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Shigella spp. cause ~500,000 illnesses in the United States
annually, and resistance to ciprofloxacin, ceftriaxone, and
azithromycin is emerging. We investigated associations
between transmission route and antimicrobial resistance
among US shigellosis clusters reported during 2011-2015.
Of 32 clusters, 9 were caused by shigellae resistant to cip-
rofloxacin (3 clusters), ceftriaxone (2 clusters), or azithro-
mycin (7 clusters); 3 clusters were resistant to >1 of these
drugs. We observed resistance to any of these drugs in all
7 clusters among men who have sex with men (MSM) but
in only 2 of the other 25 clusters (p<0.001). Azithromycin re-
sistance was more common among MSM-associated clus-
ters than other clusters (86% vs. 4% of clusters; p<0.001).
For adults with suspected shigellosis, clinicians should
culture feces; obtain sex histories; discuss shigellosis pre-
vention; and choose treatment, when needed, according to
antimicrobial drug susceptibility. Public health interviews for
enteric illnesses should encompass sex practices; health
messaging for MSM must include shigellosis prevention.

higellosis, the third most common human bacterial en-

teric infection in the United States, causes =~500,000
illnesses each year (/). Because as few as 10 bacteria can
cause infection, shigellosis outbreaks typically are large;
control can be difficult unless interventions are implement-
ed early in an outbreak (2). Although bloodstream infection
is uncommon among immunocompetent hosts, shigellosis
patients frequently are treated with antimicrobial medica-
tions to reduce illness duration and possibly transmission
(3). High rates of resistance to ampicillin and trimethoprim/
sulfamethoxazole have made ciprofloxacin, ceftriaxone,
and azithromycin the preferred antimicrobial agents for
adults and children with shigellosis; ceftriaxone is also the
preferred treatment for invasive shigellosis (4—6). How-
ever, shigellae resistant to these drugs have emerged in
the United States and abroad (7—17). Although shigellosis
rates are highest for young children, most reports document
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ciprofloxacin- or azithromycin-resistant shigellosis largely
among men who have sex with men (MSM) (7,8,10,12—
17). Estimates of risk for antimicrobial drug—resistant shi-
gellae among different populations or by transmission route
have not been reported. We investigated the associations
between transmission route and antimicrobial resistance
among US shigellosis clusters reported during 2011-2015.

Methods

Because sexual transmission data are not captured in the na-
tional enteric disease surveillance systems of the Centers for
Disease Control and Prevention (CDC), we queried the en-
teric disease cluster management database of the CDC Out-
break Response and Prevention Branch (ORPB; Division of
Foodborne, Waterborne, and Environmental Diseases, Na-
tional Center for Emerging and Zoonotic Infectious Disease)
for all US shigellosis clusters during January 2011-Decem-
ber 2015 (/8-21). This database is not part of a surveillance
system; instead, it is used in real time to track and guide re-
sponse to clusters of enteric infections, including shigellosis,
that CDC investigates. It contains unpublished summaries
of patient demographics, suspected or confirmed transmis-
sion route and vehicles, cluster onset date and duration, and
pulsed-field gel electrophoresis (PFGE) patterns associated
with the cluster. ORPB identifies shigellosis clusters for in-
clusion in this database in 3 ways: 1) when CDC’s PulseNet
observes a Shigella PFGE pattern approximately twice as
often as baseline and in >1 US state or territory during a 60-
day period, PulseNet assigns a cluster code to that pattern; 2)
state health departments can choose to contact CDC about
ongoing single-state or multistate clusters; 3) since 2014,
CDC also has used data from the National Antimicrobial Re-
sistance Monitoring System for Enteric Bacteria (NARMYS),
which strives to test every 20th Shigella isolate nationally
and 3 representative isolates from every shigellosis outbreak,
to identify isolates harboring resistance to clinically impor-
tant antimicrobials (22,23). CDC then queries PulseNet for
other isolates with PFGE patterns indistinguishable from
the resistant isolate. For Shigella, all identified clusters are
added to the ORPB database.
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Our analysis comprised clusters with both antimicro-
bial drug susceptibility data in NARMS and documentation
of transmission route or affected population. We linked
clusters to NARMS by PulseNet cluster code or local out-
break code to obtain information about the antimicrobial
resistance phenotype associated with the cluster. We used
standard definitions for ciprofloxacin and ceftriaxone re-
sistance and defined azithromycin resistance as an azithro-
mycin MIC greater than that for wild-type Shigella (24).
Among isolates with phenotypic azithromycin resistance,
we used PCR to screen for the macrolide resistance genes
mphA and ermB. We classified a cluster as resistant to >1
of these antimicrobial drugs if any isolate within the cluster
harbored resistance to >1 of these drugs.

Few public health jurisdictions routinely collect the
MSM status of shigellosis patients, but they might do
so through telephone interviews, in-person interviews,
medical record reviews, or links to sexual health data-
bases. Public health jurisdictions did not use standardized
definitions for MSM-associated transmission; however,
we categorized transmission as MSM-associated if any
MSM-associated transmission was recorded for a cluster.
If subclusters with distinct transmission routes were re-
ported within a single cluster, we analyzed the subclusters
as separate clusters. Using Fisher exact test, we compared
proportions of clusters with antimicrobial resistance by
transmission category.

Results

Of 49 clusters reported during 2011-2015, we excluded 19
(39%) because of insufficient data (transmission data but
no antimicrobial resistance data, 5 clusters; neither trans-
mission data nor antimicrobial resistance data, 14 clusters).
Of the 30 (61%) remaining clusters, 2 encompassing sub-
clusters with MSM-associated and other person-to-person
transmission were further divided by transmission catego-
ry, for a total of 32 clusters eligible for analysis (Table 1,
http://wwwnc.cdc.gov/ElD/article/22/9/16-0624-T1.htm).
Suspected or confirmed transmission was reported to in-
volve child care centers, camps, or schools (10 clusters);
MSM (7 clusters); other person-to-person transmission (7
clusters); food (6 clusters); or recreational water (2 clus-
ters). Nine clusters were caused by shigellae resistant to at

least 1 of the following: ciprofloxacin (3 clusters), ceftri-
axone (2 clusters), or azithromycin (7 clusters). Three of
these clusters were resistant to >1 of these drugs. At least
1 isolate from each azithromycin-resistant cluster was
confirmed to harbor the macrolide resistance genes mphA
or ermB. Of the 9 antimicrobial drug-resistant clusters,
8 were caused by S. sonnei and 1 by S. flexneri. Isolates
from all 7 MSM-associated clusters harbored resistance to
>1 of these drugs (Table 1). The prevalence of resistance
among MSM-associated and other clusters significantly
differed for ceftriaxone (p = 0.04), azithromycin (p<0.001),
azithromycin and either ciprofloxacin or ceftriaxone (p =
0.007), and any of these 3 drugs (p<0.001) (Table 2). The
proportion of MSM-associated clusters with resistance to
any of these 3 drugs (i.e., ciprofloxacin, ceftriaxone, or
azithromycin) was 3—77 times greater, and the proportion
with resistance to azithromycin was 3-500 times greater,
than the proportion of other clusters with such resistance
phenotypes. None of 10 clusters associated with child care,
camps, or schools was caused by ciprofloxacin-, ceftriax-
one-, or azithromycin-resistant strains.

Discussion
All shigellosis clusters that we identified among MSM
in the United States during 2011-2015 were caused by
strains resistant to >1 of the preferred antimicrobial
agents for shigellosis. Although our sample was small,
the estimated prevalence of resistance to preferred anti-
microbial drugs for MSM-associated shigellosis clusters
was 3—77 times the prevalence for clusters with nonsex-
ual transmission routes. Although shigellosis with these
antimicrobial drug resistance phenotypes has been docu-
mented among MSM internationally, the reasons for this
association are unknown (7,8,7/2-14,16,17). Additional
studies are needed to elucidate these findings; identify
specific risk factors; understand clinical outcomes for
patients infected with these resistant strains and in the
setting of HIV infection; and develop effective inter-
ventions to prevent infection of MSM with shigellae,
particularly drug-resistant shigellae.

Although our results suggest that shigellae with resis-
tance to ciprofloxacin, ceftriaxone, or azithromycin circu-
late predominantly among MSM in the United States, these

Table 2. Differences in antimicrobial resistance phenotype by transmission route among clusters of Shigella infection, United States,

January 2011-December 2015*

MSM-associated transmission,

Transmission other than MSM-

Antimicrobial resistance phenotype no. (%, 95% Clt),n=7 associated, no. (%, 95% Clt), n =25 p valuet
CIP 2 (29, 5-67) 1(4,0.2-18) 0.1
CRO 2 (29, 5-67) 0 (0, 0-11) 0.04
AZM 6 (86, 47-99) 1(4,0.2-18) <0.001
AZM, CIP, or CRO 7 (100, 65-100) 2(8,1.3-24) <0.001
AZM and either CIP or CRO 3 (43, 12-78) 0 (0, 0-11) 0.007

*AZM, azithromycin; CIP, ciprofloxacin; CRO, ceftriaxone; MSM, men who have sex with men.

TMid-p exact 95% ClI of the percentage resistant.
By 2-tailed Fisher exact test.
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strains are likely to emerge among other populations. Ef-
forts to facilitate improved hygiene practices among per-
sons at high risk for shigellosis or at high risk for transmit-
ting shigellosis to others (e.g., child care attendees, staff,
and parents; marginally housed persons; international trav-
elers; and food handlers) are needed now to limit transmis-
sion when multidrug-resistant Shigella strains inevitably
begin circulating among these populations.

Although the associations we found between antimi-
crobial drug-resistant shigellosis and transmission route
(i.e., MSM-associated transmission vs. other transmission)
are striking, this analysis has several limitations. Because
the ORPB cluster management database is used to guide re-
sponse rather than as a formal reporting system, it is likely
to contain only a small fraction of shigellosis clusters, and
the details about each cluster are not always complete. Fur-
thermore, many public health jurisdictions do not routinely
perform PFGE on shigellae, making it difficult to detect
clusters and, when a cluster is detected, to locate all cases
associated with the cluster. Therefore, clusters included in
this analysis might not be representative of all US shigel-
losis clusters, and the number of cases reported per clus-
ter is likely to be smaller than reality. Additionally, nearly
40% of clusters were not analyzed because of missing data.
However, the selection of clusters in this analysis is un-
likely to have biased the association between antimicrobial
drug resistance phenotype and transmission route. Next,
both antimicrobial drug resistance phenotypes and trans-
mission routes are likely to be heterogeneous within each
cluster. We also lacked information about patients’ ante-
cedent exposure to antimicrobial drugs, HIV infection, and
other factors that might enhance our findings, and we did
not have access to clinical treatment or outcome data. Fi-
nally, because of the small sample size, we cannot reliably
compare the prevalence of resistance among MSM-associ-
ated clusters and other clusters. Nonetheless, the markedly
higher prevalence of such resistance observed in our study
is concerning and warrants future study.

The increasing use of PCR-based, culture-independent
diagnostic tests for Shigella will make it difficult to identify
cases and clusters of multidrug-resistant shigellosis and to
provide laboratory-informed antimicrobial treatment (25).
When shigellosis is suspected or when a culture-indepen-
dent diagnostic test suggests Shigella infection, clinicians
should culture fecal specimens and test Shigella isolates
for antimicrobial drug susceptibility, including susceptibil-
ity to azithromycin (24). Patients who do not improve with
treatment should be re-cultured. Further characterizing
isolates by PFGE or whole-genome sequencing will assist
health departments with cluster detection and control.

Alternative treatment options are limited for persons
infected with ciprofloxacin-, ceftriaxone-, or azithromycin-
resistant shigellae, making shigellosis prevention critical.
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Clinicians should counsel all patients with suspected shig-
ellosis about meticulous handwashing and hygiene (26).
Among adult patients, sexual histories focused on sex of
recent partners and specific sex practices can inform em-
piric treatment and indicate a need for further testing and
counseling to prevent sexual transmission of shigellosis
(27). If treatment is required, drug choice should be in-
formed by the results of antimicrobial susceptibility test-
ing. During public health interviews for enteric illnesses,
routinely collecting sex of sex partners and, among those
with multiple recent partners, where patients find partners
would improve understanding of risk groups and permit
more targeted interventions. Surveillance and interven-
tions for shigellosis among MSM would be strengthened
by more intensive collaboration between enteric disease
and sexually transmitted disease programs within public
health departments. Health messaging for MSM should
include information about risk for and prevention of shig-
ellosis and drug-resistant shigellosis (26,27).
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