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Abstract 

Background: Early recognition of patients hospitalized for sepsis at higher risk of poor clinical outcome is a manda-
tory task and many studies suggested that indicators of the immune status may be useful for this purpose. We per-
formed a retrospective, monocentric cohort study to evaluate whether lymphocyte subsets may be useful in predict-
ing in-hospital mortality of septic patients.

Methods: Data of all consecutive patients with a diagnosis of sepsis at discharge and an available peripherical 
blood lymphocyte subset (CD4, CD8, CD16/CD56 and CD19) analysis at hospital entry were retrospectively collected 
between January 2015 and August 2018. Clinical characteristics of patients, past medical history and other laboratory 
parameters were also considered.

Results: Two-hundred-seventy-eight septic patients, 171 (61.5%) males, mean age 63.2 ± 19.6 years, were enrolled. 
Total counts of lymphocytes, CD4 T cells, CD8 T cells and B cells were found significantly lower in deceased 
than in surviving patients. At univariate analyses, CD4 T cells/µL (OR 0.99 for each incremental unit, 95%CI 0.99–
1.10, p < 0.0001), age (OR 1.06, 95%CI 1.04–1.09, p < 0.0001), procalcitonin (OR 1.01, 95%CI 1.01–1.02, p < 0.0001) and 
female gender (OR 2.81, 95%CI 1.49–5.28, p = 0.001) were associated with in-hospital mortality. When a dichotomic 
threshold of < 400/µL for CD4 T cells as a dependent variable was considered in multivariate models, age (OR 1.04; 
95%CI 1.01–1.09, p = 0.018); female gender (OR 3.18; 95%CI 1.40–7.20, p = 0.006), qSOFA (OR 4.00, 95%CI 1.84–8.67, 
p < 0.001) and CD4 T cells < 400/µL (OR 5.3; 95%CI 1.65–17.00, p = 0.005) were the independent predictors.

Conclusions: In adjunct to biomarkers routinely determined for the prediction of prognosis in sepsis, CD4 T lympho-
cytes, measured at hospital entry, may be useful in identifying patients at higher risk of in-hospital death.
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Background
Sepsis has been reported as a major cause of increased 
morbidity, length of stay and mortality among hospital-
ized patients [1–4]. Improvement in survival remains 
contingent on early recognition, accurate stratification 

of risk factors for ICU transfer and on timely appropri-
ate choice of therapies, including antibiotics [1, 4–6]. 
As a consequence, defining the individual risk of clini-
cal progression after diagnosis of sepsis became a well-
recognized priority [1, 5, 7, 8]. Unfortunately, this is 
complicated task, due to the highly variable and non-
specific nature of symptoms and signs of ensuing sepsis 
[1, 5]. Clinical scores, such as qSOFA or NEWS2, alert 
clinicians to closely monitor patients at higher risk of 
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organ dysfunction, but insufficient sensitivity was dem-
onstrated in multiple settings, with the consequence of 
missed cases with occult hypoperfusion due to ensuing 
sepsis [3, 9]. Biomarkers such as C-reactive protein, Pro-
calcitonin and Presepsin may have an important role in 
predicting patients’ prognosis, but all of them demon-
strated insufficient sensitivity for this purpose in many 
settings of care [10–13].

Sepsis has been redefined as organ dysfunction caused 
by a dysregulated host response to infection [5]. Notably, 
lymphopenia and immune-suppression have been fre-
quently described during the acute phase of infections by 
various pathogens, caused by pro-inflammatory cytokine 
response and possibly allowing progression of bacterial 
infections [14]. Persistent lymphopenia has been associ-
ated with unfavorable outcome in patients with sepsis, 
and many studies suggested that quantitative and qualita-
tive characterization of lymphocyte subsets may be use-
ful to refine prediction of sepsis outcome [15–20]. In the 
present study, we aimed to investigate the hypothesis that 
assay of circulating lymphocyte subsets at hospital entry 
may help predict in-hospital mortality in a large sample 
of patients hospitalized for sepsis at an Infectious Dis-
eases Unit.

Methods
We performed a retrospective, monocentric cohort study 
for the evaluation of lymphocyte subsets in the predic-
tion of mortality of septic patients hospitalized at the 
Infectious Diseases Unit of Pescara General Hospital, 
Pescara, Italy. The study was conducted in accordance 
with the amended Declaration of Helsinki. As previously 
reported, the local Health Administrative Board reviewed 
in detail the study plan prepared by the Infectious Dis-
eases Unit and Laboratory Staff of the Pescara General 
Hospital [21]. Written informed consent from all patients 
upon hospital admission was collected as previously 
described, and data used in this study was anonymised 
before its use [21].

Consecutive patients with diagnosis of sepsis at dis-
charge and with available assays of lymphocyte subsets at 
hospital entry were enrolled between January 2015 and 
August 2018. Lymphocyte subsets were assayed using 
flow cytometry and percentages of CD4 T lymphocytes 
(T-helper cells), CD8 T cells (Cytotoxic T cells), CD16/
CD56 Natural Killer cells and CD19 B-lymphocytes 
were evaluated by the Aquios CL Instrument (Back-
man Coulter, Inc). Clinical characteristics of patients, 
including age, sex, vital signs, past medical history and 
other laboratory data were collected upon enrolment as 
described in Shao et al. (2015) [22]. Diagnosis of sepsis or 
septic shock were defined according with the criteria of 
the Sepsis 2 (2002) [23], associated with the ICD-9-CM 

sepsis codes at hospital discharge. Criteria for organ dys-
function were applied as described in Shao et al. (2015) 
[22].

Epidemiological and clinical factors analyzed were 
age; gender; qSOFA score; complete blood count; renal 
function; hepatic function; C-Reactive Protein (CRP) 
and procalcitonin (PCT). RBC (Red Blood Cells); HGB 
(Hemoglobin); HCT (Hematocrit); MCV (Mean Corpus-
cular Volume); MCH (Mean corpuscular hemoglobin); 
MCHC (Mean Cell Hemoglobin Concentration); MPV 
(Mean Platelet Volume); PDW (Platelet Cell Width), 
RDW (Red Cell Distribution Width) and platelet indi-
ces were performed with the Unicell DX 800 Instrument 
(Beckman Coulter, Brea, California). Blood cultures 
drawn upon suspicion of sepsis were processed in the 
local Microbiology Unit. The burden of comorbidities 
was evaluated by the Charlson Comorbidity Index, calcu-
lated as described by Charlson et al. [24]. Antibiotic pre-
scribed and days of hospitalization were also considered. 
Previous antibiotic exposure was defined as at least one 
week of either quinolone, beta-lactam or carbapenem 
prescribed in the month preceding hospitalization.

Adverse outcomes were defined as sepsis relapse, if a 
second episode of sepsis occurred within 3 months from 
discharge, and death during hospitalization. Enrolled 
patients who died from any cause during hospitalization 
were classified as non-survivors.

Differences in the selected variables were analyzed 
as previously described [21]. Logistic regressions were 
used to assess the independent association between 
death and each included variable. Statistical significance 
was defined as a two-sided p-value < 0.05, as previously 
described [21].

Results
We enrolled 278 septic patients, 171 (61.5%) males, mean 
age 63.25 ± 19.65 years. In 21.4% of patients qSOFA was 
1; in 51.1% 2 and in 2.2% 3. Described in Table  1 are 
the frequencies of comorbid conditions: a CCI ≤ 3 was 
present in 39.9% of patients; a CCI of 4–6 in 36.7% of 
patients and a CCI > 6 in the remaining 23.4%. Mean of 
hospitalization was 16.6 ± 11.6 days; relapse of sepsis was 
observed in 43 (15.4%) patients while 49 (17.6%) patients 
died during their hospital stay. Blood cultures were posi-
tive in 137 (49.3%) of patients during any time of stay in 
the ward; in 108 patients these yielded 1 microorganism; 
in 20 2 microorganisms, whereas > 2 microorganisms 
were retrieved in the remaining 9 patients. Features of 
survivors and non-survivors, including the distribution 
of potential predictors, are summarized in Table  1. The 
source of sepsis more frequently found were pneumo-
nia (91 patients, 32.7%), gastrointestinal infections (50 
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patients, 18.0%) and urinary tract infections (39 patients, 
14.0%).

In our study, in-hospital mortality was tightly linked 
with age (76.41 ± 12.28 years vs 60.44 ± 19.81 years, 

p < 0.001); female gender (59.2% vs 34.1%, p = 0.001); 
CCI (6.0 ± 2.35 vs 3.85 ± 2.93, p < 0.001); qSOFA at hos-
pital entry (1.96 ± 0.55 vs 1.16 ± 0.87, p < 0.001) and PCT 
(36.5 ± 39.5 vs 17.4 ± 28.1  ng/dL, p < 0.001). All other 

Table 1 Characteristics of patients associated with in-hospital mortality

Variables Overall
278 (100%)

Survivors
229 (82.4%)

Non survivors
49 (17.6%)

p

Age, years, mean (SD) 63.25 (19.65) 60.44 (19.81) 76.41 (12.28)  < 0.001

Males/females, n (%) 171/107 (61.5/38.5) 151/78 (65.9/34.1) 20/29 (40.8/59.2) 0.001

Charlson Comorbidity Index

  ≤ 3, (%) 39.93 46.29 10.20

 4–6, (%) 36.69 33.19 53.06

  > 6, (%) 23.38 20.52 36.73

 Mean (SD) 4.23 (2.95) 3.85 (2.93) 6.0 (2.35)  < 0.001

Comorbid condition

 Myocardial infarction history 5 (1.8) 4 (1.7) 1 (2.0)

 Peripheral disease 14 (5.0) 10 (4.4) 4 (8.2)

 Cerebro-vascular disease 110 (39.6) 88 (38.4) 22 (44.9)

 Dementia 23 (8.3) 9 (3.9) 14 (28.6)

 Chronic pulmonary disease 62 (22.3) 52 (22.7) 10 (20.4)

 Connective tissue disease 6 (2.2) 4 (1.7) 2 (4.1)

 Peptic ulcer disease 3 (1.1) 1 (0.4) 2 (4.1)

 Mild liver disease 27 (9.7) 24 (10.5) 3 (6.1)

 Diabetes without end-organ damage 63 (22.7) 52 (22.7) 11 (22.4)

 Hemiplegia 5 (1.8) 3 (1.3) 2 (4.1)

 Moderate or severe renal disease 49 (17.6) 38 (16.6) 11 (22.4)

 Diabetes with end-organ damage 5 (1.8) 4 (1.7) 1 (2.0)

 Tumor without metastasis 26 (9.4) 17 (7.4) 9 (18.4)

 Leukemia 3 (1.1) 1 (0.4) 2 (4.1)

 Lymphoma 3 (1.1) 1 (0.4) 2 (4.1)

 Moderate or severe liver disease 6 (2.2) 6 (2.6) 0 (0.0)

 Metastatic solid tumor 3 (1.1) 2 (0.9) 1 (2.0)

qSOFA, mean (SD) 1.30 (0.87) 1.16 (0.87) 1.96 (0.55)  < 0.001

PCT, ng/dL, mean (SD) 20.7 (31.1) 17.4 (28.1) 36.5 (39.5)  < 0.001

Positive blood culture, n (%) 137 (49.28) 113 (49.34) 24 (49.0) 0.96

Length of stay, mean (SD) 16.6 (11.6) 15.1 (10.0) 16.8 (11.9) 0.4

Infection

 Pneumonia 91 (32.7) 70 (30.6) 21 (42.9)

 Gastrointestinal infection 50 (18.0) 40 (17.5) 10 (20.4)

 Urinary tract infection (UTI) 39 (14.0) 35 (15.3) 4 (8.2)

 Skin and soft tissue infection 25 (9.0) 25 (10.9) 0 ( 0.0)

 Endocarditis 13 (4.7) 12 (6.3) 1 (2.0)

 Central venous catheter infection 4 (1.4) 4 (1.7) 0 (0.0)

 Pleuritis 4 (1.4) 2 (0.9) 2 (4.1)

 Peripherally inserted central catheter infection 3 (1.1) 2 (0.9) 1 (2.0)

 Wound infection 3 (1.1) 2 (0.9) 1 (2.0)

 Abscess 2 (0.7) 2 (0.9) 0 (0.0)

 Meningoencephalitis 2 (0.7) 2 (0.9) 0 (0.0)

 Osteomyelitis 2 (0.7) 2 (0.9) 0 (0.0)

 Unknown 40 (14.4) 31 (13.5) 9 (18.4)
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potentially relevant variables, such as positive blood 
cultures (49.0% vs 49.3%, p = 0.96) and length of stay 
(16.8 ± 11.9d vs 15.1 ± 10.0d, p = 0.4) failed to reveal any 
association (Table 1).

Among hematological variables, lymphocytes 
(0.6*103/µL, [IQR 0.3–1.1] vs 1.1*103/µL, [IQR 0.6–
1.6], p < 0.001) as well as monocytes (0.5*103/µL, [IQR 
0.2–0.9] vs 0.7*103/µL, [IQR 0.4–0.9], p = 0.002) and 
platelets (154*103/µL, [IQR 74–229] vs 192*103/µL, 
[IQR 138–262], p = 0.003) turned out to be associ-
ated with in-hospital mortality. Similarly, median CD3 
T cells (347/µL, [IQR 188–536] vs 673/µL, [IQR 368–
1,080], p < 0.001), median CD4 T cells (197/µL, [IQR 
106–265] vs 405/µL, [IQR 222–661], p < 0.001), median 
CD8 T cells (134/µL, [IQR 87–231] vs 268/µL, [IQR 
133–461], p < 0.001) and median CD19 B cells (76/µL, 
[IQR 35–140] vs 130/µL, [IQR 67–227], p < 0.001), that 
is lymphocyte subsets possibly linked with mortality 

in sepsis, based on evidence in other settings, revealed 
significant association, as shown in Table  2. Median 
WBC (12.9*103/µL, [IQR 6.8–17.1] vs 11*103/µL, [IQR 
7.2–15.2], p = 0.53) and Neutrophils (10.6*103/µL, [IQR 
6.4–15.5] vs 8.7*103/µL, [IQR 4.9–13], p = 0.2) failed to 
reveal any association (Table 2).

We calculated sensitivity and specificity as well as 
PPV and NPV of different CD4 T cells cut points for 
the prediction of in-hospital mortality. Best sensitiv-
ity and specificity for CD4 T lymphocytes were at 
values < 400/µL (87.8%, IQR 75.2–95.4) and < 200/
µL (77.7%, IQR 71.8–82.9), respectively (Table  3). At 
univariate analyses, CD4 T cells/µL (OR 0.99, 95%CI 
0.99–1.10, p  < 0.0001), age (OR 1.06, 95%CI 1.04–1.09, 
p < 0.0001), procalcitonin (OR 1.01, 95%CI 1.01–1.02, 
p < 0.0001) and female gender (OR 2.81, 95%CI 1.49–
5.28, p = 0.001) were associated with death (Table 4).

In multivariate analyses, the variables indepen-
dently associated with in-hospital mortality were age 
(OR 1.04 for each incremental year; 95%CI 1.01–1.09, 
p = 0.021); female gender (OR 3.35; 95%CI 1.54–7.99, 
p = 0.003), qSOFA (OR 3.85 for each incremental unit; 
95%CI 1.77–8.41, p = 0.001) and CD4 T lymphocytes 
(OR 0.99 for each incremental unit; 95%CI 0.99–1.00, 
p = 0.002). No association was found for CCI (OR 1.10; 
95%CI 0.91–1.33, p = 0.321); PCT (OR 1.01; 95%CI 
1.00–1.02, p = 0.198); lymphocytes (OR 0.97; 95%CI 
0.58–1.64, p = 0.919) and PLT (OR 1.00; 95%CI 1.00–
1.01, p = 0.409), as shown in Table  4. When CD4 T 
lymphocytes were dichotomized at < 400/µL in a new 
model, age (OR 1.04 for each incremental year; 95%CI 
1.01–1.09, p = 0.018); female gender (OR 3.18; 95%CI 
1.40–7.20, p = 0.006), qSOFA (OR 4.00 for each incre-
mental unit; 95%CI 1.84–8.67, p < 0.001) and CD4 T 
cells < 400/µL (OR 5.3; 95%CI 1.65–17.00, p = 0.005) 
were the significant independent predictors of mortal-
ity. CCI (OR 1.09; 95%CI 0.90–1.32, p = 0.373); PCT 
(OR 1.01; 95%CI 1.00–1.02, p = 0.227); lymphocytes 
(OR 0.70; 95%CI 0.31–1.58, p = 0.398) and PLT (OR 

Table 2 Hematological parameters associated with in-hospital 
mortality

WBC white blood cell count, IQR interquartile range
§ Calculated with Kruskal–Wallis

Variable Survivors
n = 229

Non-survivors
n = 49

p§

Median (IQR) Median (IQR)

WBC, *103/µL 11 (7.2–15.2) 12.9 (6.8–17.1) 0.53

Neutrophils, *103/µL 8.7 (4.9–13) 10.6 (6.4–15.5) 0.20

Lymphocytes, *103/µL 1.1 (0.6–1.6) 0.60 (0.3–1.1)  < 0.001

Monocytes, *103/µL 0.7 (0.4–0.9) 0.5 (0.2–0.9) 0.002

Platelet, *103/µL 192 (138–262) 154 (74–229) 0.003

CD3 + T Lymphocytes, 
cells/µL

673 (368–1,080) 347 (188–536)  < 0.001

CD4 + T Lymphocytes, 
cells/µL

405 (222–661) 197 (106–265)  < 0.001

CD8 + T Lymphocytes, 
cells/µL

268 (133–461) 134 (87–231)  < 0.001

CD16/56 + Lymphocytes, 
cells/µL

34 (14–91) 37 (16–106) 0.66

CD19 + B Lymphocytes, 
cells/µL

130 (67–227) 76 (35–140)  < 0.001

Table 3 Sensitivity and specificity of different cut-points of lymphocytes T-CD4 in predicting in-hospital mortality

PPV positive predictive value, NPV negative predictive value

Variable Sensitivity,
% (IQR)

Specificity,
% (IQR)

PPV,
% (IQR)

NPV,
% (IQR)

CD4 + T cells < 200/µL 55.1 (40.2–69.3) 77.7 (71.8–82.9) 35.6 (24.2–46.2) 89.9 (83.8–93.0)

CD4 + T cells < 250/µL 67.3 (52.5–80.1) 70.7 (64.4–76.5) 33.0 (23.9–43.1) 91.0 (85.8–94.8)

CD4 + T cells < 300/µL 81.6 (68.0–91.2) 64.2 (57.6–70.4) 32.8 (24.6–41.9) 94.2 (89.3–97.3)

CD4 + T cells < 350/µL 85.7 (72.8–94.1) 59.4 (52.7–65.8) 31.1 (23.4–39.6) 95.1 (90.2–98.0)

CD4 + T cells < 400/µL 87.8 (75.2–95.4) 52.0 (45.3–58.6) 28.1 (21.1–35.9) 95.2 (89.8–98.2)

CD4 + T cells < 450/µL 87.8 (75.2–95.4) 43.2 (36.7–49.9) 24.9 (18.6–32.0) 94.3 (88.0–97.9)
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1.01; 95%CI 1.00–1.01, p = 0.374, Table  4) once more 
failed to reveal any significant association.

Discussion
For years SIRS criteria (SEPSIS 2) have been considered 
the best screening tool to recognize septic patients. How-
ever, SEPSIS 2 criteria were criticized across the years, 
because of inadequate specificity and sensitivity [5, 25–
27]. As a consequence, in 2016 the European Society of 
Intensive Care Medicine and the Society of Critical Care 
Medicine task force delivered a Third International Con-
sensus definition for sepsis, to replace screening criteria 
of SIRS with the qSOFA score, that was validated to pick 
up patients with poor outcomes out-of-hospital, in the 
emergency department, and in general hospital wards 
(SEPSIS 3) [5]. To date, several studies examined the pre-
dictive performance of qSOFA for in hospital mortality, 
revealing low sensitivity at the time of initial suspicion of 
infection [28]. Furthermore, several clinical scores were 
evaluated for their ability to recognize patients at higher 
risk of death, but a recent systematic review and meta-
analysis suggested that Early Warning Scores and qSOFA 
not always predict mortality accurately in patients with 
sepsis [29, 30]. In addition, many studies in the literature 
tested the independent value of biochemical markers for 
their ability to predict sepsis, without conclusive results, 
leaving clinicians in the need of further aid [31–34]. 
The evaluation of specific subsets of peripheral immune 
cells may, indeed, improve current prediction models to 
timely recognize septic patients at higher risk of poor 
outcome, taking into account the immunological status at 
onset of sepsis [27].

In our pivotal study, we found that an absolute num-
ber of < 400/µL CD4 T lymphocytes at hospital entry was 

independently and strongly associated with in-hospital 
mortality in a large sample of patients hospitalized at an 
Infectious Disease Unit with the suspect of sepsis. To 
complement the relevance of our finding, having CD4 T 
lymphocytes > 400/µL on admission had a very high NPV 
(95.2%) for in hospital mortality, once more suggesting 
that this immune parameter may be useful for an early 
prediction of prognosis in patients with sepsis.

Lymphocytes are an essential part of the adaptive 
immune response to infection and their subsets play 
a well-documented and complex role in sepsis [17]. A 
drop in the absolute number of total T-lymphocytes was 
observed upon hospital admission in patients with infec-
tion, but the role of subsets of lymphocytes in predicting 
survival and non-survival of patients with sepsis has been 
so far poorly investigated [16]. Profound and persistent 
lymphopenia, partly reflecting migration of T-cells into 
infection sites, is closely related to infection and sepsis, 
being associated with expansion of immunosuppressive 
cell populations such as regulatory T-lymphocytes, IL-
10-producing B-lymphocytes and myeloid-derived sup-
pressor cells, whose rise may last for months [18–20]. 
Immune homeostasis is perturbed by a strong inflamma-
tory response, as in a septic episode, followed by a rapid 
negative feedback due to the compensatory anti-inflam-
matory response, leading a decrease in functional T-lym-
phocytes [19, 35, 36]. Previous studies indicated that 
lymphopenia may occur early in the course of sepsis and 
that decreases of specific lymphocyte subsets, including 
CD4 T cells, may help identify fragile patients at higher 
risk of disease progression among those hospitalized 
due to infection [18–20]. As a consequence, qualitative 
and quantitative changes of different immune cell sub-
sets were investigated in sepsis, aimed to the prediction 

Table 4 Logistic regression models predicting in-hospital mortality with continuous and categorical values of CD4 + T cells

CCI Charlson Comorbidity Index, qSOFA quick Sequential Organ Failure Assessment, PCT procalcitonin, PLT platelet, OR odds ratio, IC confidence interval;

*1-unit increase

Parameters of the models: ** Hosmer–Lemeshow goodness of fit p = 1.00; area under the receiving operator curve (ROC) = 0.89;
## Hosmer–Lemeshow goodness of fit p = 0.99; area under the receiving operator curve (ROC) = 0.89

Variable Crude OR
(95%CI)**

Univariate p Adjusted OR (95%CI)** Multivariate p Adjusted OR (95%CI)## Multivariate p

Age (1 year increase) 1.06 (1.04–1.09)  < 0.0001 1.04 (1.01–1.09) 0.021 1.04 (1.01–1.09) 0.018

Female gender 2.81 (1.49–5.28) 0.001 3.35 (1.54–7.99) 0.003 3.18 (1.40–7.20) 0.006

CCI* 1.30 (1.15–1.45)  < 0.0001 1.10 (0.91–1.33) 0.321 1.09 (0.90–1.32) 0.373

qSOFA* 5.12 (2.60–10.08)  < 0.0001 3.85 (1.77–8.41) 0.001 4.00 (1.84–8.67)  < 0.001

PCT, ng/mL* 1.01 (1.01–1.02)  < 0.0001 1.01 (1.00–1.02) 0.198 1.01 (1.00–1.02) 0.227

CD4 + T, cells/µL* 0.99 (0.99–1.10)  < 0.0001 0.99 (0.99–1.00) 0.002 – –

CD4 + T, cells < 400/µL 7.75 (3.18–18.93)  < 0.0001 – – 5.3 (1.65–17.00) 0.005

PLT/µL* 0.99 (0.99–1.00) 0.005 1.00 (1.00–1.01) 0.409 1.01 (1.00–1.01) 0.374

Lymphocytes, cells/µL* 0.32 (0.17–0.58)  < 0.0001 0.97 (0.58–1.64) 0.919 0.70 (0.31–1.58) 0.398
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of clinical progression in septic patients [16, 37]. These 
studies, however, commonly enrolled critically ill ICU 
patients, and investigated small samples of patients [16, 
37]. Wu et al. (2013) enrolled 87 ICU patients with severe 
sepsis, showing higher numbers of CD4 T-Th1 lympho-
cytes in survivors [38]. Similarly, Hohlstein et  al. (2019) 
demonstrated that numbers of T and NK lymphocyte at 
ICU admission were significantly higher in septic shock 
survivors than in non-survivors [35]. CD4 T lympho-
cytes play a pivotal role in response to microbial spread 
[18] and decreased circulating CD4 T lymphocytes may 
increase the risk of acquiring bloodstream infections [20]. 
In critically ill patients dying with sepsis-related multi-
organ dysfunction, Boomer et  al. (2011) demonstrated 
that lymphocyte dysfunction was found both in periph-
eral blood, and in lymphoid organs [39]. In this frame of 
current knowledge, our study is the first to enroll a large 
and consecutive sample of non-critical, relatively stable 
patients hospitalized in an Infectious Diseases ward due 
to the suspect of ensuing sepsis; indeed, only a handful 
of such patients were hospitalized with septic shock, in 
line with current recommendations. Among the numer-
ous immune subsets measured, CD4 T lymphocytes were 
tightly associated with prognosis when assayed upon 
hospitalization, thus providing further evidence that CD4 
T cell deficits and/or dysfunction may occur early in the 
process of dysregulated immune response to bacterial 
spread, being likely associated both to the pathogenesis 
and to the prognosis of sepsis [18]. Our study therefore 
provides an additional line of evidence that analyzing 
lymphocyte subsets early in the evolution of sepsis may 
be considered a valuable tool in the establishment of an 
immune prognostic score for sepsis. Interestingly, the 
tight and strong association of CD4 T lymphocytes with 
sepsis prognosis was quite relevant in comparison with 
other biochemical markers commonly used to stratify 
outcome of patients with sepsis [36].

Our study design has a few limitations. First, it was a 
single center study, with prospective enrollment and 
retrospective evaluation of the results. Immune charac-
terization was prescribed by attending physicians in the 
ward to most, but not to all patients hospitalized with 
the suspicion of sepsis, and this may have caused some 
enrollment bias. Second, non-survivors in our cohort, 
that is patients dying due to sepsis among those enrolled, 
were relatively few, which made it difficult to control 
for confounding factors and possible selection biases in 
our multivariate analyses. Third, we one more acknowl-
edge the monocentric nature of our study design and a 
multicentric study is needed to confirm our preliminary 
data. Four, we did not perform any sequential analysis of 
lymphocyte subsets in the weeks following hospitaliza-
tion, which might have been useful to monitor possible 

lymphocyte subset variations related to hospital treat-
ments. As a consequence, a prospective, multi-center 
study with planned enrollment of a larger sample of 
patients, including a second assay of lymphocyte subsets 
after 2–4-weeks, will be necessary to further validate our 
preliminary evidence that CD4 T-cells measurements 
may help predict mortality in septic patients.

Conclusions
Our results suggest that lymphocyte subsets, and in par-
ticular CD4 T lymphocytes, measured at hospital entry 
in patients with ensuing sepsis, may be useful to identify 
those at higher risk of death during their stay in medical 
wards, complementing biochemical markers and other 
scores routinely used to this purpose. Further research is 
warranted (Additional file 1).

Abbreviations
CCI: Charlson Comorbidity Index; IQR: Interquartile range; NPV: Negative 
predictive value; OR: Odds ratio; PCT: Procalcitonin; PLT: Platelet; PPV: Positive 
predictive value; qSOFA: quick Sequential Organ Failure Assessment; WBC: 
White blood cell count.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12879- 021- 06481-1.

Additional file 1. Database file for analyses.

Acknowledgements
We are indebted with the staff of the “Fondazione Camillo de Lellis per 
l’Innovazione e la Ricerca in Medicina”, based in Pescara, Italy, for their con-
tinual support.

Authors’ contributions
EP, AF and GP designed and supervised the study. JEE, FT, GF and FS collected 
clinical and laboratory data. GDI and EP performed statistical analysis. EP and 
GP wrote the manuscript. All authors read and approved the final manuscript.

Funding
The author(s) received no financial support for the research, authorship, and/
or publication of this article.

Availability of data and materials
The datasets analyzed during the current study are available from the corre-
sponding author on reasonable request. No administrative permissions will be 
required to access the raw data mentioned in the methods upon request.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the amended Declaration of 
Helsinki. The local Health Administrative Board (Comitato Etico di Chieti—Pes-
cara) reviewed in detail and approved the study plan prepared by the Infec-
tious Diseases Unit and Laboratory Staff of the Pescara General Hospital.

Consent for publication
Not applicable.

Competing interests
Authors declare no conflicts of interest related to this manuscript content.

https://doi.org/10.1186/s12879-021-06481-1
https://doi.org/10.1186/s12879-021-06481-1


Page 7 of 7Polilli et al. BMC Infect Dis          (2021) 21:780  

Author details
1 Clinical Pathology Unit, Pescara General Hospital, Pescara, Italy. 2 Intensive 
Care Unit, Pescara General Hospital, Pescara, Italy. 3 Infectious Diseases Unit, 
Pescara General Hospital, Pescara, Italy. 4 Internal Medicine Unit, Pescara Gen-
eral Hospital, Pescara, Italy. 

Received: 28 February 2021   Accepted: 28 July 2021

References
 1. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, et al. 

Surviving sepsis campaign: international guidelines for management of 
severe sepsis and septic shock: 2012. Crit Care Med. 2013;41:580–637.

 2. Meynaar IA, Droog W, Batstra M, Vreede R, Herbrink P. In critically 
ill patients, serum procalcitonin is more useful in differentiating 
between sepsis and SIRS than CRP, Il-6, or LBP. Crit Care Res Pract. 
2011;2011:594645.

 3. Liu S-J, Hu H. Comparison of six scoring systems for predicting the 
mortality of severe sepsis patients in the emergency department. Am J 
Emerg Med. 2018;36:902–4.

 4. Vincent J-L, Jones G, David S, Olariu E, Cadwell KK. Frequency and mortal-
ity of septic shock in Europe and North America: a systematic review and 
meta-analysis. Crit Care Lond Engl. 2019;23:196.

 5. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, 
Bauer M, et al. The third international consensus definitions for sepsis and 
septic shock (Sepsis-3). JAMA. 2016;315:801–10.

 6. Vincent J-L, Sakr Y, Sprung CL, Ranieri VM, Reinhart K, Gerlach H, et al. 
Sepsis in European intensive care units: results of the SOAP study. Crit 
Care Med. 2006;34:344–53.

 7. Siegel JD, Rhinehart E, Jackson M, Chiarello L, Healthcare Infection Con-
trol Practices Advisory Committee. Management of multidrug-resistant 
organisms in health care settings, 2006. Am J Infect Control. 2007. https:// 
doi. org/ 10. 1016/j. ajic. 2007. 10. 006.

 8. BalcI C, Sungurtekin H, Gürses E, Sungurtekin U, Kaptanoglu B. Usefulness 
of procalcitonin for diagnosis of sepsis in the intensive care unit. Crit Care 
Lond Engl. 2003;7:85–90.

 9. Usman OA, Usman AA, Ward MA. Comparison of SIRS, qSOFA, and NEWS 
for the early identification of sepsis in the Emergency Department. Am J 
Emerg Med. 2019;37:1490–7.

 10. Teggert A, Datta H, Ali Z. Biomarkers for point-of-care diagnosis of sepsis. 
Micromachines. 2020;11:286.

 11. Heilmann E, Gregoriano C, Schuetz P. Biomarkers of infection: are they 
useful in the ICU? Semin Respir Crit Care Med. 2019;40:465–75.

 12. Faix JD. Biomarkers of sepsis. Crit Rev Clin Lab Sci. 2013;50:23–36.
 13. Kondo Y, Umemura Y, Hayashida K, Hara Y, Aihara M, Yamakawa K. 

Diagnostic value of procalcitonin and presepsin for sepsis in critically ill 
adult patients: a systematic review and meta-analysis. J Intensive Care. 
2019;7:22.

 14. Drewry AM, Samra N, Skrupky LP, Fuller BM, Compton SM, Hotchkiss RS. 
Persistent lymphopenia after diagnosis of sepsis predicts mortality. Shock 
Augusta Ga. 2014;42:383–91.

 15. Buehler SS, Madison B, Snyder SR, Derzon JH, Cornish NE, Saubolle 
MA, et al. Effectiveness of practices to increase timeliness of providing 
targeted therapy for inpatients with bloodstream infections: a laboratory 
medicine best practices systematic review and meta-analysis. Clin Micro-
biol Rev. 2016;29:59–103.

 16. Carvelli J, Piperoglou C, Bourenne J, Farnarier C, Banzet N, Demerlé C, 
et al. Imbalance of circulating innate lymphoid cell subpopulations in 
patients with septic shock. Front Immunol. 2019;10:2179.

 17. Cabrera-Perez J, Condotta SA, Badovinac VP, Griffith TS. Impact of sepsis 
on CD4 T cell immunity. J Leukoc Biol. 2014;96:767–77.

 18. Chen X, Ye J, Ye J. Analysis of peripheral blood lymphocyte subsets 
and prognosis in patients with septic shock. Microbiol Immunol. 
2011;55:736–42.

 19. Chung K-P, Chang H-T, Lo S-C, Chang L-Y, Lin S-Y, Cheng A, et al. Severe 
lymphopenia is associated with elevated plasma interleukin-15 levels 

and increased mortality during severe sepsis. Shock Augusta Ga. 
2015;43:569–75.

 20. de Pablo R, Monserrat J, Prieto A, Alvarez-Mon M. Role of circulating 
lymphocytes in patients with sepsis. BioMed Res Int. 2014;2014:671087.

 21. Polilli E, Sozio F, Frattari A, Persichitti L, Sensi M, Posata R, et al. Compari-
son of monocyte distribution width (MDW) and procalcitonin for early 
recognition of sepsis. PLoS ONE. 2020;15:e0227300.

 22. Shao R, Li CS, Fang Y, Zhao L, Hang C. Low B and T lymphocyte attenuator 
expression on CD4+ T cells in the early stage of sepsis is associated with 
the severity and mortality of septic patients: a prospective cohort study. 
Crit Care. 2015;19:308.

 23. Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, et al. 2001 
SCCM/ESICM/ACCP/ATS/SIS international sepsis definitions conference. 
Crit Care Med. 2003;31:1250–6.

 24. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of clas-
sifying prognostic comorbidity in longitudinal studies: development and 
validation. J Chronic Dis. 1987;40:373–83.

 25. Marshall JC. Sepsis definitions: a work in progress. Crit Care Clin. 
2018;34:1–14.

 26. Shankar-Hari M, Deutschman CS, Singer M. Do we need a new definition 
of sepsis? Intensive Care Med. 2015;41:909–11.

 27. Rubio I, Osuchowski MF, Shankar-Hari M, Skirecki T, Winkler MS, Lachmann 
G, La Rosée P, et al. Current gaps in sepsis immunology: new opportuni-
ties for translational research. Lancet Infect Dis. 2019;19:e422–36.

 28. Song JU, Sin CK, Park HK, Shim SR, Lee J. Performance of the quick 
Sequential (sepsis-related) Organ Failure Assessment score as a prognos-
tic tool in infected patients outside the intensive care unit: a systematic 
review and meta-analysis. Crit Care. 2018;22:28.

 29. Hamilton F, Arnold D, Baird A, Albur M, Whiting P. Early Warning Scores do 
not accurately predict mortality in sepsis: a meta-analysis and systematic 
review of the literature. J Infect. 2018;76:241–8.

 30. Maitra S, Som A, Bhattacharjee S. Accuracy of quick Sequential Organ 
Failure Assessment (qSOFA) score and systemic inflammatory response 
syndrome (SIRS) criteria for predicting mortality in hospitalized patients 
with suspected infection: a meta-analysis of observational studies. Clin 
Microbiol Infect. 2018;24:1123–9.

 31. Lundberg OHM, Lengquist M, Spångfors M, Annborn M, Bergmann D, 
Schulte J, et al. Circulating bioactive adrenomedullin as a marker of 
sepsis, septic shock and critical illness. Crit Care. 2020;24:636.

 32. Mearelli F, Barbati G, Casarsa C, Giansante C, Breglia A, Spica A, et al. 
The integration of qSOFA with clinical variables and serum biomarkers 
improves the prognostic value of qSOFA alone in patients with suspected 
or confirmed sepsis at ED admission. J Clin Med. 2020;9:1205.

 33. Gonzalez Del Castillo J, Wilson DC, Clemente-Callejo C, Román F, Bardés-
Robles I, Jiménez I, et al. Biomarkers and clinical scores to identify patient 
populations at risk of delayed antibiotic administration or intensive care 
admission. Crit Care. 2019;23:335.

 34. Cong S, Ma T, Di X, Tian C, Zhao M, Wang K. Diagnostic value of neutrophil 
CD64, procalcitonin, and interleukin-6 in sepsis: a meta-analysis. BMC 
Infect Dis. 2021;21:384.

 35. Hohlstein P, Gussen H, Bartneck M, Warzecha KT, Roderburg C, Buend-
gens L, et al. Prognostic relevance of altered lymphocyte subpopulations 
in critical illness and sepsis. J Clin Med. 2019;8:353.

 36. Hotchkiss RS, Tinsley KW, Karl IE. Role of apoptotic cell death in sepsis. 
Scand J Infect Dis. 2003;35:585–92.

 37. Iwasaki A, Medzhitov R. Control of adaptive immunity by the innate 
immune system. Nat Immunol. 2015;16:343–53.

 38. Wu H-P, Chung K, Lin C-Y, Jiang B-Y, Chuang D-Y, Liu Y-C. Associations of 
T helper 1, 2, 17 and regulatory T lymphocytes with mortality in severe 
sepsis. Inflamm Res. 2013;62:751–63.

 39. Boomer JS, To K, Chang KC, Takasu O, Osborne DF, Walton AH, et al. 
Immunosuppression in patients who die of sepsis and multiple organ 
failure. JAMA. 2011;306:2594–605.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.ajic.2007.10.006
https://doi.org/10.1016/j.ajic.2007.10.006

	Circulating lymphocyte subsets as promising biomarkers to identify septic patients at higher risk of unfavorable outcome
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


