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Abstract

:

The emergence of antimicrobial resistance (AMR) in commensal and pathogenic enteric bacteria of swine is a public health threat. This study evaluated publicly available AMR surveillance data collected by the National Antimicrobial Resistance Monitoring System (NARMS) by assessing AMR patterns and temporal trends in commensal E. coli isolated from cecal samples of swine at slaughter across the United States. We applied the Mann-Kendall test (MKT) and a linear regression trend line to detect significant trends in the proportion of resistant isolates to individual antimicrobials over the study period. A Poisson regression model assessed differences among years in the number of antimicrobials to which an E. coli isolate was resistant. Among the 3237 E. coli isolates, a very high prevalence of resistance for tetracycline (67.62%), and high resistance for streptomycin (24.13%), and ampicillin (21.10%) were identified. The MKT and the linear trend line showed a significantly increasing temporal trend for amoxicillin-clavulanic acid, ampicillin, azithromycin, cefoxitin, ceftriaxone, and trimethoprim-sulfamethoxazole. Compared to 2013 the number of antimicrobials to which an E. coli isolate was resistant was significantly higher in the years 2017, 2018, and 2019. The increasing temporal trend of resistance to important antimicrobials for human medicine (e.g., third-generation cephalosporins) and the increase in multidrug resistance in the later years of the study are concerning and should be followed up by studies to identify sources and risk factors for the selection of AMR.
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1. Introduction


The emergence of antimicrobial resistance (AMR) in commensal and pathogenic bacteria has become a global health concern that requires a One Health approach as human, animal, and environmental health are interconnected [1]. Moreover, infections with antimicrobial-resistant bacteria increase therapeutic failures and costs and can also be spread from livestock to humans [2,3].



In the United States of America (US) the Centers for Disease Control and Prevention (CDC) highlighted the importance of combating AMR as more than 2.8 million antibiotic-resistant infections occur each year, and more than 35,000 people die as a result [4]. To combat the emergence of AMR in animal populations, in 2018, the U.S. Food and Drug Administration (FDA), Center of Veterinary Medicine defined main priorities, including supporting antimicrobial stewardship programs by advocating for judicious antimicrobial use in veterinary settings and improving antimicrobial use (AMU) and AMR monitoring in animals [5].



The widespread use of antimicrobials in livestock, including on swine farms, is one of the main drivers for the emergence of AMR [6,7]. According to the FDA estimate, livestock production accounted for almost 70% of all medically important antibiotic sales in the United States in 2021, and the highest proportion (42%) of these antimicrobials has been used in swine [8]. In response to national and global mandates, the livestock sector in the US is proactively implementing AMU reduction strategies and progressively eliminating the preventive use of medically important antimicrobials to contain the emergence of AMR. In 2012, FDA published its first Guidance for Industry (GFI) #209 [9] which stipulated limiting the use of medically important antimicrobials only for disease prevention, treatment, and control, and the use of these antimicrobials should be under veterinarian oversight. In addition, the use of antimicrobials as growth promoters was not allowed. An additional GFI #213 was fully implemented in January 2017 that required veterinary oversight of medically important antimicrobials administered via feed or water, and each administration requires a Veterinary Feed Directive (VFD) order (for in-feed use) or prescription (for antimicrobials administered via water) [10].



Swine meat and products are one of the most important sources of protein worldwide [11]. The US was the world’s third-largest producer and consumer of swine and swine products after the European Union and China in 2022 [7,12,13]. This high level of consumption further underscores the important potential role of swine meat and products in the dissemination of resistant commensal and/or pathogenic bacteria through human food consumption in the United States.



Since swine meat and products might be potential sources of human exposure to resistant commensal and pathogenic bacteria [14] monitoring the trends of AMR at the farm [7,13] and slaughter [15,16] levels is necessary to identify emerging trends to prevent human infections caused by foodborne antimicrobial-resistant bacteria.



Commensal Escherichia coli (E. coli) are ubiquitous bacteria in the intestinal tract of humans and warm-blooded animals [17], and are good indicators of fecal contamination of meat [18], as they can contaminate meat and meat products during slaughter (i.e., evisceration), after slaughter, during the handling of meat, or through tainted water [11,19]. Escherichia coli are also a good indicator of the selective pressure imposed by antimicrobial use in livestock [20], as they can acquire and transfer resistant genes to other commensal and pathogenic bacteria in the intestinal tract and may pose a risk to human and animal health [21,22]. Commensal E. coli are commonly used in AMR monitoring programs of livestock, humans, and their environment as they are easy and economically feasible to isolate [23,24].



Surveillance systems are vital to monitor the AMR status and change over time of commensal and pathogenic bacteria to identify emerging trends to support public health authorities in implementing effective mitigation measures [25,26]. Good examples of surveillance programs that include monitoring of AMR in indicator bacteria from swine are the National Antimicrobial Resistance Monitoring System (NARMS) in the USA, the Danish Integrated Antimicrobial Resistance Monitoring and Research Program (DANMAP) in Denmark, the European Antimicrobial Resistance Surveillance Network in Veterinary Medicine (EARS-Vet) in Europe, and the Canadian Integrated Program for Antimicrobial Resistance Surveillance (CIPARS) in Canada [27,28,29,30].



Long-term monitoring of AMR trends in commensal bacteria from swine at slaughter is useful to assess the effectiveness of antimicrobial stewardship programs and to measure the potential human health risk posed by antimicrobial-resistant bacteria [31]. To address this, the present study evaluated NARMS data to determine the prevalence and phenotypic AMR patterns and trends of commensal E. coli isolated from the cecal content of market swine and sows at slaughter in the US between 2013 and 2019.




2. Materials and Methods


2.1. Study Design


The present study used the publicly available food animal surveillance data of cecal samples collected from market swine and sows at slaughter facilities throughout the US between 2013 and 2019 by the United States Department of Agriculture (USDA) Food Safety Inspection Service (FSIS) under the National Antimicrobial Resistance Monitoring System (NARMS) Surveillance Program using published methods [28]. In brief, to obtain a representative sample of overall national swine production, cecal samples from individual market hogs and sows are collected randomly considering the establishment size, animal classes slaughtered, and annual slaughter volumes.




2.2. Bacterial Isolation and Antimicrobial Susceptibility Testing


Standard microbiological techniques were applied to isolate E. coli from cecal swine samples at the USDA FSIS Eastern Laboratory [32].



The NARMS interpretive criteria for susceptibility testing and classification of resistant isolates were based on the minimum inhibitory concentrations (MIC) breakpoints established by CLSI (Clinical and Laboratory Standards Institute) M100-Ed30 document, and the CLSI MIC Interpretive Standards (M100-S29), except for streptomycin, and azithromycin, which has no CLSI breakpoint. The following antimicrobials and their breakpoints were included: amoxicillin-clavulanic acid (AMC) (≥32/16 μg/mL), ampicillin (AMP) (≥32), azithromycin (AZM) (≥32), cefoxitin (FOX) (≥32), ceftriaxone (AXO) (≥4), chloramphenicol (CHL) (≥32), ciprofloxacin (CIP) (≥0.12), gentamicin (GEN) (≥16), nalidixic Acid (NAL) (≥32), streptomycin (STR) (≥64 before 2014; ≥32 after 2014), tetracycline (TET) (≥16), and trimethoprim-sulfamethoxazole (COT) (≥4/76).



Intermediate isolates were classified as susceptible. Resistance to antimicrobials was defined as rare: <0.1%, very low: 0.1% to 1.0%, low: >1.0% to 10.0%, moderate: >10.0% to 20.0%, high: >20.0% to 50.0%, very high: >50.0% to 70.0% and extremely high: >70.0% [33].




2.3. Statistical Analyses


Statistical analyses were performed using STATA Intercooled software (Version 17, Stata Corporation, College Station, TX, USA) and R software [34] in the RStudio platform (Version 1.4.1106 © 2009–2021 RStudio, PBC). For each antimicrobial, the proportion of resistant isolates was calculated by dividing the number of isolates resistant by the total number of isolates tested.



The Mann–Kendall test (MKT) and a slope constructed by regressing the mean resistance over the study period (2013–2019) were used to identify monotonous temporal trends of AMR. The slope indicates the increasing or decreasing trend and its gradient, while the MKT identifies the significance of trends in a time series.



A single-linkage clustering dendrogram was constructed using Ward’s hierarchical clustering method with Euclidean distances to assess co-resistance patterns of isolates and was illustrated in a heatmap using the heatmap.2 package with ggplots and RColorBrewer libraries in R software. To assess correlations between antimicrobials Pearson correlation coefficients were calculated and illustrated in a correlogram (correlation matrix).



A Poisson regression model was constructed for the count outcome variable signified by the number of antimicrobials to which an E. coli isolate was resistant. The predictor variable was signified by the year of sampling, where 2013 was used as a referent to which all the other years (2014–2019) were compared. For the regression model incidence rate ratios (IRR), 95% confidence intervals and p-values were calculated. A p-value ≤ 0.05 was considered significant. An IRR of <1 indicated a decrease and >1 indicated an increase in the number of antimicrobials to which an isolate was resistant.





3. Results


3.1. Prevalence of Antimicrobial Resistance


Overall, among the 3237 E. coli isolates, a very high prevalence of resistance for tetracycline (67.62%), and high resistance for streptomycin (24.13%), and ampicillin (21.10%) were identified (Figure 1). A low level of resistance was observed to nalidixic acid (1.82%), gentamicin (1.85%), cefoxitin (3.55%), amoxicillin-clavulanic acid (3.68%), ciprofloxacin (3.92%), ceftriaxone (4.45%), chloramphenicol (6.02%), and trimethoprim-sulfamethoxazole (5.65%). A very low proportion of isolates (0.77%) showed decreased susceptibility to azithromycin (Figure 1).




3.2. Antimicrobial Resistance Trends over Time


The Mann–Kendall test (MKT) identified significant monotonous temporal trends over the study period (2013–2019) in the proportion of resistances to amoxicillin-clavulanic acid (p = 0.02), ampicillin (p = 0.02), ceftriaxone (p = 0.04), azithromycin (p = 0.02), trimethoprim-sulfamethoxazole (p = 0.04), and cefoxitin (p = 0.02). For all of these antimicrobials, a linear trendline showed an increasing trend in the proportion of resistance (Figure 2).




3.3. Antimicrobial Resistance Patterns and Clustering


3.3.1. Clustering Dendrogram


The clustering dendrogram (heatmap) for resistances to individual antimicrobials in E. coli isolates is shown in Figure 3. A cluster of isolates susceptible to all of the tested antimicrobials can be seen at the bottom section of the heatmap rows. A second cluster located above the first cluster includes isolates resistant to streptomycin and tetracycline. In the middle section of the heat map rows, a third cluster includes isolates that were resistant to tetracycline. At the top section of the heatmap rows, several smaller clusters that were resistant to multiple antimicrobials are located.




3.3.2. Correlation among Antimicrobial Resistances


The Pearson correlation coefficients between resistances to individual antimicrobials are illustrated in Figure 4. The highest correlation coefficients were identified between cefoxitin and amoxicillin-clavulanic acid (0.96), cefoxitin and ceftriaxone (0.86), ceftriaxone and amoxicillin-clavulanic acid (0.83), and nalidixic acid and ciprofloxacin (0.63).




3.3.3. Antimicrobial Resistance Patterns


Table 1 shows the AMR and multidrug resistance (MDR) patterns of E. coli isolates. Multidrug resistance was detected in 14.9% (n = 483) (95% CI = 13.7–16.2%) of the E. coli isolates from the cecal samples of swine at slaughter. Ninety-eight MDR profiles (resistant to three or more classes of antimicrobials) were identified. According to our findings, the most common MDR pattern was the concurrent resistance to ampicillin-streptomycin-tetracycline (n = 165). In this study, a total of eighteen isolates were found to exhibit resistance to six different antimicrobial classes. Furthermore, four isolates also demonstrated resistance to seven different classes of antimicrobials. (Table 1). It should be noted that of all E. coli isolates tested, 27.9% (n = 905) were susceptible to all the tested antimicrobials (Table 1).



The less common AMR and MDR patterns in E. coli isolates are described in Table S1.





3.4. Poisson Regression Analysis


The results of the Poisson regression model are shown in Table 2. Compared to 2013 the number of antimicrobials to which an E. coli isolate was resistant was significantly higher in 2017 (Incidence Rate Ratio (IRR) = 1.24), 2018 (IRR = 1.42), and 2019 (IRR = 1.34).



The predicted marginal effects for the number of antimicrobials to which an E. coli isolate was resistant increased over the study period, showing the highest predictions for 2018, 2019, and 2017 (Figure 5).





4. Discussion


Assessing longitudinal surveillance data on AMR in commensal E. coli of swine at slaughter is an effective approach to identifying changes in resistance to individual and multiple antimicrobials and detecting emerging trends. Currently, antimicrobial stewardship programs are being implemented in the US swine and other livestock industries to limit the emergence of AMR in commensal and pathogenic enteric bacteria. However, the impact of the implemented interventions and their potential contribution to reducing AMR remains to be assessed. The findings of this study provide evidence-based data on AMR trends in E. coli isolated from swine at slaughter, which will aid animal and public health stakeholders in improving antimicrobial stewardship programs.



The current investigation determined that the E. coli isolates exhibited very high resistance to tetracycline, and the trend of resistance to tetracycline was not significantly changing over the study period. Comparable resistance profiles have been previously documented in swine-derived E. coli isolates from the United States [35] and other countries worldwide [36,37,38,39]. In a prior investigation performed in Belgium [26], a very high level of resistance (>50%) to ampicillin, ciprofloxacin, nalidixic acid, sulfamethoxazole, and tetracycline was reported in commensal E. coli strains derived from pigs. In contrast, in the present study, tetracycline was the sole antibiotic demonstrating such a high prevalence of resistance (67.6%), which is an encouraging outcome compared to the aforementioned investigation. Another important finding of this study was the high resistance levels to ampicillin and streptomycin. Similar observations have been reported in long-term antimicrobial resistance monitoring programs conducted in the US [35] and globally [40]. In our study, the prevalence of resistance to streptomycin did not show a temporal trend. On the other hand, a significantly increasing trend in the proportion of resistance to ampicillin was noted, from a low of around 15% in 2014 and 2015 to a high of 25% in 2018 and 2019, which is a concerning finding. In our study only commensal E. coli was assessed, however, the transmission of resistance genes between commensal and pathogenic enteric bacteria has been documented before [41]. Therefore, the increase in resistance to ampicillin might impact the treatment efficacy of important swine infectious diseases as ampicillin is used to treat swine respiratory infections and swine colibacillosis [42].



An overall very low level of resistance (4.4%) was observed in our study to extended-spectrum cephalosporins (ceftriaxone), a critically important antimicrobial class for both human and veterinary medicine. However, a concerning increasing temporal trend in resistance to ceftriaxone was identified. While the prevalence of resistance to ceftriaxone was only 0.8% in 2013 and varied between 1.9% and 2.6% between 2014 and 2016, in the later years of our study a higher prevalence was observed (5.4% in 2017, 7.2% in 2018, and 7.7% in 2019). The resistance to extended-spectrum cephalosporins is a multifaceted phenomenon that is primarily mediated by extended-spectrum beta-lactamases (ESBLs). These ESBLs are commonly encoded by the blaTEM, blaSHV, and blaCTX-M genes. Of these, the blaCTX-M genes have been reported as the most prevalent ESBL genes worldwide in both humans and animals [43]. Furthermore, recent reports have indicated the emergence of ESBL genes in bacteria derived from food animals in the US over the past decade [44], which have also been identified in E. coli from farm animals across the globe [45,46,47,48].



In our study, a low level of resistance was observed to fluoroquinolones (ciprofloxacin and nalidixic acid), and no temporal trends were observed in their resistance, which is an encouraging finding. The development of resistance to fluoroquinolones is largely attributed to the accumulation of multiple chromosomal mutations in specific genes (gyrA, gyrB, parE, and parC). Moreover, certain plasmid-mediated quinolone resistance genes, such as qnr, can further contribute to the resistance phenotype. The upregulation of efflux pumps also confers varying resistance levels to this antimicrobial class [49].



Even though we observed a low prevalence of resistance to ceftriaxone a critically important antimicrobial in human medicine the increasing temporal trend in its resistance is more concerning than the high prevalence of resistance to tetracycline and other less important antimicrobials in human medicine [26]. Present literature has consistently demonstrated a positive association between heightened antimicrobial exposure in livestock and an elevated prevalence of resistance in commensal E. coli [7,50,51,52,53,54]. Thus, it is imperative to exercise prudence in administering antimicrobial agents, especially in livestock species such as swine. In addition, there is a need to use a One Health approach and identify other risk factors for AMR than AMU, and develop antimicrobial stewardship policies in veterinary medicine to stop the emergence of AMR.



Multidrug resistance was detected in 14.9% of the swine E. coli isolates in the present study, which was lower than what was reported for pigs (53.7%) in the previous nationwide surveillance between 1950 and 2002 in the US [35] as well as in the European-wide investigation between 2004 and 2018 (23.7%) [40]. In addition to geographical factors and differences in laboratory and analytical methods used for detecting AMR, the MDR rates and AMR patterns of enteric bacteria in food animals can also be influenced by the antimicrobial use policies and interventions employed in different regions [55]. Various factors, such as the frequency, duration, and dose of antimicrobial use and the types of antimicrobial agents used, can impact the development and spread of AMR [7,56]. Therefore, it is crucial to consider the impact of antimicrobial use policies and interventions when comparing the resistance patterns of enteric bacteria in food animals from different regions.



The present investigation indicated a significant increasing trend in the proportion of resistance of three classes of antimicrobials, including β-lactams, folate inhibitors, and macrolides among commensal E. coli isolates from swine at slaughter between 2013 and 2019. A prior US nationwide monitoring investigation has demonstrated an upward trend in the proportion of streptomycin resistance among E. coli isolates obtained from food animals over time [35]. The study [35] also reported that E. coli isolates from food animals did not exhibit a consistent monotonic resistance trend for ceftriaxone, ciprofloxacin, and nalidixic acid. Our finding agrees with the fluoroquinolone resistance; however, we detected an increasing trend in the proportion of resistance to ceftriaxone. Contrary to these findings, a significant reduction in resistance to ciprofloxacin, nalidixic acid, and tetracycline in commensal E. coli isolated from pigs was previously reported in a study conducted in Belgium between 2011 and 2014 [26]. Numerous potential reasons might exist for the increase or decrease of AMR trends in a particular population. The most apparent is the selection pressure on bacteria when exposed to antimicrobial agents. Evidence of significant associations between the utilization of certain antimicrobials and the emergence of antimicrobial resistance in pathogenic and commensal bacteria of swine has already been demonstrated at the farm- level [7,52]. However, due to the ban on using critically important antimicrobials in human medicine in the US food animals since 2017 [57], these increasing resistance trends cannot be explained by the selection pressure of AMU, and other factors might contribute to these phenomena. Co-selection for resistance might play a role when a single drug has the potential to select for resistance to multiple chemically unrelated agents. Additionally, genes responsible for resistance to these compounds are frequently associated with mobile genetic elements, leading to co-resistance [58,59]. Another plausible explanation for the observed trends of increasing resistance in the absence of certain antimicrobial use is that the selection of resistance by a particular compound can potentially result in resistance to other molecules within the same class [40].



Our investigation involved a cluster analysis of AMR in commensal E. coli isolates, which revealed diverse clusters of resistances and susceptibility to the antimicrobial agents tested. Notably, certain E. coli isolate clusters exhibited resistance to streptomycin and tetracycline-antibiotics that have historically been used in livestock production to treat bacterial infections [60]. These findings underscore the importance of employing a cautious approach toward prescribing commonly used antimicrobials to minimize the development and spread of AMR and MDR among enteric bacteria associated with swine production [7]. Additionally, it is important to implement herd health management and biosecurity practices that decrease the risk of infections and consequently reduce the need of using antimicrobials [61].



The highest correlation coefficients in the present investigation were identified between cefoxitin and amoxicillin-clavulanic acid (0.96), cefoxitin and ceftriaxone (0.86), ceftriaxone and amoxicillin-clavulanic acid (0.83) respectively. The possible reason for such findings could be that all these antibiotics belong to the beta-lactam class. Beta-lactam antibiotics share a similar mechanism of action, which involves inhibiting bacterial cell wall synthesis [62]. Furthermore, high levels of cross-resistance among various beta-lactam antibiotics usually imply that bacteria exhibiting resistance to a particular beta-lactam antibiotic are highly likely to exhibit resistance to other antibiotics within the same class [63]. The co-occurrence of resistance to multiple beta-lactam antibiotics is often due to the presence of plasmids carrying genes that encode multiple types of resistance mechanisms. These plasmids can spread rapidly among bacterial populations, contributing to the widespread resistance to beta-lactam antibiotics [64].



Our findings also indicated that the number of antimicrobials to which an E. coli isolate was resistant had increased in 2017, 2018, and 2019 when compared to 2013. The results of our study align with a previous investigation conducted in India, which reported a 1.6-fold increase in MDR E. coli isolates derived from food animals between 1980 and 2018 [65]. Contrasting results were also reported in a prior European investigation, wherein a tendency towards a reduction in MDR E. coli strains over time was observed in pigs [40]. The variations in antimicrobial use and husbandry practices at the farm level might partly explain differences in AMR between the years in the present investigation. In addition, the higher utilization of crucial antimicrobial agents for therapeutic purposes after their prohibition as growth promoters can be another probable hypothesis. Both hypotheses emphasize the importance of further investigations, especially at the farm level to validate our findings and scrutinize other potentially associated factors in the emergence of AMR and MDR in commensal E. coli within the US swine industry.



The present study is not without limitations, including the unequal distribution of isolates across each year and the potential for isolate selection bias. Additionally, the lack of available information on prior antibiotic therapy of swine before slaughter did not allow us to identify factors impacting the prevalence of AMR and the increasing trends of resistance to certain critically important antimicrobials in commensal E. coli sourced from swine at slaughter. Finally, data covering a longer period after the implementation of the antimicrobial stewardship measures could assess the effectiveness of these interventions and update our study results.




5. Conclusions


This study provides valuable information regarding the prevalence and trends of AMR in commensal E. coli isolated from swine at slaughter. Although low levels of resistance to critically important antimicrobials (e.g., third-generation cephalosporins) among commensal E. coli isolates was a promising finding, the increasing trend in their resistance despite the existence of AMU reduction interventions is concerning, and warrants further investigation. Such information can support decision-makers in providing guidelines and taking appropriate control measures to reduce AMR in swine production.
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Figure 1. Prevalence of resistance to twelve antimicrobials in commensal Escherichia coli (n = 3237) isolated from swine at slaughter across the US, 2013–2019. AMC—Amoxicillin-Clavulanic acid; AMP—Ampicillin; AXO—Ceftriaxone; AZI—Azithromycin; CHL—Chloramphenicol; CIP—Ciprofloxacin; COT—Trimethoprim-Sulfamethoxazole; FOX—Cefoxitin; GEN—Gentamicin; NAL—Nalidixic Acid; STR—Streptomycin; TET—Tetracycline. 
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Figure 2. Antimicrobial resistance trends in commensal Escherichia coli (n = 3237) isolated from swine at slaughter across the US, 2013–2019. AMC—Amoxicillin-Clavulanic acid; AMP—Ampicillin; AXO—Ceftriaxone; AZI—Azithromycin; COT—Trimethoprim-Sulfamethoxazole; FOX—Cefoxitin. 
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Figure 3. Clustering dendrogram (heatmap) of antimicrobial resistance in commensal Escherichia coli isolated from swine at slaughter across the US, 2013–2019. AMC—Amoxicillin-Clavulanic acid; AMP—Ampicillin; AXO—Ceftriaxone; AZI—Azithromycin; CHL—Chloramphenicol; CIP—Ciprofloxacin; COT—Trimethoprim-Sulfamethoxazole; FOX—Cefoxitin; GEN—Gentamicin; NAL—Nalidixic Acid; STR—Streptomycin; TET—Tetracycline. 
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Figure 4. Pearson correlation coefficient heatmap of resistance among twelve antimicrobials in Escherichia coli isolates of swine. AMC—Amoxicillin-Clavulanic acid; AMP—Ampicillin; AXO—Ceftriaxone; AZI—Azithromycin; CHL—Chloramphenicol; CIP—Ciprofloxacin; COT—Trimethoprim-sulfamethoxazole; FOX—Cefoxitin; GEN—Gentamicin; NAL—Nalidixic Acid; STR—Streptomycin; TET—Tetracycline. 
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Figure 5. Poisson regression model result of the predicted number of antimicrobials to which an E. coli isolate was resistant each year. 
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Table 1. Most common antimicrobial resistance patterns in commensal E. coli (n = 3007) isolated from cecal swine samples at slaughter across the United States, 2013–2019.
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	Antimicrobial Resistance Pattern a
	N (%)
	Number of Classes
	MDR b (Yes/No)





	Susceptible
	905 (27.95)
	-
	-



	TET
	1109 (34.26)
	1
	N



	STR
	30 (0.92)
	1
	N



	AMP
	33 (1.02)
	1
	N



	AMP-TET
	180 (5.56)
	2
	N



	CHL-TET
	27 (0.83)
	2
	N



	COT-TET
	19 (0.58)
	2
	N



	CIP-TET
	22 (0.68)
	2
	N



	STR-TET
	307 (9.48)
	2
	N



	AMP-CHL-TET
	9 (0.28)
	3
	Y



	AMP-COT-STR
	13 (0.4)
	3
	Y



	AMP-STR-TET
	165 (5.09)
	3
	Y



	GEN-STR-TET
	9 (0.28)
	2
	N



	COT-STR-TET
	17 (0.52)
	3
	Y



	CIP-STR-TET
	9 (0.28)
	3
	Y



	CHL-STR-TET
	31 (0.95)
	3
	Y



	AMP-CHL-STR-TET
	20 (0.62)
	4
	Y



	AMP-COT-STR-TET
	16 (0.49)
	4
	Y



	AMC-AMP-AXO-FOX
	16 (0.49)
	1
	N



	AMC-AMP-AXO-FOX-TET
	34 (1.05)
	2
	N



	AMP-CHL-COT-STR-TET
	12 (0.37)
	5
	Y



	AMC-AMP-AXO-FOX-STR-TET
	15 (0.46)
	3
	Y



	AMC-AMP-AXO-COT-FOX-STR-TET
	9 (0.27)
	4
	Y







a AMC—Amoxicillin-Clavulanic acid; AMP—Ampicillin; AXO—Ceftriaxone; AZI—Azithromycin; CHL—Chloramphenicol; CIP—Ciprofloxacin; COT—Trimethoprim-Sulfamethoxazole; FOX—Cefoxitin; GEN—Gentamicin; NAL—Nalidixic Acid; STR—Streptomycin; TET—Tetracycline. b MDR: Multidrug-resistant (Resistant to three or more antimicrobial classes).
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Table 2. Results of a Poisson regression model showing differences between years in the number of antimicrobials to which an E. coli isolate is resistant.
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	Year
	Incidence Rate Ratio
	p-Value
	95% CI a Low
	95% CI High





	2013
	Referent
	
	-
	-



	2014
	1.07
	0.383
	0.92
	1.25



	2015
	0.97
	0.642
	0.84
	1.12



	2016
	1.05
	0.494
	0.92
	1.20



	2017
	1.24
	0.002
	1.08
	1.41



	2018
	1.42
	<0.001
	1.25
	1.62



	2019
	1.34
	<0.001
	1.17
	1.53







a CI: Confidence Interval.
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