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Background

e Stessa modalita di acquisizione dei batteri:
— Danno dell’attivita mucociliare
— Alterazioni anatomiche
— Colonizzazione
— (Infezione/malattia?)

e L|'utilizzo massivo e protratto di antibiotici per gestire
guesta patologia promuove la selezione fungina



Stima consumo antibiotici annuale
paziente FC adulto ‘classico’

Azitromicina 728
Piperacillina/tazobactam 252 ¢
Amikacina 21g
Ciprofloxacina 42 g

Colistina aerosol 672 MU (22 Kg)

3 gg/settimana

1 Riesacerbazione/anno

1 Riesacerbazione/anno

2 Riesacerbazioni/anno

28 gg ON/28 gg OFF



Miceti in FC

Lieviti:
* Candida albicans fino al 90% (?)
e Candida dubliniensis

* Candida tropicalis

* Candida glabrata

* Candida parapsilosis

e Candida kefyr

Funghi filamentosi:
* Aspergillus fumigatus 40% (6-58%)
* Aspergillus terreus 4% (2-6%)

* Aspergillus flavus 4% (2-6%)

* Aspergillus niger
Aspergillus nidulans

e Scedosporium apiospermum 7%
Scedosporium prolificans
Penicillium emersonii

Trichosporon spp

Dimorfi:
* Exophiala dermatitidis 5% (?)




Funghi e cronicizzazione

. Chronicity
Leeds definition 2003: A
(Pseudomonas aeruginosa)
A. fumigatus ]

*| Chronicinfection: When more than 8. apiospermum

50% of months, when samples had (sensu lato)

been taken, were P. aeruginosa E. dermatitidis

culture positive. A. terreus
* Intermittent infection: When 50% P. emersonii S. prolificans —

or less of months, when samples A, fusispor A, flavus >

had been taken, were P. aeruginosa

culture positive. , ,
A. nidulans and A. niger

*  Free of infection: No growth of P.

aeruginosa during the previous Cladosporium spp., Alternaria spp.
twelve months, having previously and non thermophilic Penicillium
been P. aeruginosa culture positive. species

. Never infected: P. aeruginosa never
cultured from sputum or cough
swab.

Pihet M et al. Medical Mycology 2009, 47 , 387-397



Aspergillus fumigatus : miceti = Pseudomonas aeruginosa : batteri




Age-specific prevalence of respiratory infections in individuals with CF, 2016
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Canadian Cystic Fibrosis Registry, 2016 annual data Report



Pseudomonas aeruginosa in Cystic Fibrosis
Patients With G551D-CFTR Treated With

Ivacaftor

Ivacaftor

J P. aeruginosa 35%

J P. aeruginosa mucoide 23%

J Aspergillus 53%
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Heltshe SL, et al. CID 2015; 60(5):703-12.




Aspergillus fumigatus in FC

* basso FEV-1

 Compromissione radiologica

* tobramicina aerosol

* azitromicina

» corticosteroidi inalatori

* aumentato numero di ricoveri

 PNX

* Distal Intestinal Obstruction Syndrome
* NTM




Inflammatory Responses to Individual
Microorganisms in the Lungs of Children With
Cystic Fibrosis

Todcelcowt X1*  Newtophlcount, X10° ~ Neuophil ntereuking
Organism celgml fluareeved  cellsml fuidremeved  elastase, ng/ml po/ml
653 BAL - | o .
215 pazienti < 7 anni Never infected (n = 101) 242 1194-301) 3 (24]) 144 (106-1%) 302 (234-444)
43 bambini > 5 BAL Aspergilus species (n = 19) 272 (1664461 309 161-675) B2(334-914)  687(385-1226)
213 colture neg Candsspesies 1= 1 1838738 WML BTG G79056-1768
o7 mf”"'”fez'o”' Escheicia ol = 775 (13:57) WK OEMS TN
seudomonas 25
Staph 17 Haemophius influenzae (n = 12) 278 (155-4%8) 69 (31-156) Y50044-811) 1136 (551-235)
Asp 19
- Mixed oral lora (n = 165 064 (224-310) 123 (173-266) 2023164 499395630
Pseudomanas aeruginosa(n = 29 433 B15-T70) 167 (101-349) 1124(6%-1815 2467 {1464-4157)
Stanfylococcus aureds {n = 31) N3 (357-125) 185 (%0-2661 736(464-1168  1016(620-1664)

Gangell C, Gard S, Douglas T, et al.
ares é CID 2011;53(5):425-432




Aspergillus fumigatus
resistente agli azoli (ARAF)

2888 A. fumigatus isolates

101 isolates from 51 CF patients were found to be azole
resistant (prevalence per patient 5.3%).

45% of CF patients with ARAF had previously received
azole therapy.
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F219S

no mutation found

Seufert et al. JAC 2018 Apr 19.
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Novel immunologic classification of aspergillosis in adult

cystic fibrosis

130 pz FC (37.7%) (17.7%) (14.6%) (30%)

IgE TOT > 500 KUA/L > 185 KUA/L

IgE Asp >5.7 KUA/L >3.75 KUA/L

IgG Asp > 75 mg/L > 75 mg/L

Sputum GM > 0.5 ODI > 0.5 ODI
PCR +/-

12.2 % Sputum GM > 0.5

CMI Ospedale Policlinico San Martino

Baxter CG, et al. J Allergy Clin Immunol 2013;132:560-6.



Ruolo degli antigeni?



Galattomannano su siero

Chronic Aspergillus

Intermittent Aspergillus

Never Aspergillus

(n=66) (n=36) (n=53) P-value
Age (years), mean (range) 20.1 (6.2-52.9) 29.3 (10.4-58.6) 22.3(2.5-50.3) <0.01
Female sex, n (%) 39 (59%) 19 (53%) 20 (38%) 033
Pancreatic insufficient 56 (85%) 28 (78%) 41 (77%) 0.52
CFRD 14 (21%) 8(22%) 5(9%) 0.17
ABPA 21 (32%) 6(17%) 2 (4%) <0.01
FEV, mean (range) 64% (24-114%) 65% (30-96%) 79% (29-138%) <0.01
Antifungal use 2(3%) 0 0 N/A
Piperacillin-tazobactam 2(3%) 0 0 N/A
Lung transplant 2 (3%) 0 1 (2%) N/A

CFRD, cystic fibrosis-related diabetes: ABPA, allergic bronchopulmonary aspergillosis:

I second

FEV,. forced expiratory volume in

0.4
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0.2
0.1 -
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Chronic
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Fig. 1
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Intermittent
Aspergillus

Median optical indices.

Warren et al. Medical Mycology 2012, 50, 658-660




Sputum Galactomannan in CF patients
colonized with Asperg:llus fumlgatus

BACKGROUND

Asperpiius fumigotes & & ubikguitous fungus found worldwise,
wwmwwmnmommmumﬂm
WWA‘ 0 ()
test for
ﬁ‘lmﬂf bab L v logis (),
even In mon neutropenic high risk populations. OF patients rarely
deveiop PA, whie a sclbset of then could dewslop varous

METHODS:

Sputa fum 42 CF adult patienty in itable respiratory condtions
wore tested for the presence of GM between July 2011 and
Fetvuary 2012, Ml subjects were clhassifled according 10 thesr
repiratory cultune sisus in the previeus v (1) cwonic
colonlration (COC). 22 poditive culture for A Rmigates in a given
¥ (2} intermittene colonation (IC): 1 positive culture for A
Sumipatus In & green yr of & previous postiee cutture in the lat 3
mﬁimmwthmm-wmbk

(Anew) |
mm;mmolmluuﬁn\um-lﬁ

chionic A lzation have differest
G Jevels In spetum compared to patients with Intermittent or
no Aspergifus colonization,

ographic , chnical and
data were recorded udhduudn the time of m
colection, The GM antigen test was perfoemed by sandwich
EUSA  (Pardia™Asperglies,  BIO-RAD-Marnes-La-Coguette,
vmmumuasanmmwmnm
The samples with an optical
density index {000) »0.5 wore considersd postve.

There was no difference In GM vales betwoen the 3 groups. Paradosdcally the CC group had lower G values than the others. No AE were
rogorted In CC group (p<D.05), while § AE ween reported In I group (4 ABPA, § CP, § gengilons) and 1 [ABPA] in NC group. it OF patients
High levels of Aspergiies GM on sputum could indcate 3 possbie marker of pufmonary AL, abowe ¥ in IC patients. Glven the small population,
Turther stadies are needed to astadiish the role of sputum GM n CF.

Delfino E et al. NAFCFC 2012 Poster 330



Glucano su siero

We measured serum BDG in CF patients with no clinical
suspicion of IFD.

Samples from 46 adult CF patients during a stable period
and during pulmonary exacerbation were tested. The
association of BDG with clinical variables was analysed.
303 non-CF patients with suspected IFD were used as
comparators. Both samples were negative in 52% of CF
patients, whereas 67% of comparators had only negative
results (p=0.08). CF patients with pancreatic
insufficiency and CF-related diabetes had fewer negative
results (p<0.05 for both). Negative results were more
common in older CF patients (p<0.05). Use of
antibiotics, presence of fungi in sputum and CF liver
disease did not impact BDG levels. In conclusion,
patients with CF experience significant BDG
antigenaemia in the absence of IFD.

Rautemaa V, et al. Diagnostic Microbiology and Infectious Disease (2017)



Aspergillus fumigatus

ABPA

Sensibilizzazione

Colonizzazione

CPA




Aspergillus colonisation

Colonizzazione

¢ Amin B, Dupas A Aaron SD, et ol Chest 2010; 137 -171-176, ¢ deVrankrgiar AM, van dar Eng CF, van Barkhout £T, 64 al. Clin Microteod
¢ Mchfahen MA, Onortimad S McCullagh 8, et al, £ J Radiol Infect 2011; 17: 1351-1389
2012; 81; 197-202




Aspergillus sensitisation

* Pre ABPA (mancano i criteri
sufficienti)

e Reattivita cutanea o RAST + verso
Aspergillus spp.

* Puo essere associata a comparsa di
bronchiectasie

Sensibilizzazione

* Prevalenza in asma del 6.5%, in FC
del 35%

 (Calodel FEV-1in FC (Baxter et al
2013)




ABPA

ABPA

Condizioni cliniche predisponenti:
— FC o Asma

Criteri necessari (entrambi +)
— IgE totali > 1.000 IU/mL
— IgE specifiche elevate oppure skin test +

Criteri aggiuntivi (2 su 3 +)
— Precipitine o altre I1gG
— Eosinofilia periferica > 500/uL
— Imaging toracico suggestivo

Agarwal R, Chakrabarti A, Shah A et al
Clin Exp Allergy. 2013 Aug;43(8):850-73



Imaging in ABPA
.

Rx: Infiltrati che regrediscono
dopo terapia steroidea







ABPA

ABPA

3.10. How should fungal infections and severe/recurrent

Allergic Bronchopulmonary Aspergillosis (ABPA) be treated?

Treatment is with oral prednisolone plus/minus antifungal
therapy [17].

AR. Smyth et al. / Jowrnal of Cystic Fibrosis 13 (2014) §23-S42



ABPA

P ~N Table 1 Relevant data and genetic findings in 18 adult patients with allergic bronchopulmonary
aspergillosis (ABPA)
A weat
Subject no. (y?ars)' Gender (sﬂ‘) (mmold) B¢  CFTR mutations
Princeps s(udyz t Current study
1 30 M 17 + F508del F508delD1152H
6 30 M 32 + L997F/L997F
7 74 M 34 ~ G576A/D443Y—R66BC
8 55 M 36 + R1070W/3659deiC
2 65 M 33 + FS08del F508de!
3 64 M + G542X G542X
4 58 F + R117H R117H
5 63 F NA - 1M7-16—A 1717-1G—A
9 59 F 14 + R750
10 47 F 19 + L9678
ABPA 1 68 F 21 + N77F
12 67 F 34 — V1153E
13 46 F NA -
14 60 F 37 -
15 84 M 23 =
16 79 F 40 +
17 63 M 15 -
18 58 M 13
“In 1897.
\_ J tinvestigated set of mutations: FS08 del, G542X N1303K, R117H, 621+1G—T, R334W, AI507, W1282X, R553X, R1162X
17117—-1G— A, G551D, 3849 +10kbC—T; BC: bronchiectasis (high-resolution CT scan).
CFTR, cystic fibrosis transmembrane conductance reguiator; F, female; M, male; NA, dedined sweat testing.

Lebecque P, et al. Thorax 2011, 66: 540-41



CPA

) ESCMID/ERS /ECMM guidelines IDSA guidelines
(1) One or more All present (1) Three month of chronic
cavities with or for =3 pulmonary symptoms or
without a fungal ball maonth® chronic illness or progres-
present or nodules zive radiographic abnormali-
on thoracic imaging” ties, with cavitation, pleural
thickening, pericavitary
infiltrates, and sometimes a
fungus ball
(2) Direct evidence of (2) Aspergillus |gG antibody
CPA Aspergillus infection elevated or other microbio-
or an immunological logical data
response to
Aspergillus spp.”
[ (3) Exclusion of ] {3) Mo or minimal immuno-
alternative diagnosis compromise, usually with
one or more underlying
J pulmaonary disorders

Paterson et al. CID 2016

Denning et al. Eur Respir J 2016; 47: 4568






CPA

CPA

Deterioramento clinico

Aspergillsu spp ripetutamente isolato
Nessuna risposta a terapie antibiotiche
IgE < 200 KU/L

Nessuna evidenza di nuovi infiltrati

Risposta ex-juvantibus

Brandt T, et al. Mycopathologia (2018) 183:61-69



Aspergillus Bronchitis in Patients with Cystic Fibrosis

1. data of the German Cystic Fibrosis Registry were used to 32 5%
evaluate the frequency of Aspergillus colonization in patients ]
with CF (n = 2599). colonization
2. aretrospective analysis of 10 cases of Aspergillus bronchitis
was performed to evaluate longitudinal data for lung function ﬂo@
and clinical presentation parameters: sputum production,

cough and physical capacity.
N
3. A aprospective cohort study (n = 22) was conducted to
investigate serological markers for Aspergillus bronchitis: total 9%
serum IgE, specific serum IgE, specific serum IgG, as well as
sputum galactomannan, real-time PCR detection of Aspergillus
DNA in sputum and fungal cultures.

Brandt T, et al. Mycopathologia (2018) 183:61-69




Aspergillosi invasiva

Condizione rara in FC pre LTX

Possibile riscontro in ICU (end stage FC)

1A Rischio IA > 4 vv nel colonizzato post LTX




BSI in Fibrosi Cistica

Analisi retrospettiva Centro pediatrico e Centro adulti di Leeds 1998-2006
1691 emocolture

57 clinicamente significative (3,3%) in 48 pazienti (di cui % adulti)

82% CVC relate

Candida spp 17%
= CoNS m Candida spp m S. maltophilia
S. aureus m Corynebacterium spp m P. aeruginosa
B Acinetobacter spp M Burkholderia spp W altri

Cargill J, et al. Journal of Cystic Fibrosis 11 (2012) 337-339



Exophiala dermatitidis

‘Black yeast’

Prevalenza bassa in Francia e USA, piuttosto elevata nei Paesi Scandinavi,
Belgio e Germania tra FC

Lunghi tempi di crescita

Procedure non standardizzate

Patogeno nel soggetto immunocompromesso

Possibile trigger nella diagnosi di FC/CFTR related disease




Scedosporium apiosmermum/
Lomentospora prolificans

Puo causare sinusiti, micetomi, polmoniti necrotizzanti e
infezioni disseminate in immunocompromesso in non FC

In FC 2° fungo filamentoso piu frequentemente isolato

Tendenza a cronicizzare

Solitamente isolato dopo Aspergillus (e trattamento con azoli)

Possibile impiego di terreno selettivo SceSel+

Possibile ruolo in ABPM




Interazioni farmacologiche




latrogenic adrenal insufficiency as a side-effect of combined
treatment of itraconazole and budesonide

» pazienti FC con ABPA sottoposti a terapia con itraconazolo (400-600 mg/die) +
budesonide inalatoria (800-1600 mcg/die) verso itraconazolo

* 11/25 hanno sviluppato insufficienza surrenalica, di cui una Sindrome di
Cushing, 0/12 nel gruppo itraconazolo.

* Nessun caso di insufficienza surrenalica in gruppo di controllo retrospettivo di
30 pazienti.

e Lafunzione surrenalica € migliorata (ma non normalizzata) in 10/11 pazienti
FC nei 10 mesi dopo l'intervento.

Skov M, et al. Eur Respir J 2002; 20: 127-133



lvacaftor interazioni

Drug name/class

Mechanism of
interaction

Effect of interaction

Suggested intervention

Azole antifungals (itraconazole.
ketoconazole, voriconazole.
posaconazole)

Fluconazole

CYP3A4 inhibition

CYP3A4 inhibition

Increases ivacaftor
exposure

Increases ivacaftor
gxposure

When used in combination, decrease
ivacaftor dose to twice weekly

When used in combination, decrease

ivacaftor dose to daily

Macrolides (erythromycin,
clarithromycin)

Rifampin/rifabutin

Immunosuppressants (cyclosporine,
everolimus, sirolimus, tacrolimus)

Benzodiazepines (midazolam)

Ibuprofen

CYP3A4 inhibiton

CYP3A4 induction

CYP3A4 inhibition

CYP3A4 inhibition

CYP2C9 inhibition

Increases ivacaftor
exposure

Decreases ivacaftor
exposure

Increases
Immunosuppressant
levels

Increases
benzodiazepine
exposure

Increases ibuprofen
exposure

When used in combination with erythromycin.
decrease ivacaftor dose to daily. When used
in combination with clarithromycin.
decrease ivacaftor dose to twice weekly

Does not apply to azithromycin

Avoid combination

Monitor immunosuppressant levels; will
likely require decreased
immunosuppressant doses

Consider an altemative agent; monitor for
toxicity

Recommend checking levels 2-4 weeks after
initiation; may require lower doses

Jordan et al. Pediatric Pulmonology 51:561-S70 (2016)



s Jvacaftor/lumacaftor interazioni

Mechanism of

Drug name/class interaction Effect of interaction Suggested intervention
Azole antifungals CYP3A4 induction and  Decreases azole levels Avoid when possible; azoles likely to be
(fluconazole, itraconazole, inhibition' ineffective
ketoconazole, voriconazole,
posaconazole)
Increases lumacaftor/ivacaftor If starting lumacaftor/ivacaftor in patient on
exposure azole already. start with one tablet daily for
I week. then increase to recommended daily
dusc
Benzodiazepines (midazolam) CYP3A4 induction Decreases benzodiazepine Consider an alternative agent
exposure
Macrolides (erythromycin, CYP3A4 induction Decreases macrolide exposure If initiating lumacaftor/fivacaftor in patient on
clarithromycin) clarithromycin, start with one tablet daily for
I week. then increase to recommended daily
dose
Increases lumacaftorfivacaftor Does not apply to azithromycin'
exposure
Rifampin/rifabutin CYP3A4 induction Decreases lumacaftor/ivacaftor Avoid combination
exposure
Immunosuppressants CYP3A4 induction Decreases immunosuppressant Avoid combination; will require increased
(cyclosporine. everolimus. levels immunosuppressant doses
sirolimus, tacrolimus)
Corticosteroids CYP3A4 induction Decreases steroid exposure Monitor for effectiveness: may require higher
steroid doses
Proton pump inhibitors CYP2C19 induction Decreased PPI exposure Monitor for effectiveness
(omeprazole, lansoprazole,
pantoprazole)
H,-receptor antagonists CYP2C19 induction Decreased H2-receptor Monitor for effectiveness
(ranitidine, famotidine) antagonist exposure
Hormonal contraceptives Decreased contraceptive Avoid if possible; hormonal contraceptives
effectiveness should not be relied upon as sole method of
contraception
Increased menstrual abnormality Applies to orul. injectable, transdermal. and
events implantable contraceptives
SSRIs (citalopram, CYP2C9 induction Decreased SSRI exposure Monitor for effectiveness; may require higher
escitalopram. sertraline) SSRI doses
Ibuprofen CYP2C9 induction Decreased ibuprofen exposure Recommend rechecking levels 2-4 weeks after

initiation: may require higher ibuprofen doses

'Lumacaftor/ivacaftor is an inducer/substrate and the azoles are inhibitors/substrates.

Jordan et al. Pediatric Pulmonology 51:561-S70 (2016)



Conclusioni

La colonizzazione da Aspergillus fumigatus € la condizione piu frequente in FC e non prevede trattamento

Possibile riscontro di Aspergillus fumigatus resistente agli azoli (soprattutto TR34/L98H)

Varie forme di malattia da Aspergillus spp in FC talvolta sovrapposte

ABPA prevede terapia steroidea e in casi cautamente selezionati terapia antifungina

CPA ha prevalenza non nota (stimata 1-9%) e la diagnosi necessita di importante sforzo diagnostico

Ruolo degli antigeni non chiaro

Interazioni steroide /azoli e tra lumacaftor e ivacaftor /azoli

Riscontro di funghi rari e resistenti non cosi infrequente ma da considerare in casi particolari

La candidemia é la seconda causa di BSl in FC




Grazie per I'attenzione




