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Abstract
Sepsis is a common and main cause of morbidity and mortality in intensive care 
units and emergency departments. Recent evidence illustrated that patients who 
are suffering from sepsis undergo a prolonged immunosuppressive phase. As a 
consequence, many septic patients are at risk for secondary infection which is 
considered to be the major reason for the high mortality of this disease nowa-
days. In this paper, we discuss the clinical significance of secondary infection 
and its potential immune mechanisms. In addition, the conventional measures 
and novel immunomodulatory strategies are also summarized.
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Sepsis is an uncontrolled inflammatory response caused by infection. The estimated 
mortality of sepsis is 10–20%, which can reach up to 60% when shock is present. 
The large number of inflammatory mediators in sepsis contributes to shock and 
multiple organ dysfunction syndrome (MODS) in sepsis. Nevertheless, many recent 
studies have demonstrated that sepsis is associated with only a transient hyper- 
inflammatory phase. Subsequently, patients enter a prolonged immunosuppressive 
phase. As a result, patients who survive the acute phase of sepsis are at high risk of 
secondary nosocomial infection. The purpose of this paper is to discuss the current 
understanding of the clinical significance, mechanism, and treatment of secondary 
infection in sepsis.
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12.1  Secondary Infection in Sepsis

During the past decades, the knowledge about the basic pathophysiologic processes 
of sepsis has been improved rapidly which contributes to the development of treat-
ment strategies of sepsis. The first Surviving Sepsis Campaign (SSC) guideline for 
the management of severe sepsis and septic shock was published in 2004 and has 
been updated every 4 years. Due to these efforts, the outcomes of sepsis have been 
improved year by year. Recent evidence illustrated that the absolute mortality rate 
of patients with severe sepsis decreased from 35% in 2000 to 18.4% in 2012 [1]. A 
meta-analysis of 36 multicenter data also found that severe sepsis mortality 
decreased from 46.9% in 1991–1995 to 29% in 2006–2009 [2]. However, unlike 
other diseases, such as acute myocardial infarction and stroke, the mortality of sep-
sis still remains unacceptably high. More importantly, from 1997 to 2010, septic 
shock patients with hospital mortality decreased by only 9% [3]. Similar results 
were also reported by Goto et al. [4]. Until now, sepsis is still one of the main causes 
of death in clinical critically ill patients.

According to the recent evidence, about 70% of septic death occurred 3 days 
after admission. In a study of 476 septic patients, 62.7% of total deaths occurred in 
the late phase of the disease [5]. As the early-phase mortality fell significantly, the 
sustained high mortality from severe sepsis and septic shock may be due to increased 
mortality in the late phase of the disease [5]. It has been demonstrated that more 
than 80% of the deceased septic patients had signs of continuous infections and the 
rates of common opportunistic bacteria and fungi increased significantly in the late 
phase (>15 days) of severe sepsis and septic shock when compared with the early 
phase (<6 days) of the disease [6]. Additionally, 39% of septic shock patients who 
survived the early phase (<3 days) of the disease developed secondary nosocomial 
infection in the ICUs [5]. In addition to bacterial and fungi infection, a study 
observed that over 40% of septic patients had reactivation of latent herpes viruses 
[7]. Moreover, the risk of late death for septic shock patients with secondary infec-
tion was about 5.8 times higher than that for patients without [5]. Another retrospec-
tive study also found that septic shock patients who died more than 3 days after ICU 
admission were related to hospital-acquired complications, including secondary 
infections [8]. Recently, secondary infection has been considered as the major cause 
of death for patients with sepsis [9, 10].

12.2  Immune Dysfunction and Secondary Infection 
Post-sepsis

Our previous study found that age, the severity of the disease, invasive medical 
measures, and length of ICU hospital stay were associated with secondary infection 
in septic shock patients [5]. However, it is well known that pathogens cause disease, 
not only dependent on the pathogenicity of pathogens but also closely related to the 
immune function of the host. Evidence showed that patients admitted with severe 
sepsis were more susceptible to nosocomial infection than other ICU patients 
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without sepsis and sepsis is an independent risk factor for nosocomial infection in 
ICU patients [11]. It has been recognized that the unique immune status of sepsis 
patients may influence their susceptibility to secondary infection.

12.2.1  Innate Immune Defects

12.2.1.1  Neutrophils
The innate immune system, also known as the non-specific immune system, is the 
first line of host defense against pathogenic organisms. The innate immune system 
consists of physical epithelial barriers, phagocytic cells, and circulating plasma 
molecules. Neutrophils comprise the largest number of the main innate immune 
cells in the body, and the majority of them remain housed in the bone marrow or 
immune centers. Together with macrophages, neutrophils constitute the profes-
sional phagocytes, and they have a primary role in protecting the host from patho-
gen invasion. Neutrophils kill or remove pathogenic microorganisms through the 
oxygen-dependent and the oxygen-independent mechanisms. In the oxygen- 
dependent process, killing was mediated by oxygen free radicals and other reactive 
oxygen species (ROS) generated by the nicotinamide adenine dinucleotide phos-
phate (NADPH) oxidase complex in response to pathogens. It has been reported that 
there was a significant reduction in the respiratory burst of BAL neutrophils from 
septic animals challenged with P. aeruginosa when compared to sham-treated mice 
[12]. Interestingly, similar to septic mice, the production of ROS in neutrophils 
in NADPH-deficient mice was also decreased, and an increased susceptibility to 
P. aeruginosa infection was also observed [12]. So, neutrophil deficiency may con-
tribute to the secondary infection post-sepsis.

12.2.1.2  Monocytes and Macrophages
It has been observed that, similar to the phenomenon of endotoxin tolerance, the 
cytokine production capacity of monocytes and macrophages from septic mice and 
humans in response to LPS was severely reduced [13]. This phenomenon is a cru-
cial pathophysiological adaptation to regulate overexuberant inflammation. On the 
other hand, it also contributes to immunosuppression after sepsis. Previous evidence 
illustrated that the levels of human leukocyte antigen (HLA)-DR on macrophages 
from sepsis were significantly decreased and were associated with the outcomes as 
well as the incidence of secondary infection [14, 15]. Additionally, the macrophages 
from septic patients secrete high levels of IL-10 which plays an important role in 
inhibiting the activity of Th1 cells, macrophages, as well as NK cells. As a result, 
the susceptibility of host to secondary infection in sepsis was increased [14, 15]. In 
addition, the expression of IL-1 receptor-associated kinase (IRAK)-M in macro-
phages was upregulated in sepsis, and the expression of the Toll-like receptor 
(TLR)-4 was reduced, which contribute to the decreased expression of pro- 
inflammatory cytokine and phagocytic function of macrophages [16]. The restored 
pathogen clearance ability of macrophages and increased survival rate of septic ani-
mals were observed after inhibiting IRAK-M expression [16].
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12.2.1.3  Dendritic Cells
Dendritic cells (DCs), originating from CD34+ hematopoietic stem cells, are one 
of the most powerful types of antigen-presenting cells (APCs). Mature DCs 
express major histocompatibility complex (MHC) molecules, co-stimulatory mol-
ecules (CD40, CD80, CD83, and CD86), and adhesion molecules and migrate to 
lymphoid organs and induce specific immune response of T cells [17]. A large 
number of previous studies have confirmed that the number of DCs in sepsis was 
significantly decreased and the percentage of mature DCs also trended toward 
reduced levels [17]. In addition, the ability of DCs to secrete pro-inflammatory 
cytokines such as tumor necrosis factor (TNF)-α, IL-12, and IL-1β is reduced in 
sepsis, whereas the production of anti-inflammatory cytokines including IL-10 
and transforming growth factor (TGF)-β was significantly increased [17, 18]. IL-2 
is a key molecule for T-cell proliferation and survival, and the ability of septic DC 
cells to induce proliferation and IL-2 production of T cells were reduced. Adoptive 
transfer of DCs from normal mice protected mice from secondary P. aeruginosa 
infection after sepsis, but the DCs from septic mice did not reduce the susceptibil-
ity of sepsis mice to secondary infection, suggesting that the decreased number 
and impaired function of DCs may be the crucial reasons of secondary infection 
in sepsis [19] (Fig. 12.1).
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Fig. 12.1 Immune dysfunction associated with secondary infection in sepsis
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12.2.2  Adaptive Immune Response Dysfunction

12.2.2.1  CD4+T Lymphocytes
Cytokines and chemokines secreted by CD4+T cells are crucial for the activation of 
macrophages and neutrophils. Additionally, the interactions between T cells and B 
cells are essential for the production of neutralizing antibodies to pathogens. 
Evidence have been illustrated that the proliferation of CD4+T cells in response to 
polyclonal and antigen-specific stimulation was reduced [20]. A shift from Th1 to 
Th2 and increased apoptosis of T cells were also observed in sepsis [20]. Clinical 
studies illustrated that the number of circulating T cells was significantly decreased 
in septic patients and was positively associated with the illness severity and mortal-
ity [20]. In addition, surviving CD4+T cells exhibited lower capability to secrete 
cytokines in response to LPS. Our previous studies found that mitofusin-2, a mito-
chondrial membrane protein that participates in mitochondrial fusion in mammalian 
cells, plays an important role in regulating CD4+T cell immune function and apop-
tosis through Ca2+-NFAT signaling pathway [21]. Recently, it has been found that 
increased levels of programmed cell death protein 1 (PD-1), cytotoxic T lymphocyte- 
associated antigen (CTLA)-4, tumor necrosis factor-related apoptosis- inducing 
ligand (TRAIL), and B and T lymphocyte attenuator (BTLA) in CD4+T cells might 
contribute to the defects of immune function of the cells in sepsis and the decrease 
in resistance to infectious pathogens in host survival [22, 23].

12.2.2.2  Regulatory T Cells
Regulatory T cells (Tregs), as one of the T-cell subsets, can be classified into natural 
Tregs (nTregs), adaptive/induced Tregs (iTregs), type 1 Tregs (Tr1), T helper 3 (Th3), 
and CD8+Tregs. Forkhead/winged helix transcription factor p3 (Foxp3) is principally 
found within the CD4+CD25+Treg cell population and plays an important role in the 
development and functionality of these cells [24]. Tregs are crucial for modulating 
the immune responses in tumor immunity, transplantation tolerance, as well as infec-
tious diseases. The suppressive function of Tregs is dependent on cell-cell contact 
mechanism and immunosuppressive cytokines [24]. Cytotoxic T lymphocyte antigen 
(CTLA)-4 and glucocorticoid-induced tumor necrosis factor receptor (GITR) medi-
ate the function of cell contact-dependent suppression of Tregs [24]. CD25 on the 
surface of Tregs has high capacity to capture IL-2 which contributes to the suppres-
sive function of the cells. Additionally, transforming growth factor (TGF)-β and 
interleukin (IL)-10 secreted by Tregs also play a role in immune depression [24].

Clinical studies found that the proportion of CD4+CD25+Treg in the peripheral 
blood of patients with sepsis is significantly increased [25]. Further studies illustrated 
that the absolute number of CD4+CD25+Treg cells did not increase significantly, but 
its immunosuppressive activity was enhanced [26, 27]. The expression of CTLA-4 
and Foxp3 and the levels of IL-10 and TGF-β in Treg cells were significantly higher 
than those in the non-sepsis group [26, 27]. In addition, in patients with sepsis, the 
immunosuppressive function of Tregs is higher in the death group when compared 
with that in the survival group [26, 27]. Evidence illustrated DEREG mice depleted of 
Foxp3+Treg cells before secondary infection with P. aeruginosa 7 days post-CLP had 
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no effects on the course of secondary infection as well as cytokine levels [28]. 
Nevertheless, our study found partial depletion of CD25+Tregs by PC61 treatment 
3  days post-CLP also enhanced host immune responses against secondary acute 
P. aeruginosa and improved the outcomes of the disease (unpublished data). The dif-
ference in the results might be explained on the basis of experimental techniques 
including septic models and the depletion strategies of Tregs. The exact role of Treg 
in secondary infection post-sepsis remains to be investigated.

12.2.2.3  B Lymphocytes
B lymphocytes arise from hemopoietic stem cells in the bone marrow which are 
characterized by their ability to differentiate into immunoglobulin secreting plasma 
cells. In addition to their role in humoral immunity, B cells have an important role 
in regulating immune homeostasis by their antigen-presenting and cytokine- 
producing capabilities [29]. Although there are some controversies, it is widely 
accepted that B cells act as effective antigen-presenting cells which are required for 
the initiation of T-cell immune responses during infection [29, 30]. Additionally, the 
bacterial products, such as LPS and CpG DNA, can cause the activation and cyto-
kine production of B cells through Toll-like receptors (TLR) both in  vivo and 
in  vitro [31]. Recently, regulatory B cells, a phenotypically distinct subset of B 
cells, have been recognized as a crucial regulator of T-cell-mediated inflammatory 
responses through the production of IL-10 [32].

Previously study found that septic mice with adaptive immune system defects, 
including B cell apoptosis, display diminished survival. Nevertheless, the role of B 
cells in sepsis was not well examined. Rauch et al. [33] found that mice lacking B-cell-
derived GM-CSF are unable to clear bacteria and succumb to infection. Kelly-
Scumpia et  al. [34] found that B-cell-deficient, but not α/β T-cell- deficient, mice 
display decreased inflammatory cytokine and chemokine production and increased 
mortality after sepsis. Clinical study has demonstrated that patients with septic shock 
suffer from a severe retraction of circulating B lymphocytes [35]. An exhausted B-cell 
phenotype has been associated with a CD19+CD5+CD27−CD21−/low “tissue-like mem-
ory” B-cell subset in human immunodeficiency virus (HIV)-infected patients. 
Recently, it was reported that the fraction of CD21-exhausted B cells in sepsis patients 
was higher than that in healthy subjects [36]. Moreover, the IgM production was 
impaired in elderly septic patients, and this phenomenon was associated with increased 
susceptibility to secondary infection post-sepsis, as elderly septic patients showed a 
higher rate of Candida albicans and higher sputum colony counts than adult septic 
patients [36]. So, the defects of B lymphocyte function may be associated with immu-
nosuppression and secondary infection in patients with sepsis.

12.3  Therapeutic Strategies for Secondary Infection

12.3.1  Conventional Strategies

According to the criteria of the Centers for Disease Control (CDC), there are four 
main types of nosocomial infections including central line-associated bloodstream 

Z.-q. Lu



197

infections (CLABSI), surgical site infection (SSI), catheter-associated urinary tract 
infection (CAUTI), and ventilator-associated pneumonia (VAP). Prevention and 
control guidelines have been developed to reduce the incidence of these infections. 
The measures recommended by these guidelines, including the standard and 
transmission- based precautions as well as strategies focused on specific nosoco-
mial infections, also can be applied to prevent and control secondary infection after 
sepsis [37]. It should be noted that secondary infection after sepsis has its own 
characteristics. Evidence illustrated that pneumonia was the most frequent second-
ary infection in septic shock patients and the most frequently isolated microorgan-
ism was Acinetobacter baumannii [5]. Additionally, as mentioned above, age, the 
SOFA score, length of stay in the ICU, and endotracheal intubation were observed 
to be associated with secondary infection post-sepsis [5]. So, improving the care of 
these patients may be useful for reducing the incidence of secondary infections 
after sepsis.

12.3.2  Immunomodulatory Therapy

12.3.2.1  Experimental Studies

Cytokines and Cytokine-Targeted Therapies
Cytokines are crucial regulators of the immune response to infections, and imbal-
ance in inflammatory network has been found to be associated with the death of 
septic patients. Previous studies suggest that pro-inflammatory cytokines, such as 
IL-6, IL-1β, and TNF-α, contributed to tissue damage and organ failure of sepsis 
[38]. Nevertheless, the failure of several anti-inflammatory clinical trials in sepsis 
has led researchers to re-recognize the function of pro-inflammatory cytokines. In 
fact, increased mortality was observed in TNF–/–LT–/– knockout mice with infec-
tion [39]. So, pro-inflammatory cytokines may be also important for protecting host 
from infections. In contrast to pro-inflammatory cytokines, anti-inflammatory cyto-
kines, such as IL-4 and IL-10, play a crucial role in inhibiting inflammation and 
contribute to immunosuppression in sepsis. Song et al. [40] found that IL-4-deficient 
mice that underwent CLP were resistant to secondary pulmonary P. aeruginosa 
infection which is characterized by better bacterial clearance and improved survival. 
Neutralization of TNF-α could reverse the enhanced protection against secondary 
infection in septic IL-4 KO mice, indicating the crucial role of TNF-α in this process 
[40]. Additionally, IL-10 and IL-27 were also observed to be associated with immu-
nosuppression in sepsis, and neutralization of IL-10 or IL-27 could reverse sepsis- 
induced dysfunction of macrophages and improve both survival and clearance of 
bacteria from the lungs of septic mice infected with P. aeruginosa [41, 42].

IL-7, a 25-kDa glycoprotein produced by the bone marrow and thymic stromal 
cells, plays an important role in regulating T- and B-cell development and function 
[43–45]. Through its binding to a receptor (IL-7R), IL-7 can increase the levels of 
B-cell lymphoma 2 (BCL2) and the numbers of circulating CD4+ and CD8+T cells 
[46]. IL-7 also improves the ability of T cells to move to sites of infection by increas-
ing the cell adhesion molecule expression. IL-7 treatment restores immunity and 
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improves survival in a viral model of lymphocytic choriomeningitis [47]. Previous 
studies have illustrated that rhIL-7 treatment inhibited the apoptosis of T lympho-
cyte by upregulating Bcl-2 expression and decreased the mortality of septic animals 
[48]. Additionally, in septic mice followed by P. aeruginosa and fungal infection, 
treatment with rhIL-7 could improve survival effectively [49]. More importantly, 
IL-7 treatment does not induce a hyper-inflammatory response. IL-7 is currently 
undergoing numerous clinical trials, including in patients with septic shock 
(ClinicalTrials.gov identification # NCT02640807, # NCT02797431).

In addition to IL-7, IL-15 is also under consideration for treating sepsis. Studies 
have shown that IL-15 could inhibit the apoptosis of NK cells, DC cells, and 
CD8+T cell in sepsis [50]. In mice with peritonitis or P. aeruginosa pneumonia, 
IL-15 improved T lymphocyte survival, enhanced the capacity of cell to secrete 
cytokines, and ultimately decreased the mortality of the animals [50]. However, 
IL-15 did not improve the capacity of mice to clear bacteria [50]. Additionally, it 
should be noted that IL-15 superagonist has potential hepatotoxicity and its clinical 
safety remains scarce [51–53].

Immune Checkpoint Therapies
Immune checkpoints are molecules in the immune system that are crucial for 
maintaining self-tolerance. The CTLA-4 and PD-1 immune checkpoints are nega-
tive regulators of the immune function of T cells [54–56]. PD-1, a newly discov-
ered co-stimulatory receptor, belongs to the CD28 superfamily of receptors 
[54–56]. PD-L1 and PD-L2 are the main ligands of PD-1. PD-L1 is widely 
expressed on dendritic cells, macrophages, and activated T lymphocytes and B 
lymphocytes [54–56]. Increased levels of PD-L1 on T cells and monocytes were 
observed in septic patients [57–59]. Studies also illustrated that PD-L1 can be used 
as a predictive and prognostic marker for sepsis. Blocking PD-L1 can reduce 
TNF-α and anti-CD3/anti-CD28 antibody-induced CD4+T and CD8+T cell apopto-
sis and can promote the expression of IL-6, TNF-α, and IFN-γ in monocytes and 
lymphocytes [58–60]. CTLA-4, as an analogue of CD28, has a higher binding 
activity to B7.1 and B7.2 [54]. Nevertheless, binding of CTLA-4 to B7 does not 
produce a simulator signal. So, it has been proposed that CTLA-4 dampens the 
activation of T cells by outcompeting CD28 in binding B7. In addition, evidence 
also illustrated that CTLA-4 binding to B7 on T cells also actively delivers inhibi-
tory signals to the T cells, blocks TCR activating, and then inhibits T-cell prolifera-
tion [54]. Animal studies found that blocking PD1/PD-L1 and CTLA-4 improved 
the outcomes of sepsis or sepsis with secondary fungal infection [23]. Recently, 
nivolumab and pembrolizumab, both antibodies against PD-1, received FDA 
approval for the treatment of patients with unresectable or metastatic melanoma as 
well as metastatic squamous and nonsquamous non-small cell lung cancer 
(NSCLC) [61]. However, the clinical evidence of immune checkpoint therapies in 
sepsis are still lacking and need further investigation.

B and T lymphocyte attenuator (BTLA) is a co-inhibitory receptor which is 
expressed on B and T lymphocytes, macrophages, dendritic cells, as well as NK 
cells [62]. The ligand of BTLA is herpes virus entry mediators (HVEM) that belong 
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to tumor necrosis factor receptor (TNFR) family [62]. BTLA has potential role in 
inhibiting CD4+T cell and B-cell function and diminishing pro-survival signaling in 
CD4+T cells [62]. Clinical studies have shown that the levels of BTLA on peripheral 
blood CD4+T cells in patients with sepsis are significantly higher than that in 
patients without sepsis [63]. Additionally, in patients admitted with SIRS, BTLA 
could serve as a biomarker of hospital infection [63]. However, another clinical 
study found that the number of BTLA+CD4+T cells in patients with sepsis was sig-
nificantly lower than that of healthy volunteers at 24 hours after hospitalization and 
it was lower in dead patients when compared with survivors [64]. The different 
results may be due to the different stages of the disease. In addition to BTLA, 
V-domain immunoglobulin suppressor of T-cell activation (VISTA), T-cell immu-
noglobulin- and mucin-domain-containing molecules (Tim), and lymphocyte acti-
vation gene-3 (LAG-3) also have potential role in modulating host immune function 
and are expected to be new immune therapy targets of sepsis [65–67].

Other Strategies
Due to the advances in the understanding of immune pathophysiology of sepsis, 
many immunomodulatory drugs or agents have been discovered and used in pre-
clinical studies. Caspase inhibitors and TAT-conjugated anti-apoptotic Bcl-2-like 
peptides have been proved to inhibit immune cell apoptosis in septic animals [68]. 
The immunomodulatory effects of Xuebijing and Astragalus polysaccharide, as tra-
ditional Chinese medicines, have been illustrated by some studies [69, 70]. Ethyl 
pyruvate (EP) is a simple ramification derived from the pyruvic acid and has been 
shown to be an experimental therapeutic on immune dysfunction. Our recent study 
have found that EP treatment protected septic mice from secondary P. aeruginosa 
pneumonia and the protective effects of EP may via decreasing lung IL-10 and 
plasma HMGB1 expression, inhibiting the function of Tregs and relieving the apop-
tosis of splenic immune cells [71] (Table 12.1).

12.3.2.2  Clinical Trials

IFN-γ
IFN-γ is a member of the type II IFN family. Although mice deficient of IFN-γ and 
its receptor (IFN-γR) are resistant to LPS-induced toxicity, previous studies showed 
that IFN-γ is also crucial for an effective host response to variety of pathogens 
including virus and bacteria [72, 73]. Additionally, evidence also illustrated that 
INF-γ receptor mutations are associated with the increased host susceptibility to 
infections [72, 74]. Moreover, an important study found that, in septic patients with 
low monocytic HLA-DR expression, IFN-γ treatment restored the deficient 
HLA-DR expression and in  vitro LPS-induced TNF secretion [75]. Recovery of 
monocyte function resulted in clearance of sepsis in eight of nine patients [75]. 
In addition, in severe trauma patients with less than 30% HLA-DR expression on 
alveolar macrophages, about 50% of patients had elevated levels of HLA-DR in 
macrophages after INF-γ inhalation, and the incidence of hospital-acquired pneu-
monia in these patients was significantly reduced [76]. Although this study included 
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only 21 patients, the results suggested the potential value of INF-γ in preventing 
secondary infection trauma and sepsis [76]. Recently, a phase III clinical trial inves-
tigating the role of IFN-γ in sepsis-induced immune suppression and secondary 
infection is ongoing (ClinicalTrials.gov identification # NCT01649921).

G-CSF and GM-CSF
The colony-stimulating factors (CSFs) comprise a group of cytokines including 
granulocyte colony-stimulating factor (G-CSF) and granulocyte/macrophage 
colony- stimulating factor (GM-CSF). As other CSFs, G-CSF and GM-CSF are cru-
cial for the hematopoiesis of blood cells, the maintenance of homeostasis, and 
immune competence [77]. In the past few decades, there are many trials investigat-
ing the effect of G-CSF and GM-CSF as potential adjunctive immunomodulatory 
agents in patients with sepsis. It has found that G-CSF and GM-CSF treatment 
reduced the duration of mechanical ventilation and hospital stay in severe sepsis and 
septic shock patients with low HLA-DR levels [78]. In non-traumatic abdominal 
infection patients, GM-CSF could reduce the complications of infection and the 
length of hospital stay [79]. In addition, GM-CSF treatment has been shown to 
reduce the incidence of nosocomial infection in children with MODS [80]. However, 
recent meta-analysis found that G-CSF and GM-CSF failed to reduce the overall 
mortality of sepsis patients [81]. Because most trails included in the meta-analysis 
did not stratify study patients according to their immunological state and the effect 
of G-CSF and GM-CSF on the function of immune system was not reported, the 
exact effect of G-CSF or GM-CSF therapy in sepsis requires further evaluation.

Table 12.1 Immunomodulatory therapeutic strategies for secondary infection in sepsis

Evidence References
Cytokines
IL-4 IL-4-deficient mice that underwent CLP were resistant to 

secondary pulmonary P. aeruginosa infection
[40]

IL-10 Neutralization of IL-10 improves both survival and clearance of 
bacteria from the lungs of septic mice infected with P. 
aeruginosa

[41]

IL-27 Neutralization of IL-27 improves both survival and clearance of 
bacteria from the lungs of septic mice infected with P. 
aeruginosa

[42]

IL-7 rhIL-7 improves survival in septic mice followed by P. 
aeruginosa or fungal infection

[49]

IFN-y INF-y inhalation decreases the incidence of hospital-acquired 
pneumonia in severe trauma patients with immune dysfunction

[76]

GM-CSF GM-CSF treatment reduces the incidence of nosocomial 
infection in children with MODS

[80]

Immune 
checkpoints

Blockade of PD-1 and CTLA-4 improves survival in primary 
and secondary fungal sepsis

[23]

Others
Ethyl pyruvate The susceptibility of septic mice to secondary P. aeruginosa 

pneumonia is downregulated by ethyl pyruvate treatment
[71]
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Thymosin Alpha1
Thymosin alpha1 (Tα1) is a thymus-derived immunomodulatory peptide which 
acts as an endogenous regulator of immune systems [82]. It has reported that Tα1 
played a unique role in maintaining the balance of pro- and anti-inflammatory 
cytokine production [82, 83]. Tα1 has been widely used in clinical trials for the 
treatment of disease associated with immune dysfunction [84, 85]. The efficiency 
of Tα1 in treating chronic B and C hepatitis as well as some types of cancers has 
been proved [84, 86]. Previous animal study found that Tα1 could improve the 
survival of septic mice [87]. Clinical trial also found that Tα1 treatment increased 
the mHLA-DR levels and decreased the mortality in septic patients [88]. As Tα1 
has shown immune-enhanced effects in both animal and clinical studies, the 
effect of it on secondary infection due to immunosuppression in sepsis deserves 
further attention.

12.4  Conclusions

Due to the advance in early goal-directed therapy and new antibiotic and adjunct 
strategies, more and more septic patients survive the phase of acute circulation fail-
ure and organ dysfunction and enter a prolonged immunosuppressive state which is 
characterized by the defects of both innate and adaptive immune responses. 
Secondary infection is a clinical manifestation of immune dysfunction in sepsis and 
contributes to poor outcomes of the patients. Recently, in addition to conventional 
strategies, the effect of immunomodulatory therapy in preventing secondary infec-
tion after sepsis has been proved by both preclinical studies and few clinical trials. 
These efforts may help to reduce the incidence of secondary infection in sepsis and 
further reduce the mortality of the disease.
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