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patients: analysis of a 10-year clinical experience
Eric Levesque1,2*, Nawel Ait‑Ammar2,3, Daniela Dudau1, Noémie Clavieras1, Cyrille Feray4, Françoise Foulet3 
and Françoise Botterel2,3

Abstract 

Background: Cirrhosis is not recognised as one of the main risk factors of invasive pulmonary aspergillosis (IPA), 
although its prevalence is increasing. The aim of our study was to identify factors for IPA in such patients with a posi‑
tive Aspergillus sp. culture in respiratory samples and to evaluate its impact on outcome.

Methods: We conducted a monocentric retrospective study between January 2005 and December 2015. All cirrhotic 
patients hospitalised in our liver ICU with a positive Aspergillus sp. respiratory sample were included. These patients 
were case‑matched with cirrhotic patients without positive Aspergillus respiratory sample. Finally, the patients were 
classified as having putative aspergillosis or colonisation according to the criteria described previously.

Results: In total, 986 cirrhotic patients were admitted to ICU during the study period. Among these, sixty patients 
had a positive Aspergillus sp. respiratory sample. Chronic obstructive pulmonary disease (COPD) comorbidity and 
organ supports were significantly associated with Aspergillus colonisation. Seventeen patients (28%) were diagnosed 
as proven or putative IPA and 43 were considered as colonised by Aspergillus sp. The median delay between ICU 
admission and an IPA diagnosis was 2 [2–24] days. Only COPD was predictive of the presence of IPA (OR 6.44; 95% CI 
1.43–28.92; p = 0.0151) in patients with a positive Aspergillus sp. culture. The probability of in‑hospital mortality was 
71% in the IPA group versus 19% in the colonisation group (p = 0.0001).

Conclusion: Patients with cirrhosis can be at risk of IPA, especially with COPD. Antifungal agents should be given as 
soon as possible mainly in cirrhotic patients with COPD.
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Introduction
Patients with cirrhosis are at risk of developing infection, 
sepsis and sepsis-induced organ failure [1]. Indeed, about 
30% of cirrhotic patients admitted to an intensive care 
unit (ICU) have acquired or will acquire infections, most 
frequently involving the respiratory tract, urinary tract 
or ascites [2]. This high incidence of infection can partly 
be explained by cirrhosis-associated immune dysfunc-
tion. This state of immunodeficiency is a complex mul-
tifactorial process resulting from bacterial translocation, 
with the continuous stimulation of immune system cells, 

deficiencies in the complement system, the downregula-
tion of monocytes and depressed neutrophil phagocytosis 
[3]. Recent studies have shown that some opportunistic 
infections, such as Pneumocystis jirovecii and cytomeg-
alovirus infection, are seen in this specific population [4, 
5]. Increasing numbers of fungal infections are also being 
observed [6, 7]. Among these pathogens, Aspergillus spe-
cies, especially in respiratory samples, have emerged as 
an important cause of life-threatening infections in cir-
rhotic patients [8–13]. In immunocompromised patients, 
neutropenia and/or undergoing hematopoietic stem cell 
or solid organ transplantation, invasive pulmonary asper-
gillosis (IPA) is a major cause of morbidity and mortality 
[14]. Because of a delayed diagnosis due to a low index of 
suspicion, the same prognosis has been reported in cir-
rhotic patients than in this critically ill non-neutropenic 
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population [9, 10, 15]. Its clinical and radiological signs 
are usually non-specific or absent [16]. Fungal cultures 
provide limited information because upper airway colo-
nisation is common. Finally, galactomannan antigen test 
in serum and bronchoalveolar lavage (BAL) still needs to 
be validated in non-neutropenic populations [17].

Given the paucity of available of data, the aim of our 
study was therefore to identify factors for IPA in patients 
with a positive Aspergillus sp. culture in respiratory sam-
ples, to analyse different rules for the diagnosis and to 
evaluate its impact on outcome.

Patients and methods
Patients
This monocentric retrospective cohort study was con-
ducted in the liver ICU (19 beds) at Henri Mondor Uni-
versity Hospital (a 900-bed, tertiary care institution for 
adults), between January 2005 and December 2015. In 
compliance with French law and regulations, the need 
for informed consent was waived. The Hospital’s Eth-
ics Committee nevertheless approved the study, and the 
database was officially registered with the French Data 
Protection Authority (Commission Nationale Informa-
tique et Liberté) (no. 1699340).

All patients included in this study were > 18  years of 
age, hospitalised in the liver ICU and had histologi-
cally proven or clinically diagnosed cirrhosis (e.g. por-
tal hypertension with ascites, oesophageal varices or 
encephalopathy). For the purposes of this study, cirrhotic 
patients with inherited severe immunodeficiency, allo-
genic stem cells or who had undergone organ transplan-
tation, were excluded.

Diagnosis of invasive pulmonary aspergillosis (IPA)
Patients were eligible when they had evidence of Asper-
gillus sp. in at least one positive respiratory sample (spu-
tum, tracheal aspirate, protected sample brush or BAL) 
specimen during the ICU course. The following factors 
contributed to the diagnosis of putative IPA or colonisa-
tion: (1) detection of Aspergillus by direct examination 
or culture, (2) analysis of a computed tomography (CT) 
scan with bilateral nodular infiltrates with central cavita-
tion, halo sign or the air-crescent sign, (3) signs of lower 
respiratory tract infection or pleural rub, (4) Aspergillus 
galactomannan (GM) antigen determined in respiratory 
samples and/or serum using ELISA kit (Platelia Aspergil-
lus, Bio-Rad Laboratories, Marne la Coquette, France) 
and (1,3)-β-d-glucan (BG) assay  (Fungitell®, Cape Cod 
USA) only available in our institution since 2007.

All patients were reviewed blind by two intensivists, 
two mycologists and one radiologist and were classi-
fied according to Blot et al. for critically ill patients. The 
patients were classified as having proven or putative IPA 

or Aspergillus respiratory tract colonisation [18]. Asper-
gillus colonisation was defined as the presence of Asper-
gillus in bronchial secretions but without radiological, 
clinical or microbiological evidence of invasive infection.

A matched cohort analysis was performed to assess 
whether Aspergillosis colonisation impacts the survival 
of cirrhotic patients. Each patient with Aspergillus sp. 
with at least one positive respiratory sample (Aspergil-
lus + group) was matched to two or if possible three com-
parative patients (patients hospitalised in liver ICU with 
at least one respiratory sample but without positive sam-
ple). These comparative studies were taken from a pro-
spective cohort of patients admitted to the liver ICU in 
Henri Mondor Hospital during the period 2011–2017. 
Patients in both groups were matched according to gen-
der, age (± 5 years) and mechanical ventilation.

Data collection
The following parameters were collected for each patient: 
demographic characteristics [age, gender, reason for 
ICU admission, risk factors for invasive fungal infection 
(IFI), immune status and immunosuppressive drugs, 
malignancy]; scores for the severity of liver dysfunction, 
of which Child–Pugh score, MELD score, SOFA score, 
Grade of Acute-On-Chronic Liver failure as defined 
by the EASL-CLIF consortium/CANONIC study, i.e. 
patients with previously known chronic liver disease and 
at least one organ failure defined by the Clif-SOFA [19]; 
medical history (underlying diseases); clinical and labora-
tory findings and microbiological data; presentation and 
management of IPA; outcomes at hospital discharge and 
1 year later were also collected.

Statistical analysis
Continuous data were described as median [range]. The 
Chi-square test or Fisher’s exact test (categorical vari-
ables) and the Kruskal–Wallis or Mann–Whitney test 
(continuous variables) were used to compare demo-
graphic data based on the patient’s infection status, as 
appropriate. Logistic regression was used to identify fac-
tors associated with a diagnosis of IPA. No correction for 
multiple testing was performed, and therefore, univariate 
analyses should be interpreted with caution. All variables 
were considered for the multivariate logistic regression 
model if the p value was < 0.2 in the univariate analysis. 
When the composite score was tested, factors included 
in it were not further considered for multivariate analy-
sis. Kaplan–Meier curves were generated, and a log-rank 
test was used to compare patients with IPA or colonisa-
tion. All statistical analyses were performed using SPSS 
(version 24; SPSS Inc, IBM, Chicago, IL, USA). A p 
value lower than 0.05 was considered to be statistically 
significant.
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Results
Between January 2005 and December 2015, 9176 patients 
were admitted to the liver ICU in our institution. Among 
these, 986 (10.7%) had histologically proven or clinically 
diagnosed cirrhosis. The median age in cirrhotic popu-
lation was 57 ± 12.3 years; 71% were men and their liver 
disease was most frequently alcohol related. The cumula-
tive incidences of ICU and hospital mortality were 29% 
(285 out of 986) and 37% (364 out of 986), respectively. 
Three hundred and forty-one patients (34.5%) required 
mechanical ventilation for at least 48 h.

Risk factors for colonisation
A total of 362 samples have been performed in the two 
cohorts (positive Aspergillus and negative Aspergil-
lus) with a rate of positivity of 17.4% (63/362 samples). 
Baseline characteristics did not differ between positive 
Aspergillus and negative Aspergillus except aetiology of 
cirrhosis (Table  1). Alcohol cirrhosis was significantly 
more frequent in negative Aspergillus patients than in 
others. Patients with chronic obstructive pulmonary dis-
ease (COPD) were more frequent in positive Aspergillus 
(38% vs. 14%, p = 0.001). The two groups did not differ 
regarding severity of illness (prognostic scores, labora-
tory data). Even if more positive Aspergillus patients 
fulfilled the criteria for Acute-On-Chronic Liver Fail-
ure, no significant difference was observed (72% vs. 59%, 
p = 0.09). Organ supports (catecholamine use, renal 
replacement therapy and liver support) were significantly 
associated with Aspergillus colonisation (Table 1).

Positive Aspergillus patients characteristics
Finally, 60 patients fulfilled the study criteria (posi-
tive culture of Aspergillus sp.) and were included in this 
monocentric retrospective analyse. With the increase in 
the number of patients hospitalised in liver ICU between 
2005 and 2015, the occurrence of IPA and/or respira-
tory tract colonisation by Aspergillus in cirrhotic patients 
has increased in the past 10  years (Fig.  1). The demo-
graphic features, risk factors and outcome data of the 
60 patients included are summarised in Table  2. Over-
all, 85% of the patients were male and their median age 
was 55.4 ± 12.6 years. Their cirrhosis was alcohol related 
(42%) or viral related (38%). The most common primary 
diagnoses at ICU admission were sepsis (n = 24, 40%), 
acute variceal bleeding (n = 17, 28%) or hepatic encepha-
lopathy (n = 12, 20%). Twenty patients (33%) were admit-
ted with respiratory failure. Among the patients with 
alcoholic cirrhosis, 11 (18%) had histologically proven 
severe acute alcoholic hepatitis and had been treated 
with corticosteroids (with a duration of 7–13 days), dur-
ing the 3  months prior to their hospitalisation in the 

liver ICU. In addition, four patients received immuno-
suppression treatment (steroids for autoimmune cirrho-
sis n = 2 and azathioprine for psoriasis n = 1 or CREST 
syndrome n = 1). The Child–Turcotte–Pugh scores of all 
patients were B or C (22% and 78%, respectively). The 
mean MELD score and SOFA score were 21 ± 11.2 and 

Table 1 Demographic, clinical and  laboratory 
characteristics of  cirrhotic patients with  (Aspergillus +) 
or  without  (Aspergillus −) positive culture of  Aspergillus 
spp

Significant parameters (p value < 0.05)

IPA invasive pulmonary aspergillosis, COPD Chronic Obstructive Pulmonary 
Disease, MELD Model of End-Stage Liver Disease, ACLF Acute-On-Chronic Liver 
Failure, ICU Intensive Care Unit, SAPS II Simplified Acute Physiology Score

Variables Aspergillus +
n = 60

Aspergillus –
n = 148

p value

Age (years), mean (SD) 55.4 (12.6) 54.7 (11.5) 0.6

Gender (male), n (%) 51 (85) 125 (84) 0.38

Aetiology of cirrhosis, n (%) < 0.001

 Alcohol 25 (42) 106 (71)

 Viral 23 (38) 32 (22)

 Other 12 (20) 10 (7)

Comorbidities, n (%)

 COPD 23 (38) 20 (14) 0.001

 Immunosuppressive 
treatment

15 (25) 22 (15) 0.08

 Ascites 24 (40) 47 (32) 0.82

Life support n (%)

 Mechanical ventilation 31 (52) 77 (52) > 0.99

 Catecholamine 30 (50) 50 (34) 0.03

 Renal replacement 
therapy

13 (22) 13 (9) 0.01

 Liver support 7 (12) 5 (3.4) 0.02

Laboratory data, mean (SD)

 INR 2.01 (1.64) 2.4 (2) 0.23

 Serum bilirubin (µmol/l) 131 (159) 151(165) 0.056

 Serum creatinine (µmol/l) 155 (151) 149 (131) 0.98

 Serum sodium (mmol/l) 135 (5.3) 134 (7.7) 0.89

Prognostic score, mean (SD)

 Child–Pugh score 11.2 (2.8) 10.6 (2.3) 0.15

 MELD score 21 (11.2) 22,6 (9.8) 0.25

 SAPS II score 46 (20) 44 (19,7) 0.68

 SOFA score 9.8 (7.3) 8.6 (4.9) 0.55

ACLF grade n (%) 0.26

 ACLF grade 0 17 (28) 60 (41)

 ACLF grade 1 11 (18) 30 (20)

 ACLF grade 2 9 (15) 19 (13)

 ACLF grade 3 23 (38) 39 (26)

Outcome, n (%)

 Hospital mortality 20 (33) 52 (35) 0.8

 Liver transplantation 5 (8) 13 (9) 0.91
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9.8 ± 7.3, respectively. Forty-three patients (72%) ful-
filled the criteria for Acute-On-Chronic Liver Failure. No 
patient had a history of fungal infection or fungal proph-
ylaxis at the time of diagnosis.

Invasive pulmonary aspergillosis (IPA) versus respiratory 
tract Aspergillus colonisation
Aspergillus sp. were isolated from 60 cirrhotic patients 
from BAL specimens (n = 52, 87%) or bronchial aspi-
rates (n = 8, 13%). The most common Aspergillus spe-
cies were A. fumigatus (n = 45, 75%), A. flavus (n = 4, 6%) 
and A. nidulans (n = 5, 8%). In five cases, the respiratory 
cultures yielded two types of Aspergillus sp. (A. fumiga-
tus + A. flavus (n = 2), A. fumigatus + A. nidulans (n = 1), 
A. versicolor + A. nidulans (n = 1) and A. versicolor + A. 
niger (n = 1)). The clinical and biological characteristics 
of patients with IPA are summarised in Table 3.

Seventeen IPA were classified as proven (n = 2) or puta-
tive (n = 15). The sites of infection included the lungs 
only (n = 15) or the lungs and central nervous system 
(n = 2). These last two patients had multiple cerebral 
abscesses on cerebral CT and pulmonary nodules. The 
final diagnosis was performed by pulmonary biopsies, 
corresponding to the two IPA classified as proven. Eleven 
patients with IPA (65%) had fever, 15 had a cough, and 
one patient suffered from haemoptysis. In the two proven 
IPA patients, A. fumigatus was diagnosed from a lung 
biopsy. The putative IPA was diagnosed by a combina-
tion of a positive culture, compatible signs, radiological 
imaging and mycology criteria (galactomannan (GM) 

positivity (serum and/or BAL) or serum 1,3-β-d-glucan 
(Tables 4, 5).

Chest CT scan was obtained in 95% (n = 57/60) of 
patients during the ICU stay. Pulmonary infiltrates and 
nodules were more frequently in patients categorised 
as having proven/putative aspergillosis than in those 
with Aspergillus sp. colonisation (Table  4). Among the 
60 patients with positive Aspergillus sp. in respiratory 
samples, 42 (70%) and 11 (18%) had a GM measure-
ment taken in serum and BAL fluid, respectively. Serum 
GM measurements were significantly different between 
patients with proven/putative aspergillosis and those 
with Aspergillus sp. colonisation (p < 0.001). Among 
patients with positive serum GM, three patients were or 
had been treated with tazocilline (vs. two in the Aspergil-
lus sp. colonisation group and one in the proven/putative 
aspergillosis group). In contrast, when GM is performed 
in BAL fluid, no difference was observed, probably 
related to the limited number of GM measurements 
taken in BAL (11 out of 60 patients). Also, serum BDG 
measurements, from 2009 to 2015, were not significantly 
different between both groups (p = 0.36) (Table 5).

Cases of IPA were diagnosed after a median delay of 
12 [2–24] days following admission to the ICU. Four 
patients died before the culture results were available and 
had not been treated with any antifungal treatment. The 
other patients with IPA were treated with voriconazole 
(n = 6), caspofungin (n = 5) or liposomal amphotericin B 
(n = 2).

Risk factors for IPA, such as chronic obstructive pul-
monary disease (COPD) (p = 0.008) or encephalopathy 
(p = 0.007), meant that the patients had more frequently 
received organ support (renal replacement therapy 
or liver support) and had a higher SOFA score at ICU 
admission (p = 0.002). Under multivariate regression 
logistic analysis, only COPD was predictive of the pres-
ence of IPA (OR 6.44; 95% CI 1.43–28.92; p = 0.0151) in 
patients with a positive Aspergillus sp. culture.

Outcomes
There was no difference between positive Aspergil-
lus and negative Aspergillus in respiratory samples of 
patients regarding in-hospital mortality and number 
of liver transplantation (Table  1). Among the patients 
with positive Aspergillus, the overall hospital and 
1-year mortality rates were 33% (20 out of 60 patients) 
and 68% (41 out of 60 patients), respectively (Fig.  2). 
The probability of hospital mortality was significantly 
higher among patients with IPA than in patients with 
colonisation [12/17 (71%) vs. 8/43 (19%), p = 0.0001]. 
However, no statistically significant difference in the 
1-year mortality rate was observed between these 
two groups [14/17 (82%) vs. 27/43 (63%); p = 0.14]. In 
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Fig. 1 Individual cases of invasive pulmonary aspergillosis (solid bars) 
and Aspergillus spp. colonisation (open bars) reported from 2005 to 
2015 (n = 60)
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Table 2 Demographic, clinical and laboratory characteristics of patients with positive culture of Aspergillus spp., invasive 
pulmonary aspergillosis and Aspergillus spp. colonisation

Significant parameters (p value < 0.05)

IPA invasive pulmonary aspergillosis, COPD chronic obstructive pulmonary disease, MELD Model of End-Stage Liver Disease, ACLF Acute-On-Chronic Liver Failure, ICU 
intensive care unit, SAPS II Simplified Acute Physiology Score

Variables Whole population
n = 60

IPA
n = 17

Aspergillus spp. 
colonisation
n = 43

p value

Age (years), mean (SD) 55.4 (12.6) 56 (14.5) 55.2 (11.8) 0.64

Gender (male), n (%) 51 (85) 15 (88) 36 (84) 0.65

Aetiology of cirrhosis, n (%) 0.60

 Alcohol 25 (42) 8 (47) 17 (40)

 Viral 23 (38) 7 (41) 16 (37)

 Other 12 (20) 2 (12) 10 (23)

Severe alcoholic hepatitis, n (%) 11 (18) 6 (35) 5 (12) 0.06

Comorbidities, n (%)

 Diabetes 14 (23) 2 (12) 12 (28) 0.18

 COPD 23 (38) 11 (65) 12 (28) 0.008

 Smoking history 23 (38) 6 (35) 17 (40) 0.76

 Heart disease 3 (5) 0 (0) 3 (7) 0.26

 Immunosuppressive treatment 15 (25) 7 (41) 8 (19) 0.09

 Ascites 24 (40) 9 (53) 15 (35) 0.19

 Encephalopathy 17 (28) 9 (53) 8 (19) 0.007

Life support n (%)

 Mechanical ventilation 31 (52) 12 (71) 19 (44) 0.06

 Catecholamine 30 (50) 12 (71) 18 (42) 0.04

 Renal replacement therapy 13 (22) 7 (41) 6 (14) 0.02

 Liver support 7 (12) 4 (24) 3 (7) 0.07

Laboratory data, mean (SD)

 INR 2.01 (1.64) 2.2 (1.5) 1.9 (1.7) 0.56

 Serum bilirubin (µmol/l) 131 (159) 172 (169) 115 (154) 0.16

 Serum creatinine (µmol/l) 155 (151) 180 (151) 145 (152) 0.14

 Serum sodium (mmol/l) 135 (5.3) 134 (5.8) 135 (5.3) 0.61

 Albumin (g/L) 31 (8) 34 .4 (8.6) 30.9 (7.9) 0.20

 Leucocytes (/mm3) 10.9 (8.4) 13.8 (12.4) 9.9 (6.3) 0.69

 Platelets (/mm3) 123 (81) 109 (69) 127 (85) 0.66

Prognostic score, mean (SD)

 Child–Pugh score 11.2 (2.8) 11.8 (3.1) 10.8 (2.6) 0.17

 SAPS II 46 (20) 48 (25) 45 (18) 0.32

 MELD score 21 (11.2) 23.2 (13.3) 20.1 (10.4) 0.44

 SOFA score 9.8 (7.3) 13.4 (8.5) 8.3 (6.4) 0.002

ACLF grade n (%) 0.17

 ACLF grade 0 17 (28) 4 (24) 13 (30)

 ACLF grade 1 11 (18) 1 (6) 10 (23)

 ACLF grade 2 9 (15) 2 (12) 7 (16)

 ACLF grade 3 23 (38) 10 (59) 13 (30)

Outcome, n (%)

 Hospital mortality 20 (33) 12 (71) 8 (19) < 0.001

 One‑year mortality 41 (68) 14 (82) 27 (63) 0.14

 Liver transplantation 5 (8) 1 (6) 4 (9) 0.66
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patients with IPA, 12 patients died during the hospital 
stay, among whom four before the diagnosis. For oth-
ers, the time span between the diagnosis and death was 
12 days (2–28). The main cause of death was multiple 
organ failure secondary to septic shock. Among these 
patients, five patients were listed for liver transplanta-
tion, but only one was transplanted (28 days after the 

IPA diagnosis) and then treated with voriconazole for 
1 year.

Discussion
This study documents the epidemiology of aspergillosis 
in cirrhotic patients over an 11-year period. We observed 
that (1) Aspergillus sp. lower respiratory tract specimen 
culture was positive in 6% of cirrhotic patients admit-
ted to the liver ICU, and (2) COPD was a risk factor for 
IPA in patients when respiratory samples were positive in 
culture for Aspergillus sp. In addition, our results led us 
to consider this infection as more common and as being 
associated with high hospital and 1-year mortality rates.

IPA is an infection that mainly occurs in patients with 
neutropenia, receiving immunosuppressive therapy in 
the context of solid organ transplant or haematologi-
cal malignancies. Aside from these high-risk groups, 
many cases of IPA have been reported in non-traditional 
hosts, especially cirrhotic patients [8, 9, 11]. In this era of 
advanced organ-targeted therapy in critical care, we know 
that the key to improve ICU survival in cirrhotic patients 
is to adopt a more aggressive management [20, 21]. For 
some years now, more patients with cirrhosis are being 
admitted to ICU, pathophysiology of cirrhosis is better 
understood, and new therapies are available [22]. In our 
experience, the number of cirrhotic patients admitted in 
ICU increases, in an order of 5–10% each year. Our find-
ings concerning the incidence of aspergillosis colonisa-
tion are consistent with previously published data [12, 13, 
23, 24]. Indeed, the rate of fungal colonisation can reach 

Table 3 Clinical, laboratory parameters finding 
and  antifungal therapy of  patients with  liver cirrhosis 
and invasive pulmonary aspergillosis

IPA invasive pulmonary aspergillosis

Variables IPA (n = 17)

Proven IPA 2

Probable IPA 15

Clinical characteristics

 Fever 11

 Cough 15

 Hemoptysis 1

Laboratory parameters

 Leucocyte counts × 109/L, mean (SD) 13.8 (12.4)

Mycological culture

 A. fumigatus 16

 A. flavus 1

Antifungal therapy

 Voriconazole 6

 Caspofungin 5

 Liposomal amphotericin B 2

Table 4 Chest CT scan in patients categorised as having proven and putative aspergillosis or Aspergillus colonisation

All (n = 60) Proven/putative aspergillosis 
(n = 17)

Aspergillus colonisation 
(n = 43)

p value

Pulmonary infiltrates 24 11 13 0.02

Alveolar consolidation 15 7 8 0.09

Lung nodules 13 7 6 0.03

Ground‑glass opacities 3 2 1 0.2

Cavitation 1 0 1 > 0.99

Halo sign 0 0 0 /

Pleural effusion 17 10 17 0.2

Table 5 Serum and  bronchoalveolar lavage fluid galactomannan and  1,3-β-d-glucan in  patients categorised as  having 
proven and putative aspergillosis or Aspergillus colonisation

Numbers of patients with a positive measurement/numbers of patients with measurement performed

All Proven/putative aspergillosis 
(n = 17)

Aspergillus colonisation 
(n = 43)

p value

Positive serum galactomannan 14/42 10/12 (83%) 4/30 (13%) < 0.001

Positive BAL galactomannan 3/11 3/5 (60%) 0/6 (0%) 0.06

Serum 1,3‑β‑d‑glucan > 80 pg/ml 12/23 6/8 (75%) 6/13 (46%) 0.36
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25% in critically ill cirrhotic patients, with Aspergillosis 
up to 3% [25]. Further, the data regarding the incidence 
of IPA ranged from 0.288% in a tertiary centre in China 
[8] to 16% among patients with severe alcoholic hepati-
tis [10]. According to our result, the alcoholic cirrhotic 
patients with organ failure and having a COPD comor-
bidity is at high risk of Aspergillus colonisation.

In a context of Aspergillus sp.-positive cultures, dis-
criminating between colonisation and infection remains 
challenging. According to the European Organisation for 
Research and Treatment of Cancer/Mycosis Study Group 
(EORTC/MSG), IPA is categorised as a proven, prob-
able or possible fungal infection [26]. This categorisa-
tion requires histopathological evidence or the presence 
of a combination of host factors, clinical and radiological 
features and positive mycology. However, in most ICU 
patients, the entry criterion is an positive Aspergillus cul-
ture in lower tract. A simple clinical algorithm has thus 
been proposed to discriminate Aspergillus sp. respiratory 
tract colonisation from putative IPA [18]. During our 
study, we chose to use this algorithm to evaluate the inci-
dence of IPA in cirrhotic patients and found that among 
60 patients with an Aspergillus-positive culture, nearly 
one in three had an IPA. Because of the high mortality 
associated with IPA, it could be important to identify the 
risk factors for this condition. Early diagnosis and prompt 
antifungal therapy may improve the outcome. Also, a his-
tory of COPD, in our study, was the only factor associated 
with IPA in cirrhotic patients with positive Aspergillus 
cultures in respiratory samples. A baseline MELD score 
> 24 and corticosteroid therapy have both been identi-
fied as risk factors for IPA [10]. In our experience, neither 
the mean MELD score nor the number of patients with a 

MELD score > 24 were different between the group with 
IPA and those with the colonised group. In addition, the 
notion of immunosuppressive treatment (p = 0.09) was 
not IPA risk factors. These conflicting results may be due 
to the population studied. Gustot et al. [25] included all 
cirrhotic patients and compared patients with and with-
out IPA, while we studied cirrhotic ICU patients with a 
positive Aspergillus culture and compared those with 
IPA and those only colonised. However, even though it 
was not statistically significant, more patients in the IPA 
group received immunosuppressive treatment (41% vs. 
19%) and the need of mechanical ventilation was higher 
(71% vs. 44%).

We found that patients with COPD have an increas-
ingly recognised risk of developing IPA [27–29]. This can 
be explained by the fact that cirrhotic and COPD patients 
have a greater susceptibility to IPA, as impairment of 
the defence mechanisms in the airways, repeated short-
term use of corticosteroids, frequent hospitalisation and 
broad-spectrum antibiotics with pathogen selection and 
conditions for comorbidity. We did not find an associa-
tion between IPA and the presence of other pathogens 
(such as H1N1 infection). This result may be at odds with 
our previous observation [29]. Indeed, in seven patients 
with liver disease an association between co-infection 
by A. fumigatus and S. maltophilia has been observed 
[30]. However, in this previous work, we were not able 
to distinguish between S. maltophilia infection and col-
onisation, which made it difficult to reach conclusions 
on the specific role of the bacterium in the respiratory 
pathology.

The mortality rate in cirrhotic patients with IPA 
exceeded 50% in an overview report [22, 31] even though 
there has been a trend in recent years towards a decline 
[9]. In our series, hospital mortality was higher among 
IPA patients than in those colonised by Aspergillus. How-
ever, this difference was not observed at 1 year, probably 
because the mid-term prognosis of cirrhotic patients 
with organ failure and hospitalised in the ICU is poor at 
1 year, with or without infection [19]. The poor prognosis 
of IA in cirrhotic patients may be explained by a higher 
immunosuppression state in patients with end-stage liver 
disease, the late diagnosis or/and lower efficiency of anti-
fungal therapy used in the context of multiorgan failure.

More studies are necessary in order to improve esti-
mates concerning the survival rate of patients with IPA 
and cirrhosis. Meanwhile, because IPA in cirrhotic 
patients is associated with high mortality, a prophylac-
tic strategy, especially in patients with severe alcoholic 
hepatitis that have an incidence of 15.8% [10], could be 
proposed as soon as when Aspergillus-positive samples 
are found, and might be more effective than a therapeutic 
approach. This also needs to be evaluated.

Fig. 2 Kaplan–Meier survival curve of 17 cirrhotic patients with 
IPA and 43 patients with Aspergillus spp. colonisation. Curves were 
compared using log‑rank test
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The retrospective nature of our study was its first limi-
tation, with a certain bias affecting the reports (e.g. a 
greater tendency to search for Aspergillus over time). 
Indeed, we observed a rise in the incidence of Aspergil-
lus respiratory tract colonisation and IPA as the study 
period advanced. Our study is not supposed to describe 
the epidemiology of aspergillosis in cirrhotic but describe 
the characteristics and outcome of cirrhotic patients with 
positive Aspergillus culture. If we consider that patients 
without respiratory samples do not have IPA, a posi-
tive culture of Aspergillus spp. and proven or putative 
IPA were found in, respectively, 6% and 1.7% of cirrhotic 
patients admitted to the ICU. Secondly, although cirrho-
sis is associated with a state of immunodeficiency, it is 
not recognised as a risk factor according to the EORTC/
MSG criteria. In ICU patients, Blot et  al. observed that 
only 41% were immunocompromised and proposed 
to use as criteria either the presence of a host risk fac-
tor or a semi-quantitative Aspergillus-positive culture of 
BAL fluid. In our study, 15 patients had host risk factors 
(immunosuppression treatment in the severe hepatitis 
alcoholic context or autoimmune cirrhosis [10]) and five 
had an Aspergillus sp.-positive culture of BAL fluid in 
the IPA group. However, in light of a review of aspergil-
losis cases described in cirrhotic patients [31], we believe 
that cirrhosis could be seen as a host risk factor. In our 
study, however, even if cirrhosis had been considered as a 
host risk factor in the colonisation group, no patients had 
compatible signs or symptoms or/and abnormal medical 
imaging findings that enabled a diagnosis of IPA. Thus, 
we think that decompensated cirrhosis should be added 
to the list of host risk factors in the algorithm developed 
by Blot et al. [18].

In conclusion, our study was able to confirm that the 
occurrence of IPA or respiratory tract colonisation by 
Aspergillus sp. in cirrhotic patients is increasing in the 
past 10 years, probably in relation to the number of cir-
rhotic patients admitted in liver ICU. In addition, fol-
lowing the publication of Gustot et  al. [10], we were 
sensitised to this infection, with more frequent research. 
Moreover, this Aspergillus infection is associated with 
higher mortality. Based on our results, we recommend 
that cirrhotic patients with sepsis admitted to ICUs 
should be screened for fungal infections (bronchial aspi-
ration, chest CT, biological markers, etc.), especially in 
cases of strong suspicion (hepatitis alcoholic, fewer per-
sistence, etc.). This could also be useful to obtain an early 
diagnosis of IPA and a swift treatment of this complica-
tion, particularly in cirrhotic patients with COPD.

Abbreviations
IPA: invasive pulmonary aspergillosis; ICU: Intensive care unit; MELD: Model 
for End‑Stage Liver Disease; COPD: chronic obstructive pulmonary disease; 
BAL: bronchoalveolar lavage; CT: computed tomography; BG: 1,3‑β‑d‑glucan; 
IFI: invasive fungal infection; ACLF: Acute‑on‑Chronic Liver Disease; GM: 
galactomannan.

Authors’ contributions
NAA, DD and EL collected the data. EL and FB analysed the data and wrote the 
manuscript. NAA, DD, NC, CF, FF revised the manuscript. All authors read and 
approved the final manuscript.

Author details
1 Department of Anaesthesia and Surgical Intensive Care‑Liver ICU, AP‑HP 
Henri Mondor Hospital, 51 avenue du Maréchal de Lattre de Tassigny, 
94010 Créteil, France. 2 Ecole Nationale Vétérinaire d’Alfort (ENVA), Faculté de 
Médecine de Créteil, EA Dynamyc Université Paris‑Est Créteil (UPEC), 8 rue du 
Général Sarrail, 94010 Créteil, France. 3 Mycology Unit‑Microbiology Depart‑
ment DHU, AP‑HP Henri Mondor Hospital, 51 avenue du Maréchal de Lattre 
de Tassigny, 94010 Créteil, France. 4 Hepatology Department, AP‑HP Henri 
Mondor Hospital, 51 avenue du Maréchal de Lattre de Tassigny, 94010 Créteil, 
France. 

Competing interests
EL, NAA, DD, NC, CF, FF declare that they have no competing interest. Over the 
past 5 years, FB received grants from Astellas, payments for lectures from MSD 
and travels expenses from Pfizer, MSD and Astellas.

Availability of data and materials
The datasets generated and analysed during the current study are available 
from the corresponding author on reasonable request.

Consent for publication
Not applicable.

Ethics approval and consent to participate
In compliance with French law and regulations, the need for informed 
consent was waived. The study was nevertheless approved by the Hospital’s 
Ethics Committee, and the database was officially registered with the French 
Data Protection Authority (Commission Nationale Informatique et Liberté) 
(No. 1699340).

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

Received: 22 October 2018   Accepted: 23 January 2019

References
 1. Piano S, Bartoletti M, Tonon M, et al. Assessment of Sepsis‑3 criteria 

and quick SOFA in patients with cirrhosis and bacterial infections. Gut. 
2017;67:1892–9.

 2. Jalan R, Fernandez J, Wiest R, et al. Bacterial infections in cirrhosis: a posi‑
tion statement based on the EASL Special Conference 2013. J Hepatol. 
2014;60:1310–24.

 3. Albillos A, Lario M, Álvarez‑Mon M. Cirrhosis‑associated immune 
dysfunction: distinctive features and clinical relevance. J Hepatol. 
2014;61:1385–96.

 4. Faria LC, Ichai P, Saliba F, et al. Pneumocystis pneumonia: an opportun‑
istic infection occurring in patients with severe alcoholic hepatitis. Eur J 
Gastroenterol Hepatol. 2008;20:26–8.

 5. Ikawa H, Hayashi Y, Ohbayashi C, Tankawa H, Itoh H. Autopsy case of 
alcoholic hepatitis and cirrhosis treated with corticosteroids and affected 
by Pneumocystis carinii and cytomegalovirus pneumonia. Pathol Int. 
2001;51:629–32.

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight



Page 9 of 9Levesque et al. Ann. Intensive Care            (2019) 9:31 

 6. Alexopoulou A, Vasilieva L, Agiasotelli D, Dourakis SP. Fungal infections in 
patients with cirrhosis. J Hepatol. 2015;63:1043–5.

 7. Bajaj JS, Rajender Reddy K, Tandon P, et al. Prediction of fungal infection 
development and their impact on survival using the NACSELD cohort. 
Am J Gastroenterol. 2018;113:556–63.

 8. Chen J, Yang Q, Huang J, Li L. Clinical findings in 19 cases of invasive pul‑
monary aspergillosis with liver cirrhosis. Multidiscip Respir Med. 2014;9:1.

 9. Falcone M, Massetti AP, Russo A, Vullo V, Venditti M. Invasive aspergillosis 
in patients with liver disease. Med Mycol. 2011;49:406–13.

 10. Gustot T, Maillart E, Bocci M, et al. Invasive aspergillosis in patients with 
severe alcoholic hepatitis. J Hepatol. 2014;60:267–74.

 11. Prodanovic H, Cracco C, Massard J, et al. Invasive pulmonary aspergillosis 
in patients with decompensated cirrhosis: case series. BMC Gastroenterol. 
2007;7:2.

 12. Prattes J, Hoenigl M, Krause R, et al. Invasive aspergillosis in patients 
with underlying liver cirrhosis: a prospective cohort study. Med Mycol. 
2017;55:803–12.

 13. Persichino JG, Can AD, Van TT, Matthews MN, Filler SG. Invasive pulmo‑
nary mucormycosis and aspergillosis in a patient with decompensated 
hepatic cirrhosis. Med Mycol Case Rep. 2018;21:12–5.

 14. Segal BH. Aspergillosis. N Engl J Med. 2009;360:1870–84.
 15. Contou D, Dorison M, Rosman J, et al. Aspergillus‑positive lower 

respiratory tract samples in patients with the acute respiratory distress 
syndrome: a 10‑year retrospective study. Ann Intensive Care. 2016;6:52.

 16. Cornillet A, Camus C, Nimubona S, et al. Comparison of epidemiologi‑
cal, clinical, and biological features of invasive aspergillosis in neutro‑
penic and nonneutropenic patients: a 6‑year survey. Clin Infect Dis. 
2006;43:577–84.

 17. Bassetti M, Peghin M, Vena A. Challenges and solution of invasive 
aspergillosis in non‑neutropenic patients: a review. Infect Dis Ther. 
2018;7:17–27.

 18. Blot SI, Taccone FS, Van den Abeele AM, et al. A clinical algorithm to diag‑
nose invasive pulmonary aspergillosis in critically ill patients. Am J Respir 
Crit Care Med. 2012;186:56–64.

 19. 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 cir‑
rhosis. Gastroenterology. 2013;144:1426–37.

 20. Levesque E, Hoti E, Azoulay D, et al. Prospective evaluation of the prog‑
nostic scores for cirrhotic patients admitted to an intensive care unit. J 
Hepatol. 2012;56:95–102.

 21. Das V, Boelle PY, Galbois A, et al. Cirrhotic patients in the medical 
intensive care unit: early prognosis and long‑term survival. Crit Care Med. 
2010;38:2108–16.

 22. Weil D, Levesque E, McPhail M, et al. Prognosis of cirrhotic patients admit‑
ted to intensive care unit: a meta‑analysis. Ann Intensive Care. 2017;7:33.

 23. Harrison D, Muskett H, Harvey S, et al. Development and validation of a 
risk model for identification of non‑neutropenic, critically ill adult patients 
at high risk of invasive Candida infection: the Fungal Infection Risk Evalu‑
ation (FIRE) Study. Health Technol Assess. 2013;17:1–156.

 24. Theocharidou E, Agarwal B, Jeffrey G, et al. Early invasive fungal infections 
and colonization in patients with cirrhosis admitted to the intensive care 
unit. Clin Microbiol Infect. 2016;22:189.

 25. Gustot T, Felleiter P, Pickkers P, et al. Impact of infection on the prognosis 
of critically ill cirrhotic patients: results from a large worldwide study. Liver 
Int. 2014;34:1496–503.

 26. De Pauw B, Walsh TJ, Donnelly JP, et al. Revised definitions of invasive fun‑
gal disease from the European Organization for Research and Treatment 
of Cancer/Invasive Fungal Infections Cooperative Group and the National 
Institute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/
MSG) Consensus Group. Clin Infect Dis. 2008;46:1813–21.

 27. Bulpa P, Dive A, Sibille Y. Invasive pulmonary aspergillosis in patients with 
chronic obstructive pulmonary disease. Eur Respir J. 2007;30:782–800.

 28. Guinea J, Torres‑Narbona M, Gijón P, et al. Pulmonary aspergillosis in 
patients with chronic obstructive pulmonary disease: incidence, risk fac‑
tors, and outcome. Clin Microbiol Infect. 2010;16:870–7.

 29. Delsuc C, Cottereau A, Frealle E, et al. Putative invasive pulmonary 
aspergillosis in critically ill patients with chronic obstructive pulmonary 
disease: a matched cohort study. Crit Care. 2015;19:421.

 30. Cabaret O, Bonnal C, Canoui‑Poitrine F, et al. Concomitant presence of 
Aspergillus fumigatus and Stenotrophomonas maltophilia in the respira‑
tory tract: a new risk for patients with liver disease? J Med Microbiol. 
2016;65:414–9.

 31. Jeurissen S, Vogelaers D, Sermijn E, et al. Invasive aspergillosis in patients 
with cirrhosis, a case report and review of the last 10 years. Acta Clin Belg. 
2013;68:368–75.

Default User
Highlight

Default User
Highlight

Default User
Underline

Default User
Underline

Default User
Highlight

Default User
Highlight

Default User
Underline


	Invasive pulmonary aspergillosis in cirrhotic patients: analysis of a 10-year clinical experience
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Patients and methods
	Patients
	Diagnosis of invasive pulmonary aspergillosis (IPA)
	Data collection
	Statistical analysis

	Results
	Risk factors for colonisation
	Positive Aspergillus patients characteristics
	Invasive pulmonary aspergillosis (IPA) versus respiratory tract Aspergillus colonisation
	Outcomes

	Discussion
	Authors’ contributions
	References




