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Introduction

Mucormycosis is an emerging infectious disease caused by fungi of the order Mucorales and represents the second 
leading cause of invasive fungal infection, following aspergillosis [1,2]. It is known to develop mainly in patients with 
diabetes, hematologic malignancy, organ transplantation, and those receiving immunosuppressive therapy [3]. The clini-
cal presentation commonly results from involvement of rhinocerebral disease or pulmonary infection [4]. It was report-
ed that Mucorales fungi most commonly affects the lungs in patients with hematological malignancies [5].

Pulmonary mucormycosis (PM) is a life-threatening infection with high mortality of over 70% [6]. PM has recently 
emerged as patients with hematological malignancies or transplant patients have been on antifungal prophylaxis with 
Aspergillus-active but Mucorales-inactive agents [7]. Although its incidence was rare, reported to be 1.7 cases per mil-
lion people/year by a population-based study [8], the incidence of PM is expected to increase because more individuals 
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Background: Pulmonary mucormycosis (PM) is an emerging infectious disease and a life-threatening infection with high mortality. 
The clinical outcomes of PM have not improved significantly over the last decade because early diagnosis of PM is difficult and anti-
fungal agents show limited activity. We evaluated the clinical manifestations of PM in a Korean tertiary hospital and identified the role 
of transbronchial lung biopsy (TBLB) in diagnosing PM in patients admitted to an intensive care unit.
Methods: The medical records of adult patients (aged 16 years and older) who met the criteria for proven or probable PM in a Korean 
tertiary hospital were retrospectively reviewed from January 2003 to December 2013. The clinical features, computed tomographic 
findings, diagnostic methods, treatment, and outcomes in patients with PM were evaluated.
Results: Of the nine patients, four were male. The median age was 64 years (range, 12 to 73 years). PM was proven and probable in 
seven and two cases, respectively. Computed tomography findings of PM were unilateral involvement in eight cases (89%), consolida-
tion in eight (89%), ground glass opacity in four (44%), and reverse halo sign in one (11%). Six of nine cases (67%) were diagnosed as 
PM from TBLB via portable bronchoscopy. There were no complications after TBLB. Mortality rate was 56% (five of nine cases).
Conclusions: TBLB can be an easy and useful technique for diagnosing PM in the intensive care unit.
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may be susceptible to invasive fungal infections resulting 
from either immunosuppressive disease or therapy with 
advances in modern medicine and because diagnosis of 
PM is difficult and underreported [4]. In these situations, 
more attention to PM may be needed in patients receiv-
ing intensive care, particularly those with immunocom-
promised status.

Unlike pulmonary aspergillosis, the clinical outcomes 
of PM have not improved significantly over the last de-
cade, mainly because early diagnosis of PM is difficult 
and antifungal agents against Mucorales show limited 
activity [7]. Moreover, there are limited data differentiat-
ing computed tomography (CT) findings for PM from in-
vasive pulmonary aspergillosis [9]. Although diagnostic 
methods for PM, such as fiber optic bronchoscopy with 
bronchoalveolar lavage or image-guided fine needle aspi-
ration cytology, have been reported [10,11], the accurate 
diagnosis of PM in patients in the intensive care unit re-
mains a challenge.

At present, early and accurate diagnosis of PM is a very 
important issue for improving the therapeutic effect. We 
evaluated the clinical manifestations, imaging features, 
diagnosis, treatment, and prognosis of PM in a Korean 
tertiary hospital and identified the role of transbronchial 
lung biopsy (TBLB) in the diagnosis of PM in patients 
admitted to the intensive care unit.

Materials and Methods

This study was performed at the a tertiary-care teach-
ing hospital in South Korea. The medical records of adult 
patients (aged 16 years and older) who met the criteria 
for proven or probable PM were retrospectively reviewed 
from January 2003 to December 2013.

Proven and probable PM were defined as described 
by the revised criteria of the European Organization for 
Research and Treatment of Cancer/Mycosis Study Group 
[12]. Proven PM was defined by histological evidence of 
non-septate, right-angle branching filamentous fungi in-
vading tissue plus culture positive for Mucorales species 

from pulmonary tissue or immunohistochemical staining 
positive for anti-Rhizopus arrhizus monoclonal antibody 
(LSBio, Seattle, WA, USA). Probable PM was defined 
as the presence of host factors plus one or more clinical 
indications. The host factors included uncontrolled dia-
betes, hematological malignancy, organ transplantation, 
and immunosuppressive therapy. Furthermore, the clini-
cal indications included Mucorales growth in sputum or 
bronchoalveolar lavage fluid culture or CT finding such 
as dense well-circumscribed lesions with or without a 
halo sign or an air-crescent sign or cavity.

TBLB was performed on the lobe in which CT findings 
suspected involvement of PM in the intensive care unit 
via portable bronchoscopy. A chest X-ray and medical 
records after TBLB were reviewed to exclude pneumo-
thorax and bleeding.

Evaluation in each patient included (1) an underly-
ing condition of immunocompromised state, (2) clinical 
presentations, (3) CT findings (unilateral or bilateral 
involvement, nodule, mass, consolidation, cavitation, 
ground glass opacity, air-fluid level, pleural effusion, and 
halo sign), (4) cytomorphological features and a final 
diagnosis of specimen, (5) complications following the 
diagnostic procedure, and (6) treatment response.

The data are presented as medians (range) for continu-
ous variables and as percentages for discrete variables. 
These variables were analyzed by using simple descrip-
tive statistics.

All patients gave their written informed consent for 
bronchoscopy and TBLB. Institutional review board of 
Samsung Medical Center approved the analyses of the 
clinical and TBLB data. Ethical approval for this study 
was exempted by the institutional review board (SMC 
2017-02-023-002).

Results

Characteristics of PM patients and their underlying 
diseases are summarized in Table 1. Of the nine patients, 
four were male. The median age was 64 years (range, 12 
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to 73 years). The underlying diseases at diagnosis of PM 
were hematologic malignancy (seven cases) and solid 
cancer (two cases). Three patients had diabetes mellitus, 
and nine patients had received chemotherapy prior to 
diagnosis of PM. PM was proven and probable in seven 
and two cases, respectively.

CT findings of PM are summarized in Table 2. Unilat-
eral involvement was shown in eight cases (89%), con-

solidation in eight cases (89%), and ground glass opac-
ity in four cases. However, reverse halo sign was only 
shown in one case (11%). Fungal infections, such as in-
vasive pulmonary aspergillosis or PM, suspected on CT 
by radiologists were present in three cases (33%). Four 
cases (44%) were suspected to have bacterial pneumonia 
on CT.

The mortality rate was 56% (five of nine cases) (Table 3). 
Pathologic findings of lung specimens by each diagnostic 
procedure showed seven cases (78%) compatible with 
mucormycosis and two cases (22%) suggesting fungal 
infections of invasive aspergillosis or mucormycosis. 
The median treatment period was 35 days (range, 3 to 
154 days).

Six of nine cases (67%) were diagnosed with PM from 
TBLB via portable bronchoscopy. There were no com-
plications such as pneumothorax and hemorrhage after 
TBLB on chest radiography (CXR) and medical records. 
One case was diagnosed by percutaneous lung aspiration/
biopsy, and two cases were diagnosed by surgical biopsy 
and resection. The condition of the two PM cases receiv-
ing surgical resection improved following administration 
of antifungal agents of liposomal amphotericin. None of 
the six cases diagnosed by TBLB could receive surgical 
treatment due to poor general condition, only one case 
(16.7%) improved after medical treatment.

Discussion

The present study shows that PM is associated with 
high mortality rates, which might be improved in cases 
receiving surgical treatment. Moreover, TBLB might be 
an early and feasible tool for diagnosing PM in suspected 
critical patients.

Little is known about the clinical presentations of PM. 
Most of the data showing clinical features of mucormy-
cosis, including PM, has originated from case series and 
small-sized studies on specific patient groups such as 
patients with hematologic malignancies [5,10]. Known 
clinical manifestations of PM are summarized as fol-

Table 1. Baseline characteristics and underlying disease of pa-
tients with pulmonary mucormycosis

Characteristic Value

Age (yr) 64 (12–73)

Sex (M/F) 4/5

Underlying disease

Malignancy 9

Hematologic malignancy   7 (77.8)

Solid cancer   2 (22.2)

Diabetes mellitus 3

Proven/probable pulmonary mucormycosis 7/2

Diagnostic method

Transbronchial lung biopsy 6

Surgical biopsy 2

Percutaneous needle aspiration 1

Values are presented as mean (range), number, or number (%).

Table 2. CT findings of pulmonary mucormycosis

Variable No. (%)

Unilateral/bilateral 8 (89)/1 (11) 
Nodule 2 (22)

Consolidation 8 (89)

Mass 3 (33)

Cavitation 3 (33)

Ground glass opacity 4 (44)

Air-fluid level 0

Pleural effusion 2 (22)

Reverse halo sign 1 (11)

S�uggestion of pulmonary infection by radiologist on CT 
findings

Bacterial pneumonia 4 (44)

Atypical pneumonia 1 (11)

Actinomycosis 1 (11)

Fungal infection 3 (33)

CT: computed tomography.
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lows: (1) underlying host risk factors were neutropenia, 
induction chemotherapy, hematopoietic stem cell trans-
plantation with graft-versus-host disease, and lung trans-
plantation [7]; (2) the pathogenesis of the disease state 
was hyphal invasion of pulmonary blood vessels, which 
could result in hemorrhage, thrombosis, ischemia, and 
infarction of distal tissue [7,13]; (3) clinical characteris-
tics were prolonged high-grade fever (>38°C), nonpro-
ductive cough, airway obstruction from endobronchial or 
tracheal lesions, massive hemoptysis; and (4) the mor-
tality rate was 66% or higher, depending on the level of 
immunosuppression [6,14]. To date, however, there is no 
clinical history specific for the diagnosis of PM.

It is typically difficult to suspect PM and make a diag-
nosis early because PM is characterized by non-specific 
clinical features and radiologic findings, a low culture-
positive rate, and a lack of biologic markers [4]. There 
were several reports that CT findings useful for the di-
agnosis of PM were progressive, homogeneous lobar or 
multilobar consolidation; nodules or mass-like or wedge-
shaped consolidation; and a halo sign of ground glass 
opacity surrounding a pulmonary nodule [15,16]. On the 
other hand, Jung et al. [9] showed that the reverse halo 
sign helps the clinician to suspect PM and differentiate it 
from invasive pulmonary aspergillosis. A fungal culture 

of specimens obtained from a sputum culture, bronchoal-
veolar lavage culture, or percutaneous needle aspirate 
may be more helpful in the diagnosis of PM. Although 
the diagnosis of mucormycosis was recommended as 
proven, probable, or possible according to a host factor, a 
clinical criterion, and a mycological criterion [12], a de-
finitive diagnosis of PM requires histologic identification 
of the organism, seen as mucoraceous hyphae in affected 
lung tissues [7,17]. Bronchoalveolar lavage, percutane-
ous needle aspiration, open lung biopsy, and pleural 
fluid culture are considered as diagnostic techniques to 
determine the affected lung. Of these techniques, the 
risk of surgery and the low incidence of pleural involve-
ment limits the diagnostic value of open lung biopsy and 
pleural fluid culture. Moreover, it was recommended that 
isolation of the organism only from sputum or bronchial 
aspirate from bronchoalveolar lavage was not sufficient 
for a definite diagnosis [12,17], although it had been 
reported that analysis of an adequate bronchoalveolar 
lavage specimen from fiber optic bronchoscopy was a 
useful diagnostic method [10]. Recently, Sharma et al. 
[11] evaluated the role of fine needle aspiration cytology 
in the diagnosis of pulmonary infections in 42 immuno-
compromised patients and showed that it was a relatively 
reliable, safe, and rapid method of diagnosing pulmonary 

Table 3. Treatment and outcomes of pulmonary mucormycosis

Case Age (yr) Sex
Underlying 

disease
ANC

Diagnostic 
method

CT diagnosis Pathology Drug Period (d)a Outcome

1 69 F AML  290 TBLB BP or AP R/O Amphotericin B   3 Death

2 17 M NHL  160 TBLB Fungal infection C/W Amphotericin B  50 Alive

3 73 F PNH 10,720 TBLB BP C/W L-amphotericin   9 Death

4 55 M AML 1,440 TBLB BP C/W Amphotericin  21 Death

5 66 M Multiple cancer 2,920 PCNA Actinomycosis R/O Itraconazole  84 Alive

6 12 M LCH 1,460 VATs Fungal infection C/W L-amphotericin 154 Alive

7 70 F RCC 6,060 TBLB BP C/W Amphotericin B  15 Death

8 64 F AML 1,980 TBLB BP C/W L-amphotericin  35 Death

9 14 F AML  300 VATs Fungal infection C/W L-amphotericin 144 Alive

ANC: absolute neutrophil count at diagnosis of pulmonary mucormycosis; CT: computed tomography; AML: acute myeloid leukemia; TBLB: transbronchial lung biopsy; 
BP: bacterial pneumonia; AP: atypical pneumonia; R/O: further need differentiate between aspergillosis and mucormycosis; NHL: non-Hodgkin’s lymphoma; C/W: com-
patible with mucormycosis; PNH: paroxysmal nocturnal hemoglobinuria; L-amphotericin: liposomal amphotericin; PCNA: percutaneous needle aspiration; LCH: langer-
hans cell histiocytosis; VATs: video assisted thoracoscopic surgery; RCC: renal cell carcinoma.
aTreatment periods with antifungal agents.
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infection, including PM, in immunocompromised pa-
tients. In this study, we showed that TBLB might also be 
a relatively reliable and safe method of diagnosing PM 
in immunocompromised patients. Especially in the inten-
sive care unit, TBLB could be a useful tool for diagnos-
ing PM in suspected patients because TBLB is easier and 
more feasible than conducting portable bronchoscopy at 
the bedside.

Treatment of PM is complicated because the organ-
isms, Mucorales, are inherently resistant to antifungal 
agents [18,19], and PM demonstrates rapid clinical pro-
gression [7]. There are also limited data for antifungal 
susceptibility and available results of minimum inhibi-
tory concentration testing. Moreover, it is difficult to 
use empirical antifungal agents for suspected patients 
with invasive fungal infections because Mucorales may 
express increased virulence following exposure to vori-
conazole [20], a widely used treatment for invasive pul-
monary aspergillosis, which has a clinical presentation 
similar to that of PM. Therefore, at present, an early and 
accurate diagnosis is paramount in the treatment of PM. 
The main treatment strategy for PM is immediate surgi-
cal resection of the infected lung, such as wedge resec-
tion, lobectomy, or pneumonectomy, in combination with 
antifungal agents. These treatments have been associated 
with lower mortality rates in many reported cases [21-23]. 
Additionally, for medical therapy for PM, the only rec-
ommended antifungal agents are members of the polyene 
class, including amphotericin B deoxycholate and its 
lipid derivatives. Triazoles, posaconazole, isavuconazole, 
echinocandins, and combination therapy could be also 
considered [4]. In our study, two patients receiving surgi-
cal resection were alive after treatment. However, it may 
be considered that patients in good condition are more 
likely to receive surgery.

This report has limitations due to its retrospective and 
non-controlled nature. Long-term observational and 
interventional controlled studies are needed for more 
advanced knowledge of PM. Moreover, clinicians should 
be concerned with complications of TBLB, though there 
were no cases of pneumothorax nor hemorrhage in this 

study.
PM is an emerging invasive infection and is often fatal, 

and its successful treatment relies on a timely diagnosis. 
TBLB can be an easy and useful technique for diagnos-
ing PM in the intensive care unit.
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