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Summary

Donor-derived fungal infections can be associated with severe complications in

transplant recipients. Donor-derived candidiasis has been described in kidney

transplant recipients where contamination of the preservation fluid (PF) was a

commonly proposed source. In liver transplantation, these fungal infections have

been less explored. The aim of this study was therefore to determine the incidence

and clinical relevance of Candida contamination of preservation fluid in the con-

text of liver transplantation. A 5-year (2008–2012) retrospective multicentre study

involving six French liver transplantation centers was performed to determine the

incidence of Candida PF contamination. Postoperative clinical features, outcomes

in recipients, and risk factors for Candida-related complications of liver trans-

plantation were studied. Candida sp. was isolated from 28 of 2107 preservation

fluid samples (1.33%). Candida albicans was the most common yeast (n = 18,

64%). Twenty-two recipients (78.5%) received antifungal therapy (echinocandins

in 68%) for 7–37 days. Eight patients developed yeast-related complications

(28.6%) including hepatic artery aneurysms (n = 6) and Candida peritonitis

(n = 2). The 1-year mortality rate among patients after a yeast-related complica-

tion was 62.5%. The incidence of Candida PF contamination was low, but was

associated with dramatic postoperative complications and high mortality. Close

radiological follow-up may enable early recognition of the arterial complications

associated with PF contamination by Candida.

Introduction

Infectious complications represent a major cause of mor-

bidity and mortality following solid organ transplanta-

tion. Donor-derived infections are one possible source of

these infections in recipients. Among these, contamina-

tion of the preservation fluid (PF) used for the graft

may be one of the mechanisms underlying such donor-

derived infections.

Bacterial contamination of the PF has been reported to

occur in 9.5–48% of cases following liver transplantation

(LT) [1–3]. Yeast contamination of PF after liver transplan-

tation (LT) has been poorly described but seems to be less

frequent, occurring in between 0.4 and 4.1% of cases [1,4].
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In the renal transplantation setting, Candida sp. contami-

nation of the PF has been associated with dramatic postop-

erative complications, which have even been fatal. Such

cases mainly concern mycotic arteritis related to Candida

sp. as a consequence of a hematogenous spread of fungi to

the arterial wall, leading to the destruction of vascular

structures [5,6]. Recently, two cases after LT have been

reported on patients who developed mycotic hepatic arteri-

tis (aneurysm) associated with Candida albicans contami-

nation of PF [7,8]. The paucity of data mainly related to

cases or small center study was therefore the reason for this

study. Our objective was to assess the incidence of fungal

contamination of PF and its clinical consequences with

respect to postoperative outcomes following LT in a large

multicenter study.

Patients and methods

Study design

This was a retrospective multicenter study (involving six

French liver transplantation centers) with the purpose of

recording all cases of PF infection by Candida spp. between

January 2008 and December 2012. According to the French

law, the need for informed consent was waived. Conduct of

the study was nevertheless approved by the Hospital’s

Ethics Committee, and database has been declared to the

Commision Nationale Informatique et Libert�e (no.

1699340).

Procedures

Organ procurement procedures were similar in the six

centers during the study period in accordance with the

guidelines of the French Transplantation Agency (Agence

de Biomedecine) [9].

According to the REMIC (Clinical Microbiology guideli-

nes in France), microbiological culture of PF is mandatory.

Briefly, samples of the PF (5–10 mL) were centrifuged.

Some of the pellets were used for a wet-mounted observa-

tion, and some (1 mL) were cultured on a fungal chro-

mogenic medium at 37 °C for 5 days. Candida albicans

was identified in 48 h, and for the others Candida species,

several methods were used for specific identification,

depending on the protocols applicable in each center.

Data collections

Microbiological charts of each center were reviewed for PF

contamination by yeasts. Variables concerning the donor,

procurement procedure, and the graft were collected. This

included donor age, gender, biological liver parameters

(serum aspartate transaminase (AST) concentration, serum

alanine transaminase (ALT) level, total bilirubin (T-Bili)

and gamma glutamyl transpeptidase (GGT)), length of

intensive care unit (ICU) stay, antibiotic administration,

and cause of death. Variables collected concerning the graft

were of cold ischemia time, type of PF, and any problems

encountered during the procurement. These donor data

were used to calculate the Donor Risk Index (DRI) as

described by Feng et al. [10].

Variables associated with the recipient were collected

from their medical records: age, gender, liver disease,

MELD score at LT, surgical and anesthesia parameters,

postoperative outcomes, antibiotics and fungal therapy

(including prophylactic antifungal therapy), and immuno-

suppressive therapy. Graft and recipient outcomes were

collected with respect to all transplanted patients during

the study period. The clinical course of recipients was fol-

lowed for a minimum of 1 year after liver transplantation.

In liver transplant recipients without yeast PF contami-

nation, rates of candidemia and hepatic artery complica-

tions were recorded.

Complications were classified using the method of Dindo

et al. [11], a grading system based on the treatment needed

to manage the complication. Grade I represents any devia-

tion from the normal postoperative course without the

need for pharmacologic or invasive intervention. Grade II

requires pharmacologic or blood transfusion therapy.

Grade III requires invasive intervention with or without

general anesthesia. Grade IV is a life-threatening complica-

tion involving single- or multiorgan dysfunction. Grade V

is death.

Prophylactic antifungal therapy

As part of usual care in all the centers, patients considered

at risk for invasive fungal infections received a antifungal

prophylaxis [12] (Fig. 1). Risk factors of invasive fungal

infections (IFI) are re-transplantation, renal failure, crea-

tinine clearance < 50 ml/min or requiring replacement

therapy, fulminant hepatic failure, primary nonfunction,

patients receiving thymoglobulin as an immunosuppressive

agent, complicated or repeat surgery, recipients with a

MELD score prior to LT > 30, more than 40 per-operative

transfusions of blood products, and biliary-digestive anas-

tomosis or yeast contamination of the organ PF. According

to each center, prophylactic antifungal treatment could

require the use of caspofungin at a dose of 70 mg for the

first day and then 50 mg per day (or 70 mg per day if the

recipient weight was > 80 kg) or micafungin 100 mg per

day, or fluconazole 400 mg per day during 2–4 weeks.

Statistical analysis

To compare patients who did or did not develop yeast-

related complications (mycotic arteritis and Candida
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peritonitis), a univariate analysis was carried out using

Mann–Whitney and Fischer’s exact tests or the Cramer test

for continuous or categorical variables as appropriate. Sta-

tistical analyses were performed using JMP 9.0, SAS Institute

Inc., Cary, NC, USA. A P value lower than 0.05 was consid-

ered to be statistically significant. Results are expressed as

median [range].

Results

During the study period, 2107 LT were performed in the

six centers. Among these, PF microbiological cultures were

positive for fungal agents in 28 cases (1.33%). The fungi

species included Candida albicans (n = 16), Candida glab-

rata (n = 8), Candida lusitaniae (n = 2), Candida kefyr

(n = 1), Candida norvegensis (n = 1), Candida tropicalis

(n = 1), and Candida spp. (n = 1). Two PF were contami-

nated with two types of Candida (C. albicans + C. glabrata

and C. albicans + C. norvegensis). In 11 cases (39%), bacte-

rial contamination was associated with the fungal contami-

nation. The most frequent pathogens were Gram-negative

microorganisms mainly from Enterobacteriaceae family (in

8/11 patients (72%)). The other organisms were Gram-

positive cocci (coagulase-negative staphylococci, entero-

cocci, and Streptococcus parasanguis).

Liver donors

The characteristics of the donors with positive PF are shown

in Table 1. The median age was 56 years [19–88 years],

with a gender distribution of 16 males/12 females (sex ratio

1.3). The DRI was 1.81 [1.08–2.65]. Nineteen donors had

received broad-spectrum antibacterial agents during their

stay in ICU for a suspected (n = 14) or documen-

ted (n = 5) pneumonia. No candidemia, candiduria, or

Candida peritonitis was reported in their medicals reco-

rds. Only one donor (no. 28) had tracheal aspiration with

C. albicans. None had received antifungal therapy.

A multiorgan procurement including the small intestine

was also performed in one patient. During procurement, a

pre-existing digestive tract breach was diagnosed in one

patient and procurement was responsible for digestive tract

breach in two donors.

Liver recipients

The characteristics and underlying liver diseases concerning

the 28 patients who received a liver graft with yeast culture-

positive PF are shown in Table 2. No recipient had a pre-

sumed or confirmed invasive fungal infection before liver

transplantation.

Eight patients (28.6%) developed Grade III Candida-

related complications, that is, mycotic arteritis or Can-

dida peritonitis after PF contamination. Among them,

six patients (patients 1, 6, 10, 12, 20, 28) developed a

hepatic artery aneurysm at a median of 45 days [range:

22–180] after transplantation. None of these patients

had risks factors of hepatic artery complications such as

bile leak, hepatic artery reconstruction, or bacteriemia.

In three patients (1, 12, and 28), the aneurysm was

revealed by a hemorrhagic shock with rupture of the

hepatic artery, leading to death after prolonged intensive

care. The aneurysms were cultured in two cases (patients

1 and 12), which revealed a C. albicans. The C. albicans

could not be compared by genotyping with the C. albi-

cans isolated from PF because these samples were not

stored. In three other cases (patients 6, 10, 20), radio-

logical examination revealed the aneurysms at 30, 35,

and 180 days after transplantation. Two patients were

treated by endovascular intervention, with exclusion of

the aneurysm used a coated stent (patients 10 and 20).

Despite this treatment, the patient 20 died from rupture

28 liver-transplant recipients

9 recipients received prophylactic
antifungal therapy

19 recipients did not received
prophylactic antifungal therapy

9 recipients received curative 
antifungal therapy

13 recipients received curative 
antifungal therapy

6 recipients did not received
antifungal therapy

2 recipients developed Candida-
related complications

4 recipients developed Candida-
related complications

2 recipients developed Candida-
related complications

IFI risk factors

Yeast culture-
positive PF

Figure 1 Prophylactic and curative antifungal repartition of patients and Candida related complications. IFI, Invasive fungal infection; PF, preservation

fluid.
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of the hepatic artery. The other (patient 10) was still

alive 28 months later. The patient 6 had a close radio-

logical follow-up, and 15 months later, no complication

had occurred. The last two patients suffered from post-

operative Candida peritonitis which was diagnosed at

postoperative days (POD) 9 and 18, with the isolation

of C. glabrata as in PF. Unfortunately, no molecular

genotyping was performed because isolates of PF have

not been kept. One patient (patient 15) died of multior-

gan failure 5 months after the peritonitis. The second

(patient 27) was still alive 27 months after liver trans-

plantation without having experienced any other compli-

cations.

During their management, several cultures (blood,

peritoneal fluid) were performed in each of recipients.

However, only in the two patients with Candida peritonitis

(patients 15 and 27) has C. glabrata been isolated before

the re-operation in the peritoneal fluid drainage.

In the same period, the incidence of candidemia in the

recipients in whom the preservation fluid was culture

negative for yeast was 1.8% (38/2079 patients) without sig-

nificant differences between centers. Eight cases of hemor-

rhagic shock related to rupture of the hepatic artery have

been recorded in a subgroup of the cohort (1276 patients

in three centers, 0.6%).

Antifungal therapy

Nine of 28 patients (32%) received a prophylactic anti-

fungal therapy and were initiated before the culture

results concerning PF contamination became available

(Fig. 1). This prophylactic antifungal therapy is becom-

ing a curative treatment after the mycological results.

Among the eight patients with Candida-related compli-

cations, patients 12 and 15 had risk factors of fungal

infections (primary nonfunction as LT etiology, more

than 40 per operatory transfusion blood products and

bilio-digestive anastomosis for the patient 12 and acute

liver failure and a MELD score superior to 40 for

patient 15) and they both received antifungal prophylac-

tic treatment from the first postoperative day. The other

patients showed no risk factor for fungal infection.

Among the patients who did not develop candidiasis

complication, seven patients received antifungal prophy-

laxis for several reasons: MELD score > 30 (patients 3

and 19), primary nonfunction (patient 16), renal failure

requiring replacement therapy (patients 23 and 25), and

biliary-digestive anastomosis (patients 7 and 21).

In total, 22 patients received curative treatment with

antifungal drugs. The choice of antifungal agents was deter-

mined empirically (n = 13) or in accordance with a proto-

col used to determine antifungal prophylaxis (n = 9),

which was subsequently modified after the results of anti-

fungal drug susceptibility tests (n = 5). The duration of

antifungal therapy ranged from 7 to 37 days.

Despite PF Candida being positive, six recipients did not

receive a curative antifungal therapy.

Outcomes

The median follow-up period was 27 months (range:

0–71 months). Survival rates at 6 months and 1 year after

LT were 79% (22/28) and 75% (21/28), respectively, in

patients with yeast PF contamination and 84% (1745/2079)

and 81% (1683/2079) in patients without yeast PF contam-

ination (P = 0.44 and 0.42, respectively). Graft survival

rates at 6 months and 1 year were 75% (21/28) and 71%

(20/28), respectively.

In patients experiencing yeast-related complications,

1-year patient survival was 37.5% (3/8) versus 90% (18/20)

in patients without complications (P = 0.009). The

Table 1. Characteristics of the 28 donors for whom Candida spp. was

found in the preservation fluid.

Number

donor

Age/

Gender

Origin of

death DRI

ICU

stay Antibiotic

Preservation

fluid

1 88/M CVA 2.43 2 Ofl IGL-1

2 40/M HI 1.54 2 Cef UW

3 57/M CVA 1.81 6 Cef + Met IGL-1

4 35/M Anoxia 1.39 2 Am-Cl UW

5 83/M CVA 2.48 2 / Celsior

6 75/M HI 1.83 3 Am-Cl Celsior

7 64/F CVA 1.96 1 Am-Cl IGL-1

8 52/F HI 1.73 5 Pi-Tz IGL-1

9 48/M Anoxia 1.62 4 Cef + Am UW

10 50/F CVA 1.61 6 Cef IGL-1

11 81/F CVA 2.43 1 / IGL-1

12 19/M Anoxia 1.26 2 Am-Cl Celsior

13 60/F Anoxia 1.91 3 Am-Cl IGL-1

14 27/F Anoxia 1.20 1 / IGL-1

15 55/F Anoxia 1.82 1 Am-Cl Celsior

16 71/F CVA 2.12 1 / IGL-1

17 30/M CVA 1.27 3 / IGL-1

18 42/F CVA 2.65 1 / IGL-1

19 68/M CVA 2.15 3 Am-Cl UW

20 75/M CVA 2.20 3 Am-Cl IGL-1

21 72/M HI 1.71 1 / UW

22 43/F CVA 1.47 1 / IGL-1

23 37/M CVA 1.08 5 / UW

24 79/M HI 1.85 1 Am-Cl UW

25 48/M CVA 1.29 10 Pi-Tz + Cip Celsior

26 50/F HI 1.73 16 Am-Cl IGL-1

27 63/M CVA 2.25 12 Cef IGL-1

28 79/F CVA 2.43 3 Lev + Met IGL-1

DRI, Donor Risk Index; ICU, intensive care unit; HI, head injury; CVA,

cerebrovascular accident; IGL-1, Institut Georges Lopez-1 solution; UW,

University of Wisconsin solution; Am-Cl, amoxicillin–clavulanic acid; Lev,

levofloxacin; Met, metronidazole; Cef, cefotaxime; Pi-Tz, piperacillin–

tazobactam; Cip, ciprofloxacin; Am, amikacin; Ofl, ofloxacin.
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duration of hospital stay of patients who developed can-

didiasis complications was statistically significantly longer

than those who were not affected by candidiasis [95 (30–
181) vs. 30 (1–1215) days, P = 0.002, respectively].

Risk factors for yeast-related postoperative complications

The clinical characteristics of the recipients who did or did

not develop candidiasis complications after yeast contami-

nation of PF are similar. There were no significant differ-

ences between the two groups in terms of donor or

recipient variables, intra-operative parameters, or antifun-

gal therapy. Care should, however, be taken of a greater

incidence of candidiasis complications when the donor

received antibiotics during ICU stay and during procure-

ment [100% (8/8) in the group of patients who developed

candidiasis complications vs. 55% (11/20) in the group of

patients who did not develop candidiasis complication,

P = 0.02].

All patients received similar postoperative intensive care

with a routine triple immunosuppressive regimen including

corticosteroids, mycophenolate mofetil, and FK506 (tacro-

limus) (n = 26) or cyclosporine (n = 2, patients 8 and 9).

In addition, 15 patients received basiliximab (day 1 and day

4), without difference between the patients who did or did

not develop candidiasis complications after yeast contami-

nation of PF (62.5% vs. 50%, P = 0.55). One patient

(patient 11) received ATG during the induction phase of

immunosuppression after LT.

Twenty-two patients (78.5%) received a post-LT antifun-

gal therapy for various reasons (see above). There were no

significant differences, in the use of antifungal treatment, at

the time of initiation and of duration of antifungal treat-

ment between patients who did or did not develop candidi-

asis complications. Thus, the delayed or inappropriate

treatment does not appear as a risk factor of candidiasis

complications in patients with Candida contamination of

preservation fluid.

Discussion

To our knowledge, this is the first large multicenter study

to have specifically addressed the impact of a yeast contam-

ination of PF in the context of LT. In this study, which

included more than 2000 LT, we showed that a contamina-

tion of PF by Candida species occurred in 1.33% of cases

(28/2107). This contamination was associated with a high

rate of severe complications (8/28, 28.6%) that caused post-

operative morbidity and mortality. No specific risk factors

for postoperative yeast-related complications following PF

contamination could be determined.

The incidence of yeast contamination after LT reported

here agrees with findings in the literature which shows an

incidence of 0.4–4.1% of PF contamination [1,4,13]. This

low incidence can be in part related to delayed or missed

diagnoses owing to the lack of sensitivity and specificity of

actual diagnostic tests. The early positivity and excellent

sensibility of BG assay, which we observed in a previous

study in a population of liver transplants [14], suggest that

the detection of BG in the PF may help the diagnosis of PF

yeast contamination and support the decision to promptly

start pre-emptive antifungal therapy. However, this test did

not exist at the period of our study. This fungal contamina-

tion is thought to be linked to exogenous contamination

which might occur at different phases during the transplan-

tation process: (i) contamination of PF by the graft, espe-

cially from polytrauma donors, or (ii) liver procurement

which frequently involves digestive tract breach, particu-

larly during multiorgan procurement [15,16]. However, the

design of our study did not enable the identification of risk

factors for yeast contamination. Interestingly, three cases in

the present study were associated with digestive tract

breach at the time of procurement and one case occurred

during multivisceral bowel procurement. This suggests that

these issues need to be addressed specifically and the physi-

cians in charge of the recipient should be aware of them so

that they can consider the need for timely antifungal

therapy.

The transmission of pathogens such as fungi via PF is a

potential cause of infection in transplant recipients [15].

Historically, the first reports of the clinical consequences of

these infections were made in the setting of kidney trans-

plantation, where indeed several publications reported a

yeast contamination of PF with an incidence ranging from

0.1% to 3.1% [4,17–19]. Mycotic arteritis and/or an aneur-

ysm on an arterial anastomosis was described in two-thirds

of cases following such contamination, leading to vascular

rupture responsible for graft loss and even the death of

recipients [5,20]. But to our knowledge, little is known

about the consequences of the yeast contamination of PF in

LT. Case reports have been previously reported mainly in

candidiasis peritonitis or mycotic hepatic arterial aneur-

ysms which ultimately led to the patient’s death [7,8]. In

our observational retrospective study which has specifically

screened each case of yeast PF contamination, we observed

28.6% rate of complications. This rate appeared to be lower

than that seen in a renal transplant setting. This difference

might be explained by the greater use of prophylactic anti-

fungal treatment after LT than after kidney transplantation.

Two-thirds of the yeast-related complications concerned

vascular arteritis (aneurysm and artery hepatic rupture)

(n = 6, 21% of recipients) which had a fatal outcome in

66% of cases. These vascular complications had previously

been described after kidney transplantation [17,20]. All the

species of Candida, and particularly C. albicans, are known

to display vascular tropism and to be capable of penetrating
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endothelial cells, leading to the destruction of vascular

structures [21,22]. In the present study, several types of

Candida were responsible for the aneurysmal formation

(C. albicans n = 3, C. glabrata n = 1, C. lusitaniae n = 1

and C. kefyr n = 1), whereas no case involving C. glabrata

and C. kefyr had previously been reported in the context of

either renal or liver transplantation [22].

Because of the high morbidity associated with compli-

cations related to yeast contamination, it would be

helpful to be able to identify risk factors for these com-

plications. Under univariate analysis, the donor being

treated with antibiotics during his or her ICU stay and

the procurement was the only factor associated with these

complications. It is possible that these antibiotics might

have selected the yeasts from the donor gastrointestinal

tract. Note should also be made of the fact that the

modalities of antifungal therapy received after LT (pro-

phylaxis, time of initiation of appropriate treatment,

duration of treatment) were not associated with the

occurrence of complications. This results may be related

to a lack of statistical power required to detect a signifi-

cant difference in antifungal treatment between the

patients who did or did not develop candidiasis compli-

cations. However, these results may also suggest that

postoperative screening of vascular abnormalities should

be considered whatever the antifungal therapy.

At present, the optimum therapeutic strategy for the

yeast contamination of PF in liver transplantation

remains a subject of debate and no consensus has been

achieved [9,15]. The initiation of antifungal therapy is

recommended, although in our study, of the six

patients with PF contamination who did not receive

any antifungal treatment (prophylactic or curative), only

two developed a candidiasis complication. Nevertheless,

our findings show that the choice of antifungal therapy

requires identification of the Candida species. Indeed,

in seven cases (25%), the infection was due to azole-re-

sistant Candida or intermediate resistance with variable

minimum inhibitory concentrations [C. glabrata

(n = 7)]. When these species are found, echinocandins

could be recommended. As for the duration of treat-

ment, 15-day period was the most frequently proposed

[15] or the treatment was pursued until a negative cul-

ture (of peritoneal fluid, etc.) was obtained [4,7].

The principal limitation of our study was its retrospec-

tive nature which did not allow us to demonstrate by

genetic or molecular analysis that Candida affecting the PF

was the source of infection in the recipient. This retrospec-

tive design implied that some parameters (such as the yeast

concentration in the PF and isolates conserved) were

unavailable to definitively understand the role of yeasts

contamination of the PF and candidiasis complications.

We are aware that in our study, there was no definitive

proof, only circumstantial evidence, that the PF Candida

affecting the PF was the source of infection in the recipient.

In the French recommendations about fungal and bacterial

contamination [9], it is recommended to keep isolates in

order to compare strains if necessary. Unfortunately, these

recommendations are not always followed. However, the

incidence of aneurysm (21%) observed in our cohort was

greater than usually reported in the literature (ranging from

0.4 to 2.5%) [23–25]. In addition, the incidence of hemor-

rhagic shock related to rupture of the hepatic artery was

greater than that observed in patients without yeast PF con-

tamination, that is, 0.6% (analysis performed on 1276

patients from three centers). Typically, vascular Candida

infection leading to anastomotic leak and/or vessel rupture

as previously described in renal transplantation [16] is due

to the ability of the Candida, especially C. albicans, to pene-

trate into endothelial cells, leading to destruction of vascu-

lar structures [22]. These results emphasize the link

between yeast PF contamination and post-LT vascular

complications.

In order to make the epidemiological association

between the cultures and post-transplant infection, a con-

trol group with negative cultures would need to be explored

in large prospective study. However, this study may be dif-

ficult to conduct because of the small incidence of PF con-

tamination with yeast.

Meanwhile, based on these results (notably a high rate of

vascular arteritis), the early and close radiologic follow-up

screening of these patients could probably be strongly rec-

ommended to enable the early detection of silent ongoing

endovascular pathological processes and the proposal of

preventive treatment before any potential rupture.

In conclusion, the incidence of PF contamination by

yeast is low. However, this contamination is associated

with a high rate of vascular complications (21%) with a

60% mortality rate. Only the antibiotic treatment in the

donor has been identified as a risk factor for candidiasis

complications after PF contamination. The use of anti-

fungal treatment did not seem to prevent the occurrence

of vascular complications. Based on our results, we rec-

ommend a strict follow-up of hepatic artery radiological

abnormalities after PF contamination to keep all bacteria

and yeasts isolated to PF for at least b. This may be

useful for early recognition and treatment of these

dramatic complication.
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