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Toxic shock syndrome: some answers but questions remain

Two years have passed since the toxic shock syndrome was
first reported in menstruating women in the United States.'
Subsequent elegant epidemiological investigations showed a
definite association between the use of tampons and the
development of the syndrome, and one brand (Proctor and
Gamble's "Rely") was particularly implicated. Rely tampons
were then withdrawn from the American market; they have
never been sold in Britain. Many more cases of this severe
multisystem disorder have since been reported, predominantly
from the United States of America but also from elsewhere,
and a mass of publications bears witness to the immense
amount of research-microbiological, epidemiological, and
toxicological-that has been undertaken.
By January 1981 a total of 941 confirmed cases of toxic

shock syndrome had been reported to the Centers for Disease
Control in the United States.2 The numbers had declined from
September 1980 onwards, a trend which may have been
associated with the withdrawal of Rely tampons from the
market at that time and with a reduction in the use of tampons
in general. The first reported case of toxic shock syndrome in
Britain was in November 1980,3 but no American style
"epidemic" of the disease has occurred.4 An account of all
25 cases of toxic shock syndrome reported to the Central
Public Health Laboratory, Colindale up to April 1982 appears
at p 1641-figures which must have provided solace for
worried manufacturers of tampons. Furthermore, this low
figure for Britain is unlikely to represent underdiagnosis in
view of the wide publicity accorded to toxic shock syndrome
in both medical and lay circles. Indeed, retrospective diagnoses
were made by doctors,' by a medical student who recognised
the syndrome recurring in herself,6 and even more impressively
by a patient who contacted her medical attendants eight
months after her original illness to suggest the diagnosis of
toxic shock syndrome to them after she had seen a television
programme. No mention was made of the original "medical"
diagnosis. '
Though 99 (,of the confirmed cases of toxic shock syndrome

reported to the Centers for Disease Control were in women,
most of whom had developed it during a menstrual period,
the disorder is not specific to menstruating women nor is it
solely a "tampon disease," though understandably these
aspects of its pathogenesis have received more attention than
othcrs. Toxic shock syndrome has occurred in the puerperiumTM
and in association with the use of contraceptive dia-
phragms." '-11 It has even been reported in a married couple
with simultaneous illnesses12 (a new sexually transmitted
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disease ?) and in a man who had recently cleaned out a lavatory
obstructed with tampons.13 Reingold et al'4 reported an in-
creasing proportion of cases of toxic shock syndrome that
were associated not with menstruation but with staphylococcal
infections at a variety of sites that included the vagina.
Moreover, the original description of toxic shock syndrome
by Todd et al"5 was in children, three of whom were boys.
These authors suggested that the syndrome was probably
not new as similar disorders had been described previously in
children in association with staphylococcal infection by
Stevens in 192716 and Aranow and Ward in 1942,17 and also
in young women (two with axillary abscesses, one with a septic
abortion) by Dunnet and Schallibaum.17a Toxic shock
syndrome is thus emerging as a staphylococcal disease of
multifactorial aetiology.
The strains of Staphylococcus aureus isolated from patients

with toxic shock syndrome have been predominately phage
group I, lysed by phage 29 and resistant only to penicillin.
But evidence is accumulating to show that toxic shock syn-
drome is not produced by Staph aureus itself but by a toxin
or toxins elaborated by the organism. The absence of bacter-
aemia in most cases would certainly support such a hypothesis,
as would the acute onset, severity, and multisystem mani-
festations of the disorder. The original report by Todd et al5
of a new epidermolytic toxin in the strains of Staph aureus
causing toxic shock syndrome has not been confirmed, but
other toxins have now been isolated. In 1979 Schlievert et al'8
purified a pyrogenic exotoxin produced by a strain of Staph
aureus isolated from the vagina of a 20-year-old patient
with what was thought to be Kawasaki disease but which in
retrospect was almost certainly toxic shock syndrome. This
toxin was shown to be distinct from other staphylococcal
pyrogenic exotoxins and was designated staphylococcal
pyrogenic exotoxin C to distinguish it from previously
described endotoxins A and B. Staphylococcal pyrogenic
exotoxin C has a molecular weight of 22 000 and an isoelectric
point of 7 2.

Schlievert et a19 subsequently detected staphylococcal
pyrogenic exotoxin C in all 28 strains that were tested from
patients with toxic shock syndrome but also in five of 32
control strains. It is of interest that these five strains were
from the vaginas of healthy women. At about the same time
Bergdoll et al2'1 identified a new staphylococcal enterotoxin F
in 61 of 65 strains of Staph aureus causing toxic shock syn-
drome. Subsequently in two "blind studies" they detected
staphylococcal enterotoxin F in all 34 strains causing toxic
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shock syndrome and in three of 26 control strains; two of
these latter strains were isolated from the vaginas of women
with no history of toxic shock syndrome. This new enterotoxin
has a molecular weight of 20 000 and an isoelectric point of
6-8 and induced vomiting when injected intragastrically into
monkeys.

Further studies on staphylococcal toxins have been under-
taken by Barbour,21 who detected an extracellular protein
with a molecular weight of 22 000 and an isoelectric point of
7 0 in all of 15 strains causing toxic shock syndrome and
half of 18 strains not causing the syndrome but isolated from
the vagina. In Britain, de Saxe et a14 detected staphylococcal
enterotoxin F in isolates from 10 of 12 patients with toxic
shock syndrome and in 23% of 63 control strains, and they
also found an extracellular protein band at 7-3 on isoelectric
focusing in 10 of the 15 strains causing the syndrome. Whether
or not all these toxins are the same is still not clear, nor has
any been shown to be causative. Much remains to be elucidated.
Some other interesting theories have been propounded.

Oskowitz22 has suggested that the pathogenesis of toxic shock
syndrome may be related to prostaglandins, which seem to
account for most of its clinical manifestations, while increased
production of prostaglandins is known to occur in the endo-
metrium at menstruation. He emphasises the need for circulat-
ing prostaglandins to be measured in patients with toxic
shock syndrome.
Though toxic shock syndrome is clearly not only associated

with tampons, the large number of cases that occurred in
tampon users suggests some aetiological factor specific to
tampon use and to Rely tampons in particular. Over the past
few years synthetic "superabsorbent" materials have been
incorporated into tampons, and microulcerations of the
vagina have been shown to occur more often with the use of
such tampons.23 Rely tampons contained carboxymethyl-
cellulose fibre in a unique "teabag" construction, thus
rendering them particularly occlusive and absorbent (and
thus very popular with American women). Furthermore, this
synthetic fibre, thought to be inert and insoluble, has recently
been shown to be liquefied in vitro by the cellulase activity of
many Gram-negative bacilli,24 25 and microbial breakdown of
carboxymethylcellulose might possibly occur in vivo. The
relevance of this finding to the development of toxic shock
syndrome is at present only speculative.
There is no justification at present for any suggestion that

women should avoid using tampons, since the risk of develop-
ing toxic shock syndrome is extremely small. Equally un-
realistic is the recent recommendation in a letter to the
Lancet26 (written by a man) suggesting that women should be
instructed "at all times to exercise sparkling cleanliness
handling or inserting tampons" and to avoid tampons when
they have "infected pimples, paronychia, or a suspicion of a
skin infection."

Predictably in view ofthe litiginous atmosphere that prevails
in the United States an 18-year-old American girl who
developed toxic shock syndrome has begun a two-million-
dollar damages suit against Proctor and Gamble; 200 further
cases have been filed.27
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Of woodchucks and men: the
continuing story of hepatitis
B and hepatocellular
carcinoma
"The greatest intellectual prize . . . a virologist can hope for is
that some day he will be the first to explain . . . the natural
history of serum hepatitis." So wrote F M Burnet in 1962.1
Twenty years later many puzzles still remain, though there
have been some notable advances, including most recently the
discovery of the link between hepatitis B virus infection and
the development of hepatocellular carcinoma. After the
discovery of the Australia antigen,2 later shown to be a marker
of the surface coat of the hepatitis B virus (hepatitis B surface
antigen; HBsAg), it soon became apparent that infection with
hepatitis B virus is an antecedent rather than a complication
of the development of a tumour3 and that areas of the world
where the prevalence of HBsAg is high (up to 15%/ in some
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