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Purpose: C-reactive protein (CRP) level and platelet (PLT) count have been demonstrated
to be independent risk factor for neonatal sepsis. However, no data is currently available in
regarding the association between CRP-to-PLT ratio (CPR) and neonatal sepsis.

Methods: A total of 1048 neonates with suspected sepsis were enrolled in this study.
Complete clinical and laboratory data were collected. CPR was calculated as CRP (mg/L)/
PLT (107 cells/L). Multivariate logistic regression analysis was performed to identify the
potential independent risk factors of neonatal sepsis. Receiver operating characteristic (ROC)
curve analysis was used to evaluate the prediction accuracy of CPR in predicting neonatal
sepsis.

Results: Neonates with sepsis had a higher CPR. CPR also showed a gradual increase in the
infection, mild sepsis and severe sepsis groups. Multivariate analysis revealed that CPR was
a significant independent predictor of the presence of neonatal sepsis (odds ratio [OR], 1.015;
95% confidence interval [CI], 1.008-1.022, P < 0.001) and severe sepsis (OR, 1.002; 95%
CL, 1.000-1.003, P = 0.007). ROC curve revealed showed that CPR had a well-
discriminatory power in predicting sepsis (area under curve [AUC], 0.68; 95% CI, 0.65—
0.72, P < 0.001) and severe sepsis (AUC, 0.68; 95% CI, 0.65-0.72, P < 0.001).
Conclusion: The present study demonstrated that a higher CPR is an independent predictor
of the presence and severity of neonatal sepsis.

Keywords: C-reactive protein-to-platelet ratio, neonatal sepsis, risk factor, severe sepsis

Instruction

Neonatal sepsis remains a serious and life-threatening disease in infants worldwide,
despite the improvements in neonatology. Previously published data revealed that
neonatal sepsis constituted 15.2% of deaths in the neonatal period worldwide,' and
is a major cause of infant mortality.>*> The gold-standard for diagnosis of neonatal
sepsis is blood culture. However, blood culture poses several challenges, such as
a long laboratory turnaround time, an inadequate volume of blood and pre-hospital
antimicrobial therapy.*> In addition, the clinical signs of neonatal sepsis are multi-
ple and non-specific, including bradycardia, temperature instability, diminished
spontaneous activity and respiratory distress.® Therefore, identifying rapid, sensi-
tive, and specific new biomarkers is critical.

C-reactive protein (CRP) is an acute-phase protein produced by the liver and
closely associated with systemic inflammatory status.” In 1988, Povoa et al®
reported for the first time that CRP was an indicator of sepsis. Subsequently,
multiple studies confirmed that CRP was an important predictor and risk factor
for sepsis.”'” CRP evaluation was also one of the most investigated and used
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laboratory tests for diagnosing neonatal sepsis, and higher
CRP levels were associated with an increased risk of
sepsis.!" However, CRP was not efficiently validated as
a screening biomarker.'? Platelets (PLTs) are circulating
blood cells, which play an important role in haemostasis
and coagulation. PLTs can release inflammatory cytokines,
interact with endothelial cells and contribute to the forma-
tion of a microthrombus, eventually leading to multiple
organ failure."® Studies have demonstrated that PLTs are
involved in the pathogenesis of sepsis and contribute to its
complications.'*'> Clinical studies have reported that
patients with severe sepsis have a lower PLT count,'®
which is associated with enhanced mortality and a more
disturbed host response.'” The CRP-to-PLT ratio (CPR),
based on CRP levels and PLT counts, indicates not only
the inflammation but also the coagulation status. However,
no data is currently available regarding the association of
CPR with the neonatal sepsis. Therefore, this study aimed
to assess the relationship between CPR and neonatal
sepsis.

Materials and Methods

Study Design and Patient Population

From January 2016 to February 2020, a total 1098 con-
secutive neonates with suspected sepsis in Henan
Children’s Hospital (Zhengzhou, China) were enrolled in
this study. The inclusion criteria were described as fol-
lows: (1) neonates with suspected sepsis and (2) neonates
aged 1-28 days. Neonates with the following conditions
were excluded from this study: (1) with haematological
system diseases, malignancies or major congenital malfor-
mations and (2) incomplete clinical and laboratory data at
admission. The study protocol complied with the
Declaration of Helsinki and was approved by the ethics
review board of the hospital. Informed consent was not

required because the data were anonymised.

Clinical Definition

According to the recommendations of the International
Pediatric Sepsis Consensus,'® neonatal sepsis is defined as
suspected or proven infection accompanied by> 2 systemic
inflammatory response syndrome (SIRS) criteria, one being
an abnormal body temperature or leukocyte count. The
criteria for SIRS are as follows: (1) body temperature >
38.5°C or < 36°C; (2) mean heart rate > 2 SD above normal
for age in the absence of external stimuli or unexplained
persistent elevation in children aged < 1 year old or mean

heart rate < 10th percentile for age, or unexplained persis-
tent depression over a 0.5hr; (3) mean respiratory rate of > 2
SD above normal for age or in the presence of mechanical
ventilation; and (4) abnormal leukocyte count or >10%
immature neutrophils. Severe sepsis is defined as sepsis
accompanied by one of the following: cardiovascular
organ dysfunction or acute respiratory distress syndrome
or > 2 organ dysfunctions. Detailed information can be
from the International Pediatric

obtained Sepsis

Consensus.'®

Data Collection and Biochemical

Analyses

All clinical and laboratory data were obtained from med-
ical records, including age; gender; weight; temperature;
respiratory rate; heart rate; systolic blood pressure; diasto-
lic blood pressure and the levels of procalcitonin (PCT),
CRP, white blood cells (WBCs), neutrophils, PLTs, aspar-
tate aminotransferase (AST), alanine aminotransferase
(ALT), blood urea nitrogen (BUN), creatinine (CREA)
and uric acid (UA). The detection methods of these labora-
tory indices are described in our previous published
study.'® CRP level < 0.8 mg/L or PCT level > 100 ng/
mL or < 0.02 ng/mL were considered as 0.7 mg/L, 101 ng/
mL and 0.01 ng/mL, respectively. CPR was calculated as
CRP/PLT *10°.

Statistical Analysis

Continuous data were expressed as the mean =+ standard
deviation (SD) or medians (interquartile range) and ana-
lysed using independent Student’s #-tests, one-way analy-
sis of variance (ANOVA) or Mann—Whitney U-test,
according to their distribution. Categorical variables were
presented as percentages (n, %) and analysed using the
chi-square or Fisher exact tests. The Pearson or Spearman
correlation analysis was performed to determine the corre-
lation between two continuous variables. Univariate and
multivariate logistic regression analyses were performed to
evaluate whether CPR was an independent risk factor for
the presence and severity of neonatal sepsis. Variables
with a P value < 0.05 in the univariate logistic analysis
were included in the multiple regression analysis. The
prediction accuracy was evaluated using the area under
the receiver operating characteristic (ROC) curves. All
statistical analyses were performed using SPSS 22.0
(SPSS Inc., Chicago, Illinois, USA). A two-sided P value
< 0.05 was considered statistically significant.
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Table | Basic Characteristics of Study Subjects

Variables Infection (n = 449) Sepsis (n = 599) Sepsis

Mild Sepsis (n = 256) Severe Sepsis (n = 343)
Age (days) 7.0 (4.0, 12.0) 11.0 (6.0, 17.0)* 11.0 (6.0, 18.0)° 10.0 (6.0, 16.0)°
Male, n (%) 262 (58.4%) 375 (62.6%) 165 (64.5%) 210 (61.2%)
Weight (kg) 33+05 32+06° 3306 3.1 0.7
Temperature (°C) 370+ 05 373 £0.8° 374 £07° 37.3 £ 0.8°
Respiratory (rate/minute) 465 £ 7.6 49.7 £ 10.1* 494 + 9.6° 50.0 + 10.4¢
Heart rate (bpm) 142.7 = 16.1 150.3 + 18.0° 149.6 + 17.7¢ 150.8 + 18.3¢
SBP (mm Hg) 764 £ 7.1 76.3 £ 8.0 793 £ 5.6 74.1 £ 9.0
DBP (mm Hg) 46.6 £ 7.3 462+ 78 477 £ 7.6 45,0 £ 7.7°

Laboratory tests

PCT (ng/mL)

0.14 (0.09, 0.22)

0.28 (0.13, 1.23)°

022 (0.11, 0.66)°

0.36 (0.65, 1.88)"

CRP (mg/L) 0.7 (0.7, 0.7) 0.7 (0.7, 12.8) 0.7 (0.7, 8.1)° 0.7 (0.7, 17.5)*
WBC (10° cells/L) 10.0 (8.1, 12.2) 10.0 (7.3, 13.9) 9.4 (7.4, 12.6) 10.7 (7.0, 15.8)>
Neutrophils (10° cells/L) 4.18 (3.13, 5.82) 4.89 (3.02, 8.33)° 4.47 (3.01, 6.95) 5.52 (3.05, 9.37)*

PLT (107 cells/L)

293.0 (229.5, 365.0)

266.0 (170, 364.0)°

297.0 (216.2, 368.7)

237.0 (121.0, 359.0)*°

CPR (mg/10° cells)

249 (1.95, 3.56)

481 (2.28, 57.05)°

3.10 (2.15, 26.06)°

8.97 (2.63, 96.60) ™

AST (U/L) 37.5 (30.0, 49.9) 37.8 (27.9, 52.7) 36.2 (27.9, 47.9) 389 (27.8, 58.5)°
ALT (UIL) 25.1 (20,0, 33.4) 28.6 (22.1, 37.9 28.7 (22.7, 36.2)° 28.5 (22.0, 39.6)°
BUN (mM) 22 (14,33) 3.0 (1.9, 4.2)° 2.8 (18, 3.9)° 32 (1.9, 4.7)™
CREA (uM) 50.0 (41.3, 57.6) 452 (359, 60.3)° 433 (347, 53.2)° 477 (372, 643)°
UA (uM) 137.5 (103.0, 178.9) 143.0 (106.5, 195.6)* 140.7 (106.7, 182.9) 143.8 (105.4, 207.0)°

Notes: All values are presented as the mean % SD or n (%) or as the median (interquartile range); *P < 0.05 for sepsis vs control; °P < 0.05 for severe sepsis vs mild sepsis;

P < 0.05 for mild sepsis vs control; °P < 0.05 for severe sepsis vs control.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; PCT, procalcitonin; CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; BUN, blood urea nitrogen; CREA, creatinine; UA, uric acid; CPR, C-reactive protein-to-platelet ratio.

Results

Patient Characteristics

A total of 1098 neonates with suspected sepsis who met
the inclusion criteria were enrolled in this study. Of the
1098 neonates, 599 were clinically diagnosed with sepsis;
of which, 256 and 343 were diagnosed with mild sepsis
and severe sepsis, respectively. The remaining 449 neo-
nates without sepsis were classified as the infection group.
Clinical characteristics and laboratory data of patients are
provided in Table 1. Compared with neonates in the infec-
tion group, neonates with sepsis were older; had higher
body temperature, respiratory rate and heart rate; and had
higher levels of PCT, CRP, neutrophils, ALT, BUN, UA

and CPR (P < 0.001). However, the levels of PLT and
CREA were significantly decreased (P < 0.05) in neonates
with sepsis. Based on the severity of sepsis, the neonates
were divided into the following two groups: mild sepsis
group and severe sepsis group. Further analysis showed
that only PCT levels, CRP levels and CPR showed
a significant gradual increase in the infection, mild sepsis
and severe sepsis groups (P < 0.05).

Association of CPR with Neonatal Sepsis
According to the CPR tertiles, we classified the neonates
into three groups. As shown in Table 2, neonates in tertile
3 had higher level of PCT levels and neutrophils counts.
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Table 2 The Presence and Severity of Neonatal Sepsis Based on CPR Tertiles

Variables Tertile | (< 2.33) (n = 350) Tertile 2 (2.33-5.52) (n = 349) Tertile 3 (> 5.52) (n = 349)
Age (days) 11.0 (7.0, 16.0) 6.0 (4.0, 13.0)* 9.0 (5.0, 16.0)>¢
Male, n (%) 187 (53.4%) 226 (64.8%)" 224 (64.2%)°
PCT (ng/mL) 0.12 (0.09, 0.18) 0.17 (0.11, 0.35)* 0.50 (0.19, 2.92)<
WBC (107 cells/L) 10.7 (8.9, 13.5) 89 (7.0, 11.6)* 10.1 (6.8, 14.2)>
Neutrophils (10° cells/L) 4.3 (3.3, 6.3) 4.3 (2.8, 6.3) 5.0 3.1, 9.1)%
Clinical data

Infection, n (%) 194 (55.4%) 191 (54,7%) 64 (18.3%)>

Overall sepsis, n (%)

156 (44.6%)

158 (45.3%)

285 (81.7%)"

Mild sepsis, n (%)

81 (23.1%)

79 (22.6%)

96 (27.5%)

Severe sepsis, n (%)

75 (21.4%)

79 (22.6%)

189 (54.2%)>

Notes: °P < 0.05 for Tertile 2 vs Tertile |; P < 0.05 for Tertile 3 vs Tertile |; °P < 0.05 for Tertile 3 vs Tertile 2.

Abbreviations: abbreviations as in Table I.

The prevalence of sepsis increased significantly from
44.6% in tertile 1 to 81.7% in tertile 3 (P < 0.001),
whereas the infection group was more likely to be in
CPR tertile 1 and tertile 2. Further analysis revealed that
the prevalence of severe sepsis was significantly higher in
CPR tertile 3 than that in tertile 1 and tertile 2 (P < 0.05).

Predictive Value of CPR for Neonatal
Sepsis

Univariate and multivariable binary logistic regression
analyses were performed to evaluate the role of CPR in
the diagnosis of neonatal sepsis (Table 3). After adjusting
age; temperature; heart rate; respiratory rate; weight; neu-
trophil counts and the levels of PCT, ALB, ALP, AST,
ALT, UREA and UA, CPR was proved to be an indepen-
dent predictor of neonatal sepsis (odds ratio [OR], 1.015,
95% confidence interval [CI], 1.008-1.022, P < 0.001).
Furthermore, our data also revealed that the tertiles of CPR
were independently associated with an increased preva-
lence of neonatal sepsis. In addition, our data also con-
firmed that CPR and CPR tertiles were independent
predictor of severe sepsis.

Diagnostic Performance of the CPR

ROC curve analysis was performed to evaluate the pre-
dictive value of CPR for sepsis. As shown in Figure 1A,
the area under the ROC curves (AUC) showed a well
discriminatory power of CPR (AUC = 0.68, 95% CI,
0.65-0.72, P < 0.001) in predicting neonatal sepsis. The

optimal diagnostic cut-off point was 5.41 mg/10° cells,
with 49% sensitivity and 86% specificity. In addition, we
also analyzed the role of CPR in predicting severe sepsis.
The AUC value for CPR in predicting severe sepsis was
0.68 (95% CI, 0.64-0.72, P < 0.001) (Figure 1B). The
optimal diagnostic cut-off point was 6.10 mg/10° cells
(with a sensitivity of 55% and specificity of 78%).

Discussion

Neonatal sepsis is a serious life-threatening disease.
Although the current diagnosis and treatment technologies
have made significant progress, the diagnosis of neonatal
sepsis still faces many challenges. For example, blood
culture, the gold standard for diagnosis of neonatal sepsis,
has a long laboratory turnaround time, which may cause
a delay in diagnosis and the effective treatment.”® In addi-
tion, owing to the use of antibiotics before hospitalisation
and an inadequate volume of blood, blood culture yields
a low positive rate.”” Moreover, the clinical signs of neo-
natal sepsis are multiple and non-specific. Therefore,
circulating blood biomarkers that may be useful in the
early diagnosis of neonatal sepsis are under
investigation.?!

Sepsis is characterized by SIRS caused by patho-
gens infection, and biomarkers of inflammation play an
important role in the diagnosis of neonatal sepsis.’**®
CRP is a well-known and commonly used marker,
which was closely associated with inflammation-

related diseases.” Various studies have demonstrated
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Table 3 Regression Analysis to Assess the Presence of Neonatal Sepsis and Severe Sepsis Based on CPR Tertiles

Variables Univariate Multivariate*
OR (95% CI) OR (95% Cl) P

Presence of sepsis

CPR 1.024 (1.017-1.032) < 0.001 1.015 (1.008-1.022) < 0.001

CPR tertiles

Tertile | | |

Tertile 2 1.029 (0.764-1.386) 0.852 0.908 (0.628-1.313) 0.628

Tertile 3 5.538 (3.928-7.807) < 0.001 2.331 (1.527-3.559) < 0.001
Presence of severe sepsis

CPR 1.004 (1.003-1.006) < 0.001 1.002 (1.000-1.003) 0.007

CPR tertiles

Tertile | | |

Tertile 2 1.073 (0.750-1.534) 0.700 0.929 (0.623—-1.385) 0.717

Tertile 3 4331 (3.111-6.030) < 0.001 1.918 (1.291-2.850) 0.001

Notes: *Adjusted for age, temperature, heart rate, respiratory rate, weight, PCT, Neutrophil, ALB, ALP, AST, ALT, UREA and UA.

Abbreviations: abbreviations as in Table |.

the CRP is an important prognostic factor for neonatal
sepsis.>* 27 However, CRP exhibited a low specificity
owing to its physiological increase after birth or the
presence of non-infection-related conditions.''*® PLTs
are anucleate cells that play an important role in mod-
ulating haemostasis and developing thrombosis.?-*°
Increasing evidences has revealed that PLTs played
inflammation and immune

a critical role in

responses.’' 2 PLTs can interacts with other leukocytes

A 10 Sepsis

0.8
2 0.6
=
E
A 0.4

0.2

AUC=0.68, P <0.001
0.0 | | | |
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

by expressing and secreting adhesion molecules and
which  further

inflammation.’*>° In addition to the hyperinflamma-

immune  modulators, enhances
tion caused by PLTs, they can also catalyse the devel-
opment of disseminated intravascular coagulation and
microthrombosis, leading to sepsis complications and
organ dysfunction.'® Clinical studies have demon-
strated that a low PLT count is a well-known biomarker

33,37

for disease severity of sepsis and an independent

B Severe sepsis
1.0
0.8
2 0.6
N
z
& 0.4+
0.2
AUC=0.68, P <0.001
0.0 | | | |
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 1 ROC curve of CPR in predicting sepsis and severe sepsis in neonates. (A) The ROC curve for CPR in predicting sepsis. (B) The ROC curve for CPR in predicting

severe sepsis.
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prognostic predictor of 1-year overall survival of
patients with sepsis.’®

CPR, as an emerging risk factor, can reflect both inflam-
mation and coagulation status. However, there are no pub-
lished studies regarding the relationship between CPR and
neonatal sepsis. In this study, for the first time, we investi-
gated the predictive role of CPR in neonatal sepsis based on
a relatively large sample size. Our data revealed that the
level of CPR was higher in neonates with sepsis and
increased with the disease severity of sepsis. The neonates
were divided into three groups based on the CPR tertiles.
Further analysis revealed that the prevalence of sepsis was
significantly higher in CPR tertile 3 (up to 81.7%), than in
CPR tertile 1 and tertile 2. Multivariate analysis revealed
that the CPR was an independent predictor of the presence
and severity of neonatal sepsis. The ROC curve analysis
revealed that the CPR had a well discriminatory power in
predicting sepsis and severe sepsis.

Limitations to the study include the fact that this is
a retrospective single-center study, which may lead to
some information and selection biases. Second, the diag-
nosis of neonatal sepsis was based on clinical features and
was not confirmed by positive blood culture. Therefore,
the incidence rate of sepsis may be underestimated or
overestimated. Third, CPR was only measured at admis-
sion; serial CPR evaluation may be useful to further
explore the dynamic correlation between CPR and neona-
tal sepsis. Lastly, all of the enrolled patients were neonates
with suspected sepsis. Therefore, the findings of this study
may not be applicable to other populations.

Conclusions

In conclusion, our study demonstrated that CPR was
higher in neonates with sepsis and increased with the
disease severity. After adjusting for other variables, CPR
was independently associated with the presence and sever-
ity of neonatal sepsis. Our findings highlight the potential
clinical value of CPR in predicting the risk of neonatal
sepsis.
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