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A B S T R A C T

Invasive mould infections are life-threatening and mainly occur in immunocompromised patients. Whereas
aspergillosis is described during haemophagocytic lymphohistiocytosis (HLH), only a few cases of concomi-
tant mucormycosis with HLH have been reported. Here, we present an uncommon coinfection of mucormy-
cosis and aspergillosis associated with HLH probably due to a varicella zoster virus (VZV) viraemia which
was unresponsive to triple antifungal therapy (liposomal amphotericin B combined with isavuconazole and
caspofungin). A review of the cases of mucormycosis with HLH showed that this uncommon association was
always lethal and underscored the relevance of screening for mould infections in patients with HLH.

© 2022 The Authors. Published by Elsevier Masson SAS on behalf of SFMM. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Invasive mould infections (IMIs) are life-threatening and affect
mainly immunocompromised patients. Aspergillus and Mucorales are
the two most common agents responsible for mould infections.
Mucormycosis, which is less common than aspergillosis, is a severe
infection caused by ubiquitous filamentous fungi that belong to the
order Mucorales. The most frequently encountered genera in human
infections are Rhizopus, Mucor, Lichtheimia and Rhizomucor. Mucor-
mycosis is a rapidly evolving lethal invasive infection with a high
mortality rate, estimated between 32% and 70% [1]. Some of the main
predisposing conditions include diabetes mellitus, haematological
malignancy and solid organ transplantation. The clinical spectrum of
these infections is host-dependent: the rhino-orbital-cerebral (ROC)
form is classically described in diabetic patients while the primitive
pulmonary form is rather associated with haematological malignancy
[2]. Cutaneous forms secondary to trauma happens regardless of the
immune status.

Haemophagocytic lymphohistiocytosis (HLH), also known as hae-
mophagocytic syndrome, was first described in 1939 by Scott and
Robb-Smith [3] and is caused by a dysregulation in natural killer and
cytotoxic T-cell function resulting in uncontrolled haemophagocyto-
sis and cytokine storm. This syndrome can occur in the presence of a
genetic predisposition and/or be triggered by malignancies, autoim-
mune diseases, or infections. It is a life-threatening disease with a
high mortality rate of approximately 40% in adults [4].

Aspergillus infection has been suggested as rare trigger of HLH [5]
but very few cases of mucormycosis associated with HLH have been
reported [6−13]. Here, we describe the first case of mucormycosis
and aspergillosis coinfection associated with HLH.
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Fig. 1. Clinical presentation of unilateral necrotic lesion on internal canthus extended
to left eye and nose on day-19.
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Case presentation

A 68-year-old man was admitted to intensive care unit (ICU) with
acute respiratory distress, associated with fever (41 °C) and impaired
consciousness. His medical history included arterial hypertension
and he had been receiving treatment with corticosteroids for a herni-
ated cervical disc syndrome for about a month (dose not specified).

On admission, day 1 (D1), he presented severe dyspnoea (SaO2 84%)
and comawith a 5/15 score on the Glasgow coma scale (GCS). The initial
skin examination showed a unilateral vesicular rash on the anterior side
of the lower limb. Initial laboratory results showed uncompensated
metabolic acidosis (pH 7.28, lactates 5.1 mmol/l; normal range (NR)
0.5 − 2.2 mmol/l); bicytopenia (platelets 31£109/l; NR 150 −
450£109/l, polymorphonuclear neutrophils 0.7 £ 109/l; NR 2 −
7.5 £ 109/l) and hyperglycaemia (11.4 mmol/l; NR 4.5 − 6.4 mmol/l).
A SARS-CoV-2 reverse transcriptase-PCR (RT-PCR) test by a nasopha-
ryngeal swab was negative. No tests were performed to rule out other
respiratory viruses. Serologies for hepatitis A, C and human immuno-
deficiency virus (HIV) were negative and he had protective immunity
against hepatitis B. Blood and cerebrospinal fluid (CSF) microbial cul-
tures were negative. A chest computed tomography (CT) scan was
performed and revealed aspecific bilateral consolidation. He was
intubated and mechanically ventilated. Empirical broad-spectrum
antibiotic treatment was started with piperacillin-tazobactam and
rovamycin.

His clinical status rapidly evolved to multisystem organ failure
with (i) severe haemodynamic shock requiring a high-dose noradren-
aline and dobutamine infusion, (ii) severe respiratory failure with
high oxygen requirements, (iii) acute hepatitis (aspartate amino-
transferases 16,106 IU/l; NR < 50 IU/l), (iv) stage-3 acute kidney
injury according to KDIGO guidelines [14], which required haemo-
dialysis and (v) disseminated intravascular coagulopathy (platelets
24£109/l, fibrinogen 1.1 g/l; NR 2 − 4 g/l, prothrombin time 22%; NR
70 − 100%, D-dimer > 4000 ng/ml; NR < 500 ng/ml).

The presence of fever, hyperferritinaemia (141,918 mg/l; NR 30 −
400 mg/l), hypertriglyceridaemia (2.56 mmol/l; NR 0.60 −
1.70 mmol/l), hypofibrinogenaemia (1.1 g/l) and pancytopenia (hae-
moglobin 8.9 g/dl; NR 13 − 17.5 g/dl, platelets 24£109/l, polymor-
phonuclear neutrophils 0.7 £ 109/l), raised the suspicion of HLH. A
myelogram showed the presence of haemophagocytosis. HLH was
diagnosed with an Hscore of 99.6% (http://saintantoine.aphp.fr/score/)
[15] and a combined corticosteroids-etoposide therapy was started on
D2. Tocilizumab was initiated one day later (D3) due to poor clinical and
biological outcomes [16]. Four days after treatment initiation (D6), the
patient developedmedullary aplasia for 14 days.

Exhaustive research for haematologic, autoimmune or infectious
aetiology was investigated. Morphological and immunophenotypic
flow cytometry analysis of the bone marrow excluded a lymphoid (B
and T) malignancy. Karyotype analysis did not show any abnormality.
There were no clinical and biological arguments for an autoimmune
disease either. Microbiological investigations were negative except
for varicella zoster virus (VZV) with a positive viraemia and a positive
VZV-PCR on skin vesicle biopsy.

On D7, the patient developed acute respiratory distress syndrome
(ARDS) associated with sepsis. Enterococcus faecium bacteraemia was
treated with piperacillin-tazobactam and vancomycin. On D11, a
chest CT scan showed pseudonodular areas in the right upper lobe
which could suggested a fungal origin. Positive serum galactomannan
(GM) occurred on D10 (0.82) and D15 (4.49) (Platelia Aspergillus;
BioRad�). However, a bronchoalveolar lavage (BAL) on D10 remained
negative on the direct fungal examination, culture and Aspergillus
PCR [17]. The BAL was not tested for GM antigens. Antifungal therapy
with voriconazole was nevertheless initiated on D12 (6 mg/kg intra-
venous on D12 followed by 4 mg/kg twice on the following days).
Voriconazole therapeutic drug monitoring (TDM) 6 days after treat-
ment initiation was adequate with a 5.11 mg/l residual plasma level.
2

On D19, a rapidly evolving unilateral necrotic lesion appeared on
the internal canthus of the left eye (Fig. 1). Direct microscopy exami-
nation showed large and ribbon-like non-septate hyphae suggestive
of Mucorales fungi. Similar fungal hyphae suggestive of Mucorales
(Fig. 2A) associated with hyaline, septate hyphae with dichotomous
branching suggestive of Aspergillus spp. (Fig. 2B) were observed in
tracheal aspiration on D19. PCRs performed for Mucorales detection
[18] were positive for the Rhizomucor genus and the Mucor/Rhizopus
pair both in serum and tracheal aspiration while only the Rhizomucor
PCR was positive in an ocular specimen. Fungal PCRs on tracheal aspi-
ration were also positive for Aspergillus, while all Sabouraud agar cul-
tures remained negative. PCRs in CSF were negative for both
Aspergillus and Mucorales. Brain CT, performed D19, demonstrated
bilateral hypodense lesions in the fronto-orbital regions and brain
MRI showed restricted diffusion in the brain lesions, suggestive of
acute cerebral infarction (Fig. 3). Chest CT scan (D19) showed an
increase in pseudonodular condensation of the right upper lobe and
appearance of several nodular lesions with peripheral ground glass
(halo sign) suggestive of fungal infection such as aspergillosis. On
D19, voriconazole was switched to liposomal amphotericin B and on
D22, an antifungal salvage treatment was initiated with a combina-
tion therapy of liposomal amphotericin B (5 mg/kg), isavuconazole
and caspofungin.

On D24, Mucorales PCR performed in serum were negative for
Rhizomucor genus and still positive for Mucor/Rhizopus. On D24, a
new CT scan showed worsening of chest and cerebral lesions. Chest
CT scan revealed an increase in the size of the multiple areas of
pseudonodular condensation, some with a ground glass halo and
others with reverse halo sign, suggestive of mucormycosis (Fig. 4).
Due to the extensive involvement of the facial bone with damage
to the ethmoid, sphenoid, and both maxillary sinuses, surgery
within healthy margins was not considered feasible. A decision
was made by the team to administer palliative care and the patient
died on D26. Retrospectively, we performed Mucorales PCR on

http://saintantoine.aphp.fr/score/


Fig. 2. Direct microscopic examination of respiratory sample (x400) with lactophenol blue showing (A) large non-septate hyphae suggestive of Mucorales and (B) septate hyphae
suggestive of Aspergillus.

Fig. 3. 68-year-old man with severe brain infection. (A) Unenhanced brain CT was normal on admission. (B) Clinical worsening on day-19. Brain CT demonstrated bilateral hypo-
dense lesions in the fronto-orbital regions. (C��H) Subsequent brain MRI on the same day depicted additional left temporal lobe lesions on (C) Fluid-Attenuated Inversion Recovery
image, and infiltration in the left temporal fossa (black star) on (D) coronal T2-wighted image. (E) An axial gradient echo T2*-weighted image revealed multiple foci of hypo-inten-
sity (short arrow) suggestive of blood products, confirming the aggressiveness of brain lesions, although no enhancement was observed on (F) the post-gadolinium T1-weighted
image. (G) and (H) Diffusion-weighted images showed restricted diffusion in the brain lesions, suggestive of acute cerebral infarction, but also in the left optic nerve (short arrow).
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earlier samples (BAL and serum). PCR in BAL on D9 was negative
for Mucorales. In serum, the first positive Mucorales PCR was on
D15. These findings suggest that Aspergillus infection occurred
before mucormycosis.
Fig. 4. Chest CT demonstrated consolidation with reverse halo sign in left upper lobe
on day-24.

3

Discussion

We reported a case of fatal mucormycosis with both pulmonary
and ROC lesions associated with pulmonary aspergillosis. The patient
had predisposing factors for both mucormycosis and aspergillosis
such as neutropenia, corticosteroids use for a herniated cervical disc
and immunosuppressive treatment for HLH [2,19]. Although he had
no previous diagnosis of diabetes mellitus, a well-known predispos-
ing factor for mucormycosis [2], his glycaemia levels were high on
admission. Haematological malignancy was ruled out.

HLH can be primary (genetic) or secondary (reactive), in which
case it is associated with autoimmune diseases, neoplasia or infec-
tions, especially those caused by viruses. Epstein-Barr virus (EBV) is
the most frequent trigger virus (43%) [4], but other Herpes viruses
(herpes simplex virus, cytomegalovirus, human herpes viruses 6 and
8 and VZV) have also been associated with HLH [5]. Fungi are rare
triggers of HLH. Histoplasma is the most frequently described [4] fol-
lowed by other fungi such as Candida, Cryptococcus, Aspergillus, Fusar-
ium and Pneumocystis [5]. On the other hand, aspergillosis can be a
complication of HLH. In a cohort of 71 HLH patients admitted to the
ICU, invasive aspergillosis complicated the disease in 25% of patients
[20]. In our case, aspergillosis seemed to be more a consequence of
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HLH. Indeed, ARDS and first positive aspergillosis marker (serum GM)
occurred five and eight days after HLH diagnosis, respectively.

Mucormycosis is not usually mentioned, neither as an HLH trig-
ger, nor as a complication. Nevertheless, a review of the English and
French language in Avril 2022 in the PubMed database using search
term “mucormycosis AND hemophagocytic syndrome” identified
eight cases of mucormycosis associated with concomitant HLH
(Table 1) [6−13]. The clinical manifestations of mucormycosis were
pulmonary, disseminated and ROC infections. There was no gender
or age specificity. There was a post-mortem diagnosis of mucormyco-
sis for five patients. One case was a familial HLH and EBV infection
was suspected to be the HLH trigger for three patients. HLH aetiology
was not identified in four patients. As with aspergillosis, the relation
between HLH and mucormycosis remains unclear. In some cases,
mucormycosis seemed to trigger HLH whereas for other patients
HLH preceded mucormycosis (as in our own case). All patients died
within 2 to 50 days after hospitalisation. In all the cases described,
the patients had pancytopenia during hospitalisation. Except for one
patient [9], pancytopenia was present before the diagnosis of mucor-
mycosis. Neutropenia caused by both HLH and its treatments, is a
well-known predisposing factor for mucormycosis [2] and is associ-
ated with mortality [21]. A high serum-ferritin concentration, found
in 90% of the patients with HLH [4], is also associated with mortality
in patients with mucormycosis [21]. Hyperferritinaemia may increase
the risk of mucormycosis, although this has not been formally dem-
onstrated [22].

Early diagnosis of IMIs is crucial to improve patient outcome, but
these infections are difficult to diagnose. Actually, fungal culture sen-
sitivity is as low as 20 to 50% [23,24]. In our case, the first biological
argument for mucormycosis was a positive direct examination of
ocular samples on D19. Unfortunately, infections due to Mucorales
fungi cannot be detected via galactomannan assays and rarely via
beta-D-glucan assays. For aspergillosis, the first biological marker
was a positive galactomannan in serum on D10. All fungal cultures
remained negative for both Mucorales and Aspergillus. These results
highlighted the need to associate various techniques such as direct
examination, culture, PCR and antigen detection.

On imaging, pulmonary mucormycosis and aspergillosis can have
a nonspecific appearance and similar lesions such as peribronchial
ground-glass opacity, consolidation, nodules, or masses. In our case,
lung imaging was in favour of a coinfection of aspergillosis and
mucormycosis, a hypothesis supported by positive biological markers
(GM, direct microscopy examination of pulmonary samples and spe-
cific PCRs). The reverse halo sign, closely associated (but not abso-
lutely specific [25]) with pulmonary mucormycosis, occurs in 19% to
94% of patients [26]. The underlying disease and the presence of neu-
tropenia may explain the wide range in the reported frequency of the
reverse halo sign. In our case, this sign appeared on D24, i.e. 7 days
after the diagnosis by PCR.

In conclusion IMIs during HLH are life-threatening and the
uncommon association of mucormycosis and HLH was lethal in all
reported cases, despite appropriate treatment. Our case suggests that
non-invasive tests for fungal biomarkers should be included in the
diagnostic workup for patients with HLH suspected of infections in
order to optimize an early management.
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