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Abstract

Background: Hemorrhagic fever with renal syndrome (HFRS) caused by Hantaan virus is characterized by systemic
immunopathological injury. Pentraxin-3 is an acute-phase reactant involved in the processes of inflammation and
infection. This study aimed to investigate the levels of plasma pentraxin-3 and evaluate its predictive value on
disease severity and mortality risk in patients with HFRS.

Methods: This was a prospective real-world observational study. The concentrations of plasma pentraxin-3 were
measured by enzyme linked immunosorbent assay (ELISA) in 105 HFRS patients and 27 healthy controls. We
analyzed the clinical relevance between pentraxin-3 and clinical subtyping, hospital stay and conventional
laboratory parameters of HFRS patients. Considering the prognosis (death) as the primary endpoint, the levels of
pentraxin-3 between survivors and non-survivors were compared, and its association with mortality was assessed by
Kaplan-Meier survival analysis. The predictive potency of pentraxin-3 for mortality risk in HFRS patients was
evaluated by receiver operating characteristic (ROC) curve analysis.

Results: The levels of pentraxin-3 during the acute phase were increased with the aggravation of the disease, and
showed the highest expression in critical-type patients (P < 0.05). Pentraxin-3 demonstrated significant correlations
with conventional laboratory parameters (WBC, PLT, AST, ALB, APTT, Fib) and the length of hospital stay. Compared
with the survivors, non-survivors showed higher levels of pentraxin-3 and worse expressions of conventional
laboratory parameters during the acute phase. The Kaplan-Meier survival curves showed that high levels of
pentraxin-3 during the acute phase were significantly associated with the death in HFRS patients. Pentraxin-3
demonstrated significant predictive value for the mortality risk of HFRS patients, with the area under ROC curve
(AUQ) of 0.753 (95%Cl: 0.593 ~ 0.914, P =0.003).

Conclusions: The detection of plasma pentraxin-3 might be beneficial to the evaluation of disease severity and to
the prediction of mortality risk in HFRS patients.
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Background

Hemorrhagic fever with renal syndrome (HFRS) is a
kind of natural focus disease caused by Hantavirus infec-
tion, and characterized by fever, hemorrhage and renal
impairment [1]. Hantavirus infection could induce the
destruction of vascular endothelial cells [2], the diffuse
damage of systemic micro-vessels, the increase of capil-
lary permeability and the decrease of platelets [3].
Patients with intemperate immunoreaction may further
develop “capillary leakage syndrome”, which could result
in secondary edema, hypovolemic shock, acute kidney
injury (AKI), coagulation disorder and even multiple
organ dysfunction syndrome (MODS) [4]. It has been
accepted that HFRS has immunopathological features of
systemic inflammatory response syndrome (SIRS) [5].
The early diagnosis and disease severity assessment may
help the clinicians choose the best therapeutic schedule
for patients and finally improve the therapeutic effect of
HERS [6]. Given the limited predictive value of the con-
ventional laboratory parameters, it is necessary to ex-
plore some novel biomarkers for evaluating the severity
and prognosis in patients with HERS.

As the first long-pentraxin discovered in human,
pentraxin-3 is mainly produced by monocyte macro-
phages and myeloid dendritic cells stimulated by pro-
inflammatory signals such as IL-1, TNF-a and Toll-like
receptor activation. Additionally, a fraction of pentraxin-
3 is derived from the secretion of neutrophils, lympho-
cytes and endothelial cells [7]. Pentraxin-3 plays an
important role in innate humoral immune response, in-
flammatory response, anti-infection, as well as tissue
damage and repair [8]. Many previous studies have dem-
onstrated that the levels of plasma pentraxin-3 were
positively related to the severity of sepsis, acute pancrea-
titis, acute myocardial injury and other diseases, which
indicated that pentraxin-3 can serve as a novel bio-
marker for inflammation, infection and tissue damage
[9-14]. Additionally, the over-expressed pentraxin-3 of
neutrophils might be associated with the overproduction
of reactive oxygen species (ROS) and vascular endothe-
lial dysfunction. Excessive pentraxin-3 might represent
an emerging biomarker for the progression of vascular
injury in patients with hemodialysis [15]. Previous stud-
ies have also shown that high levels of plasma pentraxin-
3 were associated with the development of dengue shock
syndrome caused by dengue virus. Pentraxin-3 seemed
to be an early prognostic indicator of disease severity in
dengue hemorrhagic fever [16]. Outinen et al. [17]
showed that high levels of plasma pentraxin-3 were asso-
ciated with the thrombocytopenia in Puumala hantavirus
(PUUV) induced nephropathia epidemica (a mild form
of HFRS, mainly prevalent in the Europe). Recent study
also indicated that plasma pentraxin-3 was highly corre-
lated with PLT, Fib, APTT and other coagulation
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indicators, and which got a favorable predictive value for
disease severity in patients with nephropathia epidemica
[18]. However, the role of pentraxin-3 in HFRS caused
by Hantaan virus (HTNV) has not been reported. Given
the above research background, we detected the levels of
plasma pentraxin-3 in patients with HFRS, and investi-
gated its predictive value for disease severity and prog-
nosis (death) of HFRS.

Methods

Study population

We prospectively recruited 105 HERS patients who were
treated in the Second Affiliated Hospital of Air Force
Medical University from October 2012 to December
2014. All the enrolled patients met the following inclu-
sion criteria: (1) Consistent with the typical clinical man-
ifestations of HFRS and confirmed by serological
examination; (2) 18-70 years old; (3) In the acute phase
at the time of hospital admission. In addition, 27 healthy
volunteers were recruited as controls. The patients ac-
cording with any of the following criteria were excluded:
(1) Age >70 or < 18 years; (2) Entered the diuretic stage
on admission; (3) Complicated with pregnancy, chronic
kidney diseases, autoimmune diseases, bacterial infec-
tion, viral hepatitis or other infectious diseases. The
study was approved by the Ethics Committee of the Sec-
ond Affiliated Hospital of Air Force Medical University
and the written informed consents were obtained from
the participants or their guardians.

Procedures and definitions

The serological diagnosis of HERS was confirmed by the
positive results of HTNV-specific IgM/IgG capture ELIS
A. According to the clinical classification criteria of
HFRS [19], all the enrolled patients were divided into
the following four groups: mild-type, moderate-type,
severe-type and critical-type. The specific clinical typing
criteria were showed in Table 1. The classification of all
patients got a confirmation from their respective attend-
ing physician. Furthermore, based upon the typical clin-
ical characteristics of HFRS, we also divided the clinical
course into the acute phase (including the febrile,
hypotensive, and oliguric stages) and the convalescent
phase (including the diuretic and convalescent stages)
[20]. The prognosis was defined as survival or death dur-
ing hospitalization.

Pentraxin-3 detection and clinical data collection

Venous blood samples of the patients were collected once
each in the acute phase and convalescent phase, and were
centrifuged (1200 g, 10 min, 4 °C) within 2 h after drawing.
Pentraxin-3 levels of supernatant plasma were measured
with commercially available ELISA kits (Quantikine,
XiTang Inc., Shanghai, China). Conventional laboratory
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Table 1 Grouping criteria based upon the clinical typing criteria of HFRS®

Group Clinical typing criteria of HFRS

Mild-type

Moderate-type

Patients with slight symptoms and mild renal impairment (proteinuria or hematuria ranging from “+" to “++"), and
without obvious oliguria and hypotension.

Patients with typical symptoms of effusion (bulbar conjunctiva) and petechiae (skin and mucous membranes), and

also meeting with obvious oliguria and kidney injury (proteinuria or hematuria more than “+++"), some of them

presenting with transient hypotension.

Severe-type

Patients presenting with the following symptoms:

(1) severe effusion (bulbar conjunctiva and either pleura orperitoneum) and haemorrhage (skin and mucous
membranes); (2) significant hypotension and uremia;(3) AKI with oliguria (urine output 100 ~ 500 mL/day) <5 days
or anuria (urine output < 100 mL/day) <2 days.

Critical-type

On the basis of the severe-type, patients meeting with any of the following complications: refractory shock (=2 days),

visceral hemorrhage, heart failure, pulmonary edema, brain edema, severe secondary infection, and severe AKI with
either oliguria (urine output 100 ~ 500 mL/day) > 5 days or anuria (urine output < 100 mL/day) > 2 days.

Abbreviation: AKI Acute kidney injury

*The clinical typing criteria of HFRS was derived from the “Prevention and Treatment Strategy of Hemorrhagic Fever with Renal Syndrome” promulgated by the

National Health Commission of China

tests (blood routine test, biochemical test and blood con-
densation test) were performed in the clinical laboratory
as ordered by attending physicians. Data of demographic,
duration of hospital stay, clinical outcome (discharge or
death) and conventional laboratory parameters (blood
sampling time was the same as that of pentraxin-3) were
extracted from the electronic medical records.

Statistical analysis

The study was initially designed to compare the differ-
ence of plasma pentraxin-3 levels between HFRS pa-
tients and healthy controls. Our primary hypothesis was
that the levels of plasma pentraxin-3 in HFRS patients
would significantly higher than in healthy controls.
Based upon the results of our pre-experiment, the as-
sumed mean concentration of plasma pentraxin-3 in
HERS patients and healthy controls were 287.3 ng/mL
and 8.5 ng/mL, with the standard deviation of 438.5 and
13.6, respectively. Setting a 5:1 ratio of HFRS patients
and healthy controls, we calculated that the original tar-
get sample size of 132 cases (110 HERS patients and 22
healthy controls) would provide 81.15% power under a
two-sided type I error of 5%.

All the statistical analyses were performed using SPSS
23.0 software (IBM Inc., Chicago IL, USA). Continuous
variables of normal distribution were presented as
mean * standard deviation, and were compared by Stu-
dent’s t-test or one-way analysis of variance. Continuous
variables of non-normal distribution were presented as
median (interquartile range), and were compared by
Mann-Whitney U test or Kruskal-Wallis H test. The cat-
egorical variables were presented as numbers (percent-
age) and were compared by chi-square test. The levels of
pentraxin-3 during the acute phase and convalescent
phase were compared by Wilcoxon matched-pairs
signed-ranks test. Spearman correlation analysis was
used to evaluate the correlations of pentraxin-3 with
conventional laboratory parameters and hospital stay.

The predictive efficacy of pentraxin-3 for the prognosis
(death) of HERS patients was evaluated by the receiver
operating characteristic (ROC) curve analysis and quan-
tified by the area under ROC curve (AUC). The com-
parison of AUC between pentraxin-3 and conventional
laboratory parameters was performed using Mann-
Whitney U test. Kaplan-Meier survival curves with log-
rank test were used to assess the association of labora-
tory markers with mortality and calculate the hazard ra-
tio (HR) of death. A two-sided P < 0.05 was considered
statistically significant.

Results

Demographic, clinical and laboratory parameters of the
study population

From October 2012 to December 2014, a total of 386
HFRS patients were treated in our center. Of them, ex-
cluding the patients who did not meet the inclusion cri-
teria (92 cases) and the patients who refused to
participate in the study (189 cases), 105 patients with a
mean age of 41.85+15.35years were enrolled in this
prospective observational study, including 21 (20.0%) fe-
males and 84 (80.0%) males.

According to the grouping criteria mentioned above,
17 cases were classified as mild-type, 27 cases were clas-
sified as moderate-type, 26 cases were classified as
severe-type, and 35 cases were classified as critical-type.
Of all the enrolled patients, 14 (13.3%) critical-type pa-
tients were died and the rest were recovered and dis-
charged. There was no significant difference in gender,
age distribution, and the timing of blood collection dur-
ing the acute phase among the subgroups (P> 0.05)
(Table 2). The length of hospital stay increased with the
aggravation of the disease, while not longest in the
critical-type patients, which attributed to the fact that
the death usually occurred soon after admission in the
non-survivors. Excluding the non-survivors, the length
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of hospital stay showed a significant correlation with dis-
ease severity (Table 2).

We comparatively analyzed the levels of pentraxin-3
among the subgroups to investigate the clinical correlation
of pentraxin-3 with disease severity. Of the enrolled pa-
tients, the levels of pentraxin-3 during the acute phase
were significantly higher than that of the control group
and convalescent phase of the same type (P <0.05). The
levels of pentraxin-3 had an increasing tendency with the
aggravation of the disease, and showed the highest
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expression in critical-type patients (P < 0.05). By contrast,
the comparison of pentraxin-3 during the convalescent
phase among the four types demonstrated no significant
difference (P < 0.05) (Fig. 1). Compared with the survivors,
non-survivors got higher levels of pentraxin-3 and worse
expressions of the conventional laboratory parameters (ex-
cept for the renal function markers: blood urea nitrogen
and creatinine) during the acute phase. More detailed in-
formation about demographic, clinical and laboratory
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A *

Convalescent phase

*
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Fig. 1 Levels of plasma pentraxin-3 during the clinical course in patients with HFRSThe levels of plasma pentraxin-3 during the acute phase (a)
and the convalescent phase (b) were compared by Kruskal-Wallis H test; pairwise comparisons among the five groups were performed using the
Nemenyi rank test. The differences of plasma pentraxin-3 between acute phase and convalescent phase of the mild-type (c), the moderate-type
(d), the severe-type (e), and the critical-type (f) were compared by Wilcoxon matched-pairs signed-ranks test. The logarithmic value of pentraxin-3
was used in the figure for the reason of the great differences between the groups.* P < 0.05
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Fig. 2 The correlation between pentraxin-3 and conventional laboratory parameters. Figure shows the correlation between pentraxin-3 and WBC
(@), PLT (b), ALB (c), AST (d), APTT (e), Fib (f). Spearman rank correlation analysis was used to evaluate the correlation between pentraxin-3 and
conventional laboratory parameters. Abbreviations: WBC, White blood cells; PLT, Platelet; AST, Aspartate aminotransferase; ALB, Aloumin; APTT,
Activated partial thromboplastin time; Fib, Fibrinogen

parameters of the study population was displayed in
Table 2.

The correlations of pentraxin-3 with conventional
laboratory parameters and hospital stay

Spearman correlation analysis showed that pentraxin-3
was positively correlated with WBC, AST and APTT, and
negatively correlated with PLT, ALB and Fib (|| > 0.500,
P <0.001) (Fig. 2). With hospital stay as a clinically rele-
vant end point, pentraxin-3 and conventional laboratory
parameters (WBC, PLT, AST, BUN, Cr) showed signifi-
cant correlations with the length of hospital stay (Table 3).

ROC curves for predictive efficacy and the hazard ratio of
death
The results of ROC curve analysis demonstrated obvious
predictive value of pentraxin-3 for the prognosis (death)
of HERS patients, with the AUC of 0.753 (95%CI: 0.593
~0.914, P=0.003) (Fig. 3). Except for AST, the AUC of
pentraxin-3 demonstrated no significant difference with
that of conventional laboratory parameters (WBC, PLT,
ALB, APTT and Fib). Taking 569.088 ng/ml as the cut-
off value of pentraxin-3, the sensitivity and specificity of
pentraxin-3 for predicting the prognosis (death) was
71.4 and 80.5%, respectively (Table 4).

Furthermore, we assessed the association of laboratory
parameters with mortality and calculated the hazard

ratio (HR) of death using the Kaplan-Meier survival
curves and log-rank test (taking death/survival as the
terminal event, lengths of hospital stay as the survival
time, and grouping based upon the cut-off values of
ROC curves). The results showed that high levels of
pentraxin-3 (> 569.088 ng/mL) during the acute
phase were significantly associated with the death in
HFRS patients, with a HR of 7.77 (2.29-26.35) in
comparison with the low pentraxin-3 (<569.088 ng/
mL) (Fig. 4).

Discussion

Although pentraxin-3 has been well studied in other dis-
eases such as sepsis, acute pancreatitis and dengue
hemorrhagic fever [9, 10, 12, 14, 16], its expression and
role has not been reported in HTNV-induced HFRS. In
this study, we detected the levels of plasma pentraxin-3
in HERS patients and healthy controls. Our results dem-
onstrated that the expression of plasma pentraxin-3 in
HERS patients was significantly higher than that in healthy
controls. Pentraxin-3 levels had an increasing tendency
with the aggravation of the disease, and showed the high-
est expression in the critical-type patients (Table 2 and
Fig. 1). The above findings indicate that pentraxin-3 can
serve as an early predictor for the disease severity of
HERS, which chimes in with the results of pentraxin-3 in
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Table 3 “Correlations of the laboratory parameters with
pentraxin-3 and hospital stay

Laboratory Pentraxin-3, ng/mL ® Hospital stay, days
parameters rs P value rg P value
Pentraxin-3, ng/mL - - 0.232 0.039
WBC, x 10%/L 0.636 < 0.001 0.259 0.019
PLT, x10%/L -0.797 < 0.001 -0323 0.003
HGB, g/L 0.385 <0.001 0.057 0614
HCT, % 0.265 0.001 -0.031 0.784
ALB, g/L -0.578 <0.001 -0.180 0.107
ALT, U/L 0.303 < 0.001 0.172 0.135
AST, U/L 0.681 < 0.001 0.249 0.029
PT, sec 0.155 0.065 0.208 0.066
PTA, % —0.134 0.112 -0218 0.053
APTT, sec 0.629 < 0.001 0.201 0.076
Fib, g/L -0.583 < 0.001 -0.156 0.169
BUN, mmol/L 0203 0.010 0459 <0.001
Cr, umol/L -0.040 0618 0454 <0.001
UA, umol/L -0214 0.006 0.016 0.889

Abbreviations: r; Coefficient of rank correlation, WBC White blood cells, PLT
Platelets, HGB Hemoglobin, HCT Hematocrit, ALB Albumin, ALT Alanine
aminotransferase, AST Aspartate aminotransferase, PT Prothrombin time, PTA
Prothrombin activity, APTT Activated partial thromboplastin time, Fib
Fibrinogen, BUN Blood urea nitrogen, Cr Creatinine, UA Uric acid, sec Second
*The correlations were calculated by Spearman rank correlation analysis
PThe data of hospital stay was derived from the survivors
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sepsis, acute pancreatitis, nephropathia epidemica and
other diseases [9, 10, 12, 14, 16, 17].

Previous studies have indicated that the levels of
pentraxin-3 showed significant correlations with coagu-
lation and inflammation parameters in patients with sep-
sis, nephropathia epidemica, and other infectious
diseases [14, 18]. Coincidentally, our study showed that
pentraxin-3 was significant correlated with conventional
laboratory parameters (WBC, PLT, AST, ALB, APTT,
Fib) and the length of hospital stay in HFRS patients
(Table 3 and Fig. 2). All the above findings further
underline the role of pentraxin-3 on severity assessing in
many diseases like HFRS. In addition, our study delivers
an explicit result that non-survivors had higher levels of
pentraxin-3 and worse expressions of the conventional
laboratory parameters during the acute phase (Table 3).
However, this was not the case for the markers of kidney
function (blood urea nitrogen and creatinine) for the
reason that most non-survivors died of refractory shock,
rock-ribbed visceral edema and hemorrhage in the fe-
brile and hypotensive stage. It is widely acceptable that
the deterioration of kidney function markers is mainly
manifested in the relatively stable oliguric stage. There-
fore, the markers of kidney function exhibit hysteresis
on reflecting the severity of HTNV-induced HERS [21].

Admittedly, there is a considerable diversity and het-
erogeneity in the clinical course and prognosis of pa-
tients with HFRS. A marker reliably predicting the
severity and prognosis of HFRS would be of clinical rele-
vance, since it could help clinicians in individualized
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Fig. 3 ROC curves for evaluating the predictive efficacy of pentraxin-3 and conventional laboratory parameters. Figure shows the predictive
efficacy of pentraxin-3, AST, PLT, WBC, and ALB for the prognosis (death) in patients with HFRS. Pentraxin-3 showed significant predictive value,
with the AUC of 0.753 (P =0.003). Abbreviations: ROC curve, Receiver operating characteristic curve; AUC, Area under the ROC curve; WBC, White
blood cells; PLT, Platelet; AST, Aspartate aminotransferase; ALB, Albumin
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Table 4 Predictive efficacy of pentraxin-3 and conventional laboratory parameters
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AUC (95% CI) P Cut-off Sensitivity Specifity Comparison of AUC (pentraxin-3)
value value z P value

Pentraxin-3, ng/mL 0.753 (0.593-0.914) 0.003 569.088 71.4% 80.5% - -

WBC, x10%/L 0.742 (0.573-0911) 0.004 31.525 57.1% 93.9% 0.188 0.851
PLT, x 107/L 0.747 (0.621-0.872) 0.003 415 47.6% 92.9% 0.110 0912
ALB, g/L 0.732 (0.553-0.911) 0.006 24.85 81.7% 71.4% 0.344 0.731
AST, U/L 0.883 (0.787-0.979) <0.001 203 78.6% 90.9% 2.163 0.031
APTT, sec 0.865 (0.747-0.984) <0.001 54.55 64.3% 96.2% 1.670 0.095
Fib, g/L 0.824 (0.710-0.937) <0.001 1.8425 86.1% 71.4% 0.785 0433
Cr, umol/L 0.534 (0.391-0.677) 0.686 - - - - -

BUN, mmol/L 0.536 (0.359-0.712) 0670 - - - - -

Abbreviations: AUC Area under the ROC curve, CI Confidence interval, WBC White blood cells, PLT Platelets, ALB Aloumin, AST Aspartate aminotransferase, APTT
Activated partial thromboplastin time, Fib Fibrinogen, Cr Creatinine, BUN Blood urea nitrogen, sec Second
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therapy allocation based on the disease severity. In recent
years, some studies have identified several early predictors
related to the severity and prognosis of HFRS, such as
growth arrest-specific 6 protein, urinary neutrophil
gelatinase-associated lipocalin and Glycoprotein YKL-40
[20-22]. In this study, we observed that high levels of
pentraxin-3 (>569.088 ng/mL) during the acute phase
were significantly associated with the death in HERS pa-
tients (Fig. 4). Pentraxin-3 also demonstrated a significant
predictive value for the prognosis (death) of HFRS pa-
tients, and which was comparable with the predictive
value of conventional laboratory parameters such as PLT
(Table 4 and Fig. 3). To sum up, pentraxin-3 could serve
as a novel and efficient biomarker for predicting the dis-
ease severity and mortality risk in patients with HFRS.

As one of the most important immune cells participat-
ing in innate immunity, neutrophils play a crucial part in
resisting bacterial infection. Nevertheless, the neutrophils
are also elevated in most HFRS patients during the acute
phase, and also positively correlated with the disease se-
verity of HERS [19, 23]. Therefore, hyperactive neutrophils
may also participate in the immunopathological injury of
HERS by releasing neutrophilic granules. Pentraxin-3 syn-
thesized by neutrophils is mainly stored in neutrophilic
granules, which can interact with a variety of bacteria,
fungi and viruses after release and then propel the phago-
cytosis and clearance of pathogenic microorganisms [24].
As an important component of innate humoral immunity,
pentraxin-3 has the ability to bind complement compo-
nent Clq and then activate the classical pathway of com-
plement [25, 26]. Recently, many studies have showed that
pentraxin-3 could modulate inflammatory cells, interact
with P-selectin, reduce the nitric oxide (NO) synthesis of
endothelial cells, inhibit endothelial cells proliferation and
alter their functions, and finally promote vascular inflam-
matory response and endothelial dysfunction [27, 28].
Therefore, the release of pentraxin-3 by neutrophil
degranulation may be an important link in the immuno-
pathological injury of HFRS, and the level of plasma
pentraxin-3 may also indirectly reflect the severity of vas-
cular endothelial injury in patients with HFRS. However,
the underlying pathomechanism of endothelial injury and
vascular leakage in HTNV-induced HERS is still not fully
understood. Consequently, further studies are essential to
clarify the role of pentraxin-3 on the pathological injury of
HERS and its related mechanism.

As an observational study, although we got a meaning-
ful conclusion that pentraxin-3 could serve as an effi-
cient biomarker for predicting the disease severity and
mortality risk of HFRS, there were still some limitations.
First, this study was conducted in a single center for in-
fectious diseases. The results might be limited by the
relatively small sample size because of the gradually de-
clining incidence of HERS in Xi'an city. For the reason
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that several mild-type patients tided over the acute phase
instantly after admission and only convalescent samples
available, and the decedent died before entering the con-
valescence phase, only 96 venous blood specimens dur-
ing the acute phase and 65 during the convalescent
phase were collected from the enrolled patients. All
these adverse factors may affect the accuracy of the re-
sults. Second, the definition of blood sample collection
time was too broad in this study. Given the individual
differences of patients’ condition and the clinical process
on admission, we could only collect venous blood speci-
mens according to the acute phase and convalescent
phase defined in the study. Although there was no sig-
nificant statistical difference on sample collection time
of the acute phase, the levels of plasma pentraxin-3
might still be influenced by the different time-points,
and also by the variability of pathological injury during
the acute phase of HFRS. Third, it is essential to conduct
a prospective, large sample, multicenter cohort study to
further confirm the predictive efficacy and clinical appli-
cation value of plasma pentraxin-3 for disease severity
and prognosis (death) in HFRS patients. Last but not
least, the research limitations caused by the experimental
measurement errors and the outdated clinical typing cri-
teria should not be overlooked.

Conclusions

Pentraxin-3 could serve as a novel and efficient bio-
marker for predicting the disease severity and mortality
risk of patients with HFRS. The detection of plasma
pentraxin-3 might help clinicians quickly identify the se-
vere patients at an early stage and timely take optimal
therapeutic schedule for them, so as to improve the
therapeutic effect and the prognosis of HFRS.
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