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YKL-40 

, CRP . 

:  30 

 4-28 15     

     International Pediatric Sepsis Consensus 

Conference (Goldstein, Giroir and Randolph, 2005). 

 -

   YKL-40 

Elisa ( , R&D Systems, USA). YKL-40 

- YKL-

40 

YKL-40 

CRP YKL-40 

ROC.    SPSS 

Statistics 26.  

 20 30 

(n=7)   (n=13).    YKL-40 [  (25 -75

 [35,5 (27,9-54,2) pg/ml] 

[24,1 (18-35,5) pg/ml, p=0,004]  

[21,5 (18,9-31,2) pg/ml, p=0,003].  YKL-40 

   YKL-40  

   [38,6 (31-63,1) pg/ml] 

 [31,5 (21,3-35,9), p=0,061]
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. YKL-40 

   

CRP   ROC     YKL-40    

    (area under the curve - AUC)   

[AUC=0,771 (95%CI 0,632  0,911), P=0,003], 

.  
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ABSTRACT 

 

Background: YKL-40, also known as chitinase-3-like-1 protein (CHI3L1), might be a useful 

biomarker for infection based on adult studies with sepsis. The current research explores the 

diagnostic value of the glycoprotein YKL-40 in neonatal sepsis. 

Objective: To determine the diagnostic value of serum YKL-40 levels in neonatal sepsis and to 

compare YKL-40 with other biomarkers which are currently used in clinical practice, such as 

CRP. 

Methods: Thirty full-term neonates aged 4 to 28 days with sepsis and 15 healthy neonates, as 

controls, were prospectively studied. Sepsis was diagnosed using the International Pediatric 

Sepsis Consensus Conference criteria. Blood samples were obtained from septic neonates on 

admission (acute phase of sepsis  day 0) for routine laboratory tests (i.e. full blood count, 

serum CRP) and cultures, and also for measurement of serum YKL-40 levels with Elisa. Serum 

YKL-40 levels were also determined in all patients at recovery (day 7-10), and once in 

controls. Serum YKL-40 levels were compared between patients and controls, and also 

between the acute phase of sepsis and recovery. Correlations between YKL-40 levels at 

enrollment and several markers of sepsis (WBC, ANC, platelet count, and serum CRP levels) 

were assessed. ROC analysis was used to evaluate the diagnostic value of YKL-40. Statistical 

analysis was conducted using SPSS Statistics 26 software. 

Results: In 20/30 septic neonates blood (n=7) or urine cultures (n=13) were positive. Serum 

YKL-40 levels [median (25th-75th percentile)] were significantly higher at the acute phase of 

sepsis [35.5 (27.9-54.2) pg/ml] than levels at recovery [24.1 (18-35.5) pg/ml; p=0.004] and 

levels in controls [21.5 (18.9-31.2) pg/ml; p=0.003]. Serum YKL-40 levels did not differ 

significantly between patients at recovery and controls. Serum YKL-40 levels at the acute 

phase of sepsis were also higher in patients with positive cultures [38.6 (31-63.1) pg/ml] 

compared to those with negative cultures [31.5 (21.3-35.9) pg/ml; p=0.061], but this 

difference was not statistically significant. Positive correlations between serum YKL-40 levels 

and WBC, ANC and CRP levels at enrollment were also observed. In ROC analysis, YKL-40 

levels at enrollment resulted in significant areas under the curve (AUC) to identify patients 

with sepsis [AUC=0.771 (95%CI 0.632-0.911); P=0.003], but did not discriminate culture 

positive and culture negative sepsis.  
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Conclusions: Serum YKL-40 might be included among biomarkers for the diagnosis and 

monitoring of neonatal sepsis, but cannot discriminate culture positive and culture negative 

sepsis. 

Keywords: neonatal infections, neonatal sepsis, diagnostic biomarker, CRP, YKL-40, CHI3L1, 

chitinase-3-like-1 protein 
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.  
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YKL-40 
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:  

 

1.1.  

 

-  

 

 

 .  

  

 , 

 (Molloy et al., 2020). 

 Consensus Conference on pediatric sepsis,  2005,     

   systemic inflammatory response syndrome (SIRS)    

 septic shock) 

  SIRS 

        , , , 

   .     SIRS    . 

        

    .    SIRS 

C) <36 C)

Polymerase Chain Reaction test (PCR) 
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,   

(Goldstein, Giroir and Randolph, 2005). 

 1.      (SIRS), , 

,     ( : International pediatric sepsis 

consensus conference: Definitions for sepsis and organ dysfunction in pediatrics, 2005. 

Pediatric Critical Care Medicine). 

 

 

 2.           

 (       ,      

     5        

95   ).  
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     Consensus Conference on pediatric sepsis,  

     

 

  

 

      

  Goldstein, Giroir and Randolph, 2005). 

        Third International 

Consensus Definitions for Sepsis and Septic shock (Sepsis-3),       

         

(Singer et al., 2016). 

,   

 Sepsis-3 criteria    

SOFA score (Sequential Organ 

Failure Assessment Score) 

, score 

 

 pSOFA score (pediatric)      

 

Matics and Sanchez-Pinto, 2017). 
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   Sp 2:Fi 2 Pa 2:Fi 2 

. ,   SOFA score (neonatal SOFA)  

 (Wynn and Polin, 2020).  

          gold 

standard . ,  

,         ,   

      ,      

    

             

        

Connell et al., 2007), (Mukhopadhyay S., 2017). 

,         

         Group B GBS)  

        

, GBS 

GBS 

 (Schrag et al., 2000), (CDC, 2013). 

    (early-onset sepsis-EOS)   

     72  

    

      , 

, ,    

 (late-onset sepsis-LOS  

 

(Simonsen, Anderson-Berry, Delair and Davies, 2014). 
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      ,     

           (Stoll et 

al., 2016). -   

  -19% 

(Fleischmann-Struzek 

et al., 2018). 

-

 (Neonatal Infection 

Surveillance Network-neonIN). 

 

 

 

 

   

   Streptococcus agalactiae (GBS-Group B streptococcus)   

Escherichia coli,  .   

,   ,  Listeria monocytogenes, 

 (viridans ,   Streptococcus pneumoniae), Staphylococcus 

aureus, , Enterobacter  Haemophilus influenzae (Weston et al., 2011).  H 

GBS  

(Stoll, B., 

Hansen, N., S nchez, P. et al., 2011). 

 herpes simplex 

virus-HSV),  parechovirus.   
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 (rubella virus), 

cytomegalovirus HIV (human immunodeficiency virus). 

 Candida 

 (Simonsen, Anderson-Berry, Delair and 

Davies, 2014). 

CLEO)  , 

 Coagulase-negative  

 (29%) Klebsiella E.coli (Kopsidas et al., CLEO, 

2014).       Coagulase-negative 

    

 Klebsiella (39%) (Gkentzi et al., 2019).  

 

  

(Polin et al., AAP, 2012). 

. 

 

  

 

 (Simonsen, Anderson-

Berry, Delair and Davies, 2014). 

 Gram-  Gram-

 (Shane and Stoll, 2014). 
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-  

   

    

 

 

  ,  ,     

 ,      

 

 (Polin et al., APP, 

2012). 

      ,   

        .  

         Group B 

Streprococcus (GBS),   ,     

 ,  ,     ,  

         GBS (Schuchat, 

A., et al., 2000). 

, 

, , 

(Camacho-Gonzalez, Spearman, Stoll, 2013). 
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 1.  (Camacho-Gonzalez, Spearman, Stoll, 

2013). 

 
 

 
GBS  

 
  

 
 

 
 

 
 

 
 

 
 

 
2 

 

 

           

     .   , , 

          

,        (Herpes Simplex Virus-HSV), 

Human Papilloma Virus- HPV).      

     ,       

         (Verboon-Maciolek et al., 

2008). 

      

 

  (Polin et al., APP, 2012).  
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  ,    ,    

 (Bakhuizen et al., 2014).      

    ,    

 (periventricular leukomalacia-PVL),    

    (Adams-Chapman, 2012). 

 

 (bronchopulmonary dysplasia-BPD) 

  

. 

 

 (Jobe and Bancalari, 2001), 

(Simonsen, Anderson-Berry, Delair and Davies, 2014), (Benitz, Wynn and Polin, 2015), (Haller 

et al., 2016). 

 

(intraventricular hemorrhage-IVH), 

 (Klinger et al., 2010). 

    GBS, 

 

 ,  

 (Blumberg et al., 1996), (Barichello et al., 2013). 

, 

  .   

    , 

    

            

  . 
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 (Kimberlin, 2004), (Simonsen, Anderson-Berry, Delair and Davies, 2014). 

 

 

  

 

 

 

       

      

  

   

 

   

Polin et al., APP, 2012). 

- American 

Academy of Pediatrics,   
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 3.    <37      

 ( : Management of neonates with suspected or proven early-onset bacterial sepsis. 

American Academy of Pediatrics, 2012) 

 

 

 

4.    37      

 ( : Management of neonates with suspected or proven early-onset bacterial sepsis. 

American Academy of Pediatrics, 2012) 
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 3, 4.  

a

 

b. 

 

IAP: intrapartum antimicrobial prophylaxis 

WBC: white blood cell  

Diff: differential white blood cell count.  

 

 

 

5.    37      

( : Management of neonates with suspected or proven 

early-onset bacterial sepsis. American Academy of Pediatrics, 2012) 

a. Inadequate treatment
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1.2.  

 

 

. 

            

     

 (Ku, Boggess and Cohen-Wolkowiez, 2015). 

 

 

           

       ,  

   

 (Thigpen et al., 2011).     

,         

    

 

30-50%    

        ,    

 .     ,  

   ,         

  (Ku, Boggess and Cohen-Wolkowiez, 2015). 
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   ,       

,     (GBS)        

 40%  . 

Escherichia Coli (E.coli), 

. (Stoll et al., 2016). H Listeria monocytogenes     

           ,  

             

Heath, Yusoff and Baker, 2003).       

               

. O  coagulase-negative   Staphylococcus aureus 

.   ,  Gram-  

    E. coli   Klebsiella.  GBS    

    (Stoll, Hansen, Fanaroff et al., 2002) 

 

 

 -  

           ,  

   .    

.  

  (Heath and Okike, 

2010), (Polin et al., AAP, 2012). 

GBS

CDC,  90% 
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Verani, McGee 

and Schrag, CDC, 2010).  

,            

         (Thigpen et al., 2011).  

      

       

        

 ,    

          

      1000/mm3.       

     ,    

     (   

  )       

     

gold standard).    Gram      

     (Pong and Bradley, 1999). 

 

-  

  ,  -15%. 

  

.  50%      

  

(Gaschignard et al., 2011).        

 

Galiza and Heath, 2009). 

 

, 

 (Furyk, Swann and Molyneux, 2011).   

           

           (De 

Louvois, Halket and Harvey, 2005).       
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     ,   

    

    ,   

     , 

 ,  ,     

        ,  

,   ,   

(Lepage and Dan, 2013). 

 

 

  ,          

   

 

 (Weisfelt, de Gans and van de 

Beek, 2007).  
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1.3.  

 

-  

     . 

 

.  

     

       

 

 

-  

   

       

 (Shaikh, Morone, Bost and Farrell, 2008). 

10,7-15,4%.         

(Bonadio and Maida, 2014).  

American Academy of Pediatrics 

- , 

C

(Subcommittee on Urinary Tract 

Infection, AAP, 2011). 

 -   2008,         3  

 ,            

              (Shaikh, 

Morone, Bost and Farrell, 2008).        

  20%      

. ,        , 
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    (Cleper, Krause, Eisenstein 

and Davidovits, 2004).  

 

 

   

Escherichia coli (Didier et al., 2012). T

Gram- Klebsiella pneumoniae, Klebsiella oxytoca, Proteus mirabilis, Proteus 

vulgaris, Enterobacter aerogenes, Pseudomonas aeruginosa  Morganella morganii (Zorc et 

al., AAP 2015), (Kanellopoulos et al., 2006). Gram-

Enterococcus faecalis, Staphylococcus aureus, Group B streptococcus Streptococcus 

pneumonia (Morley et al., 2012), (Bitsori et al., 2005), (Hassoun et al., 2014).  Coagulase-

negative          

,     (Downey et al., 2013). , 

  Candida Enterobacter cloacae      

 (Phillips and Karlowicz, 1997). 

 

 

     ,  , ,   

 .  

  

     . ,    

       ,  , 

  .           

       (Arshad and Seed, 2015). 

 

-  
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.  

  ,      .  

           

   

50.000 CFU/ml. 

.       ,  

    .        

      

      

   

   

 ,     

   

(Subcommittee on 

Urinary Tract Infection, AAP, 2011).  

  

 

 

   

  .    III  

,        . 

  (dimercaptosuccinic acid scan-DMSA)    

  (Goldman et al., 2000). 

(Bonadio and Maida, 2014).   

  

, DMSA 

  

DMSA   

DMSA

Siomou et al., AAP, 2009).  
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    ,       

   

          

,      

     

, , 

 -24  

(Subcommittee on Urinary 

Tract Infection, AAP, 2011). ,       

    2020,  

 - -     60% 

(Walawender et al., 2020). 

 ,           

            

           

- -  (Flannery et al., 2019).     

  (Arshad and Seed, 2015), (Bonadio and Maida, 2014).  
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:   

 

2  

 

  (Tsitsami and Germenis, 2010). 

 

2  

 

 

(Collins, Weitkamp 

and Wynn, 2018). 
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2   

immunoglobin A  

IgA)  

       

      ,        

formula      , 

    

Bifidobacterium  Staphylococcus, Enterobacteriaceae, Enterococcaceae 

Lactobacillus  Weissella,       

 (Collado et al., 2015).         

       

(Cotten et al., 2009).  

    ,    

 ,   .       

       .   

      ,     

IgA 

           

    ,         

 formula (Patel et al., 

2013).  
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2  

       , 

          ,  

   ,       .  

       ,  , 

,      

    

      

    

   ,  (Collins, Weitkamp and Wynn, 2018). 

 

2  

(Schmutz, Henry, Jopling and 

Christensen, 2008). 

(G-CSF or GM-CSF) 

(Pammi and Brocklehurst, 2011).   

  

(Raymond et al., 2017). 

  ,  ,    

,         

          

       (Levy, 2007).     

(Natural killer cells - NK)       ,   

.             ,   

   IFN  TNF       (Li et 

al., 2013). 
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2  

    ,   -  -   , 

 

h-2 

Th1

Th1 

Th2  

 (Tsitsami and Germenis, 2010). 

         ,    

         . 

  ,      CD4+ T  

  (Tu et al., 2004).  

 IFN-   CD4+ T      5-10  

 

 

(CMV) (Cimini et al., 2017).  

  

(Glezen, 2003).     

       ,  

      H. influenzae type b        

  .        

 IgM           -

,   IgG, IgA, IgE.     , 

     IgG  

     .    ,     

    ,       

-  

       

(Ohlsson and Lacy, 2020).   IgA, IgD, IgM  IgE 
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 IgA        

          

IgA (Mirpuri et al., 2013). 
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3

 

 

3  

 

 . 

 

(Mukhopadhyay S., 2017).  

          

       

,     

  (Cotten et al., 2009), (Greenberg and Benjamin, 2014).   

         ,  , 

    

 (Yamamoto-Hanada et al., 2017), (Bailey et al., 2014). 

 

3  

. -

 (Bell et 

al., 2014). 

, 
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   ECDC (European Centre of Disease Prevention and 

Control)    ( uropean Medicines Agency) , 

6,   25.000     

  

 

6. 

(ECDC/EMA, 2009). 

 

 

  

 (Kopsidas et al., CLEO, 2014).  

(45%) Klebsiella 

(Gkentzi et al., 2019). 

            

       

evidence-based guidelines   
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Kopsidas et al., CLEO, 2015). 

, , 

 

Kopsidas et al., CLEO, 2018). 
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:   

 

       

           

 ,   .  

          

   

[BEST (Biomarkers, EndpointS, and other 

Tools), Updated: November 16, 2020]          

    ,   

.      

    

 ,     

 

  

  

 

 

 

 cut-off 

cut-off 

 

(  - positive predictive value - PPV) 

  negative predictive value  NPV). 
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PPV 

 NVP. ,       

 

[BEST (Biomarkers, EndpointS, and other Tools), Updated: November 16, 

2020]. 

           

      

   

           

        

         

 , ,       ,    

  ,             

     ,  (Bhandari, 

2014). 

  

               

    , ,     

   .  ,  ,   

    

     (Schelonka et al., 1996). 

 ,           

          (Klingenberg 

et al., 2018), (Gilfillan and Bhandari, 2019). 
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:   

 

 

 , 

,  

 (Newman et al, 2010).   

   

 

 

[immature to total-(I:T) 2] 

.  

 (Hornik et al, 2012). 

 (Streimish et al, 

2014), (Gonzalez et al, 2003). 

 

 

  (red cell-distribution width-RDW) 

   (Ramby, Goodman, Wald and 

Weiss, 2015).  

,      

   ,  

    cut-off 

Ellahony, El-Mekkawy and Farag, 2020). 

 

:
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  American Academy of Pediatrics  

(Puopolo, Benitz and Zaoutis, 2018). 

 

C-reactive protein (CRP) 

CRP 

CRP 

, 

   CRP -24 

 

     , 

- cut-off mg/L (Delanghe and 

Speeckaert, 2015). 

CRP  

  (Perrone et al.,  2018). 

- CRP 

 

CRP 
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. CRP, 

 

Brown et al., 2020).    CRP      

   (Hofer, Zacharias, M ller and Resch, 2012).    CRP  

   ,       ,  

-8 (IL-8),          

      (Franz et al., 2004).  

 

Procalcitonin (PCT) 

   PCT -

 (Turner et al., 2006).     

  (Hahn et al., 2015).     

       PCT,      

 6   -  

     48 ,  

PCT 

 (Altunhan et al., 2011).  -  

2011, PCT  

 (Vouloumanou et al., 2011).    - ,   

 PCT      

cut-off 2.0-2.5 ng/ml         

  ,        

(Pontrelli et al., 2017). 

PCT

   

CRP (Yu et al., 2010). H   PCT   
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(Frerot et al., 2019). PCT, CRP  

PCT 

  

 (Stocker et al., 2017). 

 

 

 IL- IL-  -

-  (Chiesa 

et al., 2015). IL-8   

- -94% (Zhou et al., 2015). 

 (Delanghe and Speeckaert, 2015). IL-6 IL-10 

    IL-4   . , 

   ,  IL-4, IL-12  IFN-   

(Leal et al., 2019).  

 

CD64  

   CD64     1-6      

         24 .    

            

     1 ,  

CRP Choo 

2012

CD64 .    

  77%     74%.       

      ,        

              

(Shi et al., 2016).  
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sTREM1 

   sTREM1  

- -100% (Delanghe and Speeckaert, 2015).  

         ,   

          

(Arizaga-Ballesteros et al., 2015).        

   ,       sTREM1  , 

       ,      

 90%   78        

       (Ozdemir et al., 2018). 

 

Serum Amyloid A (SAA) 

SAA, 

CRP (Pizzini, Mussap, 

Plebani and Fanos, 2000). 

De Buck et al., 2016). 

CRP  

CRP   

(Arnon et al., 2007). SAA  

   

 (Mithal et al., 2017). -

SAA 

CRP (Yuan et al., 2013). 

rapid test.  

 

Presepsin 

presepsin CD64 

  



47 
 

(Chenevier-Gobeaux et al., 2015).  presepsin   

 91%  

CRP PCT (Bellos et al., 2018). 

 (Seliem and Sultan, 2018).  

  (Pugni et al., 2015). 

2, 

 

 2. (Gilfillan and Bhandari, 2019). 

   

 

  

 
IL-6 
IL-8 
IL-10 

 
79% 

81-92% 
81% 

 
84% 

70-94% 
100% 

-4 

-8 
 

  
Presepsin 91% 91% -12 

 

 

cut-
off  

 

s-TREM-1 70-100% 71-100% -4 

 

 

cut-
off 
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CD64 77-80% 74-83% -6 

 

 

CRP. 

 

 

PCT 70-81% 79-89% -4 

-

. 

-

CD64
 

 

. 

 

SAA 84% 89% 

 

rapid 
test. 

 

CRP. 

 
CRP 49-68% >90% -

-
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: YKL-40 

 

6.1. YKL-40   

- -3- -

(Schmidt et al., 2013). 

-

 

 

 (Prakash et al., 2013).    

       

. 

 chitinase-like-

proteins, CLPs) 

 AMCase  chitotriosidase (chitinase 1), 

 oviductin, YKL-39, Stabilin-1-interacting chitinase-like protein (SI-CLP) 

chitinase domain containing 1 (CHID1), Ym1/Ym2 CLPs, 

YKL-40/HcGP-39 (chitinase 3-like 1)   CLPs 

      

  (Lee et al., 2011). 

 YKL-40  

-40 ( ) 

 

    YKL-40      

  , ,    
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,    

IL-6, IL-13, IFN- , vasopressin  parathyroid hormone related protein (Lee et al., 

2011).  TNF-   IL-1  YKL-

40 

 

 -

  (Johansen, 

Williamson, Rice and Price, 2009).  

-

 

YKL- -

 (Lee et al., 2011)  

 

 

7. YKL-40 ( BRP- Th

.    -13 (IL-13)  
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YKL-40   YKL-40, ,  

  

 Th2 

TGF-

(Lee et al., 2011).  

YKL-40 

(Coffman, 2008). 

in vivo    

H YKL- -

reactive protein), 

 (Volck et al., 1998) 

(Bhat et al., 2008). 

- (Kzhyshkowska et al., 2006) -6 

-6) (Nielsen et al., 2011). -

 -6, 

 

(Vind, Johansen, Price and Munkholm, 2003). 

 

, 

YKL-  

). 

 (Castelli et al., 2004). 
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6.2. YKL-40   

-  

 (Prakash et al., 2013)

(Spoorenberg et al., 2018)  (Hattori et al., 2009).  

YKL-40  

 

YKL-40 

 , 

  YKL-40 

IL-6 (Hattori et al., 2009).   , YKL-40 

  (Kornblit et 

al., 2013). 

YKL-40 

 (Liu, Wang Qie, 2015).  

-

 

 (Osteergard et al., 

2002). 

HIV (Hermansson et al., 2019). 

-

YKL-

 

im et al., 2018). 

   ,   

 

 (Wang et al., 2013). 

YKL-40 

YKL-40  

 ang and Sheng, 2018). 
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YKL-40 

RSV) (Kim et al., 2019). 

  YKL-40      

3).        

 50%     

YKL-40 

   YKL-40     

    (Verheijden et al., 1997). 

 

 3. -40 (Lee et al., 2011). 
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-  

-

CRP  

 

-  

  4 

. 

 

. 

        International Pediatric Sepsis Consensus 

Conference (Goldstein, Giroir and Randolph, 2005),   

systemic inflammatory response syndrome-SIRS) 

    

 

 

-

- -
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human CHI3L1 

  

CRP YKL-

 

Staphylococcus epidermidis 

CFU/ml. 

YKL-40 

YKL-40 

CRP  

YKL-40 

 

.  

 

 

 

  , 

 -75   



56 
 

  t-test 

Mann-Whitney, 

Analysis Of Variance 

 

YKL-40, 

Paired-t- , 

.  

-

,  

corre

CRP YKL-40 

controls) CRP YKL-40 

ordered 

logistic regression).  

-40   

,  cut-off , 

(Receiver Operating Characteristic).  

  26. 
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 4.  

 

    p-value* 

 45 30 15  
                0,660 

  16 (35,6%) 10 (33,3%) 6 (40%)  
    29 (64,4%) 20 (66,7%) 9 (60%)  

 18,0 (6,7) 17,9 (6,6) 18,1 (7,2)             0,549 
 38,4 (1,2) 38,5 (1,2) 38,4 (1,3)             0,568 

 3128 (363) 3155 (303) 3075 (467)             0,752 
(

     
   10 (33,3%)   
    20 (66,7%)   

     
   23 (76,7%)   
   7 (23,3%)   

SD) 

*p-value:  

 

43,3% . 

20 , Escherichia coli 

3,3 Enterococcus aerogenes, Enterobacter 

aerogenes, Staphylococcus aureus). 

CRP  YKL-40  

,   
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 , CRP  YKL-40 

. 

    p-value* 

 45 30 15  
3)      

 (25 -75 ) 
 

11030 (8660-
15940) 

13165 (8570-
19260) 

10250 (8660-
11030) 

0,017 
 

 (/mm3)      
 (25 -75 ) 

 
3242 (1964-

7970) 
7089 (3192-

11388) 
2010 (1426-

2854) 
<0,001 

 
(x103/mm3)     

 (25 -75 ) 
 

466 (369-609) 
 

459 (361-555) 
 

572 (418-702) 
 

0,059 
 

CRP day 0 (mg/L)     
 (25 -75 ) 

 
3,4 (1-52,3) 

 
30,3 (3,4-75) 

 
0,6 (0,2-1,1) 

 
<0,001 

 
CRP day 7-10 (mg/L)     

 (25 -75 ) 
 

NA 
 

1,1 (0,4-1,9) 
 

 
 

     0,174** 
 

YKL-40 day 0 (pg/ml)     
 (25 -75 ) 

 
32,9 (21,3-40,4) 

 
35,5 (27,9-54,2) 

 
21,5 (18,9-

31,2) 
0,003 

 
YKL-40 day 7-10 (pg/ml)     

 (25 -75 ) 
 

 
 

24,1 (18-35,5) 
 

 
 

     0,431** 
 

  75   

*p-value:  

**p-value:  

 

-75  11030/mm3 (8660-15940) 

13165/mm3 (8570-19260

10250/mm3 (8660-11030)

p-value=0,017).  

-75  3242/mm3 

(1964-7970) 

7089/mm3 (3192-11388)

2010/mm3 (1426-2854)] 

p-value <0,001).  
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-75  466 x103/mm3 (369-609) 

 

[459 x103/mm3 (361-555)

x103/mm3 (418-702)]     

(p-value=0,059). 

 -75  CRP ,4 mg/L (1-

(25 -75  CRP 

,3 mg/L (3,4-

,6 mg/L (0,2-1, p-value 

<0,001). CRP 

,1 mg/L (0,4-1,  

 (p-value=0,174).  

-75  YKL- ,9 pg/ml (21,3-

40, YKL-

,5 pg/ml (27,9-54,

,5 pg/ml (18,9-31, p-

value=0,003 YKL-40 24,1 

pg/ml (18-35,5)    

 (p-value=0,431). 

-

  CRP 

96,5% (p-value<0,001) YKL-40  (p-value=0,004).  

 YKL-40  

 (  ). 
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 1.  CRP L-40 

  

 

*p-value:  

 

2. YKL-    

 

*p-value:   

-96,5%

-32,2%

-100%

-80%

-60%

-40%

-20%

0%
CRP YKL40

% change in CRP and YKL-40 from day 0 to day 7 in infants with 
sepsis (n=30)

p=0.004

p=0.004 
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  (culture positive sepsis)  

 (culture negative sepsis) 

 

 

 ) 

 

  

 

       

    p-value* 

 30 20 10   
    0,171 

   10 (33,3%) 5 (25%) 5 (50%)  
  20 (66,7%) 15 (75%) 5 (50%)  

 17,9 (6,6) 17,2 (6,8) 19,2 (6,3) 0,442 
 38,5 (1,2) 38,2 (1,2) 39,0 (1,2) 0,084 

 3155 (303) 3069 (282) 3326 (282) 0,026 

 SD) 

*p-value:  

 

CRP  YKL-40, 
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7. , CRP YKL-40 

. 

  
  

   

    p-value* 

 30 20 10   
3)      

 (25 -75   
 

13165 (8570-
19260)  

15270 (10690-
20225) 

10255 (6500-
13960) 

0,053 
 

 (/mm3)      
 (25 -75   

 
7089 (3192-

11388) 
8674 (3521-

12014) 
3619 (1823-

7199) 
0,010 

 
(x103/mm3)     

 (25 -75   
 

459 (361-555) 
  

462 (350-580) 
  

397 (363-
510) 

0,395 
 

CRP day 0 (mg/L)     
-75   

  
30,3 (3,4-75) 

  
54,7 (24,2-81,1) 

  
2,2 (1-3,8) 

  
0,002 

 
CRP day 7-10 (mg/L)     

 (25 -75    
  

1,1 (0,4-1,9) 
  

1,2 (0,7-2,1) 
  

0,32 (0,2-0,5) 
  

0,071 
 

YKL day 0 (pg/ml)     
 (25 -75    

  
35,5 (27,9-54,2) 

  
38,6 (31-63,1) 

  
31,5 (21,3-

35,9) 
0,061 

 
YKL day 7 (pg/ml)     

 (25 -75   
  

24,1 (18-35,5) 
  

25,3 (20,8-35,5) 
  

22,8 (18-
32,2) 

0,837 
 

 

  75   

*p-value:  

 

-75   13165/mm3 (8570-19260

 

mm3 (10690-20225)

 mm3 (6500-13960)

p-value=0,053). 

-75   7089/mm3 

(3192-11388) 

mm3 (3521-



63 
 

12014)]  

[3619/mm3 (1823-7199) p-value=0,010). 

 

-75   459 x103/mm3 (361-555) 

x103/mm3 (350-580)]   

x103/mm3 (363-510)

p-value=0,395). 

 

-75   CRP  30,3 mg/L (3,4-

75) CRP 

54,7 mg/L (24,2-81,1)

2,2 mg/L (1-

3,8) p-value=0,002). 

CRP  mg/L (0,4-1,9) 

CRP 1,2 mg/L (0,7-2,1)] 

0,3 mg/L 

(0,2-0,5) p-value=0,071). 

 

-75  YKL-40   35,5 pg/ml 

(27,9-54,2)  YKL-40 

pg/ml (31-63,1)

 

(31,5 pg/ml (21,3-35,9) p-

value=0,061). YKL-40 24,1 pg/ml (18-

35,5  YKL-40 

pg/ml (20,8-35,5)

8 pg/ml (18-32,2)], 

p-value=0,837). 

 

3 CRP YKL-40 

CRP p-value<0,001) YKL-40  (p-

value=0,003).  
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 3. CRP  L-40 

   

 

*p-value: 

 

4 CRP YKL-40 

CRP 8% (p-value=0,031) YKL-40 

27,5% (p-value=0,652). 

 4. CRP  L-40 
  

 

*p-value: 

 

-97,8%

-34,5%

-100%

-80%

-60%

-40%

-20%

0%
CRP YKL40

% change in CRP and YKL-40 from day 0 to day 7 in infants 
with culture-positive sepsis (n=20)

p<0.001

p=0.003

-85,8%

-27,5%

-100%

-80%

-60%

-40%

-20%

0%
CRP YKL40

% change in CRP and YKL-40 from day 0 to day 7 in infants 
with culture-negative sepsis (n=10)

p=0.652

p=0.031
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    p-value* 

 30 7 23  
    0,542 

  10 (33,3%) 3 (42,9%) 7 (30,4%)  
   20 (66,7%) 4 (57,1%) 16 (69,6%)  

 17,9 (6,6) 18,1 (8,5) 17,8 (6,1) 0,451 

 38,5 (1,2) 37,9 (0,7) 38,7 (1,3) 0,063 

 3155 (303) 3027 (281) 3193 (305) 0,209 

SD) 

*p-value: 

 

 

 

CRP  YKL-40, 
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9. , CRP YKL-40 

. 

               

    p-value* 

 30 7 23  
3)      

-75   
 

13165 (8570-
19260) 

17840 (13930-
24870) 

11580 (8400-
18730) 

0,041 
 

 (/mm3)      
-75   

 
7089 (3192-

11388) 
11774 (6980-

14673) 
5055 (2862-

9378) 
0,007 

 

(x103/mm3)      
-75   

 
459 (361-555) 

 
397 (195-555) 

 
462 (363-568) 

 
0,064 

 

CRP day 0 (mg/L)     
 -75   
 

30,3 (3,4-75) 
 

57,2 (28,5-146) 
 

20,4 (2,1-63,5) 
 

0,034 
 

 CRP day 7-10 (mg/L)     
 -  
 

1,1 (0,4-1,9) 
 

1,9 (1,1-2,2) 
 

0,6 (0,2-1,6) 
 

0,453 
 

 YKL day 0 (pg/ml)     
 -  
 

35,5 (27,9-54,2) 
 

62,1 (32,9-70,3) 
 

35,1 (21,3-40,4) 
 

0,023 
 

 YKL day 7 (pg/ml)     
 -  
 

24,1 (18-35,5) 
 

27,8 (13,9-33,4) 
 

23,2 (18,8-36,8) 
 

0,364 
 

  75   

*p-value: 

 

-75   13165/mm3 (8570-19260

mm3 (13930-24870)

 mm3 (8400-18730)] 

p-value=0,041). 

-75   7089/mm3 

(3192-11388) 

mm3 

(6980-14673)] 

mm3 (2862-9378)

p-value=0,007). 



67 
 

 

-75   459 x103/mm3 (361-555) 

x103/mm3 (195-555)]  

x103/mm3 (195-555)] 

p-value=0,064). 

 

-75   CRP  30,3 mg/L (3,4-

75) CRP 

57,2 mg/L (28,5-146)

[20,4 mg/L (2,1-63,5) p-value=0,034). 

CRP 1 mg/L (0,4-1,9) 

CRP 

[1,9 mg/L (1,1-2,2)

0,6 mg/L (0,2-1,6)

p-value=0,453). 

 

-75  YKL-40   35,5 pg/ml 

(27,9-54,2)  YKL-40 

pg/ml (32,9-70,3)

 

1 pg/ml (21,3-40,4) p-

value=0,023). YKL-40 24,1 pg/ml (18-

35,5  YKL-40 

 pg/ml (13,9-33,4)

pg/ml (18,8-36,8) p-value=0,364). 

 

5 CRP YKL-40 

CRP p-value=0,016) YKL-40 55,27% 

(p-value=0,031). 
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5. CRP  L-40 

  

 

*p-value: 

 

6 CRP YKL-40 

CRP 7,25% (p-value<0,001) YKL-40 

33,77% (p-value=0,083). 

6. CRP  L-40 

  

 

*p-value: 

 

-96,64%

-55,27%

-100%

-80%

-60%

-40%

-20%

0%
CRP YKL40

% change in CRP and YKL-40 from day 0 to day 7 in septic 
infants with positive blood culure (n=7)

p=0.031

p=0.016

-97,25%

-33,77%

-100%

-80%

-60%

-40%

-20%

0%
CRP YKL40

% change in CRP and YKL-40 from day 0 to day 7 in septic 
infants with negative blood culture (n=23)

p<0.001

p=0.083
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YKL-  (n=2)  (n=5). 

 YKL-   1 pg/ml (25 -75  

0,8-1,2)]. YKL-40 

 

 

 

 

 

10 7-13 

-40   

 YKL-40 CRP 

r=0,59, p<0,001). 

  YKL-40 CRP 

. 

 . 

 

10. YKL-40 CRP . 

 CRP day 0  p-value YKL day 0  p-value 
YKL day 0 0,59 <0,001 -           - 

 0,51 <0,001 0,39 0,009 
 0,61 <0,001 0,43 0,003 

 -0,08 0,599 -0,02 0,877 
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7. YKL-40 CRP 

 

 

 

8. YKL-40  
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9. YKL-40  

 

 

 

10. YKL-40  
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11. CRP 

 

 

 

 

 12. CRP  
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3. CRP 

 

 

 

 

 

 

  

 

CRP  YKL-

  

CRP  

  

YKL-

p-value   
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11.  CRP 

- 

 

CRP - day 0 

 Odds Ratio 95% CI p-value 
    

   1,00   
   41,24 7,93  214,55 <0,001 

    
   1,000   
   1,96 0,52  7,38  0,319 

 1,03 0,95  1,13 0,481 
  0,65 0,37  1,16 0,143 

 1,00 0,99  1,00 0,561 
 

12.  YKL-40 

- 

 

YKL-40 - day 0 

 Odds Ratio 95% CI p-value 
       

   1,00   
   6,11 1,75  21,33 0,005 

    
   1,00   
   3,31 0,88  12,51 0,078 

 1,07 0,98  1,17 0,108 
  0,41 0,22  0,75 0,004 

 1,00 0,99  1,00 0,459 
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 YKL-40 - 

 

YKL-40 

 ROC (Receiver Operating 

Characteristic) area under the curve-

AUC). 4-22 -21 YKL-40, 

CRP, 

YKL-40 CRP 

 

 . 

 

  

YKL-40  ROC  (AUC) 771 

(95%CI 0,632-0,911). H 

 YKL-40  p=0,003). 

4, 13) 

H cut-off YKL-40 

26,8 pg/ml . 

14. L-40 

 

 



76 
 

 13. Area Under the Curve (AUC) L-40 

 

Area Std. Errora Asymptotic Sig.b 

Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 

,771 ,071 ,003 ,632 ,911 

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 

 

CRP  ROC 942 (95%CI 0,879-1,000)

 

CRP  p=0.000). 5, 14) 

15.  CRP 

 

 
 Area Under the Curve (AUC) CRP 

 

Area Std. Errora Asymptotic Sig.b 

Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 

,942 ,032 ,000 ,879 1,000 

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 
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ROC 680 

(95%CI 0,526-0,834)

  

 p=0,051). 6, 15) 

6.  

 

 

 
 
 

 Area Under the Curve (AUC) 

  

Area Std. Errora Asymptotic Sig.b 
Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 
,680 ,078 ,051 ,526 ,834 

a. Under the nonparametric assumption 
b. Null hypothesis: true area = 0.5 
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ROC 

0,814 (95%CI 0,690-0,941), 

   

(p=0,001) 7, 16). 

7. 

  

 
 

 
16. Area Under the Curve (AUC) 

  

Area Std. Errora Asymptotic Sig.b 

Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 

,816 ,064 ,001 ,690 ,941 

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 
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 ROC 321 (95%CI 0,146-0,497), 

 

 p=0,059) 

8, 17). 

8. 

 

 
 

 Area Under the Curve (AUC) 

 

 

Area Std. Errora Asymptotic Sig.b 

Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 

,321 ,090 ,059 ,146 ,497 

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 
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YKL-40  ROC  715 (95%CI 0,531-0,899) 

 

YKL-40  

p=0,059) 9, 18). 

9. YKL-40  

 

 

 
 

 
18. Area Under the Curve (AUC) YKL-40 

 

 

Area Std. Errora Asymptotic Sig.b 
Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 
,715 ,094 ,059 ,531 ,899 

a. Under the nonparametric assumption 
b. Null hypothesis: true area = 0.5 
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CRP  ROC  845 (95%CI 0,662-1,000) 
 

CRP  
p=0,002) 20, 19). 

20. CRP 
 

 

 
 
 

19. Area Under the Curve (AUC) CRP 

 

Area Std. Errora Asymptotic Sig.b 
Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 
,845 ,093 ,002 ,662 1,000 

a. Under the nonparametric assumption 
b. Null hypothesis: true area = 0.5 
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YKL-40  ROC  783 (95%CI 0,573-0,992) 

  

YKL-40  

  (p=0,026) 21, 20). 

21. YKL-40  

   . 

 
 

20. Area Under the Curve (AUC) YKL-40 

  

 . 

Area Std. Errora Asymptotic Sig.b 

Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 

,783 ,107 ,026 ,573 ,992 

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 
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CRP  ROC  733 (95%CI 0,539-0,927) 
 

CRP  
  (p=0,066) 22, 21). 

22. CRP 
 . 

 
 

 
21. Area Under the Curve (AUC) CRP 

 

. 

Area Std. Errora Asymptotic Sig.b 

Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 

,733 ,099 ,066 ,539 ,927 

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 
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YKL-40 

YKL-

40  CRP. 

YKL-40 

 CRP 

. CRP 

YKL-40 

 

   

  YKL-40 

 ,   CRP.  

  

 

 

    

CRP  YKL-40 . , 

      

 

YKL-40 

 YKL-40 

-

 

YKL-40 -

- YKL-40 

CRP
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YKL-40  

Hattori et al., 

 YKL-40 

H Hattori 

YKL-40 

(Hattori et al cut-off YKL-40 

YKL-40 

IL-6  

YKL-40 CRP, 

YKL-40 

Volck et al., 1998). 

YKL-40 

  Liu Liu, Wang and Qie, 2015

YKL-40 

 

    YKL-40  

YKL-40 
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YKL-40

,   PCR  

     , 

IL-6 

 

 YKL-40 Hattori et al, 2009). 

             

  cut-off   YKL-40   

 

 

 

 

H YKL-40 

YKL-40 

 

   

 

 

 

 

 

 

 

 



87 
 

 

 

Adams-Chapman, I., 2012. Long-term impact of infection on the preterm neonate. Seminars in 

perinatology. 36(6), pp. 462-470. 

Altunhan, H. , A. , R. and , I., 2011. Procalcitonin measurement at 24 

hours of age may be helpful in the prompt diagnosis of early-onset neonatal sepsis. Int J Infect 

Dis. 15(12), pp. 854-8.  

-Ballesteros, V., Alcorta- - et al., 2015. Can sTREM-1 

predict septic shock & death in late-onset neonatal sepsis? A pilot study. International Journal 

of Infectious Diseases. 30, pp. 27-32. 

Arnon, S., Litmanovitz, I., Regev, R., Bauer, S., Shainkin-Kestenbaum, R. and Dolfin, T., 2007. 

Serum amyloid A: an early and accurate marker of neonatal early-onset sepsis. Journal of 

Perinatology. 27(5), pp. 297-302. 

Arshad, M. and Seed, P., 2015. Urinary tract infections in the infant. Clinics in perinatology. 

42(1), pp. 17-28. 

Bakhuizen, S., de Haan, T., Teune, M., et al., 2014. Meta-analysis shows that infants who have 

suffered neonatal sepsis face an increased risk of mortality and severe complications. Acta 

Paediatr. 103, pp. 1211-1218. 

Barichello, T., Lemos, J., Generoso, J., Carradore, M., Moreira, A., Collodel, A., Zanatta, J., 

Valvassori, S., Quevedo, J., 2013. Evaluation of the brain-derived neurotrophic factor, nerve 

growth factor and memory in adult rats survivors of the neonatal meningitis by Streptococcus 

agalactiae. Brain Res Bull. 92, pp. 56-9. 

Bell, ., Schellevis, F., Stobberingh, E., Goossens, H., Pringle M., 2014. A systematic review and 

meta-analysis of the effects of antibiotic consumption on antibiotic resistance. BMC Infectious 

diseases. 

Bellos, I., Fitrou, G., Pergialiotis, V., Thomakos, N., Perrea, D., and Daskalakis, G., 2018. The 

diagnostic accuracy of presepsin in neonatal sepsis: a meta-analysis. European journal of 

pediatrics. 177(5), pp. 625-632. 



88 
 

Benitz, W., Wynn, J. and Polin, R., 2015. Reappraisal of guidelines for management of neonates 

with suspected early-onset sepsis. J Pediatr. 166(4), pp. 1070-1074. 

Bhandari, V., 2014. Effective Biomarkers For Diagnosis Of Neonatal Sepsis. Journal of the 

Pediatric Infectious Diseases Society, Volume 3, Issue 3, September 2014, pp. 234 245. 

Bhat, K., Pelloski, C., Zhang, Y., Kim, S, Delacruz, C., Rehli, M. and Aldape, K., 2008. Selective 

repression of YKL-40 by NF- ll lines involves recruitment of histone 

deacetylase-1 and-2. FEBS letters, 582(21-22), pp. 3193-3200. 

Bitsori, M., Maraki, S., Raissaki, M., Bakantaki, A. and Galanakis, E., 2005. Community-acquired 

enterococcal urinary tract infections. Pediatr Nephrol. 20(11), pp. 1583-6. 

Blumberg, H., et al., 1996. Invasive group B streptococcal disease: the emergence of serotype 

V. Journal of Infectious Diseases 173(2), pp. 365-373. 

Bonadio, W. and Maida, G., 2014. Urinary tract infection in outpatient febrile infants younger 

than 30 days of age: a 10-year evaluation. The Pediatric infectious disease journal. 33(4), pp. 

342-344. 

Brown, J., Meader, N., Wright, K., Cleminson, J., McGuire, W., 2020. Assessment of C-Reactive 

Protein Diagnostic Test Accuracy for Late-Onset Infection in Newborn Infants: A Systematic 

Review and Meta-analysis. JAMA Pediatr. 174(3), pp. 260 268. 

Camacho-Gonzalez, A., Spearman, P., Stoll, B., 2013. Neonatal infectious diseases: evaluation of 

neonatal sepsis. Pediatr Clin North Am. 60(2), pp. 367-89. 

Castelli, G., Pognani, C., Meisner, M., Stuani, A., Bellomi, D. and Sgarbi, L., 2004. Procalcitonin 

and C-reactive protein during systemic inflammatory response syndrome, sepsis and organ 

dysfunction. Critical care. 8(4), pp. 1-9. 

Chenevier-Gobeaux, C., Borderie, D., Weiss, N., Mallet-Coste, T. and Claessens, Y., 2015. 

Presepsin (sCD14-ST), an innate immune response marker in sepsis. Clinica chimica acta. 450, 

pp. 97-103. 

Chiesa, C., Pacifico, L., Natale, F., Hofer, N., Osborn, J. and Resch, B., 2015. Fetal and early 

neonatal interleukin-6 response. Cytokine. 76(1), pp. 1-12. 



89 
 

Choo, Y., Cho, H., Seo, I. and Lee, H., 2012. Comparison of the accuracy of neutrophil CD64 and 

C-reactive protein as a single test for the early detection of neonatal sepsis. Korean journal of 

pediatrics. 55(1), 11. 

Cimini, E., Castilletti, C., Sacchi, A., Casetti, R., Bordoni, V., Romanelli, A., Turchi, F., Martini, F., 

Tumino, N., Nicastri, E., Corpolongo, A., Di Caro, A., Kobinger, G., Zumla, A., Capobianchi, M., 

Ippolito, G. and Agrati, C., 2017. Human Zika infection induces a reduction of IFN-

CD4 T- -cells. Scientific Reports, 7(1). 

Cleper. R., Krause, I., Eisenstein, B. and Davidovits, M., 2004. Prevalence of vesicoureteral 

reflux in neonatal urinary tract infection. Clin Pediatr (Phila). 43(7), pp. 619-25. 

Coffman, F., 2008. Chitinase 3-Like-1 (CHI3L1): a putative disease marker at the interface of 

proteomics and glycomics. Crit. Rev. Clin. Lab. Sci. 45, pp. 531 562. 

Col -

influencing gastrointestinal tract and microbiota immune interaction in preterm infants. 

Pediatric Research, 77(6), pp.726-731. 

Connell, T., Rele, M., Cowley, D., Buttery, J. and Curtis, N., 2007. How reliable is a negative 

blood culture result? Volume of blood submitted for culture in routine practice in a children's 

hospital. Pediatrics. 119(5), pp. 891-6.  

Collins, A., Weitkamp, J. and Wynn, J., 2018. Why are preterm newborns at increased risk of 

infection?. Archives of Disease in Childhood - Fetal and Neonatal Edition, 103(4), pp.F391-

F394. 

Cotten, C., Taylor, S., Stoll, B., Goldberg, R., Hansen, N., Sanchez, P., Ambalavanan, N. and 

Benjamin, D., 2009. Prolonged Duration of Initial Empirical Antibiotic Treatment Is Associated 

With Increased Rates of Necrotizing Enterocolitis and Death for Extremely Low Birth Weight 

Infants. PEDIATRICS, 123(1), pp.58-66. 

De Buck, M., Gouwy, M., Wang, J., et al., 2016. The cytokine-serum amyloid A-chemokine 

network. Cytokine Growth Factor Rev. 30, pp. 55-69. 

De Louvois, J., Halket, S. and Harvey, D., 2005. Neonatal meningitis in England and Wales: 

sequelae at 5 years of age. European journal of pediatrics. 164(12), pp 730-734. 



90 
 

Delanghe, J. and Speeckaert, M., 2015. Translational research and biomarkers in neonatal 

sepsis. Clin Chim Acta. 451(Pt A), pp. 46-64. 

Didier C., Streicher, M., Chognot, D., Campagni, R,. Schnebelen, A., Messer, J., Donato, L., Langer, 

B., Meyer, N., Astruc, D. and Kuhn, P., 2012. Late-onset neonatal infections: incidences and 

pathogens in the era of antenatal antibiotics. Eur J Pediatr. 171(4), pp. 681-7.  

Downey, L., Benjamin, D., Clark, R., Watt, K., Hornik, C., Laughon, M., Cohen-Wolkowiez, M. and 

Smith, P., 2013. Urinary tract infection concordance with positive blood and cerebrospinal 

fluid cultures in the neonatal intensive care unit. J Perinatol. 33(4), pp. 302-6.  

Ellahony, D.,1, El-Mekkawy, M. and Farag, M., 2020. A study of red cell distribution width in 

neonatal sepsis. Pediatr Emerg Care. 36(8), pp. 378-383. 

Flannery, D., Brandsma, E., Saslow, J., Mackley, A., Paul, D., Aghai, Z., 2019. Do infants in the 

neonatal intensive care unit diagnosed with urinary tract infection need a routine voiding 

cystourethrogram? J Matern Fetal Neonatal Med. 32(11), pp. 1749-1754. 

Fleischmann-Struzek, C., Goldfarb, D., Schlattmann, P., Schlapbach, L., Reinhart, K., Kissoon, N., 

2018.  The global burden of paediatric and neonatal sepsis: a systematic review. Lancet Respir 

Med. 6(3), pp. 223-230. 

Franz, A., Bauer, K., Schalk, A., Garland, S., Bowman, E., Rex, K., Nyholm, C., Norman, M., 

Bougatef, A., Kron, M., Mihatsch, W., and Pohlandt, F., 2003. Measurement of interleukin 8 in 

combination with C-reactive protein reduced unnecessary antibiotic therapy in newborn 

infants: a multicenter, randomized, controlled trial. Pediatrics. 114(1), pp. 1-8. 

Frerot, A., Baud, O., Colella, M., et al., 2019. Cord blood procalcitonin level and early-onset 

sepsis in extremely preterm infants. European Journal of Clinical Microbiology & Infectious 

Diseases. 38(9), pp. 1651-1657. 

Furyk, J., Swann, O. and Molyneux, E., 2011. Systematic review: neonatal meningitis in the 

developing world. Trop Med Int Health. 16, pp. 672 679. 

Galiza, E. and Heath, P., 2009. Improving the outcome of neonatal meningitis. Curr Opin Infect 

Dis. 22(3), pp. 229-34. 

Gaschignard, J., Levy, C., Romain, O., Cohen, R., Bingen, E., Aujard, Y., Boileau, P., 2011. 

Neonatal Bacterial Meningitis: 444 Cases in 7 Years. Pediatr Infect Dis J. 30(3), pp. 212-7.  



91 
 

Gkentzi, D., Kortsalioudaki, C., Cailes, B., Zaoutis, T., Kopsidas, J., Tsolia, M., Spyridis, N., 

Siahanidou, S., Sarafidis, K., Heath, P., Dimitriou, G., 2019. Neonatal Infection Surveillance 

Network in Greece. Epidemiology of infections and antimicrobial use in Greek Neonatal Units. 

Arch Dis Child Fetal Neonatal Ed. 104(3), pp. 293-297. 

Glezen, W., 2003. Effect of maternal antibodies on the infant immune response. Vaccine, 

21(24), pp.3389-3392. 

Goldman, M., Lahat, E., Strauss, S., Reisler, G., Livne, A., Gordin, L., Aladjem, M., 2000. Imaging 

after urinary tract infection in male neonates. Pediatrics. 105(6), pp. 1232-5. 

Goldstein, B., Giroir, B., Randolph, A., 2005. Members of the International Consensus 

Conference on Pediatric Sepsis International pediatric sepsis consensus conference: 

Definitions for sepsis and organ dysfunction in pediatrics. Pediatric Critical Care Medicine. 

6(1), pp. 2-8. 

Gonzalez, B., Mercado, C., Johnson, L., Brodsky, N., Bhandari, V., 2003. Early markers of late-

onset sepsis in premature neonates: clinical, hematological and cytokine profile. J Perinat 

Med. 31(1), pp. 60-68. 

Hahn, W., Song, J., Park, I., Kim, H., Park, S. and Oh, M., 2015. Reference Intervals of Serum 

Procalcitonin Are Affected by Postnatal Age in Very Low Birth Weight Infants during the First 

60 Days after Birth. Neonatology. 108(1), pp. 60-4. 

Haller, S., et al., 2016. Neurological sequelae of healthcare-associated sepsis in very-low-

birthweight infants: Umbrella review and evidence-based outcome tree. Eurosurveillance. 

21(8). 

Hassoun, A., Stankovic, C., Rogers, A., Duffy, E., Zidan, M., Levijoki, C., Stanley, R., Mahajan, P., 

2014. Listeria and enterococcal infections in neonates 28 days of age and younger: is empiric 

parenteral ampicillin still indicated? Pediatr Emerg Care. 30(4), pp. 240-3. 

Hattori, N., Oda, S., Sadahiro, T. et al., 2009. YKL-40 identified by proteomic analysis as a 

biomarker of sepsis. Shock. 32(4), 393-400. 

Heath, P. and Okike, I., 2010. Neonatal bacterial meningitis: an update. Paediatrics and Child 

Health. 20, pp. 526 530. 



92 
 

Heath, P., Yusoff, N. and Baker, C., 2003. Neonatal meningitis. Arch Dis Child Fetal Neonatal Ed. 

88(3), pp. 173-8. 

Hermansson, L., Yilmaz, A., Axelsson, M. et al., 2019. Cerebrospinal fluid levels of glial marker 

YKL-40 strongly associated with axonal injury in HIV infection. Journal of neuroinflammation, 

16(1), 1-9. 

Hofer, N., Zacharias, E., , W. and Resch, B., 2012. An update on the use of C-reactive 

protein in early-onset neonatal sepsis: current insights and new tasks. Neonatology. 102, pp. 

25 36. 

Hornik, C., Benjamin, D., Becker, K., Daniel, K., Benjamin, Jr., Li, J., Clark, H., Cohen-Wolkowiez, 

M., Smith, B., 2012. Use of the complete blood cell count in early-onset neonatal sepsis. Pediatr 

Infect Dis J. 31(8), pp. 799 802. 

Jobe, A., Bancalari, E., 2001. Bronchopulmonary dysplasia. Am. J. Respir. Crit. Care Med. 163, 

pp. 1723 1729. 

Johansen, J., Williamson, M., Rice, J. and Price, P., 2009. Identification of proteins secreted by 

human osteoblastic cells in culture. Journal of Bone and Mineral Research, 7(5), pp.501-512. 

Kanellopoulos, T., Salakos, C., Spiliopoulou, I., Ellina, A., Nikolakopoulou, N. and Papanastasiou, 

D., 2006. First urinary tract infection in neonates, infants and young children: a comparative 

study. Pediatr Nephrol. 21(8), pp. 1131-7. 

Kim, H., Chung, M., Bin, J., Cho, K., Lee, J. and Suh, J., 2018. Urinary YKL-40 as a candidate 

biomarker for febrile urinary tract infection in young children. Annals of laboratory medicine, 

38(1), 39. 

Kim, M., Shim, D., Cha, H. et al., tein plays a critical role in 

-697. 

Kimberlin, D., 2004. Neonatal herpes simplex infection. Clinical Microbiology Reviews. 17(1), 

pp. 1-13. 

Klinger, G., et al., 2010. Outcome of early-onset sepsis in a national cohort of very low birth 

weight infants. Pediatrics. 125(4), pp. 736-740. 



93 
 

Klingenberg, C., Kornelisse, R., Buonocore, G., Maier, R., Stocker, M., 2018. Culture-Negative 

Early-Onset Neonatal Sepsis - At the Crossroad Between Efficient Sepsis Care and 

Antimicrobial Stewardship. Front Pediatr. 6, pp. 285 

Kornblit, B., Hellemann, D., Munthe-Fog, L. et al., 2013. Plasma YKL-40 and CHI3L1 in systemic 

inflammation and sepsis Experience from two prospective cohorts. Immunobiology, 

218(10), 1227-1234. 

Ku, L., Boggess, K. and Cohen-Wolkowiez, M., 2015. Bacterial meningitis in infants. Clinics in 

perinatology. 42(1), pp. 29-45. 

Kzhyshkowska, J., Mamidi, S., Gratchev, A. et al., 2006. Novel stabilin-1 interacting chitinase-

like protein (SI-CLP) is up-regulated in alternatively activated macrophages and secreted via 

lysosomal pathway. Blood. 107(8), pp. 3221-3228. 

Leal, Y. -Nemegyei, J., Lavadores-May, A. n-Carrillo, J., Cedillo-Rivera, R. and 

Velazquez, J., 2019. Cytokine profile as diagnostic and prognostic factor in neonatal sepsis. J 

Matern Fetal Neonatal Med. 32(17), pp. 2830-2836.  

Lee, C., Da Silva, C., Dela Cruz, C., Ahangari, F., Ma, B., Kang, M., He, C., Takyar, S. and Elias, J., 

2011. Role of Chitin and Chitinase/Chitinase-Like Proteins in Inflammation, Tissue 

Remodeling, and Injury. Annual Review of Physiology, 73(1), pp.479-501. 

Lepage, P., Dan, B., 2013. Infantile and childhood bacterial meningitis. Handb Clin Neurol. 112, 

pp. 1115-25. 

Levy, O., 2007. Innate immunity of the newborn: basic mechanisms and clinical correlates. 

Nature Reviews Immunology, 7(5), pp.379-390. 

Li, J., Li, H., Mao, H., Yu, M., Yang, F., Feng, T., Fan, Y., Lu, Q., Shen, C., Yin, Z., Mao, M. and Tu, W., 

2013. Impaired NK cell antiviral cytokine response against influenza virus in small-for-

gestational-age neonates. Cellular & Molecular Immunology, 10(5), pp.437-443. 

Liu, J., Wang, X. and Qie, L., 2015. Disease indicators for sepsis and analysis of sepsis treatment 

in children using the continuous blood purification technique. Genet. Mol. Res. 14(2), pp. 

5685-5693. 



94 
 

Matics, T. and Nelson Sanchez-Pinto, N., 2017. Adaptation and Validation of a Pediatric 

Sequential Organ Failure Assessment Score and Evaluation of the Sepsis-3 Definitions in 

Critically Ill Children. JAMA Pediatr. 171(10):e172352. 

Mithal, L., Palac, H., Yogev, R., Ernst, L. and Mestan, K., 2017. Cord blood acute phase reactants 

predict early onset neonatal sepsis in preterm infants. PLOS one. 12(1), e0168677. 

Mirpuri, J., Raetz, M., Sturge, C., Wilhelm, C., Benson, A., Savani, R., Hooper, L. and Yarovinsky, 

F., 2013. Proteobacteria-specific IgA regulates maturation of the intestinal microbiota. Gut 

Microbes, 5(1), pp.28-39. 

Molloy, E., Wynn, J., Bliss, J., Koenig, J., Keij, F., McGovern, M., Kuester, H., Turner, M., Giannoni, 

E., Mazela, J., Degtyareva, M., Strunk, T., Simons, S., Janota, J., Plotz, F., van den Hoogen, A., de 

Boode, W., Schlapbach, L. and Reiss, I., 2020. Neonatal sepsis: need for consensus definition, 

collaboration and core outcomes. Pediatric Research, 88(1), pp.2-4. 

Morley, E., Lapoint, J., Roy, L., Cantor, R., Grant, W., Paolo, W. and Wojcik, S., 2012. Rates of 

positive blood, urine, and cerebrospinal fluid cultures in children younger than 60 days during 

the vaccination era. Pediatr Emerg Care. 28(2), pp. 125-30. 

Mukhopadhyay, S., Taylor, J., Von Kohorn, I., Flaherman, V., Burgos, A., Phillipi, C., 

Dhepyasuwan, N., King, E., Dhudasia, M., Puopolo, K., 2017. Variation in Sepsis Evaluation 

Across a National Network of Nurseries. Pediatrics. 139(3):e20162845. 

Newman, T., Puopolo, K., Wi, S., Draper, D. and Escobar, G., 2010. Interpreting complete blood 

counts soon after birth in newborns at risk for sepsis. Pediatrics. 126(5), pp. 903 909. 

Nielsen, A., Plomgaard, P., Krabbe, K., Johansen, J. and Pedersen, B., 2011. IL-6, but not TNF-

increases plasma YKL-40 in human subjects. Cytokine. 55(1), pp. 152-155. 

Ohlsson, A., Lacy, J., 2020. Intravenous immunoglobulin for suspected or proven infection in 

neonates. Cochrane Database Syst Rev. 1(1):CD001239 

 and Lundgren, J., 2002. YKL-40 is elevated in 

cerebrospinal fluid from patients with purulent meningitis. Clinical and diagnostic laboratory 

immunology, 9(3), 598-604. 

Ozdemir, S., Ozer, E., Ilhan, O., Sutcuoglu, S. and , 2018. Diagnostic value of urine 

soluble triggering receptor expressed on myeloid cells (sTREM-1) for late-onset neonatal 



95 
 

sepsis in infected preterm neonates. Journal of International Medical Research. 46(4), pp. 

1606-1616. 

Pammi, M. and Brocklehurst, P., 2011. Granulocyte transfusions for neonates with confirmed 

or suspected sepsis and neutropenia. Cochrane Database of Systematic Reviews,. 

Patel, A., Johnson, T., Engstrom, J., Fogg, L., Jegier, B., Bigger, H. and Meier, P., 2013. Impact of 

early human milk on sepsis and health-care costs in very low birth weight infants. Journal of 

Perinatology, 33(7), pp.514-519. 

Perrone, S., Lotti, F., Longini, M., Rossetti, A., Bindi, I., Bazzini, F., Belvisi, E., Sarnacchiaro, P., 

Scapellato, C. and Buonocore, G., 2018. C reactive protein in healthy term newborns during the 

first 48 hours of life. Arch Dis Child Fetal Neonatal Ed. 103(2), pp. 163-166. 

Phillips, J. and Karlowicz M., 1997. Prevalence of Candida species in hospital-acquired urinary 

tract infections in a neonatal intensive care unit. Pediatr Infect Dis J. 16(2), pp. 190-4.  

Pizzini, C., Mussap, M., Plebani, M., and Fanos, V., 2000. C-reactive protein and serum amyloid 

A protein in neonatal infections. Scandinavian journal of infectious diseases. 32(3), pp. 229-

235. 

Polin, R.; Committee on Fetus and Newborn, 2012. Management of neonates with suspected or 

proven early-onset bacterial sepsis. Pediatrics. 129(5), pp. 1006-15. 

Pong, A. and Bradley, J., 1999. Bacterial meningitis and the newborn infant. Infectious Disease 

Clinics of North America. 13(3), pp. 711-733. 

Pontrelli, G., De Crescenzo, F., Buzzetti, R. et al., 2017. Accuracy of serum procalcitonin for the 

diagnosis of sepsis in neonates and children with systemic inflammatory syndrome: a meta-

analysis. BMC Infect Dis. 17(1), pp. 302.  

Prakash, M., Bodas, M., Prakash, D., Nawani, N., Khetmalas, M., Mandal, A. and Eriksson, C., 

2013. Diverse pathological implications of YKL- -

Cellular Signalling, 25(7), pp.1567-1573. 

Pugni, L., Pietrasanta, C., Milani, S. et al., 2015. Presepsin (soluble CD14 subtype): reference 

ranges of a new sepsis marker in term and preterm neonates. PLoS One. 10(12), e0146020. 



96 
 

Puopolo, K., Benitz, W. and Zaoutis, T., AAP Committee on fetus and newborn, AAP Committee 

on infectious diseases, 2018. Management of neonates b w  gestation with 

suspected or proven early-onset bacterial sepsis. Pediatrics. 142(6). 

Ramby, A., Goodman, D., Wald, E. and Weiss, S., 2015. Red blood cell distribution width as a 

pragmatic marker for outcome in pediatric critical illness. PLoS ONE 10(6): e0129258 

Raymond, S., Mathias, B.

Wynn, J., Baker, H., Moldawer, L., Irimia, D. and Larson, S., 2017. Neutrophil chemotaxis and 

transcriptomics in term and preterm neonates. Translational Research, 190, pp.4-15. 

Schelonka, R., Chal, M., Yoder, B., Hensley, D., Brockett, R. and Ascher, D., et al., 1996. Volume 

of blood required to detect common neonatal pathogens. The Journal of Pediatrics, 129(2), pp. 

275-278 

Schmidt, I., Hall, I., Kale, S., Lee, S., He, C., Lee, Y., Chupp, G., Moeckel, G., Lee, C., Elias, J., Parikh, 

C. and Cantley, L., 2013. Chitinase-Like Protein Brp-39/YKL-40 Modulates the Renal Response 

to Ischemic Injury and Predicts Delayed Allograft Function. Journal of the American Society of 

Nephrology, 24(2), pp.309-319. 

Schmutz, N., Henry, E., Jopling, J. and Christensen, R., 2008. Expected ranges for blood 

neutrophil concentrations of neonates: the Manroe and Mouzinho charts revisited. Journal of 

Perinatology, 28(4), pp.275-281. 

Schrag, S., Zywicki, S., Farley, M., Reingold, AL. et al., 2000. Group B streptococcal disease in 

the era of intrapartum antibiotic prophylaxis. N Engl J Med. 342, pp: 15 20.  

Schuchat, A., Whitney, C. and Zangwill, K., Centers for Disease Control and Prevention, 1996. 

Prevention of perinatal group B streptococcal disease: a public health perspective. MMWR, 

45(No. RR-7). 

Schuchat, A., et al., 2000. Risk factors and opportunities for prevention of early-onset neonatal 

sepsis: a multicenter case-control study. Pediatrics. 105(1), pp. 21-26. 

Seliem, W. and Sultan, A., 2018. Presepsin as a predictor of early onset neonatal sepsis in the 

umbilical cord blood of premature infants with premature rupture of membranes. Pediatrics 

International, 60(5), pp. 428-432. 



97 
 

Shaikh, N., Morone, N., Bost, J. and Farrell, M., 2008. Prevalence of urinary tract infection in 

childhood: a meta-analysis. Pediatr Infect Dis J. 27(4), pp. 302-8.  

Shane, A. and Stoll, B., 2014. Neonatal sepsis: Progress towards improved outcomes. Journal of 

Infection, 68, pp.S24-S32. 

Shi, J., Tang, J. and Chen, D., 2016. Meta-analysis of diagnostic accuracy of neutrophil CD64 for 

neonatal sepsis. Italian journal of pediatrics. 42(1), pp. 1-9. 

Simonsen, K., Anderson-Berry, A., Delair, S. and Davies, H., 2014. Early-Onset Neonatal Sepsis. 

Clinical Microbiology Reviews, 27(1), pp.21-47. 

Singer, M., Deutschman, C., Warren Seymour, C., et al., 2016.  The Third International 

Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 315(8), pp. 801-810. 

Siomou, E., Giapros, V., Fotopoulos, A., M., Papadopoulou, F., Serbis, Siamopoulou, A. 

and Andronikou, S., 2009. Pediatrics. 124(3), pp. 881-887. 

Smellie, J., Poulton, A. and Prescod, N., 1994. Retrospective study of children with renal 

scarring associated with reflux and urinary infection. BMJ. 308(6938), pp. 1193-1196. 

Spoorenberg, S., Vestjens, S., Voorn, G. et al., 2018. Course of SP-D, YKL-40, CCL18 and CA 15-3 

in adult patients hospitalised with community-acquired pneumonia and their association with 

disease severity and aetiology: A post-hoc analysis. PloS one, 13(1), e0190575. 

Stocker, M., Van Herk, W., El Helou, S., et al., 2017. Procalcitonin-guided decision making for 

duration of antibiotic therapy in neonates with suspected early-onset sepsis: a multicentre, 

randomised controlled trial (NeoPIns). The Lancet. 390(10097), pp. 871-881. 

Stoll, B., Hansen, N., Bell, E., Walsh, M., Carlo, W., Shankaran, S., Laptook

Meurs, K., Wyckoff, M., Das, A., Hale, E., Ball, M., Newman, N., Schibler, K., Poindexter, B., 

Higgins, R., 2016. Trends in Care Practices, Morbidity, and Mortality of Extremely Preterm 

Neonates, 1993 to 2012. Obstetric Anesthesia Digest, 36(2), pp.76-77. 

Stoll, B., Hansen, N., Fanaroff, A. et al., 2002. Changes in pathogens causing early-onset sepsis 

in very-low-birth-weight infants. N Engl J Med. 347, pp. 240 247. 

Stoll, B.,  et al., 2011. Early onset neonatal sepsis: the burden of group B 

Streptococcal and E. coli disease continues. Pediatrics. 127(5), pp. 817 826.  



98 
 

Streimish, I., Bizzarro, M.,  Northrup, V., Wang, C., Renna, S., Koval, N.,1, Li, F., Ehrenkranz, R., 

Rinder, H., Bhandari, V., 2014. Neutrophil CD64 with hematologic criteria for diagnosis of 

neonatal sepsis. Am J Perinatol. 31(1), pp. 21-30. 

Subcommittee on Urinary Tract Infection, Steering Committee on Quality Improvement and 

Management, 2011. Pediatrics. 128(3), pp. 595-610. 

Thigpen, M., et al, 2011. Bacterial meningitis in the United States, 1998 2007. New England 

Journal of Medicine. 364(21), pp. 2016-2025. 

Tu, W., Chen, S., Sharp, M., Dekker, C., Manganello, A., Tongson, E., Maecker, H., Holmes, T., 

Wang, Z., Kemble, G., Adler, S., Arvin, A. and Lewis, D., 2004. Persistent and Selective 

Deficiency of CD4+T Cell Immunity to Cytomegalovirus in Immunocompetent Young Children. 

The Journal of Immunology, 172(5), pp.3260-3267. 

Turner, D., Hammerman, C., Rudensky, B., Schlesinger, Y., Goia, C. and Schimmel, M., 2006. 

Procalcitonin in preterm infants during the first few days of life: introducing an age related 

nomogram. Archives of Disease in Childhood-Fetal and Neonatal Edition. 91(4), 283-286. 

Verani, J., McGee, L. and Schrag, S. Prevention of perinatal group B streptococcal disease--

revised guidelines from CDC, 2010. MMWR Recomm Rep. 59, pp. 1 36. 

Verboon-Maciolek, M. et al., 2008. Severe Neonatal Parechovirus Infection and Similarity With 

Enterovirus Infection. The Pediatric Infectious Disease Journal. 27(3), pp. 241-245. 

Verheijden, G., Rijnders, A., Bos, E., Coenen-de Roo, C., van Staveren, C. et al., 1997. Human 

cartilage glycoprotein-39 as a candidate autoantigen in rheumatoid arthritis. Arthritis Rheum. 

40, pp. 1115 1125. 

Vind, I., Johansen, J., Price, P. and Munkholm, P., 2003. Serum YKL-40, a potential new marker 

of disease activity in patients with inflammatory bowel disease. Scandinavian journal of 

gastroenterology. 38(6), 599-605. 

Volck, B., Price, P., Johansen, J. , O., Benfield, T., Nielsen, H., Calafat, J., Borregaard, N., 

1998. YKL-40, a mammalian member of the chitinase family, is a matrix protein of specific 

granules in human neutrophils. Proc Assoc Am Physicians. 110(4), pp. 351-60. 



99 
 

Vouloumanou, E., Plessa, E., Karageorgopoulos, D., Mantadakis, E. and Falagas, M., 2011. 

Serum procalcitonin as a diagnostic marker for neonatal sepsis: a systematic review and 

meta-analysis. Intensive Care Med. 37(5), pp. 747-62.  

Walawender, L., Hains, D., Schwaderer, A., 2020. Diagnosis and imaging of neonatal UTIs. 

Pediatr Neonatol. 61(2), pp. 195-200. 

Wang, H., Hsiao, P., Tsai, H., Yeh, C. and Yang, S., 2013. Usefulness of plasma YKL-40 in 

management of community-acquired pneumonia severity in patients. International journal of 

molecular sciences, 14(11), 22817-22825. 

Weisfelt, M., de Gans, J. and van de Beek, D., 2007. Bacterial meningitis: a review of effective 

pharmacotherapy. Expert Opin Pharmacother. 8(10), pp. 1493-504.  

Weston, E., Pondo, T., Lewis, M., Martell-Cleary, P., Morin, C., Jewell, B., Daily, P., Apostol, M., 

Petit, S., Farley, M., Lynfield, R., Reingold, A., Hansen, N., Stoll, B., Shane, A.,  Zell, E., Schrag, S., 

2011. The Burden of Invasive Early-onset Neonatal Sepsis in the United States, 2005 2008, 

The Pediatric Infectious Disease Journal. 30(11), pp. 937-941. 

Wynn, J. and Polin, R., 2020. A neonatal sequential organ failure assessment score predicts 

mortality to late-onset sepsis in preterm very low birth weight infants. Pediatr Res. 88(1), pp. 

85-90. 

Yang, X. and Sheng, G., 2018. YKL-40 levels are associated with disease severity and prognosis 

of viral pneumonia, but not available in bacterial pneumonia in children. BMC pediatrics. 

18(1), 1-8. 

Yu, Z., Liu, J., Sun, Q., Qiu, Y., Han, S., Guo, X., 2010. The accuracy of the procalcitonin test for 

the diagnosis of neonatal sepsis: a meta-analysis. Scand J Infect Dis. 42(10), pp. 723 733. 

Yuan, H., Huang, J., Lv, B, et al., 2013. Diagnosis value of the serum amyloid A test in neonatal 

sepsis: a meta-analysis. Biomed Res Int. 520294. 

Zhou, M., Cheng, S., Yu, J. and Lu, Q., 2015. Interleukin-8 for diagnosis of neonatal sepsis: a 

meta-analysis. PloS one. 10(5), e0127170. 

Zorc, J., Levine, D., Platt, S., Dayan, P., Macias, C., Krief, W., Schor, J., Bank, D., Shaw, K. and 

Kuppermann, N. Multicenter RSV-SBI Study Group of the Pediatric Emergency Medicine 

Collaborative Research Committee of the American Academy of Pediatrics, 2005. Clinical and 



100 
 

demographic factors associated with urinary tract infection in young febrile infants. 

Pediatrics. 116(3), pp. 644-8.  

 

 

BEST (Biomarkers, Endpoints, And Other Tools) Resource, Updated, November 2020. 

Available at: 

https://www.ncbi.nlm.nih.gov/books/NBK326791/pdf/Bookshelf_NBK326791.pdf [Accessed 

13 January 2021]. 

Centers for Disease Control and Prevention. Active Bacterial Core Surveillance (ABCs) Report: 

Group B streptococcus, 2012. Available at:  https://www.cdc.gov/abcs/reports-

findings/survreports/gbs12.pdf [Accessed 9 February 2021]. 

European Centre for Disease Prevention and Control. 2009. ECDC/EMEA Joint Technical 

Report: The Bacterial Challenge: Time To React. Available at: 

https://www.ecdc.europa.eu/en/publications-data/ecdcemea-joint-technical-report-

bacterial-challenge-time-react [Accessed 13 January 2021]. 

Gilfillan, M. and Bhandari, V., 2019. Neonatal sepsis biomarkers: where are we now?. Available 

at: https://www.dovepress.com/neonatal-sepsis-biomarkers-where-are-we-now-peer-

reviewed-fulltext-article-RRN (Accessed 18 January  2021). 

Kopsidas, I., Bouza, E., Gouvias, T., Kaffe, A., Karachristou, K., Kourkouni, E.,  Mavrogeorgos, G., 

Roilides, E., Siahanidou, T., Soubasi, V., Spyridis, N., Stratiki, E., Theodoraki, M., Triantafyllidou, 

P., Tsintoni, A., Tsopela, G., Tzaki, M., Zaoutis, T., CLEO, 2018. Variability of length of therapy 

for possible early onset sepsis (EOS) and late onset sepsis (LOS): identifying opportunities for 

antibiotic stewardship in the Neonatal Intensive Care Unit (NICU). Available at: 

https://www.cleoresearch.org/el/plublications/abstracts/277-variability-of-length-of-

therapy-for-possible-early-onset-sepsis-eos-and-late-onset-sepsis-los-identifying-

opportunities-for-antibiotic-stewardship-in-the-neonatal-intensive-care-unit-nicu (Accessed 

20 February 2021). 

Kopsidas, J., Kortsalioudaki, C.,Zannikos, K., Karachristou,K., laba, G., Anatolitou, F., 

Lipsou, N., Siachanidou, T., Kent, A., Gkentzi, D., Dimitriou, G., Zaoutis, T., Heath, P., Spyridis, N.; 

on behalf of the Neonatal Infection Surveillance Network (neonIN), 2014. Epidemiology of 



101 
 

Neonatal Bacteremia in Greece  Data from a European Surveillance Network. Available at: 

https://www.cleoresearch.org/el/plublications/abstracts/118-epidemiology-of-neonatal-

bacteremia-in-greece-data-from-a-european-surveillance-network (Accessed 20 February 

2021). 

Kopsidas, I., Lianou, L., Kourkouni, E., Karachristou, K., Stratiki, E., Vintila, A., Karaviti, D., 

Kirikas, Z., Baglatzi, L., Mougkou, K., Pappa, M., Tsolia, M., Zaoutis, T., Spyridis, N., CLEO, 2016. 

Infection Control, Antimicrobial Resistance, Chemoprophylaxis and Antimicrobial 

Stewardship Prolonged Dual Antibiotic Courses for Culture Positive Neonatal Sepsis in 3 

Greek Neonatal Units. Available at: 

https://www.cleoresearch.org/el/plublications/abstracts/126-infection-control-

antimicrobial-resistance-chemoprophylaxis-and-antimicrobial-stewardship-prolonged-dual-

antibiotic-courses-for-culture-positive-neonatal-sepsis-in-3-greek-neonatal-units (Accessed 

20 February 2021). 

Tsitsami, E. and Germenis, A., 2010. The Immune System In Neonates And Infants: 

Mechanisms And Clinical Correlates. Available at: https://core.ac.uk/display/132816556 

(Accessed 17 January 2021). 


