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Abstract

Invasive fungal diseases (IFDs) are a major cause of morbidity and mortality among immunocompromised
patients and cost to health services. They are difficult to prevent, diagnose, and treat. This difficulty in
diagnosis leads us to treat them empirically by using several tools, including epidemiological data, non-
culture methods and images. Most of the available epidemiological information may not be accurate
because we are dealing with a disease that only has an estimated 50% chance of being diagnosed before
death. Therefore, autopsy reports become a valuable tool, not only to define the real epidemiology, but
also to address the trend in pre-mortem diagnosis, which is the best marker available to prove the
efficiency of the research in IFD.

This article reviews and analyzes the data on IFD obtained from 11 single-center, multi-center and
nationwide autopsy reports published between 2008 and 2013, and also discusses the issues we need to
address in order to improve the quality of the epidemiological data on invasive fungal disease obtained from
autopsy reports.

Introduction
Several registries or other types of epidemiological studies
worldwide have looked at the epidemiology of IFDs. The
goal of these studies is to provide data that would help
the clinician to make a decision when there is a suspicion
of an ongoing IFD in a patient at risk but it cannot be
documented. However, this poses the question of how we
deal with these cases in terms of epidemiology. Currently,
only about half or less of these infections are detected
before death, even after the development of sophisticated
images and non-culture methods for diagnosis. Patients
with IFD continue to die, and we continue to miss
diagnosing patients with IFD during life. Therefore, the
real epidemiology of IFDs should be seen in autopsies.
However, there are several major questions. What do the
current autopsy reports say worldwide?What is the current
expected pre-mortem diagnosis of IFDs? How can we
improve the quality of autopsy reports?

IFDs are a major cause of morbidity and mortality
among immunocompromised patients, especially in
those with oncohematological disorders, solid cancer,
recipients of stem cell or solid organ transplantation, and
recipients of immunosuppressive agents including a high
dose of steroids or anti-tumor necrosis factor therapies
(such as infliximab, etanercept, and adalimumab) or
anti-inflammatory antibodies. IFDs have the following
characteristics: a) they are very difficult to diagnose
before death, with rates of pre-mortem diagnosis that go
from 12 to 60% [1–6] (therefore, they should be treated
empirically most of the time); b) their epidemiology
varies according to geography, nosocomial reservoirs and
antifungal exposure (therefore, empirical treatment
usually relies on knowledge of the local epidemiology
plus clinical findings) [7]; c) they are difficult to treat,
having a slow response to costly antifungal agents (e.g.
45% mortality amongst patients with invasive
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aspergillosis at 12 weeks of therapy [8]); d) they may
require surgery; e) treatments are prolonged (from weeks
to months or years); f) the delay of their treatment is
associated with an increased mortality rate [9]; g) they
may relapse after apparent cure if a subsequent period of
immunosuppression occurs (in this case, they require
longer antifungal treatments for secondary prophylaxis)
[10,11]; and h) they are associated with a significant
increase in costs [12–14].

Autopsies continue to be of great value for complete
understanding of the epidemiology and diagnosis of
IFD. They determine the presence, organ distribution and
type of IFD. In addition, they give us information about
an extremely relevant issue in clinical practice: the rate of
pre-mortem diagnosis. The final objective of all clinical
research into IFD is to decrease mortality resulting from
IFDs by increasing their prevention, and their diagnosis
during the lifetime of patients.

Despite all of these benefits, autopsy rates have been
decreasing worldwide, mainly due to lack of state
regulations, cost issues, family preferences, and physician
attitudes.

The purpose of this article is to summarize and analyze
the current data available on the epidemiology of IFD
obtained from autopsy reports published during the last
6 years. By doing so, we aim to promote the value of this
tool and point out what needs to be addressed to obtain
the best results from it.

A literature search was carried out in PubMed, using the
following keywords: autopsy or necropsy, plus mold or
fungal infections or mold infections. This search was
filtered for humans and for the time period 2008 to
February 24th, 2014. Since most autopsy reports do not
provide data on culture results, the identification of the
genera causing the IFDwhen hyaline hyphae are identified
was not possible. Therefore, the term Aspergillus-like
organisms (or culture-negative hyalohyphomycetes) refers
to hyaline septated and branching hyphae seen in tissues
with histopathology consistent with Aspergillus spp. that
were not cultured or were culture negative, and may
belong to different genera such as Aspergillus, Fusarium,
Paecilomyces, Penicillium, Pseudallescheria boydii, and so on.

Autopsy reports on invasive fungal diseases
Overall data
From 2008 to 2013, 11 single-center, multi-center and
nationwide autopsy reports on IFD have been published
worldwide in PubMed [1–6,15–19]. These reports
include data on 9187 IFDs observed in 193,095
autopsies. These autopsies were done during a

cumulative study period of 192 years, in seven countries,
and in four types of patient populations (general,
oncohematology, stem cell transplant, and acquired
immunodeficiency syndrome [AIDS] – Table 1). The
median prevalence of IFD is 8.7 per 100 autopsies with a
wide range (1.4 to 30.6). Of note, the prevalence of IFD
caused by two or more concomitant fungal organisms
(mixed IFD) is 4.4 per 100 autopsies (range 0–10.8)
(Table 2). This is particularly important from a clinical
point of view becausemost decisions in clinical practice are
based on the assumption that the patient has only one IFD.
Today, there are several antifungal agents available that
have a different spectrum of action. Therefore, clinicians
should consider the possibility ofmore than one infectious
agent if there are conflicting microbiological results or a
clinical failure when using a certain antifungal agent.

Currently, in contrast to previous decades, the most
prevalent etiological agents of IFD are Aspergillus or
“Aspergillus-like” organisms followed by Candida spp.
(Table 3).

Even though this is a great piece of data, we should be
careful at the time of analysis and comparison. These
reports differ in their study populations, autopsy rates,
methods for diagnosis of IFD, and also in the inclusion of
Pneumocystis jirovecii as another IFD. Most reports come
from the general population of Japan (because autopsies
from the whole country are reported through the Japanese
Society of Pathology). About half of the reports include
microbiology results (in addition to the pathological
stains) for the diagnosis of IFD, or include Pneumocystis
jirovecii as another IFD. The median autopsy rate is 15 per
100 deceased patients with a wide range (1.2 to 100).

The information given by these global data is particularly
important for the healthcare system (disease load) and
for educational purposes (patients still die with or from
IFD). It is well known that autopsy reports usually teach
physicians how appropriate the diagnosis and treatment
approach was before death.

Data according to type of patient population
General population
Six reports conducted in the general population included
8076 IFDs from 188,228 autopsies, with a prevalence of
4.2 to 5 IFDs per 100 autopsies (Table 4) [5,15–19].

The most prevalent etiological agents of IFD are
Aspergillus or Aspergillus-like organisms (45–46% of all
IFDs), even in reports where Pneumocystis jirovecii was
included in the analysis. The second most prevalent
etiological fungal organism was Candida spp. (28–37%),
while the third and fourth places belong to Cryptococcus
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spp. (4–19%), and agents of mucormycosis (2.6–8.3%),
respectively. The percentages of etiological agents were
calculated including only IFDs caused by a single
organism.

Oncohematological population
These studies include 711 IFDs from 2804 autopsies,
with a prevalence much higher than observed in the
general population (25 per 100 autopsies). This is
expected because oncohematological patients have the
highest risk for development of IFD (Table 4) [1,6].

The most prevalent etiological agents of IFD are
Aspergillus or Aspergillus-like organisms (55.5%), fol-
lowed by Candida spp. (28.5%) and agents of mucor-
mycosis (6%). In these two reports, diseases caused by
Pneumocystis jirovecii were not included. Microbiological
information was used for diagnosis in one study only [6].

Stem cell transplant population
These two studies include 103 IFDs from 433 autopsies,
with an expected high prevalence of IFD (24 per 100
autopsies) (Table 4) [2,3].

Table 2. Prevalence of invasive fungal diseases from autopsy reports published between 2008 and 2013

Reference No. of autopsies Diagnosis IFD With PCP No. of IFDs Autopsies with IFD % No. of mixed IFDs (%)*

[1] 1591 Path No 340 21.4 25 (7)
[2] 38 Path + Micro No 10 26.3 0
[3] 395 Path + Micro Yes 93 23.5 10 (11)
[4] 1630 Path Yes 297 18.2 9 (3)
[15] 2707 Path Yes 221 8.2 22 (10)
[16] 156,212 Path No 6709 4.3 261 (4)
[5] 401 Path + Micro Yes 35 8.7 2 (6)
[17] 4824 Path No 67 1.4 2 (3)
[18] 10,297 Path Yes 411 4 18 (4)
[19] 13,787 Path + Micro No 633 4.6 23 (4)
[6] 1213 Path + Micro No 371 30.6 19 (5)

Total
193,095

Path only: 6
Path + Micro: 5

No: 6
Yes: 5

Total
9187

Median
8.7 %
Range
1.4–30.6%

Median
4.4%
Range
0–10.8%

* % of mixed IFD refers to the proportion of all IFDs that are caused by 2 or more concomitant fungal organisms.
Abbreviations: IFD, invasive fungal disease; Micro, microbiology; Path, pathology; PCP, Pneumocystis jirovecii pneumonia.

Table 1. Autopsy reports on invasive fungal diseases published between 2008 and 2013

Reference Study length in years.
(Period)

No. of centers. Country No. of autopsies Autopsy rates
(period)

Type of population

[1] 30
(1976–2005)

Single-center
Germany

1,591 16% (1991–95)
11% (2001–5)

Onco-hematology

[2] 4
(2003–2006)

Multi-center (2)
Hungary

38 100% (2003–2006) Stem cell transplant

[3] 20
(1988–2007)

Single-center
USA

395 14% Stem cell transplant

[4] 18
(1984–2002)

Single-center
Italy

1,630 33% AIDS

[15] 12
(1993–2005)

Single-center
Germany

2,707 54% (1993–96)
18% (2001–5)

General

[16] 6*
(1989–2007)

Nationwide
Japan

156,212 NA General

[5] 19
(1988–2007)

Single-center
India

401 NA General, excluding
HIV and legal issues

[17] 10
(2000–2009)

Multi-center
Brazil

4,824 NA General

[18] 52
(1955–2006)

Multi-center (2)
Japan

10,297 50% (1983)
10% (2006)

General

[19] 1
(2009)

Nationwide
Japan

13,787 1.2% (2009) General

[6] 20
(1989–2008)

Single-center
USA

1,213 0.6% (1989–93)
0.06% (2004–8)

Onco-hematology

Total
192 years

Total
7 countries

Total
193,095

Median (range)
15% (0.06–100)

* Years 1989, 1993, 1997, 2001, 2005 and 2007.
Abbreviations: AIDS, acquired immunodeficiency syndrome; HIV, human immunodeficiency virus; NA, not available.
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The most prevalent etiological agents of IFD are Aspergillus
or Aspergillus-like organisms (66.5%), followed by
Candida spp. (27.5%) and agents of mucormycosis
(12.5%). Both reports included microbiological data for
the diagnosis of IFD and only one included Pneumocysits
jirovecii [3]. The ranking order of genera is similar to the
one seen in the oncohematological population, with a
higher percentage of mucormycosis.

AIDS population
Onlyoneautopsy report exclusively studied IFD in theAIDS
population (Table 4) [4]. It includes 297 IFDs from 1630
autopsies, with a prevalence of 18 IFDs per 100 autopsies.
This report, as expected, includes Pneumocysitis jirovecii and
uses only pathology stains for the diagnosis of IFD.

The most prevalent etiological agents of IFD are
Pneumocystis jirovecii (45%), followed by Aspergillus-like
(29%), Cryptococcus (22%) and Candida spp. (5%). The
ranking order of genera is completely different from the
other study populations, and this is due to the unique
susceptibility of AIDS patients to infections by Pneumo-
cystis jirovecci and Cryptococcus. Of note, it is important to
see the unexpectedly high prevalence of aspergillosis.

Pre-mortem diagnosis of invasive fungal diseases
Six autopsy reports of IFDs give data on pre-mortem
diagnosis of these infections during nine study periods

(Table 5) [1–6]. The median pre-mortem diagnosis is 46
per 100 autopsies with IFD, with a wide range that goes
from 16 to 60. Two studies report an improvement of
these values after 20 years [1,6], while one study shows
the same rate of pre-mortem diagnosis after 10 years [3].

Pre-mortem diagnosis may vary according to the etiology
of the IFD, as is shown in one study, where, among AIDS
patients, the likelihood of diagnosing invasive aspergillo-
sis or mucormycosis (a less expected IFD in this setting)
before death is very low (12% and 0%, respectively) [4].

One interesting finding is that in one study conducted
among oncohematological patients, almost half of
patients with aspergillosis proven by autopsy had had
repeatedly negative galactomannan in serum before death
[6]. This finding highlights and supports the different
findings in many centers regarding the value of galacto-
mannan in the diagnosis of invasive aspergillosis.

Current trends obtained from autopsy reports in
invasive fungal diseases
Looking at all the reports in aggregate, some trends
emerge that are common to most of them. These trends
include the following: a) a decrease in autopsy rates;
b) an increase in the prevalence of IFD in the 1990s, and
then a decrease from the 2000s; c) a decrease in the
population with IFD and oncohematological disorders,

Table 3. Etiological agents of invasive fungal diseases from autopsy reports published between 2008 and 2013

Reference Most prevalent IFD (%)* 2nd most prevalent IFD (%) % of IFD causing death (period)

[1] Aspergillus-like
(55)

Candida
(34)

30 (1996–2000)
21 (2001–2005)

[2] Aspergillus
(60)

Candida
(20)
Mucormycosis (20)

26 (2003–2006)

[3] Aspergillus + Aspergillus-like
(73)

Candida
(35)

30 (1988–1992)
11 (2003–2007)

[4] PCP
(45)

Aspergillus
(29)

35 (1984–2002)

[15] Aspergillus-like** Candida NA
[16] Aspergillus-like

(41)
Candida
(36)

NA**

[5] Aspergillus
(55)

Mucormycosis
(15)

NA

[17] Cryptococcosis
(45)

Paracoccidioidomycosis
(28)

NA

[18] Candida
(54)

Aspergillus-like
(27)

NA

[19] Aspergillus
(49)

Candida
(30)

NA

[6] Aspergillus + Aspergillus-like
(56)

Candida
(23)

70–80 (prior to 2004)
49 (2004–2008)

Aspergillus-like refers to culture negative hyalohyphomycosis or hyaline hyphae not consistent with mucormycosis; * % of the most prevalent IFD refers
to the proportion of all IFDs caused by a single organism; ** % was not mentioned in the article; however, it can be estimated from the figures that the
approximate values were 55% for aspergillosis and 40% for candidiasis.
Abbreviation: IFD, invasive fungal disease.
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and an increase in patients with collagenous or respiratory
disease; d) a decrease in patients with IFD andneutropenia
and an increase in patients receiving corticosteroids or
anti-tumor necrosis factor therapies; e) a higher prevalence
of IFD in patients older than 40 and younger than 1; f) an
increase ofmucormycosis in the adult population and also
in infants less than 1 year old; g) the emergence of mixed
mold infections since the 2000s (mucormycosis plus
aspergillosis); h) a decrease in severe cases of candidiasis

and aspergillosis, while the prevalence of severe cases of
mucormycosis remains high (>70%); i) a decrease in
mortality attributed to IFD; and j) an increased rate of pre-
mortem diagnosis.

Conclusions
After reviewing 11 single-center, multi-center and nation-
wide autopsy reports on IFD, we can answer our initial
questions.

What do the current autopsy reports say worldwide?
The current worldwide autopsy reports say that IFDs
have a median prevalence of 9 per 100 autopsies, being
highest among patients with hematological disorders or
stem cell transplantation. The top three etiological agents
are Aspergillus-like organisms (meaning culture negative
hyalohyphomycetes plus confirmed Aspergillus spp.)
followed by Candida spp. and agents of mucormycosis.
It is interesting to see the emergence of mucormycosis in
patients younger than 1 year old across different centers
and the high prevalence of invasive aspergilosis in
autopsies of AIDS patients.

What is the current expected pre-mortem diagnosis of
invasive fungal disease?
The current expected pre-mortem diagnosis of IFD is 46
patients per 100 autopsies, and this may vary according
to the etiology of the IFD and the type of underlying
disease of the deceased patient. Therefore, in 2013, we
still missed the diagnosis in around half of IFDs.
However, we should also consider that this number
might be higher in reality since the percentage of patients
with IFDs diagnosed only at autopsy might have been
biased by including patients in terminal stages of chronic
underlying diseases in which diagnostic procedures were
not performed (as changes would not have been made in
patient management).

How can we improve the quality of autopsy reports in
autopsied patients?
The quality of data on IFD obtained from autopsy
reports can certainly be improved by addressing the
following issues: a) establishing standard procedures for
diagnosis (pathology and microbiology or pathology
and polymerase chain reaction (PCR) [20] plus clinical
information); b) establishing standard inclusion criteria
(with or without including Pneumocystis jirovecii disease);
and c) increasing the autopsy rate over the suggested
minimum of 30% [21].

Addressing item a) would allow us to obtain micro-
biological information that would clarify the group of
culture negative hyalohyphomycetes, since this group

Table 4. Prevalence of invasive fungal diseases from autopsy
reports published between 2008 and 2013 according to type of
population studied

Type of
population

No. of
autopsies

No. of IFDs
(%)*

Most prevalent
organism (%)**

General
With PCP ***
[5,15,18]

Without PCP
[16,17,19]

13,405

174,823

667 (5)

7409 (4.2)

Aspergillus +
Aspergillus-like
(46)
Candida
(37)
Mucormycosis
(8.3)
Cryptococcus
(4)
Aspergillus
(45)****
Candida
(28)
Cryptococcus
(19)
Paracoccidioides
(9.3)
Mucormycosis
(2.6)

AIDS [4] (PCP
included)

1,630 297 (18) PCP
(45)
Aspergillus
(29)
Cryptococcus
(22)
Candida
(5)

Stem cell transplant
(PCP included in 1)
[2,3]

433 103 (24) Aspergillus +
Aspergillus-like
(66.5)
Candida
(27.5)
Mucormycosis
(12.5)

Oncohematology
(PCP not included)
[1,6]

2804 711 (25) Aspergillus +
Aspergillus-like
(55.5)
Candida
(28.5)
Mucormycosis
(6)

* includes mixed IFD; ** to calculate this percentage, mixed infections
were excluded; *** one study excluded HIV patients [5]; **** data on
aspergillosis only available for 2 studies [16,19].
Abbreviations: IFD, invasive fungal diseases; PCP, Pneumocystis jirovecii
pneumonia.
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may include several emergent opportunistic fungi that
are frequently found in other types of epidemiological
studies, and that may have differences in susceptibility to
antifungal agents. Addressing item b) would allow us to
compare with more accuracy the prevalence of IFD in
different populations. Addressing item c)would allowus to
extrapolate withmore accuracy the data obtained from one
autopsy report to the whole population. Some autopsy
procedures can certainly include reliablemicrobiology data
by either adding microbiology results obtained before
death to the final report or by getting new samples for
microbiology data immediately after death.

Finally, this review of IFD from autopsy reports tells us
that, despite all our efforts in prevention, diagnosis and
treatment, IFDs still have a significant prevalence and are
associated with a low pre-mortem diagnosis. In the future,
the improvement of autopsy studies (asmentioned earlier)
couldmake thembecome the fastest andmost reliable tool
for understanding the epidemiology of IFD. In addition, as
has been previously suggested [21], they could also be
seriously considered as a quality control tool.

Abbreviations
AIDS, acquired immunodeficiency syndrome; IFD,
invasive fungal disease.
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