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 Abstract Materials and Methods Results and Discussion

Introduction: Azithromycin, a 15-membered ring macrolide antibiotic, is critically * Azithromycin-Resistant Salmonella Detection and Controls * An array of macrolide resistance genes were identified, including erm(42), mef(C), mph(A), Table 3. Resistance Phenotypes and Genotypes in Test Group
important to human medicine and can be used to treat Salmonella infections. Other Based on resistance phenotype and genotype, 31 Salmonella isolates representing 12 mph(E), mph(G), and msr(E), and a point mutation (acrB_R717L), among which mph(A) was Isolates | Serotype Resistance Resistance Genotype
macrolides with 14-, 15-, and 16-membered rings are commonly used in veterinary serotypes were selected as the test group (Table 1). In addition, 14 Salmonella isolates dominant. Three macrolide resistance genes were confirmed as non-functional macrolide D -_
medicine. Purpose: We aimed to study the genomic structure of azithromycin resistant were selected as controls, including 3 isolates that carried a non-functional macrolide resistance genes [ere(A), mef(B), and mph(A)] due to gene truncation and lack of promotor Agona Amc Amp Azi Axo Fox Gen Fis aac(3)-Via,aadA1,bla,,,, fosA, mef(C), mph(E), mph(G), msr(E), sul1,
Salmonella recovered from food animals and retail meats and assess the contribution of resistance gene. region. Tet sul2, tet(B), tet(D)

Schwarzengrund Amp Azi Gen Fis Tet Cot aac(3)-lld,aadA2,aph(3")-1b,aph(6)-id,bla,.,, ,, dfrA12, mph(A), sull, sul2,

macrolide resistance genes to minimum inhibitory concentration (MIC) changes for o . o . . _
macrolides with different ring structures Methods: Thirty-four Salmonella isolated in |° Antimicrobial susceptibility testing using custom macrolide panel

2015-2021 that either showed resistance to azithromycin (MIC 232 pug/mL) or contained AST was performed !OV broth microdilution using a NARMS panel and a custom
macrolide resistance genes were identified through the National Antimicrobial Resistance ~ |macrolide panel according to the manufacturer’s instructions. The NARMS panel included

tet(B)

Typhimurium Amp Azi Chl Gen Fis Tet Cot aac(3)-IVa,aadA2,aph(3’)-la,bla ... , catAl, dfrA12, floR, mph(A), sull,
tet(G)

Ohio Amp Azi Cip Gen Fis Tet Cot  aac(3)-lld,aadA2,bla,, ,,dfrA12,mph(A),qnrB19,sull,tet(B)

Mbandaka Amc Amp Azi Fox Axo Chl Fis aadA2,aph(3")-Ib,aph(3')-la,aph(6)-id, bla_,,, ., dfrA12, floR, mph(A), sull

e AST using a macrolide custom panel showed that these genes accounted for several-fold to
hundreds-fold increases in MIC against 14- and 15-membered ring macrolides compared
with control strains.

. . . . . ol eq- . imi i ; : : Tet Cot ,sul2, tet(A)
Monitoring System (NARMS). Antimicrobial susceptibility testing (AST) was performed 14 antimicrobials, and the custom macrolide panelincluded 8 macrolides that represent AT Ve T Y o= e e Yo U Y T M Y armA,bla,;,, ., dfrA1,
: : i ane Mi : : : : _ 14-, 15-, and 16-member ring macrolide plus clindamycin. Cot ayrA_D87N,mph(E), msr(E),sull,sul2,tet(B)
using broth microdilution; MiSeq and PacBio assemblies were analyzed with AMRFinder 8 P y _ . . . T e P . e st ey e
plus and PlasmidFinder. Results: Resistance mechanisms identified included ere(A), * The erm(42) and acrB_R717L were associated with high MIC to the 16-memeberd ring S : . .

. . Short-Rea d an d Lone-Rea d WGS macroli de tl| dl irosin 14,[5],12:i:- Amp Azi Cip Gen Fis Tet Cot  aac(3)-lld,aac(6')-Ib-cr5,aadA16,aph(3")-Ib,aph(3’)-la, aph(6)-Id, arr-
erm(42), erm(B), mef(C), mef(B), mph(A), mph(E), mph(G), and msr(E), and a point 8 P : 3,bla,y,, , bleO, dfrA27, mph(A), mph(E), msr(E), qnrB6, sull, sul2, tet(B)
mutation (acrB_R717L). Among these, mph(A) was dominant (56.8%). A macrolide Short-read sequencing was performed on the MiSeq platform, and raw reads were de [FSIS1710858 11 Anatum Azi erm(42)

— ) , ) ) . . . . _ Senftenberg Azi erm(42)

custom AST panel showed that these genes accounted for up to 256-fold increases in MIC  19V0 as?cemblzd us:d:g the CLIC gle;comlcs \./:ﬁrtibemh v.|10 (Qlage.n). ﬁ(?tng-(r)eid s;guenc:jnigh « 28% Azi® isolates contained 2> macrolide resistance genes; one S. Agona isolate from retail ~ INSSG4GENEN Derby mifsTer aadgj,{‘o/sA,sZg,;et(AB) i

. . . . . ] ] ] ] ] redeney mp Azi Cip Nal Fis Te aac(3)-IVa,aadA7,acrB_ ,ap -Ib,aph(4)-la,aph(6)-I1d,bla,,.
against 14- and 15-membered ring macrolides compared with Salmonella isolates that ~ Was performed on the sequel platiorm wi e sequel sequencing kit 3.0 (PacBio), andthe pork chop carried 4 resistance genes with highest MIC to Ery (>1024), Gam (>512), Azi ble0,ayrA_D376G,qnrB19,sull,tet(A),tet(B)
lack macrolide resistance genes. The erm(42) and acrB_R717L were associated with 41  eads were assembled using the hierarchical genome assembly process 4 (HGAP4) pipeline (>512). Agona Amp Azi Gen Fis Tet aac(3)-Via,aadA1,aph(3")-1b,aph(3')-la,aph(6)-1d,bldyey.,, fosA, mph(A)
128-fold higher MICs to the 16-membered ring macrolide tildipirosin. High MICs for most (PacBio). ISIS160767500] Meleagridis  Aci :‘,‘,’:}E,(i),mzz,
other 16-membered ring macrolides were observed in Salmonella with and without the . _ . . . . 14,[5],12:i:-  Amc Amp Azi Axo Fox Chl Cip - aadA2,aadAS5,aph(3')-la,aph(3")-1b,aph(6)-Id,armA,blc.,. ., blarey.,
macrolide resistance genes. Macrolide resistance genes were mapped to diverse plasmid  * Bioinformatics Analysis and Data Visualization * High MICs for most 16-membered ring macrolides and lincosamide were observed in Gen Nal Fis Tet Cot dfrA1 floR, mphE, msrE, qnrB19, sull, sul2, tet(A), tet(B)
replicons, including Col(pHAD28), IncC, IncFIA, IncFIB(K), IncHI1A, IncHI1B, IncHI2, IncN, AMR genes, including biocide resistance and heavy metal resistance genes, were Salmonella with and without the macrolide resistance genes, suggesting intrinsic resistance.
INcP6, IncQl, and IncR. Some were hybrid mega-plasmids containing a wide range of identified with AMRFinderPlus 3.10. Plasmid replicon typing was conducted using Figure 1. Genomic Structure of MDR Plasmids: Red-AMR genes; HMR
genes conferring resistance to multiple drug classes, including critically important Pla.lsmidFinder 2.1. The plasmid structures fr(?m §e.lect Salmone//q isolates were depicted * Mobile elements-plasmid is the major vehicle to spread macrolide resistance genes. genes; and blue- Plasmid type
antimicrobials such as 3rd generation cephalosporins and fluoroguinolones. Significance;  Using Angular Plasmid (https://angularplasmid.vixis.com/) and alignment of plasmid

: : : : : : : sequences with similar structures deposited at the NCBI was generated with Easyfig 2.2.2. . . . . , _ , )
Emergence of azithromycin resistant Salmonella in food animals and derived meats with  Over 50% plasmids were carrying multiple drug class resistance genes, including resistance i s

co-resistance J,CO cr|t|caIIy.|m|F)ortant gntlmlcrqblals ' a najor public health concern, which to some critical antimicrobials, such as 3 generation cephalosporins and fluoroquinolones. b
warrants continued monitoring and intervention strategies to combat such resistance. e

IncHI2

-
-8
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Table 1: AZIR Salmonella Isolates selected in this study B DESIS11809860-1 a1
Serotype |Source |Year Macrolides R Genes | MIC of Table 2. MIC of Different Macrolides ancsesy \ - _ . e
Introduction RN RN <o veicrceecaman s e ey s
Az : m ef (C)I m p h ( E)I m p h ( G)I ”::%PB .,._-_;;‘é;(A} """ tet(B)
, . , , , N1850017 Agona PC 2018 IA mef(C),mph(E),mph(G), 1024 Agona msrE >512 >128 >512 >128 >512 16 >128 >1024 >128 Mimerp 1.
The macrolide class of antibiotics represent a large family of protein synthesis msr{(E) | 4,[5],12:i:- mph(E),msrE 256 >128 256 >128 >512 32 >128 1024 >128 : : o , o
inhibitors and have broad-spectrum activity against many bacterial species. They are TS v Schwarzengrund  Chicken 2016 AL mph(A) 128 14,[5],12:i:- mph(E),msr(E) 128 >128 128 >128 512 16 >128 1024 >128 & M
o . TR s . | 4,[5],12:i:- mph(A),mph(E),msr(E) 64  >128 128 >128 256 16 >128 512  >128
curre.ntly rfanked as crltl.cal.ly |rerortant antibiotics on both WHO and FDA's lists of FSIS1609433 Schw.arze?grund Chlc.ken 2016 GA mph(A) 128 —— erm(42) T o e L o e et b s
medically important antimicrobials for human medicine. Recently, there has been SISHEVOLDERS Typhimurium Swine 2017 MN mph(A) 128 Typhimurium  mph(A) 64  >128 128 >128 512 16 >128 >1024 >128 ec y
considerable interest in possibly separating drug products within this drug class based FSIS11808786 Nellls Swine 2018 CA mph(A) 128 CN’hiO mPZ(j\\) gz >i;g g: >i;g ;g: g >i;g >ig;2 >i;g o ~ ey
on their different ring structures. However, there is a lack of knowledge whether the £51511814458 RLLV/Lly Cattle 2018 TX mph(A) 128 ewport mph(A) 2 2 2 2 2 aac(3)-lid ™S4 %, 3 At S ¥/
. . . . . HEEEFTZM Mbandaka Swine 2018 IN mph(A) 128 Mbandaka mph(A) b bl e S i D dfrA27 B
various macrolide drug products share any mechanisms of resistance based on their , , Schwarzengrund mph(A) 64 >128 128 >128 128 8 >128 >1024 >128 WEE Sarr-3 S
, , , HEPLELEN | 4,[5],12:i:- Swine 2020 SD mph(A) 128 s ;AT mefC...
core ring structures. Therefore, understanding these mechanisms would be key to : : Meleagridis erm(42) 64  >128 64 >128 >512 >256 >128 >1024 >128 ool ai i moh(G)=
, , , _ , o FSIS11922707 REACIAYHE Swine 2019 NC mph(E),msr(E) 128 Bredeney acrB_R717L 128 >128 64 >128 >512 256 >128 512  >128 e ON1850017
supporting any potential separation and revised ranking of drug products within this|  FESTTITIEI Newport Beef 2018 TX mph(A) 128 14,(51,12:i:=  mph(E),msr(E) 128 >128 64 >128 >128 16 >128 1024 >128 g :
important drug class. NPl r /A Newport Beef 2020 CA mph(A) 128 Schwarzengrund mph(A) 128 >128 64 >128 128 8 >128 >1024 >128 pFSISZ_El?%SééS-l 5. Agona (bork
SICETIM 165112 GP 2019 MI mph(A)mphE)msr(E) 128 ()12t mphiElmsr) 64 o128 64 o1 128 8  oizs s12 oz ooz gy | P
Azithromycin, a 15-membered ring macrolide, is one of the most frequently FSIS1710858  WaUEI{]y Cattle 2017 TX erm(42) 128 |4:[5]:12;i;- mph(E):msr(E) 128 >128 64 >128 256 16 >128 512  >128 msf@j-:_’_i. ; i
prescribed antimicrobials for various Gram-negative infections, including FSIS12034725 " J\ UYLy Beef 2020 TX mph(A) 128 Senftenberg erm(42) 32  >128 32 >128 >512 256 >128 >1024 >128 ’""ﬂim) : Ay, oy
campylobacteriosis, and salmonellosis due to its favorable permeability, low toxicity, LISIPUELZL N Newport Beef 2021 TX mph(A) 128 feading acrB_R7171 e L L S I EOC e eacts v,

SHEPELENPI Newport Beef 2021 TN mph(A) 128 1 4,[5],12:i:- Truncated ere(A)* 4 >128 4 >128 64 8 >128 64 >128

and broad antimicrobial activity. Although the NAMRS surveillance data has showed *
Yy g FSIS12142912 L, Sheep 2021 CA mph(A) 128 Johannesburg  Truncated mef(B) 8 >128 8 >128 128 8 >128 128 >128

iR ' ' i Typhimurium mph(A)* 8 >128 4 >128 64 8 >128 64 >128 .
that the .preval.ence of A.2| Salmonella has been Io.w in the past thlrteen years, it has FSIS22130757 LT Cattle 2021 TX mph(A) 128 Contucky N AriRrelated genes [ — 0 L COnCI US|On
shown slightly increased in the last few years, especially Salmonella isolated from swine HEEFENEL LM Newport Beef 2019 UT mph(A) 128 Johannesburg  No AziR-related genes 32 >128 16 >128 >512 64 >128 256 >12
and cattle. Azi? S. Newport isolated from food animals has been reported to link to S LEPALLCET R Newport Beef 2021 WI mph(A) 128 Typhimurium No AziR-related genes 16 >128 16 >128 512 32 >128 128 >128 : : : : : :
human infections. A REPHDELEFES Newport Beef 2021 IL  mph(A) 128 |4,[5],1kZ=i=- No AZ!R-re:ateg genes 4 >128 8  >128 64 8 >128 64 >128 * The eme.rlg1ence Of a2|thromyc.||j|-r?IS|sttant Salmone.lla. n fb?old .amF\a!Is Iand do!e.rlve.d
T MIETIEIT M Senftenber Cattle 2018 KS  erm(42 37 Kentucky No AziR-related genes 4 >128 4  >128 128 8 >128 64 >128 meats with co-resistance to critically important antimicrobials in clinical medicine is
| | | | N58646 Derby ; GT 2015 MN ach( R)71 21 37 | 4,[5],12::- o I R FanEs | Lo 5 peos pold @ Pl Bl P a major concern, which warrants continued monitoring and intervention strategies
Whole genome sequencing (WGS) data showed that various macrolide resistance : - Newport No AziR-related genes 8 >128 4 >128 128 16 >128 64 >128 to combat such resistance
. . . . L . DI | 4,[5],12:i:- PC 2016 IN mph(E),msr(E) 512 Newport No AziR-related genes 8 >128 8 >128 128 8 >128 64 >128 .
genes are responsible for resistance to azithromycin, but it is unknown if these genes N17S1465 | 4,[5],12:i:- Swine 2017 SC  mph(E),msr(E) 64 Newport No AziR-related genes 8 5128 4  >128 128 4 5128 64 5128

are also responsible for resistance to 14, 16 member-ring macrolides. NARMS data also
showed that many of Azi® Salmonella are co-resistant to critically important
antimicrobials which is a major public health concern. The current study is to investigate
the resistance mechanisms and genomic structure of MDR plasmids to support FDA’s
drug ranking and protect public health concern.

HEFLPLEYAN Bredeney Swine 2017 IL  acrB R717L 64 * Non-functional macrolides resistance genes e Since Salmonella is intrinsically resistant to most 16-memebered ring macrolides, it

Agona Turkey 2018 NC mph(A) 64 * All 31 test strains and 14 controls had high MICs (> 128 pg/ml) for spiramycin, tylosin is not possible to evaluate if all AziR genes (except erm42 and acrB_R717L) could
| 4,[5],12:i:- GP 2019 NY mph(E),msr(E) 64 tartrate, and tylvalosin tartrate. cause resistance to 16-membered ring macrolides. More investigations are needed.
1 4,[5],12:i:- Swine 2019 VA mph(E),msr(E) 64 « Comparing the test and control groups, up to 256-folds MIC increases against
Meleagridis Beef 2016 KS erm(42) 64 azithromycin and gamithromycin, and the MIC increases were up to 128-, 32-, and 16- * Understanding resistance mechanisms provides information needed for risk
1 4,[5],12:i:- Swine 2018 VA mph(E),msr(E) 64 folds for tildipirosin, erythromycin, and tilmicosin, respectively. analysis and ranking the importance of macrolides based on its structure.
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