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SUMMARY
Experiments are described which evaluate genetic effects on 

traits usually associated with host resistance. In SLA-defined 
miniature pigs SLA haplotype was found to significantly influence 
aspects of antibody and cell-mediated immune response but litter, 
dam and sire were generally more influential. Evidence is provided 
for segregation of resistance-related traits by selective breeding 
of Yorkshire pigs using average estimated breeding values(EBV). The 
avidity of antibody is independent of guantity but is apparently 
selected positively with the high group which includes high 
antibody response.

INTRODUCTION
To improve inherent resistance to infectious disease,studies 

were undertaken in pigs to determine the relationship between 
immunologically specific and innate resistance-related functions 
and the influence of the pig major histocompatibility genes (SLA) 
and non-SLA genes on these measured traits. This approach was based 
upon studies indicating influence of a mouse histocompatibility 
gene (MHC) amongst 10 or more loci influencing immune response 
through effects on monocyte/macrophage function (Mouton et 
al.1979). The segregation of chicken MHC alleles in selection for 
egg production and resistance to Marek's disease (Simonsen, 1988) 
and reports of SLA and breed-relatedness of immune response (Vaiman 
et al. 1978 .-Buschman et al.1981). were also influential.

Studies were undertaken with SLA-defined miniature pigs (Sachs 
et al.1976), including an SLA class I and II recombinant 
(Thistlethwaite et al.1983) and Yorkshire pigs which were 
selectively bred using combined estimated breeding values (EBV) for 
resistance-related traits.

MATERIALS AND METHODS
Animals and Experimental Design: Miniature pigs of four 

haplotypes (SLAs,c'd,and 9 ) , where g is a recombinant of SLA class II 
and SLA* class I, were bred from parents donated by D.Sachs, 
Bethesda. All possible homozygous and heterozygous pigs were 
obtained from sufficient sire, dam and litter combinations to 
permit analysis of genetic effects by least sguares (Helwig and 
Council, 1982). Immune response and blood monocyte function were 
evaluated and analyzed by haplotype, sire, dam, litter and other 
effects. The numbers of pigs used varied by experiment but was in
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the order of 130 from 30 to 40 litters by 18 dams and 15 sires. In 
determining EBV in Yorkshires for 14 immunological and innate 
resistance traits 97 animals from 15 sires were evaluated in the 
parental F0 generation and mated in groups of 5 boars and 20 gilts 
designated "high"(H), "control"(C) and ”low"(L). The EBV 
incorporated 5 of 14 measured traits. This process was repeated in 
the first generation (F,) progeny.

Assessment of Immune and Innate Resistance-Related Functions: 
Standard protocols were established to induce and measure primary 
and secondary antibody to hen egg white lysozyme (HEWL), sheep 
erythrocytes (SRBC) and (T,G)-A,L; serum IgG and IgM concentration 
(by radial immunodiffusion, RID), serum lytic complement (CH50), 
cutaneous delayed hypersensitivity (DTH) to PPD of Mycobacterium 
tuberculosis(Beg), cutaneous contact allergy (CH) to 
dinitrochlorobenzene (DNCB), in vitro blood lymphocyte 
blastogenesis to concanavalin A (con-A) and PPD and cultured blood 
monocyte function in uptake and killing of Salmonella tvphimurium 
and Staphylococcus aureus. Antibody and cell-mediated immunity 
(CMI) to an S_i_ tvphimurium aromatic mutant were also determined.
The purified O-polysaccharide of the parent Ŝ . tvphimurium was used 
to determine lymphocyte blastogenic and passive haemagglutinating 
antibody. Antibody avidity was measured by a chaotropic ion (KSCN) 
elution system in enzyme immunoassay for antibody to HEWL.

Statistical Analysis: For analysis of the mini pig data, the SAS 
linear general model procedure (GLM, Helwig and Council, 1982) was 
used for analysis of variance of the measured traits and variance 
components were estimated by the SAS VARCOMP procedure for 
estimation of heritabilities of traits. Variance components and EBV 
from the Yorkshire data were obtained by restricted maximum 
liklihood (ReML) under an individual animal model (Henderson,
1984) .

RESULTS
A. Experiments Utilizing SLA-defined Miniature Pigs:

1. Antibody and Cell-Mediated .Immune Response.(Mallard et al. 
1989a). Dam, sire and litter influenced immune response traits (p<
0.12-0.001, 0.88-0.001 and 0.69-0.001 respectively) while SLA and 
sex had lesser effects (p< 0.72-0.01 and 0.95-0.02). The SLA 
haplotypes differed in response with dg, gg and dd forming a 
response group by rank but with variation in rank position by time 
after immunization. This group was superior in response to HEWL,
(T ,G )-A,L, SRBC and DH to PPD but low in ranked CH response to 
DNCB. Heritability was estimated for HEWL (0.81-1.17) and (T,G)-A,L 
(0.11-0.44) but not for SRBC, CH and DNCB due to negative sire 
variance. Heritability of DH response to PPD was 0.03 and 0.13 for 
24 and 48 hour post challenge measurements.

2. Immune Response to S_̂  tvphimurium. (Lumsden, 1989). Primary 
antibody response was influenced by litter (p< 0.026-0.0001) at 
various times after immunization but none of the variables included 
in the statistical model influenced secondary antibody response. 
Litter also influenced antibody response after challenge infection 
(p< 0.0052). There were no significant differences in antibody
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response by SLA haplotype although dd, cd and dg were usually 
highly ranked. For CMI, litter (p< 0.011) and sire (p< 0.019) 
influenced primary response at days 6 and 13 post immunization (pi) 
respectively while SLA (p< 0.004) and litter (p< 0.026) influenced 
secondary response on day 20 pi. Only litter influenced response 
after challenge (p< 0.0001). The effect of time by haplotype was 
significant (p< 0.0002) with dd, dg and gg being either higher or 
lower in ranked response than aa, ac, cc and cd at various times 
pi.

3. Serum Immunoglobulin Concentration. (Mallard et al.1989b). IgG 
concentration was influenced by sire (p< 0.001), dam (p< 0.002 and 
0.02 for 24hr and 48hr RID), SLA (p< 0.01) and litter (p< 0.02 and 
0.06 for 24 and 48hr RID). Haplotypes dd, dg and gg had very 
significantly more serum IgG than others and heritability estimates 
were 0.13 and 0.27 for 24 and 48hr RID. IgM concentration were 
influenced only by litter (p< 0.001 and 0.009 for 24 and 48hr RID) 
and heritability is assumed to be zero because of negative sire 
variance.

4. Serum Lytic Complement. (Mallard et al.1989c). Activity (CH50) 
was determined before and after immunization. Prior to immunization 
only litter and dam (p< 0.03 and 0.06) influenced the trait while 
none of the variables influenced post-immunization CH50. The 
average CH50 differed significantly (p< 0.001) pre and post
immunization with a tendency for haplotypes other"than dd, dg and 
gg to have elevated CH50. Differences between haplotypes were not 
significant. Heritability for CH50 were not estimated because of 
negative sire variance.

5. Uptake and Killing of SL. tvphimurium and S_̂  aureus. (Lacey et 
aJL.1989) Litter and SLA had significant effects on uptake and 
killing as measured at 4 and 8 weeks of age (p< 0.0001 for litter 
and p <0.0769-0.001 for SLA in various assays) while sire did not 
contribute significantly. SLA behaved in group response fashion 
with dd, dg, gg and cc high or low in the rank order. An apparent 
effect of age was significant but subsequent studies suggest a 
cyclical effect.

B. Selection Experiments with Yorkshire Pigs: (Mallard et 
al.l989d) In the F 0 generation, sire and gender influenced primary 
response to HEWL (p< 0.05) but not to (T,G)-A,L while sire 
significantly influenced secondary response to both antigens. 
Heritability and genetic correlations were used to determine traits 
for inclusion in the selection index. These were HEWL antibody (dy 
21 pi), IgG concentration (dy 0), DH to PPD (24hr post
stimulation) , lymphocyte blastogenesis to con-A and killing of S . 
tvphimurium by cultured blood monocytes. F, progeny of the H and L 
groups differed significantly for HEWL, con-A and PPD responses (p< 
0.03, 0.03 and 0.007) as well as for the correlated traits SRBC and 
CH to DNCB (P< 0.10 and 0.01). IgG concentration and monocyte 
functions did not differ by selection group. Heritability estimates 
for the F, generation were HEWL 0.25, con-A 0.23, PPD 0.08, IgG 
0.08 and monocyte function 0.01.
Avidity of antibody to HEWL was not correlated with antibody 
quantity, however the H group had significantly (p< 0.005) higher 
average avidity than the L group.
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DISCUSSION
A basis is evident for selection to improve resistance-related 

traits in pigs with significant influences of litter, dam, sire and 
SLA on various attributes with heritability estimates of several 
traits conducive to effective selection progress. This has already 
been shown by response in the F, generation of Yorkshire pigs 
selected on EBV of 5 traits. Correlated traits permit co
segregation of functions and suggest biological interactions. In 
the Yorkshire pigs CH50 is correlated with monocyte killing 
function and in the miniature pigs, but not Yorkshires, serum IgG 
concentration is significantly correlated with antibody production. 
Although SLA are usually less influential than non-SLA genes in 
their effect there is evidence of grouping by SLA haplotype such 
that those haplotypes sharing the class II genes of d (d and g) 
tend to respond similarly with highly ranked antibody and PPD-DH 
response. Monocyte function is apparently an unreliable 
measurement, at least using a single time point since results 
indicate cyclical activity. There is however no clear indication of 
inverse relationship between innate and immunologically specific 
functions that may suggest divergence in resistance traits to 
various classes of pathogen.
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