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Matrix-assisted laser desorption ionization-time-of-flight (MALDI-TOF) mass spectrometry is commonly used to
identify bacteria and yeasts. Studies indicate that MALDI-TOF is relatively indifferent to the medium used for cul-
ture. We report on an investigation into high- and low-confidence MALDI-TOF misidentifications of Mycoplasma
arginini and Mycoplasma alkalescens from urine specimens plated to CHROMagar™ Orientation medium that ap-
pear to be due to the intrinsic mass spectrum of the medium.

© 2019 Elsevier Inc. All rights reserved.

The implementation of matrix-assisted laser desorption ionization—
time-of-flight mass spectrometry (MALDI-TOF MS) has largely superseded
conventional and time-consuming tests for the identification of bacteria in
routine cultures. After MALDI-TOF implementation, we observed urine
specimens inoculated to CHOMagar™ Orientation medium showing pin-
point colonies in significant numbers (>1 x 10° cfu/mL) that were fre-
quently identified by the Bruker Biotyper MALDI-TOF (Bruker-Daltonics,
Boston, MA) as Mycoplasma sp., most commonly Mycoplasma arginini, a fe-
line commensal and bovine pathogen which has been implicated in human
disease (Leach, 1970; Sillo et al., 2012; Tan et al., 1977; Watanabe et al.,
2012; Yechouron et al., 1992), and Mycoplasma alkalescens, a bovine patho-
gen with no known human pathogenicity (Kokotovic et al., 2007). In many
cases, identification scores were high enough to support genus-level identi-
fication (>1.7). Since M. arginini as well as human genital mycoplasmas such
as Mycoplasma hominis can be recovered on routine laboratory media such
as sheep blood agar and chocolate agar (McMahon et al,, 1990; Watanabe
etal,, 2012; Yechouron et al,, 1992), and mycoplasmas have been implicated
in urinary tract infections and urethritis (Taylor-Robinson, 1996), the find-
ing was thought to be potentially relevant. However, in all cases, additional
investigations of the isolates revealed either no bacterial organisms on sub-
culture or organisms consistent with typical urogenital flora (e.g.,
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Corynebacterium sp., Lactobacillus sp., Gardnerella vaginalis). Further obser-
vation suggested that identification or Mycoplasma sp. was only occurring
either when no growth was present on the agar or when very small inade-
quately sampled colonies were present on the media, suggesting something
in the media or the residual urine on the agar was responsible for the false
identification.

To resolve the discrepancy, a random sample of 10 CHROMagar
Orientation™ plates that had been inoculated with urine specimens but
showed no visible growth after overnight incubation, 4 uninoculated
CHROMagar Orientation™ plates, and 2 uninoculated plates of all other
media used in our laboratory was sampled using a sterile plastic loop or
bamboo toothpick using standard MALDI-TOF procedure. The other agar
media tested included tryptic soy (Becton Dickinson, Mississauga,
Canada), sheep blood (Oxoid, Nepean, Canada), blood Mueller-Hinton
(Oxoid, Nepean, Canada), brain heart infusion (BHI; Becton Dickinson,
Mississauga, Canada), Brucella blood (Becton Dickinson, Mississauga,
Canada), Campylobacter selective (Oxoid, Nepean, Canada), chocolate
(Oxoid, Nepean, Canada), colistin-naladixic acid (CNA; Becton Dickinson,
Mississauga, Canada), inhibitory mold (Hardy Diagnostics, Santa Maria,
CA), MacConkey (Oxoid, Nepean, Canada), modified Thayer-Martin
(Oxoid, Nepean, Canada), Mueller-Hinton (Oxoid, Nepean, Canada),
phenylethyl alcohol (PEA; Becton Dickinson, Mississauga, Canada),
Sabouraud dextrose (Becton Dickinson, Mississauga, Canada), Skirrow's
(Becton Dickinson, Mississauga, Canada), sorbitol MacConkey (Oxoid,
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Nepean, Canada), and Xylose-Lactose-Deoxycholate (XLD; Becton Dickin-
son, Mississauga, Canada) agars as well as chromogenic MRSA Select II
(Bio-Rad, Montreal, Canada) and chromogenic VRE Select (Bio-Rad, Mon-
treal, Canada) agars. In brief, a toothpick or plastic loop was used to gently
touch the surface of the agar, and then to inoculate a MALDI-TOF target
plate, 1 pL of 70% formic acid was added to the inoculum. The spot was
allowed to dry and overlaid with 1 pL of a-cyano-4-hydroxycinnamic
acid (HCCA) matrix and allowed to dry. Target plate controls were also
run with formic acid and HCCA matrix alone to rule out exogenous
sources for the observed spectra. The target plates were loaded onto the
MALDI-TOF MS instrument and spectra analyzed using the MSP 5627 da-
tabase. Of the inoculated no-growth CHROMagar Orientation™ plates
tested, 8/10 (80%) produced spectra, all providing a top identification of
M. arginini, M. alkalescens, or M. bovis with variable confidence (Table 1).
Of these, 1 had a confidence score high enough to be confident in the
genus level. Of the uninoculated CHROMagar Orientation™ plates tested,
all 4 produced spectra that matched M. arginini with scores ranging from
1.654 to 2.058, with 3 of 4 providing scores sufficiently high to warrant
identification to genus (>1.700) or species (>2.000) (Table 1). Spectra
were also recovered from blood Mueller-Hinton, BHI, Brucella blood, choc-
olate, CNA, modified Thayer-Martin, PEA, sheep blood, and Skirrow's
agars; however, identification scores for these agars were consistently
below 1.5 using the BioTyper™ system, and no consistent pattern of iden-
tified organisms emerged. Specifically, no identifications of Mycoplasma sp.
were generated from any of these media. No peaks were generated within
the detection range of the instrument for Campylobacter, inhibitory mold,
MacConkey, Mueller-Hinton, Sabouraud dextrose, sorbitol MacConkey,
or XLD agars. Likewise, peaks were not generated by the chromogenic
MRSA Select II or the chromogenic VRE Select plates.

MALDI-TOF MS has been shown to be a rapid, accurate, and cost-
effective method of identifying pathogens from culture in microbiology
laboratories worldwide (Clark et al., 2013; Lagace-Wiens, 2015; Lagace-
Wiens et al., 2012). MALDI-TOF MS is used to analyze the mass to charge
ratio (m/z ratio) of principal components of microbial cells, primarily
proteins, to create a mass spectrum. Mass spectra from unknown iso-
lates are compared to a library of spectra to determine the reference or-
ganism that most closely matches the generated spectrum (Bizzini et al.,
2010; Lagace-Wiens, 2015). Although commonly used for the identifi-
cation of bacteria and yeasts (Bessede et al., 2011; Bizzini et al., 2010),
MALDI-TOF MS has also been successfully used to identify mycobacteria,
mycoplasmas, filamentous fungi, and parasites (Bizzini and Greub,
2010; Clark et al.,, 2013; Seng et al., 2009). MALDI-TOF MS identification
has also been shown to be relatively indifferent to the culture medium
from which colonies are selected for identification, although inhibitory
media may reduce the confidence of the identification without apparently

Table 1
MALDI-TOF MS identification scores and identification results for culture-negative and un-
inoculated CHROMagar™ Orientation agar

Medium (no. of plates tested) Identification  Identification

score result
Inoculated culture-negative CHROMagar 1.618 M. arginini
Orientation™ agar (10)* 1.574 M. arginini
1.659 M. alkalescens
1.682 M. arginini
1.090 M. bovis
1.802 M. arginini
1.639 M. alkalescens
1.450 M. alkalescens
Uninoculated CHROMagar Orientation™ agar 1.766 M. arginini
(4)® 1.784 M. arginini
2.058 M. arginini
1.654 M. arginini

2 Eight of 10 (80%) plates tested generated an analyzable spectrum, 1/10 (10%) with a
score sufficient for genus-level identification.

b Four of 4 (100%) plates tested generated an analyzable spectrum, 2/4 (50%) with a
score sufficient for genus-level identification and 1/4 (25%) with a score sufficient for spe-
cies-level identification.

affecting the accuracy (Anderson et al.,, 2012). Although it remains true
that bacterial identification by MALDI-TOF remains relatively unaffected
by the media, we have demonstrated that some uninoculated media
may produce MALDI-TOF MS spectra that can give low-confidence identi-
fications. The potential for misidentification thus exists when small colo-
nies are sampled and analyzed and the medium may contribute a
relatively large proportion of the spectrum, or when specimen on the
plate is mistaken for fine growth. We observed that detectable peaks
(spectra) are produced from other uninoculated media primarily when
blood or tissue addititves are in the media. This is unsurprising given
that MALDI-TOF MS is designed to primarily analyze proteins and these
media all contain significant protein content by virtue of the blood or tissue
added to the medium. However, while it appears that many media with
blood or tissue additives produced spectra, these spectra appear to be of
minimal consequence to the identification of bacteria or yeast when
using the Bruker Biotyper™ as they are not sufficiently similar to reference
spectra to produce confident identification scores. However, the spectrum
generated by the CHROMagar™ Orientation medium appears sufficiently
similar to those of the M. arginini and M. alkalescens reference spectra
that occasional low- and high-confidence misidentification of these organ-
isms may occur when this medium is used and either no microbial bio-
mass is sampled or the relative contribution of the medium to the
sample on the target plate is greater than the biomass of bacteria. The com-
ponents of CHROMagar medium include only the following: agar, peptone
and yeast and “chromogenic mix.” As such, 2 hypotheses potentially ex-
plain the identification of Mycoplasma sp. from the medium. The first is
that exogenous mycoplasmas contaminated the components of the agar
and were rendered nonviable with subsequent sterilization, and that the
mass spectrum represents the detection of residual Mycoplasma sp. pro-
teins. M. arginini has been frequently isolated from commensal bovine
sera (Barile and Kern, 1971), while both M. arginini and M. alkalescens
have been found in cow's milk (due to their role in mastitis) (Gioia et al.,
2016). Since milk is one of the primary raw ingredients used in peptone
production, mycoplasma proteins could have entered the CHROMagar™
medium through use of milk-derived peptones. The other explanation is
that a listed component of the medium is producing a spectrum similar
enough to M. alkalescens and M. arginini that the software cannot reliably
distinguish it from the organism's spectrum. In this case, we hypothesize
that the spectrum likely originates from either the peptones or the yeast
extract due to the fact that chromogens used in microbiology have rela-
tively low molecular weights (200-500 Da) (Perry et al., 2007), which are
outside the 2000-20,000 Da range used by MALDI-TOF to identify bacteria.

After recognition of this potential for misidentification, our laboratory
implemented practice changes. Primarily, caution was recommended not
to sample medium during colony selection. Additionally, use of MALDI-
TOF for identification of nonurinary pathogens from urine cultures was
discouraged. Due to their frequent poor growth and small colonies on
the medium, they were prone to oversampling medium during colony se-
lection. Lastly, where required, subculture of potential pathogens to sheep
blood agar prior to reidentification by MALDI-TOF provided an identifica-
tion of M. alkalescens or M. arginini.
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