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Abstract. Thermal stabilization is important for assuring a sample quality and pre-
vent protein denaturation. Presepsin is a new reliable biomarker of sepsis produced 
in response to bacterial infections. However, before its inclusion into clinical practice 
several criteria need to be fulfilled. One of these regards the samples thermostability 
after a long-term refrigeration in different biological fluids (blood, urine, saliva) that 
can constitute a confounding factor for Presepsin reliability as diagnostic test. On this 
light, this review offers an update of studies analyzing presepsin after sample thawing. 
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1. INTRODUCTION

A proper sample management (collection, processing and storage) is 
essential for assuring a consistent quality for the intended analyses and study 
goal. In particular, consideration must be given to the storage condition to 
maintain sample quality until analyses are completed (Vaught J.B. et al). 

Thermal stabilization is essential to prevent protein denaturation; in 
human fluids, slow freezing and fast thawing represent the recommended 
procedure (He X; Cuhadar S. et al).

Presepsin (P-SEP) is a protein produced in response to bacterial infec-
tions (Botondi V et al). P-SEP is a reliable biomarker for bacterial infections 
in adults, infants and newborns because of its measurability in biological flu-
ids (i.e. blood, urine, saliva), its rapid activation and quick result output (Bot-
ondi V et al; Koh J.H. et al; Prester L. et al). 

Recently, specific criteria for biomarkers inclusion in clinical practice 
have been stated according to official institutions (Food and Drug Admin-
istration, FDA; European Medicine Agency, EMA; the National Institute of 
Health, NIH) including the thermostability and results reproducibility (U.S 
Department of Health and Human Services et al; Hunter D.J. et al). 

There are several studies in Literature focused on P-SEP detection, in 
which samples have been frozen (from -20°C to -80°C) until analysis (Kim S.Y. 
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et al; Lee S. et al; Aliu-Bejta A. et al; Al-Kindi S.G. et al). 
Nonetheless, according to some Authors and to the pack-
age insert of different P-SEP kit (PATHFAST and ELISA) 
a long-term refrigeration could somewhat represent a bias 
for P-SEP stability (Lee S. et al; Wagner B. et al, Khan M.). 

In the present review we offer an overview of stud-
ies using refrigeration as a sample storage method before 
P-SEP analysis. 

2. RESEARCH STRATEGY

We searched in the PubMed database for the period 
2010 to 2023 all records matching the terms “Tempera-
ture”, “sCD14”, “storage conditions” and “frozen sam-
ples”. We found 10 records in whom P-SEP samples were 
stored from -20 to -80 °C.

3. CONTENT

3.1 P-SEP molecule

P-SEP is a truncated form of a cell surface glycopro-
tein (CD14) expressed by innate immunity cells such as 
monocytes and neutrophils. CD14 receptor has a high-
affinity for bacterial lipopolysaccharides (LPS) and acti-
vates the proinflammatory signaling cascade. At the end 
of the process, P-SEP is released in the blood stream 
(Botondi V et al).

3.2 P-SEP sampling and storage 

Characteristics of Studies in which P-SEP samples 
have been frozen for maintenance are shown in Table 1. 

In detail, P-SEP was collected in different study-
population such as:
i) adults, in 5 out of the 10 series (Aliu-Bejta A. et al; 

Kim S.Y et al; Al-Kindi S.G. et al; Khan M. et al), 
ii) children, in 3 out of 10 series (Nishana E. et al; 

Maya-Barrios A. et al; Bhat S.S. et al), 
iii) newborns 2 out of 10 series (Topcuoglu S. et al; Pons 

S. et al).
Moreover, P-SEP was measured/stored in different 

biological fluids such as:
iv) blood, in 7 out of 10 series (Topcuoglu S. et al; Aliu-

Bejta A. et al; Kim S.Y et al; Pons S. et al; Al-Kindi 
S.G. et al; Lee S. et al; Khan M. et al)

v) saliva, in 3 out of 10 series (Nishana E. et al; Maya-
Barrios A. et al; Bhat S.S. et al), 
Notably, CLEIA assay was performed in 3 out of 10 

studies (Topcuoglu S. et al; Kim S.Y et al; Lee S. et al) 
and ELISA assay in 7 out of 10 reports (Aliu-Bejta A. et 
al; Pons S. et al; Al-Kindi S.G. et al; Al-Kindi S.G. et al; 
Nishana E. et al; Maya-Barrios A. et al; Bhat S.S. et al).

In all studies, samples were stored at a temperature 
of ≤-20°C and only 4 out of 10 studies provide informa-
tion on the duration of freezing (Aliu-Bejta A. et al; Al-
Kindi S.G. et al; Lee S. et al; Khan M. et al). 

Finally, none of the studies object of evaluation ana-
lyzed the samples at different times after thawing.

4. DISCUSSION

Today, the determination of thermostability consti-
tutes an important issue in the evaluation of biomarkers 
suitable for inclusion in clinical daily practice. The aim 
is to guarantee sample quality preventing protein dena-
turation and subsequent reliability of out-put results (He 

Table 1. Characteristics of studies.

Population BF Assay Storage T(°C) Freezing Time Ref

N B C -80°C NA Topcuoglu S. et al
A B E -40°C 7 d Aliu-Bejta A. et al
A B C -70°C NA Kim S.Y et al
N B E -80°C NA Pons S. et al
A B E -70/-80 °C > 2 y Al-Kindi S.G. et al
C S E -20°C NA Nishana E. et al
C S E -80°C NA Maya-Barrios A. et al
A B C -80°C 3 m Lee S. et al
C S E -20°C NA Bhat S.S. et al
A B E -20/-80 °C 34 d / 311 d Khan M. et al

Abbreviations: BF, biological fluid; A, adults; C, children; N, newborn; B, blood; S, saliva; C, CLEIA; E, ELISA; d, days; y, years; m, months 
NA, not available.
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X; Cuhadar S. et al). The issue is noteworthy especially 
for assessment, storage and measurement of P-SEP, a 
new promising early sepsis biomarker (Botondi V et al). 

Among a series of assays currently used for P-SEP 
measurement the most available is the PATHFAST P-SEP 
device. Data on sample storage modalities and potential 
bias are at this controversial and still matter of debate. For 
example, according to manufacturer’ instructions plasma 
samples are reported to be stable for 3 days at +2 to +8 
°C and 9 months at −20 °C or lower, respectively. Nota-
bly, when samples are stored for a period > 9 months the 
result output reliability can somewhat be affected. 

Data is corroborated by those reported by Khan 
M. et al who stored P-SEP samples at a prolonged tem-
perature ranging from -20 to -80 °C and reported that 
caution should be exercised while analyzing samples for 
sCD14 after a so prolonged time-storage length. 

Another issue that still require further investigation 
was within which time-period the samples were frozen 
from collection or were analyzed for the first time soon 
after thawing. Literature data showed in Table 1 report 
that samples were stored at a temperature ≤ -20°C in 
all the studies. It is important to underline that only 4 
out of 10 studies (Aliu-Bejta A. et al; Al-Kindi S.G. et al; 
Lee S. et al) provided information about the duration 
of sample freezing, moreover no study has analyzed the 
P-SEP at different time points after thawing. 

In conclusion, on the basis of the present data:
i) there are no studies focusing on the effects of thaw-

ing samples after a long-term storage on the P-SEP 
stability;

ii) there are no series investigating the P-SEP thermo-
stability at short/long time from refreshment, and 

iii) further research is needed in order to clarify the 
biomarker’s stability at different time points and at 
different storage conditions.

REFERENCES

1. Vaught J.B., & Henderson M.K. (2011) Biological 
sample collection, processing, storage and informa-
tion management. IARC Sci Publ.163(163):23-42.

2. He X. (2011) Thermostability of biological systems: 
fundamentals, challenges, and quantification.  The 
open biomedical engineering journal.5:47–73. 

3. Cuhadar S., Koseoglu M., Atay A., Dirican A. (2013) 
The effect of storage time and freeze-thaw cycles 
on the stability of serum samples.  Biochemia medi-
ca.23(1): 70–77.

4. Botondi V., D’Adamo E., Plebani M., Trubiani O., 
Perrotta M., Di Ricco L., Spagnuolo C., De Sanctis 

S., Barbante E., Strozzi M.C., Maconi A., Gazzolo F., 
Betti M., Roveta A., Levantini G., Gazzolo D. (2022). 
Perinatal presepsin assessment: a new sepsis diag-
nostic tool?. Clinical chemistry and laboratory medi-
cine. 60(8):1136–1144. 

5. Koh J.H., Lee S., Kim H.S., Lee K., Lee C.S., Yoo S.A., 
Lee N., Kim W.U. (2020). Development of Monitor-
ing System for Assessing Rheumatoid Arthritis with-
in 5 Minutes Using a Drop of Bio-Fluids.  Journal of 
clinical medicine. 9(11):3499. 

6. Prester L., Protrka N., Macan J., Katunarić M. (2017) 
Salivary sCD14 as a potential biomarker of dental 
caries activity in adults. Arhiv za higijenu rada i tok-
sikologiju. 68(4):315–321. 

7. Lee S., Song J., Park D.W., Seok H., Ahn S., Kim J., 
Park J., Cho H.J., Moon S. (2022) Diagnostic and 
prognostic value of presepsin and procalcitonin 
in non-infectious organ failure, sepsis, and septic 
shock: a prospective observational study according 
to the Sepsis-3 definitions.  BMC infectious diseas-
es, 22(1):8. 

8. Wagner B., Ainsworth D.M., Freer H. (2013) Analysis 
of soluble CD14 and its use as a biomarker in neo-
natal foals with septicemia and horses with recur-
rent airway obstruction. Veterinary immunology and 
immunopathology. 155(1-2):124–128. 

9. Kim S.Y., Hong D.Y., Lee K.R., Paik J.H., Jung H.M. 
(2022) Plasma presepsin level predicts acute kid-
ney injury in patients with sepsis in the emergency 
department. Medicine. 101(28):e29919. 

10. Aliu-Bejta A., Kurshumliu M., Namani S., Dreshaj 
S., Baršić B. (2023) Ability of presepsin concentra-
tions to predict mortality in adult patients with 
sepsis.  Journal of clinical and translational sci-
ence. 7(1):e121. 

11. Al-Kindi S.G., Buzkova P., Shitole S.G., Reiner A.P., 
Garg P.K., Gottdiener J.S., Psaty B.M., Kizer J.R. 
(2020).Soluble CD14 and Risk of Heart Failure and 
Its Subtypes in Older Adults.  Journal of cardiac fail-
ure. 26(5):410–419. 

12. U.S Department of Health and Human Services; 
Food and Drug Administration Center for Drug 
Evaluation and Research (CDER); Center for Bio-
logics Evaluation and Research (CBER). Biomarker 
qualification: Evidentiary Framework Guidance for 
Industry and FDA Staff. 2018.

13. European, Medicines, Agency. 2017. Essential Con-
siderations for Successful Qualification of Novel 
Methodologies EMA/750178/2017.

14. Hunter D.J., Losina E., Guermazi A., Burstein D., 
Lassere M.N., Kraus V. (2010) A pathway and 
approach to biomarker validation and qualification 



72 Valentina Botondi et al.

for osteoarthritis clinical trials.  Curr Drug Targets. 
11:536-545.

15. Topcuoglu S., Arslanbuga C., Gursoy T., Aktas A., 
Karatekin G., Uluhan R., Ovali F. (2016). Role of 
presepsin in the diagnosis of late-onset neonatal 
sepsis in preterm infants.  The journal of maternal-
fetal & neonatal medicine : the official journal of 
the European Association of Perinatal Medicine, the 
Federation of Asia and Oceania Perinatal Societies, 
the International Society of Perinatal Obstetricians. 
29(11):1834–1839. 

16. Pons S., Trouillet-Assant S., Subtil F., Abbas-Chorfa 
F., Cornaton E., Berthiot A., Galletti S., Plat A., Rapin 
S., Trapes L., et al. (2023) Performance of 11 Host 
Biomarkers Alone or in Combination in the Diag-
nosis of Late-Onset Sepsis in Hospitalized Neonates: 
The Prospective EMERAUDE Study.  Biomedicines. 
11(6):1703. 

17. Nishana E., Bhat S.S., Sahana K.S., Hegde S.K., Bhat 
V., Kalal B.S. (2019). Estimation of Salivary sCD14 
in Children with Early Childhood Caries in Associa-
tion with Pneumonia.  Reports of biochemistry and 
molecular biology. 8(2):132–138.

18. Maya-Barrios, A., Lira-Hernandez, K., Jiménez-Esco-
bar, I., Hernández, L., Ortiz-Hernandez, A., Jiménez-
Gutiérrez, C., López-Velázquez, G., Gutiérrez-Cas-
trellón, P. (2021).  Limosilactobacillus reuteri  ATCC 
PTA 5289 and DSM 17938 as adjuvants to improve 
evolution of pharyngitis/tonsillitis in children: ran-
domised controlled trial.  Beneficial microbes. 12(2), 
137–145. 

19. Bhat S.S., Kalal B.S., Veena K.M., Kakunje A., Saha-
na K.S.R., Rekha P.D., Chandra J., Nasreen I. (2021). 
Serum and salivary immunoglobulin G4 levels in 
children with autism spectrum disorder from south 
India: a case-control study. American journal of clini-
cal and experimental immunology. 10(4):103–111.

20. Khan M. (2010) Adaptation of fit-for-purpose bio-
marker assay validation using commercial kits: A 
CRO perspective. Drug Research. 11/12:33-34.


	On the connectivity in the central nervous system and the age-induced changes of its network organization
	Diego Guidolin1,*, Cinzia Tortorella1, Raffaele De Caro1, Luigi F. Agnati2
	Wandering gallbladder wrapping hepatoduodenal ligament and mimicking gastrointestinal stromal tumor at imaging. Case report and literature review
	Silvia Malerba, Giuliana Rachele Puglisi, Piercarmine Panzera, Alessandro Pasculli, Francesco Paolo Prete, Angela Gurrado, Mario Testini*
	Megaureter and hydronephrosis: Consequences of ureteric dysfunction
	Cheryl Melovitz-Vasan1, Amanda McBride1, Susan Huff2, Nagaswami Vasan1,*
	Developmental and surgical anatomy of pathologies of the craniovertebral junction: a much-needed problematization of efficacy and long-term outcomes
	Katarzyna Siwek1, Wiktoria Wieczorek6, Marcelina Łopińska2, Katarzyna Polak-Boroń2, Arthur Saniotis3,4, Francesco M. Galassi3,5,*, Małgorzata Suchanecka1
	Special Issue PhD course in Innovative Technologies in Clinical Medicine & Dentistry (University G. d’Annunzio, Chieti-Pescara)
	Prevalence and localization of Canalis Sinuosus: a mini review
	Francesca Angiolani*, Maurizio Piattelli, Fabiola Rinaldi, Oriana Trubiani, Giuseppe Varvara
	Volumetric evaluation of maxillary sinuses using CBCTS: radiographic study
	Fabiola Rinaldi1,*, Maurizio Piattellli1, Francesca Angiolani1, Sara Bernardi2, Elena Rastelli2, Giuseppe Varvara1
	First year of life: the Golden Age of gut microbiota
	Mariangela Mazzone*, Maria C. Di Marcantonio, Gabriella Mincione, Raffaella Muraro
	A mini-review: valuable allies for human health: probiotic strains of Limosilactobacillus reuteri
	Beatrice Marinacci1,2,*, Benedetta Pellegrini1, Stefan Roos3,4
	A mini-review on different polymerization protocols for resin-based dental composites
	Edoardo Sorrentino1,*, Ylenia Della Rocca1, Guya Diletta Marconi1, Giovanna Iezzi2, Oriana Trubiani1, Camillo D’Arcangelo2, Francesco De Angelis2, Francesca Diomede1
	Role of toll-like receptor signaling pathway in a rat model of spinal cord injury: a transcriptomic analysis
	Simone D’Angiolini1,2,*, Oriana Trubiani1, Emanuela Mazzon2
	Effects of temperature on presepsin assessment in biological fluids
	Valentina Botondi1, Ebe D’Adamo1, Oriana Trubiani2, Diego Gazzolo1
	Antibacterial activity of titanium nitride coating: a mini review
	Stefano Oliva1,*, Oriana Trubiani1, Maurizio Piattelli1, Mario Capogreco2, Giovanna Murmura1
	Modulation of inflammatory pathway in human gingival fibroblasts exposed to resinous materials
	Antonella Mazzone1,*, Ylenia Della Rocca1, Jacopo Pizzicannella2, Francesca Diomede1, Guya Diletta Marconi1, Oriana Trubiani1
	Twin pregnancies and maternal cardiovascular function: literature review and future prospects
	Melissa Foglietta1,*, Francesco D’Antonio2, Sante Donato Pierdomenico1, Elena Bacigalupi3, Jacopo Pizzicannella4
	Reprogramming methods for induced pluripotent stem cells generation
	Ylenia Della Rocca1,*, Antonella Mazzone1, Jacopo Pizzicannella2, Guya Dilletta Marconi1, Oriana Trubiani1, Francesca Diomede1
	Motor behavioural tests for phenotype evaluation of mouse models of ataxia: the case of Marinesco-Sjögren Syndrome
	Anna Giulia Ruggieri, Michele Sallese*
	Artificial intelligence and finite element analysis: applications in implant dentistry
	Francesco Valente1,2,*,A, Luigi Falconio1,2,A, Cristina Falcinelli3, Sandipan Roy4, Oriana Trubiani1,2, Tonino Traini1,2
	STING agonists in cancer immunotherapy: a brief review
	Martina Ceci1,3,*, Marco Trerotola1,2, Manuela Iezzi1,3
	Clinical efficacy of cord blood platelet gel in chronic limb-threatening ischaemia patients: a case series
	Giovanni Mastrangelo1,2,*, Michele Santodirocco3, Luigi Semerano1, Giancarlo Palena1, Vincenzo Sciannelli1, Gabriele Magistro1, Roberto Marinucci1, Pierluigi Di Sebastiano2, Vincenzo Palazzo1 
	Anti-Inflammatory effect of the Saffron Stigma and Saffron Petal Extract on LPS stimulated human Caco-2 cell by transductional signal modulation of FBW7/IKBα
	Federica De Cecco1,2,*, Sara Franceschelli2,3, Valeria Panella2, Maria Maggi4,5, Silvia Bisti6, Lorenza Speranza2,3
	Use of cadaveric stem cells: analysis of literature
	Martina Bonelli1,*, Antonio M. Catena2, Tiziana Pietrangelo3, Marcello Locatelli4, Oriana Trubiani5, Cristian D’Ovidio1
	Ambulatory blood pressure and risk of heart failure: a mini-review 
	Francesca Coccina1,2,*, Rosa Scurti2, Oriana Trubiani1, Sante D. Pierdomenico1
	The implant loading influence on crestal bone remodelling around hybrid titanium implants: a prospective clinical study
	Luigi Falconio1,2,*,A, Francesco Valente1,2,A, Luan Mavriqi3, Oriana Trubiani1,2, Tonino Traini1,2

