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Infectious complications in colorectal cancer surgery is one of the major problems in postoperative complications structure. The frequency
of the latter is 5-22%, and in 5-20% of cases such complications lead to death. It should be noted that the development of postoperative
complications leads to a decrease in the quality of life of patients, general and relapse-free survival of patients operated on for colorectal cancer.
One of the promising ways to diagnose postoperative infectious complications after surgery is to assess the level of biological markers of plasma
inflammation. It can be used to identify patients with a high probability of infection and be an indication for earlier additional methods of
diagnosing complications.

Currently, biomarkers that are used for early postoperative infection detection include increase in the leukocytes level in peripheral blood, CRP, PCT,
(D64 neutrophils and others. Despite the large number of studies, the question of the role of these biomarkers in postoperative infections diagnosis
in the patients who under went colorectal cancer surgery remains unclear.
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Early detection of purulent-septic complications,
including the failure of intestinal anastomoses, occu-
pies a leading place in the list of urgent problems of
Coloproctology [1]. Despite the sufficiently studied
aspects of preoperative preparation of patients in
order to reduce the risk of postoperative infection
(PI) [2], the latter remains the main cause of mortal-
ity, decrease of quality of life, reduction of overall
and disease-free survival of patients operated on for
colorectal cancer [3].

In the structure of PI there are 2 following groups:
surgical site infection (SSI) and postoperative distant
infection. The term SSI was introduced in 1992 by the
USA Center for disease control and prevention and
serves as a definition of infection occurring within
30 days after surgery, and in the case of an implant for
one year. Among the SSIs there are deep, superficial
and intra-abdominalinfections. The reason for the last
in most cases is the failure of the intestinal anastomo-
sis, which can occur in the form of an abscess of the
abdominal cavity or pelvis, local or diffuse peritonitis
[4]. Postoperative distant infection should include
pneumonia, urinary tract infection, septicemia, and
infection in the area of parenteral manipulation [5].
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The incidence of SSI after scheduled colon surgeries
accounted for 16.4% [6], and in patients undergoing
rectal surgery, this figure may reach 22% [6,7], and
in 5-20% of cases such complications lead to a fatal
outcome [2,6].

PIis not only one of the causes of patient mortality, but
it also worsens the results of overall and disease-free
survival. In 2015 Artinyan A. et al. [3] made a retrospec-
tive analysis of 12,075 patients who underwent surgery
for colorectal cancer, for the period from 1999 to 2009,
who were divided into groups depending on the pres-
ence or absence of postoperative complications (PC), as
well as its nature: infectious or non-infectious [3].

The presence of any PC was found to be indepen-
dently associated with reduced long-term survival
(HR=1.24; 95% CI 1.15-1.34; p<0.001). Patients with
PI were at higher risk (HR=1.31; 95% CI 1.21-1.42;
p<0.001). At the same time, the severity of PI corre-
lated with a decrease in overall survival (HR=1.41; 95%
(I 1.15-1.73; p<0.001).

Similar data are given in the work of Povsi¢ M.
(2016) [8].

Postoperative infectious complications significantly
increase the average hospital stay and the treatment
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cost of this category patients, as stated in the work of
Kashimura N. et al. [9]. In their retrospective compara-
tive study, they analyzed the effect of infection in the
surgical site on the duration of postoperative hospital
stay and treatment cost among 167 pairs of patients.
According to the results of the study the appearance
of PI increased the average hospital stay by 17.8 days
(p=0.001) and the average cost of treatment - by
US$5,938 (p<0.001) compared with the patients with-
out PI.

Clinical manifestations of PI in the early postoperative
period are non-specific and difficult to distinguish
from the syndrome of systemic inflammatory response
(SSIR) as the result of surgical procedure. Unlike PI,
SSIR is usually resolved independently, but in some
cases can occur as sepsis and septic shock [10].

A reliable symptom of PI is the confirmation of the
presence of an infectious focus. With this objective, in
clinical practice, a microbiological study is carried out
to verify the pathogen. Determination of the etiologi-
cal agent of PI can reveal its sensitivity to antibacte-
rial drugs [10]. The period of bacteriological examina-
tion is at least 6 hours. Further study of antimicrobial
sensitivity requires additional time of between 24 and
48 hours [11].

The development and introduction into clinical practice
of molecular genetics research methods, such as poly-
merase chain reaction (PCR), has reduced the time of
detection of the PI pathogen to several hours. Despite
the speed of obtaining the result during the PCR study,
it is very difficult to determine the viability of the
microorganism and assess its role in the development
of infection, as well as to monitor antibiotic resistance
[12]. In addition, the increase in the cost of PCR varies
from 3 to 10 times compared to the cost of microbio-
logical examination by bacterial cultivation [13].
These problems as well as the need to predict the
development of complications at the preclinical stage,
led to the search for new biomarkers associated with
inflammation. The term «biomarker» means a labora-
tory indicator that has a certain unit of measurement
and numerically characterizes the biological processes
occurring in humans in normal and pathological condi-
tions [14]. Currently, the most studied biomarkers of
inflammation include C-reactive protein, procalcito-
nin, presepsin and CD64 neutrophils.

Assessment of C-reactive protein (CRP) levels is one
of the most common tests used in clinical practice
to diagnose and control PI therapy. It was discovered
in 1930 and refers to acute phase inflammation pro-
teins [15], demonstrating a 1000 — fold increase in
concentration during injury, inflammation, or tissue
necrosis [16,17].

The level of CRP correlates with the severity of an
inflammatory reaction or injury [16]. In 2014 Singh P.

KOJIOMPOKTOJOINA, tom 18, N2 3, 2019

et al. [18] conducted a meta-analysis to assess the
level of CRP as a predictor of insolvency of anasto-
mosis. Seven publications were selected, including
2,483 patients after colorectal surgery. The highest
values of sensitivity and specificity of the biomarker
were detected, on average, on the 5% postoperative
days and amounted to 86% for both indicators at the
threshold level of CRP 144 mg/l (p<0.001).

Similar data were obtained in the meta-analysis by
Gans S. et al. (2015) [19]. The ease and cheapness of
the method and direct correlation with the severity
of inflammation made CRP a widely used test in the
PI diagnosis, but nonspecific increase in its concen-
tration and low prognostic significance in the early
postoperative period dictate the need to search for
new biomarkers of inflammation.

Procalcitonin (PCT) is a precursor protein to the
calcitonin hormone. Normally, its concentration in
blood plasma is very low and is less than 0.01 ng/ml
[20]. Its increase occurs in severe generalized bacte-
rial, parasitic or fungal infections without changing
in viral infection [21]. For more than 30 years of its
application in clinical practice, many studies have
been published, the data of which often contradict
each other [22,23]. Some studies indicate that PCT
levels are elevated in SSIRs, extensive injury, and burn
injuries [24].

In 2018, Tan, W. et al. [25] conducted a meta-analysis
that assessed the diagnostic significance of the PCT
test on the 3-5" days after surgery as a predictor of
intraabdominal infection after colon surgery. The
study analyzed 8 studies, including 1,629 cases. The
PI frequency was 5.7% on the 3 day, 9.7% - on the 4"
and 6.3% - on the 5t day.

The area under the curve and the thresholds on the 3%,
the 4% and the 5™ days after surgery were 0.83 (95%
(I 0.78-0.88) and 1.45 ng/ml, 0.79 (95% CI 0.64-0.93)
and 1.28 ng/ml and 0.94 (95% CI 0.91-0.97) and 1.26
ng/ml, respectively.

The highest diagnostic value of PCT level determina-
tion was established on the 5" day with sensitivity of
78% (95% CI 0.65-0.89) and specificity of 88% (95%
CI 0.85-0.90). Similar results were presented in a
meta-analysis by Cousin, F. et al. in 2016, there were
no significant differences in comparison with the use
of CRP [26].

Just over 10 years ago, Japanese scientists discovered
another biomarker of inflammation - sCD14-ST and
named it presepsin (PSP) [27]. It is a protein with a
molecular weight of 13 kDa containing an N-terminal
fragment of (D14 and does not include a C-terminal
site responsible for binding to lipopolysaccharide. The
level of PSP increases in 2 hours after the appearance
of the infectious agent in the blood, and reaches the
maximum concentration in 3 hours [28].
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A large number of scientific publications character-
ize the determination of the PSP level as an effective
marker in the diagnosis of sepsis and differential
diagnosis of SSIR [29,30]. In 2015, Tong X. et al. [31]
conducted a meta-analysis of the PSP value as a sepsis
marker.

The study included 11 studies and combined the
results of treatment of 3,106 patients. According to
Tong X., the sensitivity of PSP was 83% (95% CI 0.77-
0.88), specificity — 81% (95% CI0.74-0.87). Similar
data were given in meta-analyses by Zhang X. et al.
[32] and Zhang J., et al [33]. At the same time, there
are many contradictions in the results of comparative
studies into assessment of sensitivity and specificity
between PSP and other biological markers. In some
publications, the authors conclude that PSP is the
most effective marker of septic complications in com-
parison with PCT and CRP [29,30].

However, along with them there are a number of stud-
ies that characterize PSP as an equal or less effective
predictor of infectious complications in comparison
with other biomarkers of inflammation [34-36], which
does not allow to make an unambiguous conclusion
about the use of PSP as a universal PI marker.

In addition to the virulence and pathogenicity of the
microorganism, a violation of the patient’s immune
status after surgery or burn lesions plays an impor-
tant role in the occurrence of postoperative infection
[37,38]. Early immune response to surgical trauma is
associated with the activation of congenital immu-
nity. As the first link here are phagocytes and antigen-
representing cells migrating to the injury zone.

These include neutrophils, macrophages and dendritic
cells [39]. Defects of this link can lead to the devel-
opment of infectious complications, and therefore
the assessment of changes in cellular immunity is an
important marker of immunosuppression, as one of
the components of the development of the infectious
process [40].

Taking into account the above information, promising
in the framework of laboratory diagnosis of infec-
tious complications is the study of changes in the
level of a number of indicators of cellular immunity,
each of which has its place in the implementation of
the response to the infectious agent: the content of
cytotoxic T-lymphocytes, immunoregulatory index,
T-regulatory cells, the content of af- and yd T-cells,
native T-cells, memory T-cells, effect or T-cells, MAIT-
cells, T-helpers 1, 2 and 17 type. Relatively recently
discovered CD64 neutrophils, HLA-DR monocytes are
rarely or not used in the PI diagnosis and therapy
assessment due to lack of knowledge.

Recently the main method of laboratory assessment of
the functional state of the human immune system is a
chemiluminescent analysis of the blood by the method
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of two-stage stimulation [37,41], the results of which
can be assessed within the first two hours from the
time of the test.

Cluster of differentiation 64 (CD64) refers to a mem-
brane glycoprotein known as an Fc receptor with high
affinity for monomeric immunoglobulinamizo type IgG
(FcgRI) [42]. Normally CD64 is expressed on macro-
phages, monocytes and eosinophils. Its appearance on
neutrophils is regarded as part of the systemic immune
response to infection and physiological response to
microbial wall components, inflammatory cytokines,
including interferon G, granulocyte colony stimulat-
ing factor, tumor necrosis factor-a, interleukin-1 and
interleukin-6 [43].

Biomarker is detected in blood in 2-4 hours from the
moment of infection in preclinical stage of complica-
tion [44]. CD64 neutrophil receptor (CD64n) is more
sensitive and specific in the diagnosis of postopera-
tive infection in comparison with CRP and PCT.

Jukic T., et al. in 2015 studied the dynamics of bio-
logical markers of CD64n, CRP inflammation, as well as
leukocyte and neutrophil levels in 229 patients who
underwent colorectal (189), maxillofacial (23) and car-
diac (17) surgeries to predict PI. CD64n was the only
biomarker that could predict PI (p<0.001) on the 1¢t
and the 2" days after surgery, while the rest could not
reveal statistically significant differences [45].
Similar results are described in the study by Gerrits J.H.,
et al. [46]. In a meta-analysis by Cid J., et al. (2010),
which included 13 studies on the clinical use of this
marker, the sensitivity and specificity of the latter
amounted to 79% and 91%, respectively [47].

In 1991, Volk, H. et al. first described immunodeficien-
cy diagnosed at a low level by monocytes expression
of antigens of the main histocompatibility complex
class II (mHLA-DR) [48]. Since that time, the reduc-
tion of HLA-DR expression has established itself as a
biomarker of immunosuppression and has been used to
assess the patient’s immune status [49,50].

HLA-DR is a transmembrane protein that is expressed
on antigen-presenting cells - monocytes, macro-
phages, dendritic cells, and B cells. Expression of
HLA-DR on monocytes is important in representation
of microbial antigens on T-lymphocytes, thus being an
inducer of a specific immune response [50,51].
Maintaining a low level of its expression correlates
with the severity of infection and a high risk of death
[52]. Assessment of mHLA-DR expression was also
successfully used as a control of immunomodulatory
therapy efficacy [53-55].

For the first time the relationship between low mHLA-
DR expression and the risk of sepsis after injury was
presented in the work of Polk H., et al. in 1986. The
authors concluded that the number and density of
monocytes representing mHLA-DR on the second day
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after injury have prognostic value as a marker of
sepsis with sensitivity of 53% and specificity of 76%
[56]. Cheron A., et al. (2010) in their work showed that
mHLA-DR expression decreased from the first to the
second day after injury in all patients, regardless of
the occurrence of infectious complications. However,
on the third and fourth day, there was a significant dif-
ference between «septic» and «non-septic» patients.
At the same time, «non-septic» patients registered
an increase in the level of mHLA-DR expression, while
«septic» patients had a low biomarker level (p=0.004).
Multivariate logistic regression analysis showed that
the mHLA-DR expression index between 1-2 and 3-4
days less than or equal to 1.2 was associated with sep-
sis development (HR=5.41; 95% CI 1.42-20.52).

The authors concluded that the monitoring of immune
function by measuring the expression of mHLA-DR
should make it possible to identify patients with pre-
dicted development of infectious complications after
injury [57].

However, not in all publications the reduction of
mHLA-DR expression is considered to be a factor in
the prognosis of infectious complications. Oczenski W.
et al. [58] (2003) in a prospective study assessed the
prognostic value of decreased HLA-DR monocytes
expression as an early marker of postoperative SSIR
and infectious complications in 85 patients after car-
diac surgery.

MHLA-DR expression was measured before the induc-
tion of anesthesia (the first control point), immediate-
ly after the surgery (the second control point), and on
the first day after the surgery (the third control point).
Postoperative decrease in the expression of HLA-DR
monocytes was registered in all patients between the
first and second (p<0.0001) and between the second
and third (p<0.0001) control points (36,731+11,245
versus 17,358+5,168 versus 13,779+4,121 mAb/cell
(mean number of HLA-DR antibodies per monocyte,
respectively).

None of the patients showed preoperative level of
mHLA-DR expression below 19,000 mAb/cell. MHLA-DR
expression rates after surgery below 10,000 mAb/cell
were recorded in 18 patients, but only 4 had postop-
erative complications in the form of SSIR or sepsis.

REFERENCE

1. Tiernan J, Cook A, Geh I, George B, et al. Use of a modified Delphi
approach to develop research priorities for the association of colo-
proctology of Great Britain and Ireland. Colorectal Disease. 2014;16
(12):965-970.

2. Shelygin Yu.A., Nagudov M.A., Ponomarenko A.A., Rybakov E.G.
Oral antibiotic prophylaxis in colorectal surgery (systematic review
and network meta-analysis). Koloproktologia. 2018; no. 3, pp. 103—
114. (in Russ.)

3. Artinyan A, Orcutt ST, Anaya DA, Richardson P, et al. Infectious

KOJIOMPOKTOJOINA, tom 18, N2 3, 2019

The lowest level of mHLA-DR expression was 5,716 mAb
per cell, but the postoperative period was unevent-
ful in this patient. The authors concluded that the
absence of a statistically significant difference in the
level of mHLA-DR expression between the groups on
the first day after surgery, monitoring of preopera-
tive and postoperative mHLA-DR levels for the first 24
hours is not a high-risk marker of postoperative SSIR
or sepsis in the patients undergoing cardiac surgery.
In another work Skirecki T. et al. [59] (2016) compared
the prognostic value of mHLA-DR and nCD64 markers
expression in peripheral blood, as well as in respiratory
tract secretin patients with sepsis. The study included
27 patients with septic shock. The fluorescence inten-
sity of HLA-DR on circulating monocytes was 3.5 times
lower than that of bronchial monocytes (p=0.01). CD64
expression on circulating neutrophils and bronchial
neutrophils was similar (p=0.47).

Only CD64 expression on circulating blood neutrophils
was statistically significant. It was 2.8 times higherin
fatal cases than in survivors (p=0.031).

In connection with the results obtained, the authors
concluded that the expression of CD64 peripheral
blood neutrophils is a more effective predictor of
high mortality risk in comparison with the mHLA-DR
expression.

CONCLUSION

Colon surgery is associated with a high risk of infec-
tious complications, which are the cause of periopera-
tive mortality and reduced overall relapse-free surviv-
al in colorectal cancer. In addition, the development
of PI requires high costs for treatment, increasing the
duration of postoperative stay of the patient in the
hospital. Biological markers are an effective tool in
the early diagnosis of PI, but the presence of conflict-
ing data in the world literature on the prognostic sig-
nificance of each of them requires further comparative
studies to determine the most sensitive, specific, and
cost-effective predictor of PI.

The authors declare no conflicts of interest.

Postoperative Complications Decrease Long-term Survival in Patients
Undergoing Curative Surgery for Colorectal Cancer. Annals of Surgery.
2015;261(3):497-505.

4. Horan TC, Gaynes RP, Martone WJ, Jarvis WR, et al. CDC definitions
of nosocomial surgical site infections, 1992: a modification of CDC
definitions of surgical wound infections. Infection control and hospi-
tal epidemiology. 1992;13(10):606-8.

5. Oberhofer D, Juras J, Pavi¢i¢ AM, Ran¢i¢ Zuri¢ I, et al. Comparison
of C-reactive protein and procalcitonin as predictors of postop-

KOLOPROKTOLOGIA, v. 18, no. 3, 2019



OB3OP JINTEPATYPbI

REVIEW

erative infectious complications after elective colorectal surgery.
Croatian Medical Journal. 2012; 53 (6):612-619.

6. Gomila A, Carratala J, Camprubi D, Shaw E, et al. Risk factors and
outcomes of organ-space surgical site infections after elective colon
and rectal surgery. Antimicrobial Resistance and Infection Control.
2017;6:40. doi:10.1186/513756-017-0198-8.

7. Shelygin Yu.A., Nagudov M.A., Ponomarenko A.A., Alekseev M.V.
et al. Meta-analysis of treatment methods for colorectal anasto-
mosis insolvency. Pirogov Russian Journal of Surgery. 2018; no. 8-2,
pp. 30-41. (in Russ.)

8. Kerin Povsi¢ M, Ihan A, Beovi¢ B. Post-Operative Infection Is
an Independent Risk Factor for Worse Long-Term Survival after
Colorectal Cancer Surgery. Surgical Infections. 2016;17(6):700-712.
9. Kashimura N, Kusachi S, Konishi T, Shimizu J, et al. Impact of
surgical site infection after colorectal surgery on hospital stay and
medical expenditure in Japan. Surgery Today. 2012;42(7):639-645.
10. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, et al.
The Third International Consensus Definitions for Sepsis and Septic
Shock (Sepsis-3). Jama. 2016;315(8):801.

11. Liang F, Browne DJ, Gray MJ, Gartlan KH, et al. Development of
a multiplexed microsphere PCR for rapid, culture-free detection and
Gram-typing of bacteria in human blood samples. ACS Infectious
Diseases. 2018; acsinfecdis.7b00277.

12. Ishmael FT, Stellato C. Principles and applications of polymerase
chain reaction: Basic science for the practicing physician. Annals of
Allergy, Asthma and Immunology. 2008;101(4):437-443.

13. Edmiston CE, Ledeboer NA, Buchan BW, Spencer M, et al. Is
Staphylococcal Screening and Suppression an Effective
Interventional Strategy for Reduction of Surgical Site Infection ?
Surgical Infections. 2016; 17(2):158-166. doi:10.1089/sur.2015.257.
14. Pavlushkina L.V., Chernevskaya E.A., Beloborodova N.V.
Biomarkers in clinical practice. Special issue. Laboratory. 2013; v. 3,
pp. 10-14. (in Russ.)

15. Tillett WS, Francis TJ. Serological reactions in pnuemonia
with a no-protein somatic fraction of Pnuemococcus. Journal of
Experimental Medicine. 1930; March 24, pp. 561-571.

16. Moyes LH, Leitch EF, McKee RF, Anderson JH, et al. Preoperative
systemic inflammation predicts postoperative infectious complica-
tions in patients undergoing curative resection for colorectal cancer.
British Journal of Cancer. 2009; 100(8):1236—-1239.

17. Pepys MB, Hirschfield GM. C-reactive protein: a critical update.
Journal of Clinical Investigation. 2003;111(12):1805-1812.

18. Singh PP, Zeng ISL, Srinivasa S, Lemanu DP, et al. Systematic
review and meta-analysis of use of serum C-reactive proteinlevels to
predict anastomoticleak after colorectal surgery. British Journal of
Surgery. 2014;101(4):339-346.

19. Gans SL, Atema JJ, Dieren S van, Koerkamp BG, et al. Diagnostic
value of C-reactive protein to rule out infectious complications after
major abdominal surgery: a systematic review and meta-analysis.
International Journal of Colorectal Disease. 2015:30(7):861-873.

20. Dib N, Skirecki T. Monitoring of procalcitonin but not interleu-
kin-6 is useful for the early prediction of anastomoticleakage after
colorectal surgery. 2016.

21. Meisner M, Schmidt J, Huttner H, Tschaikowsky K. The natural
elimination rate of procalcitonin in patients with normal and
impaired renal function. Intensive Care Medicine. 2000;26(2):S212—
S216.

22. Shelygin Yu.A., Tarasov M.A., Sukhina M.A., Zarodnyuk I.V. et al.
Procalcitonin and C-reactive protein — early predictors oflow colorec-
tal anastomotic leakage. Russian J of Gastroenterology, Hepatology,
Coloproctology. 2017; v. 27, no. 1, pp. 93-100. (in Russ.)

23. Lagoutte N, Facy O, Ravoire A, Chalumeau C, et al. C-reactive pro-
tein and procalcitonin for the early detection of anastomoticleakage
after elective colorectal surgery: Pilot study in 100 patients. Journal
of Visceral Surgery. 2012; 149(5):e345-e349.

24. Hunziker S, Hugle T, Schuchardt K, Groeschl I, et al. The value of

POJIb BMONTOMMYECKNX MAPKEPOB B AMATHOCTUKE -
MOCNEONEPALUMOHHBIX MHPEKLIMOHHbIX OCITOXHEHMM
B KOJIOPEKTAJTbHOM XMPYPIMMU (0630p nuteparypsi)

serum procalcitoninlevel for differentiation of infectious from non-
infectious causes of fever after orthopaedic surgery. Journal of Bone
and Joint Surgery. Series A. 2010;92(1):138-148.

25. Tan WJ, Ng WQ, Sultana R, Souza NN de, et al. Systematic review
and meta-analysis of the use of serum procalcitoninlevels to predict
intra-abdominal infections after colorectal surgery. International
Journal of Colorectal Disease. 2018;33(2):171-180.

26. Cousin F, Ortega-Deballon P, Bourredjem A, Doussot A, et al.
Diagnostic Accuracy of Procalcitonin and C-reactive Protein for
the Early Diagnosis of Intra-abdominal Infection After Elective
Colorectal Surgery. Annals of Surgery. 2016;264(2):252-256.

27. Yaegashi Y, Shirakawa K, Sato N, Suzuki Y, et al. Evaluation of a
newly identified soluble CD14 subtype as a marker for sepsis. Journal
of Infection and Chemotherapy. 2005;11(5):234-238.

28. Nakamura M, Takeuchi T, Naito K, Shirakawa K, et al. Early
elevation of plasma soluble CD14 subtype, a novel biomarker for
sepsis, in a rabbit cecalligation and puncture model. Critical Care.
2008;12(Suppl 2):P194.

29. Spanuth E, Ebelt H, Ivandic B, Werdan K. Diagnostic and prognos-
tic value of soluble CD14 subtype (SCD14-ST) in emergency patients
with early sepsis using the new assay pathfast presepsin. Clinical
Chemistry. 2012;58(10):A227.

30. Endo S, Suzuki Y, Takahashi G, Shozushima T, et al. Usefulness
of presepsin in the diagnosis of sepsis in a multicenter prospective
study. Journal of Infection and Chemotherapy. 2012;18(6):891-897.
31. Tong X, Cao Y, Yu M, Han C. Presepsin as a diagnostic marker for
sepsis: Evidence from a bivariate meta-analysis Therapeutics and
Clinical Risk Management. 2015;11:1027-1033.

32. Zhang X, Liu D, Liu YN, Wang R, et al. The accuracy of presepsin
(sCD14-ST) for the diagnosis of sepsis in adults: A meta-analysis.
Critical Care. 2015;19(1):1-11.

33. Zhang J, Hu Z De, Song J, Shao J. Diagnostic value of presepsin
for sepsis: A systematic review and meta-analysis. Medicine (United
States). 2015;94(47):e2158.

34. Guadiana Romualdo LG de, Torrella PE, Acebes SR, 0ton MDA, et
al. Diagnostic accuracy of presepsin (sCD14-ST) as a biomarker of
infection and sepsis in the emergency department. Clinica Chimica
Acta. 2017;464:6-11.

35. Vodnik T, Kaljevic G, Tadic T, Majkic-Singh N. Presepsin (sCD14-
ST) in preoperative diagnosis of abdominal sepsis. Clinical Chemistry
and Laboratory Medicine. 2013;51(10):2053-2062.

36. Wu C-C, Lan H-M, Han S-T, Chaou C-H, et al. Comparison of
diagnostic accuracy in sepsis between presepsin, procalcitonin, and
C-reactive protein: a systematic review and meta-analysis. Annals of
Intensive Care. 2017;7(1):91.

37. Obraztsov I.V., Godkov M.A., Kulabukhov V.V., Vladimirova G.A.
et al. Functional neutrophil activity in burn sepsis. General
Reanimatology. 2017; v. 13, no. 2, pp. 40-51. (in Russ.)

38. Lord JM, Midwinter MJ, Chen YF, Belli A, et al. The systemic
immune response to trauma: An overview of pathophysiology and
treatment. The Lancet. 2014;384(9952):1455-1465.

39. Dabrowska AM, Stotwinski R. The immune response to sur-
gery and infection. Central European Journal of Immunology.
2014;39(4):532-537.

40. Folds JD, Schmitz JL. Clinical andlaboratory assessment of immu-
nity. Journal of Allergy and Clinical Immunology. 2003;111(2):S702-
S71.

41. Obraztsov I1.V., Godkov M.A. Chemiluminescent analysis of the
blood cells in medicine: history, theory, G.M.A. Molecular Medicine.
2013; no. 4, pp. 3-9. (in Russ.)

42. Hulett MD, Hogarth PM. The second and third extracellular
domains of Fc gamma RI (CD64) confer the unique high affinity
binding of IgG2a. Molecular immunology. 1998;35(14—15):989-96.
43, Layseca-Espinosa E, Pérez-Gonzalez LF, Torres-Montes A,
Baranda L, et al. Expression of CD64 as a potential marker of neonatal
sepsis. Pediatric Allergy and Immunology. 2002;13(5):319-327.

THE ROLE OF BIOLOGICAL MARKERS IN THE DIAGNOSIS
OF POSTOPERATIVE INFECTIONS IN COLORECTAL
CANCER SURGERY (review)

117



44. Fjaertoft G, Douhan Hakansson L, Pauksens K, Sisask G, et al.
Neutrophil CD64 (FcyRI) expression is a specific marker of bacterial
infection: A study on the kinetics and the impact of major surgery.
Scandinavian Journal of Infectious Diseases. 2007;39(6-7):525-535.

45. Jukic T, Ihan A, Stubljar D. Dynamics of inflammation biomarkers
C-reactive protein, leukocytes, neutrophils, and CD64 on neutrophils
before and after major surgical procedures to recognize potential
postoperative infection. Scandinavian journal of clinical and labora-
tory investigation. 2015;75 (August 2015):500-7.

46. Gerrits JH, MclLaughlin PMJ, Nienhuis BN, Smit JW, et al.
Polymorphic mononuclear neutrophils CD64 index for diagnosis of
sepsis in postoperative surgical patients and critically ill patients.
Clinical Chemistry and Laboratory Medicine. 2013;51(4):897-905.

47. Cid J, Aguinaco R, Sanchez R, Garcia-Pardo G, et al. Neutrophil
(D64 expression as marker of bacterial infection: A systematic review
and meta-analysis. Journal of Infection. 2010;60(5):313-319.

48. Volk HD, Thieme M, Heym S, Docke WD, et al. Alterations in func-
tion and phenotype of monocytes from patients with septic disease-
-predictive value and new therapeutic strategies. Behring Institute
Mitteilungen. 1991; no. 88, pp. 208-15.

49. Lekkou A, Karakantza M, Mouzaki A, Kalfarentzos F, et al. Cytokine
Production and Monocyte HLA-DR Expression as Predictors of
Outcome for Patients with Community-Acquired Severe Infections.
Society. 2004;11(1):161-167.

50. Perry SE, Mostafa SM, Wenstone R, Shenkin A, et al. Islow mono-
cyte HLA-DR expression helpful to predict outcome in severe sepsis?
Intensive Care Medicine. 2003;29(8):1245-1252.

51. Cheadle WG. The human leukocyte antigens and their relation-
ship to infection. The American Journal of Surgery. 1993;165(2
SUPPL):75-81.

KOJIOMPOKTOJOINA, tom 18, N2 3, 2019

52. Tulzo Y Le, Pangault C, Amiot L, Guilloux V, et al. Le Monocyte
Human Leukocyte Antigen-DR Transcriptional Downregulation by
Cortisol during Septic Shock. American Journal of Respiratory and
Critical Care Medicine. 2004;169(10):1144-51.

53. Docke WD, Randow F, Syrbe U, Krausch D, et al. Monocyte deac-
tivation in septic patients: restoration by IFN-gamma treatment.
Nature medicine. 1997;3(6):678-81.

54. Meisel C, Schefold JC, Pschowski R, Baumann T, et al. Granulocyte-
macrophage colony-stimulating factor to reverse sepsis-associated
immunosuppression: A double-blind, randomized, placebo-controlled
multicenter trial. American Journal of Respiratory and Critical Care
Medicine. 2009;180(7):640-648.

55. Schneider C, Aulock S Von, Zedler S, Schinkel C, et al. Perioperative
Recombinant Human Granulocyte Colony-Stimulating Factor
(Filgrastim) Treatment Prevents Immunoinflammatory Dysfunction
Associated with Major Surgery. Annals of Surger. 2004; 239(1):75-81.
56. Polk HC, George CD, Wellhausen SR, Cost K, et al. A systematic
study of host defense processes in badly injured patients. Annals of
surgery. 1986;204(3):282-99.

57. Cheron A, Floccard B, Allaouchiche B, Guignant C, et al. Lack of
recovery in monocyte human leukocyte antigen-DR expression is
independently associated with the development of sepsis after major
trauma. Critical Care. 2010;14(6).

58. Oczenski W, Krenn H, Jilch R, Watzka H, et al. HLA-DR as a marker
forincreased risk for systemic inflammation and septic complications
after cardiac surgery. Intensive Care Medicine. 2003;29(8):1253-1257.
59. Skirecki T, Mikaszewska-Sokolewicz M, Hoser G, Zielinska-
Borkowska U. The early expression of HLA-DR and CD64 myeloid
markers is specifically compartmentalized in the blood andlungs of
patients with septic shock. Mediators of Inflammation. 2016; v. 2016.

KOLOPROKTOLOGIA, v. 18, no. 3, 2019



