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AMBIENTE E FUNGHI FILAMENTOSI
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Journal of Medical Microbiology (2014), 63, 464—470

Environmental contamination by Aspergillus spp. In
laying hen farms and associated health risks for
farm workers

Claudia Cafarchia,' Antonio Camarda,' Roberta latta,’ Patrizia Danesi,

Vincenza Favuzzi,' Giancarlo Di Paola,' Nicola F"ug]iese,1 Anna Caroli,’
Maria Teresa I‘u.ﬂmw’tagna‘3 and Domenico Otranto’

Samples Positive/total (%) Population (sp)°
Group [ (ar samples) 30/57 (52.6) 670 (152.7)°
Group II (pooled faeces) 38/69 (55.1)° 1.2 % 10* (38249)*
Group 111 {poultry 6/19 (31.6)° 1.9 x 10° (3640)°
feedstuffs)
Group IV (farm workers) 11/60 (55.5) 29 {21Y
Pharyngeal swabs 1/20 (50

Nasal swabs 8/20 (40)" 3.4 (2.8)

Ear swabs 7120 (35)° 2.7 (L7)

Nessuna aspergillosi nelle galline.

Si la colonizzazione umana Aspergillus fumigatus 27.3 %

Aspergillus flavus 6.3 %



..... ¢ 1n altr1 ambienti
Aspergillus sydowii

Aspergillosi del ventaglio del mare (Gorgonia) causata da un fungo tipico
del terreno. Gli epizootici sono associati a temperature calde anomale del
mare.

Kim, K.& Harvell, C. D. The rise and fall of a six-year coral-fungal epizootic.
Am. Nat. 164, S52-S63 (2004)



Funghi usati nella lotta biologica

60 prodotti di biocontrollo, tra cui 38 specie di funghi, sono stati sviluppati e utilizzati

come agenti di biocontrollo contro 1 parassiti

Trichoderma harzianum, 1. polysporum, T. viride
Paecilomyces fumosoroseus, P. lilacinus,
Verticillium/Lecanicillium lecanii,

Acremonium

Ulocladium oudemansii, U. atrum

Beauveria bassiana

» Lecanicillium isolato da BAL da
pz FC e Tx polmone

» Paecilomyces lilacinus da umor
vitreo per cheratite



Emerging fungal threats to animals, plants and ecosystem health

Fisher MC et al., Nature 2012

Percentage of total alerts

Emerging infectious diseases caused by fungi

Fungal diseases occurred worldwide
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Emerging fungal disease threaten food security

Crop 2009/2010 Calories per Disease/Pathogen and  Loss of food*
Host species harvest (million 100g Mour (un-  variation in % losses for x million
tonnes) cooked) over 1 year,
glven diet of
2,000 calories
per day

> Perdlta del 20- 30% delle colt1vaz1on1
» Calo qualita dei prodotti

- » Aumento micotossine
> Dlmmuzmne della swurezza del 01b0

fr.l-r food 5 ?F.li"fﬁu

Soybean 2372 harvestbut 372 Phakospora pachyrhizi 75 o 600
148* for food 10-80%

M. Fisher TIMM 2013




FUNGICIDI in uso in agricoltura

Classificazione della Commissione Comunita Europea (11/12/2006)
Inorganici: zolfo, rame
Carbammati e ditiocarbammati

Benzimidazoli

Imidazoli e triazoli: difenoconazolo, epoxiconazolo, fenbuconazolo, flusilazolo,
exaconazolo, propiconazolo, tebuconazolo, tetraconazolo

Morfoline

Altri: azotoalifatici, ammidici, anilidici, aromatici, dicarbossimidici, dinitroanilinici,
dinitrofenolici, fosforganici, ossazolici, fenilpirrolici, ftalimmidici, pirimidinici,
chinolinici, chinonici, strobilurinici



Volume of active ingredients sold in EU

ECPA Statistical Review 2013
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ITALIA

Andamento del consumo di fitosanitari e
fungicidi (principi attivi in Kg), 2003-2015
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Utilizzo prodotti fitosanitari in differenti coltivazioni (dati ISTAT)

Fungicidi* — —
. |Fungicidix Larao impiogo dei triazoli anche per

Mais (2007)
Avena (2003)
Orzo (2003)
Ulivo (2011)
Vite (2015)
Patata (2013)

No
. = Barbabietola da zucchero
(0]
No =  QOrticole
Si 55% No = Fruttiferi (pomacee e drupacee)
Si193% Si10,12%
Si71% S10,21%

Frumento tenero
(2008)

Frumento duro
(2008)

Pomodoro
(2012,2014,2015)

* 9 della quantita di fun

Numero di applicazioni di fungicidi per stagione
= Cereali: 0-4

=  (Colza: 0-2
=  Patate: 5-10
=  Mele: 8-15

Nistrup Jorgensen L., TIMM 2013




FUNGICIDI AZOLICI

Vantaggi

= costo relativamente contenuto

= ampio spettro d1 attivita

= persistenza nell’ambiente (uso prevenzione e trattamento)
Svantaggi

tetraconazolo e flusilazolo
potenziali effett1 nocivi sul sistema endocrino

\ 4

limitazioni nell’uso
eventuale fuoriuscita dal mercato dei fitofarmaci

Direzione Generale Ambiente Commissione UE (2006 e 2009)



Ottobre
2014
COLDIRETTI

IL RUOLO DEI FITOFARMACI A BASE DI AZOLI NELLA DIFESA FITOSANITARIA DI
ALCUNE COLTURE DELL'AGRICOLTURA ITALIANA ED EUROPEA.

Fuoriuscita dal mercato dei fitofarmaci a base di azoli

" svantaggio concorrenziale

= diminuzione delle rese € della disponibilita totale della
produzione

= aumento dei1 prezzi e della volatilita de1 prezzi

= peggioramento della qualita del prodotto con implicazioni
di1 natura commerciale (caratteristiche organolettiche e
aspetto) e sulla salute umana e zootecnica (micotossine)



1947
Faclobutrazole

1906
Bromuconazole

1885
Pyrimethanil
1964
Difenoconazole
Epoxiconazole
1978 1088
Imagzilil Triadimenol 1993
Imazamethabenz-methyl
1875 g?;chmraz Myclobutanil
Benomyl Nuarimol
Thiophanate-methyl 1688
Penconazole 1992
1973 Cyproconazole 2005
Carbendazim P Fenchlorazole-ethyl Fenamidore
Fuberidazole Bitertanol Triflumizole Metconazole
Thiabendazole Fenarimol Tebuconazole Prothioconazole

1470 1980 1890 2002 _
Amitrole Triadimefon Fropiconazole Cyazofamide

1970 1980 1990 2000 2010

Yea)

Overview of compounds by year of authorization by the Dutch Board for the
Authorization of Plant Protection Products and Biocides

Snelders E et al PlosOne 2012.



Resistenza ai triazoli 1n A. fumigatus

* Problema rilevante

* La maggioranza dei casi ¢ stata evidenziata negli ultimi

quindici anni con aumento della frequenza negli ultimi

anni *
* Dafficile-
« Siainpaz” I I | -1 pazienti naive

(58]}
154 1995 ES9a 1947 (956 1995 MO 2000 AMIE 3000 SOid 200G A00h MY

* Snelders, Plos Med 2008, 5:1629; Snelders, Appl Envir Microb 2009, 75:4053; Mortensen, AAC 2010,54.: 4545



Sviluppo di resistenza ai triazoli 1n A. fumigatus

Fungicidi triazolici
in agricoltura

Antifungini
triazolici in
terapia

G54E/K/R/V/W

G138C/R TR34/1.98H
M2201/K/R/T/V/W TR46/Y121F/T289A
G448S
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Journal of Hazardous Materials

journal hnmupuqu: www.elsevior.com/locate/jhazmat

Fungicides induced triazole-resistance in Aspergillus fumigatus @cmm
associated with mutations of TR46/Y121F/T289A and its appearance
in agricultural fields

Jingbei Ren, Xiangxiang Jin, Qian Zhang, Yuan Zheng, Dunli Lin, Yunlong Yu*

Susceptibility and the mutations of the induced resistant A fumigarus to VRC, ITZ and POC after the gradually exposure to the triazole fungicides.

Strain MNo. Strain Mo. after induction Substrate Imitial MIC (mgl ') Final MIC (gL'} Original Mutations? Induced Mutations®
VRC iz POC VRC Iz POC

53 53R1 epoxiconazole 025 0.25 0015 2 4 .3

S53R2 tebuconazole 025 0.25 0.015 16 2 | TR45/Y121F/T2834A
58 5BR3 propiconazale 025 0.125 0125 16 1 | TRAG/Y121F/T283A
512 512R1 epoxiconazole D.25 0.125 0.03125 15 | 0.25 M24EBK AZBAT

51213 propiconazole 0.25 0.125 003125 g 4 0.5 MN24BK 4485

51214 hexaconazole 025 0.125 003125 g 3 | M248K
514 514R1 gepoxiconazaole 0.25 0.125 00625 15 4 0.3 P2220Q

514R3 propiconazole 0.25 0125 0.0625 | 0.5 0.5

514R4 hexaconazole 0.25 0.125 00525 2 | |

51485 flutriafol 025 0.125 00625 16 0.5 |
515 S515R3 propiconazole 025 0.25 003125 g ] |

S515R4 hexaconazole 025 0.25 0.03125 g B 1 TR45/Y121F/T289A
516 S16R1 epoxiconazole 025 0.25 0.0625 g 8 1 TRASY121F/T2594A
517 517R1 epoxiconazole 025 .25 00625 4 3 1

517R6 metconazole 025 0.25 0.0825 4 2 0.3 TRAG/Y121F/T2839A
518 S1BRE metconazole 0.25 0.25 0.0625 4 | 0.5 TR45/Y121F/T2894A

4 the ariginal point mutation in cyp51A gene of the susceptible strains before the gradual exposure to the triazole fungicides. It was detected with the method mentioned
in the section of material and methods.
b the mutations in cyp51A gene of the induced resistant A fumigatus after the gradual exposure to the triazole fungicides.

Journal of Hazardous Materials (2017): 54—60



Diversa mutazione in cyp) /A = Diversa resistenza agli azoli ??

Codon  Amino acid substitution Azole phenotype
(non=-synony s and
SOV ITOLES ) ITZ POS VOR
Hotspot mutations (mutations (G54 E R STR S
commonly found in azole
resistant solates and K B A A
confirmed by vartous R 2 R 3
analyses (see text for details)
W B 'R 5
W R | 14 5
L98 H* R SIVR 'R
® R I S
Q" R I I
R" R I I
' R I S
G138 L R | 14 R
R 5 5 R
M220 1 4 SR =
K 14 'R SR
R R 'K 51
T R STR 5MR
W B 'R 5
W B R MA
G431 L 'R SR SR
Cid4s = R 'R R

Stensvold CR et al Curr Fungal Rep 2012



A. FUMIGATUS AZOLO RESISTENTE NELI’AMBIENTE IN ITALIA

Euro Surveill. 2014;19(12):pii=20747
Azole-resistant Aspergillus fumigatus in the

environment of northern Italy, May 2011 to June 2012

A Poagitans’, V Wanier', M Cagliatr, G De Lersarin’, M C (aposto’, A M Tartorans (Snnamaiis derionenoganimd it)

@® Vineyard
® Apple orchard
@ Cereal field

3 @ Cucurbit field
' Hospital garden
Milan : \ @ Public garden
0.° o o venge @ Pot compost®
o %¢°® ’
Turin @ Compost from garden centre
* ‘e
&
Isolate SAMBLE SouUfeE MIC (mg/L) determined by EUCAST MIC (mg/L) determined by Etest ML I Cypis LA
number ITZ* POS® VRC? ITZ2 POS® VRC?
11-0087A Rose pot compost >16 1 2 »32 1 1 TR34/L98H
11-0088E Rose pot compost >16 2 1 16 0.5 1 None
11-0099A Cucurbit fields >16 2 2 »32 1 2 TR34/L98H
11-0104A Cucurbit fields >16 1 2 »32 0.5 2 TR34/L98H
11-0104B Cucurbit fields >16 1 2 »32 0.5 2 F46Y; M172V; N248T; D255E
11-0104D Cucurhit fields »16 1 2 332 1 1 TR34/L98H
11-0317C Cucurhit fields 16 2 2 »32 0.5 0.5 TR34/L98H
11-0317D Cucurhit fields 16 1 1 332 0.5 1 TR34/L98H
11-0396 Apple orchard 16 2 2 332 0.5 1 TR34/L98H




A. FUMIGATUS AZOLO RESISTENTE NELI’AMBIENTE IN ITALIA

2011-2017

TR,,/L9SH mssp 37

G54E mam) | (vigneto)
FA6Y; M172V; N248T; D255E w1 (cucurbitacee)
Nessuna mutazione associata a Cyp51A mss) 1 (compost per rose)

17,5% campioni positivi per A. fumigatus resistente

16,1 % Nord
15,2 % Centro

2412 %Sud

Prigitano A., J. Global. Antimicrob. Resist. (article in press)



A. FUMIGATUS AZOLO RESISTENTE NELLAMBIENTE IN ITALIA

Sensibili ()
as Resistenti @
35
30
20

10

) ‘%f.gj : * %ﬁ _ SO Altri*
*Erbe offi¢ |nali, erba medica, taflacco
Triazoli (14/14)
Triazoli (2/4); Triazoli (3/4); Nessun trattamento ?

altr1 fungicidi altri fungicidi
(2/4) (1/4)



CEPPI CLINICI 1995-2006

533 ceppi clinici di 4. fumigatus isolati da 441 pazienti

Resistance
Isolates
31/448 (6.9%)
Patients
24/378 (6.3%)

04-00 D

01-03 MY -
-
I

98-00

95-97

0% 5% 10%

TR,,/L98H m===) 21 ceppi (da 17 pazienti)

G54E mmmm) 7 ceppi (da 4 pazienti)

No mutazione

in CypS1A mmms) 2 ceppi (da 2 pazienti)

Lazzarini C. Antimicrob Agents Chemother. 2015 Nov 9;60(1):682-5
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ELSEVIER Journal of Cystic Fibrosis 16 (2017) 64— 69

Original Article
Trazole resistance in Aspergillus fumigatus isolates @
from patients with cystic fibrosis in Italy

Anna Prigitano ®, Maria Carmela Esposto *, Arianna Biffi °, Gabriella De Lorenzis €,
Vincenza Favuzzi ©, Raffaella Koncan ©, Giuliana Lo Cascio ', Marisol Barao Ocampo &

a

= = 1 S . : : i \ S0 ra a,
Carla Colombo ", Giovanna Pizzamiglio ', Luisa Romano *, Anna Maria Tortorano **

423 ceppi di 4. fumigatus da 220 pazienti

Centro FC Ospedale di Verona: nessun resistente
Centro FC Policlinico di Milano: prevalenza 8.2%

MIC {mg/L) ELICAST

Apre Sumple . cypSid
; date Antifungal ITZ VRE P57 ISZ
Paticnt (¥riWsex  Isolated# {d/imivy treatment alteration
| 22/M 1 A-0HaS A 270114 ITZ =16 2 | 4 { L9sH)
| 4-0006/5 =16 F 3 I A
1 4-0006/C =16 2 | 4
1 4-00%6/ A 1.35/00w 15 I'TEL =10 2 | 4
14-00%6/18B =16 2 | 4
18 =0 G =14 2 | A

2 35/F 14-0042 17/03/14 ITZ ~16 | I 4

3 20/F 14-007 1 14/05/14 None 16 1 0.25 4

4 3 14-0198 17/09/14 1Tz =16 4 i 16
4

5 20/F 14-0159%9 2209414 none 2

s 22/M 14-0215 14/11/14 none =16 1 1 02589 F219D

7 A6/M 14-0218 1411714 fREaIAled =16 2 I

--
8 L1F 15-0055 22/04/15 ITZ 4 I 025 4




Cepp1 pazienti FC =
E#S5

VS Ceppi [ ws ] | Pt #3 1dentical genotype

ambientali ﬁ Pt #3 Pt & E: ~ identical genotypd

= Pt & E: identical genotype

11-00344,

No azole tx

14=0271

———————— 11-0088E

_14.0—.93 (Pt. # 4) . K
i — « Pt & E: = identical genotype

11=0104E

11-0036C

—
1a0131% (Pt #7)

1-01045

e

14-0196

140215~ (Pt. # 6)

—

i Pt & E: ~ identical genotype | NO azol.e tx
o Gardening

11-0317D
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Figure 1. Dendrogram of microsatellite genotvping analysis of environmental and clinical (bordered) A.
Jumigatus isolates. The percentage of dissimilarity among the genetic profiles is indicated along the

horizontal axe (distance matrix generated by GenAIEx 6.5). * isolate with the F2191 substitution; §
susceptible isolate.

Prigitano et al J Cystic Fibrosis 2016



Home Environment as a Source of i )
Life-Threatening Azole-Resistant Ambiente domestico come

Aspergillus fumigatus in sorgente di infezione
Immunocompromised Patients
Rose-Anne Lavergne,'? Taieb Chouaki® Ferry Hagen,! Bénédicte Toublanc,®

Hervé Dupont,*’ Vincent Jounieaux,® Jacques F. Meis,"® Florent Morio," and
Patrice Le Pape'

Table 1. Description of the Localization of Sampling and Resistance Investigation Results

Sabouraud ltraconazole 4 mog/lL  Vonconazole 4 mgfL STRAf Genotyping
Mo. of No. of Mo. of
Mo. of Positive Positive No. of Positive Mo. of No. of

Location Samples Samples Samples Colonies Samples Colonies CYPS14AMutations™ |solates® 2A 2B 2C 3A 3B 3C 4A 4B 4C
Barley field 2 2 0 1 5 TR/ 08H 4 M 20 7 31 11 1@ 8 14 20
Corn figld g 5 0 0

VWhaat Treld B i [£] ]

Garden 11 3] 2 =10 2 =10 TR4a/Y121FT2894A B 10 20 12 43 B 11 12 9 20
Living room o L§]

Badroom 2 1 1 =10 1 >10 TR.a 121FT2B3A B 10 20 12 43 B 11 12 820
Bathroom 3 1 1 4 1 9 TR/ 121F/T2804 5 10 20 12 &3 B 11 12 89 20
Basament 2 1 1 =10 1 =10 TR 121FT2804 5 10 20 12 43 B 11 12 9 &
Clinical isolate 1 TR 121FT2804 | 10 20 12 43 B 11 12 8 20

“ Up to B colonas per sample were subgected to CYPSTA gene ard s promoter sequancing

¥ Ganotyping was restncted 1o maolates growang on Sabouraud sgar plates supplemented with vonoonazole.

CID 2017:64:76-78



o _ . . CID 2018
Investigation of the Relationships Between Clinical

and Environmental Isolates of Aspergillus fumigatus by
Multiple-locus Variable Number Tandem Repeat Analysis
During Major Demolition Work in a French Hospital

Sophie T. Loeffert,' Elise Melloul,” Marie-Paule Gustin,’ Laetitia Hénaff,' Chloé Guillot,> Damien Dupont," Martine Wallon,’ Pierre Cassier,’
Cédric Dananché,"® Thomas Bénet,” Francoise Botterel,” Jacques Guillot,? and Philippe Vanhems'®

3885 campioni aria: (outdoor e indoor)

<

383 1solati ambientali di 4. fumigatus

_I_

11 isolati clinici da 9 pazienti

O Isolate collected outdoors B
[] 1solate collected indoors " i
Chnical isolate
s Nedical Units (ML)
e [ntensive Care Units (IC17)
Kidney and Pancress Tranplantation (KLT) amit
w— Demolition site



Analizzati 234 genotipi

*e

Clinical isolates
B Probable 1A (n=2) (AF-B, AF-H)
Possible IA (n=2) (AF- AI AF-A2)
Colomization (n=7) (AF- C AF-F1, AF-F2, AF-J. AF-K. AF-L)

Environmental isolates

Outdoor s(n=229)
I‘]N\f (1= 1 l




Date of isolation

03/04/15
03/04/15

ICU-1

MU-3

/
it y
MU-2
3 || 03/23/15 L -
4 || 03/31/15 &/ \ v
| 5 || 04/28/15 .
() 0512115 trn "
9 S
05/18/15 i i
05/29/15 . ; = JCU-4
Clinical sample AE-F1 _! ol
06/04/15 ~ o -
06/09/15 N0 B | S Sbis
} 06/15/15 Isolate co outdoors SN '
4 e collected indoors
07/06/15
g Clinical isolate o
(13) 07/15/15 _
}, < wess Medical Units (MU)

s Intensive Care Units (ICU)
w Kidney and Pancreas Tranplantation (KLT) unit
w===_ Demolition site

Possibile origine nosocomiale di 4. fumigatus



CONCLUSIONI

» Origine dell’infezione da Aspergillus:
- ambiente naturale
- ambiente domestico
- ambiente ospedaliero

> Problema resistenza ai triazoli

- presenza anche 1n Italia di ceppi clinici e ambientali di
A. fumigatus resistenti ai triazoli (mutazione TR34/L98H
dominante)



CONCLUSIONI

» Necessaria una sorveglianza della resistenza tramite saggi di
sensibilita in vitro nella pratica di routine dei laboratori di
diagnostica clinica

»> Necessaria la sorveglianza della resistenza antifungina anche in
ambito ambientale

» Necessaria una riduzione dell’uso in agricoltura di fungicidi triazolici

* 1ncrementando la ricerca su fungicidi alternativi

= evitando I'impiego in agricoltura di future nuovi classi di
antifungini ad uso clinico

* riducendo I'uso di azoli nella produzione di colture non
alimentar1 (produzione di tulipani)



