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Abstract Materials and Methods Results and Discussion

Background: Colibacillosis, caused by avian pathogenic Escherichia coli (APEC), was

) _ _ ) 0. _ Virulence gene selection: A comprehensive review of the literature was conducted in Of the 66 APEC test strains (Figure 1): Tree scale: 0.001 ———

selected as a model infection for exploring the potential utility of, and potential regulatory order to choose virulence genes as proof-of-concept drug targets (Table 1). Three genes  * 100% of retail and cecal isolates were positive for iutA, and 83% of clincal isolates. iutA was detected in

approaches for, evaluating antivirulence drugs for the treatment of infectious diseases. were chosen which vary in function: Adhesion - type | fimbrae (fimH), Iron acquisition — only one positive control, APEC 01, and was not detected in the EXPEC negative control. Colored

Colibacillosis Is an infectious disease affecting poultry flocks causing acute fatal septicemia, aerobactin operon (iutA), and toxins — colicin (cvaC). * 100% of cecal and clinical isolates were positive for fimH and 84% of retail strains. 100% of positive bt 05 | 1
subacute pericarditis, airsacculitis, and other sequelae. Although production strategies have  |gg|ate selection: A total of 66 APEC isolates from chicken sources were selected for APEC control strains and negative control strains were positive for fimH. Retal E ST

been adopted to control the spread of this disease, treatment continues to rely on this project from NARMS (25 retail chicken breast isolates from FDA/CVM, 26 chicken . cvaC was detected in 25% of clinical isolates and was not detected in positive or negative controls. cvaC FSIS | . | seRiosares
antimicrobial drug therapy, including tetracyclines, cephalosporins, and aminoglycosides. cecal isolates from USDA/FSIS), 12 isolates from chickens with colibacillosis from was detected in 88% of retail and 65% of cecal strains. I Clinical disease — | - Ecmen
Purpose: Using colibacillosis as a model infection, this project explores the kinds of published literature (Mageiros et al. 2021), two positive controls from chickens with . SNPs were not detected in cvaC. SNPs were detected in iutA and fimH, resulting in 1.5-2.5 amino acid | 0.5 : sersossce?
Information and data necessary to support CVM's pre-approval evaluations of these colibacillosis (Johnson et al. 2007, Mangiamele et al. 2013), and a negative control changes in fimH (Figure 2), with no identified correlation between sources or resistance phenotype. Hegative Conirol | semssri
alternatives to traditional antimicrobial drugs. This includes the use of genetic assessments — gyyry-intestinal pathogenic E. coli (EXPEC) from retail ground beef from the NARMS + 62.7% of the total collection and 75% of clinical colibacillosis strains were pansusceptible. | serosnct

to confirm the involvement of specific virulence mechanisms in a given disease process, and  ,rogram. Isolates were identified as APEC by the detection of the iss and tsh genes from  + 73% of cecal isolates were resistant to >1 antimicrobial, with 50% multidrug resistant (MDR) | Seroosisz

their potential to promote co-selection of antimicrobial resistance. | chicken sources. « Most common MDR pattern — resistance to aminoglycosides, sulfonamides, tetracyclines | seroasszo
Methodology: Existing scientific literature and genomic data are being mined to address Analysis: Whole genome sequences and metadata for the 66 isolates were obtained « Tetracycline resistance was most common, with 42% of the collection resistant to tetracycline. 61% of | sero1zats
CVM's concerns regarding unintended consequences, such as co-selection of antimicrobial from NCBI. Antimicrobial resistance and virulence gene detection data were obtained cecal and 36% of retail isolates were resistant to tetracycline. The most prevalent antimicrobial | Serssions
resistance. A review of published literature was conducted to choose virulence genes as from the NCBI Pathogen Detection Isolate Browser using AMRFinderPlus and fimH and resistance gene detected was tet(A), with 36% of retail and 11% of cecal isolates positive for tet(A). | serssisio
proof-of-concept drug targets. Three genes were chosen, representing adhesins (type | plasmid sequences were detected using customized workflows using STSR and Only 1 clinical isolate was tetracycline resistant and was positive for tet(B). | Srmoomssst
fimbrae, fimH), iron acquisition (aerobactin operon, IutA), and toxins (colicin, cvaC). Atotal  piasmidFinder in GalaxyTrakr. Antimicrobial susceptibility testing (AST) data were + 57% of cecal and 5% of retail isolates were resistant to sulfonamides, with the sull as the most- | Srmo0ee2os

of 66 APEC isolates from chicken sources were selected for inclusion from the National obtained from the NARMS program, utilizing CLSI standards for broth microdilution using commonly detected gene in 8% of retail and 11% of cecal isolates. | ShRrta0t5
Antimicrobial Resistance Monitoring System (NARMS) (25 retail chicken breast isolates, 26 1o NARMS standard E. coli CMVSAGNF plate and CLSI breakpoints utilized by the  34% and 16% of cecal and retail isolates and 16% of clinical isolates were beta-lactam resistant. | et
chicken cecal isolates), 12 isolates from chickens with colibacillosis (Mageiros et al. 2021), 2 yARMS program. AST data were not available from the 15 isolates obtained from Clinical isolates were only positive for bla, (8%) but retail and cecal isolates housed 5 beta-lactamase | SRt
positive controls from chickens with colibacillosis from the literature, and a negative control  , pjished literature. Maximum likelihood trees based on single nucleotide polymorphisms genes with the most common being blagy,, and blacyy, (52% of retail and 15% of cecal isolates). | SRoT?
extra-intestinal pathogenic E. coli (ExPEC). Isolates were identified as APEC by detection of  (gnps) or amino acid changes were created by Dr. Chih-Hao Hsu from FDA/CVM by « IncFIB plasmids were detected in 83% of clinical isolates and 949% of retail and cecal isolates. IncFIB | Snasiesen

Iss and tsh genes from chicken sources. Whole genome sequences and metadata were identifying each of the three virulence genes (cvaC, iutA, fimH) in each isolate using the plasmids were not detected in positive or negative controls. | rmeranns
obtained from the National Center for Biotechnology Information (NCBI). Antimicrobial Blast program (Altschul et. al. 1990) and extracting their gene sequences with an in- - 15 different types of plasmids were identified in this collection of APEC strains, with the second most- |

resistance gene, virulence gene, and plasmid detection data were obtained in addition to house script. All gene sequences were aligned using Clustal Omega package (Sievers et. commonly detected plasmid being IncFIA.

antimicrobial susceptibility testing (AST) data, where available. Maximum likelihood trees al. 2011) and the maximum likelihood trees were constructed using the PHYLIP package

based on single nucleotide polymorphisms (SNPs) or amino acid changes were created by Dr. (Felsenstein 1989). Amino acid changes as a result of mutations were evaluated : Sl
Chih-Hao Hsu for each of the three virulence genes (cvaC, iutA, fimH) in each isolate. (Shakya et al. 2020). % Positive for Antimicrobial Resistance by Class, Virulence Genes, and Plasmids | srroesTos
Correlations between virulence gene detection, antimicrobial resistance genotype or . SRR10482423
phenotype, and type of source were assessed. Table 1. Comprehensive literature review identifying possible virulence factors, 100 __ [ R
Conclusion: Preliminary results show that 100% of retail and cecal isolates were positive for mechanisms of action, and genetic targets. 1 . s

iutA, and 100% of cecal and diseased animal isolates were positive for fimH; however, — NP, e — - L ST
positive control isolates were not positive for all three target genes. This suggests that dhosine o 1 fimbriae La Ragione, Cooley and Woodward (2000). 90 Sar1067501
virulence genes are being propagated among the E. coli residing in poultry. The cvaC gene _ Vandekerchove D. et al. (2005) 1 , L o

was detected least frequently of the three gene candidates (76% retail and cecal isolates, Type 1 (£1) and P (Pap/Prs) fimbriae o7 Inziva F, stevens MP (2008) 1 i 1 e

and 25% in diseased animals). The latter was a surprising finding, raising the need for Stg fimbriae Lymberopoulos et al. (2006) - [ S
further study. SNPs were not detected in cvaC but did cause amino acid changes in iutA and P fimbriae _ Kariyawasam and Nolan (2009) [ e

. . . . .- . . Autotransporter adhesion AatA Li et al. (2010); Wang et al. (2011)

more commonly in fimH. The IncFIB plasmid was identified in 94% of retail and cecal Curli La Ragione, Cooley and Woodward (2000) Figure 2. Maximum likelihood tree based on SNPs resulting in amino acid
Isolates, and 83% of diseased animal isolates. The percent of isolates exhibiting Temperature sensitive hemagglutinin Tsh |[2020iS €t al. (2000), Vandekerchove D. et al. (2005), 70 ch%nges i-n fimH for 66 APEC isolates )

f"mtlmlcr(_)blal resistance was low In all sources. This StUdy will elucidate the km_d of - o De_ ~arm et e (2055) *0.5 indicates an average of 50% amino acid difference, 1 indicates one amino acid difference
information and data needed for development of a pre—approval, regulatory science fcemper_ature—se_nsmve haemagglutinin of |Dziva F, Stevens MP (2008), Vandekerchove D. et al.

“roadmap” to evaluate antivirulence drugs across a wide scope of diseases impacting animal imprecise function (2009) - :

and human health. \E((.qlcoli common pilus (ECP) gg?; :': :II.. ((228:?4?)) CO n C I u S I O n S

- Antiphagocytic
I n t r O d u Ct I O n activity/serum serum resistance Vandekerchove D. et al. (2005) o o ] ]
resistance 50 i 0 | Within our preliminary evaluation, we observed the following trends:
The use of antimicrobial drugs in food-producing animals has come under recent scrutiny due Increased serum survival (Iss) gglil’;ﬁitg.aEZC()ggié;/andekerchove D. et al. (2005), 1. Virulence genes are extensively propagated among E. coli strains residing in
to consumer concerns and recent action by the FDA limiting the use of medically important Degenerate type 111 secretion system 2 ' T poultry, even if those animals did not break with disease. Failure to break
antimicrobials to judicious uses only, removing long-standing production indications from (ETT2sepsis) ldeses et al. (2008); Huja et al. (2015) 40 with disease may be a function of the integrity of the animal’s immune
their approved use status. With the reduction in availability of antimicrobials for use in food- CK)7618nlI_P§anti T ——————— 'E)"Zei'\'lzti e;t";‘te(fsob? (2008), Vandekerchove D. ot al system, or it could indicate the need for concomitant expression of multiple
producing animals, and a move towards the marketing of “no antibiotics ever” or organic activity PR (2005) | - 1 factors, some of which may not have been included in our preliminary
food products, interest in the use of alternative molecules, such as drugs that target K1 capsular polysaccharide Mellata et al. (2003a) 30 i assessment. Future work will include more clinical colibacillosis isolates, as
virulence factors, to treat food-animal diseases has increased. To properly evaluate drugs TraT ?22(')‘635; , Stevens MP (2008), Vandekerchove D. et al. our sample size was small (n=12).
that target virulence factors, a proof-of-concept study using colibacillosis in chickens, caused Iron acquisition ron acquisition systems Dziva F, Stevens MP (2008), Vandekerchove D. et al. 2. The much lower detection of cvaC in diseased animals versus healthy
by APEC, was initiated by CVM. Colibacillosis was selected as the infectious process because _ (2005), De Carli et al. (2015) 20 | animals at slaughter (76% retail and cecal isolates, and 25% in ill animals)
- - i . . . Aerobactin operon Gao et al. (2015a) .. . . .

of the wealth of available genomic data; moreover, because E. coli can be pathogenic both in A De Carli et al. (2015) was surprising, possibly suggesting alternative genes that are more
humans and veterinary species, this work carries important One-Health implications. Salmochelin Caza et al. (2008) responsible for colibacillosis disease characteristics. In fact, it would be
Studying a pathogen’s genome provides insights into the disease-producing process, bacterial System Sit Sabri et al. (2008) 10 | interesting to see if there are differences in virulence gene expression
mechanisms to resist antimicrobial drug actions, and potential compensatory survival St 2o tarli et al. (2019) i across the various strains of E. coli (e.g., urinary tract, UPEC, and EXPEC).
mechanisms, including gene transfer. Data to investigate this impact will be investigated Heme utilization/transport protein ChuA LT et al. (2005); Gao et al. (2012) ' l l l_ ]ﬂ ]ﬂ I] l_ I_ 3. Certain virulence genes appear to be more prone to mutations than others
using whole genome sequencing and phenotypic resistance data where available from Metabolism tho_stphfte tran:portl\ﬁyétem (pts) (I;an;a_rche tet Ial. 2(5525) o 1 11 - (e.g., SNPs were not detected in cvaC, but did cause amino acid changes in
publicly available information in the literature, from NCBI, and the NARMS program. Co- SL;'; r,:‘;‘;‘jg;f;: EA'erC§5_37) Cf,oi'zfaeetaé,_((zoog) & &£ & & ?@ & S & & F QD S & & F P ﬁ& & %@ & @hb > & F L& IUtA and more commonly in fimH). Future work will investigate correlations
selection of antimicrobial resistance on the chromosome or on mobile genetic elements, such  [two-component AStA/RSLR Gao et al. (2015b) ‘\bc‘} & o@é‘ L &L ¥ ¢ ¢ F @ e F& & v 70 between observed virulence gene mutations and co-location on the
as plasmids, will be investigated. Because of the novelty of this alternative approach, CVM regulatory systems S Sertrand et Al (2010) _\g@ %ﬁaﬁ c;-“i*&p @f’ N P chromosome or mobile elements with antimicrobial resistance genes by
faces a number of critical questions that have yet to be addressed including: 1) are there BarA/UvrY Herren et al. (2006) & long-read sequencing.
prominent virulence factors that can provide effective targets for treatment in the majority of  |Miscellaneous SsrA/SmpB Mu et al. (2013) _ N | 4. Due to the high detection of IncFIB plasmids (94% in retail and cecal
disease outbreaks, or are there strain variations that could render antivirulence therapies :Egﬁ ?:rdir:\lﬁ:on g;fvaOF” g:ei'é rfs(ﬁg)(:zggeggard et al. (2012) Mretail% (n=25) Mcecal% (n=26) Mclinical% (n=12) ®01and 078%(n=2) MNegative% (n=1) strains and 83% clinical strains), this test set may have been
outbreak-specific? 2) would genetic testing be needed to identify when a specific Type VI secretion systems de Pace et al. (2010); Ma et al. (2014) _ _ o _ _ o _ _ _ _ unintentionally enriched for plasmids associated with iss or tsh genetic
antivirulence drug may be appropriate? 3) could use of these treatments increase the Transcriptional regulator (YjjQ) Li et al. (2008) Figure 1. Detection of antimicrobial resistance by antimicrobial class, multidrug phenotype, plasmid, and virulence markers; how)éver, 67% of tEe collection were pansusceptible, i?ldicating
potential for selection of antimicrobial resistance? 4) what are the risks for plasmid transfer VVacuolating autotransporter toxin (Vat)  |Parreira and Gyles (2003) gene for 66 APEC 'SOIat_eS- ABT (Amlnog!ycosmes,_ Beta-lactamases, TetraCyC“neS)z AST (Amlnog_IyCOS|des, that plasmids associated with the virulence genes studied may not always
between strains, and are there associated risks from a human food safety perspective, Flagella (FIiC) Dziva et al. (2013) Sulfonamides, Tetracyclines), ABST (Aminoglycosides, Beta-lactamases, Sulfonamides, Tetracyclines), BT (Beta- be associated with resistance genes.
including transmission of APEC to humans via food? 5) what are the risks for inducing Group 4 capsule Dziva et al. (2013) lactamases, Tetracyclines), BST (Beta-lactamases, Sulfonamides, Tetracyclines) 5. It appears that efforts to reduce the use of antimicrobial drugs in poultry
foodborne disease in humans, and is there a need to include virulence factors as part of our -~ PencERerchoue 5. £L2L 12A) . S Altschul .., Gish, W., Miler, W., Myers, E:W. & Lipman, D.J. (1990) Basic local alignment search tool. J. Mol. Biol. 215:403-410 have succeeded In constraining the proliferation of resistance genes, since
human food safety assessment (Martinez et al. 2019)? This project will explore these e endexerenove D, £12 P2008), D PRV ST TR | faenstaln, ) Go8) At hvigery infrence Pk (U 3.2) CILsies 5L 165 155, e A, onnson .ol L. The genome sequence ofaian pathogrl Eschricia cll it LKLY sare srog the percent of isolates exhibiting antimicrobial resistance was low in all
questlons from the perspectlve of a smgle virulence factor, lncludlng type 1 fimbriae (ﬁmH), |ro|(i:Cin e Vandekerchove D. et al. (2005) ;i'\TCi:IIaDri:tiPel\s/l(\;vlitShSlsngrga.n extraintestinal pathogenic E. coli genomes. J Bacteriol. 2007 Apr;189(8):3228-36. doi: 10.1128/JB.01726-06. Epub 2007 Feb 9. Erratum in: J Bacteriol. 2007 Jun;189(12):4554. PMID: 17293413; sources. Additional clinical isolates will be included in future work.
aeropactin operon for iron-acquisition (iutA) and colicin (bacterial competition factor, cvac), plasmids vandekerchove D. et al. (2005) e e R B il v Seaa T Lo R LT en e he B T Cororiene ponoms cacienes ot e 2o P B L 2R . 2013 Mer 6. Data gaps exist due to the limitations of short read sequencing
that would have the greatest impact on poultry morbidity and mortality. CVM will utilize this cvaC - gene for colicin and common on |5 o o4 a1 2015) . Martings MN, watts JL, Gilbert V. Questions asscciated with the development of novel drugs fmtended for the treatment of bacterial infections in veterinary species. Vet J. 2019 Jun;248:79-85. doi: 10.1016/j.tvj1.2019.04.009. technologies, the completeness of databases used to screen sequences
informaltion agd dat? tof de(;/elop glIJideIines for industry for regulatory evaluation of f;';ifﬁiﬂ"; De Carll ot al (2015) : Eﬁiﬁyiohllfﬁﬁ%ﬁg'si“f'é’;vﬁﬁff KW, Flynn MC, Lo CC, Chain PSG. Standarized phylogenetic and molecular evolutionary analysis applied to species across the microbial tree of lfe. Sci Rep. 2020 Feb 3;10(1):1723. do: (PlasmidFinder, AMRFinderPlus), and the limited availability of clinical
antivirulence rugs or food animals. colM (colicin M) De Oliveira et al. (2020) . é%&giSFfﬁﬁﬁsA?%?;iiisgél,'GF;'l\a/ls!gr; %20&2%?35 E'}ASI\?VZ, Tc\:/lpceigg?u;/\'/iniam H, Remmert M, Soding J, Thompson JD, Higgins D. (2011) Fast, scalable generation of high-quality protein multiple sequence alignments using iSOIateS-
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