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Abstract
Aureobasidium pullulans (A. pullulans) is a dematiaceous, yeast-like fungus that is ubiquitous in nature, which can colonize the human hair
and skin. A. pullulans has been clinically implicated to cause skin and soft tissue infections, meningitis, splenic abscesses, and peritonitis.
Herein, molecular diagnostic of internal transcribed spacer (ITS) sequencing was used to investigate a suspected case of A. pullulans infection,
and the infection source had been traced. A 27-year-old female case was suspected of kala-azar due to the recurrent fever. Bone marrow
specimens were analyzed. The samples were negative for Leishmania, Penicillium marneffei and Histoplasma capsulatum. DNA was extracted
from the bone marrow specimens, and the 583-bp sequence was amplified with the fungal ITS universal primers. The sequence was compared
by Blast query to be identified as A. pullulans. A strain of A. pullulans was also isolated from the kitchen of the patient’s living room. Culture
characteristics were the same as the human pathogens of A. pullulans, and the ITS sequence was identical to the bone marrow ITS amplification.
In conclusion, a deep infection caused by A. pullulans is rare, often occurring in the indwelling catheter, which may cause peritonitis and other
symptoms. ITS sequencing of fungi can be used as a diagnostic reference. As A. pullulans is a common fungus in environment, amplification
of ITS sequence of A. pullulans in the aseptic body fluid would be necessary to make a comprehensive diagnosis based on the clinical symptoms
and signs.
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Introduction
Fever of unknown origin (FUO) refers to a fever at
a temperature of 38.5℃ lasting for more than 3 weeks,
the pathogenesis of which is still not clear even after
detailed history, physical examination and routine
laboratory tests. The factors of bacterial and fungal
infection have been recognized as the main cause of
FUO [1]. Fungi can cause opportunistic infection in
people
with
immunodeficiency
and
immunosuppression, with the presence of FUO in its
several presentations [2]. Melanized fungi have been
increasingly recognized as important pathogens [3].
Aureobasidum pullulans (A. pullulans) is a black yeastlike species producing the biodegradable extracellular
polysaccharide pullulan (poly-α-1, 6-maltotriose). A.
pullulans could be found in soil, rocks, wood and
household dust, which could colonize human hair and
skin [4]. However, human infection of A. pullulans is
commonly rare, and only one case of skin infection has
been reported in mainland China [5], which is not a
deep infection. Importantly, A. pullulans can reproduce
on the surface of implanted medical devices. A previous

study has reported two cases of sepsis caused by the
intravenous catheter infection of A. pullulans in
Taiwan, China [6]. Diagnosis of A. pullulans infection
is always difficult, taking a long time, which generally
depends on the fungal culture. On the other hand,
molecular diagnosis makes a more rapid method. The
rDNA internal transcribed spacer (ITS) region is one of
the most often analyzed DNA regions for this fungus.
The rDNA ITS region is rather conserved for A.
pullulans [7] and therefore useful for the identification
at the species level. For the subspecific differentiation,
analysis of more variable DNA loci would be necessary
[8]. In this study, a case of A. pullulans infection
diagnosed by ITS sequencing were reported. Moreover,
the patient’s living environment was investigated, and
the fungal samples were collected and subjected to gene
tracing.
Case report
The patient, a 27-year-old rural woman, was
previously healthy, pregnant 1 years ago and bearing a
child. On February 21, 2018, after overwork for 2 days,
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she had a fever at night, with the temperature of 38.5℃,
as well as rash, intermittent cough and white mucus
sputum. The subject was first admitted to Baoji
Hospital of Traditional Chinese Medicine, where the
upper respiratory tract infection was diagnosed, and the
treatments with ibuprofen and roxithromycin were
ineffective. She subsequently developed limb joint pain
(mainly in the metacarpophalangeal, knee and ankle
joints), and the body temperature reached 39.7℃. On
March 1, the subject was admitted to Baoji People’s
Hospital. Results of the blood routine examination were
as follows: White Blood Cells (WBC), 5.3×109/L;
neutrophils, 84.0%; and procalcitonin (PCT), 1.04
ng/mL. Levofloxacin, moxifloxacin, Lianhua Qingwen
Capsule, oseltamivir, ibuprofen and/or other treatments
were ineffective. The highest body temperature was
40.0℃. Results of the blood routine examination on
March 10 were as follows: routine WBC, 11.0×109/L;
neutrophils%, 90.8%; and PCT, 0.444 ng/mL. The bone
marrow aspiration indicated infectious bone marrow.
On March 13, the subject was admitted to the
Emergency Department of the First Affiliated Hospital
of Xi’an Jiaotong University. The blood routine
examination indicated: the WBC, 18.17×109/L;
neutrophils%, 92.0%; and PCT, 0.626 ng/mL. She
received hospitalization based on fever to be
investigated for septic shock. There was still
intermittent fever, with the body temperature up to
40.0°C. After the anti-infection treatment of
meropenem, linezolid, voriconazole, Shupu deep, and
doxycycline, the subject’s body temperature, blood
indexes, and PCT were gradually decreased. On March
29, the subject developed abdominal pain and diarrhea.
The blood pressure was reduced to 60/29 mmHg, and
the results from the blood gas analysis indicated pH
7.37, with 12 mmol/L HCO3- and 5 mmol/L Lac. Based
on these results, septic shock was considered. On April
1, the subject was transferred to the ICU for antiinfection, acidosis correction and liver protection.
Thereafter, the infection indexes were gradually
decreased to normal levels, however still with
intermittent fever. The subject was administered with A
Qianglong to inhibit the inflammation. CT examination
showed bilateral pleural effusion, pericardial effusion,
mediastinal and bilateral axillary lymph node
enlargement, peritoneal effusion, hepatomegaly, and
splenomegaly. No fungal hyphae, spores, or acid-fast
bacilli were found under the tracheal brush microscope.
Liver function tests indicated the elevated transaminase
level and reduced albumin level. Moreover, the
procalcitonin level was increased. On April 13, the bone
marrow aspiration smears were taken, and the results
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suggested suspiciousness of kala-azar. The bone
marrow specimens were sent to our laboratory for
testing, i.e., the Shaanxi Provincial Center for Disease
Control and Prevention.
The patient’s bone marrow smear was stained with
the Wright’s staining. Under the oil microscope, no
Leishmania or yeast-like structure was observed in
macrophages. Moreover, serum Leishmania rK39
immunochromatographic
test
strips
(Inbios
International, Seattle, WA, US) or Leishmania IgG
ELISA (DRG, Marburg, Germany) showed negative
results. Furthermore, there was no colony growth in the
bacterial culture and fungal biphasic culture for 15
days. DNA was extracted from the patient’s bone
marrow by the Dneasy Blood & Tissue Kit (Cat. No.,
69504; Qiagen, Hilden, Germany). PCR was performed
with the Leishmania- [9], Histoplasma capsulatum[10] and Penicillium marneffei-specific [10] primers,
respectively, and no specific bands were observed.
Moreover, the 16S rDNA V3 [11] amplification showed
negative results.
A fragment of rDNA was amplified with the ITS1
and ITS4 primers [12], and a positive band was detected
by the QIAxcel Advance Capillary Electrophoresis
(Qiagen, Hilden, Germany) (Figure 1). The amplified
products were spliced and subjected to the bidirectional
sequencing with SeqMan Pro 7.1.0 (Lasergen,
https://www.dnastar.com/), obtaining a 583 bp
Figure 1. ITS sequence PCR amplification electrophoresis.

A1: DNA ladder; A5: Patient’s bone marrow; A11: Negative control.
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sequence (Accession No. MK772063) which was
named as LiRui isolate. The sequences were aligned in
the BLASTN 2.8.0+ (http://blast.ncbi.nlm.nih.gov) and
the
fungal
sequence
database
MycoBank
(http://www.mycobank.org/),
both
indicating
Aureobasidium pullulans.
The patient was treated with amphotericin B and
hormonal drugs. On May 2, the body temperature
dropped to the normal level, with no fever. Tests
showed that all indicators had been improved. The
subject was discharged on May 13.
After discharge, the patient was kept in touch. In the
winter of 2018, the patient’s husband reported that the
house where they lived was damp, with a lot of mildew
spots on the wall before the disease onset. The same
mildew appeared in the very winter, which was
suspected to be related to the patient’s infection. On
February 28, 2019, we came over to the patient’s house
and investigated the environment where she lived. The
patient lived on the 10th floor of an 11-floor building.
The house faced south, which was, however, not well
ventilated and humid. The corner between the bedroom
wall and ceiling was covered with mildew spots, and
mildew spots were also observed in the cabinet under
the windows.
Samples were collected from six mould spots and
kept in saline solution, which were inoculated on
salicylic glucose agar and cultured at 28℃ with 60%
relative humidity. After 3 days, DNA was extracted
Figure 2. A. pullulans growing on SDA plate.

（A）9 days. (B) 19 days. (C) 25 days.
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Figure 3. ITS sequence alignment of Aureobasidium pullulans
isolates LiRui, BJ2019 and ATCC 15233.

from 12 yeast-like colonies, followed by identification
with ITS1 and ITS4 amplification and sequencing. One
colony sample from the wood cabinet (named BJ2019)
was identified as Aureobasidium pullulans (Accession
No. MK772062). After 19 days, the A. pullulans colony
in the Sabouraud Dextrose Agar (SDA) plate turned
black (Figure 2). The strain was inoculated in the SDA
medium (without NaCl, containing 10% and 15% NaCl,
respectively), which was cultured at 30℃ and 35℃.
The results showed that the strain could grow at 30℃,
in 15% NaCl, which however could not grow at 35℃.
The homology was analyzed and compared
between the isolated strains and the bone marrow
samples, and correlation was confirmed between the
broken strain suspension and the patient’s serum
agglutination. However, the strain had selfagglutinating phenomenon, which therefore could not
be confirmed. Totally 5 gene loci [multilocus analyses
of rDNA internal transcribed spacers (ITS), partial large
subunit of rDNA (LSU), and partial introns and exons
of genes coding β-tubulin (TUB), translation elongation
factor (EF1α) and elongase (ELO)] [8] of the
environmental strain BJ2019, standard strain
ATCC15233 and bone marrow sample LiR were
amplified by PCR. Our results showed that only the ITS
sequence was successfully amplified in the bone
1176
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marrow samples, while the other 4 loci failed the
amplification. Aligned ATCC15233 (Accession NO.
MK772064), case sample (LiR) and environmental
sample (BJ2019) were analyzed using the MegAlign
7.01 by the ClustalW method. Our results showed
identical ITS sequences for the LiRui and BJ2019
isolates. The bases of ATCC15233 at 107, 108, 189, 394
and 500 sites were T, C, T, T, and T. A. pullulans LiRui
and BJ2019 were C, T, A, C, and C. ATCC15233 had
the A and T bases at the 174 and 511 sites, which were
deleted at these sites for the LiRui and BJ2019 (Figure
3). The environmental isolate BJ2019 was completely
identical to the ITS sequence of the patient LiRui
isolate. It was possible that the patient was infected with
A. pullulans from the wall of the house, causing a series
of infection symptoms mainly due to the repeated fever.
Discussion
The patient underwent 3 months from the disease
onset to diagnosis. During this period, the patient was
examined and treated in various hospitals, with repeated
conditions. High PCT values were detected, which were
in accordance with the systemic infection, and the
bacterial and fungal infections had been considered. For
the diagnosis, routine bacterial culture and fungal
culture were performed out of many specimens. Bone
marrow DNA was extracted and amplified with the
PCR primers of Leishmania, Penicillium marneffei and
Histoplasma capsulatum. Results from the IgG
antibody test and rK39 test paper antibody test indicated
negative findings.
Under
the
use
of
antibiotics
and
immunomodulators, it is often difficult to obtain
infectious pathogens. Gene amplification diagnosis and
metagenomic sequencing technology can provide
important reference for the diagnosis of infectious
diseases. In recent years, the molecular diagnosis has
been increasingly applied in the clinical diagnosis of
pathogenic microbial infections. Bacterial 16S rDNA
and fungal ITS universal primers have been commonly
used for identifying the strains. Bone marrow and blood
samples have been generally considered to be aseptic
body fluids. The positive amplification would be of
great reference value for infectious diseases [11]. The
ITS in the fungal ribose is conservative, which has been
widely used in the identification of the fungal species
and the phylogenetic researches [13]. ITS sequence
(ITS1-ITS4) amplification products of different fungi
vary between 500-800 bp, and the fungal sequences
could be identified by comparing the corresponding
databases [12]. In the reported case, the bone marrow
specimen DNA was amplified and sequenced by the
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ITS sequence, and A. pullulans was identified
according to the WEB Blast and Mycobank databases.
A. pullulans is a ubiquitous yeast-like fungus in the
environment, which could be found in soil, water, air
and even in human nail crevices. A. pullulans is
considered to be an allergen [14], which has been
reported to cause asthma [15] and allergic pneumonia
[16], as well as fungal dermatitis [17] and fungal
keratitis [18]. Moreover, it is also an opportunistic
infectious fungus, causing an infective abscess in
various organs, systemic disseminated infection and
fungal sepsis [19]. Morais OOD reported a case of a
patient with infection of the lymphatic system by A.
pullulans [20]. The latest report on A. plullans infection
is a case of co-infection of AIDS patients in 2018 [21].
It is generally believed that systemic infection is
associated with immunodeficiency or the use of
immunosuppressive agents [22]. Although the DNA
fragment amplification of pathogenic bacteria from the
bone marrow specimens had certain diagnostic
reference value, it was possible that the contaminated
specimens may cause false-positive amplification due
to the widespread presence of A. pullulans in
environment. In addition, the disease course of the case
was longer than 3 months, during which the repeated
fever, and short-term mycotic primary infection or
secondary infection could not be judged. The molecular
diagnosis of this study combined with epidemiological
history and clinical symptoms, and after fungal
treatment, the patient recovered. It is confirmed that the
method of amplification and sequencing of aseptic body
fluid samples such as bone marrow can diagnose the
infection of pathogens. Fungal infections usually occur
in people with impaired immunities. This patient was
pregnant and delivered, one year before the disease
onset, living in a poorly ventilated and humid
environment, which might induce the immune decline
(even though without corresponding evidence). On-site
investigation showed that there were many large
mildew spots on the walls of the family’s two
bedrooms, as well as the kitchen cabinets under the
floating windows. A strain of A. pullulans was isolated
and identified from the kitchen cabinet samples. We
tried to confirm the homologous relationship between
these kitchen cabinet strains. There are many methods
to identify the fungal homology [23], including the
PFGE, MALDI-TOF, and high-throughput wholegenome sequencing [24], mainly based on the isolated
strains, DNA samples obtained from the unmixed
cultures. It would be more suitable to use the onegeneration sequencing method. However, there are
many inhibitory PCR components in the nucleic acids
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extracted from the clinical specimens, which are
difficult for the successful amplification. Moreover, we
tried to confirm the homologous relationship between
the cabinet strain and the strain from the patient by
sequencing at 5 sites [8]. Our results showed that only
the ITS sequence was successfully amplified, while the
other bone marrow samples failed the amplification.
The sequence was identical to the environmental
sample BJ2019, while the sequence of the standard A.
pullulans strain ATCC15233 was different. The ITS
sequence of the fungus isolated from the environment
was homologous to that of the patient's bone marrow,
which further confirmed that the pathogen causing
fever in the patient was A. pullulans. There are two
varieties of human pathogens [3]. One is A. pullulans
var. melanigenum, which can grow at 35℃ and tolerate
10% NaCl (ATCC15233 is the representative strain),
and the other is A. pullulans var. pullulans, which can
tolerate 15% NaCl at 30℃. The strain isolated from the
kitchen cabinet turned black within 19 days, which
could grow at 30℃ rather than 35℃. Therefore, the
strain should be A. pullulans var. pullulans.
Conclusion
In this paper, a case of fever of unknown origin was
diagnosed by molecular diagnosis. Several clinical
results suggest that the patient had an infectious disease.
No positive results were obtained by bacterial culture,
fungal culture or virus detection. Finally, we amplified
the bone marrow samples of patient by using the
universal primers of fungus ITS and sequenced the
positive sequence, which confirmed that the pathogen
of infection was Aureobasidium pullulans. A strain of
Aureobasidium pullulans was also isolated from the
living environment of the patient. The ITS sequence of
the strain was the same as that of the patient's bone
marrow, which confirmed that the infection might come
from the wet bedroom where the patient lived. These
findings suggest that for cases of unexplained fever
caused by rare pathogens, fungal or bacterial universal
primer PCR could be conducted to amplify and
sequence the sterile body fluid samples, which might
contribute to the quick identification of the pathogens.
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