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To determine the epidemiology and trends of invasive
fungal infections (IFIs) in France, we analyzed incidence,
risk factors, and in-hospital death rates related to the most
frequent IFls registered in the national hospital discharge
database during 2001-2010. The identified 35,876 IFI
cases included candidemia (43.4%), Pneumocystis jirove-
cii pneumonia (26.1%), invasive aspergillosis (1A, 23.9%),
cryptococcosis (5.2%), and mucormycosis (1.5%). The
overall incidence was 5.9/100,000 cases/year and the
mortality rate was 27.6%; both increased over the period
(+1.5%, +2.9%l/year, respectively). Incidences substan-
tially increased for candidemia, IA, and mucormycosis.
Pneumocystis jirovecii pneumonia incidence decreased
among AIDS patients (-14.3%/year) but increased in non-
HIV—infected patients (+13.3%/year). Candidemia and
IA incidence was increased among patients with hemato-
logic malignancies (>+4%/year) and those with chronic
renal failure (>+10%l/year). In-hospital deaths substan-
tially increased in some groups, e.g., in those with hema-
tologic malignancies. IFls occur among a broad spectrum
of non—HIV-infected patients and should be a major public
health priority.

Invasive fungal infections (IFI) are reportedly increasing
in many countries, especially candidemia and invasive
aspergillosis (IA) among immunocompromised patients
(I—4). Conversely, a decline of AIDS-associated Pneu-
mocystis jirovecii pneumonia (Pjp) and cryptococcosis
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has been observed in Western countries since the advent
of highly active antiretroviral treatments (5,6). Many pub-
lications provide insight on a given IFI and its trends in
specific risk groups, but the overall burden of illness as-
sociated with IFI and its trends at a country level have not
been described (7—10). To describe the epidemiology and
trends of IFIs and to better identify public health priorities
(e.g., surveillance, research, prevention strategies), we ana-
lyzed the national hospital discharge database of France,
Programme de Médicalisation du Systeme d’Information,
spanning 2001-2010.

Materials and Methods

The national hospital database covers >95% of the
country’s hospitals (/7). An anonymous subset of this data-
base can be made available for epidemiologic studies with-
out need for ethical approval or consent of patients, accord-
ing to legislation by the government of France. A unique
anonymous patient identifier enables distinction among
first and subsequent hospital admissions. Information filed
at discharge includes the major cause of admission and
associated diseases, coded according to the International
Classification of Diseases, Tenth Revision, the medical
and surgical procedures performed, and the outcome in-
cluding transfer, discharge, or death. Details on the data
source, case definitions, and methods used are available in
online Technical Appendix 1 (http://wwwnc.cdc.gov/EID/
article/20/7/14-0087-Techapp.pdf).

Records of all hospital stays for which an IFI was re-
corded as the principal cause of admission or as a related
disease were extracted from the national database for the
period of January 2001 through December 2010. Records
of the 5 most frequent IFIs were retained for this analysis.
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To facilitate comparisons with published studies, we re-
stricted the study of invasive candidiasis to candidemia (i.e.,
excluding Candida endocarditis and meningitis), and inva-
sive aspergillosis (IA) included pulmonary and disseminated
cases. All cryptococcosis cases were included. Gastrointesti-
nal mucormycoses were excluded because results of a previ-
ous study showed that cases were mostly identified on the
basis of false-positive test findings (/2). Finally, codes corre-
sponding to “pneumocystosis” or “HIV infection resulting in
pneumocystosis” were designated as Pjp only if pneumonia
was associated. We excluded rare IFIs (<40 cases per year
each) and endemic mycoses (histoplasmosis, blastomycosis,
coccidioidomycosis, sporotrichosis). Analysis focused on
metropolitan areas of France, excluding overseas territories.

After checking for multiple stays and inconsistent re-
cords within and between hospitals, we retained “incident
cases,” i.e., unique stays and first admissions. To reduce
underreporting bias, we ensured that a risk factor that oc-
curred during subsequent stays was integrated into the in-
cident record (e.g., a diagnosis of diabetes recorded after
a patient’s transfer from a first- to a third—level hospital).
Similarly, in-hospital fatality rates were estimated from the
cumulative stays.

To describe risk factors associated with IFIs, we se-
lected 9 conditions on the basis of expert opinion and pub-
lished studies on the epidemiology of IFI. Considering the
high diversity of conditions, and to provide a description
relevant for clinical practice and health policy makers, we
used hierarchical ranking to assign 1 risk factor per pa-
tient. Given that the preponderant risk factors differ among
IFIs, IFIs were divided into 2 groups. In the first group,
which included candidemia, IA, and mucormycosis, risk-
factor ranking started with hematologic malignancies (HM,
including by priority order, HM associated with hemato-
logic stem cell transplantation [HSCT], HM not associated
with HSCT but with neutropenia, and HM with none of
the above factors). The following illnesses and conditions
were subsequent risk factors in the first group: HIV/AIDS,
solid organ transplantations, solid tumors, systemic inflam-
matory diseases (including inflammatory bowel diseases,
sarcoidosis, rheumatoid arthritis, and systemic lupus or
vasculitis of other origins), diabetes mellitus, chronic respi-
ratory diseases (including chronic obstructive pulmonary
diseases, asthma, and cystic fibrosis), chronic renal failure,
and a group labeled “other diseases” that includes acute re-
nal failure, liver cirrhosis, morbid obesity, acute or chronic
pancreatitis, and severe burns. Thus, a case-patient with
HM and diabetes was recorded as HM. For the second IFI
group (Pjp and cryptococcosis), HIV/AIDS was the first risk
factor, followed by other risk factors as described above.
For all case-patients with IFI, additional risk factors were
explored without hierarchical ranking: a stay in an intensive
care unit; surgery; and extreme age, defined as neonates
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(<28 days of age) and elderly adults (=80 years of age).
Because of lack of precise coding for several risk factors
until 2003, only those documented during the 2004-2010
period were analyzed.

We expressed annual incidence rates among the general
population, by gender and age groups, as cases per 100,000
population, using data from the 1999 national population
census and its updates. We also analyzed trends in groups
with selected risk factors, for which the respective denomi-
nators were available from routine surveillance data or from
prevalence estimates, as detailed in online Technical Appen-
dix 1: patients with HM, HIV/AIDS, solid tumors, chronic
renal failure, diabetes, and HSCT recipients. In these specific
populations, we estimated the annual proportion of each IFI
using the given risk factor per 100,000 population (2004—
2010). Finally, we used an age-polynomial fractional logis-
tic regression (/3) to calculate age- and sex-adjusted risk for
death categorized by risk factor, and analyzed each risk fac-
tor independently from the others without hierarchical rank-
ing. We applied Fisher or %2 tests to compare groups, and a
Poisson regression to assess trends, considering p<0.05 as
significant, using Stata version 11.2 (StataCorp LP, College
Station, TX, USA) software for all calculations.

Results

Characteristics of Case-Patients, 2001-2010

There were 35,876 cases of IFI registered in metro-
politan France during 2001-2010 (Table 1). Candidemia ac-
counted for the highest proportion of cases (43.4%); the next
most frequently identified diseases were Pjp (26.1%), 1A
(23.9%), cryptococcosis (5.2%), and mucormycosis (1.5%).
The overall incidence was 5.9/100,000 population per year.
A total 0of 9,889 (27.6%) case-patients died while in a hospi-
tal. Candidemia and 1A accounted for 87.6% of these deaths.
Male patients predominated in all IFIs (64.0%), especially
in Pjp and cryptococcosis (>70%). The mean age was 54.7
years (range 0—107 years). Gender and age characteristics
of case-patients and of those who died differed according
to the IFI. Details are provided in online Technical Appen-
dix 2, Table 1 (http://wwwnc.cdc.gov/EID/article/20/7/14-
0087-Techapp2.pdf). Incidence and fatality rates of candi-
demia and IA were particularly high in patients >60 years of
age, and male patients predominated in all age groups, ex-
cept in those >80 years of age. Case-patients in extreme age
groups included 185 neonates (mainly with candidemia: 174
cases, 61.5% male patients, specific incidence 2.2/100,000
population) and 3,030 adults >80 years of age (2,283 with
candidemia: 50.5% male, incidence 8.1/10%). Among case-
patients with Pjp and cryptococcosis, the proportion of male
case-patients was higher among HIV-infected persons than
in non—HIV-infected persons (Pjp 74.0% vs. 62.2%; crypto-
coccosis 77.9% vs. 62.3%, respectively).
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Table 1. Cases of invasive fungal infection and attributable deaths in metropolitan France by disease and patient sex and age, 2001—

2010*
Age, y, median lliness incidence Fatality rate, %

Infections No. case-patients  Male sex, % (IQR) (95% Cht (95% CI)
Candidemia

Cases 15,559 58.8 64 (51-75) 2.5(2.1-2.9)

Deaths 6,217 60.0 69 (56-77) 40.0 (38.7-42.0)
Pneumocystis pneumonia

Cases 9,365 713 44 (37-55) 1.5(1.2-1.9)

Deaths 862 71.9 58 (43-70) 9.2 (7.6-12.4)
Invasive aspergillosist

Cases 8,563 63.9 58 (45-68) 1.4 (1.2-1.6)

Deaths 2,443 66.7 61 (49-71) 28.5 (26.9-30.5)
Cryptococcosist

Cases 1,859 72.3 43 (36-55) 0.3 (0.2-0.4)

Deaths 278 73.4 49 (39-65) 15.0 (13.2-17.9)
Mucormycosist

Cases 530 57.7 58 (43-71) 0.09 (0.07-0.1)

Deaths 89 62.9 57 (44-67) 16.8 (11.3-20.2)
Total

Cases 35,876 64.0 56 (42-70) 5.9 (5.5-6.3)

Deaths 9,889 63.1 65 (53-75) 27.6 (25.3-29.7)

*A total of 197 Candida-related endocarditis and 10 meningitis cases were excluded from analysis. IQR, interquartile range.

TIncidence expressed as number of cases per 100,000 population per year (averaged over 10 y)

FInvasive aspergillosis includes 91.7% pulmonary and 8.3% disseminated cases. Cryptococcosis includes 63.8% cerebral or disseminated forms; 13.2%
pulmonary, cutaneous, or bone localizations; and 23.0% unspecified; forms. Mucormycosis includes 50.9% pulmonary, rhinocerebral and disseminated

forms; 16.9% cutaneous forms; and 32.1% unspecified forms.

The highest incidences of Pjp and cryptococcosis were
observed among persons 30-59 years of age with AIDS
and among those >60 years of age who were not infected
with HIV (p<0.001 for each IFI). For these 2 IFIs, the fa-
tality rate was lower in HIV-infected patients than in non-
HIV-infected patients (Pjp 5.7% vs. 21.5%, p<0.001; cryp-
tococcosis 13.4% vs. 17.9%, p<0.009).

Trends in the General Population, 2001-2010

The incidence of IFI increased by 1.5% per year and
that of deaths by 2.9% per year (p<0.001 each) over the
10-year period of observation. Specifically, the incidence
of candidemia, IA, and mucormycosis increased by 7.8%,
4.4%, and 7.3% per year, respectively (p<0.001 each).
The fatality rate decreased by 1.6% per year (p<0.001)
among persons with candidemia and 1.4% per year (p =
0.04) among those with IA, but increased by 9.3% per
year (p = 0.03) for those with mucormycosis. Regard-
ing Pjp and cryptococcosis, incidence decreased by 8.6%
and 9.8% per year (p<0.001 each), and the fatality rate
increased by 11.7% (p<0.001) and 4.7% (p = 0.03) per
year, respectively (Figure 1, panels A, B; Tables 2, 3).
However, trends differed according to HIV status (online
Technical Appendix 2, online Figure 1); incidence of both
IFIs decreased among HIV-infected patients (Pjp -14.3%;
cryptococcosis -14.9% per year, p<0.001 each), and Pjp
increased in non—HIV-infected patients (+13.3% per year,
p<0.001); there was no significant trend for cryptococco-
sis in non—HIV-infected patients. The fatality rate trend
was only significant for HIV-associated Pjp (+5.6% per
year, p = 0.001).
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Risk Factor Distribution and Trends in the General
Population, 2004—2010

We studied risk factors among 25,933 IFI case-pa-
tients identified during the 20042010 period. Candidemia
remained the most frequent IFI (46.4%) followed by 1A
(24.8%) and Pjp (22.9%). The distribution of risk factors
differed for each IFI (online Technical Appendix 2, Table
2). Solid tumors were mainly found in patients with can-
didemia (30.6%), HM in those with IA and mucormycosis
(54.3% and 34.8%, respectively), and HIV/AIDS in those
with Pjp and cryptococcosis (>55% each). The incidence
of candidemia, IA, and mucormycosis in patients with HM
(especially with neutropenia) increased significantly, as did
the incidence of candidemia and IA in solid organ trans-
plant recipients, and patients with solid tumors or chronic
renal failure. The incidence of Pjp decreased in patients
with HM and increased in patients with solid organ trans-
plants, solid tumors, and chronic renal failure.

IFI Trends in Specific Risk Groups, 2004-2010

We estimated trends from the annual proportion of risk
factor—associated IFIs in the corresponding risk population.
Only statistically significant trends are shown in Figure 2.
In the general population, the number of patients with HM,
solid organ transplantations, chronic renal failure, HIV/
AIDS, and diabetes substantially increased over time, and
the population of HSCT recipients remained unchanged.
In patients with HM, there was a statistically significant
increase of candidemia, IA, and mucormycosis, and a de-
crease of Pjp (Figure 2, panel A). In HSCT recipients, can-
didemia and IA increased (Figure 2, panel B).
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During the study period, candidemia increased among
patients who had solid tumors (Figure 2, panel C). Among
patients with chronic renal failure, the incidence of candi-
demia, IA, and Pjp increased (Figure 2, panel D). Among
patients with HIV/AIDS, the incidence of Pjp and cryptococ-
cosis decreased (Figure 2, panel E). There was no substantial
trend among patients with diabetes (data not shown).

Odds Ratio of Death by Risk Factors, 2004-2010

We assessed the risk for death associated with each risk
factor by logistic regression, considering each factor indepen-
dently and expressed as an odds ratio for death; except for age,
significant results are shown in online Technical Appendix 2,
Table 3. The risk for death was lower in female patients with
IA, but did not differ by sex for other infections. The role of
age varied according to the IFI type; for instance, in-hospital
fatality rates increased in persons >20 years of age who had
candidemia and Pjp, and in those >70 years who had IA. HM
represented a substantial risk factor for death in patients with
candidemia, A, mucormycosis, and in non-HIV cryptococ-
cosis. Solid tumors were a substantial risk factor for death
in patients with candidemia, IA, and Pjp, regardless of HIV
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Figure 1. A) Trends in the incidence of invasive fungal infections
in France, 2001-2010. The incidence increased (p<0.001) for
candidemia, invasive aspergillosis, and mucormycosis, but decreased
for cryptococcosis and pneumocystosis (Poisson’s regression).
B) Trends in the fatality rate by invasive fungal infections during
2001-2010. Fatality rates decreased for candidemia (p<0.001) and
invasive aspergillosis (p = 0.04), but increased for mucormycosis (p
= 0.03), pneumocystosis (p<0.001), and cryptococcosis (p = 0.03).
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status. Cirrhosis and acute renal failure were also substantial
risk factors for death in patients with candidemia, IA, and non-
HIV Pjp and cryptococcosis. Hospitalization in an intensive
care unit was associated with a higher risk for death among
patients with all IFIs except candidemia. Inversely, chronic
renal failure decreased the risk for death among those with
IA or Pjp, respiratory diseases decreased the risk in patients
with IA, and surgical procedures decreased the risk for those
with candidemia.

Discussion

This nationwide study provides evidence that 3,600
patients have IFI each year in France, of whom 28% die.
The incidence of candidemia, A, mucormycosis, and non-
HIV Pjp has increased over the last decade, predicting a
protracted trend over the coming years.

Studies on the epidemiology of the 5 predominant IFIs
have reached conflicting results, depending on the IFI stud-
ied (most studies focused on a single IFI), the study design,
and source of data (active surveillance system, cohorts,
multicentric or monocentric, laboratory-based diagnosis,
hospital discharge data), the population of interest (neu-
tropenic patients, HM, HSCT and solid organ transplant
recipients), and the practices regarding antifungal agents
use (prophylactic, empiric, preemptive, or curative ther-
apy). Here, we analyzed the hospital dataset at a country
level, covering all persons who were admitted to hospitals
over a period of 10 years, regardless of age or underlying
conditions. We included those with illness caused by IFIs
that have straightforward diagnostic criteria (candidemia,
cryptococcosis) or well-characterized clinical entities (pul-
monary or disseminated IA, pulmonary Pjp), as well as mu-
cormycosis, for which we previously validated the accu-
racy of diagnostic coding in the hospital national database
(14,15). Despite potential bias in the precise classification
of cases, particularly for mold infections, and other limita-
tions of administrative datasets that have been previously
discussed (/2,14,16), several points validate the findings
obtained through this large database. The predominance of
candidemia and IA has been described in other studies of a
variety of IFIs in the general population or in other groups
(7,9,17). For candidemia, the incidence and trends we es-
timated are comparable to many other, although smaller
scale, population-based studies from Europe and North
America (/8-22). For IA in France, we observed a lower
incidence and higher mortality rate than were found by
Dasbach et al. in their analysis of US hospital discharge data
(23). The differences may be explained by the researchers’
use of the International Classification of Diseases, Ninth
Revision case definitions in that study, which would impair
the comparison of invasive and noninvasive forms.

The decreasing incidence of Pjp and cryptococco-
sis was expected after the advent of active antiretroviral
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Table 2. Cases of invasive fungal infections per 100,000 population, metropolitan France, 2001-2010

Disease 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Pneumocystis pneumonia 2.6 2.0 1.2 21 1.5 1.3 1.3 1.3 1.1 1.0
Candidemia 1.9 1.9 2.1 23 2.2 2.5 2.7 2.8 34 3.6
Invasive aspergillosis 1.1 1.2 1.3 1.5 1.4 1.4 1.3 1.4 1.7 1.8
Cryptococcosis 0.5 0.4 0.3 0.4 0.3 0.3 0.3 0.2 0.2 0.2
Mucormycosis 0.07 0.06 0.07 0.07 0.09 0.09 0.08 0.11 0.10 0.12

therapy (5,6,24,25). However, we observed some notewor-
thy changes: Pjp incidence in non-HIV—infected patients
has currently reached the levels observed in HIV-infected
patients, as observed in the United Kingdom during the
same period (26); incidence of cryptococcosis is also in-
creasing in the seronegative population, and the mortality
rate of both IFIs among non-HIV—infected patients is high-
er than among HIV-infected patients.

Most risk factors described in this study are well
known in clinical practice. The major risk factors for can-
didemia, IA, and mucormycosis, i.e., HM, HSCT, and solid
tumors, are described in many studies, such as those by the
Transplant Associated Infections Surveillance Network,
known as TRANSNET, and Prospective Antifungal Thera-
py Alliance, known as PATH (3,27-29), albeit sometimes
reported as differently distributed. The hierarchical rank-
ing process used here may have influenced the risk factor
distribution, underestimating some conditions. Most stud-
ies of risk factors are performed on the basis of cohorts of
cases in referral centers where a large number of high-risk
patients are recruited, whereas in our population-based ap-
proach, we used a national dataset covering all levels of
care, thus selecting a wider range of underlying conditions,
including those less commonly recognized as risk factors.
As a result, we documented substantial increases of candi-
demia, 1A, and Pjp in patients with chronic renal failure,
suggesting that the increase is not uniquely caused by the
growing number of persons at risk (Figure 2). The growing
number and longer survival of patients with protracted im-
munosuppression beyond traditional hematology patients,
transplant patients, and HIV/AIDS populations are major
challenges. The fact that 2 IFIs that are frequently associ-
ated with health care settings (candidemia and IA) are still
on the rise despite existing infection control recommenda-
tions is of specific concern (30).

Hospital data are not collected for clinical research pur-
poses. Thus, it is very hazardous to explain the trends on the
basis of our limited observations. Specific analyses should
be encouraged, aiming at better understanding the role of

comorbid conditions in the occurrence of IFI (e.g., chronic
renal failure) or the effect of the improved overall survival of
patients, even those who are immunocompromised.

Another noteworthy finding of this study is that the
risk for death was altered by factors that were not frequent-
ly documented before. For instance, cirrhosis was found in
1.3% of all patients with IFIs but was an independent risk
factor for death among all except those with mucormycosis,
suggesting underrecognition of IFIs in such populations,
possibly leading to delayed prevention or treatment. Simi-
larly, patients with HM showed an increased risk for death
when cryptococcosis was also diagnosed, as did those with
cirrhosis and acute renal failure, which suggest that specific
attention should be paid to patients with these conditions;
this could modify their clinical management.

This population-based study has limitations. The in-
crease in IFIs observed parallels a better awareness of cli-
nicians and microbiologists of the threat of IFIs in at-risk
populations, improving the sensitivity of the hospital-based
dataset. The availability of a broader antifungal drug arma-
mentarium and efficient treatment could have the paradoxical
effect of improving the prevention of IF1 for selected groups
of at-risk patients, thus lowering the population of infected
patients. We report trends and risk factors for invasive my-
cosis in France. Hence, our findings may not apply to other
countries with different endemic mycoses, population struc-
tures, and health care systems. Our observations are based on
hospital discharge coding, which is subject to many biases,
including misdiagnosis and incorrect coding. More notably,
the advent of new diagnostic tools for the detection of many
invasive mycoses may have affected our ability to diagnose
these diseases over the study period, which may have had a
substantial impact on the temporal trends observed.

Nevertheless, this large-scale study provides bench-
marking data on the current burden of illness of major IFIs
and shows the effects of disease trends and death rates
spanning a decade in a Western European country. The
need for baseline data was recently highlighted (/0). Our
data provide complementary information to specific studies

Table 3. Deaths attributed to invasive fungal infections per 100,000 cases, metropolitan France, 2001-2010

Disease 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Candidemia 0.41 0.43 0.44 0.41 0.40 0.40 0.40 0.38 0.40 0.36
Invasive aspergillosis 0.32 0.31 0.28 0.26 0.30 0.30 0.28 0.26 0.30 0.25
Mucormycosis 0.10 0.03 0.10 0.20 0.19 0.20 0.17 0.18 0.21 0.21
Cryptococcosis 0.08 0.14 0.17 0.18 0.13 0.21 0.16 0.18 0.16 0.15
Pneumocystis pneumonia 0.05 0.06 0.09 0.08 0.09 0.1 0.10 0.1 0.15 0.15
Emerging Infectious Diseases « www.cdc.gov/eid * Vol. 20, No. 7, July 2014 1153
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Figure 2. A) Invasive fungal infections in patients with hematologic malignancies (HM) in France, 2004-2010. The case count
continuously increased (p<0.001) over the period. Candidemia increased from 751.4 to 1,028.2 cases (+4.3%, p = 0.001), invasive
aspergillosis (IA) from 2,112.4 to 2,434.2 cases (+2.7%, p = 0.002), and mucormycosis from 73.0 to 105.8 cases (+8.7%, p = 0.05)
per 100,000 patients per year. Inversely, the incidence of Pneumocystis jirovecii pneumonia (Pjp) decreased from 468.0 to 351.5
cases/100,000 patients/year (—4.4%, p = 0.006). B) In HSCT recipients (average 4,300 cases per year, no significant trend), candidemia
increased from 721.5 to 1008.6 cases (+6.0%, p = 0.05) and invasive aspergillosis from 2,573.4 to 3,705.3 cases (+9.8%, p<0.001)
per 100,000 HM patients per year. C) The number of patients with solid tumors continuously increased (p<0.001), and candidemia
increased among those patients from 33.7 to 40.9 cases/100,000 patients/year (+6.2%, p<0.001). D) The number of patients with
chronic renal failure continuously increased (p<0.001). Candidemia increased from 57.9 to 88.6 cases/100,000 patients/year (+8.1%),
IA from 7.0 to 12.0 cases/100,000 patients/year (+18.4%, p = 0.007), and Pjp increased with a peak during 2007-2008 (+11.1%, p =
0.052). E) In the HIV/AIDS population (increase p<0.001), incidence of Pjp and cryptococcosis decreased by —17.9% and —19.0%,

respectively (p<0.001). HSCT, hematologic stem cell transplant.

or investigations linked to outbreaks (3/,32). IFIs in this
study occurred among a broad spectrum of patients and the
fatality rate was high; clinicians should be made aware of
risk factors, signs, and symptoms. Beyond the specific is-
sues addressed by our study, such as the identification and
management of patients in potentially under-recognized
risk groups, the expected consequences of the increasing
incidence of IFIs should be anticipated in terms of hospital
and laboratory workload, antifungal use, and need for new
systemic antifungal drugs and strategies (33). The develop-
ment of epidemiologic studies is also of specific concern
to clarify the determinants of the trends and identify effec-
tive interventions that can reduce deaths and the general
public health burden of illness. These questions should be
addressed jointly by clinicians and public health authorities
at national and international levels.
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Technical Appendix 1: Methods

1. The French Hospital Information System

la. The Database

The national hospital discharge database PMSI (Programme de médicalisation des
systemes d’information) systematically collects information for any new admission: anonymous
patient identifier, the hospital code, the patient’s gender, age, residence area, main cause of
admission, other medical conditions reported during a stay (>20 entries), acts performed during
the stay, duration of stay and mode of discharge including transfer or death when death occurs at
hospital. The combination of diseases and acts provides a “discharge summary code” which
infers the cost of each stay, provides useful information on major surgery, and allows to check
the consistency of collected information (only available from 2004 onwards). This discharge
summary code is adapted from the American DRG classification.

The 10th international diseases classification (ICD10) codes are used. These codes were
stable over the study period, except for a few variables such as body mass index thresholds for

morbid obesity, introduced in 2009.

Medical and surgical acts performed during each stay are coded using the national health
insurance classification, which evolved over time. For instance, autologous vs. allogenic
hematopoietic stem cell transplant (HSCT) recipients were not distinguished before 2003, and

were not systematically differentiated after this period.

1b. Selection of Incident Cases

The patient anonymous identifier, available since 2003, was used to distinguish first
admissions from re-hospitalizations. For previous years another identifier was created by
chaining variables “year of birth” (derived from the patient’s age and date of admission),
“gender” and “residence zip code.” Duplicates were checked within and between hospitals.
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Cases detected once over the period were "unique cases”, those detected >1 time were "newly

admitted case” at first occurrence and “re-admitted” at subsequent occurrence(s).

For re-admitted patients, delays between subsequent stays were estimated from admission
and discharge dates. By convention, a case with subsequent stays was defined as a single episode
if delay was <180 days and as a new episode after this delay. As the proportion of new episodes
was very low (<5% of each selected IFI, <8% for Pneumocystis jiroveci pneumonia), we did not

retain these new episodes in the final analysis

lc. Finalisation of the Database with 5 Selected IFIs

The dataset was first created for each selected IFI, including the identification of unique
and first admissions (incident cases), the hierarchisation of risk factors and the reporting of
death.

In the resulting merged dataset including the five IFIs, when one IFI was reported as
principal diagnosis and another one was reported as “associated disease”, priority was given to
the first one. When two IFIs were reported as “associated diseases”, priority was given to the
rarest one, in order to reduce the under-estimation bias for these rare infections. For instance, a
case was considered as mucormycosis when mucormycosis and candidemia were recorded. This

process only concerned <1% of the overall dataset.

2. Estimations of Incidence and Trends: Data Sources

*Annual incidence rates by gender and age groups were estimated using the 1999
national population census and its updates, available at the national public health
institute (InVS). For neonates (0-28 days) we hypothesised their number was

equal to the number of live births.

eIncidence in specific groups was estimated for the following conditions for which annual
numbers were available:
= Patients with hematological malignancies (HM): data provided by Réseau Francim

(http://lesdonnees.e-cancer.fr/information/8-base-commune-des-registres-de-
cancers.html)

= HIV/AIDS: subject to mandatory notification. Data retrieved from the routine
surveillance system, available at InVS (http://www.invs.sante.fr)
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= Solid tumors patients: we used as a proxy, the number of cancer patients regularly
followed up in each hospital. Data available at the Ministry of Health’s division of
statistics website (http://www.drees.sante.gouv.fr/statistique-annuelle-des-
etablissements-sae,6506.html)

= Chronic renal failure patients: data provided by National agency in charge: Agence de
la Biomédecine (http://www.agence-biomedecine.fr/agence/english.html)

= Diabetes: prevalence data on treated diabetic patients and point estimates for all cases
obtained from two studies (1,2)

= Hematopoietic stem cell transplant (HSCT) recipients: data provided by National
agency in charge: Agence de la Biomédecine (http://www.agence-
biomedecine.fr/agence/english.html)

3. Case Definitions for Selected IFIs: ICD-10 codes

Invasive Aspergillosis: Invasive pulmonary (B44.0) or Disseminated aspergillosis (B44.7).
Candidemia: Candidal sepsis (B37.7).

Candidal meningitis (B37.5) and endocarditis (B37.6) were excluded from analysis to allow

international comparisons

Cryptococcosis: All codes B45: Pulmonary (B45.0), Cerebral incl. meningitis (B45.1),
Cutaneous (B45.2), Osseous (B45.3), Disseminated (B45.7), Other (B45.8) or Unspecified forms
(B45.9).

Pneumocystis pneumonia: Pneumonia due to Pneumocystis carinii / P. jiroveci (B59) or HIV

disease resulting in Pneumocystis jirovecii pneumonia (B20.6) and Confirmed pneumonia

Zygomycosis/mucormycosis: All B46 except gastrointestinal (B46.2). All other codes included
i.e. Pulmonary (B46.0), Rhinocerebral (B46.1), Cutaneous/subcutaneous (B46.3), Disseminated
(generalized) (B46.4) or Unspecified, (B46.5; B46.8; B46.9).

Gastro-intestinal forms were excluded based on the retrospective study ("RetroZygo™)
among patients diagnosed in metropolitan France from 2005 to 2007 (3,4), in which cases
recorded in the PMSI were identified and discussed with the medical teams. The vast majority of

gastro-intestinal cases were secondarily excluded as false positives.
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4. Case Definitions for Associated Diseases (Risk Factors for IFl)

We used ICD-10 codes, as well as the codes from the National health insurance
classification (NHIC) which provided acts performed during a stay (surgical acts,
transplantations).

2.1. Hematological Malighancies (HM)

ICD-10: Acute lymphoid or myeloid leukaemia: C91; C92; C93. Hodgkin disease: C81.
Follicular lymphoma: C82. Non-follicular lymphoma: C83. Mature T/NK-cell lymphoma: C84.
Other and unspecified types of non-Hodgkin lymphoma: C85; C88. Multiple myeloma and
malignant plasma cell neoplasms: C90. Other leukaemias of specified cell type: C94. Leukaemia
of unspecified cell type: C95. Other and unspecified malignant neoplasms of lymphoid,
hematopoietic and related tissue: C96. Myelodysplastic syndromes: D46. Other neoplasms of

uncertain or unknown behaviour of lymphoid, hematopoietic and related tissue: D47.

NHIC acts: Chemotherapy for acute leukemias, lymphomas, other tumours or

myeloproliferative disorders.

2.1.b. HM with Hematological stem cell transplantation

ICD-10: Bone marrow transplantation, Z94.8 including autologous (Z94.8.00) and allogenic

(Z94.8.01) transplantations. Bone-marrow transplant rejection (T86.0).

NHIC acts: Autologous or allogenic stem cell transplantation. Intraveneous injection of cellular
therapy products.

2.1.c. HM with neutropenia or medullar aplasia

ICD-10: Acquired pure red cell aplasia, D60. Other aplastic anaemia, D61. Agranulocytosis &
functional disorders of polymorphonuclear neutrophils, D70; D71.

2.2. Non-hematological Immunosuppressions

2.2.a. HIV-AIDS

ICD-10: Human immunodeficiency virus (HIV) disease resulting in infectious and
parasitic diseases, B20. HIV disease resulting in malignant neoplasms, B21. HIV disease
resulting in other specified diseases, B22. HIV disease resulting in other conditions, B23.
Unspecified HIV disease, B24 (including AIDS-related complex). Asymptomatic HIV infection
status

Page 4 of 7



2.2.b. Solid organ transplantation / rejection (other than HSCT)
ICD-10: Failure and rejection of transplanted organs and tissues, T86. Transplanted organ
and tissue status, Z94.

NHIC: Heart, liver, lung, pancreas and renal tranplantations (NHIC).

2.2.c. Solid organ tumours
ICD-10: Malignant neoplasms, stated or presumed to be primary, of specified sites, except of
lymphoid, hematopoietic and related tissue, CO0 to C75. Malignant neoplasms of ill-defined,

secondary and unspecified sites, C76 to C80.

2.3. Systemic Inflammatory Diseases

ICD-10: Crohn disease, K50. Sarcoidosis, D86. Rheumatoid arthritis, MO5 (incl. M05.0; M05.1;
M05.3; M05.8; M05.9) & MO06. Lupus and vascularitis, M05.2; L930; M30; M31; M32

2.4. Diabetes Mellitus

ICD-10: Insulin-dependent diabetes mellitus, E10. Non-insulin dependent diabetes mellitus, E11.
Malnutrition-related diabetes mellitus, E12. Other specified diabetes mellitus, E13. Unspecified
diabetes mellitus, E14. Diabetes mellitus in pregnancy, 024

2.5. Chronic Respiratory Diseases

ICD-10: Chronic obstructive pulmonary disease (COPB): J44 (incl. J44.0 ; J44.1;J44.8;J44.9).
Asthma, J45. Cystic fibrosis, E84.

2.6. Chronic Renal Failure

ICD-10: Chronic kidney disease, N18 including chronic renal failure, chronic uraemia and
diffuse sclerosing glomerulonephritis. Congenital renal failure of the newborn, P96.0.
Hypertensive renal disease with renal failure, 112.0. Hypertensive heart and renal disease with

renal failure, 113.1. Dependence on renal dialysis, Z299.2.

NHIC: Renal failure with dialysis or dialysis sessions for chronic renal failure (NHIC)

2.7. Acute Renal Failure

ICD-10: Acute renal failure, N17.Post-procedural renal failure, N99.0. Renal failure following

abortion and ectopic and molar pregnancy, 0O08.4. Postpartum acute renal failure, 090.4.

NHIC: Acute renal failure without dialysis or dialysis session for acute renal failure.
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2.8. Morbid Obesity

ICD-10: Obesity due to excess calories with BMI [40-49kg/m?], E66.01. Obesity due to excess
calories, BMI > 50kg/m?, E66.02. Drug-induced obesity, BMI [40-49kg/m?], E66.11. Drug-
induced obesity, BMI > 50kg/m?, E66.12. Extreme obesity with alveolar hypoventilation, BMI
[40-49kg/m?], E66.21. Extreme obesity with alveolar hypoventilation, BMI > 50 kg/m?, E66.22.
Other obesities, BMI > 40kg/ m?, E66.81; E66.82.

NHIC: surgical treatments for morbid obesities (bypass, other acts).

2.9. Liver Cirrhosis

ICD-10: Alcoholic liver disease, K70.0. Alcoholic cirrhosis of liver, K70.3. Toxic liver disease
with fibrosis and cirrhosis of liver, K71.7. Fibrosis and cirrhosis of liver, K74 (incl. K74.3 -
K74.6)

2.10. Pancreatitis (acute/chronic)

ICD-10: Acute pancreatitis, K85. Other diseases of pancreas, K86 (incl. K86.0-K86.1)

2.11. Burns

ICD-10: Third degree burn: head and neck T20.3, trunk T21.3, shoulder and upper limbs T22.3,
wrist and hand T23.3, hip and lower limb T24.3, ankle and foot T25.3. Burns of multiple regions,
at least one burn of third degree mentioned, T29.3. Burn and corrosion, body region unspecified,
third degree T30.3. Burns classified according to extent of body surface involved, T31.1-31.9

2.12. Surgery

Discharge summary codes: Head-neck-thoracic surgery, Abdomen-urinary tract and
gynaecological surgery,and musculo-skeletal surgery

2.13. Intensive Care

ICD-10: Dependence on respirator, Z99.1.

Summary code: Injury severity score (1SS)>24.
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Population-Based Analysis of Invasive Fungal Infections, France, 2001-2010

Technical Appendix 2: Distribution of and Trends in invasive fungal infections by demographics, risk groups, and risk factors; France, 2001-2010

Technical Appendix 2, Table 1. Incidence and fatality rate of invasive fungal infections averaged by invasive fungal type, age group, and gender, metropolitan France, 2001-2010*

Pneumocystis pneumonia Cryptococcosis
Candidemia Invasive aspergillosis Mucormycosis HIV/AIDS Non-HIV/AIDS HIV/AIDS Non-HIV/AIDS
Sex, Sex, Sex, Sex, Sex, Sex,

Age, M M M M M Sex, M
days/years Incid (%) FR Incid (%) FR Incid (%) FR Incid (%) FR Incid (%) FR Incid M (%) FR Incid (%) FR
0-29d 2.2 61.5 0.25 0.1 57.1 057 0.03 50.0 0.00 NA NA NA NA NA NA

30d-9y 0.5 59.2 0.15 0.3 56.7 0.20 0.02 57.1 0.07 0.05 42.9 0.03 0.09 51.6 0.10 NA NA NA 0.03 68.4 0.05
10-19y 0.3 57.5 0.18 0.5 64.7 0.20 0.03 57.1 0.19 0.04 27.3 0.03 0.04 60.6 0.09 0.01 37.5 0.25 0.02 50.0 0.06
20-29y 0.6 51.8 0.21 0.6 542 0.24 0.05 64.1 0.18 0.49 53.2 003 010 573 011 0.16 54.5 0.09 0.06 51.0 0.08
30-39y 1.0 58.2 0.21 0.8 57.4 0.22 0.05 62.5 0.08 2.80 68.5 0.05 0.15 53.6 0.07 0.50 75.7 0.12 0.08 71.8 0.06
40-49y 1.7 56.2 0.32 1.3 63.9 0.25 0.08 58.8 0.24 3.11 78.6 0.05 0.24 58.2 0.14 0.51 82.7 0.15 0.09 75.3 0.08
50-59 y 34 62.0 0.37 24 66.1  0.26 0.13 61.5 0.20 1.56 826 006 053 644 0.16 0.19 86.8 0.16 0.14 66.7 0.18
60-69 y 5.8 64.7 042 3.6 66.9 0.31 0.18 640 0.23 0.71 778 013 100 681 024 0.08 88.9 0.16 0.23 60.9 0.21
70-79y 8.1 58.6 0.47 3.1 65.2 0.37 0.16 56.6 0.09 0.25 67.8 0.22 1.02 59.2 0.31 0.01 100.0 0.33 0.23 65.4 0.30
80-89y 8.6 52.0 0.52 1.8 58.3 0.34 0.23 38.2 0.09 0.03 37.5 0.25 0.56 65.4 0.36 NA NA NA 0.31 41.1 0.30
290y 5.3 37.8  0.50 0.6 46.2  0.42 0.24 27.3 018 0.02 100 0.00 0.13 16.7  0.17 NA NA NA 0.15 42.9 0.00
Average 25 58.8  0.40 1.4 63.9 0.29 0.09 57.7 0.17 1.2 740 006 034 622 021 0.2 77.9 0.13 0.11 62.3 0.18

*Incid, incidence, FR, fatality rate, NA, not applicable to this age group.
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Technical Appendix 2, Table 2. Invasive fungal infections in metropolitan France, 2004—2010: distribution of risk factors by type of IFl and evolution of incidence (trend) in the population*

Candidemia Invasive aspergillosis Mucormycosis Pneumocystis pneumonia Cryptococcosis
Incidence trend Incidence trend Incidence trend Incidence trend Incidence trend
p P P p

Risk factors No. Evol. %  value No. Evol. %  value No. Evol. %  value No. Evol. % value No. Evol. % pvalue
Hematologic 1,710 + 5.8 <0.001 3,496 + 4.2 <0.001 143 + 10.3 0.02 869 - 3.0 0.06 88 NA NA NA
malignancy
with 276 + 6.4 0.04 890 + 10.3 <0.001 40 NA NA NA 115 NA NA NA 7 NA NA NA
HSCT
with 721 + 7.0 <0.001 1,540 + 8.0 <0.001 53 + 20.7 <0.001 203 NA NA NA 15 NA NA NA
neutropenia
with none 713 + 4.4 0.02 1,066 - -5.4 <0.001 50 NA NA NA 551 - 5.8 0.004 66 NA NA NA
of above
HIV/AIDS 142 NA NA NA 94 NA NA NA 15 NA NA NA 4,047 - 154 <0.001 656 - 164 <0.001
Solid organ 190 + 7.3 0.05 231 + 12,5 <0.001 9 NA NA NA 108 + 131 0.01 29 NA NA NA
transplant
Solid tumor 3,683 + 14.6 <0.001 473 + 4.7 0.049 19 NA NA NA 227 + 9.9 0.005 35 NA NA NA
Systemic 178 + 8.3 0.04 140 NA NA NA 9 NA NA NA 106 NA NA NA 30 NA NA NA
inflammatory
diseases
Diabetes 1,123 + 8.3 <0.001 207 NA NA NA 68 NA NA NA 76 NA NA NA 51 NA NA NA
Chronic 433 + 4.7 0.06 529 NA NA NA 13 NA NA NA 33 NA NA NA 17 NA NA NA
respiratory
diseases
Chronic 336 + 10.3 <0.001 68 + 21.0 0.003 8 NA NA NA 88 + 134 0.02 20 NA NA NA
renal failure
Other 1,751 + 6.4 <0.001 189 + 10.7 0.006 19 NA NA NA 78 + 22.0 <0.001 32 NA NA NA
diseasest
Unspecified 2,493 + 6.3 <0.001 1,006 + ns NA 108 NA NA NA 299 NA NA NA 161 NA NA NA
t
Total 12,039 + 9.2 <0.001 6,433 + 4.00 <0.001 411 + 7.6 0.003 5931 - 10.2 <0.001 1,119 - 9.9% p<0.001

*Evol.: evolution of incidence over the period (increase +, decrease -); NA, not applicable; no substantial evolution over the period; P = p value of trend; %: annual percentage of increase or decrease
of incidence in the general population.

tOther diseases: the 1,751 patients with candidemias accounted for 15.8% of cirrhosis, <6% of morbid obesity and pancreatitis, and 84.6% acute renal failure (not exclusive). The 189 invasive
aspergillosis case-patients accounted for 24.3% of cirrhosis and 87.8% acute renal failure. The 19 mucormycosis case-patients included 10.5% of cirrhosis and 63.2% acute renal failure.

tTUnspecified: The 2,493 patients with candidemia required a stay in an intensive care unit (ICU) (841 cases; 6.9% of the total), surgical procedures (317 cases; 2.6%), extreme age with no other known
factor (484 cases; 4.0%), and 851 cases (7.1%) with no specific risk factor. The 108 mucormycosis case-patients required a stay in ICU or surgical ward (20 cases;4.9%), extreme age (27 cases; 6.6%)
and 61 cases (14.8%) with no specific risk factor. Data for the 299 patients with Pneumocystis jirovecii pneumonia required a stay in ICU or surgical procedures (56 cases; <1% of the total), extreme
age with no other risk factor (<1%) and 226 cases (3.8%) with no specific risk factor. The 161 cryptococcosis cases required a stay in ICU or surgical ward (46 cases; 4.1%), extreme age (27 cases;
2.4%) and 95 cases (8.5%) with no specific risk factor.
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Technical Appendix 2, Table 3. Age- and sex—adjusted odds ratio (OR) of death by invasive fungal infections and by significant (p<0.05) risk factor, metropolitan France, 2004—2010

Patient characteristics Candidemia Invasive Aspergillosis Mucormycosis pneu'annoenui: OI—?K/S;IASI DS(- Cm?:ZCA?BCSO(S)IS PE%;E;%S;:S CHR}?X%;?SS
)

OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI
Age,y
<10 1 1.00-1.00 1 1.00-1.00 1 1.00-1.00 1 1.00-1.00 NA NA NA NA NA NA
10-19 1,05 1.04-1.05 0,75 0.64-0.86 1,19 0.99-1.39 1,01 1.01-1.02 NA NA 1 1.00-1.00 NA NA
20-29 1,16 1.14-1.18 0,69 0.55-0.83 1,43 0.95-1.90 1,07 1.06-1.09 1 1.00-1.00 1,39 1.21-1.57 1 1.00-1.00
30-39 1,35 1.31-1.39 0,69 0.54-0.85 1,70 0.85-2.56 1,22 1.17-1.26 1,72 1.25-2.19 1,93 1.43-2.43 1,44 1.17-1.70
40-49 1,64 1.56-1.71 0,75 0.57-0.93 2,03 0.67-3.40 1,52 1.39-1.64 2,47 1.35-3.59 2,68 1.64-3.73 2,06 1.31-2.81
50-59 2,07 1.93-2.22 0,87 0.66-1.09 2,43 0.39-4.47 2,14 1.83-2.45 3,55 1.29-5.80 3,73 1.79-5.66 2,96 1.35-4.57
60-69 2,74 2.48-3.00 1,11 0.83-1.39 2,90 -0.02-5.82 3,50 2.66-4.34 5,09 0.93-9.26 5,18 1.81-8.54 4,25 1.16-7.34
70-79 3,78 3.30-4.25 1,56 1.15-1.98 3,46 -0.60-7.53 6,86 4.33-9.39 7,31 0.00-14.62 7,19 1.59-12.80 6,10 0.56-11.64
80-89 5,43 4.56-6.29 2,47 1.72-3.21 4,14 -1.41-9.69 16,50 7.63-25.36 10,5 -1.90-22.90 NA 8,76 -0.79-18.31
>90 8,11 6.51-9.71 4,42 2.78-6.06 4,94 -2.52-12.40 NA NA NA NA
Sex, F NS NS 0,80 0.70-0.91 NS NS NS NS NS NS NS NS NS NS
HM+HSCT 1,33 1.00-1.76 1,81 146 -2.24 5,97 2.42-14.72 NS NS NS NS NS NS NS NS
HM+neutropenia 1,58 1.33-1.87 1,36 1.14-1.62 5,86 2.64 -13.01 NS NS NS NS 8,49 2.32-31.06 NS NS
HM 1,40 1.18-1.67 2,03 1.69-2.44 3,60 1.54 -8.39 0,70 0.51-0.97 3,92 2.01-7.68 NS NS NS NS
HIV/AIDS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Solid org.transplant NS NS 1,46 1.15-1.84 NS NS NS NS NS NS NS NS NS NS
Solid Tumors 1,87 1.71-2.04 2,13 1.75-2.60 NS NS 2,26 1.61-3.17 NS NS 4,43 2.82-6.94 NS NS
Diabetes 0,79 0.71-0.89 NS NS NS NS 0,65 0.43-0.99 NS NS NS NS NS NS
Respiratory diseases NS NS 0,74 0.61-0.91 NS NS NS NS NS NS NS NS NS NS
Chronic renal failure NS NS 0,76 0.57-1.00 NS NS 0,48 0.31-0.73 NS NS 0,29 0.11-0.79 NS NS
Cirrhosis 2,48 2.04-2.99 1,58 1.05-2.39 NS NS 2,84 121-6.67 6,48 2.05 - 20.46 NS NS NS NS
Acute renal failure 1,84 1.56 -2.16 2,32 1.82-2.97 NS NS 2,82 2.01-395 245 1.27-4.70 6,65 4.46 - 9.90 NS NS
Surgery 0,60 0.54 - 0.66 NS NS NS NS NS NS NS NS NS NS NS NS
Intensive care NS NS 4,55 3.86-5.36 12,69 6.82-23.63 6,91 5.19-9.20 8,49 457 -15.74 8,73 6.49 - 11.76 12,50 7.64 - 20.45

HM, hematologic malignancy; HSCT, hematologic stem cell transplantation; NA, not applicable: no occurrences of infection in this risk group; NS, not statistically significant.
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