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Abstract

Calprotectin is one of the most abundant proteins of neutrophil granulocytes. It is released upon neutrophil activation and
is considered a sensitive and clinically useful marker for neutrophil-mediated inflammation, including bacterial infections.
However, early kinetics of calprotectin activation following inflammatory activation has hitherto been unknown. The aim
of the present study was to determine the early phase of the kinetics of calprotectin, in comparison with the inflamma-
tory markers CRP, IL-6, TNF-o, and procalcitonin, in plasma following a standardized temporary mild inflammatory
response, using uncomplicated inguinal hernia surgery as a model. The study cohort consisted of 17 adult patients (15
male and 2 female) undergoing elective surgery for hernia. Values of calprotectin increased significantly at 2 h following
surgery, and continued to increase to reach the highest level at 24-36 h after surgery, values still not exceeding upper
normal reference level. This contrasts to IL-6 and CRP, for which an elevation was found first later, 4 h and 24-36 h
post-surgery, respectively, for IL-6, and CRP. No significant increase was seen for TNF-o, or procalcitonin. The data dem-
onstrate a very rapid and significant but modest increase in calprotectin following induction of mild inflammation, sup-
porting that calprotectin can be useful for early detection of inflammatory response.
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Introduction process and formation of neutrophil extracellular traps.
Neutrophils can secrete a considerable number of sub-
stances important to attract other immune cells and modu-
late their effect.’ Activation of neutrophils has for long
been attributed solely to the presence of pathogens, but
later studies demonstrated that it can also be induced by
the endogenous factors damage associated molecular
pattern (DAMPs) or alarmins.® DAMPs are released by acti-
vated phagocytes such as neutrophils and monocytes.”®
Calprotectin, a member of the DAMPs, is abundantly
expressed in the cytosol, constituting around 45% of total

Infectious diseases are common and constitute a major
global cause of death.' Early diagnosis is clinically import-
ant to reduce delay from symptom onset to initiation of
adequate medical therapy to reduce risks of protracted
infection, sepsis, and their late sequelae,2 also to avoid
improper use of antibiotics.

In clinical practice, early diagnosis of a bacterial infec-
tion which require antibiotic treatment is most frequently
based on observation of clinical symptoms, supplemented
with leukocyte counts and/or C-reactive protein (CRP)
measurement in blood. However, these clinical diagnostic
measures result in missing bacterial infections in a consid-
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proteins of circulating neutrophils, and participates in both
intra- and extracellular activities.

Calprotectin is known to regulate intracellularly
NADPH oxidase activity,'"™'" the major source of ROS in
neutrophils. High concentrations of Calprotectin extracellu-
larly are found at local sites of inflammation or in the serum
of patients with inflammatory diseases (e.g. rheumatoid
arthritis (RA), cystic fibrosis, or inflammatory bowel
disease (IBD))®%!3 and represents a sensitive inflamma-
tion biomarker strongly associated with disease level.'*
Furthermore, studies have demonstrated calprotectin to be
a promising biomarker for sepsis.">!” However, the early
kinetics of calprotectin in blood/plasma in clinical situa-
tions including inflammatory/neutrophil activation has hith-
erto been unknown. To this end the present study was
undertaken to reveal the early kinetics of calprotectin in
plasma following elective surgery for uncomplicated
hernia as a clinical model for inflammatory response,'®
including neutrophil activation,'” and to compare this
kinetics with that for the inflammatory markers CRP,
IL-6, TNF-a, and procalcitonin.

Materials and methods

Patients

Twenty patients were initially included in the study. As
inclusion criteria, adults undergoing elective surgery for
uncomplicated hernia with laparoscopic or open surgery,
and without signs of inflammatory disease (CRP <5 mg/l)
at entry of study were eligible for participation. For laparo-
scopic surgery was used transabdominal preperitoneal mesh
placement (TAPP) technique or totally extraperitoneal
(TEP) approach. The open inguinal surgery was performed
using the Lichtenstein technique. For inclusion in the study,
patients should give blood samples just before (< 0.5 h)
surgery (basal level) and at least one time post-surgery.
Exclusion criteria were CRP >5 mg/l, white blood cell
(WBC) count >9.0 X 10°n (=18 years), known active RA,
IBD or other active inflammatory disease known at time
for inclusion. In addition, children (age < 18 yr) and patients
who could not give informed consent were excluded from
the study. The patients were admitted to Department of
Surgery, Givle Hospital, Region Givleborg, Sweden.
Blood samples were collected in BD Vacutainer™
lithium heparin tubes without a gel for plasma separation,
immediately before start of the surgery, and 2, 4, 6 and
24-36 h after the start of surgery. All surgeries were per-
formed at Givle Hospital. The blood samples were drawn
either at surgery or in the postoperative ward. All blood
samples were sent directly after blood sampling to the hos-
pital laboratory, centrifuged within 2 h from venipuncture
at 1890 g for 7 min. CRP and calprotectin were analyzed
directly in freshly collected samples in Gévle Hospital.
Remainder of each sample was frozen and sent to

Uppsala University and analyzed later for IL-6, TNF-a,
and procalcitonin. The study was performed in the period
April 2019 till February 2020.

Biomarker analysis

Calprotectin was measured in plasma samples with particle
enhanced turbidimetric method (Gentian Diagnostics,
Moss, Norway) on a Cobas ¢501 (Roche Diagnostics,
Mannheim, Germany). Reagents, controls, and calibrators
for calprotectin come from Gentian Diagnostics. Assay per-
formances were checked using the manufacturer’s control
materials on two levels.

CRP was analyzed using the COBAS c501® system
(Roche Diagnostics, Mannheim, Germany), using the
CFAS-calibrator and Roche Modular® reagent. Assays
were checked using the manufacturer’s control materials
on two levels. Procalcitonin, IL-6 and TNF-a were ana-
lyzed by sandwich ELISAs (DY8350, DY206, and
DY210, R&D Systems, Minneapolis, MN, USA). The
total coefficients of variation for the ELISA methods were
approximately 6—7%. All assays were performed blinded
without knowledge of clinical information.

Statistics

All non-parametric statistics analyzes were performed using
Analys-it for Excel and data displayed as mean + 95% CI.
Single-sample confidence interval estimation was per-
formed using the formula: u=M+#(sM). M =sample
mean, =t statistic determined by confidence level, sM =
standard error = \/ (s2/n). One-tailed t-test for 2 dependent
means was used to calculate the difference between
paired observations.

Ethical considerations

The study was approved by the Uppsala Regional Ethics
Committee, Uppsala, Sweden (Dnr 2018/227). All parts
of the study were performed in accordance with the
ethical approval and Swedish and European regulations.
All participants gave written informed consent prior to
inclusion in the study.

Results

Patient characteristics and early kinetics
of calprotectin and CRP in plasma

Plasma samples were initially collected from 20 patients (18
men, age 41-79, 2 women, age 54—69), undergoing elective
uncomplicated hernia repair with laparoscopic (n=6) or
open technique (n=14). Patients could leave the study at
any time point. Two of the initial 20 patients declined
further participation in the study after the first preoperative
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sampling, and one patient was excluded from further parti-
cipation because of hemolysis of pre-surgical blood sample,
resulting in 17 patients to be finally included in the study
(15 men and 2 women, pre-operative and at least one post-
operative blood sample). Study samples for calprotectin and
CRP were at 2 h obtained from 17 patients, at 4 h from 16
patients, at 6 h from 3 patients, and at 24-26 h from 9
patients. For analysis of IL-6, TNF-a, and procalcitonin
samples from one patient were excluded because of
sample freezing after shelf-life (24 h at room temperature).
This resulted in study samples for IL-6, TNF-a, and procal-
citonin being collected from 16 patients at 2 h, 15 patients at
4 h, 3 patients at 6 h, and 8 patients at 2436 h.
Calprotectin levels in plasma were rapidly and signifi-
cantly (P=0.02532) elevated within 2 h following mild
inflammatory response associated with inguinal hernia
surgery, and continued to be elevated at all later time
points analyzed, to reach the highest levels at the 24-36 h
time point (Table 1 and Figure 1). IL-6 was found to be

very transiently elevated 4 h post-surgery (P =0.03098).
CRP, on the other hand, remained within the normal refer-
ence levels 2, 4, and 6 h post-surgery, and was elevated
(P = 0.00142) first at 24-36 h. No significant increase
was observed at any analyzed time point post-surgery for
TNF-a or procalcitonin (Tables 1 and 2 Figure 1).

One patient had re-surgery because of postsurgical
bleeding, but his calprotectin level was not higher than
the reference interval (0—1.39 mg/l) at 24 h (0.61 mg/1), at
a time point when CRP was slightly elevated 16 mg/] (refer-
ence interval <5 mg/l).

Discussion

The aim of the present study was to determine the early
kinetics of calprotectin in plasma following a standardized
temporary mild inflammatory response in comparison
with other clinically used acute phase markers, using
uncomplicated inguinal hernia surgery as a model. It is

Table I. Calprotectin, CRP, IL-6, TNF-o and procalcitonin levels in plasma before start of the surgery, and 2, 4, 6 and 24-36 h after the

start of surgery. Results of one-tailed t-test for 2 dependent means.

Analysis Sample at time point (h) Mean (M) SD n Difference (Diff - M)  Sq. Dev T df P
P-Calprotectin (mg/l) 0 0.58 034 17 041 10.42 2.11 16 0.02532*
2 0.99 0.84
0 0.58 035 16 0.28 3.28 243 15 0.014]10*
4 0.86 0.56
0 0.56 026 9 1.02 7.50 3.15 8 0.00233*
24-36 1.58 1.09
P-CRP (mg/l) Oh 0.85 067 17 —-0.03 0.9 —0.51 16 0.30760
2 0.82 0.57
0 0.88 0.67 16 0.04 1.72 044 15 033194
4 0.92 0.62
0 0.98 057 9 5.98 143.12 424 8 0.00142*
24-36 6.96 433
P-IL-6 (ng/l) 0 105 210 6 —-0.31 13,493.44 —-0.04 15 0.48365
2 105 185
0 108 217 IS5 24.13 29,719.73  2.03 14 0.03098*
4 132 209
0 171 284 8 —12 8316 -098 7 0.17878
24-36 159 262
P-TNF-o (ng/l) 0 53 84 16 -2.8I 83644 —1.51 I5 0.07635
2 50 8l
0 55 8 I5 —-0.27 179493 -0.09 14 0.46431
4 55 87
0 65 104 8 2.88 1294.88 060 7 0.28437
24-36 68 115
P-Procalcitonin (ng/l) 0 0.55 0.68 6 —-0.01 0.73 —0.11 15 0.45746
2 0.54 0.67
0 0.55 070 15 0 0.06 0.11 14 0.45525
4 0.55 0.72
0 0.72 074 8 0.02 0.2 027 7 039927
24-36 0.74 0.75

6 h, The sample size is too small to allow a reliable calculation of the t statistic.

*The results were considered significant at P <0.05.
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Figure |. Early kinetics of calprotectin (A), CRP (B), IL-6 (C), TNF-oa. (D), and procalcitonin (E) in plasma following inguinal hernia
surgery (before start of the surgery, and 2, 4, 6 and 24-36 h after the start of surgery). *Indicates statistical significance (P <0.05).

difficult to precisely define the onset of an infection with the
precision required to be able to detect the inflammatory
response within 2 h, and for this reason we chose to use a
surgical model where we could precisely define the initial
time of the inflammatory trauma. Calprotectin levels in
plasma were rapidly and significantly elevated (within
2h) following mild inflammatory response associated
with inguinal hernia surgery, remained elevated at later
time points, and reaching the highest level (1.58 mg/l)
24-36 h post-surgery. This contrasts to IL-6 and CRP, for

which an elevation was found only later, with a transient
elevation at 4 h post-surgery for IL-6, and an even later ele-
vation for CRP in the 24-36h post-surgery samples.
Calprotectin also differs from response of TNF-a, and pro-
calcitonin for which no significant increase at all was
observed at any analyzed time point after surgery. This is
in line with known kinetics of CRP following induction
of inflammation/infection.’*?' The increase of calprotectin
observed at least several hours prior to increase in CRP, as
well as the stable elevation at least the first 24-36 h post

Table 2. Calprotectin, CRP, IL-6, TNF-o able procalcitonin mean +95% Cl values within [] in plasma before start of the surgery, and 2, 4,

6 and 24-36 h after the start of surgery.

Sample at

timepoint (h) Calprotectin (mg/l) CRP (mg/l) IL-6 (ng/l) TNF-o (ng/l) Procalcitonin (ng/l)

0 0.58, 95% ClI 0.85, 95% ClI 105, 95% ClI 53, 95% Cl 0.55, 95% ClI

[0.51, 1.20] [-6.9,216.9] [8.24, 97.76] [0.19, 0.91]

[0.41,0.75]

2 0.99, 95% ClI 0.82, 95% ClI 105, 95% ClI 50, 95% ClI 0.54, 95% ClI
[0.56, 1.42] [0.53, I.11] [6.42, 203.58] [6.84, 93.16] [0.18, 0.90]

4 0.86, 95% ClI 0.92, 95% ClI 132, 95% ClI 55, 95% ClI 0.55, 95% ClI
[0.56, I.16] [0.59, 1.25] [16.26, 247.74] [6.82, 103.18] [0.15, 0.95]

6 0.81, 95% ClI 0.77, 95% ClI 113, 95% ClI 120, 95% ClI 0.61, 95% ClI
[-0.71, 2.33] [-0.22, 1.76] [-222.36, 448.36] [-252.62, 492.62] [-0.93, 2.15]

24-36 1.58, 95% CI 6.96, 95% ClI 159, 95% ClI 68, 95% ClI 0.74, 95% ClI
[0.74, 2.42] [3.63, 10.29] [-60.04, 378.04] [-28.14, 164.14] [0.11, 1.37]
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induction of an inflammatory response may be of import-
ance for early detection and assessment of inflammatory/
infectious conditions. The rapid response of calprotectin
may be due to the fact since calprotectin is stored in the neu-
trophils and can be released immediately without any de
novo synthesis of the protein. Together with previous find-
ings of calprotectin elevation in inflammatory and infec-
tious conditions®'*'5"'7 our results support the use of
calprotectin as an early biomarker for inflammation/infec-
tion. Calprotectin concentration slowly increased during
the first 2-36 h after surgery, demonstrating that calprotec-
tin concentration did not exhibit short (< 24-36 h) peaks of
elevation, indicating that there was no short “diagnostic
window” for calprotectin to detect developing inflammation
with a neutrophil activation. We speculate that a similar
kinetics of calprotectin follow also more marked inflamma-
tory responses seen in e.g., severe bacterial infections/
sepsis. However, the infectious inflammatory response
may differ from that elicited from the milder sterile inflam-
matory response studied here, necessitating further studies
of early calprotectin kinetics also in infections.
Furthermore, observations from this study indicated that
calprotectin can be useful for detection of early postopera-
tive infections since the levels were not significantly
increased above normal reference range by the surgery
itself. However, results should be interpreted with caution
because of limitations of the study, including small
sample size, unequal gender distribution, lack of coverage
of younger age groups, the use here of only mild sterile
inflammatory response, and lack of full series of blood
samples. Obtaining a full series of blood samples from all
the patients was hampered by the elective surgery patients
being discharged early from the hospital at the time of sta-
bilized condition, with subsequent samples requiring their
active return to the hospital.

Further studies on calprotectin kinetics are required to
establish the full kinetics of calprotectin following induc-
tion of inflammation/infection, to reveal the response to
various sources of induction of inflammation/infection
and to gain knowledge also of the later part of the kinetics.
In conclusion, calprotectin levels in plasma were rapidly
elevated (within 2 h following mild inflammatory response
associated with inguinal hernia surgery and continued to
increase at later time points (24-36 h)). Increase of calpro-
tectin was observed several hours prior to increase in IL-6
or CRP. However, during the first 24 h the levels induced
by the mild inflammatory response caused by inguinal
hernia surgery were not significantly exceeding the
normal reference range, suggesting that calprotectin can
be useful for early detection of postsurgical infections.
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