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Imagine reading a study that investigates the incidence of myocardial infarction among
smokers hospitalized for acute chest pain. The authors report that only a minority of the
patients received cardiovascular work-up with at least an electrocardiogram. They observe a
low incidence of myocardial infarction, and consequently conclude that myocardial

infarction is infrequent in that at-risk population.

We could even take it a step further: imagine the same study, but now the authors do not
even mention how many patients received cardiovascular work-up, nonetheless their

conclusion remains the same.

What would you think of the validity of such studies? Presumably, in many research fields,
such studies would not survive peer review. Common sense would require to ask the
authors to clearly report how many patients received the necessary work-up to establish a

diagnosis, and to adapt their conclusions about disease incidence accordingly.

This common sense does not seem to apply to the research field of influenza- or COVID-19-
associated pulmonary aspergillosis (IAPA or CAPA). Indeed, the extreme variation in
reported incidences of these fungal superinfections in patients with severe viral pneumonia
have partly been attributed to variations in diagnostic approaches (1). This is a major issue
because mycological diagnosis of IAPA and CAPA relies heavily on bronchoalveolar lavage
(BAL) sampling, given the limited sensitivity of serum galactomannan. Consequently, if one
does not actively look for IAPA or CAPA, one will not find it. Not only the depth of fungal
work-up differs, as we noted that in many observational studies essential information for
calculating the incidence is missing, namely the proportion of patients that received BAL

sampling.



The diligence of a physician to find a disease should not have to define whether you have a
disease or not. Therefore, to substantiate these issues, we investigated all studies found in
PubMed using the search terms “("Aspergill*") AND ("Influenza" OR "COVID-19")” that
reported observational data on IAPA or CAPA published online between January 15, 2009
and October 1%, 2023. We identified 51 studies that included more than 100 patients
requiring critical care for severe influenza or COVID-19, and which used the original or
modified AsplCU criteria for aspergillosis on ICU (2, 3), the criteria by Verweij et al for IAPA
(4) or CAPA (5), the CAPA criteria of the European Confederation of Medical Mycology and
the International Society for Human and Animal Mycology (6) or modifications based on
these criteria. We excluded four studies that reported that no BAL samples were obtained.
Two studies included both influenza and COVID-19 patients, these were counted as four

separate studies. Only proven, putative or probable IAPA and CAPA were counted as cases.

Strikingly, of the 49 included studies (with 22,381 inclusions and 1592 IAPA or CAPA cases),
only 27% (13 studies with 3299 inclusions and 457 cases) reported the proportion of
included patients that had BAL sampling performed during their ICU stay. IAPA and CAPA
incidences were significantly higher in these studies compared to studies that did not report
this proportion (median incidence 14% vs. 5%; p = 0.0026) (Figure 1A). Likewise, in studies
reporting this proportion, those with high rates of sampled patients (arbitrarily defined as
>50%) reported higher IAPA or CAPA incidences compared to studies with low rates (median

incidence 19% vs. 9%; p = 0.0062) (Figure 1B).

Our results demonstrate that mentioning the rates of BAL sampling is essential for reporting
IAPA and CAPA incidences, and discussions should interpret the reported incidences in this

context. Our results imply that IAPA and CAPA are often underdiagnosed in studies, and that
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researchers report the wrong denominator by assuming that non-sampled patients are IAPA
or CAPA negative. In extension, IAPA and CAPA are probably underdiagnosed in daily clinical
practice as well. Indeed, our results show that the sampling itself is probably

underperformed, contributing negatively to the detected incidences.

We advise to have a low threshold to perform BAL sampling for culture and galactomannan
testing. Importantly, instillation of a low volume of 2 x 20 mL saline bronchoscopically
suffices for microbiological diagnostics and is usually safe (7). Ideally, every influenza patient
should receive immediate BAL sampling when admitted to an ICU, given that IAPA typically
is already present upon admission, and given that the admission profiles of influenza
patients with or without IAPA are similar (3, 8). In COVID-19 patients (and influenza patients
without IAPA upon admission), non-resolution or deterioration of the clinical picture should

prompt BAL sampling, given that CAPA typically occurs later during ICU stay (1).

Our advice might seem to carry risk for overdiagnosing IAPA or CAPA instead of the present
culture of underdiagnosis. Indeed, the current criteria for probable aspergillosis cannot
always distinguish colonization from invasive disease, as both BAL culture and non-culture
based tests are not 100% specific for invasive aspergillosis. Therefore, sampling more
harbors risk of treating more false-positive results (9). However, we have three good
reasons to favor a more aggressive, bronchoscopy-based diagnostic strategy. First, a
recently published, thorough case series of biopsied and autopsied influenza and COVID-19
patients showed that a substantial number of IAPA and CAPA cases treated with systemic
antifungals can be proven upon autopsy, making the debate on colonization or invasive
disease less relevant (10, 11). Second, there is no good reason to justify the current

mismatch between (extremely) low rates of BAL sampling and the substantial mortality rate
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of severe influenza and COVID-19 patients. Indeed, the negative impact of a missed and
therefore untreated diagnosis is probably higher than that of a treated colonization, which
may have or may have not developed in an airway invasive infection in the absence of
treatment. Third, BAL sampling should be preferred over non-bronchoscopic samples, as

bronchoscopy allows to detect invasive Aspergillus tracheobronchitis (4, 5).

In conclusion, we urge clinicians to actively look for aspergillosis using BAL sampling
whenever feasible in patients with severe influenza or COVID-19, and we urge researchers
who publish observational studies on IAPA or CAPA to include details on the rates of BAL

sampling and testing and interpret their results in the light of those diagnostic strategies.
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Figure legend

Figure 1. Panel (A): Boxplot showing differences in IAPA or CAPA incidence between
observational studies that did not (n = 36) versus those that did (n = 13) report the number
of all included patients that received BAL sampling. Blue and orange dots represent studies
investigating COVID-19 and influenza patients respectively. P value calculated with Mann-
Whitney U test. Panel (B): Boxplot showing the differences in IAPA or CAPA incidence
between studies with less versus studies with more than 50% of all included patients having
received a BAL sampling. Only observational studies that unequivocally reported the
number of all included patients in whom at least one BAL sampling was performed were
included in this analysis. Blue and orange dots represent studies investigating COVID-19 and

influenza patients respectively. P value calculated with Mann-Whitney U test.
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