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Introduction

1.1 Sepsis and its global burden

Sepsis, a form of systemic inflammation, is defined as life-threatening organ dysfunction
caused by dysregulation of the host’s response to infectious noxa (Singer et al. 2016).
Among the leading causes of sepsis are bacterial infections, but it can also be caused by viral
infections, such as COVID-19 or influenza; fungal infections; or noninfectious insults, such
as traumatic injury. Normally, the body releases chemical or protein immune mediators into
the blood to combat the infection or insult (Garami et al. 2018). In an ideal scenario the
systemic inflammatory response, which is often associated with fever, successfully
eliminates the intruding pathogen from the host, thereby leading to survival. However, when
the host organism is weakened by previous or simultaneous comorbidities or when the
infection is too severe, then the outcome can be deadly, despite the adaptive (disease-
tolerating) strategy of the host, which is characterized by hypothermia (Garami et al. 2018;
Rumbus & Garami 2018). In the clinical setting, sepsis and septic shock are medical
emergencies. Sepsis-induced tissue hypoperfusion is defined as acute organ dysfunction and
involves also significant alterations in coagulation, as well as immunosuppression.

With regards to the clinical definitions of sepsis, in 1991, a consensus conference (Bone et
al. 1992) determined initial definitions that focused on the view that sepsis resulted from the
host’s systemic inflammatory response syndrome (SIRS) to an infection. When sepsis was
complicated by organ dysfunction, it was termed as severe sepsis, which could progress to
septic shock, defined as “sepsis-induced hypotension persisting despite adequate fluid

resuscitation.” In 2001, a task force recognized limitations of these definitions, and expanded



the list of diagnostic criteria but did not offer alternatives because of the lack of supporting
evidence (Levy et al. 2003). In effect, the definitions of sepsis, septic shock, and organ
dysfunction have remained largely unchanged for more than 2 decades. The last revision,
the Sepsis-3 definitions of sepsis and septic shock was a 2-year-long process that involved
several components (Singer et al. 2016). Critical efforts in this process included a discussion
of the concept of sepsis, identification of criteria alerting clinicians for the patient’s risk to
develop sepsis, and the development of the criteria to identify septic shock (Sartelli et al.
2018). The Sepsis-3 definitions suggest that patients with at least two of these three clinical
variables may be prone for the poor outcome typical of sepsis (also called as the quick
SOFA): (1) low blood pressure (systemic blood pressure of 100 mmHg or less), (2) high
respiratory rate (> 22 breaths per min), or (3) altered mental state (Glasgow coma scale <
15) (Sartelli et al. 2018).

Even nowadays, sepsis and its related diseases constitute a major burden for the patients and
healthcare providers, which is also indicated by the high incidence of hospital-treated sepsis
cases across all regions (189/100000 person years) reported in 2020 (Rudd et al. 2020).
Worldwide, sepsis is estimated to affect more than 100 million people annually and
nowadays it is one of the major causes of death, posing a global health and financial burden
for the society. According to a recent analysis of cause-of-death data from 109 million
records in the Global Burden of Diseases, Injuries, and Risk Factors Study, almost 49 million
incident cases of sepsis could be estimated around the world and 11 million sepsis-related
deaths were reported (Rudd et al. 2020). In a cohort from 6 hospitals located in the US,

sepsis was present in more than half of the hospitalizations and accounted for the highest



ratio (approx. one-third) among the causes of death (Rhee et al. 2019). While there was some
evidence of a trend towards decreasing mortality rates in septic patients over the last decade,
a continuous decline in mortality was not observed among patients with sepsis or septic
shock in a recent systematic review (Bauer et al. 2020). These data warrant for the need of
better sepsis management, which could be enhanced by improved diagnostic and prognostic
options. In spite of the desperate need for reliable biomarker molecules in sepsis, the novel
candidates require further validation before they can be incorporated into the clinical
practice, as stated by the Sepsis-3 definition consensus (Singer et al. 2016).

The burden of sepsis is even further exaggerated in the intensive care unit (ICU). In one
study, the estimated death rate in septic patients was as high as 26.7%, which was further
increased to 41.9% when the patients were treated at the ICU (Rudd et al. 2020). Another
study concluded that the estimated burden of sepsis worldwide is twice as much as what was
thought previously (Rhee et al. 2019). Further increasing its burdens, sepsis was also
associated with greater rehospitalization rates and higher healthcare costs compared to
matched hospitalized controls (Bauer et al. 2020). The early diagnosis and assessment of
severity could reduce the burdens of sepsis, which can be achieved through the discovery of
reliable biomarker molecules, which are continuously being screened by many research
groups. In 2010, an electronic search identified 178 sepsis-related biomarkers, but none of
them was found eligible for routine use in clinical practice (Pierrakos & Vincent 2010).
According to a more recent review by the same group (Pierrakos et al. 2020), the list of

potential biomarkers in sepsis has expanded, and in 2020 it included more than 250



substances, but only a few of them were evaluated in a large patient population or in multiple

studies, which still limits their clinical usability.

1.2 Macrophage migration inhibitory factor (MIF)

MIF is a mediator molecule of the innate immune system (Garai et al. 2017), which is
involved in a number of inflammatory processes and inflammation-associated disorders,
such as autoimmune disorders (Grieb et al. 2010; Flaster et al. 2007), obesity (Grieb et al.
2010; Morrison & Kleemann 2015) and cancer (Grieb et al. 2010; (Bucala & Donnelly
2007). MIF, as a proinflammatory cytokine, is rapidly released into the bloodstream in
various forms of acute systemic inflammation (Calandra & Roger 2003; Garai et al. 2017).
It must be noted that the causes of acute systemic inflammation can be diverse, including
infectious pathogens (e.g., sepsis, septic shock), as well as noninfectious disorders due to
stress, autoimmune reaction, trauma, surgery, burns, etc. The elevated levels of MIF in the
blood were reported in diseases with acute systemic inflammation caused by both infectious
and noninfectious etiologies (Grieb et al. 2010), however, it has remained unclear whether
the extent of the increase is similar or different in the two forms, therefore, if MIF can be
used as a diagnostic tool in sepsis. The available literature data was controversial. In one
study, a similar increase in MIF levels was observed in patients with systemic inflammation
of septic and nonseptic (i.e., caused by major surgery) origin compared to the healthy
controls (Lehmann et al. 2001), suggesting that MIF may serve as a biomarker for critical
illness without the ability to differentiate between infectious and noninfectious causes.

However, in other studies, MIF levels were markedly higher in sepsis than in patients with



other forms of systemic inflammation (Beishuizen et al. 2001; Brenner et al. 2010; Meawed
et al. 2015), indicating that MIF can be used as a diagnostic biomarker for sepsis. It should
be noted that according to the current clinical practice, MIF cannot be classified among the
most common biomarkers for monitoring inflammatory processes. In intensive care, the
monitoring of white blood cell count, fibrinogen, C-reactive protein, procalcitonin, and
interleukin-6 levels is much more common, the trust invested in procalcitonin is particularly
strong and proven (Papp et al. 2023). In addition to its diagnostic usability, the prognostic
value of MIF has also remained controversial. High serum levels of MIF were found in septic
patients and even higher MIF levels in patients with septic shock; however, the difference
was not statistically significant (p = 0.3) (Calandra et al. 2000). Similarly, not significantly
higher MIF levels were reported in septic patients with lung complications compared to those
without it (Beishuizen et al. 2001). On the contrary, a significant correlation was not found
between serum MIF levels and sepsis severity or mortality (Gao et al. 2007). Moreover,
circulating MIF levels did not differ between sepsis survivors and nonsurvivors in one study
(Lehmann et al. 2008), but nonsurvivors showed significantly higher MIF levels compared
to survivors in another study (Beishuizen et al. 2001).

During my PhD studies, we were looking for a biomarker molecule in sepsis that has a past,
but its future is not clear and the researchers' thoughts have not yet concluded with it. As
explained above, MIF proved be an optimal candidate. To thoroughly investigate the
potential diagnostic and prognostic biomarker value of MIF in sepsis, we used a dual
approach. First, we performed a meta-analysis to summarize and amalgamate the current

knowledge in the field. With the meta-analysis, we wanted to investigate the diagnostic and



prognostic biomarker value of the MIF blood level measured at the admission to the hospital
based on literature data. Therefore, we analyzed its diagnostic value between septic and
healthy, as well as septic and non-infectious systemic inflammation patients. We also looked
at MIF’s prognostic value by comparing its blood levels between less severe and more severe
forms of sepsis as well as between survivors and nonsurvivors of the disease. As our second
approach, we conducted a prospective, observational clinical trial in order to find answers to
questions that could be not assessed by the meta-analysis of the literature data. In particular,
we wanted to elucidate the kinetics of serum and urine MIF levels during the initial days of
ICU admission, and to study whether the kinetics are similar or different between sepsis
survivors and nonsurvivors.

In general, MIF is a proinflammatory cytokine produced in T-lymphocytes (but also an
endocrine factor) and it is expressed in endothelial cells, eosinophils, and macrophages.
Together with tumor necrosis factor, it promotes the inflammatory response. MIF not only
inhibits the migration of macrophages (as its hame suggests), but it can also increase
macrophage surface adhesion and phagocytosis. In humans, MIF consists of 114 amino acids
with a molecular weight of 12.5 kDa. Its expression was shown to increase in cancers,
inflammation, and autoimmune disorders. It is also present in inflammatory processes of the
lungs, for example, asthma, acute respiratory distress syndrome, tuberculosis, and Wegener's
granulomatosis. In addition, higher MIF levels were also found in other, mostly
inflammation-associated diseases, such as glomerulonephritis, ulcerative colitis and Chron's
disease, dermatitis, psoriasis, systemic sclerosis, type 2 diabetes mellitus, pancreatitis,

multiple sclerosis, atherosclerosis, lupus erythematosus, and endometriosis.
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Aims
The ultimate goal of our present work was to evaluate the clinical importance of MIF in
human patients in sepsis, and, thereby, to identify its biomarker value to help the diagnosis
of sepsis, and to predict the outcome of the disease. Although MIF as a biomarker was
investigated repeatedly in sepsis, previous clinical trials lead to contradictory results.
To achieve our ultimate goal, our specific aims were as follows:
2.1 Analysis of literature data about the biomarker role of MIF in septic humans (Toldi
et al. 2021) to assess whether blood MIF levels are different between:
a) septic patients vs. healthy controls;
b) patients with sepsis vs. patients with noninfectious systemic inflammation;
C) septic patients with more severe vs. less severe forms of the disease; and
d) sepsis survivors vs. nonsurvivors.
As part of this aim, we also performed a receiver operating characteristic (ROC) curve
analysis to evaluate the diagnostic performance of blood MIF levels in sepsis.
2.2 Prospective, observational clinical study (Toldi et al. 2023) in septic patients
admitted to the ICU to investigate:
a) the kinetics of serum and urine MIF levels;
b) the characteristic kinetics in sepsis survivors vs. nonsurvivors;
¢) intersex differences between serum and urine MIF kinetics; and

d) the influence of renal dysfunction on urine MIF Kinetics.
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Materials and Methods

3. Approach 1: meta-analysis of published human data

Our meta-analysis (Toldi et al. 2021) was conducted in accordance with the guidelines of
the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis)
statement (Moher et al. 2009). We formed our question for the analysis in the PICO [Patients,
Indicator, Comparison, Outcome] format: in adult septic patients, we aimed at assessing the
biomarker role of MIF in the diagnosis and prognosis of the disease. Our meta-analysis was

registered with PROSPERO (CRD42020139137).

3.1 Search strategy

We searched the CENTRAL (Cochrane Central Register of Controlled Trials), Embase, and
PubMed databases for original human studies from inception until December 2019 with the
following search term: ("macrophage migration inhibitory factor" OR MIF) AND (sepsis
OR septic). Similar to our previous meta-analysis on sepsis (Rumbus et al. 2017),
publications on immunosuppressive conditions (e.g., organ transplantation, human
immunodeficiency virus infection) were not included in the analysis. The search was carried
out separately by two authors (Janos Toldi and Andras Garami), who also independently
assessed study suitability and independently collected data from the selected studies.

Disagreements were resolved by consensus with the help of a third party.
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3.2 Study selection, data extraction, and risk of bias assessment

We screened the titles and abstracts of publications identified through the literature search,
and then obtained the full text of potentially eligible articles. We included studies that
reported blood MIF levels in two or more different groups of patients, at least one of which
consisted of septic patients. In order to analyze the prognostic value, it was necessary to
indicate the severity of the disease or the outcome (e.g., mortality rate) for the groups. From
all included articles, we extracted the country of origin, the characteristics of the patient
populations (sample size, sex ratio, age, severity score, mortality), as well as the reported
MIF values in the blood of the patient groups. When necessary, the extracted values were
converted to mean and standard deviation (SD) for the analysis. The different patient groups
within the study (e.g., survivors and nonsurvivors, septic and nonseptic systemic
inflammation) were extracted separately. The quality of each study included in the meta-

analysis was evaluated using the Newcastle—Ottawa scale (Wells et al. 2000).

3.3 Statistical analysis

We calculated the difference between the blood MIF level of a septic patient group and that
of another septic group or a control group for each included study. For the patient groups,
the means were standardized (based on variances) to obtain standardized mean differences
(SMD). For that reason, the means were divided by their corresponding SD values, which
was necessary, because the different methods used to measure MIF could lead to different
variances among the study groups and, therefore, influence the results. We used the random

effect model by DerSimonian and Laird (DerSimonian & Laird 1986) to calculate the SMD
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with 95% confidence intervals (CI), which were then compared by using standard meta-
analysis tools (viz., forest plot).

Inter-study heterogeneity was tested with I-square (1) statistical test, where 12 is the
proportion of total variation attributable to inter-study variability (an 12 value of more than
50% was considered as an indication of substantial heterogeneity), as suggested by the
Cochrane Handbook for Systematic Reviews (Higgins & Green 2011). Publication bias was
determined by visual inspection of funnel plots for the lack of asymmetry and evaluated
quantitatively by Egger’s test (p <0.1 indicating publication bias). Sensitivity analysis (i.e.,
sequentially eliminating one study from the analysis, and then recalculating the SMD to
investigate the impact of the given study on the summary estimate) was performed to test
the impact of the individual studies. We used the Comprehensive Meta-Analysis (version
3.3; Biostat, Engelwood, MJ, USA) software to perform the meta-analyses.

As part of our meta-analysis, we constructed ROC curve to evaluate the diagnostic
performance of blood MIF levels in sepsis. For that reason, individual blood MIF level data
of septic patients and healthy controls were extracted with WebPlotDigitizer application
from eligible papers (Leaver et al. 2010; Merk et al. 2011; Wiersinga et al. 2010), which
presented the data in figures with linear scales. The area under the ROC curve (AUC) was
calculated to assess the accuracy of blood MIF level measurement as a diagnostic test in
sepsis. Within the range of 0.5 (no diagnostic ability) to 1.0 (perfect diagnostic ability), a
higher AUC indicates better performance of a test. ROC curve analysis was performed using

IBM SPSS Statistics for Windows, version 26 (IBM Corporation, Armonk, NY, USA).
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4. Approach 2: prospective, observational clinical study

4.1 Patients

Between January 2012 and May 2015, we enrolled 51 septic patients into this prospective,
observational study from our ICU (Department of Anesthesiology and Intensive Therapy,
Medical School, University of Pecs, Pecs, Hungary). Our study protocol was approved by
the Regional Research Ethical Committee of the University of Pecs (registration no.:
2406/2005), and the study was performed in accordance with the ethical standards in the
2008 Declaration of Helsinki. Following the detailed explanation of the study procedure,

written informed consent was obtained from all study participants.

4.2 Inclusion and exclusion criteria

Sepsis was defined according to the most actual criteria at the time of patient enroliment by
the International Sepsis Definitions Conference (Levy et al. 2003). Septic patients with
elevated serum procalcitonin level at admission to the ICU were enrolled in the study.
Patients were excluded if they were under 18 years or above 85 years of age or if they refused
to participate in the study. Except for the measurements of MIF levels, the diagnostic and

treatment procedures were conducted according to the sepsis guidelines in the patients.

4.3 Data collection
We collected demographic data (age and sex) from all enrolled patients. The mortality was
followed up for 90 days from ICU admission. The following laboratory parameters were

measured on days 0, 2, and 4 from ICU admission: blood cell counts, as well as levels of C-
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reactive protein, creatinine, lactate, procalcitonin, and urea. On the same days, the urine
concentrations of creatinine and total protein were also determined. The Acute Physiology
and Chronic Health Evaluation (APACHE) Il score (Knaus et al. 1985), the Sequential
Organ Failure Assessment (SOFA) score (Jones et al.2003), and the Simplified Acute
Physiology Score (SAPS) Il (Le Gall et al. 1993) was calculated on admission to the ICU.
We determined the renal function disorder as more than 50% increase in serum creatinine
levels above the baseline, which was in accordance with the RIFLE (acronym indicating
Risk of renal dysfunction; Injury to the kidney; Failure of kidney function, Loss of kidney

function, and End-stage kidney disease) criteria (Bellomo et al. 2004.)

4.4 Measurement of MIF concentration

Urine and venous blood samples were collected for the measurements of MIF levels on days
0, 2, and 4 from ICU admission. Blood was collected in Vacutainer serum tubes with silicon
coating as clot accelerator (Becton, Dickinson and Company, Franklin Lakes, NJ, USA), and
it was kept in the tubes at room temperature to clot for at least 60 min. Serum was collected
after centrifugation at 1300 g for 10 min at room temperature, then it was aliquoted and
stored at -70°C until the analysis. The levels of MIF were measured in urine and serum by
using standard enzyme-linked immunosorbent assay (ELISA) Kits (catalog number: DY289;
R&D Systems, Minneapolis, MN, USA) according to the manufacturer's recommendations
as in a previous study (Marton et al. 2011). All measurements were performed in duplicates.
The plates were read at 450 nm by using an iEMS MF microphotometer (Thermo Labsystem,

Beverly, MA, USA). When studying renal dysfunction, the levels of urine MIF were also
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calculated as ratios relative to the urine creatinine level based on earlier studies (Hong et al.
2012; Otukesh et al. 2009). The timing of the MIF level measurements and of the follow up
period was based on the actual guidelines of our Department of Anesthesiology and Intensive

Therapy and on the data obtained in our meta-analysis.

4.5 Statistical analysis

The R software was used to perform the statistical analysis of the collected data (version
3.6.1; R Development Core Team, Vienna, Austria). Significant differences in urine and
serum MIF levels between survivors and nonsurvivors were studied by the Mann-Whitney
test. In subgroup analysis, repeated measures ANOVA was performed with time and either
sex or age as the independent variables, while either serum MIF or urine MIF as a dependent
variable. Frequency tables for deaths were generated in groups with different patterns of MIF
Kinetics, and then the number of deaths were compared with the Fisher test between the
groups. The data are reported in the mean + standard error (SE) format, unless specified
otherwise. Depending on the normal or nonnormal distribution of the data, we used repeated
measures ANOVA or Mann-Whitney test, respectively. However, for better visual

comparison, in most figures we present the results as box plots.
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Results

Approach 1: meta-analysis of published human data

5.1 Study characteristics

Our literature search identified a total of 621 articles from the CENTRAL, Embase, and
PubMed databases published until December 2019. When we enabled the online available
filter for human studies and removed the duplicates, altogether 315 papers remained, which
were screened for title and abstract. Thereafter, we obtained the full text of 45 articles, and,
from those selected 21 papers that were eligible for our analyses (Ameen et al. 2016;
Beishuizen et al. 2001; Bozza et al. 2004; Brenner et al. 2010; Calandra et al. 2000; Chuang
et al. 2007; Chuang et al. 2014; de Mendonca-Filho et al. 2005; Emonts et al. 2007; Gando
et al. 2007; Gao et al. 2007; Kofoed et al. 2006; Leaver et al. 2010; Lehmann et al. 2001;
Lehmann et al. 2008; Meawed et al. 2015; Merk et al. 2011; Miyauchi et al. 2009; Payen et
al. 2012; Pohl et al. 2017; Wiersinga et al. 2010). The flowchart of the study selection is
presented in Figure 1. The analyzed papers included 1876 human subjects, among which
there were 1206 septic patients, 134 patients with noninfectious systemic inflammation, and
536 healthy controls (i.e., subjects without known systemic inflammation). The

characteristics of the studies and the patient population are summarized in Table 1.
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203 articles identified
from PubMed

412 articles identified
from EMBASE

6 articles identified
from Cochrane Library

+| 192 records excluded

Y

Records after removal
of 114 duplicates:
n=315

Y

315 articles screened
on title and abstract

by filter for: humans”

Y

45 articles selected
for review by full text

| 270 records excluded

h 4

21 full-text articles
included

24 records excluded (n):

- no MIF blood level in sepsis (15)
- data already included (1)

- data not eligible for analysis (2)

"| - study in septic children (2)

- study in cells or rodents (2)
- review article (1)
- full text not available (1)

Figure 1. Flowchart of study selection and inclusion in our meta-analysis (Toldi et al. 2021).
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Table 1. Characteristics of participants in the studies included in the meta-analysis (Toldi et al. 2021)

Study report Country Study population Population N Mean  Mean severity Deaths
subgroups (males) years of score (SD) N (%)
age (SD)
Ameen et al. Kingdom of Severe sepsis and Survivor 22 (12) 59 (5) APACHE = 0
2016 Saudi Arabia septic shock 25 (4)
Nonsurvivor 17 (9) 64 (4) APACHE = 17 (100)
21 (2)
Beishuizen et The Netherlands Healthy control 41 (23) 62(9) NA 0
al. 2001
Multiple trauma 8 (7) 52 (17) APACHEII= O
10 (2)
Septic shock 32(20) 64 (13) APACHEII= 11(34)
15 (6)
Survivor 21 (NR) 61(11) APACHEIlI= O
12 (5)
Nonsurvivor 11 (NR) 67 (14) APACHE Il = 11 (100)
18 (5)
Without ARDS 24 (NR) 59 (13) APACHEII= NR
11 (6)
With ARDS 8(NR) 64(12) APACHEII= NR
19 (4)
Bozza et al. Brazil Healthy control 11 (NR) NR NA NR
2004
Sepsis 17 (10) 59(23) APACHEII= 3(18)
17 (6)
Septic shock 25(15) 59(27) APACHEIl= 13(52)
21 (7)
Brenner et al. Germany Healthy control 18 (10) 35(9) NA 0
2010
Major surgery 28 (12) 62(14) NR 0
Severe sepsis and Survivor and 87 (51) 69 (12) NR 44 (51)
septic shock nonsurvivor
Calandraetal.  Switzerland Healthy control 6 (NR) median NA NR
2000 =40
Sepsis Severe sepsis 16 (13) 52(18) SAPS Il = 6 (38)
and septic shock 45 (14)
Chuang et al. Taiwan Severe sepsis Survivor 81 (44) 0
2007 APACHE Il =
67 (23) 23 (8)
Nonsurvivor 31 (24) 31 (100)
Chuang et al. Taiwan Severe sepsis and Survivor 109 71(15) APACHEII= O
2014 septic shock (68) 22 (8)
Died in 48h 12(6) 68(18) APACHEII= 12 (100)
27 (7)
Died after 48h 32(21) 74(12) APACHEII =  32(100)
25 (8)
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Study report Country Study population Population N Mean  Mean severity Deaths
subgroups (males) years of score (SD) N (%)
age (SD)
de Mendonca-  Brazil Sepsis Negative 24 (16) 70 (2) APACHE Il = 5(21)
Filho et al. 2005 microbiology 15 (1)
Positive 25(17) 71(2) APACHE Il = 12 (48)
microbiology 16 (1)
Emonts et al. Switzerland and  Healthy control 196 NR NA NR
2007 The Netherlands (NR)
Sepsis, severe sepsis,  Survivor 36 (18) 47 (17) NR 0
and septic shock
Early death 20 (17) 53 (14) NR 20 (100)
Late death 12(9) 61(13) NR 12 (100)
Gando et al. Japan Healthy control 10 (NR) NR NA NR
2007
SIRS and sepsis Without DIC 28 (17) 56 (3) APACHE IIl= 1(4)
17 (1)
With DIC 20(8) 51(5) APACHE Il = 12 (60)
27 (2)
Gao et al. 2007 USA Healthy control 53 (NR) NR NA NR
Sepsis 36 (NR) NR NR NR
Sepsis-induced acute 53 (NR) NR NR 19 (36)
lung injury
Kofoed et al. Denmark Healthy control 10 (NR) NR NA NR
2006
Sepsis 10 (NR) NR NR NR
Leaver et al. UK Healthy control 20 (10) NR NA NR
2010
Severe sepsis and 35(22) 62(22) 19 (6) 10 (29)
septic shock
Lehmannetal. Germany Healthy control 10 (NR) NR NA NR
2001
Nonseptic critically ill 18(17) 60(18) SOFA=2(1) NR
Severe sepsis 19 (14) 44 (16) SOFA=10(2) NR
Lehmann etal. Germany Healthy control 34 (NR) NR NA NR
2008
Nonseptic critically ill 10 (7) 61 (17) SOFA=3(1) O
Severe sepsis Survivor 23 (NR) SOFA=9@3) O
55 (11)
Nonsurvivor 14 (NR) SOFA =16 (3) 14 (100)
Meawed et al. Egypt Nonseptic systemic 28 (19) 50 (5) NR NR
2015 inflammation
Sepsis 25 (15) 53 (6) APACHE Il = 4 (16)
Survivor and 17@3)
Severe sepsis nonsurvivor 27(16) 63(7) APACHEIl= 15 (56)
20 (3)
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Study report Country Study population Population N Mean  Mean severity Deaths
subgroups (males) years of score (SD) N (%)
age (SD)
Merk et al. 2011 Canada Healthy control 85 (NR) NR NA NR
Severe sepsis and 37(22) 60 (17) APACHE Il = 10 (27)
septic shock 22 (7)
Miyauchi etal.  Japan Sepsis Normal adrenal 22 (14) 63 (17) APACHE Il = 6 (27)
2009 response 26 (6)
Adrenal 19 (16) 66(15) APACHEII= 6(32)
insufficiency 26 (10)
Payen et al. France Severe sepsis and Without acute 47 (30) median  median SOFA 6 (12)
2012 septic shock kidney injury =60 =5
Mild acute kidney 75 (47) median  median SOFA 20 (26)
injury =61 =7
Severe acute 54 (34) median median SOFA 22 (41)
kidney injury =63 =10
Pohl et al. 2017 Germany Healthy control 10 (NR) NR NA NR
Nonseptic critically ill 42 (28) 69 (13) APACHEII= 35(83)
24 (9)
Severe sepsis and 30(19) 69 (11) APACHE Il = 13 (43)
septic shock 26 (9)
Wiersinga etal. Thailand Healthy controls 32(23) 41(9) NA NR
2010
Sepsis Survivor and 34* 52 (16) NR 15* (44)
nonsurvivor a7

*MIF levels were reported for 29 septic and 10 survivor patients. ARDS, adult respiratory distress syndrome; APACHE, acute

physiology and chronic health evaluation score; DIC, disseminated intravascular coagulation; NA, not applicable; NR, not reported;

SAPS, simplified acute physiology score; SIRS, systemic inflammatory response syndrome; SOFA, sequential (sepsis-related) organ

failure assessment score.
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5.2 The diagnostic performance of blood MIF levels in sepsis

When we studied the difference in blood MIF levels between septic patients and healthy
control subjects, we included 14 studies, which contained data from 579 septic patients and
536 healthy participants. The relative weight of the studies used in the forest plot was similar,

ranging between 5 and 8% (Figure 2).

Blood MIF concentration (ng/l)

Sepsis Healthy control

First author and

publication year SMD {95% CI) N, mean (5D) N, mean (SD) Weight %
|

Gando 2007 —— 0.23 (-0.45,0.91) 48, 37298 (151811) 10, 5200 (1897) 7.14
|

Bozza 2004 - 0.46 (-0.21, 1.13) 42, 1591 (2035) 11, 737 (899) T.18
|
|

Wiersinga 2010 —— 0.71 {0.20, 1.23) 29, 29098 (18960) 32,16143 (11090) 7.56
|

Brenner 2010 —_— : 0.74 {0.22, 1.25) 87, 10659 (16577) 18, 175 (53) 7.56
|

Leaver 2010 +: 0.81 {0.24, 1.38) 35, 12367 (4637) 20, 9100 (2712) T.43
|

Pohl 2017 _._:_ 0.93 {0.19, 1.68) 30, 170000 (186225) 10, 18000 (6324) 6.96
|

Calandra 2000 —0—:_ 1.01 {0.02, 1.99) 16, 46516 (49556) 6, 3325 (1365) 6.25
|

Lehmann 2008 — 1.25 (0.74, 1.76) 37, 58780 (44507) 34, 46829 (38396) 7.58
|
|

Lehmann 2001 — 1.31 {0.47, 2.15) 19, 6325 (5222) 10, 740 (491) 6.69
|

Gao 2007 :—‘— 177 (1.37, 247) 89, 72208 (40745) 53, 14613 (7020) T.81
|

Emonts 2007 i —— 2.46 (212,2.81) 68, 852200 (§77902) 196, T175 (2327) 7.M
|

Merk 2011 : —— 2.74 (2.23, 3.26) 37, 111000 (65000) @5, 6300 (6200) T.56
|

Kofoed 2006 |—————%—————  2.83(1.56,4.11) 10,1236 (557) 10,121 (1) 5.39
|
|

Beishuizen 2001 i ——%——  351(2.77,4.25)  32,14300 (4500) 41, 2500 (2100) 6.98
I

Overall (l-squared = 90.4%, p = 0.000) <> 1.47 (0.86,1.97) 579 536 100.00
|
|

NOTE: igl are from d effects lysi: |
I

I T

5 o 5
Sepsis - healthy control SMD in blood MIF level
Figure 2. Forest plot of SMDs in blood levels of MIF between septic patients and healthy controls
(Toldi et al. 2021). Here, and in Figures 4-6 black diamonds represent the SMD for each study, while
the left and right horizontal arms of the diamonds indicate the corresponding 95% Cls. The size of
the gray box surrounding the diamond is proportional to the relative weight of the study. The open
rhombus on the bottom represents the average SMD calculated from the SMDs of all individual
studies. The left and right vertices of the rhombus represent the Cls of the average SMD, while the
vertical diagonal and the dashed line indicate the average SMD of all studies in the forest plot. A
negative SMD indicates higher MIF levels in healthy controls, whereas an SMD greater than zero

indicates increased MIF levels in sepsis.
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In accordance with the function of MIF as a proinflammatory cytokine (Calandra & Roger
2003), in sepsis the levels of MIF in the blood were higher than in healthy conditions with
SMDs ranging from 0.23 to 3.51 between the septic and healthy groups. Overall, in septic
patient groups blood MIF levels were significantly higher than in healthy controls with an
SMD of 1.47 (95% CI: 0.96-1.97) (Figure 2). In the included studies, the authors used
different methods to determine blood MIF levels, which may explain why the values varied
greatly even in healthy controls. The detailed description and comparison of the used
methods would be beyond the scope of the current work, and it must be also noted that such
list would be most probably incomplete, because the authors did not always provide detailed
description about the applied methods. Nevertheless, our results confirm that MIF is elevated
in sepsis compared to controls. Next, we also wanted to see its diagnostic performance based
on ROC curve analysis. We found three studies which presented blood MIF level values of
individual participants (Leaver et al. 2010; Merk et al. 2011; Wiersinga et al. 2010). From
these, we could extract the data of 101 septic patients and 141 healthy controls. Our ROC
curve analysis of these data resulted in an AUC of 0.850 (Figure 3), which demonstrates that
blood MIF level measurement shows good sensitivity and specificity for the diagnosis of

sepsis.
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Figure 3. ROC curve analysis of the
diagnostic performance of MIF levels in
sepsis (Toldi et al. 2021). The individual
data of septic patients (N = 101) and
healthy controls (N = 141) were extracted
from previously published studies
(Leaver et al. 2010; Merk et al. 2011;
Wiersinga et al. 2010). The area under the
blue ROC curve was 0.850. The diagonal
red line serves as a reference line
corresponding to the ROC curve of a
diagnostic test that randomly classifies
the condition (i.e., a test that has no

diagnostic ability).

Then, perhaps as the most interesting approach in assessment of the diagnostic value of MIF,

we studied whether the magnitude of the elevation of blood MIF levels are different between

sepsis and systemic inflammation due to noninfectious etiologies. We included six studies

in our meta-analysis, which reported data from 257 septic patients and 134 patients with

nonseptic systemic inflammation (Figure 4).
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Blood MIF concentration (ng/)

Sepsis Nonseptic systemic
inflammation
First author and

publication year SMD (95% CI) N, mean (5D} N, mean (5D} Weight %
i
|

Lehmann 2008 S 0.50 (-0.20, 1.21) 37, 98780 (44507) 10, 77561 (31236)  15.08
i
|
|

Pohl 2017 _._: 0.57 {0.09, 1.05) 30, 170000 (186225) 42, 94000 (7T7768) 19.26
i
|

Brenner 2010 —0—:— 0.77 {0.33, 1.21) 87, 10659 (15577) 28, 223 (221) 20.02
i
|

Meawed 2015 — 0.78 {0.31, 1.26) 52, 10920 (13765) 28, 2207 (823) 19.30
|
|

Lehmann 2001 —_— 1.02 (0.34,1.71) 19, 6325 (5222) 18, 2415 (1048) 15.40
|
|

Beishuizen 2001 ! —_— 2,71 (1.73, 3.70) 32, 14300 (4500) 8, 3100 (1700) 10.94
|

Overall (l-squared = 69.5%, p = 0.006) Q 0.94 (0.51, 1.38) 257 134 100.00
|
i
I

NOTE: Weights are from random effects analysis
I
T T

3 0 5
Sepsis — nonseptic systemic inflammation SMD in blood MIF level

Figure 4. Forest plot of SMDs in blood levels of MIF between septic patients and patients with

systemic inflammation due to noninfectious causes (Toldi et al. 2021).

In the latter group, the cause of systemic inflammation was either surgery (Lehmann et al.
2001; Brenner et al. 2010; Lehmann et al. 2008) or multiplex traumatic injury (Beishuizen
et al. 2001), or fever not related to sepsis (Meawed et al. 2015), or critical illness (Pohl et
al. 2017) (see also Table 1). The relative weight of the studies ranged from 11 to 20%. The
MIF levels in the blood were higher in septic patients than in patients with nonseptic
systemic inflammation in all of the analyzed individual studies. Importantly, the overall
SMD was 0.94 (95% CI: 0.51-1.38), which was significantly different between the two
groups (Figure 4). Unfortunately, we could not collect enough individual patient data from

the literature or from the authors that would have allowed us to perform a ROC curve
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analysis for diagnostic performance (i.e., sensitivity and specificity) of MIF between the

septic and nonseptic patient groups.

5.3 The prognostic value of blood MIF levels in sepsis

So far, we have studied the usability of blood MIF levels as a biomarker for the diagnosis of
sepsis. Nevertheless, we also wanted to know whether the increased blood MIF levels can
predict the clinical progression of the disease. We found eligible data to address this question
from two approaches: (1) by comparing patient groups with less severe and more severe
forms of sepsis based on different parameters (e.g., the absence or presence of organ
dysfunction) within the same study; and (2) by comparing survivor and nonsurvivor septic
patient groups within the same study. In eleven included studies the blood MIF levels were
reported in different severity groups of sepsis. The classification of the severity of the disease
into more severe and less severe groups was based on the presence of one of the following
conditions: severe sepsis (Meawed et al. 2015), septic shock (Calandra et al. 2000; Bozza et
al. 2004), DIC (Gando et al. 2007), organ damage (pulmonary, renal or adrenal gland
dysfunction) (Beishuizen et al. 2001; Gao et al 2007; Miyauch et al. 2009; Payen et al.
2012), early fatality (Emonts et al. 2007; Chuang et al. 2014), or positive hemoculture (de
Mendonca-Filho et al. 2005) (also see Table 1). As it could be expected, in most cases, the
clinical severity scores were higher in the patient groups with more severe disease.
Altogether, 347 patients were categorized as the more severe and 274 patients as the less
severe septic groups. The relative weight of the studies was similar, ranging between 7 and

11%. Our forest plot showed that blood MIF level was significantly higher in the more severe
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forms of sepsis than in the less severe forms with an overall SMD of 0.84 (95% CI: 0.45—

1.24) (Figure 5).

Blood MIF concentration (ng/l)

More severe Less severe
sepsis sepsis
First author and
publication year SMD (95% CI) N, mean (5D} N, mean (5D} Weight %
T
i
Gao 2007 — 0.04 (-0.38, 0.46) 53, 72765 (38629) 36, 71115 (44618) 10.70
|
Chuang 2014 — ; 0.06 {-0.61, 0.72) 12, 5613 (T319) 32,5293 (3414) 9.08
i
|
Calandra 2000 0—:— 0.12 (-0.87,1.11) 9, 49150 (49459) 7, 43100 (49688) 6.93
i
Bozza 2004 _._f_ 0.41 (-0.21, 1.03) 25, 1967 (1832) 17, 1328 (1031) 9.37
i
Gando 2007 — 0.63 (0.04,1.22) 20, 66256 (108248} 28, 20718 (24960) 9.61
|
|
Miyauchi 2009 —— 0.77 (0.13, 1.41) 19, 28633 (21546) 22, 17067 (4437) 9.26
i
i
de Mendonca-Filho 2005 e 0.87 (0.28,1.46) 25, 2888 (3540) 24, 608 (980} 9.61
i
Payen 2012 |—— 1.32 (0.96, 1.68) 129, 6563 (2751) 47, 2383 (984) 11.06
I
|
Emonts 2007 —_ 1.35 (0.56, 2.14) 20, 1031350 (836722) 12, 127200 (106358) 8.18
i
|
Meawed 2005 | 1.64 (1.01,2.27) 27, 12855 (2823) 25, 9036 (1623) 9.30
I
Beishuizen 2001 : . 2,32 (1.33,3.31) 8, 19400 (4700) 24, 9200 (4300) 6.90
Overall (l-squared = 78.5%, p = 0.000) <> 0.84 (0.45,1.24) 347 274 100.00
i
i
NOTE: Weights are from random effects analysis :
I
T T
-5 o 5

More severe — less severe sepsis SMD in blood MIF level

Figure 5. Forest plot of SMDs in blood levels of MIF between patients with more severe and less

severe forms of sepsis (Toldi et al. 2021).

In our second approach to investigate the prognostic usability of MIF in sepsis, the blood

MIF levels were compared between survivors and nonsurvivors of sepsis. For that, we found

11 studies, which included 447 survivors and 257 nonsurvivors of sepsis. As in our former

forest plot, these studies had similar relative weights, ranging from 7 to 11%. We calculated

the SMD by subtracting the mean blood MIF level of sepsis survivors from that of sepsis

nonsurvivors. Thus, a positive result indicated higher MIF levels in patients who died,
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whereas negative values would have indicated higher levels in the survivors. It should be
noted, however, that the SMD was not negative in any of the analyzed studies. With regards
to the summed difference, we found that the overall SMD was significantly higher than zero
(0.75, 95% CI: 0.40-1.11) (Figure 6), which demonstrated that blood MIF levels were

markedly higher in nonsurvivors than in survivors of sepsis.

Blood MIF concentration (ng/l)

Sepsis nonsurvivors  Sepsis survivors
First author and

publication year SMD (95% CI) N, mean (SD) N, mean (5D} Weight %
T
|

Lehmann 2008 —_— 0.01 (-0.65, 0.68) 14, 97885 (40694) 23, 97160 (55636) 8.61
|

Emonts 2007 —T— : 0.11(-0.37,0.59) 32, 560436 (2555100) 36, 364775 (291078) 10.09
|
|

Chuang 2014 —— 0.43 (0.08, 0.78) 44, 5492 (8672) 109, 2029 (4428) 10.99
|
I

Ameen 2016 —_ 0.43 (-0.21,1.07) 17, 9060 (4470} 22, 6903 (5341) 2.80
|

Brenner 2010 — 0.56 {0.13,0.98) 44, 20627 (32432) 43,7072 {11145) 10.45
|
|

Gao 2007 —_— 0.62 (0.05, 1.20) 19, 73480 (39820) 34, 53360 (27220) 9.32
|
|

Chuang 2007 — 0.67 (0.24,1.09) 31, 10987 (9329) 81, 5737 (7279) 10.49
|

Bozza 2004 —_— 0.70 {0.06,1.34) 16, 2567 (2430) 26,1302 {1286) 879
|
|

Wiersinga 2020 —_— 0.94 (0.14, 1.75) 10, 43562 (21493) 19, 25177 (18446) 7.54
|
|

Beishuizen 2001 | 1,86 (0.99, 2.73) 11, 18400 (4800) 24, 10200 (4200) 740
|

Meawed 2015 1 —————  263(1.87,3.40) 19, 14852 (2780) 33, 8953 (1870) 7.34

Overall (I-squared = 77.4%, p = 0.000) ¢ 0.75 (0.40, 1.11) 257 447 100.00
|
|

NOTE: Weights are from random effects analysis :
I

T T
-4 0 4

Sepsis nonsurviver — survivor SMD in blood MIF level

Figure 6. Forest plot of SMDs in blood levels of MIF between sepsis nonsurvivors and survivors
(Toldi et al. 2021).

6 Approach 2: prospective, observational clinical study

The results of our meta-analysis presented as Approach 1 above, clearly indicated that the
blood level of MIF on the day of hospital admission can be used as a valuable biomarker for
the diagnosis of sepsis and for prediction of the severity of the disease. However, we did not

find enough eligible data to answer further important questions related to the prognostic
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biomarker value in sepsis, such as 1) how are the kinetics of blood MIF after ICU admission?
2) are the kinetics of urine MIF similar to those in the blood? 3) are the kinetics different
between sepsis survivors and nonsurvivors? 4) are there any intersex differences in the
kinetics?. To find answers to these questions, we conducted a single-center prospective,
observational study with repeated measurements of MIF in serum and urine on days 0, 2,

and 4 from admission to the ICU at the University of Pecs, Hungary.

6.1 Patient enrollment and characteristics

Fifty-nine patients were found eligible for the study according to the inclusion criteria during
the study period, but only 51 patients could be enrolled, because 8 of them refused to
participate in the study. In addition, one patient had to be excluded, because the outcome
could not be assessed at the end of the 90-day follow up. In sum, we included data from 50
patients in the final analysis (for the flow diagram, see Figure 7); their baseline
characteristics can be found in Table 2 together with the statistical comparison of the
parameters between survivors (N = 21) and nonsurvivors (N = 29). The death rate was 58%
in this study population, which is comparable with recent data reported in the literature
(Bauer et al. 2020). The sex and age distribution of the patients were similar in the two
groups, so was the number of cases with renal dysfunction as assessed by the RIFLE criteria
(Bellomo et al. 2004). Except for the SAPS Il and SOFA scores, which tended to be higher
in nonsurvivors than in survivors (p = 0.15 and 0.16, respectively), as it could be expected,
we did not detect any meaningful difference between the two outcome groups at admission

to the ICU. As mentioned before, the timing of the MIF level measurements and of the follow
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up period was based on the actual guidelines of our Department of Anesthesiology and

Intensive Therapy and on the data obtained in our meta-analysis.

59 patients admitted to the ICU, Clinical Center,
University of Pecs fulfilling the study inclusion criteria

Exclusions:

- 8 patients refused to

—»| participate in the study

- 1 patient was lost to
follow-up

Y

50 septic patients enrolled into the study

l l

29 patients died in 21 patients
a0 days survived at 90 days

Figure 7. Flow diagram of patient enrollment in our clinical study (Toldi et al. 2023).
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Table 2. Baseline characteristics of the survivor and nonsurvivor septic

patients enrolled into our clinical study (Toldi et al. 2023)

Parameters (unit) Survivors Nonsurvivors | All p
(N=21) (N =29) (N =50) value
Demographic characteristics
Age (years) 67+3 66 +3 66 + 2 0.78
65 years old or older, n (%) 12 (57) 17 (59) 29 (58) 1.00
Female, n (%) 12 (57) 11 (38) 23 (46) 0.57
Blood test results
Red blood cell count (10*%1) |3.7+0.1 35+0.1 35+0.1 0.17
White blood cell count (10%/1) | 13.6 +0.2 15.1+2.1 145+15 0.63
Neutrophil percentage (%) 12+2 14 +2 131 0.68
C-reactive protein (mg/l) 232.4+28.1 |253.5+21.8 2447 +£17.2 | 0.56
Procalcitonin (ng/ml) 23.62£10.99 |40.22 +£10.19 |33.86+7.60 |0.27
Lactate (mmol/l) 44+13 40+13 42+0.9 0.81
Creatinine (umol/l) 180.2+31.0 |173.8+23.1 176.5+18.5 | 0.87
Urea (mmol/l) 13.7+1.8 156 +1.7 14.8+1.2 0.47
Estimated glomerular 37.6+5.1 39.6+4.4 38.8+3.3 0.78
filtration rate (ml/min/1.73 m?)
Urine test results*
Total protein (mg/l) 1193 + 642 713 £ 213 856 + 240 0.49
Creatinine (mmol/l) 45+1.0 52+0.8 5.0+£0.6 0.61
Clinical status evaluation
APACHE Il (score) 17+2 19+2 18+1 0.39
SAPS Il (score) 40+ 4 49+ 4 46+ 3 0.15
SOFA (score) 8+1 10+1 10+1 0.16
Renal dysfunction, n (%) 13 (62) 16 (55) 29 (58) 0.77

*urine samples for the present study could not be obtained on the day of admission from 6
patients (1 survivor and 5 nonsurvivors). Data are expressed as mean * SE, except for the
sex, elderly, and renal dysfunction ratio, where number (and percentage) of patients is
shown.



6.2 The levels of MIF in the serum and urine in septic patients after ICU admission
First, we investigated the median levels of serum and urine MIF in all septic patients on days
0, 2, and 4 from admission to our ICU (Figure 8). We found that the MIF levels were higher
in the serum than in the urine with medians of 2500, 2255, and 3209 pg/ml in serum versus
965, 1013, and 845 pg/ml in urine, on day 0, 2, and 4, respectively. Based on previous studies
(Hong et al. 2012; Otukesh et al. 2009), we normalized urine MIF levels for urine creatinine,
which did meaningfully impact the observed kinetics. The medians were not statistically
different between the days either in the serum or in the urine samples, even though there was
a 28% increase in serum MIF from day 0 to day 4.

We also studied whether the serum and urine MIF kinetics observed in all patients remain
similar when the patients are divided into subgroups based on sex (Figure 8B), age (Figure
8C), and survival (Figure 8D). We could not detect any statistical difference between males
and females in serum and urine MIF levels. With regards to kinetics, the serum and urine
MIF levels did not change meaningfully over time in either of the sexes. It should be noted,
however, that on all days the urine MIF levels seemed somewhat higher in females than in
males, but the intersex difference did not reach the level of significance. The normalization
of urine MIF levels for urine creatinine did meaningfully impact the observed kinetics in

either sex.
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Figure 8. The serum and urine levels of MIF in septic patients on days 0, 2, and 4 from admission
to the ICU (Toldi et al. 2023): (A) all patients; (B) females and males, (C) at least 65 years old and
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Figure 8. (continued) younger than 65 years, and (D) deceased and survived. Here, and in Figure
12A, the horizontal line within each box represents the median, the bottom and the top of the box
marks the lower and the upper quartile, respectively, which limit the interquartile range (IQR). The
vertical line below and above the box shows the minimum and maximum levels, respectively.
Outliers are shown with dots. The numbers below the boxes indicate the number of patients in each

group. *p < 0.05.

When patients were divided into younger (less than 65 years old) and older groups (65 years
old and above), serum MIF levels in the older patient group were 2000, 2368, and 3263
pg/ml on day 0, 2, and 4, respectively. In the younger patient group, the medians on the
respective days were 2969, 2142, and 2732 pg/ml. There was no significant difference
between the age groups on any of the days. The urine MIF levels did not differ meaningfully
in the elderly between the days, while in the younger patients there was an increase from day
0 to day 2 reaching a median of 1722 pg/ml that was significantly different from the older
age group (Figure 8C). The urine MIF/creatinine ratio was not significantly different
between younger and older patients on any of the days, and it did not change markedly over
time in either age group. Since the ratio was not significantly different (p = 0.385) between
younger and older patients on day 2, these results indicate that the difference in urine MIF
between the age groups on day 2 (Figure 8C) was probably due to a difference in general
kidney functions and not due to a difference specifically in MIF excretion.

Finally, between survivors and nonsurvivors the median serum MIF levels did not differ
statistically on days 0 and 2, however on day 4 serum MIF was significantly (p = 0.039)
higher in patients who died than who survived with medians of 3348 and 2430 pg/ml,

respectively (Figure 8D). These results already suggested that the kinetics of serum MIF
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from day O to day 4 are different between survivors and nonsurvivors of sepsis. With regards
to urine MIF, the medians did not change meaningfully over time in either of the subgroups.
However, urine MIF levels were lower in patients who died than who survived on all days,
which difference was significant on day 0 (638 vs 1355 pg/ml; p = 0.046) and on day 4 (672
vs 1005 pg/ml; p = 0.032). The normalization of urine MIF levels for urine creatinine did
not meaningfully impact the observed kinetics in either subgroup. Importantly, similarly to
urine MIF, the significant differences in the ratio were also detectable between nonsurvivors
and survivors on day 0 (0.24 vs 0.50 pg/umol; p = 0.022) and on day 4 (0.24 vs 0.80 pg/pumol;
p =0.003). These findings suggest that the observed differences in urine MIF levels between
survivors and nonsurvivors were presumably caused by differences specific to renal MIF

excretion and not by differences in general renal functions.

6.3 The kinetics of serum MIF levels in survivors and nonsurvivors of sepsis after ICU
admission

Next, we analyzed how the serum MIF levels changed from the first until the last
measurement in each enrolled individual patient, and then compared the kinetics between
survivors and nonsurvivors of sepsis (Figure 9A). Only those patients were included who
had a minimum of two serum MIF level values on different days during their ICU stay (N =
48). Two patients had to be excluded, because they died before a second blood sample
collection could be performed. Serum MIF level increased in 15 of 27 deceased patients
(~56%), while in the rest of them it did not change (N = 7) or decreased (N =5). In contrast

with the dominantly increasing pattern in the deceased patients, in the survivors the main
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(~62%) trend was a decrease in serum MIF level (N = 13), while it increased only in 8

patients out of the 21.
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Figure 9. The individual pattern of serum MIF kinetics in each patient who had at least 2

measurements between day 0 and 4 at the ICU (Toldi et al. 2023). Red line indicates an increase,

while gray line shows no increase in serum MIF level in deceased and survived patients based on

data obtained from (A) both sexes, (B) males, and (C) females. The number of patients (n) is

indicated in the figure in each group.
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According to previous studies, an association between MIF and estrogen was indicated in
experimental animal models (Ashcrof et al. 2003; Houdeau et al. 2007; Hsieh et al. 2007),
as well as in human subjects (Aloisi et al. 2005). Therefore, we also studied the changes in
serum MIF levels in males and females separately even at the cost of lowering the number
of patients in the analyzed subgroups (Figure 9B and C). In males, similar Kinetic patterns
were present as in all patients: the most common (50%) trend was an increase in patients
who died, while a decrease was the dominant (80%) trend in those who survived (Figure
9B). However, in females the kinetic patterns of serum MIF did not differ meaningfully
between survivors and nonsurvivors: an increase was the most common (~73%) in deceased
patients, as well as in the survivors (~55%) (Figure 9C).

In our next approach, we wanted to better quantify the difference between the subgroups.
For that, we also compared the mean changes of serum MIF levels between days 0 and 4 in
all groups (Figure 10). In patients who died, the mean (x SE) serum MIF level increased
from 2997 + 373 pg/ml on day 0 to 4394 + 646 pg/ml by day 4, whereas in sepsis survivors
serum MIF decreased from 3137 + 576 to 2587 + 384 pg/ml during the same time interval
(Figure 10A). On a daily basis, the change in serum MIF level was significantly different
between survivors and nonsurvivors, when we used the data of both sexes (p = 0.01) and of
males (p = 0.01). On the contrary, there was no meaningful difference between the died and
survived groups in females (p = 0.230) (Figure 10B). When we analyzed the changes in the
respective groups on a daily basis, an overall increase versus decrease was present in all and
male nonsurvivors versus survivors, respectively, while in females there was on average an

increase in both outcome groups.
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Figure 10. The kinetics of serum MIF levels in septic patients at the ICU (Toldi et al. 2023). (A) The
average levels of serum MIF in all, died, and survived septic patients on day 0 and 4 from ICU
admission. (B) The mean daily changes of serum MIF levels in died and survived patients based on
data used from both sexes (top), males (middle), and females (bottom). The number of patients (n)

is indicated in the figure in each group. *p < 0.05.
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6.4 The kinetics of urine MIF levels in survivors and nonsurvivors of sepsis after ICU
admission

After studying the kinetics of serum MIF in septic patients admitted to the ICU, we also
analyzed how its levels change in the urine. As shown in Figure 8D, the urine MIF levels
were significantly lower in deceased patients than in survivors on days 0 and 4. With regards
to the temporal kinetics, a small and not significant increase was found in both groups from
day 0 to day 4: 3021 £ 797 to 3457 £ 1016 pg/ml in survivors and 1281 + 340 to 1629 + 654
pg/ml in nonsurvivors (Figure 11A). Moreover, the daily change in the urine levels of MIF
did also not differ significantly between survivors and nonsurvivors (109 + 192 vs 87 + 152
pg/ml; p = 0.940) (Figure 11B). When we compared males and females separately, there was
still no significant difference in the daily change (p = 0.136 and p = 0.228, respectively). In
our next attempt, we analyzed the data obtained from both sexes, and we found a significant
positive correlation between urine MIF levels measured on day 0 and on day 4 (Figure 11C),

suggesting that the level determined on day 0 can predict its level 4 days later.
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Figure 11. The kinetics of urine MIF levels in septic patients at the ICU (Toldi et al. 2023). (A) The
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The number of patients (n) is indicated in the figure in each group.

41



6.5 The impact of kidney dysfunction on the Kinetics of urine MIF levels in septic
patients after ICU admission

Since urine MIF levels were suggested to be indicators of renal dysfunction associated with
different nonseptic diseases (Hong et al. 2012; Otukesh et al. 2009; Brown et al. 2001;
Brown et al. 2002), we compared urine MIF levels in septic patients who developed renal
dysfunction and in those who did not according to the RIFLE criteria (Bellomo et al. 2004).
Although the median urine MIF levels seemed higher in patients with healthy kidney
functions than in those who had renal dysfunction on days 0, 2, and 4, the difference between
the two groups did not reach the level of significance on any of the days (Figure 12A).
Normalization of urine MIF levels for urine creatinine did not meaningfully impact the
observed kinetics: the urine MIF/creatinine ratio seemed higher in patients without renal
dysfunction on days 0 and 2, but the difference was not statistically significant between the
groups on any of the days.

With regards to the kinetics, between day 0 and 4 from ICU admission, the urine MIF level
changed on average from 2694 to 2534 pg/ml in patients without renal dysfunction, while
from 1774 to 2658 pg/ml in patients with renal dysfunction (Figure 12B). There was no
significant difference between the groups. The mean daily changes in urine MIF levels were
220 £ 157 pg/ml and -40 = 191 pg/ml with and without renal dysfunction, respectively
(Figure 12C), which were not statistically different between the groups even if the urine

MIF/creatinine ratios were used for comparison of the groups.
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Discussion

During my studies, we were able to convincingly support the diagnostic and prognostic
biomarker value of MIF in sepsis by using a dual research approach. In the first part of my
studies, we collected available human data in the literature and showed with meta-analysis
that blood MIF level at hospital admission can be used for the diagnosis of sepsis and for its
differentiation from noninfectious systemic inflammation. Furthermore, we also found that
higher blood MIF levels at hospital admission can predict worse severity and fatal outcome
in sepsis, thereby underlying the prognostic biomarker value of MIF. However, questions
related to the kinetics of MIF in the blood and urine could not be studied with meta-analysis
(due to the unavailability of eligible data). To fill this gap, in the second part of my studies,
we conducted a prospective clinical trial, in which we assessed the kinetics of serum and
urine MIF in septic patients admitted to the ICU. We showed that an increasing serum MIF
pattern was characteristic for patients who died in sepsis, whereas the level was rather
decreasing in those who survived. We also revealed intersex differences in the serum MIF
level kinetics. Furthermore, we showed that urine MIF level was not associated with renal
dysfunction, and it was lower in nonsurvivors than in survivors of sepsis.

Sepsis affects tens of millions of patients annually and it constitutes an ongoing challenge
for the healthcare system due to its high mortality and economic burden, especially in its
severe forms (Angus et al. 2001). In the ICU, hospital-acquired sepsis is frequent and

accounts for a high (over 40%) mortality rate (Markwart et al. 2020). In order to improve
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the outcomes, it is required to further develop the approaches for early diagnosis and
implementation of adequate treatment of sepsis. The successful use of biomarker molecules
could greatly help to achieve these goals. Not surprisingly, a plethora of potential biomarkers
was evaluated for the diagnosis and prognosis of sepsis (Pierrakos et al. 2020). Already at
the initiation of systemic inflammation, the activation of innate immune cells leads to the
production of various inflammatory cytokines (Garami et al. 2018). The protein in the focus
of my studies, MIF is one of these proinflammatory cytokines (Garai et al. 2017). In humans,
several studies showed that blood MIF level is increased in different forms of systemic
inflammation (Beishuizen et al. 2001; Calandra et al. 2000; Merk et al. 2011), therefore,
MIF was proposed as a potential diagnostic and prognostic biomarker in sepsis (Pierrakos et
al. 2020; Grieb et al. 2010; Hertelendy et al. 2018). However, it remained unclear whether
septic and nonseptic systemic inflammation can be distinguished based on the different
extent of elevation in blood MIF levels. Some authors found that MIF levels were higher in
sepsis than in noninfectious systemic inflammation (Beishuizen et al. 2001; Brenner et al.
2010; Meawed et al. 2015; Pohl et al. 2020), whereas others did not find a significant
difference in MIF levels between the two forms of systemic inflammation (Lehmann et al.
2001; Lehmann et al. 2008). In our analysis (Toldi et al. 2021), we compared MIF levels in
257 septic patients and in 134 patients with noninfectious inflammation, and showed that
blood MIF concentration is markedly increased in case of sepsis compared to nonseptic
systemic inflammation. Our results suggest that MIF can be used as a diagnostic tool to
distinguish sepsis from other systemic inflammatory diseases. It can be assumed that the

production of MIF is more enhanced when the triggering agent of the inflammatory reaction
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is a microbial pathogen than when it is a damage-associated molecular pattern (DAMP).
Indeed, it has been shown that DAMPs and pathogen associated molecular patterns (PAMPS)
activate the immune system differently. In particular, DAMPs produce weaker innate
immune activation than PAMPs, which also involves more pronounced production of
inflammatory cytokines in case of PAMPs (Eppensteiner et al. 2019). Moreover, the already
increased MIF levels in multiple trauma patients were further elevated when an infection
developed, suggesting that MIF may be an indicator of secondary infection (Cho et al. 2017;
Joshi et al. 2000).

The potential prognostic value of MIF was also a controversial issue. The levels of MIF
tended to be higher in septic shock patients who developed ARDS than in those who did not
(p=0.115) (Beishuizen et al. 2001), and MIF levels also seemed to be higher in septic shock
than in severe sepsis, again, without a clear statistical difference between the groups
(Calandra et al. 2000). Furthermore, MIF levels did not differ between survivors and
nonsurvivors of severe sepsis (Lehmann et al. 2008), contradicting earlier reports about
higher circulating MIF levels in nonsurvivor sepsis patients (Beishuizen et al. 2001; Brenner
et al. 2010; Gando et al. 2001). In our work (Toldi et al. 2021), we showed that MIF levels
were significantly higher in the groups with worse prognosis, indicating that MIF can be a
useful biomarker to predict the severity and the outcome of the disease. It can be assumed
that in severe forms of sepsis an overt inflammatory reaction develops, which also involves
a pronounced cytokine storm and excessive production of MIF. Hence, the pro- and anti-
inflammatory processes become unbalanced, the inflammatory response loses its adaptive

biological function, and turns into a dysregulated, destructive process, which is no longer
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beneficial, but instead, harmful for the host. Since it is well documented that MIF counter-
regulates the anti-inflammatory and immunosuppressive effects of glucocorticoids
(Calandra et al. 1995; Daun & Cannon 2000; Mitchell et al. 1999), it can be crucial in the
disruption of the pro- and anti-inflammatory balance. With the help of this hypothesis, it can
be also explained why the neutralization of MIF with antibodies improved the outcome in
animal models of severe systemic inflammation (Bernhagen et al. 1993; Calandra et al. 1995;

Kobayashi et al. 1999).

Some limitations of our meta-analysis should be noted. Due to the nature of the method, we
have studied the reported mean MIF levels in patient groups, instead of MIF levels in
individual patients. The latter approach would certainly allow one to draw firmer conclusions
about the association between MIF and the diagnosis and prognosis of sepsis, but that would
require access to the original data of the analyzed articles, which was not feasible. Due to
lack of data, we could not perform a network meta-analysis to compare the performance of
MIF with other frequently used inflammatory biomarkers, hence we cannot make any
comment on its real value compared to others. In our study, we compared blood MIF level
in septic patients to that of either healthy controls or patients with nonseptic systemic
inflammation. This method can be useful to identify potential diagnostic biomarkers, but it
cannot be used to determine the diagnostic performance of MIF. An ideal study would
include patients who were clinically suspected of sepsis and compare their MIF levels with
confirmed diagnosis of sepsis. Unfortunately, the analyzed studies did not have such an ideal

design. However, in one of the studies, MIF levels between septic patients and healthy
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volunteers were compared and ROC curve analysis was performed, which indicated
excellent sensitivity and specificity for MIF (AUC of 0.99) (Merk et al. 2011). As an attempt
to perform ROC curve analysis, we extracted individual patient data from eligible papers
(Leaver et al. 2010; Merk et al. 2011; Wiersinga et al. 2010), and then showed that blood
MIF level has good diagnostic performance to distinguish septic patients from healthy
controls. However, we could not collect sufficient data to perform the ROC curve analysis
for the diagnostic value of MIF between infectious and noninfectious systemic inflammation
and for its prognostic performance. Therefore, to exclude the possibility that mean levels of
MIF simply differed significantly between the cohorts examined, in future studies additional
ROC curve analyses are warranted to support our findings about the diagnostic and
prognostic capability of MIF. The studied population of patients was quite diverse and
statistical, methodological, and medical differences in study design could all contribute to
the considerably high between-study heterogeneity (indicated by an 1?> of 70-90%), as
observed in our analysis. To account for the presence of heterogeneity, we used the random-
effects model in all forest plots of our meta-analyses. In the analyzed studies, blood MIF
levels between patients’ groups were compared within the same study and the difference was
included in the forest plot. Since the reported MIF values differed substantially among the
analyzed studies, ranging between 121 ng/l (Kofoed et al. 2006) and 46,829 ng/l (Lehmann
et al. 2008) in healthy controls, SMDs had to be used to mitigate methodological differences
in MIF level measurements. Consequently, in the present analysis we could not determine a
specific cut-off MIF level which would be a diagnostic or prognostic threshold in sepsis.

Lastly, we could not extract data to determine the kinetics of MIF in the serum and urine
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after admission of septic patients to the ICU, therefore, to compare the temporal Kinetic
changes between survivor and nonsurvivor groups. This latter issue was investigated in the
second part of my studies.

Using data obtained from our prospective clinical study (Toldi et al. 2023), we presented the
kinetics of serum and urine MIF levels in septic patients on the initial days from ICU
admission. We showed that the patterns of serum MIF kinetics are different between patients
who survived and who died in sepsis. We also reported that serum MIF level increased after
ICU admission in those patients who died in sepsis, whereas it decreased in the survivors of
the disease. We demonstrated sex-dependent differences in the kinetics of serum MIF in
sepsis: the decreasing trend in the survivors was present only in males, but not in females.
Moreover, we showed that urine MIF level can be a valuable prognostic marker of mortality
in sepsis, as it was markedly lower in nonsurvivors than in survivors, and it did not change
significantly over time in either of the groups. We did not find a difference in the urine MIF

levels in association with the presence or absence of renal dysfunction.

The serum MIF kinetics clearly differed between sepsis survivors and nonsurvivors after
ICU admission, since in the nonsurvivors serum MIF increased, whereas in survivors it
decreased. Considering that statistically significant difference between the outcome groups
could not always be detected based on single measurements, the new finding about the
distinct kinetics indicates that repeated serum MIF level measurements in the same patient
can be better predictors of the outcome than single time-point measurement at the ICU. In

accordance with our proposal, the significant prognostic value of MIF was not found in some
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previous studies, in which the authors performed only one measurement of its serum level

(see above).

Interestingly, in survivor and deceased females the patterns of serum MIF kinetics were
somewhat different from males. In women, the serum MIF level increased in both groups,
though the extent tended to be greater in nonsurvivors than in survivors (p = 0.13). Moreover,
in the survivors there was an increase in females instead of the decrease observed in males.
The observed intersex difference can be due to the influence of sex hormones. Indicating a
suppressive role of estrogen on MIF, its levels in the plasma were lower in healthy women
than in men (Aloisi et al. 2005; Mizue et al. 2000). It should be noted, however, that the
difference in MIF levels between males and females was only present in the younger
population (<55 years old) (Aloisi et al. 2005). In our study, the average age of the patients
was 66 + 2 years, and the youngest woman was 47 years old. It can be assumed that the
majority of the included females were already in the postmenopausal period, therefore had
low estrogen levels. In fact, the plasma estradiol concentration in males was shown to be
significantly higher than in postmenopausal women (Vermeulen et al. 2002). Therefore, the
decreased estrogen levels in postmenopause can serve as a hypothetical reason why the MIF
levels increased in both survivor and nonsurvivor septic females to a greater extent than in
males in our study. Interestingly, different prognosis between septic males and females was
reported earlier (Schroder et al. 1998), which might be explained, at least in part, by the

intersex differences in serum MIF levels in sepsis as shown in our study.
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Besides serum MIF, we also studied the value of urine MIF level as a biomarker in sepsis.
We showed that urine MIF remained relatively constant on the initial days after ICU
admission in both survivors and nonsurvivors. However, in the deceased patients it was
markedly lower than in survivors. Our results indicate that urine MIF can be an easily
measurable prognostic biomarker of the outcome in sepsis. Due to its relatively stable levels
over time, a random measurement on any day could be possibly used in practice. This is also
supported by the strong correlation between the first and last measured urine MIF levels
shown in our study. Importantly, the urine MIF levels were similar in patients with and
without renal dysfunction. Our results suggest that urine MIF can be used as a predictive
biomarker in sepsis independently from the kidney function, however, it does not indicate

the development of sepsis-associated acute kidney injury.

The lower urine versus increasing serum MIF level paradox in patients who died in sepsis,
can be possibly resolved by taking into account the diverse source and complex role of MIF
in inflammation. MIF is synthetized in many cells in the kidney, including tubular cells,
podocytes, mesangial, and endothelial cells (Kong et al. 2022). While it is constantly
produced in the kidney to some extent, in kidney inflammation it is markedly upregulated
(Lan 2008). Not surprisingly, the level of urine MIF showed an inferior correlation with
serum MIF (Xing et al. 2018), indicating that its concentration in the urine is not only
influenced by clearance of serum MIF, but also by its renal production and glomerular and
tubular processing (Matsumoto et al. 2002). The described lack of correlation between serum
and urine levels of MIF may also explain why higher serum levels were not accompanied by

increased urine levels in nonsurvivors in our clinical study. Renal MIF was shown to possess
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a renoprotective function in different kidney diseases (Djudjaj et al. 2017; Ochi et al. 2017;
Stoppe et al. 2018), thus it can be speculated that the endogenous renoprotective effect of
renal MIF was attenuated in the nonsurvivor group, thereby indicating the increased severity
of the disease. This hypothesis might explain our findings, but it should be mentioned that
MIF rather caused than prevented the development of kidney injury according to some
studies (Chen et al. 2015; Lan et al. 1997; Leng et al. 2011). The nature of the disease, the
different sources and roles of MIF in the pathomechanisms were suggested as the causes for

the contradictory (i.e., renoprotective versus harmful) roles (Djudjaj et al. 2017).

Limitations of our clinical study must be also mentioned. Our sample size was relatively
small, which resulted in low number of patients after dividing the population into multiple
subgroups (e.g., survivor men and women). The patients were enrolled at a single clinical
center in our study, thus further clinical trials at multiple (preferably international) centers
are needed to improve diversity of the patients and allow for conclusions in broader
population. We focused on patients admitted to the ICU, however, it would be also important
to see how MIF kinetics develop in septic patients before the ICU admission (see our meta-
analysis), which could help physicians to get an insight about the prognosis at an earlier
stage of the disease. Last, we did not correlate the kinetics of MIF levels with other
biomarkers, therefore the prognostic performance of MIF could not be compared with other

markers.
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Conclusions

In conclusion, by using a complex approach (consisting of meta-analysis and clinical study),
we provided evidence for the real clinical biomarker value of MIF in sepsis. In our meta-
analysis, we concluded that blood MIF levels have the diagnostic capability to differentiate
between infectious and noninfectious systemic inflammation and have prognostic value for
the outcome of sepsis. In our clinical study, we reported the kinetics of serum and urine MIF
in septic patients admitted to the ICU, for the first time to the best of our knowledge. In
summary, we showed that an increasing serum MIF pattern was characteristic for patients
who died in sepsis, whereas the level was rather decreasing in those who survived. Intersex
differences in the serum MIF level kinetics were also revealed. Last, we showed that urine
MIF level was not associated with renal dysfunction, and it was lower in nonsurvivors than
in survivors of sepsis. Despite of their limitations, together our studies highlight the
biomarker value of serum and urine MIF values and kinetics for the diagnosis and for the
prediction of the outcome of sepsis. Our results can also serve as an encouraging basis for
designing future studies at multinational level, which are required to determine the real
biomarker value and clinical feasibility of repeated MIF level measurements in septic

patients.
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Osszefoglalas: Az akut szisztémas gyulladas
arant komplex betegségcsoportot foglal maga-
ba. Kialakulhat fert6zé vagy nem-fert6z6 agen-
sek hatasara egyarant és megjelenhet, mint be-
tegség viselkedés/szindroma, szisztémas gyul-
ladasos valasz szindréma, szepszis, szeptikus
sokk, vagy akar, mint tébb-szervi funkciézavar
szindréma. Gyakori elé6fordulasa és nagy morta-
litasa miatt a szisztémas gyulladas napjainkban
is az intenziv terapia egyik fontos tertiletét ké-
pezi.

Jelen referatumban révid attekintést nyGjtunk
a szisztémas gyulladas klinikai jelentéségérél
hazai viszonylatokban, majd az annak diag-
nosztikajaban, prognosztikajaban emlithet6
biomarkerekrol.

A szisztémas gyulladasban betoltott kiemelt
szerepe miatt kilon fejezetben targyaljuk a
makrofag migracié inhibitor faktort. A klinikai
vonatkozasok utan ismertetjik a szisztémas
gyulladas alapkutatasokbél ismert mechaniz-
musait, emlitést tesztink annak vizsgalati lehe-
téségeirdl allatmodellekben, valamint kitértink
néhany nagyrészt még felderitetlen tertilet be-
mutatasara is. Kovetkeztetéseinkben megalla-
pitjuk, hogy a szisztémas gyulladas sikeres fel-
ismerése és kezelése kizarélag az abban részt
vevé folyamatok pontos ismerete révén lehetsé-
ges.

Ennek eléréséhez elengedhetetlen az alapkuta-
tasi és klinikai vizsgalatok transzlacios jelleggel
vald 6sszehangolasa, valamint az egyes orvos-
tudomanyi diszciplinak koordinalt 6sszefogasa.

Kulcsszavak: szepszis, SIRS, MIF, laz,
hipotermia

Summary: Acute systemic inflammation
constitutes a complex group of diseases both in
their etiology and clinical manifestation. It can
develop due to infectious or non-infectious
causes and it can occur as sickness beha-
vior /syndrome, systemic inflammatory respon-
se syndrome, sepsis, septic shock or as multiple
organ dysfunction syndrome. Because of its
frequent occurrence and high mortality rates, as
of today, the systemic inflammation represents
ahighly important field in intensive therapy.

In the current review, we give a short overview
about the clinical importance of systemic in-
flammation in Hungary, and then about biomar-
kers, which can be mentioned in association
with its diagnosis and prognosis.

Because of its crucial role in systemic inflamma-
tion, we dedicate a separate chapter to the
discussion of the macrophage migration inhibi-
tory factor. After the clinical aspects, we present
the mechanisms of systemic inflammation,
which have been already discovered with the
help of basic research, we mention its investi-
gation possibilities in animal models, and we
give examples of some associated research
areas, which have not been explored yet. In our
conclusions, we affirm that the successful diag-
nosis and therapy of systemic inflammation can
be achieved exclusively through the exact know-
ledge of the participating mechanisms.

In order to reach such goal, it is inevitable to
harmonize basic research with clinical investi-
gations in a translational manner and to jointly
coordinate all medicinal disciplines.

Keywords: sepsis, SIRS, MIF, fever,
hypothermia
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Bevezetés

A szisztémas gyulladas témakoére a szer-
vezetet éré fert6z6 és nem-fert6z6 fakto-
rok altal kivaltott teljes testiinket érinté
reakciok egész sorat magaban foglalja,
ugymint ,betegség viselkedés/szindro-
ma” (sickness behavior/syndrome),
»Szisztémas gyulladasos valasz szindro-
ma” (systemic inflammatory response
syndrome, SIRS), ,szepszis szindroma”
(septic syndrome), szepszis, szeptikus
sokk és ,tobbszervi mukoédészavar
szindroma” (multiple organ dysfunction
syndrome, MODS). Amint azt a felso-
rolas is mutatja, az esetek tébbségében
szindromakrol beszélhetiink, ami mar
és korélettanaban tébbszordsen 6ssze-
tett folyamatokroél van sz6, amelyeknek
—egymassal tobbé-kevésbé atfedést mu-
tato tinettanuk ellenére — egyelére még
nem teljesen ismert a pontos mecha-
nizmusa, igy lényegében gytjtéfogalom-
ként hasznalatosak hasonl6 klinikai ki-
menetellel jaro nem-specifikus korkeé-
pek leirasara.

A szepszis, mint fogalom mar az okori
g0rogok korében ismert volt, akkoriban
els6sorban a rothadasra, hanyatlasra,
mint életet veszélyeztetd, fertézéssel
kapcsolatos, magas mortalitasu allapot
leirasara hasznaltak. Az orvostudo-
many fejlédésével parhuzamosan a
szepszis definicioja is folyamatosan
valtozott, mig 1991-ben konszenzus
nem szuletett a SIRS, szepszis, sulyos
szepszis, szeptikus sokk és MODS de-
finicidira vonatkozoéan (1).

Kés6ébb, 2001-ben a masodik nemzetko6zi
konszenzus konferencian a szepszis de-
kritériumainak hasznalhatosagat a szep-
szis diagnozisanak felallitasaban (2).

A jelenség aktualitasat mutatja, hogy
2014-2015-ben ujra feltilvizsgaltak az
addig hasznalatos definiciokat, valtoz-
tattak a szepszis €s a szeptikus sokk di-
agnozisanak kritériumain, a SIRS pedig
torlésre kerult a fogalmak koézul (3). A
SIRS eliminalasanak oka, hogy a SIRS,
melyet okozhat fert6z6 vagy nem-fert6z6
agens egyarant, kritériumai alapjan az
intenziv terapias ellatasra szorulo bete-
gek csaknem 90%-nal diagnosztizalha-
to. Tovabba, a SIRS jelenlegi definicioja
nem teszi lehetévé a szervezet szamara
elényods valaszreakcio elktilénitését a pa-
tologias, szervkarosodashoz vezeté folya-
matoktol. Végul, bizonyos SIRS esetek-
ben a fert6zé eredet kimutatasa kiiléno-
sen nehézkes, mert a steril gyulladas (pl.
sulyos trauma, égés, pankreatitisz ese-
tén) és a kiterjedt fertdzés egyarant képes
az akut szisztémas gyulladas klinikai
tineteinek kivaltasara (4,5). A szepszist
Ujabban a szervezet olyan fertdzésre
adott valaszreakciojaként emlitik, ami
mar karositja a szervezet sajat szoveteit
és szerveit is (6). Azért, hogy a jelen re-
feratumban az el6bbiekben bemutatott
fogalmazasbeli nehézségeket athidaljuk,
a betegség viselkedés/szindroma, SIRS
és szepszis kategoriakat egyarant a szer-
vezet altal — etiologiatol fuggetlentl —
adott akut szisztémas gyulladasnak
tekintjuk.
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[rasunkban elészér attekintjiik az akut
szisztémas gyulladas klinikai jelenté-
ségét és intenziv terapias ellatas szem-
pontjabol leggyakoribb megjelenési for-
mait, azok alapvetd jellemzéit. Az ada-
tok ismertetése soran elsésorban a ha-
zankban tapasztalt eredményekre fo-
kuszalunk. Ezutan o6sszefoglaljuk az
akut szisztémas gyulladas diagnoszti-
kajaban és prognozisanak megitéléseé-
ben kiemelt jelentéségli biomarkerek
hasznalatanak elényeit és nehézségeit.
Kulon fejezetben targyaljuk a makrofag
migracio inhibitor faktor (MIF) kapcsan
felmerulé diagnosztikai, prognosztikai
és terapias lehetéségeket szisztémas
gyulladasban. Végul, attekintést nyuj-
tunk, néhany, az akut szisztémas
gyulladas alapkutatasaban hasznalt
kisérletes vizsgalati lehetéségeirdl és
eredmeényeirél allatmodellekben.

Annak érdekében, hogy utébbiak fon-
tossagat példakkal is alatamasszuk, ki-
térink bizonyos, a patomechanizmus
szempontjabol érdekes, friss alapkuta-
tasi eredmény ismertetésére is.

Az akut szisztémas gyulladas klinikai
jelentosége és manifesztacioja

A szeptikus betegségek megjelenése
egyidds az emberrel. Az orvostudomany
egészehez hasonloan, a szeptikus bete-
gek ellatasa is oriasi fejlédésen ment
keresztul az évszazadok folyaman.

A szepszis mindig mikroorganizmusok
Osszefliggésben, felismerése, kezelése
alapvet6 orvosi feladat.

Vilagviszonylatban a tizedik leggyako-
ribb halalok, naponta nagyjabol 1400
aldozatot kovetel, az estek harmadaban
a diagnozis felallitasat koveté egy ho-
napon belil. Magyarorszagon a szepszis
az intenziv osztalyokon térténé morta-
litas és morbiditas legfébb oka. Inciden-
ciaja évrol évre novekszik, a betegek 30-
60%-at elveszitjuk.

Orszagunkban évente koérulbeltl 9000
szepszisben szenvedd beteget kezelnek
intenziv osztalyokon (7). Az Orszagos
Egészségbiztositasi Pénztar egy régebbi
adata szerint a tobbszervi elégtelenség-
gel intenziv osztalyra kertilék halalozasi
aranya 80%; amit erésen indokolt lenne
50-60%-ra cstkkenteni. Nemzetkdzi vi-
szonylatban az Europai Intenziv Terapi-
as Tarsasag tiz éve tuzte ki célul, hogy az
europai atlag 50%-rol 30%-ra kellene le-
szoritani ezt a szamot (8).

Megjegyzendd, hogy a 2015-ben (2005
€s 2010 utan ujra) a november 1. és 14.
kozo6tt intenziv osztalyrol tavozott bete-
gek néhany adatat feljegyezték az orsza-
gos szepszis regiszterbe. Ezaltal a Ma-
gyar Aneszteziologiai és Intenziv Tera-
pias Tarsasag szakmai oldalan nagyja-
bol 350 beteg adata gyult 6ssze elemzés
céljabol.

A multidiszciplinaris 0sszefogas fon-
tossagat Prof. Dr. Molnar Zsolt a Seps-
East konferenciak tudomanyos bizottsa-
ganak elnoke is t6bb alkalommal hang-
sulyozta és elengedhetetlennek tartja azt
a szeptikus betegek mortalitasanak
csokkentése érdekében, mivel a betegek
rosszulléte prehospitalisan/otthonuk-
ban kezdddik, kérhazi kértlmeények kozt
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pedig leggyakrabban sebészeti, belgyo-
gyaszati osztalyokon infektalodnak. A
prehospitalis tertileten a csaladorvos-
tant, esetleg oxiologusokat, hospitalisan
pedig a medicina szinte minden tertiletét
érinti a betegség, ezért minden gyakorlo
orvosnak ismernie kell az aktualis ella-
tasi iranyelveket. Fertézésre sokszor al-
talanos tlinetek hivhatjak fel a figyelmet
(pl. rossz altalanos allapot, zavartsag,
irritabilitas, étvagytalansag, inkontinen-
cia), kuillénésen idés korban. Fontos az
egyes tlinetek idében valo valtozasanak
nyomon kovetése, ismételt értékelése
(lehetdleg ugyanazon személy altal). Laz
esetén egyértelmu fokalis panaszok, tu-
netek hianyaban gondolni kell szepszis-
re. Kiemelten fontos az elsé ellato szere-
pe, hogy felismeri-e a veszélyeztetd alla-
potot és megfeleléen intézkedik-e a to-
vabbiakban (pl. intenziv osztalyra helye-
zés), de ehhez elengedhetetlen az Uj
szepszis kritériumok ismerete, amelyek
a Sepsis-Related Organ Failure Assess-
ment (SOFA) pontrendszeren alapulnak
(3). Ezek szerint szepszisrél beszéliink
ha a SOFA érték 2-vel emelkedik, vagy
qSOFA alapjan a harom kritériumbol
ketté teljestil (szisztémas vérnyomas
<100 Hgmm, Glasgow coma score <15,
légzésszam >22 /min). Szeptikus sokkrol
akkor beszéliink ha megfelelé folyadék-
potlas ellenére vazopresszor terapia
szikséges és szérum laktat magasabb,
mint 2 mmol/l. A stirgésségi orvostan és
az intenziv terapia gyakran mar csak
sulyos, elérehaladott problémak esetén
jut szerephez. A probléma javitasanak
kulcsa viszont ezen szaktertletek kezeé-
ben van. Ok adhatnak ugyanis reanima-

cios készenlétet a fekvObeteg intézmeé-
nyekben és megfelel6 létszam esetén
lehetdéségiik lenne ,Medical Emergency
Team” és ,Rapid Response Team” Uize-
meltetésére, akik az osztalyokon elhelye-
zett betegek allapotat mérnék fel napi
tobb alkalommal, észlelve ezzel a szep-
szis (vagy barmilyen mas akut/szub-
akut korkép) elgjeleit.

Egyértelmti jelek a SIRS kritériumok
megjelenései, részleges szervelégtelen-
ségek (vizeletprodukcié beszukulése),
de a tudatallapot romlasa — tudatzavar,
delirium - is jelezheti a korfolyamat kez-
detét. Sajnos orszagunkban az ilyen
kezdeményezések szama jelenleg meég
elenyészo.

Gyors, hatékony és pontos diagnozist
kell felallitani a Sepsis Guidelines kéve-
tésével klinikai jelek és labor parameéte-
rek alapjan, meg kell el6zni a sulyos oxi-
génadossag kialakulasat, azaz el kell ke-
torténd észleléssel és az oxigénszallitas
javitasaval. A SIRS felismerése nem szo-
kott nehézségekbe utkézni egyértelmt
kritérium rendszere miatt, ami 2 vagy
tobb ttinet fennallasa a kovetkezék ko-
zul: testhémérséklet <36°C vagy >38°C;
szivifrekvencia >90/perc; légzésszam
>20/perc vagy CO, tenzi6o <32 Hgmm;
fehérvérsejtszam <4.000/mm’ vagy
>12.000/mm’ vagy >10% éretlen alak
(1). A szepszis igazolasa viszont csak in-
fekcio bizonyitasaval lehetséges.

Evek 6ta folyamatosan keressiik azt a
biomarkert, ami a legtokéletesebb biz-
tonsagot nyujthatna diagnosztikai szem-
pontbol, de ilyen rutinszertien mérhetd,
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nagy szenzitivitasu és specificitasti mar-
ker még nem all rendelkezésre (ld.
kovetkezé fejezet).

A primer fertézések vagy a masodlagos,
korhazi infekciok (léguti, hugyuti, savos
hartyakat érint6, lagyszoveti, idegrend-
szerivagy véraramfertézések) valtozatos
modon jelennek meg, €s az egyes bete-
gekben nagyon eltérd tiineteket produ-
kalnak. Ezek kozott a SIRS-t, a szep-
szist és a szeptikus sokkot kell meg-
emlitentink, amikor nagy eséllyel vazo-
dilatacios és/vagy redisztribucios sok-
kal allunk szemben, ahonnan mar csak
egy lépés a MODS. Ha a szervezetet
sulyos behatas éri (sokk, vérzés, égés,
politrauma) ez iranyban tett elharito lé-
péseink hatékonysaga, sikeressége ja-
vithat a kimenetelen. A primer infekcio —
mint azt mar emlitettiik — lehet korha-
zon kivil vagy azon belil szerzett, illetve
mas sulyos vagy életveszélyes allapotot
okoz6 betegség szovédmeénye. A folya-
mat elérehaladasa tébbszervi elégtelen-
séget eredményezhet. Szervkarosodas
felmérésekor a kovetkezé szervrendsze-
reket vesszuk sorra: kdézponti idegrend-
szer, kardiovaszkularis rendszer, 1l€gz6-
rendszer, kivalasztéorendszer, gasztro-
intesztinum, vérképzd rendszer.

Ertékelé rendszeriink a Sepsis-Related
Organ Failure Assessment (SOFA) pont-
rendszer alapjan ezt szamszerusithet-
juk is (3), az allapot sulyossaganak
megitélésére hasznalt eljaras a Simpli-
fied Acute Physiology (SAPS II) pont-
rendszer (9). A progressziot a folyamat
sulyossaga és a szervezet valaszkész-
sége tudja befolyasolni. Ezek kezelési el-

veit az utobbi években tobb nemzetkozi
szakmai testllet egységesiteni kivanta,
amely térekvésekhez a magyarorszagi
intenziv terapias gyakorlatnak is fel kell
zarkoznia (10).

A slrget6 sziikség oka az, hogy a szep-
szisnek (feltételezett vagy igazolt infek-
cio) és az abbol szarmazé tovabbi, na-
gyon sulyos allapotoknak tulajdonit-
hato a legtébb intenziv osztalyos és kor-
hazi halalozas. Ez a patologias folyamat
adja a tartos intenziv osztalyos kezelés
legnagyobb orvosi és apoloi kihivasat,
legnagyobb feladatmennyiségét. Végul,
de nem utols6 sorban a szepszis és ko-
vetkezmeényei jelentésen terhelik a kor-
hazi koltségvetést is. A kezelési stratégia
magaban foglalja az alapbetegség, mint
kivalto ok folyamatos kontrolljat, keze-
lését (diagnosztikus vizsgalatok, muteé-
tek, antibiotikumok), a non-invaziv és
invaziv monitorozast, a bazisterapiat és
a szervpotlo kezeléseket.

Az egészségugyi ellatas barmely tertle-
tén apolt betegnél nagy figyelmet kell
forditanunk a megelézésre (aszepszis),
az alap probléma megfelel6 kezelésére,
és egy felismert goc mielébbi eltavolita-
sara. Nagyjabol 90%-uk bakterialis ere-
detti (Gram negativok és pozitivok
egyenlé aranyban), 10%-uk gombakkal
hozhato 6sszefliggésbe. Azonban a je-
lenlévé korokozot igazolé mikrobiologiai
eredmények érkezését, esetleges zavaro
alnegativitast meg kell el6znie a diagno-
zisnak. Nem szorulhat hattérbe az ala-
pos fizikalis vizsgalat, amely modern vi-
lagunkban sem hanyagolhato el.
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A fertézé goc felderitése érdekében ve-
gyunk koran mikrobiologiai mintat, ha
lehetséges, hemokulturat is, kezdjik el
az antibiotikum adasat amilyen gyor-
san csak lehet hemokultura vétele utan
(idealisan 1 6ran belll), identifikaljuk a
forrast, mutassuk ki a korokozot, javit-
suk az oxigénszallitast, csékkentsuk a
hipoperfuziot. A felsoroltak mellett
koltségesebb technikat is segitségul
hivhatunk (pl. IgM). Az ellatas elsé
lépcsdje a fluid challenge (500-1000 ml
krisztalloid), azaz, a folyadék miel6bbi
szervezetbe juttatasa (akar tulnyomas-
sal is), a valtozasokat a betegagy mellett
figyelve.

A Frank-Starling térvény okan célunk
javitani névekvd preloadunk segitsége-
vel a verdtérfogatot. A redisztribucios
sokkot kezeljuk vazopresszor terapiaval
(noradrenalin). Mérjuk fel a perfaziot
klinikai jelek (tudat, bérhémeérséklet),
haemodinamikai valtozok (centralis ve-
nas nyomas) és vérvizsgalatok (laktat,
centralis vénas O, szaturacio) segitsége-
vel. A fentiekkel probaljuk meg elérni az
aktualis iranyelvek (2012 Surviving
Sepsis Campaign Guidelines) altal meg-
hatarozott reszuszcitacios célértékeket.

Folytassunk alacsony légzési térfogattal
torténd lélegeztetést, sokk esetén alkal-
mazzunk szteroidot. Ellendrizztik folya-
matosan a vércukor értékeket, folytas-
sunk stressz fekély- és thromboprofi-
laxist, valamint forditsunk nagy figyel-
met a szliikséges szedacio értékelésére
és annak monitorozasara.

Uj lehetéségek a szisztémas
gyulladas diagnozisaban és
prognoézisanak megitélésében

A szisztémas gyulladas, mint 6nallo en-
titas, meglehetésen nehezen értelmez-
hetd, diagnozisként nem is kezelhetd
tinetegylittes, mely gyakran neheziti
meg az akut ellatok feladatat. Ugyan a
gyulladas altalanos jeleit mar évszaza-
dok 6ta ismerjuk, a SIRS patomechaniz-
musat csak néhany évtizede kezdték be-
hatoan tanulmanyozni. A 90-es évek
elétt ugy gondoltak, hogy a gyulladasos
valaszreakcio egy egyiranyu, eléremend
folyamat, melyben a lépések szigoruian
egymast kovetik térben és idében is.

A késébbiekben irtak le a pro- és anti-
inflammatorikus valaszok parhuzamos
mukddését (5), melyek akar proinflam-
matorikus, akar antiinflammatorikus
(CARS - kompenzatorikus antiinflam-
matorikus valasz) utak aktivalasaval
végs6 soron a SIRS, illetve a tébbszervi
elégtelenség kialakulashoz vezetnek.

A szisztémas gyulladas és a szepszis ne-
hezen valaszthatok el egymastol. Ugyan
a 2016-ban napvilagot latott SEPSIS-3
iranymutatas nem javasolja a SIRS
hasznalatat (1d. Bevezetés), szemet még-
sem hunyhatunk afelett, hogy eddig a
SIRS, illetve valamilyen korokozo meg-
léte és/vagy gyanuja jelentette a szep-
szis diagnozisat (3). A diagnosztikai ne-
hézségeket csak fokozza, hogy az ugyne-
vezett altalanos valtozok sem specifiku-
sak. Ennél fogva hosszu ideje probaljak
megtalalni azt a markert, ami a gyulla-
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dasos, vagy akar a szeptikus folyamat
prognozisaban, lefolyasaban, annak ki-
menetelében megfelel6 prediktiv értek-
kel bir és megfeleléen specifikusis.

A szisztémas gyulladas okozta szamos
korfolyamat végsé soron dezintegracio-
hoz vezet, melyben tébbek koézt a
kapillaris membran ateresztéképessé-
gének fokozodasa, a leukotriéneikoza-
noid rendszer nem megfelelé6 mikodése,
a véralvadasi kaszkad karosodasa, a
fokozott NO szintézis csupan részjelen-
ségei a gyulladasos valasznak, de ha
barmi oknal fogva nem megfelel6 a resti-
tacio, akkor ezek Osszessége a magas
mortalitassal jaro tdbbszervi elégtelen-
ség iranyaba terelik a folyamatot. Azért
sincs kénnyl dolgunk a SIRS markerei-
vel kapcsolatban, mert ugyan szamos, a
patomechanizmus kialakulasaért fele-
16s molekulat ismertiink, de ezek nem
bonthatok ,csak jo” és ,csak rossz”
csoportokra.

A felszabadul¢ interleukinok (IL), tumor
nekrozis faktor (TNF), leukotriének,
prosztaglandinok (PG), NO szintje ugyan
meérhetd, de a SIRS folyamatanak bo-
nyolult kortana nem tisztazott meég tel-
jes részletességgel, igy egy kiragadott
iddpillanatban csupan kvantitativ ana-
lizis végezhetd, kvalitativ nem. Az alab-
biakban kiemeltink néhany az akut
szisztémas gyulladas kapcsan kiemelt
jelentéségtinek szamito markert.

A C-reaktiv protein egy olyan akut fazis
fehérje, melyet régota hasznalunk a kli-
nikai gyakorlatban a gyulladasos folya-
mat sulyossaganak, prognoézisanak
megallapitasara, de annak nyomon ko-

vetésére is. Sajnos 68%-o0s specificitasa
alacsony, szenzitivitasa is csupan 75%
szeptikus betegekben (11). Tovabbi hat-
ranya, hogy szintje minden gyulladasos
folyamatban, igy pl. autoimmun megbe-
tegedésekben is emelkedik, igy diag-
nosztikus értéke ebben, illetve egyéb
gyulladasos korképekben szenvedd be-
tegekben alacsony.

Szeptikus betegekben sokkal célraveze-
tébb a procalcitonin (PCT) szint mérése.
A PCT egy 116 aminosavbol allo fehérje,
szintje normal kértulmények kozt na-
gyon alacsony (<0,05 ng/ml), azonban
bakterialis fert6zés hatasara a CALC-1
gén expressziojanak fokozasaval, vala-
mint a parenchimas szévetekbdl térténd
mobilizacié segitségével gyorsan emel-
kedik. Ezt a kezdeti emelkedést nevez-
zUk PCT indukcionak, mely révidebb
id6t vesz igénybe, mint a CRP termelédé-
sének megindulasa, igy a PCT SIRS di-
agnosztikaban bet6ltott szerepe alapve-
téen a bakterialis fertézések detektala-
sa, azok nyomon kovetése, a megkezdett
antibiotikus kezelés sikerességének el-
lenérzése, a korfolyamat kimenetelének
vizsgalata (11).

IL-6 és PCT egyuttes alkalmazasa soran
azt talaltak, hogy a PCT inkabb a SIRS-
szepszis differencialdiagnosztikajaban
segitett, az IL-6 pedig a mortalitas meg-
itéléesében (12).

A SIRS és szepszis elkuilonitésében pro-
balkoztak a preszepszin, mas néven szo-
lubilis CD14-altipus fehérjének a vizs-
galataval (13). Eredményeik szerint a
preszepszin sem értelmezhetd, mint op-
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timalis differencialdiagnosztikai mar-
ker. Hasonl6 eredményekre jutottak a
D-dimer, a lipopoliszacharid (LPS)-kété
fehérje és a keringd leukocitdk felszini
markereinekvonatkozasabanis (14).

Egy proprotein konvertaz enzimmel, a
furinnal is végeztek hasonlo vizsgalato-
kat, mivel immunaktivacié soran annak
szintje emelkedik. Meggy6z6 eredményt
a SIRS-szepszis differencialdiagnoszti-
kaban itt sem tudtak felmutatni (15).

A veleszilletett humoralis immunitas
szabalyozasaban jatszanak szerepet a

pentraxinok.
A pentraxin-3 jelentéségével kapcsolat-

ban végzett vizsgalatok azt talaltak,
hogy ugyan diagnosztikus értéke ala-
csony szeptikus betegekben, de a SIRS
€s szepszis prognozisaban jol hasznal-
hato (16).

A molekularis genetika fejlédésével egy-
re szélesebb teret nyernek a genomika, a
proteomika és metabolomika tudomany-
tertletei. Mivel a genotipusnak fontos
szerepe van a veleszlletett immunitas
meghatarozasaban, ezért valoszinUsit-
hetd, hogy az egyéni variabilitast is ko-
dolo génallomany mélyebb megismereé-
se segitséglinkre lehet a gyulladasos és
fertézéses folyamatok differencialdiag-
nosztikajaban és prognozisaban. Jelen-
tés kuldonbségeket talaltak SIRS-ben
szenvedd, szeptikus és egészséges bete-
gek metabolikus profiljat 6sszehasonlit-
va. A vizsgalt metabolitok koézul hétnek
is szerepet tulajdonitottak a szepszis és
SIRS differencialdiagnosztikajanak
kapcsan (17).

A SIRS és szepszis diagnosztikaja és
prognosztizalasa versenyfutas az idével.
A korai felismerés és korai célzott keze-
lés a kimenetellel egyértelmtien pozitiv
korrelaciot mutat, igy nem véletlen,
hogy a kutatasok célkeresztjében egy
olyan pontos, megbizhatdé diagnoszti-
kus és prognosztikus rendszer megte-
remtése all, mellyel biztonsaggal felis-
merheto, illetve elktlonitheté a SIRS és
a szepszis. Ugy tnik, hogy a XXI. sza-
zad technikai lehetéségei mellett a mul-
timarkeres megkozelités jelentheti a
megoldast, hiszen ezaltal lehetdség nyi-
lik tobb patomechanizmus egyideju
vizsgalatara, igy a térben és idében
egyltt zajlo, de egymast is befolyasolo
folyamatok nyomon kévetésére, mint
ahogy az SIRS-ben, vagy szepszisben
torténik.

A makrofag migracio inhibitor
faktora (MIF) alias a mindennél
izgalmasabb faktor

A MIF-t a legels6 potens proinflammato-
rikus citokinek ko6zott fedezték fel az
1960-as évek elején, mely fontos media-
tora az immunrendszernek. Kezdetben
termelédését kizarolag a T-limfocitak
aktivizalodasahoz kototték, mely hata-
sara gatlodik a makrofagok migracidja a
gyulladasos folyamat helyszinén. Nap-
jainkban ismét a klinikai kutatasok eld-
terébe kertlt, mint stressz-indukalta ci-
tokin, amelynek egyik legfontosabb ter-
meldédési helye a hipofizis eltilsé lebe-
nye, €s fontos szerepe van a gltikokorti-
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koidok gyulladascsékkenté hatasanak
szabalyozasaban (18).

Kulcsszerepét kisérletes és klinikai
munkak is megerdsitették szamos gyul-
ladasos korfolyamat progresszidjaban.
Ide tartozik a reumatoid artritisz, a szisz-
témas lupusz eritematozusz, az asztma
bronchiale, az ARDS, a szepszis, a pank-
reatitisz, a kolitisz ulcerosa, az endomet-
riozis és az ateroszklerozis is. A MIF ex-
presszidja a legtobb tumortipusban is fo-
kozott, Gigy ttinik a gyulladas és tumor-
fejlédés kozotti kapcsolatban van sze-
repe.

Kimutattak, hogy elémozditja a malig-
nus sejttranszformaciot, gatolja a tumor-
sejt-specifikus immun-citolitikus valaszt
és eldsegiti a neovaszkularizaciot (19).

A stressz indukalta MIF szekrécio az
adenohipofizisbdl elsésorban proin-
flammatorikus stimulus, mint pl. endo-
toxin, TNF-a, valamint glikokortiko-
idok hatasara fokozodik (18). Klinikai
tanulmanyok kimutattak, hogy koz-
ponti szerepet jatszik az endotoxinémia
okozta toxikus reakciokban és szepszis-
ben, valamint ARDS-ben is (20).
Egereknek intraperitonealis LPS adasat
kovetéen a hipofizis MIF szintjének
nagymeértéki csokkenését talaltak, majd
fokozatos emelkedését a MIF mRNS szin-
tézisének, mely mellett a szérum kon-
centracio progressziv emelkedése volt
megfigyelheto.

Allatkisérletekben a MIF potencialta az
endotoxin okozta mortalitast, mig MIF
ellenes antitestek adasat kovetéen a
mortalitas csOkkenését talaltak (21).

Calandra és munkatarsai hipofizis elta-
volitott egereknél a bakterialis infekcio-
ra létrejové MIF termelését elsésorban a
makrofagoknak tulajdonitottak (18).

A makrofagok intracellularis raktarral
rendelkeznek, melybdl ez a citokin pro-
inflammatorikus stimulus hatasara ha-
sonlé moédon szabadul fel, mint a hipo-
fizisbdl. Szintén allatkisérletekben ész-
lelték, hogy bakterialis stimulus hata-
sara MIF termelédés indult meg nem
csak a hipofizisben, makrofagokban,
hanem a ttiddben, mellékvesében, 1ép-
ben és a majban is, a beadast kévetd hat
oran belul (22).

Kritikus allapotu, szeptikus sokkban lé-
v6 betegeknél szintén emelkedett MIF
szintet talaltak, mely a tulélé csoport-
ban szignifikansan alacsonyabb volt,
mint a nem tuléld csoportban (23). A se-
bészi trauma hatasara kialakulo stressz
reakcio emelkedett ACTH és kortizol ter-
meléssel jar, mely mellett majrezekcion
atesett betegeknél a kortizol szinttel par-
huzamos MIF szekrécio emelkedést ész-

leltiink (24).
Az utobbi idében megkulonboztetett fi-

gyelem 6vezi a MIF-t ktilénleges enzima-
tikus tautomeraz aktivitasanak készén-
hetéen is, mely szubsztratjaként dopa-
chrome vagy fenilpiruvat ill. OH-fenilpi-
ruvat is szolgalhat, tovabba thiolprotein
oxidoreduktaz aktivitasat is leirtak (25).
Egyes elképzelések szerint a MIF jelatvi-
tel egyes részei magukba foglalhatjak a
célfehérjék és/vagy kis molekulaju szub-
sztratok enzimatikus modositasat.

Ezen citokin rejtélyes enzimatikus akti-
vitasanak pontos biologiai szerepe rész-



14 FELKERT REFERATUM

ANESZTEZIOLOGIA ES INTENZIV TERAPIA 47(4): 2017

leteiben mind a mai napig feltaratlan.
Ennek ellenére a MIF tautomerazt mar
ma is tucatnyi gyulladasos allapot jovo-
beni terapiajanak egyik legigéretesebb
farmakologiai célpontjaként tartjak sza-
mon, és vilagszerte intenziv gyogyszer-
fejlesztés is zajlik eziranyban (26).

Sajat eredményeink alapjan egyes noveé-
nyi eredetl gyulladasgatlé hatasu poli-
fenol vegyuletek figyelemre méltéan po-
tens gatloszernek bizonyultak a MIF
tautomerazra in vitro, csakiagy, mint a
ketontestek, valamint az acetamino-
phen, ill. annak metabolitja.

Legfrissebb, szintetikus molekulacsala-
dokkal nyert enzimgatlasi eredménye-
ink is biztatoak, és tovabbi eréfeszité-
sekre sarkallnak, hogy jobb vezérmole-
kulakhozjussunk a MIF gatlashoz.

Richard Bucala szavait idézve e ,Min-
dennél Izgalmasabb Faktor” (27) proin-
flammatorikus, angiogenikus €s tumor-
novekedést elésegité aktivitasainak ha-
tasmechanizmusat vizsgalé kutatasok
a kozeljovében bizonyara szolgaltatnak
meég meglepetéseket és tovabbi tala-
nyokatis.

A szisztémas gyulladas kisérle-
tes vizsgalata az alapkutatasban

Az akut szisztémas gyulladas olyan
meértékt Osszefliggésben all a testhd-
mérséklet valtozasaival, hogy annak
mindenfajta klinikai diagnézisa maga-
ban foglalja az abnormalis testhémeér-
séklet valtozasokat. A szisztémas gyul-

ladasban szenved6é betegek tobbsége
(kb. 90%-a) lazas, a maradék (kb. 10%)
testhémeérséklete viszont alacsonyabb a
normalisnal (28). Az alapkutatasban a
leginkabb elterjedt allatmodell a szisz-
témas gyulladas vizsgalatara a bakte-
rialis LPS adasa. Ezekben a kisérletes
modellekben a testhémeérséklet valtoza-
sa a koérnyezeti hémérséklettdl és a be-
adott LPS dozisatol fligg. Neutralis vagy
szupraneutralis (meleg) koérnyezeti ho-
meérsékleten laz alakul ki, ami kisdozisu
LPS adasa esetén monofazisos, de
polifazisossa valik a LPS dozisanak noé-
velésével.

El6ébbiekkel ellentétben szubneutralis
(hideg) koérnyezeti hémeérsékleten LPS
hatasara hipotermia jon létre, amelynek
mertéke a beadott LPS dozisatol fligg(28).

Mind a laz, mind a hipotermia része az
akut szisztémas gyulladas tlnettana-
nak. Az utobbi évtizedekben a laz biolo-
giai jelentéséget illetéen megallapitasra
kerult, hogy a laz a szervezet szempont-
jabol elényods, mert kisérletesen kimu-
tattak, hogy példaul a gyikok viselkede-
sileg fokozzak testhémeérséklettiket,
amikor patogén baktériumokkal fertd-
zottek, igy képesek tulélni egyébként ha-
lalos betegségeket. Tovabba, evolucios
szempontbol, ha a laz nem rendelkezne
adaptiv, elényods funkciokkal, akkor ez
az energetikailag koltséges mechaniz-
mus nem maradt volna meg az él6lények
nagy részében az évmilliok soran. A laz
szervezetre kifejtett jotékony biologiai
hatasaval szemben a szisztémas gyulla-
das soran idénként kialakul6é hipoter-
mia szerepe szinte teljesen elhanyagolt



ANESZTEZIOLOGIA ES INTENZIV TERAPIA 47(4): 2017

FELKERT REFERATUM IRE

maradt. Ennek oka egyrészt, hogy a hi-
potermia megjelenése sokkal kevésbé
gyakori, masrészt, hogy annak diagno-
zisara (részben a klinikai gyakorlatban
hasznalt hémérdék kialakitasa miatt)
ritkabban kertl sor, harmadrészt, hogy
maganak a hipotermianak a megléte ke-
vésbé jelentdés a gyakorlo orvos szama-
ra, hiszen olyankor altalaban a beteg
allapota nagyon sulyos, gyakran preter-
minalis (29). A szepszis kapcsan fellépd
testhémeérsékleti eltérések halalozasi
esélyt eldjelzd szerepét nemrég igazol-
tuk nagyszamu (10000 feletti) beteg
adatainak metaanalizisével, amelynek
soran kimutattuk, hogy a laz kisebb, a
hipotermia viszont nagyobb halalozasi
kockazattal jar szeptikus betegekben
(30). A hipotermia megléte azonban
korantsem feltétlentil karos. Ezt bizo-
nyitja példaul, hogy amikor altatott ku-
tyakban szeptikus sokkot hoztak létre
fekalia intraperitonealis adasaval és a
kutyak egyik csoportjaban kiils6é huitést
alkalmaztak, hat oraval késébb a kont-
roll csoportban 100% volt a mortalitas,
mig a hutésnek kitett kutyak esetén
csak 36%. Egerekben endotoxin sokk
kivaltasa utan oreg egerek lazzal, mig
fiatalok hipotermiaval reagaltak. Az
utobbiak tulélési aranya lényegesen
jobb volt. A hipotermia jotékony hatasat
szisztémas gyulladasban klinikai vizs-
galatokkal is igazoltak: azok a kritikus
allapoti betegek, akiknél a megfeleld
intenziv terapia mellett htitést is alkal-
maztak a hipotermia életmentének bi-
zonyult. Az el6bbiekben emlitett kutata-
sokat Romanovsky és Székely foglaltak
Ossze (29).

Alaz és a hipotermia a szervezet két k-
szisztémas gyulladasban. A laz a beteg-
ség viselkedés/szindroma korai fazisa-
ra jellemz6 és hiperalgézia, motoros tul-
érzékenység jellemzi. Idénként hiper-
tenzio és fokozott éberség is kiséri. A ké-
s6i fazisa a betegség szindromanak ez-
zel szemben csékkent motoros aktivi-
tassal, hipoalgéziaval, alacsony (vagy
normal) vérnyomassal, aluszékony-
saggal és hipotermiaval jellemezhetd
(29). A klinikai gyakorlatban az el6bbi
fazisok gyakran nem teljesen elktilonit-
hetdk, hiszen az allatkisérletekben
hasznalt bélusban adott endotoxinnal
szemben a lazkelt6 agens lassan, foko-
zatosan kerul a szervezetbe, igy a fazi-
sok egymassal gyakran atfedésben je-
lennek meg.

A fert6zés kezdetén megjelend, lazzal
kisért, korai fazis az egészséges szerve-
zet valaszreakciogjat jellemzi a kialakulo
betegséggel szemben. Tényezéi mind
arra iranyulnak, hogy harcba szalljanak
a fert6z6 agenssel szemben. Klinikailag
az ebben a fazisban 1évé betegek laza-
sak, nyugtalanok, tulérzékenyek fény-
nyel, zajokkal szemben. A szisztémas
gyulladas késéi fazisa az el6bbiekkel
szemben azt az allapotot jellemzi, ami-
kor a fert6zd6 betegség mar elérehaladott.
Ilyenkor a beteg szervezet a fert6zo
agens legyézésére hasznalt energia-igé-
nyes folyamatok (pl. laz, hipermetaboliz-
mus) helyett, sokkal inkabb a meglévé
energiaraktarak megoérzésére O0sszpon-
tosit (29).
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Az akut szisztémas gyulladas
alapkutatasokbol ismert mole-
kularis mechanizmusai

A fert6ézés soran az immunrendszer
tobbféle mechanizmuson keresztiil ak-
tivalodik. Tébb immunsejt rendelkezik
gyakori makromolekulakat felismerd
re-ceptorral, igy példaul a CD14 képes a
LPS megkotésére, ami Toll-like recep-
tor 4 aktivalasan keresztul intracellula-
ris jelatviteli utvonalak és immunvalasz
kivaltasat eredményezi. Ez a veleszule-
tett immunvalasz az aktivalt sejtekbdl
hormonok és citokinek felszabadulasat
eredményezi, mint példaul interleukin
IL-1#, IL-6 és TNF-a. Bizonyos citokinek
tovabbi immunsejtek odahivasat segi-
tik, mig masok a periférias szovetek
gyulladasos mediatorainak felszabadu-
lasat idézik el6. Utobbiak koézé tartoz-
nak a PG-kis.

A PG-k az arachidonsav szarmazékai,
amelybdl ciklooxigenaz (COX) hatasara
alakul ki a PGH,. A COX-nak két forma-
ja ismert a COX-1, ami allandéan jelen
van tobb szdvettipusban és a COX-2,
ami tobbnyire gyulladas altal indukal-
hato. A COX-2 folyamatosan expressza-
lodik az agy neuronjaiban, de sziszte-
masan adott LPS hatasara elsésorban
az agy kis vénainak perivaszkularis és
endotél sejtjeiben indukalhaté. Ezek a
venulak legsUrtibben a hipotalamusz
preoptikus areajaban, a ventrolateralis
medullaban és a nukleusz szolitariusz-
ban talalhatok. A PGH, aztan tovabb
metabolizalodik PG-k, prosztaciklin és
IL-k formajaba, amelyek kozll a sziszté-

mas gyulladas szempontjabol ktléno-
sen fontos a PGE, és a PGD,,.

A PGE,-t a mikroszomalis PGE szintaz-1
hozza létre és négy ktilonb6z6 receptora
van EP1-4, amelyek az agy tobb kulon-
b6z6 részén expresszalodnak. A PGD, a
lipokalin PGD szintaz terméke és elsé6-
sorban DP1 receptoron keresztil hat,
amely az agyhartyaban talalhato, emel-
lett a hipotalamusztél ventralisan fekvo
régioban. A DP2 receptor kismértékben
talalhato csak meg az agyban, szerepe
egyelére kérdéses (31).

A betegség szindromaban a PGE, sze-
repe igazolt a szisztémas gyulladas korai
fazisanak létrehozasaért (1d. alabb), mig
a PGD, els6sorban a késéi fazis tlinetei-
nek kialakitasaért, igy az aluszékony-
sag, étvagytalansag, analgézia és felte-
telezhetéen a hipotermia létrejottéért
(32).

Sokaig kérdeéses volt, hogy az endogén
pirogéneknek is nevezett gyulladasos
citokinek (IL-1, IL-6, TNF- a) kdzvetlentil
az agyba jutva fejtik ki hatasukat, vagy
koztes mediatorokon keresztiil, mint
példaul a PG-k. Ezek a molekulak
ugyanis tul nagyok ahhoz, hogy a vér-
agy gaton nagy mennyiségben atjussa-
nak. Igaz, hogy centralis injektalasuk
esetén lazvalasz kivalthato, ez sokkal
inkabb enkefalitiszre jellemz6 tinetek-
kel jar, mintsem szisztémas gyulladas-
sal. Kisebb mennyiségben azonban a
gyulladasos citokinek atjuthatnak a vér-
agy gaton, ktilénésen a cirkumventriku-
laris régiokban. Emellett, a citokinek
aktiv transzporttal is képesek bejutni a
kozponti idegrendszerbe, hogy aztan ki-
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valtsak a szisztémas gyulladasra jellem-
z6 tineteket (31).

A szisztémas gyulladas tinetei koztl az
egyik legfontosabb a testhémeérséklet
valtozasa, leggyakrabban laz. Az, hogy a
lazvalasz hianyzik COX gatlok adasa
esetén és olyan egerekben, amelyekben
genetikusan hianyzik a mikroszomalis
PGE szintaz-1, azt mutatja, hogy a lazat
PGE, hozza létre. A laz ktillonb6z6 fa-
zisait medialé PGE, azonban té6bb hely-
rélis szarmazhat a szervezetben. Az elsé
(korai) fazis létrehozasaért példaul a pe-
riférian termelédé PGE, felelés, amit az
is bizonyit, hogy a vér-agy gaton at nem
juto PGE, ellenes antitest adasaval a laz
elsé fazisanak kialakulasa kivédheté. A
LPS a maj Kuppfer sejtjei €s pulmonaris
makrofagok altal expresszalt Toll-like
receptor 4-hez koétédve a foszfolipaz A,,
COX-2 és mikroszomalis PGE szintaz-1
enzimek mRNS- és fehérjeszintl terme-
l6désének fokozodasat valtja ki, ami az
artérias és vénas vér PGE, szintjének
emelkedéséhez vezet (33). Ez a PGE,
albuminhoz ko6tédik, ami megvédi az
enzimatikus lebomlastol, majd a veér-
agy gathoz jutva az albuminrol disszo-
cial és a hipotalamuszba jut, ahol kifejti
hatasat. A laz késébbi fazisait (kb. 1 6ra-
val a LPS adast kévetéen) mar a peri-
vaszkularis és endotél sejtekben foko-
zott COX-2 aktivitas altal termelt PGE,
tartja fenn. A PGE, hatasanak legfébb
mediatora az EP3 receptor, amely legin-
kabb a median preoptikus nukleuszban
expresszalodik. Ennek bizonyitéka,
hogy az itteni EP3 receptorok lokalizalt
kiiktatasa a szisztémasan adott LPS és

agykamraba adott PGE, lazkelté hata-
satis kivedi (34).

A preoptikus EP3 receptort expresszalo
neuronok GABA-t termelnek, igy gatol-
jak azokat az idegi elemeket, amelyek a
testhémeérséklet fokozasat hoznak létre.
Amikor PGE, koétédik hozzajuk aktivi-
tasuk csokken, igy a testhémeérséklet
fokozodast létrehozé mechanizmusok
gatlasuk aldl felszabadulnak és laz ala-
kul ki. A laz létrejottében szerepet jat-
szik egyrészt a bdrerek konstrikcioja,
amelyért a median preoptikus nukle-
uszbol a rostralis medullaris raphe ma-
gokba, majd onnan a szimpatikus pre-
ganglionaris neuronokba valo idegpalya
aktivalasa felel6s. Masrészt, a median
preoptikus nukleuszban talalhaté neu-
ronok masik csoportja a dorso-medialis
hipotalamusszal all 6sszekodttetésben
szintén a rostralis medullaris raphe ma-
gokon keresztill és a barnazsirszoveti
hétermelés szabalyozasaért felelds.
Elébbiek alapjan tehat PGE, hatasara
ragcsalokban az autonom hidegellenes
effektorok (fokozott hékonzervalas és
hétermelés) aktivalasa jon létre a pre-
optikus area GABA-ergicitasu, EP3 re-
ceptort kifejezé neuronjainak csékkent
aktivitasan keresztiil, aminek eredmé-
nye a bérér konstrikciora és barnazsir-
szoveti hétermelésre haté szimpatikus
aktivitas gatlasanak feloldasa (31).

Természetesen a laz kialakulasaban az
elébbiekben ismertetett autonom me-
chanizmusok mellett viselkedési h6sza-
balyozasi mechanizmusok is szerepel-
nek (pl. meleg kérnyezet keresése, beta-
karozas), de az ezekben szerepldé koz-
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ponti idegrendszeri elemek még nagy-
részt tisztazatlanok.

Meg kell emliteni, hogy az elé6bbiekben
targyalt kisérletek nagy részében a
szisztémas gyulladast LPS adasa utan
vizsgaltak, ami klasszikus értelemben
szeptikus allapotnak kevésbé, SIRS-
nek sokkal inkabb felel meg. Igazi
szepszis ragcsalokban legelterjed-
tebben a cokalis ligatara és punkcio
modszerével hozhato létre. Az ily modon
kialakult szisztémas gyulladas bizonyos
tulajdonsagait illetéen kulénboézik a
LPS-indukalta gyulladastél, példaul
ilyen esetekben a LPS szint alacsony
marad, ezek alapjan nem meglepd, hogy
LPS-antitest adasa nem javitotta a
szeptikus betegek prognozisat (35).
Tovabbi kulénbségek a LPS és cokalis
ligatiira és punkci6 allatmodellek kézott
fellelhetéek a tranziens receptor poten-
cial vanilloid-1 ioncsatorna pro- és
antiinflammatoérikus szerepét illetéen is
(36).

Kovetkeztetések

Kovetkeztetésként levonhatjuk, hogy
annak ellenére, hogy az akut szisztémas
gyulladast mar évezredekkel ezel6tt fel-
ismerték, klinikai megjelenési formai-
nak pontos meghatarozasa, igy azok di-
agnosztikai kritériumainak megallapi-
tasa t6bbszor is valtozott és feltehetéen
ajovében is valtozni fog.

A SIRS a legutobbi ajanlasok alapjan ki-
kerult a szisztémas gyulladasos korke-
pek kozil, annak ellenére, hogy kritéri-

umrendszere a szepszis diagnosztika-
jaban (is) alkalmazhatonak bizonyult.

A pontos definialas és klinikai diagnosz-
tikai, prognosztikai és terapias szem-
pontok egységesitése és az iranyelvek
betartasa a szisztémas gyulladas esetén
kulcsfontossagu, hiszen nemzetkd6zi és
magyarorszagi szinteken is kiemelt gya-
korisagu betegségcsoportrol van szo,
amelynek halalozasi aranya magas, to-
vabba jelentds alap- és korhazi ellatasi,
valamint gazdasagi terheket r6 az egész-
séglgyre. A szisztémas gyulladas sike-
res intenziv terapias ellatasanak és a
mortalitas csokkentésének érdekében
elengedhetetlen az abban szerepld élet-
tani, korélettani, molekularis, neuroen-
dokrinologiai és egyéb mechanizmusok
alapos felderitése, ezek nagy része
azonban jelenleg is kutatasok targyat
képezi. Elébbiek sikeres kivitelezése
segithetne 1j, megbizhat6 (azaz specifi-
kus és szenzitiv) diagnosztikus és
prognosztikai biomarkerek identifikala-
saban. Talan ezek ko6zo6tt, de akar tera-
pias szempontbol is kiemelt jelentéségu
lehet a MIF, szisztémas gyulladasban
betoltott szerepének és pontos hatas-
mechanizmusanak tisztazasa azonban
varat még magara. Az alapkutatasok
segithetnek az el6bbiekben emlitett kér-
dések megvalaszolasaban, valéjaban
tobb folyamat (pl. a PGE, hatasmecha-
nizmusa) mar részletes feltérképezésre
keruilt allatmodellekben, de tovabbra is
sok a nagy fontossagu és jelenleg még
felderitetlen tertilet, ezaltal kiaknazat-
lan lehetéség (pl. a viselkedési hészaba-
lyoz6 mechanizmusok idegpalyai nagy-
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részt ismeretlenek, de a szisztémas
gyulladas soran kialakuloé hipotermia
molekularis mediatora is kérdéses).

Az alapkutatasi eredmények igazi érték-
kel pedig csak akkor birnak, ha transz-
lacios jelleggel, azok human vizsgala-
tokban is igazolasra kerulnek. A leglé-
nyegesebb élettani mechanizmusok e-
volucios szempontbol konzervaltak, igy
emlésdkben csak kismértékt fajok
kozotti kulonbségeket mutatnak (pl.
normal vérnyomas vagy testhémeérsek-
let fenntartasa), de az azokban szerepld
tényezok kiuillonbozéek lehetnek, példa-
ként emlithetd erre, hogy mig ragcsalok-
ban a héleadas legfontosabb lehetésége
a farokbdr veértartalmanak noévelése
(verejtékezni nem képesek), addig em-
berben a héleadas fokozasa elsésorban
evaporativ hévesztéssel, vagyis verejté-
kezéssel jon létre, habar a fokozott bérér
dilatacio a test bizonyos részein ember-
ben is fontos szerepet jatszik. Vannak
azonban olyan folyamatok is, amelyek
léenyeges kulonbségeket mutatnak az
alapkutatasokban gyakran hasznalt
ragcsalok és emberek kozott: emberek
példaul nem képesek a gyulladasos va-
laszokban is szerepet jatszo C-vitamin
szintézisére, mig patkanyok majaban
megtalalhatok azok az enzimek, ame-
lyekkel C-vitamin szintézise gltik6zbol
lehetséges. Az emlitett nehézségek athi-
dalasa kizardlag az alapkutatas és a
klinikai vizsgalatok 6sszehangolasaval,
vagyis transzlacios jelleggel oldhato
meg. A szisztémas gyulladas komplexi-
tasa, valtozatos etiologiaja és klinikai
manifesztacigja tovabba szikségessé

teszi a legtobb orvostudomanyi diszcip-
lina bevonasat is az alapellatastol a k-
lénféle klinikai szakagakon at egészen
azintenziv terapias ellatasig.
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Macrophage migration

inhibitory factor as a diagnostic
and predictive biomarker in sepsis:
meta-analysis of clinical trials

Janos Toldi'2, David Nemeth3, Peter Hegyi?, Zsolt Molnar®*“, Margit Solymar?, Nelli Farkas®,
Hussain Alizadeh?, Zoltan Rumbus?, Eszter Pakai' & Andras Garami*™*

The hunt for useful sepsis biomarkers is ongoing. Macrophage migration inhibitory factor (MIF) was
implicated as a biomarker in sepsis, but its diagnostic and prognostic value has remained unclear in
human studies. Here, we aimed at clarifying the value of MIF as a sepsis biomarker with the meta-
analysis of clinical trials. PubMed, EMBASE, and Cochrane Central Register of Controlled Trials
databases were searched until December 2019. From the included studies, blood MIF levels and
indicators of disease severity were extracted in septic and control patient groups. Twenty-one eligible
studies were identified, including data from 1876 subjects (of which 1206 had sepsis). In the septic
patients, blood MIF levels were significantly higher than in healthy controls with a standardized
mean difference (SMD) of 1.47 (95% confidence interval, Cl: 0.96-1.97; p<0.001) and also higher

than in patient groups with nonseptic systemic inflammation (SMD =0.94; Cl: 0.51-1.38; p<0.001).
Markedly greater elevation in blood MIF level was found in the more severe forms of sepsis and in
nonsurvivors than in less severe forms and in survivors with SMDs of 0.84 (Cl: 0.45-1.24) and 0.75 (Cl:
0.40-1.11), respectively (p <0.001 for both). In conclusion, blood MIF level is more elevated in systemic
inflammation caused by infection (i.e., sepsis) compared to noninfectious causes. In more severe
forms of sepsis, including fatal outcome, MIF levels are higher than in less severe forms. These results
suggest that MIF can be a valuable diagnostic and prognostic biomarker in sepsis given that well-
designed clinical trials validate our findings.

Sepsis, a form of systemic inflammation, is defined as life-threatening organ dysfunction caused by dysregu-
lated host response to infection’. Even nowadays, sepsis and related diseases represent a major challenge for the
healthcare system. According to a novel analysis of cause-of-death data from 109 million records in the Global
Burden of Diseases, Injuries, and Risk Factors Study, nearly 49 million incident cases of sepsis could be estimated
worldwide and 11 million sepsis-related deaths were reported?. In a cohort from 6 hospitals in the US, sepsis was
present in more than half of the hospitalizations and accounted for the highest ratio (35%) among the causes of
death®. While there was some evidence of a trend towards decreasing mortality rates in septic patients over the
last decade, a continuous decline in mortality was not observed among patients with sepsis or septic shock in a
recent systematic review®. These data warrant for the need of better sepsis management, which could be facilitated
by improved diagnostic and prognostic tools.

In spite of the desperate need for reliable biomarkers in sepsis, according to the Sepsis-3 definition consensus,
the novel candidates require further validation before they can be incorporated into the clinical practice'. In 2010,
an electronic search identified 178 sepsis-related biomarkers, but none of them was found eligible for routine
use in clinical practice®. According to a current review by the same group®, the list of potential biomarkers in
sepsis has expanded, and in 2020 it included more than 250 substances, but only a few of them were evaluated
in a large patient population or in repeated studies, which still limits their clinical usability.
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Macrophage migration inhibitory factor (MIF), a mediator of the innate immune system, is involved in many
inflammatory processes and related disorders, including obesity and diabetes mellitus”®, autoimmune disorders””,
and cancer”!’. Besides the role of MIF in chronic inflammation, as a proinflammatory cytokine, it is rapidly
released into the bloodstream in different forms of acute systemic inflammation'. The causes of acute systemic
inflammation can be diverse, including diseases induced by microbial pathogens (e.g., sepsis, septic shock), as
well as, noninfectious illnesses due to stress, autoimmune reaction, trauma, surgery, burns, etc. Increased blood
MIF levels were reported in forms of acute systemic inflammation originating from both infectious and noninfec-
tious etiologies”, but it has remained questionable whether the magnitude of the increase is similar or different
in the two forms, therefore, if MIF can be used as a diagnostic tool in sepsis. A similar increase in MIF levels was
observed in patients with systemic inflammation of septic and nonseptic (i.e., caused by major surgery) origin
compared to the healthy controls'?, suggesting that MIF may serve as a biomarker for critical illness without the
ability to differentiate between infectious and noninfectious causes. However, in other studies, MIF levels were
markedly higher in sepsis than in patients with other forms of systemic inflammation'*-', indicating that MIF
can be used as a diagnostic biomarker in sepsis.

The prognostic value of MIF has also remained controversial. On the one hand, high serum levels of MIF
were found in septic patients and even higher MIF levels in patients with septic shock, though the difference was
not statistically significant (p=0.3)'®. Not significantly higher MIF levels were also reported in septic patients
with lung complications compared to those without it'>. On the other hand, no significant correlation was
found between serum MIF levels and sepsis severity or mortality'”. Further complicating the issue, circulating
MIF levels did not differ between sepsis survivors and nonsurvivors in one study'®, whereas nonsurvivors had
significantly higher MIF levels in another study'?.

In the present meta-analysis, we aimed at studying the diagnostic and prognostic value of blood MIF levels
in sepsis by analyzing the currently available published data in humans.

Methods

Our meta-analysis was conducted in accordance with the guidelines of the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analysis) statement'® (Supplementary Table S1). The question of our analysis
was defined in the PICO [Patients, Indicator, Comparison, Outcome] format: in adult septic patients, we aimed
at assessing the biomarker role of MIF in the diagnosis and prognosis of the disease. This meta-analysis has been
registered with PROSPERO (CRD42020139137).

Search strategy. We searched the PubMed, EMBASE, and CENTRAL (Cochrane Central Register of
Controlled Trials) databases for original human studies without time period limitations. The following search
term was used: ("macrophage migration inhibitory factor" OR MIF) AND (sepsis OR septic). As in our previ-
ous meta-analysis of sepsis?, publications reporting immunosuppressive conditions (e.g., transplantation, HIV
infection) were not included in the current analysis. Similarly to our past studies?®*!, the search was conducted
separately by two authors (JT, AG), who also assessed study eligibility and extracted data from the selected stud-
ies independently. Disagreements were resolved by consensus, with the help of a third party (ZR).

Study selection, data extraction, and risk of bias assessment. The titles and abstracts of the pub-
lications identified by the literature search were screened, and the full texts of potentially eligible articles were
obtained. We included studies which reported blood MIF levels in two or more different patient groups, at least
one of which groups consisted of septic patients. For analysis of the prognostic value, an indication of disease
severity or outcome (e.g., mortality rate) was also required for the groups. From all included articles we extracted
the country of origin, characteristics of the patient populations (sample size, sex ratio, age, severity score, mor-
tality), and the reported blood MIF level values of the patient groups with the corresponding indicator of stand-
ard deviation (SD). The extracted values were converted to mean and SD unless specified otherwise. Different
patient groups within a study (e.g., survivor vs. nonsurvivor, septic vs. nonseptic systemic inflammation) were
extracted separately.

We assessed the quality of each study included in the meta-analysis by using the Newcastle-Ottawa Scale?
(Supplementary Table S2).

Statistical analysis. For each included study, we calculated the difference between the blood MIF level
of a septic patient group and that of another septic group or a control group. For all groups, the means were
standardized (based on variances) to obtain standardized mean differences (SMDs). For standardization, the
means were divided by their corresponding SD values, which was required because the different MIF measuring
methods could result in different variances among the study groups and influence the results. The SMDs with
95% confidence intervals (Cls) were calculated by using the random effect model by DerSimonian and Laird?®,
and then compared using standard meta-analysis tools (i.e., forest plot).

In accordance with the Cochrane Handbook for Systematic Reviews*, between-study heterogeneity was tested
with P statistical test, where I is the proportion of total variation attributable to between-study variability (an I*
value of more than 50% was considered as an indication of substantial heterogeneity). The presence of publication
bias was determined by visual inspection of funnel plots (Supplementary Figs. S1-54) for the lack of asymmetry
and evaluated quantitatively by Egger’s test (p <0.1 indicating publication bias). Sensitivity analysis (i.e., iteratively
omitting one study from the analyses and recalculating SMD to investigate the impact of the individual study
on the summary estimate) was performed to test the impact of the individual studies. The meta-analyses were
performed with Comprehensive Meta-Analysis (version 3.3; Biostat, Engelwood, MJ, USA) software.
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A 4

21 full-text articles
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Figure 1. Flowchart of study selection and inclusion.

A receiver operating characteristic (ROC) curve was constructed to evaluate the diagnostic performance of
blood MIF levels in sepsis. For that, individual blood MIF level data of septic patients and healthy controls were
extracted with WebPlotDigitizer application from eligible papers?*-*’, which presented the data in figures with
linear scales. The area under the ROC curve (AUC) was calculated to assess the accuracy of blood MIF level
measurement as a diagnostic test in sepsis. Within the range of 0.5 (no diagnostic ability) to 1.0 (perfect diag-
nostic ability), a higher AUC indicates better performance of a test. ROC curve analysis was performed using
IBM SPSS Statistics for Windows, version 26 (IBM Corporation, Armonk, NY, USA).

Results

Study selection, characteristics, and quality. The flow chart of the study selection is presented in
Fig. 1. Until December 2019, the electronic literature search identified altogether 621 studies from the PubMed,
EMBASE, and CENTRAL databases. After enabling filters for human studies and removal of duplicates, 315
articles remained, which were screened on title and abstract for inclusion criteria. As a result, the full texts of 45
articles were obtained, out of which 21 publications were found eligible for statistical analysis'*'®>%, including
data from a total of 1876 human subjects. The studied groups consisted of 1206 septic patients, 134 patients with
noninfectious systemic inflammation, and 536 healthy controls (i.e., subjects without known systemic inflam-
mation). The study characteristics are presented in Table 1.

According to our quality assessment, 16 studies were considered as high quality, while 5 studies as moderate
quality (Supplementary Table S2). Based on visual inspection of the funnel plots (Supplementary Figs. S1-54),
some asymmetry could be present, indicating the possible existence of publication bias, which was confirmed
by the results of Egger’s test (p<0.1) in one of the analyses (Supplementary Fig. S4). Sensitivity analysis was
performed for overall SMD presented in the forest plots. The overall SMDs did not vary substantially after
excluding any individual study, indicating that the results were not driven by one of the analyzed individual
studies (Tables S3-S6).

Blood levels of MIF in sepsis, noninfectious systemic inflammation, and healthy control
groups. First, we investigated the change in blood MIF levels in response to sepsis compared to healthy
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Study report [number Mean years of age Mean severity score
in list of references] Country Study population Population subgroups | N (males) | (SD) (SD) Deaths N (%)
Ameen et al.¥? Kingdom of Saudi Severe sepsis and septic | Survivor 22(12) 59 (5) APACHE=25 (4) 0
’ Arabia shock Nonsurvivor 17 (9) 64 (4) APACHE=21 (2) 17 (100)
Healthy control 41 (23) 62 (9) NA 0
Multiple trauma 8(7) 52 (17) APACHEI1=10 (2) 0
32 (20) 64 (13) APACHE II=15 (6) 11 (34)
Beishuizen et al.'® The Netherlands Survivor 21 (NR) 61(11) APACHE II1=12 (5) 0
Septic shock Nonsurvivor 11 (NR) 67 (14) APACHEI1=18 (5) 11 (100)
Without ARDS 24 (NR) 59 (13) APACHE II=11 (6) NR
With ARDS 8 (NR) 64 (12) APACHEII=19 (4) |NR
Healthy control 11 (NR) NR NA NR
Bozza et al.?”’ Brazil Sepsis 17 (10) 59 (23) APACHE I1=17 (6) 3(18)
Septic shock 25(15) 59 (27) APACHE II1=21 (7) 13 (52)
Healthy control 18 (10) 35(9) NA 0
Brenner et al.'4 Germany Major surgery 28 (12) 62 (14) NR 0
Severe sepsis and septic Sprvlvor and nonsur- 87 (51) 69 (12) NR 44 (51)
shock vivor
Healthy control 6 (NR) Median =40 NA NR
Calandra et al.'® Switzerland i i
Sepsis fﬁgif‘ sepsis and septic | | )3 52 (18) SAPS I1=45 (14) 6 (38)
Survivor 81 (44) 0
Chuang et al.* Taiwan Severe sepsis 67 (23) APACHE I1=23 (8)
Nonsurvivor 31 (24) 31 (100)
Survivor 109 (68) 71 (15) APACHE I1=22 (8) 0
Chuang et al.* Taiwan fﬁgif sepsis and septic [y 4 e 12 (6) 68 (18) APACHE I1=27 (7) 12 (100)
Died after 48 h 32(21) 74 (12) APACHEI1=25(8) | 32 (100)
de Mendonca-Filho Brail Sepsis Negative microbiology | 24 (16) 70 (2) APACHE II=15 (1) 5(21)
etal® Positive microbiology | 25 (17) 71(2) APACHE I1=16 (1) 12 (48)
Healthy control 196 (NR) NR NA NR
E s et al! Switzerland and The Survivor 36 (18) 47 (17) NR 0
monts et al. ; ;
Netherlands Sepsis, severe sepsis,
and septic shock Early death 20(17) 53 (14) NR 20 (100)
Late death 12 (9) 61 (13) NR 12 (100)
Healthy control 10 (NR) NR NA NR
Gando et al.?® Japan Without DIC 28 (17) 56 (3) APACHEI1=17 (1) 1(4)
SIRS and sepsis
With DIC 20 (8) 51 (5) APACHE I1=27 (2) 12 (60)
Healthy control 53 (NR) NR NA NR
Gao et al” Usa Sepsis 36(NR) | NR NR NR
lseps‘.s'?“duced acute 53(NR) | NR NR 19 (36)
ung injury
Healthy control 10 (NR) NR NA NR
Kofoed et al. Denmark
Sepsis 10(NR) | NR NR NR
Healthy control 20 (10) NR NA NR
Leaver et al.” UK ; ;
Severe sepsis and septic 35 (22) 62(22) 19.(6) 10 (29)
shock
Healthy control 10 (NR) NR NA NR
Lehmann et al.'? Germany Nonseptic critically ill 18 (17) 60 (18) SOFA=2 (1) NR
Severe sepsis 19 (14) 44 (16) SOFA=10(2) NR
Healthy control 34 (NR) NR NA NR
Nonseptic critically ill 10 (7) 61(17) SOFA=3(1) 0
Lehmann et al.’® Germany
Survivor 23 (NR) SOFA=9 (3) 0
Severe sepsis 55(11)
Nonsurvivor 14 (NR) SOFA =16 (3) 14 (100)
Nonseptic'systemic 28 (19) 50 (5) NR NR
inflammation
15
Meawed et al. Egypt Sepsis Survivor and nonsur- |25 (15) | 53 (6) APACHEII=17(3) |4(16)
Severe sepsis vivor 27 (16) 63 (7) APACHE I1=20 (3) 15 (56)
Healthy control 85 (NR) NR NA NR
Merk et al.? Canada ; ;
Severe sepsis and septic 37(22) 60 (17) APACHE I1=22 (7) 10 (27)
shock
Continued
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Study report [number Mean years of age Mean severity score
in list of references] Country Study population Population subgroups | N (males) | (SD) (SD) Deaths N (%)
Normal adrenal 214 |63(17) APACHEII=26 (6) | 6(27)
Miyauchi et al.** Japan Sepsis response
Adrenal insufficiency 19 (16) 66 (15) APACHE I11=26 (10) 6 (32)
Withoutacute kidney | 47 30) | Median=60 Median SOFA =5 6(12)
injury
Payen et al.* France Severe sepsis and septic M.ﬂd acute kidney 75 (47) Median=61 Median SOFA =7 20 (26)
shock injury
Severeacutekidney | 54 (34 Median = 63 Median SOFA =10 22 (41)
1n]ury
Healthy control 10 (NR) NR NA NR
Pohl et al.®® Germany Nonseptic critically ill 42 (28) 69 (13) APACHE I1=24 (9) 35(83)
Severe sepsis and septic 30 (19) 69 (11) APACHE IT=26 (9) 13 (43)
shock
Healthy controls 32 (23) 41 (9) NA NR
Wiersinga et al.”’ Thailand i _
6 Sepsis 3;‘:;’:"“ and nonsur- | 34 17y | 55 (16) NR 15* (44)

Table 1. Characteristics of participants in the studies included in the meta-analysis. *MIF levels were reported
for 29 septic and 10 survivor patients. ARDS adult respiratory distress syndrome, APACHE acute physiology
and chronic health evaluation score, DIC disseminated intravascular coagulation, NA not applicable, NR not
reported, SAPS simplified acute physiology score, SIRS systemic inflammatory response syndrome, SOFA
sequential (sepsis-related) organ failure assessment score.

control subjects. We found 14 studies, reporting data from 579 septic patients and 536 healthy participants that
could be included in our analysis (Fig. 2). The relative weight of the studies was similar, ranging between 5 and
8%. As it could be expected based on the function of MIF as a proinflammatory cytokine'!, the blood levels of
MIF were higher in septic patient groups than in controls in the analyzed studies with SMDs ranging from 0.23
to 3.51 between the groups. Overall, in septic patient groups blood MIF levels were significantly (p <0.001)
higher than in healthy controls with an SMD of 1.47 (95% CI: 0.96-1.97) (Fig. 2).

Next, we studied whether blood MIF levels are increased to a similar or to a different extent in sepsis and in
noninfectious systemic inflammation. We could include 6 studies in the quantitative analyses, which reported
data from 257 septic patients and 134 patients with nonseptic systemic inflammation (Fig. 3). In the latter group,
the cause of systemic inflammation was surgical intervention'>!*!8, multiple trauma'®, and not sepsis-related
fever' or critical illness® (see also Table 1). The relative weight of the studies ranged from 11 to 20%. Blood MIF
levels were higher in septic patient groups than in patient groups with nonseptic systemic inflammation in all
of the analyzed studies. The overall SMD was 0.94 (95% CI: 0.51-1.38) between the groups (p <0.001) (Fig. 3).

From three studies which presented blood MIF level values of individual participants®*~%’, we could extract
the data of 101 septic patients and 141 healthy controls. ROC curve analysis of these data revealed an AUC
of 0.850 (Fig. 4), indicating that blood MIF level measurement shows good sensitivity and specificity for the
diagnosis of sepsis.

Blood levels of MIF in septic patient groups with different severities of the disease. After
studying MIF as a potential diagnostic biomarker in sepsis, we also wanted to analyze whether the elevation in
blood MIF levels can predict the severity of the disease. We found eligible data to address this question from
two approaches: (1) by comparing patient groups with less and more severe sepsis (e.g., based on the presence of
organ dysfunction) within the same study; and (2) by comparing survivor and nonsurvivor septic patient groups
within the same study.

We found 11 studies, in which blood MIF levels were reported in different severity groups of sepsis. The
groups with more severe form of the disease were categorized based on different criteria in the different stud-
ies, which included the presence of one of the following conditions: organ damage (viz., pulmonary, kidney or
adrenal gland dysfunction)'®!73%%, septic shock'®%, early fatality®*, severe sepsis'®, disseminated intravascular
coagulopathy?®, and positive blood culture® (for details, see Table 1). In the majority of the studies, higher clini-
cal severity scores were also reported in the patient groups with more severe disease. In total, 347 patients were
included in the more severe and 274 patients in the less severe septic groups. The relative weight of the studies
was between 7 and 11%. Our meta-analysis revealed that blood MIF level was significantly (p <0.001) higher in
the more severe forms of sepsis with an overall SMD of 0.84 (95% CI: 0.45-1.24) (Fig. 5).

Blood MIF levels were compared between survivors and nonsurvivors of sepsis in 11 studies, including 447
and 257 patients in the groups, respectively. The studies had similar relative weights, ranging from 7 to 11%.
For the meta-analysis, SMD was calculated by subtracting the mean blood MIF level of sepsis survivors from
that of sepsis nonsurvivors. We found that the overall SMD was significantly (p <0.001) higher than zero (0.75,
95% CI: 0.40-1.11) (Fig. 6), indicating that blood MIF levels were markedly higher in nonsurvivors than in
survivors of sepsis.
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Blood MIF concentration (ng/l)

Sepsis Healthy control

First author and

publication year SMD (95% Cl) N, mean (SD) N, mean (SD) Weight %
1

Gando 2007 g : 0.23(-0.45,0.91) 48, 37298 (151811) 10, 5200 (1897) 7.14
1

Bozza 2004 - : 0.46(-0.21,1.13) 42, 1591 (2035) 11, 737 (899) 7.18
1

Wiersinga 2010 —_— 0.71(0.20, 1.23) 29, 29098 (18960) 32, 18143 (11090) 7.56
1
1

Brenner 2010 —_— 0.74(0.22, 1.25) 87, 10659 (15577) 18, 175 (53) 7.56
1

Leaver 2010 —_— : 0.81(0.24, 1.38) 35, 12367 (4637) 20, 9100(2712) 7.43
1

Pohl 2017 —0—:— 0.93(0.19, 1.68) 30, 170000 (186225) 10, 18000 (6324) 6.96
1

Calandra 2000 —‘—:— 1.01(0.02, 1.99) 16, 46516 (49556) 6, 3325 (1365) 6.25
1

Lehmann 2008 —_— 1.25(0.74, 1.76) 37, 98780 (44507) 34, 46829 (38396) 7.58
1
1

Lehmann 2001 —_—r 1.31(0.47, 2.15) 19, 6325 (5222) 10, 740 (491) 6.69
1

Gao 2007 :—0— 1.77 (1.37, 2.17) 89, 72208 (40745) 53, 14613 (7020) 7.81
1

Emonts 2007 : - 2.46(2.12,2.81) 68, 852200 (677902) 196, 7175(2327) 7.91
1

Merk 2011 : —_— 2.74(2.23, 3.26) 37, 111000 (69000) 85, 6300 (6200) 7.56
1

Kofoed 2006 :—0— 2.83(1.56,4.11) 10, 1236 (557) 10,121 (1) 5.39
1

Beishuizen 2001 1 —— 3.51(2.77,4.25) 32, 14300 (4500) 41, 2500 (2100) 6.98
1

Overall (I-squared = 90.4%, p = 0.000) <> 1.47(0.96,1.97) 579 536 100.00
1
1

NOTE: Weights are from random effects analysis 1
1

T T
-5 0 5

Sepsis - healthy control SMD in blood MIF level

Figure 2. Forest plot of standardized mean differences (SMDs) in blood levels of macrophage migration
inhibitory factor (MIF) between septic patients and healthy controls. Here, and in Figs. 3, 5, and 6 black
diamonds represent the SMD for each study, while the left and right horizontal arms of the diamonds indicate
the corresponding 95% confidence intervals (CIs). The size of the gray box surrounding the diamond is
proportional to the relative weight of the study. The open rhombus on the bottom represents the average SMD
calculated from the SMDs of all individual studies. The left and right vertices of the rhombus represent the CIs
of the average SMD, while the vertical diagonal and the dashed line indicate the average SMD of all studies in
the forest plot. A negative SMD indicates higher MIF levels in healthy controls, whereas an SMD greater than
zero indicates increased MIF levels in sepsis. SD standard deviation.

Discussion

In the present study, we show that blood MIF level can be a useful biomarker in sepsis for both diagnostic and
prognostic purposes, to the best of our knowledge for the first time, with the meta-analysis of the available data
in the literature. The main new findings of our meta-analyses are that blood MIF levels are increased to a greater
extent in sepsis than in systemic inflammation of noninfectious origins and that MIF levels are higher in the
more severe forms of sepsis and in nonsurvivors than in less severe forms and survivors, respectively.

Sepsis affects tens of millions of patients annually and it constitutes an ongoing challenge for the healthcare
system due to its high mortality and economic burden, especially in its severe forms®. A recent analysis showed
that in intensive care units, hospital-acquired sepsis is frequent and accounts for a high (over 40%) mortality
rate®’. In order to improve outcomes, it is required to further develop the approaches for early diagnosis and
implementation of adequate treatment of sepsis. The use of biomarkers can help to achieve these goals. As a
consequence, a plethora of potential biomarkers was evaluated for the diagnosis and prognosis of sepsis (for a
recent review, see®).

As an early step in the development of systemic inflammation, the activation of innate immune cells leads to
the production of inflammatory cytokines*'. MIF is one of these proinflammatory cytokines, which was originally
thought to be produced in the pituitary gland and T lymphocytes, but later it was found to be expressed in a
variety of cells, including endothelial cells, eosinophils, and macrophages*’. Upon stimulation by endotoxins and
cytokines, macrophages release MIF, which acts in concert with other cytokines (e.g., tumor necrosis factor-a)
and promotes the acute inflammatory response®. In humans, high MIF concentrations were first found in the
alveolar airspaces of patients with acute respiratory distress syndrome*!, which is a frequent complication in
severe (often fatal) forms of sepsis*. Since then, several studies showed that blood MIF level is increased in
different forms of systemic inflammation'*'¢?%, As a consequence, MIF was considered amongst the potential
diagnostic and prognostic biomarkers in sepsis®”*.
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Blood MIF concentration (ng/l)

Sepsis Nonseptic systemic
inflammation
First author and

publication year SMD (95% Cl) N, mean (SD) N, mean (SD) Weight %
1
1
1

Lehmann 2008 *- ' 0.50(-0.20, 1.21) 37, 98780 (44507) 10, 77561 (31236) 15.08
1
1

Pohl 2017 —4—;— 0.57 (0.09, 1.05) 30, 170000 (186225) 42, 94000 (77768) 19.26
:
1

Brenner 2010 + 0.77(0.33,1.21) 87, 10659 (15577) 28, 223 (221) 20.02
i
1

Meawed 2015 —":— 0.78 (0.31, 1.26) 52, 10920 (13765) 28, 2207 (823) 19.30
:

Lehmann 2001 —_—— 1.02(0.34, 1.71) 19, 6325 (5222) 18, 2415 (1048) 15.40
1
'

Beishuizen 2001 : —— 2.71(1.73, 3.70) 32, 14300 (4500) 8, 3100 (1700) 10.94
1

Overall (I-squared = 69.5%, p = 0.006) <> 0.94(0.51, 1.38) 257 134 100.00
1
'
1

NOTE: Weights are from random effects analysis :
T ; T
-3 0 5

Sepsis — nonseptic systemic inflammation SMD in blood MIF level

Figure 3. Forest plot of standardized mean differences (SMDs) in blood levels of macrophage migration
inhibitory factor (MIF) between septic patients and patients with systemic inflammation due to noninfectious
causes. CI confidence interval, SD standard deviation.
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Figure 4. Receiver operating characteristic (ROC) curve analysis of the diagnostic performance of blood
macrophage migration inhibitory factor (MIF) levels in sepsis. The individual data of septic patients (N=101)
and healthy controls (N =141) were extracted from previously published studies*®~?’. The area under the blue
ROC curve was 0.850. The diagonal red line serves as a reference line corresponding to the ROC curve of a
diagnostic test that randomly classifies the condition (i.e., a test that has no diagnostic ability).

It has not been fully clarified, however, whether septic and nonseptic systemic inflammation can be
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Blood MIF concentration (ng/l)

More severe Less severe
sepsis sepsis
First author and
publication year SMD (95% Cl) N, mean (SD) N, mean (SD) Weight %
| i
Gao 2007 —r— : 0.04(-0.38,0.46) 53, 72765 (38629) 36, 71115 (44618) 10.70
1
1
Chuang 2014 —_— 0.06 (-0.61,0.72) 12,5813 (7319) 32, 5293 (9414) 9.08
1
1
Calandra 2000 _‘_:— 0.12(-0.87,1.11) 9, 49150 (49459) 7, 43100 (49688) 6.93
1
Bozza 2004 ——’—:— 0.41(-0.21,1.03) 25, 1967 (1832) 17,1328 (1031) 9.37
1
Gando 2007 + 0.63(0.04, 1.22) 20, 66256 (108248) 28, 20718 (24960) 9.61
1
|
Miyauchi 2009 _‘I— 0.77(0.13,1.41) 19, 28633 (21546) 22, 17067 (4437) 9.26
1
de Mendonca-Filho 2005 —I‘— 0.87(0.28, 1.46) 25, 2888 (3540) 24, 608 (980) 9.61
1
Payen 2012 | —— 1.32(0.96,1.68) 129, 5563 (2751) 47, 2383 (984) 11.06
1
1
Emonts 2007 —_— 1.35(0.56, 2.14) 20,1031350(836722) 12, 127200 (106358) 8.18
1
1
Meawed 2005 : —_— 1.64(1.01, 2.27) 27, 12855 (2823) 25,9036 (1623) 9.30
1
Beishuizen 2001 | ——%——  232(1.33,3.31) 8, 19400 (4700) 24,9200 (4300) 6.90
Overall (I-squared = 78.5%, p = 0.000) @ 0.84(0.45,1.24) 347 274 100.00
1
1
NOTE: Weights are from random effects analysis :
T ! T
-5 0 5

More severe — less severe sepsis SMD in blood MIF level

Figure 5. Forest plot of standardized mean differences (SMDs) in blood levels of macrophage migration
inhibitory factor (MIF) between patients with more severe and less severe forms of sepsis. CI confidence
interval, SD standard deviation.

distinguished based on the different extent of elevation in blood MIF levels. Some authors found that MIF levels
were higher in sepsis than in noninfectious systemic inflammation'*-'>*, whereas others did not find a significant
difference in MIF levels between the two forms of systemic inflammation'®'8. In the present study, we compared
MIF levels in sepsis and in noninfectious inflammation of different origins (see Table 1, for details) in 257 and
134 patients, respectively, and showed that blood MIF concentration is markedly increased in case of sepsis
compared to nonseptic systemic inflammation. These findings suggest that MIF can be used as a diagnostic tool
to distinguish sepsis from other systemic inflammatory diseases. It can be assumed that the production of MIF
is more enhanced when the triggering agent of the inflammatory reaction is a microbial pathogen than when
it is a damage-associated molecular pattern (DAMP). Indeed, it has been shown that DAMPs and pathogen-
associated molecular patterns (PAMPs) activate the immune system differently, in particular, DAMPs produce
weaker innate immune activation than PAMPs, which also involves more pronounced production of inflamma-
tory cytokines in case of PAMPs*. In line with these findings in experimental models, the increased MIF levels
in multiple trauma patients were further elevated when an infection developed, suggesting that MIF may be an
indicator of secondary infection*®*.

The prognostic value of MIF is also a controversial issue. In the study by Beishuizen et al.'*, MIF levels tended
to be higher in septic shock patients who developed acute respiratory distress syndrome than in those who did not
(p=0.115). MIF levels seemed higher in septic shock than in severe sepsis in the fundamental study by Calandra
et al.'’®, but the difference between the groups was not significant. Furthermore, MIF levels did not differ between
survivors and nonsurvivors of severe sepsis'®, contradicting earlier reports about higher circulating MIF levels in
nonsurvivor sepsis patients'>!**°, and about its association with fatal outcome in sepsis®. In the present work, we
showed that MIF levels were significantly higher in the groups with worse prognosis, indicating that MIF can be a
useful biomarker to predict the severity and the outcome of the disease. It can be assumed that in severe forms of
sepsis an overt inflammatory reaction develops, which also involves a pronounced cytokine storm and excessive
production of MIE As a result, the pro- and anti-inflammatory processes become unbalanced, the inflammatory
response loses its adaptive biological function, and turns into an unregulated, destructive process, which is no
longer beneficial, but instead harmful for the host. The role of MIF can be crucial in the disruption of the pro-
and anti-inflammatory balance, because MIF counter-regulates the anti-inflammatory and immunosuppressive
effects of glucocorticoids® . Based on this scenario, it can be also understood, why neutralization of MIF with
antibodies improved the outcome in animal models of severe systemic inflammation'®**>>. Whether MIF can be
used as a therapeutic target and marker in septic patients, as proposed by different authors'®*®, remains subject
for future research.
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First author and

Blood MIF concentration (ng/l)

Sepsis nonsurvivors

Sepsis survivors

publication year SMD (95% CI) N, mean (SD) N, mean (SD) Weight %
i
Lehmann 2008 —P—: 0.01(-0.65,0.68) 14, 97885 (40694) 23, 97160 (55636) 8.61
1
Emonts 2007 + i 0.11(-0.37,0.59) 32, 560438 (2555100) 36, 364775 (291078) 10.09
Chuang 2014 —*—:' 0.43(0.08, 0.78) 44, 5492 (8672) 109, 2929 (4428) 10.99
Ameen 2016 ——’—:_ 0.43(-0.21,1.07) 17, 9060 (4470) 22,6903 (5341) 8.80
1
Brenner 2010 —0:— 0.56 (0.13, 0.98) 44, 20627 (32432) 43,7072 (11145) 10.45
1
Gao 2007 _‘1:— 0.62(0.05, 1.20) 19, 73480 (39820) 34, 53360 (27220) 9.32
Chuang 2007 —0:‘— 0.67 (0.24, 1.09) 31, 10987 (9329) 81, 5737 (7279) 10.49
Bozza 2004 —’:_ 0.70(0.06, 1.34) 16, 2567 (2430) 26, 1302 (1286) 8.79
1
Wiersinga 2020 —?—0— 0.94 (0.14, 1.75) 10, 43562 (21493) 19, 25177 (18446) 7.54
Beishuizen 2001 i —_— 1.86 (0.99, 2.73) 11, 18400 (4800) 21, 10200 (4200) 7.10
Meawed 2015 i —%— 2.63(1.87,3.40) 19, 14852 (2780) 33, 8953 (1870) 7.84
Overall (I-squared = 77.4%, p = 0.000) @ 0.75(0.40,1.11) 257 447 100.00
|
NOTE: Weights are from random effects analysis i
T T

-4

0

4

Sepsis nonsurvivor — survivor SMD in blood MIF level

Figure 6. Forest plot of standardized mean differences (SMDs) in blood levels of macrophage migration
inhibitory factor (MIF) between sepsis nonsurvivors and survivors. CI confidence interval, SD standard
deviation.

Some limitations of our study should be noted. Due to the nature of the meta-analysis method, we have
studied the reported mean MIF levels in patient groups, instead of MIF levels in individual patients. The latter
approach would certainly allow one to draw firmer conclusions about the association between MIF and the diag-
nosis and prognosis of sepsis, but that would require access to the original data of the analyzed articles, which
was not feasible. Due to lack of data, we could not perform a network meta-analysis to compare the performance
of MIF with other frequently used inflammatory biomarkers, hence we cannot make any comment on its real
value compared to others.

In our study, we compared blood MIF level in septic patients to that of either healthy controls or patients with
nonseptic systemic inflammation. This method can be useful to identify potential diagnostic biomarkers, but it
cannot be used to determine the diagnostic performance of MIE To evaluate diagnostic test performance, the
pre- and post-test probabilities are required, but “pre-test probability” amongst healthy controls is 0 (and thus
“post-test probability” is also 0). The diagnostic performance of MIF is likely to be lower when distinguishing
noninfectious systemic inflammation from sepsis, because of the smaller sample size (391 vs. 1115) and the lower
SMD (0.94 vs. 1.47) compared to the analysis of healthy controls and septic patients.

An ideal study would include patients who were clinically suspected of sepsis, and compare their MIF lev-
els with confirmed diagnosis of sepsis as this would allow assessment of the post-test probability of this test.
Unfortunately, the analyzed studies did not have such ideal design. There were only two studies which included
patients with suspicion of sepsis®**’, but those did not report the diagnostic performance of MIF only its good
performance for the prediction of mortality. In another study, MIF levels between septic patients and healthy
volunteers were compared and ROC curve analysis was performed, which indicated excellent sensitivity and
specificity for MIF (AUC of 0.99)%. Further, in patients with clinical diagnosis of sepsis, MIF levels showed good
performance in the prediction of positive bacterial cultures (AUC of 0.823)%.

For the assessment of diagnostic performance, the separation between positive and negative cases is important
as it indicates the potential for false positive and false negative results. This is best assessed by ROC curve analysis,
which requires individual patient data. As an attempt to perform ROC curve analysis, we extracted individual
patient data from eligible papers**~?’, and showed that blood MIF level has good diagnostic performance to
distinguish septic patients from healthy controls. However, we could not collect sufficient data to perform the
ROC curve analysis for the diagnostic value of MIF between infectious and noninfectious systemic inflammation
and for its prognostic performance. Therefore, to exclude the possibility that mean levels of MIF simply differed
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significantly between the cohorts examined, in future studies additional ROC curve analyses are warranted to
support our findings about the diagnostic and prognostic ability of MIE.

Another important issue with the comparison between sepsis and nonseptic systemic inflammation is that
in 3 of the analyzed studies'>'*!® the clinical severity scores were significantly higher in septic than in nonseptic
patients. Since we also showed that blood MIF levels are higher in more severe forms of sepsis than in less severe
forms (Fig. 5), it cannot be excluded that the difference in MIF levels between septic and nonseptic patients was
also influenced by the higher severity scores in the septic patients in some of the studies.

The studied population of patients was quite diverse and statistical, methodological, and medical differences
in study design could all contribute to the considerably high between-study heterogeneity (indicated by an I? of
70-90%), as observed in our analysis (Figs. 2, 3, 5, 6). To account for the presence of heterogeneity, we used the
random-effects model in all forest plots of our meta-analyses.

In the analyzed studies, blood MIF levels between patients’ groups were compared within the same study
and the difference was included in the forest plot. Since the reported MIF values differed substantially among
the analyzed studies, ranging between 121 ng/I** and 46,829 ng/1'® in healthy controls (Fig. 2), SMDs had to be
used to mitigate methodological differences in MIF level measurements. Consequently, in the present analysis
we could not determine a specific cut-off MIF level which would be a diagnostic or prognostic threshold in
sepsis. The most convincing method to obtain direct evidence for the diagnostic and prognostic performance
of MIF in sepsis would be to conduct high-quality, targeted clinical trials in a broad population of patients who
are clinically suspected of sepsis. Until such or similar trials are conducted, we are restricted to use different (not
so direct) approaches, e.g., meta-analyses. In the design of future studies, other classical and novel biomarkers,
perhaps in combination with MIE, may be also considered, for example, neutrophil CD64, which was superior
to procalcitonin for the identification of sepsis according to a recent meta-analysis®.

Despite the mentioned limitations, we believe that the size of the analyzed sample (N = 1876) was big enough
to mitigate the methodological differences among the studies, therefore we may draw, at least some, conclusions
about the potential diagnostic and prognostic value of MIF in septic patients.

Conclusions

To the best of our knowledge, this is the first meta-analysis to show that blood MIF levels could have diagnostic
ability to differentiate between infectious and noninfectious systemic inflammation and could have prognostic
value for the outcome of sepsis. Our results can also serve as an encouraging basis for the design of high-quality,
targeted clinical studies aiming to determine the real diagnostic and prognostic performance of MIF level meas-
urements in sepsis.

Data availability
All data generated or analyzed during this study are included in this published article and its supplementary
information.
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TABLE S1

PRISMA checklist
. . o Reported on
Section/topic # Checklist item page #
TITLE
Title | 1 | Identify the report as a systematic review, meta-analysis, or both. 1
ABSTRACT
Provide a structured summary including, as applicable: background; objectives; data
Structured o | sources; study eligibility criteria, participants, and interventions; study appraisal and 1
summary synthesis methods; results; limitations; conclusions and implications of key findings;
systematic review registration number.
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of what is already known. 1-2
Obiectives 4 Provide an explicit statement of questions being addressed with reference to 5
! participants, interventions, comparisons, outcomes, and study design (PICOS).
METHODS
Protocol and Indicate if a review protocol exists, if and where it can be accessed (e.g., Web
. . 5 | address), and, if available, provide registration information, including registration 2
registration
number.
Eliaibilit Specify study characteristics (e.g., PICOS, length of follow-up) and report
c rit% fia y 6 | characteristics (e.g., years considered, language, publication status) used as criteria 2
for eligibility, giving rationale.
Information 7 Describe all information sources (e.g., databases with dates of coverage, contact with 5
sources study authors to identify additional studies) in the search and date last searched.
Search 8 Present full electronic search strategy for at least one database, including any limits 5
used, such that it could be repeated.
Study 9 State the process for selecting studies (i.e., screening) and list the inclusion and 5
selection exclusion criteria.
cD:I}gction 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in 5
process duplicate) and any processes for obtaining and confirming data from investigators.
. List and define all variables for which data were sought (e.g., PICOS, funding sources)
Data items 11 ) L 2
and any assumptions and simplifications made.
Risk of bias in Describe methods used for assessing risk of bias of individual studies (including
individual 12 | specification of whether this was done at the study or outcome level), and how this 2
studies information is to be used in any data synthesis.
Summary - . - .
measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 2
Synthesis of 14 Describe the methods of handling data and combining results of studies, if done, >
results including measures of consistency for each meta-analysis.
Risk of bias 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., 5
across studies publication bias, selective reporting within studies).
Additional 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta- 23
analyses regression), if done, indicating which were prespecified.
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RESULTS

Study 17 Give numbers of studies screened, assessed for eligibility, and included in the review, 3 Fig. 1
selection with reasons for exclusion at each stage, ideally with a flow diagram. - 9.
Study 18 For each study, present characteristics for which data were extracted (e.g., study size, Table 1
characteristics PICOS, follow-up period) and provide the citations.
Risk of bias 19 Present data on risk of bias of each study and, if available, any outcome level Table S2
within studies assessment (see item 12).
Results of For all outcomes considered (benefits or harms), present, for each study: (a) simple 5: Figs. 2. 3. 5
individual 20 | summary data for each intervention group and (b) effect estimates and confidence  1gS. 2,5,5,
; ; . ) « o and 6
studies intervals, ideally with a “forest plot”.
Synthesis of 1 Present results of each meta-analysis done, including confidence intervals and 5; Figs. 2, 3, 5,
results measures of consistency. and 6
Risk of bias ’ . . .
across studies 22 | Present results of any assessment of risk of bias across studies (see Iltem 15). Figs. S1-S4
Additional 3 Give results of additional analyses, if done [(e.g., sensitivity or subgroup analyses, 5; Fig. 4;
analysis meta-regression (see ltem 16)]. Tables S3-S6
DISCUSSION
Summary of Summarize the main findings, including the strength of evidence for each main
; y 24 | outcome; consider their relevance to key groups (e.g., healthcare providers, users, 6-10
evidence ;
and policy makers).

Lo Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level i

Limitations 25 (e.g., incomplete retrieval of identified research, reporting bias). 9-10
. Provide a general interpretation of the results in the context of other evidence, and

Conclusions 26 implications for future research. 10
FUNDING
Funding 57 Describe sources of funding for the systematic review and other support (e.g., supply 12

of data); role of funders for the systematic review.
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TABLE S2

Quality assessment of the studies included in the meta-analysis using the Newcastle-Ottawa Scale

Study report Selection Comparability Outcome / Exposure Total score
Ameen et al. 2016 Fkkk * *x 7
Beishuizen et al. 2001 *kk *k *k 7
Bozza et al. 2004 Fkkk ** *kk 9
Brenner et al. 2010 *kk *x *k 7
Calandra et al. 2000 *kk * *x 6
Chuang et al. 2007 Fkkk * *k 7
Chuang et al. 2014 Fkkk * *x 7
de Mendonca-Filho et al. 2005 il *k ** 8
Emonts et al. 2007 Fkkk * *kk 8
Gando et al. 2007 *hx * ** 6
Gao et al. 2007 *xk * *kk 7
Kofoed et al. 2006 *kk *k ** 7
Leaver et al. 2010 Fkkk ** *x 8
Lehmann et al. 2001 *kk *k *k 7
Lehmann et al. 2008 *xk ** *x 7
Meawed et al. 2015 *hx * *x 6
Merk et al. 2011 *xk * *x 6
Miayuchi et al. 2009 Fkkk * *k 7
Payen et al. 2012 *kk ** *k 7
Pohl et al. 2017 *kk * *k 6

Wiersinga et al. 2010 *kk ** *k 7

A score of 7 to 9 indicates a good, a score of 4 to 6 a fair, and a score of 0 to 3 a low methodological
quality.
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TABLE S3
Sensitivity analysis of standardized mean difference (SMD) of blood macrophage migration inhibitory factor

(MIF) levels between septic patients and healthy controls

Study omitted Estimated SMD  95% Confidence interval
Beishuizen et al. 2001 1.3131386 0.83256066 1.7937164
Bozza et al. 2004 1.542878 1.0238485 2.0619075
Brenner et al. 2010 1.5268586 0.9980076 2.0557096
Calandra et al. 2000 1.4980285 0.97095335  2.0251036
Emonts et al. 2007 1.3799106 0.8725971 1.8872242
Gando et al. 2007 1.5613711 1.0528249 2.0699174
Gao et al. 2007 1.4433948 0.87894446  2.0078452
Kofoed et al. 2006 1.3892726 0.87214762  1.9063975
Leaver et al. 2010 1.5203255 0.98886555  2.0517855
Lehmann et al. 2001 1.4789149 0.94641781 2.0114119
Lehmann et al. 2008 1.4859716 0.93801826  2.0339251
Merk et al. 2011 1.3613919 0.85557604  1.8672078
Pohl et al. 2017 1.5072438 0.97631407 2.0381734
Wiersinga et al. 2010 1.5301822 1.0035641 2.0568004
None 1.4670072 0.9625479 1.9714665
TABLE S4

Sensitivity analysis of standardized mean difference (SMD) of blood macrophage migration inhibitory factor

(MIF) levels between septic patients and patients with systemic inflammation due to noninfectious causes

Study omitted Estimated SMD 95% Confidence interval
Beishuizen et al. 2001 0.72372264 0.4889625 0.95848274
Brenner et al. 2010 1.0167089 0.4488349 1.5845827
Lehmann et al. 2001 0.94416475 0.43312234 1.4552072
Lehmann et al. 2008 1.0349311 0.5354175 1.5344447
Meawed et al. 2015 1.0095743 0.45152059 1.567628
Pohl et al. 2017 1.0511286 0.51861775 1.5836395
None 0.94433918 0.5105363 1.3781421
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TABLE S5
Sensitivity analysis of standardized mean difference (SMD) of blood macrophage migration inhibitory factor

(MIF) levels between patients with more severe and less severe forms of sepsis

Study omitted Estimated SMD 95% Confidence interval
Beishuizen et al. 2001 0.73298991 0.35420334 1.1117765
Bozza et al. 2004 0.88733292 0.45857477 1.3160911
Calandra et al. 2000 0.89526081 0.48256442 1.3079573
Chuang et al. 2014 0.91881663 0.50963479 1.3279985
de Mendonca-Filho et al. 2005 0.84071708 0.40133503 1.280099
Emonts et al. 2007 0.79637277 0.3768 1.2159455
Gando et al. 2007 0.8657974 0.42823938 1.3033555
Gao et al. 2007 0.93599939 0.56038755 1.3116113
Meawed et al. 2015 0.75772506 0.35516757 1.1602826
Miayuchi et al. 2009 0.85059726 0.41473499 1.2864596
Payen et al. 2012 0.78183091 0.36327559 1.2003863
None 0.84135154 0.44536898 1.2373341
TABLE S6

Sensitivity analysis of standardized mean difference (SMD) of blood macrophage migration inhibitory factor

(MIF) levels between sepsis nonsurvivors and survivors

Study omitted Estimated SMD 95% Confidence interval
Ameen et al. 2016 0.79046631 0.4045704 1.1763623
Beishuizen et al. 2001 0.66525865 0.32198629 1.0085311
Bozza et al. 2004 0.76476264 0.37764108  1.1518843
Brenner et al. 2010 0.78628105 0.38203526  1.1905268
Chuang et al. 2007 0.77411079 0.36889201 1.1793295
Chuang et al. 2014 0.80348003 0.39395151 1.2130086
Emonts et al. 2007 0.82790214 0.45119721 1.2046071
Gao et al. 2007 0.77398223 0.3826614 1.1653031
Lehmann et al. 2008 0.82480216 0.45337233 1.196232
Meawed et al. 2015 0.55956095 0.3251034  0.79401851
Wiersinga et al. 2010 0.74225289 0.36428884 1.120217
None 0.75497058 0.40006185  1.1098793
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Standard error of SMD

Funnel plot with pseudo 95% confidence limits
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FIGURE S1. Funnel plot of the studies that were included in the comparison of blood

macrophage migration inhibitory factor (MIF) levels between septic patients and healthy controls

(n = 14, Egger’s test: p = 0.407). Here, and in Figures S2-S4, the dots represent results from

studies included in the corresponding forest plot. The triangular area is expected to harbor 95% of

data in the absence of publication bias. The average standardized mean difference (SMD) for all

studies corresponds to the “funnel axis” (vertical black line). A high degree of asymmetry in the

distribution of data relative to the funnel axis and significant Egger’s test (p < 0.1) indicate that

the results are likely to be affected by a bias.
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Standard error of SMD

Funnel plot with pseudo 95% confidence limits
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FIGURE S2. Funnel plot of the studies that were included in the comparison of blood macrophage

migration inhibitory factor (MIF) levels between septic patients and patients with systemic

inflammation due to noninfectious causes (n = 6).
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Standard error of SMD

Funnel plot with pseudo 95% confidence limits
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FIGURE S3. Funnel plot of the studies that were included in the comparison of blood macrophage

migration inhibitory factor (MIF) levels between patients with more severe and less severe forms

of sepsis (n = 11, Egger’s test: p = 0.815).
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Standard error of SMD

Funnel plot with pseudo 95% confidence limits
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FIGURE S4. Funnel plot of the studies that were included in the comparison of blood macrophage

migration inhibitory factor (MIF) levels between sepsis nonsurvivors and survivors (n = 11,

Egger’s test: p = 0.086).
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Distinct patterns of serum

and urine macrophage migration
inhibitory factor kinetics predict
death in sepsis: a prospective,
observational clinical study

Janos Toldi*?, Leonardo Kelava?, Sandor Marton?, Diana Muhl?, Peter Kustan?,
Zsolt Feher'?, Klaudia Maar*, Janos Garai’, Eszter Pakai'™ & Andras Garami'**

Macrophage migration inhibitory factor (MIF) has been considered as a biomarker in sepsis,

however the predictive value of the pattern of its kinetics in the serum and in the urine has remained
unclarified. It is also unclear whether the kinetics of MIF are different between males and females. We
conducted a single-center prospective, observational study with repeated measurements of MIF in
serum and urine on days 0, 2, and 4 from admission to the intensive care unit (ICU) in 50 adult septic
patients. We found that in patients who died within 90 days, there was an increase in serum MIF level
from day 0 to 4, whereas in the survivors there was rather a decrease (p=0.018). The kinetics were sex-
dependent as the same difference in the pattern was present in males (p=0.014), but not in females
(p=0.418). We also found that urine MIF was markedly lower in patients who died than in survivors of
sepsis (p <0.050). Urine MIF levels did not show temporal changes: there was no meaningful difference
between day 0 and 4. These results suggest that kinetics of serum MIF during the initial days from ICU
admission can predict death, especially in male patients. Additionally, lower urine MIF levels can also
indicate death without showing meaningful temporal kinetics.

Sepsis is a life-threating disease that develops when the host immune response to an infection becomes dysregu-
lated, thereby it damages its own tissues and organs'. The global burden of sepsis constitutes a challenge for the
patients and healthcare personnel, which is also indicated by the high incidence of hospital-treated sepsis cases
across all regions (189/100,000 person years) reported in 2020%. Moreover, the estimated death rate in septic
patients was as high as 26.7%, which was further increased to 41.9% when the patients were treated at the inten-
sive care unit (ICU). In the same year, another study concluded that the estimated burden of sepsis worldwide
is twice as much as what was thought previously®. Further increasing its burdens, sepsis was also associated with
greater rehospitalization rates and higher healthcare costs compared to matched hospitalized controls according
to a recent study”. The early diagnosis and assessment of severity could reduce the burdens of sepsis, which can
be achieved through the discovery of reliable biomarkers.

In our recent meta-analysis, we showed that the blood level of macrophage migration inhibitory factor (MIF),
a pro-inflammatory and immunoregulatory cytokine®, can be a valuable diagnostic and prognostic biomarker in
sepsis’. We found that blood MIF levels were higher in septic patients who had more advanced severity and did
not survive the disease. However, in most of the analyzed studies, the blood MIF level was measured only once
on a single day in the patients, which did not allow us to assess the temporal kinetics of blood MIF level during
the progression of sepsis and its association with the outcome of the disease. We identified only three studies, in
which blood MIF levels were measured and reported on at least two days in sepsis survivors and nonsurvivors®?,
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which were not suitable for proper meta-analysis. Importantly, their results were controversial. In one of those
papers, there was no meaningful difference in blood MIF levels between days 0, 2, and 5 in sepsis survivors
(p=0.196) and nonsurvivors (p=0.105)3, whereas in another study, high incremental increases in blood MIF
levels between days 1 and 2 were associated with higher mortality in severely septic patients’. In the third study,
serum MIF level seemed to increase on days 0 and 1 of the study, then it decreased by day 10 in both survivors
and nonsurvivors, however the statistical analysis of the temporal changes was not reported!’.

The kinetics of a biomarker incorporates the time-dependent changes in the synthesis, metabolism, and
elimination of the substance, which can show variations during the progression of a disease. In accordance, the
importance of biomarker kinetics has been recognized in sepsis, although its low investigation rate compared
to single time-point measurements was also noted'"!?. For instance, the kinetics of plasma procalcitonin was
superior to a single measurement for the prediction of death in septic patients'®. Similarly, the time-dependent
change in blood heparin-binding protein level was more accurate than its initial value for prediction of the fatal
outcome in sepsis'*.

In addition to the blood levels of MIF, urine MIF may also serve as a useful biomarker in inflammatory
diseases®, but to our knowledge its potential value as a predictor of the outcome in sepsis has not been inves-
tigated. Some studies showed a correlation between urine MIF levels and kidney injury in infectious acute
pyelonephritis'>%, in glomerulonephritis'’, and in renal transplant rejection'®, which may suggest that urine
MIF could be a useful predictive parameter of renal dysfunction, but data on urine MIF kinetics in septic patients
could not be found in the literature.

In the present study, we aimed at determining the kinetics of blood and urine MIF levels in septic patients
during the initial days from their admission to the ICU at the University of Pecs, Hungary.

Methods

Patients. Between January 2012 and May 2015, we enrolled 51 septic patients into this prospective, obser-
vational study from our ICU (Department of Anesthesiology and Intensive Therapy, University of Pecs, Pecs,
Hungary). Our study protocol was approved by the Regional Research Ethical Committee of the University of
Pecs (registration no.: 2406/2005; full date of first registration: 01/04/2005) and the study was performed in
accordance with the ethical standards in the 2008 Declaration of Helsinki. Due to the pure observational nature
of our study, further registration was not required according to the recommendations of the International Com-
mittee of Medical Journal Editors (ICMJE). Following the detailed explanation of the study procedure, written
informed consent was obtained from all study participants. All methods were performed in accordance with the
relevant guidelines and regulations.

Inclusion and exclusion criteria. Sepsis was defined according to the criteria of the 2001 International
Sepsis Definitions Conference’. Septic patients with elevated serum procalcitonin level at admission to the ICU
were enrolled in the study. Patients were excluded if they were under 18 years or above 85 years of age or if they
refused to participate in the study. Except for the measurements of MIF levels, the diagnostic and treatment
procedures were conducted according to the sepsis guidelines in the patients.

Data collection. Demographic data on age and sex were collected from all enrolled patients. Mortality
was followed up for 90 days from ICU admission. Laboratory parameters including serum concentrations of
C-reactive protein, procalcitonin, lactate, urea, and creatinine, as well as blood cell counts were measured on
days 0, 2, and 4 from ICU admission. On the same days, the urine concentrations of creatinine and total protein,
as well as the estimated glomerular filtration rate were also determined. The Sequential Organ Failure Assess-
ment (SOFA) score”, the Simplified Acute Physiology Score (SAPS) II*!, and the Acute Physiology and Chronic
Health Evaluation (APACHE) II score?” was calculated on admission to the ICU. Renal dysfunction was defined
as more than 50% increase in serum creatinine levels above the baseline according to the RIFLE (acronym indi-
cating Risk of renal dysfunction; Injury to the kidney; Failure of kidney function, Loss of kidney function, and
End-stage kidney disease) criteria®.

Measurement of MIF concentration. Urine and venous blood samples were collected for the measure-
ments of MIF levels on days 0, 2, and 4 from ICU admission. Blood was collected in Vacutainer serum tubes with
silicon coating as clot accelerator (Becton, Dickinson and Company, Franklin Lakes, NJ, USA), and it was kept in
the tubes at room temperature to clot for at least 60 min. Serum was collected after centrifugation at 1300 g for
10 min at room temperature, then it was aliquoted and stored at —70°C until the analysis. The levels of MIF were
measured in urine and serum by using standard enzyme-linked immunosorbent assay (ELISA) kits (catalog
number: DY289; R&D Systems, Minneapolis, MN, USA) according to the manufacturer’s recommendations as
in a previous study®*. All measurements were performed in duplicates. The plates were read at 450 nm by using
an iIEMS MF microphotometer (Thermo Labsystem, Beverly, MA, USA).

The rational for using serum samples was that serum MIF measurements were successfully used to inves-
tigate the biomarker role of MIF in septic patients by different authors before patient recruitment started into
our study®?. Although the use of serum (instead of plasma) MIF was later criticized?®, another study showed
no significant difference between plasma and serum cytokine levels, including MIF?, while more recently the
use of serum rather than plasma samples for MIF detection was recommended in clinical studies to prevent
interference from anticoagulants and maintain the consistency of research?. Nevertheless, since we used the
same sample type in all patients in the present study, the quantitative comparisons of the patient groups should
be appropriate based on prior recommendations®.
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When studying renal dysfunction, the levels of urine MIF were also calculated as ratios relative to the urine
creatinine level based on earlier studies'>'®.

Statistical analysis. The statistical analysis of the collected data was performed with the R software (ver-
sion 3.6.1; R Development Core Team, Vienna, Austria). The Mann-Whitney test was used to detect significant
differences in urine and serum MIF levels between survivors and nonsurvivors. In subgroup analysis, repeated
measures ANOVA was performed with either serum MIF or urine MIF as a dependent variable, while time and
either sex or age were the independent variables. To analyze whether temporal changes of MIF levels during
sepsis can have significant predictive value, the change in serum MIF from day 0 to day 4 was calculated, and
then the change was compared between survivors and nonsurvivors with the Mann-Whitney test. Frequency
tables for deaths were generated in groups with different patterns of MIF kinetics, and then the number of deaths
were compared with the Fisher test between the groups. The data are reported in the mean +standard error (SE)
format, unless specified otherwise.

Results

Patient characteristics. During the study period, 59 patients were eligible for the study according to the
inclusion criteria, but only 51 patients could be enrolled, because 8 of them refused to participate after they
received detailed information about the study. One patient had to be excluded, because the outcome could not
be recorded at the end of the 90-day follow up. We included data from 50 patients in the final analysis. The flow
diagram of the study is shown in Fig. 1. In the included patient population, sepsis was diagnosed post-surgically
in 33 cases (25 after acute and 8 after elective surgical interventions), while in the remaining cases without a
preceding surgery, pneumonia (n=10), pancreatitis (n=2), urosepsis (n=1), erysipelas (n=1), and unidentified
initial infections (n=3) were associated with sepsis.

The baseline characteristics of the 50 patients analyzed in the study are summarized in Table 1. The statistical
comparison of all parameters between survivor (n=21) and nonsurvivor (n=29) groups is also included in the
table. The 90-day mortality rate was 58% in this study population, which is comparable with recent data reported
in the literature®. The sex and age distribution of the patients were similar in the two groups, so was the number
of cases with renal dysfunction as assessed by the RIFLE criteria®>. Importantly, on the day of admission to the
ICU, we did not detect a significant difference in any parameters between the two groups, although, the SAPS
II and SOFA scores tended to be higher in nonsurvivors than in survivors (p=0.15 and 0.16, respectively), as it
could be expected.

Serum and urine MIF levels in sepsis on the initial days from ICU admission. Figure 2A shows
the median levels of serum and urine MIF in all septic patients on days 0, 2, and 4 from admission to our ICU.
On all days, the MIF levels were higher in the serum than in the urine with medians (and interquartile range,
IQR) of 2500 (1441-4015), 2255 (1638-3432), and 3209 (1761-4470) pg/ml in serum versus 965 (520-1905),
1013 (561-1813), and 845 (541-1783) pg/ml in urine, on day 0, 2, and 4, respectively. As in earlier studies'>!¢,
we also normalized urine MIF levels to urine creatinine, which did meaningfully impact the observed kinet-

59 patients admitted to the ICU, Clinical Center,
University of Pecs fulfilling the study inclusion criteria

Exclusions:

- 8 patients refused to

»| participate in the study

- 1 patient was lost to
follow-up

A\ 4

50 septic patients enrolled into the study

A\ 4 \ 4
29 patients died in 21 patients
90 days survived at 90 days

Figure 1. Flow diagram of the study.
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Survivors Nonsurvivors | All
Parameters (unit) (n=21) (n=29) (n=50) p value
Demographic characteristics
Age (years) 67+3 66+3 66+2 0.78
65 years old or older, n (%) 12 (57) 17 (59) 29 (58) 1.00
Female, n (%) 12 (57) 11 (38) 23 (46) 0.57
Blood test results
Red blood cell count (10'%/1) 3.7+0.1 3.5+0.1 3.5+0.1 0.17
White blood cell count (10°/1) 13.6+0.2 15.1+2.1 145+1.5 0.63
Neutrophil percentage (%) 12+2 14+2 13+1 0.68
C-reactive protein (mg/l) 232.4+28.1 2535+21.8 244.7+17.2 | 0.56
Procalcitonin (ng/ml) 23.62+10.99 | 40.22+10.19 33.86+7.60 |0.27
Lactate (mmol/l) 44+1.3 4.0+1.3 4.2+0.9 0.81
Creatinine (umol/l) 180.2+31.0 173.8+£23.1 176.5+18.5 |0.87
Urea (mmol/1) 13.7+1.8 15.6+1.7 14.8+1.2 0.47
Estimated glomerular filtration rate (ml/min/1.73 m?) 37.6+5.1 39.6+4.4 38.8+3.3 0.78
Urine test results*
Total protein (mg/l) 1193 £ 642 713+213 856+240 0.49
Creatinine (mmol/l) 45+1.0 52+0.8 5.0+0.6 0.61
Clinical status evaluation
APACHE II (score) 17+2 19+2 18+1 0.39
SAPS I (score) 40+4 49+4 46+3 0.15
SOFA (score) 8+1 10+1 10+1 0.16
Renal dysfunction, n (%) 13 (62) 16 (55) 29 (58) 0.77

Table 1. Basic demographic data, laboratory parameters, and clinical scores of the survivor and nonsurvivor
septic patients on the admission day to the intensive care unit. *urine samples for the present study could not
be obtained on the day of admission from 6 patients (1 survivor and 5 nonsurvivors). Data are expressed as
mean * standard error, except for the sex, elderly, and renal dysfunction ratio, where number (and percentage)
of patients is shown. APACHE, acute physiology and chronic health evaluation score; SAPS, simplified acute
physiology score; SOFA, sequential (sepsis-related) organ failure assessment score.

ics: the medians and (IQRs) of the urine MIF/creatinine ratios on day 0, 2, and 4 were 0.30 (0.15-1.34), 0.54
(0.19-1.28), and 0.29 (0.16-0.80) pg/pmol, respectively. The medians were not statistically different between the
days either in the serum or in the urine samples, even though there was a 28% increase in serum MIF from day
0 to day 4. The minimum and maximum serum MIF levels were also the highest on day 4 (478 and 7902 pg/ml,
respectively).

The influence of sex and age on the progression of sepsis was proposed in previous studies®'~*. Therefore,
next we studied whether the serum and urine MIF kinetics observed in all patients remain similar when the
patients are divided into subgroups based on sex (Fig. 2B), age (Fig. 2C), and survival (Fig. 2D). We did not find
statistical difference between males and females in serum and urine MIF levels on any of the days. In females,
the median serum MIF levels were 1979, 2495, and 3676 pg/ml on day 0, 2, and 4, respectively, while in males
the medians were 3252, 2217, and 3163 pg/ml on the respective days (Fig. 2B). Urine MIF levels did not change
meaningfully over time in either of the sexes. On all days the levels seemed somewhat higher in females than
in males, but the intersex difference did not reach the level of significance. The urine MIF/creatinine ratio did
also not change meaningfully over time in either sex, and it was not significantly different between females and
males on any of the days.

When patients were divided into younger (less than 65 years old) and older groups (65 years old and above),
serum MIF levels in the older patient group were 2000, 2368, and 3263 pg/ml on day 0, 2, and 4, respectively. In
the younger patient group, the medians on the respective days were 2969, 2142, and 2732 pg/ml. There was no
significant difference between the age groups on any of the days. The urine MIF levels did not differ meaningfully
in the elderly between the days, while in the younger patients there was an increase from day 0 to day 2 reaching
amedian of 1722 pg/ml (vs. 782 pg/ml in the elderly; p=0.028), then it decreased to similar median (871 pg/ml)
as in the elderly (819 pg/ml) on day 4 (Fig. 2C). The urine MIF/creatinine ratio was not significantly different
between younger and older patients on any of the days, and it did not change markedly over time in either age
group. Since the ratio was not significantly different (p=0.385) between younger and older patients on day 2 with
respective medians (and IQRs) of 0.56 (0.35-1.22) pg/umol and 0.32 (0.19-1.28) pg/umol, these results indicate
that the difference in urine MIF between the age groups on day 2 (Fig. 2C) was probably due to a difference in
general kidney functions and not due to a difference specifically in MIF excretion.

The median serum MIF levels did not differ statistically between survivors and nonsurvivors on days 0 and
2, however on day 4 serum MIF was significantly (p=0.039) higher in patients who died than who survived with
medians (and IQRs) of 3348 (2313-5961) and 2430 (1284-3691) pg/ml, respectively (Fig. 2D). These results sug-
gested different kinetics of serum MIF from day 0 to day 4 between survivors and nonsurvivors of sepsis. With
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Figure 2. The serum and urine levels of macrophage migration inhibitory factor (MIF) in septic patients on
days 0, 2, and 4 from admission to the intensive care unit (ICU). The MIF levels are shown in (A) all patients
and in patient subgroups of (B) females and males, (C) at least 65 years old and younger than 65 years, and (D)
deceased and survived. Here, and in Fig. 6A, the horizontal line within each box represents the median, the
bottom and the top of the box marks the lower and the upper quartile, respectively, which limit the interquartile
range (IQR). The vertical line below and above the box shows the minimum and maximum levels, respectively.
Outliers are shown with dots. The numbers below the boxes indicate the number of patients in each group. Note
that on day 0, serum MIF level could not be determined in 4 patients and urine MIF level in 6 patients due to
technical issues. *p <0.05.
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regards to urine MIF, the medians did not change meaningfully over time in either of the subgroups. However,
urine MIF levels were lower in patients who died than who survived on all days, which difference was significant
on day 0 (638 vs. 1355 pg/ml; p=0.046) and on day 4 (672 vs. 1005 pg/ml; p=0.032). Similar to urine MIF, the
urine MIF/creatinine ratio was not significantly different between the days in either subgroup. More importantly,
as in the case of urine MIF, the significant differences in the ratio were also detectable between nonsurvivors
and survivors on day 0 (0.24 vs. 0.50 pg/pumol; p=0.022) and on day 4 (0.24 vs. 0.80 pg/umol; p=0.003). These
findings suggest that the observed differences in urine MIF levels between survivors and nonsurvivors were pre-
sumably caused by differences specific to renal MIF excretion and not by differences in general renal functions.

The kinetics of serum MIF levels in survivors and nonsurvivors of sepsis after ICU admis-
sion. Serum MIF levels were significantly higher in nonsurvivors than in survivors on day 4, but they did
not differ on the day of ICU admission (Fig. 2D). Thus, we analyzed how the serum MIF levels changed from
the first until the last measurement in each individual patient, and then compared the kinetics between those
who survived and who deceased in sepsis (Fig. 3A). We included only those patients who had at least two serum
MIF level values on different days during their stay at the ICU (n=48), while 2 patients could not be included,
because they died before a second blood sample could be collected from them. We found that serum MIF level
increased in 15 of 27 deceased patients (~ 56%), while in the rest it did not change (n=7) or decreased (n=5). In
contrast with the dominance of the increasing pattern in the deceased patients, in the survivors the most com-
mon (~62%) trend was a decrease in serum MIF level (n=13), while it increased only in 8 out of the 21 patients.

In previous studies, an association between MIF and estrogen was indicated in inflammatory conditions,
since estrogen inhibited endotoxin-induced MIF production in murine macrophages*, and it decreased MIF
production in rat models of colitis** and trauma-hemorrhage-induced lung injury’. Furthermore, MIF plasma
levels were positively correlated with testosterone and negatively with estradiol in human patients®. Therefore,
we also studied the changes in serum MIF levels in males and females separately even though the subgrouping
lowered the number of patients in the analyzed groups (Fig. 3B,C). In males, similar kinetic patterns were present
as in all patients: the most common (50%) trend was an increase in deceased patients, while a decrease was the
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Figure 3. The individual pattern of serum macrophage migration inhibitory factor (MIF) kinetics in each
patient who had at least 2 measurements between day 0 and 4 at the intensive care unit (ICU). Red line indicates
an increase, while gray line shows no increase in serum MIF level in deceased and survived patients based on
data obtained from (A) both sexes, (B) females, and (C) males. The number of patients (n) is indicated in the
figure in each group.
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dominant (80%) trend in the survivors (Fig. 3B). In contrast with males, in females the kinetic patterns did not
differ meaningfully between survivors and nonsurvivors. In females, an increase in serum MIF was the most
frequent (~73%) in deceased patients, as well as in the survivors (~ 55%) (Fig. 3C).

For a more quantitative analysis of the serum MIF kinetics, in our next approach we also compared the mean
changes of serum MIF levels between day 0 and 4 in all groups (Fig. 4). In accordance with our observations
regarding the patterns of the kinetics, in deceased patients, the mean (+ SE) serum MIF level increased from
2997 £373 pg/ml on day 0 to 4394 + 646 pg/ml on day 4, whereas in the sepsis survivors serum MIF decreased
from 3137+ 576 to 2587 + 384 pg/ml during the same time interval (Fig. 4A). The daily change in serum MIF
level was significantly different between survivors and nonsurvivors, when we analyzed the data obtained from
both sexes (p=0.01) and from males (p =0.01), whereas there was no marked difference between the deceased
and survived groups in females (p =0.230) (Fig. 4B). The previously observed patterns were also reflected by the
mean daily changes in serum MIF, since an overall increase versus decrease was present in all and male nonsur-
vivors versus survivors, respectively, while in females there was on average an increase in both outcome groups.

The kinetics of urine MIF levels in survivors and nonsurvivors of sepsis after ICU admission. In
addition to serum levels of MIF, we also studied how the levels of MIF change in the urine after the admission
of the septic patients to the ICU. As mentioned before, the urine MIF levels were significantly lower in deceased
patients than in survivors on days 0 and 4 (see Fig. 2D). When we looked at the kinetics within the groups,
we found a small, not significant increase in both groups from day 0 to day 4: from 3021 +797 to 3457 +1016
pg/ml in survivors and from 1281 +340 to 1629 + 654 pg/ml in nonsurvivors (Fig. 5A). Importantly, the daily
change in the urine levels of MIF did not differ significantly between survivors and nonsurvivors (109+ 192 vs.
87+ 152 pg/ml; p=0.940) (Fig. 5B). There was also no significant difference in the daily change of urine MIF
levels between the outcome groups when we compared males and females separately (p=0.136 and p=0.228,
respectively). By analyzing the data obtained from both sexes, we found a strong positive correlation between
urine MIF levels measured on day 0 and on day 4 (Fig. 5C), suggesting that the level determined on day 0 can
predict the value on day 4.

The kinetics of urine MIF levels in septic patients with and without renal dysfunction after ICU
admission. Some studies showed that urine MIF can be an indicator of renal dysfunction associated with
different diseases'>~'8, but whether it has a similar indicator role in sepsis has remained unclear. Therefore, in our
next approach we compared urine MIF levels in septic patients who developed renal dysfunction and in those
who did not according to the RIFLE criteria®.

The median urine MIF levels seemed higher in patients with healthy kidney functions than in those who
had renal dysfunction on days 0, 2, and 4, which difference was the biggest on day 0 with medians (and IQRs) of
1268 (725-2626) pg/ml and 638 (461-1467) pg/ml, respectively (Fig. 6A). Importantly, however, the difference
between the groups did not reach the level of significance on any of the days. Normalization of urine MIF levels to
urine creatinine did not meaningfully impact the observed kinetics: the urine MIF/creatinine ratio seemed higher
in patients without renal dysfunction on days 0 and 2 with the biggest difference in the medians (and IQRs)
between patients with and without renal dysfunction on day 2: 0.29 (0.16-0.87) pg/umol and 0.65 (0.28-1.88)
pg/umol. However, the difference was not statistically significant between the groups on any of the days.

Between day 0 and 4 from ICU admission, the urine MIF level changed on average from 2694 + 686 to
2534+ 893 pg/ml in patients without renal dysfunction, while from 1774 +653 to 2658 + 918 pg/ml in patients
with renal dysfunction (Fig. 6B). There was no significant difference between the groups. The mean daily changes
in urine MIF levels were 220 + 157 pg/ml and — 40+ 191 pg/ml with and without renal dysfunction, respectively
(Fig. 6C), which were not statistically different between the groups even if the urine MIF/creatinine ratios were
used for comparison of the groups (0.01 £0.04 vs. —0.01 +0.13 pg/umol/day, respectively).

Discussion

Here, we present the kinetics of serum and urine MIF levels in septic patients on the initial days from ICU admis-
sion. We show that the patterns of serum MIF kinetics are different between patients who survived and who
died in sepsis. We report, to the best of our knowledge for the first time, that serum MIF level increased after
ICU admission in those patients who died in sepsis, whereas it decreased in the survivors of the disease. With
subgroup analysis, we detected intersex difference in the kinetics of serum MIF in sepsis, since the decreasing
trend in the survivors was present in males, but not in females. Moreover, we show that urine MIF level can be
a valuable prognostic marker of mortality in sepsis, as it was markedly lower in nonsurvivors than in survivors,
and it did not change significantly over time in either of the groups. We did not find a difference in the urine
MIF levels in association with the presence or absence of renal dysfunction.

Sepsis continues to constitute a serious burden for patients and a significant challenge for the healthcare
system even nowadays due to its high incidence, potentially fatal outcome, and substantial costs of care>*. One
way to mitigate the burdens of sepsis is to discover biomarkers, which can be used for the diagnosis and for
the prediction of the outcome of the disease. In accordance with that approach, a plethora of sepsis biomarker
candidates were proposed (for reviews, see***?), which also included MIF as a promising biomarker®. MIF is
a multifaceted cytokine playing diverse roles in the host immune response to infectious and non-infectious
stimuli®’. It underlines the importance of MIF biology in sepsis that variant MIF alleles have been linked to
altered MIF expression and Gram-negative bacteremia*!, and that MIF levels in sepsis have previously been
shown to correlate with APACHE II scores*2. Our recent meta-analysis suggested that serum MIF level can serve
as a valuable diagnostic and predictive biomarker in sepsis’. However, previous studies about its kinetics were
scarce and reported controversial results®'°, even though the importance of some other biomarkers’ kinetics in
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Figure 4. The kinetics of serum macrophage migration inhibitory factor (MIF) levels in septic patients at the
intensive care unit (ICU). (A) The mean absolute serum levels of MIF in all, deceased, and survived septic
patients on day 0 and 4 from admission to the ICU. (B) The mean daily changes of serum MIF levels in deceased
and survived patients based on data obtained from both sexes (top), males (middle), and females (bottom). The
number of patients (n) is indicated in the figure in each group. *p <0.05.
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Figure 5. The kinetics of urine macrophage migration inhibitory factor (MIF) levels in septic patients at the
intensive care unit (ICU). (A) The mean absolute urine levels of MIF in all, deceased, and survived septic
patients on day 0 and 4 from admission to the ICU. (B) The mean daily changes of urine MIF levels in deceased
and survived patients. (C) The correlation between urine MIF levels measured on day 0 and on day 4 from the
admission to the ICU. The number of patients (n) is indicated in the figure in each group.

sepsis has been recognized and investigated in recent studies'*****. To shed more light on the temporal changes
of serum MIF in sepsis, in the present study we report its absolute levels on the initial days after ICU admission
in septic patients, who were also divided into subgroups based on age, sex, and survival.

The serum MIF kinetics clearly differed between sepsis survivors and nonsurvivors after ICU admission,
since in the nonsurvivors serum MIF increased, whereas in survivors it decreased. Considering that we did not
always detect statistically significant difference between the outcome groups when only single measurements
were compared, the novel finding about the distinct kinetics indicates that repeated serum MIF level measure-
ments in the same patient can be better predictors of the outcome than single time-point measurement at the
ICU. Indeed, the significant prognostic value of MIF was not found in some previous studies, in which the
authors performed only one measurement of its serum level*~*". The increasing levels of serum MIF associated
with the fatal outcome can be assumed to be related to the progression of the disease. MIF is a proinflammatory
cytokine that promotes the immune response to defeat the pathogen®, which can explain why higher levels were
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Figure 6. The kinetics of urine macrophage migration inhibitory factor (MIF) levels in septic patients with and
without renal dysfunction at the intensive care unit (ICU). (A) Box plot of urine levels of MIF in septic patients
with and without renal dysfunction on day 0, 2, and 4 from admission to the ICU (for explanation of symbols,
see Fig. 2). (B) The mean absolute urine levels of MIF in septic patients with and without renal dysfunction on
day 0 and 4 from admission to the ICU. (C) The mean daily changes of urine MIF levels in septic patients with
and without renal dysfunction. The number of patients is indicated in the figure in each group.

found in patients with systemic inflammation in several studies (for review, see’). However, when the pathogen
load is excessive or the anti-inflammatory response is depleted, the proinflammatory response can be overtly
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activated and become harmful for the host. The gradually increasing serum MIF level may serve as a marker for
the excessively intensifying proinflammatory activity, which can be an early warning sign for healthcare person-
nel to initiate more aggressive treatments before fatal consequences develop. It should be noted also that MIF
is present in different cell types in pre-formed, intracytoplasmic pools*’~*2, thus its increasing levels may also
reflect escalating tissue damage and necrosis.

Interestingly, in survivor and deceased females the patterns of serum MIF kinetics were somewhat differ-
ent from males. In females, the level of MIF increased in both groups, though the extent of the increase tended
to be markedly greater in nonsurvivors than in survivors (p=0.13). Similar to males, the bigger increase also
developed in the deceased patients, which was, however, more pronounced in deceased females than males
(651+258 vs. 313+ 207 pg/ml) (for details, see Fig. 3B). Furthermore, in the survivors there was an increase in
females instead of the decrease observed in males. The intersex difference in the serum levels of MIF in the septic
patients can be due to the influence of sex hormones. In experimental models of inflammation, estrogen reduced
the production of MIF**%%%3 In accordance, MIF levels in the plasma were lower in female than in male healthy
human subjects®*”**. It should be noted, however, that estrogens were inactive when MIF was abundantly present
in one of the models®®, and that the difference in MIF levels between males and females was only present in the
younger than 55 years old age group in the study by Aliosi et al.*”. As part of the inflammatory response, MIF
is rapidly produced and released into the bloodstream in sepsis®, thus its concentrations can be high enough to
overcome the suppressive effect of estrogen on its production. With regards to age, in our study the average age
of the patients was 66 + 2 years and the youngest woman was 47 years old. It can be assumed that the majority of
the included females were already in the postmenopausal period, therefore had low estrogen levels. Indeed, in a
previous study the plasma concentration of estradiol in males were significantly higher than in postmenopausal
women®. Taken together, the abundance of MIF in the bloodstream in sepsis and the decreased estrogen levels
in postmenopause can serve as a hypothetical reason why the MIF levels increased in both survivor and nonsur-
vivor septic females to a greater extent than in males in our study. The intersex differences in serum MIF levels
in sepsis can be a contributing factor to the previously reported different prognosis between septic males and
females®. It should be mentioned also that the prognostic discrepancy between MIF levels in males and females
may have a genetics basis, which is supported by differences in the statistical association between variant MIF
alleles and sex in the inflammatory disease multiple sclerosis®.

Besides serum MIF, urine MIF level was also proposed as a disease biomarker®. Accordingly, its role was
studied in kidney injury due to a variety causes'>~'®*, but, to our surprise, we could not find data in the literature
about the kinetics of urine MIF in sepsis and its association with sepsis-related kidney injury. In the present study,
we show that urine MIF remains relatively constant on the initial days after ICU admission in both survivors
and nonsurvivors. Importantly, however, in the deceased patients it was markedly lower than in survivors. These
findings suggest that urine MIF can be an easily accessible biomarker for prediction of the outcome in sepsis. Due
to its relatively stable levels over time, a random measurement on any days could be possibly used in practice.
This is also supported by the finding that there was a strong correlation between the first and last measured levels
of urine MIF in the present study. An obvious question related to urine MIF is how its levels are influenced by
acute kidney injury, which is a common complication in critically ill patients at the ICU. When we compared
urine MIF levels between patients with and without renal dysfunction, urine MIF levels were similar in the two
groups on all days and there was no difference in the kinetics and overall change in its level over time. This is
in harmony with the results of an earlier study showing that the progression of renal injury was independent
from renal MIF expression in a mouse model of nephropathy™. Our results suggest that urine MIF can be used
as a predictive biomarker in sepsis independently from the kidney function, however, it does not indicate the
development of sepsis-associated acute kidney injury.

The lower urine MIF level in the nonsurvivors was an unexpected new finding, which requires discussion.
The increasing serum levels of MIF seem to contradict the lower urine MIF levels in patients who died in sepsis,
but it can be explained by the diverse source and complex role of MIF in inflammation. Besides immune cells,
MIF is produced in most cells in the kidney, e.g., tubular cells, podocytes, mesangial and endothelial cells (for
recent review, see®®). MIF is constitutively expressed in kidney tissues at low levels, but it is markedly upregulated
in disease conditions such as kidney inflammation®’. Urine MIF level showed an inferior correlation with serum
MIF in a previous study®, indicating that its concentration in the urine is not only influenced by clearance of
serum MIF, but also by its renal synthesis. Furthermore, it should be mentioned that differences in protein perme-
ability through the glomerular basement membrane and in protein reabsorption by tubular epithelial cells may
be also associated with urinary excretion of MIF in nephropathy®. The lack of correlation between serum and
urine levels of MIF can also explain why higher serum levels were not accompanied by increased urine levels in
nonsurvivors in the present study. Renal MIF was shown to possess a renoprotective function in different kidney
diseases, also including acute kidney injury®*-. Since the urine MIF level in sepsis survivors was higher than
that of deceased patients in the present study, it can be speculated that the endogenous renoprotective effect
of renal MIF was attenuated in the nonsurvivor group, thereby indicating the increased severity of the disease.
While the described scenario might be a possible explanation for our current findings, it should be mentioned
that a causative role for MIF in the development of kidney injury was also proposed by previous studies®”-*’.
The disease context and the different roles of MIF in disease pathogenesis were suggested as the causes for the
contradictory (i.e., renoprotective vs. detrimental) roles in the different studies®*. Future studies are warranted
to reveal the exact function of renal MIF in sepsis.

Limitations of our study must be also mentioned. Our sample size was relatively small, which resulted in low
number of patients after dividing the population into multiple subgroups (e.g., survivor males and females). The
patients were enrolled at a single clinical center in the present study, thus further studies at multiple (prefer-
ably international) centers are needed to improve diversity of the patients and allow for conclusions in broader
population. In the present study, we focused on patients admitted to the ICU, however, it would be also important
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to see how MIF kinetics develop in septic patients before the ICU admission, which could help physicians to
get an insight about the prognosis at an earlier stage of the disease. Lastly, we did not correlate the kinetics of
MIF levels with other biomarkers, therefore the prognostic performance of MIF could not be compared with
other markers. However, Kofoed et al.”° showed that MIF performed similarly as procalcitonin, C-reactive
protein, and neutrophil count in the detection of a bacterial cause in systemic inflammation as indicated by the
areas under the receiver operating characteristics curve (AUROC) of 0.63, 0.72, 0.81, and 0.74, respectivelym.
In the same study, the measurement of combination of all these four with two other biomarkers (suPAR and
sTREM-1) was found to be more useful (with AUROC of 0.88) than that of the single markers. In another
report, plasma levels of MIF, procalcitonin, interleukin (IL)-6, -8, -10, and thioredoxin were elevated in patients
with systemic inflammation, however, in neutropenic sepsis, MIF and thioredoxin levels were lower, whereas
IL-8 and procalcitonin levels were higher compared to sepsis without neutropenia’’. Since no correlation was
found between MIF and leukocyte cell counts in that study’!, the authors concluded that the severely reduced
leukocyte number was unlikely to cause decreased MIF levels in the neutropenic patients. In contrast, there was
a trend toward a positive correlation between MIF levels and leukocyte counts in another study, which finding
was in agreement with the authors’ observation of low MIF levels in a neutropenic patient'®. With regards to the
prediction performance of fatal outcome in sepsis, the AUROC was found to be 0.79 for MIF and 0.68 for IL-67%.
Significant correlations were shown between MIF and IL-6 levels and disease severity scores in septic patients,
whereas no relation was found between MIF and markers of the acute phase response (procalcitonin, C- reactive
protein, and lipopolysaccharide-binding protein)”®. Finally, in certain infections, the serum level of MIF was
a better biomarker than C-reactive protein or IL-6 for predicting death’. Taken together, the investigation of
the exact correlation of serum and urine MIF level kinetics with those of other biomarkers remains subject for
future studies. Nevertheless, based on the present and previous findings, the changes in MIF levels alone or in
combination with other biomarkers can be useful in the diagnosis of sepsis and in prediction of the outcome.
For example, it was proposed that the continuous and combined monitoring of MIF and procalcitonin levels
may be useful to distinguish patients suffering from post-burn inflammation from those that will develop fatal
systemic inflammation or sepsis”.

To the best of our knowledge, this is the first study that reports the kinetics of serum and urine MIF in septic
patients admitted to the ICU. In summary, we showed that an increasing serum MIF pattern was characteristic
for patients who died in sepsis, whereas the level was rather decreasing in those who survived. Intersex differ-
ences in the serum MIF level kinetics were also revealed. Last, we showed that urine MIF level was not associated
with renal dysfunction and it was lower in nonsurvivors than in survivors of sepsis. Despite of its limitations,
our study highlights the biomarker value of serum and urine MIF kinetics for the prediction of the outcome
of sepsis. Our results can also serve as an encouraging basis for designing future studies at multinational level,
which are required to determine the real prognostic value and clinical feasibility of repeated MIF level measure-
ments in septic patients. The aims of such desirous studies could be also extended to investigate the role of the
MIF congener MIF-2, which signals through the same cognate receptor (CD74), and measures of sCD74, both
of which have been measured in clinical studies of other conditions*>7%7”.
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