SIDS and the toxic gas theory revisited
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In 1989 Richardson postulated that the cause of sudden infant death syndrome (SIDS) was poisoning by arsines, stibines or phosphine. According to the hypothesis these gases of Group 15 elements are produced by the fungus Scopulariopsis brevicaulis metabolising chemicals containing arsenic, antimony and phosphorus, which were present as plasticisers or fire retardants in polyvinyl chloride (PVC) covered cot mattresses.1,2 The “toxic gas” theory was investigated by an expert working group of the British Department of Health and, in 1991, they concluded the theory was unfounded.3 Interest in the theory was rekindled in the UK at the end of 1994 following two sensational television programmes. A further expert working group was established and their interim report concluded there was no evidence of risk to infants.4 A final report is expected shortly.

In New Zealand most cot mattresses are made from a single block of foam covered with fabric.5 The use of PVC covered mattresses is very uncommon, and thus the toxic gas theory did not appear to account for our high SIDS rate. However, in a recent book it was suggested that in New Zealand the main cause of SIDS is the biogeneration of phosphine from phosphorus in foam cot mattresses and woven fabrics mattress covers and arsines from arsenic in sheepskins.6 To prevent these gases reaching the infant, polythene wrapping of cot mattresses, and sheepskins and also adult mattresses, if the infant slept in the same bed as the parent, was recommended.

In 1995 one of the authors (EAM) reviewed the evidence for and against the toxic gas theory for this Journal.7 The purpose of this editorial is to summarise the chemistry, epidemiology, pathology and toxicology of the toxic gas theory.

Chemistry

Reports of poisoning and fatalities due to the action of moulds on arsenicals in pigments date back to 1815.8 In 1893 Gosio showed that S. brevicaulis could produce an arsenic containing gas from arsenic oxide,9 and in 1933 this gas was identified as trimethylarsine.10 The biomethylation of arsenicals by S. brevicaulis, and other fungi, is now well established.11
Given the similarity between arsenic and antimony, it was suggested that S. brevicaulis might also biomethylate antimony compounds to trimethylstibine.8 Apart from Richardson2, groups have failed to detect toxic gases from cot mattresses inoculated with S. brevicaulis,3,12,13 however, recently it has been shown that trace amounts of trimethylstibine can be produced by the action of S. brevicaulis and other micro-organisms on inorganic sources of antimony.14,15
Until recently the evidence for bio-reduction of phosphates to phosphine by micro-organisms was scant. After reports of the detection of phosphine in gas produced from raw sewage16,17 a number of research groups have reported instances of the microbiological production of phosphine, however, there have been no reports of phosphine being produced by S. brevicaulis under any conditions. One study has attempted, without success, to produce phosphine from cultures of S. brevicaulis grown under conditions simulating an infant’s sleeping environment (Fitzpatrick et al, unpublished data).

In summary, it is well established that micro-organisms, including S. brevicaulis, can produce toxic gases. No-one has yet been able to produce these gases under conditions that would be seen in the infant sleeping environment.

Epidemiology
Prone sleeping is causally related to SIDS,18 and the reduction in prevalence of the prone sleeping position has resulted in a substantial reduction in deaths from SIDS.19 The mechanism by which prone sleeping position causes SIDS is uncertain, but airway obstruction,20 thermal stress21 and rebreathing of expired gases22 have all been suggested. It is also consistent with the toxic gas theory. Arsines and stibines are both heavier than air, and thus the infant in the prone position would be more likely to inhale these gases.

Consistency with other established risk factors for SIDS has also been explained in terms of the toxic gas theory. Thermal risk factors for SIDS (e.g. season, excess clothing and bedding, illness) are said to encourage growth of the fungus. The increased risk of SIDS with birth order and socio-economic factors is postulated to be associated with the increased use of old cot mattresses, which are further postulated to be more likely to be contaminated by the fungus.6 However, these arguments remain hypothetical, as no verifiable scientific evidence has been presented to support them.

There are major epidemiological inconsistencies with the toxic gas theory:

(1) Deaths from SIDS occurred long before fire retardants and plasticisers were used.23
(2) SIDS deaths have occurred wherever babies sleep - cots, car seats, parent’s arms, parent’s beds, and bouncers.

(3) The fungus was found on only a minority of cot mattresses on which death had occurred (0%13 and 16%24). 

(4) The toxic gas theory cannot explain the higher risk of SIDS for infants sleeping in their parent’s bed compared with infants sleeping alone in a cot.25-28
(5) Sheepskins should be a dangerous bedding surface for infants as they may contain arsenic.6 However, in the New Zealand Cot Death Study 42% for both cases and controls used sheepskins.29 A similar finding has been reported from Tasmania.30
(6) Parental smoking is a well established and major risk factor for SIDS.31 Proponents of the toxic gas theory suggest that the smoking is not causally related to SIDS, but that it is a marker for socio-economic disadvantaged families, who are more likely to use old mattress. However, the evidence does not support this, as smoking is a risk factor within each socio-economic group.

(7) Proponents of the toxic gas theory have explained the increased SIDS rate in winter in terms of paradoxical over heating of the cot mattress resulting in increased growth of the fungus. The seasonal pattern of SIDS has now largely disappeared,19 and it is uncertain how the toxic gas theory would account for this.

It has been argued that deaths have not occurred on polythene covered mattresses.6 In the British study (Confidential Enquiry into Stillbirths and Deaths in Infancy, CESDI) there were three infant deaths on polythene wrapped cot mattresses (Fleming, personal communication). The claim that deaths have plummeted due to the widespread adoption of polythene wrapping is contradicted by the evidence. The proportion of cases and controls sleeping on impermeable wrapping was similar (8% and 6% respectively).32 This could not have accounted for the large (>60%) fall in SIDS, which occurred in the UK.

Pathology
The pathognomonic pathology of arsine and stibine poisoning is intravascular haemolysis.33 This is not seen in SIDS deaths. Proponents of the toxic gas theory argue that the deaths occur so suddenly that these characteristic features are not seen.6 It seems unlikely that it is not seen in at least some SIDS deaths. That these features do not occur in at least some of the near-miss SIDS cases (or apparent life threatening events) seriously undermines the theory.

Arsenic, antimony and phosphorus are ubiquitous in the environment and human exposure even before birth seems unavoidable.34 Levels of arsenic and antimony do not appear to be high in infants dying of SIDS,35 indeed the levels are similar to those reported in foetuses.

Toxicology

Proponents of the toxic gas theory claim that it is the anticholinesterase activity of these gases which causes death before haemolysis occurs.6 For the three gases, only for phosphine does there appear to be any evidence of cholinesterase inhibiting activity, and even then it is not a major effect.33
In occupational exposure to high concentrations of arsine (250 ppm) death occurs within 30 minutes. Lower doses (3-10 ppm) cause poisoning in a few hours.36 It seems reasonable to suppose that if these gases were produced in such high concentrations from cot mattresses, then they would be detected easily in subsequent investigations. One would expect that at least in some instances the gases would be produced in low concentrations that would produce the sub-lethal form of poisoning. The characteristic pathognomonic features, such as haemolysis, would then be seen in these infants. This does not appear to be the case.

Thirty-nine infants world wide have had cardio-respiratory recordings when they died.37 The characteristic feature of these deaths is a slowing of the heart rate, with rates decreasing to around 40 beats per minute before respiration is affected. In experimental animal studies and accidental or suicidal human exposures to anticholinesterase agents, the respiratory system is usually the first to fail and death is the result of asphyxiation.33
The toxicity of trimethylarsine is far less than arsine, most probably because it is rapidly oxidized.38 Given the similarity between arsine and stibine it is likely that trimethylstibine is also less toxic than stibine.

Dangers of polythene covering of mattresses
Proponents of the toxic gas theory recommend wrapping with polythene cot mattresses, sheepskins and adult beds when there is co-sleeping.6 Plastic wrapping of cot mattresses has recently been reviewed.39 The balance of evidence is that it neither increases nor decreases the risk of SIDS. However there is a definite evidence that plastic sheeting, including plastic bags, in a baby’s sleeping environment has caused the death of babies through suffocation, although the number of reported deaths from this cause is currently very low.40

In addition the promotion of polythene wrapping draws attention away from known risk factors, such as sleeping position and parental smoking. Furthermore, one of the proponents of the toxic gas theory argues that smoking does not cause SIDS.41

Conclusions
The Richardson toxic gas theory is an interesting theory that warrants investigation. Recently the Health Research Council of New Zealand summarised the characteristics of scientifically valid research:42 (a) it can be repeated by other researchers, (b) it is judged as methodologically robust by other experienced researchers in the field, (c) it is published in internationally respected peer reviewed journals, (d) its sources are listed in detail, and (e) it is consistent with previous research results. The theory does not fulfil these characteristics.

The toxic gas theory has been investigated and found not to be supported by the evidence. The fungus is not found in most cot mattresses on which SIDS had occurred, there is no evidence for toxic gases being produced in the infants’ sleeping environment, there is a lack of support for the postulated mechanism, the epidemiology of SIDS is inconsistent with the toxic gas theory, and the pathology is also inconsistent. 

It is time to concentrate on reducing the prevalence of risk factors which are known to be associated with SIDS. The key messages to help protect against SIDS remain:42
· sleep babies on their backs

· have a smokefree pregnancy and a smoke free home

· if you smoke, or smoked during pregnancy, sleep baby in its own bed

· breastfeed baby, if possible.
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