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Abstract

The course of COVID-19 is unpredictable, ranging from
asymptomatic to respiratory failure and death. Prognostic
biomarkers are urgently needed. We hypothesized that long
pentraxin PTX3 could be a valuable plasma biomarker due
to its essential role in inflammatory processes. In a prospec-
tive hospitalized COVID-19 derivation cohort (n = 126) dur-
ing the spring of 2020, we measured PTX3 within 4 days of
admission. The predictive value of mechanical ventilation
(MV) and 30-day mortality compared with clinical parame-
ters and other markers of inflammation were assessed by lo-
gistic regression analysis and expressed as odds ratio (OR)
with 95% confidence interval (Cl). Analyses were repeated in
a prospective validation cohort (n = 112) of hospitalized pa-
tients with COVID-19 treated with remdesivir and dexameth-
asone. Thirty-day mortality in the derivation cohort was
26.2%. In patients who died, the median PTX3 concentration

upon admission was 19.5 ng/mL (IQR: 12.5-33.3) versus 6.6
ng/mL (IQR 2.9-12.3) (p < 0.0001) for survivors. After adjust-
ment for covariates, the odds of 30-day mortality increased
two-fold for each doubling of PTX3 (OR 2.03 [95% Cl: 1.23-
3.34], p = 0.006), which was also observed in the validation
cohort (OR 1.70 [95% Cl: 1.09-2.67], p = 0.02). Similarly, PTX3
levels were associated with MV. After adjustment for covari-
ates, OR of MV was 2.34 (95% Cl: 1.33-4.12, p = 0.003) in the
derivation cohortand 1.64 (95% Cl: 1.03-2.62, p = 0.04) in the
validation cohort. PTX3 appears to be a useful clinical bio-
marker to predict 30-day respiratory failure and mortality
risk in COVID-19 patients treated with and without remdesi-

vir and dexamethasone. © 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

The coronavirus disease 2019 (COVID-19) pandemic
caused by severe acute respiratory syndrome coronavi-
rus-2 (SARS-CoV-2) has put unprecedented pressure on
societies and hospital resources worldwide. The disease
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course is unpredictable, ranging from asymptomatic over
mild symptoms to respiratory failure and death within
days to weeks [1-3]. Clinical markers of progression are
urgently needed to stratify patients at symptom onset to
guide treatment strategies before the development of se-
vere disease. Thus, a biomarker or a combination of bio-
markers that can predict the disease progression may be
beneficial.

Several biomarkers have been associated with severe
illness and mortality in patients with COVID-19. Among
others, these include increased white blood cell count, de-
creased lymphocyte and platelet counts, elevated plasma
levels of creatinine kinase, alanine aminotransferase, lac-
tate dehydrogenase, C-reactive protein (CRP), ferritin,
interleukin-6 (IL-6), and D-dimer, and signs of comple-
ment aberrations [4-8].

The long pentraxin PTX3 has been suggested as a pos-
sible biomarker in COVID-19 [9, 10]. CRP and PTX3 be-
long to the pentraxin protein superfamily characterized
by the presence of a pentraxin domain in their C-terminal
region that interacts with several ligands, including extra-
cellular matrix components and complement molecules
as well as a range of pathogens [11]. CRP is predominant-
ly produced in the liver in response to IL-6 [12]. In con-
trast, PTX3 is concomitantly expressed in the myeloid
lineage, fibroblasts, and vascular cells in response to pro-
inflammatory signals such as tumor necrosis factor-al-
pha, interleukin-1, and toll-like receptor engagement
[13]. CRP and PTX3 have been shown to be useful sero-
logical inflammatory biomarkers in, e.g., cardiovascular
disease, rheumatoid arthritis, and sepsis [14, 15]. While
CRP may have a delayed response, PTX3 induces a rapid
response upon stimulation that reflects in situ tissue in-
flammation and damage [12, 16].

While it has been documented that PTX3 is important
for different biological processes, it is unknown whether
the PTX3 response observed under acute inflammatory
conditions is indeed beneficial or harmful or both for the
host [17]. Based on its biological role, tissue distribution,
and usefulness as a biological outcome marker in criti-
cally ill septic patients, we hypothesized that PTX3 might
be a valuable prognostic biomarker for hospitalized CO-
VID-19 patients.

Materials and Methods

Study Population

The derivation study included adults aged 18 years or older ad-
mitted to Copenhagen University Hospital - Amager and Hvi-
dovre Hospital with confirmed SARS-CoV-2 infection between
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March 10 and May 31, 2020. Details of the cohort have been de-
scribed previously [18]. In brief, consecutive cases admitted were
included. All cases were confirmed by reverse transcription-poly-
merase chain reaction on an oropharyngeal swab or lower respira-
tory tract specimen. Data including patient characteristics, vital
parameters, and laboratory measurements were extracted from
electronic health records and managed using Research Electronic
Data Capture browser-based software (REDCap; Vanderbilt,
Nashville, TN, USA). The validation cohort included individuals
admitted to Copenhagen University Hospital - Amager and Hvi-
dovre Hospital between September 7 and December 14, 2020, who
were treated with remdesivir and dexamethasone. Data collected
for this cohort were limited to demographics, comorbidity, and
outcome [19]. A blood sample was drawn within 4 days of admis-
sion and for some individuals during follow-up. If more than one
sample was drawn from the same patient, the first sample was used
in the primary analysis. Samples were separated by centrifugation
and stored at —80°C.

Standard Biochemical Analyses
CRP, ferritin, ALAT, LDH, creatinine, urea, and blood leuko-
cyte count were taken routinely in the derivation cohort.

Luminex-Based IL-6 Analysis

Serum IL-6 levels were determined according to the manufac-
turer’s instructions using magnetic fluorescently labeled micro-
sphere beads (R&D Systems, Abingdon, UK) and analyzed on a
BioPlex 200 (Bio-Rad) in the derivation cohort.

Enzyme-Linked Immunosorbent Assay-Based PTX3 Analysis

Plasma PTX3 levels were quantified in a specific sandwich en-
zyme-linked immunosorbent assay developed in the Laboratory of
Molecular Medicine, Rigshospitalet, according to previously de-
scribed procedures [20]. The assay was optimized for automated
analysis in a 384-well format on the Biomek FX robotic system
(Beckman Coulter, Fullerton, CA, USA) [21].

Statistical Analyses

PTX3 was used as a continuous variable or categorical vari-
able in tertiles. PTX3, CRP, IL-6, lymphocyte count, and urea
values were log-transformed (log2) in the analyses and back-
transformed when presented. Baseline characteristics were re-
ported as frequencies with percentages or medians with inter-
quartile range (IQR). Comparison between COVID-19 patient
groups was performed using X test, Fisher’s exact test, or Mann-
Whitney U test, as appropriate. Kaplan-Meier survival plots were
drawn for each of the three categories and compared by the log-
rank test. Odds ratios (ORs) with 95% confidence intervals (CIs)
were estimated using logistic regression analysis. Receiver-oper-
ating characteristic curve (ROC) analysis was performed to eval-
uate mortality discrimination. To plot sequential values of PTX3,
a B-spline with knots at the quantiles and the smoothing param-
eter set to zero was constructed and compared by Monte Carlo
simulation. A p value <0.05 was considered significant. Data
analysis was performed using R software version 4.0.2 (R Foun-
dation for Statistical Computing, Vienna, Austria) and IBM SPSS
version 27.
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Table 1. Baseline characteristics, laboratory values, and clinical presentation of the derivation cohort

Variables All (n = 126) Survivors (n = 92) Nonsurvivors (n =34) p value
Age, years 72 (58, 81] 65 [53,77] 81[72,87] <0.0001
Female 73 (58.4) 54 (58.7) 19 (57.6) 0.91
Comorbidity 126 (99.2) 91 (98.9) 34 (100) 1.0
Hypertension 60 (47.6) 36 (38.7) 24 (72.7) <0.001
Diabetes 40 (31.7) 26 (28.0) 14 (42.4) 0.13
Cardiovascular disease 71 (56.3) 45 (48.4) 26 (78.8) 0.002
Chronic lung disease 13(10.3) 9(9.7) 3(9.1) 0.92
Malignancy 19(15.1) 13 (14.0) 6(18.2) 0.56
Others 68 (54.0) 48 (51.6) 20 (60.6) 0.37
Biochemistry
P-PTX3, ng/mL 8.6[4.1,18.3] 6.6[2.9,12.3] 19.5[12.5,35.3] <0.0001
P-CRP, mg/L 98 [49, 159] 97 [49, 151] 126 [48, 217] 0.18
P-ferritin, pg/L 621[277,1,255] 544264, 1,146] 882 (338, 1,581] 0.14
S-IL-6, pg/mL 77.0[36,170] 59[29, 95] 195[117, 356] <0.0001
B-lymphocyte, x10° IL 1.0[0.7,1.3] 1.0[0.8, 1.3] 0.8[0.6,1.2] 0.05
P-LDH, units/L 333252, 444] 325[238,417] 381 [268, 459] 0.10
P-ALAT, units/L 32 (23-56) 32(21-56) 3428, 59] 0.13
P-creatinine, umol/L 91[75,112] 8369, 103] 111194, 150] <0.0001
P-urea, mmol/L 6.6 [4.3,9.9] 5.7 [4.0,8.0] 9.2[8.1,13.3] <0.0001
Clinical presentation
Respiratory rate/min 2018, 28] 20[18, 26] 23120, 30] 0.05
Oxygen saturation, % 95 [93, 97] 96 [94, 98] 94 [91, 96] 0.004
Temperature, °C 37.5[37.0,38.0] 37.0 [36.0, 39.0] 38.0[37.0, 38.0] 0.83
Pulmonary infiltration 105 (83.3) 74 (79.6) 31(93.9) 0.06
Days with symptoms 71[5,10] 7[5,10] 7[5,14] 0.71

Values denote median [interquartile range] or number (%). CRP, C-reactive protein; LDH, lactate dehydrogenase;
IL-6, interleukin-6; ALAT, alanine aminotransferase.

Results

Derivation Cohort

From March 10 to May 31, 2020, 332 patients with
verified COVID-19 were admitted. Of these, 126 had a
plasma and serum sample available for analysis. Baseline
characteristics are shown in Table 1. Thirty-three of 126
patients died within 30 days (26.2%). Nonsurvivors were
older, more often had hypertension or other cardiovascu-
lar disease, had higher plasma levels of IL-6, creatinine,
and urea, and had lower blood lymphocyte count and
lower peripheral oxygen saturation. Sex, body mass in-
dex, diabetes mellitus, chronic lung disease, plasma levels
of CRP, ferritin, ALAT, and LDH, blood leukocyte count,
respiratory rate, and duration of symptoms prior to ad-
mission did not differ significantly between survivors and
nonsurvivors (p > 0.05).

Baseline plasma PTX3 levels upon admission to the
hospital were significantly higher in nonsurvivors com-
pared to survivors (19.5 vs. 6.6 ng/mL, p < 0.0001). Indi-

PTX3 and COVID-19

viduals in the highest tertile (>13.9 ng/mL) had a 30-day
mortality of 54.8% compared to 19.1% and 4.8% for val-
ues between 5.8 and 13.9 ng/mL, or <5.8 ng/mL (log-rank
test: p < 0.0001) (Fig. 1a).

The unadjusted OR of 30-day mortality was 2.61 (95%
CI: 1.73-3.93, p < 0.0001) per doubling of PTX3 level. Af-
ter adjustment for age, hypertension, cardiovascular dis-
ease, oxygen saturation, blood lymphocyte count, and
plasma levels of ferritin, urea, and IL-6, the OR was 2.03
(95% CI: 1.23-3.34, p = 0.006) (Table 2).

Two-hundred and eight plasma samples were avail-
able during follow-up for 177 patients (Fig. 2), i.e., sam-
ples collected more than 4 days after admission contrib-
uted. Among patients who died, PTX3 levels were high at
baseline and increased over the first week. For patients
who survived, PTX3 levels were lower and declined over
time. The differences were statistically significant (day 7:
p = 0.0008).

Twenty patients required MV (15.9%). The unadjust-
ed OR of MV was 1.77 (95% CI: 1.24-2.51, p = 0.002) per
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Fig. 1. Thirty-day survival from COVID-19 by plasma level of long
pentraxin-3. a Kaplan-Meier curves depicting 30-day survival in
the derivation cohort (n = 126) according to plasma PTX3 level at
baseline divided into tertiles; <5.8 ng/mL (red), 5.8-13.9 ng/mL
(green), and >213.9 ng/mL (blue), with 95% confidence interval.
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Log-rank test: p < 0.0001. b Kaplan-Meier curves depicting 30-day
survival in the validation cohort (n = 112) according to plasma
PTX3 level at baseline (start of remdesivir and dexamethasone)
divided by the median; <29.9 ng/mL (red) and 229.9 ng/mL (blue),
with 95% confidence interval. Log-rank test: p < 0.015.
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Table 2. Logistic regression analysis of factors associated with 30-day mortality in the derivation and validation

cohorts

Derivation cohort (n = 126)

crude OR (95% Cl) adjusted OR (95% Cl)’ p value
PTX3, per doubling 2.61(1.73-3.93) 2.03 (1.23-3.34) 0.006
Age, per year increment 1.07 (1.03-1.11) 1.05 (0.98-1.13) 0.15
Hypertension 4.22(1.77-10.10) 3.21(0.41-24.82) 0.27
Cardiovascular disease 3.96 (1.57-10.03) 2.68 (0.21-33.85) 0.45
P-CRP, per doubling 1.29 (0.90-1.86) 0.96 (0.50-1.83) 0.90
P-ferritin, per doubling 1.21(0.93-1.56) 0.92 (0.57-1.49) 0.73
S-IL-6, per doubling 2.32(1.59-3.39) 2.05(1.07-3.93) 0.03
B-lymphocyte count, per doubling 0.47 (0.22-0.97) 0.62(0.21-1.79) 0.37
P-urea, per doubling 4.25 (2.06-8.76) 1.54 (0.50-4.72) 0.45
Oxygen saturation, per % increment 0.85 (0.75-0.96) 1.00 (0.80-1.25) 0.98

Validation cohort (n = 112)

crude OR (95% Cl) adjusted OR (95% Cl)? p value
PTX3, per doubling 1.78 (1.15-2.76) 1.70 (1.09-2.67) 0.02
Age, per year increment 1.06 (1.01-1.11) 1.06 (1.01-1.11) 0.02

OR, odds ratio; Cl, confidence interval; CRP, C-reactive protein; IL-6, interleukin-6. 'Adjusted for age, hyperten-
sion, cardiovascular disease, oxygen saturation, blood lymphocyte count, and plasma levels of ferritin, urea, and

IL-6. Adjusted for age.
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Fig. 2. Levels of PTX3 over time for COVID-19 patient survivors and nonsurvivors. Time-dependent PTX3 lev-
els with 95% confidence interval in 30-day survivors (blue) and nonsurvivors (red), 208 samples (n = 177). The
differences were statistically significant (day 7: p = 0.0008).
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Table 3. Baseline characteristics, laboratory values, and clinical presentation of the validation cohort

Variables All(n=112) Survivors (n = 96) Nonsurvivors (n = 16) p value
Age, years 62 [51-73] 59 [49-72] 74 [66-78] 0.003
Female 37 (33.0) 32(33.0) 5(33.3) 0.98
Comorbidity, no 96 (85.7) 82 (84.5) 14 (93.3) 0.37
Biochemistry

P-PTX3, ng/mL 29.9[13.7-56.1] 26.5[12.2-51.0] 56.5[30.9.4-96.4] 0.008
Clinical presentation

Pulmonary infiltration 107 (95.5) 93 (95.9) 14 (93.3) 0.66

Days with symptoms 7 [4-9] 7 [5-9] 5[0-7] 0.017

Values denote median [interquartile range] or number (%).

doubling of PTX3 level. After adjustment for age, hyper-
tension, cardiovascular disease, oxygen saturation, blood
lymphocyte count, and plasma levels of ferritin, urea, and
IL-6, the OR was 2.34 (95% CI: 1.33-4.12, p = 0.003).

To evaluate the discrimination of mortality using
PTX3 compared to other predictors of 30-day mortality,
ROC curve analysis was performed. The AUC for PTX3
and IL-6 was comparable (0.84 [95% CI: 0.75-0.93] vs.
0.79 [95% CI: 0.69-0.90], p = 0.39), but better than CRP
(0.84 [95% CI: 0.75-0.93] vs. 0.56 [95%: 0.43-0.69], p <
0.001) (online suppl. Fig. 1; for all online suppl. material,
see www.karger.com/doi/10.1159/000521612).

Validation Cohort

From September 7 to December 14, 2020, 175 patients
with verified COVID-19 received treatment with remde-
sivir and dexamethasone for moderate to severe CO-
VID-19. Of these, 112 patients had a plasma sample with-
in 3 days of start of remdesivir and dexamethasone and
were included in this study. Fifteen patients died within
30 days (13.4%). Thirteen progressed to respiratory fail-
ure and required MV (11.6%).

The median age in the cohort was 62 years (IQR 51-
73) and 37 (33%) were females. There was a significant
difference between the age of survivors (59 years, IQR
49-72) and nonsurvivors (74 years, IQR 66-78) (p =
0.003). Baseline characteristics of the entire cohort and
the subgroup survivors and nonsurvivors according to
30-day mortality are outlined in Table 3.

Baseline plasma levels of PTX3 were significantly
higher in nonsurvivors compared to survivors (median
56.5 vs. 26.5 ng/mL, p = 0.008). Individuals with a PTX3
level above the median (=29.9 ng/mL) had a 30-day mor-
tality of 21.4% compared to 5.4% for individuals below
the median (log-rank test: p < 0.015) (Fig. 1b). By uni-
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variate analysis, each doubling of PTX3 was associated
with an OR of 1.78 (95% CI: 1.15-2.76) for 30-day mor-
tality (Table 2). After adjustment for the only other factor
associated with 30-day mortality (age), the OR was 1.70
(95% CI: 1.09-2.67, p = 0.02). Thirteen individuals re-
quired MV. By univariate analysis, each doubling of PTX3
was associated with an OR of 1.64 (95% CI: 1.06-2.55) for
MV. No other factor was associated with MV in the vali-
dation cohort.

Discussion

It is crucial to acquire tools to evaluate and prioritize
the high-risk patients in the initial stages of COVID-19
disease progression to help predict and possibly alter the
disease trajectory. Several prognostic biomarkers and
prediction models, e.g., using machine learning, have
been established throughout the COVID-19 pandemic,
illustrating the complexity and urgent need for under-
standing SARS-CoV-2 infection progression [22-25].
PTX3 is barely measurable in healthy subjects with a con-
centration <2 ng/mL [26] and has previously been shown
to increase rapidly (peak at 6-8 h) during sepsis and oth-
er inflammatory conditions [14, 16]. This observation
suggests that PTX3 may be an advantageous early predic-
tor of disease severity in critically ill patients. In this study,
we set out to evaluate PTX3 as a prognostic biomarker for
short-term mortality in hospitalized COVID-19 patients.

In the present study, we show that PTX3 is a significant
and robust marker of mortality in COVID-19 patients.
The findings were substantiated in two independent co-
horts from the first COVID-19 wave in the spring 2020
and the second wave in autumn 2020. PTX3 was indepen-
dent of established COVID-19 clinical markers such as

Hansen et al.



sex, age, and comorbidities in both cohorts. There were
several differences between the cohorts which emphasized
the robustness of our findings. In the derivation cohort
(from the first wave of COVID-19 in Denmark), the over-
all mortality was 26.2%, whereas the mortality in the vali-
dation cohort (from the second wave of COVID-19 in
Denmark) was 13.4%. Furthermore, the median age in the
derivation cohort compared to the validation cohort was
72 years and 62 years, respectively. The gender distribu-
tion also differed considerably between the cohorts, with
the percentage of female patients in the derivation cohort
constituting 58.4%, while only 33% were female in the val-
idation cohort. First and foremost, the treatment regimen
differed notably between the two cohorts, with only pa-
tients in the validation cohort receiving treatment with
remdesivir and dexamethasone for moderate to severe
COVID-19. We observed that the median level of PTX3
was nearly 3.5 times elevated in the validation cohort com-
pared to the derivation cohort, 29.9 ng/mL and 8.6 ng/mL,
respectively. This is compatible with studies showing that
glucocorticoid administration increases systemic PTX3
levels [27, 28], while other acute-phase reactants may be
downregulated. The expression of PTX3 is influenced by
corticosteroids in a cell compartment-specific manner
since glucocorticosteroids enhance PTX3 expression in fi-
broblasts and endothelial cells, while it is downregulated
by glucocorticosteroids in myeloid cells [29]. Previously,
we have shown that in patients given methylprednisolone
undergoing total knee arthroplasty, the level of PTX3 in-
creases rapidly, and the difference between the treatment
group and placebo group was in the same magnitude as
seen in the present study (4.7 ng/mL vs. 14.6 ng/mL after
6 h) [28]. Despite the complex regulation of the PTX3
gene, PTX3 was a strong predictor in both cohorts, albeit
somewhat weaker in the second cohort.

A smooth plot based on patients from the derivation
cohort revealed that PTX3’s signal to noise ratio between
survivors and nonsurvivors continued to increase up to
around 1 week after admission, which also emphasizes
the usefulness and strength of PTX3 as a prognostic pa-
rameter in COVID-19 patients. Our study is compatible
with other recent studies showing PTX3 to be associated
with disease severity and mortality in COVID-19 patients
[9, 10, 30]. However, in these studies, implementation of
dexamethasone was not taken into account. Thus, our
study provides particular insight into the influence of
dexamethasone on PTX3 levels and illustrates that cutoft
levels might be chosen with respect to the treatment giv-
en, if PTX3 should be implemented in prognostic algo-
rithms.

PTX3 and COVID-19

PTX3 is not only a biomarker but an active modulator
and driver of the innate inflammatory response [16]. In
a recent study by Divella et al. [31], they suggest that
PTX3 plays a central role in mediating kidney damage in
ischemia-reperfusion (I/R) injury. Thus, based on our
findings, it may be pertinent to suggest that pharmaco-
logical inhibition of PTX3 could be beneficial. However,
Lech et al. [32] propose the opposite scenario and dem-
onstrate that lack of PTX3 aggravates renal I/R injury in
Ptx3-deficient mice. These apparently contradictory re-
sults may be due to the fact that different animal and
model systems were used. Nevertheless, complete lack of
PTX3 may be undesired and associated with disease as
will high levels seen in systemic uncontrolled inflamma-
tory reactions.

In the derivation cohort, we had the chance to measure
IL-6 and CRP, both have been demonstrated to be poten-
tial biomarkers of severe outcome and death in hospital-
ized COVID-19 patients [5, 9]. In our study, both PTX3
and IL-6 appeared to perform better than CRP. However,
PTX3 in regression models was independent of IL-6, in-
dicating these two parameters reflect different pathways
in the COVID-19 pathophysiology and could both con-
tribute to prognostic accuracy if combined.

Some limitations need to be addressed regarding the
present study. As with all observational studies, the pres-
ent work might be subject to potential bias due to un-
known confounders, and we cannot draw definitive con-
clusions regarding causality. As addressed above, the der-
ivation and validation cohorts differ notably regarding
age distribution, sex distribution, availability of covari-
ates, and pharmacological treatment of the patients.

In conclusion, in the present study, we show that PTX3
is an independent marker of 30-day mortality and respi-
ratory failure in hospitalized COVID-19 patients in two
independent cohorts with different treatment regimes.
The findings imply that PTX3 may represent an early and
cost-efficient tool in patient triage and management.
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