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Immune profile of patients-a new approach in
management of sepsis and septic shock?
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Abstract. The present study was a prospective observa-
tional single center study, enrolling 102 patients with sepsis,
admitted in the Intensive Care Unit of the County Emergency
Clinical Hospital in Targu Mures (Mures, Romania). The
main goal of the present study was to compare the changes
of the following parameters on day 1 compared with day 5,
in sepsis compared with septic shock, as well as in survivors
compared with non-survivors: Cell blood count parameters,
neutrophil-lymphocyte ratio, platelet-lymphocyte ratio and
systemic inflammation index, C reactive protein (CRP),
ferritin, procalcitonin (PCT), CD 3+ T cells, CD4+ T cells,
CD8+ T cells, CD16+CD56+/CD3-NK cells and CD19+ B
cells. The relationship between the subcategories of lympho-
cytes with the inflammatory markers was evaluated. The
serum concentration of CRP and PCT was significantly lower
on day 5 compared with day 1 and serum ferritin was signifi-
cantly higher in patients with septic shock. The percentage of
cytotoxic T lymphocytes was significantly decreased and the
percentage of NK lymphocytes was significantly increased
in patients who developed septic shock. The results indicated
a negative significant correlation between the proportion
of T lymphocytes and PCT concentration and a positive
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significant correlation between the proportion of B lympho-
cytes and PCT concentration.

Introduction

Sepsis is a serious medical condition associated with a severe
systemic inflammation, termed systemic inflammatory
response syndrome, and the presence of a known infection.
It can evolve to septic shock, multiple organ dysfunction
syndrome and mortality (1). Sepsis is regarded as the immune
response of the host to fight the infection, being character-
ized by pro- and anti-inflammatory responses (2), resulting
in hemodynamic consequences, metabolic derangement and
damage to organs (3.4).

In sepsis, the behavior of the polymorphonuclear neutro-
phils (PMN) changes and they become resistant to apoptosis
and, in addition, they induce the apoptosis of other cells, such
as CD4 + lymphocytes (5-7). In an experimental study, it was
demonstrated that PMN are protective at the onset of sepsis,
because they control the bacteremia, but after the onset of sepsis
they become harmful, as they lose their innate immune func-
tions (8). As activated PMN are nonspecific in their function,
they can harm the ‘innocent bystander’ cells and induce tissue
injury and further organ dysfunction (5,9). The septic mono-
cytes are resistant to apoptosis (10) and have reduced expression
of the major histocompatibility antigen HLA-DR (5,11,12). One
study found evidence supporting the idea that an early circu-
lating factor in severe sepsis/shock modulates the apoptosis of
CD4+ lymphocytes and monocytes (10). On the other hand,
increased apoptosis induces the decrease of dendritic cells and
lymphocytes: CD4+ T cells, CD8+ T cells and B cells (13). The
T regulatory subcategory appears to be more resistant to apop-
tosis in sepsis than the other subsets of lymphocytes (5,13). One
study also indicates the decrease of NK lymphocytes in a cohort
of septic patients with purulent meningitis (14).

These changes of leukocytes have an effect on the clinical
course and outcome of patients with sepsis. Neutrophilia in
association with lymphopenia are correlated with the severity
of the clinical course (15-17). The need for quick indica-
tors to predict the evolution of patients with sepsis has been
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evident for many years. In line with this, different ratios were
calculated from the cell blood count (CBC) with promising
value for the prediction and prevention of sepsis mortality:
Neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte
ratio (PLR), lymphocyte-monocyte ratio (LMR) (16,18,19).
These ratios are valuable also for the early prediction of
neonatal sepsis (20). Systemic inflammation response index
(SIRI), systemic inflammation index (SII) and the aggre-
gate index of systemic inflammation (AISI) were found to
predict the outcome in different pathologies, but especially in
COVID-19 (21).

Considering these studies focused on finding early, useful
and inexpensive predictors for the outcome of patients with
sepsis, the main goal of the present study was to compare the
changes of the following parameters on day 1 and day 5, in
sepsis compared with septic shock, as well as in survivors
compared with non-survivors: Cell blood count parameters,
neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio
(PLR) and systemic inflammation index (SII), C reactive
protein (CRP), ferritin, procalcitonin (PCT), CD 3+ T cells,
CD4+ T cells, CD8+ T cells, CD16+CD56+/CD3-NK cells
and CD19+ B cells. The relationship between the subcategories
of lymphocytes with the inflammatory markers were also
evaluated.

In Romania, these markers have not been evaluated in
sepsis, and the results of the various studies are contradictory.
In addition, the identification of such biomarkers as predictors
of the evolution in sepsis would be of great use in a country
with limited financial resources.

Materials and methods

The present study was a prospective observational single
center study, enrolling 102 patients with sepsis admitted in the
Intensive Care Unit (ICU) of the County Emergency Clinical
Hospital from Targu Mures (Mures, Romania), between July
2021 and March 2023.

The present study was approved by the Ethics Committee
of the University of Medicine and Pharmacy, Science,
and Technology ‘G.E. Palade’ from Targu Mures (Mures,
Romania; approval no 1425/01.07.2021) and was conducted in
accordance with the Helsinki Declaration.

The current study included patients over 18 years of age,
diagnosed with sepsis according to the Sepsis 3 Consensus
criteria (22). Exclusion criteria were cancer with current
chemotherapy or radiation therapy, treatment with cortico-
steroids or immunosuppressive medication, or evidence of
autoimmune disorders.

Informed consent for inclusion in the study was obtained
from each patient or legal guardian of patients, as well as
consent for publication of obtained data.

The studied parameters were: Age, sex, body mass index
(BMI), complete blood count (CBC), CRP, ferritin, PCT, T
cells (CD 3+), Th cells (CD4+), Tc cells (CD8+), NK cells
(CD16+CD56+/CD3-), B cells (CD19+). All these parameters
were evaluated on day 1 and day 5 after admission to the ICU.
The identification of leukocytes subsets was performed using
a flow cytometry (BD FACSCalibur; BD Biosciences) and
they were quantified as percentages (%). CBC was performed
using a Sysmex XN-1000 analyzer (Sysmex Europe GmbH).

For CBC and immunophenotyping venous blood samples
were collected in K2 EDTA tubes. From patients' serum
CRP (turbidimetry), ferritin (electrochemiluminescence
immunoassay ECLIA) and PCT (chemiluminescent immu-
noassay, CLIA) were determined using Cobas ¢ 501 analyzer
(Roche Diagnostics).

BMI was calculated based on weight and height (kg/m?).

The studied ratios and indexes were calculated as
follows: NLR as the neutrophil to lymphocyte ratio, PLR
as the platelet to lymphocyte ratio and SII as neutrophils x
platelets/lymphocytes.

Based on data reported in the literature, the patients
included in the study were divided according to the serum
ferritin concentration in two groups: One with serum
ferritin values <500 pg/l and one with serum ferritin values
=500 pg/l.

Data was entered into MS Excel. Statistical, descriptive
and inferential processing was performed with the GraphPad
Prism 5 Demo version (Dotmatics). Means or medians with
confidence intervals were calculated for descriptive statistics.
The mean was calculated for data with a normal distribution,
and the median was calculated for those with a non-Gaussian
distribution. To establish the differences in the mean, the
Student's t test or the Mann Whitney test was used, depending
on the Gaussian or non-Gaussian distribution. For binary
data the Chi Square test was used. The regression tests used
were Pearson's or Spearman's. For receiver operating char-
acteristic (ROC) analysis SPSS 17.0 (SPSS, Inc.) was used.
P<0.05 was considered to indicate a statistically significant
difference (23).

Results

The present study included 39 women (38.24%) and 63 men
(61.76%). The mean age was 68 years (minimum 37 years
old; max 90 years old). A total of 76 patients succumbed
(74.51%) and 26 patients survived (25.49%). The mean BMI
was 28.57+5.6 (minimum 15.60; maximum 49.40). A total of
40 patients (39.22%) evolved to septic shock.

The underlying conditions in the study group were as
follows: Cardiovascular disorders (82 patients; 80.4%),
renal disorders (68 patients; 66.7%), respiratory disorders
(63 patients; 61.8%), neurological disorders (46 patients;
45.1%), diabetes mellitus (31 patients; 30.4%) and polytrauma
(8 patients; 7.8%).

Table I shows the values of the studied parameters on day
1 and day 5. Day 1 was defined as the day on which the patient
was clinically diagnosed with sepsis.

The lymphocytes count was significantly higher, and the
serum concentration of CRP and PCT was significantly lower
on day 5 compared with day 1.

Table IT compared the studied parameters between patients
with sepsis and those who developed septic shock.

Among the markers of inflammation, ferritin was signifi-
cantly higher in patients with septic shock. The percentage of
cytotoxic T lymphocytes was significantly decreased and the
percentage of NK lymphocytes was significantly increased in
patients with septic shock.

As statistically significant differences were observed
in ferritin and NK lymphocytes, ROC curve analysis was
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Table I. The studied parameters on day 1 and day 5.

Parameter Day 1 Day5 P-value
Leukocytes, x10%/ul 14.42 13.50 0.80°
Neutrophils, x10%/ul 12.02 11.69 098
Lymphocytes, x10%/ul 0.85 1.00  0.02*
Thrombocytes, x10*/ul 213.00 223.00 0.67*
NLR 15.39 1138 0.11*
PLR 272.10 2147 0.20*
SII 3224.00 3868.00 0.88*
CRP, mg/1 17930 13190 0.01°
Ferritin, ug/l 59250 446.50 0.27*
PCT, ng/ml 3.08 1.06 0.01*
T cells (CD3+), % 7630 7321 043*
Th cells (CD4+), % 63.53 65.6 0.70*
Tc cells (CD8+), % 3059  30.74  0.74*
NK cells (CD16+56+/CD3-), % 8.00 845 0.74*
B cells (CD19+), % 12.80 1030 0.25°

“Mann Withney; °Student's t-test. Bold type indicates significance.
NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio;
SII, systemic inflammation index; CRP, C reactive protein; PCT,
procalcitonin; CD, cluster of differentiation.

performed to assess the early diagnostic value of these two
markers for discriminating between septic shock and sepsis,
as can be seen in Figs. 1 and 2.

Analyzing the ROC curves, only ferritin is important in the
early discrimination between sepsis and septic shock.

Among the 40 patients who developed septic shock,
30 patients (75%) had serum ferritin levels =500 ug/l
(P=0.0005). The mortality rate was also significantly higher
in patients with ferritin =500 ug/1 (82.14% of these patients
succumbed, P=0.028).

Comparing the analyzed parameters between survivors
and non-survivors on admission, no significant difference
were obtained, as can be seen in Table III.

Table IV evaluated the correlations between the subcatego-
ries of leukocytes and the inflammation markers.

A negative significant correlation was observed between
the percentage of T lymphocytes and PCT concentration, and
a positive significant correlation between the percentage of B
and PCT concentration.

Discussion

The present study focused on finding early, useful and inex-
pensive predictors for patients with sepsis. For this purpose,
the studied parameters were compared in a cohort of patients
admitted in ICU on day 1 and day 5, in sepsis compared
with septic shock, as well as in survivors compared with
non-survivors. Briefly, the results showed that the serum
concentration of CRP and PCT were significantly lower on
day 5 compared with day 1 and serum ferritin was signifi-
cantly higher in patients with septic shock. The percentage of
cytotoxic T lymphocytes was significantly decreased and the

percentage of NK lymphocytes was significantly increased in
patients who developed septic shock.

The non-survivors were older than the survivors, even if
not significantly, probably due to associated chronic diseases
(e.g. diabetes mellitus, chronic obstructive pulmonary disease)
and altered immune response, which is similar the results of
other studies (24,25).

Despite its involvement in the pathogenesis of many
diseases (26,27), increasing BMI appears to offer an advantage
in the survival of patients with sepsis, as the BMI was higher
in survivors compared with non-survivors. This phenomenon
has been described as the obesity paradox (25,28,29).

The mortality rate in the present study group was
much higher, compared with the values reported in other
studies (30,31). This could be considered as a consequence of
an immune-paralysis due to an immunosuppressive state that
exposes patients to a secondary sepsis with bacteria, viruses
or fungi and might progress with uncontrolled inflammatory
response (32). These results might suggest the need to improve
the management of sepsis and septic shock according to the
patient immunologic profile.

Neutrophilia and lymphopenia are known hematological
changes in sepsis. The increase in neutrophils is due to the
release of immature neutrophils and delayed apoptosis of
circulating neutrophils (33). In the present study the neutro-
phil count at admission was similar between survivors and
non-survivors, in accord with other findings (24,34).

Furthermore, it is considered that some neutrophil subsets
can suppress the immune function of T cells through several
mechanisms: Depletion of L-arginine, release of reactive
oxygen species and interferon y-induced programmed cell
death ligand 1 and apoptosis of T lymphocytes (33). This
last mechanism is especially important in sepsis (33,35). On
day 5, compared with day 1, an increase was observed in the
number of lymphocytes, as well as a decrease in inflammatory
markers, among which CRP and PCT decreased significantly,
probably because of the compensatory anti-inflammatory
response syndrome, or immune-paralysis (36). Ferritin
also decreased, although not significantly. The number of T
helper, cytotoxic, NK, and B lymphocytes varied very little
between day 1 and 5, as it is known that both their number
and their function need several weeks to recover, in those
who survive (33,36,37). Sepsis modifies both the naive T-cell
pool, as well as the memory T cells, increasing the risk of
secondary infections (38). When the patients with septic shock
were compared with those with sepsis it was observed that the
number of CDS8 cells was significantly lower in septic shock
and the number of NK cells was significantly higher. The
reported results regarding the changes of CDS cells in septic
shock are controversial. As in the present results, the CDS cells
decrease in septic shock is the finding of one study (39), but
according to another study, the percentage of CD8+T lympho-
cytes in the septic shock group was slightly higher than that in
the sepsis group (40).

The number and function of B cells is also affected in
sepsis. According to some studies, although the number of
B cells decreases, the proportion of B cells in total lympho-
cytes appears to increase and the circulating B cell number is
reduced in septic shock patients (41,42). In the present study,
the percentage of B cells was lower in day 5 compared with
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Table II. The studied parameters in septic shock vs. sepsis.

Parameter Septic shock Sepsis P-value
Leukocytes, x10%/ul 16.22+1.61 16.68+1.34 0.83¢
Neutrophils, x10%/ul 14.26+1.49 14.23+£1.22 0.98*
Lymphocytes, x10%/ul 0.88+0.085 1.22+0.16 0.12*
Thrombocytes, x10*/ul 239.70+24 46 239.10+16.41 0.98*
NLR 18.32+1.70 16.63+1.43 0.45°
PLR 326.20+34.60 320.90+35.31 091*
SII 4415+551.80 4003+472.20 0.57*
CRP, mg/1 182.00+20.18 177.5+13.74 0.84°
Ferritin, ug/l 1436+235.50 811.60+137.80 0.01*
PCT, ng/ml 25.92+17.82 8.80+2.77 0.19*
T cells (CD3+), % 63.76+2.68 83.11+11.85 0.23*
Th cells (CD4+), % 65.65+2.61 62.38+1.93 0.31°
Tc cells (CD8+), % 26.41+1.87 32.86+1.83 0.02*
NK cells (CD16+56+/CD3-), % 13.61+£2.18 9.22+0.87 0.03*
B cells (CD19+), % 20.07+2.46 16.05+1.92 0.20*

“Mann Withney, “Student's t-test. Bold type indicates significance. NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio;
SII, systemic inflammation index; CRP, C reactive protein; PCT, procalcitonin; CD, cluster of differentiation.
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Figure 1. Receiver operating characteristic curve for ferritin and septic shock
(area under the curve: 0.67; P=0.003).

day 1, a consequence of apoptosis, but was not significantly
changed when sepsis was compared with septic shock.

In terms of survival, in the present study, none of the
analyzed parameters was significantly changed. In one study,
the results indicate that the percentages of CD4+ lymphocytes
and CD19+ lymphocytes were lower in the non-survivor
group, the percentage of NK lymphocytes was higher in
the non-survivor group and there was no difference in the
percentage of CD8+ lymphocytes between the non-survivor
and survivor groups (43). The present study obtained just a
mild decrease of CD19+ and a mild increase of NK cells in
non-survivors. Considering the low number of patients included
in the aforementioned study (43), further testing, using a larger
cohort of patients is needed to evaluate these results. As many

Figure 2. Receiver operating characteristic curve for NK lymphocytes
and septic shock (area under the curve: 0.45; P=0.49). NK, natural killer
lymphocytes.

studies use a healthy control group, the present study found
limited information regarding the dynamics of changes in
lymphocyte subsets in sepsis/septic shock.

In the present study, PLR, NLR and SII did not prove
useful for early indication of unfavorable evolution, since
significant differences between day 1 and day 5, between
sepsis and septic shock and between survivors and non-survi-
vors were not obtained. One study indicates NLR is higher
in non-survivors, but PLR values did not differ significantly
between survivors and non-survivors (24). However, the
results of the present study indicated a higher value of NLR
in non-survivors vs. survivors (19.29 vs. 15.65). In a cohort
of 194 patients with sepsis, both NLR and PLR were signifi-
cantly higher in the non-survival group than in the survival
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Table III. The studied parameters in survivors vs. non-survivors.

Parameter Survivors Non-survivors P-value
Age (years) 64.57 69.33 0.08°
Sex M/F (no, %) 18,28.57%/8,20.51% 45,71.43%/31,79.49% 0.18°
BMI (kg/m?) 29.33 28.31 0.55*
Leukocytes, x10*/ul 16.13 18.67 0.34%
Neutrophils, x10*/ul 13.99 16.54 0.33¢
Lymphocytes, x10*/ul 1.11 1.15 0.82°
Thrombocytes, x10*/ul 2333 2469 0.73¢
NLR 15.65 19.29 0.40°
PLR 263.2 285.9 0.71*
S 3595.00 5416.00 0.34*
CRP, mg/1 157.7 130.8 0.26°
Ferritin, ug/l 742.10 817.10 0.71*
PCT, ng/ml 4.5 9.81 0.29
T cells (CD3+), % 72.18 71.77 0.91*
Th cells (CD4+), % 65.25 66.63 0.72¢
Tc cells (CD8+), % 30.62 29.74 0.79*
NK cells (CD16+56+/CD3-), % 691 8.67 0.24*
B cells (CD19+), % 16.27 15.92 0.92*

“"Mann Withney, "Student's t-test, “Chi Square. Bold type indicates significance. NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte
ratio; SII, systemic inflammation index; CRP, C reactive protein; PCT, procalcitonin; CD, cluster of differentiation.

Table I'V. Correlations between leukocyte subcategories and inflammation markers.

Parameter CRP (mg/1) Ferritin (ug/1) PCT (ng/ml)

Neutrophils, x10%/ul p=0.10 p=0.12 p=0.17
(-0.10-0.30) (-0.08-0.31) (-0.10-043)

P=0.33 P=0.22 P=0.19

T cells (CD3+) % p=-0.09 p=-0.16 p=-0.32
(-0.31-0.12) (-0.37-0.04) (-0.57-0.02)

P=0.38 P=0.11 “P=0.03

Th cells (CD4+) % r=0.007 p=0.09 p=-0.01
(-0.21-0.22) (-0.11-0.30) (-0.32-0.28)

P°=0.94 P=0.36 P=091

Tc cells (CD8+) % p=-0.08 p=-0.17 p=-0.09
(-0.29-0.14) (-0.37-0.04) (-0.38-0.22)

P=0.46 P=0.09 P=0.55

NK cells (CD16+56+/CD3-) % p=-0.10 p=0.04 p=-0.25
(-0.32-0.11) (-0.16-0.26) (-0.51-0.05)

P=0.32 P=0.65 P=0.09

B cells (CD19+) % p=0.02 p=0.08 p=0.36
(-0.20-0.24) (-0.13-0.29) (0.06-0.60)

P=0.84 P=0.44 P=0.01

2Spearman test, *Pearson test. Bold type indicates significance. CRP, C reactive protein; PCT, procalcitonin; CD, cluster of differentiation.

group (44). The results of another study are opposite, as NLR
was reduced in the non-survivor group (34). One meta-anal-
ysis indicates different changes of NLR and the outcomes in
heterogeneous cohorts of critically ill adults with sepsis and

highlights the need to evaluate NLR in future stratification

models (45).

SII was evaluated in cohort of 209 patients with sepsis and
the results showed that it was significantly lower in patients with
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sepsis compared with those with septic shock (46). The results
of the present study were similar, even if not significant. An
important difference in SII value can be observed comparing
the group of survivors vs. that of non-survivors (3,595.00 vs.
5,416.00). As SII is little investigated, further studies are neces-
sary and SII will be evaluated in a larger cohort of patients.

Inflammatory markers are used to diagnose and monitor
the evolution of patients with sepsis as well as the treatment
and for prognosis (47-49). Among the three evaluated inflam-
matory markers, ferritin was significantly increased in patients
with septic shock, compared with those with sepsis, as well as
the percentage of NK cells, probably because of the macro-
phage activation syndrome (MAS) complicating sepsis, but
no significant difference between survivors and non-survivors
was found. When the patients we compared according to the
ferritin threshold of 500 ug/l, ferritin levels were significantly
higher in patients with septic shock and in non-survivors,
similar to the results of one study (50). According to the
results of one study, high-level serum ferritin is an independent
prognostic marker for the prediction of mortality in patients
with sepsis (51).

PCT increased in patients with septic shock, even if not
significantly. The pathogenesis of MAS is not fully understood
and it is associated with increased activation of macrophages
and NK cells (52). Other studies indicate that both CRP and
PCT have poor predictive value referred to 30-day all-cause
mortality in patients admitted with sepsis or septic shock (53)
and that PCT and CRP threshold values or their kinetics
cannot predict ventilator-associated pneumonia survival or
septic shock development (54). A study on the administration
of antibiotics in patients with COVID-19 indicates that procal-
citonin remains useful for associated bacterial infection (55).

The present study tested possible correlation between the three
tested inflammatory markers and the changes of lymphocytes
subsets and found that PCT decreases with decreasing propor-
tion of T cells and increases with the increasing proportion of B
cells, probably related to the pathogenic phases of sepsis and the
functional abnormalities of T and B cells subsets during sepsis.

The present study has some limitations. The limited
number of patients made it difficult to draw final conclusions.
As it was a single center study, there was some bias regarding
the overview of the pathology. In the future, the authors hope
to increase the study group and continue the evaluation of the
tested parameters on a larger cohort of patients.

In conclusion, the serum concentration of CRP and PCT
was significantly lower on day 5 compared with day 1 and
serum ferritin was significantly higher in patients with septic
shock. The percentage of cytotoxic T lymphocytes was signifi-
cantly decreased and the percentage of NK Iymphocytes was
significantly increased in patients who developed septic shock.
The results indicated a negative significant correlation between
the proportion of T lymphocytes and PCT concentration, and
a positive significant correlation between the proportion of B
and PCT concentration. Regarding the value of the present
study in clinical practice, among the parameters tested, ferritin
is important in predicting early evolution towards septic shock.
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