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Acquired subglottic stenosis caused by methicillin
resistant Staphylococcus aureus that produce
epidermal cell diVerentiation inhibitor
Y Yamada, M Sugai, M Woo, N Nishida, T Sugimoto

Abstract
Local infection of the trachea in intubated
neonates is one of the main risk factors for
development of acquired subglottic stenosis, although its role in the pathogenesis is
unclear. Methicillin resistant Staphylococcus aureus (MRSA) is often the cause of
critical illness in neonatal patients. Two
cases are reported of acquired subglottic
stenosis following bacterial infection of
the trachea, suggesting an association with
the staphylococcal exotoxin, epidermal
cell diVerentiation inhibitor (EDIN).
EDIN-producing MRSA were isolated
from purulent tracheal secretions from
both infants. Acquired subglottic stenosis
in both cases was probably caused by
delayed wound healing as the result of
EDIN inhibition of epithelial cell migration.
(Arch Dis Child Fetal Neonatal Ed 2001;84:F38–F39)
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ventilation was started because of transient
tachypnoea of the newborn. At 3 days of age,
the patient developed fever, measles-like exanthema, and thrombocytopenia. A diagnosis of
neonatal toxic shock syndrome-like exanthematous disease (NTED) was made. Empiric
antibiotic treatment was started. At 5 days of
age the patient showed a yellowish tracheal
secretion, and the glottis was red but not swollen. A diagnosis of acute laryngotracheitis was
made. At the same time, EDIN-producing
MRSA were isolated from the tracheal secretions but not from blood culture. Systemic
symptoms resolved within a few days. At 13
days of age, extubation was performed; however, the patient was reintubated soon after
because of stridor and retraction, which disappeared rapidly on intubation without ventilatory assistance or oxygen. Similar episodes
occurred several times despite adrenaline
(epinephrine) inhalation and systemic steroids.
Subglottic stenosis by granulation tissue was
disclosed by a bronchoscopy, and tracheotomy
was performed.
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Acquired subglottic stenosis (ASGS) is a
recognised complication of endotracheal intubation in neonates, with a reported incidence
of between 1% and 8%.1–3 The risk factors for
development of ASGS include size of the
endotracheal tube relative to the patient’s
larynx, a long duration of intubation, motion of
the tube, traumatic intubation, and the frequency of intubations. In addition, patient factors, which include the activity of the patient,
systemic infection and illness, hypoxia, episodic hypotension, local infection of the larynx,
shape or size of the individual larynx, and
wound healing, play an important role.1–4
Recently, epidermal cell diVerentiation inhibitor (EDIN) was purified to homogeneity
from extracellular products of Staphylococcus
aureus.5 It has been shown to inhibit the terminal diVerentiation of human keratinocytes in
culture and simulates proliferation of the cells.6
Here we describe two neonates with ASGS
following bacterial infection of the trachea, and
speculate that ASGS in both cases was caused
by delayed wound healing as the result of
EDIN inhibition of epithelial cell migration.
Case reports
CASE 1

A baby girl weighing 3055 g was delivered by
caesarean section at 37 weeks of gestation. An
endotracheal tube was inserted, and assisted
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A baby girl weighing 2790 g was delivered by
caesarean section at 37 weeks of gestation. At
three hours after birth, the trachea was
intubated, and assisted ventilation was started
because of transient tachypnoea of the newborn. At 3 days of age, the patient developed
fever. Empiric antibiotic treatment was started.
On the following day, measles-like exanthema
and thrombocytopenia developed. At 6 days of
age, the patient had a yellowish tracheal secretion, and laryngoscopy showed her glottis to be
red but not swollen. A diagnosis of acute laryngotracheitis was made. EDIN-producing
MRSA were isolated from the tracheal secretion but not from blood. The patient recovered
from the systemic illness which was diagnosed
as NTED. At 10 days of age, extubation was
attempted; however, the patient had to be
reintubated soon after because of severe stridor
and retraction. Further attempts at extubation
using adrenaline inhalation and systemic steroids were also unsuccessful. A bronchoscopy
disclosed subglottic stenosis due to granulation
tissue, and tracheotomy was performed.
Discussion
The pathogenesis of ASGS is related to
traumatic injury caused by endotracheal intubation. It is impossible to avoid minor trauma
of the subglottis even if patients are intubated
carefully. The immediate pathological changes
of mucosal oedema, hyperaemia, ulceration,
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mucosal necrosis, production of granulation
tissue with various degrees of fibroblastic
response, and re-epithelialisation of ulcerated
tissue have been described in a number of
studies.3 7 It has recently been suggested that
spreading of cells at the edge of the wound surface and migration of epithelial cells are key
events in the repair process, and that the actin
cytoskeleton in migrating cells is essential.8
EDIN is an exoenzyme from S aureus that
ADP-ribosylates the Ras-like small GTPbinding protein, Rho. The kinetics of ADPribosylation of Rho by EDIN are very similar to
those of C3 ADP-ribosyltransferase from
Clostridium botulinum.6 Ras-related GTPases
from the Rho family organise the actin
cytoskeleton and focal adhesion formation.9
EDIN and C3 inhibit the actin cytoskeleton
and focal adhesion formation as well as diVerentiation of keratinocyte by ADP-ribosylation
of Rho.10 In experimental medicine, there have
been many reports on EDIN, but this is the
first of EDIN associated disease.5 6 10 11
In wound repair models using endothelial
cell cultures, EDIN was found to block wound
repair.12 Endothelial cell migration is a critical
event in the repair of injured blood vessels.
EDIN ADP-ribosylates Rho in the endothelial
cell, which abolishes the formation of actin
stress fibre/focal adhesions, which is essential
for endothelial cell migration.
In wound repair of the subglottis, epithelial
cell migration is a critical event, similar to
endothelial cell migration in the repair of
injured blood vessel.8 Recently Rho has been
shown to be expressed by human airway
epithelial cells.13 The presence of Rho in
human airway epithelial cells suggests that
EDIN inhibits epithelial cell migration and
subsequent wound repair by inactivating Rho.
ASGS in our cases may be the result of delayed
wound healing because of EDIN inhibition of
the migration of epithelial cells.
The staphylococcal strains isolated in these
two cases not only produce EDIN but are also
the pathogens responsible for another systemic
disease reported in neonates. Reports of
NTED, a newly discovered disease in neonates
characterised by fever, exanthema, and thrombocytopenia, have increased in Japan since its
initial description in 1997 by Takahashi et
al.14 15 TSST-1, one of the superantigenic
exotoxins produced by MRSA, was isolated
from almost all the patients with NTED.15 Both
of our patients were diagnosed as having
NTED, and the MRSA isolated from our
patients produced not only EDIN but also
TSST-1. In the patients with NTED, serious
complications such as mucosal damage were
seen in many who were preterm, but were rare
in full term infants.14 15 Therefore it is unlikely
that, in the full term patients described here,
the cause of ASGS was NTED. Although it has
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been suggested that EDIN is related to staphylococcal skin lesions, the relation between
EDIN and NTED or TSST-1 has not yet been
clarified.11
Carriage of MRSA is common among
neonates in Japan. The prevalence of EDINproducing strains of S aureus in neonatal intensive care units has not yet been studied, but
12% of 113 general clinical isolates in Japan
have been reported to produce EDIN. The
prevalence of EDIN-producing strains on neonatal units is of major clinical importance, if we
are correct in our speculation that this toxin
delays wound healing and may lead to serious
pathology.
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