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Agenda

• 1. Are there some changes in the epidemiology of IFI? Are there any
special situations and new challenges in IFI in SOT?
• 3. Prophylaxis: To whom should it be given, with which antifungals

and for how long?
• 4. American vs European Guidelines
• 5. What are we doing: International survey of AF prophylaxis in SOT.
• 6. Problems to be solved
• 7. Take home messages



Are there some changes in the
epidemiology of IFI? 

Are there any special situations and new 
challenges in IFI in SOT?



Candidiasis  53%
Aspergillosis 19%
Cryptococcosis 8%

Other moulds 8%
Endemic fungi 5%

Zygomicosis 2%

1208 IFIs among 1063 SOT recipients. 
One-year incidence for invasive candidiasis was (1.95%) and for invasive aspergillosis (0.65%).

One-year cumulative 
incidences:

11.6%  small bowel
8.6%  lung
4.7%  liver
4.0%  heart
3.4%  pancreas
1.3%  kidney

Pappas PG, et al. Invasive fungal infections among organ transplant recipients: results of the Transplant-Associated
Infection Surveillance Network (TRANSNET). Clin Infect Dis. 2010 Apr 15;50(8):1101-11. doi: 10.1086/651262.

28-32% Infections by
moulds

Early infections: 0-180 days
after Tx



Neofytos D, et al. Invasive aspergillosis in solid organ transplant patients: diagnosis, prophylaxis, treatment, and assessment of response. BMC Infect Dis. 2021 Mar 24;21(1):296. 
doi: 10.1186/s12879-021-05958-3.

Recent
epidemiological
data

Tabla extraída de Neofytos D, et al. BMC Infect Dis. 2021



Risk factors:

Is there a change on the risk factors for IFI in SOT 
recipients?



• Early infections: 1-2 months after Tx.
• Less tan 1% of all donor derived infections: Aspergillus, Scedosporium, 

Lomentospora.

Donor acquired infections

• Donors were transplanted patients as 
well (1 HT and 1 LT)
• Cause of death: CNS strokeàIFI
• Tx allografts were: 2 kidneys, 1 heart.
• 2 kidneys, 1 liver, 1 lung and 1 

páncreas.
• Median time to symptoms:  33 days

after Tx (21-48 days).



Deceased donor due to cerebral hemorrhage in ICU
Alcoholic liver disease who received corticosteroids
Bacterial pneumonia

2 kidney recipients
1 previous Heart Tx/ CRD /HD
1 CRD /HD
Both kidneys explanted
Positive culture: Aspergillus
Secondary prophylaxis

Our case



Deceased donor due to cerebral hemorrhage in ICU
Alcoholic liver disease who received corticosteroids
Bacterial pneumonia

2 kidney recipients
1 previous Heart Tx/ CRD /HD
1 CRD /HD
Both kidneys explanted
Positive culture: Aspergillus
Secondary prophylaxis

Our case
What we learned: 

1. To always keep in mind donor derived infections, especially during the
first weeks after transplant.

2. If there is a clinical suspicion: assess the clinical charts of the donor (cause 
of death, epidemiological and demographic data).

3. Include an infectious disease specialist and a clinical microbiologist in the
transplant team in charge of evaluating potential donors.

4. Improve the microbiological assessment of respiratory samples (calcofluor
stain and fungal cultures) and other clinical samples of potential donors.



Invasive Aspergilosis cases (1988-2010)

Comparison between tailored prophylaxis era and previous era (1988 – 2002):
• Patients who received AF prophylaxis:   9.8% vs 33.4%; P= 0.001
• Invasive aspergillosis incidence:     2.2% vs 8.6%; P= 0.01
• IA related mortality:        1.5% vs 5.75% vs; P= 0.06

Muñoz P, et al. Invasive aspergillosis among heart transplant recipients: a 24-year perspective. J Heart Lung Transplant. 2014 Mar;33(3):278-88. doi: 10.1016/j.healun.2013.11.003.

Gráfica extraída de Muñoz P, et al. J Heart Lung Transplant. 2014



Ruiz-Camps et al. CMI 2011 Ruiz-Camps et al. EIMC 2010

Air control  for the prevention of mould infections

Outdoor air

Range 0-105 

c.f.u. / m3

Unprotected hospital air 

5-25 c.f.u. / m3

HEPA filtered air 

<0.1 c.f.u. / m3

• Establish air control  routine at your center
• If any outbreak of high counts of cfu is detected, contact preventive health department,
Hospital authorities and technical staff.
• Increase cleaning and vacuum cleaning of filters
• Hepa filter must be change in outbreaks
• If renovations, construction or demolitions are
Ocurring nearbyàincrease number of measurements



• DIASPERSOT: 9 spanish centers during 10 years
(2010- 2019). 

Objetives: 
• Analyze the impact of IA in SOT in Spain. 
• Evaluate diagnostic criteria, treatment, mortality factors and prophylaxis.

Gioia F, et al. Invasive aspergillosis in solid organ transplantation: Diagnostic challenges and differences in outcome in a Spanish national cohort (Diaspersot study). Mycoses. 2021 Nov;64(11):1334-1345. doi: 10.1111/myc.13298.



• 126 IA cases (proven/probable).

• Half of the cases ocurred in Lung Tx.

• Cumulative anual incidence:
• Lung Tx 6.5%
• Bowel Tx 5.5% 
• Heart Tx 2.9%, 
• Liver Tx 1.8% 
• Kidney Tx 0.6%.

DIASPERSOT Study: General characteristics

Gioia F, et al. Invasive aspergillosis in solid organ transplantation: Diagnostic challenges and differences in outcome in a Spanish national cohort (Diaspersot study). Mycoses. 2021 Nov;64(11):1334-1345. doi: 10.1111/myc.13298.

Tabla extraída de Gioia F, et al. Mycoses. 2021



• IA in lung tx was commonly one sided (42.6%). 

• CMV infecion is a common factor in liver tx
(29.2%) and heart (50%). 

• Continuous renal replacement therapy
(continuous dyalisis) was a common risk factor in 
most of the transplants. 

• Reintervention and diabetes are also common risk
factors. 

Gioia F, et al. Invasive aspergillosis in solid organ transplantation: Diagnostic challenges and differences in outcome in a Spanish national cohort (Diaspersot study). Mycoses. 2021 Nov;64(11):1334-1345. doi: 10.1111/myc.13298.

Tabla extraída de Gioia F, et al. Mycoses. 2021



Breakthrough fungal infections

• Major concern following universal antifungal prophylaxis.

• Caused by filamentous fungi that have been selected due to intrinsic or acquired
resistance to the prophylactic agent used, the latter in case of suboptimal absorption
and/or tissue concentration of the AF administered. 

• There are few data on the incidence of breakthrough IFI in SOT, most studies were on
hematologic patients.

• Main breakthrough IFIs are due to mucorales, and azole-resistant Aspergillus species. 

• Among the Aspergillus species, A. calidoustus was found to be the predominant cause 
of gap IFI.

Neofytos D, et al. Invasive aspergillosis in solid organ transplant patients: diagnosis, prophylaxis, treatment, and assessment of response. BMC Infect Dis. 2021 Mar 24;21(1):296. doi: 10.1186/s12879-021-05958-3.



AF prophylaxis To whom? 
With what? For how long?



Which is the best strategy?

UNIVERSAL PREEMPTIVE OR TAILORED
• More expensive
• More  risk of drug to drug

interactions (particularly
with azoles)
• Emerging fungal infections

(Scedosporium, 
Lomentospora, Fusarium, 
Mucor)
• More adverse events

related to the antifungals

• Cheaper
• Less potential drug to drug

interactions
• Less emergent mycosis (in theory)
• Failures in selecting patients who

are candidates for prophylaxis



Which are the most current guidelines?

vs 2019 2014

J. Gavaldá, et al. Clin Microbiol Infect. 2014 Sep:20 Suppl
7:27-48. doi: 10.1111/1469-0691.12660.

ESGICH

S. Husain, et al. Clin Transplant. 2019 Sep;33(9):e13544.doi: 
10.1111/ctr.13544.



Kidney Liver Heart Lung Pancreas Bowel

Universal
X X X

Tailored based
on
risk factors

X X X

What are the antifungal prophylaxis
recommendations for each type of 

transplant?



AF prohylaxis in Lung transplantation
Target population European

Lung OR Lung/Heart Agents Duration

All recipients (Recommended) + Nebulised Lip-AmB 25mg (A-II)
Until resolution of bronchial
Suture: 3 times a week
2-6 m: once a week
>6m: once every 2 weeks

Indefinite or a 
minimum of 12m

OR Guided Prophylaxis if one RF:

Induction with alemtuzumab or ATG + Guided prophylaxis (A-II)
Nebulised Lip-AmB
Load 25mg 3 times a week
For 2 weeks.
Then once a week

Nebulised AmB lipid complex
50mg (B-II)
Load once every 2 days for 2 weeks, 
then 50mg once a week.

A mínimum of 12m

Acute rejection +

Single-lung transplant +

Aspergillus spp. Colonization pre- Tx
or during 1st y post-x

+

Hypogammaglobulinema
(<400mg/dL)

+

Gavaldá J. Clin Microbiol Infect 2014. 
Husain S. Clinical Transplantation 2019.



AF prohylaxis in Lung transplantation
Target population European American

Lung OR Lung/Heart Agents Duration Duration
All recipients (Recommended) + Nebulised Lip-AmB 25mg (A-II)

Until resolution of bronchial
Suture: 3 times a week
2-6 m: once a week
>6m: once every 2 weeks

Indefinite for a 
minimum of 12m

Universal prophylaxis or
Preemptive
Depending on availability of 
dx tests (strong)

4-6m for
universal

OR Guided prophylaxis if one RF

Induction with alemtuzumab or
ATG

+ Guided prophylaxis (A-II)
Nebulised Lip-AmB
Load 25mg 3 times a week
For 2 weeks.
Then once a week

Nebulised AmB lipid complex
50mg (B-II)
Load once every 2 days for 2 
weeks, then 50mg once a week.

Nebulised AmB lipid complex
50mg (B-II)
Load once every 2 days for 2 
weeks, then 50mg once a week.

A mínimum of 12m + Targeted If one mayor RF 
(Green): (strong) OR if
more tan one of minor
(Yellow): (weak).

Inhaled AmB in preemptive
(USE with CAUTION)

Inhaled AmB in targeted:
50mg once every 2 days for
2 weeks,
Then once per week
For at least 13 weeks

Voriconazole, Itraconazole
for Universal or preemptive

Alternative: posaconazole
or isavuconazole (weak)

3-4m for
targeted

Duration should
be guided by:
-Airway
inspection

-Respiratory
surveillance
fungal cultures

-Clinical RF

Acute rejection + +

Single-lung transplant + +

Aspergillus spp. Colonization pre-
Tx or during 1st y post-x

+ +

Hypogammaglobulinema
(<400mg/dL)

+
+

Positive if intraoperative
Aspergillus culture in CF patients

+

Early airway ischemia +



AF prohylaxis in Lung transplantation
Target population European American

Lung OR Lung/Heart Agents Duration Duration
All recipients (Recommended) + Nebulised Lip-AmB 25mg (A-II)

Until resolution of bronchial
Suture: 3 times a week
2-6 m: once a week
>6m: once every 2 weeks

Indefinite for a 
minimum of 12m

Universal prophylaxis or
Preemptive
Depending on availability of 
dx tests (strong)

4-6m for
universal

OR Guided prophylaxis if one RF

Induction with alemtuzumab or
ATG

+ Guided prophylaxis (A-II)
Nebulised Lip-AmB
Load 25mg 3 times a week
For 2 weeks.
Then once a week

Nebulised AmB lipid complex
50mg (B-II)
Load once every 2 days for 2 
weeks, then 50mg once a week.

Nebulised AmB lipid complex
50mg (B-II)
Load once every 2 days for 2 
weeks, then 50mg once a week.

A mínimum of 12m + Targeted If one mayor RF 
(Green): (strong) OR if
more tan one of minor
(Yellow): (weak).

Inhaled AmB in preemptive
(USE with CAUTION)

Inhaled AmB in targeted:
50mg once every 2 days for
2 weeks,
Then once per week
For at least 13 weeks

Voriconazole, Itraconazole
for Universal or preemptive

Alternative: posaconazole
or isavuconazole (weak)

3-4m for
targeted

Duration should
be guided by:
-Airway
inspection

-Respiratory
surveillance
fungal cultures

-Clinical RF

Acute rejection + +

Single-lung transplant + +

Aspergillus spp. Colonization pre-
Tx or during 1st y post-x

+ +

Hypogammaglobulinema
(<400mg/dL)

+
+

Positive if intraoperative
Aspergillus culture in CF patients

+

Early airway ischemia +

• If preemptive is used:
• Recommend GM in BAL and fungal culture in BAL periodically.
• Use BAL GM cutoff point of >1.0
• Serum GM is not recommended for screening

• If azoles are used: monitor liver toxicity, levels, beware of long
term effects (squamous cell carcinoma), patient protection
measures

• If inhaled amphotericins are used: beware of AEs (coughing, 
wheezing, nausea)



AF prohylaxis in Liver transplantation
Target population European American

High Risk LTx
Major: 

If one major or two minor: Duration

Retransplantation + Micafungin (A-II)

Caspofungin (A-II)

L-AmB (A-II)

Lipid complex AmB (A-II)

Anidulafungin (BIII)

2-4 weeks or until RF resolution

Fulminant hepatic failure +

MELD >30 +

Renal failure requiring
replacement therapy

+

Minor: +

MELD score 20-30 +

Split +

Living-donor +

Choledochojejunostomy (Roux-
en-Y)

+

High transfusión requirement
(>40 units of celular blood
products

+

Renal failure not requiring
replacement therapy (CrCL <50)

+

Early reintervention +

Multifocal colonization /infection
by Candida spp

+
Gavaldá J. Clin Microbiol Infect 2014. 
Husain S. Clinical Transplantation 2019.



AF prohylaxis in Liver transplantation
Target population European American

Major: If 1 major or 2 minor: Duration If one RF: Duration

Retransplantation + Micafungin (A-II)

Caspofungin (A-II)

L-AmB (A-II)

Lipid complex AmB
(A-II)

Anidulafungin (BIII)

2-4 weeks or until RF resolution + Anidulafungin (strong)

Micafungin (strong)

Caspofungin (strong)

Voriconazole (strong)

L-Amb (weak)

14-21 days posTx

Fulminant hepatic failure +

MELD >30 + +

Renal failure requiring
replacement therapy

+ + (7 d 
postTx)

Minor:

MELD score 20-30 +

Split +

Living-donor +

Choledochojejunostomy (Roux-
en-Y)

+

High transfusión requirement
(>40 units of blood products)

+

Renal failure not requiring
replacement therapy (CrCL <50)

+ + 
Cr>3.3g/dl

Early reintervention + +

Multifocal colonization /infection
by Candida spp

+

CMV + Gavaldá J. Clin Microbiol Infect 2014. 
Husain S. Clinical Transplantation 2019.



AF prohylaxis in Liver transplantation
Target population European American

Major: If 1 major or 2 minor: Duration If one RF: Duration

Retransplantation + Micafungin (A-II)

Caspofungin (A-II)

L-AmB (A-II)

Lipid complex AmB
(A-II)

Anidulafungin (BIII)

2-4 weeks or until RF resolution + Anidulafungin (strong)

Micafungin (strong)

Caspofungin (strong)

Voriconazole (strong)

L-Amb (weak)

14-21 days posTx

Fulminant hepatic failure +

MELD >30 + +

Renal failure requiring
replacement therapy

+ + (7 d 
postTx)

Minor:

MELD score 20-30 +

Split +

Living-donor +

Choledochojejunostomy (Roux-
en-Y)

+

High transfusión requirement
(>40 units of blood products)

+

Renal failure not requiring
replacement therapy (CrCL <50)

+ + 
Cr>3.3g/dl

Early reintervention + +

Multifocal colonization /infection
by Candida spp

+

CMV +

• Tailored prophylaxis for patients with one major or 2 minor RFs

• Duration 14-21 days or until RF resolution.

• At our center,  candins are the first option for prophylaxis because of their low
potential for drug interaction, less frequent adverse events and no need for dosage
adjustment according to renal function.

• Other centers choose prophylaxis with L-AmB

• Screening with GM or BDG is not recommended to guide preemptive treatment (lack
of evidence).

Gavaldá J. Clin Microbiol Infect 2014. 
Husain S. Clinical Transplantation 2019.



AF prohylaxis in Heart transplantation

Target population European American

Acute rejection If one RF Duration

Hemodialysis /CRRT + Itraconazole (A-II)

Voriconazole (B-III)

Posaconazole (B-
III)

Candins (BIII)

At least 3months

Re-exploration after
transplant

+

Aspergillus spp. Heavy 
colonization of air

+

Renal failure requiring
replacement therapy

+

CMV +

Gavaldá J. Clin Microbiol Infect 2014. 
Husain S. Clinical Transplantation 2019.



AF prohylaxis in Heart transplantation

Target population European American

Acute rejection If one RF Duration If one RF Duration

Hemodialysis /CRRT + Itraconazole (A-II)

Voriconazole (B-III)

Posaconazole (B-III)

Candins (BIII)

At least 3months + Itraconazole

Candins (Strong)

50-150 days
Up to 120 daysRe-exploration after transplant + +

Aspergillus spp. Heavy 
colonization of air

+ +

Renal failure requiring
replacement therapy

+ +

CMV + +

Existence of an episode of IA in
The unit 2mo before or after HT

+

ECMO (Swiss cohort) +

• Prophylaxis directed to patients with one or more RFs. 
• Do not forget patients with ECMO, Levitronix, Berlin-Heart peritransplantation.
• Duration 14-21 days or until resolution of the risk factors.
• We prefer candin because of low interaction with other drugs, AE, no need to adjust to renal function.
• With candins there is no need to monitor levels (CRRT, ECMO)

Gavaldá J. Clin Microbiol Infect 2014. 
Husain S. Clinical Transplantation 2019.



AF prohylaxis in Kidney transplantation

Target population European American

Prophylaxis Duration Prophylaxis Duration

Do not establish RF + No prophylaxis (B-
III)

Data insufficient to 
recommend prophylaxis

Pre-tx diagnosis of COPD +

Acute rejection episode
in the last 3 m

+

Graft failure +

High and prolonged
duration of 
corticosteroids

+

• Individualize each case
• Consider if preservation fluid cultures are positive for Candida.
• Consider it in cases of suspected IFI in the donor.
• Consider in cases of CMV /Corticoresistant rejection /Thymoglobuline
• Consider in cases of hospital outbreaks /high colony count in ambient air (individualize)

Gavaldá J. Clin Microbiol Infect 2014. 
Husain S. Clinical Transplantation 2019.



Is there still a problem for guideline implementation?

• Last update: 2019 (american), 2014 (european).

• There has been some changes in epidemiology
• New biomarkers (change from universal prophylaxis à guided prophylaxis à

preemptive therapy)
• Due to the extended use of prophylaxisàEmergent fungal infections
• New antifungal drugs with different spectrum, profile and drug-to-drug

interactions
• New real-life experience regarding prophylaxis in transplant centers



European surveyà International survey

Objective: To have more information regarding actual ideas and 
practices of AF prophylaxis in SOT 
• Ongoing work
• Participants: 50 centers
• Completed: 41 centers
If you want to participate, just follow this link:
https://www.clinicalsurveys.net/uc/AFprophylaxisSOT/

https://www.clinicalsurveys.net/uc/AFprophylaxisSOT/


International survey

• Participants: 50 centers
• Completed: 41 centers

https://www.clinicalsurveys.net/uc/AFprophylaxisSOT/

QR  code directs to the survey:

https://www.clinicalsurveys.net/uc/AFprophylaxisSOT/


Are we following the guidelines?

• No because of the differences in local epidemiology.

• No because we lack of clinical trials (Grade A evidence) that support them.

• No because of problems in the access to new antifungals.

• No because no information regarding its performance in SOT population.

• No because risk factors already change in our centers, and we don´t rely on outdated guidelines.

• No because there is NO consensus between ID physicians, clinical mycologists and transplant

physicians (nephrologists, cardiologists, hepatologists, neumologists, surgeons, critical care

physicians).

• No because there is not an accepted guideline backed by the different transplant societies and ID 

and clinical microbiologist societies. 



Ideas to take home
• The recognition of risk factors  in each type of TOS together with the optimization of AF prophylaxis 

strategies has significantly reduced morbidity and mortality caused by IFIs and changed their epidemiology 
(late IFIS, emerging and resistant pathogens, etc). 

• There are still situations of special risk: ECMO, CRRT, Ventricular assist devices, allograft rejection in which 
more studies are needed.

• It is important to remember donor-transmitted fungal infections, the possibility of regional infections in 
travelers and migrants and horizontal transmission.

• Do not forget the importance of environmental air quality control (air sampling and HEPA-filtered rooms), a 
high burden of spores in the air could be the explanation for hospital outbreaks in patients without known 
risk factors for IFIs.

• Close collaboration between transplantologists, clinical microbiologists and infectious diseases specialist is 
essential to continue adapting antifungal prophylaxis.

• Clinical trials and real life experience with the new AF drugs in SOT prophylaxis is needed.
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Thank you very much!

• International Survey of Antifungal prophylaxis in solid organ transplant:  
• Participants from all the world are welcome
• If you are interested in participate here is the link:

Link 
https://www.clinicalsurveys.net/uc/AFprophylaxisSOT/

• Contact: Maricela Valerio Minero, MD, PhD
• Email: mariceva@ucm.es

@Mic_Inf_Maranon

@GesitraIC

https://www.clinicalsurveys.net/uc/AFprophylaxisSOT/

