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Introduction 

Despite the widespread availability of vaccines and antimicrobial compounds, several 

infectious diseases continue to cause substantial morbidity and mortality in cattle (Tizard, 

2021), leading to significant economic and production losses. Effective immune function is a 

key determinant of cattle health, productivity, vaccine efficacy, and resilience to disease. The 

immune system can distinguish self from non-self, rapidly adapt its responses to match the 

nature of the pathogen, and modulate these responses in light of rapidly changing pathogens 

(Mallard et al., 2015). Adaptive immunity includes multiple complementary mechanisms, such 

as humoral and cell-mediated responses, which are orchestrated by host genetics and 

influenced by the microbiome. 

The rumen harbors a diverse microbial ecosystem critical for nutrient metabolism and systemic 

immune function, while host genetics can influence both immune responses and microbial 

composition. However, the relative contributions of these factors remain poorly characterized. 

This study aimed to (1) evaluate breed effects on adaptive immune responses, (2) assess the 

influence of breed composition on rumen microbial diversity and composition, and (3) explore 

associations between rumen microbiota and immune function in crossbred and purebred 

Brahman cattle. 

 

Materials & Methods 
Animal population and experimental design. Heifers from the UF Multibreed Angus-

Brahman (MAB) and the purebred Brahman (BRA) herds were included in the study. The 

crossbred Angus-Brahman cohort included animals ranging from 100% Angus to 100% 

Brahman, encompassing all intermediate crosses (n = 76; age = 399 ± 27.16 d; weight 399 ± 

99.88 kg). The purebred Brahman cohort consisted of 60 heifers (age = 331 ± 18.42 d; weight 

313 ± 62.61 kg). MAB and BRA heifers were born and raised on different farms and were 

house-grouped together in feedlot pens during the immune challenge, with each pen containing 

animals from all breed compositions and both herds. They were fed a total mixed ration based 

on soybean hulls and corn gluten ad libitum.  

To elicit reproducible adaptive immune responses without prior exposure confounds, heifers 

were immunized with keyhole limpet hemocyanin (KLH), a T cell-dependent foreign antigen. 

On days 0 and 14, heifers received intramuscular injections of KLH combined with the 

adjuvant Quil-A. Blood samples were collected on days 0, 14, and 28 to quantify anti-KLH 

IgG relative concentrations via indirect ELISA.  

Cell-mediated immunity was assessed on day 28 via delayed-type hypersensitivity (DTH) 

testing. Heifers received intradermal injections of KLH at two neck sites and PBS at an adjacent 

site as a negative control. DTH responses were quantified as changes in skin-fold thickness 

using digital calipers immediately before injection and 24 h later. The final DTH response for 

each heifer was calculated as the mean KLH site response minus the PBS control site response. 
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Breed effect on immune response. The effect of Brahman breed composition on KLH-

specific IgG concentrations and DTH responses was evaluated in the MAB cohort. Day 28 IgG 

responses were log-transformed, while DTH responses were Box–Cox transformed prior to 

analysis. Linear models included Brahman percentage and age at sampling as fixed effects for 

both IgG and DTH. Additionally, pen was included as a fixed effect in the DTH models. All 

statistical analyses were conducted in R. 

 

Microbiome sequencing and processing. Genomic DNA was extracted from rumen content 

collected on day 28 using the QIAamp PowerFecal DNA Kit (Qiagen). The V4 region of the 

16S rRNA gene was amplified following the dual-index Illumina MiSeq protocol (Kozich et 

al., 2013) and sequenced (2 × 250 bp paired-end) on an Illumina MiSeq platform. Reads were 

processed in R using the DADA2 pipeline (Callahan et al., 2016): quality filtering, denoising, 

merging, and chimera removal produced an amplicon sequence variant (ASV) table. 

Taxonomy was assigned to ASVs using the DADA2 naive Bayesian classifier with the SILVA 

138.2 reference database, and chloroplast/mitochondrial sequences were removed. Samples 

with <1,000 reads were excluded, retaining MAB (n = 75) and BRA (n = 60) for downstream 

analysis. 

 

Microbial diversity and composition. Microbial variety and abundance within samples 

(alpha diversity) were assessed by calculating observed richness (number of different species) 

and the Shannon index (accounting for richness and evenness) on rarefied counts using the 

vegan R package. The effect of breed composition on alpha diversity metrics was evaluated in 

the MAB cohort using generalized linear models that included Brahman percentage, age at 

sampling and pen as fixed effects.  

To investigate associations between alpha diversity metrics and immune function in both 

crossbred and purebred Brahman cattle, the effects of IgG and DTH responses on each alpha 

diversity metric were tested separately within the MAB and BRA cohorts. These generalized 

linear models included Brahman percentage (MAB cohort only), age at sampling, and pen 

(except in the IgG models) as fixed effects. 

Next, differences in microbial community composition between samples (beta diversity) were 

quantified using unweighted UniFrac distances calculated on rarefied counts and robust 

Aitchison distances calculated on unrarefied counts. Permutation multivariate analysis of 

variance (PERMANOVA) was used to test whether observed differences were associated with 

breed composition (MAB cohort only) or with specific immune responses (IgG or DTH) to 

foreign antigen in crossbred and purebred animals. Analyses were conducted using the adonis2 

function in the vegan R package, with permutations stratified by pen. 

 

Differential abundance. ASV counts were aggregated to the phylum, family, and genus 

levels. Subsequently, taxa with cohort-level prevalence <5% were excluded from each 

taxonomic level independently. To find which microbial taxa were associated with breed 

composition and specific immune response, differential abundance analyses were performed 

using both LinDA and ANCOM-BC2 tools, fitting separated models for each taxonomic level. 

The effects of Brahman percentage (MAB only), IgG or DTH responses were tested 

independently within cohorts. Taxa were declared differentially abundant at a false discovery 

rate (FDR) of 0.05, corrected within each taxonomic level independently. 

 

Results & Discussion 

Breed effect on immune response. In the MAB cohort, increasing Brahman percentage was 

consistently associated with reduced KLH-specific IgG concentration (P < 0.01; Fig. 1). 

Animals with higher Brahman composition demonstrated lower IgG responses to KLH. While 
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breed differences in immune profiles have been documented in parasitic challenges (Piper et 

al., 2009), our findings suggest these may extend to protein antigen immunization. Conversely, 

Brahman percentage did not significantly affect the cell-mediated DTH response (P = 0.13). 

This suggests that, whereas antibody production is strongly distinct between breeds, cell-

mediated immunity is more influenced by other factors, which may mask subtler genetic 

differences. This aligns with previous studies reporting lower heritability for cell-mediated 

responses compared to antibody mediated responses (Thompson-Crispi et al., 2012). 
 

 
Figure 1. Regression of log-transformed IgG concentration at day 28 and Box–Cox–

transformed DTH response on Brahman percentage in multibreed heifers. 

 

Microbial diversity and composition. Rumen microbiome alpha diversity was not associated 

with Brahman percentage in the MAB cohort, nor with IgG or DTH responses in either the 

MAB or BRA cohorts (P > 0.05). In contrast, beta diversity analysis revealed that variation in 

Brahman percentage within the MAB cohort was associated with significant shifts in both 

compositional structure (Robust Aitchison, P = 0.004) and phylogenetic membership 

(unweighted UniFrac, P = 0.021). These findings indicate that host breed composition is an 

independent driver of rumen microbial heterogeneity, with Bos indicus genetics shaping 

microbial community structure even under uniform dietary conditions. Notably, adaptive 

immune phenotypes (IgG and DTH) were not associated with either compositional or 

phylogenetic beta diversity in either cohort, suggesting that variation in adaptive immune 

responses is not reflected at the level of overall rumen microbial community structure. 

 

Differential abundance. Although alpha and beta diversity metrics were decoupled from 

immunity, specific microbial lineages were significantly associated with host breed 

composition and immune phenotypes in the MAB cohort (Table 1). Curiously, the relative 

abundance of the phylum Verrucomicrobiota was positively associated with increasing 

Brahman percentage, suggesting that Bos indicus genetics may favor microbial groups 

involved in polysaccharide degradation and contribute to a distinct fibrolytic rumen 

environment. Regarding immune phenotypes, the ability to mount humoral responses to 

foreign antigen was associated with ASV46 (Prevotellaceae UCG-001), identified exclusively 

by the ANCOM-BC2 tool. The substantial effect size of KLH-specific IgG response (Log2FC 

= 7.90; P < 0.001) indicates a presence-absence pattern, with this taxon largely undetectable 
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in low immune responders. This suggests ASV46 may serve as a microbial marker of strong 

antibody responses. Moreover, the family p-251-o5 was consistently positively associated with 

the DTH response. Although this specific family is poorly characterized, it belongs to the order 

Bacteroidales, which includes taxa known to produce immunomodulatory short-chain fatty 

acids. Notably, no differentially abundant taxa were detected in the purebred Brahman cohort. 

These findings highlight that fine-scale compositional differences exist even in the absence of 

broad community restructuring, suggesting that immune phenotypes are associated with 

specific microbial taxa rather than the overall community shifts. 

 

Table 1. Differentially abundant microbial taxa associated with host genetics and immune 

phenotypes in crossbred Angus-Brahman heifers. 

Phenotype Taxon Level Method 1Log2 FC 2P(FDR) 

Brahman % Verrucomicrobiota Phylum LinDA 0.81 0.012 

IgG response 
ASV46 

(Prevotellaceae UCG-001) 
ASV ANCOM-BC2 7.90 <0.001 

DTH response p-251-o5 Family 
ANCOM-BC2 0.53 0.015 

LinDA 1.39 <0.001 
1Log2 FC represents the estimated change in log-abundance per unit increase in the continuous predictor (IgG, 

DTH, or Brahman %).  
2P(FDR) represents the P-value adjusted for false discovery rate (FDR) using the Benjamini–Hochberg procedure. 
 

Conclusions 

Bos indicus breed composition influences antibody-mediated immunity and rumen microbiota 

beta diversity, with higher Brahman percentage associated with reduced vaccine-induced IgG 

responses and increased Verrucomicrobiota abundance. While global measures of microbiota 

diversity were not associated with immune phenotypes, specific taxa were strongly linked to 

adaptive responses, including ASV46 (Prevotellaceae UCG-001) and the family p-251-o5 

with the magnitude of humoral-mediated and cell-mediated responses, respectively. These 

results indicate that rumen microbiota associations with immunity are driven by discrete 

microbial lineages rather than overall community composition. Consequently, integrating host 

genomic data with targeted microbial markers may offer a viable strategy for refining selection 

for immune phenotypes in beef cattle. 
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