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Exploration of infant brain damages related to usage of the "germ killer" hexachlorophene in US hospitals
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In this paper we try to solve a mystery regarding US infant mortality in the 1960s. This decade was marked by two unusual features. (a) The US downward trend was slower than in other developed countries and this was particularly obvious for firstday and neonatal mortality. (b) In US maternities all newborns were given daily baths in an anti-bacterial solution containing 3% of hexachlorophene, a powerful disinfectant. Then in 1971-1972 it was found that hexachlorophene entered the bloodstream of the newborns and could cause damages in the brain and spinal cord. After being seen as a landmark progress for almost two decades, the anti-bacterial baths were banned by the "Food and Drug Administration" in September 1972. This raises the question of whether there was a link between (a) and (b). In this Sherlock Holmeslike investigation conducted with the methodology of experimental physics we rely on two major databases. (i) The first gives detailed mortality data by infant age and cause of death. (ii) The second is the ProQuest archive of major national US newspapers. By cross-checking clinical observations of newborns with mortality data, we are able to identify annual mortality time series marked by a sudden fall after 1972, precisely the moment when hexachlorophene baths were interrupted. These observations and comparisons with infant deaths due to "Sudden infant death" led to the conjecture that there is a connection between effects (a) and (b). The interesting point is that this conjecture is not merely a speculation for it can be either confirmed or disproved through a careful analysis of the archives of autopsy reports kept in major US hospitals and maternities. In this way our research is an invitation to revisit the death toll of this episode. For US researchers who can get access to hospital archives this opens a field of investigation that has possible implications for our present time.

Physical effects may be observed and tested at microscopic or macroscopic level. For instance the law of refraction may be studied in the laboratory by observing how a laser beam is deflected at the interface between air and water. The refraction effect can also be studied more globally through the observation of a rainbow. A rainbow is made up of a set of droplets where refraction takes place in a wide range of conditions. In this paper the investigation will likewise be conducted at two levels:

• At individual level it will mean an identification of hexachlorophene-related death symptoms.

• At global level one has to find out how the hexachlorophene incident affected the death rates at national, regional or age-group level. When micro-and macro-identifications are consistent with each other they provide a reliable confirmation of the existence of an hexachlorophene effect. In short, although we do not use the mathematical formalism of physics, we think our investigation is conducted in the spirit of physics.

Introduction

Hexachlorophene (C 13 H 6 Cl 6 O 2 , subsequently noted HCP) is a chemical disinfectant. The product was widely used for over 20 years in several countries, and particularly in the United States, without any claim being made that it could be dangerous. Its harmfulness was suddenly and dramatically demonstrated by a mass poisoning case that occurred in France in mid-1972.

A manufacturing incident in France

In France the "Morhange case" (after the brand name of the talcum powder) was one of the worst post-war drug accidents. Briefly stated, in the spring of 1972 this powder was mistakenly manufactured with 6% hexachlorophene which led to the death of 36 newborns; in addition it did great damage to the central nervous systems of several hundred other babies. At that time hexachlorophene was known as an anti-bacterial agent but until a French official statement on 17 August 1972 it was not recognized as being neurotoxic.

Whereas in European countries hexachlorophene was used in a limited number of products only1 , in the United States it was broadly used as we will see now.

Broad range of products containing hexachlorophene in the United States

The search engine of "ProQuest" (a big database of historical documents) covers three major US newspapers: the "New York Times" (NYT), the "Chicago Tribune" (CT) and the "Los Angeles Times" (LAT) and also the French newspaper "Le Monde". Over the period 1950-2015 there were 1,176 articles containing the word "hexachlorophene". Some 90% of them were in fact advertisements which appeared before 1972. They make us realize how widespreadly hexachlorophene was used. Just to give an idea of this wide market one can mention the following items.

• underarm deodorant • toothpast • foot powder • antibacterial soap • shampoo • after-shave lotion • lipstick • face powder • vaginal deodorant sprays were used by 24 million women and represented a market value of $53 million (LAT 7 December 1971).

• HCP was also registered and used as a fungicide on citrus and vegetables, e.g. cucumbers, tomatoes and potatoes.

From 1950 on the success of most of these products was ensured by the fight against odors. As explained in various advertisements, the argument was quite simple. "In itself sweat has no odor at least until it comes in contact with the bacteria which are on your skin". The conclusion was that all skin bacteria had to be removed. Fortunately, said an ad from the "Chicago Daily Tribune" of 6 April 1952 (p.E10), "Parker's Charm Soap contains an amazingly powerful but harmless ingredient that destroys skin bacteria. This special compound is called HEXACHLOROPHENE [capitalized in the original text]." It was claimed that HCP could keep the skin free of bacteria for 18 hours.

Skin desinfection baths for newborns

Under the brand names Phisohex and Phisoderm (produced by "Winthrop Laboratories" itself a division of "Sterling Drug") HCP was also used as a skin cleanser in the nurseries of US hospitals. There was a special reason for that. Louis Gluck, a neonatologist at the "Stanford School of Medicine" introduced bathing infants with a solution containing 3% HCP in the delivery room in order to suppress bacterial infection, particularly by "Staphylococcus aureus". The concentration of 3% was three times higher than the 1% limit authorized by US health authorities after September 19722 .

Concentrations of hexachlorophene in commercial products

More broadly, this raises the question of concentrations in other products. When, in the wake of the revelation of 1972, a NYT journalist called the manufacturers, he discovered that for most products the data were deemed confidential. An article of 1972 in the LAT (2 Feb p.A1) points to concentrations around 0.25% in deodorants. Once the danger of hexachlorophene had been recognized, did the administration ask companies what concentrations had been used in previous decades. There is no evidence that the administration conducted an inquiry. If it did, the investigation by the NYT reporter shows that the data were not made public. Table 1 gives a rough summary of various situations according to their blood concentration of HCP.

Gradual awareness of possible brain damages

The question of whether the HCP chemical could diffuse into the brain could be answered quickly by measuring its concentration in the bloodstream of newborns or in the brains of deceased newborns who had received baths for several days. The fact that HCP would remain on the skin even after careful rinsing was viewed as a positive point by the manufacturer as implied by the following directions of use.

Repeated use is necessary for effectiveness, moreover rinsing is not effective in removing the antibacterial from the skin. (British Medical Journal 19 Nov 1977, p.1353) For the same reason HCP would not dissolve easily in the blood plasma but would rather be transported in the form of tiny droplets which could accumulate in locations where the bloodstream slowed down.

Once it was established that the chemical could penetrate into the brain, the second question concerned the damage it would cause. Observations performed on monkeys and rats [START_REF] James | Hexachlorophene and skin care of newborn infants[END_REF] showed damage to white matter of the brain and neural cord. The white matter is made up of bundles of white coated axons which is the part of the neurones that act as intercommunicating fibers. It was called "vacuolization of the white matter of the brain". It appeared that for a similar concentration of HCP the vacuolization was more pronounced in premature newborns (e.g. under 1.4kg at birth). It was suggested that the period of maximum myelinisation of the central nervous system coincided with the period of maximum susceptibility. Notes: The expression "Morhange victims" refers to 36 babies who died a few days after being in contact with a powder which accidentally turned out to contain 6% HCP. Autopsies were performed whose results are explained in the text. "Vacuolar encephalopathy" is the expression used in the paper by Shuman et al. (1975); it consists in sponge-like vacuoles mainly in the white matter of the spinal cord. Note that the concentration of HCP in blood decreases in a matter of days (see the data in the text) which means that it is not a reliable parameter for assessing the seriousness of HCP contamination. The daily baths of newborns were done with a solution containing 3% HCP. The figures of 0.1 to 0.3ppm for persons using HCP products is of course product-dependent. Adults who showered with HCP preparations have been found with HCP blood levels of 0.5ppm. For the purpose of unit conversion, for a solution whose density is close to 1 there is the equivalence: 1 micro-g/ml=1 micro-g/g=1 ppm (part per million). Sources (in chronological order): NYT 7 Dec 1971,p.49, James et al. 1972[START_REF] Gillespie | Absorption of hexachlorophene from dusting powder on newborn infants' skin[END_REF], Shuman et al. (1975), [START_REF] Goutières | Accidental percutaneous hexachlorophene intoxication in children[END_REF] The previous observations were carried out in a matter of a few months in mid-1972 but this left two open questions.

• Is the vacuolization reversible, and if not, what kind of handicap will it bring about?

• The second question concerned the epidemiology. On account of the fact that a wide range of products containing HCP had been used for over two decades what were the implications for the US population as a whole.

Few post-1972 investigations in the USA

After HCP had been banned by the FDA in September 1972 little efforts were made by US medical authorities to asses the damage done during a two decade-long usage of HCP in infants as well as in adults. It is the purpose of the present paper to re-examine this case.

Back in the 1950s and 1960s about one third 3 of the deaths were followed by autopsies aimed at determining the cause of death. In 1958 there were 4.2 million births in the United States and infant mortality was of the order of 20 per 1,000 live births which means that there were some 80,000 infant deaths. It is known (Vital Statistics of the United States 1958, vol.1 pg.6.29) that at least 10,000 autopsies were performed. Based on such a large number of autopsy reports it would have been possible to draw a global picture of induced vacuolization. No such program was carried out. All studies we could find relied on small numbers of cases in specific areas.

This means that a large number of autopsy reports of infant deaths were available but, to our best knowledge, apart from one exception at the University of Washington, they were not used in the investigation. It is probable that even today in 2022 many of these reports are still available in hospital archives. This means that the points made in our paper can be either confirmed or disproved through subsequent studies. In fact, our main goal is to revive interest in this case for we feel that lessons can be learned which may still be of significance in the present time.

Circumstances of the contamination of newborns

In the previous section we gave a broad picture of HCP contamination both in the general population and in newborns. Because the effect on the general population is expected to be much smaller and therefore rather difficult to identify, it will be left aside in the rest of the paper. In this section we give more detailed information about the effect on newborns. Our main objective is to identify the circumstances and symptoms of the contamination for these will be our best guide through the numerous causes of death mentioned in the international classification.

Toxicity recognized in 1971-1972

A NYT article of 22 August 1971 (p.28) bears the following title: "Detergent solution used in baby baths seen as a peril". It referred to the fact that "it is common practice in many hospital for babies to be washed daily with a detergent solution containing HCP to kill dangerous staphilococcal bacteria". The NYT goes on by summarizing the content of a paper published in the "Lancet", the well-known British medical journal, according to which HCP concentrations similar to those found in babies produced neurological disorders in rats.

After the publication of that paper nothing happened until 7 December 1971 when the "Food and Drug Administration" (FDA) issued a warning regarding the use of HCP. Some two weeks later the NYT (20 Dec 1971, p.34) expressed concern in an article entitled "FDA's delayed warning". It cites observations made by scientists (Curley et al. 1970) which highlighted the risks associated with HCP particularly the fact that HCP can enter the body of newborns not only through wounds but also through the intact skin. The NYT article ends with the following sentence:

"The extent of the damage HCP may have inflicted on human infants and adults is still uncertain".

Mortality statistics by cause of death

The analysis developed below suggests that HCP poisoning was a key-factor of infant death particularly for premature newborns.

At first sight one might think that annual mortality statistics by cause of death should give us a clear picture. That is not the case for two reasons.

• In a general way it is a difficult challenge to determine the cause of death of newborns who die during their first week of life and this is particularly true for neurological disorders. Such disorders may be due to congenital defects and they may impair various physiological functions such as breathing or heart regulation.

• For our investigation we need to follow death rates over the course of two decades, a time span during which the "International Classification of Diseases" (ICD) has been deeply modified. Even in the years during which the same classification was in use it gives hardly the precise information that we would need. The main obstacle is that changes in case numbers may be due merely to statistical reordering, that is to say transfers of cases across classes. An illustration is given later on.

Main features of the investigation

The main features can be summarized as follows.

1 In the late 1950s and early 1960s the steady decline of US infant mortality rates ended temporarily and was replaced by a plateau. This is particularly true for mortality in the first day and in the first four weeks (i.e. neonatal mortality) following birth. This plateau greatly contrasts with the fall observed in other developed countries such as France or Sweden (see Fig. 1). The difference is particularly striking in the 5 years 1956-19604 .

2 In justifying its ban, the FDA relied on the 36 deaths of newborns that had occurred in France and on 15 infant deaths observed in the United States. Whereas it was recognized that the French deaths were due to a mistake, namely a 6% concentration of HCP in baby powder that should have contained none, the reason of the 15 deaths in the US was not explained by the FDA despite questioning by the media. Compared with other developed countries in the United States the downward trend of infant mortality rates was markedly slower; the contrast is particularly clear for mortality shortly after birth. Apart from the HCP effect, sudden infant death (SID) was another cause of death which was more prevalent in the United States than in Europe. Both effects were due to ill-fated recommendations given to parents by medical authorities. For SID it was the advice to lay children on their stomach rather than on their back. The recommendation of the "Association of American Pediatricians was changed in 1992. Sources: USA: CDC WONDER database; Sweden: [START_REF] Köhler | Infant mortality: the Swedish experience[END_REF]; France: Annuaire Statistique de la France 1966, Résumé rétrospectif, p.73.

As no specific accident was invoked one wonders what singled out these 15 victims among the thousands of newborns who had received the same treatment.

3 Not surprisingly, it was observed that, once in the bloodstream of the mother, HCP was transferred through the umbilical cord into the bloodstream of her child. Gillepsie et al. (1974) reported a concentration of 0.16 micro-g/ml in the blood of the baby, a level not much below the mother's concentration, namely 0.21 micro-g/ml.

4 How many newborns received post-birth baths? The United States was the first country where home births declined markedly. In the 1950s home births had already dropped to a few percent. This means that during their stay at the maternity most babies received daily baths. Was this continued at home by the parents? As attested by newspaper advertisements the solution for bath (with 3% HCP) could be bought (without prescription) by anybody. However, only a small (and unknown) fraction of the parents may have continued such daily baths at home.

5 Were infants aged one year or more also affected? A paper by Goutières et al. (1977 5 ) in the "British Medical Journal" describes the cases of 18 French children who were accidentally contaminated by HCP. They were between three months and three years old and 6 of them were children of more than one year. This shows that contamination extended beyond one year of age.

6 What are the signs leading to death? Not surprisingly, the onset of disorders was marked by anorexia and vomiting. It should be observed that the percentage of 6% HCP in the powder mentioned in the paper is only a rough estimate for in reality the seriousness of the contamination depended on how much powder the parents spread on the diaper and how often the powder was renewed. Data given in [START_REF] Goutières | Accidental percutaneous hexachlorophene intoxication in children[END_REF] show that HCP concentration in the blood serum was highly depended on the time after admission to the hospital: 15.5 microg/ml after 2 days, 3.0 micro-g/ml after 6 days and under the detection threshold after 12 days. The correct interpretation of these data is unclear. Does it mean that the HCP concentration in blood fell quickly after exposure to the powder was stopped? Anyway it appears that the blood HCP concentration is of limited usefulness for assessing the seriousness of the cases.

Symptoms leading to subsequent death included intracranial pressure, transitory paralysis and random movements due to spinal cord anomalies, a striking 40% increase in the weight of the brain with respect to the average weight at the same age 6 . The 4 deaths occurred 3 to 5 days after the symptoms first appeared 7 . Autopsies revealed myelin (fatty substance that surrounds and protects the axon of nerve cells) lesions particularly in the spinal chord; cerebellar white matter had a spongy appearance which is why it is also referred to as "vacuolar encephalopathy" or "vacuolar myelopathy" or "encephalomyelitis".

Below we try to establish a connection between these symptons and the ICD-8 classification. It can be noted that the 55 selected causes of infant death (based on ICD-6 and ICD-7) listed in the 1961-volume of the "Vital Statistics of the United States" (Vol.2, Part A, Section 3, p.3-6.) do not mention the vacuolar myelopathy.

7 The main advice to hospital personal given in one of the first warnings was to 5 It is curious that such an important source of information about the simptoms occasioned by HCP was published 5 years after the ban of 1972.

6 There is a parallel with hydrocephalus brought about by the brain's inability to regulate the flow of fluid which results in an increase in volume and weight 7 These 4 deaths in July 1971 were the first recognized Morhange victims. In the following weeks the number of deaths increased gradually. In August 1971 at the time when the French government banned the sales of the powder it stood at 15 (which is the figure given in Table 1). Eventually, some 35 (or 39 depending on the source) deaths were attributed to the Morhange powder. Needless to say, it was not a simple matter to determine whether or not a death was caused by the powder.

rinse the infants carefully. This was difficult, however, because, as already observed, HCP is not soluble in water8 .

8 Were there long term effects of exposure to HCP? Needless to say, this is a key question. In addition to what was already said above one can add the following information. The investigation was carried out in the period 1987-1988, at which time the children were 15 year old. The answers obtained through this survey were then analyzed in cooperation with the "World Health Organization" and published in 1991 ("World Health Organization" 1991 and"Le Monde" 27 February 1991). It was a comparison of the educational achievements between a group of 56 French victims and a control group of 53 children of similar characteristics. The study was performed through a survey based on information collected anonymously in each area by physicians. The conclusions were that the exposed group has had lower achievements in terms of language acquisition and school results.

Further investigations were not welcome

The fact that the HCP question was brushed away by the medical profession once the use of the chemical had been discontinued is illustrated by the following sentence excerpted from a chronology of medical achievements by L. [START_REF] Gluck | Conceptualisation and initiation of neonatal intensive care nursery in 1960[END_REF], one of the proponents of the bath procedure.

"Brain lesions attribuable to the use of hexachlorophene were found in very few sick babies under 1,400g".

Referring to a paper by Shuman et al. (1975), the sentence suggests that in a large sample (which is not specified) there were only very few cases showing brain lesions.

In reality the number was small because only 46 infants were tested and they were sick because the study purposely focused on highly premature newborns. Actually, these cases were a subset of a larger set of 248 cases investigated at the University of Washington [START_REF] Shuman | Neurotoxicity of hexachlorophene in humans: I. A clinicopathologic study of 248 children[END_REF](Shuman et al. , 1975)). This paper was based on autopsies accumulated over a period of 7 years. Needless to say, the same test could have been repeated in many other hospitals. As already said, the reason why this was not done remains a mystery.

In 1972 Washington State had a population of 3.4 millions, i.e. almost 10 times less than the total US population of 305 millions. In other words, the studies of 248 newborns and 46 highly premature infants conducted at Washington University by [START_REF] Shuman | Neurotoxicity of hexachlorophene in humans: I. A clinicopathologic study of 248 children[END_REF]Shuman et al. ( ,1975) ) could have been extended to 24,000 and 4,600 cases re-spectively. No doubt, this would have made the conclusions statistically significant.

Incidentally, for adults the contamination phenomenon was fairly different in the sense that it involved long-term exposure to low HCP concentration through the use of soap, shampoo and deodorants. Whereas the symptoms of HCP contamination in livings were fairly diverse, the disease had a fairly well defined signature in postmortem autopsies. As reported above it affected mostly the myelin sheath of the axons in the spinal cord. For all deceased persons whose autopsy revealed such a signature it would have been possible to determine whether they have been using products containing HCP. For such an investigation information about HCP concentrations would have been needed from manufacturers. Quite understandably they were reluctant to provide the relevant data and from what can be read in newspapers it appears that medical authorities did insist in getting them.

3 Finding our way in mortality statistics by cause of death

US statistical sources

Statistics of the number of deaths for each cause of death listed in the "International Classification of Diseases" (ICD) are published by all developed countries. Fortunately, all US data have been made available on Internet. For the period 1910-1967 the database consists in scanned files of the annual paper volumes. After 1968 the data are provided by a search engine called "WONDER" which gives a systematic coverage.

Nevertheless, as already said, despite such excellent tools the identification of deaths that may be related to HCP contamination is a difficult challenge.

Whereas seriously affected children died within 3 to 5 days after the onset of symptoms (see above the account of [START_REF] Goutières | Accidental percutaneous hexachlorophene intoxication in children[END_REF], for chronically affected adults one has not the slightest indication regarding the occurrence of death. Actually, HCP may be only a contributing factor among several other causes of death. For all these reasons we postpone the examination of adult cases to a subsequent paper.

Strategy for identifying infant deaths related to HCP

In order to identify deaths due to HCP one can use two criteria.

• After 1972 all HCP baths were banned. This, however, did not end HCP contamination altogether because the chemical was still allowed (albeit at concentrations below 1%) in cosmetic products. Thus newborns could be affected through their mother. As such concentrations were markedly lower, for the sake of clarity it will be assumed that this effect can be neglected. In other words, one expects a drastic fall of HCP mortality after 1972. This characteristic can be used as a signature of HCP-related deaths. However, a case given below shows that this criterion must be used with caution.

• The second criterion is based on the description of the disease. As HCP contamination results in neurological anomalies one is led to search HCP deaths among the ICD codes for diseases of the nervous system. This is made difficult by two circumstances. (i) The myelite signature of HCP poisoning is revealed only through autopsy; external signs are too diverse. (ii) The classification contains numerous vague catch-all codes; in ICD-8 all codes ending with 9 are of that kind. For instance, 344.9 is "Other and unspecified", 796.9 is "Other unknown and unspecified causes". In the next subsection we give an example of how confusing this can be for our investigation.

Transfer from one coded category to another

Let us consider mortality in the period 1968-1978 as given by WONDER. The code number 796.2 is entitled "Found dead, cause unknown" and its death numbers are given in Table 2. 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 (a) (1968)(1969)(1970)(1971)(1972)(1973)(1974)(1975)(1976)(1977)(1978) With death numbers of 796.2 falling drastically after 1972, according to our first criterion it may be tempting to think that this series has something to do with the HCP ban. However, a more likely explanation is that in the pre-1973 period (a) contained "Sudden infant death" cases which, because of the creation of the new code 795.0 in a 1973 revision, were no longer included after after 1973. Here we were able to avoid a wrong interpretation because (b) is a well defined disease but transfers between two catch-all code numbers would be almost impossible to detect.

Test for causes of death which match observed symptoms

Based on previous symptom descriptions taken from the paper by [START_REF] Goutières | Accidental percutaneous hexachlorophene intoxication in children[END_REF] we selected the folloving ICD-8 causes of death as providing a reasonable overlap with observation. 341-344: Demyelinating diseases, infantile paralysis, cerebral paralysis. 780: Convulsions, abnormal involuntary movements, disturbance of coordination.

The data are given in Table 3 and Fig. 2 shows graphically the sharp fall between the interval 1968-1972 and the interval 1973-1978. The fall is particularly clear for these specific causes of death because the mortality after 1972 is very low. For other causes of death the HCP contribution may be only a fraction of the total; in such cases the fall due to the HCP effect will remain hidden. Sources: CDC WONDER database (1968)(1969)(1970)(1971)(1972)(1973)(1974)(1975)(1976)(1977)(1978) 

Sudden infant death

A comparison with the "Sudden Infant Death Syndrome" may help to understand the situation of the HCP syndrome. There are two clear parallels.

• Sudden infant deaths (i.e. death occuring during the night seemingly without any reason) may have existed for a long time without being documented. As such deaths could not be identified through any well defined symptoms, they were recorded in one of the catch-all codes mentioned earlier. As a result, such deaths remained invisible. As SID had a rate of only 1 or 2 per 1,000 live births, it did not attract much attention in times when the total infant mortality rate was above 20/1,000. In the 1980s once infant mortality dropped under 10/1,000 SID started to capture more attention and eventually a specific code number (namely 795 in the Notes: The table gives annual death numbers. r is the ratio (average for 1968-1972)/(average for For 780 under 1 day of age, there were too few deaths. Incidentally, the mean value of (b3) over 1973-1978 is 8.0, a level that is consistent with the mean in the subsequent period 1979-1998 namely 7.45. Naturally, the death numbers in these series are small; they represent only the most recognizable fraction of deaths connected with HCP. Other entries (and particularly the catch-all entries) may also contain HCP deaths but mixed with non-HCP deaths which make them unrecognizable. Source: WONDER, Compressed Mortality (1968-1978 and 1979-1998) ICD-8) was attributed to this cause of death. Then, as more and more physicians became aware of this new code number, the number of recorded SID deaths swell gradually which made SID more visible. Like SID, deaths related to HCP had no clear signature. It is true that autopsies should have raised alarms. This is indeed what happened eventually but only in 1970-1972. It is difficult to understand why the vacuoles in the white matter did not attract earlier attention from the physicians who performed the autopsies.

• Both SID and HCP deaths resulted from recommendations by the most qualified medical authorities. As a matter of fact, when the FDA emphasized the risks related to HCP there was a strong resistance among physicians; not surprisingly, those who had introduced and promoted this treatment were against its ban. In a sense the tragic accident that occurred in France helped to change the rules in the US.

Conclusion

We have described and documented qualitative and quantitative evidence which supports the conjecture of a link between a temporary plateau in US infant mortality rates and the hexachlorophene episode. This is not the end of the story but rather its beginning for, as already observed, thanks to the autopsy reports kept in US hospitals and with the benefit of hindsight, a broader investigation becomes possible. While the present study was done by physicists, the forthcoming investigation can only be carried out by medical doctors.

A Appendix A: Salient features made plausible by parallel cases

Readers might have been surprised by three features mentioned in our analysis of the hexachlorophene case.

• No safety tests on animals were carried out, neither before starting the treatment nor during the two decades which followed. Novadays, this seems difficult to believe.

• We emphasized that after HCP baths were interrupted no serious attempt was made to estimate the damages that they had inflicted. This is surprising for it comes against the belief that understanding the lessons from the past may help to avoid similar incidents in the future.

• During the time period from the early 1950s when HCP started to be used to its ban in 1971 there were no claims that the product could be harmful. Then, suddenly, within one or two years there were several scientific papers highlighting the risks. At first sight this could seem puzzling but we will see the same phenomenon in other cases. One should realize that even if the attention of a number of physicians is attracted by suspect deaths nothing will happen until a paper is written, accepted and published by a journal and found sufficiently convincing by readers. Naturally, if the drug or the protocol is supported by influential physicians it will be even more difficult to reverse the prevailing opinion.

In this appendix we present similar former cases. This will make the HCP case a natural continuation of previous episodes. It will be seen that regulation is a major factor. Through the "Food and Drug Act" of 1938 drugs became more regulated. That is why several of the episodes described above occurred before that.

A.1 The sulfanilamide + diethylene glycol case (1937)

The chemical sulfanilamide was a fairly effective drug against infections and particularly against streptococci diseases. Instead of selling it in the form of tablets, the manufacturer, namely Massengill Company of Bristol, Tennessee, wanted to sell it in liquid form which was called an "elixir". Although not soluble in water nor in alcohol the drug turned out to be soluble in diethylene glycol, a chemical used as an anti-freeze fluid in cars. At that time, in October 1937, the manufacturer did not have to perform any safety test before putting the drug on the market. Unknown to the manufacturer the toxicity of diethylene glycol was already well documented. A quick test on animals would have revealed it but no such test was performed.

As soon as it was put on sale, reports of deaths started to arrive. Identification of the cause did not take long. The principal shipments had been sent to the south and midwest and hundreds of FDA agents raced to recover the deadly bottles. Nevertheless, the number of deaths increased steadily. On 25 October 1937 there were 36 verified deaths (LAT pg.6), on 4 November 1937 there were 67 (NYT pg.27) and on 26 November 93 had died (NYT pg.42). Although the numbers of deaths were duly reported in newspapers the articles never appeared in front pages. This accident helped to ensure the passage of a "Food and Drug Act" in 1938. In a sense revealing the extent of the disaster was useful for the future.

A.2 The case of sulfathiazole + phenobarbital (Dec 1940-Apr 1941)

Like sulfanilamide, sulfathiazole was also a valuable drug quite effective against infections, e.g. in pneumonia. Unfortunately, in the manufacturing process it was mixed with phenobarbital, a sleeping drug and also an anticonvulsant. Each tablet contained about 350 mg of phenobarbital, while the average adult sleep-inducing dose was only 100-150 mg.

Hundreds of deaths and injuries resulted from the accidental intake of such large amounts of phenobarbital [START_REF] Pepling | Phenobarbital, typical anticonvulsant. In: The top pharmaceuticals that changed the world[END_REF]).

Yet, the death toll given in newspapers articles at the end of the crisis reached only 17 (LAT 13 April 1941,pg.14). How was this possible? The answer is very simple. The manufacturer was Winthrop, the company already mentioned in relation with the 3% Phisohex solution used in newborn baths. The problem was discovered soon after manufacturing was completed and the management of the company was advised on 21 Dec 1940 (LAT 1 April 1941 pg.17). Yet, the FDA learned of it only three months later on 20 March 1941. In the meanwhile the company had written to its customers in an attempt to recover the deadly drug but without telling them that it was a life and death matter. Consequently, on 20 March there were still 118,000 tablets unaccounted for. In the following days FDA agents visited all retailors and customers (at least when their address was known). Within two weeks they were able to recover all remaining tablets. However, during those two weeks 17 verified deaths were registered. The first of them was mentioned in the CDT of 30 March 1941 (p.C17). Before that date newspapers reports were rather lenient. For instance, on 29 March 1941 one reads in the CDT that "8 patients suffered severe narcosis but practically all recovered without other ill effect". What does that mean? It can be reasonably assumed that the death rate decreased steadily after December because more and more physicians may have heard (albeit vaguely) of the problem and avoided prescribing sulfanilamide. As there are no data until early April the best we can do is to suppose the same rate of 8 deaths per week for the whole period of three months. This leads to 102 deaths, a number that is certainly an under-estimate.

At the trial which took place one year later, on 29 January 1942, the deaths were not mentioned for the company was only charged with mislabelling. To this charge "Winthrop Chemicals" pleaded guilty and was fined $15,800.

A.3 "For 15 years an unassailed reputation"

When in 1970 the FDA started to express doubts about the safety of the daily baths, the main argument of the manufacturer was that no complain had been raised in over two decades. At first sight, this is an impressive argument. However, the following example of a drug called "Cinchophen" shows that it is perfectly possible for a harmful drug to be used for years without any complains being reported.

Cinchophen was a medication for arthritis that was introduced in 1908. Thanks to extensive advertising in lay journals and newspapers and because it was available over the counter, i.e. without prescription, it became quite popular. The first paper which raised some questions and cited a death toll of 32 between 1925 and 1932, was published in 1932 [START_REF] Parsons | Cinchophen administration. Report of cases[END_REF]. At the beginning of the paper, it is observed that "for 15 years the reputation of Cinchophen was unassailed". At the end of the paper there is a discussion in which 3 opinions were expressed, one of which was still in support of the drug.

The use of the drug in humans ceased in the 1930s due to the fact that it caused severe liver damages in 50% of the patients. Why did this remain unrecognized for over 15 years? The recipe is quite simple.

The opinion of physicians who suspect a link remains hidden unless they come in contact with each other and until one of them decides to write a paper. Yet, a paper may not be able to change the opinion of the profession, either due to objections or because the number of verified deaths remains too small. In a general way if the symptoms occasioned by the drug are too diverse or if the time interval between taking the drug and death is too long, its harmful side effects may remain ignored.

B About the magnitude of death numbers

In our analysis we have used two different kinds of sources.

(a) Comparisons of death rates by age for all causes led us to Fig. 1. Its purpose was to identify changes in the annual trend of infant deaths with respect to other countries.

(b) In the last section of the paper we have examined deaths for specific causes which, as far as possible, were related to the kind of brain damages seen in HCP intoxication.

Are the figures obtained through these methods roughly consistent with one another at least as far as orders of magnitude are concerned? At first sight it would seem that the numbers from (a) are much larger than those given by the direct estimates of (b). According to the WONDER database in 1973 there were 40,664 neonatal (i.e. between day 0 and 28) deaths. This is quite a big number but in the comparative perspective of Fig. 1 the numbers that we need are in fact different ones.

• Indeed, we are not interested in the annual number of deaths but in how this number decreases in the course of time. This decrease is measured by the annual changes of the deaths; around 1970 it was about 3,700.

• Actually, in Fig. 1 it is in the difference between US and Swedish neonatal death changes that we are interested, i.e.: δ = ∆US -∆Sweden.

Based on the data of Fig. 1 one gets the following estimate: δ = 243. Can this number represent a reasonable estimate for the annual number of deaths due to HCP? It is of course impossible to give a definite answer, but the case of SID can help us to form an opinion.

As already mentioned, a specific code for SID was introduced in the ICD-8 in 1973. Of course it took some time for physicians to become used to it. According to WON-DER in 1775 the number of neonatal sudden deaths was 4459 . If we assume (fairly arbitrarily) that HCP and SIDS were health problems of similar magnitude, we see that the number coming from the comparison made in Fig. 1 is consistent (at least in order of magnitude) with the direct estimate (as available for SIDS but not for HCP).
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Fig. 1

 1 Fig.1Comparison of infant mortalities in the USA, Sweden and France. Compared with other developed countries in the United States the downward trend of infant mortality rates was markedly slower; the contrast is particularly clear for mortality shortly after birth. Apart from the HCP effect, sudden infant death (SID) was another cause of death which was more prevalent in the United States than in Europe. Both effects were due to ill-fated recommendations given to parents by medical authorities. For SID it was the advice to lay children on their stomach rather than on their back. The recommendation of the "Association of American Pediatricians was changed in 1992. Sources: USA: CDC WONDER database; Sweden:[START_REF] Köhler | Infant mortality: the Swedish experience[END_REF]; France: Annuaire Statistique de laFrance 1966, Résumé rétrospectif, p.73. 

  1year means death before the age of one year. (a) 796.2 is entitled: "Found dead, cause unknown"; (b) 795.0 is entitled: "Sudden infant death syndrome". It can be seen that there was likely a transfer of cases from (a) to (b) which started in 1973. Source: WONDER, Compressed Mortality

Fig. 2

 2 Fig.2 Illustration by two examples of the sharp fall that occurred between 1972 and 1973.The fall is particularly clear for these specific causes of death because the mortality after 1972 is very low. For other causes of death the HCP contribution may be only a fraction of the total; in such cases the fall due to the HCP effect will remain hidden. Sources: CDC WONDER database(1968)(1969)(1970)(1971)(1972)(1973)(1974)(1975)(1976)(1977)(1978) 

Table 1 Contamination by hexachlorophene and consequences

 1 

		General	Persons	Daily bath	Test on rats Morhange
		population using	of		victims
			HCP products newborns		
	HCP in blood [parts/million]	10 -3	0.1 -0.3	0.5	1	15
	Damage	?	Transmission Vacuolar	Vacuoles in Death within
			to embryon	encephalopathy white matter a few days

Table 2 Mortality cases transferred from code 796

 2 

.2 to code 795.0 ICD code

Table 3 Mortality series which show an abrupt fall following the 1972 ban on HCP

 3 

	ICD code	68 69 70 71 72	73 74 75 76 77 78	r
	(a1) 341 -344, < 1day	8	7 10 10 4	4	2	0	0 2	3	4.3
	(a2) 341 -344, 2 -7day	10 2	4	4 0	0	1	0	1 0	1	8.0
	(a3) 341 -344, 29 -365day 55 58 90 63 78	65 62 77 70 75 76 0.97
	(b1) 780, 2 -7day	10 3	5	3 0	4	1	0	0	0 5.06
	(b2) 780, 29 -365day	15 14 11 5 16	5	5	4 11 8	6 1.87
	(b3) 780, < 1year	26 18 16 9 16	11 7	4 12 8	6 2.12

One can mention toothpaste of the brand "Signal" manufactured by Unilever and sold in 48 countries. In advertisements it was emphasized that its red stripes contained the germ fighting chemical hexachlorophene.

In a bath the surface of contact between the solution and the skin was much larger than in the baby powder case mentioned above. Powder, for sure remained on the skin for several hours but, being hardly soluble in water, after a bath HCP was difficult to remove from the skin.

Today the proportion has fallen to about 5%.

For these five years the annual figures are as follows (in numbers of death per 1,000 live births): in the US: 26.0 28.3 27.1 26.4 26.0 in France: 36.2 33.8 31.5 29.6 27.4

One can can get a feeling of the problem by pouring oil on a finger and then trying to rinse it with water. Although a fraction of the oil goes away, the finger remains greasy which shows that a film of oil sticks to the skin.

Subsequently it increased slightly to 480 in 1978 and then, once the reason of the deaths had been discovered (namely putting babies to sleep on their stomach), it fell gradually to 286 in 1991, to 182 in 1992, to 120 in 2016.
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