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Abstract

Background: Sepsis is a life-threatening dysregulated host response
to infection responsible of multiple organs dysfunction (Sepsis-3 In-
ternational Consensus Definition), during which clinical outcome is a
balance between inflammation and immune suppression. Monocytes
and lymphocytes may play an important role in immune paralysis,
and their impaired functional activity can decrease overall immune
system efficiency. We evaluated sepsis-induced changes in mono-
cytes human leukocyte antigen-DR isotype (HLA-DR) expression
and T cell capacity of interferon (IFN)-y production in relation with
patient’s clinical outcome.

Methods: Analysis of HLA-DR expression on blood monocytes (mH-
LA-DR) was performed in 55 patients with high procalcitonin (hPCT, >
0.5 ng/mL,) and suspected/confirmed sepsis, and 20 controls. HLA-DR
absolute quantification and IFN-y release assay were monitored in 16
septic patients for 4 weeks following sepsis confirmation.

Results: Cytofluorimetric analysis revealed a significant decrease of
mHLA-DR percentage in septic patients with adverse outcome com-
pared to patients with better clinical outcome (88.4% vs. 98.6% with
P <0.05), in combination with a significant decrease of absolute num-
ber of HLA-DR molecules per monocyte (P < 0.05, starting at 1 week
of follow-up). Lymphocytes stimulation with phytohemagglutinin
(PHA), Staphylococcus aureus (S. aureus) and Candida albicans (C.
albicans) showed a severe declining of IFN-y release related to fatal
clinical outcome of patients.
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Conclusions: This immunologic anergy of innate and adaptative im-
munity showed an early immune paralysis during sepsis which ap-
pears correlated with the impairment of clinical outcome.
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Introduction

The immune response is an essential defense mechanism
against infection and tissue injury through both inflammation
and immune suppression [1], a process involving both innate
and adaptative immunity. After the first phase characterized
by inflammation and “cytokine storm”, during which blood
monocytes release high levels of pro-inflammatory cytokines
(e.g., tumor necrosis factor (TNF)-a and interleukin (IL)-1)
[2], the following stage of adaptative immune tolerance coun-
teracts host’s initial inflammatory response leading to the
resolution of the infective process. This second phase could
establish systemic state of immune paralysis, in which patients
are characterized by persistent inflammation, neutrophilia,
lymphopenia and susceptibility to secondary infections due to
a dysregulation of innate and adaptive immunity [3].

Circulating monocytes play an important role in the de-
fense of organism, cross-link innate and adaptive immunity
and are involved in pathogenesis of several inflammatory
diseases. Functional defects in monocytes play a key role in
the pathophysiology of sepsis-induced immune-suppression
owing to a decreased release of pro-inflammatory cytokines,
low human leukocyte antigen-DR isotype (HLA-DR) surface
expression and reduced antigen presentation capacity [4]. Sev-
eral clinical studies show an association of the low levels of
HLA-DR expression on circulating monocytes with morbidity
and mortality of septic patients and increased susceptibility to
contracting secondary/nosocomial infections [5-7].

Similar to the phenomenon observed in monocytes,
changes in immune function also involved lymphocytes [8].
Sepsis causes massive apoptosis of cluster of differentiation
(CD)4" and CD8" T cells as well as B cell [9-11]. Lymphocyte
apoptosis is a key factor in the development of immune paraly-
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sis because it also impairs the activity of innate immunity cells,
which are the most potent antigen-presenting cells (APCs),
contributing to the progression of immunological imbalance
of septic patients [12]. Surviving CD4" and CD8" T cells de-
velop an “exhausted” phenotype because of the prolonged
exposure to excessive pro- and anti-inflammatory cytokines.
Several studies show that Thl- and Th2-associated cytokine
production is reduced during and long after sepsis resolution
[4, 13]; in particular Boomer et al [14] showed a profound sup-
pression of interferon (IFN)-y and TNF-a production. T cells
exhaustion also includes increased expression of programmed
cell death-1 (PD1) on CD4" T cells and of programmed cell
death ligand 1 (PDL1) on macrophages and a marked reduc-
tion in T-bet and GATA3 expression, two transcription factors
that modulate Th1 and Th2 cell response, respectively [15].
Instead, in the immune paralysis state, an increase of regula-
tory T cells (T reg) has been observed [16]. T reg cells are
more resistant to sepsis-induced apoptosis than other T cell
subpopulations; their higher number in sepsis patients impairs
immunity and contributes to secondary infections and mortal-
ity by acting both on innate and adaptive immune cells [9],
increasing immune-suppressive state.

Evaluation of immunophenotyping of whole peripheral
blood represents a good marker to establish immune cells
anergy, determine immune paralysis of innate and adaptative
immunity and possibly monitor the effectiveness of immune-
modulatory therapies [16, 17].

In the present study, we conducted a flow cytometrical
analysis of the functional changes in monocytes HLA-DR
molecule, as marker of their activation or paralysis in septic
patients, together with the evaluation of the T cell-driven ad-
aptative immunity by residual capacity of IFN-y production
during sepsis, in correlation with clinical outcome of disease.

Materials and Methods

Patients

The present study has been conducted on 55 patients hos-
pitalized in different medical and surgical wards of the Vito
Fazzi Hospital of Lecce (Italy) and 20 controls (not hospital-
ized healthy individuals). Patients were enrolled according to
inclusion criteria: adult age (equal or more than 18); clinical
suspicions of bacterial infection (patients were enrolled with
high procalcitonin (PCT) plasmatic levels (PCT > 0.5 ng/mL);
sepsis diagnosis was established according to the Sepsis-3 def-
inition of the Society of Critical Care Medicine and the Euro-
pean Society of Intensive Care Medicine [18]; the presence of
infection was confirmed by microbiological assays. Exclusion
criteria were the presence of human immunodeficiency virus
(HIV) infection, infectious hepatitis and other acute or chronic
viral infections.

Patients with confirmed sepsis (n = 39, positive blood cul-
ture (BC+)) have been monitored for 1 week after admission.
Long hospitalized patients (16 out of 39) were monitored for
4 weeks (sBC+).

For each patient, clinical and biological variables were
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collected. These included demographic characteristics (age
and gender), microbiological findings (infection source and
the identified microorganisms) and routine markers of inflam-
mation as C-reactive protein (CRP), complete blood cell count
and biochemical markers; the Sequential Organ Failure As-
sessment (SOFA) score has been calculated for septic patients.
SOFA score was determined by using biochemical and clinical
parameters of each patient. SOFA score is based on the de-
gree of dysfunction of six organ systems: respiratory failure
is assessed by fraction of inspired oxygen and partial pressure
of oxygen (Pa0,), coagulation score by platelets count, liver
score by total bilirubin, neurological score by Glasgow Coma
Scale, cardiovascular function by mean of arterial pressure and
use of vasopressors, renal impairment by serum creatinine or
urine output. To each organ system, a point value from 0 (nor-
mal) to 4 (high degree of dysfunction/failure) is assigned. The
SOFA score ranges from 0 to 24; higher value indicates greater
organ failure and worst prognosis.

The Institutional Review Board (IRB) approval was not
applicable. This study was conducted in compliance with the
ethical standards of the responsible institution on human sub-
jects as well as with the Helsinki Declaration. Written informed
consent was obtained from the patients, or if not possible, from
their relative as designed by ethic committee.

Hematological and biochemical investigation

Complete blood count was performed on Sysmex XN-3100
automatic hematology analyzer (Sysmex, Kobe, Japan) based
on the fluorescence flow cytometry and hydrodynamically
focused impedance. Cell population data (CPD) for the leu-
kocyte sub-populations (neutrophils (NE); monocytes (MO);
lymphocytes (Ly)) were obtained using flow cytometry in the
WDF channel of the XN-3100 from the optical signals related
to internal complexity along the X axis (side scatter, SSc),
fluorescence related to nucleic acid content along the Y axis
(SF1), forward scatter (FSc) proportional to cell size in the Z
axis. Parameters related to dispersion of values around the
mean are expressed according to distribution width; as range
of the distribution of the major population, as detailed in the
study of Urrechaga et al [19].

Plasmatic levels of PCT were determined by enzyme-
linked fluorescence assay (ELFA) with VIDAS® B.R.A.H.M.S.
PCT™ system (Biomerieux, Marcy-1’Etoile, France) according
to manufacturer recommendations and expressed in ng/mL.

Serum levels of biochemical parameters analyzed were
performed on the Cobas® 8000 analyzer according to manu-
facturer’s directions (Roche Diagnostic GmbH, Germany).

Microbiological cultural assay

Microbial cultures were used to identify the organism present
in biological specimens derived from different sites (respira-
tory tract, urinary tract, abdomen, and others) according to
clinical suspicion by standardized microbiological cultural as-
says procedures.
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Blood cultures were performed in patients with clinical
symptoms of bloodstream infections prior the administration
of antimicrobial therapy. For each patient, two bottles sets were
used for each septic episode; approximately 10 mL of blood
was inoculated in the aerobic and anaerobic bottle (BACT/
ALERT Culture Media, Biomerieux, Marcy-1’Etoile, France);
the bottles were entered in the BACT/ALERT 3D system for
the incubation and measure of the color change in response to
shift in pH as a result of rising of carbon dioxide (CO,) lev-
els produced by microorganisms. In positive samples, bacteria
and yeasts were identified on the Vitek 2 system (Biomerieux,
Marcy-1’Etoile, France), according to manufacturer directions.

Flow cytometrical quantification of HLA-DR in mono-
cytes

One hundred pL of ethylenediaminetetraacetic acid (EDTA)
anticoagulated whole blood from patients (after 3 - 4 days
from sepsis diagnosis) or controls were incubated with the
following combination of monoclonal antibodies: 20 uL of
anti CD14-PE (BD, clone M¢$P9) and 20 pL of anti HLA-DR-
APC-Cy7 (BD, clone L243) for 30 min in the dark. All sam-
ples were stained within 1.5 h after blood collection.

After staining, red blood cells were lysed for 15 - 20 min
with 1:10 dilution of BD FACS™ lysing solution (containing
30% diethylene glycol, 9.99% formaldehyde and 3.51% meth-
anol), and centrifugated for 5 min at 300 x g. Cell pellet was
resuspended in 450 puL of BD FACSFlow™ sheath fluid solu-
tion and acquired on a BD FACS CANTO II flow cytometer.

A minimum of 3,500 monocyte events were recorded for
each sample based on a gate created on scatter plot of CD14-
PE vs. side scattered light signals (SSC). HLA-DR expression
on blood monocytes (mMHLA-DR) was reported as a percent-
age and mode of fluorescence intensity (MFI) of HLA-DR
positive monocytes out of the total CD14™ monocyte popula-
tion. In setting conditions, we used also monoclonal antibod-
ies anti CD45 and markers for further leucocytes population
than monocytes (as anti CD3 for lymphocytes T, anti CD19
for lymphocytes B or other specific markers of granulocytes
lineage in combination with dimensional parameters), and we
confirmed the accurate gating of monocytes even in absence of
additional markers (data not shown).

Absolute quantification of mHLA-DR per cell was per-
formed by anti-HLA-DR/anti-monocyte reagent (BD, Quan-
tibrite Anti-HLA-DR/Anti-Monocyte kit), a combination of
anti-HLA-DR PE (= 95% 1:1 PE:mAb ratio, clone[.243) and
anti-monocyte PerCP-Cy5.5 (CD14, clone MgP9, and CD64,
uniquely recognized by cyanine dyes). Fluorescence quantita-
tion was performed after calibration by fluorescent beads with
known amount of HLA-DR per bead (BD, Quantibrite PE Flu-
orescence Quantitation Kit).

Data were analyzed by BD Facs DIVA 8.0.1 software (BD).

IFN-y release assay

The IFN-y release assay (IGRA) was performed by stimulating
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blood cells with specific microbial antigens and quantifying
IFN-y by QuantiFERON®-TB Gold Plus Kit on LIAISON®
XL (DiaSorin, Saluggia Italy). Briefly, 1 mL lithium-heparin
anticoagulated whole blood from 16 septic patients and 20
controls was incubated 48 h at 37 °C in presence of phyto-
hemagglutinin (PHA, positive control) or 100 pL of bacterial
cell lysate from Staphylococcus aureus (S. aureus) culture,
(corresponding to approximately 10 - 15 x 10° microbial cells
per tube) or 100 pL of cell lysate from Candida albicans (C.
albicans) culture, (corresponding to approximately 10 - 15 x
10° microbial cells per tube) or no stimulus (negative control).
After incubation, the samples were centrifuged for 15 min
at 3,000 x g to separate cells from plasma. Concentrations
of IFN-y released by stimulated T-cell were determined by
chemiluminescent immune assay (CLIA) by LIAISON® XL
analyzer (DiaSorin) according to manufacturer’s recommen-
dation, and expressed in UI/mL on the basis of a calibration
curve obtained with known amount of [FN-y. Values of IFN-y
> 0.35 UI/mL in presence of mitogens indicate T cells activa-
tion; for positive control (PHA) the cut-off was > 0.5 Ul/mL.

Statistical analysis

Statistical analysis was performed by MedCalc v19.9.1 statis-
tical software and data were showed as the mean + standard
error of the mean (SEM).

The Student’s -test was used for comparison between pa-
tients and controls; statistically significant differences were
established according to P value (< 0.05).

Results

In the present study we analyzed a population of 55 hospital-
ized patients with high plasmatic level of PCT > 0.5 ng/mL
(hPCT patients) and early suspicion of sepsis, and 20 not hos-
pitalized healthy individuals, as controls (Table 1).

The 55 hPCT patients had positive cultural assay: 39 of
them had clinical evidences of sepsis and BC+, responding to
Sepsis-3 International Consensus Definition [18]; remaining
16 patients, denoted as BC-, had positive cultural assay in dif-
ferent sites (respiratory tract, genitourinary tract, abdominal
cavity, and skin). Gram-negative bacteria were identified in
74% of positive blood cultures.

Among BC+, a subgroup of 16 patients (sBC+) was moni-
tored for 4 weeks (TO - TS); five of them died between the
second and third week. The SOFA score of alive patients was 4
+ 0.91 while it was 11 £ 2.60 in deceased patients.

Biochemical and hematological parameters were moni-
tored for all BC+ patients at admission (time 0, TO) and af-
ter 1 week from diagnosis (time 2, T2). The whole group of
septic patients (BC+) was retrospectively categorized into two
groups characterized by better clinical outcome (group BO, n
= 27) or worst clinical outcome (group WO, n = 12) based
on time of hospitalization, recovery time from primary infec-
tion, appearance of secondary/nosocomial infections and death
(Fig. 1). The whole group was monitored for 1 week (TO - T2).
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Table 1. Characteristics of Analyzed Patients

Healthy controls Presence of infection Confirmed sepsis 4 weeks follow-up

(Ctrl, n =20) (BC-,n=16) (BC+,n=39 (BO=27; WO =12)) (sBC+, n=16 (deceased: 5/16))
Age (years) 53+4 68 +3 67+3 72+3
Gender (male/female) 6/12 11/5 18/21 6/10
Blood culture - - + +
Other specimens culture® - + - -

a0ther specimens culture: samples from respiratory and urogenital sites, serous cavities, and skin. BC+: patients with positive blood culture; BC-:
patients with positive cultural assay in different sites; BO: septic patients with better clinical outcome; WO: septic patients with worst clinical outcome;

sBC+: long hospitalized septic patients monitored for 4 weeks. Data are presented as mean + SEM or n. SEM: standard error of the mean.

Analysis and quantification of HLA-DR monocytes sur-
face expression in control and septic patients

mHLA-DR expression was analyzed 3 - 4 days after diagnosis
of sepsis in 39 septic patients (BC+) by flow cytometrical anal-
ysis (Fig. 2). Percentage value of mHLA-DR in 16 non-septic
patients (BC-) showed no significant difference compared to
controls (99.1£0.3% vs. 99.4+0.2%, with P = 0.3). BC+ septic
patients showed significantly lower percentage of mHLA-DR
(94.3+£2.29%) compared to both healthy controls (with P <
0.05) and to BC- patients (with P < 0.05, Fig. 2). No statistical
significance was observed for mHLA-DR MFI between BC+,
BC- and control patients.

The worst conditions subgroup of patients, WO, was char-
acterized by higher incidence of secondary/nosocomial infec-
tions, often polymicrobial, long time hospitalization (> 30
days) and statistically significant lower percentage of mHLA-
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DR (88.4+4.5%) compared with better outcome patients, BO
(98.6+0.3%, P = 0.05). WO patients showed statistically sig-
nificant lower MFI of mHLA-DR (1,193.6 +219.6 vs. 2,819.4
+ 591.1 of BO patients, P = 0.022). Florescence intensities of
WO vs. BO were significantly different also when evaluated as
median (1,623.7 = 416.3 vs. 2,730.8 = 332.5) or mean values
(2,344.0 £ 590.2 vs. 3,837.4 £ 398.1), with P = 0.05.

Interestingly, WO patients did not show a tendency to-
wards restoration of normal values of white blood cells, plate-
lets, monocytes, neutrophils and lymphocytes counts like BO
patients (Fig. 1) or BC- patients, which however exhibited
more stable hematological parameters than BC+ (data not
shown).

We further monitored 16 BC+ patients hospitalized for 4
consecutive weeks (sBC+) in order to quantify absolute num-
ber of HLA-DR molecules per monocyte and evaluate the ac-
tivation/anergy state of monocytes in relation to clinical out-
come and survival/mortality of patients. Five out of 16 patients
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Figure 1. Hematological parameters of 39 patients with confirmed sepsis (BC+) after 1-week hospitalization. White blood cells
(WBC), monocytes, lymphocytes, neutrophils and platelets (PLT) count were monitored at admission (time 0, TO) and after 1
week from diagnosis (time 2, T2). Patients were sub-grouped in better outcome (BO) and worst outcome (WO) according to
clinical severity. Data are presented as mean + SEM. Statistical analysis: unpaired Student’s t-test of WO vs. BO values. SEM:

standard error of the mean.
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Figure 2. HLA-DR monocytes surface expression in BC+, BC- and control (Ctrl) patients (total n = 55). (a) Flow cytometrical
analysis of monocytes gated on scatter plot of CD14-PE vs. side scattered light signals (SSC). (b, c) Histogram plot of HLA-DR-
APC-Cy7 among CD14* gated monocytes. Values of HLA-DR expression percentage and mode of fluorescence intensity are
indicated below graphs for different groups of patients and controls. Data are presented as mean + SEM. Statistical analysis:
unpaired Student’s t-test of BC+ vs. BC- values (SP < 0.05); BC+ vs. Ctrl values (*P < 0.05); WO vs. BO values (‘P < 0.05). HLA-
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assays; WO: patients with worst clinical outcome; BO: patients with better clinical outcome.
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t-test of dead vs. alive values (*P < 0.05). HLA-DR: human leukocyte antigen-DR isotype; SEM: standard error of the mean.
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died between the second and third week. We found that the ab-
solute count of mHLA-DR was significantly lower in patients
with adverse outcome compared to alive (9,824 vs. 19,207
HLA-DR molecules/monocyte, P = 0.05, after the first week
from sepsis diagnosis; 5,956 vs. 18,862 HLA-DR molecule/
monocyte, P < 0.05, after the second week; 5,583 vs. 31,367
HLA-DR molecule/monocyte, after the third week, P < 0.05).
A clear decreasing trend of HLA-DR molecules per monocyte
(Fig. 3) was observed during time in deceased patients with
respect to survivals (mortality has been evaluated at the 28th
day, all deceased patients died before the fourth week).

Analysis of CPD

Analysis of CPD for monocytes revealed increased value for
X, Y, Z parameters (intracellular complexity, X; nucleus flo-
rescence, Y; cellular dimensions, Z) for sBC+ septic individu-
als compared to controls, at the first week of follow-up. The in-
crease was more pronounced in not survived individuals with
P <0.05 compared to alive patients (Table 2). The previously
reported [19] increase of monocyte dispersion width (MDW)
observed in sepsis (for the width of each parameter, WX, WY,
WZ) was found only in survived septic patients. However, in
deceased patient, the nucleic acid content (Y) appeared re-
duced at the second week and corresponded to an increased
MDW (MO-WY). Interestingly, this finding appears in ac-
cordance to the observed decline in mHLA-DR expression in
deceased septic patient from the second week of follow-up.
Lymphocytes (Ly) showed similar CPD trend with in-
creased intracellular complexity (Ly-X) during sepsis com-
pared to control individuals, while nuclear florescence (Ly-
Y) was decreased compared to control; we found significant
decrease of nuclear fluorescence in deceased patients vs. sur-
vived (P = 0.05) at the third week of sepsis follow-up (Table 2).
Increased lymphocyte dispersion width (LDW) was observed
during sepsis, for deceased individuals the increase of Ly-WX
and Ly-WY was observed with a delay of 1 - 2 weeks. This is
in accordance with the almost inexistent T lymphocytes activa-
tion and IFN-y production in presence of mitogens in deceased
septic patients compared to survived individuals (Table 2).

T cells response to mitogens and IFN-y production

T cells activation was investigated in sBC+ patients, during 4
consecutive weeks, through the evaluation of IFN-y released
after lymphocytes stimulation with PHA, S. aureus and C. al-
bicans. In presence of PHA, we observed that IFN-y levels
were significantly lower in patients with unfavorable outcome
compared to survived patients (1.43 = 0.27 Ul/mL vs. 7.66 +
0.96 UI/mL, respectively, with P < 0.001, after 1 week from
sepsis diagnosis; 1.15 + 0.64 Ul/mL vs. 8.82 + 0.54 Ul/mL
with P < 0.05, after second week; 0.54 + 0.32 Ul/mL vs. 6.62
+ 0.93 UI/mL with P <0.05, after third week, Fig. 4). S.aureus
and C. albicans did not stimulate T cells response in patients
with lethal clinical outcome. IFN-y levels were very low (0.03
+ 0.009 UI/mL and 0.07 £ 0.03 UI/mL, respectively, after the
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first week from sepsis diagnosis; 0.03 + 0.01 Ul/mL and 0.05
+0.01 UI/mL, after second week; 0.04 &+ 0.03 UI/mL and 0.04
+0.01 UI/mL, after third week) compared to survivors (2.08 +
1.10 UI/mL and 1.22 + 0.88 Ul/mL, respectively, after the first
week; 1.67 £ 1.10 Ul/mL and 0.51 + 0.35 Ul/mL, after second
week; 1.71 £ 1.05 UI/mL and 0.12 £+ 0.02 UI/mL, after third
week). Although the strong decline of T cells response to mi-
togens observed in deceased patients, we did not find a statisti-
cally significant difference between dead and alive because of
the small dimension of the analyzed sample (Fig. 4).

Discussion

Delayed restoration of immunologic homeostasis between
pro- and anti-inflammatory responses determines an impaired
immune reaction following sepsis and higher risk for adverse
outcome including secondary infection and death [4]. The in-
nate immune cells (including monocytes) are involved in the
initial immunologic response to critical illness; the adaptative
immune response (lymphocytes-driven) is predominant in the
subacute phase of illness. In the present study, we analyzed
activation state of monocytes and lymphocytes in the immuno-
suppressive phase of sepsis in critically ill patients.

As known, monocytes normally recognize and process
the pathogen and present the antigens on their cell surface via
HLA-DR to T helper cells; once activated, monocytes secrete
pro-inflammatory cytokines amplifying the immune response,
while T helper cells interact and activate B cells to proliferate,
differentiate and secrete specific antibodies. When critical con-
dition advances, a parallel anti-inflammatory process leading to
the immune-suppressed state determines a reduced monocytes
antigen presenting capacity and releasing of pro-inflammatory
cytokines in response to bacterial compounds [6, 20, 21].

In this context, we examined mHLA-DR expression dur-
ing sepsis, and we found a significant reduction of its percent-
age value in septic patients (BC+) compared to controls and to
BC- patients (Fig. 2). Notably, the subgroup of septic patients
with worst outcome (WO) exhibited a significant reduction of
mHLA-DR percentage and MFI (Fig. 2), in agreement with the
worsening of hematochemical markers at the first week; oppo-
site to the restoration of same parameters in BO patients (Fig.
1). After the first week from sepsis diagnosis, in patients with
fatal prognosis the absolute number of HLA-DR molecules per
monocytes was reduced to around 50% of the value found in
patients with positive outcome; at the third week, it decreased
to less the 20% (Fig. 3). This finding correlates with the varia-
tion of monocytes CPD in deceased patients compared to those
survived to sepsis. In fact, we found decreased nucleic acid
content from the second week of sepsis and increased MDW
in deceased patients (Table 2).

As we have previously reported, during the first phase of
sepsis there is a progressive polarization of monocytes to a
pro-inflammatory phenotype characterized by the expansion
of the CD14™"CD16" subpopulation (intermediate monocytes,
mainly a pro-inflammatory subset) and the decrease of classical
CD14"*CD16° monocytes subpopulation [22]. CD16" mono-
cytes are known to be involved in antigen processing and presen-
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Table 2. Cell Population Data (CPD) for the Leukocyte Sub-Populations (Neutrophils, Monocytes and Lymphocytes) of Sub-Group of 16 Hospitalized Septic Pa-

tients (sBC+) and Healthy Control (N
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674.5 0.122

643.6

630.4 0.138

519

0.001

507.1

Total 596

Average values of tridimensional distribution for each population were reported from admission time (T0O) to 4 weeks (T5) after diagnosis of sepsis; statistical analysis was performed
by unpaired Student’s t-test of alive vs. dead values; alive vs. controls values; dead vs. controls values (P < 0.05). Parameters related to dispersion of values around the mean are

expressed according to distribution width (W) for each population. Optical signals related to internal cells complexity are reported as X values (side scatter, SSc), fluorescence related

to nucleic acid content as Y values (SFl), and cell size values are reported in the Z axis (forward scatter, FSc).

tation and trans-endothelial migration [23], and to be increased
during inflammation (e.g., cancer, sepsis and stroke), infections
such as HIV, tuberculosis and other pathogens [24-31]. Other
studies demonstrated intermediate monocytes involvement in
inflammatory response by evidencing intermediate monocytes
triggered expression of molecules, which promote their mi-
gration into the lesions, where increased levels of their ligand
are present [32], also facilitated by increased permeability and
endothelial activation [33]. Nevertheless, after the first intense
inflammatory response, subsequent immunocompromised state
is characterized by an activated anti-inflammatory response in
order to restoring immune homeostasis [4, 34]. Present results
confirmed that during sepsis, monocytes undergo functional and
metabolic reprogramming by reducing the levels of HLA-DR
surface expression (Figs. 2, 3) and internal complexity (Table
2), the immunosuppressed phenotype observed for patients with
fatal prognosis contributes to the poorest clinical outcome.

From our results, impaired monocytes activation during
the innate immune response and reduced mHLA-DR appear
to be good markers for classification of adverse clinical out-
come in septic patients. Further impairment of adaptive im-
mune response with lymphocyte apoptosis and lymphopenia
is associated with increased mortality and secondary infection
risk [35-37]. We observed a substantial drop of lymphocytes
absolute count in WO patients after 1 week (Fig. 1), while
both BO patients and BC- patients showed a more stable trend
and better outcome. In the subgroup of five deceased patients,
lymphocytes were considerably lower than survived patients
at the stage of the diagnosis of sepsis and during following
4 weeks (even lower than the value found in whole group of
WO BC+ patients). The absolute count of lymphocytes was
0.48 +0.26 x 10 cell/L at blood culture positivization, 0.69 +
0.29 x 10? cell/L after 1 week, 0.74 = 0.01 x 10° cell/L after 2
weeks (with P, respectively, 0.03, 0.04, and 0,06). Moreover,
lymphocytes showed different CPD behavior (variation width
for parameters of intracellular complexity and nuclear flores-
cence) in deceased patients compared with patients with good
prognosis. Again, for deceased individuals these parameters
were correlated with a state of anergy, reduced activation and
failure of IFN-y production in presence of microbial mitogens,
as S. aureus and C. albicans, or PHA at the diagnosis of sepsis
and during following weeks (Fig. 4).

Other hematological parameters showed an expected in-
crease of absolute numbers of neutrophils and decrease of
platelets in deceased patients during the 4-week observation
(data not shown). CPD data for neutrophils showed a consist-
ent trend of increasing values (internal complexity, nuclear
fluorescence and their related variation width) for dead septic
patients compared to alive, especially at the first week; differ-
ences were significative compared to control individuals.

Our data demonstrated that both lymphopenia and lym-
phocytes impaired functional activity were associated with
increased immune dysfunction and higher sepsis severity.
Currently, there are several reports showing the altered lym-
phocytes immune function in sepsis. Feuerecker et al [38] ob-
served reduced IFN-y and other pro-inflammatory cytokines
levels after in vitro stimulation of lymphocytes from patients
affected by severe sepsis or septic shock, as well as ex vivo
stimulation with IL-10 [39]. Our results showed that sepsis-in-
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Figure 4. Interferon-y released by lymphocytes (IFN-y release assay (IGRA) test) in presence of mitogens: (a) Positive control
(PHA). (b, c) Microbial cells lysate (S. aureus and C. albicans) in the group of 16 hospitalized septic patients monitored for the first
3 weeks following septic diagnosis. Patients were classified according to clinical outcome (alive and dead patients). The fourth
week was not reported in the graph because all deceased patients died before the 28th days. Data are presented as mean +
SEM. Statistical analysis: unpaired Student’s t-test of dead vs. alive values (*P < 0.05; ***P < 0.001). SEM: standard error of the
mean; IFN: interferon; PHA: phytohemagglutinin; S. aureus: Staphylococcus aureus; C. albicans: Candida albicans.

duced defects in innate immune cells contribute to immune pa-
ralysis along with lower ability of adaptive immune responses.
The phenotypic shift toward down regulation of multiple im-
mune response pathways in both monocytes and T cell [40]
suggested more susceptibility to secondary infections, and
consequently, late-phase mortality.

In conclusion the present study evidenced the impairment
of the antigen presentation process and T cell IFN-y release
and its worsening during the 4-week observation of hospital-
ized patients with consequent immune paralysis due to sepsis
and severe outcome. The analysis of cells anergy and immune
paralysis is an important tool in order to better understand the
pathophysiological mechanisms of sepsis, the correlation with
clinical outcome and development of new immune-monitoring
strategies and effective immunotherapies.
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