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Abstract

Purpose Mucormycosis encompasses a group of oppor-
tunistic fungal infections caused by Zygomycetes, order
Mucorales. Mucormycosis can manifest as rhino-orbito-
cerebral, pulmonary, gastrointestinal, cutaneous, and dis-
seminated infections. Pulmonary mucormycosis is the
second most common presentation. This manuscript char-
acterizes the demographics, clinical presentation, diagnos-
tic procedures, radiologic findings, therapeutic interven-
tions, and outcome in pulmonary mucormycosis.

Methods We retrospectively reviewed clinical data of 35
patients with pulmonary mucormycosis from 2000 to 2015.
Microbiologic diagnosis was based on positive culture
from a sterile site or findings on histopathology consist-
ent with mucormycosis. Independent predictors of 28-day
mortality were assessed using logistic regression. Survival
curves were estimated using Kaplan—Meier method.
Results There was male predominance with a mean age
of 55 £ 15 years. Analysis of predisposing conditions
revealed the prevailing presence of malignancy. Sixty-
six percent of patients were receiving immunosuppres-
sive agents. Common presenting clinical findings were
fever, neutropenia, dyspnea, and cough. Radiologic find-
ings included pleural effusion and nodules. All patients
received medical therapy and 43% underwent additional
surgical intervention. Twenty eight day mortality was 29%
with concurrent bacteremia found as the sole independent
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predictor. Similar survival from pulmonary mucormycosis
was noted over time.

Conclusions Pulmonary mucormycosis is an opportunistic
angioinvasive fungal infection. Physicians must have a high
level of suspicion in immunocompromised patients with
fever and respiratory symptoms refractory to antibiotics.
A low threshold should be had for performing an invasive
procedure to gain reliable diagnosis, as early, aggressive
medical and surgical interventions are needed for success-
ful treatment.
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Introduction

Mucormycosis encompasses a group of opportunistic infec-
tions caused by fungi in the class Zygomycetes, order
Mucorales. Mucormycosis manifests in a variety of organs
including rhino-orbito-cerebral, pulmonary, gastrointesti-
nal, cutaneous, as well as disseminated disease. Pulmonary
mucormycosis is the second most common presentation,
representing up to 58% of infections [1], and is known for
its aggressive clinical course with a mortality rate of up to
80% [2].

Although the condition is relatively rare, recent studies
suggest that the overall incidence has increased over the
past two decades [3-5]. While epidemiologic studies are
challenging to conduct, available literature suggests mul-
tiple reasons for this increase including rising prevalence
of hematologic disorders, changes in immunosuppressive
therapy and transplant practices, and earlier recognition
due to increased awareness [3, 4]. As a result, mucormy-
cosis has emerged as a clinically significant angioinvasive
fungal infection, where recent changes in practice prompt
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an updated review. The purpose of this study is to further
characterize the presentation, management, and outcome
of patients with pulmonary mucormycosis over a 15-year
period at a single tertiary referral institution.

Materials and methods
Study population

IRB approval was obtained (IRB #12-000207). Consecu-
tive patients hospitalized at Mayo Clinic, Rochester with
pulmonary mucormycosis between January 1, 2000 and
July 31, 2015 were reviewed for study inclusion. Pulmo-
nary mucormycosis was defined as pulmonary or combined
sino-pulmonary disease, with the exclusion of lone rhino-
orbito-cerebral involvement and disseminated disease.
Disseminated disease was defined as microbiologically
confirmed mucormycosis in two or more non-contiguous
organs. Microbiologic diagnosis was based on positive cul-
ture from a normally sterile site or findings on histopathol-
ogy from biopsied samples. Patients were excluded if their
clinical presentation was not consistent with infection, but
more suspected colonization. Demographics, predisposing
conditions, clinical presentation, diagnostic procedures,
radiologic findings, therapeutic interventions, and in-hos-
pital mortality were collected from the electronic medical
record. We defined a cutoff for symptom onset as within
2 weeks of diagnosis. Radiologic imaging obtained within
that 2-week time frame including computed tomography
(CT) and X-rays of the chest were reviewed.

Statistical analysis

Statistical analysis was performed using JMP Software
(Version 10.0, SAS Corporation 2012). Continuous vari-
ables were expressed as mean =+ standard deviation, and
qualitative variables as counts and percentage. Independent
predictors of 28-day mortality were assessed using univari-
able and multivariable logistic regression, adjusting for a
priori covariables of age, neutropenia, and chronic kidney
disease. Survival curves were estimated using Kaplan—
Meier method, stratified into two groups (first 17 consecu-
tively diagnosed patients vs. last 18) to better elucidate sur-
vival over time. Two-sided P values <0.05 were considered
statistically significant.

Results
Demographic characteristics of the study population are

presented in Table 1. Thirty-five patients fulfilled crite-
ria for diagnosis of pulmonary mucormycosis; 5 were
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Table 1 Demographics of patients diagnosed with pulmonary
mucormycosis (N = 35)

Age at diagnosis (mean £ SD) 55+ 14.7
Gender

Male, N (%) 24 (68.6)

Female, N (%) 11 (31.4)
Underlying COPD, N (%) 2(5.7)
Diabetes mellitus, N (%) 7 (20.0)
Malignancy 28 (80.0)
Solid malignancy, N (%) 1(2.9)
Non-solid malignancy, N (%) 25(71.4)
Lymphoma, N (%) 8(22.9)
Leukemia, N (%) 16 (45.7)
Other non-solid malignancy 3(8.6)
Both solid and non-solid malignancy, N (%) 2(5.7)
History of transplantation, N (%) 13 (37.1)
History of stem cell transplant 10 (28.6)
History of solid organ transplant 3 (8.6)
Chronic kidney disease, N (%) 7 (20.0)

diagnosed in the first 5-year interval of 2000-2005, 12 over
2006-2010, and 18 over 2011-2015. There was a male pre-
dominance (69M:31F) with a mean age of 55 £ 15 years
(range 22-76). Analysis of predisposing conditions noted
extensive presence of malignancy. Of 28 patients with
malignancy, the majority were hematologic with 16 cases
of leukemia, mostly acute myeloid leukemia, and eight
with lymphoma. Only 20% of patients had diabetes melli-
tus. Of these seven patients, two had poorly controlled dis-
ease with hemoglobin A1C above 7.5. Of 13 patients who
underwent transplantation, five occurred within a month
of mucor infection (Table 2). Sixty-six percent were on
immunosuppressive agents at the time of diagnosis. Sixty-
eight percent received prophylaxis with anti-fungal agents.
Another 20% of patients had concurrent bacteremia. The
most common presenting clinical findings were fever, neu-
tropenia, dyspnea, and cough.

Diagnostic procedures included biopsy, bronchoalveo-
lar lavage and sputum/tracheal analysis (Table 2). CT of
the chest was obtained in 97% of patients. There was a
wide spectrum of radiologic findings (Table 3), with the
most common being pleural effusion, followed by nod-
ules, consolidation, and ground glass infiltrates. All patients
were medically treated with 17% receiving lone liposomal
amphotericin B and 80% receiving combination anti-fungal
therapy (Table 4). Mean duration of amphotericin B treat-
ment was 74 £+ 90 days (range 2-385 days). Forty-three
percent of patients underwent additional surgical interven-
tions, including wedge resection or lobectomy. Thirteen
received step down therapy with oral posaconazole. Twenty
eight day mortality was 29% with fifty-three percent
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Table 2 Clinical findings of patients with pulmonary mucormycosis

Recent transplantation, N (%) 5(14.3)
Recent immunosuppressive agents, N (%) 23 (65.7)
Recent chemotherapy, N (%) 13 (37.1)
Concurrent positive pulmonary culture findings, N (%) 16 (46)
Concurrent bacteremia, N (%) 7 (20)
Associated sinus disease 12.9)
Overall clinical presentation
Pulmonary involvement only, N (%) 17 (48.6)
Multi-organ involvement, N (%) 18 (51.4)
Fever, N (%) 26 (74.3)
Neutropenic, N (%) 25 (71.4)
Dyspnea, N (%) 24 (68.6)
Cough, N (%) 23 (65.7)
Chest pain, N (%) 14 (40.0)
Hemoptysis or DAH, N (%) 5(14.3)
Need for acute mechanical ventilation, N (%) 8(22.9)
Asymptomatic, N (%) 4(11.4)
Acute kidney injury, N (%) 17 (48.6)
Need for acute hemodialysis, N (%) 6(17.1)
Diagnostic methodology
Sputum + tracheal analysis, N (%) 10 (27.8)
Bronchoalveolar lavage, N (%) 10 (27.8)
Biopsy, N (%) 15 (41.7)
Other, N (%) 1(2.8)

Table 3 Radiologic findings of patients with pulmonary mucormyco-
sis

Nodule, N (%) 21 (60.0)
Mass, N (%) 11 (31.4)
Consolidation, N (%) 19 (54.3)
Ground glass infiltrates, N (%) 18 (51.4)
Cavitation, N (%) 13 (37.1)
Pneumothorax, N (%) 129
Air crescent sign, N (%) 12.9)
Reverse halo sign, N (%) 2(5.7)
Pleural effusion, N (%) 27 (717.1)
CT distribution

Lobar, N (%) 5(14.3)

Multi-lobar, N (%) 30 (85.7)

of deaths attributable to mucormycosis. Cause of death
could not be ascertained from the medical record in seven
patients. Autopsy was performed in only one patient.
Clinical variables were assessed for their contribution to
28-day mortality (Table 5). Odds ratio for 28-day mortality
was statistically significant (OR 17, 95% CI 2.12-369, P
value 0.006) only for concurrent bacteremia on univariable
analysis. After adjustment for a priori covariables of age,

Table 4 Treatment and outcome of patients with pulmonary mucor-
mycosis

Medical intervention alone, N (%) 20 (57.1)
Single-agent amphotericin B, N (%) 6(17.1)
Multi-agent anti-fungal therapy with amphotericin 28 (80)
B, N (%)
Combination medical and surgical intervention, N 15 (42.9)
(%)
Mortality
Overall mortality, N (%) 28 (80)
28-day mortality, N (%) 10 (28.6)
Mortality, proven secondary to infection, N (%) 15 (53.6)
Time from diagnosis to death (mean & SD) 305.1 £ 6514

neutropenia, and chronic kidney disease, concurrent bacte-
remia remained predictive (OR 20.6, 95% CI 1.87-564, P
value 0.012). Survival was similar for the first half of con-
secutive patients compared to the last half (Fig. 1).

Discussion

In our study, pulmonary mucormycosis occurred primarily
in middle-aged males with diagnoses of malignancy. The
majority of patients presented with neutropenic fever and
radiologic findings of pleural effusion and nodules. Eighty
percent received multiple anti-fungal agents, and 43%
underwent surgical intervention. The 28-day mortality was
29% and concurrent bacteremia was the sole clinical fea-
ture associated with mortality. This study suggests increas-
ing frequency of diagnoses over time, yet similar survival
when stratified by earlier and more recently diagnosed
disease.

Prior reports suggest increasing incidence of mucor-
mycosis over the past few decades [3, 4, 6]. This finding
is also supported by our study, with increasing frequency
of diagnoses over 5-year intervals. It was previously postu-
lated that the widespread usage of anti-fungal prophylactic
agents lacking activity against mucormycosis such as vori-
conazole may have driven this increase [7], but this asso-
ciation has since been disputed [4]. Of the 35 patients in
our study, 24 received prophylaxis with anti-fungal agents
with 17 on voriconazole.

Mucormycosis is rarely reported in patients without pre-
disposing conditions. In our study, all patients with pulmo-
nary disease had one or more of these known risk factors.
Epidemiologic studies highlight variable distribution of
risk factors across geographical regions [6]. For example,
mucormycosis is primarily seen in patients with hemato-
logic malignancies in developed nations, in comparison to
those with diabetes in developing nations [6]. There may
also be an association between underlying disease and the
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Table 5 Univarifable predictors Characteristic Univariable (OR, 95% CI) P value

of 28-day mortality
Age at diagnosis (year) 1.03 (0.97-1.10) 0.37
Gender (M) 0.90 (0.16-5.4) 0.90
Concurrent positive pulmonary culture findings 1.99 (0.41-10.2) 0.39
Concurrent bacteremia= 17 (2.12-369) 0.006™
Hemoptysis or DAH 1.25(0.14-9.14) 0.83
CT distribution (multi-lobular) 1.8 (0.19-39) 0.62
Cavitation 0.17 (0.01-1.25) 0.09
Diabetes mellitus 0.38 (0.02-3.18) 0.40
Chronic kidney disease 0.88 (0.10-5.6) 0.89
History of transplantation 0.2 (0.03-1.07) 0.06
Recent chemotherapy 3.9 (0.79-21) 0.09
Neutropenic 3.46 (0.45-72) 0.25
Acute kidney injury 1.25 (0.26-6.1) 0.78
Need for acute mechanical ventilation 3.3 (0.57-21) 0.18
Need for acute hemodialysis 0.38 (0.02-3.2) 0.40
Combination medical and surgical intervention 0.25 (0.03-1.35) 0.11

= OR 20.6 (1.07-564), P = 0.012 after adjustment for a priori covariables of age, neutropenia, and history

of CKD

type of mucormycosis presentation, as patients with hema-
tologic malignancy appear more likely to develop pulmo-
nary infection [8, 9], compared to those with diabetes who
are more prone to rhino-orbito-cerebral disease [8]. In our
study, 80% had a diagnosis of malignancy, predominately
hematologic. Of the seven patients with diabetes, only
two had poorly controlled disease. These findings suggest
weaker association between diabetes mellitus and pulmo-
nary mucormycosis, as compared to other types of mucor-
mycosis presentation.

We found the most common presenting clinical fea-
tures were fever, neutropenia, dyspnea, and cough,
which is in agreement with prior studies [7, 10]. Further
complicating early diagnosis is the frequent co-existence
of other infections with rates as high as 39% [2, 11]. In
our study, 20% of patients had concurrent bacteremia,
which in our study was independently associated with
28-day mortality.

In our study, 71% were diagnosed via bronchoscopy;
thus, healthcare providers must have a low threshold for
performing invasive procedures when indicated. The
importance of early diagnosis has led to the development of
other diagnostic tests including microbe specific polymer-
ase chain reaction (PCR) [12]. Most cases of pulmonary
mucormycosis are caused by fungi in the genus Rhizopus
and Mucor, which are susceptible to amphotericin B [13].
While we were unable to ascertain species identification
for all specimens, there was a predominance of isolates
belonging to both Rhizopus and Mucor in our series.

Previously reported radiologic findings associated with
pulmonary mucormycosis include consolidation, opacity,
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nodules, and cavitation [2, 7, 10, 14]. Although abnormal
imaging was present in most patients in our study, these
findings were non-specific for fungal infection. Pleu-
ral effusion and pulmonary nodules were the more fre-
quent findings. The presence of pleural effusion or mul-
tiple nodules were independent predictors of pulmonary
mucormycosis in one series [7].

Current guidelines recommend a combined medical
and surgical approach to management [5], as anti-fungal
agents may have poor penetration at the site of infection.
Little evidence exists regarding the increased efficacy of
combination anti-fungal agents, compared to monother-
apy, outside of animal subjects [5]. Despite this gap in
the literature, our observation reveals that combination
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Fig. 1 Survival curve, stratified by date of diagnosis
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therapy is often pursued in clinical practice with lipo-
somal amphotericin B and a second anti-fungal agent,
primarily posaconazole or caspofungin. There are no
current guidelines regarding duration of treatment [5],
which remains variable. Unfortunately, operative resec-
tion is often precluded in patients who are critically ill.
Less than half of our patients underwent additional surgi-
cal intervention. After initial infection is stabilized, posa-
conazole is often used as step down therapy [15], a prac-
tice that has become more common in the past 5 years.
Recently, isavuconazole was approved for treatment of
mucormycosis, typically as an alternative to posacona-
zole while amphotericin B remains first line therapy [16].
None of our patients received this new agent.

Our study reported a 28-day mortality of 29%, in com-
parison to a previously reported in-hospital mortality of
80% [2]. Of the 15 patients with a confirmed cause of death
secondary to infection, 11 received medical intervention
alone and 4 underwent both medical and surgical interven-
tion. These findings suggest overall improved mortality
with combination anti-fungal therapy and operative resec-
tion, although a combined treatment approach was not
associated with improved survival in our study. Analysis
revealed only concurrent bacteremia as an independent pre-
dictor of 28-day mortality. Interestingly, our study showed
no statistically significant association between mortality
and recent chemotherapy, neutropenia, or need for mechan-
ical ventilation.

Our study has limitations that merit discussion. This is
a single-center study reviewing patients diagnosed and
treated over a number of years, reflecting local practices
and their evolution over time. Patients referred to a ter-
tiary care center may also have more advanced or refrac-
tory disease, and thus may not be fully representative of the
general population. As a retrospective study, exact circum-
stances involved in decision making are difficult to deter-
mine. Despite being one of the larger retrospective stud-
ies on pulmonary mucormycosis, the absolute number of
patients limited more robust statistical analyses.

Conclusion

In conclusion, pulmonary mucormycosis is a life-threat-
ening opportunistic angioinvasive fungal infection with
increasing incidence over the past few decades. Because
of its non-specific presentation, healthcare providers must
have a high level of suspicion in any immunocompromised
host with persistent fever and respiratory symptoms refrac-
tory to initial antibiotic therapy. Aggressive medical and
surgical interventions are the cornerstone of successful
treatment.
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