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which would reflect the acquisition of tissue
iron in utero.
If infants dying of SIDS have excess iron
stores, then this extra iron is the result either
of late clamping of the cord which enlarges the
red cell mass at birth or to postnatal factors
(discussed in5) which include delayed maturation in replacing haemoglobin F with haemoglobin A, blood transfusion and iron
supplementation.
Further, more detailed, nutritional studies in
large populations would be necessary to confirm the suggestion that excess tissue iron is
acquired postnatally in victims of SIDS. Both
cigarette smoking, which has been consistently
associated with SIDS, and high concentrations
of tissue iron are known to enhance free radical
formation leading to tissue damage. This may
prove to be the underlying metabolic explanation for SIDS and deserves further investigation.
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financial support, and Drs CM Weaver and Elspeth Webb
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Abstract
The hypothesis that the prone sleeping position is associated with accumulation of
upper airways secretions and increased
bacterial growth was investigated in adults. Ten subjects with upper respiratory
tract infection lay prone for one hour and
then supine for one hour. Nasal swabs after
the prone period yielded higher bacterial
counts than swabs obtained after the supine period. This result could be relevant
to sudden infant death syndrome (SIDS),
as infants who sleep in the prone position

are at increased risk of SIDS and one
theory is that death is caused by toxins
produced by bacterial overgrowth in the
upper respiratory tract following a viral
infection.

(J7 Clin Pathol 1996;49:170-172)
Keywords: upper airways bacterial flora, sleeping position, sudden infant death syndrome.

A number of studies have shown that the prone
sleeping position is associated with an increased
risk ofsudden infant death syndrome (SIDS).'-'
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and storage iron concentrations in life and
between blood ferritin and liver iron concentrations after death.'0 It is reasonable to
suppose that if infants who die of SIDS are
born with excess tissue iron stores then this
would be reflected in the blood ferritin measured soon after birth.
The availability of blood spots on stored
Guthrie cards enabled us to compare blood
ferritin concentrations in the first week of life
from victims ofSIDS and controls. A significant
difference might have formed the basis of a
useful screening test for infants at risk.
Plasma ferritin concentrations in normal adults vary from 15 to 300 gg/l and reflect the
variable concentrations of storage iron present.6
There is a similar variability of ferritin concentrations in newborn infants so that wide
variations in the mean value of the four control
cards for each case are to be expected. The
mean value of 93 gg/l in eight samples of cord
blood is within the expected range.6 In the cord
blood samples the plasma component accounts
for a mean of 7% of the total blood ferritin-a
smaller proportion than the mean of approximately 20% for adult blood.'0
Preliminary studies showed that little ferritin
could be extracted from the dried spots of
blood on Guthrie cards stored for more than
six months. However, with the extraction procedure described above, studies of blood spots
stored at temperatures from 4 to 56°C indicated
that a recovery of about 25% might be expected
for cards stored for prolonged periods of time
at room temperature.
Our study is limited by the small numbers
and because it would not be possible to detect
a difference between a case and the control
cards of less than 20%. Nevertheless, there is
no evidence from this study that infants who
subsequently die of SIDS have elevated blood
ferritin concentrations in the first week of life,
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then incubated aerobically (blood agar), anaerobically (blood agar) and in 5% CO2 (chocolate agar) for 48 hours at 370C. Colony counts
were performed on the plates and expressed as
organisms (strictly colony forming units) per
ml of saline inoculum. The results are shown in
the table. In every case the number of organisms
was greater in the prone position than in the
supine position (sign test p<0-001).

Discussion
The cause of SIDS has not been determined.
One hypothesis, however, is that viral resCO2
piratory tract infections lead to a disturbance
of the upper airways bacterial flora with over5 000
58 000
Anaerobic
6 000
80 000
Aerobic
of staphylococci, streptococci and
growth
2 500
40 000
CO2
enterobacteria.47 These organisms produce
toxins which might prove fatal in infancy, but
125 000
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Anaerobic
No growth
No growth
Aerobic
only in a narrow time interval between loss of
125 000
250 000
CO2
protective maternal IgG and the acquisition of
specific immunity. This theory explains the
No growth
10 000
Anaerobic
No growth
10 000
Aerobic
epidemiological features of SIDS, including
10 000
No growth
C02
the association with viral infection, the winter
excess and the highly characteristic age in4 000
20 000
Anaerobic
4 000
20 000
Aerobic
cidence curve. A further prediction of this hy4 000
20 000
CO2
pothesis is that babies sleeping in the prone
position will be at increased risk of SIDS beNo growth
5 000
Anaerobic
5 000
No growth
Aerobic
cause of pooling of upper airways secretions
No growth
No growth
CO2
with increased bacterial carriage and toxin
production. This is based on anatomical conNo growth
10 000
Anaerobic
siderations. Upper airways secretions are norNo growth
10 000
Aerobic
No growth
10 000
C02
mally cleared by the combined effects of gravity
and ciliary action into the oesophagus. If ciliary
50 000
10 000
Anaerobic
action is impaired by viral infection, the action
10 000
50 000
Aerobic
10 000
50 000
Co2
of gravity becomes more important. The oesophageal inlet is below the upper air passages
in the erect position and in the supine position
but above them in the prone position.
Ethical considerations preclude the inFurthermore, campaigns to bring this to public
attention have led to a reduction in the number vestigation of prone babies, but the work reof babies sleeping prone and a dramatic re- ported here shows clearly that the number of
duction in the incidence of SIDS. One ex- bacteria sampled from the nose is increased
planation for this observation is derived from in adults with colds who lie prone. This is
the hypothesis that SIDS is caused by toxins presumably because the amount of secretion
produced by overgrowth of nasopharyngeal in the nose is increased in this position. A clear
bacteria following a viral infection.4 It is sug- difference was obtained after only one hour. It
gested that in the prone sleeping position, the is anticipated that several hours in one position,
as occurs in young infants, would lead to an
clearance of upper respiratory tract secretions is
reduced, leading to increased bacterial growth even greater difference as a result of further
and increased toxin production.5 We have in- accumulation of secretions and bacterial
growth.
vestigated this hypothesis in adults.
One important anatomical difference between infants and adults is the relative size of
Methods and results
the respiratory sinuses. In infants they are small
Ten adult volunteers, aged from 19 to 35 years, compared with the volume of the anterior and
with colds were divided into two groups of five. posterior nasal spaces and therefore it is drainOne group lay prone for one hour and then age from the latter which is relevant to SIDS.
supine for one hour. The other group lay supine In adults, however, the sinuses are relatively
initially for one hour and then prone for one large and drainage from them could contribute
hour. At the end of each period, a swab was to the accumulated secretions in the nasal
passed into the nose and then placed in Stuart's spaces in the prone position. This does not
transport medium. The left or the right anterior influence the conclusion that drainage from the
nares was chosen at random after the first
nasal spaces is impaired in the prone position
period and the opposite side was sampled after compared with the supine position. A number
the second period. Each swab was subsequently of postulates have been proposed to explain
placed in 5 ml sterile saline and vortexed for the link between SIDS and the prone sleeping
one minute. Two blood agar plates and one
position. These include retention of CO2,
chocolate agar plate were inoculated using a positional asphyxia, diminished arousal, and
standard 2 loop of saline suspension and decreased heat loss in the prone position
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Bacterial cultures of nasal swabs from 10 adult subjects with upper respiratory infections
sampled in the prone and supine positions. Bacterial growth is greater in the prone position
(sign test p<0001)
Number of organismslml saline inoculum
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centration 6 mmol/l. Cytology showed abundAbstract
Pleural infection with Clostridium difficile ant polymorphs and reactive mesothelial cells,
is extremely rare. A case of nosocomial but no malignant cells. A rapid microempyema following chest drain insertion agglutination test (RMAT) titre for Legionella
in a 46 year old man is described. The pneumophila was less than 1:8.
potential of C difficile to cause extra-inThe patient had a low grade fever over the
testinal infections should be recognised following week and enlarging pleural effusions.
and its isolation from other sites should His peripheral white cell count rose from
not be ignored.
14-8 x 109/l to 19-6 x 109/I. A pleural biopsy
(J Clin Pathol 1996;49:172-173)
was performed, followed by right chest drain
insertion and drainage of 1200 ml blood stained
Keywords: Clostridium difficile, empyema, nosocomial fluid. Routine culture on blood, chocolate and
infection.
cystine lactose electrolyte difficient (CLED)
agar in an aerobic atmosphere with 5% CO2 at
37°C, and on blood agar anaerobically (80%
Case report
10% hydrogen and 10% CO2) at
nitrogen,
A 46 year old man was transferred from another
hospital to St Bartholomew's Hospital, Lon- 37°C, yielded no growth after 48 hours. ZN
don, with a history of incessant atrial tachy- staining was again negative and all cultures for
cardia secondary to alcoholic cardiomyopathy. acid fast bacilli were negative at eight weeks.
Following admission, his tachycardia was Tuberculin skin testing (1:1000) was negative.
Erythromycin was stopped and intravenous
treated and stabilised with digoxin 0-25 mg per
added (500 mg three times
metronidazole
day and verapamil 80 mg three times daily.
However, an admission chest x ray revealed daily), in case of aspiration post-cardioversion
bilateral pleural effusions, larger on the right. (attempted before admission to this hospital).
There was increased shadowing and a ca- Three days later, drainage from the chest drain
vitating mass in the left upper zone, with ero- ceased; a further pleural tap and biopsy was
sion of the first and second ribs anteriorly, performed, producing thickened blood stained
suggestive of malignancy. There was no pre- fluid. Cytology showed fibrinous material and
vious history of tuberculosis. The patient be- many white cells consistent with an empyema.
Direct Gram staining showed scanty large
came pyrexial (38°C) 24 hours after admission,
and after collection of blood cultures, was Gram positive rods and many neutrophils; anstarted on intravenous cefuroxime 750 mg aerobic culture, as described above, revealed
three times daily and oral erythromycin 500 mg a pure growth of Clostridium difficile. Plates
four times daily for a suspected chest infection. incubated aerobically showed no growth. No
He had not previously received any antibiotics. other specimens processed during this period
No sputum samples were produced. A diag- showed evidence of Gram positive rods on
nostic tap of the right pleural effusion showed staining, nor was C difficile isolated from any
pus cells, but no bacteria, and was sterile on other specimen, suggesting that laboratory conculture. A Ziehl-Neelsen (ZN) stain for acid/ tamination was extremely unlikely. The isolate
alcohol fast bacilli was negative. The protein was positive for toxin A using the Premier C
content was 37 g/l and the glucose con- difficile Toxin A EIA kit (Meridian Diagnostics
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increasing the risk of heatstroke.89 The explanation proposed here does not preclude
these possibilities. Indeed, infection is a major
cause of both pyrexia and decreased arousal
due to cytokine production. Thus, a number
of these factors could act together to bring
about a fatal outcome.

