Advances in Pathogen Genomics for Infectious Disease Surveillance, Control, and Prevention

Genomic Modeling of an Outbreak
of Multidrug-Resistant Shigella
sonnei, California, USA, 2023-2024
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We report the detection of a Shigella sonnei outbreak
from a small investigation in the San Francisco Bay area,
California, USA, in 2024. By combining outbreak inves-
tigation with genomic sequencing, we show the utility of
phylodynamics to aid outbreak investigations of bacterial
pathogens by state or local public health departments.

n January 2024, a board and care facility (facility

A) in the San Francisco Bay area, California, USA,
reported 4 cases of Shigella sonnei infection to the Al-
ameda County Public Health Department (ACPHD;
San Leandro, California, USA). Shigellemia was con-
firmed in 3 patients. In February 2024, an independent
living center (facility B) reported 3 cases of Shigella
infection. Shigella bacteremia was confirmed in 2 pa-
tients (Figures 1,2). Shigella bacteremia (shigellemia) is
rare but associated with immature immune responses
or immunocompromised adults (1). We performed
a 10-year retrospective review of Shigella cases in Al-
ameda County and found 0.7% of cases had positive
blood samples reported, consistent with other reviews
on Shigella bacteremia (2). The 7 cases from 2 facilities
prompted patient investigations at facilities A and B,
and investigations into other S. sonnei patients in Al-
ameda County during December 2023-February 2024.

Methods and Materials
Case investigations were limited but included
symptom onset, severity, housing status, and other
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attainable risk factors. The outbreak investigation
linked patients from facility B and 2 unhoused com-
munity members to a third location (facility C) where
marginally housed community members gather. No
clear transmission pattern was determined through
epidemiologic investigation. We identified 19 geno-
typically identical S. sonnei isolates during December
2,2023-February 26, 2024, among all cases in facilities
A, B,and C.

Of the 19 patients, 13 (68 %) were male and 6 (32%)
female; median age was 59 years, and 9 (47%) were
White and 10 (52%) non-Hispanic. Case investiga-
tions were completed on 16 of the 19 patients; 5 (26%)
were experiencing homelessness, 4 (21%) were asso-
ciated with facility A, 3 (15%) were associated with
facility B, 4 (21%) had stable housing, and 3 (15%) had
unknown housing. Drug use history was known in
3 patients. Of the 5 patients with shigellemia, 1 re-
ported drug use. Sexual contact was unknown or de-
nied during the incubation period for all patients. All
treatment regimens where data were available were
appropriate for the antimicrobial drug susceptibility
data; all patients recovered.

Of the 3 patients associated with facility C, 2 were
experiencing homelessness and 1 volunteered as a
food handler at facility C while ill. The third patient
from facility B visited facility C and had symptoms
develop 14 days after exposure to the food handler
at facility C. No other epidemiologic links were es-
tablished among the 19 cases. No comorbidities were
found in electronic medical records. However, deter-
mining precise risk factors in patients experiencing
homelessness, such as where they sheltered during
their infectious period, contact with each other, using
the same resources, public restrooms or transporta-
tion, was not possible.
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Whole-genome sequencing (WGS) of Shigella isolates
revealed highly similar sequences, suggesting an epi-
demiologic link. The time from notification of a poten-
tial outbreak in facility A to WGS confirmation was
8 days. We genotyped the isolates, which belonged
to genotype 3.7.26, as previously described (3). This
method removes repetitive regions with higher rates
of potentially erroneous single-nucleotide polymor-
phisms (SNPs). The method simplified interpretation
by providing a numerical genotype, making it easy to
determine close ancestry and it was part of our rou-
tine bioinformatics workflow (4). References for gen-
otype 3.7.26 are from the United Kingdom (2013) and
France (2014). We confirmed phenotypic multidrug
resistance by using antimicrobial drug resistance
gene detection (Appendix, https://wwwnc.cdc.gov/
EID/article/31/13/24-1307-Appl.pdf).

During the retrospective sequencing of S. sonnei
from patients treated in Alameda County, we identified
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counties. The lack of specific links in the investiga-
tion and detection of cases from neighboring counties
prompted ACPHD to notify the California Depart-
ment of Public Health in March 2024, which led to a
prioritization of Shigella isolates for sequencing. A
total of 75 genetically related isolates were identified
by California Department of Public Health by using
PulseNet whole-genome multilocus sequence typ-
ing (MLST) (5), which showed relatedness but did
not incorporate metadata. To reconstruct the spatial
transmission dynamics of the outbreak, we performed
a time-resolved, phylogeographic method known
as the marginal approximation of the structured co-
alescent (MASCOT-skyline) in collaboration with the
University of California, San Francisco. This approach
uses Bayesian inference to reconstruct spatiotemporal
transmission of pathogens and is implemented in the
open-source program BEAST2 (6). MASCOT-skyline
incorporates sampling time and sampling location of

Figure 2. Diagram showing the
number of cases from linked
facilities, the housing status

of patients, and the linkage
between cases in Shigella
sonnei case investigation with
known linkages, California, USA,
2023-2024.

IR\ Housed
mﬁ Unhoused

H Unknown

S99


https://wwwnc.cdc.gov/EID/article/31/13/24-1307-App1.pdf
https://wwwnc.cdc.gov/EID/article/31/13/24-1307-App1.pdf
http://www.cdc.gov/eid

Advances in Pathogen Genomics for Infectious Disease Surveillance, Control, and Prevention
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isolates. MASCOT-skyline then infers a posterior es-
timate of where the bacterial lineage was in the past.
From this result, we inferred that all isolates were the
result of a single introduction into the area (7; N.F.
Miiller, et al., unpub. data, https:/ / pmc.ncbinlm.nih.
gov/articles/PMC10942421). We obtained the mo-
lecular clock rate by contextualizing outbreak samples
with 24 S. sonnei Pulsenet sequences from 2015-2023 to
ensure an appropriate number of samples and the time
span to effectively estimate the clock rate. The mean
clock rate for the core-genome SNP alignment (length
1491 bp) was 3.341 x 107 substitutions per site per
year. The sequences formed a distinct cluster from all
other historical sequences (Figure 3). We inferred time
to most recent common ancestor was most likely June
2023 (95% CI November 2022-August 2023), provid-
ing an upper bound on the time of introduction (Figure
4). We analyzed the outbreak at a more granular scale
by using the same regional alignment and fixing clock
rate while removing contextual sequences. We found
the samples were geographically clustered by county
within the outbreak (Figure 5).
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One patient was a food handler at facility C,
but no evidence of foodborne transmission was
found. The shigellemia cases prompted us to
investigate this cluster; however, patients were
immunocompetent, and virulence markers were
identical to nonbloodstream infections. Host fac-
tors such as intravenous drug use and sexual con-
tact were incomplete and remain possible factors
for shigellemia.

Discussion

The advent of phylodynamic approaches and ge-
nomic epidemiology has provided public health
with additional insight into the spread of diseases,
transmission chains, and mutations when using
laboratory data paired with epidemiologic informa-
tion. In this article, we demonstrate the use of phy-
lodynamic modeling alongside a traditional case in-
vestigation to better determine outbreak dynamics
and inform public health actions. Bacterial genomic
epidemiology has historically relied on MLST, SNPs,
whole-genome MLST, or a combination of techno-
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Figure 4. Distribution curve of
the predicted dates of the most
recent common ancestor of
the Shigella sonnei outbreak
isolates, California, USA,
2023-2024. The plot shows
the posterior density for the
common ancestor times of the
Shigella sequences collected
in the San Francisco Bay,
California, USA, area. For a
single introduction, the common
ancestor time provides a

lower bound on the timing of
the introduction into the San
Francisco Bay area.
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logic tools. However, those tools do not enable us
to characterize the direction and timing of disease
spread. SNP cutoff levels have shown variable
specificity and sensitivity in identifying closely re-
lated bacterial isolates (8).

We also describe the role of the local public
health laboratory to initiate enhanced WGS of S. son-

neito discover unlinked cases and identify a regional
outbreak. We describe the timeline of the outbreak
identification, notification of the state public health
department, and phylodynamic methods to provide
evidence of a single introduction and incorporate
metadata into bacterial genomic epidemiology.
However, those models do not guarantee complete
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Figure 5. Phylogenetic tree

of Shigella sonnei outbreak
isolates in the San Francisco
Bay, California, USA, area with
spatiotemporal metadata and
tree uncertainty, 2023-2024.
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ascertainment of transmission, and the inability to
gather complete data on risk factors to link specific
case manifestations, symptoms, or other factors
associated with shigellemia or its mode of transmis-
sion is a limitation of our study. Ideally, genomic
sequencing paired with epidemiologic information
gathered, such as case manifestation, risk factors
identified, and symptoms, can provide improved
insights into the drivers of transmission. This in-
formation can be particularly helpful when inves-
tigating outbreaks in communities such as persons
experiencing homelessness, when epidemiologic
information may be limited. We recommend pub-
lic health prevention measures focus on the proper
maintenance, routine disinfection, and cleaning of
public restroom facilities and handwashing sta-
tions, particularly in places that are frequented by
persons experiencing homelessness.
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