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ABSTRACT

Introduction: Pentraxin 3 (PTX3) is involved in
inflammation regulation and has a certain
association with infectious diseases. However,
its specific correlation with infectious diseases
remains controversial. This study aimed to
analyze the association between them and
explore the possible role of PTX3 in the prog-
nosis of coronavirus disease 2019 (COVID-19).
Methods: Five databases (PubMed, Cochrane
Library, Embase, Clinicaltrials.gov, and gray

literature) were searched. Outcomes were
expressed as a standardized mean difference
(SMD) and 95% confidence intervals (CI). The
Newcastle–Ottawa Scale (NOS) was used to
evaluate the quality of included articles. Stata
12 and Meta-DiSc were applied to analyze the
pooled data. Receiver operating characteristic
(ROC) curves were conducted to determine the
prognostic value of PTX3 for mortality.
Results: Six articles met the inclusion criteria.
Circulating PTX3 levels had a nonsignificant
difference between intensive care unit (ICU)
and non-ICU patients with COVID-19 [SMD
1.37 (-0.08, 2.81); I2 = 93.9%, P\0.01], while
the PTX3 levels in nonsurvival COVID-19
patients was significantly lower than those in
survival patients [SMD -1.41 (-1.92, -0.91);
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I2 = 66.4%, P = 0.051]. Circulating PTX3 had
good mortality prediction ability (area under
ROC curve, AUC = 0.829) in COVID-19. Funnel
plots and Egger’s tests showed low probabilities
of publication bias. Through sensitivity analy-
sis, the results of this study were robust.
Conclusion: This study found that PTX3 was
differentially expressed between survival and
nonsurvival patients with COVID-19, while
there was no significant difference between ICU
and non-ICU patients. Meanwhile, circulating
PTX3 may be a good biomarker for monitoring
the prognosis of COVID-19, which may provide
new ideas and directions for clinical and scien-
tific research.

PLAIN LANGUAGE SUMMARY

This study focuses on the relationship between
circulating pentraxin 3 (PTX3) and coronavirus
disease 2019 (COVID-19). COVID-19 can initi-
ate the inflammatory reaction of the body,
trigger a series of immune mechanisms, and
cause death in severe cases. PTX3 is a soluble
pattern recognition molecule (PRM) belonging
to the humoral innate immune system, which
may be increasingly deemed as an independent
strong prognostic indicator in severe infectious
diseases, such as COVID-19. Five databases
(Pubmed, Cochrane Library, EMBASE, Clinical-
trials.gov, and gray literature) were searched for
six keywords. There was no significant differ-
ence in circulating PTX3 levels between inten-
sive care unit (ICU) and non-ICU patients with
COVID-19, while the PTX3 levels of nonsurvival
patients with COVID-19 was significantly lower
than those of survival patients. Circulating
PTX3 may indicate good diagnostic value in
predicting the mortality of COVID-19, which
may be useful as an indicator for monitoring.

Keywords: COVID-19; Coronavirus disease;
PTX3; Pentraxin 3; Meta-analysis

Key Summary Points

PTX3 may be progressively considered as
an independent strong prognostic
indicator in severe infectious diseases,
such as COVID-19.

No significant difference existed in
circulating PTX3 levels between ICU and
non-ICU patients with COVID-19.

Nonsurvival patients with COVID-19 had
significantly lower circulating PTX3 levels
than survival patients with COVID-19.

Circulating PTX3 may be deemed as an
indicator with good diagnostic value for
predicting the mortality of COVID-19.

This systematic review and meta-analysis
is valuable for those interested in the
relationship between PTX3 and other
infectious diseases.

INTRODUCTION

The global outbreak of coronavirus disease 2019
(COVID-19) has been widely discussed in cur-
rent research, and is known for its high trans-
mission efficiency and rapid spread worldwide.
COVID-19 is caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV2), which
affects microcirculation and causes an inflam-
matory response [1–3]. In patients infected by
SARS-CoV-2, the disease may be asymptomatic,
cause mild-to-moderate symptoms, need severe
requiring intensive care unit (ICU) treatment,
or even lead to death [4]. Although the general
pathological mechanism of intrapulmonary [1]
or extrapulmonary [5] manifestations of
COVID-19 has been gradually clarified, there are
still many uncertainties. It is essential to find

Infect Dis Ther



reasonable biomarkers to monitor and predict
the prognosis of the disease.

Pentraxin 3 (PTX3) is a soluble pattern
recognition molecule (PRM) belonging to the
humoral innate immune system [6], and is
involved in the resistance against pathogens as
well as in the regulation of inflammation [6–8].
Fungal, bacterial, and viral infections [9, 10], as
well as coagulation disorders [11], severe
inflammatory syndrome, sepsis [12–14], and
cardiovascular disease may contribute to elevate
plasma PTX3 levels. In addition, de Oliveira
et al. [15] found that PTX3 plays a clear role in
the induction of sterile inflammation by
affecting the neutrophil–endothelial cell inter-
actions. Bonavita et al. [16] suggested that PTX3
acts as an extrinsic oncosuppressor gene in mice
and humans by modulating complement-de-
pendent, macrophage-sustained, and tumor-
promoting inflammation. Deban et al. [17] elu-
cidated that PTX3 modulates inflammation by
regulating P-selectin-dependent leukocyte
recruitment and complement activation. Cian-
carella et al. [18] showed that PTX3 deficiency is
associated with higher bacterial load, more
severe outcome, and higher mortality after
Shigella flexneri infection. It has been expoun-
ded that circulating PTX3 levels are increasingly
considered as an independent strong prognostic
indicator in severe [19] infectious diseases, such
as COVID-19. Therefore, this study was per-
formed to draw more accurate conclusions and
evaluate the relationship between circulating
PTX3 and COVID-19 comprehensively for pro-
viding a new direction for clinical practice.

METHODS

This study was conducted in accordance with
the recommendations of the Cochrane Collab-
oration and reported following the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) criteria. Furthermore,
the study protocol was registered in PROSPERO
with the number CRD42022339907 (Supple-
mentary Material 1). This article is based on
previously conducted studies and does not
contain any new studies with human

participants or animals performed by any of the
authors.

Data Sources and Search Strategy

Two researchers searched five databases
(PubMed, Cochrane Library, Embase, Clinical-
trials.gov, and gray literature) to find relevant
articles published up to 15 June 2022. Medical
Subject Headings (MeSH) terms and free terms
for literature retrieval were used, such as:
(‘‘COVID-19,’’ ‘‘COVID19,’’ ‘‘SARS-CoV-2,’’ ‘‘Sars-
CoV-2 infection,’’ ‘‘2019 nCoV,’’ ‘‘2019-nCoV
infection,’’ ‘‘coronavirus,’’ ‘‘coronavirus disease
2019,’’ ‘‘nCoV pneumonia,’’ ‘‘corona-virus’’) and
(‘‘pentraxin 3,’’ ‘‘ptx3,’’ ‘‘ptx-3,’’ ‘‘pentraxin 3,’’
‘‘pentraxin-3,’’ ‘‘PTX3 protein’’), and the full
search strategy is detailed in Supplementary
Material 2. In addition, the reference lists of the
selected articles were searched for further rele-
vant research. No language restrictions were
applied, and the authors were contacted via
email for the missing data.

Inclusion and Exclusion Criteria

Each study was examined independently by two
researchers. In case of any dispute, a third
researcher made reasonable judgments based on
the study protocol.

Association between Circulating PTX3
and COVID-19
Inclusion criteria were as follows: (1) studies
that included adult patients (aged C 18 years)
with COVID-19 diagnosed either by test indi-
cators or by imaging features; (2) case–control
studies or cohort studies. In case–control stud-
ies, the case group was ICU COVID-19 patients
or nonsurvivors, while the control group was
the non-ICU COVID-19 group or survivors. In
cohort studies, one group had high levels of
PTX3 and the other group had low levels of
PTX3; (3) results of studies that measure circu-
lating PTX3 levels by enzyme-linked
immunosorbent assay (ELISA) in plasma or
serum; (4) studies comparing circulating PTX3
levels between survivors and nonsurvivors, and
ICU and non-ICU patients with COVID-19.
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Exclusion criteria were as follows: (1) studies
that included patients with suspected but
undiagnosed COVID-19; (2) studies that inclu-
ded patients with other lung diseases; (3) studies
that focused on other indicators but not on
circulating PTX3 levels; (4) articles with
incomplete data and the corresponding author
could not be contacted to obtain the required
data; (5) randomized controlled trials, case
reports, literature reviews, or animal experi-
mental research; (6) repetitive articles or non-
English studies.

Prognostic Value of Circulating PTX3
in COVID-19
Inclusion criteria were as follows: (1) studies in
which all the patients were diagnosed with
COVID-19 by the gold standard; (2) studies
focused on the relationship between circulating
PTX3 levels and mortality; (3) studies that were
conducted using sensitivity, specificity, positive
likelihood ratio (PLR), and negative likelihood
ratio (NLR); (4) sufficient data to calculate the
following diagnostic values: true positive (TP),
false positive (FP), false negative (FN), and true
negative (TN).

Exclusion criteria were as follows: (1) studies
focused on other diagnostic-related indicators
but not on circulating PTX3 levels; (2) PTX3
levels not in the plasma or serum; (3) research
that not focused on the relationship between
mortality and circulating PTX3 levels; (4)
incomplete diagnostic test data in four grids
and no reply from the corresponding author; (5)
case reports, literature reviews, or repetitive
articles.

Data Extraction and Quality Assessment

Two researchers independently extracted data,
including the first author’s last name; publica-
tion date; country of study population; New-
castle–Ottawa Scale (NOS) score; the method of
COVID-19 diagnosis; number of cases and
controls; basic information of cases and con-
trols (such as age and sex); classification of
control groups; circulating PTX3 level detection
method; PTX3 levels; and sensitivity, speci-
ficity, and area under receiver operating

characteristic (ROC) curve (AUC). The selected
studies were scored on the basis of method-
ological quality using the NOS scale [20], with
scores ranging from 0 to 9, with a set score of
0–4 as low quality and 5–9 as high quality. The
quality assessment was performed indepen-
dently by two researchers, and the results were
crosschecked, with a third researcher assisting
in judgment if there was any disagreement.

Statistical Analysis

All statistical analyses were performed using
Stata 12 (Stata Corporation, TX, USA) and Meta-
DiSc. The data of normal distribution were
extracted in the form of mean ± standard
deviation (SD), and those with non-normal
distribution were converted into mean ± SD
through https://www.math.hkbu.edu.hk/
*tongt/papers/median2mean.html) [21–23].
All circulating levels of PTX3 were extracted as
continuous variables using standardized mean
difference (SMD) and 95% confidence intervals
(CI). The level of heterogeneity was determined
using the I2 test. When the statistical hetero-
geneity was significant (I2 C 50%), the random
effect model (shown as ‘‘D ? L’’) was selected
[24, 25]. When statistical heterogeneity was not
significant (I2\50%), the fixed effect model
(show as ‘‘I – V’’) was selected. When high
heterogeneity was found and the number of
studies was greater than three, a subgroup
analysis was performed. The pooled sensitivity,
specificity, PLR, NLR, and diagnostic odds ratio
(DOR) were calculated, and the summary ROC
(sROC) was drawn in the diagnostic meta-anal-
ysis. Sensitivity analysis was carried out using
the approach of omitting each study. Publica-
tion bias was assessed using the funnel plot and
Egger’s test (P\0.05 was considered
significant).

RESULTS

Study Selection

Five English databases (PubMed, Embase, the
Cochrane Library, Clinicaltrials.gov, and gray
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literature) were searched. A total of 96 articles
were found, and 91 remained after excluding
repetitive articles. Two different researchers and
the third arbitrator finally included six articles
based on the inclusion and exclusion criteria:
three studies of ICU and non-ICU COVID-19
patients, two studies of survival and nonsur-
vival COVID-19 patients, and three studies on
COVID-19 mortality. Among these studies, two
were from Italy, one from Turkey, one from the
USA, one from Denmark, and one from Iran
(Tables 1 and 2) [19, 27–31]. The literature
selection process is illustrated in Fig. 1 [26].

Quality Evaluation

Two researchers evaluated the included articles
using the NOS scale [20], and the third
researcher arbitrated. The average NOS score of
this study was 6.33, indicating that the included
articles adopted a reasonable methodology
(Table 3).

Correlation between PTX3 and COVID-19

Circulating PTX3 Levels between ICU
and Non-ICU COVID-19
Circulating PTX3 levels of ICU and non-ICU
COVID-19 patients are shown in Fig. 2a.
Because of the high heterogeneity (I2 = 93.9%,
P\ 0.01), the random-effect model was selec-
ted. The circulating PTX3 levels were not sig-
nificantly different between ICU patients and
non-ICU patients with COVID-19, with SMD
1.37 (-0.08, 2.81). Meanwhile, the Galbr test
(Fig. 2b) was adopted to analyze the hetero-
geneity, and three articles were not within the
reasonable range, thus indicating high
heterogeneity.

Circulating PTX3 Levels between Survival
and Non-survival COVID-19 patients
Figure 3a shows circulating PTX3 levels of sur-
vivors and nonsurvivors with COVID-19. There
was significant heterogeneity (I2 = 66.4%,
P = 0.051) among studies, so the random-effect
model was the first choice. The circulating PTX3

Table 1 Baseline characteristics of studies included in the meta-analysis

Study Country Case Control Diagnostic
criteria

Relevant
data

Type

Mean SD N Mean SD N

Assandri

2022 [27]

Italy 34.6873 9.7561 75 9.7429 3.8605 21 RT–PCR CRP,

ferritin,

LD

ICU and non-

ICU

Jacobs 2022

[28]

USA 12.4061 12.6975 23 3.644 5.358 19 qPCR CRP,

ferritin

Moulana

2021 [29]

Iran 1.957 1.769 14 1.22 1.784 59 RT–PCR CRP,

ferritin

Hansen

2022a

[19]

Denmark 7.3042 7.0797 92 22.6305 17.6457 34 / CRP,

ferritin

Survival and

nonsurvival

Hansen

2022b

[19]

Denmark 30.0907 29.2033 96 61.7068 53.2398 16 / CRP,

ferritin

Schirinzi

2021 [30]

Italy 6.217 4.7057 38 13.4313 2.5188 37 / CRP, IL6
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Fig. 1 Flow diagram of the study selection process

Table 2 Main results of diagnostic trials in the included studies

Study Country TP FP FN TN Diagnostic criteria Relevant data

Genc 2021 [31] Turkey 19 21 10 38 RT–PCR CRP, ferritin, LDH

Hansen 2022 [19] Denmark 27 20 7 72 / CRP, ferritin

Schirinzi 2021 [30] Italy 33 3 4 35 / CRP, IL6

Infect Dis Ther



levels of survival COVID-19 patients were sig-
nificantly lower than those of nonsurvival
COVID-19 patients, with SMD of -1.41 (-1.92,
-0.91). Furthermore, the Galbr test was used to
test the heterogeneity, and the result showed
that all articles were within a reasonable range.

Diagnostic Value of Circulating PTX3
for Mortality
Three studies were included to evaluate the
association between circulating PTX3 levels and
the mortality rate of patients with COVID-19.
The pooled analysis showed that the sensitivity
and specificity values were 0.79 (0.70, 0.87) and
0.77 (0.70, 0.83), respectively. The pooled val-
ues of PLR and NLR were 3.72 (1.60, 8.65) and
0.27 (0.12, 0.64), respectively. Additionally, the
I2 of sensitivity and specificity were 63.7% and
81.8%, respectively, indicating statistical
heterogeneity. Figures are detailed in the Sup-
plementary Material 3. No obvious threshold
effect existed among the studies. However,
owing to the limited number of studies inclu-
ded, subgroup analysis and meta-regression
could not be carried out.

Predictive Value of Circulating PTX3
for Mortality
ROC curves were used to determine the prog-
nostic value of circulating PTX3 for mortality
outcomes in the three included studies (Fig. 4).
Pooled analysis revealed an overall AUC value of
0.829, indicating a good predictive ability of
circulating PTX3 for mortality.

Sensitivity Analysis

In this study, the method of omitting a single
study was used for the sensitivity analysis, as
shown in Fig. 5. By observing the interval after
excluding each study, it was determined that
the two parts of this study were relatively stable,
and no study had an obvious impact on the
overall results.

Publication Bias

For the evaluation of publication bias, funnel
plots (Fig. 6) and Egger’s test were employed.T
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Both funnel plots were symmetrical, implying
nonsignificant publication bias. Moreover,
Egger’s tests of the two parts also showed low
possibility of publication bias (P = 0.610 and
P = 0.966, respectively).

DISCUSSION

The lungs of patients with COVID-19 tend to
exhibit unique vascular features, including sev-
ere endothelial damage as well as inflammation
around the vessels, rupture of endothelial cell
membranes, and extensive intravascular
thrombosis [32, 33]. Diffuse endothelial
inflammation and extensive microvascular
dysfunction have become the main determi-
nants of the pathogenesis of COVID-19 [34–36].

In addition, infection leads to a high inflam-
matory response, which by affecting lung tis-
sues and blood vessels, leads to acute respiratory
distress syndrome (ARDS), shock, and multi-or-
gan failure. PTX3 is an important component of
the humoral innate immune system, secreted
by macrophages and myeloid dendritic cells,
involved in the regulation of resistance and
inflammation to specific pathogens. PTX3 also
plays an irreplaceable role in systemic inflam-
matory diseases [37–40] as well as in vascular
pathology [41–43], so it is reasonable to specu-
late that PTX3 could affect COVID-19 by regu-
lating the complement system and
macrophages in the inflammation response and
angiogenesis. Previous studies have also found
that patients with severe COVID-19 express

Fig. 3 a Forest plot of circulating PTX3 levels between survival and nonsurvival patients with COVID-19. b Galbr test of
circulating PTX3 levels between survival and nonsurvival patients with COVID-19

Fig. 2 a Forest plot of circulating PTX3 levels between ICU and non-ICU patients with COVID-19. b Galbr test of
circulating PTX3 levels between ICU and non-ICU patients with COVID-19
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higher PTX3 levels. Kerget et al. [44] found that
serum PTX3 levels were higher in the COVID-19
patients with macrophage activation syndrome
(MAS), and the AA genotype is also more fre-
quent in the COVID-19 group with MAS.
Therefore, a meta-analysis of the associations
between PTX3 and COVID-19 is of importance
for both clinical prevention and scientific
research exploration.

This study is divided into three parts: circu-
lating PTX3 levels in ICU and non-ICU patients
with COVID-19, circulating PTX3 levels in sur-
vival and nonsurvival patients with COVID-19,
and circulating PTX3 levels and mortality in
patients with COVID-19. The first part included
three studies from Italy, the USA, and Iran. Two
studies from Denmark and Italy were included
in the second part. The three studies in the third
part were from Denmark, Turkey, and Italy.
None of the included studies had obvious gen-
der and age restrictions, but on average, the
patients were middle-aged and elderly. Using
the NOS table for quality evaluation, the overall

reliability of the study is medium, which also
suggests that the primary studies included in
this meta-analysis used reasonable
methodology.

The pooled analysis showed that there was
no significant difference in circulating PTX3
levels between ICU and non-ICU patients with
COVID-19, whereas the PTX3 levels of nonsur-
vival patients with COVID-19 was significantly
lower than those of survival patients. There was
significant heterogeneity in these two parts, but
because of the limited number of included
studies, subgroup analysis or meta-regression
could not be conducted to explore the possible
sources of heterogeneity. Sensitivity analysis
and publication bias analysis revealed that the
results were relatively robust. Wang et al. [45]
also explored the different expression of circu-
lating PTX3 levels in sepsis, and the results also
demonstrated that the circulating PTX3 levels
of nonsurvivors were significantly lower than
those of survivors. Both sepsis and COVID-19
can initiate the inflammatory reaction of the

Fig. 4 Receiver operating characteristic (ROC) curves of PTX3 for mortality
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body, trigger a series of immune mechanisms,
and cause death in severe cases. As an inflam-
matory factor, PTX3 is closely associated with
the immune response. It may reflect the occur-
rence and development of infectious diseases to
some extent, but the specific impact is still
unclear. Combined with the research results,
the difference in PTX3 levels between ICU
patients and non-ICU patients was not found to
be significant, but it was significant between
survivors and nonsurvivors with COVID-19.
Thus, whether PTX3 has diagnostic value and
obvious clinical significance still needs to be
determined.

Consequently, we further explored the rela-
tionship between circulating PTX3 levels and
mortality in patients with COVID-19. The

results of the diagnostic meta-analysis showed
that circulating PTX3 level had high sensitivity
and specificity in predicting mortality in
COVID-19 patients, and was accompanied by
AUC greater than 0.8, also indicating its good
diagnostic value. There is still high hetero-
geneity among studies, but the results suggest
that this heterogeneity does not result from the
threshold effect. Owing to the limited number
of studies included, the possible sources of this
heterogeneity could not be adequately
explored. Overall, circulating PTX3 levels have
good diagnostic value in predicting the mor-
tality of COVID-19 as well as sepsis. These two
diseases are serious infectious diseases, so can
PTX3 be considered as a predictive indicator of
death and prognosis of all infectious diseases?

Fig. 5 a Sensitivity analysis of circulating PTX3 levels between ICU and non-ICU patients with COVID-19. b Sensitivity
analysis of circulating PTX3 levels between survival and nonsurvival patients with COVID-19

Fig. 6 a Funnel plot of circulating PTX3 levels between ICU and non-ICU patients with COVID-19. b Funnel plot of
circulating PTX3 levels between survival and nonsurvival patients with COVID-19
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This also requires more clinical studies and
more comprehensive meta-analyses as support-
ing materials.

Our study also has some limitations, and we
hope that the follow-up research can pay
attention to and improve on this. First of all, the
number of studies included in each part was
small, and some studies cannot extract the
mean and standard deviation because of skewed
data distribution. Meanwhile, owing to the
limited number of included studies, we could
not explore the possible sources of heterogene-
ity through subgroup analysis and meta-analy-
sis. Secondly, in the basic meta-analysis, we
discussed the difference in circulating PTX3
between ICU and non-ICU patients with
COVID-19, and the difference in circulating
PTX3 between survival and nonsurvival
patients. Only in the second part were the
results significant, so we discussed the rela-
tionship between circulating PTX3 and mortal-
ity in COVID-19. Whether circulating PTX3 is
related to other conditions such as disease
severity has not been discussed, and clinical
recommendations cannot be given. Thirdly,
these studies may come from different countries
and continents, so the experimenters and
experimental equipment are completely differ-
ent. Although we have strictly controlled many
factors in the early stage, there are still influ-
ential factors that cannot be ignored, which
may also be the sources of heterogeneity and
have a certain impact on the pooled results.
Finally, as a highly infectious disease in recent
years, COVID-19 has something in common
with many clinical critical infectious diseases.
Our study did not make a reasonable horizontal
comparison to summarize the relationship
between PTX3 and more infectious diseases to
determine its possible clinical value. It is hoped
that further studies will focus on the relation-
ship between these, and conduct a more rea-
sonable systematic analysis.

CONCLUSIONS

This article analyzes some of the relationships
between circulating PTX3 and COVID-19. No
significant difference was found in circulating

PTX3 levels between ICU and non-ICU patients
with COVID-19, while the circulating PTX3
levels of survival COVID-19 patients were sig-
nificantly lower than those of nonsurvival
patients. Further diagnostic meta-analysis
showed that circulating PTX3 could act as a
good biomarker to predict the mortality of
patients with COVID-19. There is significant
heterogeneity among these studies, but owing
to the small number of included studies, the
source of this heterogeneity could not be
determined. The publication bias and sensitiv-
ity analysis suggest that the results of this study
are robust. PTX3 may participate in the patho-
genesis and disease progression of COVID-19
and play a certain role in it. Recently, an
increasing number of studies have also high-
lighted the importance of PTX3 in other infec-
tious diseases. It is hoped that multi-center,
multi-aspect, and multi-level studies will appear
in the future to further clarify the biological
processes and clinical value of PTX3.
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