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Reply to Philip et al.

From the Authors:

In the comment by Philip and colleagues, the authors state
that the special inhalation patterns are also important in the
transmission of coronavirus disease (COVID-19). We absolutely agree
that every part of the transmission pathway, specifically 1) the absolute
aerosol production during singing and speaking (1), 2) the special
aerosol impulse dispersion and expansion (2), 3) the accumulation
and convectional spreading of aerosols in rooms (3), and 4) the special
inhalation patterns during singing (4) contribute to person-to-person
transmission of the COVID-19 virus.

Although our understanding of the COVID-19 pandemic has
grown recently, to the best of our knowledge, the main question
remains unclarified: How high a virus dose is needed to infect a
person? Whereas the transmission factors (1–3) contribute to the
necessary infectious dose, factor 4 represents the rate of admission
by a receiving person. In agreement with Philip and colleagues, we
do believe that it is very important to understand phonation-
related differences in breathing patterns. With regard to this, it has
been shown that ventilation patterns differ between types of
phonation, showing higher _VE for singing in contrast to breathing

(4). However, many open questions remain with regard to
ventilation. For example, to the best of our knowledge, it has not
yet been clarified in detail if an infection is more likely if a
virus cloud has been inhaled more deeply, thereby reaching deeper
parts of the breathing apparatus, nor if there is any difference
between transoral and transnasal breathing. With deep breath
inhalation used, for example, for louder speaking, typically
the fraction of transoral inhalation increases, which does not
have the same immune competence as the nose. However, as
far as we know, most virus dose at the beginning of the
infection is found in the nasopharynx (5), a part of the
breathing system that is only encountered by transnasal
breathing patterns.

Nevertheless, exhalatory characteristics such as impulse
dispersion appear more important for estimating safety
distances because they draw the volume and regions of the
highest potential viral dose within the transmission process,
inoculated in a direct compact stream. Such a stream reaches
significant distances, exceeding 1.3 m (2). By contrast, during
inhalation, aerosol particles must enter a person’s near field,
which shows much less distance from the mouth than for
exhalation. The inhalatory near field can be assumed to
originate from a hemispherical volume around the mouth
and nose with a small radius. In a single-subject side
experiment of our study, the radius of the region from
which inhaled vapor for a sustained phonation came was
determined at approximately 6.5 cm. Thus, the cloud has to
be quite near to the mouth of the recipient to be inhaled.
To illustrate, it is quite easy to blow out a candle at a
distance of 10 cm by the compact exhaling stream, but it is
nearly impossible to do the same by inhalation. To provide
estimations of safety distances (2), we analyzed phonation-
related differences in the impulse dispersion of aerosols
while not disregarding that all other parts of the transmission
pathway are important for understanding the COVID-19
pandemic. n
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Aspergillosis in the ICU: Hidden Enemy or Bogeyman?

To the Editor:

Loughlin and colleagues (1) report on the important possibility
of pulmonary aspergillosis in patients with suspected ventilator-
associated pneumonia. Aspergillosis is increasingly reported
as a potential pathogen in nonimmunocompromised ICU
patients, as the authors and editorialist point out (1–4). However,
many of these reports have unavoidable but significant
methodological limitations that make their conclusions provisory,
and the current report is no exception. The authors purport to
establish the estimated prevalence of Aspergillus infection in
nonimmunocompromised ICU patients with ventilator-associated
pneumonia, using a combination of tests with imperfect specificity
for pathologic disease (microscopy, culture, galactomannan assays,
etc.). The test most commonly leading to “probable diagnosis” was
the BAL fluid galactomannan assay (BALF GM). The authors
claim that the specificity of the BALF GM assay is on the order
of 95–100% citing two studies showing some of the highest
specificities reported (5, 6); other studies report more modest

specificities within a range of confidence limits (7, 8). All studies of
BALF GM have a tendency to overstate specificity because they do
not require a gold standard for true disease classification, instead
lumping proven, probable, and possible invasive aspergillosis
together in different combinations. Furthermore, most studies
are in immunocompromised patients, and the assumption that
sensitivity and specificity are independent of prevalence is not
always fulfilled; if they are not, tests may have worse performance
in low-prevalence populations, such as nonimmunocompromised
patients. These major caveats notwithstanding, even if the
specificity is as high as 95% (with a corresponding sensitivity of
65%) (6), but the true base rate of aspergillosis is 1%, the posterior
probability of aspergillosis with a positive BALF GM test would be
just 12% according to Bayes’ Theorem. However, the authors
would dichotomize this as a “probable” case, falsely inflating the
prevalence in the cohort. This is a form of base rate neglect: in low
prevalence populations, the majority of positive tests represent false
positives. The problem will be worse if the specificity is a more
modest 85% (the lower end of the confidence limit in the most
widely referenced meta-analysis [7, 9]), with the posterior
probability falling to a mere 4%. The crux of the problem is that
with tests of imperfect specificity it is impossible to determine the
prevalence of disease in the population because it requires knowing
the prevalence of disease in the population! An ancillary problem
arises from the policy of allowing any of multiple positive
components of the mycological criteria to count for diagnosis (3).
This increases the overall sensitivity of the diagnostic strategy at the
expense of specificity, amplifying the aforementioned problems.
Histology was among the criteria for diagnosis, but it appears
that no cases were diagnosed using histopathology of tissue
samples. The only way to reliably diagnose aspergillosis in a
low-prevalence cohort is to use a gold standard, in this case a biopsy (or
necropsy) specimen showing fungal invasion (9). We worry that if the
immanent methodological limitations of this and similar studies are not
adequately acknowledged—they are not listed among the possible
explanations for the results enumerated by the editorialist (2)—an
avalanche of testing for aspergillosis in ICUs may ensue, resulting in an
epidemic of overdiagnosis and overtreatment. We caution readers of
this report that it cannot establish the true prevalence of Aspergillus
infection in patients with ventilator-associated pneumonia in the ICU,
but it does underscore the fact that when tests with imperfect specificity
are applied in low-prevalence cohorts, most positive results are false
positives (10). Prospective cohort studies using tissue sampling and
histopathology, perhaps guided by tests such as BALF GM, are
necessary to establish the true prevalence of this disease in
nonimmunocompromised patients in the ICU. n
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