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Abstract: Objective: Normal B lymphocyte function and antibody secretion during inflammation can provide critical 
protection for the host. We aimed to synthesize existing evidence to explore whether circulating B cells and plasma 
immunoglobulin M (IgM) levels were associated with survival during sepsis. Methods: PubMed, Embase, ISI Web of 
Knowledge, Cochrane Central Register of Controlled Trials were systematically searched. Studies with data on circu-
lating B cells and plasma IgM levels within the initial 24 hours after sepsis onset were selected. Results: A total of 
11 studies were qualified for inclusion in this systematic review and meta-analysis with a total of 829 patients with 
sepsis and/or septic shock. Number of circulating B cells was similar between septic patients and health controls 
(SMD = -1.81, 95% CI: -4.15, 0.54; P = 0.13, I2 = 99%), while it was significantly reduced in sepsis survivors versus 
sepsis non-survivors (SMD = -0.60, 95% CI: -0.87, -0.32; P < 0.0001, I2 = 0%). Concentration of plasma IgM level 
was significantly decreased in septic patients as compared with healthy controls. Also, the plasma IgM level was 
significantly lower in sepsis survivors versus sepsis non-survivors. Conclusions: A poor prognostic survival outcome 
was observed for patients with decreased circulating B cells as well as IgM levels within the initial 24 h after sepsis 
onset.
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Introduction

Sepsis, as a series of pathological, physiologi-
cal and biochemical abnormalities induced by 
infection, is a major problem in the field of criti-
cal medicine. Most patients died of multi-organ 
dysfunction in the end [1-3]. With the wide 
application of supportive technologies such as 
new antibiotics, ventilators and continuous 
renal replacement therapy, great improvement 
in the treatment of sepsis has been obtained. 
However, the mortality rate of sepsis is still high 
(25%-30%) and the mortality rate of septic 
shock is as high as 50% [4-7]. In 2016, the for-
ty-fifth annual meeting of the American Society 
of Critical Care Medicine issued a new defini-
tion of Sepsis-3. The meeting defined sepsis as 
a fatal organ dysfunction caused by an imbal-
ance in the host response to infection [8]. The 
diagnostic criteria were sequential organ fail-
ure assessment (SOFA) score (≥ 2), i.e. sepsis = 
infection + SOFA (≥ 2). Meantime, septic shock 

belongs to a subtype of sepsis, and is redefined 
as circulatory failure and cellular metabolic 
abnormalities caused by infection [9]. The diag-
nostic criteria were that, on the basis of sepsis 
and adequate fluid resuscitation, the use of 
vasopressors could maintain mean arterial pre- 
ssure above 65 mmHg, while at the same time 
blood lactate is more than 2 mmol/L [8, 9]. 
Therefore, sepsis is a fatal organ dysfunction 
caused by infection, accompanied by the induc-
tion, synthesis and release of a variety of cyto-
kines and inflammatory mediators. The patho-
genesis of sepsis is very complex. It is the result 
of the interaction of multiple factors from 
molecular level to organ level. It involves a 
series of problems such as infection, inflamma-
tion, immunity, coagulation and tissue damage. 
Finally, it is closely related to the pathophysio-
logical changes of multiple systems and organs.

In recent years, although molecular pathogen-
esis based on targeted therapy has been exten-
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sively studied. The survival rates of severe sep-
sis and septic shock have not improved signifi-
cantly. Host cell-mediated immunity is essen-
tial for understanding the pathological process 
of sepsis and its complications. Studies have 
shown that innate immune cells such as neu-
trophils, macrophages, dendritic cells, T lym-
phocytes, regulatory T cells, natural killer T 
cells play an important role in maintaining the 
balance of the body’s internal environment and 
regulating immune response during sepsis. 
Therefore, understanding the biological charac-
teristics and pathophysiological functions of 
different cells may be helpful to understand the 
immunomodulatory mechanism of sepsis [10, 
11].  

Current evidence has indicated that the detec-
tion of peripheral blood lymphocyte subsets in 
patients with sepsis is closely related to the 
prognosis, and to a certain extent, it can signifi-
cantly reflect the current immune status and 
prognosis of patients with sepsis [3, 4]. The 
function of lymphatic B cells and the associat-
ed antibodies play a protective key role in the 
process of inflammation. Immunoglobulin M 
(IgM) is also the earliest antibody in the first 
humoral immune response, and is the “pioneer 
team” of anti-infection. Detection of IgM in 
serum indicates a recent infection, which can 
be used for early diagnosis of infection. Recent 
studies have indicated that the apoptosis of 
spleen immunoreactive cells is associated with 
a decrease in the survival rate of septic pa- 
tients. Of note is the observation that current 
evidences on circulating B cells and plasma 
IgM levels on sepsis prognosis are in debate 
[12, 13]. Thereby, the purpose of this system-
atic review and meta-analysis is to comprehen-
sively study the relationship between circulat-
ing B cells and plasma IgM levels and sepsis 
survival rate on the basis of available evi- 
dence. 

Methods

The methods of literature search, inclusion and 
exclusion criteria, outcome measures, and 
methods of statistical analysis were following 
the Cochrane Handbook for Systematic Re- 
views of Interventions, and defined in a proto-
col according to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses 
(PRISMA) Statement [14, 15]. Patient consent 

and ethical approval and were not mandatory, 
as all data available were based on previously 
published studies.

Data sources and searches

The primary data sources of Pubmed, Embase, 
Web of science, EBSCO, and the Cochrane 
library were searched until September 2018. 
Only those with English abstracts were consid-
ered in order to confirm the quality of included 
studies. We combined the database-specific 
search terms of circulating B cells/plasma IgM 
and septic shock/sepsis respectively as well as 
truncated search terms utilizing the wildcard 
(“*”) character for prospective and retrospec-
tive observational studies on the prognosis of 
severe sepsis or septic shock patients. Addi- 
tionally, the “related articles” function was also 
used to broaden the search, and the reference 
lists of retrieved studies and relevant reviews, 
primary studies, and abstracts from meetings 
were also hand-searched until no further article 
was identified (the process was performed 
repeatedly). All enrolled studies were imported 
into the bibliographic citation management 
software of EndNote (Version X6, Thomson 
Corporation, Toronto, Canada). Authors of rele-
vant abstracts were contacted to obtain any 
unpublished data (if available). When the re- 
sults of a single study were reported in more 
than one publication, only the most recent and 
complete data were included.

Study selection

Prospective and retrospective observational 
studies on the predictive prognostic value of 
circulating B cells/plasma IgM on the sepsis or 
septic shock patients were selected. Studies 
with unclear comparator groups were excluded. 
All of the studies included in the meta-analysis 
met the following criteria:

(1) Patients have to be more than 18-year-old, 
have suspected or confirmed infection, as indi-
cated by the blood culture. At least two of the 
systemic inflammation response syndrome cri-
teria were met (heart rate > 90 beats/min, 
respiratory rate > 20 breaths/min, temperature 
> 38 or < 36°C, white blood count > 12,000 or 
< 4000 cells/mm3). (2) Patients have a pulmo-
nary artery wedge pressure/central venous 
pressure > 12 mmHg, should be maintained 
with norepinephrine. Mean arterial pressure 
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greater than 65 mmHg, heart rate greater than 
95/min after 6 h early goal-directed therapy. (3) 
Patients without acute left heart failure or acu- 
te myocardial infarction, cardiac function clas-
sification New York Heart Association (NYHA) 
grade III and above; without long-term use of 
beta-blockers, severe asthma, chronic obstruc-
tive pulmonary disease, grade II and above 
atrioventricular block, not pregnant women. (4) 
The number of circulating B cells and/or the 
level of plasma IgM were evaluated.

Methodology quality assessment and outcome 
measures  

Newcastle-Ottawa Scale (NOS) was used to 
evaluate the methodological quality of cohort 
and case-control studies. The scale consists  
of three parts: population selection, compara-
bility between groups, and results measure-
ment. It has 8 items and a total of 9 points. A 
score of more than 7 points should be classi-
fied as high quality research [16]. Our main  
outcome measures were the number of circu-
lating B cells and the concentration of plasma 
IgM in both survivors and non-survivors of sep-
sis. Also, the number of circulating B cells 
between sepsis patients and non septic 
patients was evaluated. Other secondary out-

Meta-analysis was conducted by Review Ma- 
nager 5.3 software (Cochrane collaboration, 
Copenhagen, Denmark) [17]. Standard Mean 
difference (SMD) was used as a summary sta-
tistics for the pooled outcomes. Heterogeneity 
among the results was analyzed by Q test, the 
test level was alpha = 0.1, and I2 was used to 
measure the heterogeneity. If there were no 
statistical and clinical heterogeneity between 
the results of each study (P > 0.1, I2 < 50%), the 
fixed-effect model was used for meta-analysis; 
if there were moderate or higher statistical het-
erogeneity among the results but no clinical 
heterogeneity (P < 0.1, I2 < 50%), subgroup 
analysis or sensitivity analysis could be per-
formed, if there were no obvious heterogeneity 
sources. A random effect model was used for 
Meta analysis [18]. Sensitivity analysis was 
performed by eliminating the impact of individ-
ual studies on the overall analysis results. 

Results

Literature retrievals

Figure 1, a total of 655 papers were found, 597 
were excluded from duplicate and unrelated 
papers, 58 were preliminarily screened, 47 
were excluded from retrospective case analysis 

Figure 1. Flow chart of pub-
lication search and selec-
tion.

comes included changes in 
hemodynamic variables, the 
level of proinflammatory fac-
tors in the serum, myocardial 
injury markers, organ function 
variables, duration in the ICU 
and in hospital, as well as 
adverse events caused by 
drug treatment up to 28 days 
after enrolment. 

Data extraction and synthesis 

The literature was indepen-
dently screened and cross-
checked by two researchers. 
In case of disagreement,  
the literature was discussed 
and resolved and submitted 
to a third researcher for deci-
sion if necessary. Data were 
extracted and entered by  
one researcher and checked 
by another according to a  
pre-designed data extraction 
table.
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Table 1. Characteristics of the included studies
Authors Study purposes Study design/Enrolled patients Interventions Main Outcomes
Wang et al19/China (2017) The predicting value 

of peripheral blood 
CD20+CD24hiCD38hi  
Bregs on the prognosis  
of elderly patients  
with sepsis

•Prospective study 
•58 Septic patients aged > 65 years 
old, compliance with diagnostic 
criteria for Sepsis-3, admitted to 
emergency and emergency ICU 

•According to 28-day outcome, 
patients were divided into death 
group and survival group. 
•Clinic data and Bregs were 
compared, Bregs level and other 
indicators was analyzed. 

•Bregs was significantly 
decreased at 1, 3 and 7 days 
in death group. 
•Peripheral blood Bregs could 
predict the clinical outcome of 
elderly patients with sepsis.

Suzuki et al20/Japan (2016) Changes in humoral  
immunity caused by  
defective B cell  
function during  
severe sepsis

•Prospective study 
•33 severe sepsis patients and 44 
healthy subjects

•Participants were divided into 
two age groups: adults (18-64 
years) and elderly (65 years). 
•B-cell subtypes, serum IgM, and 
CpG-B ODN-induced IgM  
concentration were measured.

•CD21-/low exhausted B cells 
in acute sepsis patients was 
higher than that observed in 
healthy donors.
•CD21-/low exhausted B cells 
may be a critical immunologi-
cal change in sepsis together 
with IgM insufficient.

Bermejo-Martín et al21/Spain (2014) Endogenous IgM  
on the prognosis  
of patients with  
severe sepsis

•Prospective multicentre cohort 
study
•172 adult patients admitted to the 
ICU with severe sepsis/septic shock

•Patients were classified based 
on deciles of IgM concentrations.
•Categorical variables were 
created and tested for their 
association with survival during 
hospitalization in the ICU.

•35 mg/dL for IgM was  
associated with shorter  
survival times.
•Combined presence of low 
levels of the endogenous IgG1, 
IgM and IgA in plasma is  
associated with reduced 
survival in patients with severe 
sepsis/septic shock.

Park et al22/South Korea (2014) Leukocyte subpopulation  
on the discrimination  
of severity and outcome 
prediction in sepsis

•Retrospective study
•181 samples with sepsis who were 
admitted to the surgical ICU and 60 
normal healthy volunteers

•The enrolled patients were 
classified into three groups: 
uncomplicated sepsis, severe 
sepsis, and septic shock.
•Proportions and absolute 
numbers of each cell type in the 
four groups were obtained using 
the CytoDiff FCM system and 
compared.

•Only B lymphocytes showed 
independent ability to  
discriminate patients with 
complicated sepsis from 
uncomplicated sepsis.
•B lymphocytes possessed a 
significant adverse prognostic 
impact on overall survival.

Giamarellos-Bourboulis et al23/Greece (2013) Kinetics of IgM  
during the different  
stages of sepsis

•Prospective multicentre cohort 
study
•332 critically ill were enrolled

•Sampling on worsen was done 
for 83 patients, stimulation of 
IgM production was performed 
for 55 patients.
•IgM was monitored daily for 30 
patients with septic shock for 7 
days. PBMCs were isolated from 
55 patients and stimulated for 
IgM production.

•Serum IgM was decreased in 
septic shock compared to  
patients with SIRS and  
patients with severe sepsis.
•Specific changes of  
circulating IgM occur when 
sepsis progress into septic 
shock.
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Monserrat et al24/Spain (2013) Abnormal distribution  
and activation of  
circulating B  
lymphocytes in  
patients with septic  
shock

•Prospective study
•52 septic shock patients were 
included. 36 healthy volunteers

•Patients and volunteers were 
matched.
•B-cell phenotypes were  
assessed by quantitative flow 
cytometry upon admission to the 
ICU and 3, 7, 14 and 28 d later.

•Different patterns of 
abnormalities in circulating B 
lymphocytes were presented 
on the survival outcomes.
•A reduction in circulating B 
cells persisted during 28 d of 
ICU follow-up.

Tamayo et al25/Spain (2012) Relationship between 
endogenously produced 
immunoglobulins and 
the clinical outcome in 
septic shock

•Retrospective study
•42 patients with septic shock and 
in 36 patients with SIRS

•Levels of immunoglobulins were 
measured in plasma in patients 
of septic shock and SIRS.
•Association of immunoglobulin 
levels with severity and outcome 
was evaluated.

•Levels of IgM was inversely 
associated to the death at 
28 d.
•Immunoglobulins isotypes 
and subclasses seem to play a 
beneficial role in septic shock.

Venet et al26/France (2010) Alteration develops of 
circulating lymphocyte 
number after diagnosis 
of shock

•Prospective study
•21 septic shock patients with no 
comorbidities

•Serial blood samples were 
obtained from 21 patients at the 
time of diagnosis and every 6 h 
during the first 48 h afterward. 
•FCM phenotyping of  
circulating leukocyte  
subpopulations and qRT-PCR of 
T-bet, GATA-3, FOXP3, and RORγ 
mRNA were performed.

•The numbers of every 
lymphocyte subpopulations 
including B cells were  
diminished.
•Sepsis-induced loss of 
lymphocytes involving every 
lymphocyte subsets, which will 
remain stable during the first 
48 h afterward.

Hawkins et al27/Australia (2006) Long-term consequences 
of sepsis for immune 
function

•Retrospective study
•21 patients with bacteraemia

•21 patients with bacteraemia 
were evaluated. 
•Full blood count and  
lymphocyte subsets were  
measured.

•In a cohort of patients with 
Gram(+) and Gram(-) bacterae-
mia, perisistent B- and T-cell 
lymphopenia were observed.
•A state of longer lasting 
immunodeficiency may be 
induced by sepsis. 

Ditschkowski et al28/Germany (1999) NK cells and HLA-DR 
molecules on B cells in 
the development of  
severe sepsis after injury

•Prospective study
•46 severely injured (Injury Severity 
Score >16) patients

•13 patients of severe sepsis 
was compared with 33 patients 
without sepsis.
•HLA-DR expression on B cells 
and counts of B and NK cells 
measured by FCM.

•HLA-DR expression on  
circulating B cells was  
significantly reduced in severe 
sepsis patients.
•Reduced counts of HLA-DR 
molecules on B lymphocytes 
is associated severe sepsis 
development.

Strutz et al29/Germany (1999) Prognostic value of  
determining  
anti-EndoCab IgG and 
IgM in medical patients 
with sepsis syndrome

•Retrospective study
•29 patients with sepsis syndrome 
without septic shock and 21 ICU 
patients without infections

•29 patients were studied and 
furtherly divided into survivor and 
non-survivor groups.
•Blood samples were obtained 
and sepsis scores were  
determined daily.

•Significantly lower initial  
EndoCab IgM in sepsis  
patients than controls. 
•Septic patients with  
decreased levels of  
anti-EndoCab may have an 
increased mortality risk.

Abbreviations: Breg, regulatory B cell; ICU, intensive care unit; IgM, immunoglobulin M; ODN, oligodeoxynucleotide; PBMC, peripheral blood mononuclear cells; SIRS, systemic inflammatory response syn-
drome; qRT-PCR, quantitative real-time polymerase chain reaction; FCM, flow cytometry; NK, natural killer; HLA-DR, human leukocyte antigen DR; EndoCab, endotoxin core antibodies.
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and non-contrast group after reading the title 
and abstract, and incomplete data, other inter-
ventions and low quality were excluded after 
reading the full text. Finally, a total of 11 stud-
ies were qualified for inclusion in this system-
atic review and meta-analysis with a total of 
829 patients with sepsis and/or septic shock 
[19-29]. 

Characteristics of the included studies

Table 1 listed the baseline clinicopathological 
characteristics of the included studies of circu-
lating B cells and plasma IgM level in sepsis 
and septic shock. The 11 studies were pub-
lished between 1999 and 2017, and sample 
sizes ranged from 21 to 181. Authors, country, 
the year of publication, study purposes and 
designs, enrolled patients and healthy controls, 
interventions of research measures and main 
outcomes were extracted. The numbers of 
peripheral circulating B cells were investigated 
in 7 studies [19, 20, 22, 24, 26-28]. Whereas 
plasma IgM level was measured in 4 studies 
[21, 23, 25, 29]. Meantime, 7 were prospective 
cohort studies [19-21, 23, 24, 26, 28] while the 
other rest [22, 25, 27, 29] were retrospective 
researches. Prospective multicentre cohort 
studies were performed by Bermejo-Martín et 
al [21] from Spain and Giamarellos-Bourboulis 
et al [23] from Greece. The NOS scale was 
employed to assess the quality of the included 
studies, and all the 11 studies were moderate 
to high quality.

Specifically, Wang et al investigated peripheral 
blood CD20+CD24hiCD38hi regulatory B cells in 
elderly patients > 65 years old [19]. Changes of 
CD21-/low exhausted B cells in acute sepsis 
patients were observed in Suzuki et al’s study 
[20]. Endogenous IgG1, IgM and IgA in plasma 
on the prognosis of patients with severe sepsis 
was studied by Bermejo-Martín et al [21]. 
Giamarellos-Bourboulis et al highlighted the 
kinetics of IgM during the different stages of 
sepsis [23]. HLA-DR molecule expression on B 
cells and the initial endotoxin core antibodies 
of IgM were analyzed respectively [28, 29]. 

Pooled outcomes

Figure 2A, the number of circulating B cells was 
similar between septic patients and controls 
(SMD = -1.81, 95% CI: -4.15, 0.54; P = 0.13, I2 
= 99%), while it was significantly reduced in 

sepsis survivors versus sepsis non-survivors 
(SMD = -0.60, 95% CI: -0.87, -0.32; P < 0.0001, 
I2 = 0%) (Figure 2B). 

Figure 2C, similarly, concentration of plasma 
IgM level was significantly decreased in septic 
patients (SMD = -2.35, 95% CI: -2.94, -1.76; P < 
0.00001, I2 = 0%) as compared with healthy 
controls. Also, the plasma IgM level was signifi-
cantly lower in sepsis survivors versus sepsis 
non-survivors (SMD = -0.31, 95% CI: -0.53, 
-0.09; P = 0.005, I2 = 50%), Figure 2D.

Discussions

Sepsis is a systemic inflammatory reaction and 
host autoimmune injury caused by various 
microorganisms and immune substances. It is 
a common complication after severe tra- 
uma, injury and major surgery, and is the main 
cause of death in critically ill patients. The ma- 
in pathophysiological mechanism of sepsis is 
the loss of the host’s ability to destroy in- 
vasive pathogens due to impaired immune 
function, which increases the susceptibility to 
secondary infections. Basic and clinical studies 
over the past decade have shown that sepsis 
not only causes severe infections, but also 
impairs adaptive immune system disorders and 
the body’s antibacterial capacity. More and 
more studies have shown that immune dys-
function plays a key role in the pathogenesis of 
organ failure caused by sepsis [30-32]. The 
present systematic review and meta-analysis 
implied that the number of circulating B cells in 
non-septic survivors decreased significantly 
within 24 hours prior to sepsis compared with 
septic survivors. Furthermore, based on pub-
lished results on the function of IgM plasma 
levels in the prognosis of sepsis, significant het-
erogeneities were existed. However, in our 
meta-analysis, we found a significant reduction 
in IgM plasma levels in non-septic survivors 
during the first 24 hours. This supports the 
hypothesis that circulating B cells provide 
important protective mediators in the early 
stages of sepsis by producing IgM.

B cells function in the initial stage of sepsis has 
been clearly described in the experimental 
study. However, their clinical relevance has not 
been fully studied. It is well known that B lym-
phocyte activation can be divided into thymus-
dependent antigen activation and thymus-inde-
pendent antigen activation. Thymus-dependent 
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antigens are antigens that require antigen pre-
senting cells (APC) and helper T (Th) cells to 
activate B cells to elicit immune responses, 
including soluble proteins or intact cells, virus-
es, parasites, etc. Thymus independent antigen 
is a class of antigens which can activate B cells 
directly without the action of APC cells and Th 
cells. It mainly includes capsular polysaccha-
rides, lipopolysaccharides and polymeric flagel-
lin (polymer after bacterial flagella lysis). One of 
the iconic functions of B cells is the production 
of antibodies. Usually, specific antibodies are 
produced by B cells in adaptive immune re- 
sponses after clonal amplification, including 
complex interactions between macrophages, 

dendritic cells, T cells and B cells. However, in 
the early stages of sepsis, B cells may be acti-
vated by stimulation of the invading pathogen 
itself, leading to the first immune response of 
innate B cells. In the present review, in sepsis 
survivors, the number of circulating B cells 
increased significantly during the first 24 hours 
of sepsis compared with non-sepsis survivors, 
which may have protective effects on circulat-
ing B cells. Patients with sepsis had fewer circu-
lations of B cells than those in the control group 
24 hours after the onset of sepsis. 

In addition, IgM accounted for 5%-10% of total 
serum immunoglobulin, and the serum concen-

Figure 2. Forest plots depicting the pooled outcomes of (A) Numbers of circulating B cells in septic patients and 
controls, (B) Numbers of circulating B cells in sepsis survivors vs. sepsis non-survivors, (C) Concentration of plasma 
IgM levels in septic patients and controls, and (D) Concentration of plasma IgM levels in sepsis survivors vs. sepsis 
non-survivors
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tration was about 1 mg/ml. The monomeric IgM 
is expressed on the cell surface by membrane-
bound (mIgM), forming B cell antigen receptor 
(BCR). IgM is also the earliest antibody in the 
first humoral immune response, is the body’s 
anti-infection “front line”; serum detection of 
IgM suggests a recent infection, can be used 
for early diagnosis of infection. IgM on mem-
brane surface is the main component of B cell 
antigen receptor. Activation of innate-like B 
cells leads to the production and release of 
natural antibody IgM, which is important for 
controlling gram-negative bacteremia. Thus, 
the concentrations of circulating B cells are 
paralleled to plasma IgM, which is observed in 
the included studies that the reduced B cells 
are accompanied by IgM decrease. 

Sepsis is thought to consist of two stages: the 
proinflammatory stage and the anti-inflamma-
tory phase. Generally, the pro-inflammatory 
phase is predominant, in which the innate im- 
mune system releases cytokines to mobilize 
the host’s ability to resist infection and recruits 
members of the adaptive immune system to 
produce a strong immune response. The anti-
inflammatory stage, called compensatory anti-
inflammatory response syndrome, is often de- 
fined as the body’s inability to respond to cer-
tain antigens or infectious attacks. Although 
these stages are considered to be pathological 
processes at different stages, most experimen-
tal therapies are primarily targeted at the proin-
flammatory stage. These initial treatments are 
based solely on the premise that when stimu-
lated by sepsis or infections, high concentra-
tions of pro-inflammatory agents can cause 
significant organ damage in experiments or in 
clinical settings, leading to critical illness. 
However, treatment focused on the proinflam-
matory phase does not specifically address 
sepsis-induced immunosuppressive effects. 
Currently, in contrast to conventional therapies 
for inflammatory response, the use of cytokines 
and co-inhibitory molecule antagonists to 
improve the immune response of critically ill 
patients has become a new treatment for 
sepsis.

Current studies have confirmed that pathogens 
and trauma can activate systemic inflammatory 
responses leading to metabolic and physiologi-
cal responses to sepsis, but the underlying me- 
chanisms of immunity and inflammation need 
to be further clarified. It is generally accepted 

that systemic inflammatory response syndrome 
can cause extensive activation and dysfunction 
of innate immune system. The innate immune 
system includes humoral and cellular immunity. 
It is generally acknowledged that microorgan-
isms cause innate immune system systemic 
responses, mostly mediated by the release of 
secretory proteins or cytokines. Host innate 
immune activation, however, produces internal 
risk signals not only after microbial invasion, 
but also during cell damage, tissue ischemia, 
hypoxia and necrosis. Inherent immunity is fully 
stimulated, and host reaction can lead to 
inflammatory response syndrome, shock and 
even multiple organ failure. Generally speaking, 
in the early stage of sepsis, the body releases a 
large number of pro-inflammatory factors, 
including TNF-alpha, TNF-gamma, IL-33 and 
IL-2. However, as the course of the disease pro-
longs, immunosuppressive reactions occur, 
including macrophage inactivation, decreased 
antigen presentation, and inhibition of lympho-
cyte proliferation, resulting in the release of a 
large number of anti-inflammatory cytokines, 
such as IL-10, IL-13 and IL-27. The present sys-
tematic review indicated that both B cells and 
its associated antibody production of IgM are 
important predictive prognostic factors in 
sepsis. 

It is important to note that heterogeneity in the 
literature may cause some unavoidable bias. 
The problems affecting the stability of data 
include insufficient data, selection bias and 
confounding factors. Other constraints may be 
due to loss of information about the extent of 
fluid resuscitation at the time point of blood 
sampling. It is also important to note that sep-
sis may occur in different immunological pat-
terns, such as significant changes in circulating 
B cells or IgM plasma levels, depending on the 
underlying lesion. However, due to the lack of 
data, we could not solve this hypothesis in sub-
group analysis.

In conclusion, the results of this systematic 
review suggested that the reduction of circulat-
ing B cells and IgM plasma levels is negatively 
correlated with sepsis survival. However, fur-
ther experimental and clinical studies are need-
ed to further clarify on the biological mecha-
nisms of both B cells and its associated IgM 
involved in sepsis initiation. Large future stud-
ies are still needed to further validate the reli-
ability of circulating B cell and IgM plasma lev-
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els as prognostic factors during the course of 
sepsis.
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