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Abstract

Background Inflammatory responses contribute to tissue damage in COVID-19 and community-acquired pneumo-
nia (CAP). Although predictive values of different inflammatory biomarkers have been reported in both, similarities
and differences of inflammatory profiles between these conditions remain uncertain. Therefore, we aimed to deter-
mine the similarities and differences of the inflammatory profiles between COVID-19 and CAP, and their association
with clinical outcomes.

Methods We report a prospective observational cohort study; conducted in a reference hospital in Latin America.
Patients with confirmed COVID-19 pneumonia and CAP were included. Multiplex (Luminex) cytokine assays were
used to measure the plasma concentration of 14 cytokines at hospital admission. After comparing similarities and dif-
ferences in the inflammatory profile between COVID-19 and CAP patients, an unsupervised classification method (i.e,,
hierarchical clustering) was used to identify subpopulations within COVID-19 and CAP patients.

Results A total of 160 patients were included, 62.5% were diagnosed with COVID-19 (100/160), and 37.5% with CAP
(60/160). Using the hierarchical clustering, COVID-19 and CAP patients were divided based on its inflammatory profile:
pauci, moderate, and hyper-inflammatory immune response. COVID-19 hyper-inflammatory subpopulation had the
highest mortality. COVID-19 hyper-inflammatory subpopulation, compared to pauci-inflammatory, had higher levels
of IL-10 (median [IQR] 61.4 [42.0-109.4] vs 13.0 [5.0-24.9], P:<0.001), IL-6 (48.1 [22.3-82.6] vs 9.1 [0.1-30.4], P.<0.001),
among others. Hyper-inflammatory vs pauci-inflammatory CAP patients were characterized by elevation of IFN2 (48.8
[29.7-110.5] vs 3.0 [1.7-10.3], P:<0.001), TNFa (36.3 [24.8-53.4] vs 13.1 [11.3-16.9], P:<0.001), among others. Hyper-
inflammatory subpopulations in COVID-19 and CAP compared to the corresponding pauci-inflammatory subpopula-
tions had higher MCP-1.

Conclusions Our data highlights three distinct subpopulations in COVID-19 and CAP, with differences in inflamma-
tory marker profiles and risks of adverse clinical outcomes.

Trial registration: This is a prospective study, therefore no health care intervention were applied to participants and trial
registration is not applicable.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV2) is a highly transmissible pathogen that emerged
in 2019, causing Coronavirus disease 2019 (COVID-
19) [1]. Since the onset of the COVID-19 pandemic, up
to 700 million cases have been documented, including
around 7 million deaths to date [2]. COVID-19 is a multi-
systemic disease [3], with respiratory failure secondary
to pneumonitis being the most common presentation of
severe infection [4]. COVID-19 pneumonia is associated
with elevated inflammatory cytokines and dysregulated
inflammation-causing lung and other end-organ damage
(5, 6].

Before the COVID-19 pandemic, lower respiratory
tract infections (LRTI) were the leading cause of mor-
tality and morbidity worldwide, representing the fourth
cause of mortality for all ages in 2020 [5, 6]. The LRTI
case fatality rate is around 23% in patients admitted to
the intensive care units (ICU) [7]. Clinically, COVID-
19 pneumonitis and community-acquired pneumonia
(CAP) are community-acquired LRTIs [8]. Biologically,
both COVID-19 pneumonitis and CAP are associated
with dysregulated systemic inflammation. Inflammation
in COVID-19 patients is associated with up-regulation of
interleukin (IL)-2, IL-6, IL-10, granulocyte colony-stim-
ulating factor (G-CSF), interferon-inducible protein 10
(IP-10), monocyte chemoattractant protein 1 (MCP1) [9].
In sharp contrast, inflammation in CAP patients is char-
acterized by elevation of the cytokines such as interleu-
kin (IL)-4, IL-6, IL-10, IL-8, IL-1p, tumour necrosis factor
(TNF)-a, and other factors which belongs to the T-helper
(Th) 17 subset [10]. However, few studies have com-
pared this dysregulated inflammatory profile between
COVID-19 and CAP. In this observational cohort study,
we hypothesized that there would be similarities, but the
differences in the inflammatory profile between COVID-
19 and CAP will be associated with clinical outcomes.

Materials and methods

This observational prospective cohort study of subjects
admitted to the Clinica Universidad de La Sabana in Chia,
Colombia, with LRTL All consecutive patients admitted to
the participating centre between November 2019, and May
2020 were included in the study. Data were collected pro-
spectively by the attending physicians by reviewing medical
records, laboratory data, and blood samples within the first
24 h of hospital admission were gathered to carry out the
cytokine characterization. This study was approved by the

Institutional Review Board (IRB) of the Clinica Universidad
de La Sabana, and all patients signed informed consent to
participate in the study.

Subjects and data collection

The cohort includes hospitalized patients older than
18 years with an LRTI diagnosis based on the current
American Thoracic Society and the Infectious Diseases
Society of America (ATS/IDSA) guidelines [11] during
the first 24 h of hospital admission. Those patients with
documented co-infection at hospital/ICU admission were
excluded. Pneumonia was defined as suggestive clinical
features and a chest X-ray or other imaging assessment
documenting alveolar infiltrates. Moreover, patients with
at least three minor criteria or one major criterion of the
ATS/IDSA severity criteria were diagnosed with severe
CAP. Being minor criteria: respiratory rate>30 breaths/
min, PaO,/FiO, ratio <250, multilobar infiltrates, confu-
sion/disorientation, uraemia (blood urea nitrogen level,
20 mg/dL), leukopenia (white blood cell count, <4000 cells/
mm?3), thrombocytopenia (platelet count,<100,000 cells/
mm?3), hypothermia (core temperature, 36°C), hypotension
requiring aggressive fluid resuscitation. The major criteria
were invasive mechanical ventilation or septic shock with
the need for vasopressors [11].

SARS-CoV-2 infection was documented by reverse
transcription-polymerase chain reaction (rt-PCR) in a
respiratory sample in a centralized laboratory. COVID-
19 severity was also defined with ATS/IDSA COVID-19
guidelines [12]. Severe illness was diagnosed in patients
with SpO?<94% on room air, including patients on sup-
plemental oxygen, oxygen through a high-flow device, or
non-invasive ventilation. Critical illness was diagnosed in
patients requiring invasive mechanical ventilation and/or
extracorporeal membrane oxygenation (ECMO), or end-
organ dysfunction [12].

During hospital admission, the following variables were
gathered: demographic data, comorbidities, symptoms,
physiological variables collected during the first 24 h of
ICU admission, systemic complications, and laboratory
reports. Additionally, a retrospective chart review was car-
ried out at hospital discharge to double-check the regis-
tered data.

Blood samples for cytokine analysis and cytokine
identification

Venous blood was collected using EDTA tubes within
the first 24 h of hospital admission. Blood samples were
centrifuged at 1000 x g for 10 min within 30 min of blood
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collection. The plasma was removed and froze at — 80 °C
in aliquots until cytokines analysis. The samples were
thawed completely, mixed, and centrifuged before being
used in the assay to remove particulates.

Multiplex (Luminex) cytokine assays were used to
measure plasma cytokine concentrations. The assay was
conducted using 25 pL of plasma sample, and cytokines
were determined by standard curve analysis. The meas-
ured cytokines were basic fibroblast growth factor (FGE-
2), Eotaxin, granulocyte—macrophage colony-stimulating
factor (GM-CSF), interferon -2 (IFNa-2), interferon-y
(IFN-y), IL-10, IL-15, IL-1a, IL-6, IL-8, IP-10, mono-
cyte chemoattractant protein-1 (MCP-1), macrophage
inflammatory protein-1p (MIP-1p), and tumour necro-
sis factor-a (TNF-a). The Human Cytokine/Chemokine
Magnetic Bead Panel kit from Millipore (HCY-
TOMAG-60 K) (Merck) was used to determine the
cytokine plasma concentration. All reagents were pro-
vided with the kit and were prepared according to the
manufacturer’s recommendations.

Briefly, the antibody-bead vials were sonicated for 30 s
and vortexed for 1 min. Then, 60 pL from each antibody
bead vial was added to the mixing bottle, and 1.68 mL
of bead diluents was added to bring the final volume to
3.0 mL. According to the manufacturer’s instructions,
the standards, quality controls, and serum matrix were
reconstituted. The standards were serially diluted 1 to 5
[0 (Background), 3.2, 16, 80, 400, 2.000, and 10.000 pg/
mL] in assay buffer as recommended by the manufac-
turer. Assay buffer was used for background wells. One
quality control was also included in the study.

The 96-well plates were read and analysed on MAG-
PIX® System instrument using xPONENT® Software ver-
sion 4.2. Standard curves were drawn for each cytokine.
Then, cytokines concentrations were determined from
the standard curve using a 5-point regression to trans-
form the median fluorescence intensity values into con-
centrations for each analyte evaluated. Any value below
the detection level was replaced by the limit of detection
(LOD) as reported by the Luminex kit. Further informa-
tion about the protocol has been reported previously
elsewhere.

Statistical analysis

All statistical analysis took place in RStudio. Cytokines
included in the analysis were FGF-2, Eotaxin, GM-CSE,
IFNa-2, IFN-y, IL-10, IL-15, IL-1a, IL-6, IL-8, IP-10,
MCP-1, MIP-1B, and TNF-a. Missing data for these
cytokines were imputed using Gsimp package account-
ing for the lower limit of detection of the assay. Data was
converted to a log2 scale to compare COVID-19 and
CAP patients. We applied multiple comparisons in the
limma package in a model with Benjamini Hochberg.
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Data were visualized using Uniform Manifold Approx-
imation and Projection for Dimension Reduction
(UMAP), complex heatmap, and ggplot2. An unsuper-
vised clustering analysis in the COVID-19 patients was
performed to divide them according to their inflam-
matory profile: pauci-inflammatory immune response,
moderate-inflammatory immune response, and hyper-
inflammatory immune response. The data were log2
scaled and reduced to two dimensions using UMAP.
COVID-19 patients were clustered based on UMAP vari-
ables. The number of subpopulations was determined
by elbow, silhouette, and gap statistics in Nbclust and
factoextra. Distance matrices and hierarchal clustering
was done using Euclidean and ward.D method. Marker
enrichment modelling (MEM) was used to identify dis-
criminant cytokines of each group (see Additional file 1).
COVID-19 patient subpopulations were compared to the
CAP cohort in the limma package.

Regarding the clinical data, descriptive and bivariate
analysis of the information was performed to determine
the association between inflammatory profile and clini-
cal outcomes, such as in-hospital mortality, the require-
ment of invasive mechanical ventilation, ICU admission,
and hospital length of stay. Categorical variables are
presented in counts (percentages) and were evaluated
through the Chi-square test or Fisher’s exact test. Con-
tinuous variables with normal distribution are expressed
as means (standard deviation); variables with no nor-
mal distribution are expressed as median (interquartile
ranges). For continuous variables with normal distribu-
tion, the t Student test was performed, and for variables
with no normal distribution Wilcoxon-Mann—Whitney
test was used.

Results

The study cohort consisted of 160 hospitalized patients,
62.5% (100/160) COVID-19, and 37.5% (60/160) had
CAP. Patients with COVID-19 were younger than those
with CAP (57.0 [47.8—-67.0] vs 64.0 [54.0-78.3]), and the
majority were male (65.0% [65/100] vs 53.3% [32/60]).
In the whole cohort, the most frequent comorbidities
were arterial hypertension 38.1% (61/160), followed by
chronic obstructive pulmonary disease (COPD) 11.3%
(18/160), and diabetes mellitus 10.6% (17/160). A total of
70 patients (43.8%) patients admitted to the ICU, 49.0%
(49/100) had COVID and 35.0% (21/60) CAP. Patients
with COVID-19 had higher mortality when compared to
those with CAP (17.0% [17/100] vs. 8.3% [5/60]), Table 1.

The inflammatory response in COVID-19 and CAP patients

We assessed the similarities and differences in inflam-
matory profiles, using plasma cytokines, between
COVID-19 and CAP patients (Fig. 1). Compared to
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Table 1 Baseline characteristics of COVID-19 and CAP patients
Characteristic All (N=160) COVID-19 patients (N=100) CAP patients (N=60) P-value
Male gender, N (%) 97 (60.6) 65 (65.0) 32(53.3) 0.20
Age, median (IQR) 60.5 (48.0-71.3) 57.0(47.8-67.0) 64.0 (54.0-78.3) 0.01
Comorbid conditions, N (%)
Stroke 5(3.1) 1(1.0) 4(6.7) 0.13
Myocardial infarction 3(1.9) 0(0.0) 3 (5.0) 0.10
Heart arrhythmia 4(2.5) 2(2.0) 2(3.3) 1.00
Asthma 2(13) 0(0.0) 2(33) 0.27
Bronchiectasis 1(0.6) 0(0.0) 1(1.7) 0.80
Active cancer 4(2.5) 1(1.0) 3(5.0) 030
Dementia 2(1.3) 0(0.0) 2(3.3) 027
Diabetes mellitus 17 (10.6) 8(8.0) 9(15.0) 0.26
Coronary disease 5(3.1) 1(1.0) 4(6.7) 0.13
Mental illness 1(0.6) 1(1.0) 0(0.0) 0.80
Interstitial lung disease 5@3.1) 1(1.0) 4(6.7) 0.13
Chronic kidney disease 5@3.1) 1(1.0) 4(6.7) 0.13
Heart failure 2(1.3) 0(0.0) 2(3.3) 0.27
Arterial hypertension 61(38.1) 39 (39.0) 22 (36.7) 0.90
Obesity 6(3.8) 4(4.0) 2(33) 083
Supplementary oxygen 8 (5.0) 1(1.0) 7(11.7) 0.01
OSAHS 3(1.9) 2(2.0) 1(1.7) 0.65
Former/Active smoker 8(5.0) 6 (6.0) 2(3.3) 0.71
Tracheostomy 1(0.6) 0(0.0) 1(1.7) 0.80
COPD 18(11.3) 4(4.0) 14 (23.3) <0.01
No conditions 62 (38.8) 43 (43.0) 19 (31.7) 0.21
Vital signs at admission, median (IQR)
Heart rate 90.0 (78.0-103.0) 86.5 (78.0-100.3) 93.5(78.6-110.5) 0.15
Respiratory rate 20.0 (18.0-24.3) 20.0 (18.0-25.0) 20.0 (15.0-15.0) 0.88
Glasgow score 15.0 (15.0-15.0) 15.0 (15.0-15.0) 15.0 (15.0-15.0) 0.01
Systolic blood pressure 120.0 (105.8-131.0) 121.0(110.0-131.0) 116.0 (100.0-130.5) 0.20
Diastolic blood pressure 70.0 (62.8-80.0) 71.5 (65.0-80.0) 70.0 (60.0-80.0) 041
Treatments and interventions
Hospital length of stay, median (IQR) 8.0(5.0-11.0) 8.0(5.8-12.3) 7.0(4.0-11.0) 0.16
Mechanical ventilation, N (%) 57 (35.6) 41 (41.0) 16 (26.7) 0.10
ICU admission, N (%) 70 (43.8) 49 (49.0) 21 (35.0) 0.12
Dexamethasone, N (%) 85(53.1) 80 (80.0) 5(83) <0.01
Outcomes, N (%)
In-hospital mortality 22(13.8) 17(17.0) 5(83) 0.19

IQR Interquartile range, OSAHS obstructive sleep apnoea-hypopnea syndrome, COPD chronic obstructive pulmonary disease, ICU intensive care unit

CAP patients, COVID-19 patients had higher IP-10
(median [IQR] 4986.8 [3044.8-8938.3] vs 749.2 [383.7—
1740.8], P: <0.001), IL-10 (36.2 [14.7-66.0] vs 10.6 [4.9—
18.8], P: <0.001), IL-6 (29.0 [9.4—60.2] vs 4.3 [0.0-47.0],
P: 0.001), MCP-1 (562.4 [340.8-829.1] vs 321.2 [210.0—
503.4], P: <0.001), and IL-1a (85.7 [40.3-261.1] vs 49.7
[32.2-131.2], P: 0.03). In contrast, GM-CSF was lower
in COVID-19 patients when compared to CAP (median
[IQR] 0.7 [0.1-2.7] vs 3.8 [0.9-7.7], P: < 0.001).

Three COVID-19 subpopulations were identified based

on plasma cytokines (i.e., inflammatory profiles)

Using an unsupervised model, COVID-19 patients were
divided in three subpopulations based on its inflamma-
tory profile: pauci-inflammatory immune response [38%
(38/100)], moderate-inflammatory immune response
[25% (25/100)], and hyper-inflammatory immune
response [37% (37/100)]. Demographic, clinical and para-
clinical data of COVID-19 subpopulations are shown
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« Fig.1 Cytokine comparison COVID-19 vs. CAP (A) The unsupervised

heatmap model where COVID-19 and CAP patients were divided into
three subpopulations using an unsupervised model, according to
their cytokine levels (B). This volcano plot represents cytokines with

a higher P -value and delta value in red, a higher P-value and lower
delta value in blue, and non-significant in grey. FGF-2 basic fibroblast
growth factor, GM-CSF Granulocyte-macrophage colony-stimulating
factor; IFN2 Interferon a-2, y IFNg interferon-g; IL Interleukin,

MCP-1 Monocyte chemoattractant protein-1, MIP-1b Macrophage
inflammatory protein-1{, TNF- a Tumour necrosis factor-a, CAP
Community-acquired pneumonia

in Additional file 2. Patients with hyper-inflammatory
immune response had longer median [IQR] length of
hospital stay (7.0 [5.0-9.8] vs 8.0 [6.0-14.0] vs 9.0 [7.0—
13.0], pauci-inflammatory, moderate-inflammatory, and
hyper-inflammatory; respectively), and higher hospital
mortality (7.9% [3/38] vs 16.0% [4/25] vs 27.0% [10/37],
pauci-inflammatory, moderate-inflammatory, and hyper-
inflammatory; respectively) (Fig. 2C).

Several differences in the cytokines’ concentrations
were identified between subpopulations (Fig. 2A). The
pauci-inflammatory cluster had lower concentrations of
IP-10, MCP-1, and IL-10, while the moderate-inflam-
matory group had a lower concentration of MIP-1B
but a higher concentration of IP-10. Finally, COVID-
19 hyper-inflammatory patients had higher levels of
MIP-1p, IL-10, and IP-10. Volcano plots were used to
compare cytokine results in COVID-19 subpopulations.
The main differences were observed when comparing
hyper-inflammatory vs. pauci-inflammatory responses.
As expected, hyper-inflammatory COVID-19 patients
had higher concentrations of cytokines, being the most
significative those from the innate immune response
based on macrophages and monocytes action, such are
IL-10 (median [IQR] 61.4 [42.0-109.4] vs 13.0 [5.0-24.9],
P:<0.001), MCP-1 (688.1 [565.9-927.1] vs 318.3 [220.3—
456.6], P:<0.001), IL-6 (48,1 [3-6, 6-22, 22-40] vs 9.1
[0.1-30.4], P:<0.001), and IL-1a (193.3 [77.2—489.7] vs
44.2 [24.6-80.2], P:<0.01) (Fig. 3).

Three CAP subpopulations were identified based

on plasma cytokines (i.e., inflammatory profiles)

CAP patients were divided in three groups based on
its inflammatory profile: pauci-inflammatory [38.3%
(23/60)], moderate-inflammatory [20.3% (17/60)], and
hyper-inflammatory [33.3% (20/60)]. Demographic, clini-
cal, and paraclinical data stratified by each cluster are
shown in Additional file 3. Patients with moderate and
hyper-inflammatory immune responses had higher mor-
tality rates (0.0% [0/23] vs. 17.7% [3/17] vs. 10.0% [2/20],
pauci-inflammatory, moderate-inflammatory, and hyper-
inflammatory; respectively) (Fig. 2D).
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Several differences in the cytokine’s concentrations
were found between subpopulations (Fig. 2B). The mod-
erate-inflammatory group had a higher concentration
of MIP-1B, and hyper-inflammatory patients had higher
concentrations of Eotaxin and IL-15. When comparing

hyper-inflammatory vs. pauci-inflammatory profiles,
IFN-a2 (median [IQR] 48.8 [29.7-110.5] vs 3.0 [1.7—
10.3], P:<0.001), MCP-1 (median [IQR] 561.3 [364.4—
836.8] vs 212.6 [130.5-305.3], P:<0.001), and TNF-«
(median [IQR] 36.3 [24.8-53.4] vs 13.1 [11.3-16.9],
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P:<0.001) were higher in patients with hyper-inflamma-
tory profile (Fig. 3).

Discussion

Clinically, patients with COVID-19 were younger, more
often male, and had higher mortality than CAP patients.
The dysregulated inflammatory responses measured
using plasma cytokine concentrations appear different
between COVID-19 and CAP, with COVID-19 patients
showing higher levels of IP-10, IL-10, and IL-6, and CAP
patients had higher levels of GM-CSE. Although we iden-
tified three sub-populations with unsupervised clustering
in COVID-19 and CAP, the inflammatory profiles dif-
fered between subpopulations, indicating biological het-
erogeneity and biological differences between COVID-19
and CAP that could inform future clinical trials in these
two conditions.

The clinical presentation of COVID-19 and CAP are
very similar. Both can vary from mild respiratory symp-
toms and progress to sepsis and respiratory failure.
Also, risk factors for developing severe infection include
chronic cardiovascular disease, respiratory diseases, and
diabetes, which correlate with our findings [13, 14]. Our
study found that most patients with COVID-19 have
mild or moderate disease, but up to 30% of patients with
COVID-19 require advanced ventilatory support, simi-
lar to previous reports [15, 16]. It has been documented
during the pandemic that 10-20% of COVID-19 patients
require ICU admission, of which 40-80% need mechani-
cal ventilation [17], with a mortality rate that can vary
from 5 to 36%, depending on disease severity [18, 19]. In
our study, COVID-19 patients had higher ICU require-
ment, mechanical ventilation, and mortality rate when
compared to CAP patients, which is a novel finding.
These differences could be attributed to the fact that
COVID-19 and CAP have underlying immune mecha-
nisms [20]. For instance, immunomodulatory treatments
with corticosteroids or interleukin modulators are now
the standard of care for patients with COVID-19, but
not for patients with CAP [21-25]. For example, in CAP
patients, the current thinking is that patients with docu-
mented higher inflammation, confirmed by high serum C
reactive protein (CRP), may benefit from treatment with
steroids [26], and the dosing of corticosteroids is different
between the two conditions [27].

The main differences between COVID-19 and CAP lie
in their immunopathology. Severe COVID-19 inflam-
matory response is characterized by a hyperinflamma-
tory phase in some patients that could drive a metabolic
reprogramming of immune cells, such as neutrophils [28,
29] and generate intra-pulmonary inflammatory circuits
[30]. The cytokine profile we report in our cohort and
those associated hyper-inflammatory subpopulations are
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consistent with the published literature [31-33]. Leisman
D et al. showed in a metanalysis that even though the
concentration of these cytokines in critically ill COVID-
19 patients is high, it does not exceed other inflamma-
tory disorders such as chimeric antigen receptor (CAR)
T cell-induced cytokine release syndrome, sepsis, and
unrelated COVID-19 associated acute respiratory dis-
tress syndrome (ARDS) [34]. In sharp contrast, CAP
immune reaction depends on its etiological pathogen. For
instance, Streptococcus pneumoniae can generate local
and systemic inflammation by activating pro-inflamma-
tory cell death pathways (i.e., necroptosis and pyropto-
sis) in alveolar epithelial cells and alveolar macrophages
[35]. Also, pneumolysin, a pore-forming toxin produced
by S. pneumoniae, can generate severe inflammation by
directly activating the NLRP3 inflammasome through
IL-1p and IL-17A [36]. These differences support our
results, where innate immune responses among COVID-
19 and CAP are different. Therefore, we hypothesize that
when evaluating patients with COVID-19 and CAP, using
serum biomarkers could inform immunomodulation
treatment choices and identify subpopulations of interest
[37].

Cytokine concentrations and ratios may predict the
development of severe infection in COVID-19 patients
[29]. In favour of this argument, McElvaney O et al.
showed in a comprehensive series of experiments that
the metabolic reprogramming activation led by cytokines
in severe COVID-19 patients causes profound change
to their function, ending in organ failure ICU need [29].
Later in the pandemic, we found that circulating autoan-
tibodies neutralizing high concentrations of IFN-a and/
or IFN-w are found in about 10% of patients with criti-
cal COVID-19 pneumonia but not in individuals with
asymptomatic infections, representing about 20% of
both critical COVID-19 cases fatal COVID-19 cases [38].
Finally, Martinez-Fleta P et al. attempted to find differ-
ences in the mechanisms of host—pathogen interaction
among COVID-19 and CAP patients. They found a dif-
ferential profile in circulating miRNAs between COVID-
19 and CAP patients, indicating that SARS-CoV-2 can
induce more systemic tissue damage [39, 40]. Punctu-
ally, they found that COVID-19 cytokine dysregulation
recruits lymphocytes, leading to systemic and pulmonary
injury, resulting in organ failure related to higher mortal-
ity among hyper-inflammatory COVID-19 patients. Our
results, along with the work described before, build into
the argument that COVID-19 and CAP have different
infectious mechanisms that require different treatments.
Our results highlight the importance of developing relia-
ble near-patient biomarker measuring devices to identify
subpopulations in COVID-19 and CAP patients to enable
precision therapeutics.
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Our study has some limitations and strengths that are
important to acknowledge. First, this is a monocentric
study that limits the results generalizability. However,
we focused on understanding the underlying mecha-
nisms of the host—pathogen interactions in COVID-
19 and CAP, which should be similar in all patients
admitted to hospitals globally. Second, the number
of patients enrolled in the study was small. Notably,
we performed a comprehensive molecular approach,
including unsupervised analyses. Third, we do not have
a healthy group as control subjects, but our goal was to
compare COVID-19 and CAP immune profiles. These
differences between COVID-19 and CAP patients
support our hypothesis that the underlying immune
mechanisms following the host—pathogen interactions
during these conditions differ. Importantly, we did not
identify the mechanisms for these differences, includ-
ing sub-populations, which should be addressed in
future studies. Finally, we did not collect data about
the number of days with symptoms before the hospi-
tal admission, which might be considered a limitation.
However, we use data at hospital admission, which is a
more homogeneous time-point to compare patients.

Conclusion

We report similarities and differences in cytokine pro-
files from patients with COVID-19 and CAP. Also, we
identified three sub-populations in both diseases based
on their inflammatory profiles. Moreover, we found
that these inflammatory profiles are associated with
different clinical outcomes. Thus, each patient should
be assessed based on their clinical and paraclinical
profiles to identify the best treatment, determine dis-
ease severity and predict the clinical outcomes. Finally,
these results support that inflammation in patients with
COVID-19 and CAP is different; thus, therapeutic tar-
gets should be individualized for both diseases.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512931-023-02352-2.

Additional file 1: Fig S1. Marker enrichment modelling (MVEM). This
model was used to identify discriminant cytokines of each group, (A) cor-
respond to COVID-19 patients and (B) to CAP patients.

Additional file 2: Table S1. Baseline characteristics of COVID-19
subpopulations.

Additional file 3: Table S2. Baseline characteristics of CAP
subpopulations.

Acknowledgements
Not applicable.

Page 9 of 10

Author contributions

EDIP, MF, IGB, JR, AJ, MSH, LFR contributions to conception; design of work;
EDIP, IGB, JL, AMC, AMS, JL acquisition; EDIP, MF, YVF, IGB, CCSM, MSH, LFR anal-
ysis; EDIP, MF, YVF, IGB, CCSM, MSH, LFR interpretation data; MF, YVF creation of
software; EDIP, MF, YVF, IGB, CCSM, JL, JR, AJ, ANM, AMS, JL, LFR, MSH drafted
and revised the work. All authors have approved the submitted version and
agreed to be personally accountable for the author’s own contributions and
to ensure that questions related to the accuracy or integrity of any part of the
work. All authors read and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Review Board (IRB) of the Clinica
Universidad de La Sabana, and all patients signed informed consent to partici-
pate in the study. Local guidelines and international regulations were taken
into account, as well as the Declarations of Helsinki and Colombian Resolution
Ne 008430 of 1993.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Universidad de La Sabana, Campus Puente del Comun, KM 7.5 Autopista
Norte de Bogot, Chia, Colombia. 2Centre for Inflammation Research, Univer-
sity of Edinburgh, 47 Little France Crescent, Edinburgh, Scotland, UK. *Clinica
Universidad de La Sabana, Chia, Colombia. “Pandemic Sciences Institute,
University of Oxford, Oxford, UK.

Received: 11 April 2022 Accepted: 28 January 2023
Published online: 22 February 2023

References

1. Hu B, Guo H, Zhou P, Shi ZL. Characteristics of SARS-CoV-2 and COVID-19.
Nat Rev Microbiol. 2021;19(3):141-54.

2. World Health Organization: WHO Coronavirus (COVID-19) Dashboard.
2023. https://covid19.who.int. Accessed 20 Jan 2022.

3. Finsterer J, Scorza FA, Scorza CA, Fiorini AC. Extrapulmonary onset mani-
festations of COVID-19. Clinics (Sao Paulo). 2021;76: €2900.

4. Synowiec A, Szczepanski A, Barreto-Duran E, Lie LK, Pyrc K. Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2): a systemic infection.
Clin Microbiol Rev. 2021. https://doi.org/10.1128/CMR.00133-20.

5. Collaborators GBDCoD. Global, regional, and national age-sex specific
mortality for 264 causes of death, 1980-2016: a systematic analysis for the
Global Burden of Disease Study 2016. Lancet. 2017;390(10100):1151-210.

6. World Health Organization: The top 10 causes of death. 2022. https://
www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death.
Accessed 01 Mar 2022.

7. Regunath H, Oba Y. Community-acquired pneumonia. Treasure Island
(FL): StatPearls; 2022.

8. Metlay JP, Waterer GW, Long AC, Anzueto A, Brozek J, Crothers K, et al.
Diagnosis and treatment of adults with community-acquired pneumonia.
An official clinical practice guideline of the American Thoracic Society
and Infectious Diseases Society of America. Am J Respir Crit Care Med.
2019;200(7).e45-67.


https://doi.org/10.1186/s12931-023-02352-2
https://doi.org/10.1186/s12931-023-02352-2
https://covid19.who.int
https://doi.org/10.1128/CMR.00133-20
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death

Ibdnez-Prada et al. Respiratory Research (2023) 24:60

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

LiJ,Rong L, CuiR, Feng J, JinY, Chen X, et al. Dynamic changes in serum
IL-6, IL-8, and IL-10 predict the outcome of ICU patients with severe
COVID-19. Ann Palliat Med. 2021;10(4):3706-14.

Rendon A, Rendon-Ramirez EJ, Rosas-Taraco AG. Relevant cytokines in
the management of community-acquired pneumonia. Curr Infect Dis
Rep. 2016;18(3):10.

. Mandell LA, Wunderink RG, Anzueto A, Bartlett JG, Campbell GD, Dean

NC, et al. Infectious Diseases Society of America/American Thoracic Soci-
ety consensus guidelines on the management of community-acquired
pneumonia in adults. Clin Infect Dis. 2007;44(Suppl 2):527-72.

Bhimraj A, Morgan RL, Shumaker AH, Lavergne V, Baden L, Cheng VC,

et al. Infectious diseases society of America guidelines on the treat-
ment and management of patients with COVID-19. Clin Infect Dis. 2020.
https://doi.org/10.1093/cid/ciaa478.

Aliberti S, Dela Cruz CS, Amati F, Sotgiu G, Restrepo MI. Community-
acquired pneumonia. Lancet. 2021;398(10303):906-19.

Pagliano P, Sellitto C, ContiV, Ascione T, Esposito S. Characteristics of viral
pneumonia in the COVID-19 era: an update. Infection. 2021;49(4):607-16.
Rodriguez A, Ruiz-Botella M, Martin-Loeches |, Jimenez Herrera M,
Sole-Violan J, Gomez J, et al. Deploying unsupervised clustering analysis
to derive clinical phenotypes and risk factors associated with mortal-

ity risk in 2022 critically ill patients with COVID-19 in Spain. Crit Care.
2021;25(1):63.

Reyes LF, Murthy S, Garcia-Gallo E, Irvine M, Merson L, Martin-Loeches |,
et al. Clinical characteristics, risk factors and outcomes in patients with
severe COVID-19 registered in the International Severe Acute Respira-
tory and Emerging Infection Consortium WHO clinical characterisation
protocol: a prospective, multinational, multicentre, observational study.
ERJ Open Res. 2022. https://doi.org/10.1183/23120541.00552-2021.

Sligl WI, Marrie TJ. Severe community-acquired pneumonia. Crit Care Clin.

2013;29(3):563-601.

Angus DC, Berry S, Lewis RJ, Al-Beidh F, Arabi Y, van Bentum-Puijk W, et al.
The REMAP-CAP (Randomized embedded multifactorial adaptive plat-
form for community-acquired pneumonia) Study. Rationale and Design.
Ann Am Thorac Soc. 2020;17(7):879-91.

Lanks CW, Musani Al, Hsia DW. Community-acquired pneumonia and
hospital-acquired pneumonia. Med Clin North Am. 2019;103(3):487-501.
Furman CD, Leinenbach A, Usher R, Elikkottil J, Arnold FW. Pneumonia in
older adults. Curr Opin Infect Dis. 2021;34(2):135-41.

Investigators R-C, Gordon AC, Mouncey PR, Al-Beidh F, Rowan KM, Nichol
AD, et al. Interleukin-6 receptor antagonists in critically ill patients with
Covid-19. N Engl J Med. 2021;384(16):1491-502.

Sterne JAC, Murthy S, Diaz JV, Slutsky AS, Villar J, Group WHOREAfC-TW,
et al. Association between administration of systemic corticosteroids and
mortality among critically ill patients with COVID-19: a meta-analysis.
JAMA. 2020;324(13):1330-41.

Group RC, Horby P, Lim WS, Emberson JR, Matham M, Bell JL, et al.
Dexamethasone in hospitalized patients with covid-19. N Engl J Med.
2021,384(8):693-704.

Reyes LF, Rodriguez A, Bastidas A, Parra-Tanoux D, Fuentes YV, Garcia-
Gallo E, et al. Dexamethasone as risk-factor for ICU-acquired respiratory
tract infections in severe COVID-19. J Crit Care. 2022,69: 154014.

Moreno G, Carbonell R, Martin-Loeches |, Sole-Violan J, Correig IFE,
Gomez J, et al. Corticosteroid treatment and mortality in mechanically
ventilated COVID-19-associated acute respiratory distress syndrome
(ARDS) patients: a multicentre cohort study. Ann Intensive Care.
2021;11(1):159.

Torres A, Sibila O, Ferrer M, Polverino E, Menendez R, Mensa J, et al. Effect
of corticosteroids on treatment failure among hospitalized patients

with severe community-acquired pneumonia and high inflammatory
response: a randomized clinical trial. JAMA. 2015;313(7):677-86.

Moreno G, Rodriguez A, Reyes LF, Gomez J, Sole-Violan J, Diaz E, et al.
Corticosteroid treatment in critically ill patients with severe influenza
pneumonia: a propensity score matching study. Intensive Care Med.
2018;44(9):1470-82.

Chalmers JD, Chotirmall SH. Rewiring the immune response in COVID-19.
Am J Respir Crit Care Med. 2020;202(6):784-6.

McElvaney OJ, McEvoy NL, McElvaney OF, Carroll TR, Murphy MP, Dunlea
DM, et al. Characterization of the inflammatory response to severe
COVID-19 illness. Am J Respir Crit Care Med. 2020,202(6):812-21.

Page 10 of 10

30. Grant RA, Morales-Nebreda L, Markov NS, Swaminathan S, Querrey M,
Guzman ER, et al. Circuits between infected macrophages and T cells in
SARS-CoV-2 pneumonia. Nature. 2021;590(7847).635-41.

31. Tang, SunJ, Pan H,Yao F, YuanY, Zeng M, et al. Aberrant cytokine expres-
sion in COVID-19 patients: associations between cytokines and disease
severity. Cytokine. 2021;143: 155523,

32. ChenQ YuB,YangY, Huang J, Liang Y, Zhou J, et al. Immunological and
inflammatory profiles during acute and convalescent phases of severe/
critically ill COVID-19 patients. Int Immunopharmacol. 2021;97: 107685.

33. Kellum JA, Kong L, Fink MP, Weissfeld LA, Yealy DM, Pinsky MR, et al.
Understanding the inflammatory cytokine response in pneumonia and
sepsis: results of the Genetic and Inflammatory Markers of Sepsis (Gen-
IMS) Study. Arch Intern Med. 2007;167(15):1655-63.

34. Leisman DE, Ronner L, Pinotti R, Taylor MD, Sinha P, Calfee CS, et al.
Cytokine elevation in severe and critical COVID-19: a rapid systematic
review, meta-analysis, and comparison with other inflammatory syn-
dromes. Lancet Respir Med. 2020;8(12):1233-44.

35. Faust H, Mangalmurti NS. Collateral damage: necroptosis in the
development of lung injury. Am J Physiol Lung Cell Mol Physiol.
2020;318(2):L.215-25.

36. SurabhiS, Cuypers F, Hammerschmidt S, Siemens N. The Role of NLRP3
Inflammasome in Pneumococcal Infections. Front Immunol. 2020;11:
614801.

37. Shankar-Hari M, Rubenfeld GD. Population enrichment for critical
care trials: phenotypes and differential outcomes. Curr Opin Crit Care.
2019;25(5):489-97.

38. Bastard P, Gervais A, Le Voyer T, Rosain J, Philippot Q, Manry J, et al.
Autoantibodies neutralizing type | IFNs are present in ~4% of uninfected
individuals over 70 years old and account for ~20% of COVID-19 deaths.
Sci Immunol. 2021. https://doi.org/10.1126/sciimmunol.abl4340.

39. Martinez-Fleta P, Vera-Tome P, Jimenez-Fernandez M, Requena S,
Roy-Vallejo E, Sanz-Garcia A, et al. A differential signature of circulating
miRNAs and cytokines between COVID-19 and community-acquired
pneumonia uncovers novel physiopathological mechanisms of COVID-
19. Front Immunol. 2021;12: 815651.

40. Darif D, Hammi I, Kihel A, El Idrissi SI, Guessous F, Akarid K. The pro-inflam-
matory cytokines in COVID-19 pathogenesis: What goes wrong? Microb
Pathog. 2021;153: 104799.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1093/cid/ciaa478
https://doi.org/10.1183/23120541.00552-2021
https://doi.org/10.1126/sciimmunol.abl4340

	Comparison of systemic inflammatory profiles in COVID-19 and community-acquired pneumonia patients: a prospective cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Subjects and data collection
	Blood samples for cytokine analysis and cytokine identification
	Statistical analysis

	Results
	The inflammatory response in COVID-19 and CAP patients
	Three COVID-19 subpopulations were identified based on plasma cytokines (i.e., inflammatory profiles)
	Three CAP subpopulations were identified based on plasma cytokines (i.e., inflammatory profiles)

	Discussion
	Conclusion
	Acknowledgements
	References


