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What will not be covered….!What will not be covered….!

• Diagnosis of IFI: See Schelenz et al. Lancet ID 2015

• Prophylaxis: See Gavalda et al. CMI 2014

• Pneumocystis jirovecii : See ECIL, J Antimicrob Chemother 2016

• Cutaneous/subcutaneous infections: See Guegan et al. Curr Opin

Infect Dis 2016

• Organ transmitted IFI: See AST recommendations; Albano et al. CID 

2010; Brugières TID 2010



???

HIV

Burn pts

ICU

Allo HSCT

SOT
> 100,0000 / Year

Neonates

PID in 
children

Surgery

Risk Factors for IFIRisk Factors for IFI

Acute leukemia
Community

Exogenous
inhalation/skin trauma

Healthcare

Travels

Endogenous
GI tract/skin
Reactivation

23%-60% death 
at 3 months

+++



Time dependent infectious risk in SOTTime dependent infectious risk in SOT

Fishman, 2011, Liver Transplantation 



Immunocompromised SOT and worldwide fungal risk
Lortholary O et al. CID 2013

Immunocompromised SOT and worldwide fungal risk
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Major IFI diagnosed in SOT recipients
TRANSNET data 
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Pappas, Clin Infect Dis 2010
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17 transpl centers, 
USA: 2004-2007
429 adult SOT

Candida: 59%
Aspergillus: 24.8%
Other molds: 5.8%

Cryptococcosis: 7%

515 IFI

Major IFD diagnosed in SOT recipientsMajor IFD diagnosed in SOT recipients

Neofytos, Transpl Infect Dis 2010



Vulnerability of	transplant	recipients to	IFD

Burden of immunosuppressive therapy?
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the phenotype associated with these genetic variants is virtually
exclusive of individuals with underlying immunosuppression.
Small sample size, heterogeneity of cohorts, selection bias,
and statistical flaws are common limitations of genetic associa-
tion studies on IA [33]. Thus, data on genetic susceptibility to
IA should be interpreted with caution. The following are candi-
date immune correlates of protection that, in our opinion, have
the strongest evidence in the literature suggesting a potential
role as biomarkers for IA in the evaluation of patients at risk
(Table 3). However, their true clinical value remains to be eval-
uated in well-designed prospective studies.

Pentraxin 3
PTX3 belongs to the same family of acute-phase reactants as C-
reactive protein, but it is synthesized locally, not systemically, at
inflammatory sites. It binds Aspergillus ligands such as galacto-
mannan and zymosan [18]. PTX3 is stored in neutrophil gran-
ules and is rapidly released in response to inflammatory signals.
After release, PTX3 localizes in neutrophil extracellular traps,
where it acts as an opsonin facilitating the phagocytosis and kill-
ing of Aspergillus hyphae [34]. PTX3 also activates different
pathways of the complement system [17].

Genetic deficiency of PTX3 affects the antifungal function of
neutrophils and is associated with increased risk of IA in HSCT
recipients [30] (Table 2). Similarly, PTX3-knockout mice
exhibit defective recognition of Aspergillus conidia, have a
skewed Th2 profile, and are highly susceptible to IA [35]. Ad-
ministration of PTX3 is effective for both prevention and

treatment of Aspergillus in vivo [36]. In rodents, the protective
effect of PTX3 is similar or superior to that observed with lipo-
somal amphotericin B or voriconazole, suggesting a possible
role for PTX3 as adjuvant therapy in the treatment of IA [36,
37].

Circulating levels of PTX3 are elevated in patients with IFI
and normalize with successful antifungal therapy [38]. PTX3
levels in bronchoalveolar lavage specimens of lung transplant
recipients are significantly higher in patients with IA than in
those with Aspergillus colonization (S. Husain, unpublished
data). However, PTX3 also binds other pathogens [18, 39] and
it is not highly specific for Aspergillus infection. High levels of
PTX3 predict bacteremia and septic shock in patients with he-
matological malignancies [40]. PTX3 levels are also elevated in
ventilator-associated pneumonia [41], meningococcal disease
[42], dengue fever [43], and leptospirosis [44]. In most of
these studies, high PTX3 levels had predictive value for disease
severity and increased mortality.

Mannose-Binding Lectin
MBL is another soluble PRR with opsonin and complement ac-
tivating properties. Several studies have suggested an association
between MBL deficiency and susceptibility to a broad range of
infectious diseases [45]. MBL haplotypes associated with low
MBL expression are more common in patients with chronic
necrotizing pulmonary aspergillosis than in ethnically matched
control subjects [46]. Serum MBL levels <500 ng/mL are charac-
teristic of patients with IA but not immunocompromised

Figure 1. Protective immunity against Aspergillus. Conidia and hyphae are recognized via soluble and membrane-bound pattern recognition receptors. In
early stages of infection, conidia are killed by local alveolar macrophages, and extracellular killing of germinating hyphae is mediated by rapidly recruited
neutrophils. Adaptive immunity develops when dendritic cells present fungal peptides to Aspergillus-specific CD4+–naive T cells and induce their differ-
entiation into T-helper (Th) 1 and Th17 via cytokine-induced activation of signal transducer and activator of transcription (STAT) 4 and STAT3, respectively.
Th1 cells produce interferon (IFN) γ, which results in increased neutrophil/macrophage microbicidal activity. Th17 cells produce interleukin 17 (IL-17) and
interleukin 22 (IL-22), which promote local inflammatory response. See text for details. Abbreviations: MBL, mannose-binding lectin; PTX3, pentraxin 3;
STAT, signal transducer and activator of transcription; TLR, Toll-like receptor.

IMMUNOCOMPROMISED HOSTS • CID 2014:59 (15 August) • 571

 at IN
S

E
R

M
 o

n
 M

ay
 2

6
, 2

0
1

5
h

ttp
://cid

.o
x

fo
rd

jo
u

rn
als.o

rg
/

D
o

w
n

lo
ad

ed
 fro

m
 

Steroids SteroidsSteroids Corticosteroids

MPA
CNICNI

-

MPA

mTORi

CNI

-

Th2 response

-

+

Targets of	
immunosuppressive	

therapy



Decreased anti-Aspergillus	Th1	immunity with
immunosuppressant

Decreased anti-Aspergillus	Th1	immunity with
immunosuppressant

Tramsen, 2014

CsA decreases INF-γ release by Th1 cells (not shown)

Decreased anti-Aspergillus Th1 cells count and proliferation



Decreased post-operative NK cell count 
predisposes to IFD in SOT

Decreased post-operative NK cell count 
predisposes to IFD in SOT

LowNatural Killer Cell Counts and
Onset of Invasive Fungal Disease
After Solid Organ Transplantation

TO THE EDITOR—We have read with inter-
est the article by Stuehler et al [1], which
assessed the quantitative and functional
reconstitution patterns of innate and
adaptive immunity in allogenic hemato-
poietic stem cell transplant (HSCT) re-
cipients and their correlation with the
development and outcome of invasive
aspergillosis. After analyzing the kinetics
of different peripheral blood lymphocyte
populations, the authors found that nat-
ural killer (NK) cell counts returned to
normal by day 30 after transplantation
in patients without invasive aspergillo-
sis, whereas they remained persistently
below the reference values in those with
a diagnosis of probable or proven inva-
sive aspergillosis. When focusing on
the 5 recipients who developed post-
transplantation invasive aspergillosis,
they observed that 4 had NK cell counts
of ≤66 cells/µL prior to diagnosis and
that these counts subsequently increased
in parallel with the reduction of fungal
lesions [1]. Such findings suggest a role
for posttransplantation monitoring of
NK cell counts to determine an individ-
ual’s susceptibility to invasive fungal dis-
ease after HSCT receipt and to guide
antifungal therapy. Since the enumera-
tion of NK cells represents an affordable
surrogate biomarker of the posttrans-
plantation innate immunity, we attempt-
ed to explore this approach among solid
organ transplant (SOT) recipients, a pa-
tient population in whom invasive as-
pergillosis also poses a life-threatening
complication [2].

All patients undergoing kidney or liver
transplantation at our institution between
November 2008 and November 2012
were enrolled in a prospective immune-
monitoring study in which peripheral
blood lymphocyte counts were systemati-
cally assessed at baseline (before trans-
plant receipt) and during posttransplan-
tation months 1 and 6 by 6-color flow cy-
tometry [3]. Patients were monitored for
≥12 months or until death or graft loss
occurred. The study outcome was the oc-
currence of proven or probable invasive
fungal disease [4]. Bloodstream, intraab-
dominal, surgical site, and urinary tract
infections due to Candida species were
excluded, as these are mostly related to
previous surgery or instrumentation,
rather than to the recipient’s immune sta-
tus. The accuracy of the NK cell count in
predicting the development of invasive

fungal disease was assessed by calculating
the area under the receiver operating
characteristic (AUROC) curve, and the
best cutoff was established through the
calculation of sensitivity and specificity.
Survival curves were plotted by the
Kaplan–Meiermethod, and univariate and
multivariate Cox regression models were
used to evaluate the association between a
low NK cell count and the study outcome.

We analyzed 396 patients (304 kid-
ney and 92 liver transplant recipients)
throughout a median follow-up of 504.5
days (interquartile range [IQR], 420.0–
815.3 days). Ten (2.5%) received a diag-
nosis of invasive fungal disease within a
median of 79.0 days (IQR, 66.8–242.8
days) after transplantation. These episodes
comprised invasive aspergillosis (4 cases),
mucormycosis (3 cases), and Candida
esophagitis, cryptococcal pneumonia, and

Figure 1. A, Natural killer (NK) cell counts at month 1 in patients with and those without subsequent invasive
fungal disease (IFD; P = .026, by the Mann–Whitney U test). Horizontal bars indicate median values. B, Kaplan–
Meier curves for IFD-free survival, according to NK cell count at month 1, with follow-up truncated at 2 years
(P = .019, by the log-rank test).

CORRESPONDENCE • JID 2016:213 (1 March) • 873
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Independent factors associated with mold
colonization or infection in SOT

Independent factors associated with mold
colonization or infection in SOT

Table 3. Independent Factors Associated With Mold Colonization and Invasive Mold Infection (IMI) in Solid-Organ Transplant Recipients

Variable

Mold Colonization (n = 42) IMI (n = 25)

HR (95% CI) P valuea HR (95% CI) P valuea

IL1B rs16944 (TT vs CC/CT)b 2.52 (1.18–5.36) .02 4.29 (1.71–10.8) .002c

DEFB1 rs1800972 (CC vs GG/GC)b 6.11 (2.28–16.4) .0003d 4.73 (1.46–15.3) .01
IL1RN rs419598 (CC vs TT/TC)b 3.35 (1.31–8.58) .01 2.50 (.75–8.29) .1
Lung or heart transplantation 11.5 (5.83–22.6) <.0001 3.12 (1.21–8.03) .02
MMF 0.32 (.16–.63) .001 0.14 (.06–.33) <.0001
Tacrolimus 0.52 (.27–1.03) .06 0.45 (.19–1.09) .1
Corticosteroids . . . . . . 3.03 (.67–13.7) .1
Acute/chronic rejection . . . . . . 2.35 (.94–5.83) .07
CMV infection/disease 1.83 (.89–3.72) .1 2.68 (1.11–6.50) .03
Recipient age (per year) 1.04 (1.01–1.06) .008 1.06 (1.02–1.10) .004

The total number of patients in the multivariate analysis (n = 1047) was slightly lower than in the univariate analysis (n = 1101), owing to missing covariates. Five
patients who were colonized with mold before transplantation, of whom 2 also developed IMI before transplantation, were removed from the analyses.
Abbreviations: CI, confidence interval; CMV, cytomegalovirus; DEFB1, gene encoding β-defensin 1; HR, hazard ratio; IL1B, gene encoding interleukin 1β; IL1RN,
gene encoding interleukin 1 receptor antagonist; MMF, mycophenolate mofetil.
a By Cox proportional multivariate analysis, with stepwise regression variable selection. The variables included in the initial model were recipient age and sex, CMV
infection or disease, mycophenolate mofetil, tacrolimus and corticosteroid treatment, acute/chronic rejection, and type of transplanted organ.
b Genetic associations are for recessive mode (patients homozygous for the rare alleles are compared to the other patients).
c Significant after Bonferroni correction for multiple testing (21 tests; P = .04).
d Significant after Bonferroni correction for multiple testing (21 tests; P = .006).

Figure 2. Cumulative incidence of mold colonization (A and B) and invasive mold infection (IMI; C and D) according to rs16944-rs419598 C-T (A and C)
or T-C (B and D) haplotypes of polymorphisms in the genes encoding interleukin 1β (IL-1β) and interleukin 1 receptor antagonist (IL1-Ra) among solid-organ
transplant recipients. P values were calculated by the log-rank test by using the dominant mode of inheritance (patients carrying 1 or 2 copies of each
haplotype are compared to the other patients). Patients with mold colonization or IMI before engraftment were excluded from the analyses.

IL1B and DEFB1 SNPs in Mold Infection • JID 2015:211 (15 May) • 1651
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Pentraxin 3 rs3816527 single nucleotide polymorphism
associated with mold colonization or infection in SOT

Pentraxin 3 rs3816527 single nucleotide polymorphism
associated with mold colonization or infection in SOT

Wojtowicz, CID 2015

Swiss Cohort: 1101 SOT, 2008-2011

associated with an increased risk for the development of IA
among HSCT recipients [6]. We report for the first time an as-
sociation between such polymorphisms and susceptibility to
mold colonization and IMIs among SOT recipients. Thus, the
validation in a different patient population suggests that PTX3
polymorphisms may represent a valuable marker of increased
risk for fungal infection.

The 2 PTX3 polymorphisms have a relatively high frequency
(MAF, approximately 0.4) [6] compared with polymorphisms
previously associated with IA, such as rs4986790/1 in Toll-
like receptor 4 (TLR4; MAF, approximately 0.05) [10] and
rs16910526 in Dectin-1 (MAF, 0.08) [11]. Rare SNPs require
very large cohorts for replication, whereas frequent ones can
be replicated in smaller datasets. The association between
PTX3 polymorphisms was initially replicated in 2 independent
cohorts of HSCT recipients from different centers [6]. In the
present study, we provide further validation in a population
whose clinical condition and type of immunosuppressive regi-
men is different. Thus, these polymorphisms may be more uni-
versal than other population-specific risk factors.

There is strong evidence for the involvement of PTX3 in the
immune responses against Aspergillus species [5]. PTX3 can di-
rectly bind Aspergillus conidia by recognizing galactomannan,

thereby acting as an opsonizing factor for complement activa-
tion and subsequent phagocytosis [12]. PTX3 can also interact
with PRRs such as Dectin-1 or TLR4 to increase fungal pattern
recognition and thus promote adaptive immune responses [12,
13]. In vivo, PTX3 knockout mice have been shown to be highly
susceptible to IA due to defective recognition of A. fumigatus by
macrophages and their phagocytic activities as well as imbal-
anced adaptive responses to this fungus [5].

In addition, there is evidence that polymorphisms in PTX3 are
associated with reduced immunity against fungal pathogens. The
missense +734A rs3816527 allele was suggested to influence
PTX3 messenger RNA stability, thereby affecting its secondary
structure and leading to its lower expression. PTX3 variants
were also associated with reduced PTX3 production in neutro-
phils with defective phagocytic activities and reduced Aspergillus
clearance [6].Of note, neutrophils originate from the donor stem
cells in HSCT and from the recipient in SOT. Consistently, poly-
morphisms associated with IA in the previous study of HSCT pa-
tients were issued from the donor [6], whereas those associated
with IMIs in the present study of SOT recipients are from the re-
cipient. As most patients who develop infection are previously
colonized, it is difficult to determine whether the polymorphisms
influence colonization alone, or colonization and infection.

Figure 1. Cumulative incidence of mold colonization and invasive mold infection according to PTX3 rs3816527 single-nucleotide polymorphism in all (A
and B) and thoracic (C and D) solid organ transplant recipients. Patients who were colonized or infected with mold before transplantation were excluded
from the analyses. P values were calculated by log-rank test, recessive mode (patients homozygous for the rare alleles are compared to the others).
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Risk factors for candidiasis in SOTRisk factors for candidiasis in SOT

Introduction

Transplant patients have a significant risk of invasive fungal

disease (IFD). IFDs caused by opportunistic fungi are univer-

sally distributed and are caused mainly by Candida spp.,

Aspergillus spp., and to a lesser extent, by Cryptococcus spp.,

fungi belonging to the Mucorales order, and other filamentous

fungi [1]. IFDs caused by endemic fungi are usually reac-

tivations but may occasionally occur as primary infections in

transplant patients who live in or visit highly endemic areas.

Candida spp. is the most frequent agent of IFD in the

transplant recipient, accounting for half of all cases in this

population. The incidence of invasive candidiasis has been

estimated at around 2% in American series of solid organ

transplantation (SOT), also including paediatric patients [1]. The

rate varies according to the organ transplanted: it is particularly

high in abdominal SOT such as intestinal, pancreas and liver

transplantation [1] and extremely uncommon after heart

transplantation [2]. A Spanish study of bloodstream infections

among transplant recipients found the incidence of global

candidaemia to be 4% [3]. The main risk factors for invasive

candidiasis are displayed in Table 1. Most cases of candidiasis

occur during the first months after surgery. The main portal of

entry is the gastrointestinal tract, followed by endovascular

catheters and the urinary tract. Graft-transmitted candidiasis,

which ends most often in fungal arteritis, has also been

described in kidney transplantation and related to organ

contamination during recovery in the donor [4]. Candida

infections can manifest as peritonitis, empyema, candidaemia,

urinary tract infection, surgical anastomosis infection or

oesophagitis. Candidaemia is the most common clinical pre-

sentation among the invasive forms [1,5]. The overall mortality

of invasive candidiasis at 12 months is reported to be 34% [1,6].

The incidence of invasive aspergillosis (IA) ranges from 0.1

to 2.4% [1,7,8] in American series of adult and paediatric SOT

recipients. European studies have shown an incidence between

0.2 and 3.5%, depending on the type of transplant [9–11]. IA

incidence is highest among lung transplant recipients. Histor-

ically, IA was considered as a complication of the immediate

post-transplant period, but the RESITRA study has shown that

its incidence remains high after this period [9]. Risk factors for

the condition (Table 2) depend on the type of transplant [12–

16]. The most common clinical form of IA is invasive

pulmonary disease, in which case presentation is usually acute

and invasive. Aspergillosis can also cause invasive tracheo-

bronchitis in single, ulcerative or nodular forms in lung

transplant patients and may affect the bronchial anastomosis,

with dehiscence of the suture in the most severe cases.

Mortality due to IA in lung transplantation depends on the

clinical presentation; mortality for patients with tracheobron-

chitis is around 25%, but for patients who develop invasive

pulmonary disease it rises to 67–82% [17].

The incidence of cryptococcosis ranges between 0 and 1.5%

in American and European series of SOT [1,18,19], and it is the

third most common infection after candidiasis and IA [1]. The

antifungal activity of calcineurin inhibitors may explain this low

incidence [20]. Cryptococcus neoformans var. grubii has no

particular geographical predilection and causes the most

infections. C. neoformans var. neoformans is prevalent in

TABLE 1. Risk factors for invasive candidiasis

Transplant type Target population

Liver High-risk liver transplant recipients:
Major:
MELD score >30
Re-transplantation, fulminant hepatic failure,
Renal failure requiring replacement therapy,
Minor:
MELD score 20–30, split, living-donor
>40 transfusion blood products, choledochojejunostomy
(Roux-en-Y)
Renal failure not requiring replacement therapy
(CrCl <50 mL/min)
Early re-intervention, multifocal colonization/infection by
Candida spp.

Pancreas Post-perfusion pancreatitis, acute rejection and poor initial
allograft function
Vascular thrombosis, enteric drainage, anastomotic
problems, haemodialysis
Laparotomy after transplantation

Intestinal Acute rejection and poor initial allograft function,
haemodialysis, laparotomy after transplantation,
anastomotic problems, over-immunosuppression

Heart Acute rejection, haemodialysis, re-exploration after
transplantation

Cr CL, creatinine clearance; MELD, model for end-stage liver disease; over-immu-
nosuppression (high immunosuppression drug levels, under corticoid bolus).

TABLE 2. Risk factors for invasive aspergillosis

Early IA

Late IA
(>3 months
post-transplant)

Liver
transplant

Re-transplantation
Kidney failure,
especially post-transplant
Haemodialysis
Fulminant hepatic failure
Complicated surgery or
reoperation

More than 6 g of accumulative
prednisone in the third month
after transplantation
Post-transplant renal failure
Post-transplant haemodialysis
Leukopenia (<500/mm3)
Chronic graft dysfunction

Lung
transplant

Bronchial anastomotic
ischaemia or bronchial
stent placement
Acute rejection
Single-lung transplant
Aspergillus spp. colonization
before or during first year
post-transplant

Chronic graft dysfunction

Heart
transplant

Aspergillus spp. colonization of
the respiratory tract
Re-operation
Post-transplant haemodialysis
Hypogammaglobulinaemia
(IgG < 400 mg/dl)

ICU readmission
Kidney transplantation
>2 acute rejection episodes

Kidney
transplant

Graft lost and haemodialysis
Post-transplant haemodialysis
Prolonged high corticosteroid
doses

CMV infection
Over-immunosuppression

ª2014 The Authors

Clinical Microbiology and Infection ª2014 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 7), 27–48

28 Clinical Microbiology and Infection, Volume 20 Supplement 7, September 2014 CMI

ESCMID recommendations
Gavalda et al. CMI 2014



Characteristics of 2507 patients 
with candidemia: species involved
Characteristics of 2507 patients 
with candidemia: species involved

Patients’ characteristics (N=2507)

Male gender 60,3%

Mean age (± sd) years 60 (± 17)

Intensive care unit 48.1%

Malignancy 50.3%

Prior surgery  (30 days) 38.7%

Central venous catheter 74%

2571 isolates in 2507 incident episodes
(2424 single, 83 mixed infections)

Lortholary et al. ICM sept 2014

SOT : 10.5% candidemia in ICU
2.7% outside ICU



Risk of candidemia due to fluconazole non-
susceptible isolates

Risk of candidemia due to fluconazole non-
susceptible isolates

• Candipop study, 29 hospitals, Spain 2010-2011:

617 patients (21.7% FCZ non-susceptible)

• Independent factors with FCZ-NS:
– Transplant  recipient (AOR 2.13; 95% CI 1.01-4.55)

– Hospitalization in a unit with high prevalence (≥ 15%) of FCZ-NS 
strains (7.53; 4.68-12.10)

– Previous azole therapy (≥ 3d, within 30 d) (2.04; 1.16-3.62)

• Definition and validation of a predictive score

Cuervo et al. CMI 2015



% Echinocandin R % MDR (azoles & 
echinocandins)

Reference

1 CDC Sentry, Pfaller JCM 
2012

1 Pham AAC 2014

11 (18% FKS mutants) - Beyda CID 2014

6.7 (increase 2001-2010) 3.5 Alexander CID 2013
10.3 6.8 Farmakiotis EID 2014

2.6 Cleveland PLoS ONE 2015

Echinocandin resistant / MDR Candida glabrata
isolates (2012-2014)

Echinocandin resistant / MDR Candida glabrata
isolates (2012-2014)

Does exist in the absence of prior exposure !



Risk factors for invasive aspergillosis in SOTRisk factors for invasive aspergillosis in SOT

ESCMID recommendations
Gavalda et al. CMI 2014

Introduction

Transplant patients have a significant risk of invasive fungal

disease (IFD). IFDs caused by opportunistic fungi are univer-

sally distributed and are caused mainly by Candida spp.,

Aspergillus spp., and to a lesser extent, by Cryptococcus spp.,

fungi belonging to the Mucorales order, and other filamentous

fungi [1]. IFDs caused by endemic fungi are usually reac-

tivations but may occasionally occur as primary infections in

transplant patients who live in or visit highly endemic areas.

Candida spp. is the most frequent agent of IFD in the

transplant recipient, accounting for half of all cases in this

population. The incidence of invasive candidiasis has been

estimated at around 2% in American series of solid organ

transplantation (SOT), also including paediatric patients [1]. The

rate varies according to the organ transplanted: it is particularly

high in abdominal SOT such as intestinal, pancreas and liver

transplantation [1] and extremely uncommon after heart

transplantation [2]. A Spanish study of bloodstream infections

among transplant recipients found the incidence of global

candidaemia to be 4% [3]. The main risk factors for invasive

candidiasis are displayed in Table 1. Most cases of candidiasis

occur during the first months after surgery. The main portal of

entry is the gastrointestinal tract, followed by endovascular

catheters and the urinary tract. Graft-transmitted candidiasis,

which ends most often in fungal arteritis, has also been

described in kidney transplantation and related to organ

contamination during recovery in the donor [4]. Candida

infections can manifest as peritonitis, empyema, candidaemia,

urinary tract infection, surgical anastomosis infection or

oesophagitis. Candidaemia is the most common clinical pre-

sentation among the invasive forms [1,5]. The overall mortality

of invasive candidiasis at 12 months is reported to be 34% [1,6].

The incidence of invasive aspergillosis (IA) ranges from 0.1

to 2.4% [1,7,8] in American series of adult and paediatric SOT

recipients. European studies have shown an incidence between

0.2 and 3.5%, depending on the type of transplant [9–11]. IA

incidence is highest among lung transplant recipients. Histor-

ically, IA was considered as a complication of the immediate

post-transplant period, but the RESITRA study has shown that

its incidence remains high after this period [9]. Risk factors for

the condition (Table 2) depend on the type of transplant [12–

16]. The most common clinical form of IA is invasive

pulmonary disease, in which case presentation is usually acute

and invasive. Aspergillosis can also cause invasive tracheo-

bronchitis in single, ulcerative or nodular forms in lung

transplant patients and may affect the bronchial anastomosis,

with dehiscence of the suture in the most severe cases.

Mortality due to IA in lung transplantation depends on the

clinical presentation; mortality for patients with tracheobron-

chitis is around 25%, but for patients who develop invasive

pulmonary disease it rises to 67–82% [17].

The incidence of cryptococcosis ranges between 0 and 1.5%

in American and European series of SOT [1,18,19], and it is the

third most common infection after candidiasis and IA [1]. The

antifungal activity of calcineurin inhibitors may explain this low

incidence [20]. Cryptococcus neoformans var. grubii has no

particular geographical predilection and causes the most

infections. C. neoformans var. neoformans is prevalent in

TABLE 1. Risk factors for invasive candidiasis

Transplant type Target population

Liver High-risk liver transplant recipients:
Major:
MELD score >30
Re-transplantation, fulminant hepatic failure,
Renal failure requiring replacement therapy,
Minor:
MELD score 20–30, split, living-donor
>40 transfusion blood products, choledochojejunostomy
(Roux-en-Y)
Renal failure not requiring replacement therapy
(CrCl <50 mL/min)
Early re-intervention, multifocal colonization/infection by
Candida spp.

Pancreas Post-perfusion pancreatitis, acute rejection and poor initial
allograft function
Vascular thrombosis, enteric drainage, anastomotic
problems, haemodialysis
Laparotomy after transplantation

Intestinal Acute rejection and poor initial allograft function,
haemodialysis, laparotomy after transplantation,
anastomotic problems, over-immunosuppression

Heart Acute rejection, haemodialysis, re-exploration after
transplantation

Cr CL, creatinine clearance; MELD, model for end-stage liver disease; over-immu-
nosuppression (high immunosuppression drug levels, under corticoid bolus).

TABLE 2. Risk factors for invasive aspergillosis

Early IA

Late IA
(>3 months
post-transplant)

Liver
transplant

Re-transplantation
Kidney failure,
especially post-transplant
Haemodialysis
Fulminant hepatic failure
Complicated surgery or
reoperation

More than 6 g of accumulative
prednisone in the third month
after transplantation
Post-transplant renal failure
Post-transplant haemodialysis
Leukopenia (<500/mm3)
Chronic graft dysfunction

Lung
transplant

Bronchial anastomotic
ischaemia or bronchial
stent placement
Acute rejection
Single-lung transplant
Aspergillus spp. colonization
before or during first year
post-transplant

Chronic graft dysfunction

Heart
transplant

Aspergillus spp. colonization of
the respiratory tract
Re-operation
Post-transplant haemodialysis
Hypogammaglobulinaemia
(IgG < 400 mg/dl)

ICU readmission
Kidney transplantation
>2 acute rejection episodes

Kidney
transplant

Graft lost and haemodialysis
Post-transplant haemodialysis
Prolonged high corticosteroid
doses

CMV infection
Over-immunosuppression

ª2014 The Authors

Clinical Microbiology and Infection ª2014 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 7), 27–48

28 Clinical Microbiology and Infection, Volume 20 Supplement 7, September 2014 CMI



Incidence	of	invasive	aspergillosis in	SOT	
recipients	in	France

Incidence	of	invasive	aspergillosis in	SOT	
recipients	in	France

• Incidence
– Heart	4.8	%	(7/146)	(1)

• 1-14%	(2)
• 10	per	1000	person-years (3)

– Lung	4.1	%	(7/172)	(1)
• 6-16%	(2)
• 49	per	1000	person-years (3)

– Liver	0.8	%	(9/1067)	(1)
• 1-8	%	(2)
• 11	per	1000	person-years (3)

– Kidney	0.3	%	(13/3157)	(1)
• 0.4-5%	(2)
• 2 per	1000	person-years (3)

• Late	complication	excepted	for	
heart	transplantation
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(1) Lortholary, CMI 2011; (2) Fernanda, Med Mycol 2007; (3) Neofytos TID 2013 [IMI]

Tracheobronchitis
44% SOT, ++ ulcerations
Fernandez Ruiz Medicine 2012



Recent case control studies of IA in kidney
transplant recipients

Recent case control studies of IA in kidney
transplant recipients

• 16 adults, Paris 2003-2013
• 81% limited to lungs
• 12 week mortality 6%
• 1 year mortality 19%
• Cardiovascular diseases 

pretransplant, delayed graft 
function and opportunistic 
infections increase occurrence 
of IA

• IA reduces overall survival 
and graft survival

• 41 adults, Leuven 1995-2013
• Early onset (≤ 3 months)

– Duration of replacement therapy
pretransplant

– Leukopenia

• Late onset (> 3 months)
– Donor CMV seropositivity

• 12 week mortality 39%
• Dissemination, leukopenia

and height of GM index 
increase risk of death

Heylen CID 2015Desbois , Transplantation Direct, in press



C. neoformans infection pathogenesis
during SOT

C. neoformans infection pathogenesis
during SOT
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Beneficial roles of	calcineurin inhibitors during
SOT-associated cryptococcosis

Beneficial roles of	calcineurin inhibitors during
SOT-associated cryptococcosis

Singh, J Infect Dis, 2007

• Less disseminated forms (48 vs 80%, p=0.02)

• More pulmonary forms (37 vs 7%, p=0.02)
• Less death (OR= 0.21, p=0.008)

N=111 SOT





 
Type of transplant 
   Kidney 
   Kidney-pancreas 
   Liver 

 
 
2/4 
1/4 
1/4 

 
Time to onset of C.neoformans infection post-transplant, 
median (range) 

 
10.5 months (3-29 months) 

 
Immunosuppressive regimen 
   Tacrolimus, mycophenolate mofetil, prednisone 

 
 
4/4 

 
Initial sites of involvement 
   Pulmonary (any) 
   Skin, soft tissue (any) 
   Central nervous system (any) 
   Disseminated infection* 

 
 
2/4 
2/4 
2/4 
4/4 

 
Time to onset of IRS-like syndrome after antifungal 
therapy, median (range) 

 
5.5 weeks (4-12 weeks) 

 

Prospective 
multicenter 

cohort: 4.8% pts
CID 2005



Clinical cases of cryptococcal
IRIS  

Clinical cases of cryptococcal
IRIS  

5



Sun, Clin infect Dis 2011

Singh, Clin infect Dis 2005

Reversal Th2/Th1 and proinflammatory responses 
and occurrence of cryptococcal IRIS during SOT ?



Predictors of IRIS in SOT with 
cryptococcosis

Predictors of IRIS in SOT with 
cryptococcosis

Sun, CID  2015



 

Probability of graft survival in renal transplant 
recipients with cryptococcosis according to IRIS

Probability of graft survival in renal transplant 
recipients with cryptococcosis according to IRIS

Singh, Lortholary et al. Transplantation 2005



Efficacy of a anti-TNF-α monoclonal antibody during
SOT-associated cryptococcal IRIS

 

Day	0 IRS After adalimumab

Scemla, Am J Transpl, 2015



IFI following SOT !IFI following SOT !

• Except PjP, first  3 : candidiasis, aspergillosis & cryptococcosis

• Predisposing immune deficiency to be better deciphered

• Influence of host genetic background

• Acquired resistance among Candida species

• Influence of immunosuppressive therapy
– baseline severity and outcome
– ± synergy with antifungals
– occurrence of IRIS following discontinuation

• New approaches for the management of fungal IRIS


