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Changes in the phenotypic susceptibility of Mannheimia haemolytica
isolates to macrolide antimicrobials during the early feeding period
following metaphylactic tulathromycin use in western Canadian
feedlot calves

Jennifer Abi Younes, Dana E. Ramsay, Stacey Lacoste, Darien Deschner, Janet E. Hill,
John Campbell, Cheryl L. Waldner

Abstract — Cattle at high-risk for bovine respiratory disease on entry to western Canadian feedlots are often
treated metaphylactically with antimicrobials from the macrolide class. High levels of resistance to macrolides have
been reported in Mannheimia haemolytica isolates from clinical samples, but it is less clear whether this trend
extends to the broader feedlot population. The objective was to describe near-term [< 40 days on feed (DOF)]
changes in the recovery and susceptibility of M. haemolytica isolates from healthy feedlot calves after metaphylactic
exposure to tulathromycin. Eight cohorts of 100 calves (7 = 800) were sampled via deep nasopharyngeal swab at
entry processing (ic., before metaphylaxis, at I DOF) and again at 13 DOE. Ten calves from each cohort (7 = 80)
were randomly sampled a third time at 36 DOF. Recovery of M. haemolytica isolates across all cohorts increased
over the study period, from 33% (95% CI: 26.5 to 40.2%) at 1 DOF to 75% (95% CI: 71.4 to 78.3%) at 36 DOE.
A significant shift in the minimum inhibitory concentration (MIC) distribution of tulathromycin from 1 DOF
(MIC,, = 8 pg/mL) to 13 DOF (MIC,; > 64 pg/mL) was observed. A subset of 36 isolates from 13 DOF
screened for macrolide resistance genes via multiplex polymerase chain reaction all harbored the msrE and mphE
genes. Recovery of M. haemolytica at 13 and 36 DOF did not decline in response to metaphylactic use of
tulathromycin; conversely, we inferred the potential for rapid inter-pen spread of a macrolide-resistant clone by
13 DOF in 6 of 8 pens under selective pressure from antimicrobial use.

Résumé — Changements dans la sensibilité phénotypique des isolats de Mannheimia haemolytica aux
antibiotiques de la classe des macrolides au début de la période d’alimentation aprés 'utilisation
métaphylactique de tulathromycine chez les veaux des parcs d’engraissement de I’Ouest canadien. Les bovins
a risque élevé de maladies respiratoires bovines a leur entrée dans les parcs d’engraissement de I'Ouest canadien
sont souvent traités métaphylactiquement avec des antimicrobiens de la classe des macrolides. Des taux élevés de
résistance aux macrolides ont été signalés chez les isolats de Mannheimia haemolytica provenant d’échantillons
cliniques, mais il est moins clair si cette tendance s’étend a la population plus large des parcs d’engraissement.
Lobjectif était de décrire les changements a court terme [< 40 jours d’alimentation (DOF)] dans la récupération
et la sensibilité des isolats de M. haemolytica provenant de veaux sains en parc d’engraissement aprés une exposition
métaphylactique 4 la tulathromycine. Huit cohortes de 100 veaux (7 = 800) ont été échantillonnées via un
prélevement nasopharyngé profond lors du traitement d’entrée (i.e., avant la métaphylaxie, 4 1 DOF) et & nouveau
4 13 DOF. Dix veaux de chaque cohorte (7 = 80) ont été échantillonnés au hasard une troisieme fois 2 36 DOF.
La récupération des isolats de M. haemolytica dans toutes les cohortes a augmenté au cours de la période d’étude,
passant de 33 % (IC 95 % : 26,5 240,2 %) a1 DOF 275 % (IC 95 % : 71,4 2 78,3 %) 2 36 DOE. Un changement
significatif dans la distribution de la concentration minimale inhibitrice (MIC) de la tulathromycine de 1 DOF
(MIC,, = 8 pg/mL) a 13 DOF (MIC,, > 64 p.g/mL) a été observé. Un sous-ensemble de 36 isolats de 13 DOF
criblés pour les génes de résistance aux macrolides viz une réaction d’amplification en chaine par polymérase
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multiplex hébergeaient tous les génes msrE et mphE. Lisolement de M. haemolytica 2 13 et 36 DOF n’a pas diminué

en réponse a I'utilisation métaphylactique de la tulathromycine; a I'inverse, nous avons suggéré le potentiel de

propagation rapide entre les enclos d’un clone résistant aux macrolides par 13 DOF dans 6 des 8 enclos sous la

pression sélective de I'utilisation d’antimicrobiens.
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Introduction

B ovine respiratory disease (BRD) is a multifactorial disease
characterized by complex interactions between bacterial
and viral pathogens, a variable host immune response, and
ecological conditions arising from a multiphasic beef produc-
tion system (1). Consistent prevention of BRD is described as
difficult and costly (2), owing to the many known risk factors
that combine to predispose feedlot cattle to acute respiratory
disease (3). In the absence of sensitive and rapid diagnostic tools
to support more targeted treatment decisions, the beef finish-
ing industry depends on antimicrobial metaphylaxis to control
the incidence of acute BRD in high-risk cattle (4). In a recent
study of 36 western Canadian feedlots, most individually dosed
antimicrobial use (AMU) was administered as metaphylaxis to
address the risk of BRD; furthermore, cattle categorized as being
high risk for developing BRD were more likely than low-risk
cattle to receive macrolides for BRD metaphylaxis (5). Results
from a network meta-analysis of injectable antibiotic options
at feedlot arrival suggested that macrolide antimicrobials (e.g.,
tulathromycin) were the most effective approach for reducing
BRD incidence in feedlot settings (6).

Mannheimia haemolytica is one of several bacterial patho-
gens implicated in the clinical presentation of BRD. Most
M. haemolytica isolates (88%) recovered from a large Canadian
survey (2007 to 2010) of mixed-risk feedlot cattle sampled
at arrival and > 30 d on feed (DOF) were pan-susceptible to
21 tested antimicrobials, and distributions of minimum inhibi-
tory concentrations (MICs) were representative of a highly sus-
ceptible bacterial population (7). In the same 3-year period after
tulathromycin, a 15-membered ring macrolide, was approved for
use in Canadian feedlot cattle, more than 99% of M. haemolytica
isolates recovered at arrival and > 60 DOF were susceptible to
a concentration of tulathromycin several orders of magnitude
lower than the resistance breakpoint (= 64 pg/mL) (8). A more
recent review concerning the prevalence of antimicrobial resis-
tance (AMR) in M. haemolytica described a general decrease in
the susceptibility of isolates to antimicrobial drugs, including
macrolides, in the last decade (9); in particular, high levels of
resistance were reported for M. haemolytica isolates recovered
from American cattle exposed to metaphylactic macrolides in
stocker facilities at << 30 DOF (10). There was relatively limited
resistance to tulathromycin (< 5%) in M. haemolytica isolates
from beef cattle in a recent survey (2017 to 2019) of mixed-
origin animals on entry to Alberta feedlots (11), but samples
in that study were exclusively collected before administration
of antimicrobials.

This report highlights preliminary results of interest from a
larger-scale effort to develop strategies that actualize the poten-
tial of genomic diagnostics to support prudent antimicrobial
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(Traduit par D’ Serge Messier)

drug selection in beef production (12). The objective was to
describe changes in the recovery and susceptibility to macro-
lides of M. haemolytica isolates from healthy feedlot calves after
metaphylactic exposure to tulathromycin. A related objective
concerns identification of resistance genes associated with
reduced susceptibility to macrolides in select isolates in which
follow-up analyses might offer important insights. Throughout
the text, susceptibility to macrolides is discussed with reference
to the relevant subclass defined by the size of the lactone ring
(i.e., 15- or 16-membered) and the hypothesized similarity in
prevalence of resistance. This work fills a knowledge gap as it
pertains to AMR in BRD on Canadian feedlots, given that lon-
gitudinal data from multiple points in the early feeding period
(< 60 DOF) is underrepresented in the published literature.

Materials and methods

The study protocol and procedures described here were
approved by the Animal Care Committee at the University of
Saskatchewan (AUP 20190069). Recently weaned steers of vari-
ous beef breeds were sourced from a local auction market and
shipped to a research feedlot at the Livestock and Forage Centre
of Excellence (LFCE) in Clavet, Saskatchewan. One cohort of
100 calves was purchased each week for 8 wk, from October 6th
through December Ist, 2020. The sampled animals originated
from a combined total of 292 unique farming operations, ensur-
ing a heterogeneous mix of calves were present in each cohort.
Calves were kept in a holding pen overnight after arriving at
the LFCE and processed the following morning; their weight
ranged from 211 to 291 kg (mean: 253 kg). All calves (N = 800)
were processed following an industry standard protocol that
included placement of an identification ear tag, verification
of castration, and subcutaneous administration of the follow-
ing: a Mannheimia haemolytica and modified-live viral vaccine
(Pyramid 5 + Presponse; Boehringer Ingelheim Animal Health,
Burlington, Ontario), a clostridial vaccine (Ultrachoice 7;
Zoetis, Kirkland, Quebec), and metaphylactic tulathromycin at
a dose of 2.5 mg/kg based on the average weight of the cohort
(Draxxin; Zoetis). These calves also received a growth implant
(Ralgro; Merck Animal Health, Kirkland, Quebec), and a topical
anthelmintic (Solmectin; Solvet, Calgary, Alberta).

After processing, the cohort of 100 calves was moved to its
home pen where it remained intact (i.c., no re-sorting) for the
duration of the 45-day study. The outdoor, dirt-floor study
pens were filled consecutively and adjacent pen pairs shared
fence-line water troughs. The presence of a satellite building
created a “buffer zone” that separated the first 4 pens from
the last 4 pens. Calves were fed a balanced, high-forage starter
feed ration and monensin (33 mg/kg of dry matter); no other
in-feed antimicrobials were administered to prevent or manage
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disease. Experienced feedlot personnel monitored the animals
daily for signs of illness. A post-metaphylactic interval of 7 d was
observed, after which sick calves were treated in accordance with
established feedlot protocols. Relatively few animals became sick
with BRD in this study (# = 28), and no more than 7 clinical
cases were identified in any single pen-cohort across the feeding
period. The overall rates of BRD morbidity and mortality were
3.5 and 0.25%, respectively.

The same 800 calves were sampled at time of processing
(Day 1 on feed) and again 12 d later (Day 13 on feed). A ran-
dom subset of 10 calves from each pen-cohort were sampled a
third time (7 = 80), at 36 DOE At each time point, calves were
restrained in a hydraulic chute and sampled viz 3 deep naso-
pharyngeal (DNP) swabs; a neck extender was used to stabilize
the calves’ heads during sampling. A single-use paper towel was
used to wipe clean the external nares, and a double-guarded cul-
ture swab (Continental Plastic, Delevan, Wisconsin, USA) was
directed into the ventral meatus of the nostril. The polyester-
tipped swab was advanced through the inner sheath and vigor-
ously rotated against the pharyngeal mucosa for 5 to 6 rotations.
The swab was withdrawn into the inner sheath and outer guard
before removal from the nostril, and approximately 3 cm of swab
tip was cut and placed in a vial containing 3 mL of liquid Amies
transport medium. Two additional samples were obtained from
alternating nostrils using the same procedure, and all 3 DNP
swabs per calf were pooled in the same vial. Sample collectors
used clean gloves for each calf.

Samples were transported to the University of Saskatchewan
for same-day processing. Pooled DNP samples were vortexed for
1 min and a 300 pL aliquot was submitted to Prairie Diagnostic
Services (PDS) for bacterial culture and susceptibility testing.
One each of sheep blood and chocolate agar plates were inocu-
lated with 10 pL of sample and incubated at 35°C in 5% CO,
for 48 h. Bacterial colonies were examined at 18 and 42 h of
incubation; colonies suspected of being Mannheimia haemolytica
or other respiratory isolates of interest were confirmed using
a MALDI-TOF MS Microflex LT instrument and MALDI
Biotyper software (Bruker Corporation, Billerica, Massachusetts,
USA). A single M. haemolytica colony from each sample was
tested for susceptibility to antimicrobials via serial broth micro-
dilution using the Sensititre platform and commercially avail-
able Bovine BOPO7F AST Plate (ThermoFisher Scientific,
Waltham, Massachusetts, USA). The recovery and susceptibility
data were exported from a central repository to Stata/IC 14.2
for descriptive and statistical analyses. Null binomial response
models were fit using generalized estimating equations (xtgee) to
account for clustering of observations by pen-cohort. The MICs
were interpreted with reference to the breakpoints established
by the Clinical Laboratory Standards Institute (CLSI). Isolates
with intermediate MIC values were categorized as “susceptible”
for all analyses.

A subset of macrolide-resistant M. haemolytica isolates from
the second time point (13 DOF) were purposively selected
for follow-up polymerase chain reaction (PCR) analyses.
Representative gamithromycin and tulathromycin-resistant
isolates from calves with disparate farms of origin were iden-
tified from 6 of 8 pen-cohorts (6 isolates per cohort, 7 = 36
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isolates). Isolates were revived from frozen stocks on sheep
blood agar, and broth cultures were grown overnight in brain
heart infusion media containing 1% (w/v) glucose at 37°C with
shaking. Genomic DNA was extracted using a modified salting
out procedure (13), and ethanol-precipitated DNA was resus-
pended in 100 L of TE buffer [10 mM Tris-HCI (pH 8.0),
1 mM EDTA] and stored at 4°C overnight. The concentration
of genomic DNA was determined the next day by measuring
absorbance at 260 nm.

Selected isolates were screened for macrolide resistance
genes erm42, mphE, and msrE using a multiplex PCR assay, as
described (14). Expected product sizes were 173 bp (erm42),
271 bp (mphE), and 395 bp (msrE). Primers that amplified a
region of the 23S rRNA gene of gammaproteobacteria (720 bp
in M. haemolytica) were likewise present in the assay and served
as an internal control. Positive controls for the erm42, mphE,
and msrE primer sets in the multiplex assay were synthesized
DNA fragments containing a sequence unrelated to the actual
target [partial ¢pn60 sequences (15)] flanked by annealing sites
for the forward and reverse primers. Products generated from
the positive control templates differed in size from the actual
targets (282, 334, and 509 bp, respectively) to permit detection
of cross-contaminated samples. Following synthesis (Integrated
DNA Technologies), DNA segments were ligated into vector
pGem T Easy (Promega) and the resultant plasmid constructs
were used to transform Escherichia coli DH5a cells. Inserts were
confirmed by sequencing, and purified plasmids were used as
positive amplification controls. No-template controls were also
included in PCR experiments. Following PCR, products were
resolved by agarose gel electrophoresis for visual interpretation
of results.

Results

Percentages of DNP samples from which M. haemolytica and
other BRD-associated pathogens of interest were recovered
are displayed in Figure 1. Population-averaged estimates are
shown with 95% confidence intervals (CI) adjusted for the
clustering of observations by pen-cohort. The recovery of
M. haemolytica isolates across all pen-cohorts increased over the
study period, from 33% (95% CI: 26.5 to 40.2%) at 1 DOE, to
52.7% (33.5 to 71.1%) at 13 DOF, and 75% (71.4 to 78.3%)
at 36 DOE Although inter-cohort variability in M. haemolytica
detection was most pronounced at 13 DOE substantial increases
in recovery at the second time point were nevertheless observed
in 6 of 8 pen-cohorts. In contrast, recovery of the other BRD
pathogens decreased from 1 to 13 DOF; the decline was
especially marked for P multocida [56.4% (47.5 to 64.8%) at
1 DOF to 10.2% (7.1 to 14.3%) at 13 DOF]. The recovery
of both pathogens rebounded at 36 DOF and was particu-
larly marked for H. somni [4.4% (2.2 to 8.8%) at 13 DOF to
48.7% (34.0 to 63.7%) at 36 DOF].

The number and raw, unadjusted percentage of recovered
and macrolide-resistant M. haemolytica isolates at each time
point are reported in Table 1. Population-averaged estimates
of AMR prevalence were calculated for M. haemolytica isolates
from all pen-cohorts at 1 DOF (n = 264), 13 DOF (n = 421),
and 36 DOF (n = 60). One M. haemolytica isolate [0.4%, (95%
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Figure 1. Percentage (%) of samples from which M. haemolytica, P. multocida, and H. somni isolates
were recovered at 1, 13, and 36 DOF. The number of samples submitted was n= 799 at 1 DOF, n = 798
at 13 DOF, and n =80 at 36 DOF. Proportions are shown with 95% confidence intervals, adjusted for

clustering by pen-cohort.

CI: 0.8 to 2.1%)] at the first time point was resistant to both
gamithromycin and tulathromycin (i.e., 15-membered ring
macrolides). At 13 DOF, resistance to gamithromycin and
tulathromycin increased significantly to 67% (range: 44.6 to
83.6%) and 65.6% (range: 45.4 to 81.3%), respectively. An
increase in the prevalence of resistance to 16-membered ring
macrolide tilmicosin [5.2% (range: 2.0 to 12.5%)] was less
marked, and only 3 isolates [0.7% (range: 0.1 to 4.0%)] were
resistant to tildipirosin. Resistance at 36 DOF was 73.6%
(range: 57.8 to 85.1%), 67.6% (range: 43.8 to 84.8%), 11.6%
(range: 4.4 to 27.2%), and 1.6% (range: 0.3 to 10.0%) for
gamithromycin, tulathromycin, tilmicosin, and tildipirosin,
respectively. The considerably smaller number of isolates at this
time point is reflected in the relative uncertainty around these
prevalence estimates. Two or fewer M. haemolytica isolates were
resistant to any of ampicillin, florfenicol, or tetracycline at any
time point; resistance to Category 1 antimicrobials, including
third-generation cephalosporins and fluoroquinolones, was
not observed. The percentage of M. haemolytica isolates with
inhibited growth at the only tested sulphadimethoxine con-
centration (256 pg/mL) decreased from 91.7% at 1 DOF to
12.4% at 13 DOE.

Distributions of minimum concentrations of macrolide anti-
microbials that inhibited growth of M. haemolytica isolates at
1, 13, and 36 DOF are depicted as line graphs in Figure 2 a—d.
A dramatic shift in the MIC distribution of tulathromycin
(a) from 1 DOF (MIC,) = 8 pg/mL) to 13 DOF (MIC,,
> 64 pg/mL) was observed; a rightward shift of similar mag-
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nitude was noted for gamithromycin (b), for which the MIC,;
increased from = 1 to > 8 pg/mL between the same time
points. This trend was also present to a lesser extent for tilmi-
cosin (d) and was captured by the unimodal shift from 1 DOF
(MIC,, = 4 pg/mL) o 13 DOF (MIC,, = 16 pg/mL). A marked
decrease from 1 DOF (> 80%) to 13 DOF (< 60%) in the pro-
portion of M. haemolytica isolates with inhibited growth at the
lowest concentration of tildipirosin (c) was likewise apparent. At
36 DOE a modest “reverse” shift toward increased susceptibility
was observed to varying degrees for all 4 macrolides; at this time
point, the lowest concentration of antimicrobial on the BOPO7F
plate inhibited growth of a larger proportion of M. haemolytica
isolates than at 13 DOF.

The MIC of gamithromycin was > 8 pg/mL for all
M. haemolytica isolates selected for PCR analyses; the MIC of
tulathromycin was 64 pwg/mL and > 64 pg/mL for 7 = 31 and
n =5 selected isolates, respectively. Results from positive and
negative control PCRs and the internal amplification control
were as expected. All tested isolates from 13 DOF were PCR
positive for the gammaproteobacterial 23S rRNA target and
macrolide-resistance genes msrE and mphE. The erm42 gene
was not detected in any selected isolate.

Discussion

Much of the available literature evaluating AMR in
BRD-associated pathogens draws on clinical or post-mortem
samples from diseased cattle exposed to multiple courses and/or
classes of antimicrobials (9). However, results presented here
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Table 1. Number of DNP samples, recovered M. haemolytica (Mh) isolates, and macrolide-resistant
Mh isolates across all pen-cohorts at each of 1, 13, and 36 DOF. The unadjusted percentages of total

and resistant isolates are reported in parentheses.

Sampling time point

1 DOF 13 DOF 36 DOF
Number of animals sampled 799 798 80
Number of M} isolates recovered (% of total DNP samples) 264 (33.0) 421 (52.8) 60 (75.0)
Number of resistant M} isolates (% of total Mp isolates)
15-membered ring macrolides
Gamithromycin 1(0.4) 351 (83.4) 44 (73.3)
Tulathromycin 1(0.4) 341 (81.0) 40 (66.7)
16-membered ring macrolides
Tildipirosin 0 (0) 3(0.7) 1(1.7)
Tilmicosin 0(0) 25(5.9) 7 (11.7)

contribute to a more fulsome understanding of the recovery
and susceptibility of M. haemolytica isolates in the general
feedlot population following metaphylaxis with tulathromy-
cin, particularly as it pertains to the early feeding period
(< 40 DOF). A nationally representative surveillance effort
initiated in 2019 and led by the Canadian Integrated Program
for Antimicrobial Resistance Surveillance (CIPARS) reported on
AMR in M. haemolytica isolates detected on feedlor arrival and
at animal rehandling (16); there was significant variation in the
timing of rebandling, but it occurred later in the feeding period
on average (i.e., 60 DOE often at re-implantation of cattle)
[Sheryl Gow, written communication]. The second sampling
time point in this study (13 DOF) was selected to coincide
with the maximum estimated duration of action for injectable
tulathromycin (14 d) (17) and is reflective of the immediate-
term impacts on the nasopharyngeal microbiota in metaphylacti-
cally treated cattle. The third sampling time point (36 DOF)
was chosen to investigate medium-term trends in recovery and
susceptibility within the larger study’s 45-day timeline.
Mannheimia haemolytica and other BRD-associated patho-
gens were isolated in greater proportions in this study than in
other recent investigations of healthy Canadian feedlot cattle
from mixed origins (11,18). The unadjusted prevalence of
M. haemolytica in beef-type cattle was 13.8% in a cross-sectional
survey of over 2800 Canadian animals at feedlot entry (11),
consistent with published Canadian estimates (7,8). This team
isolated M. haemolytica from 33% of cattle from all pen-cohorts
at arrival processing, an estimate more comparable to those
reported for auction-sourced calves entering Saskatchewan
feedlots (28 to 40%) (19,20). Injectable tulathromycin
appeared to limit colonization of commercial feedlot cattle with
Mannheimia spp. through = 60 DOF in (21); indeed, reduc-
tions in M. haemolytica recovery at 76 DOF (20%) and = 90
DOF (23%) were described for tulathromycin-treated cattle in
references (19) and (20), respectively. In contrast, the preva-
lence of M. haemolytica increased from feedlot arrival (10%)
to 40 DOF (55%) in the experimental group of ranch-direct
calves receiving metaphylactic gamithromycin, a 15-membered
ring macrolide (18). Recovery of M. haemolytica at 13 DOF
did not decline in response to the metaphylaxis in this study,
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and an increase in prevalence from arrival to 36 DOF (75%)
was observed across all 8 pen-cohorts of tulathromycin-treated
cattle. Given the very few calves that became sick in this study,
there was no evidence that this increase was associated with calf
morbidity or post-metaphylactic treatments for BRD.

Several Canadian studies reported high levels of resistance
to macrolides (> 70%) in M. haemolytica isolates from BRD
cases (22) and from the lower respiratory tract of tulathromycin-
treated cattle (23). It is less clear whether these trends extend to
the broader feedlot population and the healthy animals included
therein; for example, metaphylactic treatment of 2 experimental
groups (18) did not appear to select for macrolide resistance
through 40 DOE as evidenced by the generally low MICs for all
BRD-associated pathogens. Conversely, significant increases in
resistance to tulathromycin (20 to 36%) and tilmicosin (28%)
were reported at follow-up sampling of commercial feed-
lot calves exposed to a metaphylactic macrolide (19,20). In
this study, significant increases in resistance to 15-membered
ring macrolides (65 to 67%) at 13 DOF were akin to those
described by Snyder ez al (24) in their investigation of AMR
in M. haemolytica isolates from American stocker cattle that
received metaphylactic tulathromycin. When high-risk calves
were sampled viza DNP 10 to 14 d after entry processing at
the time of revaccination, upwards of 98% of the tested iso-
lates from 123 culture-positive calves were resistant to both
gamithromycin and tulathromycin (24). Similarly substantial
increases in the prevalence of resistance to tilmicosin (99.2%),
enrofloxacin (99.2%), and florfenicol (68.3%) (24) were not
present in the M. haemolytica isolates at 13 or 36 DOF in the
study herein.

The timing of second and/or subsequent sample collection
might explain the apparent contrast between the recovery and
AMR prevalence data reported here and the generally lower
estimates from previous investigations of healthy feedlot cattle
in Canada (7,8,18-20). Specifically, the concurrence of this
second sample with both peak BRD occurrence and the upper
limit of metaphylactic drug activity (4,17) distinguished this
from other longitudinal studies of AMR prevalence later in the
feeding period (40 to 180 DOF). Noyes ez a/ (7) speculated
that the likelihood of M. haemolytica recovery increased when
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Figure 2. Shifts in the MIC distributions of macrolide antimicrobials (a) tulathromycin, (b) gamithromycin, (c) tildipirosin, and

(d) tilmicosin for Mannheimia haemolytica isolates from all pen-cohorts at 1 DOF (n = 264, dotted lines), 13 DOF (n = 421, dashed
lines) and 36 DOF (n = 60, solid lines). The vertical red lines and shaded grey areas represent the resistance breakpoints established
by CLSI and the concentrations outside the range tested for the macrolides on the BOPOT7F plate, respectively. (continues on next page)

metaphylactic AMU in high-risk cattle selected for resistant
bacterial populations that spread among pen-mates. Although
the prevalence of phenotypic AMR was negligible at 1 DOF in
this study, perhaps relevant resistant clones were not identified
on arrival given that: i) representativeness of only 1 sample of
the respiratory tract flora cannot be guaranteed (25); and ii) only
a single M. haemolytica colony from each culture-positive sample
was selected for susceptibility testing. Differential expression of
AMR genes owing to stress, subclinical illness, and/or exposure
to antimicrobials might likewise impacted the dynamics reported
here (26,27). Planned analyses to investigate clonal relatedness
of M. haemolytica isolates across time will help this team to bet-
ter understand the role of contagious spread in metaphylactically
treated cattle.
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An examination of the MIC distributions by antimicrobial
drug can illuminate complex trends in susceptibility beyond
the susceptible/resistant dichotomy established by clinical
breakpoints; these distributions are more often included as
tables (7,22) than as plots in Figures 2 a—d. Depicted this way,
it is possible to visualize the dramatic reductions in suscepti-
bility to macrolides across the population of M. haemolytica
isolates under selective pressure from metaphylactic tulathromy-
cin (13 DOF). The partial return to phenotypic susceptibility in
the absence of AMU exposure at 36 DOF is likewise more easily
appreciated with this format. The MIC distribution for tylosin,
a 16-membered ring macrolide, revealed little in the way of sus-
ceptibility trends. Across all time points, the MIC, for tylosin
was > 32 pg/mL and therefore outside of the upper limit of
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Figure 2. Shifts in the MIC distributions of macrolide antimicrobials (a) tulathromycin, (b) gamithromycin, (c) tildipirosin, and

(d) tilmicosin for Mannheimia haemolytica isolates from all pen-cohorts at 1 DOF (n = 264, dotted lines), 13 DOF (n = 421, dashed
lines) and 36 DOF (n = 60, solid lines). The vertical red lines and shaded grey areas represent the resistance breakpoints established
by CLSI and the concentrations outside the range tested for the macrolides on the BOPOT7F plate, respectively.

concentrations tested for this drug. There were no significant
shifts across time in the distributions of MICs for all other tested
antimicrobial drugs, with the notable exception of sulphadi-
methoxine. The proportion of M. haemolytica isolates which did
not grow at the only tested sulphadimethoxine concentration
shifted in tandem with gamithromycin and tulathromycin at
13 and 36 DOF; this was suggestive of a co-selection mechanism
resulting in decreased susceptibility to both 15-membered ring
macrolides and sulfonamides in these isolates.

The near total absence of resistance to tetracycline in
the M. haemolytica isolates from this study was unexpected.
Resistance to oxytetracycline (MIC = 8 pg/mL) was the most
frequently observed phenotype (10.0%) in 281 M. haemolytica
isolates from mixed-origin beef cattle at arrival to feedlot

926

in (11); in contrast, there were no oxytetracycline—resistant
isolates at 1 DOF in this study. Furthermore, only a single
oxytetracycline-resistant isolate was detected at either 13 or
36 DOE. This deviated markedly from the comparatively
higher prevalence of oxytetracycline resistance in isolates from
the rehandling time points in both the 2020 CIPARS feedlot
surveillance data (22.9%) (Sheryl Gow, written communica-
tion) and a recent study of auction-sourced feedlot cattle in
Saskatchewan (52.3%) (19). Antimicrobials in the tetracycline
class comprise most of both parenteral and in-feed AMU on
western Canadian feedlots (5,22), and cattle in the comparison
studies had likely or confirmed exposures to metaphylactic or
in-feed (19) tetracyclines as part of their management protocols.
It is notable that the cattle in this study did not receive in-feed
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chlortetracycline for prevention of histophilosis, an observation
that might suggest a potential role for continuous, subthera-
peutic AMU in the maintenance of tetracycline resistance in
M. haemolytica isolates (21,27).

Genes conferring resistance to macrolides (erm42, mphE,
msrE) have been identified on integrative conjugative elements
(ICEs) in M. haemolytica isolates from North American cat-
tle (28). Various combinations of these antimicrobial resistance
genes (ARGs) were detected in clinical Pasteurellaceae isolates via
multiplex PCR and linked to distinct resistance phenotypes to
the 15- and 16-membered ring macrolides in (14,29). Screening
with the assay described in (14) revealed that all representative
M. haemolytica isolates from 13 DOF harbored both ms7E and
mphE, genes which are organized in an operon-like structure
and sufficient to confer greatly elevated MICs to both gamithro-
mycin (> 8 pg/mL) and tulathromycin (= 64 pwg/mL) in this
study as elsewhere (14,29,30). Elevated MICs to tildipirosin
were not detected in M. haemolytica isolates lacking erm42
in (14,31), a finding that is mirrored here and emphasized the
potential for distinct pathways to resistance by macrolide sub-
class. These genetic data were suggestive of the rapid inter-pen
spread of a macrolide-resistant M. haemolytica clone by 13 DOE
In their study of isolates from BRD-affected cattle treated with
gamithromycin, DeDonder ez 2/ (30) noted that a single genetic
subtype was associated with most observed macrolide resistance;
however, the erm42 gene was not detected, and the msrE-mphE
operon was part of an ICE in all cases.

Ongoing genetic characterization of these isolates will help
to clarify whether the msrE-mphE genes were associated with
other ARGs, including possibly su/2, a gene linked to reduced
susceptibility to sulfonamides and frequently located on mobile
genetic elements (MGEs) (21,32). Furthermore, and because in-
feed exposure to antimicrobials may have broader implications
for the selection of particular multi-drug resistant phenotypes,
planned analyses might reveal differences in either size or com-
position of ICE/MGE in these calves compared to those fed
chlortetracycline and/or tylosin. Mutations in the 23S rRNA
conferring high-level resistance to macrolides in Pasteurellaceae
species have been identified (28,33) and might also have an
as-of-yet unrecognized role in the resistance patterns described
here. Conjugal transfer of ICE-linked ARGs between species of
the Pasteurellaceae family has been reported (34), but phenotypic
evidence suggests it is unlikely to have featured prominently
through 36 DOF in this group of calves. Resistance to macro-
lides was not detected at any time point for either P multocida
or H. somni (data not shown) and decreases in recovered propor-
tions of these isolates following metaphylaxis were consistent
with highly susceptible bacterial populations.

Findings reported here offered unique insights into dynam-
ics of AMR in BRD-associated pathogens immediately after
metaphylactic drug exposure. This work was distinct from the
existing literature in this field in several respects, including:
i) its focus on the general feedlot population in the early feed-
ing period (< 40 DOF) and therefore near-term impacts of
metaphylaxis on nasopharyngeal microbiota; and ii) its longitu-
dinal design, whereby the same animals from 8 large pen-cohorts
were systematically sampled across multiple time points. These
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results advanced our understanding of the population-level
impact on AMR of exposure to metaphylactic macrolides in
calves at high risk for BRD.
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