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ABSTRACT

Aspergillus fumigatus, an opportunistic pathogenic fungus, is common in the environment. Azole-resistant strains of A. fumigatus
have recently been discovered in the environment. Acquisition of azole resistance has been considered to occur through
unexpected selection due to fungicide use in agriculture. This review discusses the relationships of humans with 4. fumigatus in
the environment and the importance of anthropogenic activities in the spread of A. fumigatus worldwide.
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Introduction

Fungi serve major roles as decomposers and consumers in
ecosystem processes”. Both pathogenic and non-pathogenic
fungi are important for ecosystem functions. The health of
ecosystems— “One Health” —is strongly associated with
human and animal health (http://www.oie.int/en/for-the-media/
onehealth/), indicating that ecosystem imbalance is harmful
for animal and human health. The appearance and spread of
resistant microbes in the environment lead to ecosystem
imbalance; this occurs through the use of antimicrobial agents
that enhance resistance selection. This review discusses the
association of the environmental pathogenic fungus Aspergil-
lus fumigatus with human and animal health.

Emergence of azole-resistant A. fumigatus in the
environment

A. fumigatus is commonly found in soil, air, and water.
Antifungal agents used in agriculture affect the targeted plant
pathogen as well as the environmental fungi. The acquisition
of azole resistance in some targeted plant pathogens has been
reported”. Moreover, selective pressure has been considered to
lead to the emergence of azole-resistant 4. fumigatus strains in
the environment™™. Such azole-resistant strains harbor unique

tandem-repeats in the promoter region of the cyp5/4 gene
together with non-synonymous change(s) in the coding region.
The repeat is 34-, 46-, or 53-bp long and located approximate-
ly 300 bp upstream of the cyp5I1A4 start codon. The region

contains AtrR- and SrbA-binding elements””

, which regulate
cyp51A4 expression. In addition to the duplication of the region
upregulating cyp51A4 expression, amino acid substitutions
contribute to azole resistance, except in the TRs:-type strain,
which contains no substitution in cyp5IA4.

The most prevalent strain containing the TRs /LOSH
mutation was traced back to 1998 in Italy”. The second most
prevalent strain (TR4/Y121F/T289A) was first isolated in
2008'”. Buil et al. reported an increasing prevalence of azole-
resistant strains in the Netherlands, although unsteadily after
2011"". Environmental resistant strains have been spreading in
the last two decades and have been found in six continents'”.
There have also been several reports of these strains in

13-16)
Japan .

Humans in the environment

There are numerous fungi, including the pathogenic ones, in
the environment. A. fumigatus is present in the environment,
suggesting that the pathogen affects humans and animals
living in the ecosystems. Majority of the 4. fumigatus strains
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isolated from patients are susceptible to azoles, reflecting the
frequency of susceptible strains in the environment. Following
infection with susceptible A. fumigatus strains, mutations
inducing resistance occasionally occur in a patient during
long-term azole treatment'”; however, the resistant strains
rarely spread to the environment from the patients. Azole-
resistant strains in the environment emerge naturally and are
acquired by azole-naive humans and animals. In 2016, a TRy,
/L98H-type A. fumigatus strain was detected from the air in

Japan'®

. However, in 2017, no azole-resistant A. fumigatus
strains were isolated from the air collected from the same sites
(unpublished data). The environmental frequency and clinical
occurrence of azole-resistant A. fumigatus are presumed to be
low in Japan. Nonetheless, continuous nationwide surveillance

of such resistant strains is warranted.
Human activity in the environment

Owing to its ubiquitous presence in the environment, A.
fumigatus may be transmitted by and spread through humans,
animals, and other objects. Short tandem repeat analysis
revealed that the TR3/L98H-type A. fumigatus strain isolated
from Japan was more closely related to overseas isolates than
to domestic isolates'’. Moreover, a TRu/Y121F/T289A-type
A. fumigatus strain isolated from Tokyo was clustered with
Dutch isolates'”. These results suggest that these strains were
introduced from overseas. Dunne et al. have reported that plant
bulbs imported from the Netherlands to Ireland were positive
for azole-resistant TR3:/L98H-type and TRus/Y121F/T289A-
type strains, suggesting that those strains were transmitted

18
across the border'

. Human activity in imbalanced environ-
ments containing azole-resistant A. fumigatus may promote
the spread of azole-resistant strains. In addition, environments
imbalanced by the improper use of agricultural fungicides may
induce new azole-resistant mutations in 4. fumigatus.
Continuous surveillance is imperative to detect emerging
azole-resistant strains.

Fungi serve important functions, such as decomposition, in
the ecosystem. It remains unclear, however, how azole-
resistant A. fumigatus strains emerge. Moreover, ecosystem
imbalance may be induced by unexpected selection due to
antifungal agents, leading to emergence of resistant strains of
A. fumigatus as well as other pathogenic fungi. Humans and
animals are closely associated with both their local and
overseas environments, suggesting that they are affected by
the fungi in their environments. Therefore, continuous
surveillance is warranted to detect emerging resistant strains.
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