
IMMUNOGENETICS OF NATURAL RESISTANCE TO BOVINE BRUCELLOSIS

Joe W. Templeton, D. M. Estes, R.E. Price, R. Smith III, and L. G. Adams 
Department of Veterinary Patholgy 

College of Veterinary Medicine 
Texas A&M University 

College Station, Texas, 77843-4464

SUM M ARY

We have shown that natural resistance to a standardized challenge of
B. abortus in nonvaccinated cattle is heritable. Immune parameters that correlate 
with the natural resistance (R) and susceptible (S) phenotypes are: (a), macrophage 
(Mo) control or failure to control B. abortus replication in vitro; (b). response of 
oligoclonal T lymphocyte cell lines to various species of Brucellae; and (c) the IgG2a- 
A1 & A2 allotypic postchallenge antibody response to B. abortus LPS.

INTRODUCTION

Studies of genetic control of resistance to Brucellae infections have been done 
in mice, rabbits and swine. Ho and Cheers (1982) reported that resistance to
B. abortus S19 infection is under polygenic control in BALB/c mice. Manresa and 
Laguna (1932) reported that resistance to brucellosis is controlled by a single 
dominant allele in rabbits.

In swine, a series of studies of genetic control of resistance to B. suis were 
conducted by Cameron and colleagues (Cameron et al.1942.1943). In the first 
experiments, two sows and a boar, which did not develop antibody when exposed to 
B. suis, were saved for breeding. The progeny of these three apparent resistant (R) 
swine were challenge infected and their antibody titers to B. suis were compared to 
control groups of unselected pigs that were challenge infected. Seventy three 
percent (24 of 33) of the progeny from the R swine parents were R to the challenge 
infection as compared to only nine percent R (3 of 24) progeny in the controls. In 
subsequent breeding - challenge infection studies R X R matings produced 128 
progeny - 76.6% were R, 22.6% were of uncertain status and 0.8% were susceptible 
(S). It is remarkable that in one generation of mass selection, resistance to B. suis 
could be increased by approximately 65% over unselected controls. Obviously very 
few genes are involved in controlling resistance to B. suis in these swine.

In cattle, resistant and susceptible animals produce antibodies to B. abortus 
and have a cellular immune response (Baldwin et al. 1985; Klesius et al, 1975; 
Harmon et al, 1985; Splitter & Everlith, 1986; Smith III, et al, 1990). The relative 
importance of these two immune responses is not known.

MATERIALS AND METHODS

A  group of 21 cross-bred (Bos taurus X Bos indicus) cows were assembled. The 
cattle were non-vaccinated and immunologically naive to B. abortus strain 2308
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(S2308). Non-exposure to B. abortus was confirmed on at least 3 separate occasions 
in an 8 month period prior to challenge by card, rivanol, complement fixation, 
enzyme-linked immunosorbant assay (ELISA), and hemolysis-in-gel test (Harmon 
et al. 1985). The cattle were challenged by conjunctival administration of 1 X 107 
colony forming units (CFU) of live B. abortus S2308 during mid gestation of their 
first pregnancy. The resistant cattle (n=ll), retrospectively classified, developed low  
transient serologic titers, did not abort and cultures of the post partum uterus, lacteal 
secretions and calf meconium were negative for Brucella.. Susceptible infected cows 
(n=10) developed high titers, aborted and Brucella was isolated from lacteal 
secretions, uterus, placenta or fetuses (Harmon et al. 1985). A  group of bulls were 
challenged in the same manner as mentioned above and one bull was selected for 
breeding studies. We classified this bull as R based on negative culture of his semen 
for B. abortus and his anti-Brucella serologic profile postchallenge was similar to the 
resistant cows.

The progeny resulting from mating of this bull and the R and S founder cows 
were challenged with B. abortus for phenotyping as R or S. The heifers were 
challenged at midgestation of their first pregnancy and ranged in age from 16 to 24 
months. The bulls were from 12 to 16 months of age at challenge. Following 
challenge the heifers were retrospectively classified as resistant or susceptible heifers 
based on their serologic titers, abortion, and culture results o f the postpartum  
uterus, lacteal secretions and calf meconium. The bulls were retrospectively 
classified as resistant or susceptible based on their serologic titers postchallenge and 
whether or not B. abortus was cultured from 50 different tissues when slaughtered 
ninety days post-challenge (Adams et al 1983).

An in vitro test to measure the ability of mamma'ry Mo or peripheral blood 
monocyte derived Mo to control intracellular replication of B. abortus was 
developed (Harmon et al.1989; Price et al, 1990). Murine monoclonal antibodies 
were produced that recognize bovine IgG2a allotypes- A l and A2. The IgG2a 
allotype response of the cattle to B. abortus lipopolysaccharide (LPS) and outer 
membrane proteins were measured postchallenge by the ELISA (Estes et al. 1990a; 
Estes et al. 1990b). Oligoclonal T lymphocyte cell lines were established from R and S 
cattle using whole cell B. abortus Strain 2308 as the prim ary stimulating antigen.
The oligoclonal T lymphocyte cell lines were restimulated by killed whole cells of 
B. abortus, B. cam's, B. m ellitinsis, and B. suis and the proliferative responses were 
measured by 3H thymidine incorporation (Smith et al. 1990).

RESULTS

The frequency of natural resistance to brucellosis in B. abortus challenged  
nonvaccinated cattle was 18% (19/105). Breeding a naturally resistant bull to 
naturally resistant cows increased the frequency of natural resistance in their 
progeny to 53.6% (15/28). The ability of Mo's from the R cattle to control the 
intracellular replication of B. abortus in vitro is significantly (p<0.05) better than for 
S cattle both pre- and post-exposure to B. abortus (Price et al. 1990). Susceptible cattle 
heterozygous for IgG2a allotypes A1/A2 respond to B. abortus LPS postchallenge 
significantly (p<0.05) more often with IgG2a allotype A l than do R cattle eight weeks

397



postchallenge (Estes et al. 1990b). The oligoclonal T lymphocyte cell lines from S 
cows established using B. abortus S2308 as a mitogen are significantly more cross
reacting than the oligoclonal T lymphocyte cell lines from R cows. The S cows 
oligoclonal T lymphocyte B. abortus cell lines are stimulated by B. abortus, B. canis, 
B. m e llitins is , and B. suis, whereas the oligoclonal T lymphocyte B. abortus cell lines 
from R cows are stimulated by B. abortus and B. canis and not by B. m ellitinsis, and 
B. suis (Smith et al. 1990).

DISCUSSION

During the past 10 years, we have been studying the inheritance of natural 
resistance to a standardized challenge of Brucella abortus in a herd of naturally 
resistant and susceptible cattle. To date, we have shown that natural resistance to 
brucellosis can be dramatically increased by simple mass selection in one generation 
of selective breeding. W e have been characterizing the immune response of the 
founding breeders to B. abortus for the following: (a) the profile of the antibody 
response to B. abortus challenge infection (Estes,1990b); (b) ability of the 
macrophages/monocytes (Mo) to control replication of B. abortus in vitro (Harmon 
et al, 1989; Price et al. 1990); (c) patterns of response of oligoclonal T lymphocytes to 
different strains of B. abortus and species of Brucellae (Smith et al. 1990); and (d) 
determining the BoLA  types of parents and offspring (Harmon et al. 1985). We have 
observed that the IgG2a-Al & A2 allotype response to B. abortus LPS postchallenge 
with B. abortus is significantly different between R and S cattle (Estes et al. 1990b). 
The ability of the Mo's to control replication of B. abortus in vitro is significantly 
correlated before and after challenge (Harmon et al. 1988; Price et al. 1990) between 
the R and S phenotypes of the B. abortus challenged cattle. We did not observe any 
direct correlation between BoLA  locus A specificities and resistance or susceptibility 
in these cattle. We interpret these data as meaning that the natural resistance to 
B. abortus is an innate resistance that is at least operational at the level of Mo's.

The ability of Mo's from these R and S cows to control replication of 
Salmonella du b lin  and S. ty p h im u riu m  in vitro correlates with resistance to 
B. abortus in vivo and in vitro. Currently we are attempting to determine if this 
model of natural resistance to B. abortus might be the bovine equivalent of the 
murine genetically controlled R and/or S to infectious disease involving  
macrophages. The role of macrophages in resisting infectious diseases has been 
shown to be controlled of a single gene or gene complex for four infectious 
organisms Beg gene - M ycobacterium  lepraemurium  (Brown et al. 1982), I ty  gene - 
Salmonella typh im urium  (Plant and Glynn, 1981), Lsh gene - Leishmania donovani 
(Bradley et al, 1979), and Beg gene - Mycobacterium bovis (Gros et al. 1981). The 
gene(s) controlling resistance to all four of these infectious organisms have been 
mapped to chromosome 1 and could possibly be the same gene (Brown et al. 1982).
It has been shown in mice that the gene(s) controlling the macrophage function in 
these four diseases is linked to ld h - \ ,  y C ry, F n-1, B e g /L s h /Ity , and V il,  in the order 
given with the Idh -1 gene being closest to the centromere (Schurr et al.1989). 
Obviously, this gene or cluster of closely linked genes on chromosome 1 is very  
important in infectious disease resistance to these four organisms but interaction 
with genes on other chromosomes have also been shown to be important for two of
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the diseases. Susceptibility to Salmonella typh im urium  has been shown to be 
regulated by two genes - the I ty r  on chromosome 1 and the Lpsd on chromosome 4 
(Blackwell et al. 1980). Susceptibility to Leishmania donovani is regulated by two 
genes - Lsh on chromosome 1 and H-2 on chromosome 17. Apparently, the Lsh 
gene provides immediate resistance for the first 15 days of infection but H-2 
interacting genes are crucial for long term resistance (O'Brien et al. 1980).

The linkage of the genes yCry, Fn-1, and V il has been conserved in cattle, 
mice, and men (Adkison et al. 1988, Schurr et al. 1989, L. Skow, Texas A&M 
University, personal communication) and this linkage group has been placed on 
bovine chromosome 8 by in situ hybridization (J. E. Womack, Texas A&M 
University, personal communication). We are are attempting to determine if any of 
these conserved bovine chromosome linked genes are marker genes for natural 
resistance to B. abortus or if they are marker genes for the Me in vitro  functional 
assay.
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