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A new indicator: The diagnostic value of
CD8+T/B lymphocyte ratio in sepsis
progression
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Abstract

Objective: To reveal the value of single lymphocyte subpopulation and their ratios in the progression of sepsis.

Methods: From January 2019 to March 2021, 39 sepsis patients, 16 septic shock patients, and 50 healthy volunteers were
recruited in the Second Xiangya Hospital for this cross-sectional study. The absolute quantitation of CD4+T, CD8+T, B
lymphocytes, and NK cells in peripheral blood were determined by flow cytometry. SPSS Software was used to analyze the
results.

Results:On the whole, the numbers of lymphocytes in the sepsis group and in the septic shock group were lower than that
in the healthy control group. Surprisingly, the percentage of CD8+T lymphocytes in the septic shock group was slightly
higher than that in the sepsis group. The percentage of B lymphocytes in the sepsis group was higher than that in the healthy
control group. The AUC of CD8+T/B was 0.724, with the sensitivity and specificity being 75.00% and 71.79%, respectively.

Conclusion: The immune expression pattern of patients with sepsis was not a simple decrease in the number of
lymphocytes. The change in the ratios of lymphocyte subpopulation might be more meaningful along the development and
progression of sepsis. The ratio of CD8+T/B could be used to diagnose the progression of sepsis and reduce the mis-
diagnosis rate to a certain extent.
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Introduction

Sepsis is a systemic inflammatory response syndrome
caused by infection, a common complication after severe
infection, trauma, burn, shock, and major surgery, with a
mortality rate of 30%–70%.1 Meanwhile, it is the main
cause of death among Intensive Care Unit (ICU) patients.2

Its mechanism is related to immune dysfunction, infection,
and secretion of inflammatory factors. The imbalance of the
homeostasis of pro-inflammatory and anti-pro-
inflammatory responses plays an important role in this
process.3,4 The natural course of sepsis might be a tran-
sition from an early period of pro-inflammatory response to

a prolonged period of immunosuppression. As a result of
improved treatment, the death rate of sepsis has been
significantly reduced. However, with the increased risk of
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secondary and nosocomial infections which have become a
significant risk of late mortality,5 this situation leads to up
to 90% of patients dying frommultiple organ failure caused
by impaired immune cell function and insufficient tissue
perfusion.6 Immunosuppression and functional impairment
of immune cells play prominent roles in the development
and progression of sepsis. Clinicians usually need to apply
different treatments according to the severity of the pa-
tient’s condition. Generally, the severity of the patient’s
condition is determined according to the acute physiology
and Chronic Health Assessment II (Apache-II). Still,
Apache-II requires a certain amount of time and is unable to
reflect and update the condition in real time.7 By measuring
peripheral blood lymphocyte subpopulation, the immune
state of patients can be effectively indicated. Peripheral
blood lymphocyte subpopulation analysis has become an
essential tool to assess immune status and pathological
diagnosis,8 which also plays a crucial role in evaluating the
immune status of sepsis. However, the results of many
studies were inconsistent. Hence, there is no exclusive
conclusion that has been drawn out.9–11

In addition, many studies have investigated the epide-
miological characteristics of sepsis in black and white
races,12–14 but sepsis patients in developing countries, in-
cluding China, are still poorly described. Therefore, it is
imperative to identify an indicator to reflect the host’s im-
mune status in time. This paper described the immune status
and progress of sepsis patients in a major teaching hospital in
central China. Further, it revealed the changes and diagnostic
value of different lymphocyte subsets and their ratios in
patients with sepsis and septic shock, and would bring in-
spiration to clinical treatment and health management.

Materials and methods
Subjects

This was a single-center, cross-sectional study of 55
patients with sepsis who were admitted to the Second
Xiangya Hospital and 50 age-matched healthy controls
who were recruited from January 2019 to March 2021.
Basic clinical information and infection status of healthy
control group and sepsis patients were shown in Table 1.
Patients with sepsis were further divided into the sepsis
group (39 cases) and the septic shock group (16 cases)
according to the definition of sepsis and septic shock in
Sepsis-3.15,16 Septic shock: adult patients with septic
shock can be identified using the clinical criteria of
hypotension requiring vasopressors to maintain the mean
blood pressure of 65 mmHg or greater and having a
serum lactate level greater than 2 mmol/L persisting after
adequate fluid resuscitation.16 The exclusion criteria of
the three groups were as follows: (1) patients with a
severe lack of clinical data; (2) patients with hemato-
logical diseases (aplastic anemia, leukemia, immune
deficiency disease, etc.) leading to cytopenia within six
months; (3) patients with chronic irreversible diseases
such as chronic renal insufficiency requiring renal re-
placement therapy; (4) patients with human immuno-
deficiency virus (HIV) infection; (5) patients with long-
term use of hormones or immunosuppressive therapy;
(6) patients suffer from malignant tumor; and (7) patients
with mental diseases.17,18 The institutional Review
Committee/Ethics Committee of the Second Xiangya
Hospital of Central South University approved the no-
informed consent and the ethics of this study.

Table 1. Basic information about subjects in patients and control groups.

Health control group n = 50 Sepsis group n = 39 Septic shock group n = 16 P

Age—years 33.0 (26.0–50.25) 48 (30.5–66.5) 54.5 (37.0–62.75) 0.108
Gender—F/M 34/16 17/22 4/12 0.004
Mechanical ventilation—n (%) - 8 (20.5%) 6 (37.5%) 0.196
Mechanical ventilation (days) - 5 [2–15] 5 [4–10] 0.260
Surgery—n (%) - 12 (30.8%) 6 (37.5%) 0.637
ICU—n (%) - 23 (59.0%) 11 (68.7%) 0.507
ICU length of stay (days) - 10 [1–31] 11 [1–27] 0.596
Origin site of infection
Lung - 20 6 -
Gastrointestinal tract - 3 4 -
Skin and soft tissue - 5 1 -
Urinary tract - 1 1 -
Others - 10 4 -
Secondary infections—n (%) - 11 (28.2%) 9 (56.3%) 0.051
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Collection and detection of peripheral blood

Five milliliters of blood was collected using EDTA-K2

anticoagulant vacuum blood vessel and detected within 6 h.
The absolute quantitation of CD4+T lymphocytes, CD8+T
lymphocytes, B lymphocytes, and NK cells in peripheral
blood were carried out by flow cytometry. Serum PCT and
CRP were detected by Roche cobasE411 electro-
chemiluminescence analyzer (Roche, Switzerland). WBC
was detected by SYSMEX-XN hematology analyzer
(SYSMEX, Japan). Absolute quantification of cell sub-
population was determined by flow cytometry (BD, USA)
according to the manufacturer’s protocol.

Statistical analysis

The data was tested to be non-normal distribution, and
the median (Q1, Q3) was used to describe the data. The
differences between PCT, CRP, WBC, CD4+T, CD8+ B
lymphocytes, and NK cells and their ratios among all
groups were compared. All ratios were obtained by
dividing the absolute number of cells in the two groups
by flow cytometry. The AUC and ROC of each variable
were further calculated and analyzed. SPSS Software
(SPSS, Inc., Chicago, IL, USA) was used to analyze the
results. Comparison between two groups was analyzed

by Mann–Whitney U test, and Kruskal–Wallis H test was
used to test three or more groups. p < 0.05 was con-
sidered statistically significant.

Results

Clinical and laboratory characteristics of subjects

A total of 39, 16, and 50 patients were recruited for the
sepsis group, septic shock group, and the healthy control
group, respectively. There was no statistically significant
difference in age between the groups. There was no sig-
nificant difference in mechanical ventilation, surgical
treatment, or ICU stay between the sepsis group and the
septic shock group. Overall, the majority of patients had
primary infection sites in the lungs (26/45 (57.8%), fol-
lowed by gastrointestinal tract (7/45, 15.6%). Among the
pathogens, fungi (n = 5) and viruses (n = 2, influenza B
virus and Epstein2Barr virus) accounted for a small
number, while Acinetobacter baumannii was mostly
common. The basic clinical information of all subjects was
recorded in Table 1.

As shown in Figure 1 and Table 2, T lymphocytes
(quantities) (p < 0.001), CD4+T lymphocytes (quantities) (p =
0.007), CD8+T lymphocytes (quantities) (p < 0.001), CD8+T
lymphocytes (%) (p = 0.001), NK cells (%) (p = 0.002), and

Figure 1. Comparison of single lymphocyte subpopulation in peripheral blood of each group. The data were averaged and tested by
Mann–Whitney U test. * indicated that the difference between the two groups was statistically significant (p < 0.05).
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NK cells (quantities) (p < 0.001) in the sepsis group were
lower than those in the healthy controls; T lymphocytes
(quantities) (p = 0.011), CD4+T lymphocytes (quantities)
(p = 0.001), NK cells (%) (p = 0.028), and NK cells
(quantities) (p < 0.001) in the septic shock group were

significantly lower than those in the healthy controls. B
lymphocytes (%) in the sepsis group were significantly
higher than those in the healthy control group (p = 0.016)
and the septic shock group (p = 0.039). CD8+T lym-
phocytes (%) in the sepsis group was significantly lower

Table 2. Frequency description of immune parameters.

Health control group n=50 Sepsis group n=39 Septic shock group n=16 P

Single indicator of lymphocyte subpopulation
T lymphocytes (%) 67.0 (62.9–72.25) 66 (54–73) 75.5 (61–82.25) 0.090
T lymphocytes (quantities) 1194 (1064.25–1549.75) 745 (491.5–1189) 726.5 (456–1148.75) <0.001
CD4+T lymphocytes (%) 36.0 (32.75–41) 37 (26.5–47) 27.5 (21–40) 0.118
CD4+T lymphocytes (quantities) 643 (500–773.75) 414 (275–759) 309 (119.5–524.25) <0.001
CD8+T lymphocytes (%) 29 (25–33) 23 (16–30) 32 (26.75–48.5) 0.001
CD8+T lymphocytes (quantities) 492.5 (433.5–646) 234 (144.5–453) 284.5 (209.5–542) <0.001
B lymphocytes (%) 12 (8.75–15.25) 17 (9–26.5) 8.5 (4.5–21) 0.007
B lymphocytes (quantities) 212.5 (158.5–323.25) 186 (110–330.5) 88.5 (23.25–257.25) 0.117
NK cells (%) 18.5 (14–23) 11 (7–18) 13.5 (8.75–15.25) 0.001
NK cells (quantities) 363 (244.25–443.25) 144 (53.5–279.5) 130.5 (53.75–239) <0.001

Lymphocyte subsets ratios
CD4+/CD8+ 1.19 (0.99–1.57) 1.56 (1.16–2.65) 1.03 (0.52–1.39) 0.005
T/B 5.54 (4.34–7.87) 3.82 (2.06–5.86) 7.70 (4.22–20.30) 0.003
CD4+T/B 2.86 (2.47–3.96) 2.08 (1.61–3.42) 3.79 (1.46–6.53) 0.026
CD8+T/B 2.36 (1.66–3.16) 1.26 (0.71–2.55) 4.11 (2.00–10.55) 0.001
T/NK 3.61 (2.74–4.66) 5.33 (3.31–9.58) 5.57 (3.92–9.03) 0.011
CD4+T/NK 1.86 (1.31–2.57) 3.38 (1.74–5.73) 2.26 (1.55–3.46) 0.020
CD8+T/NK 1.56 (1.47–2.08) 1.82 (1.06–3.57) 2.53 (1.35–5.38) 0.087
B/NK 0.64 (0.43–0.84) 1.67 (00.82–2.80) 0.55 (0.21–2.83) 0.002

Table 3. Area under ROC curve of each indicator for the diagnosis of sepsis.

Variable(s) The area under the curve (AUC) Standard Error (SE)

95% confidence interval

Low limit Upper limit

T lymphocytes (%) 0.474 0.059 0.359 0.589
T lymphocytes (quantities) 0.260 0.052 0.158 0.362
CD4+T lymphocytes (%) 0.452 0.059 0.363 0.595
CD4+T lymphocytes (quantities) 0.479 0.053 0.175 0.381
CD8+T lymphocytes (%) 0.278 0.053 0.155 0.361
CD8+T lymphocytes (quantities) 0.258 0.057 0.291 0.514
B lymphocytes (%) 0.610 0.057 0.498 0.723
B lymphocytes (quantities) 0.419 0.057 0.307 0.532
NK cells (%) 0.286 0.052 0.183 0.389
NK cells (quantities) 0.214 0.046 0.123 0.305
CD4+T/CD8+T 0.556 0.057 0.444 0.668
T/B 0.393 0.057 0.281 0.505
CD4+T/B 0.380 0.056 0.270 0.491
CD8+T/B 0.392 0.057 0.279 0.504
T/NK 0.669 0.054 0.563 0.776
CD4+T/NK 0.644 0.056 0.534 0.753
CD8+T/NK 0.599 0.057 0.487 0.710
B/NK 0.673 0.056 0.563 0.783
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than those in the healthy control group (p = 0.012) and in
the septic shock group (p = 0.004).

The value of single indicators and ratios in the
diagnosis of sepsis

ROC curves were drawn from the data of 55 sepsis patients
and the healthy control group. As it can be seen from Table
3, both the single lymphocyte subpopulation and their
ratios had poor diagnostic efficacy for sepsis. As shown in
Table 3. B lymphocytes (%), CD4+T/CD8+T, T/NK,
CD4+T/NK, CD8+T/NK, and B/NK had AUCs count-
ing 0.610, 0.556, 0.669, 0.644, 0.599, and 0.673, re-
spectively, while AUCs of other indicators were less than
0.5, representing weak diagnostic efficacy. The diagnostic
results of clinicians were taken as the “gold standard”.
Sensitivity (SE), specificity (SP), positive predictive value
(PPV), and negative predictive value (NPV) of each in-
dicator were further calculated, as shown in Table 4 and
Figure 2. Six indicators were further analyzed with diag-
nostic efficacy, and their cut-off value were18.5, 1.56, 4.90,
3.04, 2.20, and 1.15, respectively. SE, SP, PPV, and NPVof
each indicator were further calculated, as shown in Table 4
and Figure 2.

The value of single indicators and ratios in the
diagnosis of septic shock

The values of PCT (ng/mL), CRP (mg/L), and WBC
(×10̂ 9) in the sepsis group and septic shock group were
12.80 ± 25.01, 101.35 ± 101.10, 10.62 ± 5.76; 20.46 ± 31.45,
131.50 ± 85.47, 15.63 ± 8.53, respectively. PCT (p = 0.153),
CRP (p = 0.136), and WBC (p = 0.109) implied no statistical
difference between the two groups.

According to ROC curves drawn for the sepsis group
and septic shock group, it can be seen from Table 5 that
both the indicators of individual lymphocyte subpop-
ulation and their proportion were more effective in
diagnosing septic shock than those of sepsis. The AUC
of T lymphocytes (%), CD8+T lymphocytes (%),
CD8+T lymphocytes (quantities), NK cells (%), T/B,
CD4+T/B, CD8+T/B, T/NK, and CD8+T/NK was
0.650, 0.740, 0.602, 0.519, 0.679, 0.599, 0.724, 0.511,
and 0.627, respectively. The AUC of other indicators
was less than 0.5, indicating poor diagnostic efficacy, as
shown in Table5. We further analyzed these nine indi-
cators with diagnostic efficacy, and their cut-off values
were 74.0, 27.0, 198.5, 11.5, 6.26, 3.54, 2.25, 7.04, and
4.31, respectively. SE, SP, PPV, and NPV of each

Table 4. Comparison of the cut-off value, sensitivity and specificity of sepsis diagnosed by each variable.

Variable(s) Cut-off value SE (%) SP (%) PPV (%) NPV (%)

B lymphocytes (%) 18.5 41.82 94.00 88.00 58.75
CD4+T/CD8+T 1.56 43.64 76.00 66.67 55.07
T/NK 4.90 56.36 80.00 75.61 62.50
CD4+T/NK 3.04 54.55 86.00 81.08 63.24
CD8+T/NK 2.20 50.91 84.00 77.78 60.87
B/NK 1.15 60.00 88.00 84.62 66.67

Figure 2. ROC curves for the diagnosis of sepsis for all variables. Left: single indicator of lymphocyte subpopulation, right: lymphocyte
subsets ratios.
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indicator were further calculated, as demonstrated in
Table 6 and Figure 3.

Discussion

The primary lesion of patients was mainly lung (57.8%) in
this research, and similar results have been found in other
studies,19,20 which suggested that clinicians should be
aware of the importance of preventing patients with pul-
monary infection from deteriorating to sepsis. Our results
also showed that the septic shock group was older than the
sepsis group. In addition to primary lesion, age and an
increased burden of chronic health conditions are also
important risk factors for severe sepsis. Previous research
displayed that half of septic shock cases occur in people
over 65 years of age.21 Elder population tend to bear more

chronic health problems. With the burden of various
chronic diseases and underlying genetic factors, they may
suffer more complex conditions of sepsis compared to
younger people.12

Lymphocyte is the most basic and essential group of
immune cells involved in the immune response of sepsis,
and the number of lymphocyte subgroups can directly
reflect the immune status of patients.22 Since immune
response is highly dynamic, understanding the variability
of lymphocyte’s number and function in sepsis will con-
tribute to developing novel, personalized treatments for
sepsis. The main reason of chronic immune paralysis in
sepsis patients lies in the impaired T cell response in the
host’s environment after sepsis.19 This research showed
that the numbers of T lymphocytes in the septic shock
group and in the sepsis group were significantly lower than

Table 5. Area under ROC curve of each indicator for the diagnosis of septic shock.

Variable(s) The area under the curve (AUC) Standard Error (SE)

95% confidence interval

Low limit Upper limit

T lymphocytes (%) 0.650 0.090 0.474 0.827
T lymphocytes (quantities) 0.492 0.087 0.322 0.662
CD4+T lymphocytes (%) 0.338 0.085 0.172 0.505
CD4+T lymphocytes (quantities) 0.381 0.086 0.213 0.550
CD8+T lymphocytes (%) 0.740 0.078 0.588 0.893
CD8+T lymphocytes (quantities) 0.602 0.083 0.439 0.765
B lymphocytes (%) 0.343 0.094 0.159 0.527
B lymphocytes (quantities) 0.372 0.090 0.196 0.548
NK cells (%) 0.519 0.087 0.348 0.690
NK cells (quantities) 0.474 0.083 0.312 0.637
Ratio Of CD4+T/CD8+T 0.257 0.075 0.110 0.405
T/B 0.679 0.092 0.499 0.860
CD4+T/B 0.599 0.099 0.404 0.794
CD8+T/B 0.724 0.086 0.556 0.892
T/NK 0.511 0.088 0.339 0.683
CD4+T/NK 0.396 0.083 0.234 0.558
CD8+T/NK 0.627 0.087 0.455 0.798
B/NK 0.404 0.093 0.221 0.586

Table 6. Comparison of the cut-off value, sensitivity and specificity of septic shock diagnosed by each variable.

Variable(s) Cut-off value SE (%) SP (%) PPV (%) NPV (%)

T lymphocytes (%) 74.0 56.25 79.49 52.94 81.58
CD8+T lymphocytes (%) 27.0 75.00 66.67 48.00 86.67
CD8+T lymphocytes (quantities) 198.5 81.25 46.15 38.24 32.72
NK cells (%) 11.5 68.75 53.85 37.93 80.77
T/B 6.26 68.75 76.92 55.00 85.71
CD4+T/B 3.54 56.25 79.47 52.94 81.58
CD8+T/B 2.25 75.00 71.79 36.36 87.50
T/NK 7.04 25.00 56.41 19.05 64.71
CD8+T/NK 4.31 81.25 38.46 35.14 83.33
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that in the healthy control group (Figure 1). The numbers of
CD4+T cells in the septic shock group and in the sepsis
group were significantly lower than that in the healthy
control group (Figure 1), and the absolute values of CD4+T
cells in the three groups decreased successively. Other
studies had also proved that CD4+T cells were the most
severely infected subgroup in patients with sepsis.23–27 The
number and the ratio of CD8+T cells in the sepsis group
were significantly lower than those in the healthy control
group (Figure 1), which was consistent with most research
results.28,29 However, our research results indicated that the
percentage of CD8+ T in the septic shock group was
slightly higher than that in the sepsis group (Figure 1). In
addition to the decrease of the T lymphocytes number, T
lymphocytes dysfunction is also the cause of the failure to
eliminate pathogens, as well as the increased mortality and
hospital-acquired infections during sepsis. Our study found
that in the initial stage of sepsis, there might be a decrease
in the number of lymphocytes. As the disease progresses,
persistent antigen reactivation could further impair CD8+T
cell function. CD8+T cells gradually lost the potential to
proliferate or produce effector cytokines, and the expres-
sion of coinhibitory receptors PD-1, TIM-3, and LAG-3
gradually increased,30–35 resulting in the continuous de-
terioration of the disease.

This research indicated that the percentage of B lym-
phocytes in the sepsis group was higher than those in the
healthy control group and in the septic shock group (Figure
4). In the early stage of infection, B lymphocytes would be
activated by antigen stimulation and greatly increase in the
sepsis group; thus, the percentage of B lymphocytes in the
sepsis group would increase. In addition, B lymphocytes
may show “depletion” like T lymphocytes under contin-
uous antigen stimulation. A study supported that sepsis
resulted in a decrease in naive B cells and an increase in

immature B cells,36 which explained the decrease in the
percentage of B lymphocytes in the septic shock group.
Some other studies had shown that patients recovering
from invasive pneumococcal infection presented defec-
tive B cell activation,37 impaired bacterial clearance, and
reduced survival in B cell deficient mice model of septic
peritonitis.38,39 Therefore, not only the decrease in
number of B cells, but also the accumulation of depleted B
cells might contribute to immunosuppression in sepsis. It
is suggested that the reduction of immunoactive B cells
and their impaired function are related to immunosup-
pression, whereas the mechanism behind these funda-
mental immune changes needs to be further explored. The
absolute number and percentage of NK cells in the sepsis
group and the septic shock group were lower than those in
the healthy control group (Figure 1). Persistent NK cell
dysfunction was closely related to sepsis induced im-
munosuppression, making patients more prone to sec-
ondary infection or latent virus reactivation and leading to
poorerprognosis.40,41 This also explained the sequential
decrease in the absolute values of NK cells in the three
groups.

PCT, WBC, and CRP are the most used indicators for
clinical laboratory diagnosis of infection.42 In our study,
the differences of these three items between the sepsis
group and septic shock group were not statistically
significant, which may be related to the nature of these
indicators. When the organism is damaged by trauma,
infection, and tumor, CRP increases sharply within
several hours, so as PCT level43 and WBC counting,44

which are endowed with great practical value in the early
diagnosis of infection. Their diagnostic value was dra-
matically reduced once infection progresses, while
lymphocyte subpopulation played a unique role in the
diagnosis of sepsis progression.

Figure 3. ROC curves for the diagnosis of septic shock for all variables. Left: single indicator of lymphocyte subpopulation, right:
lymphocyte subsets ratios.
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Interestingly, there were no statistically significant
differences in individual peripheral blood lymphocyte
subsets among the three groups. However, when we
compared the ratios of two indicators, there were signifi-
cant statistical differences, as shown in Figure 1 and Figure
4. This might be attributed to a complex network of im-
mune regulation. Moreover, the combination of two in-
dicators could better reflect the state of organism than a
single indicator.

The results implied that lymphocyte subpopulation was
unsatisfactory in the diagnosis of sepsis, while they showed
unique value in the diagnosis of sepsis progression (Figures
2 and 3 and Tables 3 and 5). The AUC of CD8+T lym-
phocytes (%) was 0.740, and the sensitivity and specificity
were 75.00% and 66.67%, respectively, better than other
indicators. The concept of ratio as a laboratory test was
interesting, and studies had demonstrated the irreplaceable
value of CD4/CD8 in reflecting the immune status of the
host organism, where there is a need for preventing lung
cancer,45 diagnosing coronary artery disease (CAD)46 and
ocular sarcoidosis,47 and evaluating the efficacy of

antiretroviral therapy (ART).48 However, the CD4/CD8
had not shown superior value in the diagnosis of sepsis
and its progression.49 The value of the ratio of the two
indicators may be superior to the change of the single
indicator to some extent. Therefore, we considered whether
the ratios of Tcells to NK or B cells could be new indicators
to revolutionize the significance of lymphocyte subpopu-
lation for sepsis. The AUC of CD8+T/B was 0.724, with
favorable diagnostic efficiency (sensitivity, 75.00%;
specificity, 71.79%), better than CD8+T lymphocytes (%),
which reduced the misdiagnosis probability in some re-
spects, and the increase of misdiagnosis rate might lead to
antibiotics abuse.

In general, the results of this study suggested that
laboratory single lymphocyte subpopulation is not suffi-
cient to diagnose or monitor sepsis and septic shock.
Nevertheless, the ratio of CD8+T/B showed high diag-
nostic value, which could be not only used to detect the
progress of sepsis, but also to assess the curative effect of
clinical therapies. The value of two indicators in assessing
immune status was higher than that of a single indicator.

Figure 4. Comparison of the proportion of peripheral blood lymphocyte subpopulation in each group. The data were averaged and
tested by Mann–Whitney U test. * indicated that the difference between the two groups was statistically significant (p < 0.05).
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When analyzing disease progression, clinical workers
should take a comprehensive view and combine the
analysis with multiple indicators. More attention should be
paid to the value of the concept of ratio in lymphocyte
subsets analysis.

However, this study had some limitations. First, this
study was a single-center study that could only reflect the
situation in the studied area. More extensive studies were
needed to confirm whether these indicators would be
valuable among different populations and in different
regions. Secondly, sepsis patients (both ICU and non-
ICU patients) were included in this study to address the
lack of diagnostic indicators of sepsis progression in
clinical practice and to prompt clinicians to take ap-
propriate measures or interventions. On this basis,
healthy volunteers were recruited as controls, and the
inclusion criteria of this study were strictly designed.
This research excluded blood system diseases, chronic
irreversible diseases, tumors, immune defects, trans-
plants, mental illnesses, and other diseases that signif-
icantly impacted the immune system, which ultimately
resulted in a smaller sample size. However, the outcome
of sepsis patients treated in ICU was not the primary
focus of this study. It is expected of the clinician to
identify characteristics that differ between infected ICU
patients and non-infected ICU patients. This research
provides a reference for this goal, but further work needs
to be performed to analyze changes in lymphocyte
subsets and their ratios in the pure ICU population. In
addition, the clinical diagnosis of patients was done by
experienced clinicians in the Second Xiangya Hospital
following Sepsis-3, which might be affected by changes
in clinical practice.

Conclusion

Altogether, the immune expression pattern of patients with
sepsis was not a simple decrease in the number of lym-
phocytes, as the change in the function ratio of lymphocyte
subpopulation might be more critical in the development and
progression of sepsis. Laboratory measurement of single
lymphocyte subpopulationwas not recommended to diagnose
or monitor the diagnosis of sepsis. CD8+T/B ratio could be
useful to diagnose the progression of sepsis and reduce
misdiagnosis rate to a certain extent, whichwas expected to be
applied to guide clinical medication. It was more important to
observe the overall variability of lymphocyte subpopulation in
immune responses than to observe changes in individual cell
populations.
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