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Abstract

Background Sepsis is an overwhelming reaction to infection that comes with high morbidity and mortality. It
requires urgent interventions in order to improve outcomes. Intravenous immunoglobulins (IVIG) are considered

as potential therapy in sepsis patients. Results of trials on IVIG as adjunctive therapy for sepsis have been conflicting
due to the variability in population characteristics, country geography and drug dosage form in different studies.

Methods A systematic article search was performed for eligible studies published up to January, 31, 2023,

through the PubMed, Embase, Cochrane Library and Chinese National Knowledge Infrastructure database. The
included articles were screened by using rigorous inclusion and exclusion criteria. Subgroup analyses were conducted
according to different IVIG types, ages and economic regions. All analyses were conducted using Review Manager 5.4.
Quality of studies and risk of bias were evaluated.

Results In total, 31 randomized controlled trials were included with a sample size of 6,276 participants. IVIG

could reduce the mortality (RR 0.86, 95% Cl: 0.77-0.95, p=0.005), the hospital stay (MD —4.46, 95% Cl:—6.35
to—2.57,p=0.00001), and the APACHE Il scores (MD —1.65, 95% Cl:—2.89 to—0.63, p=0.001). Additionally, the results
showed that IgM-enriched IVIG was effective in treating sepsis (RR 0.55, 95% Cl: 0.40 — 0.76; p=0.0003), while standard
IVIG failed to be effective (RR 0.91, 95% Cl: 0.81-1.02, p=0.10). And the effect of IVIG in reducing neonatal mortality
was inconclusive (RR 0.93,95% Cl: 0.81-1.05, p=0.24), but it played a large role in reducing sepsis mortality in adults
(RR0.70, 95% Cl: 0.57-0.86, p=0.0006). Besides, from the subgroup of different economic regions, it indicated that IVIG
was effective for sepsis in high-income (RR 0.89, 95% Cl: 0.79-0.99, p=0.03) and middle-income countries (RR 0.49,
95% Cl: 0.28-0.84, p=0.01), while no benefit was demonstrated in low-income countries (RR 0.56, 95% Cl: 0.27-1.14,
p=0.11).

Conclusions There is sufficient evidence to support that IVIG reduces sepsis mortality. IgM-enriched IVIG is effec-
tive in both adult and neonatal sepsis, while standard IVIG is only effective in adult sepsis. IVIG for sepsis has shown
efficacy in high- and middle-income countries, but is still debatable in low-income countries. More RCTs are needed
in the future to confirm the true clinical potential of IVIG for sepsis in low-income countries.
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Introduction

Sepsis is a syndrome of life-threatening organ dysfunc-
tion caused by a dysregulated host response to infection
[1]. It affects more than 31.5 million people worldwide
each year, with potentially 5.3 million deaths annually
[2]. When sepsis is combined with severe circulatory
dysfunction, cellular and metabolic disturbances, it can
develop into severe sepsis and septic shock [3, 4]. Despite
the development of new and effective antibiotics, the
in-hospital mortality from sepsis remains high [5, 6]. It
showed no significant effect of antibiotic timing or early
antibiotic use on mortality benefit from sepsis [7]. In
addition, drugs targeting TNF-a, IL-1B, or toll-like recep-
tors have not achieved satisfactory clinical efficacy in
improving the survival rate of patients with sepsis [8]. No
effective specific anti-sepsis treatments exist [9], there-
fore further studies on interventions for sepsis is urgent.

Intravenous immunoglobulin (IVIG), containing the
full range of antibody spectrum, is derived from the
plasma of thousands of healthy donors [10]. It contains
antibodies against pathogenic microorganisms to which
the body is susceptible [10]. And it is used in clinical
practice to treat inflammatory diseases such as severe
infections and neonatal sepsis. Lipid A in bacterial endo-
toxins is considered to be the main toxic component in
the systemic inflammatory response to sepsis [11]. The
use of antibodies against different components of endo-
toxins as adjunctive therapy for sepsis has been the target
[12, 13]. IVIG has been reported to treat sepsis, but its
clinical efficacy remains controversial [12]. It was indi-
cated that treatment with IVIG may be associated with
lower sepsis mortality but the evidence base shows a large
degree of heterogeneity between individual studies [14].
The large degree of heterogeneity in treatment effects
between studies could be explained by a measure of study
quality and IVIG dosing regimen [15]. Similarly, in 2016
surviving sepsis campaign suggested against IVIG use in
sepsis due to the low certainty of evidence and the signifi-
cant heterogeneity [16]. Nevertheless, it still encouraged
conduct of large multicenter studies to further evalu-
ate the effectiveness of other IVIG in patients with sep-
sis. Thus updating the included literature and exploring
sources of heterogeneity to provide the latest evidence
on the efficacy of IVIG for sepsis is warranted. Just as the
revised pyramid of evidence considers systematic reviews
as lenses for viewing (applying) evidence [17], the real-
time and high-quality systematic reviews of RCTs can
provide complementary and information for the subse-
quent development of guidelines on sepsis.

To date, the factors that influence the efficacy of IVIG
for sepsis have not been thoroughly explored. It was
reported that different types of IVIG are key to the effi-
cacy of sepsis. The pentameric structure of IgM improves
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the activation of the complement system compared to
IgG in standard IVIG [18]. Thus, IgM-enriched IVIG has
higher antimicrobial activity and opsonisation. Besides,
age is another important factor in the efficacy of treating
sepsis. Neonatal sepsis presents with nonspecific signs
and symptoms compared to adults [19]. And current
diagnostic methods rely on conventional culture meth-
ods for neonatal sepsis, which is time-consuming, and
may delay critical therapeutic decisions. Of importance,
precise estimates of sepsis burden varied by setting. Dif-
fering estimates of disease burden have been reported
from high-income countries compared with reports from
low-income and middle-income countries [20]. In recent
years, clinical trials have provided new evidence on the
efficacy of IVIG for sepsis. Therefore, it is important
to emphasise that differences in mortality from sepsis
involve the variability in different IVIG types, ages and
economic regions in different studies [15]. Given that dif-
ference in the efficacy of IVIG for sepsis remains incom-
pletely clear in relation to these factors, exploring the
underlying connections is warranted.

This study conducted a meta-analysis of the efficacy of
IVIG in the treatment of sepsis based on patients ages,
IVIG types and economic regions, providing a basis for
the application of IVIG in clinical treatment.

Methods

This study was designed and conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) reporting guideline [21]. The
present protocol has been registered within the PROS-
PERO database (registration number CRD42023395749).

Design and search strategy

The search included articles in English language pub-
lished in the PubMed, Embase, Cochrane library, Chinese
National Knowledge Infrastructure database through
January, 31, 2023. The search was conducted using the
following keywords: Intravenous Immunoglobulin or
IVIG or Intravenous Antibodies and Sepsis or Septicemia
or Pyemia or Septic Shock and randomized controlled
trial or controlled clinical trial or placebo or groups. The
detailed retrieval strategy can be found in the Additional
file 1.

Criteria for inclusion and exclusion

Inclusion criteria for the systematic review were (1) ran-
domized controlled study of sepsis; (2) all subjects were
diagnosed with sepsis; (3) experimental group was not
given intervention other than IVIG administration
under the guarantee of basic medical care. Studies were
excluded if (1) study design was not an RCT; (2) study
reported insufficient details to derive the study outcomes;
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(3) study had other interventions; (4) the full text of the
study was not available in the databases; (5) study was on
an animal model.

Study outcomes

We assessed the primary outcomes of this study is an
efficacy measure, all-cause mortality at the end of the
follow-up period. The secondary outcomes including the
length of hospital stay among survivors and APACHE II,
were assessed for efficacy.

Data extraction

Two investigator (PB, LFZ) performed the literature
search and screening, and 2 investigators (SP, RJP) inde-
pendently performed data extraction. Discrepancies
were resolved through discussion between investigators.
The extracted data items include (1) study design, coun-
try, year of publication; (2) participant characteristics,
including age, size, source, income level; (3) details of
the intervention, treatment duration. An additional file
shows this in more detail (Additional file 2). The location
of authors institute affiliations for all papers was classi-
fied into high-, middle-, or low-income countries based
on the World Bank Classification system [22].

Risk of bias

We scored the studies that met inclusion criteria accord-
ing to the Cochrane risk of bias tool [15], which evaluated
the random sequence generation, allocation conceal-
ment, blinding of participants, personal and outcome
assessment, incomplete outcome data, selective outcome
reporting, and other biases (Fig. 1). The included RCTs
were classified as low risk (L), high risk (H) or unclear
risk (U) in the above items.

Results
A total of 1004 references were identified from the data-
bases (Fig. 2). After excluding duplications and screen-
ing of titles and abstracts, the full papers of 59 studies
were obtained and assessed for eligibility. According to
the inclusion criteria, 31 studies [18, 23-52] were finally
included. Of the 31 RCTs, 19 were standard IVIG and 12
were IgM-enriched IVIG. The types of IVIG products
were further subdivided, including 10 standard IVIG
for adults, 7 IgM-enriched IVIG for adults, 9 IVIG for
newborns, and 5 IgM-enriched IVIG for newborns. Out
of the trials, mortality was assessed in all 31 RCTs after
randomization. Length of hospital stay was available in 7
RCTs. And 5 RCTs assessed APACHE II scores.
All-cause mortality in sepsis is an important indicator
for the analysis of sepsis by drug therapy, so this study
also focuses on all-cause mortality after IVIG treatment
for sepsis. Evidence from 31 RCTs (n=6276) of sepsis
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Fig. 1 Assessment for risk of bias in included studies

patients showed IVIG did play a great role in reducing
the mortality (Fig. 3a): RR 0.86, 95% CI: 0.77-0.95; het-
erogeneity x>=46.32, df=29, p=0.02, ’=37%. Besides,
the results showed that IgM-rich IVIG was effective
in treating sepsis (Fig. 4): RR 0.55, 95% CI: 0.40-0.76;
heterogeneity x*=10.75, df=11, p=046, F=0%,
while standard IVIG failed to be effective (Fig. 4):
RR 0.91, 95% CI: 0.81-1.02; heterogeneity x*=28.48,
df=17, p=0.04, ’=40%. Therefore, to assess the effect
of IVIG treatment for sepsis in age-differentiated groups
of all-cause mortality, we performed subgroup analyses
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Potentially relevant studies
(n=1004)
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Citations reviewed
(n=747)
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abstract(n=688)
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(1)Standard IVIG(n=19)
+  adults(n=10)

+ neonates(n=9)
(2)IgM-enriched(n=12)
+ adults(n=7)

+ neonates(n=3)

Fig.2 Study flow diagram

of participants by 2 different ages. It showed that the
effect of IVIG in reducing neonatal mortality was incon-
clusive (Fig. 5): RR 0.93, 95% CI: 0.81-1.05; heterogene-
ity x>=19.37, df=12, p=0.08, ’=38%, but it played a
large role in reducing sepsis mortality in adults (Fig. 5):
RR 0.70, 95% CI: 0.57-0.86; heterogeneity x*>=21.77,
df=16, p=0.15, P=27%. To further analyse whether dif-
ferent IVIG types have a positive effect on the treatment
of neonatal sepsis, we grouped 14 RCTs on neonates, 9
of which were standard IVIG and 5 were IgM-enriched
IVIG. The results showed that there was no correlation
between the standard IVIG group and the treatment
effect of neonatal sepsis (Fig. 6): RR 0.96, 95% CI: 0.84—
1.10; heterogeneity x*=8.35, df=7, p=0.30, I*=16%.
However, the IgM-rich IVIG group showed a posi-
tive effect in the treatment of neonatal sepsis (Fig. 6):
RR 045, 95% CI: 0.25-0.80; heterogeneity x*=6.13,
df=4, p=0.19, P=35%.

7 RCTs with 293 patients were available for length of
hospital stay in this meta-analysis. Compared with the

28 full textexcluded:
(1)Studies were not RCTs(n=5)
(2)Ineligible interveentions and outcomes(n=8)
(3)Participants not relevant(n=9)
(4)Intervention not relevant(n=3)
(5)Study was on an animal model(n=1)

control group, the IVIG treatment group significantly
reduced the length of hospital stay in patients with sep-
sis (Fig. 3b): MD —4.46, 95% CI: —6.35 to — 2.57; hetero-
geneity x> = 9.41, df =6, p=0.15, I’ = 36%.

5 RCTs assessed APACHE II scores, an indicator
of prognosis in sepsis survivors. The results showed
that the IVIG treatment group significantly reduced
the APACHE II score in patients with sepsis (Fig. 3c):
MD —1.65, 95% CI: —2.89 to — 0.63; heterogeneity x> =
1.43, df=4, p=0.85, > = 0%.

Of the 31 RCTs included, 22 were conducted in high-
income countries, 6 in middle-income countries and
3 in low-income countries (Figs. 7, 8).The result indi-
cated that IVIG was effective for sepsis in high-income
(RR 0.89, 95% CI: 0.79 to 0.99; heterogeneity x> =31.81,
df=20, p=0.05, ’=37%)and middle-income countries
(RR 0.49, 95% CI: 0.28—0.84; heterogeneity x*=7.82,
df=5, p=0.17, I’=36%), while no benefit was demon-
strated in low-income countries (RR 0.56, 95% CI: 0.27—
1.14; heterogeneity x*>=1.67, df=2, p=0.43, I=0%).
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Fig. 3 a Forest plots of all-cause mortality (31 RCTs, n=6276). b Forest plots of the length of hospital stay (7 comparisons, n=293). ¢ Forest plots
of APACHE Il scores (5 RCTs, n=775)
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Fig. 4 Forest plots of all-cause mortality in different IVIG types (31 RCTs, n=6276)

Discussion

This is a high-quality comprehensive meta-analysis to
evaluate the efficacy of IVIG therapy for sepsis. In order
to ensure the credibility of the meta-analysis, all nonran-
domized controlled trials such as cohort studies were
excluded. Similarly, preprints that have not been peer-
reviewed were not included.

In this meta-analysis, IVIG treatment significantly
reduced all-cause mortality in patients with sepsis com-
pared with placebo plus standard treatment or stand-
ard treatment alone. However, in 2016 surviving sepsis

campaign suggested against immunoglobulin use in sep-
sis [16]. The international guidelines followed the prin-
ciples of the Grading of Recommendations Assessment,
Development, and Evaluation system to assess the qual-
ity of evidence from high to very low. And the efficacy of
IVIG for sepsis showed low quality of evidence because
of the significant heterogeneity and inconsistent results.
Therefore, large multicentre studies were conducted to
further evaluate the efficacy of IVIG in patients with sep-
sis is essential. The present study was updated to include
the latest RCTs and to explore the heterogeneity in terms
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Daminioni 1991 11 29 22 33 1.8% 0.311[0.11,0.87]

Grundmann 1988 15 24 19 22 1.1% 0.26 [0.06,1.15] B

Hentrich 2006 27 103 29 103 3.0% 0.91[0.49, 1.68] T

Just 1986 3] 13 ] 16 0.6% 0.67[0.15, 2.90] —

Karatzas 2002 a8 34 14 34 1.5% 0.44[0.15,1.29] B

Lindguist 1981 1 Kl a 28 01% 2.80[0.11,71.66]

Masaoka 2000 32 230 46 202 6.0% 0.55[0.33, 0.90] -

Rodriguez 2005 a8 29 13 27 1.4% 0.411[0.14,1.29] B

Toth 2013 4 16 ] 17 0.5% 0.80[0.17, 3.73] —

Tugrul 2002 5 21 7 21 0.8% 063[0.16,2.42] —

VWerdan 2007 126 321 113 303 10.0% 1.09[0.79, 1.50] -

Wesoly 1990 8 18 13 17 1.1% 0.25[0.06, 1.06]

Yakut 1998 3 21 ] 19 1.1% 0.19[0.04, 0.85]

Subtotal (95% CI) 967 900 31.5%  0.70[0.57, 0.86]

Total events 275 325

Heterogeneity: Chi*= 21.77, df=16 (P=0.158), F= 27%

Test for overall effect: Z= 3.42 (P = 0.0008)

4.1.2 neonates

Ahmed 2006 4 30 10 30 1.2% 0.311[0.08,1.13] B

Akdag 2014 4 51 2 a1 0.3% 2.08[0.36,11.93] —

Bancalari 2020 1 20 ] 20 0.7% 0.16[0.02,1.50]

Brocklehurst 2011 686 1759 BY7 1734 5B89% 1.00[0.87,1.14] |

Chen 1996 2 28 1 28 01% 2.08[0.18, 24.31]

Christensen 1981 I 1 0 1 Mot estimable

Erdern 1993 B 20 ] 24 0.8% 0.71[0.20, 2.53] —

Hague 1988 1 30 3] 30 0.8% 0.141[0.02,1.23]

Mancilla-Ramirez 1992 2 19 2 18 0.3% 0.94[0.12,7.50]

MNassir 2021 4 136 16 136 2.2% 0.23[0.07,0.70]

Samatha 1997 5 30 8 30 0.9% 0.55[0.16,1.93] —

Shenoi 1999 7 25 7 25 0.7% 1.00[0.29, 3.44] -1

Sidiropoulos 1981 4 41 g 41 1.0% 0.45[0.12,1.62] —

YWeisman 1992 2 14 ] 17 0.5% 0.40[0.06, 2.48]

Subtotal (95% CI) 2214 2195 68.5%  0.93[0.81, 1.05] 4

Total events 728 756

Heterogeneity: Chi®=19.37, df=12 (P =0.08); F= 38%

Test for overall effect Z=1.17 (P=0.24)

Total (95% CI) 3181 3095 100.0%  0.86[0.77, 0.95] L

Total events 1003 1081

Heterageneity: Chi®= 46.32, df= 29 (P = 0.02); F= 37% 5 =02 051 7 1=0 510

Test for overall effect: Z=2.82 (P = 0.005)
Testfar subaroup differences: Chif=511.df=1 {P=002). F=80.4%

Fig. 5 Forest plots of all-cause mortality in 2 different ages (31 RCTs, n=

of different patient ages, IVIG types, and country eco-
nomic levels to provide more comprehensive evidence on
the efficacy of IVIG for sepsis.

When the subjects were subgrouped by 2 different
ages, IVIG therapy was associated with a significantly
decreased all-cause mortality in adults with sepsis,
whereas its efficacy in neonatal sepsis patients was not
applicable. From the perspective of disease incidence,
neonates are a special group, and they are more likely to
develop into sepsis [53]. Studies have demonstrated that
the incidence of severe sepsis in children increased from

6276)

Favours [experimental] Favours [control]

92.8 cases per 100,000 to 158.7 cases per 100,000 over the
past decade [54, 55], whereas the incidence among adults
has remained nearly constant over recent decades [56]. In
addition, the most significant differences between adults
and neonatal sepsis are observed in outcomes [56]. Neo-
natal sepsis progresses rapidly and has a high short-term
mortality rate in terms of mortality, with 40.8% mortal-
ity of hospital admission among very preterm infant
[57]. However, this high short-term mortality rate is not
matched by the fact that the clinical presentation of neo-
natal sepsis is subtle and may be difficult to identify [56].
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
6.1.1 standard IVIG,neonates
Ahmed 2006 4 30 10 0 1.2% 0.311[0.08,1.13] e —
Bancalari 2020 1 20 ] 20 07% 0.16[0.02,1.50]
Brocklehurst 2011 686 1759 BY7 1734 5B8.9% 1.00 [0.87,1.14] |
Chen 1996 2 28 1 28 01% 2.08[018, 24.31)
Christensen 1981 a 11 0 11 Mot estimable
Mancilla-Ramirez 1992 2 19 2 18 0.3% 0.94[0.12, 7.50]
Shenoi 1999 7 25 7 25 0.7% 1.00[0.29, 3.44] [ E—
Sidiropoulos 1981 4 41 g 41 1.0% 0.45[0.12,1.62] R
YWeisman 1992 2 14 5 17 05% 0.40[0.06, 2.48]
Subtotal (95% CI) 1947 1924 63.4%  0.96[0.84, 1.10] 4
Total events 708 715

Heterogeneity: Chi®*=8.35, df=7 {(P=0.30); F=16%
Test for overall effect: Z=0.55 (P = 0.59)

6.1.2 IgM-enriched immunoglobulin,neonates

Akdag 2014 4 51 2 a1 0.3% 2.09[0.36,11.93) ]
Erdemn 1993 3] 20 ] 24 0.8% 0.711[0.20, 2.53] I R
Hague 1988 1 30 B 30 08% 0.141[0.02,1.23]

MNassir 2021 4 136 16 136 2.2% 0.23[0.07,0.70]

Samatha 1997 5 30 g 30 09% 0.551[0.16,1.93] R
Subtotal (95% CI) 267 271 5.0%  0.45[0.25, 0.80] -

Total events 20 41

Heterogeneity: Chi*=6.13, df= 4 {(P=0.19); F=35%
Test for overall effect: Z=2.70 (P = 0.007)

6.1.3 standard IVIG,adults

Burns 1981 4 25 313 05% 063012 3.39) e R
Darenberg 2003 1 10 4 11 05%  0.19[0.02 2.15]

De Simane 1988 7 12 9 12 05%  0.47[0.08, 2.66] I — —
Dominioni 1981 11 29 2233 1.8%  0.31[0.11,0.87] B —
Grundmann 1988 15 24 19 22 11%  0.26[0.06,1.15] S —

Just 1986 & 13 9 16 0B%  067[0.15 2.90] e B
Lindguist 1981 1 3 0 28 01% 2.80[0.11,71.66]

Masaoka 2000 32 230 46 202  B.0%  0.55[0.33,0.90] —_—
Werdan 2007 126 321 113 303 10.0%  1.08[0.79,1.50] -+
Yakut 1898 3 21 9 19  11%  0.19[0.04,0.85] —_—
Subtotal (95% Cl) 716 659 22.1%  0.74[0.58, 0.94] L 2

Tatal events 206 234

Heterogeneity: Chi*=16.84, df=9 (P = 0.05), F=47%
Test for overall effect: Z=2.45(F=0.01)

6.1.4 IgM-enriched immunoglobulin,adults

Behre 1995 ] 30 10 22 11% 0.51[0.16,1.62] -1
Hentrich 2006 27 103 289 103 3.0% 0.91[0.49,1.68] T
Karatzas 2002 a8 34 14 34 15% 0.44[0.15,1.25] I
Rodriguez 2005 a8 29 13 27 1.4% 0.41[0.14,1.25] B

Toth 2013 4 16 5 17 05% 0.80[0.17,3.73] R B
Tugrul 2002 5 21 7 21 0.8% 063[0.16,2.42] -
YWesoly 1990 a8 18 13 17 11% 0.25[0.06, 1.06] S |
Subtotal (95% CI) 251 241 9.4%  0.61[0.41,0.89] <>

Total events 69 91

Heterogeneity: Chi*= 416, df=6 (P = 0.65); F= 0%
Test for overall effect: Z=2.53 (F=0.01)

Total (95% CI) 3181 3095 100.0%  0.86 [0.77, 0.95] ]

Total events 1003 1081

Heterogeneity: Chi®= 46.32, df=29 (P=0.02); F=37%

Test for overall effect: Z= 2.82 (P = 0.005)

Test for subaroun differences: Chi*=12.25. df=3 (P=0.007). F=75.9%
Fig. 6 Forest plots of all-cause mortality in different IVIG types combined with 2 different ages (31 RCTs, n=6276)

0.02 0.4 10 50
Favours [experimental] Favours [control]
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Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% Cl M-H, Fixed, 95% CI
7.1.1 high-income countries
Bancalari 2020 1 20 5 20 0.7% 0.16[0.02,1.50] *
Behre 1995 ] 30 10 22 1.1% 0.51[0.16,1.62] - 1
Erocklehurst 2011 686 1759 BY7 1734 58.9% 1.00[0.87,1.14] L3
Burns 1991 4 25 3 13 0.5% 063[0.12, 3.39]
Christensen 1931 I 11 0 11 Mot estimable
Darenberg 2003 1 10 4 11 0.5% 0.191[0.02,2.15] *
De Simone 1988 7 12 ] 12 0.5% 0.47 [0.08, 2.66]
Daminioni 1991 11 29 22 33 1.8% 0.311[0.11,0.87]
Grundmann 1988 15 24 19 22 1.1% 0.26 [0.06, 1.15]
Hague 1988 1 30 3] 30 0.8% 0.141[0.02,1.23 *
Hentrich 2006 27 103 28 103 3.0% 0.91[0.49,1.68] -1
Just 1986 3] 13 ] 16 0.6% 0.67[0.15, 2.90]
Karatzas 2002 8 34 14 34 1.5% 0.44[0.15,1.29] R —
Lindguist 1981 1 K| 0 28 01% 2.80[0.11,71.66] >
Mancilla-Ramirez 1992 2 19 2 18 0.3% 0.94[0.12, 7.50]
Masaoka 2000 32 230 46 202 6.0% 0.55[0.33, 0.90] e
Rodriguez 2005 8 29 13 27 1.4% 0.411[0.14,1.29] - 1
Sidiropoulos 1981 4 41 8 41 1.0% 0.45[0.12,1.62] R
Toth 2013 4 16 ] 17 0.5% 0.80[017, 3.73]
YWeisman 1992 2 14 5 17 0.5% 0.40[0.06, 2.48]
Werdan 2007 126 321 113 303 10.0% 1.09[0.79, 1.50] N
Wesoly 1990 8 18 13 17 1.1% 0.25[0.06, 1.06]
Subtotal (95% CI) 2819 2731 91.8%  0.89[0.79,0.99] L
Total events 963 1012
Heterogeneity: Chi®= 31.81, df= 20 (P = 0.05);, F= 37%
Test for overall effect Z=212 (F=0.03)
7.1.2 middle- income countries
Akdag 2014 4 51 2 a1 0.3% 2.08[0.36,11.93]
Chen 1996 2 28 1 28 01% 2.08[0.18, 24.31]
Erdemn 1993 3] 20 ] 24 0.8% 0.711[0.20, 2.53] R
MNassir 2021 4 136 16 136 2.2% 0.23[0.07,0.70] I
Tugrul 2002 5 21 7 21 0.8% 063[0.16,2.42]
Yakut 1998 3 21 9 19 1.1% 0.19[0.04, 0.85]
Subtotal (95% CI) 277 279 5.3%  0.49[0.28, 0.84] -~
Total events 24 44
Heterogeneity: Chi*=7.82, df=5(FP=017), F= 36%
Test for overall effect: Z= 2,587 (P =0.01)
7.1.3 low- income countries
Ahmed 2006 4 30 10 30 1.2% 0.31[0.08,1.13] - T
Samatha 19597 5 30 g 30 0.9% 0.551[0.16,1.93] - 1
Shenoi 1999 7 25 7 25 0.7% 1.001[0.29, 3.44] ]
Subtotal (95% CI) 85 85 2.9%  0.56[0.27, 1.14] ~li-"
Total events 16 25
Heterogeneity: Chi®=1.67, df=2 (P=043), F=0%
Test for overall effect Z=1.60{F=0.11)
Total (95% CI) 3181 3095 100.0%  0.86 [0.77,0.95] L ]
Total events 1003 1081
Heterageneity: Chi*= 46.32, df= 29 (P = 0.02); F= 37% 5 55 U=2 1 5 2*0

Test for overall effect: 2= 2.82 (P = 0.005)
Test for subaroun differences: Chi®=8.78. df= 2 (P = 0.06). F=65.4%
Fig. 7 Forest plots of all-cause mortality in 3 different income countries

Neonates with sepsis could miss the optimal treatment
period, so that IVIG is shown to be insufficient in the
treatment of sepsis. Furthermore, it is worth noting that
compared with adults sepsis, neonatal sepsis is particu-
larly special in the application of plasma derivative due
to different primary diseases, pathogenic bacteria and

Favours [experimental] Favours [control]

(31 RCTs, n=6276)

patient condition, in addition to differences in pathogen-
esis characteristics and clinical manifestations. Providing
passive immunity to sick neonates underlies the applica-
tion of IVIG as a treatment modality for culture-proven
or suspected neonatal sepsis in addition to enhancing
opsonization, phagocytosis, and complement, promoting
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Fig. 8 Global RCTs on IVIG for sepsis according to different income levels

antibody-dependent cytotoxicity, modulating T cell and
macrophage activity via cytokines, stimulating B cell
effector functions, and improving neutrophil-mediated
killing [58]. These slow immunomodulatory processes
of IVIG may not be applicable in neonatal sepsis with
an insidious onset and a very high short-term mortality.
Taken together, this may explain the failure of IVIG ther-
apy to reduce all-cause mortality in neonatal sepsis.
When neonatal group was subgrouped by different
types of IVIG administration, it was found that stand-
ard IVIG did not reduce all-cause mortality in neonatal
sepsis in the present study. It was consistent with the
results of the meta-analysis by Alejandria [12]. How-
ever, for IgM-enriched IVIG, Alejandria concluded that
the evidence was still insufficient to support a robust
conclusion of benefit. Given that the study by Alejan-
dria included only 3 references on IgM-enriched IVIG
for neonatal sepsis, it is necessary to draw reliable con-
clusions with caution. In the present study, the included
references were updated to 5 to show that IgM-enriched
IVIG significantly reduced all-cause mortality in neona-
tal sepsis. Boonsopa [59] concluded that the use of IgM-
enriched IVIG reduced the incidence and improved the
clinical indicators of sepsis and hypertension in neonates.
IgM-enriched IVIG has higher antimicrobial activity and
opsonization because of the pentameric structure of IgM
to improve activation of the neonatal complement system
[18]. These properties confirm the superiority of IgM-
enriched IVIG over standard IVIG as a therapy in sepsis.

Page 10 of 13

Chiaa{l1
~reocatssia-1)
standand IVKG (1)

meoastes{a=1]
suadand IVIG {omD

Notably, accurate estimates of neonatal sepsis burden
vary by countries, with different estimates of disease
burden reported in high-income countries compared to
those reported in low- and middle-income countries [20].
It was found that IVIG was effective for sepsis in high-
income and middle-income countries, while no ben-
efit was demonstrated in low-income countries. Rudd
[60] observed that morbidity and mortality from sepsis
varied considerably across income countries, with the
incidence of neonatal sepsis 40 times higher and mor-
tality two times higher in low-income countries than
in high-income countries. The disease burden of sepsis
may reflect differences in resources and health care set-
tings, other co-infection prevalences, and the spectrum
and frequency of comorbidities, which vary from income
settings. Although the largest population-based epide-
miological data on neonatal sepsis is currently available
from a meta-analysis, its estimates of the global bur-
den are considered exploratory due to insufficient data
from all low-income countries and most middle-income
countries. Therefore, subsequent evaluations of the
IVIG efficacy for sepsis need to focus on the impact of
the countries income level differences, emphasizing the
urgent requirement to obtain data from populations in
low- and middle-income countries.

Several limitations may affect the results of our meta-
analysis. The collected data were limited because this
meta-analysis only included randomised controlled tri-
als with high-quality evidence. Since studies in different
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subgroups concentrated either in high-income countries
or in low- and middle-income countries, the included
neonatal RCTs lacked regional representation after sub-
group analysis. So the data were only marginally rep-
resentative. Moreover, we can not exclude the effect
of publication bias and the potential effect of some
confounders.

Conclusion

In summary, there is sufficient evidence to support that
IVIG reduces sepsis mortality. IgM-enriched IVIG is
effective in both adult and neonatal sepsis, while stand-
ard IVIG is only effective in adult sepsis. IVIG for sepsis
has shown efficacy in high- and middle-income coun-
tries, but is still debatable in low-income countries. More
RCTs are needed in the future to confirm the true clinical
potential of IVIG for sepsis in low-income countries.

Abbreviations

VIG  Intravenous immunoglobulins
RCT  Randomized controlled trial
RR Relative risk

cl Confidence interval

MD  Mean difference

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512967-023-04592-8.

Additional file 1. The detailed search strategy.

Additional file 2: Table S1. Characteristics of RCTs included in this sys-
tematic review (adults). Table $2. Characteristics of RCTs included in this
systematic review (neonates).

Acknowledgements
Not applicable.

Author contributions

CH and PB conceived the theme of the study. PB and LF conducted the litera-
ture search and data extraction and evaluated the risk of bias included in the
literature. SP and PR analysed the data. PB wrote the original manuscript. CH
and PB checked and modified the manuscript. All authors read and approved
the final manuscript.

Funding

This study was supported by the Science and Technology Project of Sichuan
(No. 2019YFS0105), the Chinese Blood Transfusion Association Weigao
Research Fund Project (No. CSBT-WG-2021-02), and the CAMS Innovation Fund
for Medical Sciences (No. CIFMS, 2021-12M-1-060).

Availability of data and materials
The original data involved in the manuscript can be obtained from references.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Page 11 of 13

Competing interests
The authors declare that they have no competing interests.

Author details
'Institute of Blood Transfusion, Chinese Academy of Medical Sciences
and Peking Union Medical College, Chengdu 610052, China.

Received: 11 September 2023 Accepted: 5 October 2023
Published online: 28 October 2023

References

1. Pévoa P, Coelho L, Dal-Pizzol F, et al. How to use biomarkers of infec-
tion or sepsis at the bedside: guide to clinicians. Intensive Care Med.
2023;49(2):142-53. https://doi.org/10.1007/500134-022-06956-y.

2. Fleischmann C, Scherag A, Adhikari NK, et al. Assessment of global
incidence and mortality of hospital-treated sepsis. Current estimates and
limitations. Am J Respir Crit Care Med. 2016;193(3):259-72. https://doi.
org/10.1164/rccm.201504-07810C.

3. Jawad |, Luksi¢ |, Rafnsson SB. Assessing available information on the
burden of sepsis: global estimates of incidence, prevalence and mortality.
J Glob Health. 2012;2(1): 010404. https://doi.org/10.7189/jogh.02.010404.

4. Singer M, Deutschman CS, Seymour CW, et al. The third international
consensus definitions for sepsis and septic shock (sepsis-3). JAMA.
2016;315(8):801-10. https://doi.org/10.1001/jama.2016.0289.

5. Abiramalatha T, Ramaswamy VV, Bandyopadhyay T, et al. Adjuvant
therapy in neonatal sepsis to prevent mortality—a systematic review and
network meta-analysis. ] Neonatal Perinatal Med. 2022;15(4):699-719.
https://doi.org/10.3233/NPM-221025.

6. Korang SK, Safi S, Nava C, et al. Antibiotic regimens for early-onset neona-
tal sepsis. Cochrane Database Syst Rev. 2021;5(5):CD013837. https://doi.
0rg/10.1002/14651858.CD013837.pub2.

7. Sterling SA, Miller WR, Pryor J, et al. The impact of timing of antibiotics
on outcomes in severe sepsis and septic shock: a systematic review and
meta-analysis. Crit Care Med. 2015;43(9):1907-15. https://doi.org/10.
1097/CCM.0000000000001142.

8. Liu D, Huang SY, Sun JH, et al. Sepsis-induced immunosuppression:
mechanisms, diagnosis and current treatment options. Mil Med Res.
2022;9(1):56. https://doi.org/10.1186/540779-022-00422-y.

9. Cohen J,Vincent JL, Adhikari NK, et al. Sepsis: a roadmap for future
research. Lancet Infect Dis. 2015;15(5):581-614. https://doi.org/10.1016/
S1473-3099(15)70112-X.

10. Von Gunten S, Schneider C, Imamovic L, et al. Antibody diversity in ivig:
therapeutic opportunities for novel immunotherapeutic drugs. Front
Immunol. 2023;14:1166821. https://doi.org/10.3389/fimmu.2023.11668
21.

11. Brandenburg K, Andra J, Garidel P, et al. Peptide-based treatment of
sepsis. Appl Microbiol Biotechnol. 2011;90(3):799-808. https://doi.org/10.
1007/500253-011-3185-7.

12. Alejandria MM, Lansang MD, Dans LF, et al. Intravenous immunoglobulin
for treating sepsis, severe sepsis and septic shock. Cochrane Database
Syst Rev. 2013. https://doi.org/10.1002/14651858.CD001090.pub2.

13. Fink MP. Adoptive immunotherapy of gram-negative sepsis: use of
monoclonal antibodies to lipopolysaccharide. Crit Care Med. 1993;21(2
Suppl):532-39. https://doi.org/10.1097/00003246-199302001-00007.

14. Soares MO, Welton NJ, Harrison DA, et al. Intravenous immunoglobulin
for severe sepsis and septic shock: clinical effectiveness, cost-effec-
tiveness and value of a further randomised controlled trial. Crit Care.
2014;18(6):649. https://doi.org/10.1186/513054-014-0649-z.

15. Soares MO, Welton NJ, Harrison DA, et al. An evaluation of the feasibility,
cost and value of information of a multicentre randomised controlled
trial of intravenous immunoglobulin for sepsis (severe sepsis and septic
shock): incorporating a systematic review, meta-analysis and value of
information analysis. Health Technol Assess. 2012;16(7):1-186. https://doi.
0rg/10.3310/hta16070.

16. Rhodes A, Evans LE, Alhazzani W, et al. Surviving sepsis campaign:
international guidelines for management of sepsis and septic shock:
2016. Intensive Care Med. 2017;43(3):304-77. https://doi.org/10.1007/
500134-017-4683-6.


https://doi.org/10.1186/s12967-023-04592-8
https://doi.org/10.1186/s12967-023-04592-8
https://doi.org/10.1007/s00134-022-06956-y
https://doi.org/10.1164/rccm.201504-0781OC
https://doi.org/10.1164/rccm.201504-0781OC
https://doi.org/10.7189/jogh.02.010404
https://doi.org/10.1001/jama.2016.0289
https://doi.org/10.3233/NPM-221025
https://doi.org/10.1002/14651858.CD013837.pub2
https://doi.org/10.1002/14651858.CD013837.pub2
https://doi.org/10.1097/CCM.0000000000001142
https://doi.org/10.1097/CCM.0000000000001142
https://doi.org/10.1186/s40779-022-00422-y
https://doi.org/10.1016/S1473-3099(15)70112-X
https://doi.org/10.1016/S1473-3099(15)70112-X
https://doi.org/10.3389/fimmu.2023.1166821
https://doi.org/10.3389/fimmu.2023.1166821
https://doi.org/10.1007/s00253-011-3185-7
https://doi.org/10.1007/s00253-011-3185-7
https://doi.org/10.1002/14651858.CD001090.pub2
https://doi.org/10.1097/00003246-199302001-00007
https://doi.org/10.1186/s13054-014-0649-z
https://doi.org/10.3310/hta16070
https://doi.org/10.3310/hta16070
https://doi.org/10.1007/s00134-017-4683-6
https://doi.org/10.1007/s00134-017-4683-6

Pan et al. Journal of Translational Medicine

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

(2023) 21:765

Murad MH, Asi N, Alsawas M, et al. New evidence pyramid. Evid Based
Med. 2016;21(4):125-7. https://doi.org/10.1136/ebmed-2016-110401.
Nassir KF, Al-Saddi Y1, Abbas HM, et al. Pentaglobin (immunoglobu-

lin m-enriched immunoglobulin) as adjuvant therapy for premature

and very low-birth-weight neonates with sepsis. Indian J Pharmacol.
2021;53(5):364-70. https://doi.org/10.4103/ijp.ijp_881_20.

Celik IH, Hanna M, Canpolat FE, et al. Diagnosis of neonatal sepsis: the
past, present and future. Pediatr Res. 2022;91(2):337-50. https://doi.org/
10.1038/541390-021-01696-z.

Shane AL, Sdnchez PJ, Stoll BJ. Neonatal sepsis. Lancet.
2017;390(10104):1770-80. https://doi.org/10.1016/50140-6736(17)
31002-4.

Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for sys-
tematic reviews and meta-analyses: the Prisma statement. PLoS Med.
2009;6(7): €1000097. https://doi.org/10.1371/journal.pmed.1000097.
World bank country and lending groups—world bank data help desk.
Datahelpdesk.Worldbank.Org. 2021. [2021-01-12][EB/OL]. https://datah
elpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-
country-and-lending-groups.

Ahmed S, Chowdhury M, Hoque M, et al. Role of intravenous immu-
noglobulin (ivig) as an adjuvant in the treatment of neonatal sepsis in
preterm babies. J Bangladesh Coll Phys Surg. 2007. https://doi.org/10.
3329/jbcps.v24i3.158.

Akdag A, Dilmen U, Haque K, et al. Role of pentoxifylline and/or igm-
enriched intravenous immunoglobulin in the management of neonatal
sepsis. Am J Perinatol. 2014,;31(10):905-12. https://doi.org/10.1055/s-
0033-1363771.

Bancalari A, Muhoz T, Martinez P. Prolonged intravenous immunoglobu-
lin treatment in very low birth weight infants with late onset sepsis.

J Neonatal-perinatal Med. 2020;13(3):381-6. https://doi.org/10.3233/
NPM-190259.

Behre G, Ostermann H, Schedel |, et al. Endotoxin concentrations and
therapy with polyclonal igm-enriched immunoglobulins in neutropenic
cancer patients with sepsis syndrome: pilot study and interim analysis of
a randomized trial. Antiinfective Drugs Chemother. 1995;13(2):129-34.
https://doi.org/10.1128/AAC.36.10.2139.

Brocklehurst P, Farrell B, King A, et al. Treatment of neonatal sepsis with
intravenous immune globulin. N Engl J Med. 2011,365(13):1201-11.
https://doi.org/10.1056/NEJMoa1100441.

Burns ER, Lee V, Rubinstein A. Treatment of septic thrombocytopenia with
immune globulin. J Clin Immunol. 1991;11(6):363-8. https://doi.org/10.
1007/BF00918802.

Chen JY. Intravenous immunoglobulin in the treatment of full-term and
premature newborns with sepsis. J Formosan Med Assoc / Taiwan yi zhi.
1996;95(11):839-44.

Christensen RD, Brown MS, Hall DC, et al. Effect on neutrophil kinetics
and serum opsonic capacity of intravenous administration of immune
globulin to neonates with clinical signs of early-onset sepsis. J Pediatr.
1991;118(4 Pt 1):606-14. https://doi.org/10.1016/50022-3476(05)83389-x.
Darenberg J, lhendyane N, Sjolin J, et al. Intravenous immunoglobulin g
therapy in streptococcal toxic shock syndrome: a European randomized,
double-blind, placebo-controlled trial. Clin Infect Dis. 2003;37(3):333-40.
https://doi.org/10.1086/376630.

De Simone C, Delogu G, Corbetta G. Intravenous immunoglobulins in
association with antibiotics: a therapeutic trial in septic intensive care
unit patients. Crit Care Med. 1988;16(1):23-6. https://doi.org/10.1097/
00003246-198801000-00005.

Dominioni L, Dionigi R, Zanello M, et al. Effects of high-dose igg on
survival of surgical patients with sepsis scores of 20 or greater. Arch Surg.
1991,126(2):236-40. https://doi.org/10.1001/archsurg.1991.0141026012
6018.

Erdem G, Yurdakok M, Tekinalp G, et al. The use of igm-enriched intrave-
nous immunoglobulin for the treatment of neonatal sepsis in preterm
infants. Turk J Pediatrics. 1993;35(4):277-81.

Grundmann R, Hornung M. Immunoglobulin therapy in patients with
endotoxemia and postoperative sepsis—a prospective randomized study.
Prog Clin Biol Res. 1988;272:339-49.

Haque KN, Zaidi MH, Bahakim H. IgM-enriched intravenous immunoglob-
ulin therapy in neonatal sepsis. Am J Dis Child (1960). 1988;142(12):1293-
6. https://doi.org/10.1001/archpedi.1988.02150120047038.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

51.

52.

53.

54.

Page 12 of 13

Hentrich M, Fehnle K, Ostermann H, et al. IgMA-enriched immuno-
globulin in neutropenic patients with sepsis syndrome and septic
shock: a randomized, controlled, multiple-center trial. Crit Care Med.
2006;34(5):1319-25. https://doi.org/10.1097/01.CCM.0000215452.84291.
cé.

Just HM, Metzger M, Vogel W, et al. Effect of adjuvant immunoglobulin
therapy on infections in patients in an surgical intensive care unit. Results
of a randomized controlled study. Klin Wochenschr. 1986,64(6):245-56.
https://doi.org/10.1007/BF01711930.

Karatzas S, Boutzouka E, Venetsanou K, et al. The effects of igm-enriched
immunoglobulin preparations in patients with severe sepsis: another
point of view. Crit Care. 2002;6(6):543—4. https://doi.org/10.1186/cc1837.
Lindquist L, Lundbergh P, Maasing R. Pepsin-treated human gamma
globulin in bacterial infections. A randomized study in patients with
septicaemia and pneumonia. Vox Sang. 1981;40(5):329-37. https://doi.
0rg/10.1111/}.1423-0410.1981.tb00717 x.

Mancilla-Ramirez J, Gonzalez-Yunes R, Castellanos-Cruz C, et al. Intrave-
nous immunoglobulin in the treatment of neonatal septicemia. Boletin
medico del Hospital Infantil de Mexico. 1992;49(1):4-11.

Masaoka T, Hasegawa H, Takaku F, et al. The efficacy of intravenous immu-
noglobulin in combination therapy with antibiotics for severe infections.
Jpn J Chemother. 2000;48(3):199-217.

Rodriguez A, Rello J, Neira J, et al. Effects of high-dose of intravenous
immunoglobulin and antibiotics on survival for severe sepsis undergo-
ing surgery. Shock (Augusta, Ga). 2005;23(4):298-304. https://doi.org/10.
1097/01.5shk.0000157302.69125.f8.

Akdag A, Dilmen U, Haque K, Dilli D, Erdeve O, Goekmen T. Role of IgM
enriched intravenous immunoglobulin as an adjuvant to antibiotics in
neonatal sepsis. Am J Perinatol. 1997;11:1-6. https://doi.org/10.1055/s-
0033-1363771.

Shenoi A, Nagesh NK, Maiya PP, et al. Multicenter randomized placebo
controlled trial of therapy with intravenous immunoglobulin in decreas-
ing mortality due to neonatal sepsis. Indian Pediatr. 1999;36(11):1113-8.
Sidiropoulos D, Bohme U, Von Muralt G, et al. Immunoglobulin substitu-
tion in the treatment of neonatal septicemia. Schweizerische medizinis-
che Wochenschrift. 1981:111(44):1649-55.

Toth I, Mikor A, Leiner T, et al. Effects of igm-enriched immunoglobulin
therapy in septic-shock-induced multiple organ failure: pilot study. J
Anesth. 2013;27(4):618-22. https://doi.org/10.1007/500540-012-1553-9.
Tugrul S, Ozcan PE, Akinci O, et al. The effects of IgM-enriched immuno-
globulin preparations in patients with severe sepsis [ISRCTN28863830].
Crit Care. 2002;6(4):357-62. https://doi.org/10.1186/cc1523.

Weisman LE, Stoll BJ, Kueser TJ, et al. Intravenous immune globu-

lin therapy for early-onset sepsis in premature neonates. J Pediatr.
1992;121(3):434-43. https://doi.org/10.1016/50022-3476(05)81802-5.
Werdan K, Pilz G, Bujdoso O, et al. Score-based immunoglobulin

g therapy of patients with sepsis: the sbits study. Crit Care Med.
2007;35(12):2693-701.

Wesoly C, Kipping N, Grundmann R. Immunoglobulin therapy of post-
operative sepsis. Zeitschrift fur experimentelle Chirurgie, Transplantation,
und kunstliche Organe. 1990;23(4):213-6.

Yakut M, Cetiner S, Akin A, et al. Effects of immunuglobulin G on

surgical sepsis and septic shock. Bull Gulhane Military Med Acad.
1998;40(1):76-81.

Beudeker CR, Vijlbrief DC, Van Montfrans JM, et al. Neonatal sepsis and
transient immunodeficiency: potential for novel immunoglobulin thera-
pies? Front Immunol. 2022;13:1016877. https://doi.org/10.3389/fimmu.
2022.1016877.

Ruth A, Mccracken CE, Fortenberry JD, et al. Pediatric severe sepsis: cur-
rent trends and outcomes from the pediatric health information systems
database. Pediatr Crit Care Med. 2014;15(9):828-38. https://doi.org/10.
1097/PCC.0000000000000254.

. Schuller KA, Hsu BS, Thompson AB. The rate of sepsis in a national pedi-

atric population, 2006 to 2012. Clin Pediatr (Phila). 2017,56(11):1001-7.
https://doi.org/10.1177/0009922817702940.

Emr BM, Alcamo AM, Carcillo JA, et al. Pediatric sepsis update: how are
children different? Surg Infect (Larchmt). 2018;19(2):176-83. https://doi.
0rg/10.1089/s5ur.2017.316.

. Nabwera HM, Wang D, Tongo OO, et al. Burden of disease and risk factors

for mortality amongst hospitalized newborns in nigeria and kenya. PLoS


https://doi.org/10.1136/ebmed-2016-110401
https://doi.org/10.4103/ijp.ijp_881_20
https://doi.org/10.1038/s41390-021-01696-z
https://doi.org/10.1038/s41390-021-01696-z
https://doi.org/10.1016/S0140-6736(17)31002-4
https://doi.org/10.1016/S0140-6736(17)31002-4
https://doi.org/10.1371/journal.pmed.1000097
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://doi.org/10.3329/jbcps.v24i3.158
https://doi.org/10.3329/jbcps.v24i3.158
https://doi.org/10.1055/s-0033-1363771
https://doi.org/10.1055/s-0033-1363771
https://doi.org/10.3233/NPM-190259
https://doi.org/10.3233/NPM-190259
https://doi.org/10.1128/AAC.36.10.2139
https://doi.org/10.1056/NEJMoa1100441
https://doi.org/10.1007/BF00918802
https://doi.org/10.1007/BF00918802
https://doi.org/10.1016/s0022-3476(05)83389-x
https://doi.org/10.1086/376630
https://doi.org/10.1097/00003246-198801000-00005
https://doi.org/10.1097/00003246-198801000-00005
https://doi.org/10.1001/archsurg.1991.01410260126018
https://doi.org/10.1001/archsurg.1991.01410260126018
https://doi.org/10.1001/archpedi.1988.02150120047038
https://doi.org/10.1097/01.CCM.0000215452.84291.C6
https://doi.org/10.1097/01.CCM.0000215452.84291.C6
https://doi.org/10.1007/BF01711930
https://doi.org/10.1186/cc1837
https://doi.org/10.1111/j.1423-0410.1981.tb00717.x
https://doi.org/10.1111/j.1423-0410.1981.tb00717.x
https://doi.org/10.1097/01.shk.0000157302.69125.f8
https://doi.org/10.1097/01.shk.0000157302.69125.f8
https://doi.org/10.1055/s-0033-1363771
https://doi.org/10.1055/s-0033-1363771
https://doi.org/10.1007/s00540-012-1553-9
https://doi.org/10.1186/cc1523
https://doi.org/10.1016/s0022-3476(05)81802-5
https://doi.org/10.3389/fimmu.2022.1016877
https://doi.org/10.3389/fimmu.2022.1016877
https://doi.org/10.1097/PCC.0000000000000254
https://doi.org/10.1097/PCC.0000000000000254
https://doi.org/10.1177/0009922817702940
https://doi.org/10.1089/sur.2017.316
https://doi.org/10.1089/sur.2017.316

Pan et al. Journal of Translational Medicine (2023) 21:765 Page 13 of 13

ONE. 2021;16(1): €0244109. https://doi.org/10.1371/journal.pone.02441
09.

58. Wong PH, White KM. Impact of immunoglobulin therapy in pediatric
disease: a review of immune mechanisms. Clin Rev Allergy Immunol.
2016;51(3):303-14. https://doi.org/10.1007/512016-015-8499-2.

59. Boonsopa C. Comparison of adjunctive treatment with IgMEnriched
IVIG and antibiotics alone in treatment of neonatal sepsis. Siriraj Med J.
2021;72:84-91.

60. Rudd KE, Johnson SC, Agesa KM, et al. Global, regional, and national sep-
sis incidence and mortality, 1990-2017: Analysis for the global burden of
disease study. Lancet. 2020;395(10219):200-11. https://doi.org/10.1016/
S0140-6736(19)32989-7.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1371/journal.pone.0244109
https://doi.org/10.1371/journal.pone.0244109
https://doi.org/10.1007/s12016-015-8499-2
https://doi.org/10.1016/S0140-6736(19)32989-7
https://doi.org/10.1016/S0140-6736(19)32989-7

	Efficacy of IVIG therapy for patients with sepsis: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Design and search strategy
	Criteria for inclusion and exclusion
	Study outcomes
	Data extraction
	Risk of bias

	Results
	Discussion
	Conclusion
	Anchor 17
	Acknowledgements
	References


