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We investigated a cohort of 370 patients in Austria with
hantavirus infections (7.8% ICU admission rate) and de-
tected 2 cases (cumulative incidence 7%) of invasive pul-
monary aspergillosis; 1 patient died. Hantavirus-associ-
ated pulmonary aspergillosis may complicate the course
of critically ill patients who have hemorrhagic fever with
renal syndrome.

Hantaviruses are a large group of rodentborne
single-stranded RNA viruses that cause clinical
illness of varying severity in humans. Austria, and
especially its southernmost federal states (Styria,
Carinthia, and Burgenland), are endemic regions
for the hantavirus puumala virus (PUUV), as well
as for Dobrava/Belgrade virus (DOBV) in rare cases
(1). Both hantavirus entities cause hemorrhagic fever
with renal syndrome (HFRS); case-fatality rates of
0.1%-1% in PUUV patients and up to 12% in DOBV
patients have been reported (2). HERS is character-
ized by strong inflammation affecting vascular en-
dothelial cells, leading to thrombocytopenia and
potentially to disseminated intravascular coagulop-
athy. HFRS leads to renal failure of varying severity;
half of patients develop respiratory symptoms. Hy-
poxia might lead to intensive care unit (ICU) admis-
sion for patients who need oxygen supply or organ
support (3-6).

Invasive pulmonary aspergillosis (IPA) has been
increasingly reported as a serious and potentially le-
thal complication in patients who require ICU treat-
ment for severe influenza or COVID-19-associated
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acute respiratory failure. Although exact ICU admis-
sion rates and treatment characteristics (e.g., mechan-
ical ventilation, hemodynamic shock) in the context
of HFRS are lacking, hantaviruses have been shown
to cause direct damage to the airway epithelium, po-
tentially enabling aspergillus to invade tissue (7). We
therefore speculated that there is a risk for invasive
pulmonary aspergillosis (IPA) in critically ill patients
with HFRS.

The Study

We performed a retrospective observational study,
enrolling all consecutive adult patients with HFRS
admitted to the ICU Medical University of Graz in
Graz, Austria, during 2003-2023, and determined the
rate of IPA. We screened all patients with clinical sus-
picion of HFRS and detection of PUUV or Hantaan
virus (HTNV)/DOBYV IgM by immunoassay (Reage-
na, https://www.reagena.com) (Appendix, https://
wwwnc.cde.gov/EID/article/30/6/23-1720.App1.
pdf). All patient data were uniformly collected as
described previously (1,8). The institutional review
board of the Medical University of Graz approved the
study (approval no. 33-329 ex 20/21), which we con-
ducted in accordance with the Declaration of Helsinki
(Version Fortaleza, 2013).

We classified the patients according to the Eu-
ropean Confederation of Medical Mycology/Inter-
national Society for Human & Animal Mycology
consensus criteria for COVID-19-associated invasive
pulmonary aspergillosis and influenza-associated
pulmonary aspergillosis (9) by 2 infectious disease
specialists who were blinded against the baseline
characteristics. We performed all analyses using Stata
version 16.1 (StataCorp., https://www.stata.com)
and R version 4.0.5 (https:/ /www.r-project.org). We
reported continuous data as medians with 25th-75th
percentiles; we summarized categorical data using
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absolute frequencies and percentages. We estimated
median survival of the overall cohort by the reverse
Kaplan-Meier method. We analyzed risks for devel-
opment of hantavirus-associated pulmonary asper-
gillosis (HAPA) and death from any cause using com-
peting risk cumulative incidence estimators.

Of 370 patients with HFRS, 29 (7.8%) were admit-
ted to the ICU and therefore included in our study;
median follow-up time was 4.3 years (Table 1). A to-
tal of 28/29 (96%) had PUUV-caused HFRS; 1 patient
had DOBV-caused HFRS, confirmed by PCR. A total
of 17/29 (59%) patients reported contact with rodents
or rodent excreta. All patients had fever, 21/29 (72%)
patients had headache and 13/29 (45%) had diar-
rhea. At ICU admission, the median sequential organ

Table 1. Baseline characteristics of 29 hantavirus patients
hospitalized in ICU, Graz, Austria*

Characteristic Value
Age, y (range) 51 (44-65)
Sex

F 5(17)

M 24 (83)

BMI, kg/m? (range) 26.2 (24.1-28.1)

Known contact with rodents or rodent 17 (59)

excreta

Signs and symptoms at diagnosis
Headache 21(72)
Eye pain 2(7)
Fever >38.5°C (101.3°F) 29 (100)
Body temperature, °C (range) 39.5(39.2-40.1)
Diarrhea 13 (45)
Abdominal pain 11 (38)
Kidney pain 3(10)
Blurred vision 2(8)
Time from first symptom to diagnosis, d 3(1-4)

Median blood counts at diagnosis (range)

Leukocytes, G/L 10.2 (6.9-14.7)

Neutrophils, G/L 8.2 (5.5-12.5)
Lymphocytes, G/L 0.7 (0.6-0.9)
Hemoglobin, g/dL 15.2 (11.4-17.5)
Platelets, G/L 58 (33-74)
Median laboratory results at diagnosis (range)
Creatinine, mg/dL 4.2 (1.6-6.6)
eGFR, mL/min/| 16.3 (8.0-40.9)
Urea, mg/dL 117 (69-178)
C-reactive protein, mg/L 131 (95-176)
PCT, mg/L 8.5 (2.6-19.5)
Interleukin-6, pg/mL 151 (56—410)
Bilirubin, mg/dL 0.59 (0.5-0.8)
AST, U/L 46 (30-99)
ALT, U/L 46 (26-135)
LDH, U/L 390 (271-696)
Outcomes
Proportion of HAPA 2(6.9)
Deceased 5(17)
Length of ICU stay, d (range) 4.5(2.8-10.3)

Length of hospital stay, d (range) 13.0 (9.0-28.0)
*Values are no. (%) except as indicated. An expanded table is available
online (https://wwwnc.cdc.gov/ElD/article/30/06//23-1720-T1.htm). ALT,
alanine aminotransferase; aPTT, activated prothrombin time; AST,
aspartate aminotransferase; BMI, body mass index; COPD, chronic
obstructive pulmonary disease; eGFR, estimated glomerular filtration rate;
ICU, intensive care unit; LDH, lactate dehydrogenase.
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failure assessment (SOFA) score was 10 (7-15) and
the median paO,/FiO, ratio (Horowitz index) was
150 mm Hg (97-188 mm Hg). Almost all patients
(27/29 [92%]) received oxygen supply upon ICU ad-
mission. A total of 19/29 (66%) patients received non-
invasive ventilation support (Table 1). The remaining
9 patients received invasive mechanical ventilation;
3 received additional extracorporeal membrane oxy-
genation (ECMO). Hemodialysis was necessary in
19/29 (66%) patients. A total of 5 patients died during
intensive care treatment, corresponding to a 10-day
ICU survival of 86.2% (95% CI 67.3-94.5), 30-day ICU
survival of 86.2% (67.3-94.5), and 90-day ICU surviv-
al of 82.7% (63.4%-92.4%). No patients died outside
the ICU (Table 1; Appendix).

We observed 2 cases of probable HAPA 2 days
and 7 days after ICU admission with a total propor-
tion of 6.9% (95% binomial exact CI 0.1-22.8) of pa-
tients during the ICU stay. One patient had PUUV
and the other had DOBYV infection. Their laboratory
findings included positive bronchoalveolar lavage
galactomannan >1.0 optical density index (2/2 pa-
tients), bronchoalveolar lavage culture growing
Aspergillus species (2/2), and positive serum GM
optical density>0.5 ODI (1/2), in addition to the
other required parameters defining HAPA. Neither
patient exhibited any notable concurrent condi-
tions before ICU admission. Both patients received
prednisolone, initiated after the first diagnostic test
indicating pulmonary aspergillosis; daily dose was
1 mg/kg body weight for supportive treatment of
acute respiratory failure (Table 2). The cumulative
incidence of HAPA was 3.4% (95% CI 0.3-14.9) at
5 days, 7% (1.2-20.1) at 10 days, and 7% (1.2-20.1)
at 90 days after ICU admission. After diagnosis of
HAPA, we observed a 10-day ICU survival of 100%,
30-day survival of 100%, and 90-day survival of 50%
(0.6%-91%) (Appendix).

Conclusions
We report invasive pulmonary aspergillosis as an
infectious complication in critically ill patients with
HFRS, without any classical risk factors for IPA. The
2 cases of HAPA observed in our study correspond
to a cumulative incidence of invasive pulmonary as-
pergillosis of 7% in our ICU cohort, comprising 29
patients with HFRS. Of note, the corrected cumula-
tive incidence rate including only patients with di-
agnostic tests for mold infections was 22.2% (95%
CI2.8%-60%).

During the COVID-19 pandemic and previous
epidemic waves of influenza, secondary pulmonary
mold infections and especially aspergillosis gained
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Table 2. Characteristics of 2 patients with hantavirus pulmonary aspergillosis and mycological criteria, Graz, Austria*

Characteristic Patient 1, DOBV infection Patient 2, PUUV infection
EORTC risk factors None None
APACHE Il score 36 26

Thoracic CT scan/radiograph Bilateral dense infiltrates Bilateral dense infiltrates

Steroids to treat pneumonia Yes Yes
Renal replacement therapy Yes Yes
Vasopressor High-dose nordarenalin and vasopressin High-dose nordarenalin and vasopressin
BAL Aspergillus culture + +

BAL Aspergillus gPCR - -

BAL galactomannan index 7,11 7,71
Serum Aspergillus gPCR NA NA
B-D-glucan, pg/mL 126 626
Serum galactomannan index 0.79 0.32
Mycologic criteria 4 3
Antifungal therapy Voriconazole Posaconazole
Outcome Dead Alive

*The table summarizes diagnostic and therapeutic characteristics of invasive pulmonary aspergillosis associated with hantavirus-disease. APACHE score,

Acute Physiology and Chronic Health Evaluation score; BAL, bronchoalveolar lavage; CT, computed tomography; EORTC, European Organisation for
Research and Treatment of Cancer; NA, not available; gPCR, quantitative PCR; +, positive; -, negative.

increasing attention (9-11). Previous studies investi-
gating noninfluenza/non-COVID respiratory virus-
associated invasive pulmonary aspergillosis nearly
exclusively reported these co-infections in patients
with well-known classical risk factors for IPA, mostly
immunocompromised solid organ or hematopoietic
stem cell transplant recipients (12-14). Those find-
ings are in contrast with our findings for HFRS, in
which neither of the 2 HAPA patients had underly-
ing diseases predisposing to IPA or received immu-
nosuppression before ICU admission. This fact is a
major characteristic of HFRS patients who acquire
their infections primarily during outdoor recreational
activities or physical work in mouse-infested areas,
thereby excluding almost all severely comorbid or
immunocompromised persons (2). Therefore, we hy-
pothesize that hantaviruses such as PUUV or DOBV
may change the lung immune composition by viral
pathogenic factors in a similar extent as COVID-19 or
influenza to pave the way for Aspergillus infections.

The 2 patients of our cohort showed biomarkers
indicative for IPA immediately after ICU admission.
Therefore, if our findings are confirmed in larger
studies, preemptive antifungal treatment or prophy-
laxis after ICU admission could be considered in in-
tubated and mechanically ventilated hantavirus-in-
fected patients. That possibility holds especially true
for patients with acute respiratory failure requiring
ECMO treatment or receiving corticosteroids, which
both contribute to the risk for invasive mold infec-
tion (11,15).

This study’s limitations include its retrospective
design and nonstandardized investigation of respi-
ratory samples. The incidence of HAPA might have
been higher than reported here if we included only
patients with more severe HFRS or if fungal biomark-
ers were incorporated into diagnoses in all cases. The
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incidence rates of invasive aspergillosis may also
depend on environmental factors. Therefore, our re-
sults may probably differ from observations in other
centers. Finally, the relatively small number of criti-
cally ill patients included here limited our ability to
examine risk factors for HAPA; prospective multi-
center studies are warranted. In the meantime, clini-
cians should remain aware that HAPA may compli-
cate the course of illness in HFRS patients.
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