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ARTICLE INFO ABSTRACT

Handling Editor: Patricia Schlagenhauf While mortality caused by sepsis remains an unsolved problem, studies showed conflicting results about effec-

tiveness of monoclonal and polyclonal antibodies in patients suffering sepsis. For this reason, this current study

Keywords: provides an update of review clinical randomized trial studies until March 2024. The main object of this study is
Monf)clonal antibody to determine effects of monoclonal and polyclonal antibodies on mortality rate and hospitalization of patients
::g:]‘z hock suffering sepsis. Search of Scopus, Web of science, EMBASE, PubMed and Cochrane were performed and ran-
Septicemia domized controlled trials which conducted in patients with septic shock or bacterial sepsis were included. Two

reviewers assessed all searched trials for eligibility according to already defined criteria and did data collection
and analyses afterwards. Present study showed monoclonal and polyclonal antibodies are a safe strategy with
mild-to-moderate adverse effects. However, most studies indicate no significant change among inter-and intra-
group comparison (p > 0.05) and further studies are needed, results showed an increase in survival rate,

Randomized clinical trial

ventilator-and ICU-free days, resolve organ dysfunction, mediating inflammation related cytokines.

1. Introduction

Sepsis is a serious condition in which patients may experience mul-
tiple organ failure. Every year in the world, about 50 million people get
sepsis which about 11 million patients die [1]. This disorder is due to the
excessive reaction of the immune system to infectious (and
non-infectious) agents [2]. Based on pathophysiology, sepsis begins
following the identification of Pathogen-associated molecular patterns
(PAMPs) and Damage-associated molecular patterns (DAMPs) on the
surface of the host cells by pattern-recognition receptors (PRR) such as
toll-like receptors (TLR), nucleotide-binding oligomerization domain
(Nod), retinoic-inducible gene I (RIG-I) and C-type lectin receptors
(CLR’s), on antigen-presenting cells (APCs) [3,4]. This reaction leads to
the activation of TLR types 2, 3, 4, 7 and 9, increased transcription of
genes related to inflammation, activation of transcription factors
mitogen-activated protein kinase (MAPK) and nuclear factor- kB (NF-«xB)
and then the production of pro-inflammatory cytokines such as IL-8, 12,
18, tumor necrosis factor alpha (TNF-a) and interferons (INFs) [5,6].

The imbalance between inflammatory and anti-inflammatory responses
and the unregulated release of them are described as the main cause of
organ failure [2].

According to the CDC, a person with one or more symptoms
including high heart rate or low blood pressure, fever, shivering, or
feeling very cold, confusion or disorientation, shortness of breath,
extreme pain or discomfort, and clammy or sweaty skin is said to have
sepsis [7]. The early diagnosis of sepsis and the beginning of treatment
will play an important role in saving the lives of patients. Although
supportive treatments such as fluid replacement along with antibiotic
therapy are the only methods that are commonly prescribed for sepsis
[8], immunotherapy have also been introduced [6]. Improper admin-
istration of broad-spectrums antibiotics and antibiotic resistance
increased the need for effective antibiotic [9]. The function of intrave-
nous immunoglobulins (IVIg) were described for their
anti-inflammatory properties and neutralization of invading agents and
their toxins [10]. Although immunoglobulins were effective in reducing
symptoms and organ failure, they had no effect on the mortality rate of
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sepsis in animal model study [11]. Therefore, other agents including
monoclonal antibodies (m-Ab) was designed to selectively prevent the
disease by targeting inflammatory factors in inflammatory signaling
pathways and pathogens [6]. Studies investigated the effect of mono-
clonal antibodies on diseases including viral infections [12] and cancer
[13], neuromyelitis optica spectrum disorder [14], rheumatoid arthritis
[15], psoriasis [16], and even on the recent COVID-19 pandemic [17].
m-Abs have been less studied in the bacteriology and until today only
three FDA-approved m-Abs have been described for bacterial infections
[18]. The present study reviewed the effects of monoclonal and poly-
clonal (m-Ab and p-Ab) antibodies on sepsis, their advantages and dis-
advantages, and effectiveness until March 2024.

2. Method
2.1. Search strategy

A comprehensive search was conducted in the following electronic
databases: Web of science, Scopus, EMBASE, PubMed and Cochrane.
The search will cover articles published up to the date of March 2024.
The protocol follows the Preferred Reporting Items for Systematic Re-
view and Meta-Analysis Protocols (PRISMA-P) guidelines [19]. A com-
bination of Medical Subject Headings (MeSH) terms and keywords were
employed in the search strategy. The syntax will encompass the
following terms: ("Antibody" OR "Antibody*" OR "Ab" OR "Immuno-
globulin*" OR "Immune Globulins*") AND ("Sepsis" OR "Septic shock"
OR "Septicemia") AND ("Randomized Controlled Trial*" OR "Random-
ized Clinical Trial" OR "RCT").

2.2. Inclusion and exclusion criteria

Studies eligible for inclusion is full-text articles published in English,
randomized controlled trials (RCTs) involving human subjects diag-
nosed with sepsis, and reporting the use of monoclonal and polyclonal
antibodies as an intervention will considered. Studies that do not meet
the inclusion criteria, involve animals, observational studies, and sys-
tematic reviews/meta-analyses or unpublished were excluded. The
exclusion of non-RCT studies is consistent with the study’s emphasis on
the highest quality of clinical evidence.

2.3. Data management

For efficient organization and retrieval, data and records extracted
from studies will be managed using both EndNote and Rayyan [20]
software. This dual approach ensures comprehensive data management
and facilitates systematic review processes.

2.4. Study selection

Two independent reviewers will screen studies based on these
criteria. Discrepancies will be resolved through discussion or a third-
party consultation, reflecting a rigorous and unbiased selection process.

2.5. Data extraction

Two independent reviewers will systematically extract data from
selected studies, ensuring comprehensive and accurate data collection
crucial for the integrity of the systematic review. In instances of
disagreement or discrepancy, a structured discussion will be initiated to
reach a consensus, and if necessary, a third-party expert will be con-
sulted to provide an unbiased resolution. This process is designed to
maintain the rigor and objectivity of the extraction process. Detailed
data will be extracted on several key aspects, including study charac-
teristics (author, publication year, study design), participant charac-
teristics (sample size, age, sex, comorbidities), specifics of the antibodies
used (type, dosage, administration routes, and duration of treatment),
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and study outcomes (mortality rates, adverse events). Additionally, the
methodological quality of each study will be assessed, examining aspects
like blinding, allocation concealment, and handling of dropouts, to
evaluate the robustness of the findings and ensure a thorough under-
standing of each study’s reliability and validity.

2.6. Quality assessment

The Joanna Briggs Institute (JBI) criteria will be used for assessing
the methodological quality of RCTs, reflecting a focused and standard-
ized approach to quality evaluation.

2.7. Consideration of study findings

The systematic review will reflect on the varied efficacy of antibodies
in different patient populations and bacterial infections, as observed in
the results. This includes the consideration of factors such as antibody
type (monoclonal vs. polyclonal), target (e.g., TNF-a, endotoxin),
administration route, and dosage, as these have shown to influence
treatment outcomes significantly.

3. Results
3.1. Results of the search and characteristics of the included RCT studies

Thirty-three eligible trials were retrieved based on inclusion criteria
(Fig. 1). Among thirty-three trials, thirteen (39.9 %) and twenty (60 %)
studies used m-Ab and p-Ab respectively. Currently there are eight
candidates under investigation in phase II which belongs to m-Abs. By
reviewing RCTs, different m-Ab and p-Ab were used including as HA-1A
(anti-endotoxin), AZD9773 (anti-TNF-a), Afelimomab (anti-TNF-a),
Adrecizumab (or HAM8101; anti-Adrenomedullin), Pentaglobin (poly-
valent immunoglobulin M (IgM) against LPS and outer membrane pro-
teins), pagibaximab (anti-lipoteichoic acid), Pentoxifylline (anti-TNF-a),
CytoFab (anti-TNF-a), LG-1, MAB-T88 (anti-lipopolysaccharide), E5
(anti-endotoxin) and IG preparation containing IgG, IgM and IgA.
Among RCTs, Pentaglobin, HA-1A, and AZD9773 were the most
frequently used hybridoma antibodies. Also, endotoxin and TNF-a are
the main selected targets for reducing symptoms and complications in
patients with sepsis. Almost all studies administration route was per-
formed intravenously (IV). Moreover, duration of receiving antibodies
varied from 1 week to 90 days which among included RCTs, 45 % lasted
less than 10 days (15 RCTs). Most studies were conducted in 1991, 2014
and 2021 (each year three RCT). Most trials were conducted in the USA
(10 RCTs) followed by Germany (6 RCTs), Netherlands, France and
Belgium (each country 4 RCTs). In addition to found all patients had
history of sepsis, total participants of included studies were recorded as
13,633 volunteers, which 52.65 % and 43.69 % were male and female
(7179 females VS 5957 male), respectively. In order to avoid further
dispersion, the age groups examined in this review were divided into
three main groups; early childhood (4Y), child (7-12 Y) and adult (>18
years). Among 33 trials, 9 early childhood trials, 4 child trials and 18
adult trials investigated the effect of m-Ab and p-Ab. Ten out of thirty-
three assessed anti- LPS components m-Ab and p-Ab, while six out of
thirty-three assessed anti-inflammatory m-Ab and p-Ab, and few studies
evaluated an anti-Adrenomedullin (ADM) and anti-Lipoteichoic acid.
Table-1 shows details of included RCTs which evaluated effect of m-Ab
and p-Ab on patients suffering bacterial sepsis or septic shock. In the
majority of studies, human serum albumin was administered to the
placebo group as a control because it is safe for patients.

3.2. Outcomes
Primary outcomes are considered as mortality and adverse effects

(treatment emergent adverse events (TEAEs)) after taking m-Ab and p-
Ab. At the same time, laboratory measurement like hematology,



M. Mahdizade Ari et al.

New Microbes and New Infections 60-61 (2024) 101435

Identification of studies via databases and registers
Records identified from
H Web of science (n =351) Records removed before
= Scopus (n = 1601) screening:
g.'g’ EMBASE (n =94) —> Duplicate records removed
g PubMed (n = 62) (n=355)
k=] Cochrane (n =453)
Total: (n=2561)
!
)
Records screened Records excluded
—>
(n=2206) (n=1839)
Reports sought for retrieval Reports not retrieved
, —>|
2 (n =367) (n=0)
=
o
o
: '
n
Reports assessed for eligibility
_ —>
(n=367)
Reports excluded: Non relevant
(N=334)
"/
v
E Studies included in review
] (n=33)
(&)
=
——/

Fig. 1. Flow chart of study selection for inclusion in the systematic review. Most articles related to animals, observational studies, and systematic reviews/meta-
analyses or unpublished were excluded. Finally, nineteen articles were excluded from the study due to the non-availability of the full text and also the lack of

their English version.

biochemistry, immunological, and microbiological analysis were
considered secondary outcomes. This includes as examination of blood
cells count (platelet, white and red blood cells), anti-endotoxin, anti-
LTA, anti-antibody levels (IgG serum titers), TNF-a, interleukin (IL)-6,
IL-8 and determining bacterial species. Tolerability of m-Ab and p-Ab,
efficacy endpoints including health service utilization like duration of
stay in hospital, ventilator-, intensive care unit (ICU)- and shock-free
days, change in sequential-related organ failure assessment (SOFA)
like sepsis multi organ dysfunction and severity of illness index are also
secondary outcomes. All parameters measured at the time of admission
to the study until the second measurement which were differ as 24 h

later, a week and 14 and 28 days’ assessment.

3.3. Effects of monoclonal antibody and polyclonal antibody on mortality
rates of patients with sepsis

Mortality rates were evaluated in twenty-five studies [21-46]. Sig-
nificant increase in survival of patients and reduction of mortality rate
were observed (p < 0.05) [22,26,31,32,36,39,42], but 16 trials showed
no significantly change in survival or mortality rates in inter-and
intra-group comparison [21-24,26-28,30,34,35,37,38,41,43,44,46],
and unacceptable increase in mortality [25,29,38] (p > 0.05). Patients
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Table-1
The details of included RCTs which evaluated effect of m-Ab and p-Ab on patients suffering bacterial sepsis or septic shock.
Author Study Participants (T/C) Drug name Doses (n) Parameter measure Outcomes
Country design Age group Type Concentration
Year & Gender (F:M) Target Duration
Phase History
Aitchison et al. DB-RCT 34 (17/17) LG-1 m-Ab NA Serum endotoxin, anti- Hospital mortality did not
South Africa NA Adult LPS LPS levels at the time of changed.
(1985) 7:10, 8:9 admission to the study
Sepsis and 24 h later.
Greenman et al. DB-RCT 316 (164/152) E5 m-Ab IV doses Physical examinations Great significant survival
USA (1991) NA Adult Endotoxin 2 mg/kg and laboratory tests. and resolution of individual
108:208 1h organ failures.
Sepsis
Schedel et al. RCT 55 (28/27) P-Ab IV doses Mortality rate and IgG Reduction in death related
Germany (1991) NA Adult LPS NA serum titers. to the septic reduced in
26:29 NA treatment group.
Sepsis
Ziegler et al. DB-RCT 200 (95/105) HA-1 A m-Ab IV doses Mortality rate,severity of Improved survival in the
USA,canada, NA Adult LPS Single 100 mg illness index, vital signs, treatment group.
Europe (1991) 83:117 NA Hematologic and clinical
Sepsis chemistry tests, and
antibody titers.
McCloskey et al. DB-RCT 621 (293/328) HA-1 A m-Ab IV doses Mortality rate No significant effect in
USA (1994) NA Adult LPS Single 100 mg reducing the mortality rate
NA NA between the two groups.
Sepsis
Linden et al. DB-RCT 393 (131/262) HA-1 A m-Ab IV doses Severity of illness and Great severity of illness and
USA (1995) NA Adult LPS 100 mg of HA-1A diluted with 50  mortality rate higher mortality in
165:228 mL normal saline treatment group.
Sepsis Multiple doses at 24 h.
Derkx et al. DB-RCT 269 (130/137) HA-1 A m-Ab IV doses Mortality rate Reduction in mortality rate.
Nine centers/USA NA Child LPS 6 mg/kg
(1999) 112:155 NA
Sepsis
Angus et al. PDB- 1102 (1090/12) E5 m-Ab IV doses Mortality rate No significant differences in
USA (2000) RCT Adult LPS 2 mg/kg per 1 h as 1 ml/kg per symptoms of sepsis,
Phase 490:600 day laboratory data and rates of
111 Sepsis 24 h morbidities and mortality
between the two groups.
Gallagher et al. Open- 36 (9/27) Afelimomab m- IV doses Serum concentrations of Improvement in TNF-a and
USA (2001) label Adult Ab 0.3, 1.0, or 3.0 mg/kg over 20 TNF-a, serum IL-6. IL-6 concentrations.
RCT 18:18 TNF-a min
Phase Sepsis Every 8 h for 72 h
/11
Reinhart et al. DB-RCT 446 (C:222/224) Afelimomab m- IV doses Mortality rate, and IL-6 Significant reduction in
Europe and Israel NA Adult Ab 1 mg/kg per 8 h concentration. mortality rate.
(2001) 168:278 TNF-a For 3D
Sepsis
Albertson et al. DB-RCT 16 (8/8) m-Ab 1V doses Compliance, laboratory Significant increase in the
France (2003) NA Adult LPS 300 mg/kg tests, vital signs, and survival rate and reduction
NA sepsis 1M organ dysfunction. of LOS.
Rice et al. DB-RCT 81 (38/43) CytoFab p-Ab 1V doses TNF-a, IL-6, IL-8 Improvement in TNF-a and
USA and Canada Phase II  Adult TNF-a 250-U/kg loading dose, followed concentrations, IL-6 concentrations.
(2006) 30:51 by nine doses of 50 U/kg every 12 hematology and No significant differences in
Sepsis h, or 5 mg/kg human albumin as  biochemistry adverse events, laboratory
placebo measurements. and vital sign abnormalities
Every 12 h between the two groups.
Weisman et al. DB-RCT 88 (42/46) Pagibaximab m- IV doses Serum levels of anti-LTA, No significant differences in
USA (2011) Phase II  Early childhood Ab 90 or 60 mg/kg anti-monoclonal/ demography, mortality, or
42:46 LPS 1w chimeric antibody levels. morbidity rate between the
Staphylococcal two groups.
Sepsis
Morris et al. DB-RCT 70 (23/47) AZD9773 p-Ab IV doses Serum levels of TNF-q, Reduction of TNF-a in
USA (2012) Phase Adult TNF-a Single doses of 50 or 250 U/kg; laboratory tests, ECG treatment group.
Ila 38:32 multiple doses of 250 U/kg measurements, and
Sepsis loading and 50 U/kg mortality rate.
maintenance.
Every 12h for 5D
Aikawa et al. DB-RCT  Chohort1:(7/3) AZD9773 p-Ab 1V doses Serum levels of TNF-a. Reduction of TNF-a in
Japan (2013) Phase II chohort2: (7/3) TNF a Cohort 1: 250/50 U/kg; Cohort 2: treatment group.
Adult 500/100 U/kg
3:4 & 4:3 For 5D
Sepsis
Australia, Belgium, DB-RCT 493 (394/99) AZD9773 p-Ab 1V doses Serum levels of TNF-a, IL- No significant differences in
Canada, Czech Phase 11 Adult TNF-a Single dose of AZD9773 250 U/kg 6, and IL-8 concentrations adverse events, laboratory

Republic, Finland,

followed by 50 U/kg every 12 h

from days 1-6.

(continued on next page)
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Table-1 (continued)
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Author Study Participants (T/C) Drug name Doses (n) Parameter measure Outcomes

Country design Age group Type Concentration

Year & Gender (F:M) Target Duration

Phase History
France, and Spain 72:128 (low dose), a single loading and vital sign abnormalities
(2014) Sepsis infusion of AZD9773 500 U/kg between the two groups.
followed by 100 U/kg every 12 h
(high dose)
For 5D

Domizi et al. DB-RCT 20 (10/10) p-Ab 1V doses Mean arterial pressure, Increase in PVD and
Italy (2019) Phase II  Adult NA 250 mg/kg per day heart rate, laboratory microvascular flow index in

5:15 For 72h tests, IL-1 p, IL-6, IL-8, IL-  the treatment group.

Sepsis 10 and TNF-a. No significant changes in
cytokines and NIRS-derived
parameters between the two
groups.

Significant reduction of IL-6
and IL-10 in the treatment
group.

Geven et al. DB-RCT 300 (150/150) Adrecizumab m- IV doses Mortality rate Unacceptable high
Belgium, France, Phase II  Adult Ab Two dosages of adrecizumab, 2 morbidity and mortality
Germany, the NA Adrenomedullin and 4 mg/kg, administered per rate.

Netherlands and Sepsis (ADM) hrs.
Italy (2019) Primary: for 90 D.
Secondary: for 14D.

Biagioni et al. PDB- 356 Pentaglobin p-Ab IV doses Mortality rate The mortality rate reduced

Italy (2021) RCT NA NA Daily dose achieving serum titers in treatment group in
NA NA above 100 mg/dL compare to control goup.

Sepsis For 7D

Laterre et al. DB-RCT 301 (149/152) Adrecizumab m- 1V doses TEAEs No differences in mortality
Belgium, France, Phase Adult Ab Treatment arm A: 2 mg/kg. rate, frequency and severity
Germany and the Ila 168:133 Adrenomedullin Treatment arm B: adrecizumab 4 in TEAEs between the two
Netherlands (2021) Sepsis (ADM) mg/kg groups.

NA

Acunas et al. DB-RCT 97 (67/30) p-Ab 1V doses Adverse effects, immune Increase in IgG subclasses,
London (1994) NA Early childhood NA Lyophilized human normal markers and C reactive IgA and complement

35:62 immunoglobulin (3 g/100 ml vial ~ protein. component C4, and decrease

Sepsis with 5 % sucrose) Fresh frozen in C reactive protein in

plasma (15 ml/kg body weight) treatment group.
or Sandoglobulin (500 mg/kg

body weight)

NA

Akdag et al. PDB- 204 (equal number Pentoxifylline IV doses laboratory tests, CRP, IL- No significant differences for
Ankara, Turkey RCT of 51 in four group) (PTX) p-Ab Group 1: Standard treatment plus 6, neutrophil CD64 laboratory data, symptoms
(2014) NA Early childhood NA placebo. expression and TNF-a of sepsis among groups, and

79:129 Daily for 3 consecutive D levels. mortality rate.

Sepsis Group2: Standard treatment plus

6 mg/kg/hIV over 4 h.

Daily for 3 consecutive D
Group3: Standard treatment plus
250 mg/kgIV over daily IgM-
enriched IVIG.

Daily for 3 consecutive D

Group 4: Standard treatment plus
6 mg/kg/h IV PTX over 4 h (first)
plus 250mg/kgIV over4 hours
IgM-enriched IVIG

Daily for 3 consecutive D

Bancalari et al. P-RCT 61 Pentoxifylline p- IV doses Mortality rate No AE were observed in
Chile (2020) NA Early childhood Ab 500 mg/kg/day groups.

40:21 NA 7D

Sepsis

Brocklehurst et al. PDB- 3493 (1759/1734) Pentoxifylline p- IV doses Mortality rate or major Potential in reduction of
Nine countries RCT Early childhood Ab 10 ml/kg of immunoglobulin over  disability at two years. mortality in severe neonatal
(2008) NA 1493:2000 NA 4-6 h repeated 48 h later sepsis.

Sepsis

Brocklehurst et al. DB-RCT 3493 (1759/1734) p-Ab IV doses Mortality rate or major No significant difference in
Nine countries NA Early childhood NA 500 mg (10 ml) per kg of body disability at two years. the sepsis episodes and rates
(2011) 1493:2000 and repeated after 48 h. of major or non-major

Sepsis disability or of adverse
events between-the two
groups.

Goto et al. R-RCT 80 (40/40) p-Ab IV doses Serum IgG levels No significant difference in
Japan (2022) NA Child NA Dose of 5 g/D lengths of artificial

31:49 For 3D ventilation and ICU stays

Sepsis between the two groups.

(continued on next page)
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Author Study Participants (T/C) Drug name Doses (n) Parameter measure Outcomes
Country design Age group Type Concentration
Year & Gender (F:M) Target Duration
Phase History
Haque et al. PDB- 130 (65/65) p-Ab IV doses Mortality rate Improvement in the
Saudi Arabia RCT Early childhood NA 250 mg/kg per day outcome of neonatal sepsis
(1995) NA NA For 4D when used as an adjunct to
Sepsis supportive and antibiotic
therapy.
Hentrich et al. P-RCT 211(106/105) p-Ab IV doses Mortality rate No significant differences in
Germany (2006) NA Adult NA 1300 mL of iviGMA (7.8 g IgM, mortality rate between the
84:121 7.8 g IgA, and 49.4 g IgG) two groups.
Neutropenic 72 h.
patients with
hematologic
malignancies and
sepsis
Jaspers et al. DB-RCT 17 p-Ab IV doses Clinical symptoms and No significant differences in
NA (1987) NA NA LPS Day 1: anti-lipoid A antibodies laboratory tests Clinical symptoms and
NA were infused at a dose of 8 ml laboratory parameters
Sepsis (400 mg) per kg body weight at a between the two groups.
rate of 1-2 ml/min.
Day 2 (24 h after the first
infusion): half the dose
NA
Kola et al. DB-RCT  78(39/39) Pentaglobin p-Ab IV doses Survival rate The survival rate was higher
Albania (2014) NA Child NA 20-40 ml/kg in the treatment group.
24:54 1h.
Sepsis
Nassir et al. RCT 272 (136/136) p-Ab IV doses laboratory tests, liver and  Significant higher mortality
Iraq (2021) NA Early childhood NA 5 ml/kg daily kidney function test, risk for mortality in patient
138:134 3 consecutive D Mortality rate and treated by standard
Sepsis duration of antibiotic protocol than
hospitalization. patients received p-Ab
adjuvant therapy.
Shenoi et al. RCT 50 (25/25) p-Ab IV doses Mortality rate Significant higher number of
Bangalore (1999) NA Early childhood NA 1 g/kg of IVIG babies with positive blood
12:38 3 consecutive D culture in placebo group.
Sepsis No significant reduction in
death rate.
Takahashi et al. RCT 80 (33/47) p-Ab 1V doses Increased platelet counts Significant and non-
Japan (2020) NA Child NA 5000 mg/D and mortality rate significant increase in
40:40 For 3D platelet count and mortality
Septic DIC rates, respectively.

RCT: randomized controlled trial, DB: double blind, PDB-RCT: prospective RCT, R-RCT: retrospective RCT, T/C: treatment/control, F:M: female: male, m-Ab:
monoclonal antibody, p-Ab: polyclonal antibody, NA: not available, IV: intravenous, mg/kg: milligram/kilogram, hrs.: hours, M: month, D: day, AE: adverse effect, IL:
interleukin, TNF: Tumor necrosis factor, LOS: lipooligosaccharide, LPS: lipopolysaccharide, PVD; perfused vessel density, ECG: electrocardiogram.

who received antibiotics plus antibody as adjuvant therapy showed less
risk for death in compare to patients who give antibiotics only [47].
Mortality were also studied in 4 trial which studied death rate in gram
negative bacteremia patients [22,30,33,37], and showed death rate
significantly was decreased than sepsis induced by gram positive bac-
teria (GPB) patients (p < 0.05) [33,37], or no change in survival of
confirmed gram negative bacteremia group’s patients [22,30]. Also, 1
trial studied mortality rate in IL-6 positive patients which reported
mortality rate was not different from randomized IL-6 positive placebo
and non-randomized patients with a negative IL-6 test [31].

3.4. Microbiological analysis following monoclonal antibody and
polyclonal antibody

Nine trials analyzed bacterial species in sepsis patients who were
under treatment by antibodies [37-39,41-45,47], which get different
results. Gram negative bacteria (GNB) like Escherichia coli, Klebsiella spp.
and Enterobacter was mostly isolated in patients with sepsis than most
found GPBs like Methicillin-resistant Staphylococcus aureus (MRSA) and
Enterococcus spp. in patients with sepsis [37,43,47]. In contrast, GPB like
Coagulase negative staphylococcus (CONS) [38,41,44], Staphylococcus
epidermidis [39,42] and Group B Streptococcus [42] were most found GPB
in proven sepsis patients and responsible for death. Most frequent cites

which bacterial agent of sepsis was isolated were wounds, sputum, urine
[37], and blood [37-39,42,44,47]. In addition, the opsonophagocytic
(bacterial killing) [44] and bactericidal [46] activity of antibody was
analyzed, which showed increase serum opsonophagocytic activity in
antibody treated group in compare to control.

3.5. Effects of monoclonal antibody and polyclonal antibody on levels of
serum components

As one of laboratory’s measurement, endotoxin (LPS or LOS) level in
serum were evaluated by three studies [21,22,32], which 1 trials
showed significant reduction in levels of endotoxins in serum of anti-
body treated patients (p < 0.05) [22,32]. Cytokines including TNF- a,
IL-1, -6, -8 and -10 levels in serum were measured by 8 study [24,31,38,
48-52], which 3 out of 8 trials for TNF-« in serum [48,49,51,52] and 1
trial for TNF-o in BAL [52], 2 out of 8 trials for IL-6 [24,48,52] and 1 out
of 8 trial for IL-8 [48] reports were observed as significantly decrease in
levels and 1 out of 8 trial increase in IL-10 [50] levels (p < 0.05).
However, few trials showed increasing in TNF-a [50] and IL-6 [31].
Increased of anti-LTA [44], anti-lipid A [46] and TNF-a-antibody com-
plexes levels [24] in serum also were observed.

By analyzing other laboratory markers, 1 trial showed improvement
of DIC scores and significant increasing platelet counts as coagulation



M. Mahdizade Ari et al.

marker [37,47], 1 trial showed significant reduction of C-reactive pro-
tein (CRP) (p < 0.05) [53] and white blood cell (WBC) [47], and 2 trial
showed no differences in change of plasma CRP level, WBC count [38],
and neutrophil CD64 (MFI) as sepsis biomarker in in critically ill patients
[38,42,53], between antibody treated group in compare to other
examined group.

3.6. Effects of monoclonal antibody and polyclonal antibody on
tolerability and TEAEs

Safety and tolerability of antibody administration in patients with
sepsis syndrome were considered as primary objective in 3 trials [25,26,
28,52], which showed there’s no safety concern about antibody and
well-tolerate by patients [25,28,33,34,51]. In various studies, the
severity of side effects as undesired harmful effect is classified into
several categories: mild, moderate, severe, life-threatening, and
disabling. Adverse events (AE) following administration of m-Ab and
p-Ab were analyzed in 16 study [22-26,28,30,31,40,41,43-45,48,49,
52] which most of them showed similar or no significant change AE
between treatment and placebo [23,31,41,52], and described as
mild-to-moderate [26,51]. Other results were increase frequency of
serious adverse effects (SAE) [22,41], and m-Ab/p-Ab independent AE
[24] or not seen any AE/SAE [43,44].

Among nine early childhood trials, one trial related to using m-Ab
and the remaining eight used p-Ab. Except for one trial [23], other trials
examined the adverse effects during the study. The only m-Ab related
trial [24] and four p-Ab trial were not associated with any other side
effects [25-28]. The most important complication reported in early
Childhood included Necrotizing enterocolitis [29] and pneumonia [30,
31] which was not considered as SAE. One m-Ab trial and three p-Ab
trials performed on children’s sepsis. Only one trial reported hyper-
sensitivity and allergic reactions which became life-threatening [32]. In
adult studies, pleural effusion and peripheral edema [23] following p-Ab
and reversible allergic reactions [24] following m-Ab were the most
common side effects. Summary of side effect gathered in Fig. 2.

Systemic:

Multi organ failure
peripheral edema
Pyrexia

Lungs:
Respiratory distress syndrome
pleural effusion,
Pneumonia
Dyspnea

Gastrointestinal:
Abdominal pain, Diarrhea
Gastrointestinal tract
Hemorrhage, Intestinal
ischemia,Peritonitis

Skin and Bone:
Vesiculobullous rash
Erythema, Rash
Subcutaneous
emphysema,Fflushing of the
face, Arthralgia
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3.7. Effects of monoclonal antibody and polyclonal antibody on organ
dysfunction and severity in illness

Organ dysfunction and severity sepsis support Index (SSI) were
considered as the primary efficacy of the secondary outcomes. Organ
dysfunction were studied in 7 study [22,26,28,31,37,38,45], that 1
study indicated significantly resolve in organ failure (p < 0.05) [26,37].
While there were no differences between treatment and placebo [31,
38], one study reported increase in failure in kidney [22]. Moreover,
tissue oxygenation and microvascular reactivity were evaluated which
increase in perfused vessel density during sepsis was reported [50].

Studying of severity in illness showed no significant change between
treatment and placebo groups (p > 0.05) [22,25,28,29], while one trial
reported an increase in severity of sepsis [29]. Apnea and respiratory
distress were recorded as most sepsis severity in patients [44], and
necrotizing enterocolitis, disseminated intravascular coagulation (DIC)
and Pulmonary hemorrhage introduce as co-morbidities following
combination using of m-Ab and p-Ab [38].

3.8. Effects of monoclonal antibody and polyclonal antibody on
hospitalization and critical care

The number of ventilator, shock and ICU free days (or need for
ventilation and ICU) [28,35,43,45,49,52], adequacy of using antibiotics
(or no use of antibiotics) [22,45,47], need for surgical treatment [22],
length of stay in hospital [36,40,43,45], and need for granulocyte
monocyte colony stimulating factor (GM-CSF) [43] in patients were
studied. Trials showed there was no changes in number of shock-free
days [52] or using ventilator [35,43], and hospitalization [43] in
treated and placebo groups. Also, significant increase in ventilator-free
days and ICU-free days [35], shorter stay in hospital (hospitalization)
[36,47], and reduction of disease duration in antibody treated sepsis
patients [47] were reported in compare to longer illness duration of
patients who give antibiotics (p < 0.05).

Brain and Neck:

Headache, Anxiety, Hypoxia
cerebrovascular disorder
apnea, Mental disorder
Confusional state

Heart:

Cardiac arrest

Myocardial infarction

Bradycardia, cardiac failure,
Hypertension ,Hypotension ,Tachycardia

Liver:
Abnormal hepatic function

Kidney:
Acute renal failure

Blood and Vessels:

Disseminated intravascular coagulation,
Thrombocytopenia, anemia
Hemarrhage, circulatory failure

Fig. 2. Adverse effects induced by m-AB and p-Ab in patients with bacterial sepsis or septic shock.
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4. Discussion

Despite the availability of antibiotics as common therapy for patient
with sepsis, sepsis is still leading cause of death and organ failure in
patients. Antibiotics lack the ability to prevent the toxic effects caused
by endotoxin, as in some cases they may stimulate the release of bac-
terial endotoxin [32]. Undeveloped immune system of babies and chil-
dren as well as the slowness of the antibody production pathway
reinforces the need for immunotherapy as adjuvant treatment for sepsis
[54] and another treatment strategy for sepsis caused by GNBs. A
number of studies have shown that the serum of patients immunized
with E. coli J5 is effective in preventing sepsis and septic shock [32].
Studies emphasized on the effectiveness of immunoglobulin in the
treatment of sepsis which prevent infant mortality by inducing a better
immune response [55,56]. Immunoglobulin are design based on their
affinity to the specific targets which after opsonization and fixing
complement, result in clearance of pathogens harboring that surface
antigen [22]. TNF-a was one of the most common targets for treatment
of sepsis using antibody, due to its stability and conserved structure, as
well as less side effects. Although endotoxin was another common target
against sepsis but variability and lipid structure become challenging,
although further studies were needed to prove. Targeting cytokines like
TNF-a are considered as one of main markers of microbial sepsis, is
steadily increased in most patients with sepsis and is related to the death
rate in these patients [57]. Studies indicate as the level of TNF-a is
higher in patients with more severe disease, the clinical effects of
anti-TNF-a drugs such as CytoFab were also observed in this group of
patients [58,59]. Present study supports GNB as the main bacterial
species responsible for sepsis syndrome which mostly derived from
bloodstream infection. Also, antibodies are well tolerating with no
safety concern strategy which in some cases induced reversible
mild-moderate AE. They resolved the organ failure and rarely exacer-
bate the organ dysfunction in patients with sepsis. Also, m-Ab/p-Ab
mediate patient’s need for critical care and stay in hospital. By
increasing of m-Ab/p-Ab in patient’s serum, they have ability to reduce
endotoxins, TNF-a, IL-1, 6 and 8, and increase IL-10. Despite of an
improvement of DIC, increasing platelet, decrease of CRP and WBC, we
found that antibodies in most studies weren’t effective in reducing
mortality rates in patients with sepsis, and they were not effective
enough as expected for normalizing CRP, WBC and CD64 marker in
patients who suffering sepsis syndrome. The outcome affecting mortality
depends on, first, which GNBs or GPBs caused the sepsis [37], and
second, whether other drugs such as antibiotics are prescribed along
with antibodies or not. Studies indicate significant effectiveness of
co-administration of antibody as an adjuvant along the common and
conventional treatment of sepsis, antibiotics on mortality and its
improvement in the level of laboratory markers [42,47]. The finding of
these studies have made these antibodies to be suggested as a comple-
mentary and supportive strategy for infants with sepsis.

In the past, it was thought that sepsis was mostly caused by GNB like
klebsiella spp., Escherichia coli (E. coli), and Pseudomonas aeruginosa
(P. auroginosa). while recently the role of gram-positive bacteria (GPB)
such as Staphylococcus aureus (S. aureus), Streptococcus pyogenes
(S. pyogenes) has also been mentioned [60,61]. Endotoxin in GNBs which
is composed of lipid A, an oligosaccharide core, and the O-antigen
polysaccharide, is the main cause of shock in sepsis. When Lipid A is
recognized by the innate immune system, Toll-like receptor 4 (TLR4) as
the key factor, enhances the production of pro-inflammatory cytokines
by macrophage stimulation. Briefly, LPS is recognized by LPS-binding
protein (LBP) in the serum and transferred to CD14. This molecule
transfers LPS to the MD2, then binds to TLR4 and forms a TLR4-MD2
receptor complex. Through activation of the TLR domain, the subse-
quent processes of LPS recognition are started. The important point of
this process is the MyD88-independent pathway that leads to the acti-
vation of Nuclear factor kappa-light-chain-enhancer of activated B cells
(NF-kB) and stimulation of the release of pro-inflammatory cytokines
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such as TNF-a [62]. On the other hand, LTA present in the cell wall of
GPBs such as staphylococcus are important in stimulating the production
of pro-inflammatory cytokines in addition to controlling bacterial cell
division [63]. Because they are ligands for TLR2 and together with
peptidoglycan, they contribute to the exacerbating inflammation [64].
Designing hybrid antibody against LTA such as pagibaximab showed
that it can be successful in neutralizing LTA in GPBs and reducing
pro-inflammatory cytokines. Based on Weisman et al. finding, despite of
level of anti-LTA in the serum of volunteer patients can be high, it may
not show a great opsonization effect which is probably because not all
binding activities are limited to opsonization activities [44]. Probably
the survival of the patient with sepsis caused by GNB is higher following
the use of IVIG, so the mortality in this group of people is greatly reduced
[65]. Although the reason is not exactly known, it is attributed to
mechanisms such as reducing the levels of endotoxin in the serum [66]
and neutralizing the GNBs toxin [33], such as neutralizing the toxin type
3 secretion system by P. aeruginosa and preventing the action of this
toxin following the administration of antibodies [67].

The importance of organ failure associate with prognosis of sepsis
[26]. The failure in organs such as the kidney, and the serious condition
of the patients are the reasons for the increase in the death rate in some
studies [22]. Endotoxin is involved in failure, especially in GNB induced
sepsis. Since circulating endotoxin level is a good predictor of
anti-endotoxin antibody response, in such cases antibodies against
endotoxin and its other components may provide greater improvement
in organ failure. E5 and HA-1A, produced as anti-lipid A antibody from
IgM with half-life span [26]. In contrast to antibodies in other trials, they
have not impressive in the survival of sepsis patients as expected. There
are several reasons in this regard, the antigenicity of the antibodies is
different from each other, the health and care background of the patients
like risk factors and underlying disease including surgeries, trauma,
cancer and diabetes has a direct impact on the reducing cytokines, side
effects and the mortality in the group receiving hybrid antibodies [48].
Also, there is direct relationship between increasing age and IL-8 with
the death rate which as the age increases, the level of IL-8 tending to
increase and elderly patients are susceptible to severe complications of
the sepsis [49]. Dosage can be also important in the mortality risk in
patients receiving hybrid antibodies. For example, in response to a low
dose of AZD [49] and IVIG [35], decrease in the need of patients to use a
ventilator and an increase in the survival of patients were observed
which indicates significant decrease in the death rate among these pa-
tients. Low dose of antibody has a complementary effect in which it
leaves positive effects in patients with sepsis without over-stimulating
the immune system [35]. In contrast to cytokines like TNF-a, intact
and usual antibodies are not able to penetrate tissues such as the lung
due to their larger size. When TNF-a reaches to the lung, it triggers an
inflammatory response which leads to permeabilization of the lung tis-
sue and entry of other cytokines into the alveolar space [68]. Designing
novel antibodies with shorter fragment antigen-binding (Fab) region
such as polyclonal CytoFab that can penetrate the alveolar space and
effectively neutralize TNF-a [69]. In order to confirm this statement,
when the amount of cytokines present in bronchoalveolar lavage (BAL)
in mechanically ventilated patient with sepsis syndrome and lung in-
juries who receiving antibody were compared with placebo group, it is
found that the amount of pro-inflammatory cytokines is clearly
decreased in the receiving antibodies group while placebo showed an
increase of these cytokines [52].

The lack of clinical and protective effect of antibodies on the
outcome of sepsis may depend on special group of patients. It is clear
that anti-endotoxin antibody has more protective effect on sepsis pa-
tients, but it is difficult to diagnose sepsis patients in the initial stages.
Since sepsis is a complex disease, it is unreasonable to expect that an
antibody alone can provide protective effects. Therefore, the goal of
preventing sepsis in people infected with Gram-negatives needs trials
with more than seven hundred volunteers [70]. It was thought that
TNF-a has a direct effect on the production of other inflammatory
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cytokines, including IL-8 and IL-6, while now different results obtained
in the trials showed despite the reduction of TNF-a, decreasing in IL-8
and IL-6 levels were not observed. This is probably due to the fact that
TNF-a is no longer the dominant factor in the cytokine cascade and does
not induce a biological function in patients with sepsis. The lack of effect
of hybrid antibodies in reducing inflammatory cytokines is another
reason for the lack of effective treatment of this type of antibodies and
no significant report in reduction of death rate [49]. Rapid diagnosis of
sepsis patients helps in their treatment process. Screening patients for
high levels of IL-6 helps to identify patients in hyperinflammatory
response during severe sepsis and prioritize them in treatments.
Although Reinhart et al.’s study using Afelimomab had no significant
effect on mortality in IL-6-positive subjects, it showed that IL-6 was
highly predictive of disease outcome [31]. Improvement of serum
platelet level is associated with improvement in coagulation function
and better prognosis of DIC in sepsis patients [37].

Researchers consider the effects of polyvalent immunoglobulins to
be more effective than monoclonal antibodies in neonatal and adult
patients suffering sepsis, for instance antibodies with base of IgM
preparation like Pentaglobin has shown a better effect on reducing
mortality and side effects [42,71]. Compared to monoclonal antibodies,
polyclonal antibodies can show better clinical effects by targeting
several domains of TNF-a and establishing more interactions [72]. Small
design of a trial leads to insufficient evidence, which makes it impossible
to reach a correct decision about the result of using an antibody. By the
highest titers of antibodies against the pathogens associated with sepsis
and their toxins, IgM preparation have a better effect compared to the
conventional antibodies that are usually prepared. As we know, the first
reaction of the immune system against pathogens is the production of
IgM, which is induced earlier than IgG and is faster and more effective in
activating the immune system. Therefore, they speed up the final goal
which is the production of specific antibodies [73,74]. Another reason
for the effectiveness of polyvalent IgM is the lack of IgMs following their
early clearance from the baby’s body, which compensates the low levels
of IgM during the fetal period [36]. Current study highlights that
monoclonal antibody of Pagibaximab [23], HA-1A [24], adrenome-
dullin antibody adrecizumab [25, 26], Afelimomab [27, 28], ovine
anti-TNF fragment antigen binding (Fab) fragments (CytoFab) [29] and
polyclonal antibody of Pentaglobin [24, 30, 31], AZD9773 [32-34], E5
[26], IVIG and immunoglobulin containing IgM, IgA and IgG [35-37]
were well-tolerate, effective and safe for treatment of patients with
sepsis by reduction of mortality. Although the effective mechanism of
immunoglobulins has not been well defined and confirmed, but studies
using Pentaglobin have shown that they do this by changing the profile
of cytokine production towards anti-inflammatory response, changing
the activation of the complement system and neutralizing toxins [75].
While IVIG acts through antibody-dependent killing following c3b
deposition and potentiating opsonization, studies showed Pentaglobin
as IGM-enriched IVIG have more opsonization activity than IVIG or IgG
based antibodies, studies support the claim that IgM-enriched IVIG
works better in the treatment of sepsis for some reason [47,76]. First,
IgM preferably reacts to bacterial toxins and antigens by pentameric
structure. Due to their size, IgM are able to neutralize LPS more effec-
tively and have a significant ability to activate the complement system
as well as greater opsonization power in neutralizing bacteria [42]. In
contrast, there are controversial results from number of E5 [41], HA-1A
[42, 43], Pentaglobin [38], and others including LG-l1 [40], and
MAB-T88 [39] as m-Ab and pentoxifylline (PTX) [38], IVIG [15, 44-471,
IgmA-enriched immunoglobulin [48] as p-Ab in some studies which
were not recommend and need further study in future on increasing
survival of patients. The reason that a similar antibody showed a
different effect in another study can be explained by the difference in the
preparation of the antibody, the dose of the antibody, and the route of
administration which obtain different results. Also, the conditions of the
patients in each study are not the same [39].
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5. Conclusion

The therapeutically effect of an antibody against sepsis different
depends on the patient and type of bacteria. Even adequate sample size
and high enrolled patients, antibodies did not change the death rate and
improvement in survival. The use of polyvalent IgM preparation in the
treatment of pediatric sepsis patients suggested for an increase in the
survival rate, a reduction in the LOS and an improvement in infection
severity.
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