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Abstract

Background: pre-evaluation of endogenous immunoglobulin levelsis apotential
strategy to improve the results of intravenous immunoglobulinsin 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

immunoglobulins 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 fulfilling 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 a 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
t0 30.1 %/ 35.3% in the SOFA > 8 group. In the group with SOFA < 8, the
simultaneous presence of total 1gG <407 mg/dI, IgM < 43 mg/dl and IgA < 219 mg/dl
was associated to a reduction in the survival mean time of 6.6 days in the first 28 days,
and was arobust predictor of mortality risk either during the acute and 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 immunosupression (OR for ICU
mortality: 17.53; OR for hospital mortality: 5.63). Total 1gG <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 immunoglobulin thresholds associated to neither ICU

nor to hospital mortality.
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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 1gG, IgA and IgM was a consistent

predictor of both acute and post-acute mortality.

Key words: immunoglobulins, sepsis, severity, survival.
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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 intravenous
immunoglobulins (IVIG), to improveits results in this severe condition [1].
Nonetheless, the impact of endogenous immunoglobulins levels on the risk of mortality
in sepsis remains a controversial issue. A recent meta-analysis leaded by Shankar-Hari
M found that the prevalence of 1gG hypogamma-globulinaemia on the day of sepsis
diagnosisiis as high as 70%, but this finding did not identify a subgroup of patients with
ahigher risk of death [2]. Recently, results from the SBITs (Score-based
immunoglobulin G therapy of patients with sepsis) study, showed that initial low 1gG
levels did not discriminate between survival and non-survival in patients with severe
sepsis and septic shock [3]. In addition, patients with the highest 1gG levels (fourth
guartile) showed a statistically significant higher mortality in arisk-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 prognastic ability in combination [4] [5].

There are a number of factors that in our opinion have not been appropriately addressed
in the studies evaluating the predictive ability of immunoglobulins: 1) we have
demonstrated in arecent article that disease severity strongly influences biomarker
performance in sepsis [6]; 2) the influence of previous immunosupression has not been
evaluated [5]; 3) the impact of immunoglobulins on hospital mortality has not been
sufficiently studied, with the maority of works being focused on the acute period of the
disease [2]; 4) finally, the ability of endogenous immunoglobulin levelsto predict
mortality in patients fulfilling the SEPSIS-3 criteria[7] [8] has not been reported to the

present moment.
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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 SEPSIS-3 diagnostic criteriain two different scenarios of disease severity,
at the short and the long term, with and without presence of previous

i MMUNOSUPression.

Methods

Study design: patients from two multi-center epidemiological studies on sepsis were
merged to evaluate, in aretrospective manner, the associ ation between levels of
endogenous immunoglobulins in plasma and mortality depending on disease severity at
ICU admission. 180 patients came from the GRECIA study [9], (Grupo de Estudios y
Andlisis en Cuidados Intensivos) and 98 came from the ABISS-Edusepsis study
(AntiBiotic Intervention 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 immuno-
suppressed. Exclusion criteriawere 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 haematological, biochemical,
radiological and microbiological investigations from the two studies. Treatment
decisions were not standardized for all patients but were made by the treating physician,

always based upon the Surviving Sepsis Campaign guidelines recommendations.
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Immunoglobulin quantification: a5-mL sample of blood was collected inan EDTA
tube from all patientsin the first 12 hours following ICU admission. 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 platform. All plasma samples from the two studies (GRECIA and ABISS)
were tested for immunoglobulin concentrations 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 2 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 consegquence, 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
categorical 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 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 immunoglobulin
threshold. We established immuno-scores (1SC) 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 thresholds for all immunoglobulins forming each immuno-score and a score
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of 1 to the remaining patients. The dichotomous variables created for each
immunoglobulin using the identified thresholds as well as the immuno-scores were
further introduced into a multivariate logistic regression analysis to determine the
association between 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 considered 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

I. Clinical characteristics of the patients depending on disease severity at |CU
admission: in order to evaluate the potential differences between the patients included
in the two severity groups, a descriptive table was built (Table 1). Thistableis
important to find out whether or not patients’ characteristics could explain the different
results found for the two groups regarding the association between immunoglobulin
levels and the risk of mortality, as showed later in this section. Table 1 shows that
patients were elderly individuals, with the group of patients with SOFA score > 8
having asignificant higher proportion of men. The most frequent co-morbidities found
in both groups of patients were chronic cardiovascular disease, chronic respiratory
disease, chronic renal failure and diabetes mellitus. The most severe group of patients
showed a significant higher frequency of patients with history of chronic hepatic failure.
The proportion of patients with prior immunosupression did not differ in a significant
manner between both groups. Sources of infection were similar in the two groups

compared, with predominance of sepsis of respiratory, abdominal and urological origin.
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Both groups presented also a similar proportion of infections caused by Gram + bacteria
and fungi, but the most severe group had a significant higher frequency of infections
caused by Gram - bacteria along with an overall higher frequency of patients with
microbiologically confirmed infection. 94 % 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-I1
scores, higher creatinine levelsin plasma, and lower platelets counts in blood. In
addition, mortality at the ICU and also at the hospital was markedly higher in this
group. Immunoglobulin and albumin levelsin plasma did not differ in asignificant
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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1. Clinical characteristics of the patients. Continuous variables are shown as median

(inter-quartile rank) and categorical variables as n (%). N.s: not significant.

Total “N”: 278 patients Sﬂzﬁzz 8 Sl.ilz‘sg 8 va?ue
o Cohort GRECIA / ABISS 81/41 99/57 n.s
Characteristics Age (years) 705 (18.0) | 67.50 (19.0) | n.s
Sex (male) 70 (57.4%) | 112 (71.8%) |0.012
Chronic cardiovascular disease 15(12.3%) | 21(135%) | n.s
Chronic respiratory disease 21 (17.2%) | 29(18.6%) | n.s
Comor bidities Chronicrenal failure 12 (9.80%) | 16 (10.3%) | n.s
Chronic hepatic failure 2 (1.6%) 11 (7.1%) |0.034
Diabetes mellitus 23(18.9%) | 24 (15.4%) | n.s
I mmunosuppression 23 (18.9%) | 39(25.0%) | ns
APACHE-II 18.0(7.0) | 23.0(10.0) |0.001
Severity and outcome Sepsis with cardiovascular dysfunction | 77 (63.1%) | 147 (94.2%) | 0.001
M ortality at the ICU 18 (14.8%) | 47 (30.1%) |0.003
Mortality at the Hospital 28 (23.0%) | 55(35.3%) |0.026
Respiratory 47 (40.2%) | 59(38.8%) | n.s
Source of infection Abdominal 38(32.5%) | 44(29.1%) | n.s
Urinary tract 14 (12.0%) | 21(13.9%) | n.s
Bacter emia-catheter 3 (2.6%) 11 (7.3%) n.s
Other 15(12.8%) | 15 (9.9%) n.s
Microbiologically confirmed infection | 57 (46.7%) | 92 (59.0%) |0.047*
Gram-negative bacteria 28 (23%) | 55(35.3%) [0.029*
Gram-positive bacteria 31(25.4%) | 35(22.4%) | ns
Microbiology Fungemia 6 (4.9%) 3(1.9%) n.s
Other 4 (3.3%) 4 (2.6%) n.s
Polimicrobian sepsis 16 (13.1%) | 11 (7.1%) n.s
White Blood calls (callymma) %Sé%%()’ &55'3'58) ns
Platelets/lL (2113%008(% (11?;?5@88) 0.001*
Potassium (mEg/L) 4.2(0.8) 4.3 (1.0) n.s
Sodium (mEg/L) 138.0(8.0) | 139.0(9.0) | ns
Glycemia (mg/dL) 167.0(94.0)| 170.0(87.0) | n.s
L aboratory Creatinine (mg/dL) 12(11) 20(17) |0.001*
gtagf‘a"g]ﬁgz Albumin (g/dL) 23(10) | 23(08) | ns
1gG total (mg/dL) 618.2 (516.0)| 528.7 (469.0) | n.s
1gG1 (mg/dL) 482.6 (370.5)446.71 (377.9)| n.s
1gG2 (mg/dL) 17.8(28.2) | 15.0(21.2) | n.s
19G3 (mg/dL) 51.1 (76.0) | 49.8(62.0) | n.s
1gG4 (mg/dL) 17.2 (46.5) | 16.3(35.0) | ns
IgM (mg/dL) 38.0(37.4) | 36.40(32.1) | ns
IgA (mg/dL) 278.7 (343.0) 273.3(375.6) | n.s
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I1. Identification of immunoglobulin thresholds associated with mortality: Kaplan-
Meier analysis identified five immunoglobulin threshol ds associated with mortality in
the group of patients with SOFA < 8, corresponding to 1gG, 1gG1, 1gG2, IgM and IgA
(Figure 1). Thetriple 1SC built based upon the thresholds corresponding to the three
major immunoglobulin isotypes (1gG, IgM and 1gA) showed the highest impact on
survival mean time, which was reduced 6.6 days in average in those patients showing a
ISC IgGAM =0 (Figure 1 and 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
(Figure 2). In addition, the ISC IgGAM failed to show any association with mortality in

this analysis (Figure 2).

I11. Regression analysisfor prediction of mortality risk: to evaluate the impact of the
immunoglobulin thresholds 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 and hospital mortality were performed in the group of patients with SOFA < 8:

[11.11CU mortality: we first compared the proportion of survivors and non survivors
at the ICU in the patients with immunoglobulin levels bel ow/above these thresholds

(Table 2):

13
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Table 2: Proportion of survivorsand non survivorsat the CU in the group of

patients with SOFA scor e < 8 depending on the immunoglobulin thresholds.

SOFA < 8: ICU mortality
Patientswith prior Patients with prior
immunosupression included immunosupression excluded
(n=122) (n=99)
Non survivors/ Non survivors/
Thresholds Total "n" ineach % p | Total"n" ineach | % p
category category
0,
<407 mg/dl 8/31 25.8% 6/24 250% 0.048
1gG 0.045
total 0
( ) > 407 mg/dl 10/91 14.8% 7175 9-3%
0,
< 332 mg/dl 8/30 26.7% 0.034 6/24 25.0% 0.048
961 ' 9.30%
>332 mg/d| 10/ 92 14.8% 7175 e
0,
<10 mg/dI 9/39 23.1% 0.076 8/32 250% 0.016
l9G2 . 7.5%
>10 mg/dl 9/83 10.8% 5/67
16.7%
0,
<43 mg/dI 13/72 18.1% 0217 9/54 0.254
'gM 8.9%
> 43 mg/d 5/50 10.0% 4145 7
17.9%
0,
<219 mg/dl 10/ 49 20.4% 0.149 7139 0253
IgA
10.0%
> 219 mg/dl 8/73 11.0% 6/60
0,
ISC =0 7117 41.2% | 0.001 5/12 AL7% 0.002
0,
lgGAM =1 11/105 105% 8187 9.2%

Those thresholds showing differences at the level p < 0.1 in the Table 2 were further
evaluated for their association with the risk of ICU mortality by using a multivariate
analysis (Table 3). This analysis evidenced that exhibiting levels of 1gG, 1gG1 below
their respective thresholds or having an ISC IgGAM = 0 was arobust, independent risk
marker of ICU mortality. The highest Odds Ratio corresponded to the ISC IgGAM.

While the presence of patients with prior immunosupression did not affect the

14
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predictive ability of 1gG, IgG1 and ISC IgGAM, it did influence IgG2, which was only
ableto predict mortality in those patients with no previous antecedents of

i MMUNOSUPression.

Table 3. Multivariate logistic regression analysis to evaluate the association
between immunoglobulins and therisk of mortality at thel CU in the group of
patients with SOFA score < 8. Adjusting variables for A. were [diabetes mellitus]
[presence of prior immunosupression] [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].

SOFA <8
A. Patientswith prior B. Patientswith prior
immunosupression included immunosupression excluded
(n=122) (n=99)
Immunoglobulins OR Cl 95% D OR Cl 95% o

IgG (total) <407 mg/dl | 729 |162|3279| 0010 | 902 | 145 5630 | 0.019

1gG1 < 332 mg/dl 8.02 |1.82|3532| 0.006 8.95 144 | 5579 | 0.019
1gG2 < 10 mg/dI 371 | 093] 14.80 | 0.064 6.22 1.08 | 3572 | 0.040
ISC 1gGAM =0 13.79 | 261 | 7298 | 0.002 | 17.53 223 | 13757 | 0.006

[11.2 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 immunoglobulin levels (Table 4).
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Table 4: Proportion of survivorsand non survivorsat the hospital in the group of

patients with SOFA scor e < 8 depending on the immunoglobulin thresholds

SOFA < 8: Hospital mortality
Patientswith prior Patientswith prior
immunosupression included immunosupression excluded
(n=122) (n=99)
Thresholds {\Ilo'rll tsurwvors/ Total % o I}Iolr? iSUI’VIVOI’S/ Total % b
n" in each category n" in each category
32.3% 29.2%
<407
10/31 7124
19G mg/dl 0.119 0.209
(total) 19.8% 17.3%
24071 18/91 13/ 75
mg/dl
33.3% 29.2%
<332
mg/dl 10/30 7124 0.209
1961 196% | 011 17.3%
>332 mg/dl 18/92 13/75
28.2% 28.1%
<10 mg/dl 11/39 0.344 9/32 0175
9G2 205% 164%
>10 mg/d| 17/83 11/67
26.4%
< 20
43 mg/dl 19/72 0.279 12/54 22.2% 0583
oM 18.0% 17.8%
> 43 mg/dl 9/50 8/45
28.6% 25.6%
<219
mg/dl 14749 0.226 10739 0.277
oA > 219 19.2% 16.7%
- 14/73 10/60
mg/dl
52.9%
= 0,
0 9/17 0.002 6/12 50.0% 0.006
ISC
1gGAM 18.1%
=1 19/105 14/87 16.1%

The multivariate analysis confirmed that the ISC IgGAM was a strong predictor of the
risk of hospital mortality, not affected by the presence of prior immunosupression

(Table 5).
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Table5. Multivariate logistic regression analysis to evaluate the association
between immunoglobulins and therisk of mortality at the hospital in the group of
patientswith SOFA score < 8. Adjusting variables for A. were [age] [presence of prior
immunosupression] [APACHE-II score] [microbiologically confirmed infection].
Adjusting variables for B were [APACHE-II score] [respiratory infection]

[microbiologically confirmed infection].

SOFA <8
A. Patientswith prior B. Patients with prior
immunosupression included immunosupression excluded
(n=122) (n=99)
Immunoglobulins OR Cl 95% D OR Cl 95% D
ISC1gGAM =0 798 | 194 | 3287 | 0.004 5.63 113 | 2811 | 0.035

Multivariate regression analysis for the ISCs combining two immunoglobulins were 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 evidenced by the
absence of significant correlation in the Spearman Test between levels of

immunoglobulins and albumin concentration in plasma (p > 0.05).
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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 simultaneous presence of low levels of 1gG, 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 immunosupression. In contrast, the ability of total 1gG or IgGL1 to predict
mortality was restricted to the acute period of the disease (ICU mortality). While the
presence of patients with previous immunosupression did not alter the predictive ability
of total 1gG and 1gG1, it modified that of 1gG2, which was only able to predict ICU
mortality in those patients with no previous immunosupression. These findings
reinforce the superiority of the combined immunoglobulin score over immunoglobulins

individually considered to identify sepsis patients at risk of poor outcomes [4].

In the era of precision medicinein sepsis [11] [12], defining the immunological state of
the patient will be crucial to the success of any biological response modifier for sepsis
[13] [14]. Our findings could contribute to personalize treatment with IVIG in this
disease. Failure of 1VIG in demonstrating clinical benefit in sepsis [15] could be
explained by different factors concerning both the patient and the 1V IG preparation,
which have already been discussed elsewhere [1] [16]. Our results provide new cluesto
better design future trials with IVIG in sepsis 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 1VIG of the outcome of the patients should be
analyzed stratifying the patients by their levels of endogenous immunoglobulins & by
the degree of disease severity at ICU admission. Quantification of immunoglobulin
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levels using nephelometry is a fast test which takes less than 2 hours. 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 admission [7] [17]. In addition, our
results provide a scientific rational to evaluate if IVIG preparations containing 1gG, IgA,
and IgM could be more effective for the treatment of sepsis than those containing
exclusively 1gG [18] [19] [20]. Interestingly, Kreymann KG et al, a metanaysisin
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].

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

obtained in this work.

Conclusions

Results from this study suggest that endogenous immunoglobulin 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 1V1G therapy may particularly benefit
subsets of patients with moderate organ failure extent and low levels of the three

immunoglobulin isotypes.
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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 1gG, IgA, IgM

ISC 1gGM: immunoscore combining 1gG, 1gM

ISC 1gGA: immunoscore combining 1gG, IgA

ISC IgMA: immunoscore combining IgM, 1gA.

SBITs: Score-based immunoglobulin G therapy of patients with sepsis

SOFA: Sequential Organ Failure Assessment score
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Figurelegends

Figure 1: Kaplan Meier analysis for survival depending on immunoglobulin levels

in the group with SOFA < 8.

Figure 2: Kaplan M eier analysisfor survival depending on immunoglobulin levels

in the group with SOFA > 8.

Additional files

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 timein patients with levels of
immunoglobulin above the threshold) — (mean survival timein patients with levels of
immunoglobulin below the threshold)]. Time was censored at 28 days following ICU

admission.
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