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Gamma-delta T cells are the most abundant of all epithelial-resident lymphocytes and are considered a first line of defense
against pathogens in the mucosa. Our objective was to confirm the reduction in �� T cell subsets and its relationship with mor-
tality in patients with sepsis. We studied 135 patients with sepsis attended in the emergency department and intensive care unit
of two hospitals and compared them with a similar control group of healthy subjects. The �� and �� T cell subsets were deter-
mined via flow cytometry according to the stage of the sepsis and its relationship with mortality. All the lymphocyte subsets were
reduced with respect to the corresponding subsets in the control group. All the �� T cell populations decreased significantly as
the septic picture worsened. Furthermore, �� T cells showed decreases at days 2, 3, and 4 from the start of sepsis. Twenty-six pa-
tients with sepsis died (19.3%). The �� T cells, specifically, the CD3� CD56� �� T cells, were significantly reduced in those septic
patients who died. Our results indicate that, during sepsis, �� T cells show the largest decrease and this reduction becomes more
intense when the septic process becomes more severe. Mortality was associated with a significant decrease in �� T cells.

Sepsis is a serious public health problem, not only because of its
constantly increasing incidence but also due to its high mor-

tality and the associated high health care costs (1–3). Most patients
with severe sepsis or septic shock are attended in hospital emer-
gency departments or intensive care units (4, 5), so these are two
key links in these patients’ treatment chain.

Lymphocytes are fundamental cells in the immunological re-
sponse to sepsis. Two distinct populations of T lymphocytes have
currently been identified, depending on the type of antigen recep-
tor expressed in the lymphocyte membrane: �� T cells (T cell
receptor-�� [TCR-��]) and �� T cells (TCR-��) (6–8).

�� T cells are most abundant in the peripheral blood (90 to
95%), spleen, and lymphatic glands, where they mediate specific
immune responses. Only 5 to 10% of �� T cells are found in
peripheral blood; they are mainly seen in epithelia, where they
comprise 50% of the intraepithelial lymphocytes (IELs) in the
mucosa (9, 10), playing a major role as the first line of defense.

There are two basic characteristics that differentiate �� and ��
T cells. First, �� T cells recognize proteins directly without any
antigenic processing by the molecules in the major histocompat-
ibility complex (MHC) (11–13). Second, they rarely, if ever, rec-
ognize peptides processed by the antigen-presenting cells (APC),
but they recognize phosphorylated microbial metabolites and
lipid-peptides. Thus, phosphate residues were the first ligands
found to be related to the antigenic recognition of TCR-�� (14,
15). Sepsis gives rise to an apoptotic phenomenon involving a
reduction in the numbers of lymphocytes and epithelial and pa-
renchymal cells. The first study to document apoptosis as an im-
portant mechanism of cellular death and depletion of immune
cells in patients with sepsis was published just over a decade ago by
Hotchkiss et al. (16) These findings are similar to those of studies
performed on animals with experimental sepsis (17–21).

The immune cells in which apoptosis has been demonstrated
include B cells, CD4� T cells (22), and follicular and interdigitat-
ing dendritic cells but not macrophages (23). Not all the lympho-
cyte subsets have been studied with regard to their �� and ��
surface receptors in human beings with sepsis.

Experimental studies in septic mice have shown that a reduc-
tion in the �� T cells increases mortality (24, 25), but once again,
no studies have demonstrated this relationship in human beings.

Therefore, the phenomenon of apoptosis described in sepsis
would lead us to expect a reduction in lymphocyte subsets. Most
pathogenic organisms enter the body through mucosas, and as ��
T cells are most abundant within the epithelial cell layer (9, 10)
and are considered a first line of defense against pathogens in the
mucosas, we hypothesized that septic patients might exhibit a re-
duction in their lymphocyte subsets, particularly that of the �� T
cells, and that this could have a relationship with mortality.

We therefore evaluated the frequencies of the B and T cell
populations, both �� and ��, in the peripheral blood of a group of
septic patients and compared them with the corresponding cell
populations in a control group of healthy individuals. We also
evaluated the frequencies of the lymphocyte populations with re-
spect to the different stages of the disease (sepsis, severe sepsis, and
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septic shock), and we analyzed the relationship of these subsets
with mortality.

MATERIALS AND METHODS
Study population. In this prospective study of cases and controls, patients
with sepsis (cases) were adults aged over 18 years who were attended in the
emergency department (ED) or intensive care unit (ICU) of the Arnau de
Vilanova or Doctor Peset Aleixandre Hospitals in Valencia (Spain) from
2009 to 2010. The patients with sepsis were recruited consecutively on
admission to the ED/ICU of both hospitals. The controls were selected
from a healthy population without any blood ties with the septic patients.
They were companions of patients attending the outpatient clinic and
family members of the hospital staff. Patients with previously defined
criteria for sepsis (26) and its different stages of severity (27, 28) (sepsis,
severe sepsis, and septic shock) were included. The exclusion criteria were
autoimmune disease, vaccination in the previous 6 months, or immuno-
suppressive treatment. The members of the control group did not suffer
from any acute infectious disease or any known immunodeficiency or
autoimmune disease, nor had they been vaccinated in the previous 6
months or received immunosuppressive treatment. Both groups were
paired according to sex and age (frequency matching) (29). Three age
groups were considered for the grouping: 18 to 50 years, 51 to 70, and 71
and over.

All subjects, both patients and controls, were informed of the study
objectives and gave authorization for their participation in the study. In
the case of patients with a significantly altered state of awareness, consent
was obtained from their relatives. The Research and Ethics Committee of
both hospitals approved the study.

Variables studied. The following variables were recorded: age and
gender, stage of sepsis (sepsis, severe sepsis, and shock septic), time since
onset of infection/sepsis (fever), mortality during the hospital stay,
APACHE II (acute physiology and chronic health evaluation system) (30)
and SOFA (sequential organ failure assessment) scores (31), positive cul-
tures, complete blood count, and lymphocyte subsets, including CD3�,
CD4�, CD8�, CD56�, CD19�, CD3� ��, CD4� ��, CD8� ��, CD56�

��, CD3� ��, CD4� CD8� ��, CD8� ��, and CD56� �� cells.
Methods of blood sample analysis. Blood samples were taken from

patients at the time of admission and diagnosis in the ED/ICU and prior to
any therapeutic action. Blood cell counts were performed using the
Coulter LH750 automated hematology analyzer (Beckman Coulter, Ful-
lerton, CA). The following monoclonal antibodies were used: CD45, CD4,
CD8, CD3, and CD19 antibodies for the peripheral blood subsets and
CD4, CD8, CD2, CD3, TCR-��, and TCR-�� antibodies for the �� T cell
study.

Fluorescence analysis was performed using a Beckman-Coulter mul-
tiparameter flow cytometry analyzer, the Cytomics FC 500 (Beckman-
Coulter, Miami, FL, USA), and later analyzed with CXP software. A min-
imum of 50,000 events was measured. Absolute counts of circulating cell
subsets were calculated using the percentages obtained by flow cytometry,
and the leukocyte count was obtained from the hematological analyzer
using a dual-platform counting technology.

The �� T lymphocyte subsets were analyzed with phycoerythrin-cya-
nine 5.1 (PC5)-conjugated anti-human TCR-�� antibody (clone IMMU
510; Beckman Coulter, Miami, FL, USA). This is an antibody (mouse
IgG1) that allows the identification and numeration of cell populations
expressing the TCR-�� antigen present in human biological samples us-
ing flow cytometry. IMMU 510 recognizes all �� T cell populations re-
gardless of the variable genes or junction regions they express, as assessed
by immunofluorescence studies on polyclonal �� T cell lines and �� T cell
clones.

The �� T cell subsets were analyzed with PC5-conjugated anti-human
TCR-�� (clone IP26A; Beckman Coulter).

Statistical analysis. Descriptive statistics were obtained using stan-
dard procedures. The assumption of a normal distribution for continuous
variables was verified using graphic tests and the Kolmogorov-Smirnov

TABLE 1 Characteristics of patients with sepsis

Characteristic
Value [mean (95% CI)a or no. (%)
of patients (n � 135)]

Age (yrs) 66.3 (62.8–69.8)
APACHE II score 14.1 (12.8–15.3)
SOFA score 4.2 (3.6–4.8)

Sex
Male 75 (55.6)
Female 60 (44.4)

Positive culture obtainedb 48 (35.5)
Emergency department 81 (60.0)
Intensive care unit 54 (40.0)
In-hospital death 26 (19.3)

Diagnosis
Pneumonia 65 (48.1)
Urinary tract infection 26 (19.3)
Acute appendicitis 6 (4.4)
Acute cholecystitis 6 (4.4)
Undeterminedc 5 (3.7)
Acute cholangitis 4 (3.0)
Abscess 4 (3.0)
Acute diverticulitis 3 (2.2)
Cellulitis 3 (2.2)
Meningitis 3 (2.2)
Enterocolitis 2 (1.5)
Otherd 8 (5.9)

Stages of sepsis
Sepsis 48 (35.6)
Severe sepsis 59 (43.7)
Septic shock 28 (20.7)

Organ failure
Acute respiratory failure 49 (36.3)
Acute renal failure 40 (29.6)
Neurologic 36 (26.7)
Shock 28 (20.7)
Metabolic 24 (17.8)
Acute hepatic failure 22 (16.3)
Hematologic 21 (15.6)

No. of organs with failure
0 48 (35.6)
1 23 (17.0)
2 24 (17.8)
3 21 (15.6)
4 12 (8.9)
5 4 (3.0)
6 3 (2.2)

a Continuous variables are expressed as means (95% confidence intervals).
b Positive cultures included blood (n � 28), exudate (n � 14), urine (n � 12), sputum
(n � 8), stool (n � 1).
c Undetermined sepsis represents the patient with fever and well-defined criteria of
systemic inflammatory response without a well-defined septic focus. In our study, of
the 5 patients with undetermined sepsis, 3 had positive blood cultures for E. Coli, one
for S. Aureus, and one for S. hominis.
d Other diagnoses included one patient each with the following diagnoses: pelvic
inflammatory disease, gangrene, malaria, intestinal ischemia, intestinal obstruction,
acute pancreatitis, spontaneous bacterial peritonitis, and septic arthritis.
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test with a Lilliefor’s significance correction. If normality was not reached,
a logarithmic transformation was made. When normality was assumed,
the Student t test was used to compare the means of the quantitative
variables. When the hypothesis of normality of the quantitative variable
was not accepted, the nonparametric Mann-Whitney U test was used.
Contingency tables were drawn up for the qualitative variables (�2 test or
the Fisher exact test). Multivariate regression analysis, adjusting for age
and sex, was built to analyze the relation between lymphocyte subpopu-
lations (in logarithmic form) and the life status (dead or alive) among
septic patients. The data were analyzed using the statistical software SPSS,
version 19 (SPSS).

RESULTS
Demographic parameters and characteristics of patients with
sepsis. Two hundred seventy subjects were included in the study,
of whom 135 were patients with sepsis (75 male and 60 female)
and 135 were healthy controls with a similar sex distribution. The
mean age of the patients with sepsis was 66.3 (95% confidence
interval [CI], 62.8 to 69.8), and the mean age of the controls was
66.8 (95% CI, 66.4 to 70.2) (P � 0.84). Table 1 shows the charac-
teristics of the patients with sepsis.

Hemogram and lymphocyte subsets. The analysis of the
hemogram and the lymphocyte subsets in septic patients and con-
trols shows a significant increase in the total leukocytes in sepsis,
depending on the neutrophils, whereas there was a very significant
drop in lymphocytes and eosinophils in the patients with sepsis.
Of the 135 patients with sepsis, 101 (74.8%) presented lymphope-
nia (	1.0 
 109), versus 4 of 135 (3.0%) in the control group
(odds ratio [OR], 25.2; 95% CI, 9.6 to 66.6). However, all the
lymphocyte subsets decreased significantly in the septic patients
compared to the corresponding subsets in the control group
(Table 2).

Figure 1 shows the T cell subsets, both the conventional ones
and those associated with the �� and �� receptors, in relation to
the stages of sepsis and the control group. In the conventional

subsets, the total T cells are significantly reduced in septic patients
with respect to the counts in the control group, and this reduction
is greater when the sepsis worsens, depending on the CD4� T cells.
The same is true of the �� T cell subsets. This reduction is much
more intense, however, in the �� T cell subsets than in the �� T
cell subsets when the septic process worsens. No differences were
found in lymphocyte subsets in patients with positive blood cul-
tures or with Gram-positive versus Gram-negative infections.
Table 3 shows the organisms isolated from the different cultures of
septic patients.

Time since onset of sepsis. Figure 2 shows peripheral blood T
cell subsets according to the �� and �� receptors in relation to
time since onset of infection/sepsis at admission in ED/ICU de-
partments. It may be seen that CD3� �� T cells and CD3� CD8�

�� T cells drop significantly at day 2 from diagnosis of sepsis, to
recover at days 3 and 4. However, �� T cells show a continuous
decrease over time. This decrease is statistically significant for
CD3� ��, CD3� CD8� ��, and CD3� CD56� �� T cells.

Lymphocyte subsets and organ failure. We analyzed the cor-
relation of lymphocyte subsets with the number of organs that
failed in septic patients. We found an inverse relationship between
the �� T cells and �� T cells; this correlation was more significant
for CD3� �� T cells (Spearman’s rho, �0.309; P 	 0.001) and
CD3� CD56� �� T cells (Spearman’s rho, �0.215; P 	 0.001).

We also examined the association between frequency of T cells
and failure of specific organs. We found a significant decrease in
�� T cells when there was any organ failure, except for neurolog-
ical failure. Thus, in patients with shock, the frequencies of CD3�

�� T cells and CD3� CD4� �� T cells were lower than in patients
without shock (P � 0.007 and P � 0.038), although the decrease
was stronger for CD3� �� T cells (P 	 0.001). There were signif-
icant decreases in �� T cells in patients with the other organ fail-
ures, as follows: acute hepatic failure, CD3� �� T cells, CD3�

TABLE 2 Hemogram and lymphocyte populations in septic patients and controls

Cell population or hemogram parameter

No. [mean (95% CI)] of cells (
109/liter) or indicated measure in:

P valueSepsis patients Controls

Leukocytes 15,291 (13,917–16,665) 6,831 (6,481–7,181) 0.001
Neutrophils 13,734 (12,375–15,094) 3,901 (3,624–4,179) 0.001
Monocytes 0.650 (0.553–0.747) 0.561 (0.526–0.597) 0.090
Eosinophils 0.044 (0.017–0.071) 0.178 (0.155–0.200) 0.001
Basophils 0.016 (0.009–0.024) 0.028 (0.017–0.040) 0.080
Thrombocytes 222.3 (206.4–238.3) 234.0 (217.4–250.6) 0.340
Hemoglobin 11.8 (11.4–12.1)a 13.8 (13.5–14.2)a 0.001
Lymphocytes 0.8490 (0.7560–0.9410) 2,145 (2020–2270) 0.001
CD19� B cells 0.1367 (0.1135–0.1599) 0.1852 (0.1632–0.2072) 0.001
CD3� T cells 0.5426 (0.4741–0.6111) 1.5224 (1.4239–1.6210) 0.001
CD3� CD4� T cells 0.3277 (0.2814–0.3738) 0.9277 (0.8608–0.9945) 0.001
CD3� CD8� T cells 0.2378 (0.1995–0.2761) 0.6830 (0.6185–0.7475) 0.001
CD3� CD56� T cells 0.1126 (0.0891–0.1362) 0.3727 (0.3317–0.3148) 0.001
CD3� �� T cells 0.4832 (0.4149–0.5514) 1.4394 (1.3400–1.5389) 0.001
CD3� CD4� �� T cells 0.3026 (0.2550–0.3503) 0.8948 (0.8230–0.9670) 0.001
CD3� CD8� �� T cells 0.1817 (0.1441–0.2192) 0.5332 (0.4716–0.5947) 0.001
CD3� CD56� �� T cells 0.0283 (0.0210–0.0355) 0.1110 (0.0878–0.1342) 0.001
CD3� �� T cells 0.0159 (0.0114–0.0203) 0.0620 (0.0512–0.0728) 0.001
CD3� CD4� CD8� �� T cells 0.0081 (0.0056–0.0105) 0.0294 (0.0229–0.0359) 0.001
CD3� CD8� �� T cells 0.0046 (0.0029–0.0062) 0.0220 (0.0173–0.0266) 0.001
CD3� CD56� �� T cells 0.0032 (0.0020–0.0045) 0.0141 (0.0103–0.0179) 0.001
a Values of hemoglobin are expressed as mg/dl.
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CD4� CD8� �� T cells, CD3� CD8� �� T cells, and CD3� CD56�

�� T cells (P 	 0.001); hematologic failure, CD3� �� T cells,
CD3� CD4� CD8� �� T cells, and CD3� CD8� �� T cells (P 	
0.001); metabolic failure, CD3� �� T cells (P 	 0.003), CD3�

CD4� CD8� �� T cells (P � 0.003), and CD3� CD8� �� T cells
(P � 0.008); acute respiratory failure, CD3� �� T cells (P �
0.001), CD3� CD4� CD8� �� T cells (P � 0.010), and CD3�

CD56� �� T cells (P � 0.016); and acute renal failure, CD3� �� T
cells (P � 0.015). In summary, the most-intense �� T cell reduc-
tions occurred in acute hepatic failure, followed by hematologic
and metabolic failure.

Mortality. Twenty-six patients with sepsis died (19.3%), in-
cluding 10 of 75 males (13.3%) and 16 of 60 females (26.7%) (P �
0.08). The mean age of the patients with sepsis who died was 79.0
(95% CI, 74.4 to 83.6) years, versus 63.3 (95% CI, 59.2 to 67.3)
years in those who survived (P 	 0.001).

The patients that died had a mean of 3.1 (95% CI, 2.5 to 3.6)
affected organs, versus 1.3 (95% CI, 1.0 to 1.5) in surviving pa-
tients (P 	 0.001). The organ failures significantly associated with
mortality were respiratory, neurologic, renal, and metabolic (P 	
0.001).

We evaluated the duration of symptoms of patients with sepsis
up to the time of assistance at the hospital. The patients who died
came to the hospital at 3.6 (95% CI, 2.5 to 4.8) days from the start
of symptoms versus 2.4 (95% CI, 1.9 to 2.8) days for patients who
did not die (P � 0.023). This indicates that patients who subse-
quently died were attended at the hospital almost 2 days later than

patients who survived. Septic patients died in the hospital at a
mean of 6.2 (95% CI, 3.4 to 9.1) days, whereas patients who sur-
vived were discharged from the hospital at 11.2 (95% CI, 9.0 to
13.4) days (P 	 0.001). Fifty percent of patients who died did so in
the first 2 days of admission.

From the first symptoms to the resolution of the process in
patients who survived, there was a mean of 13.6 (95% CI, 11.4 to
15.9) days, while the time between first symptoms and death in
patients who died was 9.9 (95% CI, 6.6 to 13.1) days (P � 0.036).

Figure 3 shows the differences in the conventional T subsets
between the septic patients who died and those who survived,
according to the expression of the �� and �� receptors. As can be
seen, mortality in the patients with sepsis was associated with a
reduction in CD3� �� T cells, as well as reductions in CD3� CD8�

�� T cells, CD3� CD4� CD8� �� T cells, and CD3� CD56� �� T
cells.

However, in the multivariate linear regression analysis, after
adjusting for the variables of age and sex, only the association of
mortality with CD3� CD56� �� T cells retained statistical signif-
icance (P � 0.028). For the other three groups of �� T cell subsets,
there was also a reduction in the group that died, but this relation
was not statistically significant.

DISCUSSION

This is the first study to evaluate all the �� and �� lymphocyte
subsets in a significant number of septic patients and their corre-
sponding controls.

FIG 1 Peripheral blood T cell subsets, both conventional and according to the �� and �� receptors, in relation to the stages of sepsis. Values are expressed as
means (
109/liter), and I bars denote 95% confidence intervals. Significant differences between the control group and patients in the 3 stages of sepsis (P 	 0.001)
were determined. The numbers of patients in each group were as follows: sepsis, n � 48; severe sepsis, n � 59; and septic shock n � 28.
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The results from the hemograms show that 74.8% of the septic
patients presented lymphopenia. It is interesting to note that there
was also a drop in eosinophils, although this was not the case with
monocytes, the precursors of macrophages, which is in keeping
with the results of a previous study (23). The reason for these
discrepancies between the decrease in some cells and stability of
others is of enormous interest and deserves to be studied in depth
in the future.

It is essential to analyze the contribution of the different lym-
phocyte populations to the transitory immunodeficiency that
seems to affect patients with sepsis. Both the B and the T cells
present reductions, but this is more marked in the T cells. Both the
�� and the �� � cell subsets decrease, but the biggest decreases in
patients with sepsis occur in the �� T cells. This is a crucial finding
if we consider the importance of the �� T cells as a first line of
defense against pathogenic attacks on the mucosa and, also, as
facilitators of the activation and development of the abundant ��
T cells in the blood. Matsushima et al. (32) studied �� and �� T
cells in a population of patients with systemic inflammatory re-
sponse syndrome that included 23 patients with sepsis and 14 with
traumatisms; these were compared with a control group of healthy
subjects. They found a significant reduction in both subsets, al-
though this was more intense in the �� T cells. This study did not,
however, analyze the lymphocyte subsets or the associated mor-
tality.

Venet et al. (33) also demonstrated a marked decrease in the ��
T cells in peripheral blood in 21 septic patients compared to the
corresponding cell population in a control group, while the per-
centage of �� T cells went up. The results, however, were ex-
pressed in percentage values and not in absolute values, and fur-
thermore, the patients were not paired with the controls by sex
and age.

In our study, the moment of the lymphocyte decrease varies in
the different lymphocyte subsets. So, �� T cells show an immedi-
ate decrease that recovers in the following days, whereas the de-
crease is progressive after the onset of sepsis for the �� T cells. It is
clear that patients that die have disease durations of more than 3
days before admission to hospital; this time coincides with the
lowest �� T cell levels.

The different stages of sepsis, severe sepsis, and septic shock are
clearly associated with a progressive increase in the probability of
dying in an intensive care unit (34). In a 10-year study that we
undertook in the Valencian community, including patients both
inside and outside intensive care units, we found that the proba-
bility of death increased 5-fold in severe sepsis (3). In the present
study, the progressive reduction of lymphocytes, specifically, the
CD3� CD56� �� T cells, is also associated with the severity of the
sepsis and mortality. We know that lymphopenia has been asso-
ciated with mortality in patients with sepsis of all ages (35, 36), but

TABLE 3 Organisms isolated from cultures of different sample types from septic patients

Germ Total no. (%) of isolates

No. (%) of isolates from:

Blood Exudate Urine Sputum Feces

Gram-negative bacteria
Escherichia coli 19 (30.5) 9 2 8
Pseudomonas 5 (7.9) 1 1 1 2
Proteus mirabilis 3 (4.8) 1 1 1
Klebsiella pneumoniae 2 (3.1) 2
Salmonella 1 (1.6) 1
Acinetobacter baumannii 1 (1.6) 1
Haemophilus influenzae 1 (1.6) 1
Proteus vulgaris 1 (1.6) 1
Bacteroides fragilis 1 (1.6) 1
Enterobacter cloacae 1 (1.6) 1

Total 35 (55.9) 14 (22.2) 6 (9.5) 10 (15.9) 4 (6.3) 1 (1.6)

Gram-positive bacteria
Staphylococcus aureus 10 (15.8) 5 4 1
Streptococcus pneumoniae 6 (9.5) 3 1 2
Enterococcus faecalis 4 (6.2) 1 2 1
Enterococcus faecium 2 (3.1) 1 1
Streptococcus epidermidis 1 (1.6) 1
Streptococcus agalactiae 1 (1.6) 1
Staphylococcus haemolyticus 1 (1.6) 1

Total 25 (39.4) 13 (20.6) 8 (12.7) 1 (1.6) 3 (4.8) 0 (0.0)

Fungus
Candida albicans 2 (3.1) 1 1

Parasite
Plasmodium falciparum 1 (1.6) 1

Total 63 (100.0) 28 (44.4) 14 (22.2) 12 (19.0) 8 (12.7) 1 (1.6)
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FIG 2 Peripheral blood T cell subsets according to the �� and �� receptors in relation to time since onset of infection/sepsis at admission in ED/ICU
departments. The numbers of patients in each group were as follows: 1 day, n � 48; 2 days, n � 32; 3 days, n � 22; and four or more days, n � 33. Values are
expressed as means (
109/liter), and I bars denote 95% confidence intervals.
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FIG 3 Peripheral blood T cell subsets according to the �� and �� receptors in relation to mortality (n � 26) after hospital admission for sepsis. Values are
expressed as means (
109/liter), and I bars denote 95% confidence intervals.
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no study to date has investigated which specific cell subsets are
related to mortality.

A decrease has been reported in �� T cells and natural killer T
cells after viral infection in rhesus macaques (37). Little is known
about the implications of these T cell subsets in humans, and even
less in septic patients. NKT�� subsets have been described in the
thymus of mice, which subsequently migrate to the liver and
spleen, producing a variety of effector cytokines soon (minutes or
hours) after antigenic stimulation, including with interleu-
kin-4 (IL-4) and gamma interferon (IFN-�). Unlike NKT��
cells that recognize glycolipids presented by the nonclassical
MHC class I molecule CD1d on cortical thymocytes, NKT��
cells do not bind to CD1d-�GC (�-galactosylceramide) com-
plexes and they develop in the absence of CD1d (38). This
allows them to modulate immunity in a broad spectrum of
diseases, including cancer, autoimmunity, and infection, and
they have been given an important role between innate and
acquired immunity (39). Therefore, and even without specific
studies of NKT�� cells in humans, it would be logical to think
that the significant deficiency observed in our study was asso-
ciated with a poor prognosis of sepsis.

Our findings concur with those of the experimental studies
performed on septic mice by Chung et al. (24) and Tschöp et al.
(25), where there was an increased early mortality in mice lacking
T cells (���/� mice) after sepsis. Tschöp et al. (25) found that
mice deficient in �� T cells had decreased survival times and in-
creased tissue damage after cecal ligation and puncture compared
with these parameters in wild-type mice. Furthermore, recruit-
ment of neutrophils and myeloid suppressor cells to the site of
infection was decreased in �� T cell-deficient mice, and the bac-
terial load increased significantly in �� T cell-deficient mice. How-
ever, antibiotic treatment did not significantly change mortality.
In our study, no differences were found in lymphocyte subsets or
mortality among patients with or without previous antibiotic
treatment at the time of blood collection (data not shown). The
results of our study suggest the vital importance of �� T cells in the
body’s defense against infection and a relation of their collapse
with the poor prognosis of sepsis.

The reduction of circulating gamma-delta T cells is probably
associated with a similar reduction of �� T cells in the mucosa.
Demonstration of this hypothesis would require additional stud-
ies that are difficult to perform from technical and ethical stand-
points.

We believe that the data obtained in the present study support
the idea of a central role for �� T cells in physiological and path-
ological conditions (i.e., sepsis) and open up the possibility of
initial explorations of new therapeutic strategies. The capacity of
�� T cells to participate in antibody-dependent cell-mediated cy-
totoxicity in the absence of an allogeneic response and the discov-
ery that �� T cells can be selectively activated by natural or syn-
thetic phosphoantigens opens up new paths for the development
of immunotherapy based on �� T cells (15, 40).

In summary, there is a major reduction in circulating lympho-
cytes in sepsis, affecting both the B and the T cells, but the biggest
reduction is in the �� T cells. This reduction becomes more in-
tense as the septic process becomes more severe. Mortality in pa-
tients with sepsis is associated with a reduction in �� T cells, spe-
cifically, the CD3� CD56� �� T cells.
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