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ABSTRACT: Natural antibodies (NAb) are defined as an-
tibodies present in the absence of an antigenic challenge. 
NAb act as a defense barrier contributing to general disease 
resistance. Current poultry production undergoes high im-
pact changes and new ways need to be explored for poultry 
health. NAb may be used to improve (natural) disease re-
sistance by means of selective breeding. However, little is 
known about NAb and its genetic background. In this study, 
a large chicken population (3,689 chickens) was pheno-
typed for keyhole limpet hemocyanin (KLH)-binding NAb 
of different isotypes at 16 weeks of age. Heritabilities of 
0.08 for total antibodies, 0.14 for IgM, and 0.05 for IgG 
were found. Also a maternal environmental effect was de-
tected for IgM. Positive genetic and phenotypic correlations 
of these isotypes were found (0.26-0.97). These results give 
insight in the (genetic) background of NAb and general 
disease resistance of poultry. 
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Introduction 
 

Natural antibodies (NAb) are defined as antigen 
binding antibodies present in individuals in the absence of 
(known) immunization, vaccination or previous infection 
with this antigen (Baumgarth et al. (2005)). NAb are mostly 
of the IgM isotype (Boes (2000)), but also IgA and IgG NAb 
are found (Ochsenbein et al. (1999)). Two NAb types can be 
distinguished (Lutz et al. (2009)): 1) overt (directly accessi-
ble): antibodies binding non-self-antigens, and 2) cryptic 
(indirectly accessible): antibodies directed to self-antigens, 
which become visible after cell or molecule damage. Overt 
NAb may function as a barrier to infection and form an adju-
vant of specific immunity; cryptic ones may perform homeo-
static roles like clearance of cell waste, dead or metabolic 
materials (Reid et al. (1997)), and regulation of cytokines 
(Balsari and Caruso (1997)). NAb likely act as an early de-
fense barrier, preventing infection (Tomer and Shoenfeld 
(1988)). High NAb levels binding the overt antigen keyhole 
limpet hemocyanin (KLH) were related to lower mortality of 
layers (Star et al. (2007); Sun et al. (2011)). 

 
Modern poultry production (in Europe) is facing 

some high impact changes in poultry production systems and 
management. Battery cages were banned and substituted by 
free roaming systems, which may enhance the risk of infec-
tions. In addition, preventive use of antibiotics is forbidden. 
This stresses the importance of (natural) disease resistance in 
poultry. Genetic selection for a higher general disease re-

sistance might be a route to improve (natural) disease re-
sistance. For this purpose, traits reflecting (natural) disease 
resistance should be characterized, heritable and easy to 
measure. NAb titers might be a good candidate trait for this. 
However, little is known about genetic parameters of NAb. 

 
The present study describes a pure White Leghorn 

line population, which was originally selected for egg pro-
duction, containing 3,689 chickens with observations for total 
immunoglobulin (IgT), and the isotypes IgM and IgG bind-
ing KLH at approximately 16 weeks of age. Heritabilities, 
maternal effects, and genetic and phenotypic correlations 
were estimated within this chicken population. 

 
Materials and Methods 

 
Chickens. Blood of a purebred WA leghorn chick-

en line was kindly provided by Institut de Sélection Animale 
(ISA, Boxmeer, The Netherlands). At 15 weeks of age 
(roosters) or 19 weeks of age (hens) plasma was collected 
and stored at -20°C until further use. 

 
Chickens were group housed with 15-20 hens or 12-

14 roosters (until wk 18) and subsequently individually 
housed. Chickens received a standard rearing diet 1 (until wk 
8), a standard rearing diet 2 (wk 8-16) and a standard laying 
diet (wk 16 until end). Feed was provided ad lib and water 
was provided ad lib (wk 0-16) or 15.5 h per day (wk 16 until 
end). 

 
The chickens received vaccinations against Marek’s 

disease (d 1 intramuscular (i.m.)), infectious bronchitis (d 1, d 
12-14, wk 10, wk 12 via spray; wk 16 i.m.), Newcastle dis-
ease (d 13, d 42, wk 12 via spray; wk 16 i.m.), infectious 
bursal disease (d 25 via spray; wk 16 i.m.), chicken anemia 
virus (wk 16 via water), fowl pox (wk 16 via wing web injec-
tion), and avian encephalomyelitis (wk 16 via wing web in-
jection). 

 
Immune parameters. Titers of total levels of anti-

KLH NAb (IgT) and the isotypes IgM and IgG binding 
KLH were determined in individual plasma samples by an 
indirect ELISA as described previously by Sun et al. 
(2011). In short, flat-bottomed, 96-well medium binding 
plates (Greiner Bio-One, Alphen a/d Rijn, The Netherlands) 
were coated with 2 µg/mL KLH (Sigma-Aldrich, St. Louis, 
MO, USA) in 100 µL of coating buffer (5.30 g/L Na2CO3, 
and 4.20 g/L NaHCO3, pH 9.6), and incubated at 4°C o/n. 
After washing (with tap water containing 0.05% Tween® 



20 for 6 s), plates were tapped dry. Plasma samples were 
1:10 pre-diluted and stored at 4°C until use the next day or 
frozen until use. Plasma samples were 4 steps diluted with 
dilution buffer (phosphate buffered saline (PBS); 10.26 g/L 
Na2HPO4·H2O, 2.36 g/L KH2PO4, and 4.50 g/L NaCl, pH 
7.2, containing 0.05% Tween® 20 and 0.5% normal horse 
serum). Duplicate standard positive plasma samples (a pool 
of approximately half of the roosters) were stepwise diluted 
with dilution buffer. The plates were incubated for 1.5 h at 
23°C. After washing, plates were incubated with 1:20,000-
diluted rabbit-anti-chicken IgG heavy and light chain (IgT) 
labeled with peroxidase (RACh/IgGH+L/PO), or 1:20,000-
diluted goat-anti-chicken IgM labeled with PO 
(GACh/IgM/PO), or 1:40,000-diluted goat-anti-chicken 
IgG(Fc) labeled with PO (GACh/IgG(Fc)/PO), respectively 
(all by Bethyl Laboratories, Montgomery, TX, USA), and 
incubated for 1.5 h at 23°C. After washing, binding of the 
antibodies to KLH was visualized by adding 100 µL sub-
strate buffer (containing RO water, 10% tetramethylbenzi-
dine buffer (15.0 g/L sodium acetate, and 1.43 g/L 
ureumperoxide, pH 5.5), and 1% tetramethylbenzidine (8 
g/L TMB in DMSO)). After 10 min, the reaction was 
stopped with 50 µL of 1.25 M H2SO4. Extinctions were 
measured with a Multiskan Go (Thermo scientific, Breda, 
The Netherlands) at 450 nm. Antibody titers were calculat-
ed based on log2 values of the dilutions that gave extinction 
closest to 50% of EMAX, where EMAX represents the mean of 
the highest extinction of the standard positive plasma sam-
ples (Sun et al. (2011)). 

 
Statistical analyses. Analyses were performed us-

ing ASReml 4.0 (Beta version) (Gilmour et al. (2014)). 
 
The following model was used for estimating ge-

netic parameters for IgT, IgM and IgG titers: 
 
Yijk = µ + Platei + Damj + IDk + eijk      [1] 
 
Yijk is the antibody titer. µ is the population mean. 

Platei is the fixed effect of samples analyzed on one plate (i 
= 1-188). Damj is the random effect of the jth dam, assumed 
to be ~N(0, Iσ!! ). IDk is the random genetic effect of the kth 
animal, assumed to be ~N(0, Aσ!! ) and A is the pedigree 
relationship matrix. The A-matrix was constructed based on 
4,586 animals. eijk is the residual term, assumed to be ~N(0, 
Iσ!!). 

 
Heritabilities (h2) and the contribution of maternal 

environmental effects (m2) were estimated as: 
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Significance of maternal environmental effects was 

assessed using the likelihood-ratio test (difference assumed 
to be distributed as a χ!!-distribution). Genetic and pheno-
typic correlations between IgT, IgM and IgG were estimat-
ed using a bivariate version of model [1]. 

Results and Discussion 
 

Descriptive statistics and the results of the analyses 
are shown in Tables 1 and 2. In total 3,689 were available 
for analyses, containing 1,297 roosters and 2,392 hens. 
Mean (and SD) of the population was 7.2 (1.4) for IgT, 7.5 
(1.3) for IgM, and 6.3 (1.6) for IgG titers. Titers ranged 
from 3.4 to 15.0 for IgT, 3.2 to 14.2 for IgM, and 1.5 to 
14.0 for IgG. Average NAb titers for roosters and hens were 
respectively 7.1 and 7.3 for IgT, 6.8 and 7.9 for IgM, and 
5.2 and 6.9 for IgG. Although a sex effect seems present, it 
was not taken into model [1], since it was confounded with 
Plate. The effect of Plate accounts not only for a sex effect, 
but also corrects for other effects on the samples, such as 
storage, batch and analyses effects. 

 
Table 1. Descriptive statistics and genetic parameters 
(phenotypic variance, heritability, and maternal envi-
ronmental effect) of total KLH-binding natural anti-
body (NAb) (IgT) titers and of different KLH-binding 
isotypes (IgM and IgG) in a WA leghorn chicken line at 
16 weeks of age (n = 3,689). 

 IgT IgM IgG 
Mean (SD) 7.2 (1.4) 7.5 (1.3) 6.3 (1.6) 
Range 3.4-15.0 3.2-14.2 1.5-14.0 
σ!!  (SE) 1.85 (0.05) 1.27 (0.04) 1.68 (0.04) 
h2 (SE) 0.08 (0.03) 0.14 (0.05) 0.05 (0.02) 
m2 (SE) 0.02 (0.01) 0.06 (0.02)1 0.01 (0.01) 

1Significant maternal environmental effect (p = 0.002) 
 
 

Table 2. Estimated genetic correlations (below the diag-
onal) and phenotypic correlations (above the diagonal) 
of total KLH-binding natural antibody (NAb) (IgT) ti-
ters and of different KLH-binding isotypes (IgM and 
IgG) in a WA leghorn chicken line at 16 weeks of age (n 
= 3,689). SE are shown in parentheses. 

 IgT IgM IgG 
IgT - 0.55 (0.01) 0.81 (0.01) 
IgM 0.97 (0.03) - 0.26 (0.02) 
IgG 0.96 (0.03) 0.86 (0.09) - 

 
 
Heritabilities (and SE) of NAb were estimated to 

be 0.08 (0.03) for IgT, 0.14 (0.05) for IgM, and 0.05 (0.02) 
IgG. Also maternal environmental effects were estimated: 
0.02 (SE = 0.01, p = 0.08) for IgT, 0.06 (SE = 0.02, p = 
0.002) for IgM and 0.01 (SE = 0.01, p = 0.30) for IgG. The 
estimated heritability for anti-KLH IgT NAb was low, but 
significantly different from 0. Wijga et al. (2009) reported a 
heritability for anti-rabbit red blood cells (RRBC) IgT NAb 
of 0.23. Difference in heritability in the current study and 
the heritability reported by Wijga et al. (2009) might rest on 
various reasons. First, there are differences between the 
used populations: a White Leghorn population (present 
study) versus a Rhode Island Red population (Wijga et al. 
(2009)). White Leghorn chicken have in general less genet-
ic diversity than Rhode Island Red chicken (Megens et al. 



(2009)). Second, the reported traits differ: anti-RRBC NAb 
titers at 32 days of age were determined by agglutination 
(Wijga et al. (2009)), which is different from anti-KLH 
NAb titers at 16 weeks of age determined by ELISA. Albeit 
both tests may give comparable results (Özdemir et al. 
(2011)), the age of the bird does likely influence genetic 
parameters. IgT NAb titers were reported to rise with age 
(Parmentier et al. (2004); Star et al. (2007)), but IgM and 
IgG titers were reported to decrease with age (Sun et al. 
(2011)). Third, the chicken populations examined by Wijga 
et al. (2009) were selected for more than 20 generations for 
sheep red blood cells (SRBC) specific antibodies, which are 
positively correlated (0.15-0.5) to RRBC NAb. This might 
have influenced heritabilities via several routes, although 
epitope binding of SRBC is likely not similar to epitope 
binding of RRBC (Wijga et al. (2009)). 

 
Sun et al. (2013b) estimated higher IgM and IgG 

anti-KLH NAb heritabilities (0.26 and 0.21, respectively) 
than estimated in the present study (0.14 and 0.05, respec-
tively). As was indicated by Sun et al. (2013b), their data 
did not allow accounting for maternal environmental ef-
fects, because of too few offspring per dam. However, 
when a dam model was run (with dam effect being the only 
random effect in the model besides the residual, assuming 
an unrelated dam), estimates of heritabilities were higher, 
indicating possible maternal environmental effects (Sun et 
al. (2013b)). When no random dam effect was taken into 
model [1], the heritability (and SE) for IgM was 0.29 
(0.04), which is similar to the IgM heritability found by Sun 
et al. (2013b). This might indeed confirm the expected ma-
ternal environmental effects reported in that study effects 
(Sun et al. (2013b)). However, IgG heritability did not in-
crease, when dam was not taken into model [1] (0.07, SE = 
0.02), nor did IgT (0.12, SE = 0.03). The non-estimable 
maternal environmental effects, the different used chicken 
populations (crossbred), and the different sampling moment 
(24 weeks of age) (Sun et al. (2013b)) may account for the 
observed differences in heritability. We found relatively 
high maternal environmental effects (m2) on NAb titers 
compared to the estimated heritabilities. Maternal environ-
mental effects were reported also by Wijga et al. (2009), 
which may rest on the transfer of maternal antibodies via 
the egg (Berghof et al. (2013)). 

 
IgT is a combination of both IgM and IgG, which 

is also observed in the very strong genetic (0.97, SE = 0.03) 
and the moderate phenotypic correlations (0.55, SE = 0.01) 
between IgT and IgM, and the very strong genetic (0.96, SE 
= 0.03) and the very strong phenotypic correlations (0.81, 
SE = 0.01) between IgT and IgG. However, the relative 
contribution of IgM and IgG to IgT is difficult to quantify. 
Naive B cells produce IgM, while IgG KLH-binding B cells 
might be the result of environmentally induced non-antigen 
specific isotype switch of IgM KLH-binding B cells. IgM 
may therefore be more influenced by genetics, while IgG 
may depend more on environmental influences. Although 
the genetic correlation between IgM and IgG was very 
strong (0.86, SE = 0.09), the phenotypic correlation was 

weak, but positive (0.26, SE = 0.02). Note that when esti-
mating genetic and phenotypic correlations, maternal envi-
ronmental effects were only accounted for in the model for 
IgM. 

 
Even though heritabilities are low, selection for 

NAb in chicken may be a promising strategy to increase 
general disease resistance. NAb are involved in preventing 
infection (Tomer and Shoenfeld (1988)) and are associated 
with decreased mortality in layers (Star et al. (2007); Sun et 
al. (2011)). SNP association studies, based on a preselected 
SNP set, found associations of NAb with various immune 
related genes, such as interleukins, MHC and various chemo-
kine(-receptors) (Biscarini et al. (2009); Sun et al. (2013a)). 
This suggests an immune regulating role of NAb and a rela-
tion with regulatory networks influencing T-regulator cells 
and immune balance. Currently we divergently select chick-
ens on total KLH-binding NAb levels at an age of 16 weeks, 
which will result in a high and a low anti-KLH producing 
NAb line. The high and low line will be used to study corre-
lated responses on production and immunological traits. 

 
Conclusion 

 
KLH-binding NAb isotypes (IgT, IgM, and IgG) 

were found to be heritable and to be positively correlated. 
Maternal environmental effects were found to influence 
IgM titers. We conclude that it is possible to select for 
KLH-binding NAb and selection for NAb offers a promis-
ing strategy for improved general disease resistance in poul-
try. 
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