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Abstract: Invasive fungal disease (IFD) has high mortality rate, especially in the growing population of immuno-
compromised patients. In spite of introduction of novel diagnostic approaches, the intravital recognition of IFD is
challenging. Autopsy studies remain a key tool for assessment of epidemiology of visceral mycoses. We aimed to
determine species distribution and trends of IFD over the last 10 years in unselected autopsy series from a large uni-
versity hospital. Forty-five cases of visceral mycoses, confirmed by histopathology and panfungal PCR, were found
in 587 consecutive autopsies. Major underlying diseases were diabetes mellitus (20%), hematologic malignancies
(15.6%) and systemic lupus erythematosus (15.6%). There was a high risk for disseminated IFD in immunocom-
promised patients stayed in the hospital over 1 month with a fever longer than 3 weeks. The most common fungi
were Aspergillus spp. (58%), Candida spp. (16%), Mucorales (14%) and Fusarium spp. (10%). We found significant
increase in Aspergillus flavus (P = 0.04) and Mucorales (P < 0.01) infections over the last 5 years. Concordance
rate between histopathology and panfungal PCR was 89.5% to the genus level. All 6 cases of fusariomycosis were
misinterpreted as aspergillosis by histology alone. The precise species identification, necessary for targeted an-
tifungal treatment, was rendered only by the molecular technique. Panfungal PCR showed high performance on
formalin-fixed paraffin-embedded specimens, providing important epidemiological data in retrospective autopsy
series. Rapid detection of fungi by panfungal PCR assay has high potential for intravital diagnostics of IFD in surgical
and biopsy specimens.
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diagnosis of proven IFD essentially requires a
culture or histopathology [6]. Complimentary
biochemical markers (galactomannan, D-ara-
binitol) and molecular assays (FISH, panfungal

Introduction

Invasive fungal disease (IFD) continues to be a
major cause of mortality in either community

settings or general hospitals. Up to one third of
immunocompromised patients die of visceral
mycoses [1, 2]. The most vulnerable popula-
tions are those with hematological malignan-
cies, AIDS and transplant recipients [3-5].

A study of epidemiologic trends provides rea-
sonable hints to direct empirical antifungal
treatment and chemoprophylaxis. However, an
analysis of clinical data alone cannot efficiently
estimate a rate of invasive fungal infections,
since most of them remain undetected ante-
mortem due to difficulty in diagnostics. The

PCR) have been introduced to improve the
detection of fungal infections [7]. At the same
time, newly emerging mycoses caused by
Mucorales and Fusarium spp. bring additional
obstacles to IFD diagnostics. In such circum-
stances, autopsy series remain a principal tool
for the epidemiological study of IFD [4, 8].

Epidemiological heterogeneity of invasive and
endemic mycoses is partially contributed by
geography [9]. Available Asian reports are wide-
ly represented by periodic Japanese autopsy
series [10-12]. Postmortem [13, 14] and ante-
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mortem [15] epidemiological data from South
Asia are very limited. More studies on regular
basis from this rapidly developing and densely
populated region are highly anticipated to mon-
itor dynamic changes in IFD. In this study, we
used panfungal PCR applied to archived autop-
sy specimens to identify genus and species dis-
tribution and trends of IFD in our hospital over
the last 10 years.

Materials and methods
Study settings

The study was performed at the King
Chulalongkorn Memorial Hospital (Bangkok,
Thailand), the third largest university teaching
hospital in the country with a bed capacity of
1,479 that covering all major medical depart-
ments. We retrospectively analyzed all autopsy
records of patients who died at the hospital
between January 1, 2005, and December 31,
2014. Medico-legal cases were not included in
the study. 587 autopsies were performed dur-
ing 10-year period. Selected clinical records
and autopsy reports from the Department of
Pathology were reviewed. Relevant demograph-
ic and clinical data were recorded. All academic
autopsy cases were seronegative for HIV. The
histopathological diagnosis of IFD was reviewed
by two pathologists (KR and SK). The study was
approved by the Chulalongkorn University
Institutional Review Board (IRB No. 267/56).

Autopsy procedure

Complete autopsies involving removal and
examination of all visceral organs and the cen-
tral nervous system were performed in all
cases. After gross examination, all major
organs and grossly suspicious tissues were
systematically sampled (30-40 tissue speci-
mens per case) following standard protocol.

Tissue sections were stained with hematoxylin
and eosin. Gomori’'s methenamine silver stain
and Mucicarmine stain were additionally
employed for diagnosis of fungal infections.
Cultures from fresh tissues were not routinely
performed.

Diagnostic criteria and definitions

IFD was defined as the presence of fungal ele-
ments in tissues with necrosis and etiologic
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classification was made on the basis of mor-
phologic criteria. Fungal infections localized to
the mucosa of the upper gastrointestinal and
upper respiratory tracts to the tracheal bifurca-
tion were not considered. The morphologic fea-
tures used for identification of fungi in tissue
were as follows [16]:

Candida spp. - oval budding yeasts with pseu-
dohyphae; Aspergillus spp. - non-pigmented,
septated hyphae with acute angle branching;
Cryptococcus spp. - narrow-based budding
yeasts without hyphae and with mucicarmine-
positive capsule; Mucorales genera - broad,
non-pigmented, pauciseptated hyphae with
random right angle branching; Histoplasma
spp. - small yeasts with narrow-based budding,
grouping in clusters inside macrophages;
Pneumocystis jirovecii - intraalveolar foamy
eosinophilic exudate, containing thin-wall
spheres with intracystic focus.

A diagnosis of disseminated IFD required the
involvement of two or more non-contiguous
organs by the same fungus. Mixed IFD was
defined by the presence of several fungal spe-
cies into one organ or different fungi into differ-
ent organs. IFD was considered as a primary
cause of death by pathologists if the infection
was responsible for the death of a patient due
to significant involvement of vital organ(s).
Discrepancies between antemortem and post-
mortem diagnosis were analyzed to measure
the impact of the missed or incorrect clinical
diagnosis on the patient’'s management and
survival. Severe neutropenia was defined as a
neutrophil count < 500 mm- for more than 10
days. Persistent fever was defined as a continu-
ous fever for more than 10 days.

Molecular study

After reviewing the slides, one formalin-fixed
paraffin-embedded (FFPE) block containing the
largest amount of fungal elements was select-
ed for further PCR and sequencing. If organs
were involved by different fungi, several repre-
sentative blocks with the largest amount of fun-
gal elements were selected for molecular study.

For each tissue sample, 10 FFPE sections (5-10
pm thick) were cut using a sterile microtome
blade. The sections were deparaffinized in 1 ml
xylene and washed with absolute ethanol.
Samples were treated with a urea buffer (8 M
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Table 1. Trends in the annual number of autopsies and invasive
fungal disease (IFD) cases in King Chulalongkorn Memorial

Hospital, Bangkok, Thailand

Trends in the prevalence over
two 5-year periods (2005-2009,
2010-2014) were analyzed by

Number of  Number of

Autopsy Cases of

chi-square test for trend. The

Year deaths autopsies rate Fp [FDrate comparison of continuous data

2005 1,437 76 5.20% 5 6.6% was performed using Mann-

2006 1,456 70 4.81% 3 4.3% Whitney U test or Student’s t

2007 1346 0 5.20% . 10% test, and categgrlcal data were
’ analyzed by chi-square test. A

2008 1,399 96 6.86% 8 8.3% P value of less than 0.05 was

2009 1,313 86 6.55% 2 2.3% considered to be statistically

2010 1,188 40 3.37% 6 15% significant.

2011 1,260 40 3.17% 3 7.5%

2012 1,324 28 2.11% 3 10.7% Results

2013 1,279 37 2.89% 2 5.4% Clinical characteristics

2014 1,315 44 3.35% 6 13.6%

2005-2009 6,951 398 5.74% 25 6.3% During the study period 13,317

2010-2014 6,366 189 2.98% 20 10.4% deaths were recorded by the

Total 13,317 587 4.40% 45 7.7% hospital. A total of 587 autopsies

urea, 0.5 M NaCl, 20 mM Tris, 20 mM EDTA, 2%
SDS, pH 8.0) and a lysis buffer (0.5% w/v SDS
in TE buffer: 10 mM Tris, pH 8.0; 1 mM EDTA,
pH 7.5) with glass beads and centrifuged at
13,200 g for 20 min. For protein precipitation
the aqueous phase was mixed with phenol :
chloroform : isoamyl alcohol (25:24:1, v/v) fol-
lowed by proteinase K (10 mg/ml) treatment.
DNA precipitation was performed using cold
isopropanol and the DNA pellet was obtained
by centrifuging at 13,200 g for 10 min. The
quantity and quality of DNA were measured by
NanoDrop (NanoDrop 1000 Spectrophotome-
ter, Thermo Scientific, USA).

DNA was amplified in the region of internal tran-
scribed spacers (ITS1 and ITS4) following con-
ventional protocol [17] by universal fungal prim-
ers, ITS1 and ITS4 using i-TaqgTM DNA poly-
merase (iINtRON Biotechnology, South Korea).
Sterile distilled water was used as a negative
control. PCR products were purified using the
PCR Clean-up QIAquick PCR Purification kit
(Qiagen, USA) and sequenced at outside facility
(1st BASE Laboratory, Malaysia). Sequences
were identified using GenBank BLAST search-
ing tool.

Statistical analysis

All data were entered into an Excel spreadsheet
(Microsoft, CA), and statistical analysis was
performed using SPSS 17.0 (SPSS, Chicago, IL).
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were performed, and 45 cases of
IFD were diagnosed postmor-
tem, including 2 pediatric and 43 adult cases.
The total number of autopsies performed in the
hospital has declined over the last 10 years,
from around 80 per year from 2005-2009 to
around 40 per year after 2010 (Table 1).
Autopsy rates dropped respectively from 5.74%
over first 5-year period to 2.98% more
recently.

The median age of the patients was 49 years
old with a male-female ratio of 0.96. The aver-
age number of days in a hospital was 30, rang-
ing from 1 day (3 patients) to 7 months. Most of
the patients were presented with a persistent
fever (62.2%). Other remarkable chief com-
plains listed in order of frequency were dys-
pnea, cough, alteration of consciousness, sei-
zures, headache, nausea/vomiting and chest
pain.

Major underlying diseases were malignant
tumors, including leukemia/lymphoma (15.6%)
and carcinoma (6.7%). Five patients (11.1%)
had non-malignant hematological diseases
such as pancytopenia and thalassemia. Every
fiftth patient had a history of long-standing dia-
betes mellitus. The other significant diseases
were systemic lupus erythematosus (SLE),
gout, liver cirrhosis and hepatitis (Table 2). Past
medical history was remarked by heart surgery
and organ transplantation in 2 and 3 patients,
respectively. IFD in three post-transplant
patients was noted at intervals of 3 years, 4
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Table 2. Demographic and clinical characteristics

of 45 patients with IFD

Number Percentage

Baseline characteristics
Age, mean (range), years

Sex
Male 22 48.9%
Female 23 51.1%

Clinical characteristics

Persistent fever 28 62.2%

Neutropenia 14 31.1%

Days in hospital, mean (range) 30 (1-202)
Underlying condition”

Hematologic malignancy 7 15.6%

Hematologic non-malignant 5 11.1%

Solid cancer 3 6.7%

Diabetes mellitus 9 20.0%

Chronic liver disease 4 8.9%

SLE 7 15.6%

Gout 3 6.7%

Organ transplantation 3 6.7%

Other somatic disease 4 8.9%
Prolonged treatment:

Corticosteroid 26 57.8%

Chemotherapy 8 17.8%

Immunosuppressive 13 28.9%
No evident predisposing factor 4 8.9%
Antifungal therapy 22 48.9%
IFD evident only at autopsy 27 60.0%
IFD as a cause of death 35 77.8%

48.5 (6 days-79 years)

“Patients could have more than one underlying condition and
could be on prolonged combined pharmacotherapy.

months and 5 days, following transplantation.
The prevalence of neutropenia as a predispos-
ing risk factor for IFD was confirmed in 31.1%
cases.

Prolonged drug treatment for major diseases
prior to IFD was recorded in most of cases: 26
patients (57.8%) were on systemic corticoste-
roids, 13 (28.9%) received immunosuppressive
drugs and 8 patients (17.8%) were on chemo-
therapy. There were 4 cases without underlying
predisposing conditions.

Eighteen patients (40%) had an antemortem
proven or probable IFD by EORTC/MSG criteria
[6]. All of these and 4 additional patients
received antifungal treatment (48.9%). There
were 9 cases with fungi detected in sputum,
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BAL or pleural fluid, but no specific treatment
was administered.

Terminal IFD was considered by pathologist as
a primary cause of death in 35 cases. Definite
antemortem diagnosis of IFD was made in 18
patients, whereas suspicious fungal infection
was traced in clinical records of 13 patients
(28.9%), and not suspected in 14 cases
(31.1%).

Organ involvement

Eighty major visceral organs were affected by
IFDs in 45 patients (Figure 1). The most com-
mon systems involved were respiratory (50%),
gastrointestinal (18%), cardiovascular (10%)
and CNS (9%). The lung was the most common
organ involved followed by large intestine,
heart, brain and kidney.

Patterns of organ involvement were dissemi-
nated with up to 5 organs affected by the same
fungus, and non-disseminated (Table 3).
Disseminated IFD was found in 13 patients
(29%) and basically involved 2 systems/organs.
Non-disseminated cases were represented by
localized disease with a single organ affected
by one fungus (26 cases, 58%) or two indepen-
dent visceral organs invaded by different fungi
(mixed IFD - 5 cases, 11%). Localized mixed
infection with 2 fungi in the same organ was
identified in 1 case.

Histopathology

Tissue reaction in the visceral organs infected
by Aspergillus and Fusarium species was
marked by neutrophilic infiltration and necro-
sis. Fungal hyphae invaded the walls of blood
vessels and grew within vascular lumen pro-
ducing related infarction and hemorrhage.
Tissue reaction to Mucorales genera was
similar to the above species, even with more
profound angioinvasion (Figure 2E and 2F).
Candida spp. formed microabscesses with
minimal neutrophilic and lymphocytic infiltra-
tion and without angioinvasion.

Angioinvasive aspergillosis with fungal balls
(Figure 2A and 2B), diffuse necrotizing pneu-
monia and pulmonary hemorrhage were the
most common pathological manifestation of
respiratory Aspergillus spp. infection. Fusarium
species caused similar necrotizing pneumonia

Int J Clin Exp Pathol 2015;8(11):14840-14852
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Figure 1. Distribution of systems and organs involved by invasive fungal
disease (IFD). Totally 80 visceral organs were affected in 45 patients.

(Figure 2C and 2D). All pulmonary mucormyco-
sis cases revealed angioinvasion with hemor-
rhage, necrotizing pneumonia, and further
pleural extension. Lung involvement by Candida
spp. was marked by multiple microabscesses.
Brain infected by Aspergillus spp. and
Mucorales genera mostly showed angjoinva-
sion with surrounding hemorrhage and necro-
sis. One case of cerebral aspergillosis produced
granulomatous inflammation with central
necrosis. Meningeal extension was uncommon.
Multiple myocardial abscesses and angioinva-
sion by fungus were observed in the hearts
infected by Mucorales genera (Figure 2G and
2H), Aspergillus spp. and Fusarium spp. All
cases of gastrointestinal candidiasis showed
mucosal abscesses with mild acute and chron-
ic inflammation.

Molecular study

Fungal DNA was successfully amplified from all
specimens histologically proven as IFD. All
sequences showed 98-100% identity to
sequences deposited in the GenBank data-
base. The most common genera identified by
panfungal PCR were Aspergillus spp. (44 sam-
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Respiratory system

ples, 58%), followed by Candi-
da spp. (12 samples, 16%),
Mucorales (11 specimens, 14%)
and Fusarium spp. (8 samples,
10%). The most common se-
quenced species were Asper-
gillus flavus, Aspergillus fumiga-
tus, Aspergillus not specified,
Candida tropicalis and Rhizopus
oryzae (Table 4).

Histopathological diagnosis was
mainly limited by fungi genus
without designation of species.
Correlation rate between histo-
logical diagnosis and panfungal
PCR was 89.5%, including com-
plete concordance in diagnos-
ing of Candida spp., Mucorales
genera, Cryptococcus neofor-
mans, Histoplasma capsulatum
and Pneumocystis jirovecii. All 8
samples infected by Fusarium
spp. were misinterpreted as
Aspergillus spp. by histopathol-
ogy (Table 4). Two cases of rare
IFD caused by Lichtheimia
corymbifera and Basidiobolus
ranarum, both of Zygomycota
phylum, were correctly identified as Mucorales
by histopathology.

All fungi, except Cryptococcus neoformans,
Histoplasma capsulatum and Pneumocystis jir-
ovecii were found in multiple visceral organs
(Table 5). Twelve different fungal species were
identified by panfungal PCR in respiratory sys-
tem. Aspergillus spp. were the most common
pathogens affecting lungs (Aspergillus fumiga-
tus), brain and heart (both-Aspergillus flavus).
The most frequent cause of gastrointestinal
IFD was Candida tropicalis.

Average number of organs invaded by fungus
was 1.8 for Aspergillus spp. and Mucorales
(Table 6). The main contributors of multiple
organ involvement were Rhizopus oryzae with
the average 3.5 organs affected and Aspergill-
us flavus - 1.9 organs. Mixed IFDs were primar-
ily represented by visceral candidiasis combin-
ed with aspergillosis or fusariomycosis (5/6).

Time trends
Postmortem prevalence of IFD increased from

6.3% in 2005-2009 to 10.4% in 2010-2014.

Int J Clin Exp Pathol 2015;8(11):14840-14852
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Table 3. Pattern of organ involvement by IFD

reported from USA, UK

and Germany [8, 19, 20].

Period
System isti

Pattern Fyungus/ Cases 20052009, 20102014, ~ Statistics from —South
25 cases 20 cases Asian countries is scarce
Localized 27 17/(68%) 10 (50%) anf' also ShtOWS i’jry 'POW
Localized isolated 1S/1F 16 10 autopsy rate [14]. Po-
) ) stmortem examinations

Localized mixed 1S/2F 1 0 . .
) in our hospital are un-
Mixed 6 common (4.4%) and are
Single organ (see Localized mixed) generally conducted on
Different organs 25/2F 2 4 difficult diagnostic cases.
Disseminated 13 6 (24%) 7 (35%) We observed twice the
2S/1F 3 4 reduction in the number
3S/1F 1 0 of autopsies during the
4S/1F 0 2 10-year observation pe-
5S/1F 2 1 riod with th_e constant
Non-disseminated 32 19(76%) 13(65%) Yearly mortality rates. In-

We found an increase of disseminated disease
from 24% to 35%, and shift from respiratory to
non-respiratory (rise from 42.5% to 57.5%) sys-
tems involvement. A rate of isolated pulmonary
IFD dropped from 68% to 50% over the last 5
years of the study. Disseminated IFD often orig-
inated from the intestine and tended to spread
via blood into kidney and heart. However, none
of these trends were statistically significant,
most likely due to a small sample size.

There was a notable re-distribution of caus-
ative agents over two 5-year periods. A rate of
aspergillosis decreased from 60% to 40%,
mainly contributed by lower incidence of
Aspergillus fumigates. However Aspergillus fla-
vus demonstrated statistically significant rais-
ing trend in 2010-2014 (12 vs. 7 samples, P =
0.04). A prevalence of candidiasis and Fusarium
IFDs did not change considerably over the time.
There was statistically significant increase in
rate of mucormycoses in 2010-2014 compared
to 2005-2009 (P < 0.01).

Discussion

The autopsy remains an established tool for
obtaining epidemiological information about
diseases and producing vital statistics [18]. It
serves as an important measure in monitoring
the quality of care by comparing antemortem
with postmortem findings. The recommended
autopsy rate of 30% is proposed to achieve the
above goals [8]. However, over the past recent
decades, autopsy rates have steadily declined
all over the world. The rates ranging 2-5% were
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terestingly, a study pub-
lished 10 years ago from
another local university hospital claimed a
15-20% autopsy rate, probably supplied with
forensic cases [13]. There are various reasons
contributing the fall in autopsy rates, such as
advances in imaging and laboratory diagnos-
tics, difficulties in obtaining consent, religious
issues, high costs, and the shift from autopsy
to surgical pathology [3, 18].

Current diagnostic approaches offer limited
utility for IFD [21]. Autopsy continues to serve
as an important tool for evaluating epidemio-
logical trends of IFD [4]. Nationwide, multi-insti-
tutional and single-center autopsy series with a
focus on visceral mycoses are systematically
reported from Japan, Germany and USA [5, 10,
12, 21-23]. Studies in immunocompromised
population showed 20-30% rate of terminal
IFD [1, 2, 5, 24]. Unselected large-scale series
demonstrated lower rates of visceral mycoses
in general population ranged 1-5% [8, 11, 21,
25]. The rate of 7.7% found in our study is simi-
lar to the ones reported from India (8.7%) and
Ramathibodi Hospital, Bangkok (9.4%) [13, 14].
We found rising trend in prevalence of IFD in
our series over last 5 years. Partially, it could be
influenced by selection bias, due to the drop in
autopsy rate and increased proportion of diffi-
cult diagnostic cases including visceral myco-
ses. We were able to conclude that the IFD rate
is not decreasing and keeps a level higher than
in developed countries.

Compromised immune system is a major pre-
disposing factor to IFD. Most studies from mul-
tispecialty hospitals found that hematologic
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Figure 2. Histopathology of IFD. A, B. Aspergillus fumigates forming fungal ball in lung parenchyma. C, D. Intra-
alveolar hyphae of Fusarium equiseti. Inset shows high power appearance of intercalated chlamydoconidia (i.e. ve-
sicular swellings), which are useful in differential diagnostics between fusariomycosis and aspergillosis. E, F. Cardiac
mucormycosis with invasion and obstruction of blood vessel. G, H. Myocardial microabscess caused by Rhizopus
oryzae. A, C, E, G. Hematoxylin & eosin; B, D, F, H. Gomori’'s methenamine silver; x 200, inset x 600. All fungi spe-

cies were classified by panfungal PCR.

malignancy was the most common underlying cases of IFD, followed by solid cancer and dia-
disease with a frequency 25-45% among all betes mellitus [11-13, 26]. Top three underlying
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Table 4. Correlation between fungi species identified by

histopathology and panfungal PCR

(1 case out of 9). At the same time a
prevalence of mucormycoses in dia-

betic patients was typically high

(I;l;;;p:)astir;ologlcal ?:arzgg Species by PCR ?:;22';? (3/9) [7]. We suppose that our find-
Aspergillus spp. 48 (30) Aspergillus flavus 19 ings regarding S_LE _and diabetes in
. . IFD are of practical importance and
Aspergillus fumigatus 13 o .
Aspergillus niger 5 need further yahdatpn in a larger
) - cohort. No evident risk factor was
Aspergillus not specified 10 found only in 4 patients (2 of them
Aspergillus spp. 44 (24) were staying less than 1 day in the
Fusarium equiseti 3 hospital), which prompts to suspect
Fusarium not specified 5 IFD in high-risk group subjects.
Fusarium spp. 8 (6)
Candidaspp. ~ 12(10) Candida albicans 4 Intravital diagnostics of IFD is a
Candida tropicalis 8 challehglng .task due to r.n.any rea.-
Candida spp. 12 (10) sons .lncludlng non-s.p.emfllc mgnl-
) o ) festations, non-specific imaging,
Mucorales 11 (6) Lichtheimia corymbifera 1 lack of sensitive diagnostic tools,
Basidiobolus ranarum 2 loss of serologic response in immu-
Mucor circinelloides 2 nocompromised patients, limita-
Rhizopus oryzae 6 tions to use invasive procedures in
Mucorales 11 (6) coagulopative hematologic patients
Cryptococcus 1(1)  Cryptococcus neoformans 1 (1) [21]. Fungal infections were diag-
Histoplasma 1(1)  Histoplasma capsulatum 1(1) nosed or suspected antemortem in
Pneumocystis 3(3)  Pneumocystis jirovecii 3(3) 68.9% of our cases, similar to the

*Total number of cases exceeds 45 because of 6 patients with mixed IFD.

diseases in our study were diabetes mellitus,
hematologic malignancies and SLE. There are
several mechanisms predisposing diabetic
patients to fungal infection, which include gly-
cation of complement C3 with impaired attach-
ment to the bacterial surface and further inter-
ruption of phagocytosis of fungal element [27],
hyperglycemia leading to defective intracellular
killing associated with both oxidative and non-
oxidative processes [28], and hyperglycemia
with low pH condition causing impairment of
neutrophilic chemotaxis [29]. Immunosuppres-
sion in hematologic malignancy is driven by
impaired function of leucocytes and effects of
chemotherapy [30]. Hypogammaglobulinemia,
hypocomplementemia and steroid therapy con-
tribute to immunosuppression in SLE [31]. High
proportion of SLE is concordant with the data
from South and Southeast Asia [13-15], how-
ever it has not been reported in American and
European series. Moreover SLE cases had
3-times higher preponderance of brain involve-
ment, which is in line with earlier Indian series
[14]. One more finding that has not been report-
ed previously is an extremely low prevalence of
aspergillosis in patients with diabetes mellitus
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data from another local general hos-
pital [13]. However final clinical
diagnosis included IFD just as a part
of more complex list of diseases without par-
ticular accent in majority of the cases. None of
patients that died during first week of stay in
the hospital were diagnosed with IFD. Con-
versely, all the patients that stayed over 1
month had suspected or evident antemortem
diagnosis of visceral mycosis. Antemortem cul-
ture was done in 24/45 cases, almost exclu-
sively in the cases with respiratory manifesta-
tions (BAL, sputum, galactomannan, pleural
fluid). Galactomannan assay was positive in 8
patients, 6 of them were confirmed with inva-
sive aspergillosis after autopsy, whereas
remaining 2 cases turned out to be Mucorales
and Pneumocystis jirovecii infections. The only
case of cryptococcosis was diagnosed by cere-
brospinal culture. The correlation between
results of antemortem cultures and panfungal
PCR was 10/24 (42%) to the genus level.

The most common administered antifungals
were amphotericin B (11/22), caspofungin
(5/22) and voriconazole (6/22). Four out of
these patients received a combination of 2
antimycotics. The mean stay in the hospital for
treated patients was 48.1 days. Antifungal
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Table 5. Organ involvement by fungi identified by panfungal PCR

Lung Bronchus Stomach Intestine Liver Pancreas Brain Heart Kidney Spleen Thyroid Total

Aspergillus flavus 8 1 1

Aspergillus fumigatus 9 1 1 2
Aspergillus niger 2

Aspergillus not specified 2

Aspergillus spp. 21 2 2

Fusarium equiseti 2

Fusarium not specified 4

Fusarium spp. 6

Candida albicans 2

Candida tropicalis 2

Candida spp. 4

Lichtheimia corymbifera 1

Basidiobolus ranarum 1
Mucor circinelloides 1

Rhizopus oryzae 1

Mucorales 2 1 1 1
Cryptococcus neoformans

[EN

Histoplasma capsulatum
Pneumocystis jirovecii 3
37 3 3 11

1

1 3 3 1 19
13

therapy was never administered to the patients
staying less than 1 week. Overall, antifungal
treatment, being mainly empirical, could not
prevent a lethal outcome. It was demonstrated
in the cohort of bone marrow transplant recipi-
ents that chemoprevention did not affect sig-
nificantly rates of autopsy-proven IFD other
than candidiasis [32].

We revealed an interesting pattern regarding
hospital stay, which showed association of
mixed IFD with short stay (median - 6 days) and
disseminated IFD with long stay (median - 38
days). Furthermore, only 2 out of 6 patients
with mixed IFD were treated with antimycotics,
whereas majority of disseminated cases were
on antifungal therapy (9/13). Duration of the
fever was much longer in disseminated IFD
(mean 26.1 vs. 14.3 days, P = 0.03), which may
be attributed to the longer stay. Neutropenia
was surprisingly rare finding in disseminated
cases (15.4% vs. 37.5%). Summarizing the
above facts brings awareness to a high risk for
disseminated IFD in all immunocompromised
patients, who are staying in a hospital over 1
month with a fever over 3 weeks.

We found that women stayed in the hospital
significantly longer than men (40.1 vs. 19.2
days, P = 0.02). This issue has not been
addressed in previous publications and needs
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further validation before drawing conclusions
on its significance.

Aspergillosis was the most common IFD in our
institution followed by candidiasis, fusariomy-
cosis and zygomycosis. The prevalence of
aspergillosis outnumbered a sum of three
above mycoses. Similar high rates of Aspergillus
IFD was reported in majority of autopsy studies
[1, 5, 10, 12-14, 21, 22, 26]. Visceral candidia-
sis occupied a second position, however a prev-
alence of 22% was lower than in most of the
published series [5, 10, 12, 13, 21, 26]. The
sum of two most common IFDs reached 75%,
which is also in a line with the available data
[5, 10, 12, 21]. Rare mycoses caused by
Fusarium spp. and Mucorales genera were
found in substantial proportion of the cases
(25%). Mucormycoses are emerging worldwide,
currently being the third most prevalent group
of visceral mycoses [4]. Intravital diagnostics of
these IFDs is difficult and can be considerably
improved by molecular approaches [7].

The most common systems affected by IFD
were respiratory and gastrointestinal, which is
consistent with the previous reports [11, 13].
This distribution pattern clearly reflects a route
of infection. Thus, only 1 case of aspergillosis
(out of 24) was found without lung involvement,

Int J Clin Exp Pathol 2015;8(11):14840-14852



PCR-based study of invasive fungal disease at autopsy

Table 6. Average number of organs/systems involved by

antemortem and postmortem ap-

fungus proaches significantly complement
Aspergillus Candida Fusarium Mucora- each other, a.md are alble to p'fov'de
spp. spp. spp. les complete epidemiological profile of

Single organ 16 7 3 4 IFD in a hospital.
Respiratory 16 3 3 2 Histological examination of infected
Other 4 2 tissue is an effective and rapid diag-
Multiple organs 9 3 2 2 nostic tool for IFD [33, 34]. The major
2 organs 4 3 2 1 limitation is inability to differentiate
3 organs 1 between species within a genus, and
4 organs 2 sometimes between genera within a
5 organs 2 family. We encountered 6 cases mi-
Total 25 10 5 6 croscopically diagnosed as invasive
Organs: Fungus ratio 1.8 1.3 14 18 aspergillosis, but molecular studies

and 3 cases of visceral candidiasis (out of 10)
were without gastrointestinal lesions. A study
of organ involvement in disseminated IFD is
important because some new antifungal agents
have very low concentration in particular vis-
ceral organs [5].

We found some notable differences in epidemi-
ology of IFD when compared our findings with
the results from another local university hospi-
tal [13]. The rate of aspergillosis was much
higher in our study (53% vs. 39%), and the rate
of visceral candidiasis was substantially lower
(22% vs. 34%). We also found a predominance
of Candida tropicalis over Candida albicans
which is opposite to Ramathibodi Hospital, and
different Aspergillus flavus : Aspergillus fumi-
gates ratio (1.5:1 vs. 1:3). All these findings
may be partially resulting from time trend,
because of the previous study that was done
10 years ago [13]. In addition, a considerable
proportion of the Aspergillus species were iden-
tified as “Aspergillus spp.” without further strat-
ification (10/44 in our series, 5/34 in Ra-
mathibodi Hospital series), which could affect
final numbers. However we strongly believe that
there is a real diversity between fungal infec-
tions in different hospitals within one city, and
this speculation highlights again the role of
autopsy in understanding epidemiology of IFD.

As we expected, the epidemiological data from
autopsy studies are significantly different from
intravital series. A recent study from Northeast
Thailand showed that the most common caus-
ative agents of IFD were Cryptococcus (35%),
Candida (25%) and Aspergillus (12%) [15]. Both
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identified a fusarial infection. Histo-
pathology of Aspergillus and Fusa-
rium species shares non-pigmented, septated
hyphae with acute angle branching, which
makes these genera almost indistinguishable
by light microscopy. There are some minor fea-
tures specific for Fusarium spp., including inter-
calated chlamydoconidia, irregular arrange-
ment of hyphae, constriction of branching
point, and scattered right angle branching [16].
After retrospective reviewing of the cases we
could find intercalated chlamydoconidia only in
2 cases out of 6 (Figure 2D, inset). It suggests
that routine culturing and pan-fungal PCR have
a critical role to distinguish fusariosis from
aspergillosis. Distinction between the genera is
important because of different response to
antifungal drugs. First line treatment for asper-
gillosis is voriconazole monotherapy, whereas
fusarial infection requires combination of
amphotericin B and voriconazole [35].

Overall high histopathology concordance rate
to the genus level found in our series (89.5%)
did not allow precise species identification,
which is essentially today for targeted treat-
ment. Routine culturing is time consuming and
cannot reliably recognhize some currently
emerging fungi like Mucorales [36]. New molec-
ular diagnostic approaches for IFD are largely
based on DNA sequencing. The most acclaimed
method is panfungal PCR, which can identify a
wide range of species via targeting of ITS
regions of the fungal genome. ITS regions com-
bine both highly conserved and variable
sequences, making them universal fungal bar-
codes. Efficiency of panfungal PCR has been
shown in different specimens, including cul-
tures, fresh tissue, blood and FFPE samples
[37]. Fungal DNA extraction is a crucial step of
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the procedure, and routine histopathology of
tissue sections can substantially facilitate iden-
tification of a target area containing higher fun-
gal load. DNA degradation is a common draw-
back of long-stored FFPE samples. Nevertheless
we could amplify DNA and reach 98-100%
sequence identity in all the specimens, even 10
years old samples. Babouee Flury et al. found
similar results and speculated that fungal cell
wall may protect against the DNA-degrading
effect of formalin [38]. It is important to note
that extracted fungal DNA can further be
screened for genes of antifungal drug resis-
tance [7]. Total turnaround time in our case,
dependent on abroad outsource facility, was 2
weeks. Itis still much shorter than the standard
4 weeks for the cultures. In-house facility offers
3-5 days rapid turnaround time [39].

There are several limitations that have to be
noted while considering results of the study.
First, fungal culture is not routinely performed
for postmortem examination in our hospital.
Diagnostic yield of postmortem culture is gen-
erally low, ranging 30-40% [14, 38, 40]. Low
recovery can be attributed to effects of tissue
necrosis and antifungal treatment. Being the
gold standard for many years, a role of culture
in molecular era is re-estimated. Sequence
analysis of fungal culture is already proposed
as a new “gold standard” for identification of
fungi [7]. Panfungal PCR substantially improves
diagnosis of mycoses on FFPE samples and
reaches 62.5% detection rate, with a high con-
cordance between species identified by culture
and molecular technique [38, 39]. Besides
postmortem diagnostics necessary for epide-
miological and quality control needs, this
approach applied to surgery and biopsy speci-
mens can significantly contribute to intravital
diagnostics of IFD [37].

Other limitations are relatively low number of
cases and short study period. Trends in IFD epi-
demiology are often recorded over 10 years
period, however 5-year intervals for trends
were also reported [5, 15, 21, 26]. We could
find significant increase in Aspergillus flavus
and Mucorales infections over last 5 years,
probably attributed to epidemiological shift
within particular hospitals or local population.
Our study can be a solid starting point for the
future follow up, especially keeping in mind
extreme rarity of published autopsy series from
Southeast Asia. Additionally, some clinically rel-
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evant findings, such as low prevalence of asper-
gillosis in diabetics, high rate of brain IFD in
SLE patients, longer hospital stay for women
than men, and association of disseminated IFD
with long stay should be further explored in
larger series.

In summary, our study showed that IFD is not a
rare postmortem finding in unselected Asian
population, outnumbering the rates from
Western series. The majority of the patients
had an immunocompromised background. The
most common IFDs were aspergillosis and can-
didiasis, with emerging rare mycoses caused
by Mucorales genera and Fusarium spp. over
the last years. Antemortem diagnostics of vis-
ceral fungal infections is challenging, and high
missing rates emphasize a role of autopsy
study as an essential epidemiological and qual-
ity control tool for IFD in the settings of a hospi-
tal. Histopathology remains reliable screening
approach able to identify fungi to the genus
level. Panfungal PCR shows high performance
on FFPE samples, allowing rapid detection of
IFD causative species. It can be applied retro-
spectively to archived specimens for epidemio-
logical needs.
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