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"CORRESPONDENCE

Comparison of Vitek MS (MALDI-TOF) to
standard routine identification methods: an
advance but no panacea

Sir,

In recent years, proteomic identification of microorgunisms
using matrix-assisted laser desorption/ionisation-time of flight
mass spectrometry (MALDI-TOF MS) his promised a revolu-
tion in medical microbiology in lerms of enbanced accuracy,
increased speed and reduced costs.! Although the technology
has found widespread application, it has only recently been
incorporated inlo a limited number of Australian diagnostic
laboratories. Currently, two instruments are available on the
markel: Biotyper 2.0 (Bruker Daltonics, Germany) and Vitek
MS (bioMérieux, France). A comparison between the Bruker
and Shimadzu systems (the latler being an earlier version of the
Vitek MS) for 720 isolates found the performance of both
instruments to be accurate and broadly comparable, although a
greater proportion of high confidence identifications were
oblained by the Bruker system (94.4% versus 88.8%;
p<0.0001)." Alhough some published data have been
provided for the performance of the Bruker system in the
Australion context,> little diagnostic laboratory experience
with the Vitek MS instroment has yet been published.

We conducted a parallel verification trial of the Vitek MS
system in comparison to routine identification methods, A tolal
of 750 pure isolates were tested, including over 150 different
speeics of bacterin and yeasts. OF these, 695 (93%) were wild-
type strains obtained {rom clinical specimens, 39 (5%) were
stored external Qualily Assurance Program (QAP) organisms
from the Royal College ol Palhologisls of Australasia (RCPA)
and 16 (2%) were American Type Culture Collection (ATCC)
reference strains. All isolales were lested using e-cyano-d-
hydroxycinnamic acid matrix solution with spectra generated
by 100 laser shots. An Escherichia coli conlrol strain was uged
for each mn. If initial testing fuiled to provide an adequate
spectrum, this was repeated up to three times. Re-testing using
25% formic acid extraclion was performed if no identification
was obtained, All suspected yeasts were also trealed with 25%
formic acid. Routine identification methods in our laboratory
include the Vilek2 (bioMérieux), API (bioMerieux), BBL
Crystal (Becton Dickinson, USA), RapID ANAIT (Remel,
USA) sysiems, rapid bench tesls {e.g., indole, oxidase, catalase,
lIntex agglutination tests) and chromogenic media, as well as
supplementary biochemical testing as required. The comparative
standurd for organism identification against which the Vitek MS
was compared was the routine laboralory method. ITresults of the
Vitek MS and rouline mcthods remwained unresolved by supple-
mentary testing, isolates were referred to a reference laboratory
for defmnitive identification, including 1 6S rDNA sequencing. All
identifications for Clostridivm difficile and Neiserria gonar-
rhiwede isolates were routinely confirmed by molecular methods.
Since large coleny B-haemolytic streptococei with Lancefield
group A, B, Cor G antigens are not routinely identified Lo species
level in our Iaboralory, identification by Vitek MS for species
known to cxpress these antigens (e.g., Streptococcuy agalactiae
and group B anligen) were considered concordanl to species
level. Identilication by Viek MS provides a percenlage

probubilily niatch to database spectra. Isolates with scores from
60 to 99.9% with a single organism choice were considered a
good identification. For isolates with probability scores >60%
and a choice of 2--4 organisms, a genus level identification was
recoeded if all choices were within the same genus. However, no
valid identificalion was recorded if the organism choices were
of multiple genera, despite formic acid extraciion. Scores of
<00% were considered to have no valid identification.

Overall, 707 of 750 isolales (94.3%) showed concordance
between Vilek MS and standard identification methods to at
least genus level, with 639 (85.2%) concordant to species level.
No identification by Vitek MS, despite formic acid extraction,
occured in 36 (4.8%) isolates and a further 7 (0.9%) showed
lack of concordance between the wo comparison methods.
The results are summarised by organism group in Table 1.
Proporlions of identifications achieved for each species are
provided in Supplementary Table | (hup:/finks.ww.con/
PAT/AS).

It is clear Lhat the Vilek MS system is accurate in identifying
the most common pathogens encountered in routine work, such
as staphylococel, Escherichia coli, Haemophilus influenzae,
Psendoimonas aeruginosa, enlerococci and mosl streptococc,
A previous study of 1019 isolates from the 13 most commonly
encountered genera of bacteria showed lhat the Shimadzu
MALDI-TOF MS system, upon which the Vitek MS is based,
idenfificd 94.7% of isolates in concordance to API and BD
Phoenix systems, which increased to 98% once discrepancies
were resolved by 165 rDNA sequencing.” In our current study,
the Vitek MS was reliable in discriminating critical pathogens
such as Neiserria gonorrlvede or N, meningiridis from non-
pathogenic Neiserria species, althongh confirmalory testing for
. gonorrhocae is still recommended by the manufacturer.
Furthermore, Vilek MS provides much improved identification
of some uncommon orgunisms that may be difficult to identify,
such as Abiorrophia defectiva, Kingella kingae, Aggregatibac-
fer aphrophilus or Fusobacterfum necrophorun. For some
isolates the lack of specificily to species level arose because
of the inability of Vitek MS lo discriminate hetween closely
related species (e.g., Enterobacter cloacaefasburice, Coryne-
bacteriune  xerosisfamycolatin o Aeromonas  hydrophile/
caviae), However, these can usually be differentiated by simple
additional bench tests if required and species distinction may
not be critical for clinical management in many sitvations.

Similar to other comuercial systems, it is not reliable in
identifying some unusual organisms. This occurs because either
reference spectra for rare species are not yet included in the
current database (such as Varibacufum cambriense) or are
not sufficiently differentiated from closely related species
(c.g.. Cryptococens gattii, which identified as C. neofornians).
In others, failure o oblain an adequale spectrum presumably
arose from difficulties in extraction or crystallisation of cellular
proteins. Organisms thal proved difficult to identify by Vitek
MS included Actinemyces spp., mucoid strains of Streptococ-
cus prewnoniae, Klebsiella pnemmoniac or Pseudonmonas
derngivnosa, some corynebacteria and a small number of Gram
positive ananerobes. A high proportion (8/38, 21%) of non-
Psendomonas Gram negative environmental bactenia, such as
Brevundimonas or Cupriavidus, failed to be identified by the
Vilek MS (with two returning incorrect identifications and six
wilh no identification). In some arcas the cument database
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Table 1

Summary of Yitek MS MALDI-TOF identiticativn by erganism group

Pathology 12012y, 00(00}, Month

Conconlnt Concordant Non- No MALDI

Total tesied Lo species to prenus only voncordant identification
Orginism groups (50) (%e) (42) 3] (t%)
Staphylucocei 103 K 103 (100) 0 © 0 (0) 0 ()
Streptecoced 87 [ h] 17 (89) b 1} 0 (1)) 2 {2)
Enlerococci 55 t7) 55 100y 0 it 0 (1] 1] )
Enterobucteriaceae 19 (27) 154 ) 36" (18} 4 (2) 5 n)
Pseudomenas spp. 47 Gl 46 (98) 0 m [0 (U] 1 2y
Non-fermenting Gram negalive bacilli i3 (3) 24 ((:13] [ (16) 2 (3) 6 (e
Onxiduse positive fermenting Gram negalive bacilli B} (2) 6 (43) 8" (57) 0 {h 0 (0
Gram negalive anaercbes 6 o 5 (CE)] L [(]] 0 (] 1 (%]
Campylobacter spp. 5 [2)] ] (10 {1 {m 1] 4] M] ()]
Gram posilive anazrobes 27 (€] 23 (85) IH ) 1 [G1)] 3 (n
Corynebacteria 13 (21 8 (53 5" (33) 0 (© 2 (13
Neiserria spp.” 3) @ 9 9h 2 (6) 0 () 0 (m
Hiemophilus spp KH 5 37 (97) 1 3 0 i) n (0)
Cuprdidu spp. a2 €] 27 (8 1 » 0 0 4 (13
Others 53 h 40 (75 I A )] (] 12 (23)
Totals 50 - 63y (5) 68 [W)] 7 (n 36 (5)

‘N Lonorrhoeae and N, meningitidis comecily identitied in all cases.

¥ Inability to reliably discriminate in all cases between A. caviaelliydrophila, Citrohacter freundittbeaakii, Enterobacter eloacaelasburiae, Corynebacterium
xerosisformyveolaton and Selnonella spp. accounted for the lower proporfions of agreemen! 1o species level in these groups.
T Significant errors included failure lo identify Skigetla foxneri/boydit/sonneii.

seems limited; for instance only one species of Actinommyces
(A. europaens) is currently included. Rarely encountered
species, such as Leifsonia acqitatica, Roseomonas gilardii or
Capnrocytophaga canimorsus, are also missing, The manufac-
turer advises that certain species are poorly identified by le
Vitek MS, including Aerecoccus wrinae, Cardiobacteriunm
hominis, Haemophilus haemolyticus, Helicobacter pylori and
Peptinophilns asaccharolyticus. These deficiencies can be dis-
appointing as laboratories often have difficeltics reliably iden-
Lifying such organisms and this should be where MALDI-TOF
MS can provide grealest advantage. In addition, the Vitek MS is
presently unable to disctiminate E. coli from Shigella spp. This
was confirmed by lesting 5. flexneri, S. dysenteriae and
S. sonnei isolates. all of which were identified as E. coli,
However, thiz problem is found with all MALDI-TOF MS
sy:::tt-:ms5 and the idenlification software and product specifica-
tion provides alerts to this effect. In our experience, the system
also cannot reliably separate Safimonella paratyphi from non-
Iyphoidal salmonellae. Polentinl users of this instiment need
lo be aware of these deficiencies when constdering the syslem
for routing use, especially for fagcal isolates.

Although no specialised techniques are required to use the
instrunient, and the Iraining time is minimal, there remains a
learning curve’ in terms of applying the correct concentration
of inoculum to the slide and gaining experience in deciding
which types of organism te select for MALDI-TOF MS
identification. As a system, it performs best for the routine
identification of common pathogens, and is presently less
reliable when challenged with exotic or rarely encounlered
species, particularly il these ure generally considered environ-
mental or of low pathogenicity. This limitation. however. may
improve as datubases are refined and expanded. A study of
123 external QAP specimens lested by Vitek MS found 78%
identified to genus {72% lo species) level and in 18% no
idemtification was obtained.® The higher identification failure
rale probably reflects the proporlion of unusual isolales
encountered in the QAP samples, which might explain the
comparatively better performance seen in our study {only 4.8%
unidentilied).

Limitations of this study are acknowledged. We aimed to
compare Vitck MS to our crent laboratory identification
melthods and, wherz necessary, discrepant results were resolved
by additional biochemical or molecular testing. However, it is
possible that idenfification by routine methods for some wild-
type straing may hive been inaccurate and, if in agreement with
MALDI-TOF MS, may overestiniate its accuracy. However,
for the purposes of replacing commonly employed identifi-
cation methods, Vilek MS seems Io be largely reliable.

The major advantages of introducing MALDI-TOF MS has
been both rapidity with which results can be obtained, and the
dramatically reduced consumable costs. In our laboratory, the
current cost of a Vitek 2 identification card is approximately
AU$7.60-10.75, and API panels range from AU$14.80-18.50,
depending upon the test organism. This can be compared
to approximalely 50 cents for identification by MALDI-
TOF. The ease and reliability of MALDI-TOF M3 allows less
reliance on several additional tests such as latex agglutination
or chromogenic media, providing further savings. While
the capilal invesiment required to purchase a MALDI-TOF
MS instrument is considerable (currently in rhe region of
AU$200 000-225000), estimates from one Ausiralian labora-
lory have suggested that ongoing savings would offset the
initial purchase cost within 3 years of use.® In the future, the
technology holds promise to enhance detection of pathogens
by direct testing of clinical specimens such as positive blood
cultures” and our limited experience 1o date with such tech-
nigues appears promising, However, as with all aulomated
systems, there is a requirement to maintain basic microbio-
logical skills and knowledge, not only for when the MALDI-
TOF MS fails to ideniily an organism bul also to appreciate
erronecus identificitions. Qccasional major identification
errors occur; the laboratory must be vigilant that such results
are not released.

In summary, we found the Vitek MS system to be reliable
and accurate [or routine microbial fdentification in most
instances. It has the potential to significantly reduce turnaround
times, improve clinical care by directing targeted and
timely anlibiotic therapy, enhance the idenlification of some
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challenging organisms and provide long-term cost savings,
despite a large initial capital invesiment. However. the limila-
tions of the system need to be recognised and such new
technicques do not obviate maintaining basic microbiclogical
bench skills, Defining the optimal manner in which to integrate
these niethods inte the routine laboratory workilow requires
careful consideration. Further sidies to directly compare the
performance of different systems would also be welcome,
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