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Background: To investigate the clinical values of the common biomarkers including blood routine (B-
Rt), C-reactive protein (CRP), serum amyloid A (SAA) and procalcitonin (PCT) for efficacy monitoring of
antibiotics in early-onset neonatal sepsis (EONS).

Methods: The clinical and laboratory data of 78 neonates with confirmed EONS in the neonatal intensive
care unit (NICU) of our center from July 1, 2019 to June 30, 2020 were retrospectively analyzed. All the
subjects were treated with cefotiam (50 mg/kg q12h) and augmentin (30 mg/kg q12h) within 12 hours
after birth. Blood samples were collected 012 hours after birth for blood culture, measurements of B-Rg,
CRP and SAA. Subsequently, blood sampling was performed at intervals of 12-24, 24-48, 48-96, and
96-144 hours for measurements of B-Rt, CRP, SAA and PCT. Statistical analyses were performed in the
SPSS 20.0 software package. P value of <0.05 was considered statistically significant.

Results: WBC count showed no significant change among different intervals (12-24, 24-48, 48-96, and
96-144 hours); in contrast, NEU%, CRP, SAA and PCT significantly differed across all intervals. SAA had
sensitivities of 75.86%, 93.1%, 44.83%, and 3.45%, respectively; specificities of 100% across all intervals;
and AUC:s of 0.879 (P<0.0001), 0.966 (P<0.0001), 0.724 (P<0.0001), and 0.500, respectively (P=1). PCT had
sensitivities of 100%, 100%, 79.31%, and 51.72%, respectively; specificities of 100% across all intervals; and
AUG:s of 1 (P<0.0001), 1 (P<0.0001), 0.793 (P<0.0001), and 0.517 (P>0.8551), respectively.

Conclusions: WBC count, NEU% and CRP showed no clinical significance for any intervals for efficacy
monitoring of antibiotic treatment. SAA and PCT had similar monitoring values at 12-24 and 24-48 hours.
SAA is thus more valuable than PCT for efficacy monitoring of antibiotics at the 48-96 and even at the
96-144 hours intervals in EONS.
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Introduction

Early-onset neonatal sepsis (EONS) in the neonatal
intensive care unit (NICU) is highly fatal and can lead
to serious long-term sequelae. Timely diagnosis and
appropriate antibiotic use are particularly important for
lowering EONS-related mortality and morbidity (1,2).
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The gold-standard blood culture technique requires at
least 24-48 hours and low positive yields. The clinical
manifestations vary considerably and are nonspecific, which
makes the diagnosis of EONS difficult and predisposes
to excessive antibiotic use. This has resulted in the

early, broad, and prolonged application of antibiotics in
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suspected cases with negative blood culture results (3-6).
The excessive or irrational use of antibiotics not only
leads to high hospitalization expenditures (7), but also
may cause changes in the normal gut flora, induction of
multi-drug-resistant bacteria, and increased risks of serious
complications including invasive candidiasis, necrotizing
enterocolitis, delayed sepsis, and even death (8,9). In
recent decades have seen emergence of multiple putative
biomarkers for efficacy monitoring of antibiotics EONS.
These include surface markers, acute phase reactants,
cytokines, and chemokines. These objective biomarkers
such as B-Rt, CRP, SAA, PCT and IL-6 are most widely
used in the clinical. B-Rt is the most basic clinical
biomarker, despite the development of other biomarkers
in recent years, CRP remains the most commonly use
diagnostic and monitoring indicator for sepsis, with
a specificity of 94.8% and a sensitivity of 67.1% (10).
Meanwhile, PCT is a polypeptide consisting of 116 amino
acids. Studies have found that PCT has the highest negative
predictive value (87-100%) for severe bacterial infections in
newborns (11,12). Finally, SAA is an apolipoprotein mainly
synthesized by the liver. It has high accuracy for the early
detection of infections in neonates, with a specificity of 95%
and a sensitivity of 82%, and it is negatively correlated with
neonatal mortality (13). Cytokines and chemokines such as
interleukin-6 (IL-6) has been deemed unsuitable because of
its short half-life (14). Meanwhile, bacterial DNA test has
low specificity and expensive, and has not been widely used
in clinical practice.

With the goal of identifying biomarkers capable of
guiding antibiotic adjustment and discontinuation, our study
retrospectively explored the features of B-Rt, CRP, SAA
and PCT during the treatment of EONS. Different from
previous studies, this study mainly compared the specificity
and sensitivity of these most widely used conventional
biomarkers in the clinical for efficacy monitoring. We
present the following article in accordance with the STARD
reporting checklist (available at http://dx.doi.org/10.21037/
tp-20-326).

Methods
Subjects

A total of 78 patients being cared for in the NICU of our
center from July 1, 2019 to June 30, 2020 were selected
for this retrospective study. All cases were admitted to
the NICU within 2 hours after birth in the Obstetrics
Department, and their gestational ages ranged from 28 to
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34 weeks. All subjects met the following diagnostic criteria
for EONS (15): (I) the suspected cases had any of the
following features within 3 days of birth: (i) abnormal
clinical manifestations; (ii) a mother with chorioamnionitis;
or (iii) premature rupture of membranes (PROM)
>18 hours before the onset of contractions. If there were no
abnormal clinical manifestations, blood culture was negative,
and two consecutive blood non-specific tests (within a
24-hour interval) showed fewer than two positive results, the
possibility of sepsis was ruled out. (II) A clinical diagnosis
was made if a patient had abnormal clinical manifestations
and met any of the following criteria: (i) blood non-specific
tests showing two or more positive results; (ii) cerebrospinal
fluid test revealing purulent meningitis; or (iii) the presence
of bacterial DNA in the blood. (III) A diagnosis of EONS
was confirmed if there were typical clinical manifestations
of sepsis and positive findings in blood/cerebrospinal fluid
(or other sterile cavity fluid) cultures.

The study follows the tenets of the Declaration of
Helsinki (as revised in 2013) and was approved by the Ethics
Committee of People’s Hospital of Wuhan University (no
registry number is available as no relevant project funding
for this study was provided). The Ethics Committee of our
school agreed, but no number was given because there was
no relevant project funding for this article). The guardians
of all the children in our department gave informed consent.

Measurements

A retrospective study was conducted on 78 patients with
confirmed EONS. All the subjects were treated with
cefotiam (50 mg/kg q12h) and augmentin 30 mg/kg q12h)
within 12 hours after birth. The medicines were switched
to third- or later-generation broad-spectrum antibiotics
(meropenem, imipenem-—cilastatin sodium, and others)
within 24 hours, and the treatments lasted for 5 days or
more. Automated blood culture was performed (BacT/
ALERT3D60, Bio Mérieux), along with the use of a
24-hour early warning system. A preliminary culture report
was generated 3 days (72 hours) after culture for bacteria,
and a final culture report was obtained at day 5 (120 hours).
B-Rt was completed on an automatic blood analyzer, CRP
and SAA were measured by enzyme-linked immunosorbent
method (ELISA: Booster Biological Technology Co.
Ltd. Wuhan, China), and PCT was determined by
immunoluminescence method (E601, Roche Cobas). All the
tests were completed in our clinical laboratory.

According to the clinical routine monitoring of blood
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Interval ~ WBC (x10%L) [M (P25, P75)] NEU % (v+s) CRP (mg/L) [M (P25, P75)] SAA (mg/L) [M (P25, P75)] PCT (ng/mL) [M (P25, P75)]
0-12h 8.77 (6.38, 14.21) 55.20+16.67 0.5 (0.5, 0.5) 5 (5, 5) -

12-24 h 9.25 (7.18, 15.86) 75.84+9.13 12.35 (5.60, 28.33) 67.06 (5.54, 161.05) 25.10 (12.16, 79.05)
24-48 h 8.99 (7.00, 12.35) 71.21+13.35  19.45(11.03, 32.01) 104.73 (44.28, 144.77) 26.96 (8.39, 50.25)
48-96 h 9.12 (7.29, 12.29) 54.18+14.40 6.97 (2.51, 12.39) 5 (5, 10.90) 2.57 (0.40, 10.61)
96-144 h 12.86 (9.66, 15.12) 43.58+12.37 1.81(0.93, 3.92) 5 (5, 5) 0.26 (0.12, 0.52)
Statistic H =8.225 F =28.325 H =80.397 H =79.802 H =72.076

P value 0.084 <0.001 <0.001 <0.001 <0.001

WBC, white blood cell; NEU%, neutrophils; CRP, C-reactive protein; SAA, serum amyloid A; PCT, procalcitonin.

routine and the characteristics of CRP, SAA and PCT in
the process of inflammatory response and the actual clinical
monitoring of the course of disease in neonates, monitoring
was conducted every 12-24 hours within 72 hours
after birth, and every 24-48 hours after the condition was
stabilized after 72 hours. Because PCT can be altered by
physiological factors such as labor factors and postnatal
hunger, the inflammatory response within 12-24 hours (16),
so PCT monitoring begins 12 hours after birth. We detected
WBC, NEU%, CRP, SAA and PCT using the following
protocol: the first session of blood specimen collection,
blood culture, and determination of B-Rt, CRP and SAA
was completed within 12 hours after birth for all subjects, for
whom the detection of B-Rt, CRP and SAA was performed
using the same blood specimen; in the other intervals (12-24,
24-48, 48-96, and 96-144 hours), B-Rt, CRP, SAA and
PCT were determined using the same blood samples. In
this study, all the cases were from the obstetrics department
of pathology in our hospital, and the conditions of the
included cases were strictly controlled. In order to reduce
the variability of the results as much as possible, all the test
biomarkers were applied with the same specimen at the same
time.

Data analysis

Diagnostic performance of WBC count, CRP, SAA and
PCT were analyzed by non-parametric statistical methods,
while NEU% was analyzed by chi-squared test in the SPSS
20.0 software package (IBM, Armonk, NY, USA). The
receiver operating characteristic (ROC) curves were drawn
by using the MedCalc 18.2.1 software (MedCalc Software
bv, Ostend, Belgium) to compare the diagnostic sensitivities
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and specificities. A P value of <0.05 was considered
statistically significant.

Results
General data

All the cases in the EONS group met the diagnostic criteria
for EONS (15). The WBC count, NEU%, CRP, SAA
and PCT at different intervals are summarized in 7able 1.
The roles of WBC count, NEU%, CRP, SAA and PCT
in monitoring the treatment responses in patients are
summarized in Table 2.

Levels of inflammmatory biomarkers at different intervals

The WBC count, NEU%, CRP, SAA and PCT at different
intervals are summarized. After tests for normality and
homogeneity of variance, the diagnostic performance of
WBC count, CRP, SAA and PCT were analyzed by non-
parametric statistical methods, while NEU% was analyzed
by chi-squared test in the SPSS 20.0 software package
(1able 1'). WBC count showed no significant change across
the such different intervals (12-24, 24-48, 48-96, and 96—
144 hours); NEU %, CRP, SAA and PCT showed significant
change across all intervals (Table I).

Areas under the ROC curve of each inflammation
biomarkers at different intervals

The sensitivity and specificity of each marker were
calculated by using the MedCalc software (version 18.2.1)
(Table 2). For the intervals of 12-24, 24-48, 48-96, and
96-144 hours, WBC had sensitivities of 82.76%, 75.86%,
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Table 2 Performance of WBC count, NEU%, CRP, SAA and PCT in monitoring the treatment responses in EONS patients

Parameters AUC P value 95% Cl Sensitivity (%) Specificity (%)  Youden index® Optimal cutoff
WBC (x10%/L)
0-12h 0.828 <0.001 (0.706, 0.914) 82.76 100 0.8276 15.53
12-24 h 0.759 0.0014 (0.628, 0.861) 75.86 100 0.7586 13.89
24-48 h 0.862 <0.001 (0.746, 0.939) 86.21 100 0.8621 15.59
48-96 h 0.828 <0.001 (0.706, 0.914) 82.76 100 0.8276 14.66
96-144 h 0.793 <0.001 (0.666, 0.888) 79.31 100 0.7931 15.85
NEU%
0-12h 0.966 <0.001 (0.881, 0.996) 96.55 100 0.9655 32
12-24 h 1.000 <0.001 (0.938, 1.000) 100.00 100 1.0000 32
24-48 h 1.000 <0.001 (0.938, 1.000) 100.00 100 1.0000 32
48-96 h 0.931 <0.001 (0.833, 0.981) 93.10 100 0.9310 32
96-144 h 0.793 <0.001 (0.666, 0.888) 79.31 100 0.7931 32
CRP (mg/L)
0-12h 0.603 0.0069 (0.466, 0.730) 20.69 100 0.2069 0.5
12-24 h 0.983 <0.001 (0.908, 1.000) 96.55 100 0.9655 0.5
24-48 h 1.000 <0.001 (0.938, 1.000) 100.00 100 1.0000 0.5
48-96 h 1.000 <0.001 (0.938, 1.000) 100.00 100 1.0000 0.5
96-144 h 0.931 <0.001 (0.833, 0.981) 86.21 100 0.8621 0.5
SAA (mg/L)
0-12h 0.552 0.0723 (0.415, 0.683) 10.34 100 0.1034 5
12-24 h 0.879 <0.0010 (0.767, 0.950) 75.86 100 0.7586 5
24-48 h 0.966 <0.0010 (0.881, 0.996) 93.10 100 0.9310 5
48-96 h 0.724 <0.0010 (0.591, 0.833) 44.83 100 0.4483 5
96-144 h 0.500 1.0000 (0.366, 0.634) 3.45 100 0.0345 5
PCT (ng/mL)
12-24 h 1.000 <0.0010 (0.938, 1.000) 100.00 100 1.0000 0.300
24-48 h 1.000 <0.0010 (0.938, 1.000) 100.00 100 1.0000 0.300
48-96 h 0.793 <0.0100 (0.666, 0.888) 79.31 100 0.7931 0.300
96-144 h 0.517 0.8551 (0.382, 0.650) 51.72 100 0.5172 0.259

?, Youden Index = Specificity + Sensitivity — 1. WBC, white blood cell; NEU%, neutrophils; CRP, C-reactive protein; SAA, serum amyloid A;

PCT, procalcitonin; EONS, early-onset neonatal sepsis.

86.21%, 82.76%, and 79.31%, respectively; specificities of
100% across all intervals; optimal cutoffs of 15.53, 13.89,
15.59, 14.66, and 15.85x10°/L, respectively; and AUCs
of 0.828, 0.759, 0.862, 0.828, and 0.793, respectively
(all P<0.01). NEU% had sensitivities of 96.55%, 100%,
100%, 93.1%, and 79.31%, respectively; specificities
of 100% across all intervals; optimal cutoffs of 32%
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across all intervals; and AUCs of 0.966, 1, 1, 0.931, and
0.793, respectively (all P<0.01). CRP had sensitivities of
20.69%, 96.55%, 100%, 100%, and 86.21%, respectively;
specificities of 100% across all intervals; optimal cutoffs
of 0.5 mg/L across all intervals; and AUCs of 0.603,
0.983, 1, 1, and 0.931, respectively. SAA had sensitivities
of 75.86%, 93.1%, 44.83%, and 3.45%, respectively;
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Figure 1 AUC analysis results of the values of WBC count,
NEU%, CRP, SAA and PCT in monitoring treatment response at
the 12-24 hours interval. AUC, areas under the ROC curve; WBC,
white blood cell; NEU%, neutrophils; CRP, C-reactive protein;
SAA, serum amyloid A; PCT, procalcitonin.
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Figure 2 AUC analysis results of WBC count, NEU%, CRP, SAA
and PCT values for monitoring treatment response at the 24—
48 hours interval. AUC, areas under the ROC curve; WBC, white
blood cell; NEU%, neutrophils; CRP, C-reactive protein; SAA,

serum amyloid A; PCT, procalcitonin.

specificities 100% across all intervals; optimal cutoffs of
5 mg/L across all intervals; and AUCs of 0.879 (P<0.0001),
0.966 (P<0.0001), 0.724 (P<0.0001), and 0.500 (P=1),
respectively. PCT had sensitivities of 100%, 100%, 79.31%,
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and 51.72%, respectively; specificities of 100% across all
intervals; optimal cutoffs of 0.3, 0.3, 0.3, and 0.259 ng/mL,
respectively; and AUCs of 1 (P<0.0001), 1 (P<0.0001), 0.793
(P<0.0001), and 0.517 (P>0.8551), respectively.

Values of different inflammatory biomarkers for efficacy
monitoring in EONS patients at different intervals

The area under the ROC curve (AUC), which is used for
evaluating diagnostic performance, ranged between 0.5 and
1. The diagnostic performance is regarded as low when
AUC is 0.5-0.7, intermediate when AUC is 0.7-0.9, and
high when AUC is 0.9 or higher. AUC =0.5 indicates a
worthless test. The sensitivity and specificity of each marker
were calculated by using the MedCalc software (version
18.2.1) (Table 2). The AUC analysis results of the values of
WBC count, NEU%, CRP, SAA and PCT in monitoring
the treatment response in EONS patients are shown in
Figures 1-4.

As shown in Tubles 1 and 2 and in Figures 1-4, WBC
count had a moderate diagnostic value at each interval;
CRP had a high diagnostic value at each interval(with an
AUC above 0.9); SAA had a high diagnostic value at 24—
48 hours (with an AUC of above 0.9), a moderate diagnostic
value at the intervals of 12-24 hours and 48-96 hours
(with AUCs being 0.7-0.9), but had no diagnostic value
at the interval of 96-144 hours (with an AUC of 0.5);
PCT had a high diagnostic value at intervals of 12-24 and
24-48 hours (with an AUC of above 0.9), a moderate
diagnostic value at 48-96 hours (with AUCs of 0.7-0.9), but
had no diagnostic value at 96-144 hours (with an AUC of
0.517). The diagnostic sensitivities of WBC count, NEU%,
CRP, SAA and PCT ranged from 86.21% to 100% at
12-24 hours and 24-48 hours; were 82.76%, 93.1%, 100%,
44.83%, and 79.31% at 48-96 hours, respectively; and
were 79.31%, 79.31%, 86.21%, 3.45%, and 51.72% at 96—
144 hours, respectively.

Therefore, WBC count, NEU%, and CRP had no value
in monitoring treatment response at any of the intervals;
SAA and PCT had similar values for efficacy monitoring at
12-24 and 24-48 hours; SAA was more valuable than PCT
in monitoring treatment response at 48-96 hours and even
at 96-144 hours.

Discussion

EONS is a common diagnosis among neonates admitted to

the NICU. While it is a highly fatal condition that requires
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Figure 3 AUC analysis results of the WBC count, NEU%, CRP,
SAA and PCT values in monitoring treatment response at the 48—
96 hours interval. AUC, areas under the ROC curve; WBC, white
blood cell; NEU%, neutrophils; CRP, C-reactive protein; SAA,

serum amyloid A; PCT, procalcitonin.
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Figure 4 AUC analysis results of the WBC count, NEU%, CRP,
SAA and PCT values in monitoring treatment response at the
96-144 hours interval. AUC, areas under the ROC curve; WBC,
white blood cell; NEU%, neutrophils; CRP, C-reactive protein;
SAA, serum amyloid A; PCT, procalcitonin.

immediate treatment, blood culture is time-consuming
and has a low positivity rate. Thus, biomarkers including
B-Rt, CRP, SAA and PCT are often used to assist the
clinical diagnosis of EONS, which may lead to antibiotic

© Translational Pediatrics. All rights reserved.

Liu et al. Common biomarkers for efficacy monitoring of antibiotics

overuse. Furthermore, these conventional biomarkers
are also used for deciding the initiation, adjustment,
and discontinuation of antibiotic therapy. Research has
shown that the duration and intensity of antibiotic use are
longer/higher in China than in Western countries (17). In
addition, perinatal antibiotic exposure increases the risk
of drug resistance and is associated with a series of short-
and long-term risks (7-9). Thus, timely discontinuation
of antibiotic therapy is particularly important. A small
number of international studies have used PCT as a
monitoring biomarker for discontinuing antibiotics in
the ICU and the PICU; however, to our knowledge, no
study has yet described the use of CRP, SAA and PCT
for monitoring treatment response in EONS neonates.
Our current study was designed to observe the changes of
CRP, SAA and PCT during antibiotic therapy for EONS
and to explore the sensitivities and specificities of these
biomarkers in monitoring treatment response, with an
attempt to offer new evidence for guiding early antibiotic
use in EONS infants.

The most commonly used biomarkers in the diagnosis
of infection include CRP, SAA and PCT (18-20). Recent
studies have demonstrated that PCT has a higher diagnostic
sensitivity and specificity compared with conventional
CRP. However, PCT is affected by physiological factors
and stress in the perinatal period, which makes PCT less
valuable within the first 12 hours after delivery. In contrast,
the SAA level rapidly decreases only if the infection is well
controlled (13). Therefore, we tried to detect the levels of
these biomarkers at different intervals in EONS neonates
and to explore their monitoring values during antibiotic
treatment.

Clinically, after the use of early-generation
antibiotics within 12 hours after birth, the patients still
had severe clinical symptoms; after the use of later-
generation antibiotics, the infants were still at the peak
of inflammation. Although SAA and PCT had similar
high diagnostic and sensitivity values at 24-48 and 48—
96 hours intervals because of their similar AUC, the
AUC and sensitivity of SAA was much more remarkably
decreased than those of the PCT, indicating that although
the disease was still serious, the antibiotics had conferred
a therapeutic effect, thus offered a chance for deescalating
or even discontinuing antibiotic therapy window period
during at 48-96 hours after birth. Furthermore, the
AUC values of SAA and PCT were 0.5 and 0.517 at 96—
144 hours respectively, indicating that the AUCs of both
PCT and SAA dramatically dropped and approached
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normal levels; meanwhile, the sensitivity values of SAA and
PCT were 3.45% and 51.72% respectively, indicating that
SAA could better reflect the disease improvement and thus
is more suitable as an indicator for discontinuing antibiotic
therapy. We consequently speculated that because the
extent of SAA concentration change is closely related to
the severity of inflammation. Therefore during acute phase
of inflammation, SAA rises rapidly, but when the neonate
is better after the antibiotic treatment has taken effect,
SAA also declines rapidly, so it can be sensitive to reflect
the level of antibiotic efficacy and changes in the condition
of neonates. Lateral results showed that the changes were
closely related to the severity of the disease, SAA has obvious
advantages over PCT/CRP in efficacy monitoring. Thus,
SAA is particularly much more valuable for the monitoring
of antibiotic use than PCT: (I) at the intervals of 48—
96 hours after birth, SAA can raise a prompt alarm for de-
escalating or even discontinuing antibiotic use, which is of
great significance for reducing the intensity of antibiotic use
and the degree of antibiotic use; (II) on the other hand it
plays an active role in evaluating efficacy monitoring at 96—
144 hours, alerting the physicians to discontinue or further
de-escalate antibiotic use, which is of much more great
significance for shortening antibiotic use or for lowering the
intensity of antibiotic treatment in the clinical.

Based on the features of inflammation biomarkers
during sepsis, we measured B-Rt, CRP, SAA and PCT
levels at different time intervals to avoid human error. Due
to the need for continuous monitoring of biomarkers for
the newborns in this sample, strict inclusion criteria were
adopted in this retrospective study. So although the sample
size was relatively small, the wide range of cases in our
department compensated for this shortage to some extent,
further multi-center studies are needed to supplement this
research found that multi-center supplement.

In summary, this study analyzed the roles of B-Rt, CRP,
SAA and PCT in monitoring treatment response during the
antibiotic treatment of EONS. While WBC count, NEU%,
and CRP have little value in monitoring treatment response
in different intervals, SAA and PCT exhibited moderate
value in treatment response monitoring, with SAA having
a higher monitoring value than PCT. When applied in
clinical settings, SAA may help to reduce the intensity and
duration of antibiotic use in the NICU.
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