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Background:  Invasive  aspergillosis  poses  a significant  threat  to  immunocompromised  individuals.  Diag-
nostic criteria  incorporating  biomarkers  and  imaging  have  improved  diagnosis,  and  treatment  options
have  expanded.  However,  in Argentina,  diverse  patient  demographics  and  environmental  factors  add
complexity to managing  this  infection.
Aims:  This  study  aims  to explore  the  epidemiology,  diagnostic  methods,  and  treatment  of  invasive
aspergillosis  in  an  Argentine  hospital  setting.
Methods:  We  collected  data  from  patients  with  suspected  invasive  aspergillosis  at  a  tertiary  care  hospi-
tal in  Central-Northern  Argentina.  Variables  included  demographics,  underlying  conditions,  diagnostic
criteria,  treatment,  and  outcomes.
Results:  With  a  median  age  of 44.5 years  and  a 51% of  male  patients,  our  institution  conducted  invasive
aspergillosis  screenings  on 192  patients,  many  of  whom  were  battling  malignancies  (90%).  One  third  of
them  had  the  infection  set  as  probable  or possible.  Imaging  (31%)  and  positive  microbiological  results
(16%)  were  examples  of diagnostic  evidence.  With  an  overall  mortality  rate  of 15%,  half  of the  patients
got  antifungal  treatment  for  a median  of seven  days.  Mortality  among  the  diagnosed  patients  was  22%.
Patients  without  stem-cell  transplantation  had  a high  death  rate  (31%),  although  this  difference  was  not
statistically  significant;  in  patients  having  pulmonary  nodules  (15%)  the  death  rate  was  not  statistically
significant  either.  There  were  no discernible  variations  in mortality  according  to  the type  of treatment
received.
Conclusions:  Our  study  reveals  that  invasive  aspergillosis  remains  a significant  issue  in  high-risk  patients,
and  has  a  notable  mortality  rate, particularly  among  those  patients  with  pulmonary  nodules.  Computed
tomography  provides  a high  diagnostic  yield.

©  2025  The  Author(s).  Published  by  Elsevier  España,  S.L.U.  on  behalf  of  Asociación  Española  de
Micologı́a.  This is an  open  access  article  under  the  CC  BY  license  (http://creativecommons.org/

licenses/by/4.0/).
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Antecedentes:  La  aspergilosis  invasiva  representa  una  amenaza  significativa  para  las  personas  inmunode-
primidas.  Los  criterios  diagnósticos  que  incluyen  biomarcadores  y estudios  por  imágenes  han  mejorado
su  diagnóstico,  y las  opciones  terapéuticas  se han  ampliado.  Sin  embargo,  en  Argentina,  la  diversidad
demográfica  de  los pacientes  y los factores  ambientales  añaden  complejidad  al  manejo  de  esta  infección.
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Objetivos:  Este  estudio  tiene  como  objetivo  explorar  la epidemiología,  los métodos  diagnósticos  y  el
tratamiento  de  la aspergilosis  invasiva  en  un hospital  argentino.
Métodos:  Se  recopilaron  datos  de  pacientes  con sospecha  de aspergilosis  invasiva  de  un hospital  tercia-
rio  ubicado  en  el  centro-norte  de  Argentina.  Las  variables  incluyeron  datos  demográficos,  condiciones
subyacentes,  criterios  diagnósticos,  tratamiento  y  resultados.
Resultados:  Con  una  mediana  de  edad  de 44,5 años  y un  51% de  pacientes  de  sexo  masculino,  se  realizaron
cribados de  aspergilosis  invasiva  en 192  pacientes,  la mayoría  con  neoplasias  malignas  (90%).  Un  ter-
cio  de  los  casos  fueron  clasificados  como  probables  o  posibles.  Técnicas  de  imagen  (31%)  y resultados
microbiológicos  positivos  (16%)  aportaron  las  evidencias  diagnósticas.  La  tasa  de mortalidad  global  fue
del  15%,  y  la mitad  de  los  pacientes  recibió  tratamiento  antifúngico  durante  una  mediana  de  siete  días.  La
mortalidad  entre  los  pacientes  diagnosticados  fue del 22%.  Los  pacientes  sin  trasplante  de  progenitores
hematopoyéticos  presentaron  una  alta  tasa de  mortalidad  (31%),  aunque  esta  diferencia  no  fue estadísti-
camente  significativa.  En  los pacientes  con  nódulos  pulmonares  (15%)  la  tasa  de  mortalidad  tampoco  fue
significativa  estadísticamente.  No se  observaron  variaciones  discernibles  en  la  mortalidad  según el tipo
de  tratamiento  recibido.
Conclusiones: Los  hallazgos  revelan  que  la  aspergilosis  invasiva  sigue  siendo  un  problema  relevante  en
pacientes  de  alto  riesgo,  a pesar  de  la profilaxis,  y se asocia  con  una  notable  tasa  de mortalidad,  espe-
cialmente  entre  aquellos  pacientes  con  nódulos  pulmonares.  La  tomografía  computarizada  aporta  un alto
rendimiento  diagnóstico.

©  2025  Los  Autores.  Publicado  por  Elsevier  España,  S.L.U.  en  nombre  de Asociación  Española  de
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Micologı́a.  Este  es un  artı́

Invasive aspergillosis is a serious fungal infection caused by
fungi within the Aspergillus genus, most commonly Aspergillus
fumigatus.2,16 This condition mainly affects immunocompromised
patients. The immunological vulnerability of these individuals facil-
itates the colonization and tissue invasion by the fungus, which can
trigger an uncontrolled inflammatory response and, in severe cases,
lead to the systemic dissemination of the infection, with poten-
tially fatal consequences.12 In recent years, some diagnostic criteria,
including the detection of biomarkers such as galactomannan,6 a
polysaccharide released by the cell wall of Aspergillus during the
active replication of the fungus, and the interpretation of tomo-
graphic images, which can reveal characteristic signs of the disease,
such as nodular lesions, pulmonary cavitation or vascular invasion,4

have been set up. In addition, there are new antifungal treatment
options.10

In the hospital context of Argentina, invasive aspergillosis repre-
sents a multifaceted and significant clinical challenge. The diversity
of the patient population, along with the country’s own  environ-
mental conditions, contributes to the complexity of managing this
fungal infection.5,14 The high prevalence of immunocompromised
patients, including those undergoing solid organ or bone marrow
transplants, as well as patients with malignant haematological dis-
eases such as leukaemia and lymphoma, is a favourable scenario
for the development of invasive aspergillosis.14 In addition, the
increasing incidence of chronic diseases, such as diabetes mellitus
and chronic obstructive pulmonary disease in the general popula-
tion, increases the population at risk of contracting this invasive
aspergillosis.14 The diverse geography of Argentina, marked by lat-
itudinal values ranging from subtropical to sub-Antarctic regions,
influences the distribution and environmental load of Aspergillus
spores, which can vary significantly depending on the geographi-
cal location of the hospital centre. Local weather conditions, such
as humidity and temperature, can favour the proliferation of fungi
in the hospital environment, thus increasing the risk of expo-
sure and acquisition of the fungus in susceptible patients.8 In
addition, the infrastructure, infection control practices, or access
to diagnostic and treatment techniques can vary among differ-
ent hospital centres, affecting the implementation of preventive
measures and the clinical management of invasive aspergillosis

cases.13

In this manuscript, our aim was to explore the epidemiology,
risk factors, diagnostic methods, and therapeutic options for inva-

f
p
a

56
pen  Access  bajo  la  CC  BY  licencia  (http://creativecommons.org/licencias/
by/4.0/).

ive aspergillosis in an Argentinian hospital centre, providing an
pdated and practical vision for the effective management of this
ycotic infection in our clinical setting.

. Methods

Information regarding patients with suspected invasive
spergillosis, based on clinical symptomatology, was  systemat-
cally collected over a 18-month period to thoroughly examine
he treatment approaches at Sanatorio Allende, a tertiary care
entre located in Central-Northern Argentina. The institution
s a tertiary hospital with 232 beds, primarily serving patients
ndergoing allogeneic stem-cell transplantation. As this study was
etrospective and cross-sectional, it was  determined that no ethical
learance, nor informed consent, was required in accordance with
he regulations set forth by the local ethics committee of Sanatorio
llende (Córdoba, Argentina).

A comprehensive array of variables was  documented for our
nalysis, encompassing demographic details such as sex and age,
he primary underlying condition predisposing patients to inva-
ive aspergillosis, additional predisposing factors for invasive
spergillosis beyond malignancy, the status and last treatment his-
ory of malignancies preceding invasive aspergillosis (if applicable),
adiological indicators of invasive aspergillosis, mycological evi-
ence (including identification of the pathogenic fungus, when
vailable), site of infection, ongoing antifungal prophylaxis, treat-
ent specifics, as well as 30 days post-invasive aspergillosis

iagnosis mortality.
Patients included in the analysis were categorized as having

roven, probable, or possible invasive fungal infection (IFI) accord-
ng to the European Organization for Research and Treatment of
ancer/Mycoses Study Group (EORTC/MSG) criteria.6 If patients
ere not eligible within the abovementioned categories (patients
ith underlying conditions, symptoms and mycological evidence

uggesting IFI, but without supportive imaging procedures), they
ere considered as having putative IFI.

We did not estimate a-priori sample size for this exploratory
tudy. To examine and compare the demographics and clinical
requencies and percentages, with comparisons in mortality pro-
ortion made using the chi-squared test or Fisher’s exact test, as
ppropriate. Continuous variables are described using medians and
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interquartile ranges (IQRs), with comparisons performed using the
Mann–Whitney U test. Data processing and analysis were per-
formed using the Statistical Package for the Social Sciences (SPSS®)
version 27.0, developed by IBM Corp. in Chicago, IL, United States.

2. Results

Over a period of 18 months, our hospital admitted 192 patients
for screening due to suspicion of invasive aspergillosis. Among
these patients, 51% (98/192) were male, and the median overall
age was 44.5 years (IQR 30–60, range 0–76). A vast majority, 89.6%
(172/192), were battling malignancies during the screening pro-
cess. Non-mould active antifungal prophylaxis was  administered
to 76.6% (147/192) of the patients, primarily fluconazole (99.3%,
146/147) (Table 1).

Out of the total patients screened for invasive aspergillosis,
33.9% (65/192) were finally diagnosed with the infection. The diag-
noses were distributed as follows: 3.1% (2/65) proven, 36.9% (24/65)
probable, 52.3% (34/65) possible, and 7.7% (5/65) putative invasive
aspergillosis (Table 1).

In terms of diagnostic evidence, 16.1% (31/192) of the cases had
positive microbiological results, while 31.3% (60/192) had imaging
procedures supporting invasive pulmonary aspergillosis. Antifun-
gal treatment was received by 51% (98/192) of the patients, with
a median duration of 7 days (IQR 4–13, range 2–21). The overall
mortality rate among the screened patients was 14.6% (28/192)
(Table 1).

Focusing on the 65 patients diagnosed with invasive aspergillo-
sis, all in the lungs, 64.6% (42/65) were male, and the median age
was 44.5 years (IQR 30–60, range 0–76). A high percentage, 87.7%
(57/65), had an underlying malignancy, primarily haematological.
These malignancies were predominantly treated with either allo-
geneic (59.6%, 34/57) or autologous (31.6%, 18/57) hematopoietic
stem-cell transplantation (HSCT). The median duration of neu-
tropenia before invasive aspergillosis diagnosis was 12 days (IQR
8–14, range 3–30). Non-mould active prophylaxis before inva-
sive aspergillosis diagnosis was observed in 73.8% (48/65) of the
patients (Table 1).

In terms of diagnostic tests, serum galactomannan tests were
positive in 38.5% (25/65) of the patients, 6.2% (4/65) had posi-
tive bronchoalveolar lavage (BAL) galactomannan tests, and two
patients (3.1%) were diagnosed through lung biopsy. In 92.3%
(60/65) patients computed tomography scan images supporting
the diagnosis were obtained. Among them, 81.5% (53/65) showed
pulmonary nodules suggestive of invasive pulmonary aspergillosis,
and 21.5% (14/65) showed cavitation signs (Table 1).

Liposomal amphotericin B was the primary antifungal, admin-
istered to 72.3% (47/65) of the patients, either alone (60%, 39/65)
or in combination with triazoles (12.3%, 8/65). Voriconazole was
the preferred option for 15.4% (10/65) of the patients. The median
duration of the antifungal treatment was 7 days (IQR 4–13, range
2–21) (Table 1).

The overall mortality rate among patients with invasive
aspergillosis was 21.5% (14/65). This rate was similar for both males
(21.4%, 9/42) and females (21.7%, 5/23), p = 1. Mortality in patients
without HSCT (30.8%, 4/13) was higher compared to those with
allogeneic HSCT (23.5%, 8/34), or autologous HSCT (11.1%, 2/18);
however, the difference was not statistically significant, p = 0.41. No
significant differences were observed either in mortality depend-
ing on the EORTC/MSG level of invasive aspergillosis (proven 50%,
1/2; probable 20.8%, 5/24; possible 14.7%, 5/34; putative 60%, 3/5),

p = 0.08. However, patients with pulmonary nodules (15.1%, 8/53)
had a significantly higher mortality compared to those without pul-
monary nodules (p = 0.016), while this difference was not observed
in patients with cavitations (42.9%, 6/14, p = 0.06). No statistically
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ignificant differences were observed in patient mortality based on
he received treatment: liposomal amphotericin B (27.7%, 13/47,

 = 0.052), triazoles (16.7%, 3/18, p = 0.736), echinocandins (0%, 0/3,
 = 1) (Table 1).

. Discussion

Over a span of 18 months, we retrospectively screened the
linical history of 192 patients that might have suffered invasive
spergillosis. Males were predominant (51%), with a median age
f 44.5 years, and many of the patients had the underlying bur-
en of malignancies (89.6%). Among our cohort, approximately one
hird (33.9%) received a final diagnosis of invasive aspergillosis, pre-
ominantly falling under the EORTC/MSG categories of probable
r possible cases. Diagnostic confirmation hinged upon positive
icrobiological findings (47.7%) and diagnostic imaging results

92.3%). Almost all (92.3%) of the diagnosed patients underwent
ntifungal treatment for a median duration of 7 days. In the overall
ample of screened patients, the mortality rate was 14.6%. Within
he subset of invasive aspergillosis cases, mortality was notably
igher (21.5%), with discernible correlation observed with pul-
onary nodules, but not with cavitations or specific treatment
odalities.
Echoing the findings in existing literature,7 our study under-

cores a noteworthy sex discrepancy among patients, with a higher
revalence of invasive aspergillosis observed in males. However,
he comparable mortality rates between both genders suggest that
ender might not have exerted a significant influence on patient
utcomes in the context of invasive aspergillosis. Furthermore,
he median age (44.5 yers) of the affected individuals, with an
nterquartile range spanning from 30 to 60 years, suggests a wide
ge distribution, with higher mortality rate in middle-aged individ-
als.

The heightened mortality rate observed in patients with under-
ying malignancies, mainly haematological malignancies, although
ot statistically significant in our sample, aligns with previ-
us reports emphasizing the pivotal role of immune status in
rognostication.9 Additionally, the median duration of neutrope-
ia preceding invasive aspergillosis diagnosis, 12 days in our
ample, concurs with existing literature, further highlighting pro-
onged neutropenia as a notable risk factor for invasive aspergillosis
evelopment.11

Diagnostic assessments revealed positive serum galactomannan
ests in 38.5% of the patients, with additional positive findings from
AL galactomannan tests (6.2%) and lung biopsies (3.1%). Notably,
2.3% of patients exhibited positive computed tomography scan
esults suggestive of invasive aspergillosis, with pulmonary nod-
les identified in 81.5% of cases and cavitations in 21.5%. This
nderscores the pivotal role of imaging in invasive aspergillo-
is diagnosis, notwithstanding potential discrepancies between
icrobiological and imaging evidence, indicative of the current

iagnostic limitations necessitating more refined clinical tools.1,3,15

Antifungal therapy was  administered to 92.3% of patients,
rimarily involving liposomal amphotericin B (72.3%) either as
onotherapy or in combination with triazoles, while voricona-

ole was preferred for 23.1% patients, aligning moderately with
revailing treatment guidelines, which recommend isavuconazole
r voriconazole as first line treatment options.1,3,15 The limited
ccess to certain antifungals at our institution may  be viewed as the
rimary constraint in providing the antifungals that are strongly

ecommended.13 In parallel, in the majority of cases, the treat-
ent administered was  empirical. At that stage, microbiological

vidence was  unavailable, so a broader-spectrum antifungal, such
s liposomal amphotericin B, was  preferred in our institution.
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Table  1
Clinical data of the enrolled patients.

Screened sample Invasive aspergillosis

n % Overall Alive Dead p value

n % n % n %

Sex
Female 94 49.0% 23 35.4% 18 78.3% 5 21.7%

1.000Male  98 51.0% 42 64.6% 33 78.6% 9 21.4%

Age  (years) 44.5 (30–60) [0–76] 44.5 (30–60) [0–76] 38 (20–56) [2–74] 43 (35–64) [0–69]

Underlying conditions

0.166

Haematological malignancy 163 84.9% 54 83.1% 44 81.5% 10 18.5%
Solid  tumour 10 5.2% 4 6.2% 4 100.0% 0 0.0%
Diabetes mellitus 3 1.6% 1 1.5% 0 0.0% 1 100.0%
Solid  transplantation* 5 2.6% 2 3.1% 1 50.0% 1 50.0%
Other underlying conditions 9 4.7% 4 6.2% 2 50.0% 2 50.0%
No  underlying condition 2 1.0% 0 0.0% 0 0.0% 0 0.0%

HSCT

0.410

alloHSCT 80 41.7% 34 52.3% 26 76.5% 8 23.5%
alloHSCT non-related 11 5.7% 8 12.3% 7 87.5% 1 12.5%
alloHSCT related 61 31.8% 24 36.9% 18 75.0% 6 25.0%
alloHSCT NOS 8 4.2% 2 3.1% 1 50.0% 1 50.0%

autoHSCT 67 34.9% 18 27.7% 16 88.9% 2 11.1%

Neutropenia 177 92.2% 60 92.3% 48 80.0% 12 20.0%
0.292Length in days 12 (8–14) [3–30] 12 (8–14) [3–30] 12 (9–16) [5–30] 13 (6–20) [5–23]

Antifungal prophylaxis, yeast active 147 76.6% 48 73.8% 38 79.2% 10 20.8%
1.000Fluconazole 146 76.0% 47 72.3% 37 78.7% 10 21.3%

EORTC/MSG criteria

0.080

No IFI 127 66.1% – – – – – –
Putative IA 5 2.6% 5 7.7% 2 40.0% 3 60.0%
Possible IA 34 17.7% 34 52.3% 29 85.3% 5 14.7%
Probable IA 24 12.5% 24 36.9% 19 79.2% 5 20.8%
Proven IA 2 1.0% 2 3.1% 1 50.0% 1 50.0%

Mycological evidence

0.172
No positive result 161 83.9% 34 52.3% 29 85.3% 5 14.7%
Positive BAL GM 4 2.1% 4 6.2% 4 100.0% 0 0.0%
Positive lung biopsy, histopathology 2 1.0% 2 3.1% 1 50.0% 1 50.0%
Positive serum GM 25 13.0% 25 38.5% 17 68.0% 8 32.0%

Imaging procedures
Negative 132 68.8% 5 7.7% 2 40.0% 3 60.0%
Positive 60 31.3% 60 92.3% 49 81.7% 11 18.3%

Pulmonary nodules 53 27.6% 53 81.5% 45 84.9% 8 15.1% 0.016
Cavitation 14 7.3% 14 21.5% 8 57.1% 6 42.9% 0.060

Antifungal treatment
Liposomal amphotericin B 82 42.6% 47 72.3% 34 72.3% 13 27.7% 0.052

Liposomal amphotericin B alone 73 38.0% 39 60.0% 29 74.4% 10 25.6%
Liposomal amphotericin B + itraconazole 1 0.5% 1 1.5% 1 100.0% 0 0.0%
Liposomal amphotericin B + posaconazole 2 1.0% 2 3.1% 1 50.0% 1 50.0%
Liposomal amphotericin B + voriconazole 6 3.1% 5 7.7% 3 60.0% 2 40.0%

Anidulafungin 1 0.5% 1 1.5% 1 100.0% 0 0.0%
Caspofungin 2 1.0% 2 3.1% 2 100.0% 0 0.0%
Fluconazole 1 0.5% 0 0.0% 0 0.0% 0 0.0%
Voriconazole 12 6.3% 10 15.4% 10 100.0% 0 0.0%
No  treatment** 94 49.0% 5 7.7% 4 80.0% 1 20.0%
Length of antifungal treatment (days) 7 (4–13) [2–21] 7 (4–13) [2–21] 10 (5–15) [2–21] 10 (7–21) [3–21]

30-Day mortality 28 14.6% 14 21.5% 0 0.0% 14 100.0%

BAL, bronchoalveolar lavage; EORTC/MSG, European Organization for Research and Treatment of Cancer/Mycoses Study Group; GM,  galactomannan; HSCT, hematopoietic
OS, no

ortem

r
i
bias in patient follow-up. Additionally, the study was  conducted
at a single centre, which may  limit the generalizability of the find-
stem-cell transplantation; IA, invasive aspergillosis; IFI, invasive fungal infection; N
* Solid transplantation: renal (n = 3), heart (n = 1), and liver (n = 1).

** The patient who neither received treatment nor survived was  diagnosed post-m

The overall mortality rate among all screened patients was
14.6% (28 out of 192). Notably, the mortality rate among invasive
aspergillosis patients stood at 21.5% (14 out of 65), with no sig-
nificant disparities noted across different variables. Nonetheless,
the significantly elevated mortality observed in patients with pul-

monary nodules underscores the potential prognostic value of this
radiological finding.5

i
d
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t otherwise specified.

.

Despite the nature of this study, several limitations war-
ant acknowledgment. Firstly, its retrospective design inherently
mposes constraints regarding data completeness and potential
ngs to broader patient populations. Furthermore, the reliance on
iagnostic criteria for invasive aspergillosis, which are subject to
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interpretation and evolving standards, may  introduce variability in
case ascertainment. The relatively small sample size, along with the
use of mortality as the sole outcome measure, may  also limit the
generalizability of the results, including a full survival in patients
receiving voriconazole. Moreover, the study’s focus on hospitalized
patients may  overlook cases managed in outpatient settings, poten-
tially underestimating the true burden of invasive aspergillosis in
the community. Variability in clinical practices, such as antifungal
prophylaxis regimens (the prophylaxis provided to our patients did
not include mould-active regimens) and treatment modalities, may
introduce confounding factors that influence outcomes. Lastly, the
study’s retrospective nature precludes the ability to establish causal
relationships between exposures and outcomes, emphasizing the
need for prospective investigations to elucidate the mechanisms
underlying disease progression and treatment responses.

Despite these limitations, this study provides valuable insights
into the epidemiology, clinical characteristics, and outcomes of
invasive aspergillosis, laying the groundwork for future research
endeavours aimed at addressing these knowledge gaps and refining
clinical management strategies. Our study highlights the persistent
challenge of invasive aspergillosis in high-risk patients. Diagnos-
tic reliance on computed tomography scans and the moderate
sensitivity of serum galactomannan tests underscores the need
for a multifaceted approach to diagnosis. While treatment with
liposomal amphotericin B moderately aligns with guidelines, mor-
tality remains a concern, particularly in patients with pulmonary
nodules, emphasizing the need for improved prophylactic and ther-
apeutic strategies within our institution.
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