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To the Editor,

We have read the letter to the Editor entitled “Pneumocystis pneu-
monia: an important consideration when investigating artificial
intelligence-based methods in the radiological diagnosis of COVID-19”
with great interest and we thank the authors for their comments and
suggestions. However, we would like to add the following information
about the differentiation between SARS-CoV-2 and pneumocystis
pneumonia diagnosis using Al-based approaches.

First, our study’ focuses on reviewing the main radiological features
of severe acute respiratory syndrome coronavirus (SARS-CoV-2) infec-
tion revealed by various imaging modalities as well as the role of arti-
ficial intelligence (AI) approaches in the diagnosis of this virus. For this
reason, we have paid more attention to the published studies on Al-
based methods for SARS-CoV-2 classification.

Indeed, the main works published in the literature have focused only
on the binary classification of CXR or CT images (SARS-CoV-2 vs
Normal) while other researchers have developed multi-classification
approaches of images into SARS-CoV-2, viral pneumonia, and bacte-
rial pneumonia. However, few works have mentioned other rare pneu-
monia types such as fungal pneumonia, including pneumocystis
pneumonia (PCP), on classification.

This may be due to a variety of reasons. As a matter of fact, it is
obvious that it is difficult to differentiate between the two infections,
especially in the context of an epidemic emergency. PCP is an unusual
case of pneumonia caused by fungus. This infection is commonly asso-
ciated with the acquired immunodeficiency syndrome (AIDS) epidemic
especially among patients with lymphocyte counts (CD4) below 200/
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mm?3.? It has also emerged as a concern in patients without Human
Immunodeficiency Virus (HIV), particularly immunosuppressed patients
(transplant patients).”

Concerning the Pneumocystis jirovecii and SARS-CoV-2 co-infection,
there are only six cases reported in the literature, 4 of which were HIV
positive (3 newly diagnosed cases).” Pneumocystis pneumonia occurred
after SARS-COV-2 infection treated by tocilizumab and glucocorticoids
in one case of them.® Therefore, this association is not that frequent
compared with bacterial coinfection and prescribing trimethoprim-
sulfamethoxazole systematically seems to be abusive. However, we
should consider this coinfection particularly when there are other clin-
ical characteristics such as elevated lactate dehydrogenase, cystic find-
ings on chest computed tomography or very low lymphocyte count.® A
routine HIV screening for patients with severe acute respiratory failure
secondary to SARS-COV-2 infection may help early detection of associ-
ated pneumocystis pneumonia and thus improve the prognosis.

Clinically, the PCP shares some common clinical features with SARS-
CoV-2 such as bilateral multifocal ground-glass opacities (GGO), para-
mediastinal cystic changes.” However, it is important to note that the
GGO for the SARS-CoV-2 usually affects the peripheries of lung while the
GGO for PCP tends to invade the lung peripheries and it is usually
associated with cyst formation (20% of cases).® GGO for PCP is also
associated with fine reticulations (Crazy Paving) although it takes
extensive and severe forms for patients with SARS-CoV-2. Most impor-
tantly, vascular thromboembolic disease is more associated with SARS-
CoV-2 cases. The following table summarizes the main differences be-
tween the two infections. (See Table 1.)
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Table 1
The main differences between clinical features of SARS-CoV-2 and PCP
PCP SARS-CoV-2
Clinical - The GGO is located in the lung - The GGO tends to invade
features peripheries and also associated the lung peripheries.

- The SARS-CoV-2 is more
predominant in the basal
regions

with Crazy Paving
- The subpleural space is spared in
half patients with PCP.’
A formation of cyst is usually
observed
Extensive and severe forms of
Crazy Paving is observed
The PCP is characterized by an
apical distribution

PCP infection is under considered by the AI community due to
several reasons. The first is related to the fact that this infection is less
common in clinical routine since it represents a small portion of
community-acquired pneumonia. Therefore, only a limited medical
image dataset is available.'” Moreover, an important step to accurately
detect pneumocystis pneumonia using Al is the segmentation of the lung
and the lesions caused by this infection.However, PCP manifests by
multifocal GGO in CT images, which make the segmentation of different
lesions a more challenging task.'!

Rahimzadeh et al. used a modified deep convolutional neural
network (CNN) for detecting SARS-CoV-2 and pneumonia using chest
Xray (CXR) images. In their study, they included 42 images from 25
cases with pneumocystis pneumonia.'? Additionally, Punn et al. pro-
posed a multi-class classification of CXR images to SARS-CoV-2, another
type of pneumonia, tuberculosis and normal using a random and
weighted class loss function approaches based on several deep learning
approaches. The dataset used in this study includes different types of
pneumoniae such as streptococcus spp. and pneumocystis and the re-
sults show an accuracy of 0.95.'° Another interesting study developed
by Oztiirk et al.,'* used a data augmentation approach to overcome the
unbalanced dataset between the different classes of infections. In their
study, they used a dataset including 101 SARS-CoV-2, 24 normal, 24
pneumocystis pneumonia, 43 SARS and 28 streptococcus CT images.
Although the number of images is still limited in this study, the use of
data augmentation could be a solution for other studies based on Al to
produce a more balanced dataset that includes other less common
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pneumonia infections such as pneumocystis pneurnonia.15

Finally, further works are needed to support the use of Al in aiding
clinical decision of pneumocystis pneumonia.
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