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Abstract

We assessed the performance of the VITEK® MS IVD V3.0 matrix-assisted laser desorption ionization - time of flight mass
spectrometry (MALDI-ToF MS) V3.0 database for the identification of Nocardia spp. as compared with targeted DNA sequenc-
ing. A collection of 222 DNA sequence-defined Nocardia spp. strains encompassing 18 different species present or not in the
database was tested. Bromocresol purple agar (BCP) and Columbia agar +5% sheep’s blood (COS) culture media were used
together with two different preparation steps: direct smear and a “3 attempts” procedure that covered (1) spotting of an extract, (2)
new spotting of the same extract, and (3) spotting of a new extract. The direct smear protocol yielded low correct identification
rates (< 15% for both media) whereas protein extraction yielded correct identification results (> 67% regardless of the media
used.). The use of 2 additional attempts using repeat or new extracts increased correct identification rates to 87% and 91% for
BCP and COS, respectively. When using the 3 attempts procedure, the best identification results, independent of media types,
were obtained for N. farcinica and N. cyriacigeorgica (100%). Identification attempts 2 and 3 allowed to increase the number of
correct identifications (BCP, +20%; COS, +13%). The enhancement in performance during attempts 2 and 3 was remarkable for
N. abscessus (81% for both media) and low prevalence species (BCP, 70%; COS, 85%). Up to 3.4% and 2.4% of the strains
belonging to species present in the database were misidentified with BCP and COS media, respectively. In 1.9% of the cases for
BCP and 1.4% for COS, these misidentifications concerned a species belonging to the same phylogenetic complex. Concerning
strains that are not claimed in the V3.0 database, N. puris and N. goodfellowi generated “No identification” results and 100% of
the strains belonging to N. arthritidis, N. cerradoensis, and N. altamirensis yielded a misidentification within the same phylo-
genetic complex. Vitek® MS IVD V3.0 is an accurate and useful tool for identification of Nocardia spp.
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Introduction Nocardia species have been characterized, among which ap-
proximately half are of medical importance [1]. Members of
Nocardia species are filamentous, Gram-positive bacteria be-  this genus are cosmopolitan and ubiquitous in the environ-

longing to the order Corynebacteriales. More than 100  ment. Nocardiosis is primarily opportunistic and affects im-
munocompromised patients mostly [2, 3], although immuno-
competent patients can also be affected [4]. Although cutane-
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their drawbacks include costs, duration, and limited availabil-
ity. Thus, samples must often be transported, delaying the
identification of the pathogen. Matrix-assisted laser desorp-
tion ionization-time of flight mass spectrometry (MALDI-
ToF MS), a tool that is now widely used to identify common
bacterial and yeast species, is a promising technology for
Nocardia spp. identification. It is easy to use, fast, and cost-
effective and, hence, an interesting alternative to molecular
methods. The Bruker BioTyper system has been evaluated
for clinical Nocardia spp. identification [11, 13—15] as was
the VITEK® MS IVD system [16-18].

Our objective was to evaluate the performance of the
VITEK® MS IVD V3.0 database for the identification of
Nocardia spp. strains and different strategies for the specimen
preparation step were assessed. In parallel, the performance of
bromocresol purple agar (BCP) was compared with those ob-
tained on Columbia agar +5% sheep’s blood (COS).

Materials and methods
Bacterial strains

The collection of isolates used in this study was from the
Observatoire Francais des Nocardioses (OFN), Lyon,
France. This collection is composed of 222 strains with 131
isolates specifically collected in 2014 from the OFN, Institut
des Agents Infectieux (French epidemiology, [19]). In addi-
tion, for each species tested, we have included the correspond-
ing type strain (Table 1). All isolates were previously identi-
fied at species level by sequencing the 16S rRNA gene [20],
and DNA sequencing was performed by Biofidal (Vaulx-en-
Velin, France). When identification was not possible, a 441-bp
fragment of the sp65 gene was amplified and sequenced [20].
The sequences were analyzed by BLAST (http:/www.blast.
ncbi.nlm.nih.gov/Blast.cgi) following the identification
criteria of the Clinical and Laboratory Standards Institute
(CLSI, [21]). Isolates were stored at — 80 °C and were sub-
cultured on two different media (bromocresol purple agar
(BCP, bioMérieux Ref. 43021) and Columbia agar +5%
sheep’s blood (COS, bioMérieux Ref. 43041) at 37 °C for
72 h. BCP is a poor culture medium not used to build the
MS database but successfully used in OFN as it shows rapid
growth for all Nocardia spp. In contrast, COS is a rich culture
medium which has been used to build MS database and is
recommended by the manufacturer.

Protein extraction
All isolates were extracted according to the bioMérieux rec-
ommendations using the VITEK® MS IVD Mycobacterium/

Nocardia kit (bioMérieux Ref. 415659). A 1 pL loop full of
organisms was transferred into a 1.5mL Eppendorf tube
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containing 500 uL of 70% ethanol and approximately 200
pL of 0.5-mm glass beads. The mixture was vortexed for
15 min with a Genie 2 Vortex with a 13000-V1-24 Vortex
adaptor (MoBio, Qiagen) and then was incubated at room
temperature for 10 min. The suspension was briefly vortexed
and then transferred into an empty 1.5mL Eppendorf tube
(avoiding the transfer of any glass beads) and centrifuged for
2 min at 14,000 rpm. The ethanol supernatant was removed,
and the pellet was re-suspended in 10 puL of 70% formic acid.
The tube was briefly vortexed, 10 puL of acetonitrile was
added, and the tube was vortexed again and then centrifuged
for 2 min at 14,000 rpm. The resulting supernatant was used
for analysis by MALDI-ToF MS.

Sample deposits

For the two media types, the isolates were deposited in two
different ways: (i) a direct smear by which a loop full of
bacteria was directly applied as a thin film on a spot of a target
slide (disposable 48 well stainless steel target slides,
bioMérieux Vitek MS), (ii) an extract deposit by which 1 puL
of supernatant was deposited on a spot of a target slide as
described above. In either case, the deposit was allowed to
dry. Next, the deposit was overlaid with 1 puL of «-cyano-4-
hydroxycinnamic acid (CHCA) matrix solution and was
allowed to dry again. The Escherichia coli reference strain
ATCC 8739 was used on each plate for instrument calibration
according to the manufacturer’s instructions. Positive-control
organism N. farcinica type strain (DSM 43665") was spotted
on the slide using the protocols described in this study. Finally,
the slide was loaded into the VITEK® MS instrument.

Sample analysis

All isolates were analyzed using the manufacturer’s recom-
mended settings, and the mass spectra obtained were com-
pared with the V3.0 database. An identification associated
with a confidence level was produced by the Myla software.

Identification procedures

As seen above, two different preparation steps were tested.
The results of each method were compared and the one yield-
ing to better correct identification rates underwent a several
attempts procedure in order to succeed in identifying strains
for which a “no identification” result was obtained. In the case
direct smear yielded the best results, 2 new deposits were
foreseen. For preparation steps based on protein extraction,
two new attempts were planned as follows: (i) new spotting
of the same extract previously defrosted, and (ii) spotting of a
new extract (Fig. 1).


http://www.blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.blast.ncbi.nlm.nih.gov/Blast.cgi

Eur J Clin Microbiol Infect Dis (2020) 39:559-567

561

Table 1 Species and number of

strains for each one, used in this Species

Number of strains including type strain Type strain code

study. Prevalence classification is
done according to Lebeaux et al.
(19) N. farcinica

N. nova

High prevalence

N. abscessus
N. cyriacigeorgica
Intermediate prevalence
N. wallacei
N. veterana
N. otitidiscaviarum
N. brasiliensis
Low prevalence
N. beijingensis
N. paucivorans
N. pseudobrasiliensis
N. neocaledoniensis
N. asteroides
Sub-total
N. cerradoensis*
N. altamirensis*
N. puris*
N. goodfellowi*
N. arthritidis*
Total

110

43 DSM 43665 T
26 DSM 43256 T
21 DSM 44432 T
19 DSM 44484 T
55

16 DSM 45136 T
14 DSM 44445 T
13 DSM 43242 T
11 DSM 43758 T
40

12 DSM 44636 T
1 DSM 44386 T
10 DSM 44290 T
3 DSM 44717 T
4 DSM 43757 T
203

3 DSM 44546 T
2 DSM 44997 T
6 DSM 44599 T
3 DSM 45516 T
5 DSM 44731 T
222

*Low prevalence species that are not present in the V3.0 database

Identification criteria

The result was considered correct at the species level if a
single species identification associated with a confidence level
> 99% was obtained and matched the identification obtained
by the reference method (16S rRNA/Asp65 sequencing). The
identification was considered correct at complex level if the
system yielded a slash line result (i.e. Species 1/Species 2)
suggesting two Nocardia species, one matching with the one
obtained by the reference method and if the other one
belonged to the same phylogenetic complex according to
McTaggart et al. [12] .

Results

Performance for species present in the VITEK MS V3.0
database

Out of 222 tested strains, 203 belonged to species present in
the VITEK MS V3.0 database and were first submitted to a
standard smear based identification process. The system
yielded poor identification rates of 15% and 11% for BCP
and COS media, respectively. The protein extraction proce-
dure allowed better results as the system yielded correct

identification for 67% of isolates from the BCP medium and
78% from the COS medium. Taking into account these results,
the preparation step based on protein extraction was the one
that underwent two more attempts (herein, “attempt 2” and
“attempt 3”) in order to increase correct identification rates.
Spotting of the same extract after defrosting (attempt 2) for
previously unidentified isolates (68 for BCP and 45 for COS
media) allowed to increase correct identification rates, 24/68
(35%) for BCP medium and 15/45 (33%) for COS medium
(Table 2). Spotting of a new extract (attempt 3) for unidentified
isolates in attempt 2 (44 strains for BCP and 30 for COS media)
further helped to increase correct identification rates, 18/44 strains
(41%) for BCP medium and 11/30 strains (37%) for COS medi-
um. So, thanks to the second and third attempts, more than a half
of the strains not identified in the first attempt were identified as
follows: 42/68 (62%) with BCP medium and 26/45 (58%) with
COS. Overall, we reached correct identification at species or com-
plex level at 87% (an increment of 20%) for the BCP medium and
at 91% (an increment of 13%) for the COS medium (Table 2).
For the most prevalent species (N. farcinica, N. nova,
N. abscessus, N. cyriacigeorgica), which account for 54% of
all tested strains, high identification rates were obtained: up to
93% (101/109) and 94% (102/109) for BCP and COS agar,
respectively. Again, attempts 2 and 3 lead to a considerable
increase of correct identification rates regarding those of
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Fig. 1 Decision algorithm

Identification with
Ist extraction / 1st spotting

Vitek® V3 yields
identification.

‘NO

Identification with
Ist extraction / 2nd spotting

YES
Vitek V3 yields
identification.

Identification with
2" extraction

Vitek® V3 yields
identification.

Identification matches with
reference method

MISIDENTIFICATION | ’ IDENTIFICATION ACCEPTED | | NO IDENTIFICATION

attempt 1 (+21% for BCP and +10% for COS). N. farcinica
and N. cyriacigeorgica were 100% correctly identified, mostly
in the first attempt. Regarding N. nova, more than 80% of the
strains were identified at complex level and displayed as a
slash line “N. nova 50%/N. afiicana 50%”. For this species
and particularly on BCP medium, the last two attempts in-
creased the number of correct identifications by 23% and for
COS medium almost all the correct identifications (85%) were
obtained upon first spotting. Regarding the N. abscessus
strains, Vitek® MS IVD V3.0 yielded a correct identification
from the first spot in half of the cases. Attempts 2 and 3
allowed to increase the overall correct identification rates
(BCP +29%, COS +24%).

Concerning the species with intermediate prevalence
(N. wallacei, N. brasiliensis, N. veterana,
N. otitidiscaviarum), attempts 2 and 3, allowed to increase
the correct identification rates (+15% for both media) for
reaching a high cumulative identification rate of 89% (48/
54) of isolates for both media. However, there were slightly
lower correct identification rates for N. veterana compared
with the 3 other species of this group (Table 2).

For species with low prevalence (N. paucivorans,
N. pseudobrasiliensis, N. asteroides sensu stricto,
N. beijingensis, N. neocaledoniensis), the cumulative
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identification rates were satisfactory. Up to 70% (28/40) of iso-
lates were identified using the BCP medium and 85% (34/40)
with the COS medium. For reaching these values, attempts 2 and
3 were helpful (BCP +27%, COS +20%). The full identification
procedure for N. paucivorans and N. pseudobrasiliensis allowed
to identify 82% (9/11) and 70% (7/10) of the strains for BCP
medium and 100% of the strains for COS medium. For
N. beijingensis, only 67% (8/12) with the “3 attempts” procedure
of isolates were correctly identified with both media. The 3 iso-
lates of N. neocaledoniensis were correctly identified regardless
of the medium. Regarding the 4 strains of N. asteroides stricto
sensu, only one of them was correctly identified at species level
using both media. In addition, a correct identification at complex
level under the form “N. asteroides/N. neocaledoniensis” was
obtained only for one strain for COS medium.

Regarding misidentification of strains belonging to species
present in the manufacturer’s database, 3.4% of the isolates
were misidentified with BCP (7/203) and 2.4% with COS
(5/203) media types (Table 3). One strain of N. nova was
identified as N. veterana with both media. One strain of
N. abscessus was identified as N. veterana and another one
was identified as N. beijingensis with both media. One strain
of N. veterana was identified as N. cyriacigeorgica with both
media, too. One strain of N. pseudobrasiliensis was identified
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as Pseudomonas oryzihabitans with BCP medium but a cor-
rect identification with COS medium was obtained. A re-
extraction of the strain yielded the correct identification, so
contamination is plausible, which in the end was not possible
to verify. One strain of N. asteroides sensu stricto was identi-
fied as N. neocaledoniensis with BCP medium. However, a
correct identification at complex level was obtained with COS
medium and a second strain of N. asteroides sensu stricto was
identified as N. neocaledoniensis with both media.

Performance for species absent from the VITEK MS
V3.0 database

Regarding the 19 strains belonging to 5 species absent from
the V3.0 database (N. altamirensis, N. arthritidis,
N. cerradoensis, N. goodfellowi, N. puris), they were either
not identified or misidentified. All the strains of
N. goodfellowi and N. puris (including their type strains)
yielded no identification. For the remaining 10 strains, mis-
identifications were obtained. Up to 4/5 isolates of
N. arthritidis were identified as N. abscessus. One isolate
was identified as N. beijingensis with BCP but no identifica-
tion could be obtained with COS. The 3 isolates of
N. cerradoensis were identified as N. nova 50%/N. africana
50%, and both strains of N. altamirensis were identified as
N. brasiliensis.

Discussion

In this study, the direct smear preparation step was evaluated
for the first time with the Vitek® MS IVD and was found not
satisfactory. We demonstrated in this study that for VITEK®
MS IVD V3.0, an extraction is needed to obtain good identi-
fication rates for Nocardia spp. New attempts were needed as
67% and 78% of the strains were identified during the first
spotting of the first extract with BCP and COS media, respec-
tively. The necessity of repeating identification procedure by
different means with this system has also been observed by
Body et al. [18] who needed to repeat identification proce-
dures for 33% of their Nocardia spp. strains. This study shows
that the “3 attempts” procedure with both media lead to final
identification rates (BCP 87%, COS 91%) which match with
those of Body et al (90%) [18].

Different preparation steps are referred in the literature for
other MALDI-ToF MS-based systems that may be worth test-
ing with VITEK® MS IVD V3.0. For example, for Microflex
LT, some recent studies suggest a halfway technique between
direct smear and extraction: the direct on-target extraction
[22]. Further studies should be done for VITEK® MS IVD
V3.0 to assess identification accuracy when using this kind of
a more rapid preparation step.
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The impact of the culture medium and incubation time on
the quality of the spectra has already been discussed [18, 23,
24, 25]; however, conclusions are contradictory. Khot et al.
[24] and McTaggart et al. [25] show that the incubation time
impacts the quality of the spectra since better results were
obtained with a short incubation time. Moreover, McTaggart
et al. [25] concluded that the type of culture medium used has
an indirect impact since rich media, such as COS, allow faster
and more abundant growth which can result in spectra of
better quality. However, according to Body et al. [18], identi-
fication results can be identical independently of the culture
medium but their study was limited to media used for the
building of the database.

Our results agree with McTaggart et al. [25] as we observed
slightly better correct identification rates with a rich medium
like COS (91%) compared with a poor one like BCP (87%)
which nevertheless gave good results. However, we demon-
strate the possibility to use a medium like BCP for identifica-
tion purpose even if it has not been used to build the database.
Cumulative results are indeed comparable with those of COS
medium and especially for highly and intermediate prevalence
species.

For N. nova strains for which VITEK® MS IVD V3.0
yielded a correct identification (85% BCP; 88% COS), only
acomplex level result displayed as “N. nova 50% / N. africana
50%” could be obtained. As explained by Girard et al. [16],
the N. nova and N. africana species are currently indistin-
guishable by the VITEK® MS IVD V3.0 and are therefore
only identified at the complex level. In fact, the taxonomy of
the genus Nocardia spp. has evolved considerably in recent
years and in addition to N. nova and N. africana, more species
have been added to the N. nova complex including
N. veterana, N. cerradoensis, N. kruczakiae, N. aobensis,
N. mikamii, and N. elegans [12, 26]. Hence, some of the ob-
served misidentifications (1 out of the 26 tested strains of
N. nova was identified as N. veterana and all the 3 strains of
N. cerradoensis as N. nova/N. africana) remain understand-
able. In a similar way, the N. abscessus is very close to other
species such as N. beijingensis, N. arthritidis, and N. asiatica
forming a phylogenetic clade [1, 12, 26]. On the 7 misidenti-
fications obtained for those species, 6 of them were obtained
within the complex. For example, N. arthritidis strains were
misidentified as N. abscessus or N. beijingensis. Even if
N. arthritidis is not present in the database, the result yielded
by VITEK® MS IVD V.3.0 remained inside the correct phy-
logenetic complex. Body et al. [18] observed several similar
misidentifications.

Some other misidentifications yielded by the system are
also understandable. For example, N. altamirensis is
misidentified as N. brasiliensis. These two species belong to
the same phylogenetic clade which also encompasses
N. boironii and N. vulneris [27]. In the same way, we observed
a misidentification of a N. asteroides strain as
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Table 3 Misidentifications
obtained with Vitek® MS IVD
V3.0 and two different media for
tested Nocardia strains compared
with the identification at species
level obtained with the reference
method. BCP, bromocresol purple
agar; COS, Columbia agar +5%
sheep’s blood

Identification by the Vitek® MS IVD

Medium
Species' Initial number of BCP COS
strains for this
species
N. nova 26 N. veterana N. veterana
N. abscessus 21 N. veterana N. veterana
N. abscessus N. beijingensis N. beijingensis
N. veterana 14 N. cyriacigeorgica N. cyriacigeorgica
N. pseudobrasiliensis 10 Pseudomonas Correct Id
oryzihabitans
N. asteroides 4 N. neocaledoniensis Correct Id
(complex: N.
asteroides/N.
neocaledoniensis)
N. asteroides N. neocaledoniensis N. neocaledoniensis
N. arthritidis* 5 N. abscessus N. abscessus
N. arthritidis* N. abscessus N. abscessus
N. arthritidis* N. abscessus N. abscessus
N. arthritidis* N. beijingensis No Id
N. arthritidis T+ N. abscessus N. abscessus
N. cerradoensis™ 3 N. nova 50%/N. africana N. nova 50%/N.
50% africana 50%
N. cerradoensis* N. nova 50%/N. afiricana N. nova 50%/N.
50% africana 50%
N. cerradoensis T * N. nova 50%/N. africana N. nova 50%/N.
50% africana 50%
N. altamirensis* 2 N. brasiliensis N. brasiliensis

. . T
N. altamirensis * *

N. brasiliensis

N. brasiliensis

! Species identification based in reference method

*Species that are not present in the V3.0 database

N. neocaledoniensis, which is clustered in the same phyloge-
netic complex. This misidentification was also observed by
Body et al. [18] for 3/19 of their N. asteroides isolates.
Misidentifications regarding low prevalence species can be
related to the availability of low numbers of spectra for these
species [17].

Nowadays, MALDI ToF MS seems not to have sufficient
discriminatory power to distinguish all species belonging to
the different phylogenetic clades. Some species misidentifica-
tions are problematic as such species do not always present the
same antibiotic profiles, potentially leading to inappropriate
patient handling. This is especially true for the N. abscessus
complex, since N. beijingensis and N. asiatica are usually
susceptible to imipenem ([28] and personal data) in contrast
to N. abscessus and N. arthritidis ([29] and personal data)
which are generally resistant. This divergence of antibiotic
profiles can also be observed inside the N. brasiliensis com-
plex. For the N. nova complex, misidentifications have a

lesser clinical impact as the species in this complex show
similar antibiotic profiles but the prevalence of these species
are different and this can lead to wrongly inferred epidemio-
logical scenarios. In the case of N. asteroides and
N. neocaledoniensis, an accurate identification at species level
is not essential, as they are species rarely found in clinical
specimens and their susceptibility patterns are not clearly
defined.

We suggest that when a species belonging to N. nova,
N. abscessus, N. brasiliensis, or N. asteroides complexes is
detected, VITEK® MS IVD V3.0 results in identification at
the complex level only. In order to avoid therapeutic errors,
this kind of result should lead to thorough antibiotic suscepti-
bility testing to help choose appropriate treatment.

Some limitations must be taken into account. Regarding
the methodology, new spotting of the same extract was not
done immediately after the first spotting as the extract was
meanwhile frozen. This can be considered a deviation in
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routine laboratory procedure. It is possible that freezing may
cause weakening of the bacterial cell walls. Also, the repro-
ducibility of the method was not evaluated. Additional tests
are necessary in order to have a better appreciation of the
accuracy of these techniques.

VITEK® MS IVD V3.0 yielded good identification rates
for Nocardia spp. at the species and complex level. Regarding
routine processing of Nocardia specimens in routine labora-
tories, extraction gives results above 67% in terms of correct
identification rates. In case of “no identification,” additional
deposit of the same extract or deposit of a new extract can help
in obtaining identification rates above 87%. BCP culture me-
dium, which was not used during database development,
yields similar identifications as compared with the medium
that was used for database development. The best way of
avoiding misidentification of low prevalence species is to sup-
plement the database with more strains for these species. Our
data show that the VITEK® MS IVD V3.0 can be considered
as a useful tool in routine laboratories working with Nocardia

Spp.
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