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Abstract
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eases of the lung.

Bronchoscopic treatment

Background Reports of pulmonary aspergillosis and mucormycosis co-infections are rare; thus, limited guidance

is available on early diagnosis and treatment. We present a case of mixed pulmonary Aspergillus and Mucor infec-

tion and review the literature regarding this co-infection. The diagnosis and treatment methods are summarized

to improve clinicians’ understanding of the disease and to facilitate early diagnosis and treatment.

Case presentation A 60-year-old male farmer with poorly controlled diabetes mellitus was admitted to hospital
with a fever of unknown origin that had been present for 15 days and pulmonary aspergillosis complicated by Mucor
spp. infection. Because multiple lobes were involved, the infection worsened despite surgical resection and antifungal
therapy. Finally, we treated this patient with a bronchoscopic infusion of amphotericin B. After four courses of bron-
choscopic amphotericin B infusion, we observed rapid clinical improvement and subsequent resolution of pulmonary

Conclusion Our case highlights the use of bronchoscopy in the successful clinical treatment of invasive fungal dis-

Keywords Pulmonary aspergillosis, Pulmonary mucormycosis, Invasive fungal infections, Amphotericin B,

Background

e incidence of invasive fungal diseases (IFD) is increas-
ing owing to the aging of the population, an increas-
ing incidence of diabetes mellitus (DM) and malignant
tumors, and widespread use of immunosuppressants dur-
ing the coronavirus disease 2019 (COVID-19) pandemic
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[1-3]. Both Aspergillus and Mucor spp. are fungi that are
opportunistic pathogens and can invade the bronchus
and lungs of people with severely impaired immune func-
tion, resulting in acute lung inflammation.  ese patho-
gens are highly invasive and can enter the blood via the
pulmonary blood vessels, resulting in blood vessel embo-
lization, lung tissue ischemia, and necrotic inflammation
[4]. Invasive pulmonary aspergillosis (IPA) has a mortal-
ity rate of 35—80% [5]. Invasive pulmonary mucormycosis
(IPM) has a rapid onset and progression, with a mortality
rate of 76—87% [6]. However, mixed infections of pulmo-
nary Aspergillus and Mucor spp. are rarely reported. Pul-
monary mycosis is characterized by rapid spread, tissue
necrosis, and structural damage of the lungs. In addition,
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fibrotic and granulation tissues may form in response to
immune activity or treatment by antifungal drugs. Con-
sequently, these features may hinder the action of intra-
venous drugs because of poor local blood circulation.
Herein, we describe a case of mixed pulmonary Aspergil-
lus and Mucor spp. infection that was successfully treated
with combined bronchoscopic treatment and provide a
literature review of 22 published case reports.

Case presentation
A 60-year-old male farmer was admitted to our hospital
for treatment due to a fever of unknown origin. He had
developed a fever 15 days prior to admission, with a max-
imum body temperature of 38.5°C, intermittent cough, a
small amount of yellow and white phlegm, and chills. e
patient was taking glimepiride and metformin sustained-
release tablets for diabetes management. His HBAlc
was 8% on admission. After admission, insulin was used
to control his blood sugar levels. Routine blood tests on
admission showed elevated leukocyte count (13.4x 10%/L)
and neutrophil percentage (79.8%), an elevated high sen-
sitivity C-reactive protein level (198.00 mg/L), and a
procalcitonin level within the normal range (<0.100 ng/
mL). e patient tested negative for viral hepatitis B and
C, syphilis, and acquired immunodeficiency syndrome.
e serum level of B-D-glucan was 105 pg/ml (0—60 pg/
ml). Chest computed tomography (CT) revealed patchy,

(a)

Page 2 of 6

crescent-shaped, low-density gas shadows in both lungs
(Fig. 1a, b). Itraconazole was administered as antifungal
therapy along with levofloxacin as antibiotic therapy. e
patient underwent diagnostic bronchoscopy, and bron-
choalveolar lavage fluid (BALF) was collected for exami-
nation. On day 6, the metagenomic second-generation
sequencing results of the BALF revealed Rhizobacteria
microspora and Aspergillus flavus. e itraconazole was
discontinued, and liposomal amphotericin B (L-AmB)
was administered intravenously at a dose of 5 mg/kg/day
as antifungal therapy. On day 18, chest CT showed that
the two lung lesions were larger, the wall was thicker, and
the central solid component had increased. e patient
underwent left upper lobe and left lower lung cuneiform
resection on day 25. Postoperative pathological examina-
tion of the lung tissue revealed hyphae of Aspergillus and
Mucor (Fig. 2). After surgery, the patient was treated with
intravenous voriconazole, cefoperazone, and sulbactam
sodium to prevent further infection. On day 66, vori-
conazole was discontinued, amphotericin B (AmB) was
administered for 7 days, and the patient was discharged
from the hospital for personal reasons. In October 2022,
the patient returned to the hospital for chest CT exami-
nation, which showed that the lesions in the upper lobe
of the right lung had increased in size (Fig. 1c). During
hospitalization, L-AmB combined with atomized AmB
was administered intravenously (5 mg/day). AmB 5 mg

Fig. 1 Chest computed tomography (CT) (a, b) before starting treatment showing high-density shadows in both lungs and patchy,
crescent-shaped low-density gas shadows in the lesions. (c) Chest CT taken 3.5 months later before starting bronchoscopic intramucosal liposomal
amphotericin B treatment showing a slightly larger lesion in the right upper lobe of the lung. (d) Chest CT reexamination after 4 treatment courses

showing obvious absorption of the lesion in the patient’s right lung
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(total 5 mg) dissolved in 5 ml glucose (5%) was injected
into the posterior segment of the right upper lobe several
times under bronchoscopy (the lung segment was pre-
anesthetized with 1 ml lidocaine injection), and remain
in the supine position for 10 min. e patient returned
to the hospital 2 weeks later to continue the intravenous
administration of L-AmB and atomized AmB, with bron-
choscopic infusion of AmB. After treatment, chest CT
examination showed obvious absorption of right lung
lesions, and no special discomfort was reported during
follow-up after discharge (Fig. 1d).

Literature review

A search was conducted on the PubMed database using
“pulmonary mucormycosis” and “pulmonary aspergillo-
sis” as key search terms to identify case reports of mixed
Aspergillus and Mucor pulmonary infections published in
English. e literature search revealed 22 published cases
of mixed infection. e details are summarized in Table 1.
Among these patients, the majority were male (n=17,
74%) with a median age of 54 years (interquartile range
[IQR], 22—74 years). Treatment outcomes were reported
for 22 cases, with 9 (41%) showing improvement and 13
(59%) resulting in death. e most commonly reported
underlying conditions were DM (n=8, 34.8%), hemato-
logic malignancies (»=8, 34.8%), and COVID-19 treated
with immunosuppressants (z=7, 30%). Other underlying
conditions included trauma (n=2, 8.7%) and pulmonary
tuberculosis, liver cirrhosis, and organ transplantation
(one case each, 4.3%). Chest CT findings included the
typical anti-halo sign (n=3, 15%), crescent sign (n=2,
10%), plaque infiltration and consolidation (n=6, 30%),
and empty expression (n=7, 35%). BALF analysis and
lung biopsy were performed in 10 (43.5%) and 14 cases
(60.9%), respectively. Sputum culture was used for diag-
nostic purposes in five cases (n=5, 21.7%). Fourteen
patients received antifungal treatment, among whom
11 (78.6%) died and 3 (21.4%) recovered. Nine patients

received antifungal treatment combined with surgery, of
whom two died (22.2%) and six recovered (66.7%). We
did not identify any reports of treatment using broncho-
scopic AmB infusion, as in our patient.

Discussion and conclusion

e human respiratory tract is constantly exposed to var-
ious harmful microorganisms that can cause disease, par-
ticularly in individuals with weakened immune systems.
Invasive pulmonary Aspergilius and Mucor are two types
of infection that share similar risk factors. Among the 23
cases of mixed pulmonary aspergillosis and mucormyco-
sis, common predisposing factors included hematologic
malignancies, DM, and immunosuppressant use after
COVID-19. e clinical symptoms of both infections are
not distinct and are typically pneumonia-like symptoms
[27]. Both IPM and IPA can be accompanied by atypical
non-nodular manifestations, including consolidation and
ground glass opacities [28]. e pathogenesis of pulmo-
nary Aspergillus and Mucor infections are similar, mak-
ing it di cult to distinguish between them when making
a diagnosis. Although direct histological examination of
lung tissue biopsy is the gold standard for the diagno-
sis of IFDs, it is an invasive and risky procedure, prone
to complications such as pneumothorax and pulmonary
hemorrhage.  erefore, pulmonary biopsy should not
be routinely selected for diagnosis. In clinical practice,
BALF and repeated sputum culture are commonly used
to detect fungi, aiding early diagnosis. Mucor pulmo-
nary infection progresses more rapidly than Aspergillus
pneumonia, with a high fatality rate of up to 65% [29].

erefore, in patients presenting with hemoptysis, pul-
monary consolidation and cavity lesions with a halo sign
or anti-halo sign, it is crucial to remain vigilant for the
occurrence of Mucor infection. Bronchoscopy should
be performed promptly, and BALF and sputum samples
should be sent for multiple culture identification.
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Based on published case reports, mixed pulmonary
Aspergillus and Mucor infection is associated with high
mortality, rapid disease progression, and poor progno-
sis. Early diagnosis and treatment are vital for improv-
ing survival rates. Once diagnosed, antifungal treatment
is necessary for both infections. However, the treatment
methods di er. e most frequently used drugs for treat-
ing pulmonary aspergillosis are itraconazole and vori-
conazole, but voriconazole is not e ective for Mucor
pneumonia, and its excessive use in treating Aspergillus
may increase the risk of Mucor pneumonia [30]. Misdi-
agnosis or mistreatment can considerably reduce patient
survival rates. Currently, AmB (including its liposomal
form) and posaconazole are the drugs of choice for treat-
ing mucormycosis, and they are also e ective for treating
aspergillosis. Among the cases reviewed, eight patients
received inadequate treatment with voriconazole, which
can result in increased mucous virulence and mortality
from pulmonary disease. Subsequently, these patients
were switched to L-AmB for the treatment of Mucor
infection.  erefore, it is important to consider Mucor in
invasive fungal infections that do not respond to voricon-
azole. Current treatment measures for invasive Mucor
pulmonary infection include controlling the underlying
disease, selecting appropriate surgical interventions, and
choosing appropriate antifungal drugs.

In our case, initial intravenous treatment with L-AmB
was ine ective.  erefore, we performed surgery and
debridement. However, due to involvement of multiple
lobes, complete resection of the lesions was not possible.
Mucor can easily invade blood vessels, leading to vessel
obstruction and ischemic necrosis of lung tissue. e
disrupted blood flow in the lungs a ects the therapeu-
tic concentration of AmB in the lesion [4]. Studies have
shown that atominzed inhalation [31], intrathecal injec-
tion [32] and transcutaneous retrobulbar injection [33]of
Amb have an adjunctive role in antifungal therapy; AmB
is a key and e ective drug for the treatment of severe
invasive fungal infections, given its broad antifungal
spectrum and potency. When applied intravenously, the
drug concentration in pleural fluid, ascites, and synovial
fluid remains below half of its concentration in blood
and is even lower in bronchial secretions. However, the
drug has strong water solubility, has slow absorption
through the airway mucosa, and causes no obvious irri-
tation to the airway mucosa. Given these pharmacologi-
cal and metabolic characteristics, AmB has irreplaceable
advantage for bronchoscopic pulmonary preservation
perfusion. Previous clinical reports [34, 35] also indicate
that antifungal drugs injected into the pulmonary cavity
lesions can alleviate aspergillus lesions, with good clinical
e ects, in case systemic use of antifungal drugs is inef-
fective or adverse events cannot be tolerated. To our
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knowledge, this is the first reported case of mixed pulmo-
nary Aspergillus and Mucor infection successfully treated
using intrabronchial AmB infusion under bronchoscopy.
Existing literature lacks consensus on antifungal dose
regimens for treating pulmonary mixed Aspergillus and
Mucor infection, and there are no data available on the
exact dosage and duration of intrabronchial AmB ther-
apy. Our patient did not experience any immediate or
delayed adverse reactions to bronchoscopic reserved
infusion of AmB. e lack of response to intravenous
AmB initially observed in our patient was due to the
failure to achieve an adequate local concentration of the
drug at the a ected site. Mucor easily invades blood ves-
sels, leading to vascular obstruction and ischemic necro-
sis of lung tissue, causing local congestion of the blood
flow inside the lungs, which a ects the concentration of
AmB in the lesion. Bronchoscopic administration ena-
bles targeted delivery of high local drug concentrations,
resulting in positive clinical outcomes.  erefore, we
believe that endobronchial AmB therapy has the poten-
tial to become a promising primary treatment modality,
reducing the total cumulative antifungal dose and treat-
ment duration. is is particularly important for patients
who experience side e ects, do not respond to intrave-
nous antifungal drugs, or are not suitable candidates for
surgery.

In conclusion, patients with suspected mixed pulmo-
nary Aspergillus and Mucor infection, combined with risk
factors for infection, should undergo sputum culture or
BALF assessment and pathological examination as early
as possible. In addition, antifungal drug infusion under
bronchoscopy should be considered as a means of anti-
fungal therapy.
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