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Lower respiratory tract infections, including pneumonia,
are the leading infectious cause of death with more than
2.3 million deaths in 2016.1 This has been a fact ever
since Sir William Osler, in 1918, observed that pneumo-
nia had replaced tuberculosis as the leading cause of
death.2 Since the emergence of the SARS-CoV-2 virus in
Wuhan, China in November 2019, and the resulting pan-
demic with more than 1.4 million deaths worldwide one
year later,3 the importance of acute respiratory infections
for mankind has once again been emphasized.

Treatment failure in patients with pneumonia seems
to be associated with an excessive inflammatory
response and therefore several potential adjunctive ther-
apies to the “conventional” antimicrobial agents has
been investigated.4 Especially corticosteroids, which
modulate a vast range of physiological processes, have
been investigated as a potential adjunct to conventional
community-acquired pneumonia treatment,4 but their
efficacy in pneumonia treatment remain controversial
and it is not recommend as routine use.

There may be several reasons why corticosteroids
studies have shown divergent results, but a lack of
knowledge of the immune host response to specific
pathogens may be an important factor. This is illus-
trated by the fact that in hospitalized patients with
Covid-19 who require oxygen, corticosteroid treatment
improves survival3 while in patients with influenza cor-
ticosteroid treatment may be associated with signifi-
cantly higher mortality.5

Due to the worldwide effect of the COVID-19 pan-
demic a vast amount of research has been performed
including several trials focusing on immunomodulatory
treatment.3,6 Simply, transferring findings from these
studies to pneumonia due to other pathogens is tempt-
ing, but as illustrated above this may not be the correct
approach. Therefore, studies directly comparing the
pathophysiology response across different aetiologies
are needed.
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In a recent issue of eBioMedicine Schuurman et al.
compared the pathophysiology response to common
pneumonia pathogens, such as Streptococcus pneumo-
niae, Influenza and SARS-CoV-2.7 The authors mea-
sured 74 plasma biomarkers and stratified them into
several pathophysiological domains-antiviral response,
vascular response and function, coagulation, systemic
inflammation, and immune checkpoint markers.7

Although the authors were challenged by the well-
known fact that identifying the causative pathogen in
pneumonia is notoriously difficult (120/265 patients
without a known causative pathogen) the authors pro-
vide us with valuable new information on the patho-
physiology response across different aetiologies.

In patients with COVID-19 a high incidence of
venous thromboembolism has been reported.3 The
occurrence of venous thromboembolism has been associ-
ated with hyperinflammation, leading to a pro-throm-
botic state with increased D-dimer.3 Interestingly,
Schuurman et al. found no indications of large differen-
ces in soluble coagulation biomarkers across aetiologies.7

This could be an indication that the activation of the coag-
ulation system is an “universal” response during pneu-
monia. In fact, it has been reported that patients with
pneumonia have a 5-fold increased risk of venous throm-
bosis within 1 year after the episode of pneumonia.8

Furthermore, the authors found a higher angiopoietin-
2/1 ratio in all aetiologies compared to COVID-19. Angio-
poietin 1 and 2 act through their tyrosine kinase recep-
tors.9 A high level of angiopoietin-2 is associated with
vascular leakage while angiopoietin-1 is associated with
reduced vascular permeability and hence a high angiopoie-
tin-2/1 ratio is a marker of an impaired endothelial bar-
rier.9 In patients with pneumonia (mixed aetiologies) a
high level of angiopoietin-2 has been associated with
increased 28-day mortality10 and in mice with severe
pneumococcal pneumonia treatment with angiopoietin -1
prevented lung injury.10 In addition, blockade of angio-
poietin-2 with monoclonal antibodies reduced sepsis
induced vascular leakage in mice.9 Treatment with Imati-
nib, a tyrosine kinase inhibitor, may lead to improved sur-
vival in patients with COVID-19.6 Therefore, it is possible
that angiopoietin-2/1 may represent a target for interven-
tion across aetiologies and because of the higher ratio of
angiopoietin-2/1 observed in non-COVID-19 pneumonia
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it might be an even better target in patients with non-
COVID-19 pneumonia.

One of the major strengths of the study by Schuur-
man et al. is the large number of measured biomarkers
which allowed the authors to stratify the response into
different pathophysiological domains. Further, the
authors have compared the response across 3 "leading"
pneumonia pathogens ensuring a high degree of gener-
alizability. However, as mentioned previously, there is
large part of patients without an identified causative
pathogen which together with the relatively small sam-
ple size may have affected some of the comparisons.

The lung is an organ which is optimized for gas
exchange and hence it is vulnerable for an excessive
inflammatory response. To design future specific anti-
inflammatory strategies and thereby improve the out-
comes of patients with pneumonia there is a need for
research focusing on differences and similarities in the
immune response against both viral and bacterial patho-
gens. The present study has such a focus point and it
contributes to our understanding of the pathogen-spe-
cific host response in pneumonia.
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