavy wrapping or prone

sleeping, to precipitate SUD in some babies. 12-15
In order to assess the role of infection in SUD
we have investigated the incidence of infection
in SUD victims and matched controls from the
same community. Secondly, we have established
criteria for a classification of postmortem findings to reflect contribution of infection to death.
Lastly, we have investigated the combined
presence of infection and heavy wrapping on the
risk of SUD.
Methods
Important features of the study design were
that: all SUD victims within a defined geographical area were investigated, specimens
were collected and parents were interviewed as
soon as possible after discovery of death, and
live control babies were matched for age,
neighbourhood, and time of year. 12
INDEX BABIES

From May 1987 until the end of April 1989, all
babies between the age of 1 week and 2 years
who died suddenly and unexpectedly within
Avon and north Somerset were eligible for
inclusion in the study.

Collection of specimens
An initial set of specimens was taken within a
median time of 3-5 hours from the discovery of
death (range 0-25-46 hours). Specimens
included: nasopharyngeal aspirate, tracheal
aspirate, four throat swabs taken simultaneously
(last 58 cases only), blood taken from the
sagittal sinus (all cases) and from the heart (last
70 cases only), and cerebrospinal fluid obtained
by cisterna magna puncture. Urine was obtained
if possible by suprapubic aspirate and a stool
specimen was collected when available. Specimens were immediately transported to the
laboratory and processed.
Further tissue samples and swabs of all major
organs were taken at full postmortem examination, which was performed within a median
time of 25 hours (range 2-8-73 hours) after
discovery of death. The postmortem protocol
was similar to that described by Wigglesworth et
al. 16
Interviews
As part of the bereavement counselling, parents
were seen by one of the investigators usually
within hours of discovery of death. A detailed
medical history was taken including recent signs
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CONTROL BABIES

The next two babies born within two weeks on
the same health visitor list as the index case
were selected as controls. Control families were
visited within a median time of 70 hours from
the discovery of death (range 8-324 hours).
Four throat swabs and a stool specimen were
collected and processed in the same way as for
the index cases. Parents were asked to save a
stool specimen for collection. In 23/190 cases,
no stool specimen was received.
Control parents had similar detailed interviews to the index parents. Questions were
asked about clothing, bedding, and the sleeping
position during the night before interview.
LABORATORY TESTS

Viral isolation was carried out using standard
cell culture and identification techniques on the
following cell lines: Hep 2, baboon kidney,
MRC5, and C16. Nasopharyngeal aspirates were
examined using immunofluorescent microscopy
with monoclonal antibodies to respiratory
syncytial virus, adenovirus, influenza virus
types A and B, cytomegalovirus, parainfluenzae
virus types 1-3, herpes simplex virus, measles
virus, and Chlamydia trachomatis. Throat swabs
were similarly examined using monoclonal antibodies to C trachomatis. Faecal extracts were
subjected to tissue culture and inoculated into

suckling mice to culture coxsackie A virus.
Faeces or large intestinal contents were examined
for viruses using standard electron microscopy
techniques.
Routine bacteriology was carried out on all
swabs and gastrointestinal specimens. Selective
media were used to culture Staphylococcus
aureus, Streptococcus sp, Bordetella pertussis,
Campylobacter sp, 8 Clostridium botulinum,'9
Clostridium difficile, C trachomatis,20 Ureaplasma
urealyticum, and Mycoplasma hominis.2' Botulinum toxin was detected by inoculation of
faeces supernatant or extract into suckling mice.
Cytotoxin testing was performed using vero cell
monolayers together with DNA probes for
verocytotoxin genes VTl and VT2.22 Where
appropriate, organisms were typed using commercial kits followed by reference laboratory
analysis.
CLASSIFICATION OF FINDINGS AT POSTMORTEM
EXAMINATION
All postmortem examinations were carried out
by one of two pathologists (PJB, EH). Histological findings at six sites in the respiratory

tract were reviewed and graded in all cases by
PJB without knowledge of any details of the
case: grade 0 normal, grade 1 mild inflammation,
grade 2 moderate inflammation, and grade 3
severe inflammation.
Histological and microbiological findings for
all 95 SUD victims were correlated and criteria
developed for three broad categories of SUD: I:
no significant findings, II: findings that may
have contributed to death, and III: death fully
explained by findings. These categories were
further subdivided (see table 1).
All pathological, microbiological, and metabolic results were reviewed for each baby at a
multidisciplinary meeting which included two
pathologists, three microbiologists, and three
paediatricians. Microbiological, histological,
and metabolic findings were classified separately
and the highest grade allocated as the overall
category for each baby as shown in table 1.
STATISTICAL ANALYSIS

The Mantel and Haenszel triplet

test was

used

Table 1 Example of categorisation in a 61 day old SUD victim: adenovirus type 5 isolated from the large intestine but with no evidence of gastroenteritis
(IB), C trachomatis identified in the nasopharynx and trachea (IIA), grade I inflammation on lung histology (IB), no abnormal metabolic findings (IA).
Overall category allocated was IIA based on microbiological findings
Histopathological criteria
No abnormal findings
Grade 1-3 inflammation of URT,
grade 1 inflammation of LRT,
purulent exudate-middle ear,
minor congenital anomalies

Microbiological criteria
No abnormal findings
Bacterial pathogens in LRT,
non-pathogenic bacteria in blood

Metabolic criteria

IIA: Associated findings, which
may have contributed to death

Grade 2-3 inflammation of LRT,
significant inflammation at other
sites-for example, urinarv tract

Bacterial pathogens isolated from
blood or in heavy growth from
liver and spleen or kidney,
polio virus in CSF, C trachomatis

IIB: Extensive/severe associated
findings but not a complete
explanation for death

Extensive grade 3 inflammation
of LRT

Vitreous humour sodium <126 or
>150 mmol/l, urea >8-0 mmol/l,
isolated metabolic defect,
(for example, glycogen storage
disease type Ic)
Metabolic defect with evidence of
substrate accumulation

III: Death fully explained

Severe disease-for example,
Bacterial pathogens in CSF
purulent meningitis, pyelonephrosis,
major heart defect

Category definitions
IA: No abnormal findings
IB: Non-contributory findings

by findings

(for example, coagulase negative
staphylococci), virus excretion
(for example, from faeces or
urine), polio virus-any site
except CSF

in respiratory tract
Bacterial pathogens in blood, liver,
and spleen

LRT=lower respiratory tract, URT=upper respiratory tract, CSF=cerebrospinal fluid.

No abnormal findings
For example, raised octanoic
acid in CSF

Raised serum ammonia >150 mmol/l,
major metabolic defect
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of illness noted by the parents. Major signs were
classified as those indicative of serious illness or
needing a medical opinion such as drowsiness,
persistent cough, or missing more than one
feed.'7 Hospital records were scrutinised for
any additional clinical and demographic information. For the latter 18 months of the two year
study, detailed questions were asked about the
quantity and type of clothing and bedding
covering the baby and the position in which the
baby was lying when found dead and when put
to bed. Tog values for clothing and bedding
were calculated as previously described. 12
Information on daily maximum and minimum
temperatures in Avon for the period of the
study was supplied by the Meterological Office.
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to compare qualitative variables in index cases
with two matched controls.23 A modified form
of this test was used where a variable number of
controls were analysed.24 Continuous variables
were analysed using the paired t test or the
Wilcoxon rank test by comparing index cases
with the mean of the two matched controls.
Interaction between variables was assessed
using a matched multiple logistic regression
programme which retained index case matching
with the control pairs.25

subsequent analysis the effect of age is assessed
by comparison of babies older and younger than
70 days of age. Ninety of 95 (95%) index babies
were less than 210 days (30 weeks) when they

Results
A total of 109 babies died suddenly and
unexpectedly during the two year study period
of which 95 were investigated. Fourteen were
excluded mainly because of late notification to
the investigators. Microbiological, pathological,
clinical, and social information was collected for
these 14 excluded babies and did not differ from
the study group.
Of the 95 SUD victims investigated, an
explanation for death was found in 7/95 (8%):
intracranial haemorrhage, Reye's syndrome,
heart failure secondary to an atrioventricular
canal defect, gastric perforation, S aureus
septicaemia, Haemophilus influenzae meningitis,
and severe rotavirus gastroenteritis. The
remaining 88/95 cases were classified as sudden
infant death syndrome (SIDS).26 One of these
88 SIDS victims was resuscitated and ventilated
for 24 hours before brainstem death was confirmed. Of the 95 index babies, information on
sleeping position and clothing and bedding was
available in 72 SUD victims and 144 matched
controls. Five of 72 of these deaths were
explained. This subgroup of 72 SUD victims
did not differ significantly from the overall
study population of 95 index babies.
The median age for the 95 index babies was
94 days (range 7-551) and for the 190 controls
96-5 days (range 18-552); difference 2 5 days,
95% confidence interval (CI) 1-5 to 3-75 days.
The age distribution appeared to be bimodal
with peaks in incidence at 40-60 and 80-130
days and a trough at 70 days (see fig 1). In

died.
Index babies were lighter at birth with a mean
birth weight of 3230 g (range 1310-4640)
compared to the control babies with 3400 g
(range 1790-4840); mean difference 170 g (95%
CI: 0-016 to 0-324, p=0-03). The mean gestation
in the index group was 38-9 weeks (range
32-42) and in the control group 39-8 weeks
(range 34-43); mean difference 0-86 weeks
(95% CI: 0-36 to 1-36, p<0-001).
The male to female ratio was 1 *6: 1 and 1:1 in
the index and control groups respectively.
Index babies were significantly more likely to
have one or more siblings (72/95) compared
to controls (111/190); X2=11 2, p<0-001. Too
few babies had viral infections to determine
whether infection occurred significantly more
commonly among babies with siblings. Twenty
three percent of the babies in both groups had
received their polio immunisation within the
previous 60 days.
Socioeconomic classification (Registrar
General's classification group I-V) was similar
in both index and control groups, but there was
an excess of unemployed parents in the index
group: odds ratio 3-3, 95% CI: 1-6 to 7-0
(p<OO 1).
Sixty out of 95 of the SUD victims (63%) died
during the six month period from October to
March, the peak incidence being in March.
There was no relationship between age at death
and season; 24/35 (69%) of SUD victims less
than 70 days died during the six winter months,
compared with 36/60 of those over 70 days old.
MICROBIOLOGY RESULTS BASED ON COMPARISON
OF SUD VICTIMS AND CONTROLS

Comparison of microbiological results was
based on similar specimens taken from the
upper respiratory and gastrointestinal tracts. In
addition to throat swabs and stool specimens,
nasopharyngeal aspirates and specimens of
intestinal mucosa were taken from index babies.

10

Viruses
Results of viruses detected are shown in table 2.
Excluding those babies from whom no stool
specimens were obtained, the odds ratio for
sudden death associated with non-polio virus
detection was 1-96 (95% CI: 0-9 to 4-5, p>0.05).
Types of viruses identified in both groups were
predominantly adenoviruses and enteroviruses.
In both the index and control groups, 85%
(13/15) of the virus positive babies were over 70
days old. Of the virus infected SUD victims,
7/15 were girls as were 10/15 of the virus
infected controls (p>0 05).
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Figure 1 AgedistributionofSUDvictims.

,

!\%

*4;1

Bacteria
The prevalence of potential bacterial pathogens
in the upper respiratory tract in the SUD
victims and control babies is shown in table 3.
There was no association between isolation of
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cytotoxin to vero and Y1 cells but negative to
VT I and VT2 probes and neutralising antibodies.
We found no relationship between viruses
and bacterial pathogens identified at the same
site. Viruses were detected as frequently in the
upper respiratory tract of babies who were
positive for bacterial pathogens (16%, 8/51) as
in babies who had no potential bacterial pathogens isolated (16%, 7/44).

Table 2 Micro-organisms detected in SUD victims and controls (number of samples included
in each analysis shown in square brackets)

Based on virological analysis of all organs, nonpolio viruses were indentified in 19/95 (20%)
babies and one further baby had poliovirus
type 2 isolated from the cerebrospinal fluid.
Non-polio viruses identified in order of frequency were adenovirus (n=8), enterovirus
(n=3), rotavirus (n=2), parainfluenzae virus
type 3 (n=2), cytomegalovirus (n=2), measles
(n=l), and respiratory syncytial virus (n=l).
One further baby had congenital cytomegalovirus infection, demonstrated by positive urine
culture at 3 weeks of age but was culture
negative at postmortem examination at S months
old. The type and distribution of bacterial
pathogens is shown in table 4. Nine babies had
bacteraemia, in two cases both H influenzae and
Streptococcus pneumoniae were isolated.

Type of organism
or toxin and
specimen site

p Value

No (%) of babies affected

Non-polio viruses:
Upper respiratory tract

SUD
victims

Controls

8 (8)

10 (5)
ln= 190]
10 (6)
[n= 167]
15 (8)
[n= 190]

[n=95]

Gut'

10 (11)

[n=951

Total No virus positive

15 (16)

[n=951

Polio viruses:
Upper respiratory tract

5 (5)

Total No virus positive

C trachomatis in
upper respiratory tractt
U urealyticum or M hominis
in upper respiratory tract

4 (4)

0
[n= 1901

>0 05

5 (8 5)

6 (5)
[n= 1 171
0
[n= 1671
0
[n = 30]
8 (55)
[n= 142]

>005

[n= 581

0

[n=951
0
[n = 361
5 (6)
[n=85]

C botulinum toxin in gut'
C difficile toxin in gut'

>005
>0 05

>0 05

[n=95]

C botulinum in gut*

>0 05

10 (5)
[n= 1901
25 (15)
[n= 1671
30 (16)
[n= 1901

[n=95]
17 (18)
[n=951
17 (18)
[n=951

Gut'

MICROBIOLOGICAL FINDINGS AT POSTMORTEM
EXAMINATION: INDEX BABIES ONLY

>0 05

>0 05

CLASSIFICATION OF FINDINGS AT POSTMORTEM
EXAMINATION

>005

>005

Results for all 95 SUD victims are given in table
5. Thirty nine of 95 babies were allocated
category IIA or IIB, 37/39 due to evidence of
recent infection. Of these 37 babies, 11 were
graded IIA or IIB on account of both microbiological and histopathological findings. Of
the remaining 26 babies allocated category IIA
and IIB babies, nine babies, three of whom
were graded for histopathology and six for
microbiology, had no corroborative microbiology
or histopathology findings respectively. Nine
out of 35 of the SUD victims (26%) less than 70
days old and 28/60 (47%) of those over 70 days
were allocated category IIA or IIB for evidence
of infection (x2=4-08, p<0.05).

>005

'Denominator varies according to availability of sufficient specimen for testing.

tTwo cases were culture and immunofluorescence positive; two cases were immunofluorescence
positive only.

Table 3 Potential bacterial pathogens isolated from the upper respiratory tract in SUD
victtms and controls
Organism
isolated

No (%) of babies affected
SUD

Controls

victims

(n= 190)

(n = 95)
S aureus
Coliforms
S pneumoniae
H influenzae

24 (25)
15 (16)
10(11)
9 (9)

12
2
2
11

Streptococcus'
2 (2)
Group A
6 (2)
Group B
Total Noofbabiesaffected 51 (54)

(6)
(1)
(1)
(6)

2 (1)
2 (1)
31 (16)

Odds
ratio

950% CI

p Value

50
29
10
1-6

2-4
75
2-9
07

<0 001
-<0001
<001
>005

>005
11
7-6

1-9 to 63
4-1 to 14

to
to
to
to

10-2
111
34
3-8

<0 01
<0 001

THERMAL INSULATION IN INDEX AND CONTROL
BABIES

'1- Haemolytic streptococcus Lancefield group A or B. Note: for the first 37 index cases, results are

Of the 72 SUD victims and 144 controls, data

from culture of nasopharyngeal aspirate, therafter, results refer to throat swabs only.

Table 4 Frequency and site of isolation of bacterial pathogens at postmortem examination
Tracheal
Middle
Lung
Upper
Organism
ear
isolated
(n=94)
respiratory
aspiratelswab
tract

S aureus
Coliforms
S pneumoniae
H influenzae

Streptococcus;'
Group A
GroupB

Streptococcus equisimilis

Total No (%) of cases affected

or leftlright

(n=95)

main bronchus
(n=94)

24
15
10
9

33
37
12

2
6

1
51(54)

Spleen
(n=94)

Kidney
(n=94)

14

7
14
2
5

2
4
3
7

2
8

1
4

-

-

-

-

1

-

-

-

1

-

-

-

-

-

28 (30)

16 (20)

4 (4)

4 (4)

3 (3)

72 (77)

'*1 Haemolytic streptococcus Lancefield group A or B.

tOne explained death.

Liver
(n=94)

(n=81)

1
3

1
3

2
1

-

-

-

Cerebrospinal
fluid
(n=95)
-

Blood
(n=95)

3t

1

1
2
3t

1 (1)

8 (85)

1
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these organisms and sampling time: median
time from discovery of death for pathogen
positive babies was 3-87 hours (range 1 5-45-7)
and for pathogen negative babies 3-2 (range
0-25-30) (difference 0-67, 95% CI: -0-28 to
1-55; p>0-05).
Faeces from 1/90 index and 1/164 control
babies were positive for cytotoxin which was not
neutralised by antisera to C difficile : one
control baby was culture positive for Escherichia
coli 074.H28 and the verocytotoxin gene 2
(VT2) probe. One index baby was positive for

Combined effect ofinfection and heavy wrapping on the risk of sudden unexpected infant death
Table S Classification offindings at postmortem examination for 95 SUD victims
Histopathology

Metabolic

IA
IB

36

17

3

61 49 (51-5)
43 1

IIA
IIB

19

1

20
4

4
0

34 39
51

III

2

7

1

7 (7-5)

Classification

(41-0)

7
* SUD victims
| 2 Controls

6
5
Cn
a)

-0

Co4

Q4.
.0

0
0

3

z

2

0

Tog value
Figure2 Tog valuesinvirus infectedSUD victimsandcontrolbabies.

incomplete on clothing and bedding in
four babies and on sleeping position in five
index babies. The median age of the 72 SUD
victims was 90 days (range 7-210 days) and of
the controls 89 days (range 18-208 days). Forty
four of the 72 SUD victims were aged over 70
days when they died.
For babies in whom thermal insulation data
was complete, there was no significant difference
between the virus infected SUD victims (10/68)
and the virus infected controls (8/136) in terms
of age, birth weight, or minimum environmental temperature during the 24 hours preceding death or interview. Only one baby in each
group was less than 70 days old.
were

Tog values
Thirty out of 68 of the SUD victims (44%) and
37/136 (26%) of their matched controls had
calculated tog values greater than 10 togs
(x2=5-9, p<0 02). Mean tog values were 9X15
and 8-0 for the index and control babies
respectively, mean difference 1 1 togs (95% CI:
0-15 to 2-2, p=0 025).'2 Tog values for the
babies with virus infections are shown in fig 2.
The median tog values for all virus infected
babies were 11-0 (range 9 1-14-7) for index
babies (n=10) and 5-6 (range 5-5-10 7) for
controls (n=8); difference 4-9 togs (range
3-3-5-6, p=0-0016). There was no significant
difference between the median tog values for all
virus negative index babies, median tog 8-8
(range 0-8-18-4; n=58) and control babies,
median tog 8-0 (range 1-9-16-5; n=128).
Among babies over 70 days old, the difference

in tog values between infected index (n=9) and
control babies (n=7) was 4 8 togs (range
2-8-5-5, p=0 004) and for non-infected index
(n=32) and control babies (n=75) 1-8 togs
(range 0-5-3-3, p=0-014).
A similar relationship was found between
isolation of potential bacterial pathogens and
tog values. Twenty index and nine control
babies over 70 days old had bacterial pathogens
isolated in significant quantities from the upper
respiratory tract; none of these babies had
viruses identified in the upper respiratory tract.
The median tog values for the bacterial pathogen
positive babies were: SUD victims 11 1 togs,
controls 5-6, difference 5 5 togs (95% CI: 2-0
to 7-9, p<0-01). For the babies with no
bacterial pathogens isolated, the median tog
values were: SUD victims 10-3 togs, controls
8-0 togs, difference=2-3 togs (95% CI: 0-1 to
2-8, p<005).
Analysis using a matched multiple logistic
regression analysis for babies over 70 days old
showed that there was a trend for virus infection
to be associated with an increased risk of SUD:
odds ratio=2-8 (95% CI: 0-98 to 7-9; p>0 05).
When account was taken of the tog distribution,
both virus infection (odds ratio 3-7, 95% CI:
1-03 to 13-3) and clothing and bedding in excess
of 10 togs compared with less than 6 togs (odds
ratio 13-7, 95% CI: 3-2 to 60 6) were significant,
independent risk factors with no statistical
interaction between them (x2=1-98); the relative
risk for 6-10 togs was 3-9 (95% CI: 0-99 to 15-2;
p>0 05). The relative risk associated with the
combined presence of more than 10 togs of
clothing and bedding and a viral infection
compared with less than 6 togs and no viral
infection was 51-55 (95% CI: 5-6 to 471).
SIGNS OF ILLNESS

In both the index and control groups over 70
days old, there was no significant difference in
tog values between babies with major signs of
illness during the previous 24 hours (10/41
index and 6/82 controls) and those without
(difference in togs for SUD victims=0-6 and for
controls=0-05; p>005).
Major signs of illness during the previous
week were more common among virus positive
(10/15) than virus negative (24/80) SUD victims
(X2=7-3, p<0-01) but no such association could
be demonstrated for the control babies.
We were unable to demonstrate the effect of
the combination of prone position and viral
infection as the number of infected babies was
small and such a high proportion of the SUD
victims (63/68) slept prone.

Discussion
There were two distinct age groups within the
SUD population, infection being much more
common in index and control babies over 70
days of age. In this older age group, the
combination of viral infection and clothing and
bedding in excess of 10 togs was associated with
a significantly increased risk of death.
Based on limited sampling from the upper
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Microbiology

Total
No (O/o) of
cases

Category
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wrapping increased the risk of acquiring a viral
infection while heavy wrapping increased the
risk of death in the presence of infection.
Infection increases metabolic rate and can
increase body temperature. The ability to lose
heat in the presence of infection may therefore
become critical in heavily wrapped babies. As
40% of total oxygen consumption in young
infants is in the brain, the head is both a major
site of heat production and the main effector
organ for heat loss.2`30 Thus interference with
heat loss from the head (for example by covers
rising over it) could lead to temperature change
in the brain without necessarily causing a
corresponding rise in core body temperature.
The consequences of such a rise in brain
temperature are not known, but heat stress can
lead to prolonged apnoea in both preterm3' and
term infants.32 Of our SUD victims, 23 wore a
hat or were found with their head covered.
Although no control babies wore hats, we have
no data on how many had their heads covered
by bedding at some time during the night.
Sudden unexpected infant death is undoubtedly caused by a variety of factors. In this
and in a previous report'2 we have shown that
prone sleeping, heavy wrapping, the combination
of prone sleeping and heavy wrapping, and the
combination of viral infection and heavy
wrapping are strongly associated with SUD.
All three factors can cause thermal stress but
their association with SUD is age related. 12 The
fact that infection and heavy wrapping are
associated with death only in babies over 70
days old may indicate that these babies are
physiologically less vulnerable and require more
risk factors to precipitate death. Alternatively,
older babies with their thicker subcutaneous
layer of fat and higher ratio of metabolic rate to
surface area33 34 may be more susceptible to
thermal stress than younger babies for whom
other mechanisms may be important.
Our case-control analysis was based on a small
minority of babies with viral infection. Yet our
postmortem classification showed that 37/95
(38%) SUD victims had evidence of recent
infection which may have contributed to death.
We speculate that the combination of infection
and other environmental factors that cause
thermal stress may contribute to death in over a
third of SUD victims.
In babies over 70 days of age, the presence of
a viral infection further increases the risk of
death associated with heavy wrapping. The
presence of a virus infection in the absence of
heavy wrapping is not a major risk factor for
sudden unexpected death.
We recommend that parents should pay
particular attention to thermal care and avoid
heavy wrapping, particularly if their baby has
evidence of an infection. Avoidance of heat
stress may be easier for babies nursed on their
back or side.'2 Parents should still be made
aware of the need to avoid cold stress particularly
as our results raise the possibility that lightly
wrapped babies may be more likely to contract
viral infections.
Further investigation is needed to ascertain
appropriate clothing and bedding at different
environmental temperatures and to define the
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respiratory and gastrointestinal tracts we did
not show any significant excess of virus infection
in the index group (16%) compared with live
control babies matched for age, time, and
neighbourhood (8%). The trend for viruses to
be identified more commonly in the index
group may have reached significance given a
larger population. However, one important
source of error was the fact that nasopharyngeal
aspirates and intestinal mucosa specimens were
analysed only in the index group. This is likely
to have favoured more frequent identification of
viruses in the index babies. Although virus
infection did reach significance when the distribution of tog values was taken into account
using a multiple logistic regression model, these
borderline results indicate that viral infection
alone can not be considered to be a major risk
factor for SUD.
Bacterial pathogens were isolated more often
from the upper respiratory tract of babies who
died but there was no association between viral
presence and isolation of bacterial pathogens
at the same site. We are uncertain as to the
significance of bacterial isolates at postmortem
examination. Correlation with histological
change is poor and it is possible that changes in
bacterial flora occur as a result of, rather than
before terminal asphyxia and death. It is of note
that we were unable to confirm the association
found by Bettelheim et al between toxigenic
E coli and SUD.22
According to our postmortem classification of
findings in the index babies, infection provided
an explanation for death (grade III) in 3/95
babies and may have contributed to death
(grade II) in a further 37/95. This classification
is subjective and although postmortem control
samples from babies dying suddenly from
trauma would enable a more objective analysis
of postmortem findings, such deaths are very
rare and none occurred during our study.
Nevertheless, our criteria could provide a basis
for a more consistent classification of postmortem findings in SUD.9 10 27 An important
advantage of our system is that, alongside the
microbiological, histological, and metabolic
classifications, other classifications can be
added such as psychosocial factors, clinical
factors or thermal stress, without distorting the
overall categorisation of non-contributory (I),
contributory (II), and causal disease (III).
On virological investigation of all organs,
non-polio viruses were identified in 19/95 (20%)
of SUD victims, a similar proportion to that
found in previous studies.'-5 It is of note that
although the study period included two winters
when respiratory syncytial virus infection was
commonly identified in children admitted to
hospital, we detected this virus in only one baby
who died.
A striking finding was that the virus infected
control babies had less clothing and bedding
than the index babies and the non-infected
control babies. This could not be explained by
differing parental responses to illness as we
found no correlation between reported major
signs of illness and tog values of clothing and
bedding in either the index or control groups.
Another possible explanation is that light
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