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Background. Shigella sonnei has caused sexually transmitted enteric infections in men who have sex with men (MSM) in
Vancouver. We recently observed a high rate of multidrug-resistant (MDR) S. sonnei bacteremia among persons experiencing
homelessness (PEH). We aimed to describe the wider epidemiology, clinical outcomes, and genomics of S. sonnei infections
over time.

Methods. A retrospective review of 163 patients with S. sonnei infections was undertaken from 2015 to 2022. We collected
demographic, clinical, and microbiological data over 2 time periods: historical (2015-2020) and recent (2021-2022). Severe
shigellosis definition included hospitalization, bacteremia, or death. Whole-genome sequencing was performed to identify
genotype, infer relatedness, and predict antimicrobial resistance.

Results. S. sonnei infections increased from 8.3 (historical period) to 56.5 (recent period) cases/year. Over time, the primary
population characteristics associated with shigellosis shifted from MSM (45; 98%) to PEH (86; 77%). The population
intersection between MSM and PEH historically and recently was similar and occurred in 3 (6%) and 10 (9%) of patients,
respectively. Severe shigellosis was significantly higher in the recent versus historical period (69 [61%] vs 7 [14%]; P <.001). A
dominant clone of MDR S. sonnei, 3.6.1.1.2 (CipR.MSM5), emerged with resistance to all first- and second-line agents, yet with
susceptibility to ceftriaxone.

Conclusions. We observed a substantial increase in severe shigellosis and shift from sexually transmitted S. sonnei infections in
MSM to likely environmental transmission among PEH. More severe disease associated with the 3.6.1.1.2 clone of MDR S. sonnei in

PEH could be a result of underlying vulnerabilities of the affected population.
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Shigellosis is an acute infectious disease of the gastrointestinal
tract with symptoms ranging from mild, self-resolving diarrhea
to dysentery, colitis, and sepsis. Disease severity depends on
age, nutritional and immune status of the host, and virulence
of the Shigella species [1-3]. Worldwide, Shigella causes
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significant morbidity and is the second-leading cause of diar-
rheal mortality. The epidemiology is species-specific, with
Shigella flexneri being endemic in lower-income and
middle-income countries, and Shigella sonnei being the domi-
nant species in higher-income countries [2].

Shigella is transmitted by the fecal-oral route, via contami-
nated fomites, food, or water, or by direct person-to-person
contact [2]. Sexual transmission plays an important role among
men who have sex with men (MSM) [4]. Shigella is highly trans-
missible due to a low infective dose (10 organisms) needed to
infect a host [2]. The risk of shigellosis increases in conditions
of overcrowding and inadequate access to hygiene and sanita-
tion. Populations at risk of infection in higher-income coun-
tries include children, travelers to endemic regions, MSM,
and a more recently recognized group, people experiencing
homelessness (PEH) [5].

Dominance of S. sonnei in higher-income countries is partly
driven by its unique ability to acquire antimicrobial resistance
(AMR) genes via horizontal transfer of mobile genetic elements
from other bacteria [6]. The last few decades have seen
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increasing resistance to fluoroquinolones followed by azithro-
mycin, giving rise to multidrug-resistant (MDR) S. sonnei [7,
8]. Concerningly, circulation of MDR—and more recently, ex-
tensively drug-resistant (XDR) S. sonnei—has been reported
throughout Europe, Australia, Canada, and the United States
[9-13].

From 2003 to 2012, S. sonnei was the most common species
isolated in British Columbia, Canada, with the majority of in-
fections occurring in MSM [14]. Recently, however, we ob-
served a high rate of MDR S. sonnei bacteremia among PEH
[15]. The aim of our study was to characterize the wider epide-
miology, clinical outcomes, antimicrobial susceptibility, and
genomic epidemiology of S. sonnei infections in downtown
Vancouver from 2015 through 2022.

METHODS

Study Design and Setting

We conducted a retrospective study of 163 patients with S. sonnei
recovered from stool or blood cultures by the Microbiology
Laboratory at St. Paul’s Hospital between 1 January 2015 and
31 December 2022. Based on clinically observed changes in the
populations affected and shifts in antimicrobial susceptibility
patterns, we stratified study periods into a historical period
(2015-2020) and recent period (2021-2022). The Microbiology
Laboratory provides diagnostic services to 2 acute care hospitals,
specialized sexually transmitted infection (STI) clinics, and gene-
ral outpatient clinics servicing PEH in downtown Vancouver,
Canada. There was no known change in population served
and submitting facilities over the study period. We performed
chart reviews of hospital electronic medical records and extract-
ed relevant epidemiological and clinical data, including the
following: age, sex, date of specimen collection, sexual
orientation, housing status, postal code, travel history, substance
use disorder (SUD), human immunodeficiency virus (HIV) sta-
tus, antiretroviral therapy (ART), CD4 count, STI screening,
healthcare received, length of hospital stay (LOS), intensive
care unit (ICU) admission, specialist referral, colonoscopy, anti-
microbial susceptibility testing (AST), and mortality. Severe shi-
gellosis was defined as a positive culture with associated
hospitalization, bacteremia, or death [16]. Housing status was
separated into housed persons and PEH, which included people
having no fixed address, living in single-room occupancy hotels
(SROs) or in supportive housing (Supplementary Material).
Multidrug resistance was defined as resistance to first-line agents
(ampicillin, trimethoprim-sulfamethoxazole, and ciprofloxacin)
and azithromycin, while XDR was defined as added resistance
to third-generation cephalosporins [17].

Laboratory Procedures
Stool specimens and blood cultures underwent testing using
conventional laboratory procedures. Briefly, stool specimens

were inoculated onto standard culture media including
Hektoen enteric agar for Shigella isolation. Blood cultures un-
derwent standard procedures, as previously reported [15].
Suspected colonies were identified by Vitek2 ID (bioMérieux,
France) with confirmation by antisera for somatic O antigen
(Remel, Lenexa, KS, USA). Over the course of the study, there
was no change in the technical methods for the identification of
Shigella species. Antimicrobial susceptibility testing was per-
formed according to Clinical and Laboratory Standards
Institute M100 standards [18]. The number of stool specimens
tested remained relatively stable over the study period, except
for a 28% decrease in 2020.

Whole-Genome Sequencing and Bioinformatic Analysis

Shigella isolates grown in Cary Blair broth overnight had
DNA extracted on the MagNA Pure 24 (Roche Diagnostics,
Switzerland). Whole-genome sequencing (WGS) was per-
formed on the GridION with R10.4.1 flow cells using the
SQK-NBD114.24 library kit (Oxford Nanopore Technologies,
United Kingdom). Guppy (Oxford Nanopore, UK) (v6.4.6)
base-called FASTQ files were submitted to BugSeq for bioinfor-
matic analysis, as previously described [19]. Predictors of AMR
were detected by searching BugSeq’s curated AMR database
with BLAST. In addition, Tn7 was downloaded from
TnCentral (accession Tn7-NC_002525), and minimap2 (v2.28)
was used to search assemblies for the presence of the transposon
[20]. The MOB-Suite cluster for pPKSR100 was identified by run-
ning MOB-typer on National Center for Biotechnology
Information (NCBI) accessions NZ_LN624486.1,
NZ_CP090162.1, and NZ_LR878367.1 [21]. Reference-based
multilocus sequence typing (refMLST) was performed on all iso-
lates using the NCBI RefSeq assembly GCF_013374815.1 S. son-
nei genome as the reference sequence. The threshold of <20
allele differences by refMLST was previously validated to indicate
epidemiological relatedness or clonality and corresponds to <10
alleles by cgMLST [19]. The cladogram was generated by
pyCirclize (https:/github.com/moshi4/pyCirclize). The geno-
typic framework by Hawkey et al [22] was used to identify dis-
tinct genotypes.

Statistical Methods

Data cleaning and analyses were conducted in R (version 4.3.2;
R Foundation for Statistical Computing, Vienna, Austria). Data
were reviewed for errors and inconsistencies, and the amount
of missing data for each variable was recorded. Data were de-
scribed using sample frequency counts for categorical variables
and means with SDs (normally distributed) or medians
with interquartile ranges (IQRs) (nonnormal distribution) for
continuous variables. Comparisons across the periods were
conducted using ¢ tests (normal) or Mann-Whitney U tests
(nonnormal) for continuous variables and Pearson’s chi-square
tests (parametric) or Fisher’s tests (nonparametric) for
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categorical variables. A P value < .050 was considered statisti-
cally significant across periods.

Ethics approval was obtained from the University of British
Columbia/Providence Health Care Research Ethics Board
(H22-02183).

RESULTS

Opverall, 163 case-patients with S. sonnei infections were detect-
ed over the study period: 50 in the historical period and 113 in
the recent period. A large increase in S. sonnei infections was
observed over time, from a historical baseline of 8.3 cases/
year (IQR: 7.5) to 56.5 cases/year (IQR: 39.5) in the recent pe-
riod (Figure 1). Patient demographics, clinical characteristics,
outcomes, and antimicrobial susceptibilities are summarized
in Table 1. A retrospective review of the study patients revealed
a significant shift in epidemiology: MSM predominated in the
historical period (n = 45; 98%); PEH prevailed in the recent pe-
riod (n = 86; 77%) (Table 1). MSM status was associated with
HIV positivity (26 [58%] of MSM had HIV), while PEH status
was associated with SUD (80 [93%] of PEH had SUD). The
population in the historical period was composed of 42 (84%)
MSM only, 3 (6%) MSM and PEH, and zero (0%) PEH only.
Contrastingly, the recent period was composed of 14 (12%)
MSM only, 10 (9%) MSM and PEH, and 76 (67%) PEH only.
A significant increase in severe shigellosis (P <.001) was ob-
served in the recent period compared with the historical period
(Figure 1). When comparing the PEH-only and MSM-only
groups in the recent period, clinical severity was significantly
higher among the PEH-only group (55 [72%] vs 3 [27%];
P <.001). More patients required ICU admission (5 [5%] vs
0 [0%]) and had longer LOS (median difference =1 day) in
the recent compared with historical period, although these dif-
ferences did not reach statistical significance.

Susceptibility of S. sonnei to oral antibiotics significantly de-
creased in the recent period. Multidrug resistance to first-line
agents was present in 11 (22%) of historical isolates compared
to 109 (96%) of recent isolates. On detection of resistance to all
first-line agents, routine azithromycin testing commenced at
our center in 2016. Upon initiation of azithromycin testing,
an identical MDR susceptibility profile (resistance to first-line
agents and azithromycin) was detected in 9 (18%) historical
isolates, with 8 (89%) occurring in MSM, and in 108 (96%) re-
cent isolates, with 86 (80%) occurring in PEH. Whole-genome
sequencing was performed on 87 (77%) of recent isolates. Only
a single blood culture isolate from the historical period was
available for analysis, as previously described [19]. The geno-
typic framework analysis identified 4 distinct genotypes [22].
Genotype 3.6.1.1.2 (CipR.MSM5) was identified in 83 (95%)
of the isolates. The remaining genotypes (3.7.18 [Global III],
3.6.1 [CipR parent], and 3.6.3 [Central Asia III]) comprised 2
(2%), 1 (1%), and 1 (1%) of the isolates, respectively. Of the

patients with the 3.6.1.1.2 genotype, none had a history of re-
cent travel. Of the 4 isolates with other genotypes, 3 were
travel-associated, as previously reported [19]. A single patient,
without a recent travel history and no links to MSM or PEH,
had infection with the distinct genotype 3.6.3 (Central Asia
III) with resistance to ceftriaxone, as previously described
[15]. This patient was immunocompromised and hospitalized
for treatment with meropenem for 2 weeks prior to being dis-
charged home.

The maximum distance between any two 3.6.1.1.2 isolates in
our study was 19 allele differences using refMLST, indicating
clonality among these isolates based on a previous validation
study [19]. In contrast, the two 3.7.18 isolates had more than
320 allele differences, the 3.6.1 isolate had more than 140,
and the 3.6.3 isolate had more than 200 allele differences com-
pared with the 3.6.1.1.2 isolates. All isolates contained transpo-
son (Tn7), which carried trimethoprim resistant dihydrofolate
reductase (dfrAl) and streptogramin A resistance (satA2) in
97.7%, and aminoglycoside resistance (aadA) in 2.3% of iso-
lates. Isolates belonging to the 3.6.1.1.2 genotype exhibited con-
served plasmid composition and AMR mutations. They all
shared 3-lactamase resistance (blargp.;s), sulfonamide resis-
tance (sull and sul2), trimethoprim resistance (dfrAl, and
dfrA17), as well as triple mutations in Quinolone Resistance
Determining Region (QRDR) with mutations in DNA gyrase
(gyr(A) S83L and gyr(A) D87G) and DNA topoisomerase
(parC S80I). Furthermore, they harbored the plasmid
pKSR100-borne erm(B) and mph(A) genes encoding macrolide
resistance (Figure 2). Two isolates with the 3.7.18 genotypes
carried sul2 and dfrAl, with 1 of them additionally carrying
quinolone resistance (qnrB19) gene. A single isolate of 3.6.1 ex-
hibited gyr(A) S83L and dfrA1 mutations. The patient with the
distinct genotype 3.6.3, lacking a travel history, carried
blacrx a1 sul2, dfrAl, and gnrS1. The available historical iso-
late from a 2016 blood culture genotyped as 3.7.18 carried
blargy 1p and dfrAl [15].

In terms of data quality, some degree of missing data was
observed for AST 2 (1%), with higher rates of missing data
for ceftriaxone 22 (14%) and azithromycin 36 (22%) AST
(due to the antibiotic testing cascade where second-line antibi-
otics are only tested when resistance is detected to first-line
agents). Antibiotic treatment data could not be obtained for
outpatients and 33% of emergency department patients, pri-
marily in the historical period. Additional data were missing
for STI screening 14 (9%), HIV status 13 (8%), sexual orienta-
tion 10 (6%), and travel history 2 (1%).

DISCUSSION

We identified a large increase in laboratory-confirmed S. sonnei
infections over time, with a concurrent shift in patient demo-
graphics and an increase in clinical disease severity among
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Figure 1.

Epidemic curve of patients with Shigella sonnei identified from stool or blood cultures by severity, 2015-2022. The distribution of severe (blue) and nonsevere

(gray) shigellosis infection are represented by stacked bars. Historical period was defined as 2015-2020 and recent period as 2021-2022. For calendar year 2022, cases

distributed by month are shown.

PEH. In 2020, no cases of S. sonnei were detected, likely due to a
combination of public health measures and reduced healthcare
utilization during the coronavirus disease 2019 (COVID-19)
pandemic [23]. Similar phenomena were observed in England
and the rest of Canada, with a significant decline in Shigella cas-
es identified by laboratory surveillance in 2020 [24, 25]. A chan-
ge in healthcare-seeking behaviors and reduced access to
healthcare services likely contributed to the decreased laborato-
ry detection, rather than the true disappearance of infections.
Indeed, in our laboratory, stool testing decreased by 28% in
2020. As pandemic measures waned, we observed an increased
number of MDR Shigella infections, with a particularly dramat-
ic increase in 2022 (Figure 1). Similar increases have been re-
ported in Seattle and King County [13].

We confirmed the epidemiological shift in populations af-
fected over time from predominantly MSM to PEH (Table 1).
Before and after 2020, 3 (6%) and 86 (77%) patients were expe-
riencing homelessness, respectively. In the recent cohort, we
detected an increase in SUD reflective of the background
high rate of addiction among PEH [26]. Classically, Shigella
dysenteriae type 1 and S flexneri are considered the most viru-
lent species of Shigella; however, we observed an increase in
clinical severity with S. sonnei infections in PEH [2, 16]. In ad-
dition to increased severity over time, recent infections with the
clonal strain of S. sonnei exhibited higher severity among PEH
than MSM, implicating host factors as likely determinants of
severe disease. Host factors, such as malnutrition, high preva-
lence of SUD, and associated health issues faced by PEH, likely

contributed to the increased disease severity in our cohort.
Delays in seeking care and nonadherence to therapy have
also been implicated as factors leading to high disease severity
among PEH [27]. In our PEH cohort, hospitalization was the
main contributor to severity. A similar increase in hospitaliza-
tions was recently reported from outbreaks among PEH in
Seattle, WA, and San Diego County [13, 28]. Although HIV co-
infection is an important risk factor for severe shigellosis in
adults, we had a greater number of HIV-positive patients in
the historical period with, perhaps paradoxically, less severe
disease [2, 3]. In a study from South Africa, severe disease
was dependent on low CD4 counts, whereas in our historical
cohort, most (24; 89%) had well-controlled HIV with CD4
counts greater than 200 cells/uL [29].

In our local context, the AST profiles of historical S. sonnei
isolates recovered in our laboratory have varied widely, sug-
gesting co-circulation of multiple strains. Once routine azithro-
mycin testing commenced in 2016, we detected MDR S. sonnei
with azithromycin resistance in 9 (18%) of historical isolates,
mostly among MSM. Notable at the time, increasing azithro-
mycin resistance was being reported in MSM-associated
S sonnei clusters in Canada [10]. Conversely, most (108; 96%)
of our recent isolates had identical MDR susceptibility profile
(Table 1) and identical genotype 3.6.1.1.2 (CipR.MSM5).
Most isolates clustered within 20-allele differences, indicating
the presence of a single, clonal expansion (Figure 2). Our geno-
type belongs to Lineage III, which emerged in South Asia in the
early 2000s, and acquired triple fluoroquinolone-resistant
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Table 1. Descriptive Characteristics of Patients With Shigella sonnei Infections: 2015-2022

Cases of Shigella sonnei

Characteristic Historical Period: 2015-2020 (n = 50) Recent Period: 2021-2022 (n=113) P
Age, mean (SD), y 41.8 (£13.9) 44.8 (£13.2) .198
Sex, male, n (%) 50 (100.0) 80 (70.8) <.001
Sexual orientation, MSM, n (%) 45 (97.8) 24 (22 .4) <.001
Housing status, n (%) <.001
Housed 47 (94.0) 26 (23.2)
Persons experiencing homelessness (PEH) 3(6.0) 86 (76.8)
Single-room occupancy 1(2.0) 30 (26.8)
Supportive housing 1(2.0) 25 (22.3)
No fixed address 1(2.0) 31 (27.7)
Travel history (last 30 d), yes, n (%) 2 (4.1) 3(2.7) 641
Substance use, n (%) <.001
Substance use disorder 5(10.2) 91 (82.0)
Recreational use only 13 (26.5) 0(0.0)
None 1(63.3) 20 (18.0)
STl screening in 3 m prior, n (%) 30 (69.8) 59 (65.7) 160
HIV status, positive, n (%) 27 (61.4) 14 (13.2) <.001
CD4 count (within HIV positive), mean (SD), cells/uL 605.6 (+311.4) 589.3 (+335.5) .878
Severe shigellosis, n (%) 7 (14.0) 69 (61.1) <.001
Healthcare received, n (%) <.001
Inpatient 7 (14.3) 68 (60.2)
Outpatient 17 (34.7) 22 (19.5)
Emergency department 25 (51.0) 23 (20.4)
Length of hospital stay, median (IQR),? inpatient days 3.0(1.5) 4.0 (4.0) 1.000
Referral to specialist,® n (%) 673
Gastroenterology 4 (8.0) 17 (15.0)
Infectious disease 7 (14.0) 13(11.5)
Intensive care unit 0(0.0) 5 (4.5)
General surgery 0(0.0) 3(2.7)
Internal medicine 0(0.0) 1(0.9)
None 39 (78.0) 76 (67.3)
Colonoscopy performed, n (%) 2 (4.0) 3(2.7) .088
Bacteremia,® n (%) 1(2.0) 8(7.1) 1.000
Mortality (30 d), n (%) 0(0.0) 1(0.9) 1.000
Antimicrobial susceptibility, n (%)
Ampicillin 14 (29.2) 3(2.7) <.001
TMP/SMX 6(12.5) 2(1.8) .009
Ciprofloxacin 27 (56.2) 2(1.8) <.001
Azithromycin 1(7.1) 3(2.7) 448
Ceftriaxone 30 (100.0) 110 (99.1) 1.000

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range; MSM, men who have sex with men; STI, sexually transmitted infection; TMP/SMX, trimethoprim/

sulfamethoxazole.

20nly calculated for hospitalized patients.

“Categories are not mutually exclusive, as 2 patients received both intensive care unit and general surgery referrals.

°Blood cultures are not part of standardized testing and were only collected from a subset of cases when bacteremia was clinically suspected.

9Susceptibility proportions and P values were calculated for each antibiotic separately. Note: the “n” for each group differs as susceptibility testing is performed as a cascade, where
second-line antibiotics are only tested if resistance is found in the first-line antibiotics. Within the historical period (2015-2020), azithromycin was tested on n = 14 patients and ceftriaxone on
n =30 patients. Within the recent period (2021-2022), ceftriaxone was tested on n=111 patients.

mutations within QRDR, before spreading globally and giving
rise to genotype 3.6.1.1.2 (CipR.MSM35) [22]. Due to the clonal
nature of S sonnei, we detected the same mutations in the stool
isolates as in the strains causing bacteremia (mutations in gyrA
S83L, gyrA D87G, and parC S80I encoding ciprofloxacin resis-
tance and plasmid pKSR100-borne mphA and ermB encoding
azithromycin resistance) [15] (Figure 2). Based on the AST

profile, MDR S. sonnei was circulating among MSM since
2016 and perhaps even earlier. However, the unavailability of
historical isolates for WGS precludes us from determining
the exact genotype of historically circulating strains.
Worldwide, the 3.6.1.1.2 genotype has been associated with
MSM in England, France, Belgium, Australia, and the United
States [30].
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specimen collection date. Genomic features show AMR determinants including genes and mutations with resistance to: ciprofloxacin within QRDR with 3-point mutations
(gyrA_D87G, gyrA_S83L, and parC_S80l), azithromycin (ermB and mphAl), trimethoprim (dfrAT and dfrA17), sulfonamides (su/7 and su/2), and ampicillin (blarg.;). Mobile
genetic elements included transposon Tn7 (carrying dfrA1, satA2, or aadA resistance genes) and plasmid pKSR100 (carrying ermBand mphA resistance genes). Abbreviations:
AMR, antimicrobial resistance; F, female; HIV, human immunodeficiency virus; M, male; MSM, men who have sex with men; NA, not available; PEH, people experiencing
homelessness; QRDR, Quinolone Resistance Determining Region; WGS, whole-genome sequencing; X, unknown.

In 2021, an outbreak of MDR § flexneri infections occurred
among PEH in downtown Vancouver [31]. While the implicat-
ed strain of S flexneri was resistant to all first-line agents,
azithromycin susceptibility was preserved. At the time,
azithromycin was recommended for empirical treatment of
shigellosis. In 2022, MDR §. sonnei replaced S flexneri as the

dominant strain causing shigellosis among PEH [32]. We hy-
pothesize that the antibiotic selective pressure from widespread
use of azithromycin in PEH may have selected for a clone of
azithromycin-resistant S. sonnei. Other studies have also shown
a shift in species dominance from S flexneri to S sonnei due, in
part, to selective antibiotic pressure and the exceptional ability
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of S. sonnei to evolve rapidly and acquire resistance determi-
nants [33, 34]. A study from Vietnam described a change in
dominance of a successful clone of S. sonnei coinciding with
a change in antibiotic resistance and increased disease severity
[33]. A rising dominance of S. sonnei globally is occurring with
improvements in sanitation standards and water quality. These
improvements have resulted in fewer exposures to Plesiomonas
shigelloides—contaminated water sources, likely leading to de-
creased immune cross-protection against S. sonnei [6]. Our
study illustrates the trajectory of the change in species domi-
nance over a short period, the possible role of antibiotic selec-
tive pressure, and increased disease severity when S. sonnei is
introduced into an area with a vulnerable and susceptible com-
munity within a high-income country.

It is difficult to discern precisely how strain 3.6.1.1.2 was
initially introduced into the population of PEH and whether
it was introduced independently or spread locally. Flanking
Vancouver’s downtown peninsula are 2 distinct neighbor-
hoods: one known for its large MSM community and another
with a significant proportion of PEH. The geographic proxim-
ity of the MSM and PEH populations, lack of travel among
PEH, population overlap, MSM-associated genotype 3.6.1.1.2
(CipR.MSM5), and the presence of a phenotypically identical
MDR strain among MSM historically suggest that this MDR
strain was initially circulating among MSM followed by a local
spread to PEH. However, the lack of historical strain genotyp-
ing precludes us from knowing the exact mode of introduction
among PEH as other ways of introduction cannot be excluded.
Interestingly, a similar phenomenon occurred in Vancouver in
early 2007 with an outbreak of S. sonnei among MSM, followed
by a separate outbreak later that year among PEH. At the time,
the circulating strain was susceptible to ampicillin and cipro-
floxacin [35]. A contemporaneous study from Seattle likewise
described MDR and XDR S. sonnei sequentially circulating
among MSM followed by transmission within PEH with a pre-
dominant 3.7.29.1.4.1 (Global III VN2.-KHI1.Aus) genotype,
suggesting a separate route of acquisition from our strain
[13]. In our study, isolates with distinct genotypes and AST
profiles were almost exclusively associated with travel. With
the introduction of Shigella among PEH, a change in the prima-
ry mode of transmission likely occurred. Although sexual
transmission is well established among MSM, transmission
among PEH is believed to occur following exposure to fecally
contaminated environmental surfaces and hands (local public
health investigation and M. Dawar, MD, personal communica-
tion, 26 February 2024) [5]. High fecal shedding, low infective
dose, and susceptibility of population coupled with lack of hy-
giene and sanitation have been shown to contribute to sus-
tained transmission of Shigella in low- and middle-income
countries [36]. The introduction of Shigella into congregate liv-
ing settings (shelters, SROs, etc) among PEH with limited ac-
cess to hygiene and sanitation likely created favorable

conditions for its widespread transmission. Similarly, out-
breaks of shigellosis among PEH have been described along
the West Coast of the United States (Portland, OR; San
Diego County, CA; Seattle and King County, WA) [13, 28, 37].

The rapid evolution and increasing detection of MDR and
XDR S. sonnei strains are resulting in increasingly limited treat-
ment options for managing shigellosis [11]. The World Health
Organization has deemed Shigella a priority pathogen for ur-
gent new antibiotic development. In the meantime, existing an-
tibiotics with activity against Shigella should be reconsidered.
With the emergence of XDR S. sonnei in Europe, carbapenems
have been recommended for severe cases and pivmecillinam
and fosfomycin were used for oral step-down therapy [11, 12].
Further studies are needed to assess the activity of potential
oral agents for the treatment of drug-resistant shigellosis.

Limitations of our study include the probable underestima-
tion of the true occurrence of shigellosis and the potential for
selection bias toward severity, as only patients with more severe
infections are likely to seek care or present to a hospital.
However, we observed a significant increase in infections and
severity compared with our historical cohort also prone to
the same selection bias. Although there were no changes in sub-
mitting clinics and facilities, unrecognized changes in the pop-
ulation served by our laboratory could have occurred over time,
influencing our results. Potential confounding factors, such as
psychiatric diagnosis and SUD, may have contributed to hospi-
tal admission in PEH [38]. However, most PEH in our cohort
were hospitalized for acute shigellosis symptoms, with a high
rate of bacteremia pointing toward a true increase in severity.
We relied on retrospective chart reviews where some of the var-
iables were not always elicited or documented. Besides HIV
diagnosis, we did not collect extensive data on other immuno-
compromising conditions among PEH, which could have con-
tributed to increased severity. In our bacteremia study and in a
large study on systemic shigellosis from South Africa, no im-
munosuppressive condition was individually associated with
invasive shigellosis, except for HIV [15, 29]. Whole-genome se-
quencing has only recently become available as a clinical tool to
assess clonality and genotyping.

CONCLUSION

We observed a large increase in MDR S. sonnei infections post—
COVID-19 pandemic, including a shift from sexual transmis-
sion among MSM to probable environmental transmission
among PEH. An increased disease severity and healthcare uti-
lization among PEH was likely driven by host factors. The WGS
data provided evidence for a clonal expansion of 3.6.1.1.2
(CipR.MSM5) genotype. Potential interventions to reduce shi-
gellosis in PEH include improved sanitation and handwashing,
improved access to hygiene facilities, optimized nutrition, and
eventually, vaccination against Shigella [39].
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