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Abstract

Mucormycosisis an opportunistic fungal disease which affects im-
munocompromised hosts including patients with haematologic ma-
lignancies and poorly controlled diabetes mellitus. Mucorales grow
invasively and are associated with high mortality even if promptly di-
agnosed. Viral infection like influenza can cause severe pneumonia and
is associated with pulmonary aspergillosis. Here we report three sepa-
rate cases of Mucorales super infection in critically-ill patients with in-
fluenza infection, one of them histologically confirmed. Two patients
also had influenza-associated pulmonary aspergillosis. Two patients
had fatal clinical outcome despite intensive care. The simultaneous de-
tection of these two rare mold infections in patients with severe influ-
enza is highly remarkable and calls for increased awareness.
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Introduction

Influenza represents an independent risk factor for invasive
aspergillosis [1] with substantial morbidity and mortality (33-
67%) [2]. Recent corticosteroid use but not classical risk factors
for pulmonary aspergillosis predispose to Influenza-Associated
Pulmonary Aspergillosis (IAPA) [1,2]. Mucormycosis is another
less common mold infection responsible for 4% of mycosis
cases in autopsy studies. It affects patients with a range of pre-
disposing immunosuppressive conditions particularly hemato-
logic malignancies, hematopoietic or solid organ transplanta-
tion, corticosteroid use, trauma, burns and poorly controlled
diabetes mellitus [3,4]. Diagnosis of mucormycosis is difficult
and requires histopathological confirmation of tissue invasion
as galactomannan and beta-D-glucan are negative. Despite an-
tifungal therapy and aggressive surgical debridement mortality
reaches up to 50% [3,4].

As part of a retrospective study of patients with influenza
treated in the Intensive Care Unit (ICU) including 157 pa-
tients with severe influenza infection in Switzerland during the
2017/18 and 2019/2020 influenza seasons [5]. We identified
three (1.9%) Mucorales superinfections. Two patients also had
invasive pulmonary aspergillosis.

Case l

A 59 year old white farmer was admitted to an Austrian
primary care hospital with worsening dyspnoea for one week,
cough with purulent sputum, headache and fevers. He had been
previously treated as an outpatient for suspected exacerbation
of chronic obstructive pulmonary disease with antibiotics and
corticosteroids. On admission he had mild hypoxemia, mildly
elevated inflammation markers and a minimal right upper
lobe infiltrate. Corticosteroids were initiated and on day four
piperacillin/tazobactam was added for new infiltrates in both
upper lobes and fever. On day six he was intubated now ful-
filling criteria for Acute Respiratory Distress Syndrome (ARDS).
Inflammatory markers spiked and multi-organ (respiratory, car-
diovascular, renal, hepatic) failure developed. Bronchoalveolar
lavage (BAL) revealed influenza B on PCR and fungal elements
on microscopy. Voriconazole and oseltamivir were started. He
was transferred to a tertiary care center where veno-arterial
Extra Corporeal Membrane Oxygenation (ECMO) was initiated
due to refractory hypoxemia complicated by in-hospital hypoxic
cardiac arrest. Acute myocardial infarction and severe cardio-
genic shock developed. Despite maximal supportive measures
he died on day eight. Growth of Aspergillus fumigatus and Li-
chtheimia corymbifera was reported only post-mortem from
the initial BAL. No bacterial pathogen was identified by culture,
multiplex PCR or urinary antigensfor Legionella and pneumo-
coccus. No biopsy during bronchoscopy for histological exami-
nation or autopsy was performed.

Case 2

A 58 year old white male was admitted to a primary care
hospital with fever, cough with purulent sputum, myalgia and
diarrhea for four days. He smoked and drank alcohol daily. On
admission, he had mild hypoxemia, increased inflammatory
markers, acute renal failure and bibasal consolidations. Ceftri-
axone and clarithromycin were started for community-acquired
pneumonia. Sputum culture was negative. Despite a positive

PCR for influenza A from oropharyngeal swab antiviral treat-
ment was initially withheld. Severe ARDS, anuria and septic
shock developed by day two. Invasive mechanical ventilation,
Renal Replacement Therapy (RRT) and vasoactive support were
initiated and therapy was escalated to cefepime and levofloxa-
cin and low-dose corticosteroids for septic shock.

Because of refractory hypoxemia he required veno-venous
ECMO implantation and was transferred to a tertiary hospital
on day five. BAL cultures grew Aspergillus spp. and PCR re-
mained positive for Influenza A. High-dose oseltamivir (150 mg
every 12 h) and voriconazole were started. Due to persistent
influenza virus detection and no respiratory improvement, in-
travenous zanamivir replaced oseltamivir and imipenem previ-
ous antibiotics on day 12. Cultures of BAL on day 14 revealed
growth of Rhizomucor pusillus and voriconazole was replaced
by liposomal amphotericin B. Intravenous corticosteroids were
started on day 20 as rescue therapy for non-resolving ARDS. No
bacterial pathogen was detected, and antibiotics were discon-
tinued on day 24. Posaconazole was added on day 32 because
of persistently positive galactomannan and detection of Asper-
gillus spp. in several BALs and bronchial biopsies.

Respiratory and renal functions eventually improved, ECMO
and RRT were removed on day 29. Due to persistent invasive
aspergillosis and undetectable plasma posaconazole levels,
voriconazole was reintroduced on day 51, while continuing li-
posomal amphotericin B. On day 65, progression of invasive as-
pergillosis documented by a new pulmonary biopsy motivated
a switch from voriconazole to caspofunginplus nebulised am-
photericin B according to antifungal susceptibility testing. This
treatment was maintained until discharge on day 130 without
respiratory and renal supportive therapy.

Case 3

A 72 year old male with newly diagnosed Myelodysplastic
Syndrome (MDS) was admitted to a tertiary care hospital with
persisting fever and dry coughs. On admission, slightly elevated
CRP and neutropenia but no infiltrates on chest x-ray were pres-
ent. Cefepime was initiated empirically and oseltamivir added
after detection of influenza A (PCR) from nasopharyngeal swab.
On day 8 and after clinical improvement he received induction
chemotherapy with daunorubicin and cytarabine. On day 19 he
deteriorated with fever, increasing inflammatory biomarkers
and new pulmonary infiltrates (Figure 1A). Therapy was escalat-
ed to meropenem, voriconazole and, when blood cultures grew
Staphylococcus haemolyticus, vancomycin. He was protectively
intubated when left hemiparesis and slurred speech develope-
don day 22. CT-scan revealed multiple hypodense lesions in
brain, liver, kidneys, spleen and lungs (Figure 1B-1E). Due to the
morphology of the lesions and new epithelial livid maculae on
trunk and extremities voriconazole was replaced by liposomal
amphotericin B and posaconazole. Blood cultures, panfungal
PCRs of blood, tracheal secretions and BAL did not detect any
infectious pathogens. On day 25 skin biopsies revealed focal
epidermal necrosis with intravascular fungal thrombosis. On
the same day, he developed fulminant right-sided heart failure
and suffered cardiac arrest. Reanimation was unsuccessful.Au-
topsy revealed a severe angio-invasive mucormycosis with mas-
sive cerebral, hepatic, renal and splenic involvement, as well
as bilateral fungal pneumonia with abscesses and panlobular
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\\staining. Scale bar in the photomicrographs represents 250 um.

Figure 1: Histological and radiological images of case 3. CT-scans on (A) day 19 showing faint pulmonary infiltrates,
on day 23 showing (B) new consolidations and ground-glass opacities in the left upper lope with the presence of the
halo sign, (C) hypodense lesions over all liver segments and multiple splenic lesions covering almost the entirety of
the spleen, (D) bilateral wedge-shaped renal hypodensities and (E) a large hypodense lesion in the right basal ganglia
with inter-cranial bleeding. Histopathological stains and evaluation: Hematoxylin and eosin (F-J) and silver staining (K-
0) of the occipital brain cortex with Mucor-associated angioinvasion and infarction (J, O), liver with Mucor-associated
vascular and parenchymal invasion (G, L), spleen with extensive Mucor-associated parenchymal invasion and infarction
(H, M), kidney with Mucor-associated vascular occlusions and infarction (I, N) and of the lung with extensive Mucor-
associated vascular and alveolar dissemination and infarction (F, K). Hyphae of Mucorales are stained gray-black in silver

/

necrosis (Figure 1F-10).
Discussion

We report three rare cases of Mucorales respiratory super-
infection in patients with influenza, two of them also with IAPA,
one histologically confirmed. The simultaneous identification of
these two rare mold infections in patients with severe influenza
infection is highly remarkable.

Influenza-associated mucormycosis is extremely rare as is
coinfection with Aspergillus and Mucorales independent of in-
fluenza. Angio-invasive mucormycosis was first described his-
topathologically in a fatal influenza A HIN1 virus infection in
2009/2010 without clinical details [6]. In a recent case report
and review of literature eight cases of influenza-associated mu-
cormycosis have been described with a mortality of 37.5% [7].
One case of proven disseminated mucormycosis and IAPA was
recently described [8].

Healthy patients with influenza do not fulfil revised EORTC
host criteria for invasive fungal disease. Therefore new criteria
for IAPA have been proposed [1,9] which are fulfilled by two of
our cases. Case 3 had histologically proven mucormycosis. As
with IAPA the diagnosis of mucormycosis in influenza infection
is equally problematic since host criteria are not fulfilled. Due to
lack of histopathologic samples in two patients we cannot ulti-
mately exclude that detection of Mucorales in BAL represented
colonisation. In a review of 66 cases with Mucorales spp. de-
tection in lung, skin/soft tissue and sinus, 55% were clinically
asymptomatic likely representing colonisation. Patients with in-
vasive fungal disease had worse outcome than those colonised
[10]. The rarity of Mucorales in our two hospitals, the severe
clinical course and the extensive patchy pulmonary infiltrates
support mold infection rather than colonisation.

Patients with pulmonary mucormycosis are typically severely
immunocompromised but few cases of pulmonary mucormyco-
sis in immunocompetent patients with underlying pulmonary
disease -as in case 1-have been reported. A case series of 851
cases with mucormycosis included 18.3% without predisposing
disease [4] but corticosteroid use was present in every third
patient. Two of our cases did not have underlying immuno-
suppression but received corticosteroids. The third case had

newly diagnosed MDS, chemotherapy and steroids. In-vitro and
murine studies indicate that neuraminidase inhibition in com-
bination with corticosteroids decreases immune response by
impairing cytokine production in response to Aspergillus spp
[11], leading to increased susceptibility to mold infection in in-
fluenza. Corticosteroids are associated with an increased risk of
IAPA [1], increased influenza-mortality and also predispose to
mucormycosis [4] and aspergillosis. Corticosteroids have been
proposed by Ahmadikia et al. as a risk factor for mucormycosis
in viral infection [7] and might have been a major risk factor for
the development of invasive mucormycosis in cases 1 and 2 of
our series. We hypothesize that influenza not only predisposes
to aspergillosis but might predispose to mucormycosis because
of extensive tissue damage and impaired local host defence
[9,12]. Further studies are needed to study the pathogenesis
and the burden of mucormycosis in influenza infection.

In absence of biomarkers for mucormycosis and the require-
ment of fungal cultures for diagnosis, it is conceivable that prior
cases of superinfection with Mucorales in patients with influ-
enza and with IAPA might have been missed. Voriconazole is
standard treatment of IAPA but not efficacious against Mucora-
les. Due to the high mortality of IAPA [1,2] additional etiologic
testing might not be performed even in those failing voricon-
azole, further suggesting that Mucorales coinfection might be
overlooked. Given the need for radical combined treatment a
low index of suspicion of mucormycosis is critical to improve the
otherwise dismal prognosis.

Conclusion

In summary, we report three patients with influenza-as-
sociated mucormycosis with and without IAPA. We consider
these very important findings due to the severity of the clini-
cal presentation. Given potential underreporting of this severe
superinfection and implications for treatment, there should be
greater awareness and a low threshold for obtaining respira-
tory specimens for fungal culture from critically ill patients with
influenza in order to confirm our observations.
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