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consequences from mutations in F-protein antigenic
sites. Although the G protein is under greater selective
pressure and has higher mutation rates (3), observ-
ing its evolutionary trajectory in context with the F
protein will be critical. Our study demonstrates the
value of using whole-genome sequencing to identify
genetic mutations in respiratory pathogens, including
RSV, to ensure ongoing effectiveness of RSV vaccines.
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We describe a case of New Delhi metallo-B-lactamase
1—producing carbapenem-resistant Pseudomonas ae-
ruginosa (CRPA) in a transplant patient with multiple
hospitalizations in California, USA. Whole-genome se-
quencing revealed the isolate was genetically distinctive,
despite ~95% similarity to other global strains. The pa-
tient’s lack of international travel suggests this CRPA was
acquired domestically.

Carbapenem-resistant Pseudomonas  aeruginosa
(CRPA) is increasing worldwide and has up to
30% prevalence in US P. aeruginosa isolates (1). The
Antimicrobial Resistance Laboratory Network re-
ported 280 carbapenemase-producing CRPA in
2021, most commonly Verona integron metallo-f3-
lactamase (Centers for Disease Control and Preven-
tion, https:/ /arpsp.cdc.gov/profile/arln/crpa). New
Delhi metallo-p-lactamase (NDM)-producing CRPA
is prevalent in Eurasia and the Middle East.
Sporadic NDM CRPA cases linked to internation-
al travel have been reported in the United States,
the earliest of which was identified in Delaware in
2014 (2). We describe a case of NDM CRPA in south-
ern California.

A previously healthy patient in his 50s was ad-
mitted to a hospital in Riverside County, California,
in 2023 with cardiogenic shock secondary to new
onset nonischemic cardiomyopathy. He was briefly
admitted to the same hospital a few weeks earlier
because of chest pain and dyspnea. He had no other
healthcare exposures and had only traveled briefly to
Hawaii earlier that year.

Shortly after the second admission, the patient
experienced cardiac arrest, was cannulated for extra-
corporeal life support, and was transferred to Ronald
Reagan UCLA Medical Center for heart transplant
evaluation. Admission blood cultures grew Bacillus
cereus, attributed to gastrointestinal translocation.
The patient received vancomycin, resulting in bac-
teremia clearance, and empiric piperacillin/tazo-
bactam for gram-negative bacteria coverage. Four
days pretransplant, hypotension and leukocytosis
worsened, and antimicrobial therapy was empiri-
cally changed to meropenem and amikacin. A urine
culture sent during sepsis evaluation grew P. aeru-
ginosa. On the basis of susceptibility testing results,
cefiderocol was initiated; the patient received heart
and kidney transplants the next day. Cefiderocol
was continued for 6 days posttransplant; subsequent
urine cultures were negative. P. aeruginosa was not
isolated from other blood or respiratory cultures.

Initial susceptibility testing of the urine iso-
late revealed extensive resistance to carbapenems,
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aminoglycosides, fluoroquinolones, and cephalo-
sporins, except cefiderocol (Appendix, https://
wwwnc.cde.gov/EID/article/29/11/23-0646-App1.
xIsx). Rapid Carba-5 (Hardy Diagnostics, https://
hardydiagnostics.com) testing detected NDM. We
performed whole-genome sequencing by using
MiSeq (Illumina, https://www.illumina.com) and
assembled reads de novo by using CLC Genomics
Workbench (QIAGEN, https://www.qiagen.com).
We submitted tentative assemblies to the Compre-
hensive Antibiotic Resistance Database Resistance
Gene Identifier tool (https://card.mcmaster.ca/
analyze/rgi) for resistance gene detection and veri-
fied results by using ResFinder (Center for Genomic
Epidemiology, https://genomicepidemiology.org)
(Table). The isolate contained 5 P-lactamase genes:
class A extended-spectrum [-lactamase blaPME ,
class B carbapenemase bla,, ., class D oxacillinase
bla,,, 5,~type bla,,, ,.and bla, , .., and class C ceph-
alosporinase bla, . ...

Multilocus sequence typing designated the
isolate as sequence type (ST) 235, frequently as-
sociated with bla, ., including in isolates from
Serbia, France, and Italy (3,4). ST235 is consid-
ered a high-risk clone, notable for harboring
multiple {-lactamases, causing invasive infec-
tions and high mortality rates (5). Although most
metallo-B-lactamases detected in ST235 are imi-
penemase variants, NDM CRPA are globally dis-
seminated and have been reported in Asia, Europe,
the Middle East, and Africa (5). We also detected
other resistance genes reported in ST235 strains,
including  aminoglycoside-modifying enzyme
aac(6)-Ib9 and chloramphenicol resistance genes
cmlA and catB7 (6). In an outbreak of NDM CRPA
in Iran, 86.2% of isolates coharbored bla,, ,, (7),
which we also detected in the isolate in this case.

Table. Antimicrobial genetic markers detected in a case of
domestically acquired NDM-1—producing Pseudomonas
aeruginosa, southern California, USA, 2023
Resistance mechanism Genes
Aminoglycoside aac(6')-1b9, ant(3')-lla,
modifying enzymes aph(3')-1lb, aph(3’)-Via
B-Iactamases bIaNDM,1, blao)(A,m, blaOXA4sg,
blappc-3s, blapue-1
gyrA (T83l), parE (S457R)

Fluoroquinolone
resistance determinant
Chloramphenicol
resistance determinant

catB3, catB7, cmIA9

Fosfomycin resistance fosA
determinant
Tetracycline resistance tet(D)
determinant
Sulfonamide resistance sult

determinant
*NDM, New Delhi metallo-B-lactamase.
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Figure. Phylogenetic tree for domestically acquired NDM-1—producing Pseudomonas aeruginosa, southern California, USA, 2023.
Node colors indicate geographic location of organism isolation; the isolate described in this case report is designated as NDM_PSA _
UCLA_2023_1. Accession numbers are provided for reference sequences. Scale bar indicates nucleotide substitutions per site.
ARBank, CDC & FDA Antimicrobial Resistance (AR) Isolate Bank (https://www.cdc.gov/drugresistance/resistance-bank); NDM, New
Delhi metallo-B-lactamase; UCLA, University of California Los Angeles.

Consistent with other bla, —positive isolates,
bla ., in this isolate was flanked by IS91-type
insertion sequences, indicating mobilizability (8§).
The isolate also exhibited intermediate susceptibil-
ity to colistin, sometimes used to treat carbapene-
mase-producing CRPA. The isolate lacked an mcr
gene, indicating mutations in pmrAB could be re-
sponsible for this phenotype, consistent with other
ST235 carbapenemase-producing CRPA (9).

We used CSIPhylogeny (Center for Genomic
Epidemiology) to perform single-nucleotide poly-
morphism (SNP) analysis against other NDM-1-
producing ST235 isolates, then CLC Bioinformatics
Workbench (QIAGEN) to generate a phylogenetic
tree. The isolate from this study exhibited highest
homology (=30 SNPs difference) with 2 non-NDM-
producing ST235 isolates from Malaysia (Appen-
dix). Among NDM-producing carbapenemase-pro-
ducing CRPA, the isolate clustered with an NDM
CRPA from Italy (147 SNPs distance), suggest-
ing origin in Europe (Figure). Among US strains,
the isolate was genetically distinct from all NDM
CRPA strains in isolate banks (Appendix Table 3)
and a travel-associated strain from Texas (>20,000
SNPs distance) (10). That finding, and our patient’s
lack of international travel, suggest that a domes-
tic NDM CRPA strain is circulating in southern
California. The patient received care at multiple in-
stitutions, making the precise origin of this strain
unknown. Before this isolate, the rate of NDM-pro-
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ducing organisms at our institution remained low,
<3 carbapenem-resistant Enterobacterales isolated
annually, with no NDM CRPA.

The NDM CRPA isolate we report exhibited suscep-
tibility to cefiderocol, which was used to clear the uri-
nary tract infection. Upon phenotypic carbapenem re-
sistance identification, cefiderocol susceptibility testing
indicated sensitivity. The rapid availability of suscepti-
bility testing results and preliminary testing performed
within 24 hours after isolation were crucial for appropri-
ate clinical management and antimicrobial drug choice,
leading to safe heart transplantation and receipt of im-
munosuppression. Carbapenemase-producing bacteria
should not disqualify a patient from transplantation.

In conclusion, high mortality rates of ST235
NDM CRPA in invasive infection and a potential
community spread in southern California warrant
concern. The mobilization potential of bla ., . re-
mains unknown. Infection control measures and
expanded surveillance efforts, including routine
laboratory screening of all CRPA isolates via car-
bapenemase tests, could curb the spread of this
high-risk genotype.
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In urban and rural areas of Turkana County, Kenya,
we found that 2% of household members of patients
with Plasmodium falciparum infections were infected
with P. vivax. Enhanced surveillance of P. vivax and in-
creased clinical resources are needed to inform control
measures and identify and manage P. vivax infections.

Until recently, little or no endemic transmis-
sion of Plasmodium vivax has been reported in
sub-Saharan Africa outside of the Horn of Africa
(1). P. vivax was presumed to be largely absent be-
cause the Duffy blood group antigen was rare in
persons living in the region. However, accumu-
lating evidence of endemic P. vivax has indicated
that this parasite might be present in many areas of
sub-Saharan Africa, albeit at low levels, and Duffy
antigen-negative persons can be infected and con-
tribute to transmission (2).

Turkana County is in northwestern Kenya and
shares a border with Uganda, South Sudan, and
Ethiopia. Turkana county’s harsh climate is charac-
terized by an average rainfall of <215 mm/year and
daytime temperatures of 40°C. Malaria transmis-
sion in this region was predicted to occur in isolated
pockets with epidemic potential only after unusual
rainfall. However, reactive case detection conducted
across central Turkana County documented year-
round symptomatic and asymptomatic P. falciparum
infections and confirmed perennial endemic trans-
mission of malaria (3).

We hypothesized that P. vivax might also be cir-
culating in Turkana County because of stable malaria
transmission and proximity to Ethiopia, where P.
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