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Frequency, characteristics and impact of
multiple consecutive nosocomial infections
in patients with decompensated liver
cirrhosis and ascites
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Abstract
Background: Nosocomial infections are a particular threat for patients with liver cirrhosis. It is not uncommon that
individuals develop even several consecutive infections during a single hospital stay. We aimed to investigate the
impact and characteristics of multiple, consecutive nosocomial infections.
Methods: A total of 514 consecutive patients with liver cirrhosis and ascites were included and followed up for 28
days for nosocomial infection, death or liver transplantation (LTx). Laboratory values were assessed at the time of
hospitalization as well as at the onset of each new infectious episode.
Results: 58% (n¼ 298) of the patients developed at least one nosocomial infection and in 23% (n¼ 119) even
multiple infections were documented during a single hospital stay. Consecutive infections usually occurred shortly
after the previous episode. Spontaneous bacterial peritonitis (SBP) was the most common infection. However, the
proportion of SBP declined from 43% at the first to only 31% at the third nosocomial infection (p¼ 0.096). In
contrast, the likelihood for other, less common types of infection such as blood stream infections increased. Third
nosocomial infections were also more likely to be linked to the detection of fungal pathogens (21% vs. 52%;
p¼ 0.001). Each additional infectious episode had a dramatic detrimental impact on LTx-free survival that was
independent from the stage of liver disease (adjusted-HR: 6.76, p¼ 0.002 for first nosocomial infection; adjusted-
HR: 14.69, p<0.001 for second nosocomial infection; adjusted-HR: 24.95, p<0.001 for third nosocomial infection).
Conclusion: In patients with decompensated liver cirrhosis LTx-free survival significantly decreases with every
consecutive infectious episode. Development of prevention strategies is urgently required.
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Introduction

Bacterial infections are a common and severe compli-

cation in patients with liver cirrhosis.1 Mortality is
increased four times, and up to 30% of patients die

within 1 month.2 Infections are particularly dangerous

if acquired during hospitalization, which may partly be
explained by the higher risk for multidrug-resistant

organisms (MDRO).1,3

Liver cirrhosis is frequently accompanied by a com-

plex and so far not completely understood immune
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dysfunction (cirrhosis-associated immune dysfunction,
CAID). Patients have a status of chronic systemic
inflammation and may show a hyperinflammatory
response in the case of bacterial infection, but at the
same time also suffer from an impairment of immune
defence, which predisposes for bacterial infections.4,5

On the one hand, structure of reticuloendothelial
system is altered. This leads to restricted elimination
of pathogens and reduced phagocytosis in the
liver.4,6–9 On the other hand, the synthesis capacity of
the liver is limited. Thus, proteins of innate immunity
are not sufficiently produced. Furthermore, there is an
altered function and frequency of circulating immune
cells.4,6–9 Moreover, intestinal permeability is height-
ened, especially in patients with portal hypertension
and ascites, facilitating bacterial translocation. One
reason for this is reduced gut motility. In addition,
shunts of portal blood exist, which further predisposes
for bacteremia.10 Overall, the risk for the development
of bacterial infections is four to five times higher com-
pared with non-cirrhotic individuals.5,11

Hospital treatment further increases the likelihood
for infections, as invasive procedures are frequently
required in patients with progressive liver disease.1

Given the particularly high susceptibility for bacterial
infections in those with cirrhosis it is not unusual that
an individual patient develops even multiple consecu-
tive infections during a single hospital stay.12,13 While
several recent studies put a focus on different aspects of
nosocomial infections in patients with cirrhosis, the rel-
evance of multiple consecutive infections has been
poorly investigated so far.14–17 Currently, there are
quite limited data available concerning whether a
second nosocomial or even third nosocomial infectious
episode during the same hospital stay is any different to
a first nosocomial episode. It is not well studied wheth-
er consecutive nosocomial infections differ in the most
frequent site of infection and clinical outcome and may
therefore even require a different clinical management
strategy.

In this study we aimed to investigate the incidence
and clinical characteristics of consecutive nosocomial
infectious episodes as well as their impact on survival in
patients with decompensated liver cirrhosis. Moreover,
we intended to identify risk factors for multiple noso-
comial infections to characterize patients who might be
at particular need for a close monitoring during
hospitalization.

Patients and methods

Patient cohort

All consecutive hospitalized patients in whom a para-
centesis was performed between January 2012 and

April 2018 at Hannover Medical School were consid-
ered for this study. In a first step, patients were identi-
fied automatically using the Enterprise Clinical
Research Data Warehouse (ECRDW) of Hannover
Medical School.18 Afterwards the following exclusion
criteria were applied through a careful manual check of
patients’ medical records: no sufficient evidence of cir-
rhosis, malignant tumour other than hepatocellular
carcinoma within MILAN criteria, HIV infection, con-
genital immune dysfunction, history of organ trans-
plantation, secondary intra-abdominal infection,
presence of acute viral or community-acquired infec-
tion (onset previous to or <48 h after hospital admis-
sion), proof of more than one infection at the same day
and no sufficient written informed consent.

Data assessment

Laboratory values and medication were automatically
extracted from the clinical information systems using
the ECRDW-Technology without any media break. All
other data were collected by a cautious manual review
of the patients’ medical records. Liver cirrhosis was
diagnosed by ultrasound, FibroScan (�14.5 kPa), bio-
chemical results and/or liver biopsy. Infection was
diagnosed based on clinical symptoms and the follow-
ing diagnostic criteria and/or the judgement of the
treating physician: urinary tract infection (UTI): leuko-
cyturia and/or positive urine cultures (bacteriuria)
and/or significant germination number. Pneumonia:
evidence of pulmonary infiltrates in X-ray.
Spontaneous bacterial peritonitis (SBP): �500
nucleus-containing cells/mm3 ascites fluid. Blood
stream infection: positive blood cultures. Clostridium
difficile-associated colitis: detection of Clostridium dif-
ficile in stool samples. Infection without identifiable
source: start of antibiotic treatment for a suspected
bacterial infection. Acute kidney injury (AKI) was
diagnosed by an increase in serum creatinine by �0.3
mg/dl within 48 h or �1.5-fold from baseline within
7 days.19 Acute-on-chronic liver failure (ACLF) was
defined according to the current recommendations
of the European Association for the Study of the
Liver.20–22 MDRO were defined as Methicillin-
resistant Staphylococcus aureus, Vancomycin-resistant
Enterococcus and multi-resistant Gram-negative bacte-
ria (3/4MRGN) according to KRINKO (Commission
on Hospital Hygiene and Infection Protection at the
Robert Koch Institute).23

Study design
Differences in the outcome between a first nosocomial, a
second nosocomial and a third nosocomial infectious
episode. Primary endpoint of the analysis was liver
transplantation (LTx) or death (LTx-free survival).
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Patients were followed up for 28 days after hospital
admission for liver transplantation, death or infection
(group one). If the patient developed a nosocomial
infection during hospitalization, the patient was cen-
sored in group one at that time point and allocated
to group two. A new 28-day follow-up was initiated
to document the outcome of infection. The same pro-
cedure was used for the second nosocomial (group
three) and third nosocomial infection (group four).
To avoid time biases because of different observation
time periods we adjusted the univariate and multivari-
ate analysis to the outcome starting at each individual
infectious episode. All laboratory values were newly
assessed at the time of each new infection, which was
considered as new baseline. Besides the number of the
respective nosocomial infection several potential con-
founders (length of hospital stay, MELD score, albu-
min, CRP, leukocytes, sodium and platelets at the
onset of the respective infection) were integrated into
the univariate and multivariate model.

Identifying risk factors for developing a consecutive
nosocomial infection. A competing risk analysis was
performed using the development of a second nosoco-
mial and third nosocomial infection, respectively, as
primary endpoint and handling the event of liver trans-
plantation or death as competing risk. Several potential
predictors were included in the multivariate model:

• Laboratory values (assessed at the time of the pre-
vious infectious episode): MELD score, CRP, plate-
lets, leukocytes, sodium

• Complications of cirrhosis/infection: AKI and
ACLF within 72 h after the onset of the previous
infection

• Placement of a catheter: central venous, urinary
tract or abdominal

• Selected patient characteristics: sex, age and diabetes
mellitus.

Statistics

All analyses except the competing risk analysis were
performed using SPSS (IBM SPSS Statistics 25) and
Microsoft Excel. Continuous variables are presented
as means with standard deviation. Categorical varia-
bles are displayed as proportions and Fisher’s Exact
Test was calculated. Kaplan–Meier curves, univariate
and multivariate Cox-Regression (backward stepwise
regression) were executed to assess LTx-free survival.
All parameters with p< 0.1 in univariate analysis were
included in multivariate analysis. The ‘in-criterion’ was
0.05 and the ‘out-criterion’ was 0.1. Competing risk
analysis was implemented for predictors of consecutive
infections. This was done in R (crrstep-package).24–26

Here also backward direction was selected. Further,

Akaike’s information criterion was chosen as criterion

for model selection. To transform the data into hazard
ratios and p-values crrstep.output was applied.27

Ethics

The study was approved by the local ethic committee of

Hannover Medical School on 22 June 2018 and execut-
ed according to Declaration of Helsinki. All analysed

patients provided written consent for the scientific

use of their clinical data at the time of hospital

admission.

Results

Patient characteristics and frequency of
infections

Overall, 1314 consecutive patients were identified auto-

matically and further screened. After applying the pre-

defined exclusion criteria a total of 514 individuals were

considered for the final analysis (Figure 1). A minority
of the included patients was female (36%), and mean

age was 56 years. In most individuals the aetiology of

liver cirrhosis was considered to be alcohol-related

(46%). Oesophageal varices were present in the major-
ity of patients (76%). A total of 267 patients developed

an ACLF and 182 circulation failure during follow-up.

Overall, 42% of individuals had no proof of
infection and 35% experienced only a single nosocomi-

al infectious episode during the observation period. Of

note, 119 out of 514 patients (23%) developed

multiple nosocomial infections within the same hospi-
tal stay. Evidence of a second nosocomial infection

was present in 14% (n¼ 74) of patients, and in 9%

(n¼ 45) of the individuals even a third nosocomial
infection was documented (Table 1, Supplementary

Table 1).

Time interval between consecutive nosocomial
infections

Median time to first nosocomial infection after admis-

sion to our hospital was 4 days (interquartile range
(IQR)25–75: 0–8). In 31% of the patients who were ini-

tially treated at a different hospital, infection was diag-

nosed on the arrival day at our centre. Of note,
consecutive nosocomial infections usually followed

shortly after the previous episode. The second nosoco-

mial infection was diagnosed within a median of 7 days

(IQR25–75: 3–13) after the first nosocomial
infection. Median time interval between the second

nosocomial and the third nosocomial infection was 9

days (IQR25–75: 4–18) (Supplementary Figure 1).
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Differences in the sites of infection between the
first nosocomial, second nosocomial and third
nosocomial infectious episode

The most prevalent sites of the first nosocomial infec-

tion were SBP (43%) and UTI (19%). The third most

common type of infection was pneumonia (8%), while

in 15% the source of infection could not be clearly

identified. At consecutive episodes distribution of infec-

tions changed towards other, less common types for

cirrhotic patients (e.g. Clostridium difficile-associated

colitis and skin infection): the frequency of SBP

decreased from 43% at the first nosocomial infection

to only 31% among the third nosocomial infections

(p¼ 0.096). Similarly, ‘other’ sites of infection than

SBP, UTI or pneumonia were detected in only 11%

at the first nosocomial but in 27% at the third nosoco-

mial infection (p¼ 0.008) (Supplementary Table 2). Of

note, there was a particular increase in the proportion

of patients with blood stream infection (4% and 13%

of first nosocomial and third nosocomial infections,

respectively, p¼ 0.020) (Figure 2).

Differences in the detected pathogens between
the first nosocomial, second nosocomial and
third nosocomial infection

Overall, a pathogen could be detected in 40% of the

infections (in 36% of first nosocomial, in 41% of

second nosocomial and in 60% of third nosocomial

infections). The most prevalent organisms detected

during the first nosocomial infection were Gram-

positive bacteria, affecting 73% of the cases. This rate

decreased to 67% and 63% for the second nosocomial

and third nosocomial infectious episode, respectively.

In contrast, there was a significant increase in the detec-

tion of fungal organisms from the first nosocomial
(21%) to the third nosocomial infectious episode

(52%) (p¼ 0.001) (Figure 3, Supplementary Table 3,

4). In a considerable number of patients (33%) multiple

different organisms were detected at the same time. Of
note, rates of MDRO were rather low and remained

relatively stable towards consecutive infectious episode

(2.8%, 6.1%, and 3.7%).

Differences in LTx-free survival between the first
nosocomial, second nosocomial and third
nosocomial infection

LTx-free survival decreased dramatically with each

consecutive infection (Figure 4). In the univariate anal-
ysis the number of infection (no, first nosocomial,

second nosocomial and third nosocomial, respectively)

as well as MELD score, CRP, leukocytes and platelets

(at time of admission and time of infection, respective-
ly) were associated with LTx-free survival. However,

only MELD score (HR: 1.13; p<0.001) and the

number of infection remained independent predictors

of LTx-free survival in the multivariate model

(Table 2). A first nosocomial infectious episode was
already associated with a more than six-fold increase

in mortality (HR: 6.76; p¼ 0.002). For the second nos-

ocomial infection a HR of 14.69 (p<0.001) and for the

third nosocomial infection a HR of 24.95 (p<0.001)
were calculated. Likewise, the adjusted risk for LTx

or death after a second nosocomial infection was two

times higher compared with the first nosocomial epi-

sode (HR: 2.12; p¼ 0.010). A similar increase was

Exclusion criteria  (at least one of the following):

•  No sufficient evidence of cirrhosis (n = 61)
•  Secondary intraabdominal infection (n = 65)
•  Presence of a community aquired infection (n = 63)
•  More than one infection at the same day (n = 32)
•  Extrahepatic malignant tumour (n = 234)
•  HCC not within MILAN (n = 124)
•  HIV positive (n = 12)
•  Congenital immune dysfunction (n = 2)
•  No suuficent consent (n = 133)
•  Presence of acute viral infection (n = 6)
•  Previous  liver transplantation (n = 22)
•  Non-liver organ transplantation (n = 16)

1314 patients with ascites

514 patients eligible for further analysis

Figure 1. Flowchart of patient recruitment.
HCC: hepatocellular carcinoma; HIV: human immunodeficiency virus.
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calculated for the third nosocomial compared with the

second nosocomial infection (HR 1.72; p¼ 0.076).

However, this difference closely failed to reach statisti-

cal significance after adjusting to other potential con-

founders in the multivariate analysis (Table 3).

Predictors for development of a consecutive
infection

Given the increasing and tremendous hazard of each

consecutive infection, we aimed to identify risk factors

for the development of a second nosocomial and third

nosocomial infectious episode, respectively. Among all

considered parameters only female sex (HR: 1.53;

p¼ 0.023), MELD score (p¼ 0.076) and CRP
(p¼ 0.008) (at the time of the first nosocomial infection)
were identified as possible predictors for the onset of a
second nosocomial infection in the multivariate compet-
ing risk analyses (Table 4). However, the MELD score
did not reach statistical significance. Of note, placement
of a catheter (central venous, urinary tract or abdomi-
nal) had no statistical significant impact.

No clinically valuable predictor for third nosocomial
infection was identified in the multivariate model.
However, age (HR: 0.97; p¼ 0.027), CRP (HR: 1.00;
p¼ 0.043) and platelets (HR: 1.00; p¼ 0.024) were sig-
nificantly linked to the development of a third nosoco-
mial infection (Table 5).

Discussion

Nosocomial infections represent a particular risk in
patients with decompensated liver cirrhosis, as they fur-
ther complicate hospital treatment and are associated
with a high mortality. Given the increased susceptibility
for infections in cirrhotic patients it is not uncommon
that even multiple infectious episodes occur during a
single hospital stay. In this large cohort of patients
with decompensated cirrhosis we demonstrated that
consecutive infections are in many ways different from
the first nosocomial infectious episode. Different sites of
infections as well as different microorganisms have to be
expected and mortality dramatically increases.

However, the first important result of our study
might be that the frequency of multiple nosocomial
infections was indeed considerably high. Almost one
out of four patients developed at least two different
infections during the same hospital stay. Our results
are well in line with previous studies by Bajaj et al.
and Piano et al. reporting an incidence for a second
infection during hospitalization of 24% and 21%,
respectively.12,13 Together these data demonstrate the
high clinical relevance of consecutive infections in
patients with cirrhosis, although this topic has rarely
been investigated so far.

Even more importantly, we were able to demon-
strate that each consecutive nosocomial infectious epi-
sode is associated with dramatically worse prognosis
than the previous one. Of note, the negative impact
on survival of each infectious episode was independent
from the stage of liver disease as indicated by the
MELD score. In a previous well-performed study,
Bajaj et al. documented a higher mortality in cirrhotic
patients who develop two infections compared with
those with only one infection during hospital treat-
ment.12 However, in the study of Bajaj et al. a signifi-
cant proportion of the first infectious episodes were
attributable to community-acquired infections. In con-
trast, all second infections were nosocomial acquired.

Table 1. Baseline characteristics.

Variable All patients

Total number of patients 514
Sex

� Female (n, %) 187 (36.4%)
� Male (n, %) 327 (63.6%)

Age (years) 56.3 (�11.09)
Aetiology of liver cirrhosis

� Alcohol-related (n, %) 235 (45.7%)
� Cryptogenic (n, %) 64 (12.5%)
� Viral (n, %) 56 (10.9%)
� NASH (n, %) 25 (4.9%)
� Cholestatic (n, %) 24 (4.7%)
� Other (n, %) 58 (11.3%)
� Mixed (n, %) 52 (10.1%)

Laboratory values (at admission)
� MELD score 18.9 (�7.4)
� Albumin (g/l) 27.1 (�6.0)
� Bilirubin (mmol/l) 103.8 (�151.0)
� CRP (mg/l) 31.9 (�36.7)
� INR (Ratio) 1.53 (�0.46)
� Creatinine (mmol/l) 142.1 (�105.2)
� Leukocytes (103/ml) 9.2 (�6.6)
� Sodium (mmol/l) 133.9 (�5.6)
� Platelets (103/ml) 145.9 (�99.2)

Oesophageal varices (n, %) 393 (76.5%)
Diabetes mellitus (n, %) 126 (24.5%)
Beta-blockers (n, %) 228 (44.5%*,a)
Proton pump inhibitors (n, %) 428 (84.4%*,b)
Maximal number of infections

� No infection (n, %) 216 (42.0%)
� One nosocomial infection (n, %) 179 (34.8%)
� Two nosocomial infections (n, %) 74 (14.4%)
� Three nosocomial infections (n, %) 45 (8.8%)

Values are expressed as percentage (categorical variables) and mean
(continuous variables) and standard deviation; aIn two patients
information on b-blocker intake was missing; bIn seven patients
information on Proton Pump Inhibitor intake was missing.
NASH: Nonalcoholic steatohepatitis; MELD score: Model for End-Stage
Liver Disease; CRP: c-reactive protein, INR: international normalized
ratio.
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Thus the higher mortality after the second infection
episode could at least partly be explained by the
higher frequency of nosocomial infections, which are
well known to be more complicated. This potential bias

can be excluded for our results, as only nosocomial
infections were considered. Further limitations of the
study by Bajaj et al. include a longer observation
period in those with a second infection, as the outcome

1st nosocomial
infection

SBP

UTI

Pneumonia

Infection without identifiable source

Blood stream infection

Other

2nd nosocomial
infection

3rd infection

127
(43%)

56
(19%)

45
(15%)

34
(11%)

49
(41%)

30
(25%)

8
(7%)

8
(18%)

8
(7%)5

(4%)

5
(11%)

6
(13%)

12
(27%)

0
(0%)

24
(8%)

12
(4%)

19
(16%)

14
(31%)

Figure 2. Differences in the sites of infection between the first nosocomial, second nosocomial and third nosocomial infectious
episode.

Gram
positive

First nosocomial infection Second nosocomial infection Third nosocomial infection

Gram
negative

Fungal Gram
positive

Gram
negative

Fungal Gram
positive

Gram
negative

Fungal

73%

42%

21%

67%

24%

45%

63%

19%

52%

Figure 3. Differences in the detected pathogens between the first nosocomial, second nosocomial and third nosocomial
infection. More than 100% possible as several pathogens were detected in some patients.
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analysis was focused on the prognosis of the individual
patient starting at the time of hospital admission.
In contrast, we decided to focus on the individual infec-
tious episode by restarting a new predefined follow-up
and reassessing all relevant laboratory values including
the MELD score at the onset of each new infection.
Finally, the number of patients with a second infection
was quite small (n¼ 50) in the study by Bajaj et al. and
further infectious episodes were not documented.
In this study we were able to observe 119 patients

with a second nosocomial infection, and importantly
also demonstrated for the first time that a further,
third nosocomial infection even leads to an additional
impairment of LTx-free survival.

Although all included infections were nosocomial
acquired, there were still remarkable differences when
comparing the first nosocomial, second nosocomial
and third nosocomial episodes that may help to explain
the lower survival after consecutive infections. First of
all, we documented a shift in the most common sites of
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%
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Time to death/Tx (days)

Number of infections

LTx-free survival

7 14 21 28

p <0.001

p = 0.002

p = 0.005

First nosocomial infection

No infection Second nosocomial infection

Third nosocomial infection

Figure 4. LTx-free survival after onset of nosocomial infection/hospital admission.
LTx: liver transplantation.

Table 2. Univariate and multivariate Cox-Regression of LTx-free survival.

Variable

univariate Multivariate

p-value HR p-value
Adjusted-HR (95%
confidence interval)

MELD score <0.001* 1.165 <0.001* 1.134 (1.009; 1.169)
Albumin (g/l) 0.723 1.009
CRP (mg/l) <0.001* 1.008
Leukocytes (103/ml) <0.001* 1.032
Sodium (mmol/l) 0.425 1.017
Platelets (103/ml) 0.001* 0.994
Duration of hospital stay 0.606 1.004
Number of infections

� First nosocomial infection <0.001* 9.407a 0.002* 6.760 (2.026; 22.557)a

� Second nosocomial infection <0.001* 22.150a <0.001* 14.692 (4.369; 49.401)a

� Third nosocomial infection <0.001* 49.774a <0.001* 24.952 (7.326; 84.990)a

aCompared with no infection. MELD score: Model for End-Stage Liver Disease; CRP: c-reactive protein; LTx: liver transplantation.

Schutalbers et al. 573



infection towards more unusual sites like skin infection

or Clostridium difficile-associated colitis increased

during later episodes. Similar data were recently pub-

lished by Piano et al. for a second infection.13 It is

tempting to speculate that this might increase the risk

for a delay in diagnosis, which has been shown to have

significant detrimental effects on the prognosis in cir-

rhotic patients.28 However, we were unable to provide

any evidence for this with our retrospective data set. Of

note, consecutive infections were more frequently

blood stream infections, which have previously been

associated with a particular severe course in patients

with cirrhosis.29,30 Finally, we documented a consider-

able shift in the detectable pathogens. There was a

significant increase in the frequency of the detection
of fungal organisms, which have previously been
linked to a higher mortality as well as a delayed diag-
nosis and treatment in patients with cirrhosis.31–33 It
has to be considered that the detection of a fungal
pathogen does not necessarily mean that it is also the
causing agent. Some of the respective infections might
be triggered by undetectable bacteria or viruses. The
clinical relevance of the detection of fungal species
often remains a matter of debate depending on the
detected pathogen and specimen (e.g. Candida species
in urine samples), and differentiation between infection
and colonization is especially difficult due to the par-
tially altered clinical course of fungal infections. To
date, except for histological proven fungal infection,
no clear diagnostic criteria demonstrate a reliable
proof of invasive fungal infection. However, while
they may not always directly cause an infection, any
detection of fungal species, for example in urine, might
still indicate a more complicated clinical and infectio-
logical course as it has been associated with an overall
impaired outcome, for example among critically ill
patients.33–35 Interestingly, there are overall some signif-
icant differences regarding the most frequent pathogens
detected in our study when comparing with previous
studies by Piano et al. and Fernandez et al. In our
study we found far more Gram-positive bacteria.3,13

However, this might be explained by slightly different
patient cohorts, regional differences and, importantly,
by the fact that only nosocomial infections were consid-
ered in our study.

Besides a timely and fitting antibiotic or (maybe) anti-
fungal therapy, it is essential to identify patients at high
risk for developing following nosocomial infectious epi-
sodes and develop strategies for early diagnosis or, even
better, a suitable prophylaxis. For this purpose, a deeper
understanding of the pathomechanisms will be needed.
Severe infections such as sepsis are associated with a
hyperinflammatory response, which also leads to activa-
tion of anti-inflammatory signalling. At some stage the
anti-inflammatory cascade may overtake, leading to a

Table 3. Multivariate Cox-regression of LTx-free survival between each infectious episode.

Variable

1st nosocomial infection
(vs. no infection)

2nd nosocomial infection
(vs. 1st infection)

3rd nosocomial infection
(vs. 2nd infection)

p-value
Adjusted-HR (95%
confidence interval) p-value

Adjusted-HR (95%
confidence interval) p-value

Adjusted-HR (95%
confidence interval)

MELD score <0.001* 1.154 (1.100; 1.210) <0.001* 1.145 (1.104; 1.188) <0.001* 1.092 (1.043; 1.144)
Infection 0.003* 6.156 (1.828; 20.733) 0.010* 2.118 (1.199; 3.741) 0.076 1.717 (0.945; 3.120)
Leukocytes (103/ml) 0.049* 1.038 (1.000; 1.078)
Platelets (103/ml) 0.141 0.996 (0.991; 1.001)

MELD score: Model for End-Stage Liver Disease; LTx: liver transplantation.

Table 4. Backward multivariate competing risk model for
development of a second nosocomial infection.

Variable p-value
Adjusted-HR (95%
confidence interval)

Female sex 0.023* 1.531 (1.061; 2.209)
MELD scorea 0.076 1.019 (0.998; 1.041)
CRPa (mg/l) 0.008* 1.003 (1.001; 1.005)

aAt time of first nosocomial infection; Included parameters: sex, age,
diabetes, AKI, ACLF, catheter, MELD, CRP, leukocytes, sodium, plate-
lets. MELD score: Model for End-Stage Liver Disease; CRP: c-reactive
protein; AKI: acute kidney injury; ACLF: acute-on-chronic liver failure.

Table 5. Backward multivariate competing risk model for
development of a third nosocomial infection.

Variable p-value
Adjusted Hazard Ratio
(95% confidence interval)

Age (years) 0.027* 0.972 (0.949; 0.997)
CRPa 0.043* 1.005 (1.000; 1.009)
Plateletsa 0.024* 1.003 (1.001; 1.006)

aAt time of second nosocomial infection; Included parameters: sex,
age, diabetes, AKI, ACLF, catheter, MELD, CRP, leukocytes, sodium,
platelets. MELD score: Model for End-Stage Liver Disease; CRP:
c-reactive protein; AKI: acute kidney injury; ACLF: acute-on-chronic
liver failure.
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status of immunosuppression. Until the level of immune
activation returns to a balanced status, patients may be
particularly vulnerable for another infectious episode.36

In patients with cirrhosis this imbalance may be further
complicated by the often underlying CAID.4 Similar
effects may occur after ACLF, which is also character-
ized by hyperinflammatory status and is often triggered
by an infection.22,37,38 As a second nosocomial or third
nosocomial infection in our study often occurred shortly
after the previous episode, it seems entirely possible that
many infections indeed occurred in such an immunosup-
pressive status, which may further explain the poor out-
come. Antibiotic prophylaxis could be discussed and
further studied in the future to prevent consecutive infec-
tions in vulnerable patients. However, wide use of anti-
biotics may certainly lead to a further increase in
MDRO, which is already a tremendous and emerging
problem in these patients.3,13 Thus, a careful and indi-
vidualized approach would be necessary. Unfortunately,
no markers have been established so far that reliably
reflect the immune status of cirrhotic patients before
or after an infection or ACLF. Interestingly, our data
suggest a higher risk for second nosocomial infection in
female patients, which is in line with other reports sug-
gesting a higher risk for death in females in the case of
advanced liver dysfunction.39 However, our results also
demonstrate that relying exclusively on clinical parame-
ters might be insufficient to accurately select patients for
such a strategy. Thus, identification of new valid bio-
markers will be an important need for the future.

The main limitation of our study is the retrospective
single-centre design. Therefore, our data might not nec-
essarily reflect the situation in other treatment centres,
in particular with regard to the most prevalent bacteria,
as considerable regional differences have previously
been reported.3 Due to the retrospective design some
information is incomplete, and diagnosis of infections
as well as the selected therapy may have varied between
treating physicians. It seems entirely possible that not
all infections were diagnosed according to international
recommendations. Furthermore, as a polymorphonu-
clear cell count was not available at that time in our
as well as several other centres, SBP might have been
misclassified in a few patients. Moreover, a delay in
infection diagnosis may have led to misclassification
of healthcare-associated as nosocomial infections in
some cases. Finally, the manual validation of the auto-
matically identified patients may have introduced a
selection bias. However, we still think that our data
provide some valuable implications for clinical care
and future research needs.

In summary, we demonstrated that consecutive infec-
tions in patients with decompensated liver cirrhosis signif-
icantly differ from previous nosocomial episodes. There is
an almost two-fold decrease in LTx-free survival after

each additional infection. A careful monitoring of cirrhot-

ic patients is required particularly in the timeframe shortly

after an infection. Moreover, physicians need to consider

more unusual types as well as fungal infections at later

episodes and adjust diagnostic and therapeutic proce-

dures. Further studies focusing on predictive biomarkers

and suitable strategies to prevent multiple infections in

decompensated liver cirrhosis are urgently needed.

Acknowledgement
We thank Theodor Framke for his support and advice con-

sidering the statistical analysis.

Conflict of interest
The authors have no conflicts of interest to declare.

Ethics approval
The study was approved by the local ethic committee of

Hannover Medical School on 22.06.2018 and executed

according to Declaration of Helsinki.

Funding

The authors disclosed receipt of the following financial sup-

port for the research, authorship, and/or publication of this

article: MS and this study were supported by the

‘KlinStrucMed Programm – Promotionskolleg’ funded by

the Else Kr€oner-Fresenius-Stiftung. BM was supported by

the clinician scientist program of Hannover Medical School.

Informed consent
All analysed patients provided written consent for the scientific

use of their clinical data at the time of hospital admission.

ORCID iD
Abdul-Rahman Kabbani https://orcid.org/0000-0002-

8084-3352

Supplemental material
Supplemental material for this article is available online.

References
1. EASL. Clinical Practice Guidelines for the management

of patients with decompensated cirrhosis. J Hepatol 2018;

69: 406–460.
2. Arvaniti V, D’Amico G, Fede G, et al. Infections in

patients with cirrhosis increase mortality four-fold and

should be used in determining prognosis.

Gastroenterology 2010; 139: 1246–1245.
3. Fernández J, Prado V, Trebicka J, et al. Multidrug-resis-

tant bacterial infections in patients with decompensated

cirrhosis and with acute-on-chronic liver failure in

Europe. J Hepatol 2019; 70: 398–411.
4. Albillos A, Lario M and �Alvarez-Mon M. Cirrhosis-asso-

ciated immune dysfunction: Distinctive features and clin-

ical relevance. J Hepatol 2014; 61: 1385–1396.

Schutalbers et al. 575

https://orcid.org/0000-0002-8084-3352
https://orcid.org/0000-0002-8084-3352
https://orcid.org/0000-0002-8084-3352


5. Fernández J, Navasa M, G�omez J, et al. Bacterial infec-

tions in cirrhosis: Epidemiological changes with invasive

procedures and norfloxacin prophylaxis. Hepatology

2002; 35: 140–148.
6. Jenne CN and Kubes P. Immune surveillance by the liver.

Nat Immunol 2013; 14: 996–1006.

7. Racanelli V and Rehermann B. The liver as an immuno-

logical organ. Hepatology 2006; 43: 54.
8. Gao B, Jeong W and Tian Z. Liver: An organ with pre-

dominant innate immunity.Hepatology 2008; 47: 729–736.
9. Helmy KY, Katschke KJ, Gorgani NN, et al. CRIg: A

macrophage complement receptor required for phagocy-

tosis of circulating pathogens. Cell 2006; 124: 915–927.
10. Ramachandran A and Balasubramanian KA. Intestinal

dysfunction in liver cirrhosis: Its role in spontaneous bacte-

rial peritonitis. J Gastroenterol Hepatol 2001; 16: 607–612.
11. Bunchorntavakul C, Chamroonkul N and

Chavalitdhamrong D. Bacterial infections in cirrhosis:

A critical review and practical guidance. World J

Hepatol 2016; 8: 307–321.
12. Bajaj JS, O’Leary JG, Reddy KR, et al. Second infections

independently increase mortality in hospitalized patients

with cirrhosis: The North American consortium for the

study of end-stage liver disease (NACSELD) experience.

Hepatology 2012; 56: 2328–2335.
13. Piano S, Singh V, Caraceni P, et al. Epidemiology and

effects of bacterial infections in patients with cirrhosis

worldwide. Gastroenterology 2019; 156: 1368,1380. e10.
14. Shi L, Wu D, Wei L, et al. Nosocomial and community-

acquired spontaneous bacterial peritonitis in patients

with liver cirrhosis in China: Comparative microbiology

and therapeutic implications. Sci Rep 2017; 7: 46025.
15. Lutz P, Nischalke HD, Kr€amer B, et al. Antibiotic resis-

tance in healthcare-related and nosocomial spontaneous

bacterial peritonitis. Eur J Clin Invest 2017; 47: 44–52.
16. Dionigi E, Garcovich M, Borzio M, et al. Bacterial infec-

tions change natural history of cirrhosis irrespective of liver

disease severity. Am J Gastroenterol 2017; 112: 588–596.
17. Sargenti K, Prytz H, Strand A, et al. Healthcare-associated

and nosocomial bacterial infections in cirrhosis: predictors

and impact on outcome. Liver Int 2015; 35: 391–400.
18. Gerbel S, Laser H, Sch€onfeld N, et al. The Hannover

Medical School Enterprise Clinical Research Data

Warehouse: 5 Years of Experience. International

Conference on Data Integration in the Life Sciences.

Springer, 2018.

19. Angeli P, Gines P, Wong F, et al. Diagnosis and man-

agement of acute kidney injury in patients with cirrhosis:

Revised consensus recommendations of the International

Club of Ascites. Gut 2015; 64: 531–537.
20. Arroyo V and Jalan R. Acute-on-chronic liver failure:

Definition, diagnosis, and clinical characteristics. Semin

Liver Dis 2016; 36: 109–116.
21. Gustot T, Fernandez J, Garcia E, et al. Clinical course of

acute-on-chronic liver failure syndrome and effects on

prognosis. Hepatology 2015; 62: 243–252.
22. Moreau R, Jalan R, Gines P, et al. Acute-on-chronic liver

failure is a distinct syndrome that develops in

patients with acute decompensation of cirrhosis.
Gastroenterology 2013; 144: 1426–1429.

23. Definition multiresistenter gramnegativer Erreger nach
den Empfehlungen der Kommission für
Krankenhaushygiene und Infektionspr€avention
(KRINKO) [Internet]. 2015 [updated 01.07.; cited
05.01.2020]. Available from: https://ars.rki.de/Docs/
Multiresistance/KRINKO/KRINKO_PR.pdf.

24. Stepwise Covariate Selection for the Fine & Gray
Competing Risks Regression Model [Internet]. 2015
[updated Feb 23,; cited 19.03.2019]. Available from:
https://cran.r-project.org/web/packages/crrstep/crrstep.pdf.

25. Fine JP and Gray RJ. A proportional hazards model for
the subdistribution of a competing risk. J Am Stat Assoc

1999; 94: 496–509.
26. Kuk D and Varadhan R. Model selection in competing

risks regression. Stat Med 2013; 32: 3077–3088.

27. crrstep.output: Transform the result of ccrstep [Internet].;
2017 [updated Sep 23; cited 19.03.2019]. Available from:

https://rdrr.io/github/SophiaJia/Jsurvformat/man/
crrstep.output.html#heading-1.

28. Kim JJ, Tsukamoto MM, Mathur AK, et al. Delayed
paracentesis is associated with increased in-hospital mor-
tality in patients with spontaneous bacterial peritonitis.
Am J Gastroenterol 2014; 109: 1436–1442.

29. Bartoletti M, Giannella M, Lewis R, et al. A prospective
multicentre study of the epidemiology and outcomes of
bloodstream infection in cirrhotic patients. Clin

Microbiol Infect 2018; 24: 546.e1,546.e8.
30. Bartoletti M, Giannella M, Caraceni P, et al.

Epidemiology and outcomes of bloodstream infection
in patients with cirrhosis. J Hepatol 2014; 61: 51–58.

31. Fernández J, Acevedo J, Wiest R, et al. Bacterial and
fungal infections in acute-on-chronic liver failure:
Prevalence, characteristics and impact on prognosis.
Gut 2018; 67: 1870–1880.

32. Bajaj JS, Reddy RK, Tandon P, et al. Prediction of
fungal infection development and their impact on surviv-
al using the NACSELD cohort. Am J Gastroenterol 2018;
113: 556–563.

33. Sobel JD, Fisher JF, Kauffman CA, et al. Candida uri-
nary tract infections—epidemiology. Clin Infect Dis 2011;
52: S433–S436.

34. Simpson C, Blitz S and Shafran SD. The effect of current
management on morbidity and mortality in hospitalised
adults with funguria. J Infect 2004; 49: 248–252.

35. Kauffman CA, Fisher JF, Sobel JD, et al. Candida uri-
nary tract infections—diagnosis. Clin Infect Dis 2011; 52:
S452–S456.

36. Lee WL and Slutsky AS. Sepsis and endothelial perme-
ability. N Engl J Med 2010; 363: 689–691.

37. Jalan R, Gines P, Olson JC, et al. Acute-on chronic liver
failure. J Hepatol 2012; 57: 1336–1348.

38. Malik R, Mookerjee RP and Jalan R. Infection and
inflammation in liver failure: Two sides of the same
coin. J Hepatol 2009; 51: 426–429.

39. Mathur AK, Schaubel DE, Gong Q, et al. Sex-based
disparities in liver transplant rates in the United States.
Am J Transplant 2011; 11: 1435–1443.

576 United European Gastroenterology Journal 8(5)

https://ars.rki.de/Docs/Multiresistance/KRINKO/KRINKO_PR.pdf
https://ars.rki.de/Docs/Multiresistance/KRINKO/KRINKO_PR.pdf
https://cran.r-project.org/web/packages/crrstep/crrstep.pdf
https://rdrr.io/github/SophiaJia/Jsurvformat/man/crrstep.output.html#heading-1
https://rdrr.io/github/SophiaJia/Jsurvformat/man/crrstep.output.html#heading-1

	table-fn1-2050640620913732
	table-fn2-2050640620913732
	table-fn3-2050640620913732
	table-fn4-2050640620913732
	table-fn5-2050640620913732
	table-fn6-2050640620913732

