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Patiente de 25 ans

A Consutle son MT Jeudi 19.02 pour angine avec EF
3 StrepA rapid-test: nég
A TTT Brufen-Dafalgan

 Samedi 21.02: CAU pour persistance angine+EF
= Suspicion d'abces rétro-amygdalien
= CT-scan en urgence, hémocs puis Augmentin po



Evolution

3 Lundi 23.02: hémoc positive BG-
QA ID par tests biochimiques / PCR Seéquencage : 24h-72h

Q Méme jour, Fusobacterium necrophorum 1D par MALDI-
TOF/MS, la patiente est rentrée a domicile... »

 Décision de rappeler son medecin traitant pour qu'il
contacte la patiente: suspicion de Lemierre?



Patient de 67 ans

d Un patient de 67 ans est admis aux HUG suite a une altération de
I'état général, 39°C, Antibio X

3 Une paire d'hémoculture a été faite aux urgences plus d’autres
examens

3 Apres 18h d’incubation un des deux flacons d’hémoculture s’est
positivé

d L'examen direct montre au jour 0: Batonnets GRAM négatifs
fusiformes



ID Phénotypique

3 Jour 1 : colonies « translucide » sur gélose au sang et
chocolat agar, oxidase —

3 Jour 2: Résultat Vitek2:
» Good identification
> %id= 89 Sphingomonas paucimobilis



Jour 3

O Résultat API 20 E:

= Bonne identification
= %id= 93 T= 0.62
= Pasteurella pneumotropica

O Résultat API 20 NE:

= Bonne identification
= Oid= 96.3 T=0.6
= Mannheimia haemolytica [ Pasteurella trehalosi



Jour 6... ID Moléculaire

3 Résultat 165-rDNA sequencing:

> Capnocytophaga sputigena
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Retour au jour 1: MALDI-TOF/MS

A
Rank Score NCBI
(Quly Vet e Vil Hentfer
( ']l'] Capnocytophaga ochracea DSM 7271 DM 1847 1018
(2 ) Capnocytophaga ochracea DSM 7272 DM - 1018
1

Meaning of Score Values

Range

2.300 ..

3.000

2.000 ...

2299

1.700 ...

1.999

0.000 ..

1.699

Description

probable genus identification




Need for speed?




Need for speed?

3 Monsieur H, 35 ans est admis aux HUG suite a un état fébrile,
associé a des céphalées et douleur d'une loge rénale puis depuis
une atteinte pulmonaire sévere avec choc septique.

O Anamnése: Monsieur H était en vacances en Martinique, dans le
village Le Vauclin.

Tempete xynthia

O L'état du patient se dégrade rapidement et il décede apres 3 jours
d’hospitalisation.



Jour 0

3 Une paire d'hémoculture a été faite aux urgence plus
d’autres examens

d L'examen direct montre au jour 1: Batonnets GRAM
negatifs



Jour 1
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16S rRNA gene sequencing

d Sequence de 993pb, identique a B. pseudomallei.

3 Une seule différence avec les 2 types de séquences de
B. mallei connus (un C au lieu d'unT)

3 Alignée avec des sequences de B. pseudomallel, B.
mallei et B. thailandensis décrites dans l'article du JCM
(Gee J.E., 2003,). La souche du patient H. présente 12
difféerences sur 993 bases avec B. thailandensis.



Antibiogramme mixte




Antibiogramme mixte

B A
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Need for speed?

O Homme de 42 ans est admis au HUG suite a un état
fébrile.

3 Une paire d'hémoculture a été faite aux urgences plus
d’autres examens

d L'examen direct montre au jour 1: CG+ en diplo et
chainettes



Need

for spee

?

AnalyteS

Amnalyie Name:

BERUKER

IN01TZ1487

Analyie Description:

Amnalyte 1D

Analvte Creation DateTime:

he 53569
2011-02-01 10:31:54.796

Applied MSP Library(ies):

Applied Taxonomy Tree

Bruker Taxonomy

Rank Score NCBI
" o > : 3
(Quality) Aatchedl Pattern Valiae Identifier

( _'L ) Streprococcus poneumoniac ATCC 49619 THL 2.04 1313

i e ) Streplococous pneumaniae besSt29 THL 2.001 1313

p ot ) Streprococcus oralis DSM 20379 DSM 1.854 1303
4 - -

(3 Strepiococous pneumonioe DSM 14378 DSM 1.839 1313
] i

q _"_3 Streptococcus pneumoniae DSM 11868 DSM 1.B1 1313

: :; Streptococeus oralis DSM 20395 DSM 177 1303

( _: ) Streprococcus pocumonias DSM 1 1866 DSM 1.749 1313
o3

C+) Streptococcus pseudopneumoniae DSM 18670T DSM I.738 257758
9 4

¢+ Streptococcus oralis DSM 20627T DSM 1.707 1303
(

ll_ :Ij Streptocaccus pneumoniae DEM 11865 DSM 1673 1313

Jour 2
Optochine: Sensible
Pneumoagglutination: NEG

ID: S. mitis

Endocardite sur
valve native




Streptococcus mitis group
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The principle of MS...
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The principle of MS...

This was
a car!

H

AN, =/




The principle of MS...




Workflow of MALDI-TOF MS-based
bacterial identification




a-cyano-4-hydroxy-cinnamic acid in 50% acetonitrile-
2.5% trifluoroacetic acid

Sample preparation:
-direct thin layer without any treatment
-direct measurement of cell extracts

Add HCCA matrix solution

Put one colony
on the target
And add a matrix

Insert the target
and start shooting

Data evaluation
identification and classification

Acquisition of MALDI-TOF MS spectra



Example of a MALDI-TOF MS
Spectrum
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Data are then interpreted




MALDI-TOF MS Analysis Software
BioTyper™) — Pattern Matching
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Data are then interprete

Mass spectrum

300
250 9

Wi

kDa

Range Description Symbols Color
2.300 ... 3.000 (+++) green
2.000 ... 2.299 (++) green
1.700 ... 1.999 probable genus identification (+) yellow
0.000 ... 1.699 (-) red
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Result Overview
Analyte Analyte Organism Score Organism
Name D (best match) Valne (second best match)
ECOL ATCC 23922 »
_ Escherichia col Escherichia coli
Meaning of Score Values
Range Description Symbols
2300 ... 3.000 (+4)
2.000...2.299 (+)
1.700 .. 1.9%9 probable genus identification (+)
0.000... 1,699 (-)
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Value

Color
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The principle of MS...

S. aureus; Streptococcus group B; E. coli; ; Salmonella
serotype B; and, over m/z 1800-9000

Sen-Yung Hsieh et al November, 2007




The spectra are enlarged in the region of 5000-8500 Da/z

S. aureus; Streptococcus group B; E. coli; ; Salmonella
serotype B; and, over m/z 1800-9000

Sen-Yung Hsieh et al November, 2007
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Study design

[ 720 clinical isolates
[ Collected during 21 consecutive working days

A Various swabs (n=261), urine (n=197), blood cultures
(n=120), respiratory tract (n=120), and stools (n=12)



Study design

[ 720 clinical isolates
[ Collected during 21 consecutive working days

A Various swabs (n=261), urine (n=197), blood cultures
(n=120), respiratory tract (n=120), and stools (n=12)

d Two rotating laboratory technologists processed in
parallel freshly isolated colonies on two MS systems

 Results were first compared to our phenotypic routine
(API and Vitek?2)

A Any discordant result led to 16S rDNA sequencing
(gold standard)



Interpretation of the results

1- high score value >2.0 for Bruker and >90 for Shimadzu
=> isolates rated as identified to the species level

2- intermediate score value >1.7 for B and >70 for S
=> isolates rated as identified to the genus level

3- low score value <1.7 for B and <70 for S
=> isolates rated as ambiguous, thus not reported




Study design (2)

dWhenever the quality of MS scores revealed
ambiguous, a second experiment was performed on
a fresh bacterial culture.

> Additional identification was performed on 54/720 (7.5%)
and 39/720 (5.4 %) isolates, on MS 1 and 2

A No attempt was made to employ the specific
extraction procedures recommended by the
manufacturers, e.g. for streptococcal speciation.



Shimadzu

Bruker

Accuracy of MALDI-TOF MS identifications
of 720 clinical isolates

[] Concordant with conventional methods
0 Concordant with PCR
B [ncorrect or ambiguous

High confidence identifications 88,8%

Ambiguous

High confidence identifications 94,4%

Ambiguous

0 200 400 600



MS2

MS1

Accuracy of MALDI-TOF MS id of 720 clinical isolate

B Ambiguous

3

2 81/720 (11%)
=

0 Ambiguous .

O

e 40/720 (5.6%)
a8

Ambiguous .
[ [ [

0 200 400 600

S



Cases

Analysis of all incorrect cases

Phenotypic 16S rDNA

No ID

S. epid
S. mitis
No ID

No ID

S. epid
S. mitis

S. mitis

Achromobacter
xylosoxidans

No ID
Streptococcus sp
Streptococcus bovis

Clostridium boltei

Staphylococcus sp
Streptococcus sp

Streptococcus sp

MALDI-MS

A. denitrificans

S. capitis
S. pneumoniae
S. lutiensis

C. casei

S. capitis/caprae
S. pneumoniae

S. oralis

System

Bruker

Bruker
Bruker
Bruker

Bruker

Shimadzu
Shimadzu

Shimadzu



Cases

Analysis of all incorrect cases

Phenotypic 16S rDNA

No ID

S. epid
S. mitis
No ID

No ID

S. epid
S. mitis

S. mitis

Achromobacter
xylosoxidans

No ID
Streptococcus sp
Streptococcus bt

Clostridium boltei

Staphylococcus sp
Streptococcus sp

Streptococcus sp

MALDI-MS

A. denitrificans

S. cer

Establish
rules
considering
these cases

S. pneumoniae

S. oralis

System

Bruker

Bruker
Bruker
iker

ruker

Shimadzu
Shimadzu

Shimadzu



Results: based on species

d Outstanding identification of Enterobacteriaceae,
Staphylococcus aureus and Pseudomonas aeruginosa.

A Lower yields (but no false-positive identification) when
analyzing enterococci (75-56%) or streptococci (37-
26%) to the species level.

[ Latter results could certainly be improved by using
dedicated matrix.



Results: four categories

1- correct identification (same as biochemical tests) with a
high score value >2.0 for Bruker and >90 for Shimadzu;

=> isolates rated as identified to the species level

2- correct identification (same as biochemical tests) with an
intermediate score value >1.7 for B and >70 for S,

=> isolates rated as identified to the genus level

3- MS results inferior to the biochemical identification

4- MS results superior to the biochemical identification



Results: four categories

1- correct identification - identified to the species level:
620/720 (86%) and 559/720 isolates (78%)

2- correct identification - identified to the genus level:
46/720 (6%) and 95/720 isolates (13%)

3- MS results inferior to the biochemical identification:
18/49 (37%) and 28/49 (57%), but nhone wrong!

4- MS results superior to the biochemical identification:
15/49 (30%) and 11/49 (23%) to the species level
16/49 (33%) and 10/49 (20%) to the genus level




Cost and timeliness estimates of conventional identification

Cost per isolate ($US) Turnaround time (hr)
Avg. Total Avg. Total
E. coli (n=216) $0.20 $43 1 216
S. aureus (n=55) $1.50 $83 1 55
Other (n=449) $10.00 $4.,490 24 10,776

All isolates (n=720) Total cost:  $4,616 Average time: 15 hrs



Cost and timeliness estimates of Bruker-based identification

High confidence
MALDI-TOF MS
(n=636)

Lower-confidence
and Ambiguous
MALDI-TOF MS

(n=84)

Cost per isolate ($US)

Avg. Total
$0.50 $318
$10.50 $882

Total cost:  $1,200

Turnaround time (hr)

Avg. Total
0.08 53
24 2,016

Average time: 3 hrs



Cost and timeliness estimates of identification methods

Cost per isolate ($US) Turnaround time (hr)
Total Average
Conventional ID $4,616 15
(n=720)
MALDI-TOF MS
$1,200 3

(n=720)



Cost and timeliness estimates of identification methods

Cost per isolate ($US) Turnaround time (hr)
Total Average
Conventional ID $4,616 15
(n=720)
MALDI saves
time and cost
MALDI-TOF MS

(n=720)



Evaluation of matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry for the rapid identification of beta-hemolytic
streptococci

MALDI-TOF/MS analysis of 386 sub-cultured beta-hemolytic streptococci isolates resulted in high-
confidence identifications to the species level for all 386 isolates, with 100% concordance with
the Lancefield group classification as determined by the latex agglutination kit.

The Vitek2 gave high-confidence identification to the species level for 269/306 isolates of group B
streptococci (88%), 48/52 isolates of group A streptococci (92%) and 11/28 isolates of group C
and G streptococci (39%).

Fourteen isolates were not identified by Vitek2, 12 were incorrectly identified and 32 isolates
were identified ambiguously (%ID=50) as Streptococcus agalactiae or Streptococcus
dysgalactiae.

Whenever high-confidence MS identifications disagreed with Vitek2 results, 16S sequencing

resolved identifications in favor of the MS system.

The 12 incorrect Vitek2 results (%ID>90) were as follows: six isolates identified as Gemella
haemolysans, two isolates identified as Kocuria rosea, one isolate identified as Lactobacillus
gravieae, one isolate identified as Streptococcus pluranimalium and one isolate identified as
Kocuria varians.

Cherkaoui Aetal, 2011



Actinomyces spp. Identifiés au LCB: I'effet
« MALDI-TOF/MS »...

Actino




Implementation: a few steps

Organismes

Gram/autres

Tests

Lo

 QUIrelUs

Cg+ amas

Catalase, Pastorex,
DMase, Coagulase

mec A et femA,

5 pneumoniae

Cg+ diplocuqes

Optochine , Agglut
Pneumokit

E pyvogenes

S. agalactiae

Lo

. dvsgalactiae

Cg+ chaines

Bacitracine ,
Bactrim

Slidex Streptokit

Enterccoccus spp.

Cg+ chaines

Eile esculine, NalCl
&.5%q, Tellurite

Galerie AP / Vitek?2

H. influenzaoe

Petits he-

Porphyrine , Galerie
AP

M. catarrialis

Coccobacilles Gram -

Oxidase, Tributyrine

Entérobactéries

Fermentation du
Lactose, Oxidase

Vitelk? / Galerie AP

Germes non
fermentatifs

Fermentation du
Lactose, Oxidase

Vitek2 / Galerie AP

B. cepacia

Fermentation du
Lactose

Oxidase variable
Viteli2 / Galerie AP




Implementation: a few steps

Organismes Gram/autres Tests

L aureus Cg+ amas Catal; 5
DNa
mec

5. prieumoniae Cg+ diplocuqes Opto 1t
Pneu

8. pvogenes Cg+ chaines Bacit

& agalactiae Bact

S. dvsgalactiae Slide

Enterococcus spp. Cg+ chaines Eile
&.50q
Gale (2

H. influenzaoe Petits he- Porp rie
AP

M. catarrialis

Coccobacilles Gram -

Entérobactéries

Fermentation du
Lactose, Oxidase

Germes non
fermentatifs

Fermentation du
Lactose, Oxidase

B. cepacia

Fermentation du
Lactose

Viteld? / Galerie AP

¥’




New microbiology workflows

Antibiotic
Susceptibility

Positive Traditional
Blood Culture Species ID

Gram Stain

Traditional Dx

Positive
Blood Culture

MALDI-TOF

Graph adapted from AdvanDx



New microbiology workflows

Traditional Antibiotic

Species ID Susceptibility

= - b :‘- od C J}I-::_ re
) 1 LA e =

Traditional Dx

Targeted Rx

Broad-spectrum Rx

Targeted Rx

Graph adapted from AdvanDx



Conclusions

MS fournit une ID rapide (8h de moins en moyenne), moins cher
(environ $5 US/échantillon) et au moins aussi bons résultats que les
approches phénotypique classiques

| 'absence de fausses ID est tres rassurant mais une validation
minutieuse des nouveaux flux de travail est obligatoire

Intégration de MS dans le flux de routine et le controle de la mise a
niveau de la base de données sont les défis actuels

Des schémas plus élaborés (d'autres matrices, typage de souches
par homologie de la signature, etc) devraient étre explorées






MS IN THE FUTURE?

A ID of an increasing number of pathogens
(improvement of database)

A ID of yeasts
A ID of virulence factors (PVL)
A ID of resistance (B-lactamase? MRSA?)

d ID of anaerobes (Actino)



MALDI-TOF MS FOR YEASTS?
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MALDI-TOF MS FOR AB RESISTANCE?

Anal Bioanal Chem (2007) 389:1633-1638
DOL 10.1007/500216-007-1558-7

TECHNICAL NOTE

Discrimination between wild-type and ampicillin-resistant
Escherichia coli by matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry

Johanna E. Camara - Faith A. Hays




PCR/ESI-MS

(Electrospray lonization Mass Spectrometry)

......

A B 9

s

303 304 305 306 307 308

Ampliconm/z Decomvoluted Mass (kDa)

Erin J. Kaleta et al, JCM 2010



PCR/ESI-MS

(Electrospray lonization Mass Spectrometry)

PCR-ESI/MS Genus Concordance

| _264=
96.7%
, 6=2.2%
= (), % = o
2=0.7% — 1=0.49
Concordant  Discordant FN Fp

B FN wyf Primary ID
FPw/ Primary 1D
B Concordant

O Discordant
False Negative
False Positive

n=273

100

B)

9=33% |

PCR-ESI/MS Species Concordance

Concordant

FMN w/ Primary ID

261 =
[ 95.6% FP wy/ Primary ID
B Concordant
O Discordant
False Negative
False Positive
5=1.8% b=2.2%
— ] 1=0.4%
n=273
Discordant FN Fp

Erin J. Kaleta et al, 2011



PCR/ESI-MS

(Electrospray lonization Mass Spectrometry)

A)

100
6=2 ¥

B)

100

MALDI-TOF/MS Genus Concordance MALDI-TOF/MS Species Concordance

® FN w/ Primary ID H FN wf Primary ID

Concordant

| 263 = 257 =
96 3% FP w/ Primary ID [~ a4 1% FPw/ Primary ID
a4, 170
L W Concordant
op z
scordant O Discordant
False Negative
False Negative
False Positive
13 =4.8% False Positive
7= 2.6%
= (.7% = 0.4% n=273 = .7% v
1 2=0 1=0 i | | 2=0.7% 1=0.4% n=1273
Discordant FN FP Concordant  Discordant FM FP

Erin J. Kaleta et al, 2011
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