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Abstract
A better knowledge of factors predicting the development of sepsis in patients hospitalized in intensive care unit 
(ICU) might help deploy more targeted preventive and therapeutic strategies. In addition to the known clinical and 
demographic predictors of septic syndromes, in this study, we investigated whether measuring T and B lymphocyte 
subsets upon admission in the ICU may help individualize the prediction of ensuing sepsis during ICU stay. Between May 
2015 and December 2016, we performed a prospective cohort study evaluating peripheral blood lymphocyte T-CD4+ 
(T-helper cells), T-CD8+ (cytotoxic T-cells), T-CD56 + (natural killer cells), and T-CD19+ (B-lymphocytes), using flow 
cytometry on blood samples collected 2 days after admission in the ICU. We enrolled 176 patients, 65.3% males, with 
mean age of 61.1 ± 15.4 years. At univariate analyses, higher percentages of CD19 B-cells were significantly associated 
with ensuing sepsis (20.5% (15.7–27.7)% vs 16.9% (11.3–22)%, P = 0.0001), whereas median interquartile range (IQR) 
proportions of CD4 T-cells (41.2% (33.4–50.6)% vs 40% (35–47)%, P = 0.5), CD8 T-cells (21.1% (15.8–28.2)% vs 19.6% 
(14.6–25.1)%, P = 0.2) and CD56 T-cells (1.7% (0.9–3.1)% vs 1.45% (0.7–2.3)%, P = 0.4) did not reveal any significant 
association. An unexpected, highly significant inverse correlation of CD8 T-cells and CD19 B-cells proportions, 
however, was observed, suggesting that patients with lower CD19 and higher CD8 proportions might be somehow 
protected from ensuing sepsis. We therefore studied the ability of the CD8/CD19 ratio to predict ensuing sepsis in our 
sample. In final models of multivariate logistic regression, the following independent associations were found: previous 
antibiotic exposure (odds ratio (OR): 3.8 (95% confidence interval (CI): 1.35–10.87), P = 0.01), isolation of at least one 
multi-drug resistant organism at any time during ICU stay (OR: 8.4 (95% CI: 3.47–20.6), P < 0.0001), decreasing age 
(OR: 0.9 (95% CI: 0.93–0.99), P = 0.02) and a CD8/CD19 ratio >2.2 (OR: 10.3 (95% CI: 1.91–55.36), P = 0.007). Our 
data provide preliminary evidence that immune characterization of critically ill patients on ICU admission may help 
personalize the prediction of ensuing sepsis during their ICU stay. Further polycentric evaluation of the true potential 
of this new tool is warranted.
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Introduction

Severe sepsis has been reported as a major cause 
of increased morbidity, length of stay, and mortal-
ity among patients hospitalized in intensive care 
settings for any cause.1,2 In previous years, procal-
citonin (PCT) has been extensively explored as a 
possible sensitive and specific biomarker for early 
detection of ensuing sepsis, and most intensive 
care unit (ICU) clinicians consider PCT the most 
reliable tool to identify patients with sepsis.3–6 
Recent evidence, however, has been provided that 
only serial assessment of PCT may be sensitive 
enough in identifying ensuing sepsis in at-risk 
patients.5,6 As a consequence, defining the indi-
vidual risk of sepsis in patients at ICU admission 
has become a well-recognized priority, as timely 
diagnosis of ensuing sepsis, as well as early and 
appropriate treatment may both considerably 
improve patients’ outcome.7 Furthermore, due to 
the increasing spread of multi-drug resistant 
organisms (MDROs), MDRO colonization is a 
frequent condition among ICU patients, and its 
management is still a rather controversial issue, as 
overtreatment of colonized patients may increase 
the spread of MDRO.8 Knowing which biochemi-
cal and/or immunological factors may predict pro-
gression to sepsis among colonized patients might 
help to deploy more individualized treatment 
strategies. In this study, we investigated whether 
measuring T and B lymphocyte subsets, a rela-
tively simple monitoring of the immune function 
of critical patients at their admission in the ICU, 
may help individualize the prediction of sepsis, 
especially in those colonized with MDRO and 
heavily exposed to previous antibiotic pressure 
before ICU admission.

Patients and methods

We performed a prospective, monocentric cohort 
study for the immune monitoring of critical patients 
by assessment of peripheral blood lymphocyte sub-
sets. The study was planned in 2014 and authoriza-
tion was required by the local ethics committee 
(EC). The study was authorized from January, 2015, 
and no specific additional informed consent was 
required, as measurement of lymphocyte subsets at 
entrance in the ICU was judged as an established 

good clinical practice in other settings of Internal 
Medicine. Data were collected between May 2015 
and December 2016 from patients admitted to the 
ICU of Pescara General Hospital, an urban 650-bed-
ded tertiary hospital of regional reference for adult 
traumas and acute diseases of neurosurgical inter-
est. Its ICU facility is a single, 11-bed unit, receiv-
ing critically ill patients from regional emergency 
departments, as well as from medical and surgical 
units in the hospital. To avoid inclusion of patients 
destined to short-term ICU stays, patients were 
consecutively enrolled after 48 h of hospitalization 
in the ICU. At enrollment, lymphocytes were 
assayed using flow cytometry. Percentages of lym-
phocyte T-CD4+ (T-helper cells), T-CD8+ (cyto-
toxic T-cells), T-CD56+ (natural killer cells), and 
T-CD19+ (B-lymphocytes) were evaluated with 
AQUIOS CL instrument (Beckman Coulter, Inc., 
Indianapolis, USA) in the local laboratory.9 Patients 
were microbiologically characterized with surveil-
lance cultures of nose and rectum at entrance and 
weekly afterwards.

Demographic and clinical characteristics of 
patients, past medical history, and other labora-
tory measurements were collected upon enroll-
ment. During the follow-up period, enrolled 
patients who died from any cause were classified 
as non-survivors.

Sepsis and septic shock were diagnosed accord-
ing to the diagnostic criteria of the Sepsis-2 classifi-
cation (2003), as established in the 2015 EC-approved 
study protocol. Criteria for organ dysfunction were: 
sepsis-induced hypotension; lactate above normal 
upper limits; urine output <0.5 mL/kg/h for >2 h 
despite adequate fluid resuscitation or creatinine 
>2.0 mg/dL (176.8 μmol/L); acute lung injury with 
PaO2/inspired oxygen fraction (FiO2) <250 mmHg 
in the absence of pneumonia or acute lung injury 
with PaO2/FiO2 <200 mmHg in the presence of 
pneumonia; bilirubin >2.0 mg/dL (34.2 μmol/L); 
and platelet count <100,000/mm3.

Epidemiological and clinical factors analyzed 
were age; sex; presence of comorbidity; APACHE 
II score; previous antibiotic exposure, that is at 
least a week of either quinolone, beta-lactam, or 
carbapenem prescribed in the month preceding 
hospitalization; previous surgery, that is surgery in 
the month preceding ICU admission; surgery dur-
ing hospitalization in the ICU; blood counts and 
other available biomarkers of sepsis; any microbi-
ological isolate including methicillin-resistant 
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Staphylococcus aureus (MRSA) and MDRO(s). 
MDROs were defined as the presence of at least 
one of the following alert microorganisms: 
Klebsiella pneumoniae producing carbapenemase, 
MRSA, vancomycin-resistant Enterococci (VRE), 
multi-drug Acinetobacter baumannii, and multi-
drug Pseudomonas aeruginosa. The major study 
outcome was the rate of ensuing of sepsis, severe 
sepsis, or septic shock during ICU stay. The sec-
ondary outcome was overall mortality during ICU 
stay. Differences in the selected variables were first 
examined using chi-square test for categorical var-
iables and non-parametric Kruskal–Wallis rank 
test for continuous variables. Stepwise forward 
logistic regression was used to examine the inde-
pendent association between unfavorable outcome 
and each potential determinant. Relationships 
between CD8 T-cells and CD19 B-cells were ana-
lyzed by Scatter plot distribution. Statistical sig-
nificance was defined as a two-sided P-value 
<0.05, and all analyses were performed using 
Stata package, version 12 (StataCorp., College 
Station, Texas, USA).

Results

We enrolled 176 patients, 65.3% males, mean age 
61.1 ± 15.4 years. Of them, 77 patients (43.7%) 
were neurosurgical patients, 38 (21.6%) were hospi-
talized due to polytrauma, 24 (13.7%) due to res-
piratory failure, and the same proportion (24 
patients, 13.7%) presented a septic syndrome at 
entrance. At any time during the ICU stay, MDROs 
were isolated from 60 (34.1%) patients and MRSA 
from 25 (14.2%). During their ICU stay, 43 patients 
(24.4%) had positive blood cultures and 51 patients 
(29.0%) developed sepsis, severe sepsis, or septic 
shock. A total of 38 (21.6%) patients died during 
their stay in the ICU. At univariate analyses, ensuing 
sepsis was tightly linked with MDRO isolation 
(64.7% vs 21.6%, P < 0.0001). Similarly, other fac-
tors linked to ensuing sepsis were MRSA isolation 
(23.5% vs 10.4%, P = 0.02) and pre-exposure to 
antibiotic treatments (31.4% vs 16.8%, P = 0.03). 
All other variables, such as APACHE II score 
(19.5 ± 6.3 vs 21.2 ± 6.5, P = 0.1), presence of 
comorbidities (68.8% vs 62.8%, P = 0.4), previous 
surgery (58.3% vs 41.6%, P = 0.1), or treatment with 
steroids in the first 2 h of stay in the ICU (16% vs 
17.6%, P = 0.23) failed to reveal any association. 
Among biochemical and hematological variables, 

higher median concentrations of blood fibrinogen 
were also associated with ensuing sepsis (341mL/
dL (272–555)mL/dL vs 294mL/dL (225–367)mL/
dL, P = 0.001). Median interquartile range (IQR) 
CD4 T-cell proportions (41.2% (33.4–50.6)% vs 
40% (35–47)%, P = 0.5) and median (IQR) CD4/
CD8 T-cell ratio (2 (1.4–2.7) vs 1.9 (1.5–3), P = 0.7), 
were our first considered immune subset and ratio as 
possibly linked with ensuing sepsis.10 They failed, 
however, to reveal any significant association. At 
variance, interesting results came from other T- and 
B-cell subset proportions and ratios. Higher percent-
ages of CD19 B-cells were  
significantly and directly associated with ensuing 
sepsis (20.5% (15.7–27.7)% vs 16.9% (11.3–22)%, 
P = 0.0001). In the analysis of percentage distribu-
tion of lymphocyte subsets among different diagno-
ses at ICU entrance, we found that in patients with 
respiratory disease median CD8 counts were signifi-
cantly lower in the sepsis group (57.0cells/µL (27.7–
66.5)cells/µL vs 184.0cells/µL (129.54–280.2)cells/
µL, P = 0.005). We therefore concentrated on the 
relationships between CD8 T-cells and CD19 B-cells 
in our sample, finding a highly significant inverse 
correlation between CD8 T-cells and CD19 B-cells 
in the whole sample (Spearman’s rho: –0.47, 
P < 0.0001, Figure 1). As a consequence, we specu-
lated that a novel absolute ratio between their pro-
portions (CD8%/CD19% ratio) might better predict 
septic syndromes, possibly identifying a subset of 
patients with a clear-cut prediction or protection for 
sepsis. Indeed, we found that patients with ensuing 
sepsis or sepsis in the ICU had almost invariably a 
CD8/CD19 ratio ⩽2. As a consequence, we studied 

Figure 1. Scatter distribution of CD19 and CD8 B and T-cell 
proportions in our sample.
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the ability of the CD8/19 ratio to predict protection 
from ensuing sepsis, testing this hypothesis either as 
a continuous variable or as a derivate dichotomic 
variable, that we defined immune-protecting pheno-
type (IPP), given as present (or positive) for a 
CD8/19 ratio >2.2. Introducing the ratio CD8/
CD19 as a continuous variable in the final multivari-
ate models of logistic regression, sepsis was inde-
pendently predicted by: decreasing age (odds ratio 
(OR): 0.97 (95% confidence interval (CI): 0.94–
1.0), P = 0.03), previous antibiotic exposure (OR: 
3.03 (95% CI: 1.1–8.49), P = 0.03), presence of at 
least one MDRO isolate at any time during ICU stay 
(OR: 7.64 (95% CI: 3.2–18.4), P < 0.001), and a 
higher CD8/CD19 (OR: 0.5 for unit increase (95% 
CI: 0.3–0.85), P = 0.001, Table 1).

Similarly, introducing the IPP as a dichotomic 
variable (with cut-off at 2.2) to be used in algorithms 
to individualize the risk of ensuing sepsis during 
ICU stay, multivariate models of logistic regression 
revealed the following independent associations 
with sepsis: previous antibiotic exposure (OR:3.8 
(95% CI: 1.35–10.87), P = 0.03), isolation of at least 
an MDRO at any time during ICU stay (OR:10.3 
(95% CI: 1.91–55.36), P < 0.001), decreasing age 
(OR: 0.9 for each year increase (95%CI: 0.93–0.99), 
P = 0.02) and the absence of IPP (i.e. a CD8/CD19 
proportion ratio >2.2, OR: 10.3 (95%CI: 1.91–
55.36), P = 0.007, Table 1). Overlapping results were 
obtained on duplicate models, after exclusion of the 
24 patients with a diagnosis of sepsis, severe sepsis, 

or septic shock at the time of admission into the ICU 
(data not shown). None of the immune predictors 
evaluated in this study in association with ensuing 
of sepsis was significantly associated with in ICU 
mortality (data not shown).

Discussion

Morbidity and mortality of septic patients are 
known to be influenced by a significant dysregula-
tion of immune response to the infection. While 
T-lymphopenia and depletion of peripheral blood B 
lymphocytes in patients with septic shock were 
found correlated with mortality in ICU patients, 
very few studies prospectively addressed their role 
in the prediction of sepsis and sepsis shock.11,12 Our 
pivotal investigation focused on critical patients at 
ICU entrance, measuring quantitative proportions 
of peripheral blood lymphocyte subsets, a well-
established routine investigation after the advent of 
HIV infection, 48 h after ICU admission. We found 
a significantly higher percentage of B-cell lympho-
cytes in patients who developed sepsis during their 
ICU stay and investigated the relationships between 
CD8 T-cells and CD19 B-cells in our sample, find-
ing a highly significant inverse correlation of CD8 
T-cells and CD19 B-cells in the whole sample. 
Linking these two variables through a novel abso-
lute ratio among their proportions (CD8/CD19 
ratio) helped identifying a subset of patients with a 
very skewed immune protection for ensuing of 

Table 1. Final multivariate prediction models for septic syndromes among the assisted patients using the two novel prediction 
variables identified: (a) logistic regression using the CD8%/CD19% ratio as a continuous variable and (b) logistic regression using the 
immune-protecting phenotype as a dichotomic variable.

Sepsis OR P-value 95% CI

(a)  
 Sex 0.64 0.3 0.27–1.57
 Age (1-year increase) 0.97 0.03 0.94–1.0
 APACHE II score 1.07 0.05 0.1–1.1
 Previous antibiotic exposure 3.03 0.03 1.1–8.49
 MDRO 7.64 <0.0001 3.2–18.4
 CD8%/CD19% (1-unit increase) 0.50 0.01 0.3–0.85
b)  
 Sex 0.6 0.27 0.25–1.47
 Age (1-year increase) 0.96 0.02 0.93–0.99
 APACHE II score 1.08 0.02 1.01–1.15
 Previous antibiotic exposure 3.83 0.01 1.35–10.87
 MDRO 8.45 <0.0001 3.47–20.6
 IPP (CD8%/CD19% ⩽ 2.2) 10.3 0.007 1.91–55.36

APACHE: Acute Physiology and Chronic Health Evaluation; CI: confidence interval; IPP: immune-protecting phenotype; OR: odds ratio; MDRO: 
multi-drug resistant organism.
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septic syndromes. This turned out to be the case as 
patients with ensuing sepsis showed almost invari-
ably a CD8/CD19 ratio ⩽2.2. This derivate immune 
index, that we defined IPP, hints to a protective 
immune signature in patients with a ratio >2.2 
between the CD8 (protective) and CD19 (respon-
sive) peripheral lymphocyte subsets. In particular, 
having a positive result of IPP was associated with 
a 10-fold reduction of the sepsis risk, independent 
of all other known predictors and may be consid-
ered to further development in the context of algo-
rithmic predictions of sepsis together with other 
currently available predictors of ensuing sepsis.

This study has several limitations: the sample 
size, the monocentric nature of the study, the lack 
of possibility to perform functional assays of 
B-lymphocytes such as expression of CD40 and 
CD69, as well as the ability to produce immuno-
globulins in specific settings of patients. Our novel 
findings, however, may be amenable to further 
development in the context of algorithmic predic-
tions of sepsis together with other currently avail-
able predictors of ensuing sepsis.4,5

Further evaluation of the IPP by a multicentric 
investigation will pinpoint the potential benefit of 
introducing the measurement of lymphocyte subsets 
in the routine laboratory evaluation of ICU patients.
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