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bstract

The trachea is a pivotal organ of the respiratory tract. Rather than a genuine anatomic border, it acts as a crossroad in all respiratory infectious
rocesses. Even though not strictly limited to the trachea, infections such as laryngotracheitis and tracheobronchitis are frequently diagnosed
n children, in particular during the winter season. Infectious tracheitis etiologies are diverse and the distinction between viral and bacterial
rigins, albeit difficult, remains relevant considering the substantial differences in terms of gravity and therapeutic management. This literature
eview summarizes the microbiological and clinical aspects of community-acquired and nosocomial tracheitis in adults and children, as well as
he adequate diagnostic and therapeutic approaches. It also highlights the emergence of fungal tracheitis in immunocompromised patients, of
entilator-associated tracheitis in intensive care medicine, and beyond all that the potential short and long-term consequences of tracheitis.

 2017 Elsevier Masson SAS. All rights reserved.
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ésumé

Considérée comme le plus long organe des voies respiratoires, la trachée joue plus un rôle de carrefour au cours des processus infectieux, qu’une
éritable frontière anatomique. Alors que la trachéite pure est rare, les laryngo-trachéites et les trachéo-bronchites sont fréquemment diagnostiquées
hez l’enfant en période hivernale. Le spectre étiologique des trachéites infectieuses est vaste et la distinction entre origine virale et bactérienne reste
n véritable challenge tant la gravité et la gestion thérapeutique varie entre ces deux origines. Cette revue souligne les particularités microbiologiques
t cliniques de l’enfant et de l’adulte au cours des trachéites communautaires et nosocomiales, et décrit les approches diagnostique et thérapeutique.

lle met en exergue l’émergence des trachéites fongiques chez le patient immunodéprimé comme la trachéo-bronchite aspergillaire, et les trachéites
cquises sous ventilation chez le patient en réanimation, et au-delà de ces situations spécifiques, les conséquences à court et long terme des trachéites.

 2017 Elsevier Masson SAS. Tous droits réservés.

t

ots clés : Trachéite ; Croup ; Trachéite acquise sous ventilation

.  Introduction
Infectious tracheitis is always neglected because of the
oncomitant and frequent involvement of adjacent airways,
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he associated non-specific clinical signs, and the endoscopy
equired to confirm the diagnosis.

However, several factors urge a particular attention to the
racheal infection. Distinguishing a viral infection from a bacte-
ial one in pediatric patients, and a colonization from a tracheal
nfection in patients admitted to the Intensive Care Unit (ICU)

s a real challenge. Short-term consequences of tracheitis may
e fatal and must be well-known. The same goes for longer term
onsequences of post-infectious stenosis. Infectious tracheitis

http://crossmark.crossref.org/dialog/?doi=10.1016/j.medmal.2017.06.006&domain=pdf
http://www.sciencedirect.com/science/journal/0399077X
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hould be viewed as an entity in its own right considering the
pecificities of its management.

.  The  trachea:  an  organ  at  the  crossroad  of  infectious
rocesses

The trachea is the longest part of the airways. It prolongs the
arynx and separates to form the main bronchial tubes. The tra-
hea is made of fibers, muscles, and cartilages and can thus resist
o the various pressures applied by the breathing mechanism
nd depress itself during the inspiratory collapse. Its mucous
embrane is made of a pseudo-stratified ciliated respiratory

pithelium with goblet cells that are responsible for mucocil-
ary activity and for drainage of glandular secretions towards the
harynx. The presence of bronchial-associated lymphoid tissue
BALT) ensures cellular or humoral mucosal immunity [1].

Tracheitis is an inflammation of the trachea, which may be
nfectious. “Isolated” tracheitis is rare. The inflammation usually
ffects surrounding organs such as the larynx (laryngotracheitis)
nd/or the bronchial tubes (tracheobronchitis, laryngotracheo-
ronchitis [LTB]), depending on the infectious agent involved
nd on the pathophysiology of the infection (direct, toxinic, etc.)
Table 1). Acute LTB or “croup” is considered when signs and
ymptoms of viral laryngotracheitis or spasmodic croup of viral
nd/or atopic origin are observed in children aged below 6 years
2]. Inflammation of the tracheal and/or laryngeal wall(s) leads
o a narrower lumen and to an increased airflow in this area
Venturi effect). This constriction triggers a negative pressure
esponsible for the airway collapse, which in turn triggers tur-
ulent airflow, known as stridor. Stridor can be inspiratory when
he obstruction originates in the larynx or cervical trachea, or
xpiratory when the obstruction originates in the intrathoracic
rachea or in the bronchial tubes. It can even be biphasic when
he inflammatory obstruction is diffuse [3].

Anatomical differences between children and adults make
hildren at higher risk of severe signs and symptoms during
pper respiratory tract infection. The subglottic region is the nar-
ower portion of the airways in children, while it is the glottis in
dults. This subglottic region is surrounded by cricoid cartilage,
hich is itself covered by a loose mucous membrane prone to

dema during the infection.
Children presenting with tracheitis often have symptoms

f airway obstruction that may include respiratory distress
yndrome. These symptoms include tachypnea, stridor, and
oarse voice. Patients usually present with an initially dry,
oarse, painful, and spasmodic cough (coughing fit) that may
volve into a productive cough. Cough usually occurs at night,
nd its deterioration may be due to the lying position or to the
ircadian rhythm of cortisol and epinephrine levels with low
evels between 11pm and 4am, just like asthma peaks that are

ore often observed at night [4]. Stridor is indicative of the
arrowing of the upper airways, that most often originates in
he larynx and sometimes in the trachea. Inspiratory and/or

xpiratory dyspnea, symptoms of respiratory distress syndrome
ith labored breathing, cyanosis, consciousness disorders, and

gitation may occur depending on the extent of the tracheal
bstruction. Fever is not always observed in patients presenting
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ith viral tracheitis; it is however more frequent and severe
ith a bacterial origin. Severity is determined depending on the
egree of stenosis (marked/persisting at rest/persisting despite
ngoing treatment stridor, sub-clavicle labored respiration)
nd on the consequences of the lack of oxygen (cyanosis,
esaturation, agitation, consciousness disorders) [4]. Pediatric
cores may be used to assess croup severity [4].

The main differential diagnoses are epiglottitis (high fever,
oxic shock syndrome, absence of hoarse cough, dysphonia,
efusal to lie down), tracheal obstacle, angioneurotic edema
sudden without infectious signs), retropharyngeal abscess,
aryngeal diphtheria, or allergic reaction.

Signs of airway obstruction in adults are usually less severe.
 biphasic stridor must lead physicians to suspect tracheitis,

lthough not always present. Patients most frequently present
ith a cough, that may sometimes be productive, and dyspnea

hat may be as severe as respiratory distress syndrome. Unlike
hildren in whom toxic signs and severe respiratory distress syn-
romes are observed during bacterial LTB, these symptoms are
arely observed in adults [5].

Frontal and lateral (left) chest and cervical region x-ray is the
rst-line examination for patients presenting with a suspicion
f tracheal infection. X-ray results of patients presenting with
roup usually reveal an excessive distension of the lower pha-
yngeal region and a narrowing of subglottic airways; steeple
ign may even be observed. For bacterial tracheitis – mainly
uspected in patients presenting with toxic clinical signs – the
-ray may reveal a narrowing of subglottic airways and even the
resence of intraluminal tracheal membranes or irregularities
f the tracheal wall. These signs support the bacterial origin
f the infection [6]. The x-ray also reveals pulmonary infil-
rates during tracheobronchopneumonia. CT scan is, however,
he reference examination to detect the presence of stenosis, of

 thickening of the tracheal wall, and of a tracheal obstruction
y pseudomembranes. Its main limitation is radiation exposure,
specially for young children. Radiation exposure may, how-
ver, be reduced with low-dose CT imaging [7]. CT scans are
ore sensitive and more specific than x-rays for detecting an

ssociated pulmonary infection. Flexible endoscopes help in
isualizing supraglottic structures. Subglottic mucosal edema
nd purulent secretions are often observed with a bacterial
nfection [8]. Flexible endoscopes help in performing tracheal
spirations to unblock airways and ensure non-contaminated
amples for microbiological documentation. The diagnosis may
ometimes be confirmed during the autopsy for patients who
resented with severe manifestations, most often of bacterial
rigin [9].

.  Epidemiology  and  etiologies  of  infectious  tracheitis

.1.  Pediatric  community-acquired  tracheitis

Viral tracheitis is probably not the adequate term as the

arynx, trachea, and bronchial tubes are affected during viral
nfection. This laryngotracheobronchitis (LTB), or croup [3],

ainly affects children from 6 months to 3 years of age, with an
ncidence peak at the age of 2. LTB may also occur in infants
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Table 1
Etiologies of infectious tracheitis.
Spectre étiologique des trachéites infectieuses en fonction des situations.

Context Children Adults

Community-acquired
Viral

Acute community-acquired
presentations

Viruses: parainfluenza 1 and 2, influenza A and B, RSV, adenovirus, rhinovirus, coronavirus, echovirus,
enterovirus, coxsackievirus, morbillivirus, paramyxovirus

HSVa (reactivations)
VZV (primary infection)

Bacterial
Acute community-acquired
presentations

Staphylococcus aureus, Haemophilus influenzae,
Streptococcus pneumoniae
Group A Streptococcus, Moraxella catarrhalis,
Mycoplasma pneumoniae

Staphylococcus aureus, Haemophilus influenzae
Group A Streptococcus

Progressive outcome Mycobacterium tuberculosisa, Bordetella pertussis
Unvaccinated, migrant Corynebacterium diphtheriae
Rare Corynebacterium pseudodiphtheriticum,

Actinomyces, Treponema pallidum (gumma),
Klebsiella rhinoscleromatis (scleroma)

Fungal
Frequent Aspergillusa (immunodeficiency, burn patients,

mechanical ventilation)
Diabetes, influenza Zygomycetesa

HIV, AIDS stage Cryptococcus neoformansa

Coming from specific regions of the
world

Coccidioidesa Histoplasmaa, Penicillium, Coccidioidesa,
Paracoccidioidomycesa, Blastomyces

Nosocomial/healthcare-associated:
(tracheostomy and VABT)

Viral
Mechanical ventilation HSV (reactivations)

Bacterial
Mechanical ventilation,
tracheostomy (often multimicrobial)

Gram-negative bacilli (in order of frequency): Pseudomonas
aeruginosa, Haemophilus influenzae, Klebsiella,
Escherichia coli, Enterobacter cloacae. Gram-positive
cocci: Staphylococcus aureus, Streptococcus pneumoniae

Gram-negative bacilli, 75% (in order of frequency):
Pseudomonas aeruginosa, Acinetobacter
baumannii, Klebsiella, Escherichia coli,
Enterobacter Gram-positive cocci: Staphylococcus
aureus, Streptococcus pneumoniae, Enterococcus

Immunodeficiency Bacillus cereus
Fungal

Cellular immunodeficiency Aspergillus
Zygomycetesa, Fusarium, Cryptococcus neoformans

RSV: respiratory syncytial virus; HSV: herpes simplex virus; AIDS: acquired immune deficiency syndrome; VABT: ventilator-associated bacterial tracheobronchitis;
V
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ZV: varicella zoster virus.
a Isolated tracheal presentations described.

ged below 3 months or in adolescents [2]. The subglottic region
s indeed narrower in children than in adults, and is therefore

ore rapidly obstructed during inflammation. Croup is one of
he most frequent causes of respiratory distress in children.

any viruses with a tropism for the lungs may be responsi-
le for tracheal infection in children: influenza A, B, and C
iruses, human parainfluenza viruses, metapneumovirus virus,
espiratory syncytial virus (RSV), coronavirus, adenovirus, and
hinovirus. These viruses are mainly observed during seasonal
pidemics. The authors of a Northern American study observed
n incidence peak in autumn, at the same time as that of parain-
uenza virus infections, although croup was also reported during
ummer [10]. Other viruses may be associated with tracheal
nfection, even though rarely: herpes simplex virus (HSV), vari-

ella zoster virus (VZV), cytomegalovirus (CMV), enterovirus,
chovirus, coxsackievirus, or the measles virus (18.6% of LTBs
n a study of 440 children presenting with measles [11]).

3
I
[

Pediatric bacterial LTB seems to be less frequently reported,
ith approximately 0.1/100,000 children-years in the United
ingdom, based on the little available data [12]. Only 400 case
atients have been reported in the literature. Median age of
nset is 5 years (1–186 months) [12]. Haemophilus  influenzae
ype B and Staphylococcus  aureus  have long been the main
acteria implicated, followed by streptococci and anaerobes
8]. The H. influenzae  type B vaccine was first introduced in
he 1980s. Since then, S. aureus  accounts for 43.8% of docu-

ented cases, followed by H. influenzae  (16.5%), Streptococcus
neumoniae (15.3%), Moraxella  catarrhalis  (10.8%), Strepto-
occus  pyogenes  (8.5%), Escherichia  coli, and Pseudomonas
eruginosa [12]. Only one multicenter study has been pub-
ished and, when looked for, viral coinfection was observed in

1% of cases. A clear peak in incidence is observed in winter.
nfluenza and parainfluenza viruses are most often incriminated
12].
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Viral LTB onset is sudden, usually at night, and patients
resent with the typical barking cough, stridor, and respira-
ory distress. They also usually present with upper airway
on-specific prodromes 12 to 48 hours before viral LTB onset
coryza, pharyngeal pain) [4]. Fever is not always observed [12].
ymptom duration is short; symptoms usually resolve within

ess than 48 hours in 60% of cases, but may last more than a week
n some children. A bacterial origin must be suspected when
hese symptoms are complicated by worsening of stridor, respi-
atory distress onset, toxic appearance, high fever, orthopnea,
nd/or dysphagia [8]. Eckel et al. suggested defining bacterial
racheitis as follows: (1) stridor, (2) respiratory distress, (3) poor
r no response to the corticosteroid therapy or to nebulized
pinephrine, and (4) presence of purulent secretions, tracheal
nflammation, and subglottic narrowing with a normal epiglottis
t laryngoscopy or bronchoscopy [13].

Croup diagnosis is based on clinical symptoms. The ini-
ial course of the disease (the first few hours) determines the
xaminations to perform. In the absence of severe signs and
ymptoms and in case of a favorable outcome, biological sam-
les are not required; it would worsen the patient’s respiratory
tatus and stress the child. Otherwise, biological samples help
onfirm the bacterial origin of the infection when leukocyto-
is with neutrophils, leukopenia or immature presentations, or
n inflammatory syndrome are observed [9]. Blood cultures
ust be performed when toxic presentations or severe symp-

oms are observed. They, however, rarely help in establishing
he diagnosis [8,14].

X-rays are not performed in patients presenting with croup
hen a rapid response to treatment is obtained. They are con-

raindicated when an epiglottitis is suspected. Frontal and lateral
hest and cervical region x-rays are performed when clinical
ymptoms worsen or in patients presenting with initially severe
ymptoms. Without distinguishing the viral from the bacterial
rigin of the infection, cervical region x-rays can usually reveal

 subglottic narrowing even though often normal [4,12]. X-rays
elp in confirming the bacterial tracheitis diagnosis by visualiz-
ng intratracheal opacities corresponding to pseudomembranes
r irregularities of the wall. These abnormalities are observed
n 9–82% of bacterial tracheitis patients [12,14]. X-rays also
elp in looking for pulmonary infiltrates, which are frequently
bserved in severe presentations [14,15]. They also help in
etecting complications (pneumothorax, pneumomediastinum,
obar atelectasis) [15].

Fibroscopy rules out epiglottitis and confirms the bacterial
racheitis diagnosis by visualizing the subglottic narrowing, a
iffuse erythema and a mucopurulent exudate, pseudomem-
ranes that may be responsible for obstructions, ulcerations,
r microabscesses on the tracheal mucous membrane. The
xamination that should be performed is decided on a case-by-
ase basis according to the child’s age, symptom severity, and
hether or not a trained operator is available [15]. By allowing

 cleaning up of the tracheobronchial tract, secretions are aspi-

ated for microbiological analysis purposes, which leads to the
dentification of a pathogen in 62–87% of cases [8,14].

CT scans are much more efficient than x-rays in detecting
racheobronchial abnormalities; they, however, do not impact

i
t
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he management of acute LTB when no signs of severity are
bserved. The benefits of the CT scan have not been assessed in
atients presenting with severe croup, but its main limitation is
he resulting radiation and an endoscopy is still required when
reatment is proposed. Except for acute presentations, CT scans

ay be performed in case of recurrent tracheitis episodes to
ook for tracheal stenosis. This low-dose CT scan has an 87%
nd 86% sensitivity and specificity, respectively, as compared
ith bronchial fibroscopy to look for tracheal stenosis [16].
Viral LTB management first requires a calm and comfortable

nvironment to be set up as agitation may worsen respiratory
ymptoms. Although its benefit has never been proven, oxygen
herapy is usually administered in case of respiratory distress
f it does not lead to the child’s agitation. The authors of a

eta-analysis did not observe any benefit to air humidifica-
ion. Helium administration is also not recommended. However,
he benefit of a single dose of corticosteroids has been proven
4]. Its benefit on the hospital length of stay, the risk of read-
ission for treatment and intubation, and on the duration of
echanical ventilation has indeed been proven. Administering

 single dose of corticosteroids does not seem to be less effective
han a treatment administered for several days. Dexamethasone
hould be preferred to prednisone as it is better tolerated and
ossibly more effective, at doses of 0.15 to 0.60 mg/kg. Oral
nd intramuscular routes are associated with the same efficacy;
nhalation is, however, less effective. The administration of neb-
lized epinephrine for severe presentations of croup reduces the
isk of intubation [4]. The effect of epinephrine administration is
emporary (at least 1 hour). Nebulized administration may thus
e repeated until clinical improvement, but a reevaluation must
e performed two hours after administration. When no improve-
ent is observed or if symptoms deteriorate, patients must be

dmitted to the ICU and bacterial tracheitis must be suspected.
racheal intubation is sometimes required [4]. Indeed, 75% of
acterial LTBs reported in the literature required endotracheal
ntubation. This figure highlights the severity of this disease [12].

Bacterial LTB may be complicated by hypotension (5.5%),
ven by septic and/or toxinic shock, acute respiratory distress
yndrome (2.8%), cardiorespiratory arrest (2.3%), pneumotho-
ax (1.4%) or atelectasis, subglottic stenosis (0.9%), pulmonary
dema, or cardiac decompensation [9,12,14]. The case fatality
ate reached 10–40% during the first half of the 20th century
17] and progressively decreased afterwards with 4% reported
n a study of 154 case patients from 1979 to 1998 [14], to finally
rop to 1% since the years 2000 [12].

The combination of amoxicillin-clavulanic acid or 3rd-
eneration cephalosporin are the best choices for patients
resenting with LTB. These treatments should then be tailored to
he microbiological results if a tracheal aspiration is performed
12]. Treatment duration has not been clearly defined, but the
eed for more than 7 days of treatment has never been proven.

.2.  Adult  community-acquired  tracheitis
Adult croup is less frequently observed than pediatric croup;
t is a full-fledged illness that refers to upper airway obstruc-
ion presentations of community-acquired infectious origin. The
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bove-mentioned seasonal respiratory viruses are responsible
or LTB in adults. Tracheobronchitis was, for instance, observed
n 20% of symptomatic infections caused by SRV in adults
resenting with no comorbidities [18], and in 25% of severe
resentations of H1N1 influenza [19].

The authors of another study observed a tracheobronchial
nvolvement in 85% of patients presenting with fatal H1N1
nfluenza, that was sometimes necrotic and/or hemorrhagic [20].
eath was most often caused by the associated pulmonary infec-

ion. The influenza virus tropism for the airways is related to
he distribution gradient of some receptors (sialic acids), at
he surface of the respiratory mucous membrane. This partly
xplains why some patients only present with nasopharyngeal
anifestations, while others have tracheobronchial presenta-

ions or even viral pneumonia. The presence of type 2–6 sialic
cids within the trachea probably influences the tracheal infec-
ion [21]. Histopathological studies performed during the 1918
andemic highlighted that a multifocal destruction and pseudo-
tratified epithelium desquamation of the trachea and bronchial
ubes occur at the early stage. Only the basal layer of the epithe-
ium remains intact and the congestive edema of the submucous

embrane is often marked. At more advanced stages, the epithe-
ium regenerate with the formation of a metaplasia by a stratified
on-keratinized epithelium [22]. This tracheobronchial involve-
ent results in a local bacterial superinfection followed by a

ulmonary infection. This leads to bacterial croup, still called
seudomembranous croup, purulent tracheobronchitis, or mem-
ranous LTB [4]. Mucopurulent exudates developed and may
ause life-threatening acute obstruction of the airways [8].

Just like in children, bacterial LTB onset follows prodromes
coryza, pharyngeal pain), but unlike children, clinical presen-
ations are usually less severe and the prognosis is far better
5]. To our knowledge, inflammatory biomarkers (C-reactive
rotein and procalcitonin) have not been investigated to dis-
inguish a viral origin from a bacterial one during tracheitis.

 cytobacteriological examination must be performed in case
f productive expectorations because of its non-invasive nature.
esults must be interpreted based on conventional quality crite-

ia. Its performances have not been assessed during bacterial
racheitis. Imaging tests (first line: x-ray, second line: CT scan)
ust be performed for severe presentations, tracheal obstruc-

ion suspicion, and/or in the absence of improvement despite
onventional treatments. Fibroscopy, which should not be per-
ormed in patients presenting with viral croup, must however
e performed when a bacterial tracheitis is suspected in the
mergency department. The benefits of fibroscopy is to clear
he airways through extraction of obstructive pseudomembranes.
he diagnosis can thus be established by confirming the presence
f diffuse deposits of pseudomembranes, of an exudate respon-
ible for the obstruction, and of erosions [23]. Fibroscopy is
lso useful for microbiological documentation and for collecting
otential histological samples [23].

The antibiotic therapy must be active against the main

ausative agents (Table 1). The combination of amoxicillin-
lavulanic acid or an injectable third-generation cephalosporin
eem to be the best choices for community-acquired bacte-
ial tracheitis. Pristinamycin is a potential alternative in case

f
f
p
T
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f �-lactam allergy. Unlike in children, the corticosteroid ther-
py is not systematic as the infection is less severe in adults.

 corticosteroid therapy is prescribed to patients presenting
ith non-self-limiting obstruction (dyspnea, persistent stridor)
r right away in case of a poor respiratory function.

Presentations may be complicated by tracheal stenosis. Only
hree cases have been reported following S. aureus  tracheitis
24]. A tracheostomy must be rapidly performed when the
bstacle cannot be removed and leads to respiratory failure.
xpectorations can thus be cleared.

.3.  Nosocomial  or  healthcare-associated  tracheitis

One may distinguish two main presentations:

 bacterial tracheitis in patients with a tracheostomy. A
monobacterial or multibacterial colonization is often
observed in these patients, i.e. 95% and 83% of cases, respec-
tively. This colonization usually paves the way to the tracheal
infection [23]. S. aureus  is most often isolated, followed
by Gram-negative bacilli, P. aeruginosa, and S. pneumoniae
[23];

 ventilator-associated bacterial tracheitis or tracheobronchi-
tis, during which the presence of a tracheal tube reduces
the coughing capacity, leads to tracheal ulcerations and fos-
ters a local multibacterial colonization. As the airways are
humidified, bacterial tracheitis onset is thus more likely [25].

Ventilator-associated bacterial tracheobronchitis (VABT) is
haracterized by the same criteria as ventilator-associated
acterial pneumonia (VABP): at least two of the following
igns after 48 hours minimum on mechanical ventilation (MV):
1) temperature < 36 ◦C or ≥  38.3 ◦C, (2) leukocytes < 5000 or

 10,000/mm3, (3) onset or increase in purulent tracheal sec-
etions, but without any radiological pulmonary infiltrate [26].
istinguishing VABT from VABP depends on the diagnostic

imitations of the chest x-ray. A positive culture of protected
racheal aspiration in adults (106 CFU/mL) is often used, just
ike bacteriuria during cystitis and pyelonephritis [25]. Despite
his high and constant bacterial colonization, bacterial tracheitis
nset remains rare. The incidence of VABT has been evalu-
ted at 10.2/1000 days of MV in the most recent prospective
tudy of 2960 patients on MV, i.e. 11% of patients. This inci-
ence is similar to that of VABP [27]. VABT onset is associated
ith a prolonged hospital stay (median of 21 versus 12 days,

 < 0.0001) [27].
A continuum is very likely between tracheal colonization,

racheitis, bronchitis, and pneumonia (Fig. 1). Postmortem
tudies highlight a continuum between bronchitis and pneu-
onia in patients on MV [28]. For some patients, VABT is

emporary as it is in-between bacterial colonization of the
rachea and VABP. This pattern is similar to that of bacteri-
ria/cystitis/pyelonephritis [25]. Distinguishing a colonization

rom an infection is therefore very difficult. Warning signs are
ever, hypoxemia, respiratory function deterioration, increased
roduction of secretions, and leukocytosis with neutrophils.
racheoscopy must be performed as often as possible. The
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Fig. 1. Origins and consequenc
Déterminants et conséquences de

rocedure is easier in patients on life-support. Tracheoscopy is
he reference examination to establish the diagnosis of tracheitis.
t helps in restricting antibiotic prescription to tracheitis patients.
he microbiological documentation helps correct the antibiotic
pectrum of activity (22% of inappropriate empirical antibi-
tic therapies in the prospective study of Martin-Loeches et al.
ith an excessive mortality in this subgroup [27]). It also helps

n antibiotic de-escalation whenever possible. For patients pre-
enting with VABP, a diagnostic strategy based on ATP results is
imilar to a strategy based on bronchoalveolar lavage (BAL) in
erms of clinical outcome [29]. Repeated ATP testing in patients
n MV helps in precisely determining the microbiological ori-
in of any subsequent VABP and in the early introduction of an
dequate antibiotic therapy, with a very good correlation with
AL results [25,29]. Repeated ATP quantitative microbiologi-
al examination is widely used to screen for resistant bacteria
esponsible for colonization. The aim is to tailor at best the
mpirical antibiotic therapy in case of VABP onset. VABTs are
requently caused by Gram-negative bacilli (75%) and by multi-
le bacteria (22%). P. aeruginosa  is the most frequent, followed
y S. aureus  and Acinetobacter  baumannii  [30,31] (Table 1).

A chest x-ray is always performed to look for an associated
lveolar pneumonia. Distinguishing a new pulmonary infiltrate
rom congestive signs or atelectasis with a chest x-ray is often
ifficult. Craven et al. suggested to perform a chest CT scan [25],
ut this examination is not always performed due to logistic
easons, irradiation, and the need to treat VABPs and VABTs

ith antibiotics.
The spectrum of the empirical antibiotic therapy must

ake into consideration Gram-positive cocci and nosocomial

o
t
t

ventilator-associated tracheitis.
achéite acquise sous ventilation.

ram-negative bacilli (Table 1). It must take into consideration
rior tracheal microbiological documentations and be tailored to
he tracheal culture results during the related episode. Knowing
hether to treat a VABT has been extensively discussed. It is

stimated that a third of VABTs progress into VABP. The case
atality rate is significantly higher at the end of VABP (40%)
han VABT (29%), while the case fatality rate in the absence
f lower respiratory tract infection was evaluated at 30% in the
argest prospective study of patients on MV in the ICU [27].
wo randomized controlled studies highlighted the benefit of an

ntravenous and/or nebulized antibiotic therapy during VABT in
dults to reduce the risk of VABP onset [30,32]. The proof of
oncept was extrapolated in children, in the absence of data in
his population. The authors of a study of children aged below 18
ears did not observe any association between a prolonged treat-
ent (≥  7 days) and the reduction of VABP onset as compared
ith a short treatment [31]. A randomized placebo-controlled

tudy evaluating the impact of the addition of a nebulized antibi-
tic therapy for VABT or VABP on the reduction of ventilation
uration and hospitalization in the ICU is currently ongoing.
reatment of VABT therefore seems to be a reasonable strategy

o improve patient outcome, as suggested by a meta-analysis
33]. The authors of a before/after study evaluating the impact
f a multidisciplinary strategy aiming at reducing the incidence
f respiratory tract infections on MV (elevate head of the bed
o at least 30◦, oral care with chlorhexidine, early extubation,
ealthcare workers’ hand hygiene) observed a reduced incidence

f VABT from 3.9 cases to 1.8 cases per 1000 days of ventila-
ion (P  = 0.04) [34]. VABT management may be complicated by
racheal stenosis [35].
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.4.  Particular  situations

.4.1.  Tracheal  aspergillosis
Tracheobronchitis aspergillosis (TA) is one of the least

ommon presentations of invasive aspergillosis. It was evalu-
ted at 8% of cases in a postmortem study [36]. A literature
eview retrieved 156 case patients of TA between 1985 and
011. Nevertheless, the growing increase in the number of
mmunocompromised patients will probably lead to an increased
ncidence of this infection. The prescription of a corticosteroid
herapy was observed in 71.8% of these reported case patients,
nd the infection often occurred in patients who had under-
one organ transplantation (44.2%) or bone marrow transplant
8.3%), who presented with solid cancer (13.5%), or hemopathy
21.2%) [37]. AIDS led to the first reports of TA [38], but this
redisposition is now rarely responsible for the infection since
he launch of antiretrovirals. Most of these patients present with
ther associated predispositions (neutropenia, corticosteroids,
tc.) [37]. Patients who underwent lung or heart transplants are
t high risk of aspergillosis at the anastomotic site between the
ecipient’s trachea and that of the host [39]. TA may also be a
omplication of active tuberculosis [37] or occur following post-
uberculosis stenosis [40]. Isolated tracheal involvement is rarer
41].

In 1995, Denning distinguished three presentations: pseu-
omembranous, ulcerative, and obstructive [42]. However, the
oexistence of various presentations is frequently observed and
everal authors argued that they correspond to the various stages
f a single process [39,43]. The difficulty lies in distinguishing
nvasive presentations from simple colonization. The immuno-
uppression level is a major criterion, but endoscopy is required
o better characterize the impairment. Wu et al. suggested a
-category functional classification:

 superficial infiltration;
 involvement of the whole wall;
 ≥  50% airway occlusion (by a pseudomembrane, a granu-

loma, a necrotic tissue);
 mixed involvement [43].

Cough, fever, and dyspnea are the most frequent symptoms.
emoptysis is reported in 11.5% of cases, and more frequently in

mmunocompetent patients. According to several authors, uni-
ateral wheeze and stridor in neutropenic patients must lead
hysicians to suspect the diagnosis, but these symptoms are
nly observed in a quarter of patients [37]. Diagnosis is often
elayed because of the non-specific presentation and because of
he absence of radiological pulmonary abnormalities at the early
tages of the infection. The CT scan results are normal in half of
ases, and show non-specific abnormalities in a third of cases.
T scan is associated with better results than the x-ray [37] and
ust always be performed at the initial assessment and as part
f treatment follow-up.
Tracheal samples must be carefully taken: ATP for microbi-

logical documentation and as often as possible tracheal biopsy
o better characterize the invasive nature of the infection [37].

t
m
m
i
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spergillus  fumigatus  is most often isolated (74%), followed by
spergillus flavus  (11%) and Aspergillus  niger  (5%) [37]. The
uthors of the study of 156 TA patients reported that galactoman-
an level was assessed in only 10 patients; it was elevated in 6 of
hem and not only in neutropenic patients. Galactomannan level
ssessment is probably a useful diagnostic tool but it cannot rule
ut the aspergillosis origin in case of negativity [37]. Its level in
racheal secretions deserves to be assessed.

A first-line treatment with voriconazole is still recommended
y the Infectious Diseases Society of America (IDSA) (grade
-II) [44]. Physicians must strive to reduce the immunosup-
ression. Amphotericin B aerosols could be beneficial as they
ould deliver high doses of polyene in the infected site, but this

pproach has never been evaluated [44].
Life-threatening complications are massive hemoptysis due

o pulmonary vascular invasion by hyphae, and obstruction due
o the accumulation of pseudomembranes of necrotic deposits.
ndependent risk factors for death are neutropenia and coexis-
ence of acute respiratory distress syndrome [37].

.4.2. Tuberculous  tracheitis
First described in 1968, tracheobronchitis tuberculosis

ccounted for 42% of pulmonary tuberculosis (PTB) in a study
f 1000 autopsies performed before the launch of combination
herapies. This incidence is decreasing sharply: 10–36.8% of
TB cases in the oldest studies and 1% in the most recent study
1998–2000) of PTB patients who benefited from bronchoscopy
45,46].

Isolated tracheal involvement is rare. It is diagnosed in the
resence of stridor and persistent cough, and reveals an already
dvanced infection. It is usually associated with a pulmonary
nd bronchial involvement. The pathophysiological mechanism
s still unknown, but the intratracheal infection by dissemina-
ion from a pulmonary localization remains the most probable
ypothesis. Dissemination through the lymphatic route, from a
ulmonary localization, or through the erosion of a cyst in the tra-
heal lumen, or even through the hematogenous route are being
iscussed [45]. The infection first manifests with an erythema
nd an edema with submucosal lymphocytic infiltrates followed
y the formation of a tubercle. Extensive granulation of the tissue
estroys and replaces the mucous and submucous membrane,
nd results in extensive fibrosis responsible for stenosis of the
racheobronchial tract [45]. Women seem to be more affected
han men, probably because they spit less often than men due to
ultural and social reasons [47,48].

Clinically speaking, the presence of a productive cough,
heezing, and dyspnea in the absence of a history of asthma
ust lead physicians to suspect a tracheobronchial infection of

uberculosis origin when patients present with risk factors [47].
-rays highlight the pulmonary parenchymatous involvement
ut rarely the tracheal lesions. The scan is far better to detect
hese lesions. Bronchoscopy is the reference examination for
iagnosis and treatment follow-up. The most common presenta-

ions are mucosal granulations covered by caseous deposits and

ucosal ulcerations [47]. These lesions lead to stenosis, that
ay persist or even worsen following effective treatment of the

nfection [48].
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The corticosteroid therapy associated with the antitu-
erculosis treatment could prevent the deterioration of the
racheobronchial stenosis [48], but its use remains controver-
ial. A surgical or intrabronchial procedure can be suggested
o patients presenting with a persistent symptomatic stenosis
espite medical treatment [47].

.4.3.  Tracheal  infection  during  pertussis
Coughing fits during pertussis are caused by airway inflam-

ation induced by the bacterium itself, but mainly by several
oxins such as the cytotracheal toxin that destroys, together with
ipopolysaccharides (LPS), the mechanism of ciliary clearance
nd prevents its reparation [49]. Toxinic involvement during this
nfection triggers an inflammation of the whole airways. One
hould thus not speak about “pertussis tracheitis”. Nevertheless,
ostmortem studies confirm the key role of the trachea in the nat-
ral history of pertussis [50]. The authors of a prospective study
eported that among 54 adults presenting with chronic laryngo-
racheitis, 24% had elevated IgA and IgG levels and 15% had
levated anti-toxin pertussis IgM levels [51].

.4.4. Herpes  virus-associated  tracheitis
Herpes tracheobronchitis has already been reported, but

solated tracheal involvement has rarely been described [52].
t is most often due to a reactivation of the vagus nerve
ode or of the trigeminal nerve, but an associated stoma-
itis is usually observed with this latter specific case. The
nfection has mainly been reported in immunocompromised
atients, in burn units, and in patients with prolonged tra-
heal intubation [52]. Most patients presented with persistent
ronchospasm, sometimes with fever, despite conventional
reatments (bronchodilators, corticosteroids) and one or sev-
ral subsequent antibiotic therapies [52,53]. The diagnosis
ay be suspected when ulcerative, vesicular, membranous,

nd/or hemorrhagic tracheitis is observed. Confirmation may
e obtained with the presence of a cytopathogenic effect or
y detecting the virus in tracheal secretions using culture or
olecular biology techniques [52]. Bacterial coinfections are

requent [52]. The outcome is usually positive with acyclovir
52,53].

Prolonged MV fosters herpes reactivations and herpes laryn-
otracheitis, which is a poor prognosis factor in this specific
ase [53,54]. Confirming that HSV is the primum movens of
he respiratory tract infection is difficult. HSV is rather a sec-
ndary disruptive factor, facilitated by corticosteroid therapies or
ven the consequence of the temporary immunodeficiency that
ollows a viral or bacterial infection. This hypothesis is increas-
ngly supported by the presence of viral reactivations during
epsis.

Cytomegalovirus has sometimes, even though rarely, been
esponsible for tracheobronchial infection during HIV infections

t AIDS stage [55]. A VZV-associated tracheal vesicular infec-
ion has also been reported during disseminated varicella in a
3-year-old immunocompetent patient [56].
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.5.  Rarely  reported  cases

.5.1.  Other  bacteria
A dozen of tracheal or laryngeal actinomycosis cases have

een reported. Some were responsible for tracheal obstructions
hat required tracheostomy and prolonged penicillin antibiotic
herapy [46].

Syphilitic gumma is rarely localized in the trachea [57].
Scleroma, an infectious granulomatous infection (Klebsiella

hinoscleromatis), is mainly localized in nasal fossae but may
each the trachea or be exclusively localized in the laryngo-
rachea – even though rarely – and lead to tracheal stenosis
58].

Bacillus  cereus  was implicated only once in an immunocom-
romised female patient [59].

Laryngeal and tracheobronchial infection during diphtheria
s rare. It might be a primary infection or an infection exten-
ion from a pharyngeal localization. The trachea and bronchial
ubes are covered with edema and pseudomembranes which are
esponsible for airway obstruction, cyanosis, and suffocation
pisodes in infected patients [60].

Another corynebacterium, Corynebacterium  pseudodiph-
heriticum, has been responsible for necrotizing tracheitis [61].

.5.2. Other  respiratory  mycoses
Airborne mycoses mainly present as pulmonary infections,

ore rarely as bronchial infections, and rarely as isolated tra-
heitis.

Tracheal infection has rarely been reported during crypto-
occosis. An isolated infection has been reported once as an
bstructive tracheal mass [62].

Tracheal infection during mucormycosis is often associated
ith a laryngeal and/or pulmonary infection, sometimes iso-

ated. It is mainly reported in diabetic patients, and has once been
eported following H1N1 influenza infection. Bronchoscopy
sually reveals necrotic tissue and a destructive infection. Lipo-
omal amphotericin B and surgery are the backbone of the initial
reatment [63]. Posaconazole is used as a treatment switch or
n case of contraindication to amphotericin B. Amphotericin B
erosols could be associated, although never assessed.

Rare cases of tracheal infections have been reported dur-
ng histoplasmosis [64], penicilliosis [65], fusariosis [66],
occidioidomycosis [67], paracoccidioidomycosis [68], and
lastomycosis [69]. Candida  is frequently isolated from respi-
atory samples and considered a colonizing fungus [70].

.  Conclusion

The trachea plays a major role in the development of lower
espiratory tract infections. During viral infection, the trachea
ontributes to the bacterial superinfection and the difficulty lies
n recognizing the progression into bacterial tracheitis in chil-
ren as the morbidity and mortality remain high. During MV

r tracheostomy, distinguishing bacterial tracheitis from sim-
le colonization is difficult as tracheitis evolving into acquired
neumonia is frequent and associated with an excessive mortal-
ty rate. Non-specific clinical signs and difficulties in accessing
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he organ complicate the management. Persistent stridor and
oarse cough are suggestive signs. An endoscopic examination
ust be performed in patients presenting with severe symptoms,

ersistent obstruction, or in patients on MV. The endoscopic
xamination helps in establishing the diagnosis and in collecting
dequate samples. Indeed, the etiological spectrum and patho-
hysiological processes are wide. Diagnostic delay may lead in
he long-term to tracheal stenosis, which management is com-
lex.
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