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Abstract

Little is known about the prevalence of antimicrobial resistant (AMR) bacteria in veal meat in
the United States. We estimated the prevalence of bacterial contamination and AMR in various
veal meats collected during the 2018 U.S. National Antimicrobial Resistance Monitoring System
(NARMS) survey of retail outlets in nine states and compared to the frequency of AMR bacteria
from other cattle sources sampled for NARMS. Additionally, we identified genes associated
with resistance to medically important antimicrobials and gleaned other genetic details about the
resistant organisms. The prevalence of Campylobacter, Salmonella, E. coli and Enterococcus

in veal meats collected from grocery stores in nine states was 0% (0/358), 0.6% (2/358),

21.1% (49/232) and 53.5% (121/226) respectively, with ground veal posing the highest risk

for contamination. Both Salmonella were resistant to at least one antimicrobial as were 65.3%
(32/49) of E. coliand 73.6% (89/121) of Enterococcus isolates. Individual drug and multidrug

" Heather. Tate@fda.hhs.gov, (Fax)301-210-4685.

SUPPLEMENTAL MATERIAL
Supplemental material associated with this article can be found online at: https://doi.org/10.4315/JFP-21-005.s1


https://doi.org/10.4315/JFP-21-005.s1

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tate et al. Page 2

(MDR) resistance levels were significantly higher (p < 0.05) in £. coliand Enterococcus from
retail veal compared to 2018 NARMS data from sampling dairy cattle ceca and retail ground
beef. Whole genome sequencing (WGS) was conducted on select £. coliand Salmonella from
veal. Cephalosporin resistance genes (b/acpy and blactx-m), macrolide resistance genes (mph),
plasmid-mediated quinolone resistance genes (PMQR, gnr), and gyrA mutations were found.
We also identified heavy metal resistance genes (HMRG) fer, ars, and mer, fieF, and gol, and
disinfectant resistance genes (DRG) gacand emrE. An stricontaining £. coliwas also found.
Sequence types were highly varied among the nine E. coliisolates that were sequenced. Several
plasmid types were identified in £. coliand Salmonella, with the majority (9/11) of isolates
containing IncF. This study illustrates that veal meat is a carrier of AMR bacteria.
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The ongoing threat of antimicrobial resistance (AMR) is a looming public health concern.
Efforts to study the epidemiological connection between the use of medically important
antimicrobials in food animals and AMR foodborne infections in humans have resulted in
the establishment of a number of integrated surveillance programs worldwide. The U.S.
National Antimicrobial Resistance Monitoring System (NARMS) is one such program that
tracks the movement of AMR enteric bacteria and antimicrobial resistance genes (ARGS)
between food animals, their meats, and humans. NARMS has gained much information
on AMR bacteria in dairy cattle ceca and ground beef, among other animals and food
animal products(47). We chose to expand the NARMS survey by adding veal meat, which
is typically produced from young dairy breed calves. Standing at 0.3 Ibs. per capita per
year, veal meat consumption in the United States is lower than other cattle-derived meats.
In 2020 alone, the U.S. produced 68.9 million pounds of veal, compared to over 27 billion
pounds of beef (43). However, veal meat could pose a risk for AMR foodborne infection.
Foodborne pathogens of great public health concern, such as Sa/monella, have been found
on veal hides, carcasses, and pre-chill samples (2, 44).

Additionally, studies have suggested that the prevalence of AMR bacteria in cattle is

higher in younger animals (15), which may in part be related to the common practice

of administering antimicrobials to calves to treat and prevent infections that result from
their high susceptibility to disease and stress. The few surveys conducted in the United
States suggest that veal calves are a potential source of AMR bacteria (2, 20, 33, 34).

We conducted a NARMS pilot study to estimate the prevalence of resistant Sa/monella, E.
coli, Enterococcus, and Campylobacterisolated from fresh retail veal purchased in grocery
outlets across the United States, and describe the genetic resistance, virulence, and plasmid
profiles of select isolates. We also wanted to identify variables (e.g. veal cut, country

of origin, and others) that might be associated with the occurrence of AMR bacteria.

This information can be used to inform the potential development of a retail veal meat
surveillance program in NARMS and to establish a baseline for the AMR status of retail veal
meat sold in the U.S. We also intend to compare our results with other sources collected for
the NARMS program.
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MATERIALS AND METHODS

Veal sampling.

Veal samples were collected between April and December 2018 at retail supermarkets in
the following states: Colorado, Georgia, Maryland, New York, Oregon, Pennsylvania, South
Carolina, South Dakota, and Tennessee. Each site aimed to purchase 10 samples per month
for an expected total of 480 samples by the end of the study. However, the actual number

of veal samples purchased was based on product availability at the supermarkets sampled
for the NARMS retail meat program and resulted in a total of 358 samples being collected.
Only fresh, raw veal was collected and included the following products: ground, stew meat,
cutlet, scallopini, and other or unidentified. Other demographic variables, including country
of origin, meat color as surrogates for predominately grain-fed (red) vs. predominately
formula/milk-fed (pink/white), and state of collection, were collected for all samples.

Bacterial isolation and identification.

Based on an expected low prevalence of bacteria shown in retail studies from Canada, every
purchased sample was tested for Sa/monellaand Campylobacter, whereas approximately
one-third were tested for commensal £. coli and Enterococcus. The NARMS retail meat
methodology was used to isolate all four bacteria (46). Briefly, 25 g of veal were suspended
in 250 mL buffered peptone water for 15 minutes. For Sa/monella, buffered peptone water
suspensions were enriched with Rappaport-Vassiliadis medium for 24 hours before streaking
onto XLT-4 agar for isolation. For Campylobacter, buffered peptone water suspensions were
enriched with Bolton broth for 24 hours in a microaerophilic atmosphere, before streaking
onto Campy-Cefex Agar for isolation. For £. coli, buffered peptone water suspensions

were enriched with MacConkey broth for 24 hours and streaked onto MacConkey agar

for isolation. For Enterococcus, buffered peptone water suspensions were enriched with
Enterococcosel broth for 24 hours and streaked onto Enterococcosel agar for isolation. All
organisms were streaked to blood agar plates for purity. Typical colonies were selected and
stored in Brucella broth with 15% glycerol for shipment to FDA where they were confirmed
using the VITEK 2 Compact (bioMerieux, France) or WGS. Salmonella serovars were
predicted /n silico using the SeqSero tool (53).

Antimicrobial susceptibility testing.

At FDA, isolates were tested for susceptibility testing using broth microdilution
(Sensititre System, TREK Diagnostic Systems Inc., Westlake, OH). £. coliand
Salmonellaisolates were tested against an antibiotic panel (Sensititre panel
CMV4AGNF) using Clinical and Laboratory Standards Institute (CLSI) methods (7,

8). Antibiotic classes tested were: Aminoglycosides (gentamicin, streptomycin), p-
Lactam/B-Lactamase Inhibitor Combinations (amoxicillin-clavulanic acid), Carbapenems
(meropenem), Cephems (cefoxitin, ceftriaxone), Folate Pathway Inhibitors (sulfisoxazole
and trimethoprim-sulfamethoxazole), Macrolides (azithromycin), Penicillins (ampicillin),
Phenicols (chloramphenicol), Quinolones (ciprofloxacin, nalidixic acid), and Tetracyclines
(tetracycline). Enterococcus isolates were tested against an antibiotic panel (Sensititre
panel CMV4AGP) that included the following classes and drugs: Aminoglycosides
(gentamicin, streptomycin), Glycopeptides (vancomycin), Glycylcyclines (tigecycline),
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Lipopeptides (daptomycin), Macrolides (erythromycin), Nitrofurans (nitrofurantoin),
Orthosomycins (avilamycin), Oxazolidones (linezolid), Penicillins (ampicillin), Phenicols
(chloramphenicol), Streptogramins (quinupristin-dalfopristin), Quinolones (ciprofloxacin),
and Tetracyclines (tetracycline). With the exception of ciprofloxacin, interpretation of MIC
values was based on CLSI clinical breakpoints, when available (9); otherwise NARMS
provisional cutoffs were used for streptomycin (£. coli and Salmonella, MIC = 32 pg/mL),
azithromycin (MIC = 32 pg/mL), and tigecycline (MIC = 0.25 ug/mL) (47). We included
E. coli and Salmonellaisolates with decreased susceptibility to ciprofloxacin (MIC = 0.12
pg/mL) in our resistance calculations.

Identification of resistance and virulence genes.

WGS was conducted on £. coli and Salmonellaisolates that were resistant to azithromycin
or ceftriaxone or had decreased susceptibility to ciprofloxacin. These drugs are considered
first line therapies for the treatment of severe salmonellosis (4, 35). Enterococcus isolates
were not sequenced because none were resistant to first line therapies for enterococcal
infections (vancomycin, tigecycline, daptomycin, and linezolid). All strains of £. coli (n=9)
and Sa/monella (n=2) were sequenced by Illumina MiSeq using v3 reagent kits (Illumina,
San Diego, CA, USA) with 2x300 bp paired-end reads. The libraries were prepared with
Nextera XT Kit by Illumina. The raw sequences were assembled de novo using CLC
Genomic Workbench (version 10.0). Seven of the £. coliand both Sa/monella strains
were also sequenced using Pacific Biosciences technology on the Sequel platform with
sequencing kit 3.0, as described (39). DNA libraries were prepared using a 10 kb template
preparation protocol with SMRTbell template prep kit v 1.0. The reads were assembled
using PacBio Hierarchical Genome Assembly Process (HGAP4.0) or Microbial Assembly
pipeline and contigs were circularized by Circlator (6, 19). BioSample accession numbers
for all isolates are listed in Table S1.

The AMR, heavy metal resistance, biocide resistance and virulence genes were identified in
the assembled genomes with AMRFinder Plus 3.8 (https://www.ncbi.nlm.nih.gov/pathogens/
antimicrobial-resistance/AMRFinder/). Because AMRFinder Plus 3.8 does not include genes
in the spRABCD operon, the sequence of the spVRABCD operon was extracted from the
pSDVr (pOU1115) plasmid (Accession DQ115388). A local blastn search was performed

to determine the existence of spRABCD operon. Plasmid typing was determined by
PlasmidFinder 2.1 (https://cge.cbs.dtu.dk/services/PlasmidFinder/). Multi-Locus Sequence
Types (MLST) were identified through MLST 2.0 (23) (https://cge.cbs.dtu.dk/services/
MLST/).

Statistical analysis.

Statistical analyses were performed using SAS version 9.4 (SAS, Cary, NC). For the source
comparisons, statistical differences between proportions were determined using Fisher’s
exact 2-way test, and a p value < 0.05 was considered statistically significant. Although,
statistically speaking the sample sizes were big enough for comparison, we determined that
the minimum power of each test was 80.6%. For analysis of risk factors for contamination
and resistance, the data were first analyzed by running descriptive statistics to important
categorical variables in the data. Regression analysis (PROC LOGISTIC) was conducted
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to identify relationships between variables and: 1) presence of bacteria or, 2) resistance to
at least one antimicrobial. In the first step, a bivariate screening was performed to identify
possible factors associated with the two dependent variables. Variables with p < 0.2 were
included in the multivariate regression model. For the multivariate model, odds ratios were
reported only for variables with a significance level of p < 0.05. Odds ratios with 95% CI
were used to describe the magnitude of the correlation. Participating NARMS laboratories
in Colorado and South Dakota partnered to conduct testing and were combined for the
statistical analysis on state variables.

RESULTS

Prevalence of bacteria.

Salmonella was recovered from 2 (0.6%) of the 358 samples collected (Table 1). Both
isolates were independently recovered from retail veal packages purchased from two South
Carolina supermarkets at different time points. Both were serovar Dublin. £. coliand
Enterococcus isolation was higher, with a recovery rate of 21.1% (49/232) and 53.5%
(121/226), respectively (Table 1). The top two Enterococcus species were E. faecalis
(76.9%), and E. faecium (13.2%). No Campylobacter were recovered from veal.

Antimicrobial resistance.

Both serovar Dublin isolates were resistant to multiple drug classes, including p-lactam/p-
lactamase inhibitors, penicillins, cephems, phenicols, aminoglycosides, sulfonamides, and
tetracyclines (Table S1). Both were susceptible to macrolides and fluoroquinolones.

Among E. coli, the prevalence of resistance to one or more antimicrobials was 65.3% and
half (51%) of the £. coliisolates were MDR (resistant to at least three or more classes of
antibiotics) (Figure 1). Resistance to individual drugs was mixed. Tetracycline resistance
was the most abundant, and present in 63.2% (31/49) of isolates, followed by sulfisoxazole
(49%, 24/49), ampicillin and streptomycin (45%, 22/49), trimethoprim-sulfamethoxazole
(40.8%, 20/49) and chloramphenicol (30.6%, 15/49). Resistance was much lower among
ciprofloxacin, azithromycin, and ceftriaxone. Six isolates (12.2%) had reduced susceptibility
to ciprofloxacin, six isolates (12.2%) were resistant to ceftriaxone, and two isolates (4.1%)
were resistant to azithromycin. One isolate (2%) was resistant to all three antibiotics. No
meropenem-resistant isolates were found.

Approximately 74% of all Enterococcus spp. were resistant to at least one antimicrobial,
while 14.1% were MDR (Figure 2). Tetracycline resistance was the most abundant in
Enterococcus (60.3% of all enterococcal species combined), followed by streptomycin
(19%, 23/121), erythromycin (14.9%, 18/121), and chloramphenicol (8.3%, 10/121).
Approximately 3% (4/121) of Enterococcus were resistant to ciprofloxacin and less than
1% were resistant to gentamicin (1/121) and ampicillin (1/121). Resistance to quinupristin-
dalfopristin, which was only interpreted for non- E. faecalis species, was 78.6%. All
Enterococcus spp. isolates were susceptible to vancomycin, tigecycline, daptomycin, and
linezolid, drugs commonly used to treat penicillin resistant enterocccal infections (22).

J Food Prot. Author manuscript; available in PMC 2024 November 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tate et al.

Page 6

Individual AMR prevalence levels were compared with retail beef data and dairy cecal

data from samples collected by NARMS in 2018 (Figures 1 and 2) (49). In general, £.

coli and Enterococcus isolates from veal were more likely to be resistant to at least one
antimicrobial class and at least three antimicrobial classes (p <0.05) than isolates from dairy
cattle ceca or retail ground beef. Additionally, £. coli from veal had a higher prevalence of
resistance (p < 0.05) than the other sources to twelve of the fourteen individual drugs tested.
There were not enough data to compare sources for £. coli resistance to azithromycin and
meropenem. Enterococcus isolates from veal were significantly more resistant (p < 0.05)
than isolates from both retail ground beef and dairy cattle ceca to only four of the fourteen
drugs tested. Veal isolates were less likely to be resistant to quinupristin-dalfopristin than
isolates from dairy cattle ceca, but there was no difference compared to retail ground beef
isolates. There were not enough data to compare sources for Enterococcus resistance to
linezolid, nitrofurantoin, vancomycin, avilamycin, and tigecycline.

Resistance genes and virulence genes.

E. coli are known reservoirs of resistance genes (40) that could potentially be transferred

to other pathogenic Gram-negative bacteria, particularly Salmonella (3, 31). Because
ciprofloxacin, ceftriaxone, and azithromycin are considered first line therapies for the
treatment of severe Salmonella infections (4, 35), we selected nine E. coli with

decreased susceptibility to ciprofloxacin, or resistance to ceftriaxone or azithromycin for
sequencing, in order to identify potentially transmissible ARGs. Both Sa/monella were
also sequenced. Among the eleven isolates, 41 unique ARGs were identified (Table 2).
ARGs were correlated with resistance phenotypes for drugs tested, with the exception

of streptomycin resistance genes which were present in two isolates (VPS18EC0802 and
VPS18EC1101) with no corresponding phenotype (MICs 8-16 ug/ml), an already well-
described phenomenon (38), and one isolate (VPS18EC1077) with decreased susceptibility
to ciprofloxacin but no identified quinolone resistance genes. Of the five £. coliisolates
resistant to ceftriaxone, one (VPS18EC0801) carried an extended-spectrum pB-lactamase
(ESBL) gene (blacTx-m-55), three isolates (VSP18EC0467, VPS18EC0927, VPS18EC1077)
had a blacpy gene, and one (VPS18EC0505) carried mutations in the promoter region

of the chromosomal ampC gene. Azithromycin resistance was conferred by mp/i(A)
(VPS18EC0801, VPS18EC0927); mph genes were also found in isolates (VSP18EC0467,
VPS18EC1077) with reduced susceptibility to azithromycin (MIC= 16ug/mL; Table S1).
Interestingly, the gene mpA(B) in VPS18EC1077 has not previously been reported in retail
meat £. coli collected for NARMS. Three of the six isolates with decreased susceptibility to
ciprofloxacin had mutations in the gyrA gene, while two isolates had gnrgenes (gn/B19 in
VPS18EC0676, grrS1 in VPS18EC0801).

Tetracycline resistance genes were found in all eleven sequenced isolates, with tef{A)
being the most prevalent in seven isolates, followed by fef{A)/fe{M) in two isolates,

and one isolate each with fef(B) and fef(A)/ tefB). Eight of the nine £. coliisolates
carried dihydrofolate reductase (df7A) genes in addition to su/I to confer trimethoprim-
sulfamethoxazole resistance. Many E. coliisolates carried more than one (up to

nine) aminoglycoside resistance genes; VPS18ECO0505 had multiple copies of the same
aminoglycoside genes (aph(6)-1d, aph(3’’)-1b, aph(3’)-1a) spread across the chromosome
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and a plasmid. The aadA5 and aadAZ genes were present in two isolates that were
susceptible to streptomycin with MICs of 8 pg/mL (VPS18EC0802) and 16 pg/mL
(VPS18EC1101) (Table S1). We also identified genes and mutations that confer resistance
to drugs absent from the susceptibility testing panel, including streptothricin (sat2),
lincomycin (/nu(F)), rifampicin (arr-2) and fosfomycin (ufpT_E350Q) (Table 2). One isolate
(VPS18EC0466) carried all ARGs on the chromosome. All other isolates harbored ARGs on
plasmids or both plasmids and the chromosome.

WGS data were also characterized for the presence of disinfectant resistance genes (DRGS),
heavy metal resistance genes (HMRGs), and virulence genes. Four unique DRGs and 17
unique HMRGs were identified. DRGs (gac and emrE) were found in seven of the nine

E. coliisolates but were not found in either Sa/monellaisolate (Table 2). The emrE

gene was chromosomally located but the gac genes were housed on plasmids that also
contained ARGs. HMRGs fer, ars, and mer, conferring resistance to tellurium, arsenic and
mercury, respectively, were found in five £. colfand were distributed between chromosomes
and plasmids. In Salmonella, the commonly identified gold resistance genes, go/S and
golT, were found on the chromosome and mer genes were found on an IncA/C2 plasmid

in one isolate. The fieF gene which encodes the iron efflux transporter was found in

all 9 E. coliand both Sa/lmonella. Thirty-three different virulence genes were identified
among the nine £. coliisolates. We found one STEC isolate (VPS18EC0467), carrying

the stxqy, gene (stxAq, and stxBy,) (Table 2). Additional genes commonly associated with
the Enterohemorrhagic £. coli (EHEC) pathotype (eaeA, stx2, nleB, nleF, and espK) and
other intestinal pathogenic subtypes were not found. The spRABCD virulence operon was
detected in both Salmonella serovar Dublin isolates (Table 2).

Plasmid types and sequence types.

Sequence types (ST) were diverse, with eight unique STs identified among the nine

E. colitested. However, none of the isolates were the highly resistant type ST131 or

other pandemic lineages (ST95, ST393, ST69, ST95 and ST73) (Table 2) (32). There

was also great diversity in plasmid number and type. All nine £. coli carried at least

one plasmid; one isolate (VPS18EC0801) carried seven plasmids. Several plasmids were
hybrids, containing sequences with homology to two to three replicons of different plasmid
types. IncF replicons were the most commonly detected replicons in £. coli (7/9). Col
plasmids were also identified in six of the nine £. coli. The gnB19 gene was found in a Col
pHAD28 plasmid. Consistent with previous reports, both Sa/monella serovar Dublin isolates
contained IncA/C2, IncFI1I(S), and IncX1 replicons (Table 2). VPS18S1796 had one hybrid
plasmid, while VPS18S0911 appeared to have a separate IncA/C2 plasmid and a hybrid
IncFII(S)-IncX1 plasmid.

Demographic analysis.

Demographic variables including country of origin, meat color (as an indicator of grain vs.
formula-fed), state of collection, and veal cut were collected for all samples. Over 96%
of samples collected were produced in the United States (Table 3). Approximately 85%
of the retail veal samples with color information collected were pink/white in color (Table
3), indicating a formula/milk fed-diet (29). Collection was unevenly distributed among the
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participating states, owing to variability in months of participation as well as availability of
veal in supermarkets. Ground veal comprised the single largest proportion (30.2%) of veal
cuts collected. Since the pilot study would be used to assess the feasibility and appropriate
parameters for routine surveillance, all variables were tested for association with bacterial
isolation and AMR. Associations were initially measured through a bivariate analysis to
determine need for inclusion in a multivariate regression model. Only meat cut and state
were significantly associated with the presence of £. coliand Enterococcus in veal samples.
When controlling for state, ground veal was 5-16 times more likely to harbor E. colithan
all other meat cuts (Table 4). Enterococcus were more likely to be recovered from ground
veal than stew meat (OR 2.6, 95% CI 1.2-6.0) and veal scallopini (OR 3.0, 95% CI 1.4-6.6).
There was no effect of state or meat cut on resistance to one or more drugs in either bacteria.

DISCUSSION

In this study, we assessed the prevalence of AMR Salmonella, E. coli, Enterococcus, and
Campylobacterisolated from fresh retail veal purchased in grocery outlets across the United
States. We report no contamination with Campy/obacter and a low prevalence of Salmonella
contamination among retail veal samples. Comparable to other studies (10, 12), retail veal
samples were more likely to be contaminated with Enterococcus (particularly E. faecalis
which constituted 77% of enterococcal species) and £. coli In our study, we found that
there was a high proportion of AMR (63-79%) among both £. coli and Enterococcus

and a moderate occurrence of MDR E. coli (51%). This is consistent with other studies
showing high resistance among E£. coliand Enterococcus isolated from veal feces and hide
swabs (12, 20, 33). Tetracycline resistance was observed most frequently among E. coli
and Enterococcus spp. isolates, similar to its occurrence in other retail meats collected for
NARMS. All Enterococcus isolates were susceptible to antimicrobials used as a first-choice
to treat human infections. This is a positive finding as resistance to these drugs limits
treatment options.

We found that both Sa/monellaisolates were resistant to at least one first-choice therapy
for salmonellosis. Both isolates harbored MDR b/acpy plasmids, conferring resistance
to cephalosporins, but were susceptible to both azithromycin and fluoroquinolones. Both
blac\y plasmids contained IncA/C signatures, which are generally associated with cattle
sources (14). The spyRABCD operon was also found on these MDR plasmids, consistent
with previous reports showing linkages in Sa/monella serovar Dublin isolates between the
operon and hybrid plasmids containing IncF, IncA/C, and IncX types (17).

Eighteen percent (9/49) of E. coliisolates were resistant to ceftriaxone, azithromycin, or
ciprofloxacin. Genes conferring resistance to those drugs were found on plasmids in six of
the nine isolates. This finding is concerning as in vitro studies have shown that conjugative
transfer of antibiotic resistant plasmids between E. coliand Salmonellais possible (3,

31). The most predominant of the cephalosporinase-encoding genes was b/acpy, which

is characteristic for food isolates in the United States. However, we also identified an
ESBL-encoding gene, blacTx-m-s5. While blacTx-m-s5 has been identified in U.S. isolates,
its finding is relatively rare compared to other ESBL genes (28), whereas in Asian countries,
blacTx-m-s55 is the second most common ESBL-encoding gene (25). The plasmid containing

J Food Prot. Author manuscript; available in PMC 2024 November 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tate et al.

Page 9

blacTxm-s5 (VPS18EC0801) also housed gnrS1and mph(A), making this plasmid a major
risk to human health. Only one other isolate (VPS18EC0676) had a PMQR gene, gnrB19,
and it was the sole resistance determinant on a small Col plasmid. The widespread
distribution of PMQR through Col plasmids is well characterized in Enterobacteriacea (13,
16, 26, 30, 41). One of the E. coliisolates (VPS18EC0467) carried stxq,, and also carried an
IncA/C plasmid with blacpy-o and mph(A). The finding of STEC in veal is not surprising.
Surveillance of slaughtered veal carcasses conducted by the U.S. Department of Agriculture
Food Safety Inspection Service showed that 9.9% of pre-chill veal carcasses tested were
positive for non-0O157 STEC (44). However, in our case, with only an stx;, gene and no
attachment genes (eae, or saa genes), this particular STEC is of low or unknown risk for
causing infection. It is worth noting that STEC infections are not treated with antimicrobials,
due to the potential risk of antibiotic treatment exacerbating illness (35). However, resistance
genes can aid in outbreak tracking and identification of STEC strains (1).

The retail veal products demonstrated much higher resistance to most drugs compared to
retail ground beef products or dairy cattle ceca collected for NARMS in the same year
(Figures 1 & 2). Retail ground beef may not be an equivalent comparator as a portion of
ground beef sold at retail come from cull bulls and beef cattle, however much of U.S. ground
beef is supplied by cull dairy cows. We also found that veal meat had elevated resistance
compared to dairy cattle ceca. Comparison of ceca and retail meat are understandably
limited because they are two different sample types. However, it should be noted that this
dichotomy has played out in other studies as well. Other studies have shown an age-related
decline in resistant £. co/iin calves. This finding is thought to be related to a number of
factors, including selective advantage of resistant strains in calves (21), exposure to residues
in waste milk from adult dairy cattle, and use of medicated milk replacers in calves (36).
While there currently is no systematic collection of the amounts of antimicrobials used in
veal in the United States, other countries collecting these data have shown that veal calves
consume more antimicrobials than adult dairy cattle and beef cows (11, 51). This could be
ascribed to the calves’ higher susceptibility to infection (5). Other factors could play a role
in age-related resistance as well, including differences in gastrointestinal physiology and
diet transition (24). Veal calves lack functional rumens, and their esophageal groove shunts
milk/replacer directly to the abomasum, bypassing the rumen, whereas solid feed given to
older cattle enter the rumen (50). The fecal microbiome and resistome would reflect those
differences (24, 34). Production type specific practices, including variation in antimicrobial
usage, are also likely to play a role in the differences we observed between veal calves

and ground beef. Fluoroquinolones are not FDA-approved for use in veal calves (45), and
are prohibited from extralabel use in food producing animals (48). We observed isolates
resistant to this antibiotic. This could be the result of meat contact with contaminated
surfaces in the slaughter or packaging plant or co-selection of resistant strains by the more
commonly used tetracycline drugs that are administered to veal calves in medicated milk
replacers (27).

Isolates harbored a multitude of genes conferring resistance to heavy metals (gold,
mercury, arsenic, tellurium). Also present was the fieF gene, encoding cation efflux pumps
for excretion of zinc and iron. These metals would commonly be found as nutritional
supplements in milk replacers (iron) or fattening agents in animal feed (zinc). A surprising
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omission was resistance genes to copper which is also used as an additive in animal feed.
Disinfectant resistance genes were also widespread in our study and are common in other
slaughterhouse-derived products collected for NARMS.

E. coli sequence types were wide-ranging. None were the highly drug resistant
Extraintestinal Pathogenic £. coli (EXPEC) type, ST131, however two of the sequence types
(ST101 and ST10) have also been detected in patients suspected to have uropathogenic

E. coliinfections (52). Sequence types ST101, ST345, ST10, ST349, and ST23 are not
uncommon in dairy cattle or retail foods and have been associated with other retail meats
collected for NARMS, including chicken breast, ground turkey, and pork chop (37). Since
only nine E. cofi were sequenced, the pathogenicity and sequence types of the other 40 £.
coliisolates is unknown, however it is clear from this study that non-pathogenic £. coli can
act as reservoirs for resistance genes of human importance. We did not sequence enough
isolates to detect associations between resistance types and plasmid replicon types or ST of
the host bacteria.

Milk-fed (white/pink) veal represent the majority of the veal industry in the United States
(42); and this was also evident in our study. Milk-fed veal represented 85% of veal collected
in supermarkets, whereas predominately grain-fed (red) veal (calves fed formula for the
first 2 months and then switched to grain until their finishing weight has been reached)
represented only 15.4% of veal collected in supermarkets. We hypothesized that differences
in raising practices of the two types of veal may have some effect on AMR levels, but

we could not assess that relationship due to the insufficient diversity of the samples. We

did not find a relationship between resistance to at least 1 drug and any of the variables

we measured, however we did find a relationship between the prevalence of £. coli and
Enterococcus and cut of veal meat. Ground veal were significantly more likely to be
contaminated with these bacteria than most other cuts sampled, signifying a potential target
for future surveillance. It should be noted that ground veal may incorporate some meat from
bob veal calves, which are the youngest (up to 1 month old) to be harvested and are typically
used for hot dogs and other fabricated meats (18). Bosilevac et al. found that bob veal

hides and carcasses tested at slaughter had increased prevalence of Sa/monella compared

to formula-fed veal, which was attributed to the challenges of removing bob veal hides

(2). Those same challenges may result in bob veal, and subsequently ground veal product,
having higher levels of contamination with E. coli and Enterococcus.

In conclusion, we assessed the prevalence of AMR Salmonella, E. coli, Enterococcus,

and Campylobacterisolated from fresh retail veal purchased in grocery outlets across the
United States. Campylobacter were absent from the veal meats we sampled, and Sa/monella
contamination was rare, but Enterococcus and E. coli were prevalent and were more likely to
be isolated from ground veal product. Veal meats showed significantly higher levels of AMR
compared to retail ground beef and dairy cattle ceca. Sa/monellaand E. coliwere found

to harbor genes that confer resistance to medically important antimicrobials. These genes
included AmpC (5 of the 9 £. colitested and both Sa/monella), ESBL (1/9 E. coli), PMQR
(2/9 E. coli), and mph (4/9 E. coli). These findings suggest that veal meats are reservoirs

for resistance determinants. The results of this study can be used to develop a retail veal
sampling program in the United States.
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HIGHLIGHTS

. Salmonella, E. coliand Enterococcus were found in veal meats collected for
NARMS.

. AMR levels were higher in retail veal than in ground beef and dairy cattle
ceca.

. bIEMY | blacty\m, mph, and gnrgenes and gyrA mutations were found.

. An stx;z-containing £. coliwas also found.

. The majority of Sa/monellaand E. coli contained the IncF plasmid type.
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Figure 1:
Comparison of antimicrobial resistance in £.coliisolates from retail veal, retail ground beef,

and dairy cattle ceca *For these antimicrobials, there are significant differences between
percentage of isolates resistant in retail veal and retail ground beef as well as between

retail veal and dairy cattle ceca. #First line therapies for the treatment of complicated
salmonellosis include ciprofloxacin, azithromycin, and ceftriaxone. Note: percent resistance
to ciprofloxacin includes isolates with decreased susceptibility (MIC >=0.12).
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Comparison of antimicrobial resistance in Enterococcus spp. isolates from retail veal,
retail ground beef, and dairy cattle ceca *For these antimicrobials, there were significant
differences between percentage of isolates resistant in retail veal and retail ground beef
as well as between retail veal and dairy cattle ceca. § CLSI Quinupristin-Dalfopristin
breakpoints are only available for non-£. faecalis species. For this drug the following
denominators were used: Dairy Cattle Ceca (N= 363), Retail Ground Beef (N=178),
Retail Veal (N= 28). First line therapies for the treatment of Enterococcus include

J Food Prot. Author manuscript; available in PMC 2024 November 25.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Tate et al.

vancomycin and tigecycline (vancomycin-susceptible infections) and daptomycin and
linezolid (vancomycin-resistant infections).
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Table 1.

Prevalence of enteric bacteria in retail veal

Organism (No. of samples tested)  Total No. of Isolates (%) Species/Serovar

No. of Isolates (%)

Enterococcus (N= 226)

E. coli (N=232)
Salmonella (N= 358)
Campylobacter (N=358)

121 (53.5)
durans
faecalis
faecium
gallinarum
malodoratus
unidentified

49 (21.1)

2(0.6) Dublin

0 .

7(5.8)
93 (76.9)
16 (13.2)

3(2.5)

1(0.8)

1(0.8)

2 (100)
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Table 2.

Antimicrobial Resistance Genes Found in Isolates Resistant to Clinically Important Drugs

Page 20

Sample ID Organism MLST  Resistance Plasmid or Resistance Genes Virulence
Phenotype Chromosome Genes
VPS18EC0466 E. coli 278 CHL CIP Chromosome gyrA_S83L, floR, tet(A), IpfA, f17a, IpfA,
NAL TET emrE, arsC arsR, fieF fdeC, espX1
Col156 -- -
Col44011 -- -
VPS18EC0467 E. coli 101 AMC AMP Chromosome arsC arsR, fieF IpfA, stxAla,
FOX AXO StxBla, bmakE,
CHL GEN IpfA, iss, espX1,
STRFIS fdeC, iutA,
TET COT IUcA, iha, espR,
catB
IncA/C2 mph(A), sull, aac(3)-Via, -
aadAl, floR, tet(A),
aph(6)-1a, aph(3”’)-1b,
sul2, blaCMY-2, dfrA12,
gacEdeltal
IncFll-IncFIB --
VPS18EC0505  E. coli 23 AMC AMP Chromosome QyrA_S83L, ampC C42T, YbIP, ybtQ, iutA,
AXO CHL aph(3”°)-1b, aph(6)-1d, iha, iss, papG-1I,
CIP NAL aph(3’)-1a, tet(B), sulZ, papkE, papC,
STRFIS adAl, sat2, dfrAl, terD, ireA, IpfA,
TET COT terZ, terW, arsC, arsR, fieF  bmak, astA,
JUCA, fdeC,
espX1, papF
IncY -- --
IncA/C2 floR, tet(A), aph(6)-1a, -
aph(3”°)-1b, sul2, aph(3’)-
la, sull, aadA5, aadA6,
gacEdeltal
IncB/O/K/Z -- epeA
Col RNAI - -
Col RNAI -- -
Col (MG828) -- -
VPS18EC0676 E. coli 349 AMP CIP Chromosome uhpT_E350Q, emrE, arsC, YOIR ybtQ, iss,
STRFIS arsD, fieF €eilA, faeC,
TET COT espX1
IncQ1-IncFIl-IncFIB tet(A), dfrA5, blaTEM-1, IroN, IutA, iss,
sul2, aph(3”°)-1b, aph(6)-ld,  mchF, cvac, iss,
aph(3°)-la, merC, merR, IUCA, IroE, epeA
merT, merkR
IncB/O/K/Z aph(3”°)-1b, aph(6)-1d epeA
ColRNAI -- -
Col8282 - -
Col(pHAD28) qgnrB19 -
ColpVvC -- -
Col(MG828) -- -
VPS18EC0801 E. coli 345 AZI AMP Chromosome arsC, arsR, fieF, terW, terZ,  iss, IpfA, fdeC,
AXO CHL terD espX1
CIP GEN
IncY - -
STRFIS IncFIl-IncFIB dfrA12, aadA2, cmiAl, -
TET COT aadAl, tet(M), gacL
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Sample ID Organism MLST  Resistance Plasmid or Resistance Genes Virulence
Phenotype Chromosome Genes
IncN-IncHI2A-IncHI2 blaCTX-M-55, gnrS1, -
mph(A), arr-2, dfrA14,
blaTEM-1, blaLAP-2,
aac(3)-11d, aadA22, Inu(F),
sul3, tet(A), floR, aph(3’)-
la, terD, terZ, terW
IncX4 -- -
VPS18EC0802 E. coli 109 AMP CIP Chromosome gQyrA_S83L, uhpT E3500Q, IpfA, iroN, iss,
NAL FIS sul2, sull, aadAb5, dfrA17, IpfA, astA,
TET COT blaTEM-1, gacEdeltal, fdeC,espX1
fieF, arsR, arsC
IncFIl tet(A), tet(M), gacG2 -
Col156 -- -
VPS18EC09278 E. coli 10 AZI AMC IncFI1(29),IncFllI, tet(B), sull, aadA5, dfrA17, 17y, iss, cdiB,
AMP FOX IncFIB(AP001918), mph(A), blaCMY, arsC, UtA, ybIR ybrQ,
AXO STR ColRNAI,Col(MG828) arsk, fieF capU
FISTET
COoT
VPS18EC10778 £ coli 57 AMC AMP IncFIB(AP001918), dfrA1, aph(3’)-1a, astA, papC,
FOX AXO IncFIA, Col(pHAD28) blaTEM-1, aph(6)-1a, papH, ireA, iss,
CHL CIP aph(37°)-1b, dfrA1, catAl, IroN, iroE, sfas,
GEN NAL aac(3)-1la, blaCMY; , sfaF, fdeC,
STRFIS dffAl, dfrA36, aadAl, sat2, espX1
TET COT mph(A), sul2, mph(B),
sull, tet(M), tet(A), floR,
arsC, arsR, fieF, merP,
merC, merR, merT,
VPS18EC1101 E. coli 10 AMC AMP Chromosome emrE, arsC, arsR, fieF fdeC, espX1
FOX AXO
FISTET
COoT
IncFIA-IncFIIB dfrA12, aadA2, sull, -
blaCMY-2, aph(3’)-1a,
tet(A) gacEdeltal
VPS18S0911 Salmonella. AMC AMP Chromosome uhpT_E3500Q, golS, golT, -
Dublin FOX AXO fieF
CHL STR IncA/C2 sul2, aph(3”’)-1b, aph(6)-
FIS TET 1d, tet(A), floR, blaTEM,
blaCMY-2, merR, merT,
merkP, merA, merB, merD,
merke
IncFII(S)-IncX1 -- SPVR, SpVA,
spvB, spcC,
spvD
VPS18S1796 AMC AMP Chromosome uhpT_E350Q, golS, golT, -
AXO CHL fieF
Salmonella. STRFISTET IncFII(S)-IncX1-IncAIC2  blaCMY-2, sul2, aph(3”’)- SPVR, SpVA,
Dublin b, aph(6)-1a, tet(A), floR spvB, spcC,
spvD

alsolates were sequenced on the Illumina MiSeq only, therefore locations of genes are unknown. AMC= Amoxicillin-Clavulanic Acid;
AMP= Ampicillin; AZI= Azithromycin; AXO= Ceftriaxone; CHL= Chloramphenicol; CIP= Decreased susceptibility to Ciprofloxacin; COT=
Trimethoprim/Sulfamethoxazole; FIS= Sulfisoxazole; FOX= Cefoxitin; GEN= Gentamicin; NAL= Nalidixic Acid; STR= Streptomycin; TET=

Tetracycline;
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Table 3.

Bacterial prevalence and antimicrobial resistance by sample demographic

Page 22

Demographic Total No. No. of No. of No. of E. coli  No. of Samples  No. of Samples No. of
of Samples  Samples Samples Resistantto ~ Tested for Positive for Enterococcus
Collected Tested for  Positive for At Least 1 Enterococcus Enterococcus Resistant to At
E. coli E. coli (%) Drug (%) (%) Least 1 Drug
Country of
Origin
Netherlands 5 2 0 - 2 1(50.0) 1(100)
USA 347 226 49 (21.7) 32 (65.3) 220 118 (53.6) 112 (94.9)
USA and 6 4 0 - 4 2 (50.0) 2 (100)
Canada
Meat Color
Red 54 33 6 (18.2) 5 (83.3) 34 19 (55.8) 19 (100)
Pink/White 295 191 42 (22.0) 27 (64.3) 184 100 (54.3) 94 (94)
missing 9 7 8
State of
Collection
CO &SD 16 8 1(12.5) 0 8 6 (75.0) 6 (100)
GA 24 24 9 (37.5) 7(77.8) 24 14 (58.3) 14 (100)
MD 54 31 7(22.6) 5 (71.4) 32 17 (53.1) 16 (94.1)
NY 61 29 2(6.9) 2 (100) 29 23(79.3) 22 (95.7)
OR 21 11 2(18.2) 0 12 8 (66.7) 8 (100)
PA 61 61 7(115) 2(28.6) 51 19 (37.3) 17 (89.5)
sC 64 35 9 (25.7) 5 (55.6) 35 13 (37.1) 12 (92.3)
TN 57 33 12 (36.4) 11 (91.7) 35 21 (60.0) 20 (95.2)
Veal cut
Ground Veal 108 70 32 (45.7) 19 (59.4) 69 49 (71.0) 46 (93.9)
Other 84 53 3(.7) 2 (66.7) 48 26 (54.2) 25 (96.2)
Stew Meat 47 27 2(7.4) 1 (50) 26 13 (50.0) 12 (92.3)
Veal Cutlet 66 42 7 (16.7) 6 (85.7) 42 21 (50.0) 20 (95.2)
Veal Scallopini 53 40 5 (12.5) 4(80.0) 41 12 (29.3) 12 (100)
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Table 4.

Comparative effect of veal cut on isolation of £. coli and Enterococcus

Comparator (OR, 95% CI)

Other Stew Meat Veal Cutlet Veal Scaloppini

E. coli Ground Veal  16.4 (4.2-63.7) 117 (24-56.1) 4.9(1.8-133) 7.7(24-24.1)
Enterococcus  Ground Veal 2.0 (1.0 - 3.9) 2.6 (1.2-6.0) 1.8(0.9-3.5) 3.0(1.4-6.6)

Bolded numbers are statistically significant Odds Ratios (OR)
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