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Introduction

The impact of antibiotic therapy on antimicrobial 
drug-resistance is well known in the cattle industry yet the 
potential effects of antibiotic administration on immune 
modulation is unknown. Data from various animal models 
indicate that some antibiotics can suppress adaptive im-
mune responses. Azithromycin for example, can suppress 
inflammation and innate immune defenses inferring that 
indiscriminate use of antibiotics may paradoxically increase 
susceptibility to infection and interfere with vaccine immu-
nity. For cattle, we aim to identify classes of immune modula-
tory antibiotics to determine whether treatment interferes 
with vaccine responses. We hypothesize that macrolide and 
tetracycline antibiotics will significantly suppress immune 
responses in cattle which will be tested using assays that 
evaluate immunity in vitro.

Materials and Methods

Adaptive immune responses to antibiotics is assessed 
by analysis of bovine peripheral blood monocytic cells 
(PBMC) from either naïve or antibiotic-treated animals. 
PBMCs from naïve animals are treated with various con-
centrations of different classes of antibiotics in vitro and 
proliferative responses of T cells are determined by DNA 
synthesis assays. T cell activation assays are determined by 
Con-A mediated upregulation of MHCII and IL-2R (CD25) 
by flow cytometry. PBMCs will also be treated with LPS and 
IgG secretion levels determined by ELISA. Comparisons be-
tween untreated and antibiotic-treated PBMC will identify 
potential effects on vaccine IgG titers. Similar analysis will be 
performed on antibiotic-treated animals. Thus far, we have 
initially analyzed immune cells from PBMC in 5 treatment 
groups (n=5 each). Both technical and biological replicate 
groups consisting of control vs. experimental (antibiotic 
treatment groups) as nonparametric continuous or grouped 
variables are compared using either a one-tailed or two-tailed 
Mann-Whitney U test. P values for statistical variance of bio-
logical replicates are determined using Repeated Measures 
ANOVA with Tukey ’s multiple comparison tests. Statistical 
analyses will be performed using GraphPad Prism 8.

Results

In preliminary tests, four different antibiotics (azithro-
mycin, tulathromycin, tilmicosin, and enrofloxacin) were 
tested at various concentrations on immune stimulated 
naïve bovine PBMC. Results show that treatment of PBMC 
with clinically relevant plasma concentrations (~ 0.1 µg/
ml) of each antibiotic resulted in significant reduction in T 
cell proliferation. Additionally, treatment of PBMC with the 
azithromycin resulted in significant reduction in T cell acti-
vation as determined by reduced CD25 expression. Finally, 
treatment of PBMC with tilmicosin resulted in significant 
inhibition of MHCII upregulation, consistent with reduced T 
cell activation. Similar results were noted in tests evaluating 
tulathromycin, gamithromycin, and oxytetracycline. Thera-
peutic administration of these antibiotics thwart optimal T 
cell activation in PBMC in vitro and show reduced ability of T 
cells to upregulate MHCII and CD25. Since preliminary data 
suggest that immune modulation occurs when T cells are 
treated with pharmacologically relevant doses of antibiotics 
in vitro. Further testing will determine the extent of immune 
modulation by six classes of antibiotics. These data will help 
determine the immune modulating potential and long-term 
effectiveness of various antibiotics and overall effectiveness 
in face of emerging resistant pathogens.

Significance

Lower proliferative responses and decreased CD25 
expression on antibiotic-treated T cells in vitro or in vivo sug-
gest a direct negative impact of antibiotics on host immunity. 
The continued use of antibiotics in the industry may in fact 
be, in addition to imposing selection for resistant pathogens, 
diminishing host immunity. The assessment of host immune 
modulation imposed by routinely-used antibiotics will expe-
dite creative approaches to agricultural animal health issues.
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or pooled (r2=0.76) samples. Similarly, post-thaw Brix and 
RID measures were highly correlated (P<0.0001) in over-
all (r2=0.85), individual (r2=0.89) and pooled (r2=0.77) 
samples. Brix determinations on individual samples tended 
to be influenced by dry period length (P=0.084), but not 
age or kid number. Linear regression model relating Brix to 
RID in goat colostrum was RID (mg/mL)=6.97(Brix)-73.65 
(r2=0.73, P<0.0001). Mean ± SD (median, range) serum TP 
(n=30) and total IgG concentration (n=57) were 6.0 ± 0.8 
g/dL (6.0, 4.5-7.2) and 15.8 ± 7.3 mg/ml (15.3, 3.1-36.1), 
respectively. Calculated IgG grams delivered at first feeding 
and total prior to bleeding was 17.6 ± 6.3 g (range: 6.0-39) 
and 35.0 ± 11.2 g (range: 11.9-64.3), respectively. Time to 
first feeding averaged 106 ± 136 mins (median: 60 min). 
Serum TP measured between 1- and 4-days of life was 
highly associated (r2=0.73; P<0.0001) with serum IgG con-
centration. Incorporation of age at bleeding (P=0.08) only 
slightly improved the relationship between TP and serum 
IgG concentration (r2=0.76, P<0.0001). Total IgG consumed 
showed the greatest influence (P=0.0020) with no effect of 
method of feeding or time to feeding. Amount of IgG fed at 
1st feeding (P=0.0069), volume at first feeding (P=0.10), 
time to second feeding (P=0.061), and kid age (P=0.047) ac-
counted for more variation (r2=0.45, P=0.0093) in serum IgG 
concentration than total IgG consumed (r2=0.36, P=0.013). 
Mean total consumed IgG amount was 35.0 ± 11.2 g (36.1; 
11.9-64.3). Assuming blood volume at 10% of birth weight, 
total blood IgG mass was determined from measured serum 
IgG concentration. Calculated efficiency of IgG absorption 
was 16.8 ± 8.8% (16.4; 3.6-52.9).

Significance

Like data for dairy cattle, the digital Brix refractometer 
is a valid method to predict colostrum quality based on IgG 
concentration in goats. Serum TP is an effective method to 
evaluate the amount of IgG in serum. In summary, goats in 
this study on average consumed 35 g IgG achieving a 15 mg/
mL serum IgG concentration with an associated 6.0 g/dL TP 
concentration.

Introduction

Colostrum provides agammaglobulinemic newborns 
with immunity though immunoglobulin (IgG) passive transfer 
shortly after birth. Research on goat colostrum quality and 
passive transfer assessment is limited. Study objectives were 
to evaluate colostrum quality in goats defining a relation-
ship between Brix reading and IgG concentration, document 
serum IgG concentration based on total IgG consumed, and 
determine a relationship between total protein and serum 
IgG concentrations.

Materials and Methods

All procedures were approved by the Pennsylvania 
State University Institutional Animal Care and Use Com-
mittee. Samples were obtained from a 900-doe commercial 
dairy. First colostrum samples were collected and Brix 
digital refractometer (MISCO, Solon, OH) used on the fresh 
individual and pooled samples. All data relative to kidding 
and amount, timing, and method of colostrum feeding were 
compiled. Colostrum was frozen and shipped to Penn State 
for post-thaw Brix determination and measurement of total 
IgG concentration using radial immunodiffusion (RID, Triple-J 
Farms, Bellingham, WA). Kid blood samples were collected 
between 1- and 4-days following birth. Serum total protein 
(TP) determination (g/dL) was determined by digital refrac-
tometer. Serum IgG concentration was determined by goat IgG 
enzyme linked immunosorbent assay (ELISA, ZeptoMetrix, 
Buffalo, NY). Data were analyzed by ANOVA and regression 
modeling to determine significant effects influencing the 
relationship between measures of interest.

Results

Paired Brix and RID determinations were performed 
on 58 individual and 56 pooled doe post-thaw colostrum 
samples. The 58 individual Brix determinations were also 
performed on fresh colostrum. Mean ± SD (median, range) 
colostrum IgG for all samples was 71.0 ± 36.8 mg/mL (74.2, 
4.2-180.5). Overall post-thaw and fresh colostrum Brix 
determinations were 20.7 ± 4.5 (20.3, 8.7-34.3) and 21.2 
± 4.7 (21.7, 9.1-34.0), respectively. Brix measurements 
determined in fresh and thawed colostrum were highly cor-
related (P<0.0001) for all (r2= 0.97), individual (r2=0.98) 


