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1. Introduction
1.1. Sepsis

The condition has long been deemed to be difficult in its diagnosis and treatment. Even
dating over 2000 years back, sepsis has already been described by historians and
philosophers alike. In the present daydefinition for sepsis is still a constantly evolving
work in progres$1], hotly debated in order to facilitate physicians in identifying and treating
this critical illness. While many advances have been made in modern medicine, the

mechanisms of disease and definitive treatment options remain elusive.

Earliest understandirgjof sepsis can be summarized as blood pois@ningi KS 062 R& Qa
response to an infectiowith massive release of cytokinebhis knowledge is still reflected

in the present day definitions where inflammation is a hallmairkhe diseasend

laboratory valuesignal the bod@ & NI | RdustiBgaa attdck. The progression of the
disease eventually leads to organ failures and death. There is no simple diagnostic tool for
sepsis. Other than treating the infection, most therapy options are largely supportiee. T
prevalence of sepsis has gone up in the developed varttiits mortality rate rivals thadf

myocardial infarctiorj2].

Despite advances in currentedical therapies, the prognosis remains pdgapsis is

associated with a mortalitsate at aroundl0¢ 20 % this increases dramatically widevere
sepsis (2@ 50 %) and septic shock (40 %) 3]. These extremely ill patients with severe
sepsis and septic shock are the focus in this thesis. Efforts are continuously being made to
improve the outcomes for this patnt population. Despite being a significant challengés t
mysterious and fascinating illness is of great interest in the field of critical care medicine, a

reflection of the complexities of the human immune system.

1.2. Seleniunand oxidativestress

Critically ill patients, such as those suffering from severe sepsis, have considerable oxidative
stress[4], a major promoter of systemiinflammation and organ failure through the
production of excessive free radicals or a depletion of antioxidation defense mechanisms.

Exogenougantioxidant supplementation helong beenpracticed by physicians when



treating critical illnesses, whidias shown some positive effects especiilythose at high
risk of death5]. Selenium, amongther vitamins and trace elements, is one sucéliw

known antioxidant.

¢tKS 02ReQa ol GhaGrtAz2y 2F FYGA2EARIYG RST¥Syas
catalase and glutathione peroxidase, which require trace elements for a functional enzyme

to mop up free radical species in protecting cells froxidative stres$6]. An inflammatory

state also causes a loss of the intestinal mucosal integrity, which impairs absorption of

essential nutrients in combatting oxidative str¢gk The serum concentrati@of trace

elements suffer a significant decrease during sepsis and severe ilimessemain low for

quite a period of timd8]. This trace element deficiency in sepsis patients may simply be a
reflection of malnutrition but whether supplementation reduces mortality is unclear.

European ICUs tend to be more liberal atatth Americans more restrictive in

administering trace elements to their patierig.

1.3. Immune function during sepsis

Canadian physician Sir William Osler was a pioneer in modern medicine and made the
observation thatpatient with sepsigdid not die from the disease itself, but rather, from the
206y 02ReQ&a Y2dzy i SR A Y YTdiyiSa dedblad €dged swestheére2a Ay FS O
suitably mounted immune response is essential in getting rid of an infection, but on the

other hand, too much inflammation causes irreparable damage to the [A0kt

As discoveries are being made about the complex disease evolution in sepsis, the systemic
inflammatory response syndrome (SIRS) remains a hallmark of the diagrosientails the

innate immune systerbeing overactivategwherea pro-inflammatory cascadensues,
triggeingO@ 12 1 Ay ST OKSY21AySsT O02YLX SYSYy(l IyR YSRA
against infectiorf11]. More recently in the literature, the opposite phenomenon of SIRS has

been increasingly describegdan inhibition of the immune system known as immune

paralysis or compensatory antiflammatory response syndrome (CARIR) 13]. In fact, at

the onset of severe sepsis, the immune system appeabe in a state of anergy which

poses a significant susceptibility to sedary infections in these already critically ill

individualg[14]. Lymphocyte apoptosis and a shift from theTf#tbminated to the TE-



dominatedstate contribute to this immune paralysis. The interplay between
hypoinflammation and hyperinflammation in the pathogenesis of sepsis is poorly
understood. In fact, a third theory suggests that both these mechanisms are concurrently at

play, known as the med anttinflammatory response syndrome (MARS]].

There are many unknowns in the disease process. Whether mortality is attributed to the
uncontrolled preinflammatory response or rather the later immunosuppressive state makes
therapy decisions extremely difficult. The immune response can be desirabé&tronental

at different stages of sepsis. Depending on the inititdctionfocus, different arms of the
innate and adaptive immune system can be recruited, including a compigork of

mediators and regulatory mechanisnitese small signaling molecsilthat are released by
lymphocytes are called cytokineBhey are implicated in all aspects of the cascade resulting
in inflammation and are released by specific cell types as well as short lived. Therefore,
cytokine levels can often provide an accuratepshotof the degree of immune system

activation.

1.4. Selenium as possible immune booster

Selenium is a&ital nutrientwith immunological, antioxidant and artiflammatory

properties which is also the cornerstone of the antioxidation defense mechafii$in
Selenoenzymeglay an important rolen oxidationreductionsignalng, free radical

scavenging and immursystemresponseg17]. There have been many systemic reviews

and metaanalyses which demonstrated poséiwmortality benefits of selenium in sepsis
patients, especially at higher intravenous dosades; 19, 20, 21, 22, 23]. Nevertheless, the

most recent and largest randomized controlled prospective trial on selenium monotherapy
in severe sepsis (SISPCT) did not find improved survival as compared to the placebo group
[24].

Despite many selenium supplementation studies in sepsis patients having examined
mortality as an endpoint, our aim was to elucidate the effects of selenium on immune
function [25]. With the help ofa conventionalimmunecytokine assaysing whole blood

samples from sepsis patientae can uncover and monitor the immune functiomatltiple

time points during the disease course.



1.5. Scope of Study

Building on the results of previous trials which have largely yielded no mortality benefits
from sodium selenite in severe sepsis patients in the intensive care sgitisgour intenton

to further elucidate possible immunological effects of this medication. To this end, we
centered our study based on three key questions. The first being whether selenium
administration alters the immune capabilities in this critically ill patient pojpamawith

known severe immune dysregulatioBecondly, we hope to uncover potential differences in
the various immune pathways through examining key cytokine responsesadingrse
selection ofstimuli. The third question is whether certain tendenciesvards hypo or
hyperinflammatory states can be associated with early disease progression, using time

points over a threeveek course.



2. Materials and methods
2.1.TrialDesign
2.1.1. SISPCStudy

The patient population at our hospital wascruited under the larger randomized clinical

GNAFE atfl OSo2 /2yUNREfSR ¢NARIFE 2F {2RAdzY { S
¢ KSNI LI Ay §ISREmtpsB/clificaliridts heviEt2/show/NCT00832039where

33 Germanhospitals participated in. Primary and secondary outcomes \&aedyzedn this

double blinded study t@xaminethe effects othigh dosesodium selenite infusions and

procalcitonin guideantimicrobialtherapy on the mortality and morbidities of sepsis

patients in an intensive care setting. The enrolment period was from November 2009 until
June2013with a 90day followup period. Theprimary end point was mortality at 28 days

and secondary outcomes includ8@dayall-causemortality, secondary infections, days

without intervention, cost ofantimicrobial anddays withoutantibiotic use

2.1.1.1. Inclusion and exclusion criteria

For enrdment in the SISPCT study, patients were stringently evaluated based on detailed
predetermined guidelines which qualify them for either severe sepsis or septic Shoek.
sepsis diagnosis can be made watlaboratoryproven infectionfocus or a high degree of
clinical suspiciom combinationwith at least twoof the SIRS criteria, as listed in Table 1
below. Sepsis definitions have since undergone two rounds of updates internationally and
the criteria discussed in the SISPCT studgweased on the most up to date guidelines at
the time of study desigr5IRSvith an infection focusn combination with acute organ

failure was defined as severe sep&psis inaddition toarterial hypotension or need for
vasopressouseafter aggressie and sufficienfluid resuscitatiorwas defined as septic

shock


https://clinicaltrials.gov/ct2/show/NCT00832039

Table 1. Criteriafor sepsisand related conditions.

Condition Definition

At leasttwo of the following conditionpresent
1 Hypothermia(<36°Q or hyperthermia(> 38°G¢
1 Tachycardig> 90 bpmn)
1 Tachypned> 20/min) or PaC@< 3 mmHgor
mechanical ventilation
1 LeukopeniaWWBC < 4000 cells/mbor leukocytosis
(> 12000 cells/mr) or > 10% immatureells

Systemic inflammatory
response syndrome (SIRS

Sepsis SIR&ndconfirmed or presumed infection.
Severe sepsis Sepsiwvith organ dysfunction.
Septic shock Severe sepsigith refractory hypotension.

Multiple organ dysfunction

Evidence of more than two organ systems failing.
syndrome (MODS) g y g

Adapted fromthe dissertation of Lars Sudhd#6] and the1992 ACCP/SCCM Consensus Conferency
definitions[27].

Mechanical ventilationife. Intubated patients) overrides the criteria of an increased
respiratory rate or decreased Pa£Doqualify for severe sepsis or septic shock, patients
need to additionally demonstrate at least one dysfunctional organ system on top of sepsis.
The specific criteria are listed below in Table 2 and were made by the admitting medical
team.In order to qually for the study, patients must be enrolled within 24 hours of their

severe sepsis or septic shock diagnosis.

Exclusion criteria of the study included pregnancy, lactation period, selenium intoxication,
use of antibiotics for other chronic causésscontinuation of therapyterminal or palliative
diagnosis, severe immune compromi§D@+ counts < 200/mhor neutrophils < 500/mr¥),
medication induced immune compromisiee( after organ transplanbn), clinical trial
involvementin the pastmonth, ealier participation in SISPCT or personal relations to the

principal investigator.



Table 2.Severe sepsis and septic shock

Clinicaldiagnosis Criteria
Severe Acute encephalopathy Pathologic alteration of global mental statimsthe
Sepsis absence of structural disease or substance use.

Thrombocytopenia Thrombocyts XX ™ n n ondacrease ih thrombocytes
> 30% within 24 hourwith no acute blood loss

Renalinsufficiency Urine2 dzii LJdzi XX witkbgrleqivatefiuitl iBfusiin
for over an houor serum creatininéncreasex H | d
the reference range.

Metabolic acidosis Basedeficit >5 mEg/lor serumf | O (i 1.5(aBoveke
referencerange.

Arterial hypoxemia Arterial oxygen partial pressure10 kPa (75 mmHgh
room airor HorowitzindeXX oo {1t I ithpn
supplementabxygennot due topre-existingcardiac or
pulmonaryconditions

Arterial hypotension |{ @ 4G 2f A O o0f 2 2 R otiEhadedaNB
pressureX T n Y ¥ 1 Bburd@edpitdadequatefluid
resuscitationwithout other causes for circulatory shock.

Septic shock Diagnosis of SIR®&d

proven or presumedhnifectious originrand
Laidz2tA0 o0f22R LINEaa dtdeblS
pressureK T n Y ¥R Bburdéespite adequatdiuid
resuscitationand necessitates vasopressor use.

To be enrolled in the SISPCT trial, patients had to have severe sepsis or septic shock as well as meet the
aforementioned inclusion criterighdapted from the dissertation of Lars Sudh@f].

2.1.1.2. Informed consent

Written informed consent for the SISPCT study was obtained from 76 patierdlied at

Munich University Hospitallhe study protocol was approved by the University of Jena

Research Ethics Committee with loaatendments (Eudr&FNr. 200700433342).1n the

Ol 4S8 ¢ KSNFB (i Kwas indpairedl Snyf ao@idichl praxydiaees identified, a
LI2aAGAGBS RSOtIFINIGAZ2Y FNRBY | OSNIUAFASR LIK&aaC

obtained.This can be overturned once the patiemasagain capable or a substitute decision



maker was available. In case of refusal, no furttesa collection or follow up was

performed.

2.1.1.3. SISPCT protocols

Thetwo solutions placebo or sodium selenitejere administered immediatelfpllowing
enrolmentfor the entire stay in theintensive care unitThe randomization process was
coordimated centrally in a double blinded fashion. Initialiybolus was administered over 20
minutesthroughthe centralline consisting okither 1000 pg of selenium, sodium selenite
pentahydrate (selenase® T pngection, biosyn Arzneimittel GmbHellbach, Germany) in
aqueous 0.9 % sodium chloride solution (50 ml total volume) or the 50ml aqueous 0.9%
sodium chloride solutionThe same concentratiowas then giverslowly at1000 pg of
selenium over 24-hour period or alternatively, the sodium chide placebo solution. The

continuous infusion lasted until discharge from ICU or for maximally 21 days.

All other treatment decisions were made at the discretion of the medical team based on
individual circumstances such as parenteral nutrition, antiali@l or corticosteroid

therapy. Patient clinicand laboratory parameters were recorded throughout the duration

of the ICU stay, to a maximum of 21 days. Additional follow ups were conducted at days 28
and 90.Patient Bood samplecollection took placen days 0, 1, 2, 3, 4, 5, 6, 7, 10, 14, and

21. Study sample collections and interventions were carried out in addition to the routine

care of the patients.

The nonselenium part of the SISPCT study involved independently assigning patients
randomly to éther the procalcitonin guided antimicrobial therapy group or the control
group. The details of the PCT algorithm, where plasma procalcitonin levels directed
antimicrobial therapy, can be found in the original study. For the purposes of the present
immunefunction study discussed here, procalcitonin measurements were independent of

the selenium administration protocaind will not be further elaborated upon



2.1.2. Immune function assays

Asan extensiorof the SISPCT study, we recruited a total of 76 patientair center from

June 2011 till February 2013 to participate in the immune function study. The randomization
process was identical to that in the larger trial and additional blood samples weeeteall

for cytokine stimulation assays. In our cohahte centrally coordinatedandomization led

to 40 patientsreceivingsodium selenite and 3@ceivingplacebo.

2.2. Cytokingesponses
2.2.1. Patient blood collection

Blood samples were collected from an arterial catheter in most cases, if that was not
available, blood was drawn from the central venous cathdisrvivo whole blood samples
for the cytokine assayseretakenon days 0, 4, 7, 14, and 21. Routine bloodwaakied

out on the ICU by the treatment team was carefully documented and also made available
anonymously for the studyn each case, 9ml ghltient blood was drawn into a lithium
heparinized tube ($onovette® 9 ml, LithiuAdeparin, 92x16 mm, SarstedGA& Co.,

Numbrecht, Germany) and taken for further processing.

2.2.2. Whole blood stimulation

From the whole blood in lithiusheparnized tubes, 400 ul was transferred under aseptic
O2yRAGA2YAEA AyG2 GdzoSa O2y Gl AyAy3 nnn xf 2F 5
Nutrient Mixture F12 HAM, Sigm&ldrich, Steinheim, Germany) and the various immune

stimulating agentsAs a control grop, the basal cytokine release response was measured

without any addition ofnciting antigens. The total volume in each tube was 800

Pokeweed mitogen (PWM) (Sigmddrich, Steinheim, Germangdrongly activates B and T

cell division in a receptor independent mannkipopolysaccharide (LPS) (E.coli serotype

025:B6 Sigmaldrich, St. Louis, MO, USAaisintegral part of the outer gramegative

bacterial membrane and induces in animals a profimmune cascadé&horbol myristate

acetate and lonomycin (PMRA (SigmaAldrich, St. Louis, MO, USA) stimulates cytokine

production in immune cells through the protein kinase C (PKC) signaling pathway. A



CD3/CD28 mixture (Becton Dickinson, Franklin Lak&sUSAjonsisted ofT cell receptor
ligandswhich bind to major histocompatibility complexes on accessory.a&tliditionally,
influenza (1% Influvac, Solvay, Hannover, Germaag}ebal (1% Boostrix, GlaxoSmithKline,
Munich, Germany), fungal (Canditysate, Allergopharma, Reinbeck, Germany), and viral
(CMV, EBV mixture, ABI, Columbia, SC, USA) stimulants wenseadsa our study as

inciting agents[25]

2.2.3.Assayanalysis

Incubation ofsamples took placdor 48 hours abody temperature 7°Q and the
supernatantwassubsequentlyfrozenat minus80°Cfor future analysis. For the processing at
a later time point, samples were thawed and 200 pl of the supernatant mixture was
withdrawn. Thenumberof cytokines in the solution were analyzed using Luminex XMAP®
technology Bioplex®and commerciallysoldreagentsmade byBioRadLaboratories Inc.
(Hercules, California, USiA)accordance witmanufacturer instructions. The readouts were
processedvith softwarefrom Bioplexandhad asensitivity thresholaf 2pg/ml foreach

analysis[25]

2.3. Statistics

2.3.1. Data collection

Clinical and laboratory data were recorded initially without identifying information using
SPSS (IBM Crop., New York, USA). Day 0 was defined as garttrokinclusion into the
studyuntil 72 Q O the fallpwing day and blood samples were taken as soon as possible
following enrolment. Disease scores were also calculated and recorded as a reflection of
patient illness severity including the Simplified Acute Physiology Score SA&®3dLigan
Physiology And Chronic Health Evaluation APACHE Il at Day 0. Cytokine data were included
in the database upon completion of the assays. For concentratioder the assay

sensitivity thresholdthe detection limit was used to enable statistic cédtions.
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2.3.2. Data analyshallenges

The overall goal téinvestigate whether the evolution of the marker values over time was
different in the two treatment groups, selenium and placélja5], presents a significant
statistical challenge due to missing data points. Given the nature of our patient population
and the experimental settings, thexeas significant attritiorin the 21 dayss patients pass
away orgot transferred to the normal inp&nt ward There was alsd@otentially strong
correlation of the measurements within patients, there were individuals with very high
average values and individuals with very low average val2e$. We had a sample size of
76 at day 0, this number dreed significantly by the end of the study at da¥, to only 17
patients. Those patients who passed away represented a population that was likely more
severely diseased and those patients who were well enough to leave the ICU likely
represented milder disease severiti@€#. isalsoimportant to note that these missing values
in this cohort were not completelgt random.Moreover, the measurements of each
individual were usually noticeably correlated over time (i.e. with progressions in a more
similar range to each other on averagathmeasurements from another person). Given this
correlation, standard linear regression could not be used to model this data. Selecting an
appropriate statistical approach to accurately model the evolution of the datapoints over
time while taking all thes aforementioned considerations into account required advanced

statisticaltools.€ [25]

2.3.3. Generalized least squares (GLS) models

In consultation with colleagues from the biostatistics department at our university, we

decided to examine thétreatment effect on immune function over time Higting

generalized least squares (GLS) models with an unstructured correlation Ef@BiXT his

approach providd the benefit of accounting for a certain degree of correlation between the
residuals in the regression to avoid a potentially misleading inference. This method also

avoided having to impitate or exputate missing values, which would cause significant

skewing given our relatively small sample sifge statistical software R was usédhe R

Fdzy OlA2y w3ataQ FNRBY GKS w LI O1F3IS WyYESQ ¢l a
successively wht treatment and time (coded as factors) as well as their interaction as

covariates. An assumption was made that the probability a missing value was determined by

11



the last observed valuas[25] This is realistic in our situation, for example, when a patient
was recovering from sepsis, the laboratoglues would tend to progressively trend

relatively to previous values. This means we could yield a valid inference without imputation
of the missing values. Additionally, correlations between measurements of each patient

were accounted for.

aThe logransformation log(1+x) was used to better approximate normality as there were

values close to zero. For each marker, the global null hypothesis of no interaction between
treatment and time was tested using a likelihematio test as implemented in the Rriction
WEy20FQd ¢KAA Fylfteaia ol a NBLSFISR F2N nu R
YSIFadz2NBR Oeid21AySad | 2t YQa LINROSRAZNBE g & dza S

analysesvere conducted with R (versidh3.1)¢ [25]
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3. Results
3.1. Study population
3.1.1.Overallpatient characteristics

As a part of the larger clinical trial SISPCT, we recruited a total of 76 patients to be included
in the immune function substudy at our intensive care units. Seven of which were either lost
to follow up or retracted consdrby the end of the90-day studyperiod. Six patients (8%)

had a diagnosis of severe sepsis and 70 patients (92%) had septic shock at enrolment. 41
patients (54%) were admitted through the medicine service {sorgical) and 35 patients
(46%) were admittedlue to a primarily surgical intervention. Of the surgical patients, 27
(36%) underwent unplanned operations and 8 (11%) were scheduled (elective and non

elective) operations.

Most common admission criteria included pneumo($8%) intra-abdominal infetons
(19%)and urosepsi$7%) Approximately half of the patients had a microbiologically proven
infection,from these 54% wergramnegative bacteria in origir8B8% granpositive, and 8%
viral. The vast majority of whiof®6%)hadreceived antibiotics testudy begirand half had
been started on hydrocortisone therapy (routinely used in septic shock patients who are

hemodynamically fragile).

In terms of patient outcomes, 26 (35%) required renal replacement therapy at some point
during the ICU stay. The average number of days spent on the ICU was 11. The mortality rate
of this subgroup while undergoing critical care was relatively low at 13%ati@nts) and the

90-daymortality ratewas 20% (14 patients).

3.1.2 Comparing the selenium and placebo groups

With a grand total of 76 patients included at our hospitd,receive infusions osodium
seleniteand 36 sodium chloridesolutionsthrough the SISPCT studyndomization(Table3).
The attrition rate over thel-dayperiod was comparable in both groups. The selenium arm

began with 40 patients and dropped to 33 (at day 4), 24 (at day 7), 16 (at day 14), and 8 (at

13



day 21) respctively. In the placebo arm, the 36 patients at enrolment went down to 28 (at
day 4), 26 (at day 7), 16 (at day 14) and 9 (at day 21) respectively. Age, gender, weight, and

height comparisons are listed also in the table below.

Table 3.
Comparison of patient characteristics in the placebo and selenium groups.
Placebo group Selenium group
Patients at day 0/4/7/14/21 36/28/26/16/9 40/33/24/16/8
Age 613 + 16.0 605+ 174
Sex (m/f) 18/18 23/17
Weight (kg) 83.1+ 1938 845 4+ 278
Height (cm) 1721 +5.2 170.5 + 102
GCS 644+52 66 +52
APACHE II* 271+ 76 277 +£92
SAPS I 654 + 15.6 66.0 + 17.0
MOD 86+ 34 82+ 3.1
SOFA 124 4+ 38 126 + 3.8
MAP max. (mmHg) 948 + 164 978 + 17.6
MAP min. (mmHg) 629 + 145 630+ 121
HR max. (bpm) 127.2 + 326 12154223
HR min. (bpm) 876 + 219 832 4+ 26.0
Lactate max. (mmol/L) 38+23 46 £+ 5.1
CRP (mg/L) 184+ 124 228 + 16.2
Antibiotics prior to admission (y/n) 33/2 39/1
Hydrocortisone (y/n) 24/12 20/20

Continuous variables are summarized as mean 4+ SD. GCS = Glasgow coma scale, APACHE
= acute physiology and chronic health evaluation, SAPS = simplified acute physiology
score, MOD = multiple organ dysfunction, SOFA = sepsis-related organ failure assess-
ment. m = male, f = female, y = yes, n = no. MAP = mean arterial pressure during entire
ICU stay, HR = heart rate. *As patients were sedated, the APACHE Il scores were also cal-
culated assuming a GCS of 15: placebo group 18.5 + 6.9, selenium group 18.8 + 6.6.

Takenfrom Table 1 inGuoet al.[25] Use with copyight permission from Elsevier.

The selenium and placebo groups had comparably ill patients with semi@tified acute
physiology score (SAPS ll), acute physiology and chronic health evaluation (APACHE 1),
multiple organ dysfunction score (MODS) and sepdeted organ failure assessment
(SOFA%core The mean arterial blood pressure and heart rate are physiological parameters
that reflect disease severity in sepsis and whether adequate fluid resuscitation and/or

pressor support has been initiated-r€active protein is a commonly used inflammatory
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marker with huge variations in the critically ill. Serum lactate is a marker for tissue

hypoperfusion and hypoxia due to anaerobic metabolism.

3.2. GLS analyses

Overall the GLS analyses yielded no statistically significant immune function difference
between selenium and placebo groups over time after adjustment for multiple testing (42
combinations of inciting antigen and measured cytokine were testelause the
assumption of constant varianeeas not satisfied in our data collection, we used the
genaalized least squares approach to account for inequalities of varidieeentirety of
these resultsstabulatedin Section 9and the correspondingisual representatiomf the
dataare includedn the following results sectiomhe xaxis demonstrates time progression
(days 0, 4, 7, 14, and 21) for the two treatment groups, placebo and selenium.
Logarithmically transformed longitudinal results (log (cytokine readoutwith)the units
picogramimLare displayed along the-gxis.Despite the extremely widespread values and
outliers, no individual datapoint was removed from the analysis to more closely model
reality. Therefore, there are additional datapoints to be seen aside from the traditianal b

plots to better represent the spread of the data.
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Figure 1 Sample GLS analysis from R.

> summary(model.IFNg.cmv)

Generalized least squares fit by REML
Model: IFNg_levels ~ time.points *
Data: m.IFNg.cmv

ATC BIC TogLik
506.9637 578.1342 -232.4818

Groups

Correlation Structure: General
Formula: ~1 | ID
Parameter estimate(s):
Correlation:
1 2 3 4
2 0.291
3 0.059 0.181
4 -0.042 0.313 0.294
5 0.034 -0.142 0.105 0.289
Coefficients:
Value Std.Error  t-value p-value

(Intercept) 0.7575372 0.1125340 6.731626 0.0000
time.pointsday_4 0.0560129 0.1458279 0.384103 0.7013
time.pointsday_7 0.2069734 0.1734083 1.193562 0.2339
time.pointsday_14 0.0204859 0.2044295 0.100210 0.9203
time.pointsday_21 0.3999618 0.2331150 1.715728 0.0876
GroupsSelenium -0.1070510 0.1551175 -0.690129 0.4908
time.pointsday_4:GroupsSelenium -0.3699261 0.2000811 -1.848881 0.0658
time.pointsday_7:GroupsSelenium -0.0239032 0.2428158 -0.098442 0.9217
time.pointsday_14:GroupsSelenium -0.0400189 0.2894122 -0.138276 0.8901
time.pointsday_21:GroupsSelenium -0.7423987 0.3649280 -2.034370 0.0431

After running the generalized least squares fit code in R using the datasets, regression
coefficientswere generated with accompanying\alues(a representative dataset is
presented inFigure ). The interceptplacebo group at day @as the comparison @int to

all later timepoints as well as the selenigroup. These results wethen tabulated and
presentedin excel tablesncluding the pvalues as well as box plots for all 42 combinations
of reagents and cytokines. Representative tables are includemhbia the results section,

the complete collection can be found in Section 9.
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3.2.1. Basal

The stimulation assays in this group did not have any antigens to provoke the immune
system and the cytokine responsesre therefore a reflection of the unprovoked release

found in patient blood samples. They were, as compared to assays with added antigen
logarithmically less. The values were concentrated between the log0 and logl interval. There
was also no discernable trend, either an increase or a decrease, ov2t-heeyperiodand

no significant difference between the placebo and selenium groups.

Table4. No antigen additionmmune assay8 & 0 | with GLS onodel readoufsom IL2,
TNF and IFNver time (day O to day 21)

Log IL2 - Basal LogIL2 - Basal

Placebo (AlInt) P-Value Selenium{Aint) P-Value Placebo P-Value Selenium P-Value
Day 0 0,138 0,0005 -0,068 0,2015 Day0 0,138 0,0005 0,069 0,2015
Day 4 -0,008 0,8013 -0,015 0,7697 Day 4 0,129 0,8013 0,054 0,7697
Day 7 0,119 0,0419 0,02 0,8027 Day 7 0,257 0,0419 0,089 0,8027
Day 14 -0,057 0,1303 0,002 0,9743 Day 14 0,081 0,1303 0,071 0,9743
Day 21 -0,033 0,4673 0,035 0,6031 Day 21 0,105 0,4673 0,104 0,6031
Log TNFa - Basal Log TNFa - Basal

Placebo (Alnt) P-Value Selenium{Alnt) P-Value Placebo P-Value Selenium P-Value
Day 0 0,321 0 -0,076 0,4265 Day 0 0,321 0 0,245 0,4265
Day 4 0,05 0,6563 -0,071 0,6489 Day 4 0,371 0,6563 0,174 0,6489
Day 7 0,144 0,1312 0,076 0,56594 Day 7 0,465 0,1312 0,321 0,5694
Day 14 -0,008 0,9433 -0,072 0,6255 Day 14 0,313 0,9433 0,173 0,6255
Day 21 0,093 0,4685 -0,024 0,9025 Day 21 0,414 0,4685 0,221 0,9025
Log IFNg - Basal Log IFNg - Basal

Placebo (Alnt) P-Value Selenium({Alnt) P-Value Placebo P-Value Selenium P-Value
Day 0 0,599 0 -0,096 0,4487 Day 0 0,599 0 0,503 0,4487
Day 4 -0,033 0,7924 -0,151 0,3786 Day 4 0,566 0,7924 0,352 0,3796
Day 7 0,118 0,4033 0,079 0,6889 Day 7 0,717 0,4033 0,582 0,6899
Day 14 -0,008 0,9601 -0,121 0,5795 Day 14 0,591 0,9601 0,382 0,5795
Day 21 -0,382 0,0028 0,185 0,3427 Day 21 0,217 0,0029 0,692 0,3427

The analysis of variance (ANQ\8Aowedconsistently largé>-values, which suggests that

the observed differences between treatment groupsre likely due to random chance.
There was no compelling evidence to reject the null hypothesis given the overwhelmingly
non-significant Pvalues.The coefficients in the model represetan estimate of the

change in the response variable foome-unit change in a predictor variable. dmir case,

there werea number of predictor variables (treatment groups, time points, interaction of
treatment and timepoint). All these predictors were treated as categorical variables in the
model, so a onainit change can be seen as whether or not adibon was present or

absent. Given that the coefficients had largedtues, no significant relationship between
individual predictors and the response can be concludéils was seen in all test groups and

the abovetableis a representative example fdlustration. The placebo group Day 0 P
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values were almost always approaching zero, becausedteificientrepresenedthe
intercept in the modelThismakes sensetuitively because the average cytokine response

on Day 0 in the placebo group wsignficantly different from zero (the intercept).

The cytokines examined without the addition of any inciting stimulating agent and their
assay results are graphically displayed in Figure 2, which included interferon géaiNpa

tumor necrosis factor alph@'NF) and interleukir2 (IL-2).

Figure 2 Logarithmic cytokine release profiles using no stirtdblasat); A) interferon B)

tumor necrosis factoand C)nterleukin-2, over time (day O to day 21).
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3.2.2.CD3/CD28

The Hymphocyte specific stimulators CD3 and Cpaaially mimic stimulation by antigen
presenting cells in the body8]. CD3 is a part of the-dell receptor complex and CD28-co
stimulation is necessary for activation. Without appropriatestionulation, the F

lymphocytes would go down the anaecgesponsgathway.Thiscombination of antigens

provides a reflection of thebR& Q& | Olj dzA NBR AYYdzyS NBaLRyasSo

CD3 / CD28 proved to be a powerful stimulant in this case, demonstrating an active acquired
immunity in sepsis patients. Many cytokines were investigated, none of which showed a
statistically significandifference with respect to time or to the treatment groupkhe

cytokine release profiles from-R, IL:4, 11-5, 11-:10, IFN, and TNF can be seen in Figure 3.

Figure 3Logarithmic cytokine release profiles using CD3 and CD28 as sijmuierferon
B)tumor necrosis factoC)interleukin-2 D)interleukin4 E)interleukin5 and F)nterleukirn

10, over time (day O to day 21).
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3.2.3. Aspergillus

Aspergillus is a fungus which can clinically cause severe disease, primarily through
pulmonaryinfections. From an immune perspective, the innate immune response is largely
involved given that in healthy individuals, cytokines drive the release and recruitment of
neutrophils in order to clear this pathogen. It is therefore of particular significance
immunocompromised or severely ill patierf29]. The adaptive immune response also plays
a role upon the exposure to airborne aspergillusa@pssince fungal species are naturally

found in the environment

This set of stimulation assays showed a somewhat dampened cytokine release profile with
many outliers and a huge spread but no significant differences between the placebo and
selenium groups. There were also no notable trends over tiFhe.logarithmic plts from

the cytokines IFN, TNF, anelllare shown in Figure 4 below.

Figure 4Logarithmic cytokine release profiles using Aspergillus as stiv)utiterferon B)

tumor necrosis factor and @)terleukin-2, over time (day 0O to day 21).
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3.2.4. Bacteria

The human innate immune system has evolved for hundreds of millions of years under the
selective pressure of bacterial peptides, allowing the modern eukaryote to possess highly
complex immune mechanisms. Yet, they are still built on commolecular strategies

through the recognition of conserved microbial peptides by a wide range of pattern
recognitionreceptors(PRRs) tsignalthe first line defensef30, 31, 32]. These diverse PRRs
simultaneously activatéhe innate andacquiredimmuneresponsedy detecting pathogen
associated (PAMPs) or dangessociated molecular patterns (DAMPS) in triggering the

cytokine cascade.

Bacterial components did yield a good response in the cytokine assays, especially
interleukin2. The response demonstrated a yelight tendency of increase between days 0
and 7 followed by a slight decrease from days 7 to 21. There was no detectable difference
between the placebo and selenium treatment groufrsFigure 5the logarithmic data from

IFN, TNF, and-B.are displayée as box plots respectively.

Figure 5.Logarithmic cytokine release profiles using bacteria as stim)iinterferon B)
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3.2.5. Cytomegaly virus

The human cytomegaly virus is an ancient herpes virus that hasawed with the immune
system for a long time and rarely causiés-threatening symptoms in healthy individuals
[33]. The host antiviral mechanisms implicate both the innate and adaptive compartments.
Virusinfected monocyteglifferentiateinto macrophagesnd are presented by the innate
immune system to the pattern recognition receptors. The adaptive immune response to
CMV is amongst the strongest in humans and actively engages the humoral and cellular

responseg34].

The cytokine release assays with CMV showed a moderate response with some extremely
high-valued outliers. In the placebo group, there was a trend for increased cytokine release
overtime, but thiswas not observed in the selenium group. Statistically significant
differences were not detectedmongstthe treatmentarms The immune release assays

measuring IFN, TNF, ané?lare shown below in Figure 6.

Figure6. Logarithmic cytokine release profiles using bacteria as stim)iinterferon B)

tumor necrosis factor and @)terleukin-2, over time (day 0 to day 21).
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3.2.6. Fungal components

The ubiquitous exposure to fungasultsin elaborate mechanisms to neutize the

pathogen for immune sufficient individuals. These responses engage both the innate and
adaptive immune systems, producing an inflammatory response via the activation eanucl
factor kappa B and cytokin¢35]. Binding to dangerassociated molecular patterns DAMPs
promote the activation of pathways that release stdnces due to tissue and cell damage,

causing clinically significant disease in the immune compromised.

The cytokine stimulation assays showed a moderate response. The selenium group had a
slightly decreasing trend over time whereas the placebo group did not. There was no
difference statisticallybetween theselenium and placebo arm$he logarithmically
transformed data can be seen graphically below in Figure 7 with readouts from IFN, TNF,

and IL=2.

Figure7. Logarithmic cytokine release profiles using fungus as stiminterferon B)

tumor necrosis factor and @)terleukin-2, over time (day O talay 21).
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3.2.7. Influenza

Influenza viruses belong to a family of enveloped viruses which cause significant burden of
respiratory diseases in the world. While the innate immune system rapidly responds to the
initial infection, it then initiates the humoral immune system in prodgcamtibodies and

the cellmediated immune system to activate helper and cytotoxlgrmphocyteq36].

The influenza antigen elicitedraoderate cytokine response in the whole blood ex vivo

assay. There appead to be an increased cytokine release over time in sepsis patients in the
placebo group and an ever so slight decrease during the same period in the selenium group.
We did not obserg any differencestatisticallybetween the placebo and selenium groups.

In Figure 8 below, the cytokine measurements using influenza as the inciting stimulus are

shown with IFN, TNF, and2lrespectively.

Figure8. Logarithmic cytokine release profilasing Influenza virus as stimuhl) interferon

B)tumor necrosis factor and @)terleukin-2, over time (day O to day 21).
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3.2.8. Lipopolysaccharide

Lipopolysaccharide@. PSare largethermostablemoleculeswith water and fat solubility
embeddedin the outer membranef gramnegative bacteria. They help stabilize the
membrane and generally elicit a strong immune response in hunTdrest compositions are
highly variable, which lead to a huge variation initheamunogenicity. LR%lIso known as
endotoxinshave been implicated in various disease processes such as endotoxemia, auto
immune illnesses, cancer and obegBy]. Lipopolysaccharides inducedrary high cytokine

count in the whole blood assays and a consistently strong response. There did not appear to
have a timeaxis dependent trend and no statistically significant difference was observed
between the two groupsSix cytokine full blood assaggmulated withlipopolysaccharide

are shown in Figure 9 with-lb, IL=6, IL-8, 11-10, 112, and TNF.

Figure9. Logarithmic cytokine release profiles using lipopolysaccharide as stimuli
A)interleukin-1b, B)interleukin-6, C)interleukin-8, D)interleukin10, E)nterleukin-12, and

F)tumor necrosis factgrover time (day O to day 21).
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3.2.9. Phorbol myristate acetate and ionomycin

Phorbol myristate acetate (PMA) is a potent tumor promotor often used in research
contextsto activate the protein kinase C signal transduction pathway in studying
carcinogenesif38]. Used in combination with ionomycin, it can stimulatgymphocyte

activation, proliferation, and cytokine production.

Its strong immunogenicity is reflected in the assays with very robust cytokine release
profiles. No particular trends were observediwiespect to the timeaxis.We foundno
differencestatisticallyin the cytokine releaserofilesduring the21-dayperiod between the
selenium and placebo groupBhe cytokine releasassays arelotted logarithmicallyin

Figure 10 witHFN, TNF, {12, IL-4, IL:5, and IE10.

Figurel0. Logarithmic cytokine release profiles using lipopolysaccharide as stimuli

A)interferon, B)tumor necrosis factorC)interleukin-2, D)interleukin4, E)interleukin-5,

and F)interleukin-10, over time (day O to da®1).
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3.2.10. Pokewedmitogen

Pokeweed mitogen is glycoproteinthat strongly activates lymphocytesd stimulates the
proliferation of Bcells, Fcells and plasma cell39]. Thesmall peptide triggers mitogenesis

by uninhibiting checkpoint proteins in the cell cycle.

An impressive immune response was seen in the whole blood assays with high cytokine
readouts. The levels remained relatively unchanged over the ePtiday period and there
was again no significant difference between the place and selenium groups GiLtBe
analysisThe measurements collected from the cytokine assays using IFN, TNF2aare 1L

shown in Figure 11.

Figurell. Logarithmic cytokine release profiles using pokeweed mitogen as stimuli

A)interferon B)tumor necrosis factor and @)terleukin-2, over time (day O to day 21).
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3.2.11. Vias

Viruses are highly adaptable and they have evolvadlg complex relationship with the

human immune system. One of the first line defences include natural killer and cytotoxic

cells mediated by antigen presenting c¢fl§)]. Interferons that are released by the immune

system also directlinterfereg A 0 K>~ | & (GKS yIYS &adzZa3asSadcaz | GA
Antibodies from Bymphocytes facilitate agglutination and phagocytosis of infected cells, as

a mechanism to rid the body of the pathogen.

The immune assays demonstrated a mild to moderate response to viral antigens using blood
samples of sepsis patients. No particular trend with respect to time can be noted and no
statistical difference was seen tvgeen the treatment groupsThe logarithmically

transformed assay data are shown below in Figure 12 with the cytokines IFN, TNF2and IL

Figurel2. Logarithmic cytokine release profiles using viruses as stifuhterferon B)

tumor necrosis factor and @)terleukin-2, over time (day 0 to day 21).
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3.3. Statistical considerations
3.3.1. Quantilequantile plots

To visuallyassess the normal distribution of tH investigated cytokine stimulation assay
we created individual quantilguantile (QQ) plots We ran the GLS statistical analysis based
on the assumption that the dependent variablas normally distributed. Thesg-Q plots

were able to confirmthat our data more or less conform torermal distribution

reaffirming the validity of our model. Below are two samples &P Qlots created using the
statistical software R for the data from LPS antidlas well as PWM dnTNFdFigure B).

All 42 QQ plots had such a roughly straight line and reassuseof a normal distribution.

LPSnd I:12 PWMand TNF
Normal Q-Q Plot Normal Q-Q Plot
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Figure B. Representative € plots in evaluating normal distribution.

3.3.2. Holm method for multiple testing

Statistical inferences are often made based on a predetermined acceptable level of
probability, such as 0.05. Which is why significance levels areaf ignportance in testing

a null hypothesis in the sciences, to accept or reject. There are, however, many situations
such as this particular immune function study, where a large number of hypotheses

being tested simultaneously, in our case, #Riscontributes to a statistical challenge

known as multiple comparisons, where the probability of incorrectly rejecting the null
hypothesis dramatically increases. When 100 hypothesis are tested with a significance level
of 0.05, around 5 will be significadtie to multiple comparisongtl]. This false positive rate
may beeven higher (and more complex), when the hypotheses are correlated, like in this

case.
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When all the whole blood assays with different combinations of inciting antigens and
cytokines were run, we tested in effect 42 null hypotheses simultaneously where was
no difference in cytokine release over tB&-dayperiod between the placebo and selenium
groups. Indeedwe had a few statistically significalests butonceadjustedfor the multiple
comparisonsthese effects were no longerhisdemonstrateal that between the placebo
and selenium groups, we cannot discern a difference with respect to cytokine release

profiles over time. In other words, there is no evidence of effect.

The method we chosi® account for multiple testingvas Holnf2 @ethod, whichis based on

the Bonferroni method, where famiwise error rates (FWER) or type | errors are accounted

for.l 2f YQa aeivéyZaétepts and rejects hypothesdsy progressively adapting

the threshold value§42], making it morpowerful Ky . 2y FSNNRY A Q4 YSGK?2
adjusting our results for multipl®2 YL NA a2y ad dzaiAy3d | 2fYQa LINROS

could not be rejected anymore

3.3.3. Day 14 subgroup analysis

In order to determine whether the severely ill sepsis patients benefited from selenium
supplementation, weanalyzedhe subgroup opatients who stayed longer than 2 weeks in

the ICU. The rationale behind this is that the extremely critically ill patients would be
particularly immune compromised. However, there was no significant difference to be found
between the selenium and placelgvoups. This further reinforces the immune neutral

effects of selenium in this particular setting.
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4. Discussios
4.1. The null hypothesis

Building uporover two decades of past studies on selenium administraticanimtensive

care setting the most recent systematic review and metaalysis demonstrated no

mortality benefits[43]. The cited studies were all conducted on ICU patients and consisted
of 4044 patients in aggregateorldwide. Selenium was administered intravenously either as
monotherapy or in combination with other antioxidative nutrients. Ultimately, there were
no discernable effects provided through selenium supplementation on mortality, length of
ICU stay, days on the veatibr, renal function, or infection rates. The majority of studies
focused exclusively on septic patients, while some were a mixed population. There is no
mistaking the importance of this highlgthal disease process, as clinicians and scientists are

to this day searching for better therapies to improve patient outcomes.

2 KIFG GKS&S M NIYR2YAT SR O2yGNRtfSR GNRIfa R
effects on immunitywe sought to scrutinizexactlythisimmune responsén our cohort of
septicpatients Despiteits reputation as an immune boostgratients with severe sepsis or

septic shock receivingtravenoussodium selenite did ndhave analtered cytokinerelease

profile over a21-dayobservationperiod at the study site Our immunefunction assays

further supported the clinical findings of no mortality benefit and lend evidence to the

explanation, that selenium does not noticeably strengthen immune capabilities during

sepsis.

4.2. Monitoring of immune modulation

The pathophysiology of sepsis is until today not completely understood. The immune system
mounts an overwhelming prnflammatory response in the beginning and often shifts to an
immunosuppressive phase, where deaths occur due to secondary infefdidjn¥Ve were

curious whether selenium would have an impact on the immune response and chose to
monitor cytokine release during the disease pss through a simple yet comprehensive

assay with proven sensitivif¢5].
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A panel of cytokines were selected and their concentrations meadsupen stimulation as a
reflection of the overall immune function. Interferggamma andumor necrosis factor are
known to transfer signals from T celitsinfected cells in enhancing the killing mechanisms.
Based on the assay results, IFN and TNF lewts mot significantly altered with selenium
supplementation, or in other words, the totoxic mechanisms were not boosted. The
various interleukins (iLb, -2, -4, -5, -8, -10, and-12) all play important and specific roles in
immune modulation and regulation. Therefore, a detection of significant trends in the
release ofparticularcytokinescould have revealed in which arm of the immune response
selenium played a role. Such an effe@s ultimately not found in any combination of
antigens and cytokines after statistical adjustment. This could likely be due to the severe
nature of the disease, the immune system is so intensely compromised that the therapy
requires multiple measures.délitionally, whether the patients were facing a hyper
hypoinflammatory state at the time of selenium administration is unclear. Givedéheate
interplay between fighting off an infection and causing too much damage in the process, it is

perhaps unkely to expecta simple fix to a complex problem.

4.3. Immunity and selenium

While there have been many clinical trials conducted on the efficacy of selenium
supplementation in the critically ill, not very much evidence is present on how the trace
element directly affects the immune system. There are, however, a handful of studies which
have shown that seleniupromotesthe proliferation of activated T cells and natural killer
cell activity, as well as enhaggcytotoxiclymphocyte mediated capabilities targeting
cancer cell$46, 47]. In mice modelsdifferentiation of CD4+ T celfavored the Thl

pathway, which leads to an increased epiediated response important in fighting
intracellular bacteria and virusethirough dietary selenium supplementatiga8]. Many of
these studies were performed in elderly or cancer patients, both of which have a
compromised immune system. Simglepplementation with 10g selenium daily over a 6
months periodresulted in a stronger proliferative response to antigen challenge in an
elderly study populatiof49]. Most of the positive immune effects of selenium can be
attributed to the insertion of the element into selenoproteins, 25 of which have been

identified in humans and they are found in a wide variety of tis$66k
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The immune functiorn severe sepsis patientBd not improve as a result of increased
selenium, for which, there are many explanations. The dosage may not have been sufficient.
While many clinical trials have been run, there is no laboratory model of sepsis and a paucity
of experimental studies oregenium therapy, which could reveal dosing regimens that are

not necessarily easy to test directly on patients. Timing could also play a role. While sodium
selenite was administered at sepsis onset, this is a very loose definition based on the time of
diagnhosis. Perhaps some patients have been suffering from an infection without SIRS for a
long time, that an immune boost would have been required at an earlier point in time.
addition, half of our study population received hydrocortisone, a standard thetap

prevent cardiovascular collapse. This immune suppressive medication could have mitigated

the immune boosting effects of selenium in our particular group of patients.

4.4. Selenium anthfections

Selenium deficiency has been associated with fl@gsrableoutcomes irHIV infected
individualg[51] and tuberculosis patientb2]. Low levels of serum selenium in patients with
Acquired Immune Deficiency Syndrome have been associated with decreased survival,
decreased CD4+ Cell count and high viral load. The results hold true even after adjusting for
antiretroviral regimen adhenece andhepatitisC ceinfection[53]. Similarly, the severity of
pulmonary tuberculosis was positively correlated with low selenium leveksrimyg[54].
Supplementation with selenium and vitamin E have been shown to improve the antioxidant

capacity in TB patients, although effects on the immune system were not elucigiied

There is definitive evidence for the utility of selenium supplementation in various viral and

bacterial infectiong56, 57]. It is interesting to note that the most compelling data currently
availablez y &4St SyAdzyQa AYYdzyS SyKIyOAY AsetdR LISNI A S
immune compromised population. T cells are extremely sensitive to oxidative stress and the
potential benefits from selenoenzymes most likely residtheir ability to regulate redox

reactions[58]. There was no particular boost in immune function found in our series of

critically ill sepsis patients given sodium selenite intravenously, despite having tested the
individual arms of immuty. This could be, on the one hand, due to the acute nature of the

disease, where the often sudden onset of sepsis is in stark contrast to patients who are living
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with chronic ilinesses such as AIDS or TB. On the other hand, this could be a refle¢teon of t
complex, poorly understood progression of sepsis, where the immune system goes through

phases of hyperand hypoinflammation.

4.5. Antioxidationand Dosing

Sepsis can often be characterized also by increasactiveoxygen species, low

endogenous antioxidative capacities, as well as reduced selenium sEalesioproteins are
located in the endoplasmic reticulum and help protect cells from stiedsced apptosis.
Glutathione peroxidases are a large family of antioxidant enzymes, where selenium plays an
essential role in their functiorThere have therefore been many trials evaluating outcomes

in sepsis patients with selenium supplementation based on tlesse, but the results are

definitely mixed.

One large metanalysis found that supplementing with much higher dosages than what is
recommended could potentially decrease morta[ify8]. Most trials used a dosage of

100Qug and after one study with particularly high dosages nevertheless demonstrated no
improvement of vasopressor use, length of ICU stay or mor{&@ly protocols have
generally turned to a bolus at the start, as a way of topping up the depkgéghoenzyme
pool, followed by continuous infusion. Our study used such a high dose regimeh was

well tolerated by patientsMost decisively, many guestions remainansweredegarding

the mechanisms of diseasesepsis, perhaps oxidative stradgimately playsa muchmore

minor role than expectednd the emphasifiesin theimmune system

4.6. Mechanism®f action

We intended at the outset to uncover possible affected immune pathways which could

benefit from selenium administration during severe sepBisspite a wide range of tested

cytokines and comprehensive antigen challenges, selenium did not appear to booshen

function in a discernable fashion. Studies which shed light on mechanistic details of
aStSyAdzyQa AYLI OG 2y AYYdzyAidé FFNB NI GKSNJ FF N

of cell functions selenium has an influence on.
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A mouse model of T cdpecific knockout of all selenoproteins has demonstrated a
reduction in the number of mature T lymphocyte product{®@]. In further mice models,
dietary selenium intakéas been shown to mediate immune response through the
interferon~  FinfeReukin-6 pathwayg61]. A recent study involving selenoprotein F
knockout mice concluded its importance in regulating immunoglobulin levels in the
endoplasmic ratulum[62]. Immune function studies with a positive effect through
selenium supplementation have largely been shown in the elderly populatiamdosiduals
with proven selenium deficits. In contrast, our patient population sfeym a typically
acute iliness and selenium was administered parenterally, rather than as dietary
supplementation over prolonged periods of tirt&ince the baseline Bmium reserves in
our patients are not known and the age ranges from the young to the old, direct
comparisons are difficult. That being said, the neutral effect on immunity of intravenous
sodium selenite observed here is still most likely attributed tpss& being a complex

immunological disease process.

In patients with acute respiratory distress syndrome (ARDS), selenium supplementation has
shown to modulate the interleuki# and interleukinli inflammatory responses by boosting
the antioxidation capacities in the lunfg3]. Althoughthe respiratory mechanisms were
improved, there was no effect on overall survival or length of ICU Siayilarly, without a

better understanding of disease mechanisms during sepsis, a more refined evaluation of

how selenium affects the immune system dandifficult.

4.7.Characteristics of the study population

Our anesthesia intensive care unit admits a wide range of patients, from trauma surgery to
the chronically ill. This inadvertently complicates the range ofgxisting conditions and
immune capabilities at sepsis onset, making it more challenging to elucidate the benefits of
seleniumthan in a homogeneous populatioifthere have been a number of previous
discussions on whether the best route of administration is parenteral or enteran@nhat
critically ill patients in the ICU are often intubated, our study also differs from selenium

studies wherdhe element was taken orally as nutritional supplementation.
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It is interesting to note that European soils appear to be more depletedlehgim than
North American so{l64], which was reflected as a relative deficiency of selenium in
European studiedone onhealthy individual$65]. Despite this finding, a large international
antioxidant supplementation study performed by the Canadian Critical Care Trials,Group
alsodid not find a therapeutic benef[d]. In addition, irrespective of the overall lower
selenium levels iEuropeanssepsis patients have a definite deficit given the inflammatory

nature of the disease.

4.8. Strengths and weaknesses

This double blinded, randomized prospective clinical trial (SISPCT) has a robust design and
high rate of adherence to protocol. This is also a very specifically defined patient population
meeting stringent sepsis criteria in an intensive care setting hacdfficacy of high dose
intravenous selenium was compared to placebo. The characteristics of the selenium and
control groups are comparable and blood samples were collected over atheek period.

The whole blood assays gave high fidelity cytokine ratalafter antigen challenge, an

effective and proven method to yield a snapshot of immune functiaour best

knowledge, ours is the first of its kind to examine immune function of severe sepsis patients
receiving high dose selenium therapy. To havaadindata over éhree-weekperiod in an
AYyiSyar@dS OFNB aStdAy3a Ffaz2 LINPJARSaA Ay TF2NXNI
time. To preserve the integrity of the individual datapoints without excluding outliers or
extrapolating, we utilized the gemalized least squares model to effectively compensate for
the high rate of attrition over time. This complex statistical tool makes our conclusions much

more reliable than conventional methods.

One obvious limitation of our study is the cohort size, titgrat 76 patients, this

unfortunately drops significantly by the end of the 3 weeks given the nature of the patient
population. Ex vivo blood samples were collected as soon as possible upon enrolment and at
the subsequent time points, but the laboratopyocessing was not immediatiie to

staffing constraintsThis limited the choice of immune assays available, rendering more cell
specific tests or higher resolution of results difficEHurthermore, the quantity of patient

blood available also restrictetie possible analyses, for example, western blots and cell
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separation techniques were not feasible. Such experiments could have shed more light on
mechanisms of action and altered signaling pathway® heterogeneity of the group is

fairly large, with aange of pathogens as well as nomcrobiologically proven infections.
Patients were admitted from both medical and surgical services, with varyingxmseng
conditions that could be better subcategorized given a larger sample size. All statistical
models become more powerful with lower attrition rates, to have patients followed up

further outside of the ICU would yield a more complete dsg¢a

4.9. Future directions

The benefits of selenium administration in boosting immunity have leegroredwith
mixed results, its utility partially demonstrated in select pathogens. With our study, we
obtained a first glimpse into the immune function in patients who are critically ill with
severe sepsis and observed no beneficial effects of selerwven the relative low cost of
selenium and the higmortality rate of severesepsisthis is a therapy option worth

pursuing.

There have been anyclinicalstudieson outcomesbut experimental studies using sepsis
models are lackingrhis would be impadant in sheddinglight onmechanistic details of how
exactly the large number of selenoproteins influence lymphocyte functiamould
contribute to optimizing dosingwithout reaching toxicityThe research that has been carried
out in selenium supplemeation related to HIvould be relevant, in that both diseases
embody an immunocompromised state. Glutathione peroxidase and specific antioxidant
selenoenzymes have been implicated as key players in lymphocyte proliferation, their

functions and levels in sere sepsis patients would offer further useful insights.

Future trials could have more targeted patient profiles, where the elderly or only non
surgical ICUs with severe sepsis are examined. With a large enough sample size, perhaps
pathogens can be stratified, where selenium supplementation would be helpfulotily
certain types of infections. Last but not least, therapy options can be better devised when
there is a thorough understanding of the illness at hand. Therefore, it is essential to make
progress in understanding the immune function during sepsisatifferent stages in order

to treat it.
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5. Summary
Background

Sepsis is a complex disease process with a high mortality rate and characterized by a
breakdown of immune system function that is not yet completely underst&aflenium is a
trace elementmportantin enzymes which protestagainst oxidative stress, an
immunological process seen in septic patients. While selenium has been administered
critically ill patientdor decades, the outcomeaccording tahe literature have been mixed
in terms ofclinicalbenefits In this longitudinal studysing whole blood samples from septic
patients, we performed immune function assays to uncover whether selenium

supplementation alters cytokine release profiles.

Methods

Our patient cohorconsists of data collected at the University of Munich anesthesiological
ICUs agpart of the randomized, double blinded multicenter clinical tB&8PCT (registered

with www.clinicaltials.govWCT00832039Blood samples were collected upon sepsis onset
(day 0) and subsequently at days 4, 7, 14, and 21. They were then incubated with a wide
range of stimulating antigens such as bacteria or viruses and the supernatants were
retrieved forcytokine measurements. A representative panel of cytokines were selected to
reflect the function of different immune pathway$he statistical analysigilized a

generalized least squares model using the software R to compensate for missing values over

time due to patient attrition.

Results

76 severe sepsis patients were enrolled at our center, 40 of which were randomized to
receive selenium and 36 placebo. No statisticsignifican differencewas seen in the
immune response assay readouts between the two grou@sgtime point over the 2iday
study period. There was, however, initial dampenafigytokine release at sepsis onset seen

in both groups which recovered to different degrees overe.
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Conclusion

High dose intravenous sodium selenite administratimer a threeweek perioddid not

improve cytokingeleasein ex vivostimulatedsepsis patient blood samples. While the
immune system is impacted by the availability of selenoproteins, there was no discernable
benefitassociatedvith selenium supplementation in those critically ill with sepsis. This
further reinforces the complaty of immune responses that occur during sepsis, which
include hyper as well as hypoinflammatory phadése decision to administer sodium
selenite in such a setting should therefore be considered carefully by the physician team,
taking into account theossble side effectsuch asrausea and vomiting, fatigue,

coagulopathies, as well as kidney and liver impairraent
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6. Summary in German

Hintergrund

Sepsis ist ein komplexes Krankheitsbild mit einer hohen Mortalitatsrate, das von einem noch
nicht ganz verstandenen Zusammenbruch des Immunsystems gepragt ist. Selen ist ein
Spurenelement mit groRer Bedeutung fur Enzyme, die gegéatativen Stress schitag

einen in SepsiPatientenbeobachteten immunologischen Prozess. Zwar ist Selen schon
jahrzehntelang kritisch kranken Patienten verabreicht worden, die Ergebnisse hinsichtlich
des klinischen Nutzens sind der Literatur nach jedoch gemischt gewassieser
Langsschnittuntersuchung von Blutproben von Sepatsenten haben wirmmunfunktions
Assays durchgefuhrt, um aufzuklaren, ob die Gabe von Selen Zytokinausschiéftafigs

verandert.

Methodik

Unsere Patientenkohortbesteht aus Daten, die an dendsthesiologischen

Intensivstationen der Universitat Minchen im Rahmen der randomisierten, doppelblinden,
multizentrischen klinischen Studie SISPCT erhoben worden sind (registriert

bei www.clinicaltials.goy NCT00832039 Blutproben wurden beim Ausbruch von Sepsis
genommen (Tag 0) und im Anschluss an den Tagen 4, 7, 14 und 21. Sie wurden dann mit
einer Reihe stimulierender Antigene wie beispielsweise Bakterien oder Mkehiert, und

die Uberstané wurden fiir Zytokinmessungen gewonnen. Ein reprasentatives Panel von
Zytokinen wurde ausgewahlt, um die Funktion verschiedener Strange des Immunsystems zu
abzubilden. Die statistische Analyse basiert auf einem Modell der kleinsten Quadrate
(Generalized last Squares Model) mit Hilfe der Software R, um Uber die Zeit fehlende

Werte wegemabnehmender Patientenzall kompensieren.

Ergebnisse

76 Patienten mit schwerer Sepsis waren in unserem Zentrum registriert, von
denenrandomisiert40 fur die Gabe voSeénund 36 fur die Gabe von Placebo ausgewahlt
wurden.Es wurde zu keinem Zeitpunkt Gber die 21 Tage der Studie ein statistisch

signifikanter Unterschied in den Ergebnissen lde@munantwortAssays zwischen den zwei
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Gruppen beobachtet. Es wurde allerdingb@&den Gruppen einer anfanglichen Dampfung
der Zytokinausschuttung beim Ausbruch von Sepsis beobachtet, der sich mit der Zeit in

unterschiedlichem Ausmalf erholte.

Fazit

Hochdosierte intravendse Gabe viiatriumselenitiiber einen Zeitraum von drei
Wochenverbesserte die Zytokinausschittuimgex vivostimulierten Blutproben von Sepsis
Patienten nicht. Obwohl das Immunsystem von der Verfligbarkeit von Selenoproteinen
beeinflusst wird, war mit der Gabe von Selen in kritisch krarSegrsisPatienten kein
erkennbarer Nutzen verbunden. Das unterstreicht die Komplexitat der bei Sepsis
auftretenden Immunantworten, die sowohl hypals auch hypoinflammatorische Phasen
umfassen. Die Entscheidung zur Gabe Matriumselenitin solch einer Buation solltevon

dem Team der behandelnden Arataher griindlich abgewogen werden, auch unter
Beruicksichtigung der moglichen Nebenwirkungen wie Ubelkeit und Erbrechen, Miidigkeit,

Gerinnungsstorungen, sowie Beeintrachtigungen der Niewen Leberfunktio.
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9. GLS Modellingables

The followingare tabulated raw outputs generated by the statisticalmo#el Sy SNJ £ AT SR
dsipgattte BdWaR using the immune assay dasad were referred to in the

f SIaid

results sectionShown in the tables are regression coefficients generatiga w
accompanying fwalues.Day 0 of the placebo group was used as the intercept and
comparison to all later time points as well as the selenium group.

Aspergillus with readouts from IL2, IFN and TNF.

Log IL2 - Aspergillus

Placebo (AInt)
Day 0 0,194
Day 4 0,022
Day 7 0,051
Day 14 -0,055
Day 21 0,07
Log IFNg - Aspergillus

Placebo (Alnt)
Day 0 0,571
Day 4 0,019
Day 7 0,149
Day 14 -0,027
Day 21 -0,0366
Log TNFa - Aspergillus

Placebo (AInt)
Day 0 0,448
Day 4 -0,058
Day 7 -0,003
Day 14 -0,069
Day 21 0,155

Bacteria with readouts from IL2, IFN afdF.

Log IL2 - Bacteria

Placebo (Alnt)
Day 0 0,467
Day 4 0,403
Day 7 0,489
Day 14 0,501
Day 21 0,672

Log IFNg - Bacteria

P-Value
0,0026
0,8284
0,5707
0,5588
0,2306

P-Value
0
0,882
0,316
0,8711
0,0537

P-Value
0
0,6117
0,9783
0,6322
0,3544

P-Value
0,0005
0,0073
0,0025
0,0127

0

Placebo (AInt) P-Value

Day 0 0,67
Day 4 0,122
Day7 0,242
Day 14 0,069
Day 21 -0,228

Log TNFa - Bacteria

Placebo (Alnt)
Day 0 0,328
Day 4 0,172
Day 7 0,446
Day 14 0,26
Day 21 0,358

0
0,3794
0,1345
0,7034
0,2001

P-Value
0,0002
0,1262
0,0011
0,0546
0,0416

Selenium{Alnt)
0,014
0,005
0,123
0,054
0,011

Selenium(Alnt)
-0,033
-0,225
0,06
-0,135
-0,167

Selenium{alnt)
-0,191
0,131
0,231
0,037
0,072

Selenium(Alnt)
-0,027
-0,03
0,148
0,024
0,158

-0,117
-0,212
0,058
-0,077
-0,01

Selenium({Alnt)
-0,087
-0,037
-0,165
-0,206
-0,13

P-Value
0,8736
0,9693
0,3187
0,7114
0,8%43

P-Value
0,7969
0,2044
0,7722
0,5642
0,5484

P-Value
0,0508
0,401
0,197
0,8534
0,7847

P-Value
0,8827
0,882
0,5106
0,9317
0,5004

Selenium(Aint) P-Value

0,4142
0,265
0,796

0,7619

0,9713

P-Value
0,4654
0,8099
0,3841
0,2776
0,6071

Log IL2 - Aspergillus

Placebo P-Value Selenium P-Value
Day 0 0,194 0,0026 0,208 0,8736
Day 4 0,216 0,8284 0,213 0,9693
Day 7 0,245 0,5707 0,331 0,3187
Day 14 0,139 0,5588 0,262 0,7114
Day 21 0,264 0,2306 0,219 0,8%43

Log IFNg - Aspergillus

Placebo P-Value Selenium P-Value
Day 0 0,571 0 0,538 0,7969
Day 4 0,59 0,882 0,313 0,2044
Day 7 0,72 0,316 0,598 0,7722
Day 14 0,544 0,8711 0,403 0,5642
Day 21 0,5344 0,0537 0,371 0,5484

Log TNFa - Aspergillus

Placebo P-Value Selenium P-Value
Day 0 0,448 0 0,257 0,0508
Day 4 0,39 0,6117 0,388 0,401
Day 7 0,445 0,9783 0,488 0,197
Day 14 0,379 0,6322 0,294 0,8534
Day 21 0,603 0,3544 0,329 0,7847

Log IL2 - Bacteria

Placebo P-Value Selenium P-Value
Day 0 0,467 0,0005 0,44 0,8827
Day 4 0,87 0,0073 0,41 0,882
Day 7 0,956 0,0025 0,588 0,5106
Day 14 0,968 0,0127 0,464 0,9317
Day 21 1,139 0 0,598 0,5004

Log IFNg - Bacteria

Placebo P-Value Selenium P-Value
Day 0 0,67 0 0,553 0,4142
Day 4 0,792 0,3794 0,341 0,265
Day 7 0,912 0,1345 0,611 0,796
Day 14 0,739 0,7034 0,476 0,7619
Day 21 0,442 0,2091 0,543 0,9713

Log TNFa - Bacteria

Placebo P-Value Selenium P-Value
Day 0 0,328 0,0002 0,241 0,4654
Day 4 0,5 0,1262 0,204 0,8099
Day 7 0,774 0,0011 0,076 0,3841
Day 14 0,588 0,0546 0,035 0,2776
Day 21 0,686 0,0416 0,111 0,6071
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Cytomegaly virus with readouts from IL2, IFN and TNF.

LogIL2 - CMV

Placebo (AInt) P-Value Selenium(Aint) P-Value
Day 0 0,267 0,0004 -0,054 0,5952
Day 4 0,196 0,0243 -0,241 0,0434
Day 7 0,196 0,0116 -0,048 0,6559
Day 14 0,163 0,1659 0,011 0,9487
Day 21 0,428 0,0042 -0,393 0,0946
Log IFNg - CMV

Placebo (Alnt) P-Value Selenium{Alnt) P-Value
Day 0 0,756 1] -0,107 0,4508
Day 4 0,056 0,7013 -0,37 0,0658
Day 7 0,207 0,2339 -0,024 0,9217
Day 14 0,02 0,9203 -0,04 0,8901
Day 21 0,4 0,0876 -0,742 0,0431

Log TNFa - CMV

Placebo (AInt) P-Value Selenium(Aint) P-Value

Day0 0,412 0,0003 -0,027 0,8609
Day 4 0,353 0,0546 -0,367 0,1452
Day?7 0,336 0,0581 0,017 0,946
Day 14 0,752 0,0001 -0,56 0,044
Day 21 0,764 0 -0,252 0,3705

Fungal components with readouts from IL2, IFN and TNF.

Log IL2 - Fungi

Placebo (Alnt) P-Value Selenium(Aint) P-Value
Day 0 0,524 0 -0,129 0,3903
Day 4 0,179 0,138 0,063 0,7023
Day 7 0,273 0,0713 -0,041 0,8438
Day 14 0,326 0,0511 -0,08 0,7351
Day 21 0,62 0 -0,226 0,261
Log IFNg - Fungi

Placebo (Alnt) P-Value Selenium(Alnt) P-Value
Day 0 0,578 0 -0,016 0,8981
Day 4 0,046 0,7417 -0,24 0,2149
Day 7 0,153 0,3029 0,037 0,8591
Day 14 -0,027 0,8656 -0,135 0,5527
Day 21 -0,229 0,1794 -0,002 0,9937
Log TNFa - Fungi

Placebo (Alnt) P-Value Selenium(Alnt) P-Value
Day 0 0,35 0,0027 -0,025 0,8763
Day 4 0,233 0,0201 -0,116 0,4003
Day 7 0,703 0,0001 -0,43 0,0834
Day 14 0,457 0,0266 -0,214 0,4561
Day 21 0,866 0,0001 -0,19 0,5226

Influenza with readouts from IL2, IFN

Log IL2 - Influenza

Placebo (AInt) P-Value Selenium({Aint) P-Value

Day 0 0,348 0,0014 -0,038 0,8001
Day 4 0,386 0,0066 -0,102 0,5977
Day?7 0,443 0 -0,013 0,9301
Day 14 0,47 0,0038 -0,114 0,6132
Day 21 0,497 0,0137 0,075 0,7974

Log IFNg - Influenza

Placebo (Alnt) P-Value Selenium(Alnt) P-Value

Day 0 0,658 0 -0,068 0,6711
Day 4 0,178 0,2797 -0,123 0,5885
Day 7 0,23 0,1724 0,15 0,522%
Day 14 0,398 0,033 -0,19 0,4688
Day 21 0,388 0,0835 -0,394 0,2428

and TNF.

LogIL2 - CMV

Placebo
Day0 0,267
Day 4 0,463
Day 7 0,463
Day 14 0,43
Day 21 0,695
Log IFNg - CMV

Placebo
Day0 0,756
Day 4 0,812
Day 7 0,963
Day 14 0,776
Day 21 1,156
Log TNFa - CMV

Placebo
Day 0 0,412
Day 4 0,765
Day 7 0,748
Day 14 1,164
Day 21 1,176
Log IL2 - Fungi

Placebo
Day 0 0,524
Day 4 0,703
Day 7 0,797
Day 14 0,85
Day 21 1,144
Log IFNg - Fungi

Placebo
Day 0 0,578
Day 4 0,624
Day 7 0,731
Day 14 0,551
Day 21 0,349
Log TNFa - Fungi

Placebo
Day 0 0,35
Day 4 0,583
Day 7 1,053
Day 14 0,807
Day 21 1,216
Log IL2 - Influenza

Placebo
Day0 0,348
Day 4 0,734
Day 7 0,791
Day 14 0,818
Day 21 0,845
Log IFNg - Influenza

Placebo
Day0 0,658
Day 4 0,837
Day 7 0,888
Day 14 1,056
Day 21 1,047

P-Value
0,0004
0,0243
0,0116
0,1659
0,0042

P-Value
1]
0,7013
0,2339
0,9203
0,0876

P-Value
0,0003
0,0546
0,0581
0,0001

1]

P-Value
0
0,138
0,0713
0,0511
0

P-Value
0
0,7417
0,3029
0,8656
0,1794

P-Value
0,0027
0,0201
0,0001
0,0266
0,0001

P-Value
0,0014
0,0066

0
0,0038
0,0137

P-Value
0
0,2797
0,1724
0,033
0,0835

Selenium
0,213
-0,028
0,165
0,224
-0,18

Selenium
0,649
0,279
0,625
0,609

-0,093

Selenium
0,385
0,018
0,402
-0,175
0,133

Selenium
0,385
0,458
0,354
0,315
0,169

Selenium
0,562
0,322
0,599
0,427
0,56

Selenium
0,325
0,209

-0,105
0,111
0,135

Selenium
0,31
0,208
0,297
0,196
0,385

Selenium
0,59
0,467
0,74
0,4
0,196

P-Value
0,5952
0,0434
0,6559
0,9487
0,0946

P-Value
0,4508
0,0658
0,9217
0,8901
0,0431

P-Value
0,8609
0,1452

0,946
0,044
0,3705

P-Value
0,3903
0,7023
0,8438
0,7351

0,261

P-Value
0,8981
0,2149
0,8591
0,5527
0,9937

P-Value
0,8763
0,4003
0,0834
0,4561
0,5226

P-Value
0,8001
0,5977
0,9301
0,6132
0,7974

P-Value
0,6711
0,5885
0,5229
0,4688
0,2428
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Log TNFa - Influenza

Placebo (Alnt) P-Value

Day 0
Day 4
Day 7
Day 14
Day 21

0,363
0,141
0,323
0,639
0,634

Selenium({Alnt) P-Value

0,0004 -0,052 0,7088
0,3858 0,045 0,8396
0,0456 0,05 0,8234
0,0003 -0,509 0,0363
0,0019 -0,247 0,406

Log TNFa - Influenza

Lipopolysaccharide with readouts from IL1b, IL8, IL10, IL12 and TNF.

LogILlb- LPS

Placebo (Alnt) P-Value

Day 0
Day 4
Day 7
Day 14
Day 21

LogIL6 - LPS

Placebo (Alnt) P-Value

Day 0
Day 4
Day 7
Day 14
Day 21

Log IL8 - LPS
Placebo
Day 0
Day 4
Day 7
Day 14
Day 21

Log IL10 - LPS
Placebo

Day 0

Day 4

Day 7

Day 14

Day 21

Log IL12 - LPS
Placebo

Day 0

Day 4

Day 7

Day 14

Day 21

Log TNFa - LPS

Placebo (Alnt) P-Value

Day 0
Day 4
Day 7
Day 14
Day 21

CD3/CD28

LogIL2 - CD3/CD28
Placebo

Day 0

Day 4

Day 7

Day 14

Day 21

1,622
-0,052
0,53
0,485
1,071

3,206
-0,45
0,135
0,161
-0,062

(Alnt)
3,851
0,235
0,386
0,358
0,643

(Alnt)
1,891
-0,105
-0,003
-0,069
0,149

(Alnt)
0,253
0,029
0,119
0,109
0,034

0,878
0,172
0,711
0,762
0,863

Selenium(Alnt) P-Value

0 0,161 0,5112
0,7318 0,127 0,5436
0,0074 -0,253 0,3577
0,0838 -0,178 0,6521
0,0042 -1,751 0,0011

Selenium(Aint) P-Value

0 -0,057 0,778
0,0118 0,306 0,2085
0,4785 -0,106 0,694
0,5347 -0,091 0,8025
0,8337 -0,569 0,2251
P-Value Selenium(Alnt) P-Value
] 0,021 0,8469
0,0027 0,074 0,4836
0,0003 -0,083 0,5717
0,0007 -0,034 0,8131
0,0001 -0,452 0,0494
P-Value Selenium(Alnt) P-Value
0 -0,112 0,4803
0,4125 0,079 0,6523
0,9817 -0,189 0,3371
0,7002 0,202 0,4194
0,5535 -0,56 0,1452
P-Value Selenium(Alnt) P-Value
0 0,044 0,4448
0,6025 0,006  0,9394
0,0242 -0,041 05704
0,1572 -0,178 0,1027
0,6151 -0,018 0,8519

Selenium(Aint) P-Value

0 0,314 0,0983
0,1943 -0,0141 0,4377
0 -0,56 0,0106
0,0018 -0,47 0,1641
0,0046 -1,083 0,0193

with readouts from IL2, IL4, IL5, IL10, and TNF.

{Alnt)
0,89
0,266
0,342
0,442
0,601

P-Value Selenium({Alnt) P-Value
0 0,072 0,7681
0,0893 0,137 0,5213
0,064 -0,03 0,9051
0,0192 0,028 0,9144
0,0024 -0,011 0,9698

Placebo P-Value Selenium
Day0 0,363 0,0004 0,311
Day 4 0,504 0,3858 0,356
Day 7 0,686 0,0456 0,361
Day 14 1,002 0,0003 -0,198
Day 21 0,957 0,0019 0,064
LogiL1lb - LPS

Placebo P-Value Selenium
Day0 1,622 0 1,783
Day 4 1,57 0,7319 1,91
Day 7 2,152 0,0074 1,53
Day 14 2,107 0,0838 1,605
Day 21 2,693 0,0042 0,032
Log IL6 - LPS

Placebo P-Value Selenium
Day0 3,206 0 3,149
Day 4 2,756 0,0118 3,455
Day 7 3,341 0,4785 3,043
Day 14 3,367 0,5347 3,058
Day21 3,144 0,8337 2,58
Log IL8 - LPS

Placebo P-Value Selenium
Day 0 3,851 0 3,872
Day 4 4,086 0,0027 3,846
Day 7 4,237 0,0003 3,789
Day 14 4,209 0,0007 3,838
Day 21 4,494 0,0001 3,42
LogIL10 - LPS

Placebo P-Value Selenium
Day 0 1,891 0 1,779
Day 4 1,786 0,4125 1,858
Day 7 1,888 0,9817 1,59
Day 14 1,822 0,7002 1,981
Day 21 2,04 0,5535 1,219
LogIL12 - LPS

Placebo P-Value Selenium
Day 0 0,293 0 0,337
Day 4 0,322 0,6025 0,343
Day 7 0,412 0,0242 0,296
Day 14 0,402 0,1572 0,159
Day 21 0,327 0,6151 0,319
Log TNFa - LPS

Placebo P-Value Selenium
Day 0 0,878 0 1,192
Day 4 1,05 0,1543 1,1779
Day 7 1,589 0 0,632
Day 14 1,64 0,0018 0,722
Day 21 1,741 0,0046 0,109
LogIL2 - CD3/CD28

Placebo P-Value Selenium
Day 0 0,89 1] 0,962
Day 4 1,156 0,0893 1,099
Day 7 1,232 0,064 0,932
Day 14 1,332 0,0192 0,99
Day 21 1,491 0,0024 0,951

P-Value
0,7088
0,8356
0,8234
0,0363

0,406

P-Value
0,5112
0,5436
0,3577
0,6521
0,0011

P-Value
0,778
0,2085
0,694
0,8025
0,2251

P-Value
0,8469
0,4836
0,5717
0,8131
0,0494

P-Value
0,4803
0,6523
0,3371
0,4154
0,1452

P-Value
0,4448
0,9394
0,5704
0,1027
0,8519

P-Value
0,0983
0,4377
0,0106
0,1641
0,0193

P-Value
0,7681
0,5213
0,9051
0,9144
0,9698
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Log IL4 - CD3/CD28 Log IL4 - CD3/CD28

Placebo (Alnt) P-Value Selenium(Alnt) P-Value Placebo P-Value Selenium P-Value
Day 0 0,287 0,0081 0,105 0,4775 Day 0 0,287 0,0081 0,392 0,4775
Day 4 0,207 0,0616 0,152 0,3151 Day 4 0,494 0,0616 0,544 0,3151
Day 7 0,228 0,1079 0,144 0,4669 Day 7 0,515 0,1079 0,536 0,4669
Day 14 0,288 0,0452 0,195 0,3217 Day 14 0,575 0,0452 0,591 0,3217
Day 21 0,573 0,0007 -0,218 0,3923 Day 21 0,86 0,0007 0,174 0,3923
Log IL5 - CD3/CD28 LogIL5 - CD3/CD28

Placebo (AInt) P-Value Selenium(Aint) P-Value Placebo P-Value Selenium P-Value
Day 0 0,251 0,0326 0,111 0,4913 Day0 0,251 0,0326 0,362 0,4913
Day 4 0,563 0,001 0,22 0,3389 Day 4 0,814 0,001 0,582 0,3389
Day 7 0,284 0,613 0,104 0,6258 Day 7 0,535 0,613 0,466 0,6258
Day 14 0,329 0,0271 0,185 0,3728 Day 14 0,58 0,0271 0,547 0,3728
Day 21 0,652 0,0001 0,02 0,5403 Day 21 0,943 0,0001 0,382 0,9403
Log IL10 - CD3/CD28 Log IL10 - CD3/CD28

Placebo (Alnt) P-Value Selenium(Alnt) P-Value Placebo P-Value Selenium P-Value
Day 0 1,031 0 -0,116 0,515 Day 0 1,031 0 0,815 0,515
Day 4 -0,223 0,1285 0,462 0,022 Day 4 0,808 0,1285 1,377 0,022
Day 7 -0,315 0,0412 0,395 0,0661 Day 7 0,716 0,0412 1,31 0,0661
Day 14 -0,322 0,0564 0,396 0,0916 Day 14 0,709 0,0564 1,311 0,0916
Day 21 -0,13 0,5131 0,382 0,2112 Day 21 0,901 0,5131 1,297 0,2112
Log TNFa - CD3/CD28 Log TNFa- CD3/CD28

Placebo (Alnt) P-Value Selenium(Aint) P-Value Placebo P-Value Selenium P-Value
Day 0 0,315 0,0008 -0,018 0,8855 Day0 0,315 0,0009 0,257 0,8855
Day 4 0,06 0,4869 0,09 0,4487 Day 4 0,375 0,4869 0,387 0,4487
Day 7 0,177 0,1452 -0,023 0,8922 Day 7 0,492 0,1452 0,274 0,8922
Day 14 0,214 0,0735 0,215 0,2015 Day 14 0,529 0,0735 0,512 0,2015
Day 21 0,527 0,0025 0,121 0,6611 Day 21 0,842 0,0025 0,418 0,6611

Phorbol myristate acetate and ionomycin with readouts from IL2, IL4, IL5, IL10, IFN and TNF.

Log IL2 - PMA-I Log IL2 - PMA-I

Placebo (Alnt) P-Value Selenium(Alnt) P-Value Placebo P-Value Selenium P-Value
Day0 2,71 0 0,141 0,5474 Day0 2,71 0 2,851 0,5474
Day 4 0,542 0,012 -0,207 0,4796 Day 4 3,252 0,012 2,644 0,4796
Day 7 0,646 0,0097 -0,3389 0,3301 Day 7 3,356 0,0097 2,512 0,3301
Day 14 0052 08192 0,625  0,0551 Day 14 2,762 0,8192 3,476 0,0551
Day 21 0,502 0,0276 0,32 0,3838 Day 21 3,212 0,0276 2,531 0,3838
Log IL4 - PMA-I Log IL4 - PMA-I

Placebo (Alnt) P-Value Selenium(Alnt) P-Value Placebo P-Value Selenium P-Value
Day 0 0,81 0 0,145 0,4057 Day 0 0,81 0 0,855 0,4057
Day 4 0,268 0,0207 -0,066 0,6749 Day 4 1,078 0,0207 0,889 0,6749
Day 7 0,631 0,0004 -0,422 0,0887 Day 7 1,441 0,0004 0,533 0,0887
Day 14 0,367 0,0354 0,288 0,2373 Day 14 1,177 0,0354 1,243 0,2373
Day 21 0,793 0 -0,403 0,1274 Day 21 1,603 0 0,552 0,1274
Log ILS - PMA-| Log IL5 - PMA-I

Placebo (AlInt) P-Value Selenium(Aint) P-Value Placebo P-Value Selenium P-Value
Day 0 0,653 0 0,106 0,5464 Day0 0,653 0 0,759 0,5464
Day 4 0,238 0,0424 -0,019 0,%044 Day 4 0,891 0,0424 0,74 0,%044
Day 7 0,445 0,0036 -0,205 0,3366 Day 7 1,098 0,0036 0,554 0,3366
Day 14 0,313 0,07 0,454 0,0421 Day 14 0,966 0,07 1,253 0,0421
Day 21 0,805 0 -0,242 0,4289 Day 21 1,458 0 0,517 0,4289
Log IL10 - PMA-| Log IL10 - PMA-|

Placebo (Alnt) P-Value Selenium(Alnt) P-Value Placebo P-Value Selenium P-Value
Day 0 0,925 0 -0,072 0,6058 Day 0 0,925 0 0,853 0,6058
Day 4 -0,11 0,298 0,145 0,3143 Day 4 0,815 0,298 0,998 0,3143
Day 7 -0,008 0,9535 0,073 0,7102 Day 7 0,917 0,9535 0,926 0,7102
Day 14 -0,169 0,3704 0,047 0,0768 Day 14 0,756 0,3704 0,9 0,0768
Day 21 0,305 0,1149 -0,387 0,1836 Day 21 1,23 0,1149 0,466 0,1836
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Log IFNg - PMA-|
Placebo (Alnt)

Day 0 3,042
Day 4 0,605
Day7 0,677
Day 14 0,061
Day 21 1,309

Log TNFa - PMA-I
Placebo {Alnt)

Day 0 1,727
Day 4 0,264
Day 7 0,378
Day 14 -0,238
Day 21 0,458

P-Value Selenium(Aint) P-Value

0 0,177 0,421
0,0038 -0,316 0,2664
0,0042 -0,532 0,1076
0,7918 0,854 0,0102

0 -0,851 0,0567

P-Value Selenium(Alnt) P-Value

0 -0,006 0,9766
0,1356 0,046 0,8488
0,0684 -0,265 0,362
0,2051 0,703 0,0082
0,0634 -0,406 0,3384

Log IFNg - PMA-I

Placebo P-Value Selenium P-Value
Day0 3,042 0 3,219 0,421
Day 4 3,647 0,0039 2,503 0,2664
Day 7 3,719 0,0042 2,687 0,1076
Day 14 3,103 0,7919 4,073 0,0102
Day 21 4,351 0 2,368 0,0567

Log TNFa - PMA-I

Pokeweed mitogen witlheadouts from IL2, IFN and TNF.

LogIL2 - PWM

Placebo (Alnt)
Day 0 2,048
Day 4 0,351
Day 7 0,338
Day 14 0,299
Day 21 -0,016
Log IFNg - PWM

Placebo (Alnt)
Day 0 1,736
Day 4 0,526
Day 7 0,756
Day 14 1,145
Day 21 0,965

Log TNFa - PWM
Placebo (Alnt)

Day 0 1,426
Day 4 0,745
Day 7 1,139
Day 14 1,544
Day 21 0,945

P-Value Selenium(Aint) P-Value

0 0,075 0,6521
0,0137 0,065 0,7362
0,0539 -0,06 0,8036

0,01489 -0,036 0,9011
0,9432 0,7 0,0407
P-Value Selenium(Aint) P-Value

o 0,12 0,5841
0,0067 -0,099 0,7081
0,0024 -0,324 0,3457

0 -0,227 0,539
0,0012 0,433 0,3315

P-Value Selenium(Alnt) P-Value

0 0,222 0,2664
0 -0,215 0,3176
0 -0,595 0,0359
0 -0,529 0,1147
0,0003 0,142 0,7228

Placebo P-Value Selenium  P-Value
Day 0 1,727 0 1,721 0,8766
Day 4 1,891 0,1356 1,767 0,8488
Day 7 2,105 0,0684 1,456 0,362
Day 14 1,489 0,2051 2,424 0,0082
Day 21 2,225 0,0634 1,315 0,3384
LogIL2 - PWM

Placebo P-Value Selenium P-Value
Day0 2,048 0 2,123 0,6521
Day 4 2,399 0,0137 2,188 0,7362
Day 7 2,386 0,0539 2,063 0,8036
Day 14 2,347 0,01485 2,087 0,9011
Day 21 2,032 0,9432 2,823 0,0407
Log IFNg - PWM

Placebo P-Value Selenium P-Value
Day 0 1,736 o 1,856 0,5841
Day 4 2,262 0,0067 1,757 0,7081
Day 7 2,492 0,0024 1,532 0,3457
Day 14 2,881 0 1,628 0,539
Day 21 2,701 0,0012 2,289 0,3315

Log TNFa - PWM

Placebo P-Value Selenium  P-Value
Day 0 1,426 0 1,648 0,2664
Day 4 2,171 0 1,433 0,3176
Day 7 2,565 0 1,053 0,0359
Day 14 2,97 0 1,118 0,1147

Day 21 2,371 0,0003 1,79 0,7228

Viral antigens with readouts from IL2, IFN and TNF.

Log IL2 - Virus

Placebo (AInt)
Day0 0,244
Day 4 0,235
Day 7 0,185
Day 14 0,162
Day 21 0,234

Log IFNg - Virus
Placebo (Alnt)

Day 0 0,684
Day 4 0,096
Day7 0,115
Day 14 0,002
Day 21 -0,174

Log TNFa - Virus

P-Value Selenium({Aint) P-Value

0,0002 -0,085 0,2923
0,0124 -0,111 0,3871
0,0324 0,037 0,7612
0,0804 -0,056 0,6675
0,0096 -0,139 0,302

P-Value Selenium(Alnt) P-Value

0 -0,105 0,4473
0,5169 -0,268 0,1896
0,466 0,132 0,5517
0,9895 -0,019 0,9394
0,3432 0,043 0,8799

Placebo (AInt) P-Value Selenium({Aint) P-Value

Day0 0,412
Day 4 0,233
Day7 0,278
Day 14 0,109
Day 21 0,067

0 -0,066 0,5358
0,0211 -0,143 0,301
0,0141 0,011 0,9433
0,3593 -0,076 0,6473

0,472 0,216 0,1352

Log IL2 - Virus

Placebo P-Value Selenium P-Value
Day0 0,244 0,0002 0,149 0,2923
Day 4 0,479 0,0124 0,038 0,3871
Day 7 0,429 0,0324 0,186 0,7612
Day 14 0,406 0,0804 0,093 0,6675
Day 21 0,478 0,0096 0,01 0,302

Log IFNg - Virus

Placebo P-Value Selenium  P-Value
Day 0 0,684 0 0,579 0,4473
Day 4 0,78 0,5169 0,311 0,1896
Day 7 0,799 0,466 0,711 0,5517
Day 14 0,686 0,5895 0,56 0,93%4
Day 21 0,51 0,3432 0,622 0,8799
Log TNFa - Virus

Placebo P-Value Selenium P-Value
Day0 0,412 1] 0,346 0,5358
Day 4 0,645 0,0211 0,203 0,301
Day 7 0,69 0,0141 0,357 0,9433
Day 14 0,521 0,3593 0,27 0,6473
Day 21 0,479 0,472 0,562 0,1352
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ARTICLE INFO ABSTRACT

Keywords:
Selenium

Purpose: We examined in a longitudinal study the role of sodium selenite in sepsis patients in strengthening the
immune performance in whole blood samples using immune functional assays.
Sepsis . Materials and methods: This was a sub-study from a randomized, double blinded multicenter clinical trial
Immu.ne function (SISPCT) registered with www.clinicaltrials.gov (NCT00832039) and with data collected at our center. Full
Cytokines blood samples were incubated with various recall antigens and the supernatants were measured for their
cytokine concentrations as markers for immune response. Data from days 0, 4, 7, 14, and 21 (from sepsis
onset) were analyzed using a generalized least squares model in R to appropriately take the longitudinal struc-
ture and the missing values into account.
Results: From the 76 patients enrolled in the study at our center, 40 were randomized to selenium therapy and 36
to placebo. The analyses of immune response assay data showed no statistical difference between the selenium
and placebo groups at each of the time points. There was however an overall dampening of cytokine release,
which tended to recover over time in both groups.
Conclusion: Selenium has long been an adjuvant therapy in treating sepsis. Recently, it was proven to not have
beneficial effects on the mortality outcome. Using data from our center in this sub-cohort study, we identified
no relative improvement in cytokine release of stimulated blood immune cells ex vivo from patients with
selenium therapy over a three-week period. This offers a potential explanation for the lack of beneficial effects
of selenium in sepsis patients.

© 2019 Published by Elsevier Inc.

1. Introduction positive results. The current Surviving Sepsis Campaign guidelines
from 2016 state that “evidence for the use of intravenous selenium to
provide a pharmacologic effect through an antioxidant defense is not

convincing” [4]. There was no significant impact on mortality or second-

Severe sepsis and septic shock are a leading cause of mortality in
critical care. Selenium is a trace element that is often given to these

patients to improve clinical outcomes. In septic patients, selenium levels
are often already decreased [1] and are not reconstituted through
volume resuscitation or transfusions. Being critically ill also increases
the demand for selenium in order to neutralize radicals due to oxidative
stress in the body [2]. It all appears logical that administration of this
trace element may be an important part of therapy in sepsis.

The first comprehensive study which supports the use of selenium in
sepsis showed a reduction in mortality [3]. The discussion quickly be-
came heated as many research teams were unable to reproduce the

* Corresponding author at: Laboratory of Translational Research "Stress and Immunity",
Department of Anaesthesiology, University Hospital, LMU Munich, Marchioninistrae 15,
81377 Munich, Germany.

E-mail address: achouker@med.uni-muenchen.de (A. Chouker).

https://doi.org/10.1016/,jcrc.2019.05.001
0883-9441/© 2019 Published by Elsevier Inc.

Reprinted with permission.

ary outcomes such as length of stay or development of nosocomial
pneumonia. Indeed, early parenteral [5,6] administration of selenium
has not proven to be effective in altering clinical outcomes despite
selenoproteins' known role in upregulation of anti-inflammatory path-
ways [7,8]. While we now know selenium does not impact mortality,
this study takes a step further in uncovering if and how selenium affects
elementary functions of the immune system. We have applied an
established cytokine release assay to run short time cultures with
diluted whole blood as a proxy for the assessment and monitoring of
the immune performance in a homeostatic environment with no cell
separations and included proteins and complement [9-11] over the
course of 3 weeks of the disease. To answer the question of whether
intravenous selenium improves immune function in severe sepsis or
septic shock, we analyzed blood samples from patients with immune
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stimulation assays over the course of 21 days using a generalized least
squares model.

2. Methods
2.1. Clinical study design

A prospective, longitudinal study at the anaesthesia ICU, Munich
University Hospital was conducted as part of the multicenter “Placebo
Controlled Trial of Sodium Selenite and Procalcitonin Guided Antimicro-
bial Therapy in Severe Sepsis” (SISPCT) [5] cohort [NCT00832039]. 76
Patients were recruited at our hospital following ethical approval by
the University of Jena Research Ethics Committee with local amend-
ments [Eudra-CT-Nr. 2007-004333-42] and written informed consent
was obtained from the medical proxy. As part of the study protocol, pa-
tients were randomized to receive intravenous sodium selenite (1 mg
loading dose followed by continuous infusion of 1 mg daily until dis-
charge) or placebo 24 h within sepsis onset.

To be included, patients had to meet the criteria either for severe
sepsis or septic shock at the time of admission to the ICU and were en-
rolled within 24 h into the study. This entailed meeting two or more of
the SIRS criteria of tachycardia (>90 bpm), tachypnea (>20 bpm or me-
chanical ventilation), body temperature above 38 °C or below 36 °C, and
white blood cell count over 12,000/mm? or below 4000/mm?>. There
must be a clinical suspicion for or microbiologically proven infection.
In addition, one or more of acute encephalopathy, thrombocytopenia,
renal dysfunction, metabolic acidosis, arterial hypoxemia, and arterial
hypotension must be present. Patients were excluded if they were
pregnant, breastfeeding, otherwise severely immune compromised,
requiring long-term antimicrobial therapy, or if they had experienced
selenium intoxication or were allocated as participants in another trial.

The administration of study solutions, either placebo or sodium sel-
enite, was started as soon as possible until discharge from the ICU. All
other medical management decisions, such as antimicrobial or cortico-
steroid therapy and enteral or parenteral nutrition, took place indepen-
dently at the discretion of the ICU physicians. Clinical data were
collected throughout the entire ICU stay. Blood samples for running
the study relevant ex vivo immune assays were drawn on days 0, 4, 7,
14, and 21 for our mono-center sub-study to assess immune function.

2.2. Immune response assays

Blood samples were drawn into 9 ml lithium heparinized tubes
(Sarstedt AG & Co., Niimbrecht, Germany) through either arterial or
central venous catheters. 400 pl of patient blood was transferred to
tubes with equal volume of Dulbecco modified eagles medium
(Sigma-Aldrich, Steinheim, Germany) along with the different stimulat-
ing agents including pokeweed mitogen (PWM) (Sigma-Aldrich,
Steinheim, Germany) and a CD3 / CD28 (Becton Dickinson, Franklin
Lakes, NJ, USA) mixture. Pokeweed mitogen is a strong immune activa-
tor that induces T and B cell mitosis in a non-receptor specific fashion.
CD3 and CD28 are T cell receptor ligands that stimulate T cell activation
via binding to antigen presenting cells. Lipopolysaccharide (LPS) (E.coli
serotype 025:B6 Sigma-Aldrich, St. Louis, MO, USA) is a component of
the outer membrane of gram-negative bacteria and elicits a strong im-
mune response in animal cells. Additional stimulating antigens used in-
clude bacterial (1% Boostrix, GlaxoSmithKline, Munich, Germany),
fungal (Candida lysate, Allergopharma, Reinbeck, Germany) compo-
nents, or Phorbol myristate acetate and lonomycin (PMA-I) (Sigma-Al-
drich, St. Louis, MO, USA) to activate protein kinase C (PKC) signaling
pathways and stimulate immune cell cytokine production.

These mixtures were incubated for 48 h at 37 °C and immediately
frozen at —80 °C in Eppendorf tubes. The frozen supernatants were
then processed in a blinded fashion after thawing. The concentrations
of the cytokines IL-1b, IL-2, IL-6, TNF and IFN-y were analyzed using
Luminex XxMAP technology with commercially available reagents from

BioRad-Laboratories Inc. (Hercules, California, USA). The readouts
were processed using software provided by Bioplex. Further cytokines
that were measured include IL-4, IL-5, IL-8, IL-10, and IL-12.

2.3. Statistical analysis

The main objective of the statistical analyses was to investigate
whether the evolution of the marker values over time was different in
the two treatment groups (selenium and placebo). Important chal-
lenges in the analysis of longitudinal data were missing data points
(with patients who passed away or became healthy enough to leave
the ICU, there was a substantial attrition over the three week period)
and the potentially strong correlation of the measurements within pa-
tients (there were patients with high average values and patients with
low average values). With the starting number at n = 76, complete
case analysis including only the 17 patients with follow-up until day
21 would be skewing the results toward the remaining, likely sicker pa-
tients. It is indeed important to note that the missing values in this case
were not missing completely at random. On the one hand, the patients
who have left the ICU in comparison to those who remained were likely
less severely diseased. On the other hand, patients whose values were
missing because of death were likely more severely diseased. Moreover,
the measurements of a patient were usually noticeably correlated (i.e.
more similar to each other on average than measurements from differ-
ent patients). Because of this correlation, standard linear regression
could not be used. The selection of a statistical approach modelling the
evolution of the markers over time while taking these issues into ac-
count required advanced statistical expertise.

The treatment effect on immune function over time was assessed by
fitting “generalized least squares (GLS) models” with an unstructured
correlation matrix. This was done by applying the R function ‘gls’ from
the R package ‘nmle’ to each log-transformed marker successively
with treatment and time (coded as factors) as well as their interaction
as covariates. Assuming the probability that a missing value was deter-
mined by the last observed values (a reasonably realistic assumption in
the present case), this approach adequately coped with missing values
and yielded a valid inference, so that imputation was not needed. It
also adequately took the correlation between measurements from the
same patient into account. The log-transformation log(1 + x) was per-
formed to achieve approximate normality (1 was added to better cope
with values close to 0). For each marker, the global null-hypothesis of
no interaction between treatment and time (i.e. that the treatment
has no effect on the changes in marker levels over time) was tested
using a likelihood-ratio test as implemented in the R function ‘anova’.
This analysis was repeated for 42 different combinations of antigens
and cytokines. Holm's procedure was used to adjust for multiple testing.
All statistical analyses were conducted with R (version 3.3.1) by two
data analysts (JS and ALB) independently for crosschecking.

3. Results

Among the 76 severe sepsis or septic shock patients enrolled, 40
were randomized to receive sodium selenite or 36 placebo (Table 1).
Top admitting diagnoses were pneumonia, intra-abdominal infections
and urosepsis. The subjects were comprised of surgical and to a smaller
percentage, non-surgical patients. The vast majority have already re-
ceived antimicrobial therapy upon admission and over half hydrocorti-
sone therapy. Patient characteristics and disease severity were
comparable in the two groups based on SAPS II, APACHE Il and SOFA
scores.

The GLS analyses showed no statistically significant immune en-
hancement with selenium versus placebo over time after adjustment
for multiple testing. Quantile-quantile plots were generated for each in-
vestigated marker to visualize the distribution of the residuals as a
model fit check. There were no substantial deviations from the normal
distribution. Logarithmically transformed longitudinal results from
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