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Assessment of the Fecal Microbiota in Beef Calves

J.S. Weese and M. Jelinski

Background: There is increasing interest in the fecal microbiota, but study in calves has been limited.
Hypothesis/Objectives: To evaluate the fecal microbiota of beef calves and cows on different farms, and to preliminarily

explore the impact of antimicrobial exposure.

Animals: A total of 172 animals, 156 (91%) calves and 16 (9.3%) cows, were enrolled from 5 cow-calf farms.

Methods: The fecal bacterial microbiota was assessed through sequencing of 16S rRNA gene (V4 region) amplicons.

Results: There were significant differences in the relative abundances of numerous phyla between calves on different
farms. Farms could be separated into 2 groups: 1 (farms B and C) dominated by Firmicutes and 1 (farms A, D, and E) with
predominance of Proteobacteria and Actinobacteria. Richness (median 2,974 versus 1,477, P = .008), diversity (51.4 versus
29.1, P = .0029), and evenness (0.73 versus 0.68, P = .006) were higher in cows. Over-represented operational taxonomic units
(OTUs) in cows tended to be from the classes Bacilli and Bacteroidia, whereas Clostridia and Actinobacteria were most
prominently over-represented in calves. There were differences in community membership (P = .028) and structure (P = .029)
in calves that had a history of antimicrobial exposure compared those that did not. Eight (89%) over-represented OTUs in
the untreated group were Firmicutes (7 from the order Clostridiales), compared to only 3 (38%) (2 Clostridiales) in the

untreated group.

Conclusions and Clinical Importance: Interfarm variation should be investigated to determine the causes and potential
implications for health and production. Antimicrobial exposure may have an impact on the fecal microbiota at individual

and farm levels.
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he body harbors vast microbial populations (micro-
biotas) that interact closely with the host. As
research advances, it is clear that the intestinal micro-
biota exerts influences both locally and extra-intestin-
ally, and alterations of the microbiota can be associated
with a wide range of infectious, inflammatory, meta-
bolic, and other diseases in many species.' ™
While comparative data can provide insight, the
unique nature of the ruminant gastrointestinal tract
hampers extrapolation of data from nonruminant spe-
cies. Even within ruminant species, major changes in
gastrointestinal tract anatomy and the associated micro-
biota occur as calves age and progress from milk feed-
ing to the development of a functional rumen.®’
Nevertheless, a few recent studies have started to
describe the fecal and ruminal microbiota in cattle,®'
providing initial insight into this potentially important
area.
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Antimicrobial administration has been shown to have
an impact on the intestinal microbiota in various spe-
cies, including humans, pigs, horses, and laboratory
animals,’>'® but there has been limited study in cattle,
despite the commonness of antimicrobial exposure in
commercial beef and dairy cattle. Penicillin administra-
tion was shown to significantly alter the microbiota in
calves <6 months of age;17 however, the methods that
were used (automated ribosomal intergenic spacer anal-
ysis and terminal restriction fragment length polymor-
phism analysis) could not provide insight into the
nature of those changes. A study by next-generation
sequencing reported decreased bacterial richness in
calves with pneumonia that were treated with antibi-
otics, as well as calves with diarrhea that were not
treated.® Another next-generation sequencing study
identified changes in some taxa in dairy calves fed milk
with antibiotic residues compared to untreated controls;
however, these were relatively limited in number and
restricted to the genus level.” Further study of factors
that influence the microbiota, particularly in farm envi-
ronments, is required to better understand this impor-
tant microbial community and how it is related to
health and disease.

The objectives of this study were to evaluate the fecal
microbiota of beef calves and cows on different farms
and the impact of antimicrobial treatment on the fecal
microbiota in calves.
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Materials and Methods
Study Population

Fecal samples were collected from calves on 5 western Cana-
dian cow-calf farms between April 17 and May 31, 2013. Farm
selection was based on 3 criteria: geographical distribution, will-
ingness of veterinarians, and producers to participate, and that the
producers maintained treatment records. The number of cow-calf
pairs per farm varied between approximately 50 and 250. The tim-
ing of the sampling coincided with when the cattle producers were
routinely handling their animals. Producers were instructed to
obtain 25-30 calf samples and that the sampling should include an
equal number of samples from those that had received antimicro-
bial treatment (“treated”) and those that had never received
antimicrobials (“nontreated”); nontreated calves were randomly
selected. A graduate student collected samples from farm C, which
included samples from calves and cows. Individual data regarding
calf birthdates, treatment dates, and sampling dates were not pro-
vided by all producers. In general, beef calves in western Canada
are typically born between February and April. Therefore, calves
would have been <4 months of age. Three farms (A, D, and E)
were located in close proximity to each other near Kamloops, Bri-
tish Columbia. The fourth farm (C) was located north of Saska-
toon, Saskatchewan, and the last farm (B) was located in close
proximity to Brandon, Manitoba. Sampling involved inserting a
minimum of 2 swabs 2-3 cm into the rectum. Samples were also
collected from cows on 1 farm (farm C).

At the time of sampling, the swabs were placed in a cooler on
ice until they could be frozen (—20°C), later that day. Frozen sam-
ples were transferred to the Western College of Veterinary Medi-
cine, where they were stored at —82°C until being shipped on dry
ice to the Ontario Veterinary College. Antimicrobial exposure data
were also collected when possible. This study was approved by the
University of Saskatchewan Animal Research Ethics Board (proto-
col #20130032).

Sequencing

DNA was extracted from fecal samples by a commercial kit.*
The V4 region of the 168 rRNA gene was amplified by PCR,'
and amplicons were sequenced by Illumina (2 x 250).® Because of
the large number of samples, multiple sequence runs were
required. Samples were mixed so that individual sequence runs
contained samples from multiple farms.

Data Analysis

MOTHUR v1.34" was used for sequence processing and analy-
sis. After assembly of paired end reads, sequences that were not
consistent with the target amplicon size (240 bp) or contained any
ambiguous base calls or long runs (>8 bp) of holopolymers were
removed. Sequences were aligned with the Silva 16S rRNA refer-
ence database’® and those that did not align with the V4 region
were removed. Archaea were also removed. Chimeras were
detected by UCHIME?! and removed. Taxonomy was assigned by
the ribosomal database project (RDP) classifier®> for database-
dependent analysis. Sequences were binned into operational
taxonomic units (OTUs) at a 3% dissimilarity level for database-
independent (de novo OTU clustering) analysis.

Relative abundances were compared by linear modeling by
robust (Huber) estimation to down-weight outliers, with P values
that were adjusted for false discovery rate by the Benjamini—
Hochberg technique. For subsequent analysis, subsampling was
performed to normalize sequence number through random selec-
tion of a number of sequences that corresponded to the minimum
number for any sample. Alpha diversity indices were calculated,

consisting of inverse Simpson’s index (diversity), Shannon’s even-
ness index (evenness), and Chaol index (estimated richness). These
were compared by Steel-Dwass or Wilcoxon tests.

Dendrograms were developed based on the Yue and Clayton
measure of dissimilarity (a measure of community structure that
considers shared OTUs and their relative abundances) and the tra-
ditional Jaccard index (a measure of community membership that
only considers the number of shared OTUs, not their abundance).
Unweighted unifrac® was used to compare community member-
ship and structure between groups. Principal coordinate analysis
(PCoA) and linear discriminant analysis effective size (LEfSe)**
were performed. The number of different meta-communities (en-
terotypes) that the data could be clustered into was determined
based on Dirichlet multinomial mixtures method for probabilistic
modeling,®® with the K value that derived the minimum Laplace
approximation indicating the number of different meta-commu-
nities. P values of <.05 were considered significant for all analyses.

Results

A total of 189 samples were collected from the 5
farms, 16 samples from cows and 172 from calves.
However, 16 calf samples were either not processed
because of labeling issues or the sample was of insuffi-
cient volume. Results were generated from 172 samples,
156 (91%) calves and 16 (9.3%) cows. The number of
calves sampled per farm ranged from 25 to 48 (median
27); only cows (n=16) from farm C were sampled.
Forty-two (29%) of the calves had prior antibiotic
exposure at some point, which are identified herein as
“treated” calves. Of the 42 treated calves, 11/25 (44%)
were from farm A, 0/25 from farm B, 4/48 (8.3%) from
farm C, 13/31 (42%) from farm D, and 14/27 (52%)
from farm E (P < .0001). Although the farms recorded
whether a calf received antimicrobial treatment, only
farm D provided detailed data on what treatment was
used. In conversations with the other producers, they
were reasonably sure what each calf was treated with,
but because it was not recorded at the time of treat-
ment, it was equivocal as to what antibiotic was actu-
ally administered. Therefore, specific treatment data for
those farms were not analyzed. Antimicrobials adminis-
tered on farm D included sulfamethazine (n=8),
oxytetracycline (n=5), florfenicol (n=3), trimethoprim-
sulfadoxine (n=2), enrofloxacin (n=1), and penicillin
(n=1). Because of the limited antimicrobial use data and
the variety of drugs that were used in treated calves on
that farm, evaluation of the impact of specific antimi-
crobials was not performed and antimicrobial treatment
was analyzed as a binary (yes/no) variable.

A total of 8,555,682 sequences from 172 samples
passed all quality control filters (mean 49,742/sample,
median 46,022, range 10,493-195,449). The entire data-
set was used for comparison of relative abundances. A
random subsample of 10,493 sequences per sample was
used to normalize sequence numbers for other analyses.

Comparison of Nonantimicrobial-Treated Calves
Between Farms

Twenty-five different phyla were identified, but only 5
accounted for >1% of sequences each (Table 1). There
were significant differences in the relative abundances of
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Actinobacteria (P < .001), Bacteroidetes (P < .001),
Chloroflexi (P < .001), Firmicutes (P < .001), Fusobac-
teria (P = .015), Proteobacteria (P = .0002), Spiro-
chetes (P =.016), and Verrucomicrobia (P = .010)
between farms. There was apparent grouping of farms
B and C and farms A, D, and E. Farms B and C were
characterized by a microbiota dominated by Firmicutes,
as opposed to a predominance of Proteobacteria and
higher relative abundance of Actinobacteria in the other
farms. The predominant families and genera are pre-
sented in Table 2.

There were significant differences in diversity (Fig 1)
and evenness, but not richness on farms A, D, and E
compared to farms B and C (Table 3). Similar grouping
can be visualized with PCoA (Fig 2). Significant differ-
ences in community membership (Jaccard index) and
structure (Yue and Clayton index) were identified
between all farms (all P < .001).

When farms A, D, and E were grouped together and
compared by LEfSe to farms B and C, 313 OTUs were
identified as differentially enriched between the 2 groups.
The 10 OTUs with the highest linear discriminant analy-
sis score from each group are presented in Figure 3. Nine
of the 10 most enriched OTUs from farms B and C were
Firmicutes (including 8 from the order Clostridiales),
whereas 7/10 from farms A, D, and E were Proteobacte-
ria. Similarly, numerous Clostridiales were present at
higher relative abundances in farms B and C, including
Faecalibacterium, Ruminococcus, Lachnospira, Blautia,
and Dorea, as well as other potentially relevant genera
such as Lactobacillus (all P < .001).

Samples could be assigned to 3 different metacommu-
nities. Community 1 contained 42/43 (98%) samples
from farm C and 11/25 (44%) from farm B. Commu-
nity 2 contained 11/25 (44%) samples from farm B,
1/43 (2.3%) from farm C, and 1/18 (5.6%) from farm
D. The third community contained all samples from
farms A and E, the 17/18 (94%) samples from farm D
and 3/25 (12%) from farm B.

Evaluation of the Impact of Antimicrobial Treatment
of Calves

Because of the significant differences in the micro-
biota between healthy calves on farms B and C versus
farms A, D, and E, and the number of calves treated
on each farm group (4 versus 38, respectively), analysis
of the impact of antimicrobials was performed with
only farms A, D, and E. This consisted of 38 treated
and 45 untreated calves. There were no differences in

coverage (P = .94) or richness (P = .55), but antimicro-
bial-treated calves had lower diversity (median 12.7 ver-
sus 15.1, P =.015) and evenness (0.59 versus 0.60,
P = .04) compared to untreated calves. No differences
in community membership (P = .60) or structure
(P = .59) were identified by unifrac. The lack of impact
of antimicrobial exposure can also be visualized by
PCoA (Fig 4). There were no differences in the relative
abundances of any phyla, with limited differences at
lower taxonomic levels. When the 100 genera with the
highest relative abundances were analyzed, there were
no significant differences after adjustment for false dis-
covery rate.

To further evaluate the impact of antimicrobials,
analysis of farm E alone was performed, as this was the
farm with a relatively equal distribution of treated
(n = 14) and untreated (n = 13) calves. No differences
in richness (P = .46), diversity (P = .28), or evenness
(P = .26) were identified. There was a significant differ-
ence in community membership (P = .028) and struc-
ture (P = .029) between treated and untreated calves.
When phyla were compared, the only difference was a
significantly greater relative abundance of Spirochetes
in treated calves (0.0019 versus 0.0007, P = .013).
Seventeen significantly enriched OTUs were identified
by LEfSe (Table 4). Eight (89%) in the untreated
groups were Firmicutes (with 7 of those being from the
order Clostridiales), compared to only 3 (38%) (2
Clostridiales) in the untreated group.

To highlight the potential impact of pooling data
from all farms, basic analysis of the impact of antimi-
crobials on the entire calf dataset was performed. When
all farms were pooled, there were numerous significant
differences at the phylum level, with treated calves
having lower relative abundances of Actinobacteria,
Bacteroidetes, and Firmicutes, and higher Deinococcus—
Thermus and Proteobacteria, mimicking the interfarm
differences in untreated calves. There were also signifi-
cant differences in community membership (P = .002),
with a difference in structure that neared significance
(P = .050).

Comparison of Cows and Calves from the Same Farm

Samples were available from 16 cows and 48 calves
from the same farm (farm C). The microbiota of adult
cows had significantly greater estimated richness (me-
dian 2,974 versus 1,477, P = .008), diversity (51.4 versus
29.1, P =.0029), and evenness (0.73 versus 0.68,
P = .006) compared to the 44 untreated calves. At the

Table 1. Comparison of the med-

ian relative abundances of predomi-

Farm A Farm B Farm C Farm D Farm E K £ K
Phylum (n — 14) (n — 25) (1’1 — 44) (1’1 — 18) (n — 13) nant phyla m the feca] mlCl‘Obl(?ta
Actinobacteria 0.19 0.0059 0.007 0.095 0.12 of . cglves . that “did not receive
Bacteroidetes 0.01 0.031 0.023 0.02 0006y 2ntimicrobials on 5 farms.
Proteobacteria 0.58 0.11 0.020 0.57 0.65
Verrucomicrobia 0.00057 0.0067 0.0009 0.002 0.0012
Firmicutes 0.19 0.80 0.92 0.23 0.15
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Table 2. Relative abundances (in brackets) of predominant families and genera in the fecal microbiota of 2 groups

of calves that did not receive antimicrobials.

Family

Genus

Farms B/C (n = 69)
Ruminococcaceae (0.16)
Lachnospiraceae (0.15)
Peptostreptococcacaeae (0.058)
Unclassified Clostridiales (0.051)
Lactobacillaceae (0.044)
Moraxellaceae (0.037)
Xanthochromadaceae (0.037)
Clostridiaceae (0.030)
Hyphomicrobiaceae (0.029)
Alcaligenaceae (0.027)

Farms A/D/E (n = 45)
Caulobacteriaceae (0.16)
Xanthomonadaceae (0.10)
Pseudomonadaceae (0.081)
Peptostreptococcaceae (0.079)
Hyphomicrobiacea (0.078)
Alcaligenaceae (0.046)
Paenibacillaceae (0.040)
Micrococccaceae (0.025)
Moraxellacaeae (0.025)
Phyllobacteriaceae (0.024)

Farms B/C (n = 69)

Brevundimonas (0.066)

Unclassified Lachnopiraceae (0.054)
Clostridium cluster XI (0.051)
Faecalibacterium (0.047)
Lactobacillus (0.044)

Unclassified Ruminococcaceae (0.040)
Psychrobacter (0.034)

Devosia (0.029)

Clostridium cluster XIVa (0.028)
Butyricicoccus (0.025)

Farms A/D/E (n = 45)
Brevundimonas (0.16)
Pseudomonas (0.079)
Devosia (0.077)
Clostridium cluster XI (0.071)
Stenotrophomonas (0.057)
Pusillimonas (0.040)
Lysobacter (0.039)
Arthrobacter (0.021)
Paenibacillus (0.020)
Sanguibacter (0.020)
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Comparison of bacterial diversity (inverse Simpson’s index) in the fecal microbiota of 114 beef calves from 5 farms that had not

Table 3. Alpha diversity indices of the fecal microbiota of 114 calves from 5 farms that were not treated with

antimicrobials.

Farm A (n = 14) Farm B (n = 25) Farm C (n = 44) Farm D (n = 18) Farm E (n = 13)
Richness 1,091* 1,566% 1,485% 1,246% 1,057%
Evenness 0.57* 0.71° 0.68° 0.59* 0.55*
Diversity 19° 31.5° 29.1° 15.1° 9.43%
Coverage 0.97% 0.96" 0.97¢ 0.97¢ 0.97¢

Different superscripts indicate significant differences (P < .05).

phylum level, there were no differences in major phyla,
with Firmicutes accounting for 89% of sequences in
untreated calves and 87% in cows. Cows had signifi-
cantly greater relative abundances of Actinobacteria
(0.015 versus 0.007, P = .002), Chloroflexi (0.00008 ver-
sus 0.00002, P = .008), Planctomycetes (0.0001 versus
0.00001, P =.014), and TM7 (0.00009 versus 0.00002,

P =.0014), as well as fewer Bacteroidetes (0.015 versus

0.023, P =.014),

Chlamydiae

(0.000009  versus

0.000086, P = .008), and Proteobacteria (0.013 versus
0.020 P = .012). Significantly different predominant gen-

era are presented in Table 5.
Significant differences

(P =.046) and structure

in community membership
(P =.040) (Fig 5) were
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Fig 2. Principle coordinate analysis with 60% ellipsoid coverage of the fecal microbiota of 114 calves from 5 farms that were not treated

with antimicrobials. Ellipsoid colors: red: farm A; blue: farm B; dark green: farm C, orange: farm D, light green: farm E.
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6
Fig 3. LEfSe results depicting the 10 operational taxonomic units (OTUs) with the highest linear discriminant analysis scores when com-
paring the fecal microbiota of nonantimicrobial-exposed calves from 2 groups of farms (n =69 and n = 45). red = Proteobacteria,

blue = Firmicutes, green = Actinobacteria.
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Fig 4. Three-dimensional scatterplot of principle coordinate analysis of the fecal microbiota of 38 antibiotic-treated and 45 untreated

calves. blue diamonds = untreated, red dots = treated.

Table 4. Significantly enriched operational taxonomic
units (OTUs) from the fecal microbiota of calves from
1 farm (farm E) that were (n = 13) or were not (n = 14)
treated with antimicrobials.

Untreated Treated
Arthrobacter Devosia
Paenibacillus Pseudaminobacter
Unclassified Lachnospiracaeae®  Bacteroides
(2 OTUs)
Blautia® 5 genus incertae sedis
(Verrucomicrobia)
Unclassified Ruminococcaceae®  Jeotgalibacillus
Unclassified Clostridiales (3 Treponema
OTUs)*
Pseudoflavonifractor

Clostridium cluster XIV*

#Order: Clostridiales.

identified between cows and calves. Laplace approxima-
tion predicted the presence of 2 separate metacommuni-
ties, corresponding to the cow and calf groups.

Five hundred and eighty-one significantly enriched
OTUs were identified via LEfSe. Those with the highest
linear discriminant analysis scores are presented in Fig-
ure 6 and Table 6. Significant OTUs in cows tended to
be from the classes Bacilli and Bacteroidia, whereas
Clostridia and Actinobacteria were most prominently

over-represented in calves (despite the greater overall
relative abundance of the phylum Actinobacteria in
COWS).

Discussion

The fecal microbiota of calves is rich and diverse,
and potentially highly variable between farms. While
comparison of the microbiota between farms was not
an initial goal of this study, it became apparent that a
striking difference was present and that this could pro-
foundly impact analysis. Previous studies of calves have
involved single farms or research facilities, precluding
an ability to assess interfarm variation. Marked differ-
ences between study groups have been apparent,
although, with 1 study identifying a Bacteroidetes-
dominant microbiota?® and another a Firmicutes-domi-
nant microbiota,’ something that could be because of
methods, analysis, or true biological differences. Here,
farms B and C had a microbiota dominated by Firmi-
cutes, similar to what was reported in 1 study of
calves,® as well as studies of adult dairy and beef cat-
tle.* '” These 2 farms therefore could be interpreted as
having the “expected” microbiota, given the consistency
of Firmicutes predominance in other studies. However,
the other farms had a Proteobacteria-dominant
microbiota that was unexpected in a group of healthy
individuals. The phylum Proteobacteria consists of a
broad group of Gram-negative bacteria, including
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Table 5. Genera among the 100 most abundant that
were significantly different in the fecal microbiota of
cows (n = 16) and calves (n = 48) from 1 farm.

Genus Cows Calves P Value
Unclassified Clostridiales 0.28 0.18 .003
Lactobacillus 0.035 0.18 .001
Clostridium cluster XI 0.12 0.025 <.0001
Blautia 0.018 0.075 .003
Clostridium cluster XIV 0.004 0.021 .023
Bosea 0.000047  0.000016 015
Unclassified 0.0090 0.0025 <.0001
Peptostreptococcaceae
Unclassified Clostridia 0.013 0.0067 .0002
Mogibacterium 0.020 0.0058 <.0001
Unclassified Paenibaccilaceae 0.00022 0 <.0001
Syntrophomonas 0.0057 0.0022 .0002
Verrucomicrobia genus incertae 0.00085  0.0002 .033
sedis
Papillibacter 0.0072 0.0014 .016
Olsenella 0.0051 0.0011 <.0001
Alkalibacter 0.0037 0.00068 .023
Johnsonella 0.0050 0.00083 <.0001

Enterobacteriaceae, and increases in Proteobacteria are
often associated with disease such as inflammatory
bowel disease or a general state of “dysbiosis.”>" > Yet,
these samples were from healthy calves on well-mana-
ged and productive farms, albeit farms where antimicro-
bial use was common.

There has been limited study of factors that influence
the fecal microbiota in cattle. Dietary differences have
not been noted to have a substantial impact on phy-
lum-level composition.”!® Various other factors could
account for major differences in the identified micro-
biota, including differences in breed, management prac-
tices, and study methodology; however, data from this
study of similar farms from similar regions by the same
methodology suggest that there may be major unde-
tected influences on the fecal microbiota. Farms A, D,
and E were from the same region of British Columbia,
but had little interaction. There was movement of a
small number of bulls from farm D to farm E during
the year of sampling, but the bulls were kept in a differ-
ent area than the cows and calves that were sampled.
Farms A and E were approximately 8§ km apart and
shared the same valley and watershed. Farms B and C
were from 2 different Canadian provinces. The potential
effect of geography is unknown, and it is difficult to
develop a reasonable hypothesis of why the microbiota
might be different in different provinces in the same
country. Interestingly, a similar difference in microbio-
tas was noted in the fecal microbiota of wood bison,
another ruminant species in western Canada, where 2
different microbiota types were identified within a group
of semi-free ranging animals.*® These were similar to the
community types reported here, with 1 group exhibiting a
Proteobacteria-dominated microbiota and the other
dominated by Firmicutes. Whether ruminants can have
such profound differences in the fecal microbiota, partic-
ularly a Proteobacteria-dominated microbiota, in the

absence of any impact on health and production, requires
investigation, given the association of Proteobacteria
increases with gut inflammation.

The interfarm differences noted here are important
for multiple reasons. All farms are well-managed, pro-
ductive cow-calf operations, with no identifiable serious
health or production problems. The differences between
farms suggest that there may be important and cur-
rently unidentified management practices that can sig-
nificantly influence the microbiota. It also highlights a
consideration for future observational microbiota stud-
ies and limitations in making broad assessments of the
“normal” microbiota from limited study populations. If
there are potentially major differences between similarly
managed farms, these inherent differences might be mis-
interpreted as an effect of a studied parameter rather
than recognized as an inherent interfarm difference.
This highlights the need for careful consideration of
controls for microbiota studies, something that was
apparent when all farms were combined for the analysis
of the impact of antimicrobials. When all farms were
considered, various significant differences between trea-
ted and untreated animals were noted. However, similar
differences were also noted when comparing untreated
calves on the farms. Thus, the differences were a farm
effect, not an effect of antimicrobial exposure of the
individual animal, highlighting the potential for erro-
neous conclusions if appropriate controls are not stud-
ied. By similarly managed farms as controls without
assessing the microbiota, pre- or intrastudy might lead
to erroneous conclusions.

Antimicrobials can impact the microbiota through
depletion of some members (and correspondingly loss
of their functions), the impacts of overgrowth of resis-
tant members and direct influences of the drug on host
tissues (with subsequent modification of the local envi-
ronment). It is well established that antimicrobials can
affect the intestinal microbiota in various species,'*!=3
although characterizing those changes and determining
the relevance can be challenging. The apparent impact
of antimicrobial treatment in these calves was limited.
While studies in some species have reported major
effects of antimicrobials, the impact can be variable
depending on drug, dose, and duration. Treated calves
had decreased microbial diversity, which is consistent
with studies in humans, horses, and pigs,13‘15’32‘33 and a
recent study of dairy calves fed milk containing antibi-
otic residues.” The clinical relevance of this is unclear as
optimal microbial diversity is not well understood but
decreases in diversity often accompany disease and
lower diversity may lead to a more limited ability of the
microbiota to respond to different stressors. Despite the
change in diversity, there were limited differences in
specific taxa, similar to a study in dairy calves that only
identified differences in relative abundances at lower
taxonomic levels.” However, when calves from only 1
farm were studied to provide the most closely matched
cases and controls, differences in membership and struc-
ture were noted. Similar to the broader analysis and
study in dairy calves, taxonomic differences were still
restricted to lower levels (genus), where multiple
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Fig 5. Dendrogram of the community structure of the fecal microbiota of cows (red, n = 16) and calves (green, n = 48) from the same

farm, based on the Yue and Clayton index of dissimilarity.

differences were noted. Most of the OTUs identified as
enriched in untreated calves by LEfSe were Firmicutes,
particularly Clostridiales. Clostridiales, such as the
butyrate-producing Lachnospiraceae and Ruminococ-
caceae families that were enriched in untreated animals,
are increasingly associated with “gut health” in various
species, including humans, horses, and dogs.**>® Fae-
calibacterium, another butyrate-producing member of
Clostridiales, was associated with health and growth in
a study of calves.® While there was no significant differ-
ence in this study, the cited study provides more sup-
port for the important of this group of Clostridiales.
There are limitations to the antimicrobial component
of the study. Specific antimicrobial use data were lim-
ited, and not all calves that had been treated were cur-
rently undergoing treatment. This is an inherent
disadvantage of many field-based studies where sam-
pling and data collection can be a challenge. Greater
changes could have been present during treatment, with
resolution or attenuation of those changes by the time
of sampling. The effect of disease that resulted in

treatment and treatment itself also cannot also be dis-
cerned. Longitudinal study of calves before, during, and
after antimicrobial administration would provide addi-
tional insight. Regardless, the differences that were
noted and the similarity to negative changes reported in
other species suggest that antimicrobials could incite
potentially deleterious effects on the gut microbiota.

It was interesting to note that antimicrobial treatment
rates were highest on farms A, D, and E, the farms with
the Proteobacteria-enriched microbiota that is quite dif-
ferent from results of other studies of calves and adult
cattle.>®%2° This raises questions about whether antimi-
crobial use practices could have a broader or cumula-
tive impact on farms, where frequent use results in the
development of a different microbiota in animals on the
farm, regardless of their individual antimicrobial expo-
sure. While this is highly speculative, antimicrobial
administration has also been associated with increases
in Proteobacteria in humans.'®*-7 Significant differ-
ences in potentially relevant genera were also identified,
including under-representation of potentially important
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Fig 6. LEfSe comparison of the fecal microbiota of cows (n = 16) and calves (n = 48) from the same farm, depicting operational taxo-
nomic units with a linear discriminant analysis score of >4. Red: calf; green: cow.

Table 6. Significantly enriched operational taxonomic
units (OTUs) with the highest linear discriminant analy-
sis scores from the fecal microbiota of calves (n = 48)
and cows (n = 16) from 1 farm (farm C).

Calves

Lactobacillus (3 OTUs)
Blautia (4 OTUs)
Escherichia/Shigella

Cows

Clostridium cluster XI (3 OTUs)

Unclassified Clostridiales (6 OTUs)

Unclassified Lachnospiraceae (2
OTUs)

Mogibacterium Anaerostipes

Unclassified Clostridiales
(2 OTUs)

Unclassified
Lachnospiraceae

Faecalibacterium

Pseudoflavonifractor

Subdoligranulum

Clostridiales such as Faecalibacterium, Lachnospira, and
Ruminococcus, in the microbiota on these farms. This
suggests that further study of the long term or cumula-
tive impact of antimicrobial use on farms is indicated,
using populations with more clearly defined on-farm
antimicrobial use data.

Unsurprisingly, there were significant differences
between the fecal microbiota of cows and calves on the
same farm. The greater richness and diversity that were
observed in cows is not unexpected because these
indices typically increase with age in cattle and other
species.® 162638 Some of the taxonomic differences are

unsurprising, such as the higher relative abundance of
Lactobacillus in nursing calves.® The potential relevance
of many of the other significantly different genera is dif-
ficult to determine based on limited understanding of
most components of the microbiota.

The fecal microbiota of calves is rich, diverse, and
potentially highly variable between farms. Reasons for
pronounced interfarm variation need to be elucidated to
determine the causes and potential implications for
health and production. Antimicrobial exposure can have
an impact on the fecal microbiota, and the potential
short- and long-term impacts of the microbiota changes
associated with antimicrobial exposure require attention.

Footnotes

# E.Z.N.A. Stool DNA Kit, Omega Bio-Tek Inc, Doraville, GA
® Illumina, San Diego, CA
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