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Abstract

Background Invasive aspergillosis (IA) is one of the rarest opportunistic fungal infections and has increased in
frequency worldwide in recent years. It is a life-threatening infection associated with high mortality rates. Invasive
pulmonary aspergillosis (IPA) is the most severe form of the disease. Extrapulmonary forms can develop as a primary
infection or occur as part of a disseminated infection from the lung in severely immunocompromised patients. The
major limitation in the management of these infections is the challenge of early diagnosis.

Case presentation Here we report a case of secondary cutaneous aspergillosis that developed from extensive
pulmonary aspergillosis in a 3-year-old female who underwent immunosuppressive therapy for a diagnosed Behcet
disease (BD). Aspergillus hyphae were identified on skin biopsies. Cultures grew Aspergillus fumigatus. The diagnosis of
cutaneous aspergillosis enabled us to diagnose IPA, although there was no mycopathological proof of lung infection.
The patient was successfully treated with voriconazole (8 mg/kg/day) and surgical debridement of the skin lesion.

Conclusions Although cutaneous involvement in aspergillosis is extremely uncommon, it may be the present-

ing feature in some cases, allowing for an accurate and timely diagnosis of deeply infected sites. Accordingly, when
evaluating skin lesions in immunocompromised individuals, especially debilitated children with underlying diseases
requiring long-term immunosuppressive agents, cutaneous aspergillosis should be vigilantly considered.
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Background

Recently, the expansion in the number and heterogene-
ity of immunocompromised patients has been associated
with a significant increase in the prevalence of opportun-
istic fungal infections [1]. Aspergillus fumigatus species
are ubiquitous airborne opportunistic fungi that produce
a broad spectrum of clinical manifestations in humans,
ranging from mild allergic symptoms to severe invasive
forms. Invasive aspergillosis (IA) is a potentially fatal dis-
ease associated with high mortality rates. In the pediatric
age group, attributable mortality is estimated at 37.5%.
This rate can be as high as 63-72% in non-neutropenic
patients [1]. It represents one of the most frequently
overlooked diagnoses, and, according to autopsy studies,
only one in two invasive fungal infections is diagnosed
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before death. Moreover, clinicians are challenged by the
increasing rates of resistant strains [2]. The respiratory
tract is the site of predilection for IA through inhalation
of infectious spores. While these are unlikely to germi-
nate in healthy tissues, germination, and hyphal invasion
can occur in a variety of situations, including periods of
neonatal immune immaturity, drug-induced immuno-
suppression, antibiotic-induced disturbance of fungal and
bacterial flora, massive inoculation of Aspergillus spores,
local tissue alterations, immune dysregulation caused by
hematologic and autoimmune diseases, and miscellane-
ous debilitating conditions [3].

Cutaneous invasive aspergillosis (CIA) is a rare patho-
logical entity that remains under-characterized. It may
be a primary event resulting from direct inoculation of
the Aspergillus species into the skin injury sites or sec-
ondary, either by contiguous extension from adjacent
infected structures or by blood-borne dissemination of
hyphae, most commonly following a primary pulmo-
nary focus [4]. A recent review of the literature reveals
only a few published cases of secondary CIA, most of
which are associated with hematologic disorders and
organ transplants [5-12]. The association of cutaneous
and pulmonary aspergillosis with Behcet’s disease (BD)
is scarcer and has been previously described in two adult
patients—a Japanese male patient, in whom the diagno-
sis was made at postmortem [13], and a Chinese adult
patient in 2019 [14]. To the best of our knowledge, this
is the first instance of IPA that occurred during BD in a
pediatric patient and resulted in skin invasion.

Case presentation

This 3-year-old female child was diagnosed with BD in
November 2020, revealed by a pyoderma gangrenosum,
and retained on the basis of a confirmed maternal history
of BD, recurrent bipolar aphthosis, and positive HLA-
B51. Subsequently, the patient received five months of
mycophenolate mofetil (MMF) (1200 mg/m?/day), then
switched to methotrexate (MTX) (5 mg/week).

Table 1 The patient’s laboratory data
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In August 2021, the child was admitted to the pediatric
department, complaining of a dry cough, prolonged fever,
and an altered general condition. The mother mentioned
a respiratory symptomatology in the previous months,
which she self-treated with conventional antibiotics with-
out a favorable response. On physical examination, the
child was conscious but impaired. Regarding the patient’s
vital signs, the body temperature was 36.3 °C, the pulse
rate was 132 beats per minute, the blood pressure was
116 mmHg systolic over 60 mmHg diastolic, and the res-
piratory rate was 35 breaths per minute. The pulmonary
examination revealed no detectable abnormalities. A
single 2 x 2 cm erythemato-violaceous skin nodule was
discovered on the right medial thoracic side during the
dermatological examination. The first enhanced chest
CT scan showed on the parenchymal window a scattered
bilateral nodular consolidation surrounded by ground-
glass opacities, realizing the halo sign. Biological findings
showed anemia and increased CRP levels (Table 1). All
microbiological tests were negative. A pathological exam-
ination of the skin nodule biopsy revealed a non-specific,
polymorphic inflammatory reaction. Pulmonary tubercu-
losis (TB) was considered probable and treated accord-
ingly. The immunosuppressants were discontinued.

Unfortunately, the patient was lost to follow-up for 2
months before presenting with a more altered general
condition and worsening respiratory symptoms, requir-
ing rehospitalization. At that time, the child weighed
7.500 kg (—3 SD) and was 86 cm (—3 SD). Brachial (BC)
and cranial (CC) circumferences were 9.5 cm and 43 cm,
respectively, and the BC/CC ratio was 0.22, indicating
severe undernutrition. The clinical examination indi-
cated a temperature of 39°C, a rapid pulse, and respira-
tory distress. The absence of breath sounds and dullness
to percussion was evident over the right hemithorax.
The thoracic skin lesion had markedly increased in size.
The control-enhanced chest CT in the mediastinal and
parenchymal windows showed parenchymal consolida-
tion predominantly on the right lung with reduced lung
volume, a slight ipsilateral shift of the mediastinum, and

Parameter (units) November 2020 August 2021 October 2021 December 2021 March 2022 May 2022
Haemoglobin (g/dL) 76 79 6.2 10.6 116 115
white blood cell count (103/mm3) 11.06 10.51 15.75 16.33 12.63 14.31
ANC (103/mm?3) 3.02 5 741 769 7.07 6.35
Lymphocyte (103/mm?) 7.02 425 586 7.86 419 6.39
Platelet (103/mm?) 380 467 409 528 511 551
C-reactive protein (mg/L) 70.98 119 151.23 90 37.01 -
Galactomannan antigenemia (%) - - - 1.2 (4) 04 (—) 0.1(-)

?The results are presented as an optical density (OD) index. According to the manufacturer’s instructions, sera with an index > 0.5 are considered to be positive
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Fig. 1 The time course of the skin lesion after surgical debridement and while receiving voriconazole shows marked improvement and practically

complete healing

a right pleural effusion. It also revealed lytic bone lesions
with cortical thickening and periosteal reaction on the
anterior and posterior costal arches. Dermatologically,
the lesion was 7 x 4 c¢m in diameter and was fistulized
with serous discharge, with the appearance of multiple
blisters on the surrounding chest skin (Figs. 1 and 2). All
blood cultures and respiratory specimens were negative,
as were all other bacteriological tests. The hemogram and
CRP values are detailed in Table 1.

Surgical debridement with drainage and a biopsy of the
cutaneous lesion was performed by the pediatric surgery
team (Fig. 1). Histopathology of deep biopsied specimens
and microscopic examination of the drained content
revealed large, septate, and irregular hyphae with acute-
angle branching consistent with Aspergillus (Figs. 3A, B,
and 4). A. fumigatus was grown in culture after 2 days
of incubation on Sabouraud’s dextrose agar medium
with chloramphenicol (SC) at 37 °C (Fig. 3C and D). The
Aspergillus galactomannan antigenemia (immunoenzy-
matic sandwich microplate assay, Platelia™ Aspergillus
Ag, Bio-Rad, France) was positive in two separate sera
(Table 1).

The diagnosis of IPA with secondary cutaneous involve-
ment was made. The patient was treated with voricona-
zole (8 mg/kg/day) for 3 months, up to a cumulative dose
of 720 mg. Significant clinico-biological and radiological
improvements were noted, with the disappearance of

cough and infectious symptoms; weight regain (from 7.5
kg in October 2021 to 8.9 kg in December 2021; 11 kg in
March 2022); healing of skin lesions; recovery of anemia;
decreased CRP levels; and progressive resolution of lung
parenchymal damage as noticed on the 3-month interval
CT scan (Fig. 5). The Aspergillus galactomannan anti-
gen was negative on the last serological test in May 2022.
Screening for an associated primary immune deficiency
was negative (view timeline, Fig. 6).

Discussion

Aspergillosis and Behcet disease

BD is a multisystem inflammatory chronic disease of
unclear origin that causes immune dysregulation and
vasculitis involving vessels of all sizes. The prevalence of
pediatric BD is not well documented. It is reported that
4-26% of patients with BD have a pediatric onset, with
a mean age of appearance ranging from 4.9 to 12.3 years
and a delay in diagnosis of about 3 years [15]. The rec-
ommendations for the management of BD in pediatrics
are often derived from guidelines used for adult patients.
This requires the use of anti-inflammatory agents and
immunosuppressants, with the primary objectives being
symptom control, suppression of the ongoing inflamma-
tion, counteracting the immune response, and preven-
tion of organ damage [16].
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Fig. 2 Subcutaneous nodular lesion. A Mediastinal window without contrast injection showing a dense subcutaneous nodule of the anterior chest

wall. B Enhancement of the subcutaneous nodule after contrast injection

In the last few decades, there has been an increase in
the incidence of invasive fungal infections, attributed
primarily to the widespread use of immunosuppressive
therapies, which has broadened the patient population
at risk. In 157 patients with vasculitis, 4.5% developed
IPA within 2-13 weeks of immunosuppressive therapy
[17]. In our patient, the first chest CT scan that revealed
scattered consolidation with a halo sign was performed 4
weeks after the initiation of mycophenolate mofetil. The
use of immunosuppressive medicines such as MMF and
MTX may induce profound immune suppression with
compromised cellular immunity, resulting in the devel-
opment of opportunistic infections.

A number of studies have suggested a relationship
between the pathogenesis of BD and bacterial and/or
viral infections and/or a disturbed gut microbiome com-
position [18-24].

The direct association of BD with fungal infections
remains unclear. In a case of invasive pulmonary asper-
gillosis with secondary skin involvement in an adult with
BD, the authors suggested that Aspergillus infection trig-
gered BD [14].

Recently, polymorphism in genes encoding innate
immunity components, such as Toll-like receptors (TLR)
2, TLR 4, and TLR 9, has been found to increase suscepti-
bility to pulmonary aspergillosis [25]. The polymorphism
in TLR 9 genes was also found to be associated with
susceptibility to BD in a Japanese population [26]. Con-
sidering this literature, the association between BD and
pulmonary aspergillosis, which is unusually reported,
may reflect the likelihood of a common immunologi-
cal mechanism involved in the pathogenesis of BD and

also promote the occurrence of fungal infections in these
patients.

Cutaneous invasive aspergillosis

Disseminated aspergillosis is defined as the involvement
of two or more non-contiguous sites. It occurs in 10.5 to
38% of pediatric patients with IA as a result of hematoge-
nous spread, most commonly from a pulmonary portal of
entry. In the case of IPA, Aspergillus may also be locally
invasive and extend from the lung to the pleura and to
the chest wall, resulting in costal lysis and ultimately to
the skin [27]. Secondary cutaneous invasive aspergillosis
(SCIA) is a rare disease, accounting for less than 5% of all
disseminated aspergillosis [28]. In a 5-year French multi-
center study, 0.7% of 1410 adult patients had SCIA [29].
While this prevalence was reported to be 8% in children
(9/111), this suggests that pediatric patients are more
likely to be affected than adults [30].

There are no typical clinical features of IA skin lesions,
which generally occur at previous wound sites, including
intravenous catheter and adhesive tape sites [5]. Findlay
et al. [3] described five non-exhaustive secondary asper-
gillosis patterns: multiple persistent maculo-papules with
a tendency to suppurate, vegetate, or necrotize; erythe-
matous eruptions and toxicodermas; confluent granu-
lomata with papules and nodules; a solitary necrotizing
dermal plaque; and subcutaneous granuloma or abscess.
SCIA is often characterized by multiple scattered lesions.
The presence of a single lesion, which is the usual pres-
entation of PCIA, is rarely described in SCIA, making it
more difficult to diagnose disseminated forms when the
first site observed is the skin [29].
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Fig. 3 Direct examination of the subcutaneous collection content, both unstained (A.4: magnification x 400) and after Giemsa staining

(B.4: magnification x 1000), shows large, septated, irregular fungal hyphae with acute angle branching. (C.4): On SC, pure, wrinkled,
whitish-green-colored colonies developed after 2 days of incubation at 37 °C. (D4): Lactophenol blue-cotton mount showing conidiophores and
uniseriate conidial heads with phialides borne directly on a pyriform vesicle identified as A. fumigatus

Fig. 4 Histological examination of the debrided pathological
tissue with the periodic acid-Schiff technique found septated,
dichotomously branched mycelium consistent with Aspergillus
species

Our patient had no apparent signs of cutaneous
injury prior to the appearance of the subcutaneous
lesion, which had a pseudotumor morphologic pattern,
was pus-filled, and was larger in size (7 cm). According
to the grouping of Findlay et al., this aspect matches
the last pattern. Cawley et al. [31] similarly reported a
subcutaneous Aspergillus abscess in a child following
A. fumigatus spread from an underlying costal peri-
ostitis with a probable primary pulmonary focus. We
also believe that contiguous diffusion to the skin was
most likely to have occurred in our patient, given the
extent of pulmonary involvement, pleural dissemina-
tion, costal lysis, and the solitary skin lesion.

Our patient initially received conventional antibiot-
ics and was then treated with anti-TB drugs for a pre-
sumptive diagnosis of pulmonary tuberculosis given
the prolonged fever, altered general state, respiratory
symptomatology, the endemic status of tuberculosis
in Morocco, and scattered nodular consolidation with
a halo sign also encountered in miliary TB but with
no significant improvement. The diagnosis of IPA was
made at the stage of skin involvement. Cutaneous man-
ifestations can be a helpful feature for early diagnosis
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Fig. 5 Chest CT scans three months apart. (A1, A2), (B1, B2), and (C1, C2): enhanced chest CT scans at a 3-month interval in the parenchymal (A)
and mediastinal (B, C) windows, showing a reduction in parenchymal consolidation (red arrows) with a decrease in the right lung volume. The
disappearance of the small right pleural effusion was also noticed (green arrow). D, D* Chest CT scan in bone reconstruction showing bone lesions
of the anterior and posterior costal arches: lytic bone lesions with cortical thickening (D, yellow arrow), periosteal reaction (D*, blue arrow)

and treatment of disseminated forms, especially when  biopsy for histological and mycological examination in
the skin is the first site of dissemination. Once detected, order to establish a proper diagnosis. It is then essential
they should prompt the physician to perform a skin to determine whether the infection is primary or the
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Re-hospitalization:

Fig. 6 Case report timeline, made in accordance with CARE guidelines

result of secondary spread from a primary focus such as
the lungs, thus improving the outcome [29, 32].

Challenging diagnosis of IPA

Pulmonary involvement is the most common form of IA
in immunocompromised patients. As in adults, the main
causative agent is A. fumigatus, responsible for 53% of
pediatric cases [30]. Early diagnosis of IPA remains a real
challenge [2].

One of the early radiologic findings during IPA is the
“CT halo sign,” which refers to a zone of ground-glass
attenuation surrounding usually hemmoragic pulmo-
nary nodules but less commonly nonhemmoragic ones.
This radiologic finding is nonspecific but highly sugges-
tive of angioinvasive fungal infections, most commonly
IPA [33]. A broad range of conditions can also be asso-
ciated with the halo sign, including malignant diseases
(hemorrhagic metastases of angiosarcoma or choriocar-
cinomas, lymphomas, acute leukemia, Kaposi’s sarcoma),
bacterial infections (tuberculosis and actinomycosis),
viral infections (cytomegalovirus, herpes simplex virus,
or varicella-zoster virus), Wegener granulomatosis, and
transbronchial biopsy [33, 34].

In IPA, the halo sign reflects the initial phase of
angioinvasion by hyphae. It is considered early but
ephemeral evidence of IPA even before serologic tests
become positive, and it warrants the initiation of sys-
temic antifungal therapy [33]. Through the presented
case, we strongly recommend giving greater weight to
the halo sign, especially in such a setting of immunocom-
promised status, considering its precocious appearance
at a stage where the antifungals could be fully effective.
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However, in many cases, a final diagnosis requires a his-
topathological examination [34].

In a previous review of 39 cases of IA from a Canadian
pediatric hospital, mortality was close to 100% (15/16)
in patients with a respiratory localization due to delayed
diagnosis. Even with invasive pulmonary procedures such
as bronchoscopy, the presence of hyphae, which is neces-
sary to establish the diagnosis, can be overlooked [32]. In
the same series, positive lung biopsy results were found
in only 5 out of 12 patients with radiological involvement,
including two at autopsy. This may reflect the increased
difficulty of making a pre-mortem diagnosis at a respira-
tory site, particularly in children [32]. Among 93 severe
pediatric pneumonias confirmed on postmortem lung
specimens from 119 Bangladeshi children, Aspergillus
was implicated in 3% of all these pneumonias and 10% of
the necrotizing ones [35].

The diagnosis of IA has considerably benefited from the
consensus definitions of the Infectious Diseases Group of
the European Organization for Research and Treatment
of Cancer and the Mycoses Study Group (EORTC/MSG)
for invasive fungal infections (IFIs). These were classi-
fied according to the level of certainty for the disease as
proven, probable, and possible IFIs, based on three ele-
ments: host factors, clinical features, and mycological
evidence. The classification criteria were last updated in
2016 by 10 expert groups [36].

According to the most recent EORTC/MSG defini-
tions [36], our patient fulfilled the criteria for probable
IPA, which requires the presence of at least one host fac-
tor, one clinical feature, and one mycological evidence,
which in our case were, respectively, prolonged use of
immunosuppressants during the past 90 days, pulmonary
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involvement (initial halo sign and pulmonary consolida-
tion), and a positive serum galactomannan antigen > 1.
The proven cutaneous aspergillosis on histological biop-
sies and mycological results in our patient supported the
diagnosis of IPA. Nowadays, the category of proven IFIs,
which is defined by histological evidence of tissue inva-
sion on biopsy specimens or needle aspiration of tissue
content, can apply to any patient, regardless of age or
immunocompromised status [36, 37]. In addition, remis-
sion of clinical symptoms and progressive resolution of
radiological signs on voriconazole, despite the absence
of myco-pathological evidence of pulmonary infection,
affirmed the diagnostic hypothesis.

Relevance of Galactomannan antigenemia

In recent years, galactomannan (GM) antigenemia has
been incorporated into the EORTC/MSG diagnostic crite-
ria for IA. The GM is a major polysaccharide component
of the cell wall of Aspergillus spp., released during tissue
invasion. The detection of circulating GM antigen is com-
monly performed by the double sandwich enzyme-linked
immunosorbent assay method (Platelia™ Aspergillus
antigen, Bio-Rad), which allows the detection and quan-
tification of GM antigenemia and also the follow-up of its
kinetics [37-39]. The sensitivity and specificity of the GM
antigen test are variable depending on the patient popula-
tion and the specified cutoft level, reaching 84% and 88%,
respectively, in children. However, the use of certain anti-
biotics such as piperacillin-tazobactam, infusion of elec-
trolytes, and the presence of other fungi such as Fusarium
spp., Histoplasma capsulatum, and Penicillium spp. may
cause false positive results, which have to be cautiously
interpreted [27, 40]. This assay complements the existing
modalities for the early diagnosis of IA. The expression of
GM antigen may even precede clinical, microbiological,
or radiological signs of the disease [41]. A positive GM
test in at-risk patients with consistent clinical and radio-
graphic findings should be considered highly indicative of
IA. In our case, the positivity of the GM antigenemia ena-
bled us, besides the positivity of the cutaneous mycologi-
cal examinations and the pulmonary imaging evidence, to
affirm the diagnosis of disseminated IA. The GM antigen
has also been shown to correlate with clinical diagnosis
and outcome, i.e., responsiveness to antifungal treatment
and survival [38, 39].

Management of 1A

A variety of antifungals are effective against Aspergil-
lus species, notably polyenes such as amphotericin B,
triazoles such as voriconazole, and echinocandins. Three
expert groups, the European Society of Clinical Microbi-
ology and Infectious Diseases (ESCMID), the European
Conference on Infection in Leukaemia (ECIL), and the
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Infectious Diseases Society of America (IDSA), recom-
mend the use of voriconazole as the preferred first-line
agent to treat IA in pediatric patients older than 2 years
[42]. The European Medicines Agency has approved
the use of an intravenous dose of 7 mg/kg of voricona-
zole in this category of patients. This medicine acts as a
fungicide by inhibiting the buildup of ergosterol, which
is a key component of the fungal cell membrane. This is
effectively destroyed, and the fungus is prevented from
spreading. In an immunocompromised host, success-
ful management of the disease is not always achieved. A
favorable outcome is conditioned by an early diagnosis,
prompt and intensive antifungal therapy, resolution of
neutropenia, and management of the immunodeficiency
state. The surgical debridement is performed on an indi-
vidual basis, utilizing a multidisciplinary approach [32].
In our case, a combination of surgical excision and treat-
ment with voriconazole provided a successful outcome.

Conclusions

The prognosis of IA is directly determined by early diag-
nosis and appropriate management. Only close collabora-
tion and communication among clinicians, radiologists,
pathologists, and mycologists can ensure a higher quality
of medical service and thus mitigate the prognosis of this
devastating fungal infection. This clinical case underlines
the importance of considering cutaneous aspergillosis in
the context of immunocompromised patients presenting
with a skin lesion evolving into necrosis and refractory to
broad antibiotic coverage and standard local care. Par-
ticular attention must be paid to this type of lesion, which
can represent only the tip of the iceberg and be the mode
of the revelation of a deep organ invasion.
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