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Abstract: Selecting high-immune-responding cattle benefits the individual animal and the herd. To
assess factors that have a role in determining the immune status of cattle, this study used 55 weaned
bull and 57 weaned heifer Brahman calves. Antibody-mediated immune response (AMIR) was
determined by using a vaccine-specific IgG, enzyme-linked immunosorbent assay (ELISA) in response
to cattle receiving the Salmonella Newport Extract vaccine. Cell-mediated immune response (CMIR)
was determined by using a subcutaneous (neck) sensitization dose of Candida albicans (CA) with Quil-
A adjuvant on Day 0. On Day 14, caudal skinfold thickness (SFT) was measured using Harpenden
calipers prior to the intradermal injection of CA into the skinfold, and on Day 15, the injection site
SFT was measured again. The response was determined by using the difference in SFT from Day 15
(post-injection) and Day 14 (pre-injection). In weaned Brahman calves, AMIR was not influenced
by sex; however, there was sexual dimorphism associated with CMIR, in that bull calves had a
greater response than heifers (p < 0.05). Our studies demonstrate that weaned Brahman calves can be
separated into AMIR and CMIR classes and that AMIR and CMIR should be investigated further as
selection tools in beef cattle production.
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1. Introduction

Immune competence phenotyping could be a tool to select healthier cattle [1]. The
immune system is divided into two categories: the innate immune system and the adaptive
immune system [2,3]. Specifically, innate immunity is the body’s nonspecific defense mecha-
nism triggered when an antigen appears, whereas adaptive immunity utilizes specific antigen
recognition systems and creates immunological memory after initial exposure. Cell-mediated
immunity includes the activation of phagocytes, antigen-specific cytotoxic T-lymphocytes,
and the release of cytokines in response to an antigen. Antibody-mediated immunity utilizes
the production of antibodies by B-lymphocytes to bind to specific antigens.

High-immune-responding dairy cattle have increased growth efficiency or reduced
infection incidence [4,5]. Specifically, high immune responders also have an improved
response to vaccination, higher colostrum quality, and increased disease resistance in cows.
Animals with a high cell-mediated immune response (CMIR) and antibody-mediated im-
mune response (AMIR) tend to have significantly higher cortisol concentrations, suggesting
that high-immune-responding animals have a higher stress response or a higher basal
serum concentration. Cortisol concentration can vary, with mild stressful conditions such
as exercise and handling enhancing the immune system and its response, while long-term
and chronic stressors suppress the immune response [6]. In contrast, an inverse relationship
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between stress response and immune competence was identified in a prospective study of
yearling Holstein-Friesian and Holstein-Friesian x Jersey heifers maintained under pasture
conditions [7].

Temperament, defined as the reactivity or fear response to humans, has also been eval-
uated regarding the immune system [8]. Temperament has been statistically associated with
measures of health, stress, and growth. For example, calves with a nervous temperament
have a higher cortisol concentration at weaning, a reduced serum concentration of IgM,
lower average daily gain, and increased morbidity when compared with calmer calves [9].

Health management programs developed to mitigate the immunosuppressive effects
of weaning and post-weaning transportation stressors often focus on boosting antibody
titers [10–13]. The objective of the present study was to provide an initial comparison of both
the antibody- and cellular-mediated immune responses of weaned bull and heifer calves of a
tropically adapted breed of cattle. Specifically, the objective of this study was to determine if
sex, body weight, body condition score, or weaning temperament influenced the AMIR and
CMIR of Brahman calves that were weaned for 70 days. In the present study, the temperament
score was greater in heifer calves, whereas body weight was greater in bull calves. The AMIR
did not differ between heifer and bull calves; however, there was sexual dimorphism in CMIR,
with the bull calves having a greater response than the heifer calves.

2. Materials and Methods
2.1. Experimental Design

All experimental procedures were in compliance with the Guide for the Care and Use
of Agricultural Animals in Research and Teaching [14] and approved by the Institutional
Animal Care and Use Committee of Texas A&M AgriLife Research (AUP-#2015–019A). Fifty-
five bull calves and fifty-seven heifer calves from the registered purebred Brahman research
herd located at the Texas A&M AgriLife Research Center in Overton, TX (approximately
32◦16′15.00′′ N; 94◦58′20.99′′ W), were used in this study. At 28 days prior to weaning
and at the time of weaning (195 days of age), each calf received the standard regimen of
vaccinations to protect against bacterial and viral pathogens in accordance with the herd
health protocol. The standard health protocol for the calf crop included immunization
with the Fortress 8 (Pfizer, Exton, PA, USA), Clostridial, and Titanium 5 (Diamond Animal
Health, Des Moines, IA, USA) respiratory complex vaccines. The temperament of each calf
was determined at weaning. Temperament score [15,16] was an average of exit velocity
(EV) and pen score (PS). Exit velocity is an objective measurement that records the rate as
meters per second (m/s) at which cattle exit a working chute [15,17]. Pen score [18] is a
subjective measurement in which cattle are separated into small groups of three to five, and
their reactivity to a human observer is scored on a scale of 1 (calm, docile, approachable) to
5 (aggressive, volatile, crazy).

The AMIR evaluation was determined by using responses to the Salmonella Newport
extract vaccine, as it was a novel vaccine for the herd of research cattle. To evaluate
CMIR, Candida albicans with Quil-A was used as an adjuvant because of their effectiveness
in inducing an inflammatory response [19]. Caudal tail-fold thickness following a local
cellular immune challenge was used because it is a quantitative characteristic for analyzing
CMIR [20]. The present study evaluating factors affecting AMIR and CMIR based on novel
stimuli began 70 days post-weaning (i.e., Day 0) to allow for the completion of the immune
response to routine vaccines administered 28 days prior to weaning and on the day of
weaning. On Day 0 of this study of factors affecting AMIR and CMIR, body weight and
body condition score were recorded prior to blood collection and immunization with a
commercial vaccine not previously used on this research herd. On Day 0, whole blood
samples (2 × 10 mL) were collected via jugular venipuncture in VACUTAINER® tubes
(BD, Franklin Lakes, NJ, USA) to harvest serum for subsequent determination of cortisol
and IgG concentrations. After blood collection on Day 0, the calves received (1) in the
right neck 2 mL of Salmonella Newport Extract vaccine with siderophore receptor and
porin protein (SRP) technology (Zoetis, Florham Park, NJ, USA) and (2) in the left neck a
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subcutaneous (neck) sensitization dose of 25× 103 protein nitrogen units (PNUs) of Candida
albicans (CA; Greer Labs, Lenoir, NC, USA) with 750 µg of Quil-A adjuvant (InvivoGen,
San Diego, CA, USA). On Day 14, caudal skinfold thickness (SFT) was measured using
spring-loaded calipers (Harpenden skinfold calipers; Creative Health Products Inc., Ann
Arbor, MI, USA) prior to the intradermal injection of 5 × 103 PNU CA into the skinfold.
On Day 15, the injection site SFT was measured, and blood serum samples were collected.
Response was determined by using the difference in SFT from Day 15 (post-injection) and
Day 14 (pre-injection). Blood samples collected between 8 A.M. and 11 A.M. on Day 0
and Day 15 were allowed to clot overnight at 4 ◦C before centrifugation for 30 min at
2675× g, and the harvested serum was stored at −80 ◦C until used to determine serum
concentrations of cortisol and IgG.

2.2. Cortisol

Serum cortisol concentrations were determined with a single-antibody RIA that uti-
lized polypropylene tubes coated with cortisol antiserum (MP Biomedicals, Orangeburg,
NY, USA), as previously described [21]. The cortisol antiserum cross-reactivity with steroids
was aldosterone, 0.03%; corticosterone, 0.94%; deoxycorticosterone, 0.26%; progesterone,
0.02%; and estradiol, 0.01%. The radiolabeled tracer was 125I cortisol. Radioactivity was
detected by using an automatic gamma counter (COBRA II Auto-Gamma, PerkinElmer,
Inc., Shelton, CT, USA) for 2 min, and counts per minute were converted into ng/mL using
a microcomputer assay analysis program (Assay Zap; Biosoft, Cambridge, UK). All serum
samples were analyzed in duplicate 25 µL aliquots within a single assay, with an intra-assay
coefficient of variation (CV) of 4.9%.

2.3. Evaluation of AMIR

Serum samples were analyzed for Salmonella Newport Extract vaccine-specific IgG
with a double sandwich, enzyme-linked immunosorbent assay, as previously described [22].
In brief, 96-well plates were coated with the Salmonella Newport Extract vaccine (Zoetis,
Florham Park, NJ, USA) dissolved in a carbonate buffer 1:4 dilution, and all plates were
blocked with milk. Serum samples and controls were diluted to 1:700. Positive and negative
controls were obtained by pooling serum samples pre-immunization (negative control)
and serum samples obtained on D 15 (positive control). All controls and samples were
added to the plate in triplicate, allowing 15 animals (Day 0 and Day 15) to be run per
plate. Horseradish-conjugated sheep anti-bovine IgG was used as the secondary antibody
and was diluted to 1:8000. SureBlue™ TMB 1-Component Microwell Peroxidase Substrate
was used for color development (VWR Corp., Missouri City, TX, USA). Absorbance was
read at 450 nm using an automated microplate reader (Synergy H1, BioTek Instruments,
Winooski, VT, USA). To calculate AMIR for each animal, the following equation was used:
(Day 15 average/Positive control average)—(Day 0 average/Positive control average).
The absorbance of each set of triplicates was averaged. Calves were then categorized
into the following AMIR classes within sex: (1) low: 1⁄2 SD less than the mean AMIR;
(2) intermediate: within 1⁄2 SD of the mean AMIR; and (3) High: greater than 1⁄2 SD of the
mean AMIR.

2.4. Evaluation of CMIR

The degree of cell-mediated immune response was determined by using the difference
in SFT from Day 15 (post-injection) and Day 14 (pre-injection). Calves were then categorized
into the following CMIR classes within sex: (1) low: 1⁄2 SD less than the mean CMIR;
(2) intermediate: within 1⁄2 SD of the mean CMIR; and (3) high: greater than 1⁄2 SD of the
mean CMIR.

2.5. Statistical Analysis

Data were analyzed using the MIXED procedure of SAS [23] to evaluate the effects of
calf sex, weaning temperament, and their interactions on CMIR, CMIR class, AMIR, and
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AMIR class. Sire was a random variable. Data are presented as unadjusted means +/− the
standard error. Specific comparisons were made using Fisher’s Protected Least Significant
Difference, with p < 0.05 considered significant. Pearson’s correlation coefficients were
also calculated to characterize relationships between pairs of variables including weight,
temperament, AMIR response class, and CMIR response class.

3. Results and Discussion
3.1. Temperament Score at Weaning Differed between Bull and Heifer Calves

In this study, the heifer calves were more temperamental than the bull calves. The
weaning temperament score of heifers was greater (p < 0.01) than that of bulls (Figure 1),
as the exit velocity and pen score were greater, respectively, for heifers (2.6 ± 0.1 m/s
and 2.4 ± 0.2) than for bulls (2.3 ± 0.1 m/s and 1.7 ± 0.1). Within cohorts of either Bos
taurus or Bos indicus cattle, heifers have been reported to be more temperamental and stress-
responsive than steers and bulls based on assessments of behavioral and physiological
variables [21,24–28].
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Figure 1. Influence of sex classification on temperament score of Brahman bull (n = 55) and heifer
(n = 57) calves at weaning. Heifer calves had a greater weaning temperament score than the bull
calves (p < 0.01). The temperament score (TS = pen score + exit velocity/2) was used for assignment
to 1 of 3 temperament classes (calm; intermediate; temperamental).

3.2. Assessment of AMIR in Bull and Heifer Calves

The Brahman bull and heifer calves were categorized as depicted, respectively, by
Figure 2A,B into three clear response classes at two weeks after initial immunization with
the Salmonella Newport Extract vaccine. The three response classes are designated as
low, intermediate, and high AMIR within the bull and heifer groups. The screening of
dairy cow and heifer populations to identify individuals with low and high adaptive
immune responses has been accomplished by using primary antigens such as hen egg
white lysozyme [29] or tetanus toxoid [4].
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Figure 2. (A) Average AMIR of weaned Brahman bull calves by response class (n = 22 low, 17 inter-
mediate, and 16 high bulls). (B) Average AMIR of weaned Brahman heifer calves by response class
(n = 17 low, 26 intermediate, and 14 high heifers).

Within each AMIR response class for bulls and heifers, the temperament score at
weaning was plotted to visualize potential relationships with antibody production in
response to the Salmonella vaccine. Temperament scores did not differ between the three
AMIR response classes with bulls (Figure 3A) or heifers (Figure 3B). An assessment of the
influence of temperament on AMIR in bulls and heifers has not been reported, although
several studies report contradictory associations between cortisol concentration and AMIR
and CMIR, as discussed in a subsequent section of this article.

Although temperament score was greater (p < 0.05) for the heifer calves than the bull
calves (Figure 1), the AMIR did not differ (p > 0.05) by sex classification (Figure 4). A lack of
an effect of sex classification on AMIR in response to the Salmonella Newport vaccine used
in this study of Brahman beef cattle at 8–9 months of age is consistent with the observation
that immunization with hen egg white lysozyme does not differ between Holstein-Friesian
and Norwegian Red-Holstein crossbred bulls and heifers at 6 months of age [30].
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Figure 4. Influence of sex classification on antibody-mediated immune response (AMIR) in weaned
Brahman calves. AMIR was not different between bull (n = 55) and heifer (n = 57) calves (p > 0.05).
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3.3. Assessment of CMIR in Bull and Heifer Calves

The Brahman bull and heifer calves were categorized as depicted, respectively, by
Figure 5A,B into three clear response classes at 24 h after the second exposure to Candida
albicans. The three response classes are designated as low, intermediate, and high CMIR
within the bull and heifer groups. This CMIR ranking of both beef bulls and beef heifers
conforms with the findings of Heriazon et al. [29], who standardized the use of Candida
albicans challenges to elicit a delayed-type hypersensitivity reaction (i.e., increased skinfold
thickness) in dairy cows.
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Figure 5. (A) Average CMIR of weaned Brahman bull calves by CMIR response class (n = 19 low,
19 intermediate, and 17 high bulls). (B) Average CMIR of weaned Brahman heifer calves by CMIR
response class (n = 20 low, 16 intermediate, and 21 high heifers).

Within each CMIR response class for bulls and heifers, the temperament score at
weaning was plotted to visualize potential relationships with skinfold thickness in response
to the challenge with Candida albicans. Temperament scores did not differ between the
three CMIR response classes with bulls (Figure 6A) or heifers (Figure 6B). Analogous to the
situation for AMIR, an assessment of the influence of temperament on CMIR in bulls and
heifers has not been reported, although it has been reported that serum cortisol either is
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not related to CMIR or is positively related to CMIR [4,31], as discussed in a subsequent
section of this article.
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Figure 6. (A) Average temperament score of Brahman bull calves at weaning by CMIR response class
(n = 22 low, 17 intermediate, and 16 high bulls; p > 0.05). (B) Average temperament score of Brahman
heifer calves at weaning by CMIR response class (n = 20 low, 16 intermediate, and 21 high heifers;
p > 0.05).

The CMIR did differ by sex classification as the change in skinfold thickness was
greater (p < 0.05) in bulls than in heifers (Figure 7). Previously, it was reported that
sex classification did not influence CMIR in Holstein bulls and heifers that were 3-to-
6 months younger than the Brahman bulls and heifers evaluated as reported herein [30].
Whether these disparate observations are related to breed or age differences remains to
be determined.
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Figure 7. The influence of sex classification on cell-mediated immune response (CMIR) in weaned
Brahman calves. CMIR was greater in bull (n = 55) than in heifer (n = 57) calves (p < 0.05).

3.4. AMIR and CMIR in Relation to Body Condition Score, Cortisol, and Temperament

There were no significant relationships between AMIR or CMIR classes and growth
traits, serum cortisol, or temperament (p > 0.05) (Figures 8–11). On Day 0 of the study, body
weight was greater (p < 0.05) in bull calves (195 ± 5 kg) than heifer calves (173 ± 5 kg),
which is consistent with findings by Browning et al. [32]. The body condition score (on
a nine-point scale) on Day 0 was similar for bulls (5.5 ± 0.08) and heifers (5.3 ± 0.09).
No significant statistical associations were identified between either AMIR or CMIR with
earlier-in-life growth traits (i.e., average daily gain from birth to weaning; weaning weight).
Specifically, body weight and the body condition score at the start of the study were not
associated (p > 0.10) with subsequent AMIR or CMIR in these bulls or heifers. In the
response class data (high, intermediate, low), there were no significant effects on growth or
temperament traits regarding AMIR.

Ruminants 2023, 3, 10 
 

 

body weight was greater (p < 0.05) in bull calves (195 ± 5 kg) than heifer calves (173 ± 5 kg), 
which is consistent with findings by Browning et al. [32]. The body condition score (on a 
nine-point scale) on Day 0 was similar for bulls (5.5 ± 0.08) and heifers (5.3 ± 0.09). No 
significant statistical associations were identified between either AMIR or CMIR with ear-
lier-in-life growth traits (i.e., average daily gain from birth to weaning; weaning weight). 
Specifically, body weight and the body condition score at the start of the study were not 
associated (p > 0.10) with subsequent AMIR or CMIR in these bulls or heifers. In the re-
sponse class data (high, intermediate, low), there were no significant effects on growth or 
temperament traits regarding AMIR. 

 
Figure 8. Influence of sex on body weight of weaned Brahman bull and heifer calves on Day 0. 
Weaned bull calves had greater body weight on Day 0 than the heifer calves (p < 0.01). 

 

0
2
4
6
8

10
12
14
16

Bulls  Heifers

Co
rt

iso
l (

ng
/m

L)

Influence of Sex on Cortisol

Figure 8. Influence of sex on body weight of weaned Brahman bull and heifer calves on Day 0.
Weaned bull calves had greater body weight on Day 0 than the heifer calves (p < 0.01).
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Figure 9. Influence of sex classification on serum cortisol in weaned Brahman calves. Serum cortisol
was not different between bull (n = 55) and heifer (n = 57) calves (p > 0.05).

There was sexual dimorphism associated with CMIR, in that bulls had a greater re-
sponse than heifers. Conversely, for AMIR, there was no difference between bull and
heifer calves. In this study, the heifer calves were more temperamental than the bull
calves. Bos indicus cattle breeds have been reported to be more temperamental than Bos
taurus breeds, with females being more temperamental than males [24]. Bulls having
a greater CMIR could be due to females having a decreased response that is related to
their increased temperament scores. Sexual dimorphism was previously reported for the
neuroendocrine and immune responses of Brahman heifers and bulls following transporta-
tion stress at 8-to-9 months of age. Specifically, the endocrine and immune responses
of heifers exceeded those observed in bulls after challenges with corticotropin-releasing
hormone [33] and lipopolysaccharide [34]. Future research will clarify potential sex-specific
immune–endocrine interactions that coordinate the metabolism and health of heifers, bulls,
and steers.

The likelihood of the successful selection of livestock for immune responsiveness
was demonstrated in a porcine model [35]. The experimental approach involved the
identification and selection of animals with an enhanced general immune response, which
was assessed by combining measures of the animal’s antibody- and cell-mediated adaptive
immune responses. To compare animals based on CMIR, Candida albicans was used to
induce a type 1 immune response bias. It was determined that Candida albicans with Quil-A
and hen egg white lysosome were antigen/adjuvant combinations capable of inducing
CMIR and AMIR, respectively, without interfering with diagnostic tests [29,36]. The tail
skinfold was determined as the ideal injection site for CMIR evaluation because the neck
was significantly more sensitive [29].

In our study, the Salmonella Newport Extract vaccine was used for the determination of
AMIR because it was a novel vaccine for this research herd. Salmonella can be a devastating
problem to the dairy and beef industries and is a significant foodborne pathogen that
has been reported to be increasing in incidence by the USDA. Vaccination is one of the
best prevention methods for the control of Salmonella. The herd-wide benefits of the
Salmonella Newport Extract vaccine include increased milk yield and increased protection
from Salmonella infection [22].
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Figure 10. (A). Average serum cortisol of Brahman bull calves at weaning by AMIR response class 
(n = 22 low, 17 intermediate, and 16 high bulls; p > 0.05). (B) Average serum cortisol of Brahman 
heifer calves at weaning by AMIR response class (n = 17 low, 26 intermediate, and 14 high heifers; p 
> 0.05). 
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Figure 10. (A) Average serum cortisol of Brahman bull calves at weaning by AMIR response class
(n = 22 low, 17 intermediate, and 16 high bulls; p > 0.05). (B) Average serum cortisol of Brahman heifer
calves at weaning by AMIR response class (n = 17 low, 26 intermediate, and 14 high heifers; p > 0.05).

The ability to separate bull and heifer calves based on their adaptive immune responses
is supported by several studies. However, factors such as calf age at vaccination, the
persistent prevalence of maternal antibodies, the type of vaccine, adjuvants or lack thereof,
and the location of the vaccination play a role in an individual calf’s response to the
vaccine [37]. This indicates that differences in antibody response after vaccination would be
expected, as calves can range from having high-to-low antibody titers regardless of the sex
of the calf [37,38]. Our results with weaned Brahman calves concur with earlier findings in
dairy cattle in that high- and low-AMIR and -CMIR animals can be identified [4,39].
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Figure 11. (A) Average serum cortisol of Brahman bull calves at weaning by CMIR response class. 
(n = 19 low, 19 intermediate, and 17 high bulls; p > 0.05). (B) Average serum cortisol of Brahman 
heifer calves at weaning by CMIR response class (n = 20 low, 16 intermediate, and 21 high heifers; p 
> 0.05). 
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Figure 11. (A) Average serum cortisol of Brahman bull calves at weaning by CMIR response class.
(n = 19 low, 19 intermediate, and 17 high bulls; p > 0.05). (B) Average serum cortisol of Brahman
heifer calves at weaning by CMIR response class (n = 20 low, 16 intermediate, and 21 high heifers;
p > 0.05).

Thompson-Crispi et al. [38] found a negative correlation between AMIR and CMIR
in Holstein cattle (r = −0.13; p > 0.05). In our study, the correlation between AMIR and
CMIR was r = 0.01 for the heifers and r = 0.30 (p < 0.05) for the bulls. The greater correlation
in bull calves could be related to the sexual dimorphism seen for CMIR in the bull calves.
The negative genetic correlation between AMIR and CMIR observed in studies of several
species could be due to cytokines that may promote CMIR and tend to inhibit AMIR, and
vice versa. These observations highlight the necessity of gathering important biological
information to further enhance the progress that can be achieved by selecting sires and
dams based on their immune traits. This approach promises to provide broad-based disease
resistance to a multitude of organisms [40–43].

The benefits of selecting for high-immune-responding cattle have been evaluated in
various studies. One of the advantages of selecting for AMIR and CMIR is the low-to-
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moderate heritability associated with these traits [15,39,40,44]. Another benefit of high-
immune-responding animals that has been seen in dairy cattle is an association between
improved responses to vaccination and a decreased occurrence of disease. For example,
cows that ranked higher in AMIR and CMIR had decreased instances of mastitis, metritis,
and other illnesses [40]. The concept of immune resistance (an appropriate balancing of the
beneficial aspects of antibody response and the adverse aspects of inflammatory responses)
has recently been suggested as a key homeostatic mechanism to protect humans against
pathogenic respiratory viruses [45]. A biometric approach to reduce morbidity and mortal-
ity to enteric and respiratory diseases in Bos taurus dairy and beef cattle is of increasing
relevance to animal welfare and production efficiency [1,46,47]. The improvement seen in
the health, productivity, and reproductive aspects of dairy cattle by selecting for enhanced
immunity is something that is of increasing importance in the beef cattle industry [48]. Our
data should encourage the further consideration and study of AMIR and CMIR for use as
selection tools to further improve the health, productivity, and well-being of Brahman cattle.
This is of imminent pertinence in view of the future increased dependence on heat-tolerant
livestock to cope with the stressors that will be encountered should climate change progress
as predicted.

4. Conclusions

The objective of this study was to provide an initial comparison of the immune
responses of weaned bull and heifer calves of a tropically adapted breed of beef cattle. Our
study, conducted in a research herd of registered, purebred Brahman cattle, demonstrated
that weaned Brahman calves can be separated by AMIR and CMIR classes and that AMIR
and CMIR should be investigated further as selection tools in beef cattle production. The
heifer calves had higher weaning temperament scores than the bull calves, while the
bull calves had greater body weights than the heifers. There was no difference between
sexes regarding AMIR, but there was sexual dimorphism in CMIR, with the bull calves
having a greater response than the heifers. The evidence discovered regarding the factors
influencing antibody- and cellular-mediated immune responses can ultimately be used
to modify beef cattle management practices in order to (1) improve breeding stock by
culling low-immune-responding individuals and breeding moderate-to-high responders,
(2) minimize the negative influences of illness on production that are increased in low-
immune-responding cattle, and (3) enhance the immune functions and overall health
of cattle.
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