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Summary

Several functional abnormalities in phagocytes from patients with liver cir-
rhosis contribute to an increased risk of infection. An increased resting res-
piratory burst has been observed in neutrophils from cirrhotic patients. We
investigated whether an infection in cirrhosis affects the respiratory burst
capacity of neutrophils and monocytes in response to Escherichia coli. This
study included 45 hospitalized patients with liver cirrhosis and clinical signs
of infection, 39 patients with liver cirrhosis in the absence of infection and 29
healthy subjects. Respiratory burst, lipopolysaccharide-binding protein
(LBP), and immunoglobulin (Ig)G-autoantibodies against oxidized low-
density lipoproteins (ab-oxLDL) were measured. The fraction of neutrophils
spontaneously producing reactive oxygen species (ROS) was elevated in liver
cirrhosis (P < 0·01). The neutrophil resting burst increased with Child–Pugh
stage (P = 0·02) and correlated with augmented ROS release in response to
opsonized E. coli (P < 0·05). Although LBP was increased in patients with
cirrhosis (P < 0·01), higher LBP levels correlated with a lower resting burst in
neutrophils (rs = –0·395; P < 0·01). In the presence of infection, the resting
burst was unaltered. However, neutrophil ROS release in response to E. coli
was reduced markedly (P = 0·01), and it decreased as serum C-reactive protein
(CRP) concentration rose (rs = -0·437; P < 0·01), indicating the development
of a sepsis-like immune paralysis. A positive correlation between ab-oxLDL
and ROS release was observed (P < 0·01). In conclusion, the respiratory burst
increases with severity of liver cirrhosis but is restrained by increasing LBP
levels. Augmented ROS release in response to E. coli is accompanied by
elevated markers of oxidative damage and becomes exhausted in the presence
of infection.
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Introduction

Bacterial infections occur in one-third of all patients hospi-
talized for decompensated liver cirrhosis [1], leading to an
increased risk of sepsis [2], and these infections are associ-
ated with a 12-month mortality of 66% [3]. The most
common types of infection include spontaneous bacterial
peritonitis (SBP), urinary tract infection, pneumonia, septi-
caemia and skin infection [4]. As part of the innate immune
system, neutrophils and monocytes produce reactive oxygen
species (ROS) for the purpose of killing invading
microorganisms. These ROS may also inflict damage on
nearby tissues and are therefore of pathogenic significance

[5]. After exposure to an inflammatory stimulus, such as
lipopolysaccharide (LPS) or tumour necrosis factor
(TNF)-a [6], circulating quiescent neutrophils undergo
priming, which enables endothelial adherence and induces
hyper-responsiveness to otherwise weak chemotactic stimuli
[7,8]. The extensive immunological interplay between neu-
trophils and monocytes is exemplified by the fact that LPS
and proteolytic enzymes from activated neutrophils prime
monocytes to produce ROS [9–11] and to release proinflam-
matory cytokines, including TNF-a [12], which further
prime neutrophils [13].

Patients with advanced liver disease are exposed to recur-
rent episodes of bacterial translocation and endotoxaemia
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[14], which are accompanied by the presence of bacterial
DNA in blood and ascites [15,16], elevated serum LPS levels
[17] and an increased concentration of LPS-binding protein
(LBP) [18,19]. Several functional abnormalities that may
contribute to an increased risk of bacterial infection have
been observed in phagocytes from patients with advanced
liver disease, including deficiencies in endothelial adhesion,
transmigration [20,21] and phagocytic capacity [22,23],
despite increased markers of neutrophil activation [24–26].
Mookerjee et al. have demonstrated that a higher neutrophil
resting burst, more precisely an increase in the basal fraction
of neutrophils producing ROS, in patients with liver cirrho-
sis and alcoholic hepatitis is a predictor of infection and
mortality [27]. However, with respect to anti-bacterial
capacity, Panasiuk and co-workers have reported reduced
neutrophil ROS production after stimulation with
opsonized E. coli and phorbol-12-myristate-13-acetate
(PMA), indicating a decrease in the respiratory burst capac-
ity of neutrophils from patients with liver cirrhosis [28].

In this study, we investigated whether an increased resting
burst in patients with liver cirrhosis is associated with an
impaired respiratory burst capacity in response to bacteria.
We hypothesized that, in the presence of subclinical endot-
oxaemia and clinically manifested infection, phagocytes are
less responsive to Escherichia coli and their respiratory burst
capacity becomes exhausted, as has been demonstrated pre-
viously for critically ill non-cirrhotic patients with systemic
inflammatory response syndrome (SIRS) [29] and Gram-
negative septicaemia [30]. To confirm our hypothesis and to
determine the significance of elevated ROS production, the
endotoxaemia marker LBP [31], the acute-phase reactant
C-reactive protein (CRP) and immunoglobulin (Ig)G
autoantibodies against oxidized low-density lipoproteins as a
marker of lipid peroxidation in vivo [32,33] were correlated
with respiratory burst activity in neutrophils and monocytes
from patients with liver cirrhosis.

Materials and methods

Study subjects

The study included 84 patients with liver cirrhosis who
were treated in our department between April 2009 and
March 2010, and 29 self-declared healthy individuals. All
subjects gave informed consent, and the study was
approved by the local ethics committee (1786-05/06). Diag-
nosis of liver cirrhosis was made by histological criteria
when a liver biopsy was performed or by a combination of
clinical, biochemical and imaging data. Patients with cir-
rhosis were not eligible if they received immunosuppressive
therapy, underwent surgical intervention within the last
month, suffered from gastrointestinal bleeding or under-
went an endoscopic intervention within the last 3 days or
actively consumed alcohol. Infection at the time of inclu-
sion was defined by the presence of at least one of the fol-

lowing criteria: positive blood cultures (Biomérieux,
Durham, NC, USA), positive urinary cultures (UrinAx,
Axon Lab AG, Baden, Switzerland), pulmonary infiltrates
on a chest X-ray, neutrocytic ascites (neutrophil
count � 250/mm3), skin infections, leucocyturia (�20 cells
per high-power field) or the presence of other clinically
manifested infections according to clinical, radiological and
microbial data. Furthermore, patients who presented with
fever (body temperature > 38·5°C), leucocytosis (>12 Gpt/l)
or who received antibiotic therapy for >24 h without evi-
dence of organ involvement were considered to have unde-
termined infection.

The following patient data were collected at baseline: sex,
age, aetiology of liver disease, concentrations of CRP, alanine
aminotransferase (ALT), international normalized ratio
(INR), creatinine and bilirubin, model for end-stage liver
disease (MELD) score and Child–Pugh stage.

Blood sampling

In the morning, 9 ml of heparinized whole blood (Sarstedt
AG & CO, Nümbrecht, Germany) was collected, stored at
room temperature and measured for respiratory burst analy-
sis within 24 h. An additional 9 ml of blood was collected
(Sarstedt), centrifuged (1000 rcf, 4°C, 10 min), aliquoted and
stored at –80°C in cryovials (Sarstedt) for subsequent
protein analysis.

Phagocyte respiratory burst

The respiratory burst of monocytes and neutrophils was
examined with the Phagoburst kit (Glycotope, Heidelberg,
Germany) after in vitro stimulation according to the manu-
facturer’s protocol. Briefly, 100 ml of heparinized whole
blood was incubated for 10 min with 20 ml unlabelled
opsonized E. coli (1–2 ¥ 109 bacteria per ml), 20 ml of
N-formyl-methionyl-leucyl-phenylalanine (fMLP) (5 mm),
20 ml of PMA (8·1 mm) or 20 ml of phosphate-buffered saline
(PBS) as a negative control. The formation of ROS was
monitored through the oxidation of dihydrorhodamine 123
to rhodamine. Cytometric analysis was performed with the
automated, multi-colour flow cytometry system, fluores-
cence activated cell sorter (FACS)Calibur (BD Biosciences,
San Jose, CA, USA). Neutrophil and monocyte populations
were identified by the use of forward- and right-angle light-
scatter after gating on human DNA. The fluorescence emis-
sion of 10 000 cells per sample was recorded on a logarithmic
scale, and a cut-off between cell populations was applied as
demonstrated in Fig. 1. Respiratory burst was expressed as a
percentage of activated phagocytes and the mean fluores-
cence intensity (MFI). The integrated mean fluorescence
intensity (iMFI) resulted from the product of the frequency
of ROS-producing cells and the median fluorescence inten-
sity of the cells [34].
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Fig. 1. Analysis of resting burst and Escherichia

coli-induced respiratory burst in neutrophils.

Representative fluorescence activated cell sorter

(FACS) plots and histograms of neutrophil

respiratory burst in (a) a healthy control with

virtually no resting burst [0·1% reactive

oxygen species (ROS)-producing cells];

(b) a non-infected patient with liver cirrhosis

with an increased basal fraction of

ROS-producing neutrophils (0·8%) and

increased basal ROS release (MFI 44·2);

(c) a healthy control after in vitro incubation

with opsonized E. coli; and (d) a non-infected

patient with liver cirrhosis after in vitro

incubation with opsonized E. coli showing an

increased fraction (89·7%) and ROS release

(MFI 106). FSC-H: forward-scatter;

SSC-H: side-scatter; FoP: frequency of

parents; FL1-H: fluorescence intensity;

M1: non-activated cell population;

M2: activated cell population.
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Serum protein analysis

LBP serum concentration was determined in a subset of 59
subjects (11 controls, 21 patients with liver cirrhosis without
infection, 27 patients with liver cirrhosis and infection). LBP
concentrations were measured in diluted Serum samples
duplicate using the HK315 human LBP sandwich enzyme-
linked immunosorbent assay (ELISA) (Hycult Biotech,
Uden, the Netherlands), according to the manufacturer’s
instructions. The standard curve was created by sixfold serial
dilution of a 50 ng/ml standard solution in duplicate.

The ab-oxLDL serum concentration was analysed in a
subset of 60 subjects (11 controls, 21 patients with liver
cirrhosis without infection and 28 patients with liver cir-
rhosis and infection). Serum concentrations of IgG-
autoantibodies against oxidized low-density lipoproteins
(ab-oxLDL) were measured in duplicate using a commer-
cially available ELISA (Immundiagnostik AG, Bensheim,
Germany). The standard curve was created by fivefold serial
dilution of a 50 U/l standard solution in duplicates. Mea-
surements were performed at 460 nm in a photometric plate
reader (Victor, Wallac, Waltham, MA, USA).

Statistical analysis

Baseline patient characteristics are indicated either by the
median and range for continuous variables with non-normal
distribution or by frequency for discrete variables. Statistical
differences between groups of subjects were analysed by the
non-parametric Mann–Whitney U-test, the Kruskal–Wallis

test for continuous data or Pearson’s c2 test for discrete data
using two-sided tests. Non-parametric measurement of sta-
tistical dependence between two variables was performed by
calculating Spearman’s rank correlation coefficient rho (rs).
All statistical calculations were performed using spss version
18 software (SPSS Inc., Chicago, IL, USA).

Results

Patient population

A total of 84 hospitalized patients with cirrhosis were
included. The majority of the patients were male Caucasians
(77%) who suffered from alcoholic liver cirrhosis (80%)
(Table 1). Whereas 39 patients presented without signs of
infection at inclusion (group A), 45 patients fulfilled the
criteria for infection (group B). Urinary tract infection
(n = 12), pneumonia (n = 12), skin infection (n = 10) and
spontaneous bacterial peritonitis (n = 5) were the most fre-
quent infections. As expected, patients with signs of infec-
tion had higher median leucocyte levels (7·8 Gpt/l versus
5·6 Gpt/l; P < 0·001) and higher median CRP (37·7 mg/l
versus 7·5 mg/l; P < 0·001) than non-infected patients. There
was no difference in the severity of liver cirrhosis between
groups A and B, although a trend towards a higher Child–
Pugh score (P = 0·092) and a higher MELD score was
observed in group B (P = 0·052). Patients with clinically
manifested infection had lower median albumin levels than
patients without signs of infection (24 mg/l versus 30 mg/l;
P < 0·001). Healthy subjects (14 male and 15 female) without

Table 1. Patient characteristics.

Cirrhosis, no

infection (n = 39)

Cirrhosis, infection

(n = 45) P-value

Years of age, median (range) 58 (37–82) 58 (40–80) 0·437

Male sex, no. (%) 32 (82) 33 (73) 0·341

Aetiology, no. (%) 0·953

Alcohol 31 (79) 36 (80)

Virus 2 (5) 2 (4)

Cryptogen 3 (8) 3 (7)

Other 3 (8) 4 (9)

Child–Pugh stage, no. (%) 0·147

A 5 (13) 2 (4)

B 22 (56) 21 (47)

C 12 (31) 22 (49) 0·092

MELD score, median (range) 13·5 (8–28) 15 (7–40) 0·057

Presence of ascites, no. (%) 28 (72) 39 (87) 0·091

Laboratory values, median (range)

Bilirubin, mmol/l 43 (9–504) 38 (5–531) 0·920

INR 1.4 (0·9–2·4) 1·4 (1·0–2·2) 0·594

Creatinine, mmol/l 81 (43–171) 97 (40–351) 0·083

ALT, mmol/l ¥ s 0·65 (0·31–3·63) 0·60 (0·14–1·46) 0·238

Leucocyte count, Gpt/l 5·6 (2·4–10·7) 7·8 (2·7–32·3) <0·001

CRP, mg/l 7·5 (2·0–78·8) 37·7 (2·0–397·5) <0·001

Albumin, mg/l 30 (17–44) 24 (16–40) <0·001

MELD: model of end-stage liver disease; INR: international normalized ratio; ALT: alanine aminotransferase; CRP: C-reactive protein.
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liver cirrhosis were included to serve as the control group.
Because controls were not age-matched, the median age in
the control group was younger than the median age in the
cirrhotic patient group (45 versus 59 years; P < 0·001).

Neutrophil resting burst

The fraction of neutrophils with basal ROS production
(median 1·1% versus 0·5%; P < 0·001) was increased in
patients with cirrhosis compared to controls, as was ROS
release by these cells (median MFI 27·9 versus 23·5;
P = 0·013). Based on these results the iMFI, a marker of
cumulative neutrophil ROS production, was threefold
higher in patients with liver cirrhosis than in controls
(median iMFI 0·36 versus 0·12; P < 0·001). The neutrophil

resting burst did not differ between infected and non-
infected cirrhotic patients (Table 2a).

The fraction of ROS-producing neutrophils increased
with the severity of cirrhosis from 0·5% in Child–Pugh stage
A cirrhosis to 1·1% in stage B cirrhosis and 1·5% in stage C
cirrhosis (P = 0·02 by Kruskal–Wallis test) (Fig. 2). Patients
with liver cirrhosis had elevated serum LBP levels (median
25·6 mg/ml), compared with those in controls (median
13·8 mg/ml; P = 0·003), which were increased further in
cirrhotic patients with infections (median 33·8 mg/ml;
P = 0·050) (Fig. 3). Higher serum LBP levels correlated sig-
nificantly with lower neutrophil resting burst in patients
with cirrhosis (rs = -0·395; P = 0·006) (Fig. 4a). This nega-
tive correlation between LBP and basal ROS production
(MFI) was stronger in cirrhotic patients without an infection

Table 2. Respiratory burst in (a) neutrophils and (b) monocytes.

Median (range) P-value

Control, no

cirrhosis (n = 29)

Group A cirrhosis, no

infection (n = 39)

Group B cirrhosis,

infection (n = 45)

Control versus

group A

Group A versus

group B

(a) Neutrophil stimulation

Basal

ROS-producing cells (%) 0·5 (0·0–13·2) 1·0 (0·0–10·9) 1·3 (0·0–19·5) 0·004 0·425

MFI 23·5 (14·6–77·0) 30·3 (16·0–52·2) 27·0 (12·3–43·1) 0·003 0·117

iMFI 0·1 (0·0–3·4) 0·3 (0·0–4·9) 0·4 (0·0–6·4) 0·001 0·816

fMLP

ROS-producing cells (%) 1·7 (0·3–35·1) 2·7 (0·6–18·5) 2·5 (0·0–22·5) 0·068 0·477

MFI 22·6 (15·8–27·8) 25·2 (17·8–42·3) 25·0 (16·7–37·8) 0·006 0·914

iMFI 0·4 (0·1–7·4) 0·8 (0·1–7·8) 0·6 (0·0–6·6) 0·018 0·315

Opsonized E. coli

ROS-producing cells (%) 98·1 (34·6–99·9) 98·9 (58·1–100·0) 97·7 (19·9–100·0) 0·294 0·224

MFI 50·9 (26·8–99·6) 67·7 (21·8–257·0) 43·7 (17·2–161·0) 0·020 0·010

iMFI 50·3 (10·0–98·6) 65·2 (16·9–257·0) 43·5 (3·7–144·9) 0·026 0·014

PMA

ROS-producing cells (%) 100 (74·2–100·0) 100 (23·7–100·0) 99·9 (56·5–100·0) 0·881 0·187

MFI 192·0 (22·5–347·0) 228·0 (18·3–431·0) 194·0 (16·6–433·0) 0·385 0·062

iMFI 192·0 (16·7–347·0) 227·5 (4·3–429·3) 193·8 (10·7–433·0) 0·382 0·058

(b) Monocyte stimulation

Basal

ROS-producing cells (%) 1·1 (0·0–18·5) 1·3 (0·0–31·5) 2·3 (0·0–19·0) 0·423 0·326

MFI 16·3 (12·7–26·9) 16·7 (13·3–38·2) 15·4 (14·1–23·0) 0·963 0·072

iMFI 0·2 (0·0–2·8) 0·3 (0·0–6·1) 0·4 (0·0–6·0) 0·395 0·492

fMLP

ROS-producing cells (%) 3·0 (0·0–18·0) 2·2 (0·0–42·0) 4·0 (0·0–18·5) 0·708 0·350

MFI 18·2 (15·4–24·2) 16·8 (13·9–22·3) 16·1 (13·0–22·5) 0·014 0·579

iMFI 0·6 (0·0–3·5) 0·4 (0·0–6·9) 0·7 (0·0–3·2) 0·559 0·474

Opsonized E. coli

ROS-producing cells (%) 91·2 (19·0–99·6) 94·3 (62·5–100·0) 92·1 (11·8–100·0) 0·014 0·103

MFI 20·3 (15·8–34·6) 25·3 (16·0–50·9) 20·7 (13·8–38·9) 0·007 0·091

iMFI 18·4 (3·3–32·6) 22·4 (10·0–50·9) 20·1 (1·8–38·9) 0·004 0·080

PMA

ROS-producing cells (%) 99·9 (40·9–100·0) 100·0 (6·4–100·0) 99·3 (2·6–100·0) 0·889 0·071

MFI 28·3 (16·3–49·5) 33·3 (14·8–62·8) 29·7 (13·9–96·5) 0·031 0·231

iMFI 28·3 (6·7–49·5) 33·3 (1·0–62·8) 28·7 (0·4–96·5) 0·039 0·192

MFI: mean fluorescence intensity; iMFI: integrated mean fluorescence intensity; fMLPL N-formyl-methionyl-leucyl-phenylalanine; PMA: phorbol-

12-myristate-13-acetate; ROS: reactive oxygen species.
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(rs = –0·420; P = 0·058) than in cirrhotic patients with an
infection (rs = –0·286; P = 0·156).

Inducible neutrophil respiratory burst

In neutrophils from non-infected patients with liver cirrho-
sis, basal ROS production and ROS release following incu-
bation of whole blood with opsonized E. coli were correlated
positively (rs = 0·325; P = 0·043). The median fraction of
ROS-producing neutrophils after stimulation with E. coli
was as high in patients with cirrhosis as in controls
(Table 2a). Neutrophils from non-infected patients with liver
cirrhosis had higher E. coli-induced ROS release than neu-
trophils from control subjects (MFI 67·7 versus 50·9;
P = 0·020). In neutrophils from cirrhotic patients with a
clinically manifested infected infection, however, the E. coli-
induced ROS release was lower than that in neutrophils from
non-infected patients (median MFI 43·7; P = 0·010). Accord-
ingly, increased levels of CRP correlated with lower E. coli-
induced ROS release in neutrophils (rs = –0·444; P < 0·001),
as displayed in Fig. 4b. This correlation was seen in cirrhotic
patients with a clinically manifested infection (rs = –0·437;
P = 0·003), but was not significant in non-infected cirrhotic
patients (rs = –0·237; P = 0·146).

To differentiate whether patients with a persistently
decreased respiratory burst capacity develop infections or

whether a clinically manifested infection leads to a transient
decrease in ROS release, we evaluated E. coli-induced respi-
ratory burst in seven patients at different infection states.
The representative plots of respiratory burst in Fig. 5 dem-
onstrate that, in six of seven patients, E. coli-induced ROS
release decreased with infection or regenerated after infec-
tion (P = 0·091 by two-sided Wilcoxon’s signed-rank test).
The time difference between hospitalizations was 36 to 228
days, and the median CRP difference was 26 mg/l.

To estimate ROS release by primed neutrophils whole
blood was incubated with fMLP, the weak chemotactic
control stimulus. The fraction of ROS-producing neutro-
phils after stimulation with fMLP was identical in cirrhotic
patients and controls. However, the fMLP-induced ROS
release in neutrophils was slightly higher in patients with
cirrhosis (median MFI 25·1 versus 22·6; P = 0·005) but did
not differ with respect to the presence of an infection
(Table 2a). Stimulation with PMA, a non-receptor-
dependent activator of protein kinase C, led to identical
maximum ROS-release in neutrophils in the three examined
groups (Table 2a).
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Monocyte respiratory burst

Although basal ROS production by neutrophils and mono-
cytes from patients with cirrhosis correlated positively with
each other (rs = 0·414; P < 0·001), the resting burst in mono-
cytes from cirrhotic patients was not elevated compared to
controls (Table 2b). We did not observe a difference in basal
and fMLP-induced ROS release in monocytes from cirrhotic
patients with respect to the state of infection.

As was seen in neutrophils, the fraction of ROS-producing
monocytes following incubation with E. coli (median pro-
portion 94·3% versus 91·2%; P = 0·014) and the magnitude
of ROS release (median MFI 25·3 versus 20·3; P = 0·007)
were increased in non-infected cirrhotic patients compared
to controls. Although there was only a statistically insignifi-
cant trend towards decreased E. coli-induced ROS release in
monocytes from cirrhotic patients with infection compared
to monocytes from non-infected cirrhotic patients
(Table 2b), higher serum CRP levels were also associated
with lower ROS release in monocytes after challenge with E.
coli (rs = –0·342; P = 0·001), especially in infected patients
(rs = –0·355; P = 0·017).

The monocyte respiratory burst after fMLP stimulation
was identical in the three examined groups (Table 2b). After
incubation with PMA the ROS release in monocytes from
non-infected cirrhotic patients was slightly higher than in
monocytes from control subjects (MFI 33·3 versus 28·3;
P = 0·031).

Ab-oxLDL and respiratory burst

The median ab-oxLDL concentration was 20·2 U/l in con-
trols, 19·0 U/l in group A and 18·3 U/l in group B. Patients
with liver cirrhosis whose phagocytes produced higher
amounts of ROS after in vitro stimulation with the strong
control stimuli, E. coli and PMA, had higher ab-oxLDL
serum levels as analysed using bivariate Spearman’s rank
correlation (Table 3).

Fig. 4. Neutrophil respiratory burst,

C-reactive protein (CRP) level and

lipopolysaccharide-binding protein (LBP)

concentration. The dot plots show the

correlations between (a) serum LBP

concentration and mean basal reactive oxygen

species (ROS) production in neutrophils

(n = 47) and (b) serum CRP level and ROS

release in neutrophils after in vitro stimulation

with opsonized Escherichia coli in patients with

liver cirrhosis (n = 84). Spearman’s rank

correlation coefficients and significance levels of

non-parametric correlations are indicated.
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Fig. 5. Individual changes in Escherichia coli-induced neutrophil

respiratory burst after infection. The figure displays the individual

changes in neutrophil reactive oxygen species (ROS) release after

E. coli stimulation during infection (n = 7). Patients 1–5 presented

without infection at study inclusion but were hospitalized again for

infection (two urinary tract infections, pneumonia, spontaneous

bacterial peritonitis, skin infection). Patients 6 and 7 presented with

infection and were hospitalized again for hepatic decompensation

without signs of infection.
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Discussion

In this study, we demonstrated that the fraction of ROS-
producing circulating neutrophils and basal generation of
reactive oxygen species were both increased in patients with
liver cirrhosis. This augmented resting burst was accompa-
nied by an increase in ROS release by neutrophils and mono-
cytes in response to E. coli. Whereas the resting burst
remained unaltered in the presence of an infection in
patients with liver cirrhosis, the respiratory burst capacity of
neutrophils in response to opsonized bacteria decreased with
infection.

Increased neutrophil resting burst was reported by
Mookerjee et al. [27] in patients with cirrhosis and alcoholic
hepatitis. Our results verified these findings, although we did
see a difference in the absolute frequency of ROS-producing
neutrophils, which can be attributed mainly to a stricter
gating strategy for FACS analysis in our study (Fig. 1) and to
the patient population examined. We confirmed the exist-
ence of an elevated neutrophil resting burst in liver cirrhosis
by demonstrating an increase in basal neutrophil ROS
production. Furthermore, we observed an increase in neu-
trophil resting burst with increasing severity of liver
cirrhosis. Interestingly, we did not see an increase in resting
burst in monocytes despite the similarities between activa-
tion of monocytes and neutrophils and their immunological
interplay [10,11]. However, secretion of TNF-a by activated
monocytes might increase resting burst in neutrophils
[12,13].

In contrast to the findings of Panasiuk and co-workers
[28], who reported a lower respiratory burst in neutrophils
from non-infected patients with liver cirrhosis after activa-
tion with E. coli and PMA, we observed an increase in ROS
release in neutrophils and monocytes after incubation with
opsonized E. coli. The elevation in resting burst was corre-

lated positively with the E. coli-induced ROS release in non-
infected cirrhotic patients.

In the presence of an infection, ROS production in neu-
trophils was temporarily decreased. The negative correlation
between serum CRP levels and ROS production in neutro-
phils and monocytes in response to opsonized E. coli indi-
cates the development of a sepsis-like immune paralysis
[35,36] as acute-phase reaction increases. However, we can
only speculate on the underlying mechanisms. Expression
levels of nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase subunits, IgG receptors and integrins on
neutrophils from patients with cirrhosis during infection
need to be measured in subsequent studies to corroborate
our findings. Analogous to our data, decreased ROS release
in neutrophils after stimulation with E. coli has been
reported for non-cirrhotic patients with Gram-negative sep-
ticaemia [30]. This infection has similar mechanisms and
cytokine composition to the bacterial infection in cirrhotic
patients. Stimulation with the strong, receptor-independent
stimulus, PMA, which activates NADPH oxidase via protein
kinase C, resulted in a non-statistically significant decrease in
respiratory burst capacity in infected cirrhotic patients. This
result indicates a receptor-mediated mechanism rather than
reduced expression of NADPH oxidase in neutrophils from
patients with cirrhosis in the presence of an infection. Simi-
larly, the PMA-induced respiratory burst was not altered in a
study on non-cirrhotic patients with sepsis [37], whereas a
decreased PMA-induced respiratory burst was observed in
an animal model of sepsis [38].

It has been demonstrated that neutrophils from septic
patients produce more ROS after fMLP stimulation [37,39],
which is accompanied by an up-regulation of the G-protein-
coupled fMLP-receptor [40]. In our study, ROS production
after fMLP stimulation was also increased in the presence of
an infection compared to controls, but it was identical to the
already increased fMLP response in non-infected cirrhotic
patients. Our results suggest that liver cirrhosis and its asso-
ciated proinflammatory conditions increase the respiratory
burst in primed and activated neutrophils, and this is not
augmented further in the presence of an infection. However,
we cannot exclude any further increase in resting burst with
increasing severity of infection and the occurrence of sepsis.

Although several factors, including cytokines, acidosis,
hypertonicity and hyperammonaemia, have been reported
to prime phagocytes for enhanced release of ROS [12,41], the
increased respiratory burst in patients with liver cirrhosis has
been attributed mainly to endotoxaemia. Mookerjee and
co-workers [27] demonstrated that plasma from cirrhotic
patients activates neutrophils in vitro, and the removal of
endotoxin from patients’ plasma normalized their aug-
mented neutrophil activation. Neutrophil priming by LPS
requires the presence of LBP in the plasma and membranous
CD14 [42,43], which activates mitogen-activated protein
(MAP) kinase p38, leading to production of ROS [43]. LBP
is a mainly liver-derived 60 kDa serum glycoprotein that is

Table 3. Correlation of immunoglobulin (Ig)G-autoantibody concen-

tration against oxidized low-density lipoproteins (ab-oxLDL) and res-

piratory burst in patients with liver cirrhosis (n = 49).

Correlation rs

with ab-oxLDL

serum levels P-value

Neutrophils (iMFI)

Basal 0·079 0·588

fMLP 0·114 0·437

Escherichia coli 0·425 0·002

PMA 0·288 0·045

Monocytes (iMFI)

Basal 0·301 0·036

fMLP 0·369 0·009

E. coli 0·416 0·003

PMA 0·302 0·035

rs: Spearman’s rank correlation coefficient; iMFI: integrated

mean fluorescence intensity; fMLP: N-formyl-methionyl-leucyl-

phenylalanine.
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produced during Gram-negative bacterial infections and
endotoxaemia [31]. In cirrhosis, elevated LBP concentra-
tions are associated with higher concentrations of endot-
oxin, soluble CD14, TNF-a and interleukin-6 [18]. Although
we demonstrated that respiratory burst and LBP serum con-
centrations were increased in patients with liver cirrhosis,
LBP levels and respiratory burst were not correlated posi-
tively with each other. In contrast, in non-infected patients
with cirrhosis, an increase in LBP serum concentrations was
associated with a lower resting burst. Although low concen-
trations of LBP enhance the cellular response to LPS [44], it
has been shown that higher concentrations of LBP inhibit
phagocyte responses in vitro and in vivo [45,46] and were
protective in a mice peritonitis model [45] and a study of
patients with severe sepsis [47]. LBP inhibits the endotoxin
response by transferring LPS to plasma lipoproteins [48] and
also by directly inhibiting the phagocyte response, even after
the binding of LPS monomers to CD14 [49]. Thus, we
attribute the negative correlation between LBP concentra-
tion and resting burst to a reduction in neutrophil response
to E. coli in the presence of increasing LBP concentrations.
Beyond that, differences in the half-lives of LPS and LBP may
lead to an elevation of LBP concentration even after endot-
oxin clearance, which may aggravate further the LBP-
mediated suppression of respiratory burst. In a study by
Albillos et al., endotoxin was detected in only one-third of
patients with elevated LBP levels [18], suggesting that endot-
oxaemia is transient, whereas LBP remains elevated for a
prolonged period of time.

The production of free reactive oxygen species in neutro-
phils and monocytes induces LDL oxidation, forming a
potent cytotoxic agent that mediates tissue damage [50]. In a
cell culture model of hepatic stellate cells, oxidized LDL
(oxLDL) stimulated extracellular matrix synthesis via the
scavenger receptor CD36 and also mediated fibrosis [51].
Recent data suggest that LPS and oxLDL activate macroph-
ages co-operatively [52] and that oxLDL increases Toll-like
receptor expression [53]. The oxidation of LDL induces
ab-oxLDL and forms immune complexes that promote the
activation of macrophages and the release of proinflamma-
tory cytokines, such as TNF-a, which further primes and
activates phagocytes [54]. Ab-oxLDL reflects the immune
response to oxLDL over a prolonged period of time and may
therefore indicate recurrent episodes of increased respiratory
burst. The ab-oxLDL level is an independent predictor of
morbidity and mortality in patients with severe chronic
heart failure [55]. Although we did not observe any differ-
ence in ab-oxLDL concentrations between controls and cir-
rhotic patients, we observed a significant positive correlation
between ROS production in phagocytes and ab-oxLDL
concentrations. Although many individual and environmen-
tal factors, e.g. nutrition, smoking status, glucose metabo-
lism and chronic inflammatory diseases, are known to
influence lipid peroxidation, our results suggest that the
increased resting burst and increased respiratory burst

capacity in patients with liver cirrhosis are accompanied by
the occurrence of oxidative damage in vivo.
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