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Abstract

Background: Pre-evaluation of endogenous immunoglobulin levels is a potential strategy to improve the results of
intravenous immunoglobulins in sepsis, but more work has to be done to identify those patients who could benefit

the most from this treatment. The objective of this study was to evaluate the impact of endogenous immunoglobu-
lins on the mortality risk in sepsis depending on disease severity.

Methods: This was a retrospective observational study including 278 patients admitted to the ICU with sepsis fulfill-
ing the SEPSIS-3 criteria, coming from the Spanish GRECIA and ABISS-EDUSEPSIS cohorts. Patients were distributed
into two groups depending on their Sequential Organ Failure Assessment score at ICU admission (SOFA < 8,n =122
and SOFA > 8, n = 156), and the association between immunoglobulin levels at ICU admission with mortality was
studied in each group by Kaplan—-Meier and multivariate logistic regression analysis.

Results: ICU/hospital mortality in the SOFA < 8 group was 14.8/23.0%, compared to 30.1/35.3% in the SOFA > 8
group. In the group with SOFA < 8, the simultaneous presence of total IgG < 407 mg/d|, IgM < 43 mg/dl and

IgA < 219 mg/dl was associated with a reduction in the survival mean time of 6.6 days in the first 28 days and was a
robust predictor of mortality risk either during the acute or during the post-acute phase of the disease (OR for ICU
mortality: 13.79; OR for hospital mortality: 7.98). This predictive ability remained in the absence of prior immunosup-
pression (OR for ICU mortality: 17.53; OR for hospital mortality: 5.63). Total IgG < 407 mg/dl or IgG1 < 332 mg/dl was
also an independent predictor of ICU mortality in this group. In contrast, in the SOFA > 8 group, we found no immu-
noglobulin thresholds associated with neither ICU nor hospital mortality.

Conclusions: Endogenous immunoglobulin levels may have a different impact on the mortality risk of sepsis
patients based on their severity. In patients with moderate organ failure, the simultaneous presence of low levels of
IgG, IgA and IgM was a consistent predictor of both acute and post-acute mortalities.
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Background

Pre-evaluation of endogenous immunoglobulin levels
has been proposed as a potential tool to identify sepsis
patients deserving replacement treatment with intra-
venous immunoglobulins (IVIG), to improve its results
in this severe condition [1]. Nonetheless, the impact of
endogenous immunoglobulins levels on the risk of mor-
tality in sepsis remains a controversial issue. A recent
meta-analysis leaded by Shankar-Hari M found that the
prevalence of IgG hypogammaglobulinemia on the day
of sepsis diagnosis is as high as 70%, but this finding did
not identify a subgroup of patients with a higher risk of
death [2]. Recently, results from the SBITs (Score-based
immunoglobulin G therapy of patients with sepsis) study
showed that initial low IgG levels did not discriminate
between survival and non-survival in patients with severe
sepsis and septic shock [3]. In addition, patients with the
highest IgG levels (fourth quartile) showed a statistically
significant higher mortality in a risk-adjusted calculation
compared to the reference quartile [3]. A previous report
from our group supported that the answer could be in
considering immunoglobulin isotypes not as isolated
entities but in evaluating their prognostic ability in com-
bination [4, 5].

There are a number of factors that in our opinion have
not been appropriately addressed in the studies evalu-
ating the predictive ability of immunoglobulins: (1) we
have demonstrated in a recent article that disease sever-
ity strongly influences biomarker performance in sepsis
[6]; (2) the influence of previous immunosuppression
has not been evaluated [5]; (3) the impact of immuno-
globulins on hospital mortality has not been sufficiently
studied, with the majority of works being focused on the
acute period of the disease [2]; (4) finally, the ability of
endogenous immunoglobulin levels to predict mortality
in patients fulfilling the SEPSIS-3 criteria [7, 8] has not
been reported to the present moment.

Aimed by the need of identifying patient subsets that
could benefit the most from IVIG therapy, we have now
evaluated the ability of endogenous immunoglobulins
levels and also of a combined immunoglobulin score to
predict mortality risk of sepsis patients fulfilling the SEP-
SIS-3 diagnostic criteria in two different scenarios of
disease severity, at the short and the long term, with and
without presence of previous immunosuppression.

Methods

Study design

Patients from two multicenter epidemiological stud-
ies on sepsis were merged to evaluate, in a retrospective
manner, the association between levels of endogenous
immunoglobulins in plasma and mortality depending
on disease severity at ICU admission. One hundred and
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eighty patients came from the GRECIA study [9] (Grupo
de Estudios y Andlisis en Cuidados Intensivos), and 98
came from the ABISS-Edusepsis study (AntiBiotic Inter-
vention in Severe Sepsis) [10]. In both studies, patients
had sepsis at the time of admission to the ICU. For this
study, only those patients fulfilling the new definition
proposed by the SEPSIS-3 Consensus were considered
[7]. Patients with human immunodeficiency virus (HIV)
infection and those undergoing radiotherapy or receiving
immunosuppressive drugs, including chemotherapy or
systemic steroids, in the last 3 months prior to admission
to the ICU were considered to be immunosuppressed.
Exclusion criteria were cardiac arrest, therapeutic effort
limitation and lack of informed consent. A common data
sheet was developed to collect the clinical data, including
medical history, physical examination and hematological,
biochemical, radiological and microbiological investiga-
tions from the two studies. Treatment decisions were not
standardized for all patients but were made by the treat-
ing physician, always based upon the Surviving Sepsis
Campaign guidelines recommendations.

Immunoglobulin quantification

A 5-ml sample of blood was collected in an EDTA tube
from all patients in the first 12 h following ICU admis-
sion. The blood was centrifuged, and plasma was obtained
and stored at —80 °C until required for immunoglobulin
quantification. Plasma levels of immunoglobulins were
measured using a multiplex immunoglobulin isotyping
kit (Biorad TM, Hercules, CA, USA) on a Luminex plat-
form. All plasma samples from the two studies (GRECIA
and ABISS) were tested for immunoglobulin concentra-
tions using the same equipment, to avoid potential bias
due to multiplatform testing.

Statistical analysis

For the demographic and clinical characteristics of the
patients, differences between groups were assessed
using the Chi-square test for categorical variables and
the Mann—Whitney U test for continuous variables
when appropriate. Patients were split into two groups
based upon the percentile 50 for the Sequential Organ
Failure Assessment (SOFA) score at ICU admission. In
consequence, two groups of patients were generated
(SOFA < 8 and SOFA > 8). Deciles of immunoglobulin
concentrations were used to categorize patients below
or above each decile, creating the corresponding cat-
egorical variables. Deciles were calculated for the entire
cohort, since no differences for immunoglobulin levels
were found between patients with SOFA score <8 and
those with SOFA scores >8 (Table 1). We determined
the occurrence of death in each severity group using
Kaplan—-Meier curves. Time was censored at day 28
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Table 1 Clinical characteristics of the patients
Total “N": 278 patients SOFA <8 SOFA > 8 p value
N=122 N=156
Characteristics Cohort GRECIA/ABISS 81/41 99/57 n.s
Age (years) 70.5(18.0) 67.50 (19.0) n.s
Sex (male) 70 (57.4%) 112 (71.8%) 0.012
Comorbidities Chronic cardiovascular disease 5(12.3%) 21 (13.5%) ns
Chronic respiratory disease 21 (17.2%) 29 (18.6%) n.s
Chronic renal failure 2 (9.80%) 6 (10.3%) n.s
Chronic hepatic failure 2 (1.6%) 1(7.1%) 0.034
Diabetes mellitus 23 (18.9%) 24 (15.4%) n.s
Immunosuppression 23 (18.9%) 39 (25.0%) n.s
Severity and outcome APACHE-II 18.0 (7.0) 23.0(10.0) 0.001
Sepsis with cardiovascular dysfunction 77 (63.1%) 147 (94.2%) 0.001
Mortality at the ICU (1 4.8%) 47 (30 1%) 0.003
Mortality at the hospital 8 (23.0%) 5(35.3%) 0.026
Source of infection Respiratory 47 (40 2%) (38 8%) n.s
Abdominal 38 (32.5%) 44 (29.1%) n.s
Urinary tract 14 (12.0%) 21 (13.9%) n.s
Bacteremia—catheter 3(2.6%) 1(7.3%) n.s
Other 15(12.8%) 5(9.9%) n.s
Microbiologically confirmed infection 57 (46.7%) 92 (59.0%) 0.047
Microbiology Gram-negative bacteria 28 (23%) 55 (35.3%) 0.029
Gram-positive bacteria 31 (25.4%) 35 (22.4%) n.s
Fungemia 6 (4.9%) 3(1.9%) n.s
Other 4 (3.3%) (2 6%) n.s
Polimicrobian sepsis 16 (13.1%) 1(7.1%) n.s
Laboratory parameters at diagnosis White blood cells (cells/mm3) 15.800 (9500) 15.400 (15,080) n.s
Platelets/pl 210.000 (136,000) 133.000 (142,500) 0.001
Potassium (mEg/l) 4.2(0.8) 43(1.0) n.s
Sodium (mEg/1) 138.0(8.0) 139.0 (9.0 n.s
Glycemia (mg/dl) 167.0 (94.0) 170.0 (87.0) n.s
Creatinine (mg/dl) 1.2(1.1) 20(1.7) 0.001
Albumin (g/dl) 2.3(1.0) 2.3(0.8) n.s
I9G total (mg/dl) 618.2 (516.0) 528.7 (469.0) n.s
IgG1 (mg/dl) 482.6 (370.5) 446.71 (377.9) n.s
I9G2 (mg/dl) 17.8(28.2) 15.0(21.2) n.s
I9G3 (mg/dl) 51.1(76.0) 49.8 (62.0) n.s
I9G4 (mg/dl) 17.2 (46.5) 163 (35.0) ns
IgM (mg/dl) 38.0(37.4) 36.40(32.1) n.s
IgA (mg/dl) 2787 (343.0) 273.3(375.6) ns

Continuous variables are shown as median (inter-quartile rank) and categorical variables as n (%)

n.s. not significant

following admission to the ICU for this analysis. The first
decile showing significant differences between groups
based on the log-rank test was considered as the immu-
noglobulin threshold. We established immunoscores
(ISC) for identifying those patients with the combined
presence of low levels of two or more immunoglobulins
(below each respective threshold). An overall score of 0

was assigned to all patients with levels below the thresh-
olds for all immunoglobulins forming each immunoscore
and a score of 1 to the remaining patients. The dichoto-
mous variables created for each immunoglobulin using
the identified thresholds as well as the immunoscores
were further introduced into a multivariate logistic
regression analysis to determine the association between
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immunoglobulin levels and the risk of mortality at the
ICU and also at the hospital. Those variables of Table 1
yielding p values <0.1 in the univariate analysis were con-
sidered as potential confounding factors and were further
introduced in the multivariate one as adjusting variables.
Data analysis was performed using SPSS for WINDOWS
version 22.0 software (IBM-SPSS, Chicago, IL, USA).

Results

Clinical characteristics of the patients depending

on disease severity at ICU admission

In order to evaluate the potential differences between the
patients included in the two severity groups, a descrip-
tive table was built (Table 1). This table is important to
find out whether or not patients’ characteristics could
explain the different results found for the two groups
regarding the association between immunoglobulin lev-
els and the risk of mortality, as showed later in this sec-
tion. Table 1 shows that patients were elderly individuals,
with the group of patients with SOFA score > 8 having
a significant higher proportion of men. The most fre-
quent comorbidities found in both groups of patients
were chronic cardiovascular disease, chronic respira-
tory disease, chronic renal failure and diabetes mellitus.
The most severe group of patients showed a significant
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higher frequency of patients with history of chronic
hepatic failure. The proportion of patients with prior
immunosuppression did not differ in a significant man-
ner between both groups. Sources of infection were simi-
lar in the two groups compared, with predominance of
sepsis of respiratory, abdominal and urological origin.
Both groups presented also a similar proportion of infec-
tions caused by Gram + bacteria and fungi, but the most
severe group had a significant higher frequency of infec-
tions caused by Gram-negative bacteria along with an
overall higher frequency of patients with microbiologi-
cally confirmed infection. Ninety-four percentage of the
patients with SOFA > 8 presented with cardiovascular
dysfunction, compared with 63% in the group of patients
with SOFA < 8. As expected, patients in the most severe
group showed higher APACHE-II scores, higher creati-
nine levels in plasma, and lower platelets counts in blood.
In addition, mortality at the ICU and also at the hospi-
tal was markedly higher in this group. Immunoglobulin
and albumin levels in plasma did not differ in a signifi-
cant manner between both groups of patients. In those
patients with positive microbiological identification,
proportion of patients receiving appropriated antibiotic
treatment based on the antibiogram results was similar
between both severity groups (80 vs. 73%, p = 0.420).
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Fig. 1 Kaplan—Meier analysis for survival depending on immunoglobulin levels in the group with SOFA < 8
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Identification of immunoglobulin thresholds associated
with mortality

Kaplan—Meier analysis identified five immunoglobu-
lin thresholds associated with mortality in the group of
patients with SOFA < 8, corresponding to IgG, IgGl,
IgG2, IgM and IgA (Fig. 1). The triple ISC built based
upon the thresholds corresponding to the three major
immunoglobulin isotypes (IgG, IgM and IgA) showed
the highest impact on survival mean time, which was
reduced 6.6 days in average in those patients showing a
ISC IgGAM = 0 (Fig. 1; Additional file 1). When Kaplan—
Meier analysis was repeated for those patients of the
most severe group (those with SOFA > 8), no thresholds
associated with mortality were identified for individual
immunoglobulins (Fig. 2). In addition, the ISC IgGAM
failed to show any association with mortality in this anal-
ysis (Fig. 2).

Regression analysis for prediction of mortality risk

To evaluate the impact of the immunoglobulin thresh-
olds on the mortality risk over the acute phase of the
disease and also over the post-acute phase of the disease,
regression analysis for predicting either ICU or hospital

mortality was performed in the group of patients with
SOFA < 8:
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ICU mortality

We first compared the proportion of survivors and non-
survivors at the ICU in the patients with immunoglobu-
lin levels below/above these thresholds (Table 2):

Those thresholds showing differences at the level
p < 0.1 in Table 2 are further evaluated for their associa-
tion with the risk of ICU mortality by using a multivariate
analysis (Table 3). This analysis evidenced that exhibit-
ing levels of IgG, IgG1 below their respective thresholds
or having an ISC IgGAM = 0 was a robust, independ-
ent risk marker of ICU mortality. The highest odds ratio
corresponded to the ISC IgGAM. While the presence of
patients with prior immunosuppression did not affect
the predictive ability of IgG, IgG1l and ISC IgGAM, it
did influence 1gG2, which was only able to predict mor-
tality in those patients with no previous antecedents of
immunosuppression.

Hospital mortality
When hospital mortality was analyzed, only ISC IgGAM
showed differences for the proportion of survivors and
non-survivors between patients with low and high immu-
noglobulin levels (Table 4).

The multivariate analysis confirmed that the ISC
IgGAM was a strong predictor of the risk of hospital
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Fig. 2 Kaplan-Meier analysis for survival depending on immunoglobulin levels in the group with SOFA > 8
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Table 2 Proportion of survivors and non-survivors at the ICU in the group of patients with SOFA score <8 depending

on the immunoglobulin thresholds

Thresholds  SOFA < 8: ICU mortality
Patients with prior immunosuppression included Patients with prior immunosuppression excluded
(n=122) (n=99)
Non-survivors/total “n” in each category % p Non-survivors/Total “n” in each category % p
I9G (total) <407 mg/dl - 8/31 258 0045 6/24 250 0.048
>407 mg/dl - 10/91 14.8 7/75 93
lgG1 <332mg/dl - 8/30 267 0034 6/24 250 0.048
>332mg/dl 10/92 14.8 7/75 9.30
lgG2 <10 mg/dl 9/39 23.1 0076 8/32 250 0016
>10mg/dl 9/83 10.8 5/67 75
IgM <43 mg/dl 13/72 181 0217 9/54 16.7 0254
>43 mg/dl 5/50 10.0 4/45 89
IgA <219mg/dl - 10/49 204 0149  7/39 179 0253
>219mg/dl  8/73 11.0 6/60 10.0
ISCIgGAM =0 7/17 412 0001 5/12 417  0.002
=1 11/105 10.5 8/87 9.2

Table 3 Multivariate logistic regression analysis to evaluate the association between immunoglobulins and the risk
of mortality at the ICU in the group of patients with SOFA score <8

Immunoglobulins SOFA <8

A. Patients with prior immunosuppression included

B. Patients with prior immunosuppression

(h=122) excluded (n = 99)

OR Cl95% p OR Cl95% p
I9G (total) < 407 mg/dl 7.29 1.62 32.79 0.010 9.02 145 56.30 0.019
IgG1 < 332 mg/dl 8.02 1.82 3532 0.006 8.95 144 55.79 0.019
IgG2 < 10 mg/dl 3.71 093 14.80 0.064 6.22 1.08 35.72 0.040
ISCIgGAM =0 13.79 261 7298 0.002 17.53 2.23 137.57 0.006

Adjusting variables for A. were (diabetes mellitus) (presence of prior immunosuppression) (APACHE-II score) (presence of respiratory infection), (microbiologically
confirmed infection). Adjusting variables for B. were (APACHE-II score) (presence of respiratory infection), (presence of abdominal infection) (microbiologically

confirmed infection)

mortality, not affected by the presence of prior immuno-
suppression (Table 5).

Multivariate regression analysis for the ISCs combining
two immunoglobulins was not performed since the vast
majority of non-survivors showing a “0” in the double
ISCs showed also a “0” in the triple ISC (overlap with the
triple score was 100% for ISC IgGM, of 90% for ISC IgGA
and 82% for ISC IgMA).

Potential influence of hemodilution on the results
Interestingly, hemodilution had no effect on the results
observed in the less severe group of patients, as evi-
denced by the absence of significant correlation in the
Spearman test between levels of immunoglobulins and
albumin concentration in plasma (p > 0.05).

Discussion

This study shows for the first time that the influence of
endogenous immunoglobulin levels on the prognosis of
patients with sepsis seems to be restricted to a subset of
individuals presenting at the ICU with limited extent of
organ failure. Our results evidenced also that the simul-
taneous presence of low levels of IgG, IgA and IgM was
found to be a consistent predictor of both acute mortality
(at the ICU) and post-acute mortality (at the hospital) in
these patients, independently of the presence or absence
of previous immunosuppression. In contrast, the ability
of total IgG or IgG1 to predict mortality was restricted
to the acute period of the disease (ICU mortality). While
the presence of patients with previous immunosuppres-
sion did not alter the predictive ability of total IgG and
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Table 4 Proportion of survivors and non-survivors at the hospital in the group of patients with SOFA score <8 depending

on the immunoglobulin thresholds

Thresholds  SOFA < 8: Hospital mortality
Patients with prior immunosuppression included Patients with prior immunosuppression excluded
(n=122) (n=99)
Non-survivors/Total “n” in each category % p Non-survivors/Total “n” in each category % p
I9G (total) <407 mg/dl - 10/31 323 0119 7/24 292 0.209
>407 mg/dl - 18/91 19.8 13/75 173
lgG1 <332mg/dl - 10/30 333 0119 7/24 29.2 0209
>332mg/dl 18/92 19.6 13/75 17.3
lgG2 <10 mg/dl 11/39 282 0344 9/32 281 0175
>10 mg/dl 17/83 205 11/67 164
IgM <43 mg/dl 19/72 264 0279 12/54 222 0583
>43 mg/dl 9/50 18.0 8/45 17.8
IgA <219mg/dl - 14/49 286 0226 10/39 256 0277
>219mg/dl 14/73 19.2 10/60 16.7
ISCIgGAM =0 9/17 529 0002 6/12 500 0.006
=1 19/105 18.1 14/87 16.1

Table 5 Multivariate logistic regression analysis to evaluate the association between immunoglobulins and the risk
of mortality at the hospital in the group of patients with SOFA score <8

Immunoglobulins SOFA <8

A. Patients with prior immunosuppression included

B. Patients with prior immunosuppression

(n=122) excluded (n = 99)
OR Cl195% p OR Cl195% p
ISCIgGAM =0 7.98 1.94 32.87 0.004 563 1.13 28.11 0.035

Adjusting variables for A. were (age) (presence of prior immunosuppression) (APACHE-II score) (microbiologically confirmed infection). Adjusting variables for B were

(APACHE-II score) (respiratory infection) (microbiologically confirmed infection)

IgGl, it modified that of IgG2, which was only able to
predict ICU mortality in those patients with no previous
immunosuppression. These findings reinforce the superi-
ority of the combined immunoglobulin score over immu-
noglobulins individually considered to identify sepsis
patients at risk of poor outcomes [4].

In the era of precision medicine in sepsis [11, 12],
defining the immunological state of the patient will be
crucial to the success of any biological response modi-
fier for sepsis [13, 14]. Our findings could contribute to
personalize treatment with IVIG in this disease. Failure
of IVIG in demonstrating clinical benefit in sepsis [15]
could be explained by different factors concerning both
the patient and the IVIG preparation, which have already
been discussed elsewhere [1, 16]. Our results provide
new clues to better design future trials with IVIG in sep-
sis and/or to improve data analysis from these trials. The
more relevant would be that sepsis patients should not be
considered as a homogenous population. The impact of
IVIG on the outcome of the patients should be analyzed

stratifying the patients by their levels of endogenous
immunoglobulins and by the degree of disease severity at
ICU admission. Quantification of immunoglobulin levels
using nephelometry is a fast test which takes less than
2 h. In turn, the SOFA score has widespread familiarity
within the critical care community, making it useful to
assess the degree of organ failure extent at ICU admis-
sion [7, 17]. In addition, our results provide a scientific
rational to evaluate whether IVIG preparations contain-
ing IgG, IgA and IgM could be more effective for the
treatment of sepsis than those containing exclusively IgG
[18-20]. Interestingly, Kreymann KG et al., a meta-analy-
sis in 2007 of all randomized controlled studies published
on polyvalent immunoglobulins for treatment of sepsis
or septic shock, observed a strong protective trend in
favor of an immunoglobulin preparation containing the
three major immunoglobulin isotypes [21].

As a major limitation of our study, immunoglobulins
were measured in samples already available from the
GRECIA and the ABISS studies, and in consequence, it
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was retrospective in nature. This makes that sample size
was not calculated based on a predefined primary out-
come, which may represent a source of bias. Another
limitation was the absence of lactate registries in many
patients, which precluded identifying those patients ful-
filling the new definition of septic shock as proposed by
the SEPSIS-3 consensus [8]. In consequence, new pro-
spective studies should confirm the results obtained in
this work.

Conclusions

Results from this study suggest that endogenous immu-
noglobulin levels may have a different impact on the
mortality risk of sepsis patients based on their severity.
Future studies should be directed to investigate whether
IVIG therapy may particularly benefit subsets of patients
with moderate organ failure extent and low levels of the
three immunoglobulin isotypes.

Additional file

Additional file 1. Mean survival time (days) in the SOFA <8 group

based on immunoglobulin thresholds. Differences between groups were
assessed using the log-rank test. A (days) represents [(mean survival time
in patients with levels of immunoglobulin above the threshold) - (mean
survival time in patients with levels of immunoglobulin below the thresh-
old)]. Time was censored at 28 days following ICU admission

Abbreviations

ABISS-Edusepsis: AntiBiotic Intervention in Severe Sepsis; APACHE-II: Acute
Physiology and Chronic Health Evaluation Il Score; GRECIA: Grupo de Estudios
y Andlisis en Cuidados Intensivos; IVIG: intravenous immunoglobulin; ISC
IgGAM: immunoscore combining IgG, IgA, IgM; ISC IgGM: immunoscore com-
bining IgG, IgM; ISC IgGA: immunoscore combining IgG, IgA; ISC IgMA: immu-
noscore combining IgM, IgA; SBITs: Score-based immunoglobulin G therapy of
patients with sepsis; SOFA: Sequential Organ Failure Assessment Score.

Authors’ contributions

IML and JFBM designed the study and wrote the article; AMB, RF, AA, JSV, LL,
DAO, APB, RHM, BS, PM, AML, PGO, EA, ET, JB, GRECIA group recruited the
patients and samples and critically reviewed the manuscript; ARF and WT
drafted the article tables and figures and critically reviewed the manuscript. All
authors read and approved the final manuscript.

Author details

! Multidisciplinary Intensive Care Research Organization (MICRO), St. James's
University Hospitals Dublin, James's St, Ushers, Dublin 8, Ireland. 2 Intensive
Care Department, Hospital Universitario Rio Hortega de Valladolid, Calle
Dulzaina, 2, 47012 Valladolid, Spain. 3 Intensive Care Department, Vall d'Hebron
University Hospital, Shock Organ Dysfunction and Resuscitation Research
Group, Vall d'Hebron Research Institute, Passeig de la Vall d’Hebron, 119-129,
08035 Barcelona, Spain. * ABISS-Edusepsis (AntiBiotic Intervention in Severe
Sepsis), Intensive Care Department, Vall d’Hebron University Hospital, Passeig
de la Vall d’Hebron, 119-129, 08035 Barcelona, Spain. > Critical Care Center,
Corporacion Sanitaria Universitaria Parc Tauli, Autonomous University of Bar-
celona, Parc Tauli 1,08208 Sabadell, Barcelona, Spain. ® CIBER Enfermedades
Respiratorias, Instituto de Salud Carlos Ill, C/Sinesio Delgado,4, 28029 Madrid,
Spain.  Critical Care Medicine Service, Hospital Dr Negrin, Barranco de la
Ballena, s/n, 35010 Las Palmas de Gran Canaria, Las Palmas, Spain. 8 Critical
Care Medicine Service, Hospital Universitario de Canarias, Carretera de Ofra,
s/n, 38320 San Cristébal de La Laguna, Santa Cruz De Tenerife, Spain. 9 Critical

Page 8 of 9

Care Medicine Service, Hospital Clinico Universitario de Valladolid, Av. Ramén
y Cajal, 3, 47003 Valladolid, Spain. '° Laboratory for Biological Characterisation
of Advanced Materials, Trinity Translational Medicine Institute (TTMI), James's
St, Dublin 8, Ireland. " Critical Care Medicine Service, Hospital Universitario
Marqués de Valdecilla, Av. Valdecilla, 25, 39008 Santander, Spain. '2 Microbiol-
ogy Service, Hospital Marques de Valdecilla, Av. Valdecilla, 25, 39008 Santander,
Spain. '® Critical Care Medicine Service, Hospital Nuestra Sefora de Valme,

Av. de Bellavista, s/n, 41014 Seville, Spain. 1 Critical Care Medicine Service,
Hospital General Universitario Gregorio Maranon, Calle del Dr. Esquerdo, 46,
28007 Madrid, Spain. 1> Critical Care Medicine Service, Hospital de Manacor,
Carretera Manacor Alcudia, s/n, 07500 Manacor, Spain. '® Anesthesiology Ser-
vice, Hospital Clinico Universitario de Valladolid, Av. Ramén y Cajal, 47003 Val-
ladolid, Spain. '/ BIO-SEPSIS (Laboratory of Biomedical Research in Sepsis),
Hospital Clinico Universitario, SACYL, Av. Ramén y Cajal 3, 47003 Valladolid,
Spain. '® GRECIA Group (Grupo de Estudios y Andlisis en Cuidados Intensivos),
Critical Care Medicine Service, Hospital Universitario Rio Hortega de Valladolid,
Calle Dulzaina, 2, 47012 Valladolid, Spain.

Researchers of the GRECIA group (Coordinator: Jesus Blanco)

Marta Marfa Garcia-Garcfa (Hospital Universitario Rio Hortega, Valladolid,
Spain); Ma Jesus Lopez Pueyo, Jose Antonio Fernandez Ratero, Miguel Mar-
tinez Barrios, Fernando Callejo Torre, Sergio Ossa Echeverri (Hospital General
Yagle, Burgos, Spain); Demetrio Carriedo Ule, Ana M2 Dominguez Berrot, Fco
Javier Diaz Dominguez (Complejo Hospitalario de Ledn, Spain); Susana Mora-
dillo (Hospital Rio Carrién, Palencia, Spain); Braulio Alvarez Martinez (Hospital
del Bierzo, Ponferrada, Spain); Noelia Albald, Juan Carlos Ballesteros, Marta Paz
Perez, Elena Perez Losada (Hospital Clinico Universitario de Salamanca, Spain);
Santiago Macias, Rafael Pajares Garcia, Noelia Recio Garcia Cervigdn (Hospital
General de Segovia Spain); M2 Mar Gobernado Serrano, M2 José Ferndndez
Calavia, Daniel Moreno Torres (Complejo Hospitalario de Soria, Spain); Concha
Tarancon, Teresa Loreto, Priscila Carcelen (Hospital Virgen de la Concha, Spain),
Rafael Citores y Francisco Gandia (Hospital Clinico Universitario de Valladolid).

Acknowledgements
We want to thank the role of Gemma Goma as research nurse in charge of
sample and data collection for the ABISS-Edusepsis studly.

Funding was provided by SACYL (Grant No. BOCYL-D-26072010), Instituto
de Salud Carlos Ill (Grant Nos. EMER 07/050, PI12-01815).

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

Availability of data and materials
The datasets used during the current study are available from the correspond-
ing author on reasonable request.

Ethics approval and consent to participate

Written informed consent was obtained directly from all patients, or their legal
representative, before enrollment. Scientific and ethical approval of the study
protocol was obtained from the ethical committees for clinical research of all
participating hospitals. The study has been performed in accordance with the
ethical standards laid down in the 1964 Declaration of Helsinki and its later
amendments.

Funding

The GRECIA study was supported by “Proyectos de Investigacion en Biome-
dicina, Consejeria de Sanidad, JCYL (Grant Code BOCYL-D-26072010)" The
authors thank also Instituto de Salud Carlos Ill for their financial support (Grant
Code EMER 07/050, ISCIII-FIS-PI12-01815). The funding agencies were not
involved neither in the design of the study and collection, nor in the analysis,
interpretation of data or manuscript writing.

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

Received: 28 January 2017 Accepted: 11 April 2017
Published online: 20 April 2017


http://dx.doi.org/10.1186/s13613-017-0268-3

Martin-Loeches et al. Ann. Intensive Care (2017) 7:44

References

1.

Almansa R, Tamayo E, Andaluz-Ojeda D, Nogales L, Blanco J, Eiros JM,

et al. The original sins of clinical trials with intravenous immunoglobulins
in sepsis. Crit Care Lond Engl. 2015;19:90.

Shankar-Hari M, Culshaw N, Post B, Tamayo E, Andaluz-Ojeda D, Bermejo-
Martin JF, et al. Endogenous IgG hypogammaglobulinaemia in critically
ill adults with sepsis: systematic review and meta-analysis. Intensive Care
Med. 2015;41:1393-401.

Dietz S, Lautenschlager C, Muller-Werdan U, Pilz G, Fraunberger P, Pésler
M, et al. Serum IgG levels and mortality in patients with severe sepsis
and septic shock : the SBITS data. Med. Klin. Intensivmed. Notfallmedizin.
2016;1-9.

Bermejo-Martin JF, Rodriguez-Fernandez A, Herrdn-Monge R, Andaluz-
Ojeda D, Muriel-Bombin A, Merino P, et al. Immunoglobulins IgG1, IgM
and IgA: a synergistic team influencing survival in sepsis. J Intern Med.
2014;276:404-12.

Bermejo Martin JF, Giamarellos-Bourboulis EJ. Endogenous immunoglob-
ulins and sepsis: New perspectives for guiding replacement therapies. Int
J Antimicrob Agents. 2015;46(Suppl 1):525-8.

Andaluz-Ojeda D, Nguyen HB, Meunier-Beillard N, Cicuéndez R, Quenot
J-P, Calvo D, et al. Superior accuracy of mid-regional proadrenomedullin
for mortality prediction in sepsis with varying levels of illness severity.
Ann Intensive Care. 2017;7:15.

Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D,
Bauer M, et al. The third international consensus definitions for sepsis and
septic shock (Sepsis-3). JAMA. 2016;315:801-10.

Shankar-Hari M, Phillips GS, Levy ML, Seymour CW, Liu VX, Deutschman
CS, et al. Developing a new definition and assessing new clinical criteria
for septic shock: for the third international consensus definitions for
sepsis and septic shock (sepsis-3). JAMA. 2016;315:775-87.
Herrdn-Monge R, Muriel-Bombin A, Garcia-Garcia MM, Merino-Garcia PA,
Citores-Gonzélez R, Ferndndez-Ratero JA, et al. Mortality reduction and
long-term compliance with surviving sepsis campaign: A Nationwide
Multicenter Study. Shock Augusta Ga. 2016;45:598-606.

Sanchez B, Ferrer R, Suarez D, Romay E, Piacentini E, Goma G, et al.
Declining mortality due to severe sepsis and septic shock in Spanish
intensive care units: a two-cohort study in 2005 and 2011. Med Intensiva.
2017,41:28-37.

20.

Page 9 of 9

. Bermejo-Martin JF, Andaluz-Ojeda D, Almansa R, Gandia F, Gdbmez-Her-

reras JI, Gomez-Sanchez E, et al. Defining immunological dysfunction in
sepsis: a requisite tool for precision medicine. J Infect. 2016;72:525-36.
Bermejo-Martin JF, Tamayo E, Andaluz-Ojeda D, Martin-Fernandez M,
Almansa R. Characterizing systemic immune dysfunction syndrome to fill
in the gaps of SEPSIS-2 and SEPSIS-3 definitions. Chest. 2017;151:518-9.

. Almansa R, Wain J, Tamayo E, Andaluz-Ojeda D, Martin-Loeches |, Ramirez

P et al. Immunological monitoring to prevent and treat sepsis. Crit Care
Lond Engl. 2013;17:109.

Hotchkiss RS, Moldawer LL, Opal SM, Reinhart K, Turnbull IR, Vincent J-L.
Sepsis and septic shock. Nat Rev Dis Prim. 2016;2:16045.

Alejandria MM, Lansang MAD, Dans LF, Mantaring JB. Intravenous immu-
noglobulin for treating sepsis, severe sepsis and septic shock. Cochrane
Database Syst. Rev. 2013;16(9):CD001090.

Shankar-Hari M, Spencer J, Sewell WA, Rowan KM, Singer M. Bench-to-
bedside review: immunoglobulin therapy for sepsis—biological plausibil-
ity from a critical care perspective. Crit Care Lond Engl. 2012;16:206.
Vincent JL, de Mendonca A, Cantraine F, Moreno R, Takala J, Suter PM,

et al. Use of the SOFA score to assess the incidence of organ dysfunction/
failure in intensive care units: results of a multicenter, prospective study.
Working group on “sepsis-related problems” of the European Society of
Intensive Care Medicine. Crit Care Med. 1998;26:1793-800.

Neilson AR, Burchardi H, Schneider H. Cost-effectiveness of immuno-
globulin M-enriched immunoglobulin (Pentaglobin) in the treatment of
severe sepsis and septic shock. J Crit Care. 2005;20:239-49.

Welte T, Dellinger RP, Ebelt H, Ferrer M, Opal SM, Schliephake DE, et al.
Concept for a study design in patients with severe community-acquired
pneumonia: a randomised controlled trial with a novel IGM-enriched
immunoglobulin preparation—The CIGMA study. Respir Med.
2015;109:758-67.

Giamarellos-Bourboulis EJ, Tziolos N, Routsi C, Katsenos C, Tsangaris |,
Pneumatikos I, et al. Improving outcomes of severe infections by multid-
rug-resistant pathogens with polyclonal IgM-enriched immunoglobulins.
Clin Microbiol Infect. 2016;22:499-506.

. Kreymann KG, de Heer G, Nierhaus A, Kluge S. Use of polyclonal immuno-

globulins as adjunctive therapy for sepsis or septic shock. Crit Care Med.
2007;35:2677-85.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	The protective association of endogenous immunoglobulins against sepsis mortality is restricted to patients with moderate organ failure
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design
	Immunoglobulin quantification
	Statistical analysis

	Results
	Clinical characteristics of the patients depending on disease severity at ICU admission
	Identification of immunoglobulin thresholds associated with mortality
	Regression analysis for prediction of mortality risk
	ICU mortality
	Hospital mortality
	Potential influence of hemodilution on the results

	Discussion
	Conclusions
	Authors’ contributions
	References




