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Summary. Toxigenic bacteria have been implicated in
some cases of Sudden Infant Death Syndrome (SIDS).
Although there is not much evidence that Clostridia spp.
are associated with SIDS in Britain, strains of Staphylo-
coccus aureus producing pyrogenic toxins have been iso-
lated from significant numbers of these infants at auto-
psy. The pyrogenic toxins, produced by some strains of
group A Streptococcus pyogenes as well as staphylo-
cocci, are powerful “superantigens” that have significant
physiological effects including induction of fever > 38°C.
In this article, interactions between genetic and environ-
mental factors that might enhance colonization of epi-
thelial surfaces by toxigenic staphylococci are analyzed:
infant’s expression of Lewis® antigen which acts as a re-
ceptor for some microorganisms; viral infections; the ef-
fect of mother’s smoking on susceptibility to respiratory
infection. Based on epidemiological findings and labora-
tory investigations, a hypothesis is proposed to explain
how bacteria producing pyrogenic toxins might contri-
bute to some cot deaths.
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Zusammenfassung. In einigen Fiéllen des Sudden Infant
Death Syndrom (SIDS) wurde die Rolle Toxin bildender
Bakterien diskutiert. Obwohl es keinen Beweis gibt, daf3
Clostridia spp. mit SIDS in Grofbritanien assoziiert
sind, sind von signifikanter Anzahl dieser Kinder bei der
Autopsie Stdimme von Stapylokkokus aureus isoliert
worden, welche Fieber erzeugende Toxine produzieren.
Die Fieber erzeugenden Toxine, welche von einigen
Stimmen der Gruppe A Streptokkokus pyogenes pro-
duziert werden, wie auch von Staphylokkoken, sind méch-
tige ,,.Superantigene*, welche signifikante physiologische
Effekte haben unter Einbeziehung der Induktion von
Fieber mit mehr als 38°C. In diesem Artikel werden In-
teraktionen zwischen genetischen und Umgebungsfakto-
ren erdrtert, welche die Kolonisierung epithelialer Ober-
flachen durch Toxin bildende Staphylokkoken steigern
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koénnten: die Expression des Lewis® Antigens des Kin-
des, welches als Rezeptor fiir einige Mikroorganismen
wirksam ist; virale Infektionen; die Auswirkung des
miitterlichen Rauchens auf die Empfénglichkeit fiir Atem-
wegsinfektionen. Basierend auf epidemiologischen Be-
funden und Laboratoriumsuntersuchungen wird eine
Hypothese vorgeschlagen, wie Bakterien, welche pyro-
gene Toxine produzieren, zu einigen plotzlichen Kinds-
todesfillen beitragen konnten.

Schliisselworter: Bakterien-Toxine — SIDS

Introduction

Epidemiological studies indicate that infectious agents
might be involved in some case of Sudden Infant Death
Syndrome (SIDS). At autopsy there can be evidence of
minor inflammation and infection of the respiratory tract
in many of these infants [1]. The deaths are more fre-
quent during the period when maternal antibodies are
declining and the immune system of the infant is imma-
ture. The risk of SIDS increases during autumn and
winter months when respiratory infections are more
common [2, 3]. There is often a history of minor upper
respiratory tract infection in these infants [4] and histo-
logical evidence of viral infection or inflammation in the
lung has been reported [5, 6]. Both smoking and passive
exposure to cigarette smoke have been associated with
increased risk of respiratory infection [7], and maternal
smoking is one of the factors identified in the New Zea-
land studies of SIDS [8]. In some series, SIDS is more
frequent in families in which socio-economic conditions
are poorer, and smoking is also related to socio-econo-
mic status. In the United Kingdom, the proportion of
women who smoke increases as social class decreases
from “professional” to “partly skilled” or “unskilled”
categories [9]. Breast feeding protects infants in this age
range from gastrointestinal and respiratory illnesses, and
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SIDS is reported by some workers to be more frequent
among bottle fed babies [8].

Microorganisms investigated for their associations
with SIDS

By definition, invasive bacterial diseases are excluded
from deaths diagnosed as SIDS. As a result, the role
which respiratory virus infections might play in these in-
fant deaths has been investigated [10, 11], however,
there is little evidence for direct associations between
viral infections and SIDS [12, 13]. Toxin-producing bac-
teria have been isolated from autopsy material. Infant
botulism has been suggested to contribute to 4% of cot
deaths in the United States and up to 16% of those in
Sweden [14-17]. This pattern has not been observed in
the United Kingdom [18]. Toxins of Clostridium difficile
can produce death in monkeys with features that are
pathologically consistent with SIDS [19]. These bacteria
and enterotoxigenic Escherichia coli have been isolated
from a few infants [20, 21], however, the evidence for in-
volvement of intestinal toxigenic bacteria has been in-
consistent.

One of the more recent hypotheses regarding sudden
infant death syndrome (SIDS) is that nasopharyngeal
colonization by toxigenic strains of Staphylococcus au-
reus might contribute to some of these cases [22]. These
bacteria remain localized on the mucus membranes but
their toxins disseminate into the circulation. In one
series, these bacteria were isolated from the nasopharynx
of approximately 40% of SIDS infants [23]. The toxic
shock syndrome toxin of S. aureus can kill a previously
healthy adult, so it might easily kill a small infant. Pyro-
genic toxins are produced by some strains of S. aureus
and also by some strains of group A beta-haemolytic
Streptococcus pyogenes. These families of toxins are as-
sociated with staphylococcal food poisoning, toxic shock
syndrome and also with the rash that accompanies scar-
let fever. These substances are powerful “superantigens”
that have significant physiological effects such as induc-
tion of fever (> 38°C), possibly due to direct action on
the hypothalamus or through their induction of tumor
necrosis factor (TNF) and interleukin 1 by monocytes
(Table 1). The bacteria can produce these toxins at tem-
peratures between 37-40°C, but the amount of toxin
produced increases with increasing temperature [24].

Table 1. Properties of Pyrogenic Toxins of S.aureus and Strep.
pyogenes

Pyrogenic, fever >38°C

. Mitogenic for lymphocytes

. Induce release of TNF and IL-1 from mononuclear phagocytes
. Non-specific suppression of immunoglobulin production

. Enhancement of delayed type hypersensitivity

. Alteration of liver clearance function and enhance endotoxic
shock

7. Produced between 37-40°C, but in greater quantities at higher’

temperatures
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Factors contributing to susceptibility to infectious agents

Our research group has been investigating both genetic
and environmental factors affecting susceptibility to in-
fectious agents, in particular the secretor gene (Se) lo-
cated on chromosome 19. The gene is inherited in a
Mendelian dominant pattern and there are two pheno-
types, secretors and non-secretors. Secretors which com-
prise 75-80% of most populations, have the antigens of
their respective ABO blood group determinants in their
body fluids. The minority 20-25% who are non-secre-
tors do not have these antigens in their body fluids. The
secretor gene is in the same linkage group as the gene for
the Lewis blood group antigens (Le), and the secretor
gene controls expression of the Lewis blood group anti-
gens. Non-secretors can produce only Lewis® while sec-
retors produce predominantly Lewis® and also variable
amounts of Lewis® [25]. The distribution of the ABO
and Lewis antigens on cells and in body fluids of sec-
retors and non-secretors in summarized in Table 2.

Susceptibility to bacterial diseases and superficial yeast
infections appears to be associated with the non-secretor
phenotype, as does asymptomatic carriage of group A
streptococei [26], meningococci [27], and Candida spe-
cies [28-30]. Susceptibility to respiratory viral diseases
[31] and to acquisition of the human immunodeficiency
virus (HIV) through heterosexual intercourse [32] ap-
pear to be associated with the secretor phenotype.

When we examined these phenotypes among SIDS
infants, the distribution of secretors and non-secretors
did not differ significantly from that observed for the
general population. There was, however, a high propoz-
tion of these infants in whose secretions the Lewis® anti-
gen was detected, 63/89 (71%) [33]. This was not unex-
pected; compared with adults and children over the age
of 18 months, Lewis? antigen is detected in a much high-
er proportion of infants. The peak incidence for the de-
tection of Lewis® on erythrocytes of infants is 2-3 months
(80-90%) [34], coincident with a high incidence of SIDS
(Fig. 1).

The production of Lewis substances is due to the in-
teractions between two fucosyl transferases, one coded
for by the secretor gene and one coded for by the Lewis
gene. Both these enzymes add fucose to the type 1 pre-
cursor chain from which most of the ABO and Lewis
antigens in secretions is derived. If the secretor trans-
ferase adds fucose to the terminal sugar in the precursor
chain, the Lewis enzyme can add fucose to the subtermi-
nal sugar to produce Lewis®. If the Lewis enzyme adds

Table 2. Distribution of ABO and Lewis blood group antigens on
cells and in body fluids of secretors and non-secretors

BG antigen Secretors Non-secretors
Cells Secretions Cells Secretions
H (A/B) + + + -
Lewis® — (+)* —(+)* + +
Lewis® + + - —

*Present in variable quantities



Binding Index (x 10%)

C.C.Blackwell et al.: Bacterial toxins and SIDS

100+
4

—e— Lewis?
--0-— SIDS
80 1

/e 60

40 1

. o,

O-
0 d ‘ %o ©0-0-0-0
0 10 20

Age in months

Fig. 1. Detection of Lewis® antigen on cells of infants and incidence
of SIDS

fucose to the subterminal sugar first to produce Lewis?,
the secretor enzyme cannot use this structure as a sub-
strate and Lewis® is the final product [35]. In infants, the
Lewis enzyme is more efficient that the secretor enzyme.
As a result, infants express easily detectable amounts of
Lewis® even though the amount of this antigen might be
greatly reduced as the child becomes older.

One of the hypotheses proposed to explain the higher
proportion of non-secretors found among patients with
bacterial or yeast infections was that there are adhesins
on some strains of microorganisms that can bind to the
Lewis® antigen usually present in greater quantities on
epithelial cells of non-secretors [36]. This might enhance
the probability of colonization by bacteria or yeasts ex-
pressing adhesins that use Lewis® as a receptor. Evi-
dence for this hypothesis was obtained initially from
studies of Candida species [37-38], and there is evidence
that the Lewis® antigen is a receptor for the pertussis
toxin [39].

If there are strains of toxigenic bacteria with adhesins
that can bind to Lewis?, infants might be easily colonized
if they are exposed to these bacteria. In the age range in
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which SIDS occurs, they have little serum or secretory
antibodies that might reduce colonization by these bac-
teria or activities of their toxins.

We have tested the hypothesis that there are adhesins
on S.aureus that bind Lewis®. Binding of 3 strains of
S. aureus producing pyrogenic toxins (including one pro-
ducing the TSST-1 toxin) to epithelial cells of non-sec-
retors was significantly higher than to cells from sec-
retors. As in the experiments with yeasts, pre-treatment
of cells with monoclonal anti-Lewis® significantly reduced
the binding of the toxigenic strain tested. It also signifi-
cantly reduced the binding of the non-toxigenic strain
which bound equally well to cells of secretors or non-
secretors [40].

This apparent discrepancy was solved by examining
the amount of Lewis® on epithelial cells of individual sec-
retor and non-secretor donors. When assessed semiquanti-
tatively by flow cytometry, binding of monoclonal anti-
Lewis® antibody to cells of non-secretors was uniformly
high while binding of the antibody to cells from donors
who lack the Lewis gene (Lewis-negative) was barely de-
tectable [33]. Binding of the antibody to cells of sec-
retors was highly variable, some as low as that observed
for the Lewis-negative cells (i.e. Le*™), some as high as
that for non-secretors and some between these two ex-
tremes (Fig.2). The binding of the bacteria was signifi-
cantly correlated with the amount of anti-Lewis? anti-
body detected on the epithelial cells regardless of sec-
retor status [40].

Viral infections as predisposing factors for colonization
by bacteria

Although there is no direct evidence for viruses causing
cot deaths, they might be predisposing factors for coloni-
zation by toxigenic bacteria. Much of the work in this
area has been done on influenza virus and superinfec-
tions by staphylococci or pneumococci [41]. We have
also found that cells infected with respiratory syncytial
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Fig. 2. Variability in binding of
monoclonal anti-Lewis® to epithe-
lial cells of non-secretors, secre-
tors and Lewis-negative individu-
als
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Fig. 4. Factors proposed to affect colonization of infants by to-
xigenic Staph. aureus and to precipitate events leading to SIDS

virus (RSV) in vitro bind significantly more meningo-
cocci and type b H. influenzae [42, 43]. A condition simi-
lar to toxic shock syndrome caused by staphylococci has
been identified as a complication of influenza or influ-
enza-like illness [44]. RSV is a common cause of disease
among infants. Its peak prevalence occurs during the
winter months [45] when SIDS is most common. By flow
cytometry assays, we demonstrated that binding of a var-
iety of bacteria including one non-toxigenic and one of
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the toxigenic strains of staphylococci to HEp-2 cells was
significantly enhanced in RSV infected cells [40] (Fig. 3).

If toxigenic staphylococci are responsible for some
cot deaths, we have identified 2 factors that might contri-
bute to increased colonization or density of colonization
by these bacteria: expression of Lewis? in this age range;
infection with RSV. Since the majority of infants who
become colonized by these bacteria suffer no ill effects,
there must be additional factors that precipitate the
chain of events leading to cot deaths. From our results
and the epidemiological data reported, we have suggest-
ed the following hypothesis illustrated in Fig. 4.

Exposure to and colonization
by staphylococci or streptococci

Mother’s smoking might enhance exposure of the infant
to S. aureus. Smokers are more frequently carriers of po-
tentially pathogenic microorganisms [30, 46] and epithe-
lial cells of smokers bind significantly more staphylo-
cocci than those of non-smokers [47]. Smoking also en-
hances susceptibility to respiratory viral infection, and
epithelial cells from individuals with natural or experi-
mental viral infections bound more staphylococci than
those from uninfected controls [47, 48]. Passive expo-
sure to cigarette smoke decreases mucociliary clearance.
The effect of breast feeding on staphylococcal or strep-
tococcal carriage is not known, however, breast fed in-
fants are less susceptible to toxigenic strains of CI. bo-
tulinum [49].

Enhancement of toxin production

If an infant becomes heavily colonized with bacteria pro-
ducing pyrogenic toxins and environmental factors raise
the body temperature, this might increase the quantity
of toxin produced. Body temperature might be increased
by concurrent minor respiratory viral infection, over-
wrapping or placing the infant in the prone sleeping posi-
tion [50, 51]. The toxin produced diffuses into the blood
stream to increase the temperature of the infant and fur-
ther enhance toxin production. This synergistic effect
might account for the unusually high temperatures re-
corded for some cases of SIDS [52]. The actual cause of
death might be heat shock or increased frequency or du-
ration and depth of sleep to induction of II.-1 which has
been proposed as the link between respiratory infections
and fatal sleep apnoea [53].
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