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Abstract: Procalcitonin (PCT) is associated with severity of infection in sepsis. The sensitivity and specificity of the
adrenomedullin precursor (MR-proADM) for the diagnosis of sepsis is higher than that of PCT. This study explored
the role of MR-proADM and PCT in the early diagnosis of childhood sepsis, aiming to provide a basis for the diagnosis of clinical infectious diseases. In total, 94 septic children who were admitted to the intensive care unit (ICUs)
were divided into three groups, including 31 sepsis patients in group A, 33 severe sepsis patients in group B, and 30
septic shock patients in group C. Another 25 patients with systemic inflammatory response syndrome (SIRS) were
enrolled as group D, and 20 healthy children were selected as the control group E. Blood sample was taken within 1
hour of ICU to detect plasma MR-proADM and PCT concentrations. PCT was tested by highly sensitive luminescence
immunoassay. MR-proADM was determined by novel sandwich immunofluorescence assay. Receiver operating characteristic (ROC) curve was established to analyze the role of MR-proADM and PCT in the early diagnosis of childhood
sepsis. MR-proADM and PCT levels gradually increased in the sepsis group following severity enhancement as C > B
> A > C > E group (P < 0.05). They were gradually elevated with the children’s critical illness score (PCIS) decreased
(P < 0.05). MR-proADM and PCT levels were negatively correlated with PCIS scores (r=-0.618, -0.456, P < 0.05). The
area under the curve for the diagnosis of sepsis of MR-proADM and PCT was 0.869 and 0.757, respectively. The
diagnostic efficacy of MR-proADM was better than PCT. The sensitivity and specificity of MR-proADM > 3.46 mmol/L
and PCT > 0.41 μg/L as positive in sepsis children were 85.11%, 74.47%, 71.11%, and 66.67%, respectively. The
sensitivity of combined detection to diagnose sepsis in children was improved. PCT and MR-proADM concentrations
were significantly increased following sepsis child worse. The diagnostic effect of MR-proADM on children with sepsis was better than that of PCT. Their combined detection effect was better than the single test.
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Introduction
Sepsis is a common critical illness in the ICU
with incomplete elucidated pathogenesis [1, 2].
Although the rescue technique for sepsis has
greatly progressed, the incidence and mortality
of severe sepsis and septic shock are still high
[3, 4]. In the Emergency Department and ICU,
sepsis, septic shock, and diagnosed multiple
organ failure (MODS) are the most common causes of death in critically ill children.
Appropriate interventions in the early stage of
sepsis will reverse the occurrence of irreversible organ damage [5, 6]. Therefore, the key to

improve the success rate of pediatric sepsis
depends on early identifying the severe infections and septic shock. A number of studies
confirmed that C-reactive protein (CRP) has certain clinical value in early infection. Interleukin-6
(IL-6), IL-10, tumor necrosis factor (TNF-α), and
interferon-γ (INF-γ) are the core members of
cytokines, which upregulate earlier than CRP in
patients with sepsis. However, the huge different results limit their use as diagnostic markers
for sepsis [7, 8]. There is a certain correlation
between PCT and the severity of infection in
sepsis. MR-proADM is more sensitive and specific than PCT in the diagnosis of sepsis, thus

ROC curve analysis of PCT and MR-proADM in sepsis
plays an important role in the prognosis evaluation of severe patients. The combined detection of PCT and MR-proADM can improve the
sensitivity and specificity of early diagnosis of
adult sepsis [9, 10]. However, there is still a
lack of investigation about the combined detection of PCT and MR-proADM in childhood sepsis. Therefore, to further understand the changes of PCT and MR-proADM in children with sepsis, this study investigated the relationship
between plasma PCT, MR-proADM, and PCIS
and prognosis in children with sepsis by using
ROC curve. It is expected to provide more valuable evaluation indicators for early diagnosis
and prognosis of childhood sepsis.
Materials and methods
General information
A total of 94 children with sepsis admitted to
ICU from June 2016 to April 2018 were selected as subjects in Lishui Hospital, Zhejiang
University School Of Medicine (Lishui, Zhejiang,
China). All children were diagnosed according to the sepsis guideline 3.0 of the 2016
American Society of Critical Care Medicine
(SCCM) and the European Society for Critical
Care Medicine (ESICM) [9]. Exclusion criteria:
severe chronic disease, diabetes taking drugs
that affect blood lactate concentration (e.g.
biguanide), use drugs that affect blood lactate
concentration before admission, acute myocardial infarction, organ transplantation, highdose catecholamines, multiple burns, congenital heart disease, and rheumatic heart disease,
incomplete clinical data, and died within 24 h
after admission. There were 67 males and 27
females with mean age of 8.37 ± 2.15 (6-12)
years old. The children with sepsis were divided
into sepsis group A (31 cases), severe sepsis
group B (33 cases), and septic shock group C
(30 cases). Another 25 patients were selected
as SIRS group D, and 20 healthy children were
enrolled as control. The blood was extracted
within 1 hour after being admitted to the ICU to
test serum MR-proADM and PCT concentrations. The PCIS score was evaluated within 24
hours. The children were divided into 3 groups
according to the score, as extremely critical
group (PCIS ≤ 70 points), and severe group
(PCIS between 71 and 80 points), and nonsevere group (PCIS between 80 and 100
points). The patients were divided into the sur-
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vival group and the death group according to
clinical outcome. Prognosis and outcome of
children at 1 month after treatment were recorded.
This study was approved by the Ethics Committee in Lishui Hospital, Zhejiang University
School Of Medicine (Lishui, Zhejiang, China).
Methods
The general clinical data were collected. There
were no statistical differences on age and gender among groups. Liver function, kidney function, and blood routine examination were tested. PCT value was detected by high sensitivity
immunoassay, and MR-proADM was detected
by immunofluorescence assay [7, 9].
Statistical analysis
All data analyses were performed by SPSS19.0
statistical software. The measurement data
conforming to the normal distribution is
_ presented as mean ± standard deviation ( X ± S)
and compared by ANOVA or t test. The rate was
compared by χ2 test. The grade data was tested
by nonparametric test. Correlation analysis was
performed by Spearman. ROC curve was used
to evaluate the prognosis of sepsis. Logistic
regression model was established by combination of various indicators. ROC curve analysis
was used to determine the value of combined
detection in sepsis diagnose. Combined detection was compared with z test. P < 0.05 was
defined as statistical significance.
Results
Comparison of MR-proADM and PCT levels in
septic children with different degrees of infection
MR-proADM and PCT levels gradually increased
in the sepsis group following severity enhancement as C > B > A > C > E group (P < 0.05)
(Figure 1).
Comparison of MR-proADM and PCT levels in
septic children with different PCIS
MR-proADM and PCT levels were gradually elevated with the children’s critical illness score
(PCIS) decreased (P < 0.05) (Figure 2). MRproADM and PCT levels were negatively corre-
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Figure 1. Comparison of MR-proADM and PCT levels
in septic children with different degrees of infection.
A, Sepsis group. B, Severe sepsis group. C, Septic
shock group. D, SIRS group. E, Control. *P < 0.05,
compared with group E. #P < 0.05, compared with
group D. ΔP < 0.05, compared with group A. □P <
0.05, compared with group B.

Figure 3. ROC curve analysis of MR-proADM and PCT
in the diagnosis of childhood sepsis.

Discussion

Figure 2. Comparison of MR-proADM and PCT levels
in septic children with different PCIS. *P < 0.05,
����������
compared with non-severe group. #P < 0.05, compared
with severe group.

lated with PCIS scores (r=-0.618, -0.456, P <
0.05).
Diagnostic evaluation of MR-proADM and PCT
levels on septic children
The area under the curve for the diagnosis of
sepsis of MR-proADM and PCT was 0.869 and
0.757, respectively. The diagnostic efficacy of
MR-proADM was better than PCT (Figure 3).
The sensitivity and specificity of MR-proADM >
3.46 mmol/L and PCT > 0.41 μg/L as positive in sepsis children were 85.11%, 74.47%,
71.11%, and 66.67%, respectively (Table 1).
The sensitivity of combined detection to diagnose sepsis in children was improved.
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Sepsis, septic shock, and diagnosed multiple
organ failure (MOF) are the most common
causes of death in critically ill children [11]. The
key to improve the success rate of pediatric
sepsis depends on early identification of the
severe infections and septic shock [12, 13]. At
present, the gold standard for the diagnosis of
sepsis is blood culture. However, because of
the small amount of pediatric blood culture
samples, the detection sensitivity is low [14,
15]. WBC can be treated as a reference indicator for the diagnosis of sepsis. However, it is not
a diagnostic indicator as is affected by the
detection and collection method [16, 17]. It
was reported that CRP has certain clinical value
in early infection [18, 19]. IL-6, IL-10, TNF-α,
and INF-γ elevate earlier in patients with sepsis
than CRP. However, their values vary widely in
different populations, thus limiting their application in sepsis. PCT is mainly produced in thyroid medulla C cells. Endotoxemia or bacterial
infection cause cytokines (IL-6, IL-10, TNF-α, or
lipopolysaccharide) to stimulate its expression
in cells and tissues. Virus infection can increase
INF-γ, whereas interferon can inhibit the elevation of PCT, so that PCT has better specificity
for bacterial infection [15-17]. PCT can be rapidly detected in plasma at 2 hours after infection and reaches peak at 24 to 48 hours. When
the infection is controlled, PCT can be reduced
to 50% of the peak. PCT should be monitored in
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Table 1. Sensitivity and specificity analysis of MR-proADM and PCT in
diagnosis of childhood sepsis
Positive cut-off
AUC
Sensitivity/%
Specificity/%
value
MR-proADM
> 3.46 mmol/L 0.869 85.11 (80/94) 71.11 (32/45)
PCT
> 0.41 ug/L 0.757 74.47 (70/94) 66.67 (30/45)
MR-proADM + PCT
0.931
96.20
47.41
Index

ICU. Although the mortality rate of inpatients
did not change significantly, it can obviously
shorten anti-infective treatment and change
anti-infective strategies [20, 21].
At present, MR-proANP and MR-proADM
showed great application prospects in predicting the severity of sepsis. Serum ADM level is
elevated in sepsis. Due to the short half-life, it
is difficult to measure ADM release level in circulating blood. The ADM is masked by the binding protein. MR-proADM is more stable in the
blood circulation and directly reflects the rapidly diminished ADM active peptide level, which
has been validated in patients with septic
shock [22]. PCIS can accurately determine the
criticality and predict the risk of death. However,
the critical case scoring system has the disadvantages of being time-consuming and subjective. Sensitive biomarkers are objective and
accurate. It was found that the combined application of critical scoring system indicator and
biomarkers could improve the accuracy of risk
classification and prognosis in critically ill
patients. Combined use of pneumonia critical
index and MR-proADM was more valuable than
community pneumoconiosis index alone in the
assessment of community-acquired pneumonia [19, 22]. The combined use of PCT and
MR-proADM obtained progress in the early
diagnosis and classification of adult sepsis
[22]. Karakike E et al. indicated that the combined detection of PCT and MR-proADM can
improve the sensitivity and specificity of early
sepsis diagnosis. In the logistic test, Lundberg
OH and Di Somma S revealed that Pro-ADM is
an independent risk factor for patient prognosis [19, 21]. However, there has been a lack of
investigation about the combined detection of
PCT and MR-proADM in childhood sepsis.
Therefore, to further understand the changes
of PCT and MR-proADM in children with sepsis,
this study investigated the relationship between
plasma PCT, MR-proADM, and PCIS and prognosis in children with sepsis by using ROC
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curve. It was expected to
provide more valuable evaluation indicators for early
diagnosis and prognosis of
childhood sepsis.

In this study, MR-proADM
and PCT levels gradually
increased in the sepsis
group following severity enhancement as C > B
> A > C > E group. They were gradually elevated
with the children’s PCIS decreased. MR-proADM
and PCT levels were negatively correlated with
PCIS scores, indicating that MR-proADM and
PCT levels can reflect the severity of sepsis children, which is helpful for early diagnosis and
prognosis evaluation. The diagnostic efficacy of
MR-proADM was better than PCT. The sensitivity and specificity of MR-proADM > 3.46 mmol/L
and PCT > 0.41 μg/L as positive in sepsis children were 85.11%, 74.47%, 71.11%, and
66.67%, respectively. The sensitivity of combined detection to diagnose sepsis in children
was improved, suggesting that the combined
detection has complementary effects, which is
helpful for early and rapid assessment of sepsis. Considering the limitations of single index,
multiple detection observations should be
combined in the clinical diagnosis and evaluation process. PCT was better at distinguishing
between sepsis and systemic inflammatory
response syndrome [19, 21]. Its diagnostic
value on sepsis is 24 to 48 hours earlier than
CRP, with the best cutoff value of 0.47 μg/L,
the sensitivity of 83%, and the specificity of
81%, respectively. However, PCT was not consistent with the severity of infection. The use of
Pro-ADM combined with CRP and IL-6 for the
diagnosis of neonatal sepsis has higher sensitivity and specificity. The combined use of
MR-proADM and MEDS scores is more valuable
in the early diagnosis and prognostic evaluation of sepsis than MR-proADM or MEDS scores
alone [16, 17, 20]. The middle segment of ADM
precursor has the best prediction accuracy at
3.9 nmol/L with sensitivity of 83.3% and specificity of 87.8%. The accuracy of this prediction
is better than CRP and PCT [19, 21]. Similarly,
Pro-ADM and PCT exhibited higher sensitivity
and specificity in the diagnosis of childhood
sepsis. MR-proADM is superior to PCT in the
diagnosis of sepsis with better AUC value, sensitivity, and specificity. The sample size was limited in this study, and larger scale investigation
is needed in the future.
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Conclusion
PCT and MR-proADM concentrations were significantly increased following sepsis child
worse. The diagnostic effect of MR-proADM on
children with sepsis was better than that of
PCT. Their combined detection effect was better than the single test.
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