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We report detection of a bla,, ,,-positive Proteus mi-
rabilis clinical isolate through Antimicrobial Resistance
Laboratory Network testing that is closely related to
OXA-23 producers identified in Europe. Combined with
similar reports internationally, this finding suggests that
Enterobacterales might serve as a silent reservoir of car-
bapenemase genes commonly associated with Acineto-
bacter species.
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he Ambler class D B-lactamase OXA-23-like

subgroup is among the most common acquired
mechanisms contributing to carbapenem resistance
in Acinetobacter baumannii in the United States and
globally (1). Detection of bla,, ,, has been infre-
quently reported outside of the genus Acinetobacter;
bla,, ,,-positive isolates of Proteus mirabilis are
increasingly reported in Europe, particularly in
France (2-7). Through routine testing conducted
by the Centers for Disease Control and Prevention
(CDC) Antimicrobial Resistance Laboratory Net-
work (AR Lab Network), we detected a P. mirabilis
clinical isolate from Massachusetts, USA, harboring
bla,, ,,- This activity was reviewed and approved
by CDC as exempt human subjects research (see 45
C.F.R. part 46.104).

P. mirabilis was isolated in May 2024 from a urine
culture of a patient receiving outpatient care in Mas-
sachusetts. In the 12 months before specimen collec-
tion, the patient had no reported history of interna-
tional travel, domestic inpatient healthcare stays,
or invasive procedures. As part of the AR Lab Net-
work, clinical laboratories submit clinical isolates
of carbapenem-resistant Enterobacterales to public
health laboratories for characterization, as previously
described (1) (Appendix, https://wwwnc.cdc.gov/
EID/article/32/8/26-0588-Appl.pdf).

Table. Antimicrobial susceptibility testing profile of a blaoxa-23-positive Proteus mirabilis isolate (2024DK-00154) detected through the
Centers for Disease Control and Prevention Antimicrobial Resistance Laboratory Network, Massachusetts, USA, 2024

Broth microdilution Disk diffusion
Antimicrobial class Antimicrobial MIC, yg/mL Interpretation Zone size, mm__Interpretation
Carbapenems Ertapenem <0.12 S 25 S
Meropenem 0.5 S 23 S
Imipenemt 4 R 22 |
Doripenem NT NA 22 |
Cephems (Cephalosporins) Cefazolin NT NA 18 R
Cefepime <0.5 S 30 S
Cefotaxime <0.5 S NT NA
Cefoxitin <2 S NT NA
Ceftazidime <1 S 31 S
Ceftriaxone <1 S 35 S
Cefiderocol <0.03 S NT NA
Monobactams Aztreonam <1 S 36 S
B-lactam combination agents Ceftazidime/avibactam <0.5/4 S NT NA
Ceftolozane/tazobactam <0.5/4 S NT NA
Meropenem/vaborbactam <0.5/8 S NT NA
Piperacillin/tazobactam <4/4 S 22 SDD
Penicillins Ampicillin >32 R NT NA
Folate pathway antagonists Trimethoprim/sulfamethoxazole >8/152 R NT NA
Fluoroquinolones Ciprofloxacin <0.25 S NT NA
Levofloxacin <0.12 S NT NA
Aminoglycosides Amikacin <1 S NT NA
Gentamicin >16 R NT NA
Tobramycin 16 R NT NA

*MICs were obtained by reference broth microdilution performed at Centers for Disease Control and Prevention according to Clinical and Laboratory
Standards Institute guidelines. Kirby-Bauer disk diffusion was performed by the Massachusetts public health laboratory. Results were interpreted
according to Clinical and Laboratory Standards Institute guidelines (9). |, intermediate; NA, not applicable; NT, not tested; R, resistant; S, susceptible;

SDD, susceptible—dose dependent.

1P. mirabilis isolates commonly exhibit elevated MICs to imipenem by mechanisms other than carbapenemase production.
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Figure. Genomic comparisons of bla,,, ,,—positive Proteus mirabilis detected in Massachusetts, USA, in 2024 to clinical isolates
identified in previous studies. A) Genomic context of bla,,, ,, regions of P. mirabilis isolate detected in Massachusetts (2024DK-00154)
and P. mirabilis clinical isolates previously identified in Switzerland (Pm1 and Pm5) and France (VAC). BLASTn (https://blast.ncbi.nim.
nih.gov) was used to identify the best match to the National Center for Biotechnology Information nucleotide database (https://www.
ncbi.nim.nih.gov/nucleotide) of the bla,, ,,-containing region. Genomic region comparison was generated using Easyfig (https://mjsull.
github.io/Easyfig). Pink indicates antimicrobial resistance genes; blue indicates insertion sequences and transposon genes; yellow
indicates other genes. Grey shading represents percent nucleotide sequence identity as indicated by the key. B) Phylogenetic tree
based on core-genome alignment of bla,,, ,.—positive P. mirabilis isolate detected in Massachusetts (2024DK-00154, in bold; GenBank
accession no. CP194042) and bla,, ,,—positive P. mirabilis clinical isolates previously identified in other countries (GenBank accession
nos. GCA_004347585.1a, GCA_004570075.1, GCA_004570775.1, GCA_004570785.1, GCA_008041895.1, GCA_009684595.1,
GCA_009684635.1, GCA_030335585.1, GCA_030335605.1, GCA_030336025.1, GCA_039728795.1, GCA_042929925.1; genome
assembly sizes min: 3.91 Mb; max: 4.11 Mb; average: 4.00 Mb). Core-genome alignment and construction of a maximum-likelihood tree
were performed using Parsnp (https://github.com/marbl/parsnp). Tree was visualized using iTOL (https://itol.embl.de) and rooted at the
midpoint. Country and source of isolate collection are specified. Filled blue circles represent sequence type (ST) 142 isolates; empty
circles represent non-ST142 isolates. Year of isolate collection is provided when known. Blue box indicates ST142 isolate cluster. Scale

bar indicates number of substitutions per nucleotide. Unk, unknown.

We performed supplementary antimicrobial sus-
ceptibility testing at CDC by reference broth microdilu-
tion according to Clinical Laboratory Standards Insti-
tute (CLSI) guidelines as previously described (8); we
interpreted results using CLSI breakpoints (9). The iso-
late was susceptible to both ertapenem and meropenem
by broth microdilution and disk diffusion (Table), con-
sistent with the characteristically weak carbapenemase
activity of OXA-23 (2). The isolate was susceptible to all
other B-lactams except ampicillin and doripenem (and
also imipenem, to which Proteus spp. commonly have
reduced susceptibility) (9) and all tested cephalosporins
apart from cefazolin (Table). Of note, the isolate showed
susceptibility to piperacillin/tazobactam (Table), which
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is less frequently observed for bla,, , ,.—positive isolates
(6). The isolate was positive for carbapenemase produc-
tion but PCR-negative for the 5 carbapenemase genes
targeted by the AR Lab Network.

We performed whole-genome sequencing
(WGS) and data analysis; we submitted WGS data
for the strain, 2024DK-00154, to the National Center
for Biotechnology Information BioSample database
(https:/ /www.ncbinlm.nih.gov/biosample; acces-
sion no. SAMN41612253) (Appendix). We obtained a
closed genome of 3.93 Mb that was not found to har-
bor any plasmids. The p-lactamase gene bla,,, ,, and
9 other AR genes were detected in this isolate (tet],
aadAl, dfrAl, sat2, sul2, aph(6)-1d, aph(3”)-1b, aac(3)-1le,
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aph(3')-la). The bla,,, ,, gene is located inside a
Tn2008-like transposon (Tn6704) within a Tn6703-like
genomic island, closely resembling the bla, , ,, region
of strains from Switzerland (Pm1 and Pmb5) (7) and
France (VAC) (4) (Figure, panel A).

We inferred a phylogenetic tree of 2024DK-00154
and 12 other bla,, ,.-positive P. mirabilis strains on
the basis of the alignment of the core genome (=3.23
Mb; 81% of the average genome size) (Figure, panel
B). The 2024DK-00154 strain clustered with clinical
isolates collected in Europe during 1996-2023, in-
cluding an OXA-23-producing lineage circulating in
France and Belgium since 1996 (2,4) and closely relat-
ed strains detected in Germany (6) and Switzerland
(7) (Figure, panel B). Within that cluster, all isolates
belonged to sequence type (ST) 142 and differed by
4-200 core-genome single-nucleotide variants (SNVs);
2024DK-00154 is most similar to a strain isolated in
Germany (Carb-21), differing by only 27 SNVs across
~80% of the genome. In contrast, 2024DK-00154 dif-
fers from non-ST142 isolates from Singapore and
France in which bla, ,, is plasmidborne (4,10) by
17,321-18,347 SNVs.

Those results suggest that the P. mirabilis isolate
identified in Massachusetts is closely related to con-
temporary bla, ,,-positive ST142 P. mirabilis strains
circulating in Europe, consistent with international
dissemination. In France, OXA-23-producing P. mi-
rabilis strains (that cluster with the Massachusetts
isolate) have been recovered from epidemiologically
unrelated patients, suggesting community spread (3).
Community spread has not been detected in the Unit-
ed States but is possible. Indeed, the Massachusetts
case-patient had no reported international travel,
suggesting a local infection source.

Testing for carbapenemase genes in the AR Lab
Network is initiated on the basis of the detection of
carbapenem resistance at the clinical laboratory.
Thus, bla,,, ,,-positive P. mirabilis isolates, which are
characteristically carbapenem-susceptible, would not
be targeted for mechanism testing, and the presence
of bla,,, ,, would go undetected. Consequently, ap-
propriate infection control measures that would be
taken for patients identified as harboring carbapen-
emase-producing organisms would not necessarily
be taken; P. mirabilis could serve as an unmonitored
reservoir enabling ongoing transmission of bla, ,, to
other species, including other Enterobacterales spe-
cies. The inability to detect reservoirs of carbapene-
mase genes, including environmental sources, health-
care workers, or novel gene-organism combinations,
could pose challenges for identifying and addressing
sources of transmission.
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In addition to displaying susceptibility to car-
bapenems, bla, ,,-harboring P. mirabilis might also
escape detection during routine laboratory testing for
carbapenemases because of poor sensitivity of phe-
notypic carbapenemase production tests and the ab-
sence of that target from most commercial PCR and
immunochromatographic tests (6). A diagnostic algo-
rithm based on antimicrobial susceptibility profiles
and phenotypic assays was recently developed to im-
prove detection of OXA-23 and other carbapenemases
whose frequency might be underestimated in Proteus
spp- (3,4,6). Our findings suggest the need for contin-
ued vigilance in detecting bla_, ,, in genera beyond
Acinetobacter to prevent further spread between taxa.
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To the Editor: I read with interest the article by
Templin et al. examining tuberculosis (IB) after TB
preventive therapy (TPT) among persons living with
HIV recently initiating antiretroviral therapy (ART)
in Mozambique (1). The question is intriguing, but
several design and reporting choices complicate caus-
al interpretation.

First, exposure was defined by eventual TPT
completion (>170 days of isoniazid or >80 days
of 3HP [12-dose isoniazid/rifapentine regimen]),
whereas follow-up began at ART initiation. Classify-
ing persons at time zero by information known only
after surviving long enough to complete treatment
can introduce immortal time bias unless comple-
tion is modeled as time-varying (2). The longer me-
dian time to TB diagnosis among those who complete
therapy might reflect analytic structure as well as bi-
ology. That bias might be limited if TB during TPT is
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uncommon, but its magnitude cannot be inferred
from the tables. Treating TPT status as time-varying,
or performing landmark or sensitivity analyses ex-
cluding early follow-up, would test robustness.

Second, routine programmatic data remain use-
ful despite missing data and imperfect timing. HIV
viral load and CD4 results describe clinical status, but
their timing relative to TB diagnosis and missing CD4
data should be considered cautiously in causal mod-
els. Clarifying the discrepant ART-pickup exclusion
windows (3 months in Methods versus 30 days in Re-
sults) would improve reproducibility (1).

Those issues do not challenge the established ben-
efit of TPT given with ART (3). Rather, they suggest
uncertainty about the magnitude and timing of ben-
efit in this analysis. Because randomized evidence did
not show added benefit from annual repeat 3HP in
Ethiopia, Mozambique, and South Africa (4), conclu-
sions about a second TPT course after 1 year should
remain cautious pending analyses less susceptible to
immortal time bias.
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