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Fungi are a ubiquitous and a well-known biological factor con-
tributing to chronic rhinosinusitis with or without nasal polyps.
Depending on the level of host immunity, fungal colonization
may result in indolent fungus balls or invasive fungal rhinosinus-
itis [1]. Furthermore, if an individual is allergic to specific fungi,
allergic fungal rhinosinusitis can occur, accompanied by severe
polyposis and thick eosinophilic mucin. The two noninvasive
types of fungal colonization (fungus balls and allergic fungal rhi-
nosinusitis) show racial differences in prevalence, but the reason
for this is not yet known [2]. In healthy individuals, the fungus
lives in mutualistic symbiosis in the airway and constantly stim-
ulates the mucosal epithelium in specific patterns. However, fun-
gi can cause a variety of diseases and become harmful or hostile
parasites in pathological conditions.

The microbial environment in the paranasal sinuses is a bio-
ecosystem consisting of diverse components, namely the bacte-
riome, fungiome, and virome [3]. Many factors—such as viral
infections, antibiotic use, and host stress—can lead to dysbiosis,
in which the internal microbial equilibrium (communication) is
broken down and the outgrowth of some pathogens occurs. Al-
though the underlying causes remain unknown, fungal dysbiosis
and altered host-environmental interactions can cause fungal
diseases.

Fungus balls are the most common type of noninvasive fungal
rhinosinusitis in Asian populations [4]. Aspergillus species can-
not invade the sinus mucosa when the host immunity is compe-
tent. Fungus balls are usually unilateral and located in the max-
illary sinus. If intralesional hyperdensity (calcification) is ob-
served on computed tomography, we can suspect the presence
of fungus balls [5]. In addition, older age and specific lesion
morphology (fuzzy or full) increase the diagnostic accuracy. Per-
haps the most interesting question regarding fungus balls is how
fungi grow in the maxillary sinus, avoiding host immunity.

Contrary to our expectations, fungi exhibit very complex be-
haviors [6]. Recently, Kim et al. [7] reported that fungus balls

are a subtype of bioballs, which consist of four phenotypes (fun-
gus ball, bacterial ball, mixed ball, and double ball) [7]. These
types appear similar; therefore, it is not possible to discriminate
them during endoscopic sinus surgery. If a Gram stain shows
bacterial colonies in the core of bioballs, they can be classified
as bacterial balls or mixed balls. Moreover, immunocompromised
patients are prone to mixed balls, which are associated with de-
creased epithelial barrier function. Therefore, further research
into this topic is necessary, and we should observe fungal behav-
ior more closely.
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