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Estimated annual case load of fungal infections in Italy

Infection Number of infections per underlying disorder per year Rate/100K Total burden
None HIV/AIDS Respiratory Cancer ICU HSCT

Superficial fungal infections

Tinea pedis 16,606,000 27,222 16,606,000

Tinea capitis 610,000 1003° 610,000

Onychomycosis 7,929,000 12,990 7,929,000

Total superficial 25,145,000 41,221 25,145,000

Invasive fungal infections

Recurrent vaginal candidiasis 1,580,241 25907 1,580,241
(4x</year +)

Oral candidiasis = 1763 1,066,031 1750 1,067,794

Oesophageal candidiasis 1413 2.3 1413

Candidemia 13,351 2480 20 21.8 13,351

Candida peritonitis 2225 413 3.6 2225

Cryptococcal meningitis 30 21 0.08 51

Pneumocystis pneumonia 300 450 1.2 750

Invasive aspergillosis 97 7295 1154 856 140 15.41 9402

ABPA 106,137 174 106,137

SAFS = = 107,997 178 107,997

Chronic pulmonary aspergillosis — — 2951 — — 4.85 2951

Chronic fungal rhinosinusitis 1,141,000 1870 1,141,000

Mucormycosis 12 5 00.2 12

Histoplasmosis — — — 5 0.01 5

Fungal keratitis 575 = = = = 0.94 575

Total invasive fungal infections 2,737,392 3603 224,380 1,067,673 3749 165 6617 4,033,904

Total fungal burden estimated 27,882,392 47,839 29,178,904

Abbreviations: ABPA, allergic bronchopulmonary aspergillosis; SAFS, severe asthma with fungal sensitization.
2 Rate in woman population.
b Rate in children population.

Gemelli From: Bassetti et al, J. Infect., 2017



Host-related factors

- Inherited immune defects
- Biological factors

- Underlying condition

- Conditioning regimen

- Previous fungal infection

!

Basic research and clinical trials have increased our under-

standing of the interplay between the fungus and the host

(Fig. I). More accurate diagnostic tools and effective antifun- Invasive fungal infection

- Prevalence

gal drugs have improved the prognosis for patients at high

risk of invasive fungal diseases. However, our efforts are

Antifungal therapy Fungus
- Spectrum of activity - Genus and species
- Prophylaxis - Acquired resistance

©2009 The Authors
Journal Compilation ©2009 European Society of Clinical Microbiology and Infectious Diseases, CMI, 15, 625-633
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MALDI-TOF
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Antifungal resistance detection Identification Typing
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Posteraro B, et al. Expert Rev Proteomics. 2013;10(2):151-64.
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MALDI-TOF for Candida auris

TABLE. Characteristics of the first seven cases of Candida auris identified in the United States—May 2013-August 2016

Isolation Site of C. auris
Patient  month/ year State isolation Underlying medical condition(s) Outcome®
1 May 2013 Mew York Blood Respiratory failure requiring high-dose corticosteroids Died
2 July 2015 Mew Jersey Elocd Brain tumor and recent villous adenoma resection Died
3 April 2016 Maryland Blood Hematologic malignancy and bone marrow transplant Died
4 April 2016 Mew York Blood Hematologic malignancy Died
5 May 2016 llinois Blood Short gut syndrome requiring total parenteral nutrition and high-dose corticosteroid use Survived
& July 2018 llinois Urine Paraplegia with long-term, indwelling Foley catheter Survived
7 August 2016 Mew York Ear Severe peripheral vascular disease and skull base osteomyelitis Survived
* Mortality was not necessarily attributable to C auris infection.
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Fig. 1 New cases of C auris per month. Total number of monthly new cases of C. auris are listed from the 1 Apiil 2015 to the end of July 2016
\

G—eme] || Morbidity and Mortality Weekly Report; November 4 2016: http://www.cdc.gov/mmwr/index.html/ [Accessed November 2017];
' Schelenz, et al. Antimicrobial Resistance and Infection Control 2016;5:35.
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Can Multidrug-Resistant Candida auris
Be Reliably Identified in Clinical
Microbiology Laboratories?
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TABLE 1 Bicchemical identification

ldentification according to:

kolate no. Spedies tested APl 200 A= BD Phoenixt Vitek-2c MicroScand
1 L. auris R. qlurtirnis C coremwmate T haemulonmi . fgvmaia
Z T aurns R. glutinis C hosmuioni T haermubonsi C. formata
3 L. auris R. qlurtirnis C hoeamoionil T haemulonmi . fgvmaia
E T aurns R. glutinis C hosmuioni T haermubonsi C fusitamige
5 L. auris R. qlurtirnis C hoeamoionil T haemulonmi C queilliermmondin
& L. aurs R. qlurtirnis T hoeamoifonin T haemulonmi C. favmuaia
7 T aurns R. glutinis C hosmuioni T haermubonsi C. guailliermmondin
= L. auris R. qlutirnis C hoeamoionil T haemuulomi C. parapsilosis
=} L. auris R. qlurtiris C hoeamoionil T haemulonmi C queilliermmondin
1o T aurns R. glutinis C hosmuioni T haermubonsi C. guailliermmondin
11 L ducbushoemuioni R. qlurtirnis C. parapsilosis T haemulonmi C queilliermmondin
12 L dunbushoemuioni R. glutinis C. porapsilosis T haermubonsi C. guailliermmondin
13 C haermuwkomii R. qlurtirnis C hoeamoionil C haemulonV K. ohrmerni C cotanumhahe
14 L dunbushoemuioni R. glutinis C. porapsilosis T haermubonsi C. parapsilosis
15 C haermuwkomii R. qlurtirnis Mone C haemulonV K. ohrmerni C. parapsilosis
TABLE 2 ldentification by MALDI-TOF M5
Bruker Blotyper Wikek-Ms
RUWOE Nbrary Direct exiraction (% dentiy)

Isolate FDO#& Hbrany direct on- Direct on-plate extractlon  Full-tube extracton

=8 Specles tested plate exiraction {score) [E=ata T =] {soorae) o= Mbrary RILMS Nbrarys

1 . auns Mo D= i guns {1.75] O ourds 2719 Mo I O oWNTE (9

2 . OunE Mo 1D Mo I L. oourds (2030 Mo I O owrs (9E]

3 O auns Ho 1D C auns {1.60] . ourts (204} Mo 1D C owris (95)

4 . auns Mo 10 C auns {1.73] O ourts [2.10% MO 1D C ouwrs (95)

5 . auns Mo 1D Mo I O ourls [1.95) Mo I O oWNTE (9

& . auns Mo 1D Mo I O ourds [1.97) Mo I C ownts (87

¥ . guns Mo 1D Mo I L. oourds (2050 Mo I O ouris (9590

B . aws Mo 1D i aues |1.73) O oaurs [1.950 MO D . ouTs (959

Q . auns Mo 1D Mo I O ourts 2 080 Mo I C ownts (93]

1a . auns Mo 1D i guns {1.75] O ourts [1.93) Mo I O oWNTE (9

11 C duobushoemolond O dusbushaemwlomy (2290 O duobushoemoionil {2285  Not tested Mo 1D Mo 1D

| I C duwobushoemoulony O duchushaemwlony (2190 C duobushoesmoions {2195  MNot bested Mo 1D Mo 1D

[ . haemuionil . hoemokony (2.39) i hoemurioni (2290 Mot bested . Froemuwionii (290 C hoemuioni (29

14 C duobushoemolond O dushushaemwlon? (237  C duobushosmoionil {227 Not tested Mo 1D C duobusiaaermulomil (94
15 . haemulion C hoemolony (2.21] iC hoemrionit [221) Mot tested . raemwioni (990 O hoemuionn (99
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The GRES (Gestione Rapida Emocolture Sepsi) study

N=743 N=197 N=233 N=313

Mean time to start antibiotic therapy (SD), days

Percentage of effective therapy at the start of
antibiotic therapy (SD)

Percentage of optimal therapy at the start of
antibiotic therapy (SD)

Mean duration of antibiotic therapy (SD), days

Mean length of hospital stay (SD), days

Died at 30 days, n (%)

0.70 (1.4)
92.6 (18.2)
62.2 (38.9)

19.3 (13.3)
26.5 (24.5)

118 (15.9)

0.92 (1.7)
93.9 (19.0)
59.0 (42.0)

21.9 (15.4)
29.7 (29.3)

31 (15.7)

0.71 (1.4)
91.4 (21.1)
51.9 (43.0)

19.3 (13.3)
26.8 (24.7)

39 (16.7)

0.55 (1.1)
92.6 (15.2)
71.9 (30.6)

17.7 (11.5)
24.2 (20.7)

48 (15.3)

0.37

<0.001

0.002

0.04

0.90

e Study Period 1: the ID physician was called by a ward physician when patients had positive blood cultures.
e Study Period 2: the ID physician were called directly by the microbiologist immediately after a pathogen was

isolated from blood culture.

e Study Period 3: the ID physician was called by the microbiologist immediately after a pathogen was

identified from the blood culture, and all cases were re-evaluated at bedside 72 h after starting antibiotic

therapy in order to optimize therapy

Gemelli

Murri et al., Diag. Microbiol. Infect. Dis., 2018



MALDI-TOF: Pros and Cons

 Pros  Cons
— Rapid (~ 5 minutes) — MALDI-TOF MS equipment is not cheap
— Inexpensive in terms of labour (~ 150,000 €)

and consumables

— High discriminatory power, accuracy, and
superiority over morphological analysis
and comparable to molecular identification

— Able to easily differentiate species that are
morphologically and phylogenetically — Apart from positive blood cultures and

similar to each other urine, MALDI-TOF cannot yet be used
directly on patient samples

— Molecular diagnostic techniques are still
required in cases for which no reference
spectra are present in the MALDI-TOF MS
databases at the time of analysis

— Also, the system is not able to identify the
presence of several different pathogens in
a sample

Gemelli

Posteraro B, et al. Expert Rev Proteomics. 2013;10(2):151-64.
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Fig 3. Forest plot of the pooled sensitivity and specificity of the BG assays for the diagnosis of IFDs.

. NPV: negative predictive value; PPV: positive predictive value.
Gemelli @ Hou TY, et al. PLoS One. 2015;10(7):e0131602.



B-d-glucan and procalcitonin for early diagnosis

100+

[CJBDG
EeCT
BMBDG + PCT

B0

« Positive predictive value (PPV) and negative predictive value
(NPV) for candidaemia of (1,3)-B-D-glucan (BDG) and
procalcitonin (PCT) considered both separately and in
combination (BDG+PCT)

« The reported PPV for candidaemia (also readable as NPV for
bacteraemia) was obtained when both markers were
concordant in indicating candidaemia (BDG =280 pg/ml and
PCT <2 ng/ml), while the reported NPV for candidaemia
(also readable as PPV for bacteraemia) was obtained when
both markers when concordant in indicating bacteraemia

PPV for candidemia (%) NPV for candidemia (%) (BDG <80 pg/ml and PCT 22 ng/ml)

60-

20=

Gemelli ~ Giacobbe DR, et al. Crit Care 2017;21(1):176.



Biomarker strategy for early detection of empirical
antifungal therapy

EAT initiation Randomization
L Inclusion period ._L EAT discontinuation * Prospective, randomised, controlled
single-center unblinded study,
Biomarkers strategy recocamndtion performed in a mixed ICU
i ¥ 4 « 110 patients were randomly assigned
i Stop Continue . . C.
5 AT EAT to a strategy in which empirical
' antifungal treatment duration was
Do D4 D7 D14 determined by (1,3)-B-d-glucan,
SN - mannan, and anti-mannan serum
U;E‘E: " “:Ef{ " assays, performed on day 0 and day
= i 4; or to a routine care strategy, based

on international guidelines, which

Routine strategy

recommend 14 days of treatment

Gemelli f@f Rouze A, et al. Intensive Care Med 2017 doi: 10.1007/s00134-017-4932-8. [Epub ahead of print].



Biomarker strategy for early detection of empirical
antifungal therapy

The primary endpoint of this study was the percentage of patients receiving early
discontinuation of empirical antifungal treatment, defined as a discontinuation, for reasons
other than death, strictly before day 7 after empirical antifungal treatment initiation.

Primary outcome

Early discontinuation of empirical 29 (54) 1(2) <0.0001
antifungal treatment

Secondary outcomes

Total duration of antifungal treatment 6 (4, 13) 13 (12, 14) <0.0001

No significant difference was found in the percentage of patients with subsequent proven
iInvasive Candida infection, mechanical ventilation-free days, length of ICU stay, cost, and
ICU mortality between the two study groups.

(_'J"efﬂ E:.‘I | | ﬁ Rouze A, et al. Intensive Care Med, 2017
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Impact of a diagnostics-driven antifungal stewardship programme
in a UK tertiary referral teaching hospital
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Figure 3. Total use of micafungin at Wythenshawe Hospital from April
2014 to December 2016. The black line is the linear regression trend line
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UHSM INVASIVE CANDIDOSIS IN CRITICAL CARE ALGORITHM

1. Persisting clinical signs of infection? > ND
Fever or other ongoing SIRS response especially if despite broad- Consider
spectrum antibacterials (#fluconazole prophylaxis) other causes
\ & reassess
v YES
' R
2. Host risk factors present? L3> NO
Steroids/immunosuppressives, Candida in clinical samples, TPN, Consider
unresolved abdominal sepsis, central venous lines, neutropaenia, other causes
haematological malignancy, renal support, burns & renssecs
N 7
V_YES 22 PROVEN INVASIVE
SUSPECTED INVASIVE CANDIDOSIS ? CANDIDOSIS ?
(sometimes referred to as “possible” or “probable” in other guidelines) i.e. isolation of Candido from a
* normally sterile site (blood
- ~ cultures, deep tissue specimen,
1. Send samples to microbiology i |
» 2 sets of blood cultures (with FAN bottle if on antimicrobials)
= Serum sample for beta-D-1,3-glucan test (Fungitell)
* Line tips when removed
1 * Infected tissue / pus if present .
\2
r N
2. Commence antifungal therapy
1% line: iv echinocandin (micafungin 100 mg OD (> 40 kg wt) or 2 mg/kg
rounded up to nearest 50mg OD (< 40 kg)
2" line and if echinocandin contraindicated (allergy, history of
echinocandin therapy): iv amphotericin B (AmBisome 3mg/kg od)
& Consult the Infectious Diseases team 5
) v
3. Review microbiology results at 48-96 hours
| NEGATIVE POSITIVE
(
Stop antifungals (I'reatmem of uncomplicated candidaemia is normally for two \
: weeks after the last positive blood culture
b B e Repeat blood cultures @ 48-72 hours to assess clearance
:fwl:‘c: muyrepeat bzl et Switch to oral fluconazole can be considered after 10 days if the
causative Candida Is susceptible to it.
Note: Negative beta-D-1,3-glucan . ) .
test m:se‘om andida eml:;? aerile Change lines & ensure no deep focus of infection
kﬂ" cultures are also negative ) Examine eyes to exclude endophthalmitis {at least one dilated
retinal examination) and cardiac valves for endocarditis {cardiac
REFERENCES: echo)

Cornely OA o1 ol ESOMID guideline for the dagnosis and
managemest of Cardlida dumenes 2012 Non neutropesic adult

patients. Clin Microbiol infect, 2012;18 Suppl 7:19-37.

Eguimasn P, Marchetti O. & (1-23) - D ghucan the masing ek freen
bedside acsesament 10 pre-srnptive thecapy of iavasive candidiass?

Note: Positive beta-D-1,3-glucan test alone is not an indication
for continued treatment /
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Performance evaluation of the (1,3)-B-D-glucan
detection assay in non-intensive care unit adult
patients

« Atotal of 1296 patients were studied.

« Of them, 100 patients (candidemic) were in the Group 1 and the remaining 1196 patients (controls)
in the Group 2.

« According to the above cutoff values, sensitivity (%) and specificity (%) of the BDG assay ranged
from 89.8 to 60.7 and 90.0 to 97.8, respectively, whereas the PPV (%) and NPV (%) ranged from
40.6 to 68.3 and 99.1 to 97.0, respectively

Table 2 Diagnostic performance of the BDG detection assay at different cutoff values

BDG test performance Values of BDG cutoff (pg/mL) used to calculate the indicated parameters
80 200 300 400 >500

Sensitivity (%) 21.0 76.4 68.5 64.0 60.7

Specificity (%) 87.7 94.9 96.1 97.2 97.8

PPV (5) 38.2 535 57.5 64.0 68.3

NPV (5) 99.1 98.1 97.5 97.2 97.0

Area under the ROC curve (95% CI) 0.89 (0.86—0.93) 0.86 (0.81-0.90) 0.82 (0.77-0.88) 0.81 (0.75-0.86) 0.79 (0.73-0.85)
Abbreviations: BDG. (1,3)-B-D-glucan: NPV, negative predictive value; PPV, positive predictive value; ROC, receiver operating characteristic.

Gemelli &

Murri et al. Infect. Drug Resist., 2018, in press
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ECIL guidelines for the diagnosis of Pneumocystis jirovecii pneumonia
in patients with haematological malignancies and stem cell
transplant recipients

Alexandre Alanio?!, Philippe M. Hauser?, Katrien Lagrou?, Willem J. G. Melchers*, Jannik Helweg-Larsen®, Olga Matos®,
Simone Cesaro?, Georg Maschmeyer®, Hermann Einsele?, J. Peter Donnellyl?, Catherine Cordonnierll*,

Johan Maertens!? and Stéphane Bretagne®! on behalf of the 5th European Conference on Infections in Leukemia
(ECIL-51), a joint venture of The European Group for Blood and Marrow Transplantation (EBMT), The European
Organization for Research and Treatment of Cancer (EORTC), the Immunocompromised Host Society (ICHS) and
The European LeukemiaMet (ELN)

Clinical no BAL neg PCP CAN be ruled out (AII)
suspicion of BAL possible . serum
PCP in non-HIWV | BG induced
IC patients Y po3 PCPor — = — = URS
Y other IFIs / sputum no
yes yes yes
L4
qPCR and IF qPCR and IF
I I
I | | | | | | |
qPCR - qPCR + qPCR + qPCR — qPCR - qPCR + qPCR + qPCR —
IF - IF+ IF - IF + IF - IF + IF — IF +
PCP CAM be PCP (AII) Provides Technicalby PCP CAMMNOT PCP (AIT) Prowvides Technicalby
ruled out (AIL) high level of ™, inconsistent e ruled out S high level of ™ inconsistent
/ suspicion of PCP *, Consider false+ (AIT) suspicion of PCP ., Consider false+
Considerations: *, of IF and/or Considerations: *, of IF andfor
" 1.Ahigh fungal load is %, TOlse-0f /" 1.Anighfungalloadis *\ O5e-of
suggestive of PCP, although q /" suggestive of PCP, although E‘q
) thresholds are not definitivelty ™ / thresholds are not definitively
defined defined
/2. For low fungal loads consider BG in ™,
serum to support the diagnosis

Ger‘ Figure 1. Flow chart for the diagnosis of Pneumocystis pneurnonia in non-HIV immunocompromised (IC) patients. Biological tests are highlighted indark
grey and recommendations in light grey. BG, B-o-glucan; A-II, level of recommendation; IFI, invasive fungal infection.



Comparison of plasma and serum beta-D-glucan performance using the
Wako assay In invasive fungal infections

Group (no.of patients) No. of paired Median BDG values (range) in samples of Pearson’s P-value
samples correlation
Plasma, pg/ml Serum, pg/ml
Candidiasis (10)" 30 70.1 (15.3-1633) 41.4 (12.8-1027) 0.9532 <0.0001
Aspergillosis (5) 13 103.3 (14.8-1215) 97.0 (14.9-1256) 0.9906 <0.0001
Pneumocystosis (3) 7 57.2 (16.3-1215) 50.8 (15.2-1378) 0.9870 0.0003
All groups (18) 50 78.2 (14.8-1633) 54.2 (12.2-1387) 0.9916 <0.0001

50 serum and plasma paired samples collected from 18 patients with IFls were tested.

Using the predefined cut-off value of 11 pg/mL, all samples in the three patient groups studied had a positive
BDG measurement by the Wako assay.

Although higher plasma median values were found, serum and plasma agreement was generally good.

This suggests that the Wako assay can be reliably used with the two sample types to detect BDG in patients
with IFI.

De Carolis et al. ECCMID, 2018



Performance evaluation of Fungitell and Wako tests in
detecting fungal infections

Test (cutoff) Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Fungitell (80 pg/ml) 90,5% 95,3% 93,2% 93,3%
Wako serum (7 pg/ml) 86,1% 95,8% 93,7% 90,6%
Wako plasma (7 pg/ml) 90,5% 98,5% 98,9% 87,8%
Wako serum (11 pg/ml) 75,2% 99,5% 99,0% 84,8%
Wako plasma (11 pg/ml) 78,9% 98,5% 98,7% 76,5%

328 serum and plasma paired samples collected from single patients were tested.
Among these patients there are 79 invasive Candida infections, 41 aspergillosis and 17
Pneumocystis jirovecii pneumonia.

The obtained results demonstrated a substantial similarity among the two methods, even
If the cutoff of 7 pg/ml seems to be able to better capture the studied fungal infections.

Sanguinetti et al. unpublished



IDSA Guidelines for the diagnosis and management of
aspergillosis

 If PCR assays are used, results should be considered with other diagnostic tests and the
clinical context (strong recommendation; moderate-quality evidence)

« Serum and BAL galactomannan (GM) is recommended as an accurate marker for the diagnosis
of IA in adult and paediatric patients when used in certain patient subpopulations
(haematologic malignancy, HSCT) (strong recommendation; high-quality evidence)

« GMis not recommended for routine blood screening in patients receiving mould-active
antifungal therapy or prophylaxis, but can be applied to bronchoscopy specimens from those
patients (strong recommendation; high-quality evidence)

« Serum assays for (1->3)-B-D-glucan are recommended for diagnosing IA in high-risk patients
(haematologic malignancy, allogeneic HSCT), but are not specific for Aspergillus
(strong recommendation; moderate-quality evidence)

« We recommend performing BAL in patients with a suspicion of IPA (strong recommendation;

moderate quality evidence)

BAL: bronchoalveolar lavage; HSCT: haematopoietic stem cell transplant; IA: invasive aspergillosis;
. . - IPA: invasive pulmonary aspergillosis; PCR: polymerase chain reaction;
(_J'em el II Slide courtesy of A. Busca; Patterson TF, et al. CID 2016;63:433-42.



Effect of anti-mould prophylaxis on serum galactomannan

Table 5. Performance of the Serum Galactomannan Assay in
High-Risk Patients Receiving Effective Antimold Prophylaxis

Evaluable episodes®, No.
GM test results”
True positive, No. (%)
True negative, No. (%)
False positive, No. (%)
False negative

2 In patients under

5 (2.3) . . )
5 539, prophylaxis with mould
30 (13.8)

active antifungal drugs GM

100° 70¢

Sensitivity, %
oot o e o test should be used as a
Scenario 1: GM screening of all cases®
Megative predictive value, % 100° 99 .4° D IAG N OSTI C TEST d nd nOt
Positive predictive value, % 11.8° 11.9¢
Scenario 2: Diagnosis of IFD suspicion only’ dS d SCREEN I NG TEST| I I l
Negative predictive value, % 100¢ 70.6°
Positive predictive value, % 89.6" 8g.7°

Gemelli #

GM: galactomannan.
Duarte RF, et al. Clin Infect Dis. 2014;59(12):1696-702.



New diagnostic approaches in medical mycology

* Antigen detection

— Aspergillus lateral flow assay

— Cryptococcus lateral flow assay

— Histoplasma lateral flow assay (under development)
* Molecular tests

— T2Candida

— Aspergillus PCR able to detect mutations related to azole resistance
* Imaging diagnosis

— Aspergillus-specific ImmunoPET/MR

(— ” PET/MR: positron emission tomography/magnetic resonance.
semelll Prattes J, et al. Curr Fungal Infect Rep 2016;10:43-50.



Aspergillus lateral flow device: A point of care test

:U T ]

'y
Serum / ,"
[-~ 100yl / -
\ ¢ = ’u ‘,",’ ‘ \*
\ / if )
? -
100°C 16,000 g
1004
\/
PBS/EDTA Fig. 2 Example of a weak positive Aspergillus-LFD test. The upper
4% [wiv) band (C) is the control band. indicating a valid test, while the lower
band (T) is the sample band, indicating test positivity

The Lateral-Flow Device (LFD) test is a rapid (15 min) single-sample
point-of-care test that is based on the detection of an Aspergillus
extracellular glycoprotein antigen by monoclonal antibody JF5.

Gemel Il Held J, et al. Infection 2013; 41(6):1163-9.



Lateral flow device test for invasive aspergillosis (IA)

(ESCMID & ECMM joint recommendations for the laboratory diagnosis of invasive aspergillosis)

Population Intention Intervention SoR  QoE Comment Ref.
Haematological malignancy To diagnose 1A LFD applied on BAL B 1l Retrospective study. Sensitivity and specificity of BAL LFD tests for  [428]
and solid organ transplant samples probable IPA were 100% and 81% (PPV 71%, NPV 100%), five patients
with possible IPA had positive LFD, no proven 1A
Haematopoietic stem cell To diagnose 1A LFD applied on B 1l Prospective screening in 101 patients undergoing allogeneic HSCT [429]
transplantation serum samples
Immunocompromised patients  To diagnose 1A LFD applied on BAL B 1l Retrospective study. Sensitivities for LFD, GM, BDG and PCR were [430]
samples between 70% and 88% Combined GM (cut-off =1.0 OD) with LFD

increased the sensitivity to 94%, while combined GM (cut-off >1.0
0D) with PCR resulted in 100% sensitivity (specificity for probable/
proven [PA 95%—98%).

Abbreviations: BAL, bronchoalveolar lavage; BDG, B-D-glucan test; GM, galactomannan; HSCT, haematopoietic stem cell transplantation; IA, invasive aspergillosis; IFD,
invasive fungal diseases; LFD, lateral device flow; NPV, negative predictive value; PCR, polymerase chain reaction; PPV, positive predictive value; QoE, Quality of evidence; SoR,
Strength of recommendation.

BAL: bronchoalveolar lavage; LFD: Lateral Flow Device
1 . QoE: quality of evidence; SoR: strength of recommendation.
Gemelli £ From: Ullmann et al, CMI, 2018



Multisite Validation of
Cryptococcal Antigen Lateral Flow
Assay and Quantification
by Laser Thermal Contrast

David R. Boulware, Melissa A. Rolfes, Radha Rajasingham, Maximilian von Hohenberg,
Zhenpeng Qin, Kabanda Taseera, Charlotte Schutz, Richard Kwizera, Elissa K. Butler,
Graeme Meintjes, Conrad Muzoora, John C. Bischof, and David B. Meya

Emerging Infectious Diseases « www.cdc.govieid = Vol. 20, No. 1, January 2014

Cryptococcal Antigen Lateral Flow Assay

. I I 1 y!
= i fa H
i = \ l il i | :
Control — — — Control
= = E E Test — —
Add 1 drop of Add 40 pL Insen strip Incubate 1 line = negalive
specimen diluent of specimen 10 min 2 lines = positive

Figure 1. Five steps of the cryptococcal antigen lateral flow assay.

(_'J"erﬂ E_?.'I li f.} Boulware DR, et al. Emerging Infectious Diseases 2014;20.



T2Dx: Rapid Identification of Sepsis-Causing Pathogens

T2Bacteriar T2Candidar

Sensitivity: 95.8%! Sensitivity: 91.1%2

Specificity: 98.1%!

Specificity: 99.4%?2

* As low as 1 CFU/mL LoD * Enterococcus faecium * Candida albicans
* Easy to operate * Staphylococcus aureus * Candida tropicalis
* Minimal hands-on time * Klebsiella pneumoniae * Candida krusei
* Results in hours * Acinetobacter baumannii * Candida glabrata
* Pseudomonas aeruginosa * Candida parapsilosis

* Escherichia coli

1.T2Bacteria Pivotal Clinical Study.
2.Mylonakis, E., Clancy, C.J., Ostrosky-Zeichner, L., et al. (2015). T2 Magnetic Resonance assay for the rapid diagnosis of candidemia in whole blood: a clinical trial. Clinical Infectious Diseases, 2015



T2Dx Candida panel

« T2MR demonstrated an overall specificity per assay of 99.4% with a mean time to
negative result of 4.2 = 0.9 hours. The overall sensitivity was found to be 91.1%
(96.6% considering also other studies) with a mean time of 4.4 = 1.0 hours for
detection and species identification'?

 Significant reduction of the time to appropriate therapy (from 20 to 28 hours)34>
 Significant reduction of the time to detection of Candida?

 Significant reduction of the ICU length of stay3

 Significant reduction in antifungal consumption*>

0 0 . . 6
e Strong indicator of complications and poor outcomes Mylonakis E, et al. CID, 2018

Clancy C, et al. CID, 2018
Wilson et al, ID Week 2016
Patch et al., JAC, 2018
Giannella et al., JAC, 2018
Munoz et al., JAC, 2018

ok wNeE

Gemelli #



Journal of
J Antimicrob Chemother 2018; 73 Suppl 4: iv2-iv5 Antlm|cr0b|ﬂl
doi:10.1093/jac/dky050 Chemotherapy

T2 magnetic resonance for the diagnosis of bloodstream infections:
charting a path forward

Cornelius J. Clancy* and M. Hong Nguyen

e “Assuming sensitivity of 90% and specificity of 98%, anticipated positive and negative predictive values (PPVs/NPVs) of
T2Candida can be calculated”
e Thus, “T2Candida performance characteristics enable clinicians to assign clinical settings in which T2Candida is most

likely to be useful in guiding antifungal treatment decisions”. Indeed, “PPVs may exceed a threshold that justifies
antifungal treatment, while corresponding NPVs render active candidemia extremely unlikely”.

0% SensitivityS
958% specificity

Prevalence Representative patient PPV MPY
0.4% Any hospitalized patient in whom a blood culture is collected.” 15% =99 9%
1% Patient adritted to critical care unit,*®*° 31% 09.9%
2% Patient with febrile neutrepenia, baseline rate of condidaemia prior to empirical antifungal treatment.? 1-2% £ 7% 99.8%
3% Patient with sepsis, shock or =3-7 day stay in critical care unit 2%25-27 67% 99.7%
10% Patient at increased risk of candidaemia based on clinical prediction models *2522 82% 99%
205 Meutropenic bone marrow transplont redpient or leukaemia patient not receiving antifungal prophylaxis 02 % 95%

Gemelli



Clinical Infectious Diseases

INVITED ARTICLE

HEALTHCARE EPIDEMIOLOGY: Robert A. Weinstein, Section Editor

Azole Resistance in Aspergillus fumigatus: Can We Retain
the Clinical Use of Mold-Active Antifungal Azoles?

Paul E. ij.! Ch ? Willem J. G. Melchers,” and Jacques F. Meis'
" of Madical M i Radboud Ui ity Madical Cantra, Nij The of Madical Mycalogy, i Institta, Uni ity of Delhi, India;
and *Degartmant of Madical Microbiclogy and Infectious Dissases, Canisius Wilhalmina Hospital, Nijmegen, The Netharlands

Clinical Infectious Diseases® 2016:62(3):362—-8

Figure 1. Shaded areas show countries that have reported the TR34/L98H and TR4s/Y121F/T289A resistance mechanism in clinical or environmental Aspergillus fumigatus
isolates.

Gemelli #



Overview of studies that applied real-time PCR assays directly on clinical specimen to
detect azole resistance markers in Aspergillus fumigatus

Country Patients samples Resistance markers PCR system Remarks Positivity Reference
Netherlands BAL TR34, L98H, Y121F T289A AsperGenius LoD species at <36 Ct 16 Aspergillus DNA (<36 Ct) positive. Chong et al., 2015
14 Cyp51A profiling successful
12WT 2R
United Kingdom ~ Serum TRa4, L98H, Y121F, T289A AsperGenius LoD of species and resistance assay 25 Aspergillus DNA positive, 12 White et al., 2015b
was 10 and >75 genomes Cyp51A profiling successful
5WT/7 R
Netherlands BAL TRa4, LO98H, Y121F T289A AsperGenius LoD species at <38 Ct 97 Aspergillus DNA positive (<38 Ct) Chong et al., 2016
68 Cyp51A profiling successful
57 WT/11R
Belgium BAL samples of which TR34, L98H, Y121F T289A AsperGenius LoD species at <36 Ct 20 A. fumigatus DNA positive (<36 Ct) Montesinos et al., 2017
45 GM positive 20 Cyp51A profiling successful
17WT/3 R
United Kingdom Plasma of 12 patients TRsz4, L98H, Y121F T289A AsperGenius LoD of species and resistance assay 6 patients A. fumigatus DNA positive, 2 White et al., 2017
was 10 and 50 genomes. Meanly 7 Cyp51A profiling successful
samples per patient. 2WT
France Respiratory + Serum TRa4, LO8H MycoGENIE LoD of species and resistance assay Respiratory: 55 A. fumigatus DNA Dannaoui et al., 2017
was 1 and 6 genomes. positive Serum: 16 A. fumigatus DNA
positive
0 Cyp51A R
France Respiratory TRa4 MycoGENIE No WT Cyp51A gene — control in assay. 106/136 A. fumigatus DNA positive. Morio et al., 2018
0 Cyp571AR.
Netherlands Respiratory samples. TR34, L98H, Y121F, T289A AsperGenius In one case both resistant and 72 Aspergillus DNA positive, 45 Schauwvlieghe et al., 2017
91 samples tested. susceptible isolates cultured. No Cyp51A profiling successful
Three cases with sequence information of isolates 3 samples showed presence of both
co-infection described available. WT and resistant peaks

FFPE, formalin-fixed paraffin-embedded,; BAL, bronchoalveolar lavage; LoD, limit of detection.

Gemelli

Buil et al. Frontiers Microbiol.,. 2018



Two hundred and one patients each contributed one BAL sample, of which 88 were positive

Journal of Antimicrobial Chemotherapy Advance Access published August 15, 2016

Journal of
J Antimicrob Chemother AntlmlcrOblal
doi:10.1093 /joc/dkw323 Chemotherupy

PCR-based detection of Aspergillus fumigatus Cyp51A mutations on
bronchoalveolar lavage: a multicentre validation of the AsperGenius
assay”™ in 201 patients with haematological disease suspected for
invasive aspergillosis
G. M. Chong'*, M. T. van der Beek?, P. A. von dem Borne3, ). Boelens®, E. Steel3, G. A. Kampinga®$, L. F. R. Span?,

K. Lagrou®, J. A. Maertens?, G. J. H. Dingemans!?, G. R. Gagjetaan?, D. W. E. van Tegelen?,
J. J. Comelissenli, A. G. Vonkl2 and B. J. A. Rijndersl

controls and 113 were negative controls.

The sensitivity, specificity, positive predictive value and negative predictive value were 84%, 80%,

76% and 87%, respectively.

Azole treatment failure was observed in 6/8 patients with a RAM compared with 12/45 patients

without RAMs (P=0.01). Six week mortality was 2.7 times higher in patients with RAMs (50.0%

versus 18.6%; P=0.07).

Gemelli
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Galactomannan and Polymerase Chain
Reaction—Based Screening for Invasive
Aspergillosis Among High-Risk Hematology
Patients: A Diagnostic Meta-analysis

Marios Arvanitis,"** Theodora Anagnostou,'? and Eleftherios Mylonakis'?

'Infectious Diseases Division, Rhode lsland Hospital, and Wamen Alpert Medical School of Brown University, Providence, Rhode |sland; and YIntemal

Medicine Nenadmeant Brston Medical Center Massachusatts

Weekly screening with Ghi

and PCR
Mo positive tests Onea positive At least 2
G or PCR positive tests in
the same patient

1A highly unlikely

Diagnosis of 1A highly
likely

1A cannot be confirmed ar
excluded

Figure 3. Algorithm for invasive aspengillosis {IA) screening for high-risk
populations. When all test results are consistently negative, the negative
predictive value for |4 is 100%. When 2 tests are positive, the postiest
probability is close to BB% and 1A is highly likely. Abbreviations: GM, gal-
actomannan; PCR, polymerase chain reaction.

Ty

The absence of any positive test can
obviate the need for antifungal agents
with a NPV of 100%, whereas the
presence of at least 2 positive results Is
highly suggestive of an active infection
with a PPV of 88%.



EXPERT REVIEW OF MOLECULAR DIAGNOSTICS T. I & F .
2018, VOL. 18, NO. 10, 845-854 aylor rancis
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REVIEW M) Check for updates

Recent advances in the molecular diagnosis of mucormycosis
Sanjeet S. Dadwal® and Dimitrios P. Kontoyiannis®

#Division of Infectious Disease, City of Hope National Medical Center, Duarte, CA, USA; *Department of Infectious Diseases, Infection Control and
Employee Health, The University of Texas MD Anderson Cancer Center, Houston, TX, USA

Serologic tests: ELISA and LFIA
Polymerase chain reaction (PCR)

Semi-nested PCR

Table 1. PCR* tests.

ADVANTAGES DISADVANTAGES References
Blood/serum  -Early diagnosis & treatment by identification  -False negative test due to (applies to all sample types): [8,32-38)
of circulating DNA Low amount of fungal DMA
Quantitative PCR could help follow up & Lack of comprehensive database

a55e55 response to treatment
Positive test indicative of angicinvasive

Heterogeneity of TS regions
Lack of probes for some species

disease -False + from amplification of contaminant DMA; less likely than in other
- : : Fungal DNA more easily detected (issue of samples
Real time quantitative PCR (RT-qPCR) cell bound DNA & extraction bypassed)
Tissue (fresh)  -High sensitivity and specificity with PCR-RFLP -DMNA extraction may be an issue leading to false negative tests [15,42-44,50]
Confirms the tissue finding to genus/species -Lack of matching controls
Multiplex RT-quR level diagnosis -False positive with contamination of the specimen, or PCR master mixture
Tissue -High specificity, low sensitivity compared to  -Low sensitivity due to: [17,45-48,50]
[paraffin fresh tissue Fungal nucleic acid damage by formalin
pCR/ES|-MS (electrospray ionization mass embedded) -Higher yield when PCR applied to tissue with Low fungal DNA content
demonstrable fungal hyphae Testing tissue without fungal hyphae
spectrometry) -False + test with environmental contamination of specimen, reagent used to
extract DMA from FFPE or PCR master micture/reagent used
) X . BAL fluid -PCR/HRMA technique has high sensitivity and -Colenization of airway may lead to a false + test [18,29,41,63)
pCR'HRMA (hlgh-FQSO'utlon melt anaIYS|S) specificity -pmplification of I'iDI'i-Daﬂ'ngEI'IiC florm fungal
-DMA may prevent identification of pathogenic organism with low fungal
. . DA content in sample
Immunchistochemistry

MALDI-TOF (matrix-assisted laser desorption

*Polymerase Chain Reaction (PCR): targets include IS regions, 5.85 rRMA, 185 rRMA 285 rRNA, and CotH gene

Table 2. Mon- PCR tests.

= . 2 " ADVANT AGES DISADVANT AGES Feferences
ionization-time Of ﬂ|ght analyzer-medlated mass Serology -Enzyme Linked Immunoassay ([ELISA) Early stages of development [27,28)
ect -Lateral Flow Immunoassay (LFIA) to mannose
Sp rometry) Immunohistechemistry Monoclonal antibodies used -Cross reactivity of antibodies [63,64]
-May confirn histolegic diagnosis
: : -Helpful to differentiate between mucormycosis and aspergillosis
Metabolomic based testmg MALDI-TOF Discriminates to the species level from culture -Mot validated yet for routine practice [19,20,65-70]
seproducible and rapid identification -Requires comprehensive reference database
. . SLasy prepamtion and low consumable cost
Metagenomic sequencing Breath test Volatile metabolites utilized -Early stages of development [21]
Definitive moleaular signals observed -Meeds validation
-May help monitor treatment response -Technical demand
. aw Discriminates between Aspergillus and Mummles
G-em el I 'l @, Whole genome sequencing  -Comprehensive -Cost [22,23]
Vi Lk

-Technical demand
-Lack of many annotated reference genomes




ImmunoPET/MR imaging allows specific detection of
Aspergillus fumigatus lung infection in vivo

Anna-Maria Rolle*', Mike Hasenberg®’, Christopher R. Thornton®, Djamschid Solouk-Saran®, Linda Mann®,
Juliane Weski®, Andreas Maurer?, Eliane Fischer?, Philipp R. Spycherd, Roger Schibli?, Frederic Boschetti,

Sabine Stegemann-Koniszewski®9, Dunja Bruder™9, Gregory W. Severin™, Stella E. Autenrieth/, Sven Krappmann¥,
Genna Davies®, Bernd J. Pichler?, Matthias Gunzer®?, and Stefan Wiehr®2

E1026-E1033 | PNAS | Published online January 19, 2016

* This paper evaluated a novel probe for noninvasive detection of A. fumigatus lung infection
based on antibody-guided positron emission tomography and magnetic resonance
(immunoPET/MR) imaging

 Administration of a [64Cu]DOTA-labeled A. fumigatus-specific monoclonal antibody (mAb),
JF5, to A. fumigatus-infected mice allowed specific localization of lung infection when
combined with PET

* The mAb-based newly developed PET tracer [64Cu]DOTA-JF5 distinguished IPA from
bacterial lung infections and, in contrast to [18F]FDG-PET, discriminated IPA from a general
increase in metabolic activity associated with lung inflammation

. . - IPA: invasive pulmonary aspergillosis; PET/MR: positron emission tomography/magnetic resonance.
G‘E‘m el li Rolle A-M, et al. Proc Natl Acad Sci U S A. 2016;113(8):E1026-33.



ImmunoPET/MR imaging allows specific detection of
Aspergillus fumigatus lung infection in vivo

Anna-Maria Rolle*", Mike Hasenberg®', Christopher R. Thornton®, Djamschid Solouk-Saran®, Linda Mann®,
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Gemelli ﬁ‘ Rolle A-M, et al. Proc Nat! Acad Sci U S A. 2016;113(8):E1026-33.



Effectiveness of the interventions should be measured using predefined indicators
Share the information and every success of your intervention with all members of the team!!!

. Bedsidg:
intervention

Implementation . . .
of rapid serological Im proving mlcrObIOIOgy

diagnostic methods is

and molecular
diagnostic tests*

Pharmacy alerts regarding

i e O also a means of

basis

antifungal stewardship!!

Local Guidelines and clinical
flowcharts

Educational programme to offer trainees
knowledge in IFI diagnosis and management in
clinical practice

Pre AF Stewardship audit and identification of main AF
prescribers

Creation of a Collaborative Group on Mycosis and Antifungal
treatment

Gemel II ﬁ Munoz P, et al. Mycoses 2015 Jun;58 Suppl 2:14-25.



... and special thanks to

Giulia De Angelis
Flora M. Liotti
Giulia Menchinelli
Riccardo Torelli
Elena De Carolis
Antonella Vella
Tiziana D’Inzeo

Teresa Spanu

Barbara Fiori

g y ¥ o

The UCSC”F‘ngaI and Bacterial Rapid
Diagnostic Team

Federica Travaglia
and
Brunella Posteraro

Gemelli




