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Abstract
Severe sepsis is associated with high mortality; however, the mortality of the secondary infection after severe sepsis is often
higher than that of primary infection. A weaker pro-inflammatory response was found in survivors in primary inflection.
The levels of pro-inflammatory cytokines in mid-term survivors, late death due to the secondary infection, were significantly higher than those in long-term survivors. Our hypothesis is that regulatory T cells (Tregs) suppress adaptive immune
response in non-survivors and mid-term survivors. Therefore, the levels of Tregs between non-survivors and survivors, as
well as between mid-term and long-term survivors in severe sepsis patients were examined to verify the hypothesis. Total 24
cases of severe sepsis, with outcomes of the early death (n = 5), mid-term survivors (n = 6), and long-term survivors (n = 13)
were enrolled. The levels of lymphocytes, Tregs, monocytes, granulocytes, and neutrophil CD64 molecules were analyzed on
days 0 (within 12 hours after the onset of the first organ failure due to sepsis), 1, 2, and 3 by flow cytometry and the levels
of each variable were compared between groups by the mixed model. The recovery of lymphocytes was only observed The
level of Tregs was significantly different between the early death and survivors, the early death and long-term survivors, in
long-term survivors, as well as mid-term and long-term survival groups. The levels of neutrophil CD64 molecules indicated
the ongoing infection. Results indicate that Tregs might affect immune homeostasis in patients with severe sepsis, influencing outcomes of early death, mid-term survival, and long-term survival.
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Introduction
In intensive care units (ICUs), sepsis is one of the main causes
of death and is often diagnosed on the basis of clinical symptoms, laboratory examinations, and lymphocytopenia [1]. The
mechanism of systemic infection-induced lymphocytopenia is
not clear. Microorganism infection induces not only an inflammatory response but also a release of anti-inflammatory factors, resulting in a heightened inflammatory reaction leading
to early death, a balance between inflammatory and anti-inflammatory factors resulting in recovery [2]. Neutrophil CD64
molecules have been used as the indication of bacterial infection [3]. Our previous results indicate that a weaker pro-inflammatory response was found in survivors compared to non-survivors in the primary infection; furthermore, those died due
to the secondary infection (mid-term survivors) did not have
a more pronounced IL-10 response compared to long-term
survivors in the early phase. However, the levels of pro-inflammatory cytokines between mid-term and long-term survivors
were significantly different [4]. Immunoparalysis is considered
as the main cause of the secondary infection in animal models
[5]. No clinical evidence has been presented; furthermore, the
duration of immune suppression is not known. We hypothesize that regulatory T cells (Tregs) suppress adaptive immune
response in non-survivors, particularly for the late death from
the secondary infection, see Figure 1. We measured the levels
of lymphocytes, Tregs, monocytes, and granulocytes in severe
sepsis patients to verify the correlation of Tregs to outcomes
of early death, late death, and recovery. The ability to predict
late death in the early phases of sepsis would help physicians
develop new management strategies for these patients.
Figure 1. The hypothesis of regulatory T lymphocyte levels related to
the outcomes of severe sepsis patients.

Methods
Study population
This study included sepsis patients admitted to our institution
between December 10, 2010 and December 10, 2011 who had
highly probable or proven infection and at least 3 of the following systemic inflammatory response syndrome (SIRS) criteria:
body temperature, >38°C or <36°C; heart rate, >90 beats/min;
breathing frequency, ≥20 breaths/min, PaCO2, <32 mmHg, or
ventilator use; leucocyte count, >12000/mm3 or <4000/mm3,
or band forms, >10%; acute altered mental status; hypergly-
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cemia without a history of diabetes, blood glucose > 120 mg/
dL. Other inclusion criteria were age ≥18 years, ICU admission,
and at least one sepsis- or septic shock-induced organ failure.
Septic shock was defined as sepsis with hypotension refractory to fluid challenge. Pregnant women, patients who refused
resuscitation, those with known or suspected human immunodeficiency virus infection, and those with known or suspected
underlying immune deficiency were excluded. The zero time
point (day 0) was designated within 12 hours after the first
sepsis-induced organ failure. Blood was collected on days 0, 1,
2, and 3. This study was approved by the National Taiwan University Hospital Research (NTUH) Ethics Committee.
Treatment for sepsis was managed by the drainage of the possible abscess, proper antibiotic agents for underlying etiologies
of microorganisms, and hemodynamic management for the
perfusion. The hemodynamic management included adequate
volume with inotropic support with/without norepinephrine.
Flow Cytometric Analysis.

Blood was collected in an ethylenediaminetetraacetic acid
vacutainer tube and was separately stained with CD4FITC/
CD127PE/CD25APC and Quantibrite CD64PE/CD45PerCP according to the manufacturer instructions (Becton Dickinson,
San Jose, California, USA). For every test, 20,000 live leukocytes
were collected and analyzed using a BD FACSCalibur flow cytometer with Cell Quest software version 3.2 (Becton Dickinson, San Jose, California, USA). The lymphocytes were further
plotted on CD4 fluorescence intensity versus size scatter and
gated on CD4+ lymphocytes for CD127 PE and CD25 dot plot
analysis. The percentage of CD4+CD25+CD127-/weak+ cells of
CD4+ lymphocytes presented the percentage of regulatory T
lymphocytes in peripheral blood.
Statistical Analysis

Patient outcomes were classified as death due to severe sepsis (early death) or survival. Those who survived were further divided into the mid-term survival group (MTSG, survival
through severe sepsis but death or continued hospitalization
within 6 months) and the long-term survival group (LTSG,
recovery). One patient in the MTSG died on day 176, and another one was transferred to the ICU of another hospital after
a 6-month hospitalization period. Six-month was the longest
traceable period for enrolled cases; therefore, it was used as
the cut-off value to categorize patients into the MTSG and LTSG.
Patients in the LTSG were discharged from the hospital in good
health and survived for >6 months. The levels of lymphocytes,
monocytes, granulocytes, Tregs and neutrophil CD64 molecules were compared between the early death and survivors,
the death and LTSG, as well as MTSG and LTSG using the mixed
model. Statistical analyses were performed using SAS, version
9.2 (SAS Institute Inc., Cary, North Carolina, USA).
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Results

months; Long-term survival: cases that had complete recovery and survived > 6 months.

Patient Characteristics
Characteristics of the 24 enrolled patients are listed in Table 1.
The flow chart of screening 48 cases is presented in Figure 2
Five patients died due to sepsis on days 2, 5, 7, 10, and 10, and
blood cultures were positive in all cases (100%, the early death
group). Five patients died due to secondary infection on days
19, 44, 45, 49, and 176, and blood cultures before death were
negative (the MTSG). One patient with continued hospitalization for 6 months was diagnosed as having necrotizing pancreatitis with persistent multiple intra-abdominal abscesses. This
patient was transferred to the ICU of another hospital after a
6-month stay at our institution. The mean ± standard deviation age was lower in the MTSG (64.8 ± 13.5 years) than in the
LTSG (78.0 ± 11.5 years). The positive blood culture rates in
the MTSG and LTSG were 83.3% and 38.5%, respectively. The
infection was confirmed by the analysis of neutrophil CD64+
quantification.
Table 1. Characteristics of severe sepsis patients.

Survivors

Death

Diagnosis

(N=5)

Mid-Term

Long-Term

(N=6)

(N=13)

Female/male

1/4

1/5

9/4

Age (years)

72.0±13.6

64.8±13.5

78.0±11.5

Pneumonia

2

3

5

K. pneumonia

0

0

0

MSSA

0

0

1

MRSA

1

1

0

E. cloacae, K. pneumonia

1

0

0

S. marcescens

0

0

1

E. coli

0

1

0

Urinary tract infection

1

0

3

K. pneumonia

1

0

0

E. coli

0

0

1

E. coli, A. baumannii

0

0

1

1

1

0

M. morganii

1

0

0

C. albicans

0

1

0

Cellulitis

0

0

1

Intra-abdominal abscess

1

2

4

Bed sore infection

E. coli

0

1

0

A. baumannii, S. maltophilia

0

1

0

A. lwoffii

0

0

1

K. pneumonia

1

0

100%

83.3%

Positive blood culture rate

Figure 2. Flow chart of the cases included in this study.

Changes in lymphocyte and granulocyte levels in the three
outcome groups
Comparisons of lymphocyte, monocyte, and granulocyte levels
between the early death and survival groups, the early death
and LTSG, as well as the MTSG and LTSG are presented in Figure 3. The level of Tregs is presented as the percentage of CD4+
lymphocytes and neutrophil CD64 quantification is presented
as the number of CD64 molecules per neutrophil. The survival group showed recovery of lymphocyte and granulocyte
levels. However, the patterns of lymphocyte and granulocyte
recovery differed between the MTSG and LTSG. Comparisons
of lymphocytes, monocytes, granulocytes, Tregs, and neutrophil CD64 molecules levels between the early death and survival, the early death and LTSG, as well as MTSG and LTSG by
the mixed model are listed in Table 2. The lymphocyte level
differed significantly between the early death group and the
LTSG (p = 0.03). The monocyte level did not differ significantly
between the early death group and the LTSG. The granulocyte
level was significantly different between the early death group
and the LTSG (p = 0.05).
Table 2. Comparisons of lymphocyte, monocyte, granulocyte, regulatory T lymphocytes (Tregs) and neutrophil CD64 molecule levels
between the early death and survival, the early death and long-term
survival groups, as well as mid-term and long-term survival groups
using a mixed model.
Variable

Death vs. Survival

Death vs. LTSG

LTSG vs. MTSG

Lymphocytes

p = 0.16

p = 0.03

p = 0.16

0

Monocytes

p = 0.13

p = 0.10

p = 0.13

38.5%

Granulocytes

p = 0.13

p = 0.05

p = 0.13

Tregs

p = 0.02

p = 0.05

p = 0.02

Neutrophil CD64

p = 0.80

p = 0.47

p = 0.80

Death: cases who died due to sepsis; Mid-term survival: cases who survived sepsis but died or were in continued hospitalization within six
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Figure 3. Percentage comparisons of lymphocytes (A, B, C), monocytes (D, E, F), and granulocytes (G, H, I) between the early death and
survival groups (A, D, G), the early death and long-term survival (B, E,
H), as well as the mid-term and long-term survival groups (C, F, I). The
data plotted are the mean ± SEM of each group. The p-value of each
comparison is stated.

Changes in Treg levels in the three outcome groups

Comparisons of the Treg and neutrophil CD64 molecule levels
are presented in Figure 4 and results of statistical analysis are
presented in Table 2. The Treg level was the only significant
factor between the early death and survival (p = 0.02), the early death group and the LTSG (p = 0.05), as well as the MTSG and
LTSG (p = 0.02). No significant difference in neutrophil CD64
molecule level was found in group comparisons.

Figure 4. Comparisons of regulatory T lymphocyte, Treg, (A, B, C) and
neutrophil CD64 molecule (D, E, F) levels between the early death and
survival groups (A, D), the early death and long-term survival (B, E),
as well as the mid-term and long-term survival groups (C, F,). The data
plotted are the mean ± SEM of each group. The p-value of each comparison is stated.

Discussion

The lymphocyte, Treg, and granulocyte levels differed significantly between patients in the early death group and the LTSG.

4
The Treg level was also significantly different between patients
in the early death and survival, and the MTSG and LTSG. Venet
et al reported that the lymphocyte level was significantly lower
in patients with septic shock than in normal individuals, and
these low levels were maintained for 48 hours [6]. However,
patients were not classified according to outcome in that study.
In our study, the results for the lymphocyte level in all patients
are similar to those of the study by Venet et al. However, on
classification of patients into three groups, the distinction
in lymphocyte levels became clear. The LTSG group patients
showed recovery from lymphocytopenia, whereas patients
who died immediately from sepsis and those who died later
due to secondary infection did not show lymphocyte recovery.
Accordingly, early recovery from lymphocytopenia might be
essential for survival.

Patients generally experience SIRS in response to a severe
pro-inflammatory stimulus. This induces a compensatory anti-inflammatory response syndrome (CARS), which contains
the hyper-inflammatory response. Persistent CARS is referred
to as immunoparalysis. CD4+CD25+CD127-/low Tregs account for
8–10% of CD4+ T lymphocytes and are very effective in suppressing the immune response [7]. The Treg level has been
considered a potential marker of immunoparalysis; however,
there is no clinical evidence in support of this hypothesis [8,9]
In an immunohistochemical comparison of spleens obtained
from patients who died due to active severe sepsis and control
spleens from patients who died due to brain death or trauma,
extensive depletion of splenic CD4+, CD8+, and human leucocyte antigen class II cells was observed in the sepsis group. The
Treg level was approximately 2-fold higher in patients who
died due to sepsis compared to control patients [10]. The lymphocytopenia and increased Treg level seen in patients who
died due to sepsis correspond to the results of our study.
In our study, the Treg level was an important distinguishing
factor between the MTSG and LTSG during the first few days
after severe sepsis. Venet et al also studied this level in 30
septic shock patients and 17 normal controls on days 3 and 7
after septic shock [8]. The Treg percentage was significantly
higher in patients with sepsis than in control patients. They
hypothesized that Tregs reduce lymphocyte proliferation in
patients with sepsis but did not perform a clinical evaluation
[11]. Hein et al examined Treg profiles between patients with
septic shock and normal controls on days 1, 3, 5, and 7 after admission [12]. Their results were in contrast to the concept that
the Treg percentage is inversely associated with the severity
of shock. They explained that this conflict was attributable to
the small number of cases in the death group. Hein et al did not
classify patients who survived into an MTSG and LTSG. Similarly, we also found that the Treg percentage started to increase
from day 1 in patients who survived; however, patients who
survived were further divided into two groups in our study,
allowing for discrimination between the Treg percentages in
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these two groups.

In conclusion, we present clinical evidence that the Treg levels
were significantly different in outcomes of early death, recovery, and late death due to secondary infection. This will help in
the determination of management strategies for each patient
group. Nonetheless, the limitation of this study is the small
sample size.
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