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Abstract
Introduction: Granulation tissue formation is a major problem complicating the treatment of
upper airway stenosis. We present two cases of recurrent tracheal granulation tissue colonisation
by Penicillium species in patients undergoing laryngotracheal reconstructive surgery for post-
intubation tracheal stenosis. We believe that although most Penicillium species do not cause invasive
disease they can be a contributory factor to the occurrence of upper airway stenosis.

Case presentation: A microbiological and mycological study of tracheal granulation tissue in two
patients with recurrent laryngotracheal stenosis was carried out. Penicillium species was seen
microscopically and cultured from tracheal granulation tissue. Neither patient grew any bacteria
known to be associated with airway granulation tissue formation. Amphotericin B, itraconazole,
flucytosine voriconazole and caspofungin were highly active against both isolates.

Conclusion: A search for a fungal cause should form part of the investigation for recurrent
tracheal granulation tissue during laryngotracheal reconstruction.

Introduction
The commonest cause of upper airway stenosis in all age
groups is post-intubation tracheal injury. This condition
causes significant pulmonary morbidity and, if left
untreated, may progress to life-threatening airway com-
promise. A major problem encountered during laryn-
gotracheal reconstruction is the formation of airway
granulation tissue.

Bacteria such as Pseudomonas aeruginosa and Staphylococcus
aureus have been associated with airway granulation tissue

formation [1-3], and local and systemic antibiotic proph-
ylaxis for these organisms has been recommended [4].
However there remains a cohort of patients with recurrent
airway granulation tissue, in whom no evidence of bacte-
rial infection or foreign body reaction can be identified.

We describe two cases of biopsy-proven Penicillium species
isolated from tracheal granulation tissue in patients with
recurrent airway granulation tissue.
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Case presentation
Case 1
A previously healthy 60-year-old male was intubated for a
two-week period following myocardial infarction and as a
consequence developed a 3.6 cm tracheal stenosis below
the vocal cords. He underwent several microlaryngoscopy,
laser and dilatation procedures to restore airway lumen,
and had a soft silastic stent in situ to maintain luminal pat-
ency. However, he continued to have recurrent airway
granulation tissue. A sample of the granulomatous tissue
and the airway stent were taken and sent for microbiologi-
cal and mycological investigations. No bacterial cause for
the granulation tissue was identified; however, direct
microscopy of the homogenised tissue showed septate
hyphae pathognomonic of Penicillium species. In view of
the recurring and florid nature of the granulation tissue, it
was felt that the best long-term outcome would be an en-
bloc tracheal resection with end-to-end anastomosis. The
patient underwent the procedure successfully and has had
no further problems with his airway. As he had a defini-
tive and successful procedure, he did not require antimi-
crobial treatment.

Case 2
A 46-year-old male acquired a subglottic stenosis follow-
ing a 10-day period of intubation after surgical clipping of
a cerebral aneurysm, having acutely presenting with a sub-
arachnoid haemorrhage. He underwent microlaryngos-
copy, treatment with potassium-titanyl-phosphate (KTP)
laser and stenting to improve his airway. Two months
later he underwent repeat microlaryngoscopy and
removal of the tracheal stent, at which point florid airway
granulation tissue was noted (Figure 1). A sample of the
granulomatous tissue and the stent were taken. Again, as
in the first case, septate hyphae were seen microscopically
and only Penicillium species were isolated. This patient
subsequently underwent further microlaryngoscopy and
laser therapy to the granulation tissue in his airway with
significant improvement. In view of the significant
improvement in his airway, antimicrobials were felt to be
unnecessary.

Method of tissue culturing
The tissue was obtained from the patients undergoing
microlaryngoscopy under a general anaesthetic with an
endotracheal tube in place. Biopsies were obtained from
the granulomatous tissue and immediately dispatched to
the department of mycology in sterile saline. The tissue
was cut into smaller pieces and homogenised by drudging
it onto a grid that was scarred in the middle of a sterile
Petri dish with a sterile scalpel. The tissue was subse-
quently suspended in 1 ml of sterile distilled water. This
technique has been described and used successfully by
Nouraei et al [5] in their work on bacterial colonisation of
airway stents.

The resulting suspension was inoculated onto blood agar
aerobically and anaerobically, Maconkey agar, Neomycin
blood agar anaerobically with a metronidazole disc added
on the streak 2 cm away from the inoculum, chocolate
agar under 10% carbon dioxide (CO2) and Sabouraud's
dextrose agar at 30 and 37°C. The plates were incubated
and were examined for growth after 2, 5 and 7 days incu-
bation. The suspension was also treated with 20% potas-
sium hydroxide (KOH) for 30 minutes after which a drop
of calcofluor white was added and the suspension was
examined using a fluorescent microscope. A slide was also
prepared for Gram staining and this was examined with
the aid of a light microscope using an oil immersion.

Results
Scanty normal mouth flora was obtained from the granu-
lation tissue of both patients and a heavy growth of Peni-
cillium species was obtained only at 30°C in both cases.
Following reincubation at 30°C, Penicillium species was
grown on all of the plates without exception. The mini-
mum inhibitory concentrations (MIC) to amphotericin B,
flucytosine, fluconazole, itraconazole, voriconazole and
caspofungin for both isolates were performed according
to the Clinical Laboratory Standard Institute (CLSI, previ-
ously known as NCCLS) guidelines with a minor modifi-
cation [6] and were incubated at 30°C until appreciable
growth was achieved to be able to distinguish between
growth and inhibition.

Enquiries were made to have the two isolates genotyped
by molecular techniques; however, at present no such
techniques are available for Penicillium species.

Discussion
Airway granulation is a common and troublesome prob-
lem during laryngotracheal reconstruction. It leads to
recurrent narrowing of the airway lumen and sympto-
matic relapse, which often can delay definitive surgical
management [1,2]. Airway stents are commonly deployed
in this setting to maintain luminal patency, but many
patients continue to form granulation tissue, in part
because of the presence of the airway stents themselves
[7].

The development of granulation tissue has been associ-
ated with a number of factors notably mechanical irrita-
tion and microbial infection with bacteria such as P.
aeruginosa and S. aureus [5], as well as fungi such as Cand-
ida species [1,2,8]. It has furthermore been shown that
treatment of these infections reduces the incidence of
granulation tissue formation [4], but there remains a
small number of patients who continue to form airway
granulation tissue with no apparent underlying cause.
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In this study we isolated Penicillium species from two such
patients, one year apart, with post-intubation tracheal ste-
nosis and a clinical picture of recurrent airway granulation
tissue associated with silastic airway stents. Penicillium
species are ubiquitous and their spores are spread by wind
and insects and are usually regarded as unimportant in
terms of causing disease. Most Penicillium species are plant
pathogens and are responsible for the spoilage of fruit and
are incapable of growing at temperatures above 30°C.
Penicillium can occasionally cause infection in humans,
particularly in immunocompromised hosts, and the
resulting infections are generically known as Penicilliosis.
They have been isolated from patients with brain
abscesses [9], necrotising oesophagitis [10], pneumonia
and lung nodules [11], bone marrow [12], keratitis and
conjunctivitis [13], otomycosis, endocarditis, peritonitis
and urinary tract infections.

In both of our immunocompetent patients, hyphae con-
sistent with Penicillium were seen on direct microscopy,
where the brush-like appearance of the penicillus was evi-
dent. Penicillium species were isolated from both patients'
granulation tissue (Figure 1). To the best of the authors'
knowledge this has not been described in the literature
previously. Both isolates were unable to grow above 35°C
suggesting that neither was capable of causing deep tissue
invasive disease. The granulation tissue observed could be
a result of superficial growth where the temperature
remained below 35°C or a result of toxic by-products pro-
duced during the growth of the Penicillium biofilm (Figure
1).

With the exception of fluconazole (MIC > 64 μg/ml), the
isolates were inhibited by low concentrations of ampho-
tericin B (MICs 0.012, 0.06), flucytosine (MICs 2, 0.25),
itraconazole (MICs 0.01, 0.03), voriconazole (MICs 0.03,
0.02) and caspofungin (effective at 0.007 μg/ml). This
suggests that these isolates are very easy to treat with
appropriate antifungals, particularly the two triazoles
(itraconazole and voriconazole) which are both available
as oral agents. In both of our cases, the surgical removal of
the granulomatous tissue has been sufficient and neither
patient required antifungal treatment. However, should
the granulation tissue have recurred, suggesting this was
an invasive disease by an organism that in vitro cannot
grow at body temperature but possibly is able to grow in
vivo, which is not uncommon with some fungi, we would
have opted for an oral antifungal such as itraconazole or
voriconazole.

Conclusion
We demonstrated growth of Penicillium species in two
patients with a clinical history of recurrent airway granu-
lation during treatment of post-intubation tracheal injury.
If surgical intervention proves inadequate to eradicate the
granulation, microbial causes need to be considered. We
propose that a search for a fungal aetiology should be
undertaken in patients with recurrent airway granulation
in whom a first-line bacterial cause for the granulation
cannot be identified. To this end we recommend that
specimens should be cultured both at 28–30°C, as well as
at 37°C, as many fungal species, including both of our
isolates, do not grow above 30°C. This case illustrates that
fungi that are normally considered as contaminants, such
as Penicillium species, should not be dismissed as a possi-
ble aetiological factor to the formation of granulation tis-
sue in the trachea.
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Microscopic appearance of Penicillium species grown from tracheal granulation tissueFigure 1
Microscopic appearance of Penicillium species grown 
from tracheal granulation tissue. The inset shows the 
endoscopic appearance of tracheal granulation tissue.
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