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Introduction

The primary purpose of the National Antimicrobial Resistance Monitoring System (NARMS) at the Centers for
Disease Control and Prevention (CDC) is to monitor antimicrobial resistance among enteric bacteria isolated from
humans. Other components of the interagency NARMS program include surveillance for resistance in enteric
bacteria isolated from retail meats, conducted by the U.S. Food and Drug Administration’s Center for Veterinary
Medicine (FDA-CVM)
(http://www.fda.gov/AnimalVeterinary/SafetyHealth/AntimicrobialResistance/NationalAntimicrobialResistanceMoni
toringSystem/default.htm), and for resistance in enteric bacteria isolated from food-producing animals, conducted
by the U.S. Department of Agriculture’s Agricultural Research Service (USDA-ARS)
(http://www.ars.usda.gov/Business/docs.htm?docid=6750&page=1) and Food Safety and Inspection Service
(USDA-FSIS) (http://www.fsis.usda.gov/OPPDE/rdad/FSISNotices/13-13.pdf?redirecthttp=true).

Many NARMS activities are conducted within the framework of two CDC programs: the Foodborne Diseases
Active Surveillance Network (FoodNet), which is part of CDC’s Emerging Infections Program (EIP), and the
Epidemiology and Laboratory Capacity (ELC) Program. In addition to population-wide surveillance of resistance in
enteric pathogens, the NARMS program at CDC also conducts research into the mechanisms of resistance and
performs susceptibility testing of isolates of pathogens that have caused outbreaks.

Before NARMS was established, CDC monitored antimicrobial resistance in Salmonella, Shigella, and
Campylobacter through periodic surveys of isolates from a panel of sentinel counties. NARMS at CDC began in
1996 with ongoing monitoring of antimicrobial resistance among clinical isolates of non-Typhi Salmonella (refers
to all serotypes other than Typhi, which causes typhoid fever) and Escherichia coli 0157 in 14 sites. In 1997,
testing of clinical isolates of Campylobacter was initiated in the five sites then participating in FoodNet. Testing of
clinical Salmonella ser. Typhi and Shigella isolates was added in 1999. Starting in 2003, all 50 states forwarded
all Salmonella ser. Typhi isolates and a representative sample of non-Typhi Salmonella, Shigella, and E. coli
0157 isolates to NARMS for antimicrobial susceptibility testing, and 10 states now participating in FoodNet have
been conducting Campylobacter surveillance. Since 2008, all 50 states have also been forwarding every
Salmonella ser. Paratyphi A and C to NARMS for antimicrobial susceptibility testing. Beginning in 2009, NARMS
also performed susceptibility testing on isolates of Vibrio species other than V. cholerae. Public health
laboratories are asked to forward every isolate of Vibrio species that they receive to CDC. All toxigenic V.
cholerae isolates are tested for antimicrobial susceptibility by the National Enteric Laboratory Diagnostic Outbreak
Team; results are available in the Cholera and Other Vibrio Iliness Surveillance system (COVIS) reports
beginning with the 2013 Annual Summary. NARMS conducts antimicrobial susceptibility testing for isolates of
species other than V. cholerae; results are included in this report.

This annual report includes CDC'’s surveillance data for 2013 for nontyphoidal Salmonella, typhoidal Salmonella
(serotypes Typhi, Paratyphi A, Paratyphi B [tartrate negative], and Paratyphi C), Shigella, Campylobacter, E. coli
0157, and Vibrio species other than V. cholerae. Surveillance data include the number of isolates of each
pathogen tested by NARMS and the number and percentage of isolates that were resistant to each of the
antimicrobial agents tested. Data for earlier years are presented in tables and graphs when appropriate.
Antimicrobial classes defined by the Clinical and Laboratory Standards Institute (CLSI) are used in data
presentation and analysis.

This report uses the World Health Organization’s categorization of antimicrobials of critical importance to human
medicine (Appendix A) in the tables that present minimum inhibitory concentrations (MIC) and resistant
percentages.

Additional NARMS data and more information about NARMS activities are available at http://www.cdc.gov/narms/.
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What is New in the NARMS Report for 2013

New Baselines for Assessing Changes in Prevalence of Antimicrobial Resistance

To assess changes in the prevalence of antimicrobial resistance among Salmonella, Shigella, and Campylobacter
isolates, NARMS models annual data using logistic regression. In previous reports, we compared the prevalence
of resistance for the current year to the average prevalence during a historical baseline reference period of 2003—
2007. In this report, we compared the prevalence of resistance among isolates tested in 2013 with the average
prevalence from two reference periods: 2004—-2008 and the previous five years, 2008—-2012. The 2004-2008
reference period begins with the second year that all 50 states participated in Salmonella and Shigella
surveillance and all 10 FoodNet sites participated in NARMS Campylobacter surveillance. The additional 2008—
2012 reference period allows comparison with more recent years. The results of these analyses can be found on

pages 17-18.

Changes in Antimicrobial Susceptibility Testing for Vibrio Species other than V. cholerae

Since 2009, NARMS has tested Vibrio species other than V. cholerae to determine the minimum inhibitory
concentrations for ampicillin, cephalothin, chloramphenicol, ciprofloxacin, kanamycin, nalidixic acid, streptomycin,
tetracycline, and trimethoprim-sulfamethoxazole. In 2013, we added four antimicrobial agents to the panel:
cefotaxime, ceftazidime, gentamicin, and imipenem. To accommodate these additions, cephalothin, kanamycin,
and streptomycin were removed. Further details regarding testing can be found on page 29, and susceptibility
results can be found in the Vibrio species other than V. cholerae section of this report.
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Summary of NARMS 2013 Surveillance Data

Surveillance Population

In 2013, all 50 states and the District of Columbia participated in NARMS, representing the entire US population
of approximately 316 million persons (Table 1). Surveillance was conducted in all states for Salmonella (typhoidal
and nontyphoidal), Shigella, Escherichia coli 0157, and Vibrio species other than V. cholerae. For
Campylobacter, surveillance was conducted in the 10 states that comprise the Foodborne Diseases Active
Surveillance Network (FoodNet), representing approximately 48 million persons (15% of the US population).

Clinically Important Antimicrobial Resistance Patterns

In the United States, fluoroquinolones (e.qg., ciprofloxacin) and third-generation cephalosporins (e.g., ceftriaxone)
are commonly used to treat severe Salmonella infections, including typhoid and paratyphoid fever as well as
severe nontyphoidal infections. In Enterobacteriaceae, (e.g., Salmonella and Shigella) resistance to nalidixic acid,
an elementary quinolone, usually correlates with decreased susceptibility to ciprofloxacin (Table 2) and possible
fluoroquinolone treatment failure, although sometimes resistance or decreased susceptibility to ciprofloxacin
occurs in the absence of nalidixic acid resistance. Macrolides (e.g., azithromycin), penicillins (e.g., ampicillin), and
trimethoprim-sulfamethoxazole are also of clinical importance. A substantial proportion of Enterobacteriaceae
isolates tested in 2013 demonstrated clinically important resistance.

In Salmonella, antimicrobial resistance varies by serotype. Overall changes in resistance among nontyphoidal
Salmonella may reflect changes in resistance within serotypes, changes in serotype distribution, or both.
o 3% (61/2178) of nontyphoidal Salmonella isolates were resistant to nalidixic acid. Enteritidis was the most
common serotype among nalidixic acid-resistant nontyphoidal Salmonella isolates.
o 36% (22/61) of nalidixic acid-resistant isolates were ser. Enteritidis
o 6% (22/382) of ser. Enteritidis isolates were resistant to nalidixic acid
o 3% (55/2178) of nontyphoidal Salmonella isolates were resistant to ceftriaxone. The most common serotypes
among the 55 ceftriaxone-resistant isolates were Newport, Dublin, Typhimurium, Heidelberg, and Infantis.
Resistance to ceftriaxone occurred in
5% (11/209) of ser. Newport isolates
92% (11/12) of ser. Dublin isolates
3% (11/325) of ser. Typhimurium isolates
15% (9/60) of ser. Heidelberg isolates
7% (5/76) of ser. Infantis isolates
o 67% (188/279) of Salmonella ser. Typhi isolates were resistant to nalidixic acid, and 9% (24/279) were
resistant to ciprofloxacin.
e 81% (81/100) of Salmonella ser. Paratyphi A isolates were resistant to nalidixic acid, and 4% (4/100) were
resistant to ciprofloxacin.
¢ No Salmonella ser. Typhi or Salmonella ser. Paratyphi A isolates were resistant to ceftriaxone.

(@]
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For Shigella, fluoroquinolones and macrolides (e.g., azithromycin) are important agents in the treatment of severe
infections. (Note: Azithromycin breakpoints were established by NARMS for resistance monitoring and should not
be used to predict clinical efficacy. CLSI has not established breakpoints for Shigella.)
o 3% (12/344) of Shigella isolates were resistant to ciprofloxacin, including

o 6% (4/64) of Shigella flexneri isolates

o 3% (8/275) of Shigella sonnei isolates
o 5% (12/344) of Shigella isolates were resistant to nalidixic acid, including

o 13% (8/64) of Shigella flexneri isolates

o 3% (9/275) of Shigella sonnei
o 4% (13/344) of Shigella isolates were resistant to azithromycin, including

o 16% (10/64) of Shigella flexneri isolates

o 1% (3/275) of Shigella sonnei isolates

For Campylobacter, fluoroquinolones and macrolides are important treatment options for severe infections.

ECOFF values are used for interpreting antimicrobial susceptibility data. Since ECOFFs differ between
Campylobacter species, the percentage resistant for Campylobacter overall is not reported.
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o 22% (263/1182) of Campylobacter jejuni isolates and 34% (45/134) of Campylobacter coli isolates were
resistant to ciprofloxacin

o 2% (26/1182) of Campylobacter jejuni isolates and 17% (24/142) of Campylobacter coli isolates were
resistant to erythromycin

o 2% (26/1182) of Campylobacter jejuni isolates and 18% (25/142) of Campylobacter coli isolates were
resistant to azithromycin

Multidrug Resistance

Multidrug resistance is reported in NARMS in several ways, including resistance to various numbers of classes of
antimicrobial agents and also by specific co-resistance phenotypes.

For nontyphoidal Salmonella, an important multidrug-resistance phenotype includes resistance to at least
ampicillin, chloramphenicol, streptomycin, sulfonamide (sulfamethoxazole/sulfisoxazole), and tetracycline
(ACSSuT); these agents represent five CLSI classes. A similar pattern of resistance to at least ASSuT (but not
chloramphenicol) has emerged in recent years. Another important phenotype includes resistance to at least
ampicillin, chloramphenicol, streptomycin, sulfonamide, tetracycline, amoxicillin-clavulanic acid, and ceftriaxone
(ACSSUTAUCKX); these agents represent seven CLSI classes.
o 3% (74/2178) of nontyphoidal Salmonella isolates were resistant to at least ACSSuT. The most common
serotypes were Typhimurium, Newport, and Dublin. ACSSuT resistance occurred in

o 12% (39/325) ser. Typhimurium isolates

o 5% (10/209) ser. Newport isolates

o 83% (10/12) ser. Dublin isolates

o 3% (74/2178) of nontyphoidal Salmonella isolates were resistant to at least ASSuT but not chloramphenicol.
The most common serotype was | 4,[5],12:i:- (59 isolates) followed by Typhimurium. This resistance pattern
occurred in

o  47% (59/127) ser. 1 4,[5],12:i:- isolates
o 1% (4/325) ser. Typhimurium isolates

o 1% (31/2178) of nontyphoidal Salmonella isolates were resistant to at least ACSSUTAUCX. The most common
serotypes were Newport, Dublin, and Typhimurium. This resistance pattern occurred in
o 5% (10/209) ser. Newport isolates
o 83% (10/12) ser. Dublin isolates
o 2% (7/325) ser. Typhimurium isolates

e 10% (214/2178) of nontyphoidal Salmonella isolates were resistant to three or more CLSI classes. The most
common serotypes with this resistance were | 4,[5],12:i:, Typhimurium, Heidelberg, Newport, Dublin, and
Infantis. Resistance to three or more classes occurred in

o 51% (65/127) ser. | 4,[5],12:i:- isolates

17% (55/325) ser. Typhimurium isolates

33% (20/60) ser. Heidelberg isolates

6% (12/209) ser. Newport isolates

92% (11/12) ser. Dublin isolates

11% (8/76) ser. Infantis isolates

O O O O O

For Salmonella ser. Typhi, an important multidrug-resistance phenotype includes resistance to at least ampicillin,

chloramphenicol, and trimethoprim-sulfamethoxazole (ACT/S).

e 8% (23/279) of ser. Typhi isolates were resistant to at least ACT/S, and 10% (29/279) were resistant to three
or more classes

For Shigella, an important multidrug-resistance phenotype includes resistance to at least ampicillin and
trimethoprim-sulfamethoxazole (AT/S).

e 26% (88/344) of Shigella isolates were resistant to at least AT/S, and 54% (184/344) were resistant to three
or more classes
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Changes in Antimicrobial Resistance: 2013 vs. 2004-2008 and 2008-2012

To understand changes in the prevalence of antimicrobial resistance among Salmonella, Shigella, and Campylobacter over time, we
used logistic regression to model annual data from 2004-2013. Since 2003, all 50 states have participated in Salmonella and Shigella
surveillance, and all 10 FoodNet sites have participated in Campylobacter surveillance. We compared the prevalence of selected
resistance patterns among isolates tested in 2013 with the average prevalence of resistance from two reference periods: 2004-2008
and 2008-2012. (These methods are detailed in the Data Analysis section.)

We defined the prevalence of resistance as the percentage of resistant isolates among the total isolates tested. Changes in the
percentage of isolates that are resistant may not reflect changes in the incidence of resistant infections because of fluctuations in the
incidence of iliness caused by the pathogen or serotype from year to year. The incidence and relative changes in the incidence of
Salmonella, Shigella, and Campylobacter infections are reported annually from surveillance in FoodNet sites (CDC, 2014).

2013 vs. 20042008
The differences between the prevalence of resistance in 2013 and the average prevalence of resistance in 2004—2008 (Figure H1, A)
were statistically significant for the following:
e  Among Salmonella of particular serotypes
o ACSSuT resistance in ser. Typhimurium was lower (12.0% vs. 22.3%; odds ratio [OR]=0.5, 95% confidence interval [CI]
0.3-0.7)
o Nalidixic acid resistance in ser. Typhi was higher (67.4% vs. 53.1%; OR=1.9, 95% CI 1.4-2.5)

e  Among Shigella spp.
o Nalidixic acid resistance was higher (5.2% vs. 2.0%; OR=3.2, 95% CI 1.8-5.7).

The differences between the prevalence of resistance in 2013 and the average prevalence of resistance in 2004—2008 (Figure H1, A)
were not statistically significant for the following selected pathogen-resistance combinations:
¢ Among nontyphoidal Salmonella

o Ceftriaxone resistance (2.5% vs. 3.2%; OR=0.9, 95% CI| 0.6-1.1)

o Nalidixic acid resistance (2.8% vs. 2.2%; OR=1.4, 95% CI 1.0-1.9)

o Resistance to one or more classes (19.2% vs. 18.7%; OR=1.1, 95% CI 1.0-1.2)

o Resistance to three or more classes (9.8% vs. 11.2%; OR=0.9, 95% CI| 0.8-1.1)

. Among Salmonella of particular serotypes
o Nalidixic acid resistance in ser. Enteritidis (5.8% vs. 6.3%; OR=1.0, 95% CI 0.6-1.5)
o ACSSuTAuCx resistance in ser. Newport (4.8% vs. 11.7%; OR=0.5, 95% CI 0.3-1.1)
o  Ceftriaxone resistance in ser. Heidelberg (15.0% vs. 8.5%; OR=1.9, 95% CI 0.8—4.2)
¢ Among Campylobacter jejuni and C. coli
o  Ciprofloxacin resistance in C. jejuni (22.3% vs. 21.6%; OR=1.1, 95% CI 0.9-1.3)
o  Ciprofloxacin resistance in C. coli (34.5% vs. 27.2%; OR=1.4, 95% CIl 0.9-2.2)

2013 vs. 2008-2012
The differences between the prevalence of resistance in 2013 and the average prevalence of resistance in 2008—2012 (Figure H1, B)
were statistically significant for the following:
e  Among nontyphoidal Salmonella
o Resistance to one or more classes was higher (19.2% vs. 15.7%; OR=1.3, 95% CI| 1.2-1.5)
e  Among Salmonella of particular serotypes
o ACSSuUT resistance in ser. Typhimurium was lower (12.0% vs. 19.7%;0R=0.6, 95% CI 0.4-0.8)

The differences between the prevalence of resistance in 2013 and the average prevalence of resistance in 2008—2012 (Figure H1, B)
were not statistically significant for the following selected pathogen-resistance combinations:
e  Among nontyphoidal Salmonella

o  Ceftriaxone resistance (2.5% vs. 2.9%; OR=0.9, 95% CI| 0.7-1.2)

o Nalidixic acid resistance (2.8% vs. 2.1%; OR=1.4, 95% CI 1.0-1.9)

o Resistance to three or more classes (9.8% vs. 9.2%; OR=1.1, 95% CI 1.0-1.3)

. Among Salmonella of particular serotypes
Nalidixic acid resistance in ser. Enteritidis (5.8% vs. 6.2%; OR=1.0, 95% CI 0.6-1.6)
ACSSUTAUCKX resistance in ser. Newport (4.8% vs. 6.7%; OR=1.0, 95% CI 0.5-2.0)
Ceftriaxone resistance in ser. Heidelberg (15.0% vs. 16.7%; OR=0.9, 95% CI 0.4-2.0)
Nalidixic acid resistance in ser. Typhi (67.4% vs. 65.5%; OR=1.1, 95% CI 0.9-1.5)
¢  Among Campylobacter jejuni and C. coli

o  Ciprofloxacin resistance in C. jejuni (22.3% vs. 23.4%; OR=1.0, 95% CI 0.8-1.1)

o  Ciprofloxacin resistance in C. coli (34.5% vs. 30.8%; OR=1.2, 95% CIl 0.8-1.8)
e Among Shigella spp.

o Nalidixic acid resistance (5.2% vs. 3.8% (OR=1.7, 95% CI 1.0-2.9)

o
o
o
o
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Changes in Antimicrobial Resistance: 2013 vs. 2004-2008 and 2008-2012

Figure H1. Changes in prevalence of selected resistance patterns among Salmonella, Shigella, and
Campylobacter isolates, 2013 compared with 2004-2008 and 2008-2012*
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* The prevalence of resistance in 2013 was compared with the average prevalence from two reference periods, 2004—2008 and 2008-2012.
Logistic regression models adjusted for site using a 9-level categorical variable (9 US census regions) for Salmonella and Shigella and 10-
level categorical variable (10 FoodNet states) for Campylobacter. The odds ratios (ORs) and 95% confidence intervals (Cls) were
calculated using unconditional maximum likelihood estimation. ORs that do not include 1.0 in the 95% Cls are reported as statistically significant.

1 Antimicrobial classes of agents are those defined by the Clinical and Laboratory Standards Institute (CLSI)

1 ACSSuT: resistance to at least ampicillin, chloramphenicol, streptomycin, sulfonamide, and tetracycline

§ ACSSUTAUCKX: resistance to at least ACSSuT,* amoxicillin-clavulanic acid, and ceftriaxone

1 For 2013 vs. 2008-2012, the main effects model was adjusted for site using a two-level categorical variable (East, West)
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Increased Resistance to Macrolides in Campylobacter

Campylobacter is estimated to cause 1.3 million infections in the United States each year.! Symptoms include
diarrhea (often bloody), abdominal pain, and fever.2 Less common but more severe complications include
extraintestinal infections, reactive arthritis, and Guillain-Barré syndrome.2 The primary antimicrobial treatment
options for Campylobacter infection are fluoroquinolones and macrolides.? Resistance to fluoroquinolones is
common in the United States (24% in 2013) and elsewhere,?* at times leaving macrolides as the only treatment
option.2 Historically, Campylobacter resistance to macrolides in the United States has been low (<5%), but
increasing resistance to macrolides has been reported in many parts of the world.*

In 2013, the percentage of human Campylobacter isolates with macrolide resistance increased. The change was
small (from 1.8% in 2012 to 2.2% in 2013) among Campylobacter jejuni (Figure H2, A), the most common species
isolated from humans, but larger among Campylobacter coli, increasing from 9.0% in 2012 to 17.6% in 2013
(Figure H2, B).

Macrolide resistance in Campylobacter is usually mediated by a mutation in one or more copies of the
chromosomal 23S rRNA gene (Campylobacter has three copies of 23S). However, a new horizontally transferable
resistance determinant, ermB, was recently identified among macrolide resistant Campylobacter coli. The ermB
gene encodes an rRNA methylase and can be plasmid-encoded, allowing for rapid dissemination.> Molecular
studies are ongoing to identify the mechanism responsible for macrolide resistance among US Campylobacter
isolates.

Figure H2. Percentage of Campylobacter isolates with resistance to macrolides*, 2004-2013

A. Campylobacter jejuni

B. Campylobacter coli

30% 30% -
25% 25% -
1<

- ©

= 200 & 20% -

17 0

82 o)

g o

x 15% L 15%

o @

o

S 10% © 10% -

o 9]

Py o

& 5% - 5% -

0% T T T T T T T T T ) 0% +—== T T T T T T T T )
> K O A D O Q0 N O D X K O A D O 0O N 9D
O O O O O O N NY N\ N O & O & O N NY N N
S S S S S TS S S S

—— Annual percentage resistant to macrolides*
Upper and lower limits of the individual 95% confidence intervals for annual percentage resistant

* Resistance to azithromycin or erythromycin

1. Scallan E, Hoekstra RM, Angulo FJ, Tauxe RV, Widdowson MA, Roy SL, et el. Foodborne lliness acquired in the United States—major pathogens (expanded table 2). Emerg Infect Dis.
2011;17(1):7-15.

2. Blaser MJ, Engberg J. Clinical aspects of Campylobacter jejuni and Campylobacter coli infections. In: Nachamkin I, Szymanski CM, Blaser MJ, editors. Campylobacter, 3rd ed.
Washington, DC: ASM Press; 2008. p. 99-121.

3. Engberg J, Aarestrup FM, Taylor DE, Gerner-Smidt P, Nachamkin I. Quinolone and macrolide resistance in Campylobacter jejuni and C. coli: resistance mechanisms and trends in
human isolates. Emerg Infect Dis. 2001;7(1):24-34.

4. Pérez-Boto D, Lopez-Portolés JA, Simén C, Valdezate S, Echeita MA. Study of the molecular mechanisms involved in high-level macrolide resistance of Spanish Campylobacter jejuni
and Campylobacter coli strains. J Antimicrob Chemother. 2010;65(10):2083-88.

5. Wang Y, Zhang M, Deng F, Shen Z, Wu C, Zhang J, et al. Emergence of multidrug-resistant Campylobacter species isolates with a horizontally acquired rRNA methylase. Antimicrob

Agents Chemother 2014;58(9):5405-12.

19



Increasing Non-Susceptibility to Quinolones among Nontyphoidal Salmonella

Fluoroquinolones (e.qg., ciprofloxacin), a subset of the quinolone antimicrobial class, are important therapeutic options
for severe nontyphoidal Salmonella (NTS) infections, especially in adults.! NARMS tests isolates of NTS for resistance
to ciprofloxacin; a minimum inhibitory concentration (MIC) of 0.12-0.5 pg/mL is defined as intermediate, and MIC =1
pug/mL is defined as resistant. The quinolone nalidixic acid is also tested; MIC 232 ug/mL is defined as resistant, and
there is no intermediate category. Although nalidixic acid is not used to treat invasive salmonellosis, monitoring
susceptibility to this drug is important for surveillance purposes. Resistance to nalidixic acid is correlated with non-
susceptibility to ciprofloxacin (intermediate or resistant) and may predict fluoroquinolone treatment failure.? In NTS and
other Enterobacteriaceae, a single point mutation in the quinolone resistance-determining region (QRDR) of
topoisomerase usually leads to nalidixic acid resistance and reduced susceptibility to ciprofloxacin.®>4 Resistance to
fluoroquinolones typically requires stepwise mutations in the QRDR that also result in nalidixic acid resistance. Non-
susceptibility to ciprofloxacin in absence of nalidixic acid resistance may indicate extra-chromosomal (non-QRDR),
plasmid-mediated quinolone resistance (PMQR) mechanisms.*

Non-susceptibility to quinolones has increased among NTS since 1996. Although both resistance to nalidixic acid and
non-susceptibility to ciprofloxacin have been recently increasing, the trends diverged after 2005, with higher
percentages of isolates with ciprofloxacin non-susceptibility than nalidixic acid resistance (Figure H3). From 2009 to
2013, the percentage of isolates resistant to nalidixic acid increased from 1.8% (39/2193) to 2.8% (61/2178), while the
percentage with non-susceptibility to ciprofloxacin increased from 2.4% (52/2193) to 3.5% (77/2178). Among NTS
isolates with non-susceptibility to ciprofloxacin, the proportion that lacked nalidixic acid resistance was only 9.3%
(24/258) during 1996—2005, compared with 24.8% (127/513) during 2006—2013. Testing of NTS isolates collected
during 2004—-2006° and 20074 showed an increase in the proportion of isolates harboring PMQR mechanisms compared
with 1996-2003.5 NARMS is currently investigating the molecular mechanisms of resistance and possible sources of
the more recent infections and undertaking analyses to describe correlations between nalidixic acid resistance and
ciprofloxacin non-susceptibility in more detail at the serotype level.

Figure H3. Percentage of nontyphoidal Salmonella isolates with resistance to nalidixic acid compared
with non-susceptibility to ciprofloxacin*, 1996-2013
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Continued Rise of ASSuUT Resistance in Salmonella ser. |4,[5],12:i:-

In 2013, the percentage of human Salmonella ser. | 4,[5],12:i:- isolates with resistance to ampicillin, streptomycin, sulfonamide,
and tetracycline (ASSuT) but not chloramphenicol continued to increase. Resistance emerged in 2010 when the percentage of
resistant isolates increased to nearly 17% from less than 1.5% for the previous 14 years.* This resistance increased to 18.3%
(15/82) in 2011, 26.5% (31/117) in 2012, and 45.5% (59/127) in 2013 (Figure H4).

Serotype | 4,[5],12:i:- is a monophasic variant of serotype Typhimurium (I 4,[5],12:i:1,2). Resistance to ampicillin, streptomycin,
sulfonamide, and tetracycline has also been observed among NARMS isolates of serotype Typhimurium; however, the
majority of Typhimurium isolates resistant to these four agents have shown additional resistance to chloramphenicol. In 2013,
90.7% (39/43) of Typhimurium isolates resistant to at least ASSuUT were also chloramphenicol resistant (ACSSuT), compared
with only 1.7% (1/60) of ASSuT | 4,[5],12:i:- isolates. Among all nontyphoidal Salmonella isolates tested by NARMS in 2013,
74 (3.4%) were resistant to ASSuUT but not chloramphenicol; 59 (79.7%) of these were serotype | 4,[5],12:i:-. The next most
common serotype was Typhimurium with 4 (5.4%) isolates. (See the nontyphoidal Salmonella section for more detail).

In Europe, a notable increase of Salmonella ser. | 4,[5],12:i:- infections with resistance to ASSuT but not chloramphenicol has
been observed since the early 2000s, predating the emergence in the United States. The European emergence was caused
by a clonal group of | 4,[5],12:i:- ASSuT strains commonly belonging to definitive phage type DT193, with resistance conferred
by blartem-1, StrA/B, sul2, and tet(B) genes on the chromosome.?3 Similar to ACSSuT in DT104, ASSuT in DT193 is due to a
Salmonella Genomic Island (SGI) located in the chromosome; however, the SGI type and location differ between the two
strains. Exposure to pigs or pork products has frequently been reported in persons infected with the DT193 “European clone,”
and the organism has been isolated from pigs.?

In the United States, ASSuT-resistant serotype | 4,[5],12:i- with pulsed-field gel electrophoresis (PFGE) pattern JPXX01.1314
(identical to DT193) and resistant determinates blarem-1, StrA/B, sul2, and tet(B) has caused multiple outbreaks. Frequently,
these events have been linked with animal exposure or consumption of pork or beef, including meats purchased from live
animal markets.* The increase of ASSuT-resistant serotype | 4,[5],12:i- in the United States is likely due to clonal expansion,
given the frequency of the PFGE pattern and the resistance determinants likely being chromosomal, limiting horizontal
transfer. These characteristics parallel the spread of DT193 in Europe.

Figure H4. Percentage of Salmonella ser. | 4,[5],12:i:- isolates with resistance to at least ASSuT* but not
chloramphenicol, 2004-2013
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