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Abstract

Background: Immunoglobulins (Igs) and cells of the innate and
adaptive immune systems play a critical role in a host’s response to
sepsis. The aim of this study was to investigate the possible differ-
ences in the levels of Igs, white blood cells (WBCs), and T and B
lymphocytes cells in relation to the microbiological and clinical re-
sponses of patients with sepsis or septic shock from carbapenem non-
susceptible Gram-negative bacteria (CnS-GNB).

Methods: This pilot cohort study involved 24 hospitalized patients
with sepsis or septic shock due to bacteremia from CnS-GNB. The
microbiological and clinical responses of the patients were evaluated
in relation to their blood levels of IgA, IgE, IgM and IgG, as well as
WBCs and subpopulations of T and B cells upon sepsis diagnosis.
A microbiological response was determined as clearance of bactere-
mia at 14 days of active antibiotic treatment for the isolated bacterial
pathogen. Clinical response was defined as the resolution of all clini-
cal and laboratory signs of infection and sepsis at 14 days of active
antibiotic treatment for the isolated pathogen.

Results: From the 24 patients included in the study 18 (75%) and
six patients (25%) presented and did not present microbiological
response respectively, while 16 patients presented clinical response
(64%) and eight patients (36%) did not have clinical response. The
levels of the Igs did not show statistically significant differences be-
tween patients with sepsis from CnS-GNB bacteremia who exhibited
microbiological or clinical response. There were also no statistically
significant differences in the levels of WBCs and the subpopulations
of T and B cells levels for these patients (P > 0.05). According to
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this pilot study, peripheral blood Igs and lymphocyte subpopulations
levels do not affect the clinical and microbiological response of septic
patients with bacteremia from CnS-GNB.

Conclusions: In patients with sepsis or septic shock from CnSGNB,
there were no differences in the levels of Igs, circulating WBCs and
T and B cells subpopulations between those with microbiological or
clinical response and non-responders.
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Introduction

Antimicrobial resistance in hospital settings is a worldwide
threat and a global public health problem [1-3]. In Greece, no-
socomial infections from carbapenem non-susceptible Gram-
negative bacteria (CnS-GNB) are serious and complex issues,
especially in patients in intensive care unit (ICU). Nosocomial
infections cause a significant increase in morbidity and mortal-
ity rates, as well as in the duration and costs of hospitalization
stays of patients.

Sepsis is an acute, life-threatening, exaggerated systemic
host response to infection that is associated with organ dysfunc-
tion, hyperinflammation and immunosuppression [4-6]. To de-
termine the effects of sepsis on the immune system, in vitro and
in vivo models have been used to study the levels of Igs, white
blood cells (WBCs), and T and B lymphocytes [7-11]. Most
patients with sepsis present with low concentrations of Igs. Im-
munomodulatory therapies with intravenous Ig (IVIG) or IgM-
enriched IVIG (IVIGAM) are considered as potential adjuvant
therapy for these patients [12-15]. Sepsis is characterised by
functional, phenotypic and quantitative changes in T and B
lymphocytes. Sepsis-induced apoptosis leads to lymphopenia
of most types of T cells, including CD4, CDS8 and natural killer
(NK) cells, except T regulatory cells, which favor immunosup-
pression [16-18]. Furthermore, circulating levels of B lympho-
cytes correlate with the incidence of nosocomial infection [7].

To our knowledge, the correlation between the levels of
Igs, WBCs and lymphocytes’ subpopulations with the micro-
biological and/or clinical response of patients with sepsis from
CnS-GNB has never been evaluated. The aim of the present
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study was to examine the impact of the levels of IgM, IgG, IgA
and IgE and the circulating subpopulations of WBCs and T and
B cells on the microbiological and clinical response of septic
ICU patients with bacteremia from CnS-GNB.

Materials and Methods
Design

This single-centre, prospective, observational, cohort pilot
study was performed between June 2018 and April 2019 in the
general ICU of University General Hospital of Patras (UGHP),
Greece. The UGHP Scientific and Ethics Committee approved
the study (number: 255/15.05.18). The data were collected after
consent was obtained from the closest relative, as the patients
were unable to provide consent due to the severity of their dis-
ease. This study was conducted in compliance with all the ap-
plicable institutional ethical guidelines for the care and welfare.

Inclusion criteria were patients > 18 years of age, present-
ing sepsis and/or septic shock caused by bacteremia from CnS-
GNB Acinetobacter baumannii, Klebsiella pneumonia and
Pseudomonas aeruginosa. The definitions of sepsis and septic
shock were based on the Sepsis-3 criteria [5]. Upon sepsis or
septic shock diagnosis blood was drawn for culture and study’s
analyses, and empiric antibiotic treatment was started within
1 h. When a CnS-GNB (Acinetobacter baumannii, Klebsiella
pneumonia and Pseudomonas aeruginosa) was isolated in
blood culture the patient was enrolled in the study for analyses
of Igs levels and circulating WBCs and lymphocyte subpopu-
lations at the onset of bacteremia. Appropriateness of antibiot-
ic treatment was reassessed by an infectious diseases special-
ist upon the availability of the susceptibility tests results and
within the first 7 days after blood culture collection (targeted
therapy). Patients enrolled should have been treated with at
least one active in vitro agent for Acinetobacter baumannii or
Pseudomonas aeruginosa or at least two active in vitro agents
for Klebsiella pneumonia, according to the susceptibility test
results. Monotherapy with tigecycline (even at high dose of
200 mg loading dose, followed after 12 h by 100 mg bid) was
considered inactive for Acinetobacter baumannii bacteremia.
The exclusion criteria were isolation of more than one patho-
gens, human immunodeficiency virus (HIV) infection, primary
immunodeficiency or neutropenia (i.e., < 1,000 neutrophils/
mm?), or chronic corticosteroid therapy (i.e., > 0.4 mg/kg/day
equivalent of prednisolone for > 15 consecutive days).

Patients were followed up for 28 days. During the patients’
ICU hospitalization, the following information was recorded:
the results from clinical and routine laboratory examinations;
pathological parameters, including blood tests, C-reactive pro-
tein (CRP) levels, blood pressure, heart rate, blood gases, res-
piratory rate, vasoconstrictor and/or inotropic drug needs, car-
diac index and fluid needs; the pathogen antibiogram; the type
and dose of antibiotics administered; and the disease severity
indices. The disease severity indices were based on the acute
physiology and chronic health evaluation (APACHE) II score
and the sequential organ failure assessment (SOFA) score. Re-
peated blood cultures were collected every 2 days.
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The aim of the present study was to investigate the po-
tential association of baseline (upon sepsis diagnosis) levels
of IgM, IgG, IgA and IgE and circulating WBCs and T and
B cells subpopulations with the clinical and microbiological
response of patients with sepsis or septic shock owing to bac-
teremia from CnS-GNB.

Antibiotic susceptibility testing

Gram-negative isolates were identified using VITEK 2 Ad-
vanced Expert System (bioMerieux, Marcy 1’Etoile, France).
MICs of meropenem, fosfomycin, tigecycline and ceftazidime/
avibactam were determined by Etest (bioMericux), whereas,
broth microdilution method was applied for colistin. Results
were interpreted according to European Committee on Antimi-
crobial Susceptibility Testing (EUCAST) 2018 guidelines [19].
The presence of blaKPC, blaVIM, blaNDM and blaOXA-48
genes was confirmed by polymerase chain reaction (PCR).

Definition of the outcomes

Microbiological response was defined as two consecutive neg-
ative blood cultures for the isolated bacteria at 14 days after in-
itiation of active antimicrobial therapy (i.e., test of cure visit).
An early microbiological response was defined as negativity of
blood cultures within 5 days of active antimicrobial treatment
initiation. The initial clearance and recurrence of the pathogen
within a 14-day period was classified as a treatment failure.
Clinical response was defined as the resolution of all clini-
cal and laboratory signs of infection and sepsis at 14 days of
active antimicrobial treatment for the isolated pathogen (i.e.,
test-of-cure visit). Resolution of infection signs included fever
resolution, hemodynamic stabilization of patients with a re-
duction or discontinuation in vasoconstrictor and/or inotropic
drugs, a normalization of the laboratory values of WBCs and
coagulation parameters and significant reduction in CRP levels.

Sample preparation and analysis

We measured the levels of four Igs: IgM, IgG, IgA and IgE.
Circulating T and B cells levels were evaluated using fluores-
cence-activated cell sorting (FACS) and flow cytometry. Two
5-mL blood samples were collected from each patient in a
tube containing ethylenediamine tetraacetic acid (EDTA) as an
anticoagulant at sepsis diagnosis. One sample was sent to the
flow cytometry laboratory for analysis, while the other blood
sample was sent to the microbiology laboratory for quantifi-
cation of the Igs using the nephelometer method. Monoclo-
nal antibody cell signalling, and erythrocyte lysis was used to
prepare the blood sample for the lymphocyte count. The sam-
ple preparation time was approximately 45 min. The sample
analysis took approximately 20 min and was performed using
the Navios EX Flow Cytometer (Beckman Coulter Life Sci-
ence, Brea, CA, USA). The following lymphocyte subpopula-
tions were measured during analysis: CD3 (T lymphocytes),

www.jocmr.org 65



Igs, Lymphocytes and Patients Response

J Clin Med Res. 2021;13(1):64-72

CD4 (T helper cells), CD8 (cytotoxic T lymphocytes), CD3*
CD56" (NK cells T lymphocytes), CD3* CD56" (NK cells),
CD3" HLA-DR*, CD20 (B lymphocytes) and CD5* CD20*.
The ratio of CD4 to CD8 was also measured as a percentage of
CD4 T cells divided by a percentage of CD8 T cells.

Statistical methods

Data normality was tested using the Kolmogorov-Smirnov and
Shapiro-Wilk methods. For the continuous variables following
a normal distribution, the independent samples #-test was used,
while the Mann-Whitney U test was used for the variables not
following a normal distribution. The McNemar test (crosstabs,
binomial distribution, Chi?-tests) was used for the categorical
variables while Kendall’s tau-b test was used for the estimation
of the bivariate microbiological vs. clinical response correla-
tion). Covariance factors that possibly contributed to the final
statistical result of the patients’ microbiological and clinical re-
sponse were studied using binary logistic regression analysis.
Data were presented as the mean and standard deviation (SD)
for the continuous variables following a normal distribution
and as the median and interquartile range (IQR) for the con-
tinuous variables not following a normal distribution.

The following analyses were performed according to a
predefined plan. First, statistical analyses were performed for
the Ig values and the patients’ microbiological and clinical re-
sponses, and then for the WBCs and the lymphocyte values
and the patient’s microbiological and clinical responses. The
correlation of the microbiological and the clinical responses of
the patients were then investigated. Finally, the binary logistic
regression analysis examined the possible covariance contri-
bution to the outcome in a backward stepwise method. Two
logistic regression models were used with the microbiological
and clinical responses as the outcome, or dependent variable.
The statistical analyses of the data were performed using the
SPSS version 23 for MAC (IBM SPSS Statistics for Macin-
tosh, Armonk, NY, USA) and P < 0.05 was considered to be
statistically significant.

Results

A total of 24 patients were included in the study: 16 males and
eight females. Amongst them 10 had bacteremia from Kleb-
siella pneumonia, 12 from Acinetobacter baumannii and two
from Pseudomonas aeruginosa. The microbiological and clini-
cal responses of the patients are presented in Tables 1 and 2,
respectively. There were 18 patients (75%) with microbiologi-
cal response and six patients (25%) without microbiological re-
sponse, while 16 patients presented clinical response (64%) and
eight patients (36%) did not have clinical response. There were
no statistically significant differences in age, sex, APACHE II
and SOFA scores, CRP levels, and the presence of fever between
patients with or without a microbiological or clinical response.
The results showed that there were no statistically signifi-
cant differences in the levels of Igs between patients with or
without a microbiological response: P = 0.1 for IgA, P = 0.7
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for IgE, P =1 for IgM and P = 0.4 for IgG (Table 1, Fig. 1a).
In addition, there were no statistically significant differences
in the levels of Igs between patients with or without a clinical
response: P =0.05 for IgA, P= 0.6 for IgE, P= 0.8 for IgM and
P=0.3 for IgG (Table 2, Fig. 1b).

There were no statistically significant differences in the
levels of WBCs, subpopulations of T and B lymphocytes and
in the ratios of CD4 to CD8 between patients who exhibited
or not a microbiological response: P > 0.05 for all variables
(Table 1, Fig. 2a). There were also no statistically significant
differences for all variables between patients with or without a
clinical response: P> 0.05 (Table 2, Fig. 2b).

There was no statistically significant correlation between
the microbiological responses and the clinical responses of pa-
tients (P = 0.74 for McNemar test and P = 1 (95% confidence
interval: -0.2 - 0.2) for Kendall’s tau-b test)). Specifically,
12 patients who presented with a microbiological response
also showed a clinical response, while six patients who pre-
sented with a microbiological response did not have a clini-
cal response. In total, 18 patients showed a microbiological
response. Four patients who presented without a microbiologi-
cal response showed a clinical response, while two patients did
not present with a microbiological or a clinical response. Six
patients showed an early microbiological response, although
there was no statistically significant correlation between pa-
tients who showed an early microbiological response and pa-
tients who presented with a clinical response (P = 0.6, Table 2).

A subgroup analysis was also performed having divided pa-
tients into two age groups (< 60 and > 60 years old). In patients
< 60 years old there was a statistically significant difference in
CD-20 and CD5-CD20 B-lymphocytes values (P = 0.048 and
P =0.047, respectively) with higher values in patients without
microbiological response ((median (IQR), number/mm?), 148
(77 - 175) vs. 207 (183 - 340) for CD5-CD20 B-lymphocytes
and 6 (2.7 - 17) vs. 23.5 (17 - 51) for CD-20 lymphocytes).
In patients > 60 years old IgA values were statistically signifi-
cant different and higher in patients without microbiological
response (P = 0.037, (median (IQR), mg/dL), 329 (317 - 330)
vs. 184 (106 - 227)). There were no statistically significant dif-
ferences in Igs and lymphocytes subpopulations in the clinical
response of patients between the two age groups.

The binary logistic regression analysis revealed no fac-
tors associated with the microbiological or clinical responses
of patients at P < 0.1 and, thus, a multivariate analysis was not
performed. The variables that were examined in our models,
which included age, sex, APACHE II and SOFA scores, levels
of WBCs, CRP levels, levels of Igs, levels of lymphocyte sub-
populations and the ratio of CD4 to CDS, were based on scien-
tific knowledge and considered potential collinearity. For both
the microbiological response and the clinical response, an ad-
justed analysis for patients with a SOFA score < 8 and a SOFA
score > § was performed; the analysis revealed no differences
at P <0.1. Only one patient died within the 28-day follow-up.

Discussion

In the present study, the levels of IgA, IgM, IgG and IgE were
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Table 1. Cohort Patients’ Characteristics in Relation to Microbiological Response

Microbiological response

No microbiological response

VRl (18 patients, 75%) (6 patients, 25%) P value
Age (years) 54 (16.4) 53 (20.5) 0.8
Female, n (%) 7 (87) 1(12.5) 0.6
APACHE 1I score 11 (6.9) 13 (8.3) 0.5
SOFA score 7.2 (4.0) 9(4.2) 0.4
CRP (mg/dL) 12.(9.7) 10 (8.5) 0.6
Fever, n (%) 13 (54) 2 (8.3) 0.4
Days to microbiological response (18 patients, %) 6.5(1.3)
Clinical response (%) 12 (75) 4 (25) 1
Admission typeP
Multi-injured, n (%) 5(83) 1(17)
ARDS-pneumonia (%) 4 (80) 1 (20)
Brain hemorrhage-coma (%) 4 (80) 1 (20)
Traumatic brain injury (%) 2 (67) 1(33)
Stroke (%) 1 (100)
Status epileptics (%) 2 (100)
Pancreatitis (%) 1(100)
Amyotrophic lateral sclerosis (%) 1 (100)
Ig concentrations (mg/dL)* ¢
IgG 712 (627 - 1,003) 771 (547 - 1,232) 0.4
IgM 81 (63 - 143) 59 (53 -101) 1.0
IgE 137 (61 - 469) 45 (24 - 1,239) 0.7
IgA 215 (97,7) 234 (91) 0.1
Lymphocytes and WBCs concentrations (absolute number/mm?)2 ¢
WBCs 9,450 (8,667 - 11,975) 10,750 (5,425 - 16,145) 0.8
Lymphocytes 9.6 (7.7 - 12) 10(8-12) 0.6
CD3-T-lymphocytes 730 (537 - 1,051) 737 (446 - 812) 0.6
CDA4-T helper 549 (344 - 692) 536 (321 - 669) 1.0
CD8-T killer 168 (126 - 431) 152 (116 - 231) 0.3
CD3-CD56-NK-T-lymphocytes 21(7.5-33) 25 (18.7-32.7) 0.4
CD3-CHS56-NK cells 60 (45 - 86) 70 (35 - 89) 0.7
CDS5-CD20 7.5(7.5-25) 18.5(0.7 - 34) 0.8
CD3-HLA-DR 55.8 (28.63) 54 (13) 0.8
CD20-B lymphocytes 164.8 (106.73) 211.5(99) 0.3
CD4/CDS8 ratio 2.3(1.2) 1.7 (0.9) 0.3

aContinuous data presented as mean and SD when normally distributed. PCategorical data presented as number (proportion). ¢Continuous data
presented as median and interquartile range when not normally distributed. APACHE II: Acute Physiology and Chronic Health Evaluation II; SOFA:
Sequential Organ Failure Assessment; CRP: C-reactive protein; Ig: immunoglobulin; WBCs: white blood cells; NK: natural killer; HLA: human leuko-

cyte antigen; SD: standard deviation.

measured in patients with documented Gram-negative bacte-
remia and sepsis or septic shock from CnS-GNB. The analysis
showed there were no statistically significant differences in the
levels of Igs between patients with or without a microbiologi-
cal response or clinical response. Furthermore, there were no
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statistically significant differences in the levels of circulating
subpopulations of T and B cells between patients with or with-
out a microbiological or clinical response.

To our knowledge, this was the first study to evaluate the
relationship between the levels of Igs, WBCs and lymphocytes
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Table 2. Cohort Patients’ Characteristics in Relation to Clinical Response

Variable® P Clinical response (16 patients, 64%)  No clinical response (8 patients, 36%) P value
Age (years) 55.6 (17.5) 51.6 (16.8) 0.6
Female, n (%) 5(20.8) 3 (16) 0.4
APACHE 1I score 13.5(6.7) 8.3(7.1) 0.1
SOFA score 8.2(3.9) 6.7 (4.4) 0.4
CRP (mg/dL) 10.6 (6.5) 15.5 (13.3) 0.3
Fever, n (%) 10 (59) 7 (41) 0.5
Days to clinical response (16 patients, %) 4 (1.2)
Microbiological response, n (%) 12 (67) 6 (33) 1
Early microbiological response, n (%) 5(83) 1(17) 0.6
Admission typeP
Multi-injured, n (%) 4(67) 2 (33)
ARDS-pneumonia (%) 4 (80) 1 (20)
Brain hemorrhage-coma (%) 3 (60) 2 (40)
Traumatic brain injury (%) 2 (67) 1(33)
Stroke (%) 1 (100)
Status epileptics (%) 2 (100)
Pancreatitis (%) 1 (100)
Amyotrophic lateral sclerosis (%) 1 (100)
Ig concentrations® ¢
IgG 712 (529 - 963) 840 (683 - 1,142) 0.3
IgM 75 (58 - 125) 86 (58 - 135) 0.8
IgE 93 (45 - 369) 244 (27 - 1,040) 0.6
IgA 195 (91.5) 270 (84) 0.06
Lymphocytes and WBCs concentrations
(absolute number/mm?3)? ¢
WBCs 9,100 (8,602 - 12,175) 10,670 (5,525 - 21,180) 0.6
Lymphocytes 9.6 (8.2-10.9) 10.3 (6.9 - 14.2) 0.9
CD3-T-lymphocytes 750 (681 - 875) 635 (358 - 1,190) 0.6
CDA4-T helper 563 (361 - 615) 515 (251 - 867)
CDS-T killer 163 (128 - 280) 182 (122 - 543) 0.6
CD3-CD56-NK-T-lymphocytes 23 (19-31.7) 17 (6.5 - 33) 0.6
CD3-CH56-NK cells 63 (42 - 83) 64 (44 - 88) 0.7
CD5-CD20 11 (5 -25) 4(2-48) 0.4
CD3-HLA-DR 58 (21) 50 (33) 0.5
CD20-B lymphocytes 188 (99) 153 (119) 0.4
CD4/CDS ratio 2.2(1) 2(1.4) 0.7

aContinuous data presented as mean and SD when normally distributed. PCategorical data presented as number (proportion). °Continuous data
presented as median and interquartile range when not normally distributed. APACHE II: Acute Physiology and Chronic Health Evaluation Il; SOFA:
Sequential Organ Failure Assessment; CRP: C-reactive protein; Ig: immunoglobulin; WBCs: white blood cells; NK: natural killer; HLA: human leuko-
cyte antigen; SD: standard deviation.

and the microbiological and clinical responses in patients with
sepsis or septic shock from CnS-GNB bacteremia. Low con-
centrations of Igs are seen in most adult patients with sepsis;
the most common quantitative Ig abnormality that is seen in

sepsis involves low levels of IgG, while according to the lit-
erature, the nadir Igs levels are often seen within 3 days of a
diagnosis of sepsis [8, 14].

Although, low levels of IgG alone in patients with sepsis
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do not increase the risk of death, low levels of multiple en-
dogenous Igs have been found to increase the mortality risk in
these patients [8, 12-14].
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was an association between low levels of Igs and mortality
risk in patients with sepsis who had less severe organ dysfunc-
tion and SOFA scores < 8 [20]. Our study did not show this
correlation considering patients’ microbiological and clinical
response. However, this may be due to the small number of
patients involved, as well as the observational design of the
study. In fact, we found that the SOFA scores were similar and
there were no statistically significant differences between pa-
tients with or without microbiological and clinical responses.
Ultimately, the primary outcome of our study was not mortal-
ity risk, and therefore our results were not exactly comparable
with the results of the study by Loeches et al [20].

Early T-cell lymphopenia that is observed in patients with
sepsis is due to cell migration from the systemic circulation to
the site of infection [21]. Apoptosis of T and B lymphocytes
has been demonstrated in many models of sepsis, post-mortem
analysis of septic patients and in the circulation of patients
with septic shock while persistent lymphopenia is a risk factor
for ICU-acquired infections and death [22, 23].

Numerous experimental studies of sepsis in mice have
shown that CD4" T lymphocytes play a key role in reducing in-
fection and abscess formation [7]. Cellular subsets, especially
different CD4* T lymphocytes subsets, play a critical role in
response to microbial challenge and may contribute to noso-
comial infection susceptibility [22, 24]. CD8* T lymphocytes
are effector cytotoxic cells, which were found to be decreased
in patients with septic shock at ICU admission, while NK cells
which are also affected by lymphopenia, are potent producers
of proinflammatory mediators and also present effector cyto-
toxic activity [24]. B lymphocytes can differentiate into Ig-se-
creting plasma cells. They have an inverse correlation between
count and survival, but this relation affects heterogeneously
their subpopulations [24].

In our study, the mean/median values of T and B cells sub-
populations, especially CD4 T-helper cells, CD8-killer cells
(cytotoxic T lymphocytes), NK cells and CD3 (T lympho-
cytes), were not statistically significant between patients with
or without a microbiological or clinical response. However, we
found that the mean/median values of the CD8 (T-killer), CD4
(T helper), NK cells and CD3 (T lymphocytes) were lower
than normal. These results were expected and were consistent
with previous studies that found that, during sepsis, the lym-
phocytes decrease the expression of genes associated with the
inflammatory response and increase the expression of genes
associated with apoptosis, while sepsis-induced immunosup-
pression is significantly due to the depletion of the memory B
cell compartment [7, 12].

The mean CRP values did not show statistically significant
differences between patients with or without microbiological
or clinical responses. We would expect WBCs and CRP levels
to be lower in patients who had a microbiological and/or clini-
cal response compared with patients without response. How-
ever, the small sample size may have contributed to this result.
In addition, the sampling time may have played a role because
the immune system needs time to adapt to changes, although
this would be quite unlikely because the blood samples were
drown upon sepsis or septic shock diagnosis.

In our study, six patients with a microbiological response
did not show a clinical response, while four patients without
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a microbiological response showed a clinical response. There
are various possible causes for these findings. For example, a
patient could have had a new infection from a different patho-
gen that had not yet been identified, and thus, the patient clini-
cally deteriorated despite the microbiological response to the
original bacteria. In addition, the clinical improvement of a pa-
tient could have occurred at a slower rate than the patient’s mi-
crobiological response. The clinical improvement of a patient
could also have been related to the termination of the systemic
inflammatory response caused by factors other than infection
(severity of the underlying disease), although the bacteremia
had not been eradicated.

When patients were divided into two age groups (< 60 and
> 60 years old) there were statistically significant differences
in some lymphocytes subpopulations and in IgA values, but
as only 24 patients were included in our study the results are
questionable.

Our study had many limitations. The most important
limitation was the small size of our sample (24 patients). Al-
though this was a prospective study, it was observational, and
therefore, the possibility of bias in the selection of patients
and the assessment of the various parameters and objectives
of the study cannot be ruled out. In addition, the patients had
similar, but different susceptibilities to the various classes of
antibiotics and antibiotic treatments used. Although all pa-
tients had a CnSGNB infection, the study included patients
with different bacterial infections, which may have affected
the severity of the disease and the susceptibilities to the anti-
biotics. Finally, as only 24 patients were included in the study
the results of the binary logistic regression analysis may be
questionable.

In conclusion, in patients with sepsis or septic shock from
CnSGNB, there were no differences in the levels of Igs, circu-
lating WBCs and T and B cells subpopulations between those
with microbiological or clinical response and non-responders.
The immune system of patients with sepsis is affected by a
variety of factors, and thus, further studies, laboratory and
clinical models are needed. Future studies will help develop
targeted therapies to treat immunosuppression or provide im-
munostimulation.
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