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The immune system, o f which the primary function is  protection against in
fectious diseases, is  composed o f humoral and ce llu lar immunity. The f i r s t  
iden tified  and best characterized components o f the humoral immunity were serum 
molecules defined generally as immunoglobulins. This family o f high molecular 
weight proteins, produced by specific lymphocytes, exhibit considerable hetero- 
genecity and d ive rs ity , and is  re la tive ly  abundant in blood and secretions 
accounting fo r a l l  antibodies.

Experimental studies on mouse, rabbit, guinea p ig, rat and human immuno
globulins were essential fo r elucidation o f their structure, d ivers ity  and gen
e tic  control (fo r  review see Amos, 1971), and for the development o f methods 
applied fo r  studying immunoglobulins o f other mammalien species. Among numerous 
characteristics revealed, physicochemical and antigenic properties o f immuno
globulins appeared to be the most useful and basic fo r  the immunoglobulin c lass i
fica tion . Five, or four, immunoglobulin classes, IgA, IgD, IgE, IgG and IgM have 
been iden tified  in these f iv e  species. The IgG class accounts fo r  more than 60% 
o f the to ta l immunoglobulins in the blood. This class is  subdivided further into 
subclasses; e .g . in humans there are four IgG subclasses, IgGl, IgG2, IgG3 and 
IgG4. Apart from spec ific  differences, a l l  IgG molecules exhib it common struc
tural characteristics: an IgG molecule is  composed o f two iden tica l heavy chains
(H), each comprised o f 450 amino acids, and two iden tica l ligh t chains (L ),  each 
214 amino acids long. Two regions, variable (V) containing 118 amino acids, and 
constant (C) enclosing the remaining part o f a chain are recognized in each o f 
the L- and H-chains. Functionally, IgG is  divided into two fragments, an antigen 
binding fragment (Fab), composed o f the V and a part o f the C region, and a con
stant fragment (F c ). Except for the antigen binding property, almost a l l  other 
b io log ica l a c t iv it ie s  o f IgG are mediated by the Fc region. In addition, struc
tural studies revealed that IgG is  composed o f subgroups, or domains which 
evolved by gene duplications during evolution. Thus, genetic information is  very 
complex and several structural genes define amino acid sequences o f each immuno
globulin molecule. Genes encoding the L-chains are located at d ifferen t chromo
somes than genes fo r H-chains. The constant region (Fc) o f H-chains o f the IgG 
subclasses is  controlled by genes at closely , or very closely linked lo c i.

Immunological studies revealed antigenic polymorphisms in the Fc portion 
controlled by mutant genes. These genetic markers o f IgG, id en tified  by precip i
tating antibodies developed in the same species (a llo p re c ip it in s ), are defined as 
a llotypes, or alloantigens. Two factors, no transplacental transfer o f humoral 
immunity to the fe ta l circu lation  in swine, and a lack o f activation  o f the fe ta l 
immune system, account fo r  profound hypogammaglobulineamia at b irth . Thus, the 
postpartum transport o f maternal antibodies from the colostrum by in testinal 
absorption, and the maturation o f p ig le t humoral immunity were o f considerable 
in terest to researchers. Numerous studies have been reported on this subject and
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are adequately reviewed by Brambell (1970), Porter and A llen  (1972) and Jonsson 
(1973). Despite the in terest in swine humoral immunity, class and subclass 
heterogenecity have not been clearly  defined, and no o f f ic ia l  c lass ifica tion  has 
been established. Three swine immunoglobulin classes, analogous to human IgA,
IgG and IgM, have been described by Rajnek et a l . ,  (1966), Porter (1969), Bourne 
(1969), Saif et a l . , (1972) and others (see review by Porter and Allen, 1972).
The IgG class is  quantitatively the most important in serum and colostrum o f 
sows, and accounts fo r 79-85% of the tota l immunoglobulins (Porter, 1969;
Jonsson, 1973).

Subclasses o f IgG demonstrated in several species, on the basis o f unique 
heavy chain antigenic s p e c ific it ie s , have been also id en tified  in the swine IgG 
class. Metzger and Houdayer (1972) described two IgG subclasses, whereas, 
Kaltreider and Johnson (1972) iden tified  at least three, and possibly four, sub
classes. Preliminary data by Rapacz and Hasler-Rapacz (1974) confirm the ex is t
ence o f four IgG subclasses in swine. Genetic polymorphism in swine immuno
globulins o f undefined class, or subclass, was demonstrated f i r s t  by the anti
globulin inhibition  test using normal sera from young pigs, who most l ik e ly  de
veloped antibodies against ingested colostrum o f the incompatible immunoglobulin 
type (Rasmussen, 1967; Nielson, 1972). Rapacz et a l ., (1973) iden tified  the 
f i r s t  two IgG markers (a llotypes) designated IgGAl and IgGA2, which resemble 
immunoelectrophoretically human IgGl and swine IgG2 (Kaltreider and Johnson,
1972) and are determined by two autosomal codominant genes, IgCal and I gGa^. 
Seven additional IgG markers have been id en tified  la te r  and are designated tem
p o r a l ly  as IgGA3, IgGBl, IgGB2, IgGCl, IgGC2, IgGDl and IgGD2. Data obtained 
from qu alita tive  and quantitative investigations on these nine IgG markers in 
serum and colostrum samples o f three swine breeds and the ir crosses are the_ sub— 
of this report.
Materials and Me hods. Over 8700 serum samples, with the majority from multi-: 
pie bleedings o f 2671 pigs, and 627 la ctea l secretion samples from 211 sows 
co llected  fo r immunogenetic studies on immunoglobulins and lipoproteins 
(Rapacz et a l . ,  1978) were used in these investigations. A ll  samples used have 
been tested with anti-IgGAl, -A2, -B l, -B2 and anti-IgGCl, and approximately 65% 
with anti-IgGA3, -C2, -Dl, and anti-IgGD2 reagents. The pigs studied were Ches
ter Whites, Hampshires and Yorkshires, and th e ir crosses. With the exception of 
178 Yorkshires, derived from two commercial purebred herds, a l l  pigs belonged to 
the Experimental Swine herds at Arlington Farm, Mandt Farm and the Campus, Uni
vers ity  o f Wisconsin, Madison.

Genetic data are based on the progeny test o f three to eight successive 
generations o f purebred and pedigreed crossbred swine. Samples fo r quantitative 
studies on IgG in the lactea l secretions and sera o f pre- and post-colostral 
growing and adult pigs originated from animals raised at the Arlington Farm -nd 
Campus. The anti-IgG reagents have been obtained from alloimmune sera produced 
in randomly chosen recipients, and la ter in  IgG pre-tested swine, o f the three 
breeds, the ir crosses, and Poland China pigs. The recipients were inoculated 
from 6-24 times at 1-4 week intervals with immunoglobulin fractions derived from 
pooled, or single sera and colostrum purified  by ammonium sulphate and ion ex
change chromatography (Joustra and Lindgren, 1969). A ll nine reagents exhibited 
precip ita tion  reaction in agar gel with respective IgG antigens when tested by 
Immunoelectrophoresis, single and double immunodiffusion methods (Weir, 1973). 
The modified single immunodiffusion method (Mancini et a l . , 1965, Rapacz e t a l . ,  
1978) was applied fo r IgG quantitation. SDS polyacrylamide ge l electrophoresis 
(PAGE) was used fo r separation o f heavy and ligh t IgG chains (Weber and Osborn, 
1969). Heteroimmune sera anti-swine serum antigens were produced in rabbits 
inoculated with whole swine serum. Column ge l chromatography, Sephadex G-200, 
agar ge l electrophoresis and Immunoelectrophoresis as described by Rapacz et a l . ,
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(1978) were used fo r  further characterization of the IgG allotypes.
Results. Analyses o f the results obtained during the course o f these studies 
have shown that each o f the nine allotypes is  associated with d is tin c tly  d i f f e r 
ent immunoglobulin molecules. Apart from these differences they exhibit some 
degree o f physicochemical s im ila r ities ; a) a l l  antigenic a c t iv it ie s  were found 
in fractions o f the second peak eluted from G—200 Sephadex column, indicating 
that the allotypes are markers o f 150.000-160.000 MW proteins, and b) resu lts o f 
SDS PAGE produced evidence that the markers are associated with heavy polypep
tide chains o f approximately 51.000 MW which correspond to swine IgG heavy 
chains (Ahmad-Zadeh et a l . , 1971). Further evidence that the allotypes are as
sociated with IgG molecules has been provided by immunoelectrophoresis (Figure 
1 ), which shows that the alloantigens migrate to the gamma globulin region and 
exhibit four d istinct patterns with the following order, from the orig in  to the 
cathode; IgGD, IgGC, IgGA and IgGB. Thus, nine allotypes could be divided into 
the four groups; a) A l, A2 and A3, b) B1 and B2, c) Cl and C2, and d) D1 and D2. 
Results o f ion exchange chromotography produced supporting evidence fo r the net 
charge o f each IgG subclasses; the IgGB subclass appeared in  the f i r s t  fractions 
and was followed c losely  by IgGA. The IgGC alloantigens were eluted appreciably 
la ter and were followed closely by the IgGD subclass.

The fin a l evidence that the nine allotypes are associated with four IgG 
subclasses came from genetic studies. Segregation data from the progeny te s t, 
which included 1561 purebred and 816 crossbred pigs, have shown that nine IgG 
alloantigens; A l, A2, A3, Bl, B2, Cl, C2, D1 and D2 are encoded by nine auto
somal codominant genes: IgGal, -a2, - a3, - b l , -b2, - cl ,  -c2. cbj- and IgGd2 loca t
ed at very c lose ly  (a and b) and closely ( ab, j; and d) linked lo c i designated a, 
b, c and d. The assumption o f very close linkage between the a and lo c i re-~  
suits from finding o f only three haplotypes (A1B2, A2B1, A3B1) o f s ix  possible 
combinations. For a l l  four IgG subclasses a tota l o f six a llo typ ic  haplotypes 
have been id en tified  and their frequencies established (Table 1 ), Their d is t r i
butions and frequencies vary between the groups; however, these values have not 
changed s ign ifican tly  from generation to generation fo r each group tested. Ot
her combinations are l ik e ly  to ex ist in untested breeds. A one to one re la tion 
ship between the IgG phenotypes and their genotypes allows fo r estimating ind i
vidual IgG gene frequencies fo r each group o f swine tested.

The most strik ing differences were uncovered in the leve l of immunoglobu-
lins defined as a lle lo -

FIGURE 1 morphs, or single gene pro-
IMMUNOELECTROPHORETIC PATTERNS OF IgG SUBCLASS DISTRIBUTION IN ducts. The development o f 
NORMAL SWINE SERUM (NS): (A) RABBIT ANTI-SWINE WHOLE SERUM, (B) type specific  alloimmune 
ALLOIMMUNE ANTI-B1 (IgGB SUBCLASS); (C) ANTI-A1 (IgGA SUBCLASS); reagents allowed fo r the 
ANT I-Cl (IgGC SUBCLASS); ANTI-D1 (IgGD SUBCIASS). f ir s t  time to test qualita_

t iv e ly  and observe quanti
tative changes in the le v e l 
o f immunoglobulins deter
mined structurally by a sin
gle IgG gene, o f which act
ivation and expression may 
be regulated by numerous 
factors. During the last 
seven years 460 sera o f pre
colostrum bled p ig lets  and 

iSH. . 2907 samples collected from
multiple bleedings o f 762 
pigs between 1 and 460 days 
o f age have been tested and 
analyzed fo r the content o f
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SWINE IgG ALLOTYPIC HArLOTYPES OF FOUR IgG SUBCLASSES AND THEIR FREQUENCIES IN 
THREE BREEDS OF SWINE

No. HAPLOTYPF. CHESTER WHITE 
(Arlington)

B R E E D S  A N D  T H E I R  O R I G I N
YORKSHIRE 

(Mandt Farm and
HAMPSHIRE

(Arlington) (Mandt Farm)

1 A1 B2 Cl D2 0.59 0.12 0.23 0.50

2 A1 B2 C2 D2 0.12 0.00 0.05 0.11

3 A1 B2 Cl D1 0.00 0.00 0.10 0.04

4 A2 B1 Cl D1 0.21 0.73 0.62 0.35

5 A2 B1 Cl D2 0.08 0.11 O.CO 0.00

6 A3 B1 Cl D1 0.00 0.04 0.00 0.00

TOTAL NUMBER 1276 451 714 896

immunoglobulins iden ti
fied  by the ir a llo typ ic  
markers• Our observa
tions confirmed data o f 
numerous studies report
ing hypogammaglobuline-

___..... mia in the serum of pre-
Convoercial Farms) colOStral p ig le ts . On

ly  questionable trace 
reactions were observed 
in  sera o f approximate
ly  15% o f the p ig lets 
tested; however, their 
iden tity and orig in  
have not been in vesti
gated. The majority o f 
sera o f post-suckling 
p ig lets  showed a rapid

______________________ __________________ _______________ increase o f the ingest
ed immunoglobulin type reaching its  peak between 18-36 hrs. post suckling. The 
le v e l o f ingested immunoglobulins was between 75% and 110% of the colostrum le v e l. 
Although the IgG pattern, iden tified  in 24 hours post-suckling sera resemble 
qu a lita tive ly  the co lostra l le v e l, i t  d iffe rs  s tr ik ing ly  from the IgG concentra
tion  in sera o f the dams. Our data showed that IgGA and IgGB in the colostrum 
and postcolostral samples exceed up to three times adult serum leve ls , whereas 
IgGC and IgGD are below the adult serum concentration, at 50% and 35%, respective
ly . No other data are available fo r  comparison, although Porter and Allen (1972) 
reported that there are two main swine serum subclasses, IgGl and IgG2, which by 
comparison correspond to our IgGA and IgGB subclasses, respective ly.

The most studied, complex, and s t i l l  poorly understood problem is  how pas
sive and active humoral immunity interact in delivering e ffe c t iv e  defense against 
pathogens encountered. P ig lets  obtained from IgG heterozygous sows could inherit 
only one gene; therefore, the second allelomorph was used to measure the absolute 
acquired amount, time and fa te o f  passive immunoglobulins,whereas p ig lets  sired 
by boars o f IgG homozygous genotype o f the a lternative to the dam homozygous type, 
were used for studying the development and le v e l o f autogenous IgG. The f ir s t  
detectable autogenous IgG appears in the blood between 9-24 days o f age, showing 
considerable developmental variations: in the majority o f p ig lets  IgGA developed
f i r s t  reaching i t s  highest life -tim e  leve l at 120 days o f age, and followed by 
IgGB with i t s  peak at 280-360 days, whereas IgGC and IgGD developed at a slower 
rate reaching the ir peaks at 430 days o f age. The time o f disappearance o f pas
sive IgG varied from 38-120 days o f age and seemed to be correlated with the 
le v e l o f acquired IgG. In adult swine the le v e l o f IgG showed variation  between 
individual pigs and breeds. The most pronounced d ifferences, however, were ob
served between homozygous and heterozygous pigs, due to the IgG gene dosage e f 
fe c t ; a l l  sera o f heterozygous swine exhibited approximately 50% lower le ve l o f a 
given allelomorph in comparison to the homozygous type serum.

Iden tification  o f polymorphic forms reveals genetic varia tion  at the IgG 
subclass le v e l contributing to a better understanding o f immunoglobulin diver
s ity , and may provide an important tool fo r investigations o f specific  b io log ica l 
ro les o f individual IgG types.
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SUMMARY

Type-specific reagents, identifying nine allotypes, designated AL, A2, A3, 
Bl, B2, Cl, C2, D1 and D2, have been obtained from alloimmune sera. The a llo 
types are determined by nine autosomal, codominant genes residing in  four very 
c losely linked lo c i ,  a., b, c and jd, with at least two a lle le s  at each locus. 
Preliminary data suggest that the alloantigens are markers o f four immuno
globulin gamma subclasses: IgGl, IgG2, IgG3 and IgG4. Quantitative studies on
colostrum revealed that each subclass is  secreted at a d iffe ren t le ve l into 
the mammary gland and th is le ve l d iffe rs  from the serum concentration.
Passively acquired IgG by p ig lets  re flec ts  qu alita tive ly  and quantitatively 
patterns o f the colostrum. The replacement o f passive and activation  o f the 
autogenous IgG seem to be a complex process. The developmental patterns are 
d ifferen t and characteristic fo r  each IgG subclass.

ZUSAMMENFAS SUNG

Typen-spezifische Reagenzien, die neun Allotypen -  A l, A2, A3, Bl, B2, Cl, 
C2, Dl, D2 -  id en tifiz ie ren , wurden aus Alloimmuneseren gewonnen. Diese A llo 
typen werden von neun autosomalen, ko-dominanten Genen bestimmt, welche in den 
v ie r  sehr eng verbundenen Loci £, _b, £  and d liegen, mit mindestens zwei 
A lle len  pro Locus. Preliminare Daten weisen darauf hin, dass die Alloantigene 
Marker der v ie r  Immunoglobulin Unterklassen -  IgGl, IgG2, IgG3, IgG4 -  sind. 
Quantitative Untersuchungen zeigten dass jede Immunoglobulin Unterklasse in 
verschiedenen Mengen in  den Mammaldrusen ausgeschieden werden und dass sich 
deren Konzentration von denen des Serums unterscheiden. Die von Ferkeln passiv 
aufgenommene Immunoglobuline reflektieren  die Kolostrum-zusammensetzung in 
qualita tiver und quantitativer Hinsicht. Die Substitution passiver Immuno
globuline durch die Aktivierung autogener Immunoglobuline scheint ein komplexer 
Vorgang zu sein. Der Anstieg der Immunoglobuline e r fo lg t  in einer fur die 
verschiedenen Unterklassen charakteristische Weise.
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