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Abstract

COVID-19 is an infectious respiratory disease caused by SARS-CoV-2. Pentraxin 3 (PTX3) is involved in the activation
and regulation of the complement system, demonstrating an important role in the pathogenesis of COVID-19. The aim was
to evaluate the association of single nucleotide polymorphisms in P7X3 and its plasma levels with the severity of COVID-
19. This is a retrospective cohort study, carried out between August 2020 and July 2021, including patients with confirmed
COVID-19 hospitalized in 2 hospitals in the Northeast Region of Brazil. Polymorphisms in PTX3 (rs1840680 and rs2305619)
were determined by real-time PCR. PTX3 plasma levels were measured by ELISA. Serum levels of interleukin (IL)-6, IL-8,
and IL-10 were determined by flow cytometry. A multivariate logistic regression model was used to identify parameters
independently associated with COVID-19 severity. P values <0.05 were considered significant. The study included 496
patients, classified as moderate (n=267) and severe (n=229) cases. The PTX3 AA genotype (rs1840680) was independently
associated with protection against severe COVID-19 (P=0.037; odds ratio=0.555). PTX3 plasma levels were significantly
associated with COVID-19 severity and mortality (P <0.05). PTX3 levels were significantly correlated with IL-6, IL-8,
IL-10, C-reactive protein, total leukocytes, neutrophil-to-lymphocyte ratio, urea, creatinine, ferritin, length of hospital stay,
and higher respiratory rate (P <0.05). Our results revealed a protective effect of the PTX3 AA genotype (rs1840680) on the
development of severe forms of COVID-19. Additionally, PTX3 plasma levels were associated with the severity of COVID-
19. The results of this study provide evidence of an important role of PTX3 in the immunopathology of COVID-19.
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Introduction

COVID-19 is an infectious respiratory disease caused by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the first case of which was reported in December
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in spite of vaccination, records are still increasing daily.
Although the majority of cases present mild symptoms, a
smaller part of the population progresses to acute respira-
tory disease and shows hypoxia, resulting in the need for
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exacerbated release of cytokines occur, due to increased
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high cytotoxicity of T cells [4, 5]. These factors result in
hyperinflammatory responses that directly affect lung tis-
sue and blood vessels [6, 7]. There may also be a genetic
predisposition associated with dysregulation of the comple-
ment system, since coronaviruses can activate several com-
plement pathways and consequently result in maladjusted
neutrophilia, endothelial damage, and hypercoagulability
[8]. These factors may contribute to the pathogenesis of the
severe form of infection.

Pentraxins are proteins involved in complement activa-
tion and amplification via communication with complement
initiation pattern recognition molecules [9]. They include
pentraxin 3 (PTX3), which is a member of the pentraxin
family of proteins that can be synthesized by macrophages,
monocytes, leukocytes, dendritic cells, adipocytes, endothe-
lial cells, and smooth muscle cells [10].

PTX3 is capable of recognizing some types of viruses,
such as cytomegalovirus [11], influenza [12], and mem-
bers of the coronavirus family, including SARS-CoV-2 [13,
14]. PTX3 plasma concentrations have been shown to be
increased in patients with COVID-19. They have emerged as
a strong independent predictor of mortality, and the marker
stood out when compared to conventional inflammation
markers in hospitalized patients with COVID-19 [15]. Poly-
morphisms in the PTX3 gene, especially the single nucleo-
tide polymorphisms (SNPs) rs2305619 and rs1840680 [16],
have been described in the literature regarding susceptibil-
ity to pulmonary tuberculosis [17], pulmonary aspergillosis
[18], hepatocellular carcinoma [19], macrophage activation
syndrome in COVID-19 [20], and other clinical conditions.
However, to date, no studies have been published correlat-
ing the polymorphisms of this gene with the severity of
COVID-19.

Therefore, the identification of genetic factors associated
with COVID-19 severity is of fundamental importance to
clarifying the pathogenicity mechanisms of the disease. In
light of this and given the scarcity of studies evaluating the
role of PTX3 in COVID-19, studies that investigate poly-
morphisms in P7X3, in conjunction with PTX3 plasma lev-
els, are noteworthy targets for determining their relationship
with the pathogenesis of COVID-19.

Materials and methods
Ethical considerations

This study received approval from the Ethics Committee of
the Hospital das Clinicas of the Federal University of Per-
nambuco (HC/UFPE, acronym in Portuguese) under number
CAAE: 38,196,620.0.0000.8807, and it was conducted in
accordance with the provisions of the Declaration of Hel-
sinki and the Good Clinical Practice guidelines.
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Study design, location, and population

This retrospective cohort study was carried out at the Multi-
User Research Laboratory (LAMUPE, acronym in Portu-
guese) of the University Hospital of the Universidade Federal
do Vale do Sao Francisco (HU-UNIVASF/EBSERH, acronym
in Portuguese). The study included patients over 18 years of
age, with COVID-19 confirmed by molecular (RT-qPCR) or
serological test, who were hospitalized between August 2020
and July 2021, at the HU-UNIVASF and the Field Hospital of
the Municipality of Petrolina, which are both references for
treatment of COVID-19 in the Vale do Séo Francisco Region,
Petrolina, Pernambuco.

Cases were classified according to the criteria established
by the World Health Organization, with modifications [21],
as follows:

moderate cases

Hospitalized patients who did not require oxygen therapy or
who required oxygen supplementation by means of a mask or
nasal cannula

severe cases

Hospitalized patients who required ventilatory support by non-
invasive mechanical ventilation, high-flow devices, intubation
with mechanical ventilation, or mechanical ventilation with
additional support (vasopressors, dialysis/hemodialysis, and
extracorporeal membrane oxygenation).

Sample collection and processing

Within 24 h of hospital admission, 2 tubes of blood were col-
lected by vacuum venipuncture in order to obtain whole blood,
serum, and plasma. The samples were centrifuged at 3,500
RPM for 10 min.

Genetic study

Genomic DNA was obtained from peripheral blood sam-
ples, using a commercial extraction kit (ReliaPrep™ Blood
gDNA Miniprep System, Promega, Madison, WI, USA), fol-
lowing manufacturer instructions. For genotyping and detec-
tion of polymorphisms in PTX3 (152305619 and rs1840680),
the method of real-time PCR was used, with pre-designed
TagMan® assays and QuantStudio™ 5 equipment (Thermo
Fisher).
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Determination of PTX3 and cytokine levels

PTX3 was measured by enzyme-linked immunosorb-
ent assay (ELISA) in the plasma of patients included in
the study, using Human PTX3/Pentraxin 3 ELISA Kit
PicoKine™ (Boster Biological Technology®) commercial
kits, following manufacturer instructions.

Concentrations of interleukin (IL)-6, IL-8, and IL-10
were measured using cytometric bead array (CBA) kits (BD
Biosciences, San Diego, CA, USA), following manufacturer
instructions. CBA was performed with a BD™ FACSCalibur
flow cytometer. Quantitative analysis was performed using
FCAP Array™ Software.

Patients were randomly selected between the groups
(moderate and severe), according to the availability of bio-
logical material for use.

Data collection

Demographic, clinical, and laboratory data were obtained by
analysis of electronic medical records. For characterization
of patients, data were collected regarding sex, age, comor-
bidities, length of stay, time from onset of symptoms to
hospitalization, and outcome. Clinical signs (lower systolic
and diastolic pressure, higher respiratory rate, and lower O,
saturation) were collected upon hospitalization.

Regarding laboratory tests, which were conducted within
24 h after admission, the following were included: complete
blood count, activated partial thromboplastin time (APTT),
D-dimer, aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), total, direct and indirect bilirubin, cre-
atinine, ferritin, C-reactive protein (CRP), troponin T, urea,
prothrombin time, and international normalized ratio (INR).
In addition, the neutrophil-to-lymphocyte ratio (NLR) and
monocyte-to-lymphocyte ratio (MLR) were calculated by
dividing the absolute value of neutrophils by lymphocytes
for NLR and the absolute value of monocytes by lympho-
cytes for MLR.

Statistical analysis

The program SPSS Statistics version 22.0 (SPSS, Inc., Chi-
cago, IL, USA) was used for data analysis. The program
GraphPad Prism version 8.0 and 9.0 (GraphPad, San Diego,
CA, USA) was used to construct the graphs. Categorical
data were expressed as absolute frequency and percentage.
Continuous variables were presented as median with inter-
quartile range.

The Kolmogorov—Smirnov test was used to verify
normal distribution of continuous variables. Compari-
sons between 2 groups were performed using Student’s t
test and Mann—Whitney test for parametric and nonpara-
metric variables, respectively. For categorical variables,

Pearson’s chi-square test and Fisher’s exact test were used.
For comparisons between more than 2 groups, ANOVA or
Kruskal-Wallis tests were applied to parametrically or non-
parametrically distributed data.

A multivariate logistic regression model was used, with
the backward method, including possible confounding fac-
tors associated with COVID-19 severity described in pre-
vious studies [22-24]. The odds ratio (OR) was estimated
with a 95% confidence interval (CI). P values <0.05 were
considered significant.

The Spearman correlation test was performed to corre-
late plasma levels of PTX3 with other continuous variables.
Significant results (P < 0.05) were presented in the form of
correlation graphs and a heat map, where the magnitude of
the correlation coefficients is shown in a color scale.

Results
Clinical and laboratory characterization

This study included a total of 496 patients with COVID-19
admitted to 2 reference hospitals in the Northeast Region of
Brazil. These patients were grouped into moderate (n =267)
and severe (n=229) cases, according to the classification
established by the World Health Organization in 2020 (with
modifications) [21].

Patient characteristics are described in Table 1. A higher
prevalence of male sex was observed in both groups, with
mean age of 51 years in the moderate group and 54 years
in the severe group (P > 0.05). Previous comorbidities,
such as diabetes mellitus, systemic arterial hypertension,
chronic kidney disease, and obesity, were more prevalent
in the severe group (P <0.05). The severe group showed
longer hospital stay (11 days) when compared to the mod-
erate group (4 days) (P <0.0001). The mortality rate in the
severe group was 30.6%. In contrast, there were no deaths
in the moderate group (P <0.0001).

Laboratory data at the time of admission are summarized
in Supplementary Table 1. Serum levels of IL-6, IL-8, and
IL-10 were higher in the severe group (P <0.05) (Supple-
mentary Table 1).

Polymorphisms in PTX3 and COVID-19 severity

The distribution of allelic and genotypic frequencies of the
PTX3 polymorphisms rs1840680 and rs2305619 accord-
ing to COVID-19 severity are shown in Table 2. The poly-
morphisms studied were in accordance with Hardy—Wein-
berg equilibrium. A higher frequency of the AA genotype
(rs1840680) was observed in the moderate group when com-
pared to the severe group (16.10% versus 10.0%; P=0.047).

@ Springer
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Table 1 Characterization of

1 . . Moderate cases Severe cases (n=229) p value

hospitalized patleqts with . (n=267)

COVID-19 according to disease

severity Sex 0.52
Male (n, %) 156 (58.4) 141 (61.6)
Female (n, %) 111 (41.6) 88 (38.4)
Age (years), median (IQR) 51 (41-63) 54 (44-65) 0.109
Comorbidities
Systemic arterial hypertension (n, %) 113 (42.3) 118 (51.5) 0.047
Diabetes mellitus (n, %) 60 (22.5) 78 (34.1) 0.005
Obesity (n, %) 53 (19.9) 64 (27.9) 0.044
History of tobacco use (n, %) 58 (21.7) 56 (24.5) 0.521
Chronic kidney disease (n, %) 3(L.1) 11 (4.8) 0.026
COPD (n, %) 93.4) 8 (3.5) 1
Asthma (n, %) 8 (3.0) 6 (2.6) 1
Length of hospital stay, median (IQR) 4 (3-6) 11 (6-20) <0.0001
Time from symptom onset to hospitaliza- 9 (6-11) 9 (6-11) 0.987

tion, median (IQR)

Outcome <0.0001
Recovery (n, %) 267 (100.0) 159 (69.4)
Death (n, %) - 70 (30.6)

COPD: chronic obstructive pulmonary disease; /QR: interquartile range. Significant values (p <0.05) are

highlighted in bold
T‘f‘b'? 2 Allele and genotype Genotype/allele Moderate cases  Severe cases (n=229) p value
distribution of the rs1 8406.80 (n=267)
and rs2305619 polymorphisms
in PTX3 according to COVID- 1s1840680 GG 103 (38.6) 91 (39.70) AA versus AG + GG
19 severity AG 121 (45.30) 115 (50.20) 0.047
AA 43 (16.10) 23 (10.00)
G 327 (61.24) 297 (64.85) 0.24
A 207 (38.76) 161 (35.15)
rs2305619 GG 69 (25.80) 65 (28.40) AA versus AG+GG
AG 144 (53.90) 122 (53.30) 0.596
AA 54 (20.20) 42 (18.30)
G 282 (52.81) 252 (55.02) 0.485
A 252 (47.19) 206 (44.98)

Values are presented as n (%). Significant values (p <0.05) are highlighted in bold

No significant association was observed between the poly-
morphism rs2305619 and COVID-19 severity (Table 2).

In order to verify whether the PTX3 polymorphism
rs1840680 is independently associated with COVID-19
severity, analysis was performed using the multivariate
logistic regression method (Table 3). The following possi-
ble confounding factors associated with COVID-19 severity
established in previous studies were included in the model:
age, sex, diabetes mellitus, systemic arterial hypertension,
chronic kidney disease, neoplasia, and obesity. After exclud-
ing the variables using the backward regression method, the
following variables remained in the model: diabetes mellitus
(P=0.040; OR=1.54;95% CI 1.02 to 2.33), chronic kidney

@ Springer

Table 3 Multivariate logistic regression to determine risk factors
independently associated with COVID-19 severity

Multivariate analysis

OR (95% CI) p value
Diabetes mellitus 1.54 (1.02-2.33) 0.040
Chronic kidney disease 3.83 (1.02-14.33) 0.046
rs1840680 (AA) 0.555 (0.32-0.96) 0.037

CI: confidence interval; OR: odds ratio
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disease (P=0.046; OR=3.83; 95% CI 1.02 to 14.33), and
rs1840680 (AA) (P=0.037; OR =0.555; 95% CI 0.32 to
0.96).

When we analyzed the association of PTX3 polymor-
phisms with clinical characteristics presented during hos-
pitalization and outcome, it was observed that individuals
with the AA genotype (rs1840680) had a shorter hospital
stay when compared to those with the AG or GG genotypes
(P<0.004) (Table 4).

Although the AA genotype of rs1840680 had lower
plasma levels of PTX3 when compared to the other geno-
types, this association was not statistically significant (Sup-
plementary Fig. 1).

Plasma levels of PTX3

For measurement of PTX3, 169 patients were included,
86 from the severe group and 83 from the moderate group.
Figure 1A displays the distribution of protein plasma levels
according to COVID-19 severity classification. The severe
group had higher PTX3 levels (median: 987.0 pg/mL)
when compared to the moderate group (median: 570.5 pg/
ml) (P=0.0004). Regarding the outcome, PTX3 levels at
admission were observed to be 3.3 times higher in patients
who died than in those who survived (2,233 pg/mL [n=25]
versus 663.2 pg/mL [n=144], P <0.0001) (Fig. 1B).

In order to analyze the relationship between PTX3 plasma
levels and patients’ clinical and laboratory variables, we
conducted a correlation study. Figure 2 displays the correla-
tion graphs that demonstrated statistically significant values.
A positive correlation was observed for PTX3 levels with
IL-6, IL-8, IL-10, CRP, total leukocytes, NLR, urea, creati-
nine, ferritin, length of hospital stay, and higher respiratory
rate. Total bilirubin, lower diastolic pressure, lower oxy-
gen saturation, lower systolic blood pressure, and indirect

(a) p=0.0004 (b) p<0.0001
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Fig. 1 Median plasma levels of PTX3 (pg/mL) in individuals hospi-
talized with COVID-19. A comparison between moderate (n=_83)
and severe (n=86) forms. B comparison between recovery (n=144)
and death (n=25) groups. Statistical significance was determined
using Mann—Whitney U-test. Significance was considered when
p<0.05

bilirubin were inversely correlated with PTX3 (P <0.05 for
all analyses) (Fig. 2).

Discussion

Innate immunity plays an important role in the clinical
course of COVID-19, and the complement system is an
important component involved in the immunopathological
mechanism of the disease. The factors involved in COVID-
19 severity have not yet been fully clarified, but they seem
to be related to viral, environmental, and genetic factors of
the host.

We have demonstrated, for the first time, that the AA gen-
otype in PTX3 (rs1840680) was associated with protection

Table 4 Genotype distribution of rs1840680 and 12305619 in PTX3 according to clinical characteristics and outcome

Variable rs1840680 (PTX3)

152305619 (PTX3)

AA (n=66)

AG+GG (n=430) pvalue AA (n=96)

AG+GG (n=400) p value

Lower systolic pressure (mmHg),
median (IQR)

Lower diastolic pressure (mmHg), 61.5 (59.2-72.7) 60 (58-70)
median (IQR)

Higher respiratory rate (RPM), median 25 (22-31) 27 (23-32)
(IQR)

Lower O, saturation (%), median IQR) 90.5 (88.7-93.0) 90 (88-93)

Length of hospital stay (days), median 3.50 2-7) 6 (3-12)
(IQR)

Death (n, %) 7 (10.6) 63 (14.7)

101.5 (94.7-110.0) 100 (91.25-110.00) 0.326

100 (94-110) 100 (91-110) 0.634
0.370  60.00 (56.25-76.00) 60 (58-70) 0.636
0.133 26 (23-32) 26 (23-32) 0.802
0.738  90.00 (87.25-93.00) 90.5(88.0-93.0)  0.713
0.004 5(3-10.75) 5(3-12) 0.298
0452 14 (14.6) 56 (14.0) 0.871

Significant values (p <0.05) are highlighted in bold. /QR: interquartile range; mmHg, millimeters of mercury; O,, oxygen; RPM: respirations per

minute
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Fig.2 Relationship between plasma levels of PTX3 (pg/mL) and the
continuous variables included in the study. A A linear regression line
shows the relationship between plasma levels of PTX3 and continu-
ous variables. The spline chart demonstrates the mean with 95% con-
fidence intervals. B Heat map representing the degree of correlation
between PTX-3 levels and the variables analyzed. The degree of cor-

against the development of severe COVID-19 in hospital-
ized patients, regardless of other possible confounding fac-
tors. Furthermore, patients with the AA genotype spent
less time in the hospital when compared to those with the
GA + GG genotypes. Several previous studies have reported
an association of the rs1840680 polymorphism in the con-
text of lung infectious diseases [16—18]. Additionally, Kerget
et al. (2021), evaluating a small cohort of 94 patients with
COVID-19, observed a higher frequency of the AA genotype
in those who developed macrophage activation syndrome
[20].

In this study, although individuals carrying the AA geno-
type showed lower levels of PTX-3, the difference was not
statistically significant. The rs1840680 polymorphism is
located in an intronic region in the PTX3 gene. Despite its
location, previous studies have shown its influence on PTX3
levels, possibly explained by a linkage disequilibrium with
another variant located in a regulatory region [25]. However,
the studies show discordant results. Barbati et al. [25] and
Carmo et al. [19], observed that AA carriers for rs1840680
(vs. AG and GG genotypes) had higher PTX3 plasma levels
in healthy individuals and in patients with chronic hepatitis
C, respectively. In contrast, Sheneef et al. [26], analyzing
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relation was assessed using Spearman’s rank correlation coefficient
test. Significance was considered when p <0.05. CRP: C-reactive pro-
tein; DBP: diastolic blood pressure; /L: interleukin; mmHg, millim-
eters of mercury; NLR: neutrophil-to-lymphocyte ratio; RPM: respira-
tions per minute; RR: respiratory rate; SAT: lower oxygen saturation;
SBP: systolic blood pressure

Egyptian patients with pulmonary tuberculosis, observed
lower PTX-3 levels in patients carrying the AA genotype
[26]. A previous study with Turkish patients hospitalized
due to COVID-19 found a significant association between
the AA genotype of rs1840680 and decreased levels of
PTX3 [20]. Furthermore, a study investigating pulmonary
aspergillosis in patients with chronic obstructive pulmonary
disease also showed a relationship between the AA geno-
type of rs1840680 and decreased plasma levels of PTX3
[18]. Given that PTX3 is an acute-phase protein, it is pos-
sible that its supply is depleted depending on the phase of
the disease, resulting in a smaller difference between the
genotypes, which may explain the differences found between
the studies. In addition, it is possible that polymorphisms
in PTX3 have a greater influence on its levels in other tis-
sues than in plasma, as observed previously in samples of
bronchoalveolar-lavage fluid from patients with invasive
aspergillosis [27].

Our genetic study results are corroborated by analysis of
PTX3 plasma levels, where we observed that patients with
severe disease had increased PTX3 levels when compared to
moderate cases. In addition, at admission, the PTX3 levels
of patients who died were 3.3 times higher than the levels of
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patients who survived. PTX3 levels were also significantly
correlated with laboratory parameters of hematologic, renal,
and hepatic function, as well as clinical parameters such as
blood pressure, O, saturation, and length of hospital stay.

Previous studies have demonstrated that PTX3 plasma
level is a good predictor of mortality in patients with
COVID-19 [15, 28, 29]. Corroborating our findings, in 2021,
Brunetta et al. [15] observed that patients with COVID-19
admitted to the intensive care unit and patients who did not
survive had significantly higher PTX3 levels than patients
admitted to wards or patients who survived. Furthermore,
they observed that PTX3 levels were significantly correlated
with laboratory parameters such as CRP, procalcitonin, IL-6,
ferritin, D-dimer, lactate dehydrogenase, troponin-I, lym-
phocyte count, and platelet count. The authors concluded
that PTX3 is an important predictor of mortality, showing
better results than other inflammatory markers, such as IL-6
and CRP [15]. In 2021, Gutmann et al. [28] demonstrated
that PTX3 was an important predictor of 28-day intensive
care unit mortality, and Hansen et al., in 2022 [30], demon-
strated that PTX3 appears to be a useful clinical biomarker
for predicting respiratory failure and risk of death at 30 days
in patients with COVID-19 treated with and without remde-
sivir and dexamethasone [30].

Our findings indicate a possible role of PTX3 in the
immunopathology of severe forms of COVID-19, possibly
associated with increased activation of the complement
system and inflammatory cytokines. In line with this, our
findings have demonstrated a positive correlation of PTX3
levels with IL-6, IL-8, and IL-10 levels, as well as with an
increase in leukocyte count and NLR. Previous studies also
demonstrated that increased concentrations of IL-6 and IL-8
were correlated with worse prognosis, hospitalization, trans-
fer to the intensive care unit, mechanical ventilation, and
death [31-33].

Pentraxins are involved in the activation and amplification
of the complement system via communication with comple-
ment initiation pattern recognition molecules, such as Clq
and ficolins [9]. This activation contributes to increased
levels of C3a and C5a, which can contribute to the release
of pro-inflammatory cytokines with consequent impairment
in fibrinolysis and increased procoagulant activity, which
contribute to microvascular thrombosis and endothelial dam-
age [34]. In COVID-19, the accumulation of C5a in circu-
lation and the deposition of the membrane attack complex
in pulmonary tissue contribute to the pathogenesis of the
disease [8, 35-38]. Furthermore, myeloid cells from res-
piratory samples of patients with severe COVID-19 exhibit
transcriptome signatures for the Fcy receptor and comple-
ment activation [35], emphasizing the importance of these
mechanisms in the pathogenesis of COVID-19.

Accordingly, there is a possibility that high levels of
PTX3 in COVID-19 may be a reflection of a failure in the

immune system regarding inhibition of factors that act
against uncontrolled inflammation [15]. Thus, individuals
who are genetically predisposed to produce lower amounts
of PTX3, as shown by the rs1840680 AA genotype in the
present study, would be more protected from developing
severe forms of the disease.

The limitations to this study include lack of information
on viral aspects, such as viral load and variants. Although
there is not sufficient evidence to demonstrate the associa-
tion between variants of concern and COVID-19 severity,
the recruitment period for the majority of patients included
in this study coincides with the circulation of the gamma
variant in Brazil [39]. Furthermore, this study was carried
out in 2 reference centers in the same municipality, making
further studies necessary to confirm our genetic findings in
other populations.

Conclusion

Our findings have demonstrated, for the first time, a protec-
tive effect of the PTX3 AA genotype (rs1840680) on the
development of severe forms of COVID-19. Additionally,
PTX3 plasma levels were associated with the severity of
COVID-19. These results reinforce previous findings that
PTX3 plays an important role in the immunopathology of
COVID-19 and is able to predict the risk of developing
severe forms of the disease.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10238-022-00926-w.
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