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Abstract

Purpose of Review This review describes the clinical presentation, predisposing factors, pathophysiology, mycology, diagnosis,
and therapy of sino-orbital invasive fungal infections in immunocompetent individuals. Recent advances published in the
literature were reviewed with special consideration of current diagnostic methods and treatment regimens.

Recent Findings Owing to the rarity of this condition literature is scarce. Majority of the studies are from tropical countries such
as India where the disease is relatively more common. Treatment strategies are variable and response to medical treatment is
favorable in significant number of patients.

Summary Invasive sino-orbital fungal infection in immunocompetent hosts is a rare clinical condition. Aspergillus and
Mucorales group of fungi cause infection in the presence of certain risk factors. Other species of fungi may occasionally be
involved. Diagnosis requires imaging and laboratory back up. CT scan remains the primary imaging modality of choice although
MRI is more sensitive in picking up orbital soft tissue inflammation. With early diagnosis and appropriate medical and surgical

therapy, globe salvage and visual recovery may be achieved.
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Introduction

With their severe local and systemic morbidity, infections of the
orbit and periorbital tissues form important subsets of orbital
inflammatory diseases. Infectious and non-infectious causes of
orbital inflammatory disease may have similar clinical and ra-
diologic features. Infective orbital cellulitis patients often have a
history of sinus or dental disease or recent facial trauma and
may be febrile at presentation. Significant number of patients
may also have visual loss [1]. Several factors predispose the
orbit to infection such as inferior, middle, and superior relation-
ship of orbit to the paranasal sinuses; separation of the orbit
from the ethmoid sinuses by a paper-thin bone of the lamina
papyracea; and lack of valves in the inferior and superior oph-
thalmic veins in the midface permitting direct spread of
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infectious organisms. Patients with systemic immunosuppres-
sion due to any cause are more susceptible to orbital infection;
however, immunocompetent patients can also be affected in
presence of a risk factor. Orbital infection is relatively less
common in immunocompetent individuals. Until 2003, there
were 17 cases of sino-orbital aspergillosis over 33 years’ period
in healthy individuals [2]. A study from South India reported 20
cases seen over a period of 8 years suggesting higher preva-
lence in tropical parts of the world [3+]. Some of the risk factors
associated with orbital infection include pre-existing orbital dis-
ease, direct injury, contiguous spread from neighboring struc-
tures, and hematogenous spread [4]. Driven by the predisposing
factor, the infection could be bacterial, fungal, or parasitic. Of
these, bacterial infections of the orbit are more common.
Clinical features may often be suggestive of the organism in-
volved and may guide the initiation of treatment pending cul-
ture results. This report focuses on fungal infections of the
sinuses and the orbit, especially in immunocompetent hosts.

Clinical Presentation and Predisposing
Factors

Invasive sino-orbital fungal infection in immunocompetent pa-
tients is a rare condition. Both the diagnosis and management of
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this condition are challenging. Of all fungal species, members
of the genus Aspergillus are the commonest that colonize the
paranasal sinuses and lungs. In tropical areas of the world,
Aspergillus is a common saprophytic fungus and the spores
are abundantly present in the atmosphere. Aspergillus flavus
is the predominant species isolated from sino-orbital aspergil-
losis in Asia, Africa, and Middle East. The high frequency of
this species may be related to high environmental prevalence of
the fungus [5]. Once inhaled, the spores may develop into fun-
gal masses, especially if the host immunity is low. Due to close
proximity of the paranasal sinuses to the orbit, a contiguous
spread may occur to the orbit. While the infection spreads rap-
idly in immunocompromised hosts, it is slow and chronic in
immunocompetent hosts. It can be potentially fatal due to
spread to the middle cranial fossa via superior orbital fissure
and optic canal [6]. Barring some case reports from tropical
countries like Sudan and India, invasive fungal infection of
the orbit is under-reported from healthy individuals [7-9,
10ee, 11¢]. Out of 35 patients with orbital aspergillosis in im-
munocompetent individuals, Mody et al. found A. flavus in 30
(86%) and A. fumigatus in the remaining [11¢]. In this series,
the mean age at presentation was 37.63 (8—73) years and mean
duration of symptoms was 12.03 (0.5-84) months. The
commonest presenting features were proptosis (22.63%) and
mass lesion (13.37%). Presenting visual acuity was better than
6/9 in 21 (60%) and no perception of light in 3 (8%). In
10.29%, the commonest clinical differential diagnosis was
non-specific orbital inflammatory disease (NSOID) followed
by malignancy (7.20%). Infiltrative lesions with bone destruc-
tion were seen in 22 (63%) patients along with contiguous
paranasal sinus involvement. Ten patients (29%) had intracra-
nial extension [11¢]. A large case series of 20 patients has been
reported recently by Adulkar et al. [3¢]. Most common presen-
tation (15/20) was proptosis followed by diplopia (5/20). Vision
was affected in 4 out of 20 patients. Two patients in this series
had the unique feature of periocular discharging sinuses. The
most common early signs are sinusitis or facial pain, pharyngi-
tis, and a foul-smelling seropurulent nasal discharge. Facial and
retrobulbar pain can be severe enough to require narcotic anal-
gesics [2]. In severe cases, there may be loss of smell sensation,
numbness over the face, and black necrotic mass in the nose or
back of the mouth. Mauriello et al. [12] have reported three
immunocompetent patients with Aspergillus sino-orbital infec-
tion who presented with acute proptosis and loss of vision.
Majority of the patients reported in the literature are young
[3ee, 8, 10°e, 11¢]. However, some studies have reported ad-
vanced age as a predisposing risk factor [12, 13].
Predisposing factors may include orbital inflammatory disease,
rhinosporidiosis, tuberculosis, Tolosa-Hunt syndrome, and or-
bital foreign body [3e].

Several conditions may mimic sino-orbital fungal infection
such as malignancy [12, 14], temporal arteritis [12, 15], optic
neuritis [16], idiopathic orbital inflammatory syndrome [15],

orbital apex syndrome [13, 17], bacterial cellulitis, and orbital
abscess [18]. Prior treatment with steroid and absence of
sinus-related symptoms might lead to difficulty in diagnosis.
A high index of suspicion is crucial to overcome the diagnos-
tic dilemma in such cases.

Diagnostic Investigations

Computed tomography (CT) is the most common imaging
method that is recommended in patients suspected to have
sino-orbital disease. Ancillary investigations such as white
blood cell count, culture of pus or blood, and orbital ultraso-
nography may not be useful in initiation of treatment in
suspected postseptal disease, which should not be delayed
on account of such investigations [19]. Erythrocyte sedimen-
tation rate and white blood cell counts may be elevated. Blood
cultures are usually negative. Biopsy may show wide sparsely
septate or aseptate branching filaments with characteristic
ribbon-like folds if a Mucorales (Mucor, Rhizopus,
Apophysomyces, etc.) is involved. Broad aseptate hyphae with
right-angled branching are easily seen on hematoxylin and
eosin—stained sections that spread along nerves across tissue
planes, and into blood vessels. Filaments of Aspergillus are
usually thin, septate, and branch at acute angles. Inflammation
ranges from negligible to large numbers of neutrophils, eosin-
ophils, and histiocytes within granulation tissue. Non-
caseating multinucleate giant cell granuloma, fibrosis and
chronic inflammatory response consisting of eosinophils,
lymphocytes, and plasma cells were seen in 18 patients with
sino-orbital infection [3¢¢]. In immunocompetent individuals,
a minimal inflammatory reaction of granulation tissue with
micro-abscesses or multinucleated giant cells can be seen
[20]. Histopathology stains for the examination of the biopsy
material should include Gomori’s methenamine silver (GMS)
in addition to hematoxylin and eosin and periodic acid Schiff.
Failure to identify fungus on initial biopsy has been reported
by many authors [3¢+, 7, 18]. The role of fine needle aspiration
biopsy (FNAB) in the diagnosis of orbital fungal infection is
not clear although it can be tried in patients with sino-orbital
mass involving the posterior orbit, especially when biopsy
from involved paranasal sinuses is negative and incisional
biopsy from the orbital mass is difficult [10e]. Kuruba et al.
[21] reportedly established definitive diagnosis using FNAB
in two cases of sino-orbital fungal disease. Specific antibodies
to Aspergillus can be used for immunohistochemistry to iden-
tify Aspergillus sp. in histopathology sections [22]. Serum
galactomannan and (3-D glucan tests as fungal biomarkers
have been used in the diagnosis of invasive fungal infections
but seem to have limited value [23].

Histopathology helps to differentiate allergic aspergillosis
from infection. Aspergillus hyphae with no tissue invasion
and presence of mucin along with eosinophils and Charcot-
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Leyden crystals are the characteristic features [24]. Tissue
invasion by fungal filaments, especially angio-invasion and
perineural invasion, is usually present in cases of sino-orbital
invasive fungal infections.

Direct examination of the sample after Gram stain or potas-
sium hydroxide with or without calcofluor white may demon-
strate the presence of the fungal filaments. The latter stain
would require a fluorescence microscope for observation.
Culture on blood agar and Sabouraud dextrose agar would
usually suffice for the growth of the fungus. The fungal isolates
are identified by their colony characteristic and spores seen
under lactophenol cotton blue mount. In the absence of sporu-
lation, the isolate may be identified by DNA sequencing of the
ITS region of the 18S rRNA gene of fungus [25]. If the fungus
fails to grow in culture but is present in histopathology sections,
the paraffin sections can be used for DNA extraction followed
by polymerase chain reaction and DNA sequencing [26, 27,
28¢]. The same can be applied directly to the biopsy sample.

CT scan is essential for identifying sinus disease and
subperiosteal or orbital abscess. An abscess can be differenti-
ated from inflammatory phlegmon by intravenous contrast.
Investigation of possible cavernous sinus, intracranial exten-
sion, or radiolucent foreign bodies may require magnetic res-
onance imaging (MRI). Lumbar puncture is rarely needed and
is reserved for children with meningism [29]. CT scan in
rhino-cerebral mucormycosis may show mucosal thickening,
bony destruction, and findings suggestive of thrombosis. CT
scan features of sino-orbital aspergillosis may be non-specific
and confused with idiopathic orbital inflammatory disease.
Observation of paranasal involvement usually points to the
diagnosis. Adulkar et al. [3¢¢] observed pansinusitis in 70%
of their patients, while bony erosion was seen in 50%.

Pathophysiology and Mycology

The etiological agents of sino-orbital fungal infections include
Aspergillus spp., Mucorales, dematiaceous fungi, and, less
commonly, hyaline septate fungi like Fusarium spp. Based
on the phylogenetic data using molecular techniques, the older
term Zygomycetes is abandoned [30, 31e, 32].

Aspergillus is a genus that includes large number of species
such as A. fumigatus, A. flavus, A. terreus, and A. glaucus; all of
which are identified based on colony characteristics and micro-
scopic features of asexual sporulation. Aspergillus has been re-
ported from orbital infections in healthy host, although it has
greater predilection for an immunocompromised host [33, 34].
Sino-orbital aspergillosis, although said to be rare in immuno-
competent hosts [2, 8], in a series of 20 patients from a tertiary
eye care center in India, 18 cases were due to Aspergillus [3+¢].
Aspergillus hyphae were identified in histopathology based on
uniform diameter, dichotomous branching at approximately 45
degrees, and presence of septation.
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Fungal genera Mucor, Rhizopus, Absidia, Apophysomyces
etc., belonging to the order Mucorales under the phylum
Mucoromycota, are the most species-rich clinical order and
are commonly reported from sino-orbital mucormycosis in
immunocompromised hosts. This group of fungi seems to be
the most common cause of rhino-orbital cerebral fungal infec-
tion in the debilitated host [35]. Six clinical types of
mucormycosis include cerebral, pulmonary, gastrointestinal,
and central nervous system, and subcutaneous and dissemi-
nated. Beginning in the nose, rhino-orbital cerebral infection
spreads to the maxillary sinus, ethmoids, and then to the orbit.
Infection spreads to the central nervous system through roof of
the orbit and cribriform plate. These fungal species are angio-
invasive and particularly destructive in ketotic diabetic pa-
tients. The infection may however at times occur in immuno-
competent individuals [36]. Two out of a series of 20 patients
with sino-orbital fungal infection in immunocompetent pa-
tients showed presence of Mucor colonies (identified by
broad, ribbon-like collapsed aseptate fungal filaments with
obtuse angle branching) in orbital tissue with angio-invasion
[3e¢]. Apophysomyces elegans belongs to the family
Mucoraceae and is generally transmitted through contaminat-
ed soil following trauma. A. elegans has been earlier reported
as an emerging pathogen causing rhino-orbital mucormycosis
in immunocompetent patients [36, 37]. On microscopy, tis-
sues show chronic inflammation with local invasion into ad-
jacent structures. Acute inflammation with necrosis is attrib-
uted to vessel thrombosis by A. elegans. Optic nerve invasion
can lead to vision loss. The fungus generally originates in the
sino-nasal region and extends into the orbit. Histopathology
can, to a certain extent, differentiate the fungal hyphae based
on their morphological characteristics, but microbiological
culture confirmation is essential for the species identification.
Cultures on staining with lactophenol cotton blue can help
identify the species based on the different shapes of sporangia
as follows:

* Globose sporangium—Rhizopus, Mucor, Rhizomucor,
and Mortierella spp.

* Pyriform or teardrop-shaped sporangia—Absidia and
Apophysomyces elegans. The apophysis differentiates be-
tween the two; Absidia spp. produce a flask-shaped
apophysis with a large columella. A. elegans produces
either a “funnel-shaped” or “bell-shaped” apophysis.

*  Vasiform sporangium—Saksenaea vasiformis.

One case is illustrated below.
Case Presentation
A well-built and nourished 50-year-old male presented with

painful swelling and loss of vision since a week. There was no
prior history of ocular injury or optical prescription. Past
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history included diagnosis of Hansen’s disease and malaria.
He was positive for hepatitis C virus. On radiological imaging,
CT scan of the right eye showed pre-septal homogenous
shadows with proptosis and tenting of the globe. Ethmoid
sinus fullness was seen involving mainly the posterior sinuses.
Contrast-enhanced CT of the right side showed smaller eye-
ball with tenting and enlarged superior orbital vein. Patient
was suspected to have cavernous venous thrombosis and
was referred to neurosurgical service; however, he returned
after 5 days and required orbital exenteration.
Histopathology revealed extensive areas of necrosis
surrounded by intense foreign body giant cell reaction.
Within the necrotic area elongated, ribbon-shaped with vari-
able thickness, amphophilic, right-angle branched refractile
structures were seen with angio-invasion and perineural inva-
sion. These refractile structures were highlighted on GMS
stain and microbiological culture of the tissue showed off-
white cottony growth on chocolate agar which under
lactophenol cotton blue mount showed broad aseptate hyphae,
long sporangiophore with the apex of the sporangiophore wid-
ening to form a funnel-shaped apophysis along with half circle
columella (Fig. 1).

Among the dematiaceous fungi, Exserohilum rostratum
has been reported in an immunocompetent child [38]. Aged
11 years, a female child presented with bilateral nasal stuffi-
ness and nasal discharge since 1 year and left-sided proptosis
since 8 months. The patient had a history of bronchial asthma
and recurrent allergic fungal sinusitis since she was 2 years
old. On the basis of CT findings that showed involvement of

left maxillary, frontal, sphenoid, and ethmoidal sinuses along
with breach in the lamina papyracea and bony erosion of the
medial wall of maxillary sinus, a diagnosis of pansinusitis
with intraorbital extension was made. Left-sided functional
endoscopic surgery was done and culture of excised tissue
grew E. rostratum. The child was treated with oral
itraconazole [38]. Alternaria species is another dematiaceous
fungus that was seen in an immunocompetent female patient
with a 10-year history of nasal congestion. On investigation,
she was found to have tumor-like lesion in right maxillary
sinus with extension into the right nasal cavity, right ethmoi-
dal cells, and right orbit. Surgically removed lesion showed
growth of Alternaria alternaria in culture and medical therapy
with itraconazole and surgical debridement led to eradication
of the infection [39]. A common cause of fungal keratitis in
tropical parts of the world including India, Fusarium sp. has
been reported to cause periorbital necrotizing infection in a
female patient following cataract surgery. The clinical features
were complicated with concomitant endophthalmitis in the
operated eye and herpes zoster ophthalmicus. However, the
patient tested negative for antibodies to human immunodefi-
ciency virus by ELISA [40].

Therapy

Treatment of sino-orbital fungal infection is challenging in the
absence of standard guidelines. Being angio-invasive,

Fig. 1 a Clinical image showing lid edema, proptosis, conjunctival
congestion, and crusting over the lower cornea and conjunctiva. b
Computed tomography image showing proptosis, tenting of globe
(arrow), and enlarged superior orbital vein (arrowhead). ¢ Hematoxylin
and eosin stain of the exenterated tissue sections revealed extensive areas
of necrosis with broad, ribbon-shaped, amphophilic, right-angle branched

fungal hyphae (x 100) highlighted on the Gomori methenamine silver
stain, x 400 (inset). d Culture of the tissue showed off-white cottony
growth on chocolate agar which under lactophenol cotton blue mount
showed broad aseptate hyphae and long sporangiophore with the apex
of'the sporangiophore widening to form a funnel-shaped apophysis along
with half circle columella, x 400 (inset)
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aspergillosis causes necrosis by infarction, which reduces
drug penetration. Surgical debridement is often needed.
Surgical debridement is difficult in the orbit in the presence
of vital structures and the inability to determine the extent of
the disease. Patients with retro-bulbar and apical involvement
may need exenteration [8, 12]; however, exenteration does not
guarantee complete eradication of apical disease and may re-
quire long-term antifungal therapy to clear the infection. Some
surgeons prefer globe-conserving debulking surgery, coupled
with antifungal therapy. A good response to antifungal thera-
py (amphotericin B and itraconazole) in immunocompetent
patients has been reported [41]. Adulkar et al. [3¢] treated
all patients in their series of immunocompetent patients with
oral itraconazole with variable results. They found good re-
sponse in 14 out of 20 patients and relief from pain in 18 out of
20. Intravenous amphotericin B followed by oral itraconazole
achieved good results in 10 out of 15 patients in another report
[10e]. Liver function tests need to be monitored in patients on
antifungal drugs. With a lower toxicity, liposomal
amphotericin B is considered a good antifungal formulation
that is effective against a wide range of fungal species includ-
ing Aspergillus and Mucorales. The recommended dosage is
3-10 mg/kg body weight/day. Another drug that has been
used with favorable response is a newer triazole, posaconazole
[42, 43]. In mucormycosis, radical surgical debridement of
necrotic tissue along with antifungal therapy is the mainstay
of effective management.

Visual prognosis is usually poor in patients with sino-
orbital invasive fungal disease despite treatment. Orbital
debulking preserving the vital structures along with oral
itraconazole may result in relief of pain, resolution of prop-
tosis, and salvage of the globe; however, vision may be
preserved in not more than 40% of patients [3e°].
Favorable visual outcome of 62.5% was reported in one
study [11¢]. Causes of visual compromise include central
retinal occlusion and optic neuropathy due to ischemia.
Fungal invasion of the vessels can often lead to localized
formation of thrombi with a tendency to dislodge. Raised
intraocular pressure along with thrombus formation can
cause vascular occlusions. Voriconazole has been used
successfully in some of the studies as the antifungal drug
of choice [23].

In conclusion, sino-orbital invasive fungal infection is a
rare condition that can occur in otherwise healthy individuals.
Characteristic clinical features, history, and appropriate imag-
ing often guide the initial therapy. Surgical biopsy or debride-
ment may be required. Histopathological study of the tissue
helps confirm the fungal etiology and smear; culture or mo-
lecular methods determine the type of offending fungus.
Aspergillus and Mucorales group of fungi are most commonly
associated although other species may be involved. Early in-
stitution of antifungal therapy may lead to resolution with
variable levels of visual recovery.
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