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Abstract: Background: Sepsis still represents a major public health issue worldwide, and immune system
plays a main role during infections and therefore its activity is mandatory to resolve this clinical condition In
this report we aimed to retrospectively verify in real life setting the possible usefulness of Pentameric IgM
plus antibiotic in recovering patients with sepsis after major abdominal surgery. Materials/methods: We
reviewed, from January 2013 until December 2018, all adult patients admitted in ICU for Sepsis or Septic shock
(2) after major abdominal surgery. Among these patients, were identified those that according to legal
indication and licence in Italy, were treated with Pentameric IgM plus antibiotic (Group A) or with
antibiotic alone (Group B). We analysed the following parameters were evaluated: Blood gas analysis,
Lactate, CRP, Procalcitonin, Endotoxin activity, Liver and Renal Function, Coagulation, Blood Cell count at
different time points (Every 48 hrs for at least 7 days. Differences between groups have been analysed by
Fisher’s exact test or Chi square test for categorical variables. Mann-Whitney U test or Kruskal-Wallis test
have instead been performed to compare continuous variables. Univariate and Multivariate analysis were also
performed. Results: Over a period of 30 months 24 patients were enrolled in Group A and 20  patients in
Group B. In those subjects no statistical differences have been found in terms of bacterial or fungal infection
isolates, when detected in a blood culture test, or in inflammatory index, SOFA score, lactate levels and
mortality rate. A 48hrs response was statistically more frequent in Group B than in Group A, while no
differences were found in the other clinical and laboratory evaluation. Conclusions: Based on our results, the
use of pentameric IgM do not seem to give any clinical advantage in sepsis after to major abdominal surgery.
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1. Introduction

Sepsis still represents a major public health concern worldwide being characterized by organ
dysfunction and related dysregulated host response (1-3). The current approach for sepsis includes
the early eradication of septic foci, administration of anti-infective agents, and maintenance of
hemodynamic stability through fluid administration and vasopressors (1,3,4). This treatment is the
cornerstone for sepsis and, in particular, septic shock (4). Main difficulties to treat sepsis are related
to its complexity that depends on the types of infectious microorganisms (such as bacteria, fungi),
with related differences in terms of virulence and resistance to antibiotics. Further, the different
infected body sites, especially in patients with several comorbidities may have a significant impact
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on the outcome (1). Coupled to these evidences we should also consider that these patients may vary
in their ability to response to infection (due to hyper-inflammation, immune paralysis) and
treatments increasing the complexity of the disease. Regarding the immune paralysis, sepsis has been
defined as a life-threatening organ dysfunction caused by a dysregulated host response to infection
(5). The host response is characterized by inflammatory storm and concurrent immunosuppression,
which promote tissue damage, down-regulation of activating cell-surface molecules, T cell depletion
and increased apoptosis of immune cells (6). This imbalance of immune system may determine a
profound dysfunction of the innate and adaptive immunity (7) and play a role in patient outcomes,
particularly in elderly and patients with pre-existing immune disorders. Since the use of only anti-
inflammatory drugs failed in reducing mortality, the use of therapies designed to re-establish the
immune system seems plausible. Several therapeutic options have been suggested to improve the
outcome of sepsis and its clinical complications as septic shock and multiple organ dysfunction
syndrome; more recently it has been proposed that improving opsonizing ability of immune system
may reduce bacterial virulence. In this field, despite guidelines do not recommend the use of
immunomodulatory treatment based on pentameric IgM (Pentaglobin, an immunoglobulin M-
enriched immunoglobulin), this treatment schedule has been proposed in some scientific reports
(2,8). Rationale on this kind of therapeutic approach is controversial because no clear consensus on
its real benefits in clinical practice is provided. The advantage of this therapy relies on its pleiotropic
effects on inflammation and immune system (9). Further, evidence from in vitro and in vivo studies
and few clinical data have supported this use (8). Previous guidelines suggested against the use of
polyclonal intravenous immunoglobulins in sepsis, but based on weak efficacy data (10). However,
results from recent trials and systematic meta-analyses indicate that intravenous IgM-enriched
immunoglobulins may be effective in sepsis (11-13). The aim of our retrospective observational study
was to verify, in real life setting, if the pentameric IgM-enriched immunoglobulin may improve
clinical outcome and survival when early associated to antibiotic treatment in patients with sepsis
admitted in the Intensive Care Unit (ICU).

2. Methods.

2.1. Study design

A retrospective medical records review was performed to include anonymized data on patients
admitted for sepsis or septic shock after major abdominal surgery in the ICU of our hospital (AORN
Ospedali dei Colli, Napoli, Italia and AORN A Cardarelli, Napoli, Italy) for the period from January
2013 to March 2019. Data were related to adult patients (> 18 years) diagnosed and treated for sepsis
or septic shock, according to international guidelines and or National/Regional guidelines indication
throughout the retrospective period of evaluation (2,13-15). Pentameric IgM when used were
according to licence of use in Italy, (AIFA Italian Drug Regulatory Agency). Particularly collected
data were divided in two groups Group A patients underwent pentameric plus antibiotics and
patients selected from the same cohort of surgical procedures but treated with antibiotics alone
(Group B) (Figure 1). Demographic data and relevant comorbidities were recorded for all patients
as far as laboratory markers and clinical outcomes. According to clinical practice, the following
parameters were evaluated every 48 hours: blood gas analysis, lactate, crp, procalcitonin, endotoxin
activity, liver and renal function, coagulation, and blood cell count. Empirical antibiotic treatment
was planned for all patients and was based on their legal indications and license of use in Europe and
Italy as well as Regional and Hospital guidelines or after infectious disease consultant assessment.
Mainly all empiric treatment in patients with abdominal infection were based on the following
schedule: Tigecycline + Piperacilin-Tazobactam. This therapeutic schedule was modified according
to scientific evidences from Infectious disease group in surgery of AORN A. Cardarelli (16) and
national/regional guidelines as well as microbiological isolates when required. Antifungals were
used when required according to previous score system (17).

2.2. Study endpoints
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The primary endpoint was to evaluate the 48 hours response (reduction of Fever, inotrope drugs,
CRP, Leukocyte and increase in Blood pressure). The secondary endpoint was mortality rate and
sepsis resolution (withdrawn of inotropes drugs, absence of fever, reduction of inflammatory
parameters, discharge in ward within 28th day).

2.3. Ethics approval

According to the local legislation, a retrospective study does not require ethical approval. For
the use of retrospective data, this study was conducted in accordance with the Declaration of
Helsinki 1975 and its later amendments. All patients” data were fully anonymized and were analyzed
retrospectively. For this type of study, formal consent was not required according to the current
national established by the Italian Medicines Agency, and according to the Italian Data Protection
Authority, neither ethical committee approval nor informed consent was required for anonymized
data, as confirmed and approved by the Ethical Committee of “Aziende Ospedaliere di Rilievo
Nazionale e di Alta Specializzazione— A.Cardarelli/Santobono—Pausilipon” as part of larger study
(Protocol Number 00000926 of 11 January 2022).

2.4. Statistical analysis

Statistical analysis was performed looking for differences between groups by using the Fisher’s
exact test or Chi square test for categorical variables. Mann—-Whitney U test or Kruskal-Wallis test
have instead been performed to compare continuous variables. Univariate and Multivariate analysis
were also performed. P values below 0.05 were considered statistically significant. All analyses were
performed with the SPSS software (IBM, Armonk, New York), version 24. Data are shown as either
median and range, in the case of continuous variables or number and percentage, for categorical
variables.

3. Results

Overall, data related to 44 patients (29 men and 15 women) were retrieved from medical records.
Specifically, 24 patients (18 men and 6 women) were evaluated as eligible in Group A and 20 patients
(11 men and 9 women) in Group B. Clinical data of all patients are summarized in Table 1. No
difference was observed for demographic (age and sex) and clinical characteristics (BMI, smoke,
potus, diabetes, and metabolic syndrome) at baseline between groups (Table 2). No statistical
difference was found in terms of bacterial or fungal infections, when detected in a blood culture test,
or in inflammatory index, SOFA score, lactate levels and mortality rate (Table 2). The primary
endpoint showed that a 48 hours response was statistically more frequent in Group B than in Group
A, while no difference was in the secondary endpoint. The only further statistically difference was in
median ICU stay that resulted to be prolonged (over 14 days) in patients of Group A compared to
those in Group B (Table 2).
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Figure shows the flowchart of evaluated patients in the retrospective analysis (January 2013- March

2019)

Table 1. Baseline characteristics of the entire cohort of study (n = 44).

Parameter
Age (yrs), median [IQR] 53.5 [45.2 - 59.7]
Sex, n (%)
Male 29 (65.9)
Female 15 (34.1)
BMI, median [IQR] 23.5 [22 - 25]
Smoke, n (%) 22 (50)
Potus, n (%) 12 (27.3)
Diabetes, n (%) 8 (18.2)
Metabolic syndrome, n (%) 7 (15.9)
Lactates at EAB, median [IQR] 2.15[1.73 - 3]
SOFA Score, median [IQR] 8[7-8]

Leukocytosis, median [IQR]
Baseline
72 h
96 h

PCT, median JIQR]
Baseline

48 h

EAA, median JIQR]
Baseline

72 h

PCR, median JIQR]

Baseline

205 [18 —22.3]
18 [16 - 20]
16 [13.2 - 18]

45[2-8]
5[3-6]

0.6 [0.5-0.7]
0.51 [0.5 - 0.6]

183.5 [147 — 254]
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48 h 124 [109 - 181]
Therapy, n (%)
Pentaglobin + antibiotic 24 (54.5)
Only antibiotic 20 (45.5)
Major abdominal surgery, n (%) 34 (77.3)
Inotrops, n (%) 17 (38.6)
Inotrops drugs, n (%) 21 (47.7)
Acidosis at EGA, n (%) 23 (52.3)
ICU Stay over 15 days, n (%) 21 (47.7)
Response at 48hrs, n (%) 23 (52.3)
Exitus, n (%) 11 (25)
Infected devices, n (%) 15 (34.1)
Fungal infections, n (%) 4(9.1)
Bacteria, n (%)
Gram-negative 35 (79.5)
Gram positive 9 (20.5)

In table are reported all analyzed parameters during ICU stay. Data are expressed ad either
number and percentage or median and interquartile range (IQR). EAA means endotoxin activity

assay. Potus means alcool abuse.

Table 2. Baseline Characteristics According to pentaglobin therapy: univariate and multivariate
analysis (n = 44).

Univariate analysis

Parameter Pentaglobin+Antibiotic (n=24) Antibiotic p
(n=20)
Age (yrs), median [IQR] 48.5 [45.2 - 57] 57.5[47 - 61.7] 0.125
Sex, n (%) 0.210
Male 18 (75) 11 (65)
Female 6 (25) 9 (35)
BMI, median [IQR] 23 [22 -25] 24 [23 - 26] 0.204
Smoke, n (%) 14 (58.3) 8 (40) 0.364
Potus, n (%) 5 (20.8) 7 (35) 0.329
Diabetes, n (%) 3 (12.5) 5 (25) 0.436
Metabolic syndrome, n (%) 2 (8.3) 5 (25) 0.217
SOFA Score, median [IQR] 8[7-9] 8[7-8] 0.360
Lactates at EAB, median [IQR] 2.3 [1.85-3] 2 [1.55-3.75] 0.849
Leukocytosis, median [IQR]
Baseline 19.5[17.2-22.3] 21[19-22.8] 0.293
72h 18 [16 —20.7] 18 [16 — 20] 0.785
96 h 15.3[12.2-18] 16 [15.2 - 18] 0.414
PCT, median JIQR]

Baseline 3.5[2-7.5] 5[3.13 -8.75] 0.129
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48 h 5[2-7] 5[4 -6] 0.403
EAA, median JIQR]

Baseline 0.6 [0.5-0.7] 0.55[0.4 - 0.7] 0.457
72h 0.56 [0.5-0.6] 0.5[0.5-0.67] 0.772
PCR, median ]IQR]

Baseline 202 [153 - 242.2] 163.5[135.2-258.2]  0.548

48 h 123 [108.2 - 174.7] 146 [110 - 191.2] 0.333
Major abdominal surgery, n 17 (70.8) 17 (85) 0.304
(%)

Inotrop, n (%) 11 (45.8) 6 (30) 0.359
Inotrops drugs, n (%) 14 (58.3) 7 (35) 0.143
Acidosis at EGA, n (%) 12 (50) 11 (55) 0.771
ICU Stay over 14 days, n (%) 17 (70.8) 4 (20) 0.001
Response at 48hrs, n (%) 6 (25) 17 (85) 0.000
Exitus, n (%) 6 (25) 5 (25) 1.000
Infected devices, n (%) 11 (45.8) 4 (20) 0.111
Fungal infections, n (%) 2 (8.3) 2 (10) 1.000
Bacteria, n (%)

Gram-negative 20 (83.3) 15 (75) 0.710

MDRA” 4 (16.6) 3(15) n.s.
Gram positive 4 (16.7) 5 (25) 0.710

Table shows the results related to the analyzed variables in both groups. Statistically significant
differences were found in ICU stay over 14 days and Response at 48hrs. No differences have
been found in bacterial infections. * Gram negative MDR including Klebsiella KPC, in this case
the following therapeutic schedule was used (Colimicine plus Tigecycline plus Meropenem. *
Data are expressed ad either number and percentage or median and interquartile range (IQR).
EAA means Endotoxin activity assay. Inotrops refers to the use of one dru, Inotrop drugs refers
to the combiantion of vasocative drugs. Infected devices referes to central vein catheter. Potus

means alcool abuse.

4. Discussion

Sepsis and its complications as septic shock remains a critical issue in healthcare because still
associated to increased morbidity and mortality of affected inpatients in emergency departments and
or in ICU. Nevertheless a multidisciplinary clinical approach and tailored treatment based on
antibiotics, antifungals when necessary, fluids, steroids and vasopressors represents a gold standard
that may improve clinical outcome and to reduce on mortality (2). The use of immunoglobulins to
treat sepsis is mainly based on the rationale of modulating the inflammatory reaction and supporting
the immune system in the fight against pathogens (17). Preclinical evidence showed that the infusion
of IgM-enriched immunoglobulins can shift the inflammatory response towards an anti-
inflammatory profile (17). IgM-enriched immunoglobulins can normalize capillary perfusion by
reducing leukocyte adhesion in experimental models (18). Moreover, IgM-enriched
immunoglobulins showed to enhance the anti-inflammatory response by increasing IL-10 levels and
reducing TNF-alpha in bronchoalveolar lavage fluid of pneumonia models (19). In this clinical setting
the use of intravenous human immunoglobulin (IVIG) to improve the sepsis outcome of patients
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underwent to abdominal surgery is still matter of discussion (20-22). In our study, according to other
literature evidences too (12,17), we found that after major abdominal surgery, a therapeutic approach
based on pentameric IgM plus antibiotic treatment did not seem to improve the natural history of
sepsis, in terms of outcome and mortality compared to a therapy schedule based on the sole antibiotic.
On the contrary, a meta-analysis, including 15 randomized clinical trials (712 patients) and four
cohort studies (818 patients), found a reduction in mortality rates with IgM-enriched
immunoglobulin for sepsis (Risk Ratio 0.60; 95%CI 0.52-0.69). Subgroup analyses also showed that
these findings were consistent in reference to treatment duration, daily dose, total dose, variety of
disease, severity scores, follow-up duration, study design, and year of publication (24). However, this
meta-analysis mainly compared IgM-enriched immunoglobulin with placebo. Further we also did
not find any differences in term of endotoxin activity assay between the two groups. Indeed
endotoxin is expression of systemic inflammation due to abdominal infection sustained by gram
negative bacteria (25). Despite the mechanisms related to the possible effects of pentameric IgM on
different settings of patients is still not clear, our findings, even if based on a retrospective study,
underline the importance to lead a better and more exhaustive evaluation of the use of Pentameric
IgM instead of a too easy empiric use.

Our study also carries some limitations. First, the small sample size may under-power the detection
of differences in some parameters such as mortality or other major outcomes. Therefore, our results
should be considered as exploratory and as the first step into a deeper knowledge on how and when
to use pentameric immunoglobulin. However and in conclusion, based on our results, we can deduce
that the use of pentameric IgM for sepsis after major abdominal surgery did not seem to give any
clinical advantage at short term and at 28 days when death and duration of stay in ICU are considered
as outcomes. Given the small sample size, these results must be seen as exploratory and need to be
confirmed by other larger population based studies.
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