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ABSTRACT Achromobacter spp. are nonfermenting Gram-negative bacilli mainly studied
among cystic fibrosis (CF) patients. The identification of the 19 species within the genus
is time-consuming (nrdA-sequencing), thus data concerning the distribution of the species
are limited to specific studies. Recently, we built a database using MALDI-TOF mass spec-
trometry (MS) (Bruker) that allows rapid and accurate species identification and detection
of the multiresistant epidemic clones: A. xylosoxidans ST137 spreading among CF patients
in various French and Belgium centers, and A. ruhlandii DES in Denmark. Here, we first
assessed whether species identification could be achieved with our database solely by
analysis of MS spectra without availability of isolates. Then, we conducted a multicentric
study describing the distribution of Achromobacter species and of the clone ST137 among
French CF centers. We collected and analyzed with our local database the spectra of
Achromobacter isolates from 193 patients (528 samples) from 12 centers during 2020.
In total, our approach enabled to conclude for 502/528 samples (95.1%), corresponding
to 181 patients. Eleven species were detected, only five being involved in chronic colo-
nization, A. xylosoxidans (86.4%), A. insuavis (9.1%), A. mucicolens (2.3%), A. marplatensis
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(1.1%) and A. genogroup 3 (1.1%). This study confirmed the high prevalence of A. xylosox-
idans in chronic colonizations and the circulation of the clone A. xylosoxidans ST137 in
France: four patients in two centers. The present study is the first to report the distribution
of Achromobacter species from CF patients samples using retrospective MALDI-TOF/MS
data. This easy approach could enable future large-scale epidemiological studies.

KEYWORDS Achromobacter, cystic fibrosis, epidemiology, Maldi-TOF, mass
spectrometry, identification, ST137, DES

A chromobacter spp. are Gram–negative nonfermenting bacilli frequently reported
in the respiratory samples of cystic fibrosis (CF) patients. To date, 19 officially validated

species can be identified on the pubMLST database (https://pubmlst.org/achromobacter/)
within the genus (1). The distribution of the species is variable among CF centers and coun-
tries (2–14), A. xylosoxidans being the most prevalent one. The pathogenicity of these bacte-
ria remains controversial in CF patients, but chronic colonization has been associated with
higher rates of mortality and transplantation among these patients (15). Particular attention
should be paid to the A. xylosoxidans ST137 clone detected so far in five French centers and
three Belgian centers and the A. ruhlandii Danish epidemic strain (DES) responsible for epi-
demics in Denmark. These clones are multi-drug resistant and also responsible for chronic
colonizations (7, 12, 16).

However, because of time-consuming methods of identification, epidemiological
data remain scarce, and more studies are needed to help determine which species or
which strains might be of clinical importance. Therefore, it is important to describe the
distribution of the species and of these clones among CF patients (2–14, 17, 18). In France,
the prevalence of Achromobacter spp. in CF patients raised from 2.7% in 2001 to 6.9% in
2019 (Registre Français de la Mucoviscidose, www.vaincrelamuco.org) and the only study
reporting the different species detected was based on isolates collected in 2014 (7).

The current methods of reference for Achromobacter species identification are based on
housekeeping gene sequencing and therefore not performed by routine diagnosis laboratories
(nrdA-sequencing or multilocus sequence typing [MLST]) (2, 19, 20). Indeed, the databases of
commercially available mass spectrometry (MS) systems do not include all the species
described to date in the genus and sometimes misidentify species within the genus (21). We
recently developed at Dijon center a database for accurate Achromobacter species identification
by matrix-assisted laser desorption/ionization-time of flight mass spectrometry (MALDI-TOF/MS,
Bruker Daltonics). This database allows the identification of 19 species and also the detection of
the multiresistant epidemic clones A. xylosoxidans ST137 and A. ruhlandii DES (21, 22). The spec-
tra obtained during MS analysis are automatically recorded in the instrument and the files can
be exported to other laboratories using the same technology for further analysis.

This prompted us to evaluate the feasibility and reliability of a retrospective spectrum
analysis in order to conduct a multicentric epidemiological study describing the distribution
of the various species of Achromobacter in sporadic and chronic colonizations and detecting
the eventual presence of the A. xylosoxidans ST137 and A. ruhlandii DES clones in various CF
centers in France.

MATERIALS ANDMETHODS
Evaluation of the feasibility and reliability of retrospective spectrum analysis. For this purpose,

we collected the spectra from all isolates (recovered from various anatomic sites, from non-CF patients and spu-
tum from CF patients) (n = 164 isolates from 83 patients) identified in our clinical laboratory (Dijon) as
Achromobacter spp. by MALDI-TOF MS (Bruker Daltonics) using Bruker database (MBT-IVD-DB-7712) during 2019.
The corresponding strains had all been identified to the species level by a reference method (MLST; n = 36), nrdA
gene sequencing (n = 29), or MS using our database from a sheep-blood agar spot (n = 99) (2, 19–21). The spec-
tra were retrospectively analyzed by MALDI-TOF/MS using our database as already described (21). We deliberately
chose an operator who was not involved in the construction of the database and did not have access to samples
and patients information. During this first step, three situations were observed: i) the spectrum was directly “inter-
pretable” if the first two best matches were obtained with a log score $ 2 with the same species, ii) directly
“uninterpretable” if the log score was , 2, and iii) interpretation was considered “uncertain” if the first two best
matches were obtained with a log score $ 2 corresponding to two different species or to A. ruhlandii (because
of the risk of misidentification, as already described) (21).
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We were able to conclude to a reliable retrospective species identification (i.e., “directly interpreta-
ble” spectra) for 92.7% of the isolates, which allowed us to initiate the retrospective study, by collecting
spectra from collaborating centers.

Application to the analysis of spectra from 12 CF centers. For this study, only laboratories using
MALDI-TOF/MS (Bruker Daltonics) for routine identification according to the manufacturer’s instructions
for in vitro diagnostics were retained: Toulouse, Suresnes-Foch, Giens, Caen, Roscoff, Versailles, La
Réunion-Saint-Denis, La Réunion-Saint Pierre, Rennes, Strasbourg, Tours, and Dijon.

Each laboratory provided all the spectra matching with the genus Achromobacter using Bruker data-
base from 1 January 2020 to 31 December 2020 for CF patients sputum isolates. Each center sent the spectra by
email to Dijon center with the following informations: CF patient number, sample number, type of colonization
(chronicity being defined according to the criteria of Pereira: “when at least three positive cultures in 1 year were
obtained, with a minimum 1-month interval between them, for at least 2 years”) (17).

A total of 988 spectra corresponding to 528 samples from 193 patients were included. All the spectra were
analyzed in Dijon center by MALDI-TOF/MS using our database for species level identification as already
described (21). In case of uninterpretable or uncertain interpretation of the spectra, the sending laboratory was
asked for the availability of the isolate. The isolates were subcultured on sheep-blood agar and re-analyzed by
MALDI-TOF/MS with our database and, if not conclusive, by nrdA gene sequencing as already described (2). If
the isolate was not available, the sample was classified as uninterpretable.

Each spectrum identified as A. xylosoxidans was visually analyzed in flexAnalysis software (Bruker
Daltonics) as already described (22) to search for the specific absence of any peaks between m/z 6,640 –
6,700 for A. xylosoxidans ST137.

RESULTS AND DISCUSSION

The present study is the first retrospective multicentric study to describe the distribution
of Achromobacter species directly from MALDI-TOF/MS data obtained in various laboratories.
This approach has the advantage of being easier, faster, and less costly than nrdA-sequenc-
ing or MLST currently performed for species identification in the available epidemiological
studies. It allowed the quick analysis of 988 spectra corresponding to 528 samples from 193
patients attending 12 CF centers in 2020 (Fig. 1). For 488/528 (92.6%) samples, the spectrum
was directly interpretable for species identification. For 16/528 and 24/528 samples, the
spectra were respectively uninterpretable or uncertain, probably mostly because of the poor
quality of the original spot, and in 8 cases because of the A. ruhlandii/A. xylosoxidans discrim-
ination issue (21). However, we cannot exclude that some isolates belonged to novel species
not characterized yet and not included in our database. For example, in one case, the nrdA-

FIG 1 Analysis process of the isolates.
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analysis of the available isolate enabled us to identify a putative novel species belonging to
genogroup 3. In total, our approach enabled to conclude for 502/528 samples (95.1%), corre-
sponding to 181 patients (Fig. 1). The number of patients may have been slightly overesti-
mated due to anonymized data, in the case of patients attending different centers. We always
ensured the coherence of the species between the different spectra of the same sample. For
example, we were able to detect, for two patients, the presence of two different species on
the same sample. Overall, the prevalence of Achromobacter was of 7.9% and varied from 3.1
to 18.8% in the 12 CF centers.

A total of 11 species were identified, A. xylosoxidans being the most prevalent species in
each CF center (74.6% patients), as already reported (2–11, 13, 14, 23), followed by A. insuavis
(12.1%), A. mucicolens (3.2%), A. marplatensis (3.2%), A. dolens (2.1%), A. aegrifaciens (1.1%), A.
insolitus (1.1%), A. genogroup 20 (1.1%) (identified by nrdA gene sequencing), A. genogroup
3 (0.5%) (identified by nrdA gene sequencing), A. animicus (0.5%), and A. deleyi (0.5%). As

FIG 2 Distribution of Achromobacter species among the 181 CF patients (% of patients): (A) chronic
colonized patients, (B) nonchronic colonized patients and (C) without distinction of colonization. Only
values . 5% are shown.
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already noticed in our former studies in France, we did not detect any isolate belonging to
A. ruhlandii in this study although this species is the second most frequent species reported
in United States, Brazil, Argentina and Denmark. (2, 9, 11, 14) (Fig. 2A and Table 1).

Among the 181 patients, 88 (48.6%) were chronically colonized. This result is in accord
with previous studies (Table S1 in the supplemental material) (5, 6, 8, 10, 12). The number of
chronic patients might have been underestimated since some consultations did not take
place in the year 2020 because of COVID-19. Despite the predominance of A. xylosoxidans,
we found a greater diversity of species during nonchronic colonization than in chronic colo-
nization (total of 10 versus 5 species) (Fig. 2B, Table 1, and Table S1 in the supplemental ma-
terial), as previously reported in France, Canada, and Denmark (5, 12, 23).

Among chronically colonized patients, as expected, A. xylosoxidans was the most predomi-
nant species. Noteworthy, 3 species never reported to date in chronic colonization were also
detected (Table S1 in the supplemental material) (4–6, 8–10, 12, 14, 23, 24): A. genogroup 3,
A. mucicolens, and A. marplatensis.

Among the 181 patients, the epidemic clone A. xylosoxidans ST137 was detected in four
patients from two centers: three in Foch CF center and one in Giens CF center. The presence
of ST137 had not been documented yet in these patients and no patient carrying the ST137
clone was previously known in Giens center. Each time the strain was responsible for chronic
colonization, and multiresistant as in previous descriptions (7, 12, 16). These data show that
the clone with epidemic potential continues to spread in new centers. It should be noted that
our approach allowed us to detect this clone easily and quickly, and that this method will help
in patients monitoring and management of segregation measures.

In conclusion, this study showed that retrospective analyses by our MALDI-TOF/MS
database of spectra collected from samples from various centers was possible and led
to excellent Achromobacter species identification. It allowed the detection of the multiresist-
ant epidemic clone A. xylosoxidans ST137. Our database is currently only available in our cen-
ter (Dijon) or by contacting the corresponding author (21). These easy-to-use MALDI-TOF/
MS retrospective studies could be used on a large scale for enrichment of epidemiological
data concerning the distribution of Achromobacter species and the survey of the circulation
of epidemic clones.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.2 MB.
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