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Sepsis remains a global challenge, especially in low- and middle-income countries, where there is an urgent need

for easily accessible and cost-effective biomarkers to predict the occurrence and prognosis of sepsis. Lymphocyte

counts are easy to measure clinically, and a large body of animal and clinical research has shown that lymphocyte

counts are closely related to the incidence and prognosis of sepsis.
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1. Introduction

Sepsis is a common disease in the ICU and can easily lead to poor outcomes in patients due to multiple organ

failure. In 2017, member states of the World Health Organization (WHO) declared improving the prevention,

recognition, and treatment of sepsis a global health priority . The latest epidemiological statistics show a

decrease in the incidence rate of sepsis in recent years, but there is still a lack of effective data in low- and middle-

income countries . Another study from the same year shows that the incidence of sepsis has not declined in

recent years . This suggests that the incidence rate of sepsis may be underestimated while also indicating a lack

of effective means for the early recognition and diagnosis of sepsis in low- and middle-income countries. In this

scenario, there is an urgent need for highly adaptable biomarkers to identify sepsis, assess prognosis, and guide

treatment plans. The pathophysiology of sepsis has deepened, there have been changes in the definition and

treatment strategies of sepsis among clinical physicians. Initially, Bone’s definition emphasized sepsis as a

systemic response to infection, characterized by an exaggerated inflammatory response. Clinical practice has

found that during infection, patients’ blood contains many cytokines . Subsequently, Clark and others  proposed

the hypothesis that these cytokines may be the cause of tissue damage and symptoms such as shock observed

during sepsis. This phenomenon is referred to as cytokine storm and has garnered significant attention from clinical

physicians. Unfortunately, up until now, all clinical trials aimed at suppressing the inflammatory response or

targeting cytokines have failed . Faced with this disappointing reality and a further understanding of the

pathophysiology of sepsis, many have turned their attention towards new directions. The new definition of sepsis

(sepsis 3.0) introduced in 2016 highlights sepsis as a life-threatening organ dysfunction caused by a dysregulated

host response to infection . Clinical practice has found that patients who survive early sepsis often experience

nosocomial infections, with most of the infections being caused by opportunistic pathogens. Additionally, latent

viruses may be reactivated . Based on this, clinicians speculate that after the early hyperinflammatory state, the

body enters a state of low inflammation accompanied by persistent immune suppression . This phenomenon is
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known as Compensatory Anti-Inflammatory Response Syndrome (CARS) (Figure 1) . However, recent studies

have shown that during the early stages of sepsis, both pro-inflammatory and anti-inflammatory responses occur

simultaneously .

Figure 1. The Simplified Diagram of Compensatory Anti-Inflammatory Response Syndrome. The stimulation of

pathogens and their products such as lipopolysaccharide (LPS) can induce systemic inflammatory response

syndrome (SIRS) in the body, leading to multiple organ dysfunction syndrome (MODS), shock, and even death.

The surviving patients during this stage will go through a compensatory anti-inflammatory response syndrome

(CARS) stage, characterized by immunosuppression, which results in long-term immune dysfunction known as

immune paralysis. Compared to patients without immune paralysis, those with immune paralysis are more prone to

secondary infections, increased viral activation, and a decreased 5-year survival rate.

2. Lymphocytes and Their Subgroups

The immune system of the body is divided into innate immunity and adaptive immunity. Innate immunity primarily

serves as the first line of defense through direct killing by phagocytic cells. Among them, innate lymphocyte

subgroups (NK cells, γ-δ T cells, and CD4+CD25+ T cells) play an upstream regulatory role in the functions of

macrophages, dendritic cells, and T lymphocytes . Adaptive immunity targets specific antigens and involves cell-

mediated immunity mediated by effector T lymphocytes (CD4+ T lymphocytes and CD8+ T lymphocytes) and

humoral immunity mediated by B lymphocytes. It serves as the main component of host immune responses. In

addition, dendritic cells (DCs) serve as crucial bridge cells between innate and adaptive immunity as antigen-

presenting cells.
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2.1. Absolute Lymphocyte Count

A total of 8 relevant articles were included . Based on the common findings from the 8

articles, the following conclusions can be drawn: (a) the absolute lymphocyte count in septic patients is significantly

lower compared to healthy adults; (b) the absolute lymphocyte count in septic patients who died is significantly

lower compared to those who survived. These conclusions demonstrate the correlation between lymphocyte count

and the mortality of sepsis, providing a potential indicator for predicting sepsis and its prognosis through absolute

lymphocyte count. Furthermore, Francois et al.  conducted experiments that demonstrated the ability of human

IL7 (CYT107) to reverse lymphocyte depletion in septic shock patients, resulting in a 3-to 4-fold increase in

absolute lymphocyte count as well as circulating CD4+ and CD8+ T cell counts.

2.2. Congenital Lymphocyte Subsets

Congenital lymphocyte subsets include natural killer cells (NK cells), regulatory T cells, and γδ T cells (gamma

delta T cells). These lymphocyte subsets are present during the early stages of human development. Unlike other

lymphocyte subsets in the acquired immune system, their ability to combat pathogens is innate. They play a crucial

role in the immune function of infants and other populations.

2.2.1. Gamma-Delta T Cells (γ-δT Cells)

γ-δT cells are members of the T lymphocyte subset , but due to their critical role in innate immunity , this

research includes them in the description of congenital lymphocyte subsets. In early animal experiments,

researchers observed that peripheral blood γ-δT cells can recognize heat shock proteins to initiate innate immunity

after injury . Meanwhile, γ-δT cells in mucosal tissues attract T lymphocytes by releasing chemotactic factors .

A subsequent retrospective clinical study revealed a decrease in the number of γ-δT cells in the peripheral blood of

patients with trauma and sepsis . Similar results were observed in a prospective clinical trial . The research

findings suggest a protective role of γ-δT cells in the human body, but the specific mechanisms are still unclear.

There are reports suggesting that γ-δT cells have antigen-presenting cell (APC) functions , which has

become a focal point in studying the protective mechanisms of γ-δT cells. The latest study  by Yang, Xunwei,

and colleagues assessed the antigen-presenting function of γ-δT cells in sepsis patients. Peripheral blood γ-δT

cells from sepsis patients were collected for cell-based assays. The experimental results showed that the ability of

sepsis patient γ-δT cells to receive amplification signals after antigen stimulation was impaired. Additionally, the

expression of APC markers did not increase after stimulation, adhesive capacity significantly decreased, and the

ability to induce the proliferation of T lymphocytes was lost. All of the experimental results indicate that the

peripheral blood γ-δT cells in sepsis patients have impaired APC function. Treating this impairment is theoretically

feasible, but progress has been slow . It is only recently that some achievements in immunotherapy based on γ-

δT cells have emerged . Prior to this, Yuan, Fawei, and colleagues  proposed a different viewpoint,

suggesting that γ-δ1T cells play an immune suppressive role in sepsis. γ-δT cells can be divided into two subsets:

γ-δ1T cells and γ-δ2T cells . These two subsets have distinct spatial distributions and physiological functions.

Previous experiments have demonstrated that γ-δ1T cells play an immunosuppressive role in autoimmune
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diseases and tumors . Yuan, Fawei, and colleagues speculate that a similar phenomenon may exist in sepsis.

Experimental results indicate that the proportion of peripheral blood γ-δ1T cells in sepsis patients is lower

compared to the healthy control group. Furthermore, within the sepsis patient group, the proportion of peripheral

blood γ-δ1T cells is even lower in shock patients compared to non-shock patients. Additionally, the experiment

revealed that an increased proportion of peripheral blood γ-δ1T cells inhibits the proliferation of T lymphocytes and

suppresses the secretion of IFN-γ by T lymphocytes, suggesting the immunosuppressive capability of γ-δ1T cells.

2.2.2. Regulatory T Cells

Regulatory T cells (Treg cells) are a subset of T lymphocytes characterized by the expression of CD4+CD25+ on

their surface. Due to their specialized regulatory role in the immune system, they are classified as innate lymphoid

cells. Under physiological conditions, Treg cells maintain normal immune homeostasis by secreting

immunosuppressive cytokines such as IL-10 and Transforming Growth Factor Beta 1 (TGF-β1) . Therefore, it

is speculated that Treg cells participate in the development of immunosuppression in sepsis, and relevant

experiments have validated this hypothesis . Peripheral blood samples were collected from sepsis patients after

burns, and Treg cells were isolated using a CD4+CD25+ regulatory T cell isolation kit. Flow cytometry was then

used to measure the purity of Treg cells expressing Foxp-3 through staining with an anti-human Foxp-3-FITC

antibody. Finally, the supernatant was collected to measure the levels of IL-10 and TGF-β1. The results showed

significantly higher overall expression of Foxp-3 in the severe burn, sepsis, and death groups. Consistently, the

cytokines IL-10 and TGF-β1 also showed elevated levels. Foxp-3 is crucial for the differentiation and function of

Treg cells . The above results seem to support the notion that regulatory T cells play a negative regulatory role

in the process of sepsis, which may be harmful to the body. However, subsequent animal experiments have

challenged this viewpoint. Kühlhorn, Franziska, and others  used DEREG mice (depletion of regulatory T cells)

to create a cecal ligation and puncture (CLP) model of sepsis. The results showed that Treg depletion worsened

late-stage survival, suggesting a beneficial role of Foxp-3+ Treg cells in severe sepsis. By collecting more clinical

trial data , researchers have discovered that in the early stages of sepsis, the proportion of Foxp-3+ Treg

cells is the same between the survivor group and the non-survivor group, but the absolute number is higher in the

former. On the other hand, in the later stage of sepsis (three days later), the survivor group exhibits an increased

absolute count of Foxp-3+ Treg cells, while the proportion is comparatively lower.

2.2.3. Natural Killer Cells (NK Cells)

NK cells are essential components of the innate immune system and are capable of killing target cells in their

unactivated state . Their role in combating infections and tumors has been widely recognized . Through the

study of changes in NK cells in collected cases of sepsis, researchers have observed two contradictory outcomes.

One outcome supports the notion that NK cells are a risk factor for sepsis. Animal experiments conducted by

Sherwood et al.  demonstrated that mice with depleted NK cells exhibited improved survival rates following

cecal ligation and puncture. A prospective clinical trial conducted by David Andaluz-Ojeda et al.  showed that the

absolute count and relative concentration of NK cells in survivors of sepsis were lower than those of deceased

patients. According to the analysis of survival curves, it was observed that an NK cell count exceeding 83
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cells/mm3 on the first day was linked to early mortality. De Pablo et al.  further supported these findings,

indicating that patients with the highest NK cell counts in sepsis had the lowest probability of survival. However,

another outcome supports the notion that NK cells are a protective factor in sepsis. Clinical trial results from

Giamarellos-Bourboulis et al.  showed a significant increase in NK cells during the early stages of sepsis.

Additionally, patients with NK cells accounting for ≥20% of the total lymphocyte count had longer survival times

compared to patients with NK cells accounting for <20% of the total lymphocyte count. In addition to the previously

mentioned clinical trials, studies conducted by Boomer et al.  and Holub et al.  also reported a substantial

decrease in NK cells during the early stages of sepsis, specifically within 48 h. This decrease in NK cells may be

associated with secondary nosocomial infections and adverse outcomes in patients.
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