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Zhong et al.: Immunosuppression of Sepsis and its Estimation Value in Prognosis

To investigate the role of soluble programmed death protein 1 in immunosuppression of sepsis and its prognostic 
value. The patients were admitted from our hospital and divided into sepsis group (110), septic shock group 
(81) and control group (52). The relationship of soluble programmed death protein 1 and prognosis in patients 
with sepsis and septic shock were detected. On the 1st d and 7th d, the lymphocyte count, percentage and total 
T lymphocyte ratio were significantly lower and soluble programmed death protein 1 level was significantly 
higher than those of in the control group (p<0.05). The level of soluble programmed death protein 1 and 
the lymphocyte count and percentage on the 7th d were significantly higher than that of the 1st d (p<0.05). 
Compared with the 1st d, the immunoglobulin G, immunoglobulin A, immunoglobulin M and complement 
C3 were significantly increased (p<0.05). Soluble programmed death protein 1 was independently correlated 
with sequential organ failure score (R2=0.08, F=6.39, p<0.05) and the acute physiology and chronic health 
evaluation alpha score (OR=1.17, p=0.01), programmed death protein 1 level (OR=1.46, p=0.01) on the 1st d 
are independent risk factors for death in patients. The expression level of soluble programmed death protein 
1 is related to the severity of the disease. Soluble programmed death protein 1 can effectively predict the 28 d 
prognosis of patients with sepsis and septic shock.
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Sepsis is a life-threatening disease with multiple organ 
dysfunction caused by dysregulation of host response 
to pathogen infection[1-3], which is often accompanied 
by immune dysfunction and systemic inflammatory 
response syndrome. They are usually in critical condition 
with rapid progression and high fatality rate[4,5]. The 
high fatality rate and high medical cost of sepsis have 
brought serious health risk and economic pressure to 
the society and family, which has attracted extensive 
attention of researchers from all circles of society. In 
order to more accurately evaluate the severity of the 
disease progression of patients with sepsis, a deeper 
study on the pathogenesis of sepsis patients has become 
an urgent need of the academic community.

The pathophysiological mechanism of sepsis is complex, 
among which the main pathological mechanism is the 
immunosuppressive reaction caused by the imbalance 
between pro-inflammatory and anti-inflammatory 
responses in the course of disease progression[6]. As 

the most powerful antigen-presenting cell, dendritic 
cells (DC) will have a great impact on the immune 
status of the body after being suppressed, which is 
of great significance for the study of the mechanism 
of immunosuppression[5]. Studies have shown that 
in patients with sub-acute sepsis, the body enters the 
stage of immunosuppression and T lymphocyte (T cell) 
function is inhibited[7,8]. At this stage, the number of 
DCs is significantly reduced, a large number of tolerant 
DCs are generated and the activation of DC functions 
met with obvious obstacles[9].

Studies have shown that the overexpression of 
programmed death protein 1 (PD-1) is an important 
reason for the functional inhibition of DC and anti-
PD-1 has achieved significant effects in the treatment 
of tumors. Similar to tumor, sepsis is also a disease of 
abnormal immune response. Anti-PD-1/programmed 
death-ligand 1 (PD-L1) has shown obvious efficacy in 
relevant animal experiments, but the relevant antibodies 
for the treatment of sepsis patients are currently 
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in clinical trials and the efficacy is still unclear[10]. 
Previous study demonstrate that plasma concentrations 
of soluble programmed death protein 1 (sPD-1) was 
correlated to severity of disease and a poor prognosis. 
However the relationships between sPD-1 and subtypes 
of various immune cells as well as immunoglobulins 
(Igs) in sepsis were not investigated. In this study, the 
dynamic changes of serum sPD-1 in patients with sepsis 
and septic shock were observed and the relationship 
between sPD-1 and lymphocyte count, lymphocyte 
subpopulation analysis and immunoglobulin level was 
observed, aiming to reveal the relationship between 
sPD-1 and humoral immunity and cellular immunity in 
patients with sepsis. At the same time, the relationship 
between sPD-1, disease severity and 28 d mortality 
of patients with sepsis was observed to preliminarily 
explore the value of sPD-1 in evaluating the prognosis 
of sepsis.

MATERIALS AND METHODS

General clinical data:

The prospective observational method was adopted in 
this study. Subjects were recruited from the intensive 
care unit (ICU) and electronic intensive care unit 
(eICU) patients of our hospital from June 2018 to 
January 2021. 52 healthy volunteers were recruited as 
a control group. A total of 209 cases were collected in 
the sepsis and septic shock group, of which 10 cases 
were excluded because the measured values of related 
indicators exceeded the measured range, 3 cases were 
excluded because they were diagnosed as tumor based 
on their subsequent pathological results and 5 cases 
were excluded after because they accepted at least 1 
w of treatment history outside the hospital or other 
departments before admission to the ICU. In the sepsis 
group, there were 110 patients, including 70 males and 
40 females. Among them, 46 patients stayed in the ICU 
longer than 3 d and 64 patients stayed in the ICU longer 
than 7 d. The average ICU stay was 5.5±2.9 d. There 
were 81 patients in the septic shock group, including 55 
males and 26 females. Among them, 15 patients stayed 
in the ICU longer than 3 d and 41 patients stayed in the 
ICU longer than 7 d. The average ICU stay was 7.3±4.1 
d. In the general operation control group, there were 
30 patients, including 21 males and 9 females, with an 
average age of 57.53±4.57 y. The survival of patients 
with sepsis and septic shock group after 28 d were 
followed up and the patients were divided into survival 
group (170 cases) and death group (39 cases).

Research method:

Record general clinical data of the object, such as age, 
gender, diagnosis, basic diseases (abdominal surgery, 
bone surgery, etc.,) the main source of infection 
(abdominal cavity infection, pulmonary infection, 
blood infection), etc., documented patients into ICU 24 
h acute physiology and chronic health evaluation alpha 
score (APACHE Ⅱ score), sequential organ failure score 
(SOFA score), mechanical ventilation, ICU length of 
hospital stay, follow-up 28 d survival situation.

On the 1st d of the healthy control group, 
peripheral blood was collected for blood routine 
analysis, lymphocyte subsets analysis, IgG, IgM, 
IgA+complement components (C3, C4). In the sepsis 
group and septic shock group, the inflammatory 
indicators were measured and recorded on the 1st d of 
ICU: hypersensitive C-reactive protein (hypersensitive 
CRP), absolute value of white blood cells, percentage 
of neutrophils and procalcitonin (PCT). Immune 
indicators: lymphocyte count, lymphocyte percentage, 
lymphocyte subpopulation analysis, IgG, IgM, 
IgA+C3, C4; other indicators include lactic acid in 
arterial blood gas. Blood routine, hypersensitive CRP, 
PCT, lymphocyte subpopulation analysis, IgG, IgM, 
IgA+C3, C4 were measured in patients with sepsis and 
septic shock group on the 7th d in ICU. In the healthy 
control group, only the samples from d 1 were collected 
for sPD-1 measurement. Specimens of the sepsis group 
and the septic shock group were collected on the 1st and 
7th d of admission to ICU to measure sPD-1.

Specimen collection and monitoring methods:

On the 1st, 3rd and 7th d in ICU, 3 ml of peripheral blood 
was collected using heparin anticoagulant tube and 
centrifuged in a centrifuge at 1500 r/min for 15 min to 
separate the plasma. The upper samples were collected 
using pipetting gun and placed at -30° refrigerator for 
temporary storage immediately and stored in a -80° 
refrigerator within a week. All the specimens were tested 
for sPD-1 in the same batch. Plasma sPD-1 content was 
determined by enzyme-linked immunosorbent assay 
(ELISA) and the experimental procedures were strictly 
in accordance with the kit instructions.

Determination and analysis of lymphocyte subsets:

3 to 5 ml of whole blood samples were taken, cluster 
of differentiation 3 (CD3)/CD4/CD8 antibodies were 
added into the flow tube, the blood samples were added 
into the flow tube and mixed, and incubated at room 
temperature and out of light for 30 min. Then added 
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2 ml of red blood cell lysate to dissolve the red blood 
cells, centrifuge, discard the supernatant and wash 
twice. Finally, added 0.5 ml of phosphate buffered 
saline (PBS) and test on the flow cytometer (test on the 
same day). 

Statistical analysis:

Statistical package for the social sciences (SPSS) 21.0 
software was used for data processing and analysis in 
this study. The measurement data of normal distribution 
were expressed as mean±standard deviation and two 
independent sample t test was used for comparison 
between groups. One way analysis of variance 
(ANOVA) was used to compare the mean values of 
multiple groups. Enumeration data were described 
by frequency and comparison between groups was 
performed by chi-square test. p<0.05 was considered 
statistically significant. Pearson or Spearman correlation 
analysis was performed in comparison between sPD-
1 and APACHE LI score, SOFA score and prognostic 
indicators. p<0.05 was considered statistically 
significant. Multivariate logistic regression analysis 
was used to determine the prognostic factors and 
p<0.05 was considered statistically significant. Then, 
the area under the receiver-operating characteristic 
(ROC) curve (AUC) of sPD-1 and prognosis in patients 
with sepsis and septic shock was evaluated. 

RESULTS AND DISCUSSION

There was no significant difference in age and gender 
composition among the healthy control group, sepsis 
group and septic shock group, and there was no statistical 
significance in the basic diseases between the latter two 
groups (p>0.05). The APACHE II score, SOFA score 
and blood lactic acid score in the septic shock group 
were higher than those in the septic shock group, but the 
differences were not statistically significant (p>0.05). 
There were no significant differences in the source 
of infection, length of stay in ICU and mechanical 
ventilation between the sepsis group and the septic 
shock group (p>0.05), as shown in Table 1.

On the 1st d of admission to ICU, lymphocyte count, 
lymphocyte percentage and total T lymphocyte ratio in 
sepsis and septic shock group were significantly lower 
than those in healthy control group. The level of sPD-
1 was significantly higher than that of healthy control 
group (p<0.05). There were no significant differences 
in CD8+ T cell %, CD4+ T cell % and helper/suppressor 
T cell ratio among the three groups (p>0.05). In septic 
shock group, besides sPD-1 was higher than that in 

sepsis group (p<0.05), there was no difference in other 
indexes between the two groups (p>0.05). On the 7th d 
after admission to ICU, sPD-1 in septic shock group 
was still significantly higher than that in control group 
and sepsis group (p<0.05). There was no significant 
difference in other remaining indexes between the 
sepsis group and the septic shock group (p>0.05). The 
proportion of total T lymphocytes in the septic shock 
group was lower than that in the control group and the 
proportion of CD8+ T lymphocytes was significantly 
lower than that in the control group (p<0.05). There 
were no significant differences in lymphocyte count, 
percentage of lymphocytes, proportion of CD8+ T cells 
and ratio of helper/suppressor T cells among the three 
groups (p>0.05). There was no significant difference 
between the control group and the sepsis group (p>0.05) 
as shown in Table 2.

Compared with the control group, on the 1st d in 
ICU, immunoglobulin IgG and IgM were decreased 
in both the septic shock group and the sepsis group. 
Complement C3 was decreased only in septic shock 
group (p<0.05). There were no significant differences 
in immunoglobulin IgA, complement C4, Natural killer 
(NK) cell percentage and total B lymphocyte percentage 
among the four groups (p>0.05). Compared with the 
septic shock group, only C3 reduced (p<0.05) in sepsis 
group and no difference was found in other indicators. 
Compared with the control group, immunoglobulin 
IgG, IgM and IgA in the septic shock group were all 
increased on the 7th d after the patients were admitted 
to ICU, but only IgA was increased with statistical 
significance (p<0.05). There were no significant 
differences in the above indexes between the sepsis 
group and the control group (p<0.05). There were no 
significant differences in the proportion of complement 
C4, NK percentage and total B lymphocyte percentage 
among the three groups (p>0.05), as shown in Table 3.

The level of sPD-1 in death group on 7th d was 
significantly higher than that on 1st d (p<0.05). There 
was no significant difference on the 1st and 7th d in 
dynamic monitoring of sPD-1 in the survival group 
(p>0.05). The lymphocyte count and lymphocyte 
percentage in survival group were significantly higher 
on 7th d than on 1st d (p<0.05). There was no significant 
difference in lymphocyte count between the 1st and 7th 
d in the death group (p>0.05). There was no significant 
difference in the dynamic monitoring of lymphocyte 
subsets between the death group and the survival group 
(p>0.05), as shown in Table 4.
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TABLE 1: COMPARISON OF GENERAL CLINICAL DATA AMONG THE THREE GROUPS

Subject Sepsis (n=110) Septic shock 
(n=81)

Healthy control 
(n=52) χ2/F p

Age (y) 59.6±18.4 59.7±17.9 59.1±16.7 0.14 >0.05
Male (%) 70 (63.6) 55 (67.9) 19 (63.3) 0.75 >0.05
Disease 
classification 0.94 >0.05

Internal Medicine 86 (78.2) 55 (67.9) -

Surgery 24 (21.8) 26 (32.1) -

Basic disease 0.81 >0.05

Hypertension 29 (25.9) 20 (24.1) -

Diabetes 31 (27.7) 24 (28.9) -

COPD 13 (11.6) 11 (13.3) -

Heart disease 16 (14.3) 13 (15.7) -

Other 12 (10.7) 7 (8.4) -

Source of infection 1.12 >0.05

respiratory tract 34 (30.9) 25 (30.9) -

Urinary tract 27 (24.5) 22 (27.2) -

Hepatobiliary 
system 21 (19.1) 18 (22.2) -

Bloodstream 
infections 13 (11.8) 9 (11.1) -

Skin tissue 7 (6.4) 5 (6.2) -

Other 8 (7.3) 2 (2.5) -

Total length of stay 
(d) 19.7 (8.1) 14.1 (6.2) - 11.32 >0.05

Length of stay in 
the ICU (d) 5.5 (2.9) 7.3 (4.1) - 18.73 >0.05

APACHE II score 22.8 (1.5) 17.3 (1.2) - 27.55 >0.05
SOFA score 10 (2.0) 8.0 (1.5) - 54.88 >0.05

LAC mmol/l 1.2 (0.5) 1.6 (0.4) 1.64 >0.05

TABLE 2: COMPARISON OF sPD-1, LYMPHOCYTE COUNT AND LYMPHOCYTE SUBSETS BETWEEN THE 
THREE GROUPS BEFORE AND AFTER TREATMENT

Note: *p<0.05 compared with the healthy group; #p<0.05 compared with the sepsis group

Subject Time Healthy Sepsis Septic shock

PD 1
1st d in ICU 7.54±4.13 8.68±4.33* 9.86±7.15*#

7th d in ICU 7.61±4.27 10.08±4.89* 10.51±7.12*#

Lymphocyte 
Count×109/l

1st d in ICU 1.31±0.10 0.78±0.08* 0.68±0.08*
7th d in ICU 1.24±0.22 1.05±0.20 1.13±0.21

Percentage of 
lymphocytes (%)

1st d in ICU 15.06±2.39 9.33±1.45* 6.75±0.78*
7th d in ICU 15.06±2.39 12.01±1.28 10.21±1.01

Total T lymphocyte %
1st d in ICU 63.35±15.48 51.98±19.11 51.00±23.10
7th d in ICU 63.35±15.48 54.10±19.37 43.90±15.27*

CD8+ T %
1st d in ICU 26.79±2.28 25.90±1.82 23.10±2.64
7th d in ICU 26.79±2.28 28.28±2.97 18.36±2.23

CD4+ T %
1st d in ICU 31.12±2.13 24.29±2.12 27.00±3.06
7th d in ICU 31.12±2.13 27.625±1.32 24.85±4.03

Helper/suppressor T 
cell ratio

1st d in ICU 1.36±0.27 1.11±0.15 1.71±0.33
7th d in ICU 1.36±0.27 1.53±0.21 1.38±0.22
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TABLE 3: COMPARISON OF IMMUNOGLOBULIN, COMPLEMENT, NK CELLS PERCENTAGES AND TOTAL 
B LYMPHOCYTES PERCENTAGES IN DIFFERENT PHASES IN EACH GROUP

Note: *p<0.05 compared with the healthy group; #p<0.05 compared with the sepsis group

Subject Time Healthy Sepsis Septic shock

Ig G (g/l)
1st d in ICU 9.11±0.73 7.03±0.41* 6.55±0.47*
7th d in ICU 9.11±0.73 9.34±1.26 11.90±1.15

Ig A (g/l)
1st d in ICU 1.77±0.16 1.88±0.19 1.64±0.16
7th d in ICU 1.77±0.16 2.20±0.23 2.74±0.20*

IgM (g/l)
1st d in ICU 0.94±0.17 0.61±0.03* 0.53±0.05*
7th d in ICU 0.94±0.17 0.89±0.21 2.21±0.76*

C3 (g/l)
1st d in ICU 0.84±0.06 0.75±0.04 0.57±0.21
7th d in ICU 0.84±0.06 1.13±0.15 0.93±0.04

C4 (g/l)
1st d in ICU 0.21±0.04 0.21±0.03 0.18±0.01
7th d in ICU 0.21±0.04 0.66±0.32 0.26±0.05

NK cell (%)
1st d in ICU 20.94±2.68 26.41±3.42 27.68±3.28
7th d in ICU 20.94±2.68 23.40±7.81 31.14±4.22

Total B lymphocytes 
percentage (%)

1st d in ICU 15.04±2.13 17.77±2.40 16.70±2.02
7th d in ICU 15.04±2.13 10.53±3.18 13.56±3.35

TABLE 4: CHANGES OF sPD-1, LYMPHOCYTE COUNT, LYMPHOCYTE PERCENTAGE AND LYMPHOCYTE 
SUBSETS IN THE SURVIVAL AND DEATH GROUPS

Subject Time Death group Survival group

PD 1
1st d in ICU 8.61±3.88 8.94±3.93
7th d in ICU 16.22±4.34* 9.91±4.23

Lymphocyte Count×109/l
1st d in ICU 0.74±0.12 0.72±0.07
7th d in ICU 1.04±0.51 1.47±0.17*

Percentage of lymphocytes 
(%)

1st d in ICU 6.08±2.17 6.99±1.19
7th d in ICU 4.99±0.78 12.01±1.11*

Total T lymphocyte %
1st d in ICU 53.24±13.16 52.76±18.14
7th d in ICU 49.81±17.09 51.14±16.91

CD8+T cell %
1st d in ICU 22.98±4.83 26.97±4.54
7th d in ICU 20.63±3.85 25.45±4.49

CD4+T cell %
1st d in ICU 22.78±6.23 22.46±2.46
7th d in ICU 19.40±5.80 22.68±3.62

Helper/suppressor T cell ratio 
(%)

1st d in ICU 1.17±0.05 1.44±0.51
7th d in ICU 1.08±0.08 1.19±0.22

Note: *p<0.05 compared with the 1st d

Compared with the 1st d in ICU, the levels of 
immunoglobulin IgG, IgA, IgM and complement C3 in 
the survival group on the 7th d in ICU were significantly 
increased (p<0.05), while there was no significant 
difference in complement C4. There were no significant 
differences in IgG, IgA, IgM, complement C3 and 
complement C4 in the death group on the 7th d of ICU 
(p>0.05) as shown in Table 5.

In the septic shock group, sPD-1 was negatively 
correlated with the ratio of helper/inhibitory T cells on 
7th d (the correlation coefficient was -0.66 (p=0.038)). 
There was no significant correlation between sPD-1 
and lymphocyte count, lymphocyte percentage, total T 
%, CD4+ % and CD8+ % as shown in fig. l.
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TABLE 5: DYNAMIC MONITORING OF IMMUNOGLOBULIN AND COMPLEMENT IN SURVIVAL GROUP AND 
DEATH GROUP

Subject Time Death group Survival group

Ig G (g/l)
1st d in ICU 7.73±0.70 5.61±0.63

7th d in ICU 8.00±0.95 10.57±0.96*

Ig A (g/l)
1st d in ICU 2.37±0.64 1.39±0.16

7th d in ICU 2.48±0.64 2.56±0.16*

IgM (g/l)
1st d in ICU 0.79±0.77 0.46±0.08

7th d in ICU 0.77±0.26 1.24±0.21*

C3 (g/l)
1st d in ICU 0.86±0.07 0.62±0.07

7th d in ICU 1.08±0.12 0.96±0.06*

C4 (g/l)
1st d in ICU 0.23±0.03 0.22±0.05

7th d in ICU 0.27±0.02 0.23±0.02

Note: *p<0.05, compared with the 1st d

The correlation coefficient between sPD-1 and 
SOFA score and APACHE II score in survival group 
(n=170) and death group (n=39) was 0.027 (p=0.014). 
Linear regression analysis showed that sPD-1 was 
independently correlated with SOFA score (R2=0.18, 
F=36.47, p<0.0001) (fig. 2) and APACHE II score 
(R2=0.10, F=19.25, p<0.0001) (fig. 3). It suggested that 
sPD-1 was independently associated with survival and 
death.

The PD 1, the APACHE II score, SOFA score, allergic 
CRP, LAC and other variables were included in the 
logistic regression model, the results show that in the 

1st d in ICU, APACHE II score (OR=1.17, p=0.01) 
and PD 1 expression level (OR=1.46, p=0.01) is the 
independent risk factors of death in patients with 
sepsis or sepsis shock, CRP was not found to be the 
independent risk factor of death in patients with sepsis 
or sepsis shock. 

The relationship of sPD-1 level and prognosis in 
patients with sepsis and septic shock was defined as 
the AUC and was evaluated by using the ROC analysis 
(fig. 4). The AUC values of sPD-1 was 0.74. These data 
suggested sPD-1 can effectively predict the prognosis 
of patients with sepsis and septic shock as shown in 
Table 6.

Fig. 1: Correlation between sPD-1 and helper/inhibitory T cell ratio on 7th d in the septic shock group
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TABLE 6: LOGISTIC REGRESSION ANALYSIS OF THE PROGNOSIS OF PATIENTS WITH SEPSIS AND 
SEPTIC SHOCK

Variable Wald χ2 value p value OR value 95 % CI
APACHE II score 10.90 0.01 1.17 ( 1.07, 1.29)
PD1 12.37 0.01 1.46 ( 1.19, 1.73)

Fig. 2: Correlation between sPD-1 and SOFA score

Fig. 3: Correlation between sPD-1 and APACHE II score

Fig. 4: The ROC analysis of sPD-1 for evaluating the prognosis of septic shock in sepsis
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Sepsis is characterized by high morbidity, high 
mortality and high cost. With the development of 
medical technology, the understanding and treatment 
of sepsis has become more and more profound. 
However, the current treatment programs mainly 
include anti-infection and organ function protection, 
etc. Although some progress has been made[11,12], the 
expected effect is still not achieved. The pathogenesis 
of sepsis is complex and immunosuppression is one of 
the pathophysiological mechanisms of sepsis[13]. Early 
the science society think sepsis was characterized by 
excessive inflammatory response in early stage[14], later 
developed into an immunosuppressive state. However, 
recent studies have found that in the early stage of sepsis, 
proinflammatory response is the main manifestation[15], 
but anti-inflammatory response has also begun to play a 
role. With the continuous consumption of inflammatory 
mediators and the continuous apoptosis of immune 
cells, patients enter the immunosuppressed state. Some 
modulatory therapies targeting immune function have 
made some progress in animal models, providing a 
new direction for the treatment of sepsis[16-18]. NK cells 
are an important component of innate immunity and 
play immunomodulatory roles through their natural 
killing[19]. B lymphocytes mediate humoral immunity. 
In this study, on the 1st d and 7th d B lymphocytes and 
NK cells proportion of sepsis and sepsis shock group 
have no obvious change compared with healthy controls 
and normal operation control group. There was no 
significant change in the proportion of B lymphocytes 
and NK cells in patients with toxic shock between 
entering the ICU on 1st d and 7th d, suggesting that there 
was no significant difference in the immunity mediated 
by NK cells and B lymphocytes in sepsis.

Immunoglobulin plays an important role in humoral 
immunity against infection[20]. The results of this study 
showed that patients with sepsis and septic shock showed 
a decrease in IgG and IgM on the 1st d of admission 
to ICU, while IgA did not change. With the extension 
of hospitalization time for septic shock, IgG and IgA 
gradually increased, and IgM also increased, but did 
not reach statistical significance. It suggested that the 
humoral immune dysfunction appeared in patients with 
sepsis in the early stage, but recovered with time lasting 
and was not related to the prognosis of the disease. In 
this study, sPD-1 was not correlated with the proportion 
of total B lymphocytes, suggesting that the decrease of 
immunoglobulin in the early stage of sepsis had nothing 
to do with lymphocyte apoptosis. Immunoglobulins 
play an important role in humoral immunity against 
infection, so hypoimmunoglobulinemia often appears 

in sepsis. Shankar-Hari et al.[20] found that the reduction 
of immunoglobulin in sepsis was the most common, 
exceeding 50 % and no correlation was found between 
its reduction and the risk of death. In this study, the 
immunoglobulin of the sepsis and septic shock groups 
on the 1st d was significantly decreased and the decrease 
of IgG was statistically significant (p<0.05), and no 
correlation with adverse risk was found. The decrease of 
IgG in sepsis was considered to be caused by excessive 
consumption of immunoglobulin, decreased secretion 
capacity or vascular endothelial injury to leakage, 
etc.,[21]. In this study, it was found that the IgA value 
of patients in the septic shock group was significantly 
increased on the 7th d (p<0.05), which was consistent 
with the findings of Giamarellos-Bourboulis et al.[22]. 
Complement C3 is activated by the classical pathway 
or the bypass pathway and is consumed to play the role 
of anti-pathogen. In this study, there was a significant 
decrease in complement C3 in the septic shock group on 
the 1st d, indicating that the patients with septic shock 
consumed more complement. This result is consistent 
with Stover et al.[23]. There was no significant difference 
in complement C3 and C4 between the septic shock 
group and the normal operation control group at the 7th 

d (p>0.05). The results showed that the complement 
C3 could reflect the severity of the disease in the 
early stage, but with the development of the disease, 
with the control of infection and the recovery of the 
humoral immune system, the complement system also 
returned to normal. In conclusion, the immunoglobulin 
and complement significantly changed in the early 
stage of sepsis and septic shock, and were involved 
in the early stage of sepsis. However, as the disease 
progressed to the 7th d, complement C3 returned to 
normal, but immunoglobulin was still abnormal, so 
immunoglobulin may be involved in the whole process 
of sepsis.

Cellular immunity is an important component of 
sepsis immunity and plays an important role in it. The 
results confirmed that lymphocyte count, lymphocyte 
percentage and total T lymphocyte ratio significantly 
reduce on 1st d sepsis and sepsis shock group came 
into the ICU, lymphocyte percentage is lower than 
the normal operation in the control group only on the 
3rd d sepsis group came into the ICU and on the 3rd d 
sepsis shock group came into the ICU their lymphocyte 
count and lymphocyte percentage are still lower 
than that of sepsis groups. On the 7th d, most above 
indicators gradually recovered, but the percentage 
of total T lymphocytes and the percentage of CD8+ T 
cells continued to decrease. This study confirmed the 
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decrease of lymphocytopenia appears in the early stage 
of sepsis, the more T lymphocytopenia reduces, and the 
more severe the disease was, the more significant the 
trend was. It suggested that T-cell-mediated immune 
function was abnormal in the early stage of sepsis and 
the percentage of total T lymphocytes still decreased 
in the septic shock group until the 7th d of admission 
to the ICU, suggesting that the more serious the sepsis 
condition, the longer the duration of cellular immune 
suppression. Lymphocyte depletion and apoptosis play 
important roles in immunosuppression in sepsis. In the 
study, lymphocyte count and lymphocyte percentage 
significantly reduced in patients with sepsis and sepsis 
shock, reflected the lymphocyte depletion. The reduce 
of total T lymphocyte ratio and the increase of negative 
stimulation factor expression, such as the increase 
of the PD-1 expression, reflect the T lymphocyte 
depletion, suggesting patients with sepsis is in a state 
of immunosuppression. In this study, sPD-1 levels were 
significantly different among the four groups of patients 
on the 1st d of admission to ICU, with high expression 
in sepsis patients (p<0.05) and even higher in shock 
patients (p<0.05), suggesting a positive correlation 
between sPD-1 and the severity of sepsis. This is 
consistent with the results in previous study[24,25]. With 
the progression of the disease, the expression of sPD-1 
in the septic shock group was still significantly higher 
than that in the normal operation control group on the 
3rd and 7th d (p<0.05). The persistent high expression of 
sPD-1 indicates that sPD-1 is involved in the immune 
regulation of sepsis and there is a negative correlation 
between sPD-1 and the ratio of helper/suppressor 
T cells on 7th d in the ICU of the septic shock group. 
Related studies have confirmed that the lower the ratio 
is, the more serious the immunosuppression is. The high 
expression of sPD-1 in sepsis patients indicates that 
they are in the immunosuppression state and the septic 
shock patients are more serious. Relevant studies have 
confirmed that the expression of PD-1 on the surface of 
CD4+ T cells and CD8+ T cells of sepsis patients was 
still high on the 7th d and its expression was even higher 
in the death group. In this study, it was found that the 
percentage of CD8+ T cells in the septic shock group 
was significantly decreased on the 7th d and sPD-1 was 
negatively correlated with the ratio of helper/suppressor 
T cells. sPD-1 may be considered to change the 
regulation of apoptosis of helper and suppressor T cells 
with the progression of the disease, but more samples 
and clinical experiments are still needed for further 
confirmation. In this study, the patients in the death 
group had a significant increase in sPD-1 on the 7th d, 

which may be considered that the immunosuppressive 
state caused by the continuous high expression of sPD-
1 seriously affects the prognosis of patients.

In the correlation analysis, this study did not 
find a significant correlation between sPD-1 and 
immunoglobulin, complement C3, C4, total B 
lymphocyte ratio, NK cell ratio, etc., but found sPD-
1 and helper/suppressor T cell ratio are negatively 
correlated. It is considered that PD-1 may affect cellular 
immune function more directly, but there is no evidence 
for its effect on humoral immune function and sPD-1 is 
related to SOFA score, suggesting that sPD-1 is related 
to the severity of sepsis. In the comparison between 
the death group and the survival group, there was no 
difference in sPD-1 between the two groups, suggesting 
that it cannot alone affect the prognosis of the disease, 
but the sPD-1 in the death group was significantly 
increased with the course of the disease (p<0.05). The 
ROC curve analysis confirms the prognostic value 
of sPD-1 in patients with sepsis and septic shock. 
Therefore, dynamically observing the change of sPD-
1 may have a predictive effect on the prognosis of 
patients.
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