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Abstract: The objective of this study was to assess and to compare the time course of the immunological signaling
marker IL-6 and the non-immunological marker PCT in surgical patients with local and systemic bacterial infections and
with multiple trauma of well-defined severity. 45 surgical and 26 intensive care patients were enrolled in this
collaborative study. We analyzed IL-6 and PCT blood concentrations under the different experimental conditions with

Cochran’s Q -criterion for testing null hypotheses. For the surgical patients with local infections and with systemic

infections, we did not find a significant decline of IL-6 in the time course at the confidence intervals 0.999, 0.990, and
0.950. No differences in PCT concentrations were found for the various experimental conditions. The time course of IL-6
did not change significantly with medium and high severity trauma, whereas PCT declined over time with significance
levels 0.990 and 0.950. The measurement of IL-6 is predominantly a research tool at present. There are no absolute
indications for routine measurements. Regarding PCT, our results do not point to this marker as a valid predictor of
bacterial infections including sepsis during the early period after trauma.
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INTRODUCTION

Strategies and mechanisms for host and pathogen survival in
acute and persistent viral infections are well described, whereas
bacterial infections are not predominantly programmed
genetically to survive and propagate [1]. The presence of
circulating bacteria or bacterial products such as endotoxins
leads to the systemic release of cytokines such as IL-6. These
cytokines are a group of small signaling proteins produced by a
large variety of cells; they act upon cell surface receptors to
regulate and modify cell growth, maturation and repair, as well
as the acute phase response to inflammation. Although IL-6 has
an important role in homeostasis, excessive production and
release initiate widespread tissue injury, which can result in
organ dysfunction. One of the pro-inflammatory cytokines,
interleukin-6 (IL-6), plays a major role in the pathogenesis of
severe infections and sepsis [2, 3]. It is synthesized by many
cells including monocytes, macrophages, fibroblasts and
endothelial cells after stimulation, especially by lipopolysa-
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ccharide (LPS), tumor necrosis factor (TNF) and IL-1. In the
literature, measured plasma/serum concentrations of IL-6 and in
particular its time course, are inconsistent for local and systemic
bacterial infections and for balanced and unbalanced IL-6
activation (no bacterial/bacterial infection) [4-6].

The non-immunological marker procalcitonin (PCT), the
prohormone of calcitonin, is currently recommended as a
suitable parameter to detect and to evaluate the course of
bacterial, viral, fungal or parasitic infections [7-9]. Studies
provide evidence that both surgical trauma and humoral
mediators of inflammation may induce PCT synthesis,
thereby reducing the validity and reliability of PCT as an
“infection-monitoring” parameter [10-12]. In patients with
multiple trauma, the PCT level provides more information
than the IL-6 level since only moderate amounts of PCT are
induced and higher concentrations correlate with more
severe trauma [13].

After multiple trauma, the outcome is strongly related to the
posttraumatic balance of the immune system. If proinflamm-
atory mediators predominate, a systemic inflammatory res-
ponse syndrome may be a consequence, and if anti-inflamm-
atory mediators predominate, immunosuppression with ineft-
ective clearance of microorganisms and septic complications
as well as multiple organ failure (MOF) may follow [14, 15].
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Thus, the aim of the present study was to assess and to
compare the time course of the immunological signaling
marker IL-6 and the non-immunological marker PCT in
surgery patients with local and systemic bacterial infections
and with multiple trauma of well-defined severity.

MATERIALS AND METHODOLOGY
Patients

We obtained informed consent from all ingoing patients
from the emergency room who fell into the disease criteria as
described below and they were enrolled in this clinical case-
controlled study. Therefore, we received heterogeneous distri-
butions of patient data. All received antibiotic prophylaxis
during operation time [16, 17] (medical treatment). During
hospitalization, patients who developed infections were defined
by a positive microbiological culture in connection with at least
one of the clinical or laboratory findings as laid down by the
American College of Chest Physicians/Society of Critical Care
Medicine Consensus Conference [18].

Surgical patients: After approval from the Research
Ethics Committee of the Medical University of Graz for the
masked prospective study, 45 surgical patients (29 men aged
54.6 £ 15.7 years and 16 women aged 58.2 + 16.3 years)
from the Department of Surgery were enrolled and divided
into three groups. The control group (group S1) consisted of
15 surgical patients without bacterial complications
undergoing operations (medical treatment) for obesity,
hernia, or cancer of the stomach, pancreas or colon. Patients
in groups S2 and S3 had febrile conditions, e.g. gangrene of
the leg with circulatory disorder, cystitis, purulent
appendicitis, abscess or ulcer. Group S2 consisted of 17
surgical patients with local infections before surgery and
group S3 comprised 13 surgical patients with systemic
infections before surgery. In addition, we should mention
that the one non-survivor, who was excluded from the study,
was a patient with gangrene of the leg who died 2 days after
surgery. He exhibited a 17-fold increase of IL-6
concentration at day one after surgery with a further increase
the next day. The PCT concentration was increased by a
factor of 600 compared to the control group on both days.

Trauma patients: Twenty-six multiple trauma patients
from the Intensive Care Unit (ICU) were enrolled. Eighteen
male (mean age 37.8 £ 16.7 years) and 8 female patients
(29.1 £ 12.8 years) were included from routine admissions
and selected according to trauma severity. The patients had
suffered traffic, industrial or sport accidents with multiple
traumas to bones, soft tissue, visceral organs and the central
nervous system. Patients with severe head trauma were
excluded, as were patients who died or left the areca. The
control group (group T1) included eight patients with low
trauma severity; their Injury Severity Score (ISS) was
between 15-20. Ten patients with moderately severe trauma
(ISS of 21-30) were enrolled in group T2. Group T3
consisted of 8 patients with very severe trauma (ISS > 30).
Nine trauma patients developed infections during
hospitalization while 17 patients were free of infection.
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Experimental Methods

Blood samples from surgical patients were collected by
aspiration in Vacutainer™ tubes immediately before surgery
(-1) and postsurgically at days 1, 3 and 5. Trauma patients'
blood was drawn as soon as possible after trauma (day one
after trauma) and daily thereafter between 8:00 and 10:00
a.m. from a central venous catheter or a cubital vein until
discharge from the intensive-care unit. Plasma and serum
samples were centrifuged and stored at -70°C until analysis.

Total IL-6

A commercially available ELISA kit (Quanti-Glo IL-6
Immuno-Assay, R&D Systems, Minneapolis, MN, USA)
was used to measure bound and free IL-6 in lithium
heparinate plasma. This assay employs the quantitative
sandwich enzyme immunoassay technique. The concentrat-
ion of IL-6 was also calculated from the standard curve. The
minimum detectable dose of IL-6 is less than 0.2 ng/l.

PCT

PCT was measured in serum by an immunoluminometric
assay (“LUMItest PCT”, Brahms Diagnostica GmbH, Berlin,
Germany). The principle of measurement was described by
Molz P. [19]. The concentration of PCT was calculated from
the standard curve. The detection limit of this assay is
0.1pg/l

Mathematical Analyses of the Measured Experimental
Data [20]

The normal concentration ranges for IL-6 and PCT in
human plasma and serum, respectively, were obtained from
Endler ef al. and Saribas et al. respectively [21, 22]. These
authors used the same assay conditions for the IL-6- and
PCT-ELISAs as we applied (see above) such as
manufacturers, buffers, incubations, washing steps, detection
antibodies, etc. For healthy donors, the minimum-maximum
levels are as follows: 0.8 -2.4ng/l IL-6, and 0.12-0.71pg/l
PCT. Measured IL-6 plasma concentrations of < 2.4ng/l and
measured PCT serum concentrations of < 0.71ug/l were
considered non-elevated. = Measured IL-6  plasma
concentrations of > 2.4 ng/l and measured PCT serum
concentrations of > 0.71 pg/l were considered elevated.

We properly analyzed the variable X under p
experimental  conditions (dependent trials) in &
patients/individuals. Thus, we had the n X p matrices X with

n rows and p columns

XX Xy X

P
x2]x22 ...xzj ...xzp

X ixp230= (Eqn. 1)
XitXi2 '”'xlj 'xip
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The
P
x,i22x,~j, i=12,---,n (Eqn. 2)
j=1
positive observations 1 (elevated levels of blood

concentrations) in the individual i were (p }-fold
)C,i

distributed over the p different, dependent trials
(experimental conditions). If the null hypothesis H, applied,

then each of these possible patterns (distributions) was
equally realized in the experimental data set of elevated (1)
and non-elevated (0) levels of blood concentrations. Under
some alternative hypothesis H 4, the variables

Y=Y Xy, j=1200p (Eqn. 3)
i=1

diverged from their mean value <x, j> .

The x,; =0 and x,; = p, which did not contribute to the
discrimination between H, and H,, were omitted. We
obtained the following four matrices

T=X"-1,T, with j=1,2,---,p; (Eqn. 4)

L=X-1,L% with i=1,2,---,n. (Eqn. 5)

1 is the unit vector. "denotes the transpose of X. Then, the
Cochran’s Q -criterion for testing the null hypothesis in the
p =2 dependent trials was calculated as follows

0= M[p(TH1 = T / (p- T1 = @LAH"1), with

A=p—1.(Eqn. 6)

Values of Q <){é;l with o =0.05,0.01, or 0.001 were
considered for keeping the null hypothesis 0< )(;; 2, —H,

that the true mean differences to the mean values <x, j>
approached zero against some alternative hypothesis H, . In

the case of QAZZ;J—>H0 was rejected and H, was

significant within the confidence intervals
1—a=0.950,0.990, or 0.999 as indicated. The quantitative

analyses directly compared the raw data under the different
experimental conditions p of n individuals or patients
(subjects) in the patient groups S;, Sy, Sz, Ty, Ts, T5.

RESULTS

The IL-6 and PCT human blood concentrations were
determined by commercially available ELISAs from R&D
(USA) and Brahms Diagnostica (Germany). Reference sera
(calibrators), positive and negative controls, cut-off points,
calibration curves, intra-assay and inter-assay precisions
were provided by the specified suppliers. We remeasured
and confirmed all analytical values of assay quality control.
All assays were performed in duplicate.
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In order to properly analyze the complex, heterogeneous
experimental conditions in the clinical, case-controlled study, it
was necessary to represent the median and the ranges of the
measured IL-6 and PCT concentrations (Table 1).

Time Course of IL-6 and PCT in Surgery Patients
without Infection and with Local and Systemic Infection
After Medical Treatment

The measured median values and ranges of the IL-6 and
PCT blood concentrations are shown in Table 1A for the
period from immediately before surgery (day -1) until day 5
after surgery.

IL-6

In the control group S1 without bacterial complications
undergoing operations (medical treatmenf) for obesity,
hernia, or cancer of the stomach, pancreas or colon, a
measured trend for increased IL-6 plasma concentrations
over time was observed within the confidence interval 0.999

Table 2: S1 — O = 17478

> ){3_001; 2=3 =16.30. Thus, there was evidence indicating a

as depicted in

real difference in the time course from days 1, 3, and 5
compared with the outcome before medical treatment on day
-1 at the 0.001 level of significance. No significant
differences in the time course were found at the confidence
intervals 0.999, 0.990, and 0.950 for group S2 consisting of
17 surgical patients with local infections and group S3
consisting of 13 surgical patients with systemic infections.
Thus, IL-6 is not an indicator or specific parameter for local
and systemic bacterial infections in surgery patients.

PCT

No differences were found between the experimental
conditions of the PCT serum concentrations (dependent
trials) in the patients in groups S1, S2 and S3 at the
confidence intervals 0.999, 0.990, and 0.950 (Table 2).

Time Course of IL-6 and PCT in Trauma Patients

The measured median values and ranges of the IL-6 and
PCT blood concentrations from days +1 to +7 after trauma
are shown in Table 1B.

IL-6

Comparing the IL-6 plasma concentrations in the
posttraumatic period, there were no significant changes or
trends toward a decrease in IL-6 in patients with low (T1),
medium (T2) and high (T3) severity trauma, as can be
inferred from Table 2.

PCT

Differences in PCT serum concentrations were observed
in the post-traumatic period in patients with medium (T2)
and high (T3) severity of trauma. The significance levels

were 0.990 and 0.950 as shown in Table 2: T2 — Q =18.00
> Xoosiaes = 12.60, X5 01.2-6 = 16.80 and T3 — O =19.826
>x§.05;1:6 = 12.60,)((%_01;,1:6 =16.80. At the confidence

interval of 0.999, there was no trend in the time course of
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Table1. Median and Ranges of IL-6 and PCT in Surgery Patients without Infection (Group 1), with Local (Group 2) and Systemic
Infection (Group 3) Before Surgical Operation (-1) and at Day 1, 3 and 5 After Operation (Table 1A) and Polytrauma
Patient with Different Trauma Severity (Group 1: ISS 15-20; Group 2: ISS 21-30; Group 3: ISS>30) at Day 1,2,3,4,5,6
and 7 After Trauma (Table 1B)
Table 1A
Surgery Patients
IL-6 (ng/l) -1 +1 +3 +5
Group S1 0.8 (0.2-8.2) 8.8 (1.2-74.8) 4.0 (1.3-141.0) 2.9 (1.4-10.6)
Group S2 5.8 (0.2-70) 12.9 (0.7-73) 7.8 (0.7-89) 6.4 (0.4-24)
Group S3 8.4 (3.7-341) 16.1 (5.6-362) 15.5 (2.6-793) 11.1 (1.9-279)
PCT (ng/l)
Group S1 0.15 (0.07-0.23) 0.21 (0.12-7.2) 0.17 (0.01-2.0) 0.15 (0.11-1.2)
Group S2 0.13 (0.09-1.60) 0.17 (0.01-22.9) 0.15 (0.11-2.1) 0.13 (0.10-1.8)
Group S3 0.33 (0.11-16.3) 0.40 (0.11-23.1) 0.34 (0.11-36.0) 0.23 (0.10-17.8)
Table 1B
Trauma Patients
IL-6 (ng/l) 1 2 3 4 5 6 7
Group T1 305.5 153.9 39.6 48.55 57.3 71.9 51
P (56.5-722) (20.0-243) (3.6-73) 0.3-217) 0.1-211) (0.1-195) 0.3-212)
Group T2 424 22.0 6.3 54 9.8 8.5 6.9
P (1.2-220) (0.1-81) (0.1-48) (0.1-65) 0.4-271) (0.4-152) (0.7-46)
Group T3 117.2 103.5 26.6 19.9 20.9 14.6 11.4
P (2.8-1159) (0.4-408) (0.2-133) (14.7-107) (12.9-102) (2.3-43) (2.6-48)
PCT (ng/l)
G 0.92 0.55 0.44 0.41 0.41 0.33 0.25
roup T1
(0.22-2.4) (0.13-1.3) (0.12-1.0) 0.12-1.1) 0.11-1.5) (0.10-1.2) (0.10-0.9)
Group T2 1.5 1.0 0.8 0.6 0.4 0.6 0.7
P 0.62-8.3) (0.53-11.6) (0.33-5.7) 021-4.1) (0.20-2.3) (0.12-1.9) (0.14-1.6)
Group T3 4.15 4.7 2.65 1.35 1.0 0.47 0.13
P (0.84-26.6) (0.62-32) (0.24-9.6) 0.11-6.2) (0.13-4.1) 0.11-3.7) (0.10-3.7)
PCT serum concentrations between the trials in groups T1, Table2. (O-Values Under the Different Experimental
T2 and T3. Conditions p = A+1
Comparison of IL-6 and PCT Values in Four Selected
Patients with Posttraumatic Infections Patient Group IL-6 PCT
To .demonstrate the interesting observation that some of S1 17478 (n=3) 3000 = 3)
the patients developed infections under the proper medical
treatment (see Materials and Methods, subsection Patients) 82 4385 (A=3) 3.000 (2 =3)
after the initial trauma, in Fig. (1) we separately present 4 S3 3.000 (A=3) 4714 (A =3)
patients who developed bacterial infections within 9 days T1 11571 (A =6) 8.710 (L= 6)
after trauma. IL-6 in patient 59 (T2) showed a marked
. . T2 10.364 (A=6 18.000 (A =6
increase of 65 to 270.5ng/l (roughly 27 to 113 times the ( - ) ( - )
normal range) one day before clinical manifestation. IL-6 I 7500 2 =6) 19826 (1= 6)

levels from patient 53 (T1) showed constant values around
50ng/1 beginning from day 3 and continuing to day 6 after
trauma. Patient 56 (T2) had an increased level (40ng/l) on
day 8, which thereafter returned to the normal range. IL-6 in
patient 62 (T2) showed a moderate increase on day 9 after
trauma (of 7 to 24ng/l). PCT did not reveal a significant

The null hypotheses are maintained for

R L2 _ 2 _ 2 _
Q < Xas2 With 24 05.2=3 =782 25 01,23 = 1130 X5 901,13 =16-30 »

; 2 _ 2 _ 2 -
Q= Xosd With 26 05,226 = 126020 01,126 = 108920 001, 126 =220 -

Further details of the analyses are given in the Method sections and in Foldes-Papp et
al. Lack of specific immunological disease pattern in vulvar lichen sclerosus, Exp Mol
Pathol 2005; 79: 176-85 [20].
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trend over time  between the different experimental
conditions (trials) in T1, T2, T3 (confidence interval 0.999)..
Therefore PCT did not indicate an infection in any of these
four trauma patients. The special behaviour of the measured
IL-6 and PCT values in these patients did not influence the
outcome of the observed trends in the time course of trauma
patients (Table 2).

—e— T2 (56)
700 - —8—T2 (59)
—%—T2(62)

1L-6 [ng/l]

1 2 3 4 5 6 7 8 9 10

Days after trauma

35 -
—e— T2 (56)
30 - —=— T2 (59)
- —a—T1(53)
— —%—T2 (62)
(@] i
2 20
- 15 |
b 15
o
10 -
5 i
0 i

1 2 3 4 5 6 7 8 9 10
Days after trauma

Fig. (1). Time course of IL-6 and PCT values from 4 trauma
patients with infection. Circle: trauma patient (P56) of group T2
with infection clinically diagnosed on day 9; Square: trauma patient
(P59) of group T2 with infection clinically diagnosed on day 6;
Triangle: trauma patient (P53) of group T1 with infection clinically
diagnosed on day 6; Cross: trauma patient (P62) of group T2 with
infection clinically diagnosed on day 9.

DISCUSSION

We compared blood concentrations of IL-6 and PCT in
surgical patients with and without bacterial infections and
with multiple trauma.

IL-6

The control group (group S1) consisted of 15 surgical
patients without bacterial complications undergoing
operations (medical treatment) for obesity, hernia or cancer
of the stomach, pancreas or colon. Patients in groups S2 and
S3 had febrile conditions, e.g. gangrene of the leg with
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circulatory disorder, cystitis, purulent appendicitis, abscess
or ulcer. Group S2 consisted of 17 surgical patients with
local infections before surgery and group S3 comprised 13
surgical patients with systemic infections before surgery. In
both of these groups (S2 and S3), IL-6 concentrations were
similar from day 1 to day 5 after surgery. If we look,
however, at patients without bacterial complications, we find
a highly significant trend of IL-6 increase during the
observation interval of days 1 to 5 after surgery. Hence, 1L-6
is not a specific marker (indicator) for infections at all. IL-6
is rather an unspecific parameter in response to unbalanced
activation (no bacterial infection/bacterial infection). In
patients with community-acquired pneumonia, Kellum et al.
found that IL-6 was elevated with severe sepsis and low
without sepsis, while it was high with infections but did not
differ from severe sepsis, meaning that IL-6 cannot be seen
as a diagnostic marker. The circulating cytokine response to
pneumonia was heterogeneous and continued for more than a
week after presentation, with considerable overlap between
those who did and did not develop severe sepsis [5]. These
observations found in patients with community-acquired
pneumonia are in line with our data from surgery patients
with local infection (S2) and systemic infection (S3), i.e.
sepsis, as summarized in Tables 1A and 2. For predicting
postoperative infections following major gastrointestinal
surgery, Miiller J. described IL-6 serum concentrations that
were significantly higher in patients with infections than
without but found that IL-6 was not suitable for
discrimination of postoperative infections [23]. In contrast to
these studies, Igonin et al. is in favour of IL-6 as marker for
severity and time course of systemic inflammatory response
in severe community-acquired pneumonia [24].

For non-infection based alterations, we investigated
patients with multiple trauma of different severities (T1, T2,
T3, see methods). The patients had suffered traffic, industrial
or sports accidents with multiple traumas to bones, soft
tissue, visceral organs and the central nervous system. There
was indeed an increase in IL-6 plasma concentrations (Table
1B) in patients after trauma (in all three groups with different
trauma severity, T1, T2, T3) but this does not indicate the
relevance of IL-6 in posttraumatic monitoring. This finding
is in agreement with the results of previous studies [25, 26].
However, a recent study from Billeter et al. [27] shows a
significant association between IL-6 and infectious
complication in trauma patients. Studying the time course of
the IL-6 plasma concentrations in the posttraumatic period
revealed no significant changes in our trauma patients. These
findings are in good agreement with the results of Tschoeke
et al. [28]. Trauma patients with blunt multiple injuries who
did not receive immediate surgical care demonstrated
declining IL-6 concentrations 24 hours after admission,
whereas patients undergoing immediate surgical treatment
showed significantly increased IL-6 plasma concentrations
on day 1 after trauma. Tschoeke et al. did not extend the
observation time 24 hours posttrauma (day 1). In patients
undergoing different kinds of cardiothoracic surgical
procedures, Franke et al. found that IL-6 serum
concentration is increased until day 5 after surgery, which
was the maximum observation time for IL-6 [29].
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PCT

The PCT serum concentrations (Tables 1A and 2) were
not elevated with time after surgery in patients with bacterial
infections (S2 and S3 groups) and without infection (S1
control group). Other reports indicate, that PCT levels rather
than conventional inflammatory parameters and IL-6 more
reliably indicate sepsis in patients admitted with systemic
inflammations [10-12, 30, 31]. Our findings do not confirm a
correlation between PCT increase in human serum and
severe sepsis.

PCT values are elevated with moderate (T2) and severe
(T3) trauma (Tables 1B and 2) and normalize after surgery.
In patients undergoing pulmonary resection, Hoksch et al.
demonstrated an increase in PCT after surgical trauma
followed by rapid normalization in patients with an
uncomplicated course (i.e. without infections) during the
postoperative period of days 1-5 [32]. Meisner et al. report
that the severity of trauma correlates with PCT concentration
and that the latter can serve to differentiate postoperative
complications [33]. Other reports also show that PCT may be
an indicator of injury and systemic inflammation in
polytraumatized patients during the posttraumatic period [27,
34].

In conclusion, our results do not point to PCT as an
indicator or marker that is valid for prediction of bacterial
infections including sepsis during the early period after
trauma.

Regarding IL-6, the measurement of this marker is
predominantly a research tool at present. Thus, interest has
focused on the role of IL-6 formation under pathological
circumstances, but the use of IL-6 as predictive marker of
infection may be limited.
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