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ORIGINAL PAPERS

THE IMPACT OF ANTI-INFLAMMATORY IMMUNE RESPONSE ON 
FATAL OUTCOME IN THE EARLY STAGE OF A COMPLICATED INTRA-

ABDOMINAL INFECTION

Evgeni Dimitrov1,2, Krasimira Halacheva3, Georgi Minkov1,2, Emil Enchev1,2, Yovcho Yovtchev1,2

ABSTRACT

Background: There is still no study investigating the role of anti-inflammatory 
immune response in the early stage of a complicated intra-abdominal infection (cIAIs). 
Aim: To evaluate its impact on unfavorable outcome using the already established 
anti-inflammatory biomarkers CD14+HLA-DR+ (mHLA-DR) and CD4+CD25+CD127low/

neg (Tregs). 
Methods: We conducted a single-center prospective study at University Hospital 
“Prof. Dr. Stoyan Kirkovich” Stara Zagora between November 2018 and August 2021 on 
62 patients with cIAIs. We measured the perioperative expression levels of mHLA-DR 
and Tregs by flow cytometry.
Results: The mortality rate during hospital stay was 14.5%. We found no significant 
differences between survivors and non-survivors in the values of mHLA-DR (p = 0.061 
and p = 0.13 pre- and postoperatively) and Tregs (p = 0.992 and p = 0.109 pre- and 
postoperatively).  ROC Curve analysis revealed that neither mHLA-DR (AUROC = 
0.682 and 0.72 pre- and postoperatively), nor Tregs (AUROC = 0.501 and 0.689) levels 
were able to prognosticate the outcome. 
Conclusion: By 3rd POD the anti-inflammatory reaction is not directly responsible for 
the fatal outcome in patients with cIAIs. 

Keywords: mHLA-DR, Tregs, intra-abdominal infections, mortality, anti-inflammatory 
immune response

INTRODUCTION

The complicated intra-abdominal infec-
tions (cIAIs) represent the second most 
common cause of sepsis after pneumonia 
and are still associated with high levels of 
morbimortality [1]. An early prognostic 
assessment of cIAIs allows selection of 
the patients facing a higher risk, which 
further enables the adoption of a timely 
and suitable correction in the therapeu-
tic strategy, reducing the development 
of sepsis and sepsis-related conditions as 
well as improving survival rates.  
The current concept is that both pro- and 
anti-inflammatory cytokines are elevated 
early in sepsis, causing both a systemic 
pro-inflammatory response and a sys-
temic anti-inflammatory response, cre-
ating the so-called mixed antagonist re-
sponse syndrome (MARS). After an early 
pro-inflammatory response, usually the 
anti-inflammatory response becomes 
dominant, especially as the severity of 
sepsis increases [2]. The initiation of an 
anti-inflammatory response in sepsis 
aims to counteract and limit the activated 
pro-inflammatory process and stimulate 

tissue recovery [3]. As a result of persis-
tent immunosuppression, secondary in-
fections with low-virulence pathogens 
may occur [4]. A strong correlation be-
tween high anti-inflammatory response 
and adverse outcome was observed in pa-
tients with sepsis [5].
According to Monneret and Venet [6], 
the most reliable biomarker for monitor-
ing immune changes in the critically ill is 
low expression of HLA-DR on monocytes 
(mHLA-DR). The main role of HLA-DR 
in infection is expressed in the antigen 
presentation of T-helper cells, which 
leads to the release of pro-inflammatory 
cytokines. In septic patients, however, 
this pathway can be disrupted, leading 
to immunosuppression [7]. In patients 
with sepsis, the reduction of monocyte 
antigen-presenting capacity by lowering 
mHLA-DR can lead to a fatal outcome 
[8]. Decreased expression of HLA-DR on 
monocytes is generally accepted criteria 
for immunosuppression, as it leads to cel-
lular deactivation, in which monocytes 
lose their antigen-presenting function 
and the ability for intercellular signaling, 
this in turn leads to impaired cytokine se-
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cretion and maturation to a phagocytic cell [9]. Mono-
cyte HLA-DR expression ≤ 30% on monocytes strongly 
correlates with unfavorable outcome [10].
Regulatory T cells (Tregs) are a component of the im-
mune system that suppresses the immune response of 
other cells, which is an important „self-check“ aimed at 
preventing hyperacute reactions [11]. Tregs are distin-
guished from other T lymphocyte populations based 
on high surface expression of CD25, high intracellular 
expression of the transcription factor „forkhead box P3 
(Foxp3)“ [12] and low surface expression of CD127 (IL-
7Rα) [13]. Tregs are critical for maintaining immune 
balance and limiting abnormal inflammation, with 
subsequent risk of developing autoimmune diseases 
[14]. The percentage of Т-regs in peripheral blood re-
flects the immune status in sepsis by maintaining im-
munological homeostasis and tolerance [15]. А high 
percentage of Tregs in peripheral blood represents an 
effective biomarker of immunosuppression in septic 
patients and is associated with death [16].
The aim of this study was to evaluate the association 
between anti-inflammatory response and mortality 
in the early stage of cIAI using the anti-inflammatory 
biomarkers mHLA-DR and Tregs. 

MATERIAL AND METHODS

This single-center prospective study was conducted at 
a University hospital Stara Zagora over a period of 34 
months (November 2018 – August 2021). Sixty-two pa-
tients were admitted as emergency cases and operated 
on for cIAIs in the Clinic of Surgical Diseases. The ex-
clusion criteria were age under 18 years, use of immu-
nosuppressive drugs or pregnancy, however no patient 
met them and at the end 62 participants were involved. 
The study protocol was approved by the ethics com-
mittee of the hospital (№ РД-10-275/05.04.2018). All 
procedures performed in the study involving human 
participants were in accordance with the ethical stan-
dards of the 1964 WMA Helsinki Declaration and its 
later amendments or comparable ethical standards. 
We defined cIAIs as intra-abdominal infections spread-
ing beyond the source organ and cause local or diffuse 
peritonitis [17].

Demographic, laboratory and clinical data were ob-
tained from patients medical records before surgery 
(day 0) and postoperatively (day 3). The primary end-
point of the study was to evaluate the association be-
tween anti-inflammatory response and final outcome 
using mHLA-DR and T-regs. In-hospital mortality was 
considered for the study.
The study group was compared with 31 healthy controls 
who had a similar sex and age distribution to the pa-
tients. 

FLOW CYTOMETRY

In fresh peripheral blood samples, we evaluate the 
expression of proliferative cell markers collected in a 
tube with EDTA anticoagulant. Within one to three 
hours after sampling, the flow cytometry was performed. 
We incubated aliquots of 100 μl of blood for 15 min in 
the dark with monoclonal antibodies (protocol 1: anti-
HLA-DR FITC, anti-CD14 PE, anti-CD64 PC5; protocol 
2: anti-CD25 FITC, anti-CD127 PE, anti-CD3 PC5, anti-
CD4 PC7) indicated by the manufacturer (Beckman 
Coulter, USA). Lyse/no wash procedure was applied 
on an automatic TQ-Prep Workstation & Immunoprep 
Reagent system (Beckman Coulter, USA). A minimum 
of 100 000 events for each sample were counted on a 
Cytomics FC500 flow cytometer and analyzed using 
CXP software (Beckman Coulter, USA)

Determination of HLA-DR expression on 
monocytes

Initially, monocytes were gated from the remaining 
cell populations based on the expression of a specific 
surface marker CD14, then an examination of HLA-
DR expression (mono-parametric histogram) as a 
percentage of HLA-DR positive monocytes was also 
performed (Figure 1-A,B). An appropriate isotype 
control was used to identify positive and negative 
populations. HLA-DR expression on monocytes was 
determined in 60 patients on day 0, because in 2 the 
peripheral blood sample was clotted, and on the 3rd 
postoperative day (POD) in 59 patients - in 1 peripheral 
blood sample was clotted and 2 died before the day of 
sampling.

А.                                                                                            B.

Figure 1. Monocyte HLA-DR expression determined by flow cytometry in peripheral blood of patients with 
cIAIs. 
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(A) CD14 vs side scatter (SS) dot-plot histogram allow-
ing gating for CD14+ monocytes – 3.7% (Y); 
(B) CD14 vs HLA-DR double histogram, gated on CD14+ 
monocytes, allowing gating on CD14+HLA-DR+ mono-
cytes – 19.1% (AR2)

Determination of CD4+CD25+CD127low/neg T-regs

A 3-color flow cytometric assay (CD4-PC7/CD25-FITC/
CD127-PE) was used to identify the CD4+CD25+CD127low/

neg T cell population. 
1). Labeling of lymphocytes based on size (FS) and 
granularity (SS) (Figure 2A) 

2). Labeling of CD4+ T lymphocytes based on SS/CD4 
dot-plots analysis (Figure 2B) 
3). After gating of CD4+ T lymphocytes, 
CD4+CD25+CD127low/neg cells were selected based on 
CD25/CD127 dot-plots analysis and results expressed as 
percentage of CD4+CD25+CD127low/neg cells out of total 
CD4+ cells (Figure 2C). An appropriate isotype control 
was used to identify positive and negative populations. 
Preoperatively, we investigated the CD4+CD25+CD127low/

neg expression in 61 patients, because in 1 the peripheral 
blood sample was clotted, and on day 3 in 55 patients – 
in 5 the peripheral blood sample was clotted and 2 died 
before the day of sampling.

Figure 2. Flow cytometric determination of regulatory T lymphocytes in peripheral blood of patients with cIAIs

A B C

(A) forward scatter (FS) vs side scatter (SS) dot-plot 
histogram allowing gating for lymphocytes – 5.9% 
(BA); 
(B) CD4 vs side scatter (SS) dot-plot histogram allowing 
gating for CD4+ T helper lymphocytes – 31.7% (BA); 
(C) T-regs are identified as CD25+CD127low/neg cells 
among CD4+ lymphocytes on the basis of CD25/CD127 
dot plot – 17 % (BB).

Statistical analysis

Statistical analysis Sensitivity, specificity, and area un-
der the receiver op[1]erating characteristics (AUROC) 
for predicting out[1]come were calculated for mHLA-
DR and Tregs. Qualitative variables were presented as 
frequency (%) and were analyzed by Pearson χ2 test or 
Fisher exact test. Quantitative variables were presented 
as mean (SD) or median (IQR) and compared by Mann-

Whit[1] U-test or Student t-test. P-values <0.05 were 
considered statistically significant. For statistical anal-
ysis, we used statistical software SPSS version 19 (IBM, 
Chicago, Illinois, USA).

RESULTS

Basic characteristics

Of the 62 patients included, nine (14.5%) died during 
the hospital stay. Their median age was higher than 
those with favorable outcome (79 vs 65, p = 0.032). We 
found no significant differences between non-survivors 
and survivors according to gender (p = 1.00), exudate 
(p = 0.59) and comorbidity (p = 0.423). In contrast, 
patients with local peritonitis had lower risk of death 
(Table 1).

Table 1. Basic characteristics, biomarkers and prognostic scores

Variable Total population Survivors Non-Survivors p value

Age, years (IQR) 65 (49.5-76.25) 65 (47.5-75) 79 (61-86) 0.032
Sex, n (%)
male/female 35(56.5)/27(43.5) 30(85.7)/23(85.2) 5(14.3)/4(14.8)

1.000
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Variable Total population Survivors Non-Survivors p value
Exudate, n (%)
Clear
Purulent
Feculent

8 (12.9)
54 (87.1)

0 (0)

8 (15.1)
45 (84.9)

0 (0)

0 (0)
9 (100)
0 (0)

0.59

Peritonitis, n (%)
Local 
Diffuse 

37 (59.7)
25 (40.3)

35 (66)
18 (34)

2 (22.2)
7 (77.8)

0.024

Comorbidity,n(%)
Cardiovascular
Endocrine
Neurologic
Excretory 
Oncologic

45 (72.6)
38 (61.3)
8 (12.9)
7 (11.3)
5 (8.1)
3 (4.8)

37 (69.8%)
31 (58.5)
8 (15.1)
5 (9.4)
3 (5.7)
3 (5.7)

8 (88.9%)
7 (77.8)

0 (0)
2 (22.2)
2 (22.2)

0 (0)

0.423
0.462
0.59

0.266
0.149
1.000

Neu0, % ±SD 79.7±8.7 79.7±8.4 79.8±11.1 0.99

Neu3, % ±SD 74.9±10.2 73.3±9.7 84.3±9.7 0.007

CRP0, mg/L ±SD 177.7±103.9 168.3±106.4 232.8±68.5 0.085

CRP3, mg/L ±SD 143.9±70.6 138.1±69.9 187.3±64.4 0.083

mHLA-DR0, % ±SD 59.91± 23.26 61.78± 24.01 49.34±15.4 0.14

mHLA-DR3, % ±SD 50.41± 23.1 52.48± 23.08 35.07± 17.86 0.061

Tregs0, % (IQR) 7.3 (5.35-10.75) 7.05 (5.28-10.95) 8 (5.9-8.85) 0.992

Tregs3, % (IQR) 6.6 (5.2-9.3) 6.75 (5.53-9.68) 5.2 (3.4-7) 0.109

SIRS0, n (%) 36 (58.1) 30 (56.6) 6 (66.7) 0.722

SIRS3, n (%) 5 (8.3) 1 (1.9) 4 (57.1) < 0.0001

APACHE II0, ±SD 7.6 ± 4.9 6.8 ± 4.6 12.2 ± 4.4 0.001

APACHE II3, (IQR) 7 (3.25-10.75) 7 (3-8) 20 (16-26) < 0.0001

CD14+HLA-DR+ (mHLA-DR)

Preoperatively measured mean values of mHLA-DR 
(mHLA-DR0) were higher compared to their levels 
determined on the 3rd POD (mHLA-DR3) - 59.92% vs 
50.41%, p = 0.027 (Figure 3A). The expression of mHLA-

DR before surgery was significantly lower in patients 
with cIAIs compared to healthy controls – 59.92% vs. 
88.7%, p < 0.0001 (Figure 3B).

A B

Figure 3. Mean levels of mHLA-DR: (A) perioperatively and (B) in patients with cIAIs and healthy controls
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Despite the established differences in mHLA-DR 
between the study group and healthy controls, no 
such observation was found according to the outcome 
(mHLA-DR0

 survivors vs non-survivors = 61.78% vs 
49.34%, p = 0.14 and mHLA-DR3 survivors vs non-
survivors = 52.48% vs 35.07%, p = 0.061) (Table 1). The 
ROC-Curve analysis confirmed the lack of prognostic 
performance both before surgery (AUROC = 0.682, p = 
0.084) and on the 3rd POD (AUROC = 0.72, p = 0.061) 
(Table 2) (Figure 5- A,B).

CD4+CD25+CD127low/neg regulatory T lymphocytes 
(Tregs)

Percentages in peripheral blood of Tregs before 
surgery (Tregs0) and postoperatively (Tregs3) showed 
comparable median values (7.3% vs 6.6%, p = 0.215) 
(Figure 4A). A significant difference was found between 
the preoperative Tregs in patients with cIAIs and 
control group (7.3% vs 6.55%, p = 0.023) (Figure 4B).

A B

Figure 4. Median levels of Tregs: (A) perioperatively and (B) in patients with cIAIs and healthy controls

Preoperative levels of Tregs failed to discriminate 
survivors from non-survivors (7.05 % vs 8%, p = 0.992) 
and the same finding was recorded on the 3rd POD (S = 
6.75 % vs NS = 5.2%, p = 0.109) (Table 1). In prediction 
of survival both pre- and postoperative percentages of 

Tregs showed no prognostic ability (AUROC = 0.501, 
p = 0.992 and AUROC = 0.689, p = 0.109) (Table 2) 
(Figure 5-A,B). 

Table 2. Sensitivity, Specificity and AUROCs of perioperative values of mHLA-DR and Tregs 

Variable Cut-off, % Sensitivity, % Specificity, % AUROC
95% CI

LB                    UB

mHLA-DR0 58.15 60.8 66.7 0.682 0.537 0.827

mHLA-DR3 33.65 80.8 57.1 0.720 0.545 0.895

Tregs0 8.2 40.4 66.7 0.501 0.324 0.678

Tregs3 5.7 72.9 71.4 0.689 0.475 0.903
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Figure 5. ROC Curves of: (A) preoperative mHLA-DR (n=60) and Tregs (n=61) in prediction of survival; (B) 
postoperative mHLA-DR (n=59) and Tregs (n=55) in prediction of survival

correlation was found between IL-10 and TNF in 
patients with septic shock [23].
Decreased expression of HLA-DR on monocytes is a 
commonly accepted criterion for immunosuppression, 
as it leads to cellular deactivation, in which monocytes 
lose their antigen-presenting function and ability for 
intercellular signaling, this in turn leads to impaired 
cytokine secretion and impaired maturation to 
phagocytic cell [9]. Functional defects of circulating 
monocytes are associated with outcome in patients with 
septic shock. The expression of HLA-DR on monocytes 
is currently considered the best biomarker for assessing 
post-septic immunosuppression, associated with an 
increased risk of nosocomial infections and increased 
mortality [24]. Despite the conclusion of our 2019 
review article [25] that mHLA-DR could be a reliable 
and independent prognostic biomarker in patients with 
cIAIs, we did not find prognostic significance for this 
marker in the present study. Neither its preoperative 
values (p = 0.14) nor those on the 3rd POD (p = 0.061) 
were able to differentiate deceased from survivors. In 
contrast to the observed association between decreased 
expression of mHLA-DR and death in patients with 
sepsis [26-28], we found that up to the 3rd POD in cIAIs, 
this biomarker has no ability to predict fatal outcome. 
However, we found that the presence of cIAIs leads to 
a significantly decreased expression of HLA-DR, which 
we established when comparing the values between 
patients and healthy controls (59.92% vs. 88.7%, p < 
0.0001). The postoperative expression of mHLA-DR was 
significantly lower than that preoperatively (59.92% vs. 
50.41%, p = 0.027), which could be considered as the 
initial manifestation of the starting dominant anti-
inflammatory reaction on postoperative day 3. 
Like us, Perry et al. [29] in sepsis (p = 0.85) and Skirecki 
et al. [30] in septic shock (p = 1.00) found no predictive 
power of monocyte HLA-DR expression. A significant 
prognostic ability of mHLA-DR in patients with sepsis 

DISCUSSION

The complicated intra-abdominal infections are still a 
leading factor in non-traumatic mortality worldwide, 
and any delay in their treatment usually leads to 
the development of sepsis and septic shock. In the 
United States, they occur on average in 9.3 per 1000 
hospitalized patients [18] and about 15-20% of surgical 
patients with acute abdomen are hospitalized with 
signs of cIAIs. [19] Even nowadays, regardless of the 
modern surgical techniques, the intensive care and the 
antimicrobial medications, cIAIs are associated with 
a high morbidity and mortality [20]. They often lead 
to sepsis which might evolve into a septic shock with a 
subsequent multi organ failure and exitus. 
The early prognostic assessment of the cIAIs is of vital 
importance for determining the patient outcome. 
Prognostic markers in cIAIs can be divided into pro-
inflammatory and anti-inflammatory depending on 
which phase of the immune response to infection they 
reflect. In the last decades, there was evidence that 
at first the pro-inflammatory response dominates, 
which is subsequently replaced by a predominant anti-
inflammatory response. Increasingly, there is evidence 
that such a concept may not be entirely accurate. 
Both a systemic pro-inflammatory response and a 
systemic anti-inflammatory response are thought 
to be present initially, creating the so-called mixed 
antagonistic response syndrome [21]. The mixed 
antagonistic response may be a tеmporary state in 
the transition from a pro-inflammatory response to 
an anti-inflammatory response, or a coexistence of 
predominant inflammation and suppression of innate 
and adaptive immunity [2]. This is confirmed by the 
fact that in case of a pronounced pro-inflammatory 
reaction with high serum concentrations of IL-6 and 
IL-8, a simultaneous decrease in monocyte HLA-
DR expression is observed [22], as and that a positive 

A B
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was reported by Hirsh et al. [31] - died - 21.3% ± 4.7% vs. 
survived 42.5% ± 7.2% (p = 0.026), Hynninen et al. [8] 
– 62% in deceased versus 84% in survivors (p = 0.025), 
Lekkou et al. [32] - died - 23.4% vs survived - 43.1% 
(p < 0.05), Abe et al. [26] - 44.3% in deceased versus 
72.2% in survivors (p < 0.05), Tian et al. [27] - 31.3% in 
deceased versus 48.6% in survivors (p < 0.01), Wang et 
al. [28] - 3.41% in deceased versus 43.05% in survivors (p 
= 0.011) and in patients with septic shock Monneret et 
al. [24] on days 3 and 4 - 18% in those who died vs. 43% 
in those who survived (p < 0.001). Only Fu et al. [33] 
investigated the prognostic performance of mHLA-DR 
in patients with cIAIs. The authors divided the patients 
according to their APACHE II score into four groups: 
mild, moderate, severe and most severe group. The 
expression of mHLA-DR on the first day in the severe 
and the most severe groups was 33.45%±3.52% and 
27.84%±3.81%, respectively, and the deaths in these 
two groups were significantly higher than the other 
groups (p < 0.05).
Regulatory T cells perform a negative immunomod-
ulatory function essential for maintaining peripheral 
immune tolerance, preventing autoimmune reactions, 
and limiting inflammatory diseases [34-36]. They show 
potent anti-inflammatory activity and mediate spe-
cialized functions in tissue remodeling [37]. Tregs can 
affect the pathophysiological mechanisms in sepsis by 
affecting the innate and acquired immune response by 
weakening the immune response, causing immunopa-
ralysis and ultimately leading to multiple organ failure 
and death [38]. In 2009, Venet et al. [16] reported that 
increased levels of Tregs in peripheral blood are an ef-
fective biomarker of immunosuppression in patients 
with sepsis and associated it with a high risk of adverse 
outcome. In sepsis, Chen et al. [39] found that dece-
dents had higher levels of peripheral blood Tregs on 
day 7 of admission than did survivors (5.7% vs. 2.8%, 
respectively, p = 0.004).
Conversely, Liu et al. [40] in patients with sepsis and 
septic shock reported that the absolute number of 
Tregs was higher in survivors than in those who died 
(31 cells/µL vs. 22 cells/µL, respectively, p = 0.001). 
Yin et al. [41] found no prognostic value of Tregs 
in patients with sepsis and septic shock (2.29% in 
survivors vs. 2.02% in deaths, p = 0.157). In patients 
with cIAIs, the prognostic qualities of Tregs have not 
been studied at the moment. Perioperative values of 
Tregs in the present study demonstrated comparable 
values (7.3% preoperatively vs. 6.6% at the 3rd POD, 
p = 0.215), while preoperative levels were significantly 
higher than those in healthy controls (7.3% vs. 6.55, 
respectively, p = 0.023), which showed, however, that 
activation of this type of cells is present in cIAIs. Tregs 
failed to distinguish patients at high risk of death both 
preoperatively (8% in deceased vs. 7.05% in survivors, 
p = 0.992) and postoperatively (5.2% in non-survivors 
vs. 6.75% in survivors, p = 0.109). These cells are not 
related to mortality in cIAIs up to 3 days, confirming 
the observations of several authors that Treg levels up 
to the third day of sepsis are not associated with fatal 
outcome [34-36]. The lack of ability to predict death 

was also demonstrated by the resulting areas under 
the curves (preoperative AUROC = 0.501, p = 0.992 and 
postoperative AUROC = 0.689, p = 0.109). 
We performed а clinical evaluation of the pro-
inflammatory reaction by comparing the frequency of 
SIRS according to the final outcome. Preoperatively, 
we recorded SIRS in a similar number of survivors 
and deaths (56.6% vs. 66.7%, respectively, p = 0.722). 
The lack of preoperative prognostic ability can be 
explained by the adequate treatment approach and the 
successful removal of the infectious source. The correct 
therapeutic strategy can also be judged by a reduction 
in the frequency of the systemic inflammatory reaction 
postoperatively. Before the operative intervention, 
SIRS was reported in more than half of the patients 
(58.1%), while on the 3rd POD was found in only 
five (8.3%). The excellent ability (p < 0.0001) of the 
postoperative SIRS to differentiate patients according 
to the outcome (its presence was found in 57.1% of non-
survivors and only in 1.9% of the survivors) confirmed 
our observations that the persistence of a systemic 
pro-inflammatory response postoperatively is the main 
cause of occurrence of the lethal outcome in the study 
population.
As limitations of this study we can highlight the small 
sample size, the single center experience and the short 
postoperative period for measuring the investigated 
biomarkers, respectively the short follow-up of the 
influence of the immune response on the final outcome.

CONCLUSION

Even if the anti-inflammatory reaction occurs together 
with the pro-inflammatory reaction early in the systemic 
immune response (according to current concepts), we 
established that it is not responsible for mortality in 
early phase of complicated intra-abdominal infection.
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