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13th Muarcch 1990

STATEMENT TO ALL FSID STA\FF FOR INFORMATION

"Sir Donald Aclicson, the Chief Medical Officer, announced today (9th March 1990) that
he has asked a group of independent experts to investigate the claim that the emission of
toxic gases [rom (ungal growth on some cot matlresses is a cause of sudden infant death.

The group will be chaired by Professor Paul Turner who is Chairman of the Governmeit's=™

independent expert advisory committee on toxicity and will include experts in toxicology;
neonatal pathology, mycology, epidemiology and analytical chemistry.

Announcing the review, Sir Donald said that the sudden infant death syndrome was almost
certainly due to many causes and these are little understood. Any new hypothesis therefore
warranted careful consideration.” The hypotliesis - put forwatd by Mr B A Ricbardson,
Director of Penarth Research Iulernational and Mr P R Mitchell, Director of Mitchell

Marquees - is that due lo the action of certain fungi, soiled col mattresses may emit toxic
gascs.

Sir Donald went on: "The death of an infant is a shallering blow lo parents. We have 4
duty o investigate possible causes. But this needs lo be done in a way which, on the oue
hand avoids alarming parents unnecessacily belore claims can be properly assessed and on
the other, raising hopes that a 'preventable cause’ of sudden infant death has been found".

"Mr Richardson's and Mr Mitchell's work which has not been published in the scientilic
literature, and therefore has not been subject to the usual serutiny and discussion, is al-
ready being assessed by the Laboratory nﬂ the Government Chemisl. The indeﬁendent.
experts will be examining the laboratory findings as well as the work done by Mr Richard-

son and Mr Mitchell. [ have asked the group lo report as soon as possible and will make
public their recommendations”.

In the meantime, Sir Donald has taken advice {rom a range of experts including neonatal
pathologists and paediatricians. He has been advised that no case of cot death in this
country due to the toxic gases arsine, stibine and phosphine has been reporied. Nor is
there any need [or parents to take any special aclion in respect of cot matlresses. Never-
theless, as a matter of prudence he has invited an independent assessiuent of the evidence”.

The above extract is taken froni a Department of Health press release, and follows articles
in the Daily Express in February 1990. These articles stated that "startling evidence by
overmuent scientists has conflirmed a possible new link between cot death srndmme and
ire resistant inattresses”, that "Ministers begin a series of crisis meetings in Whitehall”, that
“Health Secretary Kenneth Clarke (bas) ordered an immediate enquiry into the possible
link between cot deaths and fireproof malttresses” and that "Mr Clacke is prepared to order
tens of thousands of baby mattresses o be withdrawn {rom sale if Governiment scientists
confirm a possible link™.
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"¥hie articles correspond Lo a theory of a cause of sudden infant death syndrame (SIDS) that
was widely reported on television, radio and in the press at the beginning of June 1989.
Laboratory work by a chemical analyst, Mr Barry Richardson, suggested that toxic gases
were being released when bincides (substances acting agaiust infecting arganisms) and fire
retardants contained in cot mattress coverings of plasticised polyvinyl chloride (PVC) were
acted ou by a normal houschold fungus. He believed that the gases might be a signilicant

causc of SIDS and informed both the Foundation for the Study of Infant Deaths and the
Departiment of Health of his views.

Mr Richardson told a meeting of the Scientific Advisory Committee of the Foundation for
the Study of Infant Deaths about his work, and was questioned about it by members. After
careful consideration, the Commitlee formed the view that this was an unproven hypothesis
for which no direct evidence existed and that this was unlikely to be a major cause of SIDS.
The infant mortality rate (all first year deaths) has continued to fall since &Jl;ls_li_cised poly-
vinyl chloride (PYC) was introduced'wliile’ the SIDS rale has'stayéd relalively constant.

However, the toxic gas theory was widely publicised on radio and television and in the press
belore any scicntilic confirmation of the laboratory work bad been undertaken. The
Foundation was concerned that any possible such link with SIDS should be quickly and

appropriately investigated and for that reason is at present funding a project in London
(£10,000 over 6 mouths) to undertake suitable tests.

W

Advice to pareuts:

The Foundation for the Study of Infant Dealbs advises parents that they need not feel that
they should take any special action [ollowing these claims, and warns them NOT to endan-

%cr their baby by wrapping palythene around the mattress as has been suggested by Mr
Richardson,

Far {urther information please contact:

Erica De'Ath (Chief Executive) or
Tracy Lamb (Research and Iulormation Officer)
The Foundalion for the Study of Infant Deaths
35 Belgrave Square
London
SWIX 8QB
Phone: 01-235 0965/1721. Fax: 01-823 1986

(ENDS)
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PENARTH RESEARCH INTERNATIONAL LIMITED
Consulting and Research Scientists
Castle Emplacemant, P.O. Box 142 St. Peter Port, Guernsey, C.I. Tel: 0481-28559

Resewrch Note January 1990

Cot mattress biodeteriorath{n and sudden infant death
AN

I. Introduction

{.01 PRIL research in 1388 included an investigation 1into deterioration of
reinforced polyvinyl chloride (PVC) fabric used as tentage. The fabric was
fonnd to be infected by various fungl which were utilising the plasticisers as

nutrient, particularly dspergillus niger which ceauses grey stsining along the
reinforcement. [ibres and Streptomjyces rubrireticuli which causes patches of pink
staining, despite the presence of the arsenical biocide 10,10"-
oxybisphenoxyarsine (OBPA). The clients sponsoring the research were warned by

the project director B A Richardson that other fungi might develop such as
Scopulariopsis brevicaulls which could convert the OBPA bilocide into toxic
arsine gns, and that accumulations of this gas might occur in folded tentage in

winter storage. One of the clients, P R Mitchell of Mitchell Marquees, enquired:

whether similar infections might occur on PVC cot matiress coverings and
whether generated arsine might be the cause of unexplained sudden infant death.

.02 The fungns Scopularicpeis brevicaulis Is commonly found infecting protein
substrates such as meat, milk and cheese, as well as damp wool, leather and silk
(1,2). It has been known since about 1890 that this fungus is able to convert
arsenic compounds into arsine (arsenic trihydride) and related alkyl compounds
(1-17).  Gosin and Sanger reported that some mystery illnesses and deaths were
due Lo arsine generation through this fungus infecting wallpaper printed with
the arsenical pigments Paris green and Scheele's green, slthough another source
of arsine on papered walls was horse-hoof size which often contained white
arsenic (arsenious oxide) as a rodent repellent. In the United Kingdom the last
deaths from these causes were reported in 1932 (12). '

1.03 Tnvestigations on PVC cot mattress coverings show that ell used mattresses
are naturally infected by the fungus  Scopulariopsis brevicaulis in the area

affected by the warmth and perspiration of the sleeping infant. Arsine
generation is not usually identified as OBPA biocide is not generally used in
PVC cot maltress coverings. However, phosphine (phosphorus trihydride) and

particularly stibine <(antimony trihydride) and related alkyl compounds are
frequently identified, originating from the phosphate plasticisers and antimony
trioxide that are used to improve fire retardency. Exposed foam mattresses are
infected by a wide range of micro-organisms where they are affected by dribble
ardl vomit, including Scopulariopsis brevicaullis which generates phosphine {f
phosphate fire retardents are present.
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2. Research observatlons

2.01 All used cob mattress coverings are iInfected by a wide range of the micro-
organisms that are commonly found In the domestic environment.

2.02 PVC cot matlress coverings are generally affected by surface sollage
infeclions but Scopulariopsis breviciv._zél_{_s always develops on the area affected
by the warmbth and perspiration of the sleeping Infant. This infection, which is
apparently prompted by the nitrogen content 1in the perspiration, develops in the
plasticiser within the PYC sheet and 1s invisible, the only evidence being

progressive loss of plasticity and the development of brittleness and splits.
Phosphine, arsine and stibine or related alkyl gaseous compounds are usually
detected when samples are incubated. Stibine, originating from the antimony
trioxide fire retardent component in the PVC, is most often detected. Phosphine
from fire retardent phosphate plasticisers 1s also often detected. Arsine from
the arsenical biocide OBPA is rarely detected but traces of arsine are sometimes
detected which are attributable to arsenical impurities in antimony trioxide.
Fungal aclivity end gas generatien vary with lemperature, the rate of generation
at 40=C being about [0Q times that at 20°C. Phenolic compounds, released when
aryl phosphate plasticisers are degraded by the infection, sometimes cause pink
staining in the shape of the sleeping infant.

2.03 Exposed foam maltresses, Lhat 1s mattresses which comprise foam alone, or
covered with net, or partly covered with PVC, are usually infected by a wide
range of infections, including many fungi which produce spores or support mites
which can prompt allergic respiratory reactions such as asthma. Scopulariopsis
brevicaulis {nfections on {foams are wusually sassociated with w

retardents and phospl{ine generation, ’35*‘**6330[?
R
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2.04 Unexplained sudden infant deaths or cot deaths usually involve infants in
the prone or face down position with generous caverings. Death usually occurs
after the infant has remained undisturbed for six hours or more. Death is
usually attributed to sudden infant death syndrome or SIDS. The prone position
and heavy coverings maximises evposure to any gas generation from the mattress,
and hyperthermia in the infan!: caused by the heavy coverings also increases the
rate of gas generation through both the higher temperature and the increased
perspiration.

2.07 50 mattresses from 45 SID incidents have been examined, including ! cotton
covered, 26 PYC covered, 15 PVC covered with exposed foam at one or both ends,
and 8 eprsed foam; 2 mattresses were involved in 5 incidents. All the PVC and
foam mattresses were infected by the fungus Scopulariopsis brevicaulis and,
when samples were incubated, all generated phosphine, arsine or stibine gas.
Mattresses had g=enerally been used for a previous Infant, the mattresses
varying from apparently excellent clean condition to grubby surfaces with
brittle and split PVC coverings or heavily stained foam. Five matlresses were
involved which had not been ‘used [lor previous infants. Two of the mattresses
inunlued PVC coverings which were brittle, pinlk stained and generating phosphine;
purchase dates are alsc known (or some of the used mattresses, those generating
phosphine and therefore containing phasphate plasticisers apparently
detariorafing more rapidly than those centalning other plasticisers. Another
mattress was exposed foam, pink shkalned and generating phosphine from =&
phosphate  five retardent treatment. In all cases the (Infection and gas
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generalion were restricted to the area affected by the warmth and perspiration
of the sleeping infant. Bed coverings were slsoc sometimes examined. Cotton
sheets covering the matiresses were alwsys found to be saturated with
perspliration if examined shortly after death.

3. Notes

3.01 Incubation of naturally inf'ecte(}\.samples of PVC and foam at high humidity
1s sufficient to cause phosphine, arsine or stibine gas generation. However,
incubation of small samples on nutrient plates 1is necessary for the infection to
spread (rom the samples so that it can be identified. Samples are therefore
examined routinely by plating on agar plates containing 5% malt and 5% soya
‘lour, the protein in the soya flour encouraging Scopulariopsis brevicaulis
growth. Samples are incubated at 22 to 25°C in order to restrict activity and
limit the rate of gas generation to avoid danger to staff; headaches are the

rirst indication of excessive gas concentrations. G-—\,\tl_b\\

3.02 5ilver nitrate and mercuric bromide C(or chloride) papers are used for
gas delaction; gold compounds <an also be used. With silver nitrate phosphine
Zives a yellow colour, whilst arsine gives a brown or mauve colour and stibine
a pink or Brown eolour; high concentrations eventually cause dorkening to grey
or black with all three gases. With mercuric bromide phosphine and stibine
causé ho colour change as white complexes are formed but arsine gives a yellow
colour, darkening to orange _and red with high gas concentrations. These

reactions are quantitative and sensitivity can be improved by the use of
optimum loadings on the detection paper and by limiting the size of the paper
strips; high humidity is also essential as the reactions do not occur {1if the
papers are too dry. Routine studles involve placing small samples of PVC or
foam on malt/soya agar plates in Petri dishes and incubaling for several days
at 22 to 25°C until active Scopulariopsis brevicaulls growth develops, elther as
beige coloured hyphal growth or the buff coloured slime form which develops
under stress. With PVC the fungus develops only on the nutrient medium and the
edge of the PVC. Small strips of detection paper ebout 5mm wide and 25mm long
are then slipped over the edge of the dishes and secured with the 1id, the
colour generated after | to 3 hours identifying any phosphine, arsine or stibine
generation. Hydrogen sulphide iInterference, which 1is indicated by early
darkening of the silver niktrate, does not normally occur. Alkyl compounds are
also generated by Scopulariopsis brevicaulis and account for the characteristic
garlic odowr associsted with phosphine, arsine and stibine, but the silver,
meccury S and  gold  complering method of detection 1is more sensitive to the
Lrihydrides.

3.03 The increase in the rate of gas generation at higher temperatures can be
observed by placing well established open plates In a desiccator in a water
bath, conditioning to the required temperalure for an hour or more, flushing
with air, and determining the rate of gas generation by introducing test paper
and observing the rate of development of the detection colour. Silver nitrate
and mercuric bromide papers can be used but greater detection sensitivity can
be achieved using paper trested with mercuric chloride end a pH (ndicator, the
trihvdride gases complexing with mercury forming hydrochloric acid.
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3.04 The gases can also be detected using, for example, the termite
Keticulitermes santonensis. Termites placed on well developed plates with PVC
samples generating easily detectable arsine and stibine are generally killed
within two hours but phosphine is distinctly less toxic. Q);CU\Q&Q&:‘)

3.05 Although the fungus Scopulariopsis brevicaulls can survive on simple
carbohydrate media such as malt egar, a source of nitrogen will greatly enhance
activity and enable the fungus to compete strongly with other organisms. This
fungus is often therefore the dominant ‘species on substrates containing protein
such as meal, milk and cheese, but substrates containing nitrogen sources such
as ammonium compounds and urea are equally suitable. Extracellular enzymes are
produced by invading hyphae which convert the nitrogen sources to ammonia
(nitrogen trihydride) gas which is then sbsorbed by the hyphse and utilised for
protein (ormation. However, the extracellular enzymes do not act on nitrogen
sources alone but also on other Group V/Vb compounds, generating phosphine,
arsine and shtibine which are apparently liberated into the atmosphere as they
cannot be absorbad by the hyphae. The fungus has an affinity for Group V/Vb
compounds; 1f they sare sprinkled on plain agar plates to form a distinctive
pattern the fungus will follow the pattern. If the fungus is under stress,
usually due Lo inadequata nitrogen in the substrate, the beige hyphal growth
degenerates to a buff coloured slime, reverting when plated onto & more
suitable medium. The infection is invisible in PVC fabric because it is in this
structureless slime form and causes only slight distortion of the PVC; the
infection does not spread over the surface of the PVC.

3.06 Phosphine, arsine and stibine poisoning cannot be readily detected on post
mortem investigation. Normal lethal doses will cause increases in phosphorus,
srsenic and antimony levels in blood and tissue but these increases are smaller
than normal ambient variations and therefore undetectable.

3.07 Standard toxicological references indicate that <chronic exposure to
phosphine, arsine or stibine causes death by haemolytic anaemia in edults,
although a headache is an early symptom of poisoning (32-36). It is suggested
that these gases are accumulative but this 1s not strictly correct; chronic
exposure simply causes the ansemia to become progressively more severe.
However, SIDS is not normally associated with haemolytic anaemia, although
colour changes in the lungs may result from local hsemolysis in lung tissue.
Infants are sometimes reported to be irritable in their cot several hours prior
Lo death which may indicate headaches. Infants are sometimes provided with
monitors which detect cessaticn of respiration ©but prompt attempts at
resuscitation are apparently unsuccessful. These observations may indicate a
poisoning action causing cessation of respiration, perhaps acting through the
respiratory centre in the medulla, although the trihydrides are likely to
degrade in the blocd before reaching the brain, and respiration in young infants
is controlled by the carotid sinus rather than the respiratory centre. Whilst
the trihydrides may block the carotid sinus, the circumstances of sudden infant
death are also consistent with damage to sensitive cells due to oxygen or blood
sugar deprivation. The trihydrides are reducing agents and may obstruct oxygen
transport by blocking the oxygen acceptor sites on erythrocyte haemoglobin.
Alternatively phosphine, arsine and stibine may f(orm phosphonium, arsonium and
stibonium hydroxide which may condense onto blood sugar hydroxyl groups,
preventing bluod sugar utilisatlon by cells. Research by PRIL in 1968 showed
Lhat poiseninz by organotin compounds, which caused numerous deaths end brain
Page 4
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injuries in France in the Stalinon affair, involves similar condensation on blood
sugar hydroxyl groups (40-42).

4. Furtlier information

4.01 This Research Note will be revised as this project progresses. Revised
issues will be distributed only to bona fide research teams. Further
information on this project is-available from the director B A Richardson.

4.02 This project is not sponsored. PRIL has provided laboratory facilities for
the microbiological and enfomological work. The project consultants are B A
Richardson, T R G Cox and J G Watt. The culture of Scopulsriopsis brevicaulis
involved in the initial work was provided by Dr D Allsopp of the International
Mycological Institute at Kew; subsequent research involved cultures from
naturally infected samples.
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