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We analyzed antimicrobial resistance markers in 189
Neisseria gonorrhoeae patient encounters from 2 US mili-
tary medical centers. Co-occurring resistance-associated
markers were common; we detected plasmid-mediated
B-lactamase in extragenital sites. Our findings highlight
the importance of anatomic site—specific surveillance and,
potentially, molecular antimicrobial resistance detection to
guide screening and treatment strategies.

Neisseria gonorrhoeae infection remains a major
global public health concern because of increas-
ing antimicrobial resistance (AMR), including re-
duced susceptibility to extended-spectrum cephalo-
sporins (1,2). Extragenital infections, particularly in
the pharynx and rectum, are often asymptomatic and
can contribute to persistence and transmission of re-
sistant organisms (3-5).

We analyzed samples from 189 N. gonorrhoeae-
positive clinical encounters collected during 2022-
2024 at Tripler Army Medical Center (TAMC; Ho-
nolulu, Hawaii, USA) and Madigan Army Medical
Center (MAMC; Tacoma, Washington, USA). The hu-
man research protection offices from both institutions,
under the umbrella of the Defense Health Agency,
reviewed the study and determined it to be research
not involving human subjects. Investigators adhered
to US policies for the protection of human subjects as
prescribed in 45 Code of Federal Regulation 46.

We analyzed data from specimens that included
urine and swabs from oropharyngeal, rectal, and

Table. Characteristics of patients and specimens in study of
antimicrobial resistance patterns in extragenital Neisseria
gonorrhoeae infections, US military medical centers, 2022-2024*

Encounter site

Characteristic TAMC, n =101 MAMC, n = 88
Age,y
27.0 26.6
24.0 (17-64) 24.0 (19-53)
Sex
M 84 (83.2) 68 (77.3)
F 17 (16.8) 20 (22.7)
Race
White 47 (46.5) 35 (39.8)
African American 30 (29.7) 34 (38.6)
Pacific Islander 9(8.9) 9(10.2)
Asian 4 (4.0) 0(0.0)
American Indian 1(1.0) 2(2.3)
Other 10 (9.9) 8(9.1)
Specimen source
Urine 70 (69.3) 55 (62.5)
Swab 31(30.7) 33 (37.5)
Oropharyngeal 12 (38.7) 12 (36.4)
Rectal 8 (25.8) 9(27.3)
Urethra 6 (19.4) 2(6.1)
Endocervical 4 (12.9) 5(15.2)
Vaginal 1(3.2) 4(12.1)
Genital 0(0.0) 1(3.0)

*Values are no. (%) except as indicated. TAMC, Tripler Army Medical
Center; MAMC, Madigan Army Medical Center.
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Figure. Prevalence of AMR
markers in study of AMR
patterns in extragenital Neisseria
gonorrhoeae infections, US
military medical centers, 2022—
2024. Heatmap shows percent
of encounters in which each
genotypic marker was detected.
Columns indicate specimen
categories and rows indicate
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mtrR A39T 60.0 category; color scale reflects
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Specimen category

1. All specimens 4. Rectal
combined 5. Urethra
2. Urine 6. Vaginal

3. Oropharyngeal 7. Endocervical

urogenital sites (Table). We deidentified data and
analyzed it at the encounter level; we were unable to
exclude repeat encounters from the same patient. We
performed targeted next-generation sequencing us-
ing the Urinary Pathogen ID/AMR Panel (Illumina,
https:/ /www .illumina.com). We identified AMR
markers using predefined sequence-matching rules
specific to each gene or mutation (e.g., exact match for
point mutations such as rps] V57M and curated allele
grouping for penA variants). Because short-read data
and panel design did not support reliable allele-level
or phylogenetic resolution, we analyzed penA vari-
ants as a single category. This study did not include
phylogenetic reconstruction, multilocus sequence
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typing, or transmission network analysis; therefore,
our findings describe marker prevalence and co-oc-
currence patterns rather than clonal relationships.

Across all encounters, resistance-associated
markers frequently co-occurred. The most prevalent
markers were macB (77.2%) and rps] V57M (75.7%),
and we detected penA variants in 63.0% of isolates
(Figure). We observed co-occurrence of these mark-
ers in 60.3% of encounters, which suggested common
resistance-associated marker combinations within the
cohort. Findings from TAMC demonstrated higher
prevalence of rps] V57M (84.2% vs. 65.9%; p = 0.004)
and penA variants (70.3% vs. 54.5%; p = 0.034) than for
those from MAMC.
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Markers associated with fluoroquinolone re-
sistance were also present (gyrA S91F, 35.4%). We
frequently detected structural efflux pump genes
(macB, farA, mtrE); however, because those genes
are part of the core genome, their presence alone
does not predict phenotypic resistance. Regulatory
mutations (e.g., mfrR variants) and combined ge-
netic contexts are more directly associated with re-
sistance expression.

We observed anatomic site-specific differenc-
es. The plasmid-mediated B-lactamase gene bla ., ,
was more prevalent in extragenital specimens; we
detected bla,,, , in 10/17 (58.8%) of rectal swab
samples and 10/24 (41.7%) of oropharyngeal swab
samples, compared with 22/125 (17.6%) of urine
specimens (Figure). Compared with oropharyngeal
swab samples, rectal specimens had increased odds
of bla .,  detection (odds ratio [OR] 6.3; p = 0.004),
whereas urine specimens had lower odds (OR 0.29;
p = 0.012). In adjusted analyses controlling for age,
sex, and institution, rectal specimens showed in-
creased odds and wide 95% Cls (adjusted OR 2.57
[95% CI 0.94-7.00]).

Chromosomal resistance-associated markers such
as rps] V57M were more common in urine specimens
(80.0%) than in oropharyngeal specimens (50.0%; OR
3.90; p = 0.014). Conversely, we detected farA more
frequently in urine (66.4%) than in extragenital (oro-
pharyngeal and rectal) sites (<12.5%) (Figure). Those
findings suggest that different anatomic niches may
harbor distinct resistance-associated profiles.

Among 189 encounters, 24.9% occurred in per-
sons with documented use of HIV pre-exposure
prophylaxis. bla_,,, . was more common among users
(36.2% vs. 21.8%; p = 0.056), whereas farA was less
frequent (21.3% vs. 62.7%; OR 0.16, p<0.001). Associa-
tions were attenuated after adjustment.

Antimicrobial drug treatment varied across en-
counters. Doxycycline exposure was common; how-
ever, doxycycline is not recommended for treating
uncomplicated gonorrhea and was likely prescribed
for concurrent or presumptive chlamydial infection
or syndromic management (6). A high (78.3%) per-
centage of isolates exposed to doxycycline contained
rps] V57M, consistent with tetracycline-associated re-
sistance markers (7).

Our study targeted sequencing and short-read
data, which limited resolution of gene variants (e.g.,
bla ., subtypes) and precluded plasmid reconstruc-
tion or phylogenetic analyses. The absence of phe-
notypic susceptibility testing limited our ability to
interpret clinical resistance. Retrospective data and
incomplete sampling across anatomic sites might
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affect prevalence estimates. Finally, lack of temporal
and patient-level linkage data limited inferences re-
garding transmission dynamics.

In summary, we identified frequent co-occur-
rence of resistance-associated markers in N. gonor-
rhoeae from US military medical centers and found
enrichment of bla_, . in extragenital sites. Our find-
ings support the value of anatomic site-specific sur-
veillance, especially for extragenital infections in
sexually transmitted infections, and molecular AMR
marker detection (1,4,8,9).
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We analyzed 2015-2024 national surveillance data on
Kudoa septempunctata parasite—associated foodborne
disease in South Korea. Monthly cases decreased
95% during the COVID-19 pandemic, with no signifi-
cant recovery through 2024; affected municipalities
dropped from 89 to 27. Our findings are consistent with
restaurant-based raw fish consumption as the principal
transmission pathway.
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Kudoa septempunctata is a myxosporean parasite
that causes transient gastroenteritis within
hours of consuming raw infected fish (1). Although
best known from farmed olive flounder (Paralich-
thys olivaceus), it has been reported from phyloge-
netically diverse marine fishes, including mem-
bers of the order Tetraodontiformes (black scraper
[Thamnaconus modestus], wild grass puffer [Takifugu
alboplumbeus]) and the series Eupercaria (Japanese
whiting [Sillago japonica]), indicating that human
exposure is not limited to olive flounder (2). Af-
ter the K. septempunctata parasite was identified in
Japan in 2011 (1), South Korea, the world’s largest
producer of farmed olive flounder, designated it a
notifiable foodborne pathogen in 2015. However,
national surveillance during the COVID-19 pan-
demic has not been analyzed. We examined wheth-
er pandemic-related restrictions on dining out in-
terrupted K. septempunctata parasite incidence and
whether a rebound followed restoration of normal
dining behaviors, thereby assessing whether res-
taurant-based exposure is the dominant transmis-
sion pathway.

We obtained monthly outbreak and case data for
2015-2024 from the Ministry of Food and Drug Safety
surveillance system, aggregated by municipality (si-
gun-gu, which consists of cities, counties, and districts;
n =229) and linked to Statistics Korea population data.
Using February 2020 as the intervention point, we fit-
ted a negative binomial interrupted time series model
with a population offset and Fourier seasonality terms
(K = 2). We compared municipality-level choropleth
maps of crude incidence rates and Getis-Ord statis-
tic hotspots between the pre-COVID-19 (2015-2019)
and COVID-19/postpandemic (2020-2024) periods
(Appendix Figure 1, https://wwwnc.cdc.gov/EID/
article/32/8/26-0653-Appl.pdf).

During 2015-2024, a total of 1,230 cases and 215
K. septempunctata outbreaks were reported (Table).
Prepandemic, annual cases nearly tripled from 114
in 2015 to 308 in 2019, and outbreaks increased from
15 to 48. Restaurants accounted for 167 (77.7%) of all
outbreaks, and no household outbreak was reported
in any year, implicating commercial food-service
venues as the dominant exposure setting (3). Cases
dropped abruptly to 40 in 2020 and 8 in 2021, then
increased gradually to 70 in 2024.

The interrupted time series analysis (Figure)
showed a highly significant reduction at COVID-19
onset (3, = =2.948 [95% CI, =3.919 to —1.989]; p<0.001),
corresponding to a 95% drop in monthly cases.
The postpandemic slope showed no significant re-
covery (Appendix Table 1). Affected municipalities
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