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Table 1. Microorganisms included in the molecular assays for the diagnosis of sepsis from positive blood culture
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Miermomerser spp. Saraptacoccas fryopenes Catrabacter spp. Sernatia marvesons (] il
Listeria spp. i'k.ljhh'nnrm Estrrwbacter spp, bla,, .
St deplpsiceais avorsiii Emternoncens flscds Erctrrictiu i Thgells s, il
Stapdylscoccns epidermics  Fteroomews faecium Kiblagie /il provesoomenioe bl 4
Cletristions profingear Sapiplsncrnt awrems amriataer i P. rfgaris Canelicls allicons mweA
Entermcocimi et o X, epderamiclic Entrrmbactir arrograel Purmdsavanas v i lebmirneis manly
E ficals Firrptoour el fioe B clanar ' Suimwelln euterics ssp, ewderin O glabests ranl
E fiinm X, pippalactior subisp, B Erctorrichia mé Nernalia marvesirm il
. golinarnne 5, jpovamenia Havmeaplviias imeenzioe Stewotrupiomens malgpida L dkeaow
Lisieria sommicytogenes 5. progencs Kimpedr deimgr Bearteraisies frapls O duritamiae

[ S——— Fneradia teriarar . trupicanc

Prosra moirabels
Errr e a—— ¥, pelctioe [Ty p—— R p—— Cambide albicams e
. erict Emtemcs spp, K. axabaca Parwdsavana: ki i rmpcals vanA /B
Sterpitvcoceter 5P, Serntia gpp. Enterobacteriaceas £ pamgpuiors blage
N, Jvmeima nian Pragrus app, Esatwrivtaun ool . orwred
5. pragean Hurmmplyis: inflursisee Entervhacter cloacst comples. O glabests

Altwvdabaier bawmand

1. Verigene Blood culture Nucleic Acid Test (Nanosphere, Northbrook, IL, USA), 2. Prove-it Sepsis (Mobidiag, Helsinky,
Finlandia), 3. FilmArray Blood culture Identification (bioMérieux, Marcy I'Etoile, France).
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Table 2. Microorganisms included in the different assays for the diagnosis of sepsis from whole blood
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Staplrococenr hamints Strpptovecin samguini Huemapiuler tnfhoengon/ (1) Promsdls oo Camitioks tropécals * Several
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Ftrmpiwuscos povmsrion Stoghlpdpcrm Ftrmosrupdamanas maltopbifa  Proteas sl  Carmidiok fenpicadi marl}:

Elntorumnr fircalis Serratia marceioas Encherichia i Camdicky parupailonis

Entemamcrsr pokimrae Haalameils bt Lmterndsater armprmes eniiida pleliacs

1. SeptiFAST (Roche, Manheim, Germany), 2. Vyoo (SIRS—Lab, Jena, Germany), 3. Magicplex Sepsis Real-Time Test (Seegene,
Seoul, South Korea)
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ARTICLE INFO ABSTRACT

Mokecular miethods foe buctenal fathogen dentilication are gaining increased importance in routine cliaical
diagnstic Liborasnries. Achieving el reults ing DRA hased techralogies is strongly dependent on pre-
aralytical processes including tolation of taget cell amd thisir DNA of Bigh muality and parity. n this study 2

MAatucle Ristory:
EBeverenl 14 Decemiber 2510
Recereed i tevised form 4 Maech 2018

i eperma b PR fast anil semi-automated method was estabilished for hactevial DA isolation from wholr blond mples and
oompared to different cummercially available kits; Looxster, Molsiy kit, Septifast DA isolation method and
" I‘ standand EasyMAG protocol, The newly established, semi-automated method wtifises the EagyMAG device
DAA isokation combited with pre-processing steps comprising hisnan cell lysis, centrifgation and Bacterial peiler
Boocharram kadection reaipersion. Quality of DMA was assessed by a univeral POE tangeting the 155 fRNA gene and subsequent
Molealar dugrrtio microarray Mybrideation. The DNA extractions wene amplified using twao different POR-mastermice, o allow
SrEnie enmpartson of a commencial masteomix with 2 pusranteed bacterial DA (ree POR masiermiz, The modified
Automation wemi-autnemated ExsyMAG protocnd ard the Looxster kit gave the mast sensitive resulis. Alter hybeidization
detection limit of 10' to 107 bucterial oells per ml whale blood was achieved depending on the isolation
method and microbial species Iyied Human DA present in the Bolsted [INA suspension did not interfers

welih PCR amdl did oot lead to non-specific hybeidisation eeemi
© 2011 Elevier BV, All rights resenved.
1. Introduction A sterile sampling method and an optimised sample preparation

The speed, specificity and sensitivity of pathogen identification are
amongst the main advantages of applying malecular detection
methods in comparizon (o conventional cultivation based identifica-
tion assays (Wellinghaisen et al, 2009, jordan and Durso, 2000),
Application of DNA-based technobogics to pathogen identification
allows accelerated time-to-result thereby fostering carlier initiation of
antimicrobdal therapy. Several molecular methods have been de-
scribed for microbe identification, most of which rely on the detection
of specific genomic sequences of the infectious pathogen. Amangst
these technigues are palymerase chaln reaction [PCR). real-time POR
A microarrays and fuorescende in stu hybridisation (ASH). In
order 1o achieve retiable and reproducible results, the applied rarget
A muar be of high purity and sufflcient quantity (Mathershed and
Whitney, 2006: Lebner of al, 2005; Shang et al, 2005; Wiesinger-
Mayr et al. 2007: Yadav et al. 20405).

* Cemrraponding author at AIT Ausirian inine of Technolsgy GebH, Molecular
Medicine, Muthgaine 11, 1150 Viesna, Amtria, Tel: + 4750550 4451 fan: + 43 50550
A0

il aeléeres: Bt wietingerBaitac it (H Wiesinger-Mayr |

DT 0124 = sev frome maniey © 2001 Ehevier BV, All rights reserved.
dal: 111018 L mimet. 3101 104001

protocol are crucial to obtaining TCR compatible DNA targets
[Radstom et al, 2004). Complex biokogscal samples such as blood
represent a critical point for specific and sensitive ideniification af
pathogens. Most hiological samples contain substances that inhibiz
subsequent malecular methods (Al-Soud and Radstrom, 20001 ; Al-Soud
et al, 2005), Pasma remeval may eliminate intedering proteins,
however other ceflular blood components such as leukocytes contain
high amounts of human [NA and other substances that are suspected
o hasmper subseqent malecular methods such as PCR. For rhis reason
thhese cells must be eliminated either by bysis or mechanical removal
However, separation of blood components and blood cells still remains
difficult because the success of various strategies is dependent on a
number of different [actors incuding plasma viscosity a8 well as the
musmber and size of cells {Rock et al, 2000; Deik e al, 2000,

Complete removal of inhibitors i difficult and time consuming. For
this reason variations in the reaction mixture of subsequent technigues
(eg PCR) are applied in an attempt to overcome these effects, eg
changing enzymes and buffers [Wollfs et al, 2004). Abio the addason of
PCR enhancers has been shown to be very efficient (Al-Soud and
Radstrom, 2000; Wilsan, 1997},

In the past major emphasis has been placed on the improvement
and acceleration of sample preparation for the application of
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malecular diagnostics, Consequently réports have been published
recently which demonstrate improved approaches for [INA isolation
from laeces, environmental or clinical samples (Nylund et al, 2010;
Marin e al., 2010; de Boer et al, 2000, Additionally several ready to
wse kits have been developed for pathogen DNA extraction (rom
clinical samples. Such systerms include the MolYsis kin (Molzym), the
Looxster kit (SIRS-Lab), and the DMA isolation protocol of the
Septifast kit (Roche diagnostics). However, these methods have to
e carried out manually and are therefore difficult 10 implement in
routing clinical diagnostic laboratories. On the other hand the
EasyMAG b5 an automated DHA extraction device for human DNA
from dlinical samples. The recommended initial sample volume is
0.2 ml ol whole blood to prevent a possible overload of the DNA
binding sitica beads with human DNA and other macromolecules.
Druering am EasyMAG run DA is purified and concentrated by binding
o magnetic silica beads, In recent publications the applicability of
magnetic sifica beads for DNA separation was shown and further
optimised, However, these applications still focus on human DNA
starting with very small sample volumes (Cuarte et al, 2000; Kang
et al., 2009).

The human DNA depletson system of the MolYsis kit is based on
selective bysts of blood cells using chaotropsc bulTers with subsequent
degradation of released human DNA by chemically resistant DNases.
PFathogens remain intact during this working step and are separated
from the hysate by centrifugation. Resuipended microbes are then
Iysed by addition of muralytic enzymes [Disque et al, 3004, 2006),
Released pathogen DNA is then purified and enriched wsing a
purificathon column. The Looxster kit applies a complete cell bysis of
whale blood by bead beating. After DNA isolation and purification the
uman and pathogen DA are separated from each other, This is
enabled by specific binding of pathogen DNA 1o 4 matrix contained in
an ennichment column The unbouwnd eukaryotic DNA is eliminated
during the subsequent washing steps. Bound bacterial DNA s then
eluted and again purified by extractan. The product can then be used
for further applications such as PCHL The Septifast kit lyses all cells by
bead beating of whobe blood. Isolated DNA is purified and harvested
try application of a purificatson colummn, No separation of heman and
pathogen DNA Is cammied our.

In general the DNA suspension obtained and analysed in
subsequent molecular techniques stll contains a background of
Teman DHA and further blood derived macromolecules, which can
inhibit PCR. Furthermore the reagents of most suppliers are
contaminated with bacterial DNA. This may lead to the generation
of false positive results {Mihi ef al., 2000; Handschur et al, 2009),

In this study we established and optimised a semd-automated
isolation method Tor pathogen DHA from whaole blood. 1t is based on
using an automated ExsyMAG device combined with the advantages
of the Molysis kit, which includes a human cell lysis step, human DNA
depletion and a fast reduction of sample volume from 5 md. to 0.2 ml.
The newly established method wad compared 1o different commer-
clally available kits developed for bacterial DNA solation from whals
blood. All protocols were evaluated with respect to DNA quantity and
quality, through the application of sensitivity tests, comprising PCH
amplification and subsequent microarray hybridisarlon, \We further
compared the amplification efficiency of 2 guaranteed DNA free PCR
mastermix with a well established and sensitive mastermix, which
was found to be contaminated with hactenial DNA.

2. Materials and methods
2.1, Srrmins and preparanion of spiked bivod

All experiments were carmied out using clinical isolates which were
obtained by routine culturing of microbes from bood cultures and

subsequent commerncial microbial identification technigques Todlowing
the guidelines and procedures of CL51 (Clinical and Laboratory
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Standards Institute), Pune cultures were obtained by cultivating the
respective microbe in Caso bovillon overnight at 37 "C. Racteria were
harvested by centrifugathon of 1 mL overnight cultures at 3000 g for
5min. Adter discarding the supernatant, the bacterial pellet was
washed in phosphate buffered saline {1x PES) and harvested by
centrifugation ar 3000 g for 5 min, Microbe concentration per ml. was
finally adjusted wsing a Mckarland 05 standard. Assays were
performed using Escherichin cofi (isolates B8307, TI122), Staphylo-
cocrus qurrus {isolates 12998, T2171), Kiebsisllo preumaniar (isolate
I5809). Enterococcus foecolis (isolare B1239) and Prewdomonas
aeniginasa (isolate GEAG1 ),

Fresh whole blood was obtained from the Austrian Red Cross and
spiked 1o final concentrations of 10, 107 and 10" bacteria per mi. The
required volume for each method was then transfered to the
preganed vials following the manufacturers” instructions.

22 DMA tsodation

Hacterial DMA was molated according to the manisfacturens”
instructions. The modifled ExsyMAG iolation included prelysis of
blood cells and subsequent wransfer of resuspended pellet to the
device, Protocols for the different pathogen DNA isolation methods
applied from whale blood are described in the fallowing:

221, Modified EnxyMAG ONA tsolation

Before sample transfer to NudliSens tysis tubes the sample volume
was decreased by bysis of human cells and harvesting bacterial pellet
using Mol Ysis kit for 5 ml whole blood. 5 ml spiked whole blood were
pipetted into a sterile 50 mi Falcon tube, 2 mi. buffer CM was added,
vortesxed at full speed for 20 3 and incubated a2 roam temperature for
5 min. 2 mL buffer DET 2nd 10 4. MolDNase | were added, vortexed
fior 20 s and incubated at room temperature for 15 min, Bacterial cells
were harvested by centrifugation at 11,000 g for 10 min. The
supernatant was discarded. The pellet was resuspended in 1 mi,
buffer RS and transferred o the NucliSens Lysis tubes. Further steps
were carmied out as described in the EasyMAG bacterial DNA isolation
method:

222 FasyMAG bacterial DNA Bsolothon (BioMeriewy, Morcy [Eroile.
France)

NucliSens Lyss tubes for external cell fysas were removed from the
refrigerator 15 min before use, 0.2 ml of spiked whole blood was
added to the hysis tube and vortexed. Then 140 4. of magnetic silica
(BioMerieux) was added 1o the [ysis mbe and incubated a1 moom
temperature for 10 min, The complete volume was transferred (o the
vial row and moved into the EasyMAC device, Sample number and
volume were registened in ExsyMAG soltware, Parameters such as
probe velume (40 jil] and extraction programme (specfic B extrac-
tion protocol 201 ) wene set. Ready to use DNA was transferred fram
wial row o sterile 1.5 mi. Eppendorf fubes,

223, MolYits Complete [Malzym, Bremen, Germany )

1 ml. spiked fresh whole blood was transferred into a sterile 2 mil,
Eppendarf tube, 250l buffer CM was added and vortexed at full
speed for 205 250 . buffer DH and 10 pl. MolDRase B were added
and vorteoed immediately for 20 £ The suspension was incubated at
room temperature for 15min. Bacterial cells were harvested by
centrifugation at 13,000 g for 10 min. The supernatant was decanted.
Cells were washed by adding 1 ml buffer RS to bacteria pellet and
vortexing for 10 s followed by centrifugation at 13,000 rpm for 5 min
The supernatant was discarded. B0 pl. buffer BL was added and the
pellet was resuspended by pipetting. 20 pl. Buglysis solution was
added and vortexed for 10 5 followed by incubation in J thermomixer
at 37°C and 1000 rpm for 30 min, 1506 buffer R and 20 jd
proteinase K were added and vorexed an full speed for 10 5 followed
by incubation in a thermomixer at 56 °C and 1000 rpm for 10 min
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2504 bauler €5 was added and vortexed at full speed for 103, The
DNA was purified by addithon of 250l binding buffer AR and
vortexing an full speed for 10 5 The mbe was briefly cenrifuged and
the lysate was transferred 1o a spin column, The column was
centrifuged at 13,000 rpm for 30 £, The flow through was discarded
and 400 pL buffer WH was added 1o the spin column. The
centrifugation was repeated and the flow through was discarded.
The column was washed with 400pL of DNA-free 70% ethanol
Talkvwed by centrifugation ar 13,000 rpm for 3 min The column was
transferred to a 1.5mb elution mbe. 100l supplied DMNA-free
deionised water { preheated to 70 *C) was added to the centre of the
wolumin and incubated for 1 min. DNA was eluted by centrifugation at
13,000 rpen for 1 min.

224, Locwster Mus (STRS Leb, jena, Germany)

1 il solution AF was pipetted onto the wall of 2 15 mL centrifugation
tube (filled with 5 g beads) and 5 ml spiked fresh whole blood was
added. Mechanical lysis was carried ol ming FauPrep 24 (MP
Beomedicals, Mikirch, France) a1 G500 m/s rotation speed for 9052 453
rotation=5 min break-45 s rotation. 5 mL uffer A and 100 jd. Protease
were added, vortexed brielly and incubated ar 50°C for 25 min, The
sample was transferved into 4 50 mL tube with a purification membrane,
Total genomic DNA was isalated by centrifugation at 3000 g for 2 min
The twbe was changed, 5 mL buffer B was added onto the membrane and
the centrifugation was repeated. 5 mil buffer Bowas added again and the
centrifugation was repeated, The tube was changed, 2.5 ml. bulfer C was
added onto the membrane, incubated 3t room temperature for 3 min
anil subsequently centrifuged ar 3000 g for 1 min 25 mL buffer C was
added again onio the membrane amd centrlugation was repeated. The
membrane was remaved from the 50 mL tube and the low through was
iransferred into 4 15 mL tube, 4 mi sopropancl was added. The sample
was penirifuged at 5000 g for 30 min at 5 "C Supematant was removed
and the pellet was washed with 2 mL 70% ethanal { =20 °C), The samphe
ws centrifuged at 5000 g for 5 min at 5 *C Supernatant was remaved
and the pellet was dried at 50°C for 15 min, DNA was resuspended in
300 pl. buffer D and dissobved at 50 °C for 30 min. The bacterial DMA was
enriched by specific binding of pokanyotic DNA onto the matrix
Therefore 400 pl of the matrix was rransferred onmo the camouche and
centrifisged at 1000 g for 30 5. The matrix was rinsed with 300yl buffer
¥ and centrifugation was repeated. The DNA suspensson was then
transferred onto the matroe The mmatrix-DRA midene was mixed and
incubated at room temperature for I min. The canridge was
wentrifuged at 1000 g for 30 & at BT and the flow throwgh was discarded.
300 pl. buler [ was added onto the cantouche, centrifuged ar 1000 g for
305 and the flow through was discarded, The last step was repeated.
Bacterial DA was eluted by addition of 300yl of buffer E (preheated to
65 °C), maxing and incubation ar room temperature for 5 min, The
carouche was centrifuged at V000 g for 30 5 at KT and 300 yl of buffer E
was again added onto the cartouche, Centrifugation was repeated. DNA
was precipitated by addition of 5l solution G, 60l 3M sodium
acetate pH 52, 480 isopropancl and finally vortexing for 10 4, The
samiphe was centrifuged at 16,000 g at 5 °C for 20 min. Supemnatant was
discarded and the pellet was washed with 1 ml 70% ethanol [ =20 °C)
and cemriluged at 16,000 g a1 5 “Cfor § min Supermatant was discarded.
Thee washing step was repeated and the pelbst was dried ar 50 °C. The
pellet was dissotved in 30 ul sterile distifled water at 50 °C for 15 min

225, SepuiFasr DNA isalarion prorecal {Roche diagnostics, Penzherg,
Germany )

The 1.5 mL of whole blood was transferred into 2 SepriFast Lysis
Kir mibes each, Cells were lysed by bead beating in MagNaLyser
(Roche diagnostics) st 7000 rpm for 705 Lysis suspension was
incubated at room temperature for 10 min. Then 150 4 proteinase K
was transferred (o a 15 mL reaction tube. 1 mi bysis suspensson per
lysis tube was added to the reaction tube and vortexed. The whale
volume of the bwo vials with lysis buffer was poured into a reaction

tube, vortexed and incubated at 56 °C for 15 min. The whole volume
of 1 vial Randing Bulfer was poured into the reaction tube, vortexed
anid 3.2 mi of the suspension was transferred 1o a filver column which
was prepared in another reaction tube, The column was centrifuged ag
1900 g for 1 min, Then the remaining sample volume was transferred
oo the colump and cemrifuged ar 1900 g for 3 min The reaction
tube was changed and one vial Inhibinon Removal Buffer was poured
onio the Alter column. The tube was centrifuged atr 4200 g for 2 min
one wial \Wash Buffer was poured onto the filier column and
centrifuged at 4200 for 10min. The tube was changed and
centrifugation was repeated at 4300 g for 1 min. The filier codumn
was transfermed to another reaction tube and 300 . of Elution Buffer
preheated 1o 70 °C was pipetted directly onto the centre of the filter
column followed by an incubation at room temperature for 5 min.
DNA weas eluted by centmifugation at 4200 g for 2 min.

2.1 DA ammplification and habelling

The 165 rRNA gene was PCR amplified employing the primer 450w
[5*-GOC TAW CAC ATG CAA GTC GA) and the reverse primer 1391 ey
[5-ADG GGC GGT GTG TAC) (Microsynth, Balgach, Switzerland)
(03 M in PCR mixiure), Primers were designed using the arb
software package {Ludwig ef al, 2004).

Dptimal PCR mixes for @ 25 i reaction volume were [ound to be
immoNtix { Bialine, Luckenwalde, Germany) and Mastermix 165 Basic
kit (Modzymm): 12,5 plof the 2-fold concentrated lemmoMix was mixed
with 0.5 il of each primer. Different DMA wample volumes (1, 2 5 and
10 ) were tested and optimal volume was foand (o be 5 . which
was added and the mixture was diluted with 55pL PR water
[Bindine) to obtain the fnal 25 pl reaction volume, To obtain a PCR
mixture based on the Mastermix 165 Rasic kit, 10 pl of the 2.5-fald
concentrated minture was mixed with 0.5 pl of each primer, 0.8 L
paltymerase, the appropriste volume of DNA suspension (5 ul) and
fimally adjusted with PCR warer 1o 4 (lnal voliame of 25 gl

PCR cycling inclusded an initial denaturation step at %5 °C for 5 min,
followed by 40 cycles of 95 °C for 305, 55 °C for 1 min. and 72 *C for
1 min wsing a Biometra TH000 Thermocycler | Goettingen, Germany ).
Temperatwre cycles were terpinated at 72 °C for 10 min o complete
partial amplicons, followed by storage at 4 °C until further usage.

Successful amplification was confirmed by resolving the ICR
products on a 1.5% agaroge gel (Seakem, Biozym, Vienna, Austria)
with ethidium bromide in TBE buffer (0.1 8 Triz, 90 mM bocic acid,
1 mM EDTA) {Invitrogen, Paisley, UK )

In arder to check the lowest detection limit without any
identification of the pathogen a primer pair was used to amplify a
fragment of the 165 rBNA gene. An amplicon of about 300 bp was
generated employing the primer 458w and the reverse primer 34 7rev
(5°-TTC OOy ACT GCT GCC TC) (Microsynth, Balgach, Switzerland)
(0.3 nM in PCR mixture]. The additional primer was also designed
using the arb software package. Reaction conditions applied were the
same as described above,

PCH products were Labelled using a primer extensson method: 6 i
of PCH product was used for labefling in the primer extension reaction
mix, which contained 0.9 mM each of forward primer 45fw (165
rRMAJ, 1.5 U Vent {exa} polymerase (New England Biolabs, lpswich,
LK}, 3 b MigSOy and 50 b of dATY, dGTP, and dTTF, 25 M of dCTP
and 25 uM Cy3-dCTI® (Amersham Biosciences, LIK). The reaction mix
was cycled 25 ar 95 °C 60 °C and 72 °C each at 20 s followed by a
Rnal extendion step for 5min at 72 °C Temperature cycles were
preceded by & 3 min incubation ar 95 °C.

24, Micrommay prepanation, hybridisation and reed-out
Microarray probes were designed using the arb software package.

Microarray layout and fabrication was realised a5 previously de-
scribed (Wiesinger-Mayr et al. 2007),
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Prior to hybridization of the microarray, slides were pre-treated
with blocking buffer (3 M wrea, 0.1 SD5) at room temperature for
30 min in order 1o inactivate reactive groups on the slide surface.
Shides were rinsed in Ix PEST (Ix PBS containing 0.1% Tween) for
5 min and in distilled water prior to drying under airstreanm.

The hybodisaton mixture had a final volume of 30.3pl
contained 24 . of the labelled DMA reaction mixmure and was
adjusted wsing 20x S5C and 10% 505 to a final concentration of 4x
S5C and 0.1% SD5. The suspension was denaturated a0 95 °C for 5 min
and finally a hybridisation contred (BSrev: 5° end Cy3-labelled
oligonucleotide sequence: AAG CTC ACT GGC CGT CGT TTT AAA)
was added at a final concentration of 0.5 nM. The hybridisation
control also served as a guiding dot on the microarray for the later
microartay read-out and had been shawn not to interfers with ather
detection probes. A total volume of 22 4. of the hybridization mix was
transferred to 4 cover slip (22 23 mm] and subsequently appleed o
the microarray surface. Hybridiation was realised at 65 °C in a vapour
saturated chamber for 1 h Slides were washed in 2x 55C and 0,15 505
for 5 min followed by 0.2x 55C for 2 min and 0,1% 55C for 1 min. Skides
were dried by centrifugation at 900 g for 2 min.

Slides were scanned ata resolution of 10 pm with an Axan Genepix
A000A microarray scanner (Axan, Unbon City, California) at equal laser
power and senditivity bevel of the phatomultiplier (650 pmt) for each
slide. Obtained images were analysed using the Genepix software and
the resulting gpe-files were wsed for further analysis,

2.5, Assessmient of clisloal specimens

A total of eight patients with a clinical suspacion of sepsis were
included. Blood samples for conventional pathogen detection were
withdrawm directly in blood culbtue botrles (RecT/ALERT FA and BacT/
ALERT FM, HioMérieux, Marcy 'Eroile, France) and mransfermed o the
blood culture automated system [ BacT/ALERT 3D Microbial Detection
System, BloMérieux). Etlologic agents were identified from positive
bdood cultures following standard microbiologic procedures, includ-
ing Gram staining and Vitek 2 Compact identification and antibéogram
[Beohérieux),

For modecular derection of pathogen whole blood specimens, that
had been collected in EDTA tubes { Becton-Dickinson, Franklin Lakes,
N, USA) around the time of bood culture inoculation lor the purpose
of routine analyses, were used and treated anonymousty, A 5 mil
abiquot of each tube was transferred into a 10 mL sterile tube and the
[eMA isolation procedure was camied out as described in Section 2.2
“Modified EasyMag protocol™ followed by DNA detection using
micmaray technology as described in Sections 2.3 and 2.4,

3. Results
1.1, Comparison of DNA concentmarion and purity

DNA concentration and purity was determined wsing the Nano-
rop ND-1000, The DNA suspension obtained using the modified
EasyMAG method had an average ratio (260280 nm) of 132,
indicating that high corcentrations of ather macramalecules such as
proteins were still present in the sample (Fig. 1A). The comparison
with other kits showed thar the highest purity of DNA was obtained
applying the Loaxster kit and the Roche solation method included in
SeptiFast. Here the averages of the measured ratios were 1.86 and
173, respectively. The isolation method MolYids had an average DNA
puity of 1,43, The majarity of the DNA measured in the samples was
Tuman DNA since bacteria were spiked o the blood anly ar o low
concentration and were likely undetectable. The modified EasyMAG
protocol yielded, on average, a DNA concentration of 166 ngjd. The
lerw patal amount of DNA suggests that the pre-lysis step for human
cells had a srong impac on decreasing the DNA concentration |n the
final efuate. The high amount of total DNA of 996 ngjil of the
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Fig. 1. [A] Parity of DNA wrigeminn wa detemsined by sedsuring sdws prion rais of
2E0 e T80 qum. Thee Baphint shors thae the highea pesity with kiw varlatom wa
obtained ming the Lomober sad Sepoifast bt Applying standand EayMAC protooo] fe
onrliery wan observed with aratio of S0 and 5.5, The insially spplied bood volene per
riwthexd weas: inodifled Liny WAL protoind (MY3] & mi, looxaer: § sl MalYe | mi.
Sepifane tanlation methad 3 Ml dad EnybAG: 02 ml, (§) Soaphot of meal D44
congenirEion (Agid) in ebeained suspensies. The Molvis kit and (B waocSed
EasySiAL protoced (MY3] had the loverss DNA conceseration.

SeptiFast method and 97.4 ngill. of the Looxster kit suggests a high
concentration of human DRA in the sample (Fig. 18). The lowest DNA
concentration of 8,71 ngl was obtaimed by the Molvsis kit indicating
good separation of human DNA. The standard EasyMAG protocol
using 0.2 mL whole blood yielded an average DNA concentration af
411 ngpl, indicating a high concentration of backgound DNA
considering the small amount of sample applied.

The yield of total DNA obtained per mi of blood indicates a clear
effect af the eman DNA depletion [Table 1), The Septifast isolation
protocol and the standard ExsyMag protocol yielded the highest
amounts of motal DA (9960 and B220 ng per ml whole blood
respectively ). Conversely, the protocols wilising depletion of human
DNA ledd to bower DNA yields per mL blood, Samples processed with
the MolYsis kit showed a low DA concentration in the final
suspension valume, However, the DNA yield i3 greatly increased
when considering the applied blood and elution volume, since
Molvsis urilised a small sample volume {1 mL whole blood) and
was ehuted ina greater vobume [ 100 gL, resubting in a total DA yiek)
of 871 ng per mlL blood. The Looxster kit gave 3 total DNA yield of
584 ng per mL biood, The lowest DNA concentration [132.8 ng per ml
blosd) was obtained with the modified EasyMag protocol The
difference in DNA concentration and absolute DNA yield compared
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to other isolation methods was a consequence of the ligh inftial bloosd
wolume and the low volume of elution bulTer,

12 Ampdificotion of bacterial DNA

Two different mastermixes for DMA amplification were used:
ImmoMix and 165 Basic kit Several tests af these different
mastermixes using DMA from pure bacterial cultures demonstrated
that the ImmoMix yielded the greatest amplifcation eMiciency, as
evaluated by agarose gel electrophonesis [data not shown L. However,
when using 'CR grade water in the negative controd and primers
amplifying shon fragments in order to maxsmise the sensitivity af
detection, non-specillc amplification was observed In all negative
contrals, For this reason, the 165 Basic kat was chosen for the testing off
biood samples as it was the only PCR kit guaranteed to be free of
bacterial DMA. The direct comparison of 165 Busic kit with immohiix
using the DNA samples isolated from spiked whole blood showed that
the 165 Hasic kit was as sensitive as Immodix due to an optimisation
of 165 Basic mastermix for use with a high background of interfering
human macromolecules. Furthermore amplification evaluation by gel
elecirophoresis indicated that the Basic kit PMCR produced discrete
hands whilst the mmoMix kit often led 1o the generation of
ambiguous bands and smears (Fig. 21 Hybridisation of these PCR
products on the microarray also resulted in more non-specific tgnals
than were obtained when using the other PCR misx.

Amplification, evalusted by gel electrophoresis, revealed different
detection limits dependent on the salation method applied and the
bacterial species spiked into whale blood. It was shown that the
madified EasyMAL protocol was generally the mosi sensitive with
detection limits as low as 50 bacteria per ml blood (e F. coif)
Tallowed by the sensitivity of the Lomoter kit. When investigating
F. aeniginosa DNA, a clear band was detected using agarose gel
elecirophoresii at 10F bacieria per mi blood using the Lodxster kit,
SeptiFast solition and modified EasyMAG, Based on MolYsis and

&
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EasyMAG a detection limit after POR of 107 cells per mil, blood was
Indicated [Table 2). The best results were obtained from DNA
Isdations with E cofl cells,

1.1 Micraasray hybridisation

The microamray wsed comprised 75 different species specific
probes, two positive controls (PCR and hybridisation-control ] and
ome negative control [buffer spot). independent of the applied DRA
isedation method a high background of human DA did not interfere
with hybridisation resulting in spedies specific signal patterns {data
o shirwn ),

Degecting closely related species the signals obtained by cross-
hybridisation onto multi-specific probes were detected o the same
extent as during hybridisation with DNA from pure cultures, During
all experiments no fakie positive results wene generated, showing no
influence of the high human DNA background, False negative results
were only obtained from hybridisations below the detection limin of
the corresponding method, Bloodstream infections camsed by mone
than one speches may be detected. Thus a combination of Gram
positive (5 aureus) and Gram negative (K paciemamios) species were
tested, The parallel detection of two pathogens in one sample
generated a combination ol the mdividual hybodisation paiterns,
which were obtained by single species identilbeation (Fig 1)

Thee semi-autemated EasyMAG proioool resulted in the maost
senditive detection of Gram negative species, Evaluating signal
patterns only low signal intensities from probes of very dlosely
related species were obtained (Table 3). However, signals from
spedific probes were on average 45X |ower than that obtained from
pure cultures, Considering both Gram negative and Gram positive
species, maximal signal intensities were obtained after hybridisation
of samples processed with the Looxster kit particularly for Gram-
pasitive arganisms. Concentrations of 107 cells per mi. blood resulted
in strong signal intensities with all methods and species. Concenira-
tions of 10" bacterla per ml. Mood were only detected using the
MalYsis (for E feecium and 5. oureus |weak signals] ). Loouster kit (for
E foectum and 5 owrens), modified EasyMAG protocol (for E ool
P, oeruginosg and 5 aneus [weak signals]) and SeptifFast isolagion
protocal (for E foeciem, 5. ourens and E coll |weak signals]). The
lowest sensitivity was obtained through application of standard
EasyMAG prodocod with the recommended starting valume of 0.2 mi
Ilond. Wheretry a detection limit of 107 was found in best case for
E Joeciem and P seniginasa.

34, Analysis of climical somplies

Eight dilferent patient blood samples were analysed in a dlinical
dlagnostic laboratory, A water negative control was included in each

g L Gl efevtrophoresis image of POR sxplicom derived from P aemsgisais DNA olated from whole blood. Teg POR massermines were compaied ) Imemodtin (4] and 165 Basie kit
(8L A hacterial diarion row was spiled oo whole blood: kine 1; 52 10" bacveriamil Slood, lne 2= 107 bacteria/ml bloesd and ine 3: 10" Bacteria mi. bleod. Barrriad DNA van
uaskatr! appdying five diffesems techmnbques: Seprifast rolasion Wi (4], Mol oomplete |5), Lonssier (], mestified EaySAG proioonl [d) sl EasyMAL proooced (¢ 1 Line £: segative
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extraction run. In parallel to the molecular detection and identifica-
tion uRing our microarray, 4 blood culture was alio carried out and
conventional microbiological methods were wsed for identification.
Thie results were directly compared o those obtained by DHNA
izolation using modified ExsyMag protocel combined with microarray
based species identification. The microarray used had been previously
designed, in-house. to identify 25 different pathogen species
including both Gram positives and Gram negatives (Wiesinger-hMayr
ot al, 2007).

Using blood culture certain pathagens could be detected in five of
the patient samples [Table 4], In three samples the pathogens could
I identified correctly by both conventional microblolegical methods
and the molecular assay as E coli. The species Listeria monocngenes
and Streplocaccns safivarius were not detected using the molecular
asaay, since no species-specific probes for thess bacteria were
Inchided in the microarray. Three patient samples were found
megative for pathogen by both methods.

1.5, Sienphicity of lsolation protocol

The modified EasyMAG protocol was carried out within 75 min
requining hands-on-times of approcimately 10 1o 15 min to process
five 1o eight specimens. The device was adjusted to elute 20 jd, of DNA
suspensson which could be directly used for sulsequent molecular
assays. Using microarray detection 10 bacteria per mi. blood could be
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detected (E coli). Since 5 ml of blood was used, the maximal amount
of bacterial genomic DNA copies in the eluste cormesponded to 50
bacteria

A, Discussion

For all molecular pathogen identification methods an efficient
isolation from the dlinical sample thar resulis in microbial DNA
template of high purity is important to achieve acourate results, The
removal of inhibitory components (rom the sample ks 2 major foous of
target isolation strategies. Sensitivity of sequence specific amplifica-
tion and detection methods requires an efficient DNA isolanon
protocal. Furthermore methods for clinical application need o be
rapid, and simiple, alkowing the potential for automarion.

Therefore 4 semi-austomated method based on a device which is
already widely available in clinical laboratories was established and
its efficiency was compared with different commercially available
methods for whole blood bacterial DA isolathon, The new method is
rapid and significantly reduces bath hands-on-time and contamina-
tion rigk,

Each method examined wtilised a different initial volume of whole
bleod. It was shown that the methods Looxster and SeptiFast with a
high imitial vohame of 5 and 3 mL whole blood, respectively, gave the

hackground DNA concentration. However, the effect of human
DONA depletion with the Looxcster kit could be clearly shown in
comparison with the SeptiFast based solation method. The method
MalYsis and standard EasyMAC protocol utilised a lower initial blood
valume of 1 and 0.2 ml, respectively, As such the remaining human
DRA in the final suspension was considerably lower, However, the
established semi-automated method based on modified EasyMAG
protocol combined with MolYsis' human cell pre-lysis utilised a
higher initial bood volume of SmL and stll resulted in 4 bow
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concentration of human DNA. The resulting concentration was
cormparable to those of MolYsis and standard EasyMAG. Due to the
high staring blood valume and the low volume of elution bulfer
(40 pL) the madified ExsyMag protocol resulted in the loweest DNA
amount obtained per mi. blocd. Interestingly the same reagents as for
ithe MiolYsis kit were apphied with the difference of using Larger tubes
(50 mL Fakors) and higher reagent wolumes. A possible overlosd of
the silica beads, which would lead to a loss of DMA, can be exclsded
since the aandard protocol yiebded much higher DNA amounts than
the modified protocol. In terms of purity of the final suspension | rado
260/280) the Looxster and SeptiFast methods were the most
reproducible. In comparison to those kits the modified EasyMAG
protocel demmonstrated a lower DNA purity, Comparison of the
commencially available kits partially confirmed the results of a
previous study; Hansen et al, (2009 showed highest sensigivity for
the Mol¥sis kit. However other methods were not carried out
correspanding to the manufacturers’ instructions (.8, Loaxster), the
influence of sample volisme (of spiked whole blood) on detection
lirnit of fisngal DMA has also been previously described, wherehy an
increase of blood volume fram 1 to 3 mi resulted in an increase of
senaitivity in three of four general methods for DMA isalation [Schule
et al., Jg).

The optimal volume of DNA suspension added to the PCR mix was
determined by comparing different volumes added: 1, 2, 5 and 10 pl.
It was shown that for all methods the best results were obtained using
2 or 5 )d. of DNA suspension in a 25 pl. PCR reaction volume, thus 5 pl,
DHA suspension was used for subsequent experiments. In order to
allow differentiation of all targeted bacteria the slmost complete 165
rONA gequence was amplified {postion 45 10 1391). However,
amplifying a large fragment during PCR results in decreased
senaitivity compared 1o generation of shor fragments, The amgifi-
cation of a shorver fragment of 165 rDNA (approsc 300 bp} led oa 10
tirmes lower detection Nmit for some tested methods and speces.
However, wsing shon fragments prevents the discrimination of same
isolates down to species level Applying a highly efficeent PCR mix
(immomix. Bioline) led to faikure of negative controls, Therefore this
kit was compared with the 165 basic kit [Molaym] which is
guaranteed free of bacterial DNA. Using DNA from pare culiures the
Immomix led to stronger bands on the agarose gel. however PCR
amplicons were detected in almost all negative controls and
indicating unreliable results. Applying DNA solated from whole
blood samples the 165 basic kit gave similar amplification efficiencees
as the Immomix. Nevertheless negative controls using the 165 basic
kit were consistently chean, When considering the macroarray signal
intensities. amplicons. generated by the 165 basic kit led to stronger
anad mare specific signals than when the Immomix kit was used.

The results of this study were mainly obtained wing sprked blood
samipbes. This fact might lead 1o a systematic ermor of the resules, since
real clipical samples not only contain viable cells but abso dead bacteria
and free bacterial DNA This free bacterial DNA will not be considensd
by certain methods, The Looxster and SeptiFast isolation methods byse
all cells present in whede blood during the first working step thus also
the free DNA The Mol¥sis method employs an initial partial lysis step
for eliminating human cells and its DA During this working siep
again the free bacterial DNA i removed, Singe (s step 18 also applied
far the modifisd ExsyMAG protocol the free bacterial DMA woubd not
be available for subsequent diagnostic methods. Depending on the
concentration of such free DNA in patient’s samphes this fact might
represent a disadvantage of these methods. However recent publica-
tions of clinical studies of the MalYsis kit reveal a good sensitrvity of
ithe: muanual method applied on dinical samples (WeBinghausen et al,
20049 ). Although a small number of dinical specimens were alio tested
in the gresent study, & clinical validation study mcluding 4 wider
varety of sepsis-related pathogens is curmemtly being planned in order
1o assess the usefulness of the modified EasyMAG protocol in the
linical sening.

Amongst the most mmportant aspects of molecular detection
methods in chinical routine are protocel duration, hands-on-time,
ease of use and risk of contamination. Regarding these criteria the
semi-automated method i well suited to clinical application since the
total soluion can be completed within 70 min and requires misimal
manual working steps inchuding the pre-processing steps for hisman
cell bysis, DMA degradation, pellet resuspension and transfer into the
EasyMAG device. Thus the risk of contamination using this method
was also the lowest compared 1o the other protocols. The second
fastest method was the isolation performed during SeptiFast analysis.
which ok about 80 min, however this includes several manual
working steps and centrifugation. An advantage of this method was
the decrease of cantamination risk due to the avoidance of pipetting
steps. The MalYss pratocol could be performed within 3 hincluding a
DNA parification step using a column. The method, which required
the most hands-on-time combined with lengest time-to-resull, was
the Looxster methad, which required 7 b until the INA suspension
was obtained. Considering the requirements of clinical laboratories,
these mansal methods ane not well suited for routine diagnosis since
they are time consuming and comprise labour-<intensive manual
working steps which requine a full-time and skilled laboratory stafl,
Aleng with the manual working steps the contamination risk
increases cormespandingly,

Automation of the method is well suited 1o clinical liboratories.
The desribed semi-automated EasyMAG method is a significant step
in this direction, allowing sensitive detection and identification of
pathogens directly from clinical samples. For a recent publication a
research group wsed microfluidic approaches for semi-automated
bacterial DNA ssolation from whole bloosd. Howewer, also for this
method a pre-processing manual lysis sep was carried out prios o
application to the device and the applied sample volume was small
(100 pd.) (Mahalanabds et al. 2004).

5. Conclusion

In this study we have established and optimised a semi-automated
miethod for bacterial DMA isolation from whole blood and compared it
to currently available methods (all manual protocols with several
hours of working time ).

The newly established method is based on the EasyMAG device
which is already routinely used in many clinical laboratories, Thus we
propase the adaption of this existing tool to the needs of molecular
Infection disgnestics as it circumvents the shortcomings of currently
available protocols and will contnibute (o an improvement in patient
trextment.

Furthermare other automated DMNA isolation devices are available
of are alteady in wse in clinical routine, which are even less cost-
intensive, Therefore other automated methods may be tested for fast
Isolation of bacterial DMNA directly from clinical samples. Application
of an appropriate pre-lysis step for human cell depletion which also
includes sample volume rediction has the potential 1o increase
sensitivity even when using already established isolation tools by
simphe process adapration.
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Actuabmeente, L enfermedades infecciosas siguen causando wna elevada mommalidad y morbslidad. Los
mitedos de diagndstico microbioligsoo se basan en el cultive seguido de La identificacidn fenotipica del
microargantuma una ver aislada, y el Hempo necesario para s obtencitn puede variar de 24 2 48 h Dado
que La identificacidn microbioldgica repercute directamente en el manejo del paciente y su prondston,
50N Necesanias muevas hemramientas diagndsticas capaces de detectar ¢ identificar cualquisr microorgs-
misena de manera ripida y fable. A lo lango de los dltimas afios s han desarmllado diferentes thonicas
moleculanes bassdad en la amplificaciin genitics con © abjetivo de reducie ol Hempo necesario para L
identificacitn de los microorganismos implicados en diferentes tipos de procesos infecciosos. Por otro
ladie, la espectrometria de masas ha surgido como una altemativa ripida y eficar alos métodos canven-
cionales para L identificackin de microorganivmos. En exta revisidn se describe [a ecnologia en sus dos
formas mds utilizadas —desorcidn/ionizachin por liser asistida por matriz (MALDM-TOF) & jonizacidin por
electrospray [ESI-TOF)— para ¢l andlisis tanto de las proteinas como de los dridos nuclescos microbia-
o asd como Las diferentes platalormas comerciales disponibles. Asi misma, se hace una revisiin de b
trabaos de mayor interds en microbinlogla clinica,
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Mass spectrometry in the clinical microbiology laboratory
ABSTRACT

R R e T

Mlairix-asibed Laser desorption ionization
timmeof-flight [MALDI-T0F]
POR-MALDN-TOF

PCR-electoapray iontzagion vimse-af-flighi
(PCR-ES1-TOF]
Mlemtifrarion of ST ganism

Infisctious diseases are still 2 cause of high mortality and maorbidity rates. Curnent microbiological diag-
mostic methods are based on culture and phenotypic Mentification of isolated microarganisms, which
can be obtaned in about 34-48 h. Given that the microbiological identification is of major importance
for patient management. new diagnostic methods ane needed in order to detect and identily microoe-
ganisme in a dmely and accurate manner. Over the st few years, several molecular techniques based
on the amplification of microbial aucleic acids have been developed with the alm of reducing the time
meeded for the dennifcation of the microorganisms invelved in different infectious processes. On the
oaher hand, mass specrometry has emerged 45 a rapld and condistent aliemative 1o conventional met
Peids Sor microcagandsm identification. This review describes the mest widely used mass spectrometry
technodogies —matrix-assisted laser desarptionsonization time-of-fight {MALDE-TOF) and electrospray
Ionkzation time-of-llight { ESI-TOF}—, both for protein and nocleic acid anabysis, a3 well a3 the commercial
platfarms available. Related publications of most interest in clindcal microbickogy are aleo ieviewed.

© 2011 Etsevier Espafia, 5L All rights reserved,

Introduccifn

A pesar de fos avances en el campo de Lo medicina, las enferme-
dades infecciosas siguen siendo la cawsa de una elevada mortalidad
y marbilidad. Segiin el informe acualizado en 2011 de la

* Aurior para courespondendia

Crren elecininios: vamnéna germanstrasdgencet cal [V, Assing Huir )

Organizacidn Mundial de la Salud, 4 de las 10 principales causas
de muerte a nivel mundial estin causadas por agentes infecciosos,
siendo estas las infecciones de las vias respiratorias bajas (6,1%). la
diarrea (4.3%) la infeccidn porel VIH (31X} v la tuberculosis (24T
En paises subdesarrollados, a estas se les suman la malarea (52%) y
las infecciones neonatales (2,6%)".

Para un dptimo manejo de los pacientes o5 indispensable obte-
mer La dentificacidn microbiobbgica del agente causal de L infeccidn
en el menor espacio de tempo posible. Solo asi serd posible aplicar
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un tratamiento antibidtico efectivo o reducir ef espectro del tra-
tamiento administrado empiricamente, dismimnyendo la aparicidn
de resistencias?,

5in embargo, la obtencidn de un diagndstico microbieldgico
rapido resulta compleja utilizando los métodos convencionales
considerados como gold stondard, que se basan en el cultivo
seguido de b identificacidn fenotipica del microorganisma una vez
aislado”. Aunque la obtencidn de un cultive puro del microorga-
nigmo implicado en una infeccidn permite no solo la identificacidn
del mismo, sino también el estudio de su sensibilidad a diferentes
antibidticos y la determinacidn de marcadores epideminlbgicos, el
LMo ecesarsy para su obtencidn puede variar entne 34 y 48 b,
segin bos requerimientos del microorganismao, Asi mismao, serdn
necewarias 24 h adicionales para disponer de los resultados defini-
tiwos de la identificacidn y el antibiegrama, lo que swpone como
minimo un total de 48 a 72 h desde la obtencidn de la muestra del
paciente.

Este perindo de tempo puede reducirse utllizandoinstrumentos
que ofrecen una identificacidn automatizada basada en el per-
fil bioquimico de los microorganismas. Uno de los sistemas mds
utilizados de identificacidn automatizada es el Vitek I Compact
{bioMeérieux, Marcy FEtodle, Francia), que permite tanto la sden-
tificacidn de hactenias y levaduras como Li obtencidn de su patrdn
de suscepribilidad a diversos antibsdticos y antifingicos en unas 6-
12 h partiendo del cultive purc®. Otros sistemas tamblén utilizados
para esta finalidad son MicroScan (MicroScan Systems, INC., Ren-
ton, EE ULL) o Phoenix (Becton Dickinson, Franklin Lakes, EE. ULL)
entre otros’.

A diferencia de otros laboratories, como los de biogquimica o
hematclogia. que se han beneficiado de la tecnologla para simpli-
ficar el procesamiento de las muestras y poder oltener de esta
manera resultados en un breve espacio de tempo, 1a automati-
zacitn del laboratorio de microbislogia es mds compleja. dada la
gran diversidad de misestras clinbcas a analizar y las caracteristicas
inherentes 3 bos diferentes microorganismies.

Log requisitos ieales en una plataforma o equipo de deteccitn
e identificacidn microbiobégica serian los sigubentes: capacidad de
deteccidn de cualquier microorganisma, deteccidn a partir de |a
marestra clinica directa, obtencidn de resultados enun periodo corto
de temgo | 1-6 h), deteccidn de resistencias, factores de vinlencia
o toxinas, ¥ una buena relacitn coste-efectividad.

Recientemente, la espectrometria de masas (EM) ha imumpido
en el laboraiorio de microtdologla afreciends una alternativa riplda
y fiable para la identificacidn de microorganismos. A pesar de que
esta tecnalogia <o ha aplicado en diferentes campos durante los
itltimos afios. la reclente creacidn de plataformas simples v Giciles
de unilizar dirigidas al diagndstico microbioldgicn ha conlievade su
creciente incorparachin a los labaratorios de microbiologia. Las pla-
taformas comercializadas hasta ¢l momento utilizan ka EM para ka
identificacidn de microorganismos mediante dos aproximaciones
diferentes: la identificacidn basada en el perfil proteico especifico
de cada microorganismo [aproximacidn protedmica) o el andlisis
de sus dcidos nucleicos (aproximacidn gendmica).

Esta revisidn pretende explicar esta tecnologia y hacer un resu-
men de sus aplicaciones actuabes o futuras, centrindose en las
plataformas comerciales existentes,

Espectrometria de masas
FRrewe histaria

La EM fue concebida hace mis de cien afos. Sin embargo,
no fue hasta la invencidn de las llamadas técnicas de ioniza-

cidin suave MALDI [por las siglas en mghés de Marric-assisted laser
desorptipnfionizetion [desorckdnfionizacitn por ldser asistida por
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matriz]) y ESI (por las siglas en inghés de Efectrospray donization
Jionizacitn por electrospray] 18 que esta tecnologla empezd a utili-
zarse en los laboratorios para aplicaciones rutinarias, Estas thenicas
de ionizacidn suave permitieron el andlisis de proteinas de elevado
pese molecular y a la vez facilitanon el andlisis de mezclas, ya que
mediante estas thmicas los componentes de una mezcla compheja
se ponizan sin sufrir apenas fragmentaciones, lo cual simplifica bos
espectros de masas”, En los ditimos 20 afios, estas nuevas técnicas
de [EM se convirtieron en indispensables para el avance de La proted-
mica, sobre todo al ser combinadas con el analizador de masas tipo
TOF jpar sus siglas en inglés de Time-af fight [tempo de vuela] L
Aungue la separacidn de particulas cargadas basada en la masa y el
tiempn de vaelo se conoce desde ¢l 1897, la utilizacidn del tiempo
de vuelo como medio para obtener un espectio de masas tardd
en aplicarse en la EM, y fue en 1946 cuando aparechd la primera
referencia de su empleo®.

El MALDN-TOF se utilizaba inicialmente para ¢ andlisis cualita-
tivie de blopolimeros, como una herrambenta para valorar 1a pureza
de diferentes productos”. Debido a kas caracteristicas técnicas de
los primeros espectrdmetros de tipe MALDL su utilizacidn para el
aniilisis de analitos de bajo peso madecular resultaba inapropiada
debido a que el exceso de matriz enmascaraba la sefial de estos.
Ademds, resultaba dificil obener una aproximacidn coantitativa,
debido a que la cristalizacién de la matriz no era uniforme, por
o que se ohienian sefabes de diferente intensidad segin la sona.
Actualmente se han subsanado estos inconvenientes, y e trata
de una thepica ampliamente utilizada para el andlisis ¥ la cuan-
tificacidn de proteinas, péptidos, toxinas, dcidos nucleicos ¥ otros
CompUestos.

Fmdamentos de la tecnologio

El espectrdmetro de masas produce, separa y detecta lones en
fase gaseasa'?, Los elementos principales que forman un espectnd-
metro de masas son tres: una foente de pnizacion, un analizador
de rmasas y un detector. Los tres elementos se mantienen en una
atmidsfera de vacio, En la figura 1 se esquematizan bos componentes
dé un espectrdmetro de mazas,

Fuente de ionizacidn

El resultado de aplicar una fuenie de jonizacidn sobre una
malécula es la formacidn de lones, generados por exceso o pér-
dida de efectrones, por lo que dichas moléculas estarin cargadas
eléctricamente®, En el caso del MALDI, la muestra es embebida en
una matriz ergdnkca, la cual cristaliza en contacto con ¢l afre. Esta
mezcla se deposita en una tarjeta de un material conductivo ¥ es
irradiada por un liser. La energia del liser causa una desestructura-
citin de la matriz cristalizada generando una nube de particulas. Los
iones de dicha nube se extraen al ser sometidos a un campo elée-
tricn, 4 través del cual estos son acelerados debido a su carga. Lot
iones obtenidos san dirigidos hacia el analizador de masas y, poste-
riormente, al detector. El papel de la matriz es fundamental para los
procesos electrogquimicos que se producen, Generalmente se trata
de sustancias orginicas que absorben la energia del Liser. Algunas
de las matrices mds utilizadas son el dcido a-ciano-4-hidroxi-mans
cindmico, el dcido 2.5-dihidrobenzoico, o el dcido sinapinico.

En el caso del ESL la muestra se encuentra disuelta en un sol-
vente orginico y s imyectada a travis de un capilar. La diferencia
de potencial se genera porgue existe un electrodo en contacto con
el capilar, mientras que el otro electrodo se sitda en el detector del
espectrémetro. Cuando L muestra sale ded capilar se genera una
mube de pequefias gotas cargadas que da lugar a los iones en fase
ganeosa, Con esta tecnologia, aplicando una diferencia de potencial
positiva o negativa se pueden generar cathones o aniones'”,
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Figura 1. Esquenma ds um s pecindemetns de masas. MALD: desorvideionizadidn pes
User asisidda por matriz; ES3; lomizackin por electrospray; m)c ratio mas caga.

Anglizadar de masas

Se trata del componente principal del espectrimetro, A pesar de
extsrir diferentes analizadores, el mis urilizade en las aplicaciones
de la EM dentro del campo de la microbiologia es ¢l analizador de
tipa TOF, Laestructura delimita una sond de vielo J través de la cual
Ias bones son acelerados adgquiriendo una elevada energia cindrica, y
durante este trayecto se separardn segdn su ratho masalcarga (mjz)
La mayor parte de iones generados poseen una sola carga (z=1}
por lo que la ratio mz equivale a m. El periodo de tempo que tarda
cada idn en legar hasta el detector es denominado tiempo de vaelo
y depende de dicha ratio®!",

Detector

Al final de la zona de vuelo los iones impactan en el detector. En
muschos casos, antes del detector encontramos un cuans elemento,
el reflector, cuyo objetivo es compensar las velocidades cindticas
antes de que los jones impacten contra el detector. Con ello se
obtiene un auments en la resoluclén'>", A partir de la informa-
cifin recogida por el detector, s¢ genera o espectro de masas en
el cual se muestra la masa de los diferentes jones de la muestra
calculada a partir del tiempo de vuclo, En ol cje de las ordenadas
del espectro de masas be representan bos valores de la ratio mjz,
mientras que en el eje de las abscisas te representa la intensbdad,
s decir, el nimero de jones de una determinada rato m)z gue ha
impactado ¢ontra el detector.

En el caso del MALDH-TOF. como se ha comentado con anterion-
dad, la ratio m|z suele ser equivalente a la masa malecular {m) del
analito, por o que en el espectro tipico de MALD-TOF se observa un
solo pico predominante, comespondiente a dicha masa. En el caso
del ESI-TOF, en el espectro generado se ven representadios todos los
iones generadod a partir del analito en sus diferentes intensidades,
de manera que se observan mdltples picos, En este caso, la masa

medecular del analito se obtiene caloulando la media de todas las
mazas moleculares relativas de cada iin obtenido,

Primeros aplicociones de o espectrometria de moses o la
microbiclogia

Ya en 1975 s publicd un trabajo en que se utilizd una com-
hinacidn de pirdlisis con EM para la identificackin directa de
microorganismas liofilizados'®, Mediante los espectros obteni-
dos pudieron diferenciarse inequivacamente 7 bacterias diferentes
(2 grampositivas y 5 gramnegarivas ] La desventaja de la pirdlisis e
quie el tamafio y el rango de las masas obtenidos por esta phcnbea son
pequeios, por o cual ofrece poca informacian estructural, Poste-
riermente se utilizd otra metodologia, &l bombanden con dtomos
ripidos o FAB-MS (por las siglas en inglés Fosr atom bombarde-
ment lonization mass spectrometry), 1a cual, a pesar de ofrecer mayor
informacidn estructural, salo permite analizar analitos de extractos
celulares, coma, por efemplo, lipidos de membranas, Posterior-
mente, Cain ef al.'* diferenciaron diversas bacterias mediante EM
tip MALDI-TOF con una extraccidn previa de proteinas hidroso-
lubles. En 1996 se publicaron ks primeros estudios en los que
3¢ analizaban células bacterianas intactas sin ninguna extraccidn
previa, sino depositando las células directamente en la tarjeta de
un instruments MALD-TOF y recubriéndala con una matriz orgd-
nica; Holland et al."? generaron los espectros de referencia para
5 bacterias grammegativas para proceder posteriormente 4 su iden-
tificacién a ciegas, pudiendo identificarlas correctamente. En el
trabaje de Claydon et al.'® fueron 10 las bacterias (6 bacterias
gramnegativas y 4 bacterias grampositivas) caracterizadas y poste-
risrmente identificadas mediante la tecnologia MALD-TOF.

A partir de estos estudios iniciales. muchos otros utilizaren la
EM para resabver problemas microbioldgicos (identificacién, geno-
tipado, estudio de resistencias, etc.)'™ ™. Poco a poco las bases de
datos s fueron ampliando con espectros de ks micreorganismaos
mds relevantes obtenidos mediante MALDI-TOF.

Lo espectromerria de mazas en ef loboraporio de microbdslogia
en fo actunlidod

Reclentemente han aparecido diversas platafermas que han
permitido a los laboratorios de microbiologia clinica acceder mds
fécilmente a esta tecnologia, ligada en sus inicios a la investigacidn
dsica, Dewde la comerclalizacitn de extas plataformas, el ndmeno
de publicaciones en las que se describe La wtilizacktn de la EM para la
Identificacidn de microorganismos ha aumentado de manera expo-
nencial,

Camo se detalla 3 continuacin, Ly EM tiene dos principales aphi-
cackones: L caracterizacidn de proteinas y de dcidos nucleicos.

Espectrometria de masas dirigida o lo deteccidn de proteinas
Actualmente, las dos plataformas comerciales mads utilizadas
para esta finalidad son MALD Blatyper (Bruker Daltonics, Leiprig.
Alemania) y Axima@SARAMIS (AnagnosTec GmbH, Porsdam, Ale-
mania ). Bruker Daltonics ofrece tanto el espectrdmetro de masas o
hardware, coma el software y 1 base de datos para la interpretacidn
de los resultados (Biotyper 2.0 y Biotyper 3.0 en su noeva ver-
sitn recientemente disponible). En el caso de Axima@SARAMIS, el
espectrimetro de masas y el soltware de interpretacidn son fabrica-
dos por la compaiifa Shimadzuo (Kioto, lapén), mientras que la base
de datos SARAMIS ha sido desarmollada por AnagnosTec GmbH322,
Técnicamente hablands, ambos equipos son muy parccidos.
Ambas utilizan la teenologia MALDI-TOF y tenen un rango de
deteccidn de proteinas que oscila entre 2000 y 200,000 Da. La
identificacidn se consigue por ka comparacidn del espectro o perfil
prateico obtenido con la base de datos que afrece cada casa comer-
cial, en la que se encuentran representadas una gran variedad de
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bacterias, levaduras y hongos filamentosos. En el caso de la base de
datos Biotyper L0 se encuentran representados hasta 1.960 micm-
organismos. Segiin la informacidn ofrecida por Bruker Daltonics, el
sistema MALD Biotyper permite, ademds, la identificacidn a partir
de esporas. En el caso de la base de datos SARAMIS, son 1.160 las
especies representadas, Ambas bases de datos permiten la incorpo-
racidn de nueves espectros, permitiendo persanalizarla segin las
necesidades de cada laboratorio,

Unavez obtenido o] espectno de masas y comparado con los exis-
tentes en la base de datos, ef software le adjudica una identificacian
v un valor indicativo de la fRabilidad de dicha identificacitn, En el
caso de Riotyper 2.0, gste valor Se encsenin en un rango que va de 0
a3,y se recomienda dividir el rango en tres intenvalos: un valor = 2
indica una identificacidn flable 2 nivel de especie, un valor entre 1,7
¥ 2 indica un parentesco may cercana y ofrece una identificacidn
fabde a nivel de género, y un valor < 1,7 ofrece una identificacidn
poca fiable. En el caso de SARAMIS, el valor adjudicado indicativo de
la fahitidad de la deteccidn dene un solo punto de conte: un valor
superior o igual al 70% indica una identificacidn con elevada fabi-
lbdad a nivel de especie, mientras que en el caso de obtener valores
inferiores se recomienda una segunda evaluacidn de la muestra®®,

En cuanto a la matriz utilizada, el espectrometro de masas
de Bruker Daltonics utiliza el Scido a-ciano-4-hidroxi-trans cind-
mico, mientras que en el AximaBSARAMIS se utiliza el dcido
25-dihidrobenzoico, En ambos casos se recomienda utilizar 1l
de matriz para recubrir la muestra,

La tarjeta donde se colocan Las muestras en el sistema de Bru-
ker Daltonics consta de 96 pocillos, v éste tarda | hen analizar 96
marestras. En el caso de Shimazdu, la tarjeta consta de 48 pocillos
y s capaz de realizar 380 identificaciones en 5 h. Ambos sistemas
ofrecen la posibilidad de transferir los dates al sistema informitico
del libaratorio”,

En cuanto a la muestra de partida, se han descrito dos apro-
wimaciones diferentes: andlisis de c#lulas intactas o transferencia
directa, y extraccidn previa de m:ﬂm"-‘, Los protocolod se des-
criben brevemente a continuachin,

» Andlisis de offulas intactas. Se selecciona la colonia de interdés y
se aplica directamente sobre la tarjeta del instrumento mediante
un as de siembra o una punta de pipeta. 5S¢ necesitan aproxi-
madamente 105-107 células. A modo de gula, la visualizacién
de la masa microbiana sobre la tarjeta indicaria que la canti-
dad es suficiente para lograr una identificacién, A continuacidn
se cubee la muestra con la solucidn matrlz ¥ se deja secar al
aire. Posteriormente se introdoce la tarjeta en el instrumento
para su andlisis, Esta aproximacin también puede utilizarse a
partir de un cultive Hquido, previa centrifugacidn para concen-
trar los micmorganismos, El pellet obtenido puede ser aplicado
directamente a la tarjeta del MALIY,

* Extroccidn de proteinas, Tal y como se comenta mais adelante, s
ha descritoque una extracchin previade protelinas mejora la den-
tificacidn, sobre todo cuando se trata de bacterias grampasitivas
¥ levaduras™®,

Extrovcidn medimnte etonal-deido firmico, Este protocelo, indi-
cado para el estudio de bacterias no formadaras de esporas, utiliza
el etanal para inactivar las bacterias y ¢l dcido fdrmico para la dis-
rupcitin de su pared. Brevemente, ¢l protocolo es ol siguienoe: se
resuspende el pefier o cobonia de interés con agua bidestilada y eta-
nol. Después de centrifugar y eliminar completamente los restos
de etanol, se aflade dcido fdrmico al 70T y L misma cantidad de
acetonitrilo para la disrupcidn de la pared cefular. Una vez centri-
Tugada la muestra, se¢ recoge el sobrenadante y se deposita 1l en
la tarjeta del instrumento, se recubere con la matriz, se deja secar y
as procede 4 su andlisis
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Extracctdn mediante doide trifluorcacétice (TFAL Este protocola
estid indicado para bacterias formadoras de esporas o de elevada
patogenicidad, Mediante el TFA se consigue tanto la inactivacion de
la bacteria como la disrupcidn de la pared. Brevemente, se resus-
pende la muesira en TFA al B0% hasta su completa disolucidn y
se deja incubar a temperatura ambiente. Tras afadir agua bidesti-
lada, se le afade un volumen igual de acetanitrilo y se centrifuga.
A continuacidn se deposita 1 pl del sobrenadante en 1a tarjeta del
instrumento, se recubre con la matriz, se deja secar y se procede a
su andlisis,

A continuacidn se describen Las principales aplicaciones de las
plaraformas comerciales:

Identificacidn de microorgmnismas @ partir de codonia.

* Bacterias. Las dos plataformas anteriormente comentadas ofre-
cen la posibilidad de identificacidn directamente a partir de wna
colonia, Se han publicado diverios trabajos en los que se cam-
para L dentificackin obenida por EM, especialmente utilizando
el MALI) Biotyper, con los métodos microbioldgicos cksicos. Los
mis relevantes se resumen en la tabla 1. En general se han obte-
nido valores de concordancia a nivel de especie con los métodos
convencionabes entre el B4 y el 955

Cherkaoui et al, realizaron un estidio comparando ambas pla-
taformas comerciales, MALDE Blotyper y Axima@SARAMIS™ . De
T colonias analizadas, el sisterna MALDI Biotyper identificd
comectamente ¥ con una elevada confianza el 94.4% de ellas, en
comparacitn al BE,EX obtenido por el sistema Axima@SARAMIS.
En las muestras en Las que se obtuvo una identificacidn diferente
a la conseguida mediante los métodos convencionales se llevd a
cabla secuenclacidndel gen 165 para confirmar L identificacion.
D las identificaciones discrepantes obtenidas utilizando la pla-
taforma MALIH Biotyper, la secuenciacidn del gen 165 confirmd
los resultados obenidos por dicha placaforma en el 75X de los
casos, Este porcentaje fue del TE,3X en el caso de La plataforma
de AximaPSARAMIS.

Ademds de La identificacién a chegas de aislados clinicos, la EM
ha demostrade ser (til a la hora de identificar microorganismaos a
los que es dificil hacerlo por miétodos clisicos, comn por ejempla
las bacterias gramnegativas no fermentadoras®™*! o las diferen-
tes especies del género Bacteroides™ ., Asi mismao, esfa tecnobogia
también permite la identificacidn y tipificacidn de Listeria spp.®?,
sraphylncaccus spp, ™ y Mycobacterium spp, 8,

La mayor limitacidn de esta tfendea ed que pueden existir
errores en la identificacidn de bacterias gendticamente muy pare-
cidas, ya que pueden presentar protesmas parecidos. Por ello, el
criterio del microbidlogo clinico es crucial en la interpretacion
de los resultados. La identificacidn en estos casos puede mejo-
rarse con una extracoidn proteica previa, pero se recornienda la
confirmacidn por métodos bioquimicos o por secuenciacidn. Por
otro ladn, tal ¥ coma se explica en el apartado sEspectrometria de
masas dirights a la deteccion de proteinass, el software adjudica a
cada identificacidn un vakor indicativo de su fiabilidad, En el caso
de Biotyper 2.0, se ha observado que con valores entre 1,7 y 2.
que indicarian un pareniesco muy cercano y una identificacion
fiable tan solo a nivel de género, de hecho se obtienen identifica-
ciones cormectas a nivel de especie. Algunos autores consideran
estos intervalos demasiado restrictivos a la hora de validar los
resultados. Asi pues, dentro de dicho intervalo se deberfa poder
adjudicar un elevado grado de fiabilidad a b dentificacidn, sobre
todo i se e disponer de una morfologia de colonia gque la
correbore™”, Par ditime, se ha observade una necesidad de com-
pletar la base de datos con mis perfiles proteicos para mejorar la
identificacidn cormecta a nivel de especie, sobre todo en of caso de
bacterias poco comunes ™38
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* Levoduras y hongos filemenfosas, Dada La gravedad de Las funge-
mias, sobre todo en packentes immunodeprimidos, es necesaria
una répida identificacién de las mismas. Bader et aL™ realizaron
un estudio en el que compararon ambas plataformas comerncia-
les [MALDI Biotyper y Axima@SARAMIS) para la identificacin de
levaduras patdgenas. Se analizaron un total de 1.192 aislados, que
incluyeron 36 espeches diferentes, El porcentaje de identificacio-
nes correctas obtenidas mediante la plataforma MALDI Biotyper
fue del 97,6%, ¥ en el caso de la plataforma Axima@SARAMIS
el porcentaje fue de 96,1% Los resultados de otros estudios de
interds aparecen resumidos en La tabla 1,

Desde nuestno mejor conacimiento, 4 dia de hoy solo se ha pulbli-
cado un artioulo en &l gue se utiliza una plataforma comerclal,
la MALDI Biotyper en su versidn de software Biotyper 1.0 [Bru-
ker Daltonics), para la identificaciin de hongos filamentosos del
género Fusorium™®®, Eneste estudio se cred una base de datos para la
identificacidn de este patdgenc. Se incluyeron 60 cepas oltenidas
a partir de atslados clinicos y dos cepas de aislados amibdentales,
La identificacidn de todos los aislados fue comprobada mediante
secuenciacidn Al analizar 49 aislados clinicos a ciegas, se obtuva
upa identificacion correcta en el 92X de los casos, Coando no se
obituvo un resultado fable fue debido a la presencia de especies
del género Fusorium gue no estaban induidas en la base de datos
creada,

A pesar de sereste un territorio poco explorado con la utilizacidn
plataformas comerciales, la EM se ha empleado durante aflos para la

identificacidn de hongos filamentoses. Santos etal. ! han publicado
recientemente una exhaustiva revision refenda al temaen cuestidn,

Encuanto a b preparaciin de la muestra en el caso de las levadu-
ras, en los trabajos revizados {abla 2} se realiza una extraceidn de
protelnas previa mediante etanolfdcido fdrmico. En el caso de hon-
gos flamentosos, Marinach-Parrice et al. % realizan una extraccitn
previa mediante dcido rril'lum'ni:!timl-lficﬂmllrilu. 5in embargo,
en su trabajo de revisibn Santos et al*" comentan que, si bien la
lisis era necesaria para la obtencidn del espectro en los primeros
experlmentos, en trabajos recientes se ha logrado evitar este paso,

Identificecidn o partic de hemocidtive, La identificacidn de bacte-
rhas mediante MALDI-TOF directamente a pantis de un hemooultive
positiva permite reducir el tiempo de obtencidn del resultado
en comparaciin con los métodos convencionales, ofreciendo la
posshilidad de mejorar el manejo de los pacientes con sepsis.
Recientemente s¢ han publicado varios estudios cuyos resultados
4e restmen en la tabla 2. En L mayoria de bos estidios se realisd la
extraccidn previa con etanol/dcido formico previamente descrita,
ya gue camo se demuestra en el trabajo publicado por La Scola
et al¥, parece ser mds efectiva para las bacterias grampositivas
que la extraccidn mediante TFA. De los 322 hemocultives anali-
zados mediante L extraccibn con TFA, en o 59T de lis muesiras
los resultados fueron concordantes con los obtenidos mediante los
métodos convencionales. De estos, la concordancia para las bacte-
rias gramnegativas foe del 94X, mientras que para las grampositivas
fue del 375 En una segunda fase del estudio se analizaron un wotal
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de 240 hemooiltives ¥ se utilizd el protocolo de extraccidn con eta-
nollicido frmico, mediante el cual se mejord la deteccidn de las
bacterias grampositivas, tal y como se refleja en latabla 2. En el tra-
bajo realizado por Ferreira et ab*! se compararon b identificacion
a partir de células intactas y la extraccidn mediante etanol/dcido
fhrmico, Mediante este segundo método La extraccidn de proteinas
consiguld identificar un mayor nlimero de microorganismas y con
valores de flabilidad mais elevados,

En un estudio recientemente publicade, Schmidt et al* compa-
raron los frascos de hemocultiva BD BACTEC Plus-aerobic {Becton
Dickinson, Franklin Lakes, EE ULL), que contienen resinas, con los
frascos del sistema BacT/Alert [bioMérieun. Marcy I'Etoile, Francia)
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SA y FA, de los cuales solo los segundos contlenen carbdn activo,
La plataforma de EM utilizada fue Aximal®SARAMIS. Los frascos se
tnocularan con 103 microarganismos distintos, Para los frascos BD
Bactec Plus-aerobic, BacT(Alert SA y BacT/Alert FA la concordan-
cia general con los métodos convencionales fue, respectivamente,
del 72, del 46 y del 23 Para las bacterias gramnegativas la concor-
dancia fue, respectivamente, del 87, del 69 y del 47 Finalmente, la
concordandcia en la identificackin de las bacterias grampositivas fue,
respectivamente, del 60, del 29 y del 5% Estos datos comoboran lo
anteriormente publicado por Szabados et al3?, quienes demostra-
ron que La sensibilidad de L dentificacidn directa de hemocultivos
positivos utilizando el sistema BacT[Alent era baja.
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La identificacidn mediante esta tbenica a partir de hemocultiva
presenta las mismas limitaciones comentadas anteriormente en
aldentificacitn de microorganismos a partir de colonias,

Idemtificacidn de microorgomismas o partir de muestro direcin. Dado
que estas plataformas necesitan una concentracidn minima de bac-
terias para lograr una dentificacidn, resulta difictl 1a aplicacidn de
I3 EM a la muestra directa sin pasar por el cultivo, Aun asi, s se han
realizado estudios utilizando EM en muestras con una considerable
concentracidn de microorganismes, como es 13 orina,

Ferreira et al™ utilizaron el sistema MALDY Biotyper para La
identificacidn de bacterias directamente a partir de orina mediante
la aproximacidn de células intactas. Sin embargo, en el caso de no
obtener una buena identificacibn, se realied 1 extraceidn previa de
proteinas mediante ] protocolo de etanol Vcido fdrmico. A nivel de
especie, la concordancia obtenida con los métodos convencionales
fue del 91.8%, v del 92% a nivel de género,

Oiras aplicociones del MALDE-TOF no ofrecidos por los plaraformas
comerciales. A pesar de no existi adn publicaciones en las que
s estudie la resistencia a antibidticos mediante Las plataformas
comerciales previamente mencionadas, si se han publicado traba-
Jjos en los que se wtiliza la EM para L diseriminacidn de cepas de
Seopliylococcus murews fesistentes a Lla meticiling de aquellas sen-
sibles, ya que presentan varaciones de picos en el espectro de
mazas™-*, De manera similar, en otro trabajo se describe L dife-
renciacidn entre cepas de Escherichio colf resistentes y sensibles a
la ampicilina™,

Por otro lade, aungue la identificacidn de vims adn no ha sido
puesta a punto por las casas comerciales descritas, tambidn consti-
tuye una de las aplicaciones de L EM. Por ejernpla, la identificacidn
de Norovins se ha levado a cabo a partir de L deteccidn de 1as pro-
teinas de la cipside™ , ¥ la identificacidn del virus de Newcastle, por
la deteccitn de un polipéptido virice™,

Deteccidn de deidos nucieicos

PCR y MALDI-TOF, SEQUENOM (San Diego, EE ULL) ofrece un
miétodo para L tipificacidn de bacterias con una precisidn com-
parable al multilocus sequence typing (MLSTL Esta metodologia se
hasa en una ampdificacitn inicial del DNA de la muestra utilizanda
un par de priomers que incorporan en sus exiremos 5° los promotores
Ty 516, respectivamente, o que permite la posterior transcripcidn
e ambas cadenas en dos rescclones diferentes. Una vez realizada
la transcripcidn, se utiliza una enzima de restriccidn para contar de
manera especifica el producto amplificado deapuds de cada residus
deuracilo o citosina™ ™ Esios fragmentos se analizan mediante EM
tipse MALDI-TOF, Para la identificacitn se utiliza wna base de datos
previamente generada in silico de patrones de MLST generados a
partir de secuencias de referencia,

Esta tecnodogia ha demosirado ser dtil para la tipificacidn de
Neisserin menigitidis™, para ¢ genotipado de micobacterias®!, asi
coma para el genatipado de los vitus de Las hepatitis By C5202 enpre
oS

PCR ¥ ESI-TOFE. Esta tecnologia, denominada comercialmente PLEX-
ID (anteriormente TSO00), ha sido propuesta pos Ibis Bioiciences
Inc. (Carlsbad, EE, UL ), empresa subsidiaria de Abbort Molecular
(Chicagn, EE. ULL). Se basa en la amplificacion de los dcidos nuched-
cos existentes en la muestra y en ¢l posterior andlisis del producto
de PCR mediante EM tipo ESI-TOFH,

El principio bisico de esta tecnologia es que todos los micmo-
organismos comparten caracter{sticas comunes codificadas en sus
EENOMAs, y que estas secuencias conservadas permiten el disefio de
primers universabes, Con ellos es posible amplificar regiones con-
servadas pero con suficiente variabilidad como para permitic L
identificacidn de los diferentes microorganismos, Ademds, el uso de

distintos pares de primers en diferentes pocillos promueve la ampli-
ficacidn de los diferentes microorganismos que puedan ooexistic
en una muestra clinica sin que haya competencia por los recur-
505 de la PCR. Posteriormente, el producto se analiza por ESI-TOF,
determindndose asi la masa de los amplicones presentes en la reac-
cifin de PCR con tal precision que proporciona informacitn sobre
s composicin especifica de bases, es decir, en qué proporcién se
encuentran kos diferentes nucledtidos en el amplicdn. Sin embargo,
no s¢ obtiene la secuencia nucleotidica de los productos de PCR.
Esta compasicidn de bases s (mica para cada gen y especifica de
cada microorganisme, permitiendo asi su identificackin gractas al
software ¥ a la base de datos proporcionados.

Potencialmente, esta tecnologia o3 capaz de entificar todas lis
bacterias conocidas, asi como las principales familias de hongot
pardgenos y de virus a pantic de cualquier vipo de muestra, previa
extraccidn de bos dcidos nuclelcos. Ademnds, debido a sudisefio, esta
técmica también permite la identificacién de microorganismos no
descritos previamente. Dado que se baza en la amplificacitn gené-
tica a partir de muestra directa, permite ademds la identificachin
de micreorganismas no cultivables®™, Otra de las ventajas de esta
tecnologia es que permite la cuantificacidn, gracias a un calibrador
intermo de concentracion conccida anadido a cada reaccidn de PCR,
infarmando del nimero iniclal de genamas del microorganismo
identificado en L muestra

* identificacidn de bacterlas. Los primers nniversales mis utiliza-
dos son los primers ribosomales, que amplifican los genes 165 o
235, pero existen otras regiones ampliamente consevadas, Como
el gen rpoll v otros genes housekeeping. El objetivo es utilizar
varios pares de primers, cada uno dirigido a amplificar un grupo o
divisidn de bacterias concreto. De esta manera bos diferentes tipos
de bacterias que pueda haber en la muestra podrdn ser ampli-
ficados sin presentar competencia, ya que si la bacteria menos
abundante noconsigue seramplificadamediante los primmers riba-
somales, 31 podria detectarse mediante bos primers e1pecificos de
su divisidn, El resultade final es La sbiencidn de una mezcla de
amplicones que refllejard la complejidad de la muestra inbcial
La utilidad de esta recnologia para la vigilancia epidemiolégica
queda reflejada en diversos trabajos®™- ™, Algunos ejemplos can-
siderados de especial interds se comentan a continuacidn,

Identificocidn de Mycobacterium tuberculosis multirresistente,
El ensayo molecular descrito por Massire et al.™ consta de 16
pares de primers repartidos en B reacchones diplex. Se anali-
zaron un total de 1.340 aislados, cuya resistencla habla sido
previamente caracterizada, La sensibilidad y L especificidad en
La deteccitin de la resistencla a la isondazida fueron del 89,3 y del
955X, respectivamente. Para |a deteccitn de la redistencia a la
rifampicina, estas fueron del 96,3 y del 98,6, respectivamente.
Por dltimo, en el caso de la resistencia al etambutol, los valores
fueron del 73,6 y del 973X, Los vabores predictivos positivos y
negativos para la deteccidn de estas resistencias fueron, redpec-
tivamnente, del 97,3 y del B4.3% para la sondarida; del 96,7 y del
98,5% para la rifampicina, y del 84.4 y del 94.9% para el etambutol,

El ensayo también demostrd su utilidad para la especiachin
¥ distincidn entre micobacterias pertenecientes al complejo
M. ruberculozis y micobacterias no tuberculosas (NTM) La sensi-
bilsdad en la deteccitn de Las bacterias pertenecientes al complejo
M. tuberculosis fue del 985 v L especificidad, del 100%. Para las
NTM, dichos valores fueron del 97 y del 89,95, Los valores pre-
dictivos positives y negatives para la identificacidn de estos dos
Erupos fueron, respectivamente, del 100 y ded 99.5% para e com-
plejo M. tubercubasis, y del 99,6 y del 99,6% para las NTM.

Vigllancia de poidgenas respinmiorios. En el estudio de Ecker
et al”! se presentan bos resultados obtenidos tras el andlisis de
diferentes brodes de infecciones nespiratorias ocurridos durante
los afios 2002 y 2003 en diversas instalaciones militares de
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Estados Unidos. En el ensayo desarrollado para este fin, se com-
binaron primers universales para la deteccidn de bacterias y
primers especificos para el genotipado de Streprocous pyoge-
nes basados en el gen emun, ol cual codifica para la proteina M,
un factor de virulencia. En 48 de las 51 muestras analizadas del
brote del 2002 se detectd S pyogenes perteneciente al genotipo
ermmd, €l cual ha sido asociado 4 una elevada virulencia, Ade-
miis, durante el andlisis de las muestras se detectd la presencia
de otros microorganismos, siendo Haemophilus influenzae y Neis-
seria meningitidis los mis abundantes, ademds de 5 ppogenes, lo
cual demuestra que en la mayorfs de casos L infecciones res-
prratorias tienden a ser polimicrobianas. Al analizar muestras de
pagientes sanos, ¢l patrdn de microorganismas encontrades en
la garganta de dichos voluntarios fue diferente, predominando
una microbdota de estreplococos del grupo viridans, Durante el
brote de 2003 se comprobd que la distribucidn de 5 proge-
mes habla cambiado y que el genotipo virolento smm3 ya no
predominaba

Identificacidn de bacrerias o partir de hemocubtive. Existen tres:
trabajos publicados en los que se utiliza esta tecnologla para
wlentificar bacterias y levaduras a partir del hemocultivo posi-
tivo mediante ¢f ensayo BAC Assay [Abbott Sterile Fluid Bacteria
and Candida assay). En dichos trabajos se compard 1a identifica-
cilkn obtenida mediante el PLEX-1D con los resultados abtenidos
mediante bos mitodos cliskoos: cultivo e identificacion mediante
perfil biequimico [Vitek 2 Compact, bioMérieux ). Enel primero de
Jos dios estudios™ se obtuvo una concordancia a nivel de género
del 94X y a nivel de especie del 93X, de un total de 170 hemocul-
tivies positivos ¥ 199 microorganismos analizados. En el segundo
de bos trabajos™ s obtuvo una concordancia a nivel de géneno del
88, 7% y a nivel de especie del 96,55, de un total de 234 hemoculti-
vos y 211 microorganismaos. Finalmente, el drime trabajo™. que
se trata de una comparacidn de esta tecnologia con la plataforma
comercial de EM por MALDL-TOF MALIDN Bioty per, se comenta mads
adelante, Sin embargo, esta tecnalogia podria wtilizarse 3 partic
de muestra ditecta; en ese caso, [a sangre total del paciente antes
de inpcular el hemocultivo, En el caso de la seqsks, esto permitiria
acortar el proceso en una media de 8h, tempo necesario para ka
positivizackin del hemocultive, acelerando & proceso diagnis-
tion y mejorando ol manejo de los pacientes. Sin embargo, hasa
&l momento no existen publicaciones al respecto, Jungue nuestro
centro estd actualmente realizando una evaluacion,
Identificacidn de virs. Medunne esta tecnologla es posible ken-
tificar las principales familias viricas. Se han publicado varios
trabajos que demostraban la versatilidad de esta téenica para
la deteccidn de wirus, como por ejemplo e ensayo diseflado
para la deteccidn de los virus de la gripe A ¥ B, con una sensi-
bilkdad y una especificidad superiores al 97% {determinadas tras
el andlisis a clegas de 656 muestras clinfcas)™, Tamisién se han
descrite ensayos para la deteccidn de Cororavinis, Bocavirus y
MerapReéumovirug, entre ofros’™> 78,

Esta teenologia fue una de las primeras en identificar la nueva
cepa HIND del wirus de la gripe responsable de la pandemia del
2009, ya que el ensayn para la identificacidn de este virus fue
capaz de detectar esta nueva cepa sin ninguna modificacidn pre-
via del misma™,

Identificacidn de factores de virulencia yjo resistencia. Incluldos
en el ensxyo BAC Assay [Abbott Sterile Fluid Bacteria and Candida
assay]) se encueniran bos genes mecA, ¢l cual confiere resistencia
a la meticiling en cepas de S murews, la deteccidn de los genes
wand y viend, los cuales confieren resistencia a la vancomicina, de
especial interds cuando se trata del género Enterocooous spp. y
la deteccidn del gen kpe, de gran relevancia médica en el caso de
Kiebsivllo prewmonioe ¥ que be confiere resistencia al carbapenem,
La deteccidn de esta ditima resistencia también ha sido evaluada
en Acinegobacter baumanni®®, En el caso de 5 qurens, también
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existe la posibilidad de detecchin de factores de virulencia, coma
por ejemple la lewonciding de Panton-Valentine® 52,

Comparacidn de bas téemicas ESI-TOF v MALDI-TOF para of andfisis de
hemocuftives, Recientemente s2 ha publicado un trabajo en el que
s& comparan estas dos thondcas para la identificacién de bacterias y
levadiras a partir de un total de 273 hemocultives poditivas™,

* Concordancia enfre [os resultodos obtenidos por EM y los
métodos clisicos. Ambas téonicas mostraron una muy buena
concordancia con ka identificacidn obtenida mediante cultivo y
pruebas bioquimicas [Vitek 2, biohMérieux ) En el caso del PLEX-
I, la concovdancia obtenida fue del 96,7% a nivel de género y del
85,67 a nivel de especie. En al caso del MALDI-TOF, la plataforma
utilizada fue la de Bruker Daltonics, ¥ la concordancia obtenida
fue del 97.1% a nivel de género y del 9495 a nivel de expecie,

* Preparacidn, andlisis y coste por muestra, En el casodel PLEX-1D,
desde la obtencidn de la muestra del paciente son necesarias de 4
a6 b, que incluyen 3 extraceidn del DNA, la amplificacidn por PCR
yelandlisisde la muestra mediante el espectrdmetro de masas, En
o caso del sistema MALDI Bintyper, w2 realizd un subeultive de los
hemocultivos positives en caldo de enniquecimiento, los cultivos
enngquecidos 48 sembearon en diferentes medios y se utilizbd una
colonia para el andlisis por MALIDN-TOF, Como s¢ menciona en
sEspectrometria de masas dirigida a la deteccidn de proteinass,
e4ta plataforma permite & andlisis de hasta 48 muestras en una
hora

Por otro lado, hay que tener en cuenta que e PLEX-ID necesita
diversos reactivos y equipos, tanto para la extraccidn automatizada
de DNA como para la realizacion de L PCRy el andlisis por EM, mien-
tras que para la utilizackin del MALDI-TOF los requerimientos san
minimas: tan solo es necesaria la matriz orgdnica. Por ello, aungue
ambas tecnologias requieren de una inversidn inickal considerable
en instrumentacin, el coste por muestra mediante ¢l PLEX-ID se
encuentra entre 34 y 70 eures, mientras que 2l coste por muestira
utilizanda el MALDI-TOF 5 de 2.2 4 ¢urod.

Conclusiones

La EM ha demostrado ser una téemica muy util para la identifi-
cacidn y la tipificacidn de microorganismos. El reclents desarrollo
de plataformas comerciabes disefiadas para este fin ha puesto esta
recnobogia al alcance de los Laboratorios de microbiologia, con sis-
temas de Ficil manejo y de tamaiio y precio asequible. A pesar de
NECESiLar una inversién previa en el instrumento, 1a rapidez en la
obtenchin de lot resultados es un beneficio a tener en cuenta.

La tecnologia basada en la identificacin del perfil proteico
mediante MALIN-TOF ofrece una identificacidn flable tanto de bac-
terias coma de levaduras, con el inconveniente de que se necesita
una concentracidn minima de 10°-10% células para ohtener una
buena identificaciin, con lo cual ha sido mayormente aplicado al
anilisis de cultivos, A pesar de esto, se ha demostrado su utilidad
en el anilisis directo de orina

Durante el anilisis de hemocultivos, e usual encontrar infec-
cloned polimicrobianas. En estod casos, la teenologia MALDI-TOF
generalmente identifica la bacteria mis abundante, aungue 3= ha
visto que s se observan manualmente los espectros ¥ el listado
de diferentes identificaciones con valores de fiabilidad mds bajos.
es pasible identificar mds de un microorganismo. Otra de las des-
ventajas de esta tecnologla es la incapacidad actual de detectar
resistencias @ los antibidticos, salve las excepciones antes mencio-
nadas,

La plataforma ofrecida por SEQUENOM ofrece una herra-
mienta ripida v fable de tpificacidn, pero es necesano conacer
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previamente el microorganismo analizado para el disefio de bos
primers. A pesar de resultar una herramienta dtil para la epidemio-
logia, no bo &5 para la identificacidn de microorganismos de manera
rutinaria en el laboratorio de microbiologla.

Finalmente, la tecnologia PLEX-1D, basada en una PCR y ESI-
TOF, permite la deteccitn de cualquier microorganisma. Ademis,
Al wtilizar primers universales no se necesita saber de antemano ¢l
microorganismo diana. El mayor potencial de esta tecnologia es su
capacidad de deteccidn a partir de muestra directa, ofreciendo un
resultadoen 4.2 6h, 3in ser pecesanio pasar por el cultivo, aundgue de
mamenta son pocos los trabajos en los que se analiza una muestra
directa (principaimente, en la deteccidn de virus). Son necesarios,
por tantao, estudios clinicos que evalben L sensibilidad y La eipeci-
ficidad de deteccitn a pantir de muestras directas,

A pesar de que la EM ofrece alternativas al cultivo para la iden-
tificacidn de los microorganismos, hay que considerar que, par el
momento, ain no existe una tecnologia alternativa para el estu-
din fenotiplen de las resistencias y del antibiograma, por o que de
mamento el cultivo clision sigue siendo esencial.
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The reference method for the diagnosés of bloodstream infections is blood culture followed by biochemical identification and
antibiotic susceptibility testing of the isolated pathogen, This process requines 48 to 72 hoars, The rapid administration of the most
appropriate antimicrobial trestment b crucial for the survival of septic patients; therefore, a rapid method that enshles diagnosis
directly from analysls of a blood samgle withowt culture bs needed. A recently developed platform that couples brosd-range PCR
amplification of pathogen DNA with dectrospray kaniestion mass spectrometry (FCREST-MS) has the ability to idemtify virually
ary microorganiam from direct clinkeal specinsens. Todate, two dinical evaluations of ihe PCR/ES]-MStechnology for the diagnosis
ol Bloodurcam infections from while blowd have been published. Here we discuss them and describe recent improvements
that result in an enhanced sensltiviey. Other commercially available assays for the molecular diagnosis of bloodsiream infections
from whole bload are also reviewed, The use of highly sensitive molecular disgnostic methods in combination with comverntional

procedures coubd substantially improve the management of septic patients.

1. Introduction

Bloodsiream infection is a life-threatening condition that
results from the presence of microorganisms, generally
bacteria or fungi, in the blood [1]. The time window for
the administration of an appropriate therapy is less than &
hours once the symptoms are recognized, and it is optimal
to administer broad-range antibiotics within the first hour,
preferably after obtaining a bleod cultare for microbiological
diagnosis |2]. Inadequate antimicroblal therapy increases the
risk of mortality. Every hour of delay in initiation of appro-
priate antimicrobial therapy increases the mortality by 76%
in patients with septic shock [3]. Conventional methods for
the microblological diagnosis of sepsis rely on blood culture
followed by biochemical identification. It usually takes 1 o 3
days to obtain both the identification and the antimicroblal
susceptibility profile of the pathogen. The major limitation of

blood culture methods s that they require a median time-
to-positivity of 12 to 17 hours [4]. Another limitation of this
method is that the presence of uncalturable or fastidious
microorganisms may decrease its sensitivity, Culture may
also be negative if antimicrobial therapy was begun prior to
blood sampling. Thus, there is an urgent need to improve the
diagnostic toals for a better mana of septic patients.
The wdeal diagnostic platform should identify a broad
spectrum of pathogens (bacteria, fungi, viruses, and proto-
woa), determine the susceptibility to a battery of antibiotics,
allow the analysis of specimens in high or low throughpu,
have a low cost per sample, have minimum hands-on time,
be wser friendly, and, ideally, generate the results in a timely
manner for the management of septic patients (6 hours
or less). Mass spectrometry technology has recently been
introduced in the dinical microbiology laboratary, Using
matrix-assisted laser ionization time-of -flight (MALDI-TOF)
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spectrometers the diagnostic process may be shortened [5-
7] as the identification of the pathogen can be achieved
within 30 minutes directly from a positive blood colture [8].
Additionally, this technology is able to detect the resistance
to some antiblotics [9), such as the presence of J-lactamases
(including carbapenemases), methicillin-resistant Staplda-
coccus aureus, and even vancomycin-resistant Enferococens
spp. However, this technology relies on culture and, therefore,
a median of 12- to 17-hour delay is unavoidable [4]. In order
to further accelerate the diagnostic process, it s desirable
to detect and identity pathogens directly from the patient’s
blood, avedding the culture step.

Several molecular methods have been developed for the
detection of pathogens (mainly bacteria and some fungi)
in whole blood. The first assays developed were designed
for the detection of a single pathogen of interest and are
reviewed by Klouche and Schrader [10). A single-pathogen
approach is not useful for the diagnosis of bloodstream
infections, as these infections may be caused by a broad range
of microorganisms. This limitation has been overcome in
several commercial assays which are able 1o detect & number
of microorganisms [10-12]. These assays are based on two
main strategies: the ldemification of a selected group of
pathogens using specific targets (ie., ScptiFast [13]. VYOO
(4], and Magicplex [15]) or the detectlon of a broad range
of pathogens using universal/conserved targets (ic., SepsiTest
[16], PCR/ESI-MS [17]).

Use of whale blood in assays designed to detect pathogen
nucleic acid is challenging. An excess of human DNA may
hamper the detection of pathogen genomic material or may
inhibit the PCR reaction [18, 19]; hemoglobin traces may
also inhilit PCR-based amplification. Therelore, molecular
methods are forced to use a relatively small volume of
blood (I to 5ml); whereas conventional culture methods
use 20-30 mL This limited volume reduces sensitivity of the
molecular methods. Additionally, the bacterial load in adults
with bloodstream infection can be as low as 1-10 CFU/ml
[20], which may preclude detection of pathogen DINA.

The PCR/EST-MS technology combines broad-range PCR
amplification with the electrospray-ionization time-of -flight
mass spectrometry, which is a highly sensitive detection
method. Methods have now been developed that allow use
of the PCR/ESI-MS technology on whale blood samples,
and two clinical evaluations of this system have recently
been published [21, 22, A new version of the instrument is
presented that has been designed to improve the sensitivity
and implementation in the clinical laboratory. This review
describes the current status of the molecular diagnosis of
sepsls with emphasis on the PCR/EST-MS technology,

2. Summary of Commercially Available
Molecular Assays for the Diagnosis of
Bloodstream Infections from Whole Blood

21 SeptiFast (Roche, Mannheim, Germany), SeptiFast is a
multiplex real-time PCR assay that detects 25 pathogens

including five Candida species and Aspergiliug fumpatus [13].
The presence of the resistance gene mecA may be detected
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with a separate test. The initial volume of blood required
is 3mlL {using the manual DNA extraction protocol 15 miL
aliquots are processed in duplicate) or 1.5ml (using the
automated DNA extraction) [23). The region amplified in
this assay is the internal transcribed spacer region (IST),
which is located between the 165 and 235 ribosomal genes
for bacteria and between 185 and 5.85 ribosomal genes for
fungi [13], The amplification is performed with a LightCycler
2.0 instrument; different pathogens are detected through
specific fluorescent probes. The time-to-result using this
approach is 4.5-6 hours. This assay has been widely evaluated
in the clinical setting; however, the results are conflicting
with reported sensitivitics ranging from [5% 1o 98% in 1CU
patients [24]. Recently, Chang et al. reviewed all the available
literature reporting use of the SeptiFast assay and performed
a meta-analysis that included data on 6,012 patients from 35
selected studies. The overall calculated sensitivity of SeptiFast
wis T5.0% (95% confidence interval, 65.0-83,0%), and the
specificity was 92.0% (95% confidence interval, 90.0-55.0%).
The performance of the test clearly varies depending on the
group of patients tested.

2.2 SepiiTest (Modzym, Bremen, Germtany) The SepsiTest
assay b6 based on broad-range PCR amplification followed
by sequencing. In the SepsiTest two I ml. aliquots of blood
are processed in duplicate and human DNA s selectively
degraded prior to the bacterial cell lysis step [16). Several
stuchies using this approach for the diagnosis of sepsis have
been published. The largest study (N = 342) (18] reported
a sensitivity and specificity of 870% and 85.8%. Two smaller
studies reported lower values of sensitivity of 46.0% (N = 50)
[25] and 375% (N = 75) [26]; specificities were 100% [25] and
H6.6% | 26),

23 VYOO (SIRS-Lab, fenn, Germany). The VYOO assay
is a multiplexed PCR snalysis that detects 34 pathogens,
including six species of Candida and Aspergillus furnigmrus,
us well as several resistance penes (methicillin resistance gene
mech, vancomycin resistance genes vanA and winl, and
flactamase genes blaSHY and BaCTX-M). The amplified
products are visualized using a conventional gel electrophore-
sis, and the time-to-result is B hours. Far this assay, mlcrobial
[INA from Sml of blood is enriched: total DNA is applied
to an affinity chromuatographic column that specifically binds
the microbial DNA (LOOXTER) [27). Additionally, human
DA is depleted during the extraction step. This assay has a
sensitivity ranging from 38.0% 1o 60,0% [14, 25, 28).

2.4, Magicplex Sepsis Real-Tinse Test [Seegene, Seoul. Korea ).
In the Magicplex Sepsis assay, three PCR reactions are
necessary o achieve the identification at the species level of
the pathogen. First, a conventional PCR amplification step is
performed, In this step, primers designed to amplify genomic
material from 91 microorganisms (85 bacteria, five species
of Candidla, and Aspergillus fumigatus) and three resistance
gencs (methicillin resistance gene mecA and vancomycin
resistance genes vwanA and wanB) are used. A real-time PCR
is then carried out in a screening step for identification of the
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group or genera level of pathogens present. Finally, a wecond
real-time PCR is performed to achieve the identification

at species level. Identification of 21 bacterial species, five
Candida species, and Aspergillus fumnigatus is possible. For
the DNA extraction, | ml of whole blood is used and human
DNA s removed prioe to the lysis of microrganisms, The
time-to-result of this assay is 6 hours. To our knowledge, only
ane study using this approach for the molecular diagnosis of
sepsis has been published [15]. The sensitivity and specificity
were reported to be 65.0% and 92.0%, respectively.

3, The PCR/ESI-MS Technology

3L Principles of the Technology. This technology combines
broad-range PCR with ESI-MS mass spectrometry. Bricfly,
after the PCR, amplicons are desalted and analyzed by mass
spectrometry, ESI-MS s used to determine the molecular
mass of each amplicon, which is then used to caloulate the
base composition of each amplicon. The base compositions
of multiple amplicons from different reghons of the genome
are compared to an extensive database and the identification
of the pathopen is achieved (Figure 1), Even though the
base composition analysis is not as informative as sequenc-
ing. it has enough discrimination power for the detection
and identification of hundreds of microbial pathogens, A
broad bacteria and Candida detection assay (BAC assay; This
Biosciences, an Abbott company, Carlsbad, CA, USA) has
been designed for use in clinical research to identify more
than 600 bacteria and Candida species. The BAC assay also
detects resistance genes for three clinically relevant antibi-
otics: methbcillin (mecA), vancomycin (vanA and vianB), and
carbapenem (blakPC),

12 PCR Amplification. The amplification of conserved
regions of the genome has been widely used for the identi-
fication of microorganisms at the species level. Although the
most commaon targets are the ribosomal INA genes (ic., 165
for bacteria and 188 for fungi), several bousckeeping penes
(i.e.. nufB, i, valsS, and rpol) are also wseful for the iden-
tification of pathogens (10, 11, 29]. Within these genes, highly
conserved reglons are used 4s priming sites, but the region
amplified contains enough variability for the discrimination
between species. For instance, in order to identify bacterial
and Candida species, the BAC assay includes thirteen pairs of
primers targeting different conserved regions (nine primers
pairs for bacteria and four for Candida species). An advan-
tage of using PCR primers designed for several conserved
regions with varylng degrees of specificity is that when more
than one microorganism is present, there is redundancy
of coverage across various primer pairs. This is especially
relevant when the different microorganisms are present in
different abundances, as using several nonoverlapping primer
pairs may allow amplification of the less abundant species.
Redundant amplification also prevents missed detections due
to mismatches in single priming sites [29, 30].

A3 Detection and Quantification of PCR Produces, Mass
spectrometry is highly sensitive and can detect small amounts

of a nuclele acid of a given sequence even in a complex mix-
ture. The PCR/ESI-MS system employs a software algorithm
that calculates a base composition for each amplicon based on
mass, compares these to an extensive database, and achicves
the identification of the pathogen [17, 31).

Another feature of this technology is that it allows a
relative quantification of the microorganism present in the
specimen. This is achieved by the use of an internal standard
that is amplified with the same primer pairs as those for
amplification of the mrget gene. The internal standand has
a different base compaosition and thus can be differentiated.
As this synthetic standard is added to each PCR well at a
known copy aumber, the comparison between standard and
microbial DNA permits quantification. In the absence of a
PCR prodduct, the internal standard serves as PCR positive
control to exclude PCR inhibition.

34, Usefirlness of the PCRIESE-MS far the Dingnosis of Blood.-
stream Infections. The accuracy of BAC assay for the diag-
nosis of bloodstream infections was first evaluated on blood
culture specimens [32-34]. Those studies demonstrated
robustness of the technology in terms of sccuracy of the
identifications. However, with the introduction of MALDI-
TOF instruments for the identification of pathogens from
positive blood culture based on their protein/peptide profile,
it became clear that PCR/ESI-MS would not be able to
compete on either a time-to-result or cost-per-sample basis
with MALDI-TOF [35].

An advantage of the PCR/ESI-MS assay relative to the
MALDI-TOF assay is that PCR/ESI-MS has been optimized
to achieve a rapid diagnosis from direct clinical specimens.
To date, two clinical evaluations of the PCR/ESI-MS for
the diagnosis of bloodstream infections from whole blood
have been published. Jordana-Lluch et al. [21] evaluated this
syatem analyzing 247 whole blood specimens (75 with a
paired positive blood culture and 172 with a negative blood
culture result), and Laffier et al. [22] tested 464 whole blood
specimens with a positive paired blood culture and 442 with
a negative blood culture result. The agreement between blood
culture followed by biochemical identification and PCRES]-
M5 was good in both studies: 771% in the Jordana-Liuch et al.
study [21] and 78.6% in the Laffler et al. study [22].

Polymicrobial infections were detected in both studies
by comventional and/or molecular methods. The agreement
between methods on these specimens was low, as most of
the mixed infections were detected by only one of the two
methods. However, the use of this molecular method in
addition to blood culture would have resulted in additional
detections of dinically relevant microorganisms in some
cases, which could have influenced patient outcome.

In a number of cases in both studics, PCR/ESL-MS
detected microorganisms in whole blood specimens with
a paired negative hlood culture. The clinical relevance of
the additionally detected microorganisms was investigated
through clinical records review in order to discriminate
between probable contaminants and true pathogens. The
propartions of detected microorganisms with clinical signifi-
cance not isolated by conventional methods were 7.5% (13 out
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172 blood culture negative cases) [21] and 7.2% (31 out of 431
bload culture negative cases) [22]. These findings are highly
relevant, as conventional methods were not able to diagnose
the etiology of infection in the culture-negative patlents,

The sensitivity of the system was caloulated using different
approaches in each study, Jordana-Lluch et al disregarded
those specimens with o polymicrobial idemtification by either
or both methods, as the events with one correct detection
bat with a disagreement in the second one were difficult
to catalogue as “true positive” or “false positive” In those
terms, the sensitivity of the PCR/EST-MS was 50.0%, Laffler
et al. performed a theoretical approximation of the sensitivity
based on the historical blood culture positivity rate in
their center. They extrapolated the experimentally obtained
PCR/ESI-MS positivity rate in order to obtain the number
of negative blood cultures that, if processed by the PCR/ESI-
M8, would have additionally tested positive. The estimated
sensitivity of PCR/ESI-MS using this theoretical approach
wis 85.9%, This extrapolation may have led to a biased
cstimation of the sensitivity,

Although these sensitivity values are not directly com-
parable because they were calculated in different ways, the
Laftler et al. study had a higher detection rate of the PCR/ES]-
M5 on whole blood specimens with a paired positive blood
culture, As many factors may affect the sensitivity of molecu-
lar methods, a direct comparison between studies is difficult.
Differences in the dinical condition of the patients, their
characteristics {e.g., age, antimicrobial treatment at the time
of the blood draw), the microorganisms isolated, the number
of blood cultures taken, and the valume of blood drawn
for culture may result in differences between studies [36].
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The limitations in sensitivity of the evaluated version af the
PCR/ESI-MS technology resilt from the amount of biood
tested in comparison with the blood culture (125 versus
20-30 mL]. This problem has been overcame with the new
version of the PCRIESI-MS technology, which uses higher
volumes of whaole blood reducing the Umit of detection 4-5-
fold.

35 The New Version of PCRESI-MS, Since its orlginal
description by the team of [his Biosciences, the PCR/ESI-
MS technology has been continuously evolving. The first
instrument, named TIGER (for Trisngulation Identification
for the Genetic Evaluation of Risk) [31], was initially designed
for biodefense and surveillance applications, due to its
capability to identify previously unknown and unculturable
microorganisms, Shortly after, a commercial version of this
technology appeared, the Ibis T5000 [17, 30]. In this format,
the sampie processing was automated and a softwarne system
permitted management of the instrumentation, signal anal-
ysls, and report generation. This version of the instrament
was intended to be used in health and industry settings; it
provided highly sensitive detection without the need for o
highly trained operator. With the incorparation of 1bis Bio-
sciences into the Abbott group, the system was upgraded [29].
This system, the PLEX-ID, was used in the aforementioned
studies |21, 22, 32, 33, 35]. Recently, a newer version has
been developed with improvements focused on the analysis
of direct patient specimens. One of the principal changes
is the use of a larger volume of blood (5mL) in order to
increase sensitivity, Changes in the extraction process allow
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Tanwn I: Comparison between FLEX- 1D and the new version of FCRIESL-MS.

PLEX.ID New version
Volumse of whale blood analyzred I-25ml. Sml.
Sansples per run of nucleic scid 1-24 (24-well plate format, manual R
Siracton di fan nfmgml s apech } =6 {ready-10-use usdividual reagent cartridges)
Mini mber af A
aumﬂa’;—.".':mm et 6 (9% well plate] 1 {ome individisal 16 well sarip per specimen)

4 [mechanical hysks, magnetic nuclelc acid . ]

3 (meechanical hyils, magnetic macleic acid

Preanalytical analysis equipmsent E:r:umsrl;u handler, and ction, and thermocyder)

1 large instrument {desalting and M5 in 2 bench-top instruments {separation af
Analytic equlpmen! the same instrament) desalting and M5}
Tiirne-to-restalt Bh 5-6h

ES1-M5: eboctrospray ombzation mas spectrosrtry

the use of several types of primary tubes and extraction
protocols are taillored to the needs of the clinical laboratory.
Another important improvement is that one to six specimens
can be analyzed at a time. Finally, the mass spectrometer is
a bench-top instrument, facilitating installation in cinical
laborataries. In Table |, a comparison between the PLEX-
1D and the new version of the PCR/ESI-MS technology is
deplcted. A preli evaluation of this new version has
shown a better sensitivity In the detection of pathogens in
direct clinical specimens. Further evaluations are currently
underway,

A6, Other Applications in the Clinical Dhagnosis of Infections
[Hseases. The versatility of the PCRIESI-MS has been widely
demonstrated. In 2002, Wolk et al. [37] reviewed the existing
literature of this technology. In this section, we alm to
summarize its potential applications in the clinical laboratory
as well as to point out several new publications not included
in the previous review.

A PCR/ESL-MS assay is able to differentiate species in
the Mycobacterium fuberculosis complex and classify these
species based on drug resistance [38, 39]. This technology
has also proved its usefulness for epidembological proposes,
given that it enabbes molecular genotyping [40], For instance,
genotyping of Stapiydococrs aureus [41, 42], Acinctobacter
Baumanndi [43-45], and respiratory pathogens [46, 47] has
been in a variety of dinical settings. Bhatia et al.
[48] used PCR/EST-MS to identify a Streplococcus intermeding
species from cercbrospinal fluid (CFS) and from a fixed
biopsy in a patient with a central nervous system (CNS)
infection. Although this infection had a respiratory origin.
both bronchoabeolar lavage and CFS cultures were negative.
Farrell et al, [49] investigated the capability of PCR/ES]-M5
to identify pathogens on several specimens collected from
patients. undergoing antimicrobial treatment, A total of 76
clinical specimens including swabs, blood cultures, fluids,
and tissues were collected from 47 patients. From those,
TI% (55/76) were culture negative, whereas 76% (38/76) were
PCRIESI-MS positive.

Major viral families can also be detected using this
approach, OF special interest is the new version of the Viral

IC wasay designed for the diagnosis of opportunistic viral
infections of immunocompromised patients by viruses such
as virus. Adenovirus, Parvoviras, Picornavires, and
Polyomavirus. The ability of the assays on the PCR/ES]-
M5 system to detect influenza vires, coronavirus, respina-
tory syticytial virus, human adenovirus, human metapnen-
movirus, vector-borae laviviruses, and alphaviruses has been
demonstrated [50-52). Moreover, this technology shows a
great promise for the ghobal surveillance of influenza virus
[53-55]. Remarkably, it was able 1o detect the novel HINI
strain during the 2009 infleenza virus outbreak without
any modification in the Influenza Surveillance Assay (Ibis
Binsciences, Carlshad, CA, USA) [S6].

Fungi are causative agents of infections, but due to
the slow growth of these microorganisms, identification by
culture is often (mpractical. Recently, a new assay for the
PCR/ESI-MS systems has been validated for detection of
Aspergilius spp.. Candidi spp., Prcumocystis spp., Crypiococ-
cus spp., Mucor spp,, and Rhizopus spp. [57]. Concordance
rates between PCR/ESI-MS and phenotypic identification
and sequencing were 89.7% at the genus level and 874% at the
species bevel. Although most of the experiments in this study
were performed with reference strains and clindcal isolates,
detection of Aspergiilus terrews directly from a culture-
negativie bronchioalveolar lavage was demonstrated [58].

4. Conclusions

Microblological diagnosis has historically relied on culture,
Isolation of the causal agent provides an irrefutable proof of
an infection and allows pathogen identification and determi-
nation of antibiotic susceptibility. However, many microor-
ganisms ane unculturable, fastidious, or show-growing. Addi-
tionally, prior antimicrobial treatment negatively affects
culture-based tests. In the case of bloodstream infections,
lack of detection is critical, A significant percentage of blood
cultures are negative despite the high likelihood of a bacterial
or fungal infection [2]. Lack of culturability and the time to
answer mean that many septic patients are not appropriately
treated. PCRJESI-MS s a robust technology that offers a
rapid alternative for the diagnosis of bloodstream as well as
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other infections. Although being not currently commercially
available, the new presentation of the technology has been
improved in several aspects that significantly enhance sen-
sitivity, The main advantage of this technolbogy is that it can
be used on direct patient specimens, avoiding the culiure
step, Using this technology as a complement to conventional
methods will offer a real improvement in the management of
septic and other critically ill patients (i.e., patients suffering
from meningitis or fever of unknown origin). Its versatility
for the detection of different kinds of m ms will
make this technology a highly valuable tool in the clinical

laboratory.
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10-GMA-2897-ASM. Identification of Bacteria and Fungi
from Blood Culture Bottles using the Ibis PLEX-ID

110th General Meeting of rhe American Society of Microbiology, May, 23rd-27th,
2010, San Diego, CA (United States). Poster (Abstract no. C-1119/231).

E. Jordana-Lluch!, E. Martro!, S. Molinos!, M. Gimenez!, J. Modol2, L. L. Cummins?,
L. B. Blyn3, R. Sampath?, D. J. Ecker3, V. Ausinal.

1. Microbiology Deptarttment, Hospital Universitari Germans Trias i Pujol, Department
of Genetics and Microbiology, Universitat Autonoma de Barcelona, Badalona, SPAIN.
2. Unitat de Curta Estada, Emergency Unit, Hospital Universitari Germans Trias i Pujol,
Department of Genetics and Microbiology, Universitat Autonoma de Barcelona, Bada-
lona, SPAIN. 3. Ibis Biosciences, Inc.,Carlsbad, CA.

Background: Achieving a rapid etiologic diagnosis of bacteremia is crucial for the
establishment of an appropriate antibiotic treatment and patient survival. The gold
standard in identification of the causal agents is blood bottle culturing followed by clas-
sical microbiological identification. These methods are slow and a more rapid diagnosis
would result in better patient management. Molecular methods offer a rapid alternative
for microorganism identification from positive blood cultures. We used the BAC Spec-
trum BC Assay to identify the organisms in positive blood culture bottles from patients
with bacteremia and compared the results to traditional microbiological identification.
Methods: In this study, the Abbott PLEX-ID (Ibis Biosciences and Abbott Molecular,
Inc.) was used to analyze the DNA of 168 blood cultures (138 positive and 30 negative).
The identification of the causative agents was previously achieved by standard culture
methodology. The DNA of the blood cultures was extracted with the KingFisher 96
(Thermo Scientific), or by a manual crude lysis method. All the eluates were amplified in
96-well plates using the BAC Spectrum BC Assay and analyzed with the PLEX-ID sys-
tem.

Results: In 124 of the 168 blood cultures (83 %) the correct identification was achieved
at the genus/species level. In 17 additional cases (10 %) the genus was correctly identifi-
ed, for a total of 93 % correct identification at the genus level. In 3 cases (2 %) the PLEX-
ID system detected a microorganism that was not found by standard methods. Multiple
infections were identified in 15 samples by culture, 11 of which were also identified cor-
rectly by the PLEX-ID. Discrepant microorganisms were reported by the PLEX-ID in 6
of the 168 blood cultura identifications.

Conclusions: The PLEX-ID system is a promising technology which permits a rapid
and reliable identification of microorganisms from automated blood culture.
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136. Diseno y optimizacion de un sistema de deteccion
molecular por microarrays para la rapida identificacion de
bacterias grampositivas y hongos en hemocultivos positivos.

XV Congreso Nacional de la Sociedad de Enfermedades Infecciosas y Microbiologia
Clinica (SEIMC), 1-4 Junio, 2011, Mélaga. Poster (N.° 136).

A.L Moraga Quintanilla!, O. Salazar Torres!, E. Jordana Lluch?, E. Martr6 Catala?,

S. Molinos Abés?, M. Giménez Pérez2, R. Cospedal Garcia!, V. Ausina Ruiz? y

M.L. Villahermosa Jaén!

1. GENOMICA S.A.U. Coslada. 2. Hospital Universitari Germans Trias i Pujol.
Badalona.

ObjetiVOS: Disefio y optimizacién de un método de identificacion ripida a nivel de
género y especie de bacterias grampositivas y hongos a partir de hemocultivos positivos.

Métodos: El DNA bacteriano fue extraido de manera automitica a partir de
hemocultivo positivo usando el extractor automdtico Easymag de bioMérieux. Se ha
optimizado una multiplex-PCR a partir de cebadores especificos para cada taxén
disefiados en regiones constitutivas del genoma bacteriano y fiingico. Los productos
amplificados fueron marcados para su posterior hibridacién en una plataforma de
microarrays de baja densidad (CLART-Strip®). Las sondas especificas para cada taxén, e
inmovilizadas en el microarray fueron disefiadas a partir de regiones flanqueantes a la
zona de hibridacién de los cebadores. Las hibridaciones especificas fueron realizadas en
formato de tiras de 8 pocillos con el microarray impreso en el fondo del pocillo. Se han
incluido cebadores y sondas especificas para la deteccién especifica del gen mecA,
responsable de la resistencia a meticilina en Staplylococcus aureus. Se ha incluido el anélisis
automdtico de datos mediante el disefio de una aplicacién informética especifica.

Resultados: El ensayo detecta correctamente 14 especies de bacterias grampositivas
pertenecientes a los géneros Streptococcus (S. pyogenes, S. dysgalactiae, S. pneumoniae, S.
aga/actiae, S. mitis, S. sanguinis, S. parasanguinis, Streptococcus del grupo milleri (S. anginosus,
S. constellatus) y Streptococcus spp.) Staphylococcus (S. aureus, S. epidermidis, S. haemolyticus,
S. hominis [incluyendo la deteccion de mecAl), Clostridium perfringens, Listeria
monocytogenes, Enterococcus (E. faecium, E. faecalis), y 3 especies del género Candida (C.
albicans, C. glabrata, C. krusei, incluyendo la deteccién genérica de Candida spp, y hongos
en general). El ensayo ha proporcionado una sensibilidad y especificidad analitica de un
100 % vy una sensibilidad y especificidad diagndstica superior al 95 % demostrada tras el
anilisis de 305 muestras, identificando correctamente el 94 % de las mismas.
Conclusiones: Los resultados de identificacién se obtuvieron 4 horas después de la
deteccién del hemocultivo como positivo. El ensayo permite el procesamiento de hasta
96 arrays en una misma tanda, siento la unidad minima de ensayo la tira de 8 arrays, y
propor cionando una identificacién répida y fiable, la cual permitird la aplicacién de un
tratamiento mis dirigido a nivel de terapia antimicrobiana en los estadios tempranos de la
infeccién.
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Disefio y optimizacion de un sistema de deteccion molecular por microarrays
para la rapida identificacién de bacterias grampositivas y hongos en

hemocultivos positivos.
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1.21. Design and optimization of micro array based in Vitro
assay, CLART®SeptiBac+, for the rapid identification of gram
positive bacteria and fungi present in positive blood cultures.

European Meeting on Molecular Diagnostics, October, 12th-14th, 2011, Scheveningen,
The Hague (Nederland). Poster (Abstract 1.21).

Moragas Al', Salazar O!, Jordana-Lluch E?, Martré E2, Molinos S2, Gimenez M2,
Cospedal R!, Ausina V2, Villahermosa ML

1. GENOMICA S.A.U. Coslada. 2. Hospital Universitari Germans Trias i Pujol.
Badalona.

Objectives: Accurate and reliable identification of sepsis-causing gram positive
bacteria and fungi from positive blood cultures within four working hours using a
multiplex-PCR plus microarray based-assay.

Methods: DNA from positive blood cultures was extracted using an automated
extractor. Genus—speciﬁc primer mixture was designed using conservative regions from
bacterial and fungal genomes. The primer design allowed DBNA amplification,
producing labelled single stranded DNA product, suitable for microarray hybridization.
The probes on the microarray were designed against variable regions flanked by the
primers. Specific hibridization were performed in eight well-strip format (CLART-
Strip®) containing a microarray at the bottom. Also, mecA-specific primers and probes
have been concluded in the assay to indicate the detection of methicillin resistance.
Automated data analysis was performed by designed specific software.

Results: The assay correctly identifies the most clinically relevant gram positive
bacteria (S. aureus, S. epidermidis, S. haemolyticus, S. pyogenes/dysgalactiae, S. pnewmoniae, S.
mitis, S. agalactiae, S. sanguinis/parasanguinis, S. milleri, Streptococcus spp., E. faecalis, E.
faecium, gran positive cocci, L. monocytigenes and Clostridium perfriﬂgem), fungi (C. albicans,
C. glabrata, C. krusei, Candida spp., generic fungi marker), and the methicillin resistance
marker present within Staphylococci, The assay has been clinically validated with
596 positive blood cultures, showing a sensitivity of 97 %, specificity of 100 %,
reproducibility of 95.4 % and repeatability of 96.9 %.

Conclusions: The results from the method were available 4 hours after the positive
blood culture result, including extraction, amplification and visualization. Up to 96
samples could be processed simultaneously. The assay, therefore, provides rapid, robust
and reliable data, which can guide antimicrobial treatment decisions in a timely manner.
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Design and optimization of micro array based in vitro assay,
CLART®SeptiBac*, for the rapid identification of gram positive bacteria
and fungl present in positive blood cultures.

Mo tmanst

i"':.Eni'n{ﬁn

SOEHORICA Bk indivea T Pl lsa Cosbeds

Misimga® Qucar Baiasar’. Cless sosfees® [l Surims®, Son Mol Moriseens
Camenan® Aosis Comgmdat Vicsste Ausioe® and B Luiss Vilswrmasa®

"Merdsuiogy Serves Lnversly Mol Garhas Trias | Fusl, 000 Nedaiins Hemstens

Design ! eveopssd ol &
sutiphtn PCA et meomiy-ausd
[ o the Sobecunr demsficaton of
Lngal M gram postiva CE O
T in Ao Ll

A s SR IO DAo0d SarpiEd usng N SQuEIET MuckSens i pmag

(Benbdratnn. Mgy -PLER s e (g ks (e B a0 (s dessyred fom
torenal and hngal Toises-keopeg gEnm. AT wies ek for hemer ybnoaaiion m
o iow-cermsy meacmantay platiorm (CLART-Sing®)

Tha peobas on P Mooy ees

i 5 mafe. 8 sy,

£ o S
2 o . by 4 e
miaET-|, perftrgent Ly

moroyiopee,
m:wcmmugﬂn“u Caeicts spg il kol gy

(i

GG G i

Bmybos amembaty

]
ekanad

Irieani) paraTwiesy worn ot

=T ety st i Pagf sermilvity, willt Sagros Scal dewiely Ines Cince seses pes’ B5%
< Tras iy 1 S’y ELRPWAR TR ] ) ) R WTORy B0 [P s o s

~The mal & menl
roadiog a high e

oy it
&l repr

of B age nomoeT of EESope
kg owar B

267



P1793. Identification and characterisation of bacterial
pathogens and fungi causing blood infections (sepsis) by DNA
microarrays

22nd European Congtess of Clinical Microbiology and Infectious Diseases (ECCMID),
March 31st - April 3rd, 2012, London (United Kingdom). Poster (Abstract P1793).

AL Moraga, O. Salazar”, N. Manjon, E. Jordana, E. Martr6, R. Cospedal, V. Ausina,
M. Villahermosa (Coslada - Madrid, Badalona - Barcelona, ES)

Objectives: We have developed a prototype of DNA microarray for accurate and
reliable identification of sepsis-causing bacteria and fungi from both samples (positive
blood cultures and direct blood) within a working-day using a mutiplex-PCR plus
microarray based-assay.

Methods: DNA was automatically extracted from positive blood cultures and blood
using different protocols. Species and Genus—speciﬁc primer mixture was designed using
conservative region from bacterial and fungal genomes. The primer design allowed
DNA amplification method producing labeled, single—stranded DNA suitable for
microarray hybridization. The probes on the microarray were designed against species-
specific or taxa—specific variable regions flanked by the primers. Specific hybridization
were performed in eight well-strip format (CLART-Strip®) containing a microarray at
the bottom. Also, merA—specific primers and probes have been included in the assay to
indicate the detection of antimicrobial resistance. Automated data analysis was performed
by designed specific software.

Results: The assay correctly identifies the most clinically relevant species from the
following bacteria (Staphylococus, ~Streptococcus, Enterococcus, Listeria, Enterobacter,
Escherichia, Klebsiella, Salmonella, Citrobacter, Serratia, Proteus, Haemophy/us, Bacteroides,
Acinetobacter, Pseudomonas and Stenotrophomonas), the methicilin resistance marker
present within Staphylococci, and fungi (Candida albicans albicans. C. glabrata, C. krusei,
Candida spp. and generic fungi marker). The application of this assay for the detection of
pathogens directly in blood is being determined by generic PCR assays combined by
detection on microarray, being early detection of blood infections crucial in clinical
settings. In addition genus and species PCR assays and detection in microarray were
made from 700 blood cultures. The results from tested samples were in line with the
phenotypic and antimicrobial susceptibility tests, showing values of sensitivity,
specificity, reproducibility and repeatability higher than 95 %.

Conclusions: The results from the method were available 5 hours after the positive
sample collection. Up to 96 samples could be processed simultaneously. The assay
provides rapid and reliable data of accurate identification of microbial pathogens at the
early stage of infection, avoiding unnecessary treatment with general antibiotics that
promote the appearance of drug resistant bacteria.
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740. Disefio y optimizacién de un sistema de deteccién
molecular por microarrays para la ripida identificacién de
bacterias Gram—negativas en hemocultivos positivos

XVI Nacional de la Sociedad de Enfermedades Infecciosas y Microbiologia Clinica
(SEIMC), 9-11 Mayo, 2012, Bilbao. Poster (Abstract N.° 740).

O. Salazar Torres!, N. Manjén Vega!, A.I. Moraga Quintanilla!, E. Jordana Lluch?,
E. Martro Catald?, S. Molinos Abés?, M. Giménez Pérez2, R. Cospedal Garcia!, V. Ausina
Ruiz2 y M.L. Villahermosa Jaén!

1. Genomica SAU. Coslada. Madrid. 2. Hospital Universitari Germans Trias i Pujol.
Badalona. Barcelona.

ObjetiVOS: Disefio y optimizacién de un método de identificacion ripida a nivel de
género y especie de bacterias Gram-negativas a partir de hemocultivos positivos.

Métodos: el ADN bacteriano fue extraido de manera automdtica a partir de
hemocultivo positivo usando el extractor automitico Nucli-SENS. easyMAG. de
bioMérieux. Se ha optimizado una multiplex-PCR a partir de cebadores especificos para
cada taxén disefiados en regiones constitutivas del genoma bacteriano. Los productos
amplificados fueron marcados para su posterior hibridacién en una plataforma de
microarrays de baja densidad (CLART-Strip.). Las sondas especificas para cada taxén, e
inmovilizadas en el microarray fueron disefiadas a partir de regiones flanqueantes a la
zona de hibridacién de los cebadores. Las hibridaciones especificas fueron realizadas en
formato de tiras de 8 pocillos con el microarray impreso en el fondo del pocillo. Se ha
incluido el anélisis automdtico de datos mediante el disefio de una aplicacién informatica
especifica.

Resultados: El ensayo detecta correctamente 15 especies de bacterias Gram-negativas
presentes en hemocultivos positivos: Escherichia coli, Klebsiella pneumoniae, Klebsiella
oxytoca, Enterobacter aerogenes, Enterobacter cloacae, Salmonella enterica, Citrobacter frezma’ii,
Serratia marcescens, Proteus vulgarix, Proteus mirabilis, Haemophilus inﬂuenzae, Acinetobacter
baumannii, Bacteroides fragilis, Pseudomonas aeruginosa y Stenotrophomonas maltophilia. El
ensayo ha proporcionado una sensibilidad y especificidad analitica cercana al 100 % a una
concentracién de 103 copias por reaccién para plasmidos recombinantes control
desarrollados que contienen las dianas de amplificacién de las especies objeto de
detecciéon del kit. La sensibilidad y especificidad diagnéstica en hemocultivos en la
mayoria de los microorganismos detectados es del 95 %.

Conclusiones: Los resultados de identificacién se obtuvieron 4 horas después de la
deteccién del hemocultivo como positivo. El ensayo permite el procesamiento de hasta
96 arrays en una misma tanda, siento la unidad minima de ensayo la tira de 8 arrays,
proporcionando una identificacién rdpida y fiable, permitiendo una aplicacién mds
dirigida de terapia antimicrobiana antes del aislamiento del microorganismo.
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736. Disefio y optimizacién de un sistema de deteccién mole-
cular por microarrays para la rapida identificacién de bacterias
Gram-positivas, Gram-negativas y hongos en muestras de
sangre

Congreso Nacional de la Sociedad de Enfermedades Infecciosas y Microbiologia Clinica
SEIMC), 9-11 Mayo, 2012, Bilbao. Poster (Abstract N.° 736).

N. Manjén Vega!, A.I. Moraga!, O. Salazar!, E. Jordana?, E. Martr$%, M. Giménez?2,
R. Cospedal, V. Ausina? y M.L. Villahermosa!

1. Genomica SAU. Coslada. Madrid 2. Hospital Germans Trias y Pujol, Badalona. Barcelona

ObjetiVOS: Disefio y optimizacién de un método de identificacion ripida a nivel de
género y especie de bacterias Gram-positivas, Gram-negativas y hongos a partir de
muestras de sangre.

M¢étodos: El DNA bacteriano fue extraido de manera automitica tras un pre-trata-
miento previo, a partir de sangre, usando el extractor automatico NucliSENS. easyMAG.
de Biomérieux. Se ha partido de muestras de sangre de pacientes sanos contaminadas,
segiin la escala de McFarland 0,5 (1,5 x 108 UFC/mL), con diferentes diluciones de cada
uno de los microorganismo (500 - 16 UFC/mL). Se ha optimizado una multiplex-PCR a
partir de cebadores especificos para cada taxén dise.ados en regiones constitutivas del ge-
noma bacteriano y fungico. Los productos amplificados fueron marcados para su poste-
rior hibridacién en una plataforma de microarrays de baja densidad (CLART-Strip.). Las
sondas especificas para cada tax6n, e inmovilizadas en el microarray fueron disefiadas a
partir de regiones flanqueantes a la zona de hibridacién de los cebadores. Las hibridacio-
nes especificas fueron realizadas en formato de tiras de 8 pocillos con el microarray im-
preso en el fondo del pocillo. Se han incluido cebadores y sondas especificas para la
deteccidn especifica del gen mecA, responsable de la resistencia a meticilina en Staphylo-
coccus aureus. Se ha incluido el anilisis automatico de datos mediante el disefio de una
aplicacion informatica especiﬁca.

Resultados: El ensayo detecta correctamente 10 especies de bacterias Gram-positivas
pertenecientes a los géneros Streptococcus (S. pyogenes, S. dysgalactiae, S. pneumoniae, S.
agalactiae, S. mitis, Streptococcus del grupo milleri (S. anginosus, S. constellatus), Staphylococ-
cus (S. aureus, S. epidermidis, S. haemolyticus), incluyendo la deteccién de mecA, Clostridium
pe(fringens, Enterococcus ﬁlecalis, 8 especies de bacterias Gram-negativas Enterobacter aero-
genes, Enterobacter cloacae, Serratia marcescens, Proteus mirabilis, Bacteroides fragilis y Steno-
trophomonas maltophilia y Candida albicans, incluyendo la deteccién genérica de Candida
spp, y hongos en general. El ensayo ha proporcionado una sensibilidad y especificidad
analitica de un 100 % y una sensibilidad y especificidad diagnéstica superior 63 UFC/mL.
Conclusiones: Los resultados de identificacién se obtienen tras 8 horas de la recogida
de la muestra. El ensayo permite el procesamiento de hasta 96 arrays en una misma tanda,
siento la unidad minima de ensayo la tira de 8 arrays, y proporcionando una identifica-
cién répida y fiable, la cual permitir4 la aplicacién de un tratamiento mis dirigido a nivel
de terapia antimicrobiana en los estadios tempranos de la infeccién.
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