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SUMMARY
A meat-type chicken population was divergently selected for 

high or low early immune responses to Escherichia coli and to 
Newcastle disease virus (NDV) vaccines. Four selection cycles were 
performed in one replicate, and a single cycle in a second 
replicate. Selection was based on sire-family averages of a “Titer 
Index" - the mean titer of antibodies produced by offspring 
vaccinated with either E. coli or NDV at 18 or 10 days of age, 
respectively. After the first selection cycle, the mean “Titer 
Index" of the EH (early-high) line was higher than that of the EL 
(early-low) line by 22% and 38% in replicates A and B,
respectively. After four selection cycles, the average immune 
response to E^ coli and NDV of the EH line exceeded that of the EL 
line by 68%; also the former line was more viable than the latter. 
Realized heritabilities were .72 and .67 in replicates A and B, 
respectively. The level of response to the two endemic disease 
antigens was not genetically correlated.

INTRODUCTION
Vaccination programs, while costly and not always effective, 

are widely used in the poultry industry to control diseases. 
Especially inefficient is the vaccination of young chicks, since 
their immune system is immature, i.e. cannot produce antibodies 
during the first weeks post-hatch (Matsuda and Bito, 1973). This 
immaturity means that broiler chicks are capable to respond to 
vaccination just shortly before marketing.

Several studies undertaken in recent years demonstrated the 
existance of genetic variation in regard to the rate of response 
to selected antigens. Peleg et al. (1976), Soller et al. (1981) 
and Van der Zijpp and Leenstra (1980) reported moderate 
heritabilities for immune response of chicks to immunization with 
Newcastle disease virus (NDV) vaccine, Escherichia coli vaccine 
and sheep erythrocytes (SRBC), respectively. Gross et a l . (1980) 
and Pevzner et al. (1981) divergently selected immunologically 
mature chicks for high or low antibody production following 
immunization with SRBC and Salmonella Bullorum, respectively. The 
continueous variation of antibody levels, and the gradual 
divergence of the selected lines, indicate polygenic control on 
the immune responses. The two lines selected for high (HH) and low 
(LL> response to SRBC differed also in their responses to other 
pathogenic agents; the HH line being less resistant than the LL 
line to coli, but more resistant to NDV (Gross et a l ., 1980) 
and to nonspecific causes of mortality (Siegel et al., 1982). The 
proportion of responders to SRBC antigens at 7 days of age was
higher in the
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The research reported in this paper was undertaken to examine 
the possible existance of genetic variation in regard to the 
ontogeny of chicks' humoral immune system, by divergently 
selecting for high or low family-averages of the responses of very 
young chicks to E. coli and NDV.

MATERIALS AND METHODS
A two-way selection experiment was carried out for high and 

low early immune response in two replicates. Four selection cycles 
were performed in the first replicate (A), while the second 
replicate (B> consisted of a one cycle selection experiment. The 
foundation flock for replicate A was hatched in November, 1979, 
from a White Rock population of the Israeli "Poultry Breeders 
Union" "ANAK-80" strain. This flock was established in 1970, and 
has been under intense mass selection for rapid early growth rate. 
In May 1982, the second series of families (replicate B) was 
established from direct desendants of the same flock used to 
establish replicate A.

Selection in both replicates was based on sire family 
averages. Chicks from each family in the base populations 
(generation SO) were tested for early immune response to E^ coli 
or NDV. Sire families were chosen on the basis of mean family 
titer to both antigens (henceforth: "Titer Index” ). Birds from the 
families with the highest titer index were kept and used to 
establish the "early-high" (EH) line while those from the families 
with the lowest Titer Index were used to established the 
"early-low" (EL) line. Similar family selection was performed 
within each line in generations SI to S3 of replicate A (Table 1).

T§kle_l_. Number of parents, tested offspring and selected sire- 
families, in the base populations (SO) and the selected lines 
(generations S1-S4)

Selection Parents per line Chicks per line Selected
Rep. cycle sires dams Males Females
A SO 25 125 500 500 10
A SI 10 40 380 360 6
A S2 14 60 437 290 5
A S3 10 60 607 576 3
A S4 3 30 250 150
B SO 30 150 450 450 6
B SI 12 60 390 380

Chicks were brooded in an electrically heated battery with
food and water available ad lib. At four weeks of age the selected
chicks, males and females, werei transferred to individual cages
and fed a restricted diet according to the breeder's
recommendations . At the age of 32 weeks, the semen from each malewas used to artificially inseminate 4 to 10 females from the same
line . Eggs were saved for 2 to 3 weeks and set in a standard
commercial incubator, equipped for family !hatching. All chicks
were wing-banded on the day of hatching.
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E^ coli (3train 078:K80) vaccination was carried out by 
intravenous injection of 107 heat-killed bacteria per chick at 
18-days of age. Six days later the chicks were bled and their 
antibody titer was determined by passive haemagglutination test 
(Sojka, 1965). Titer values were expressed as log2 of the actual 
antibody titer. Inactivated NDV vaccine was prepared as described 
by Peleg et al. (1976) and injected subcutaneously into 10-day old 
chicks. Ten days later the chicks were bled and antibody titers 
determined by the haemagglutination inhibition test (Peleg et al, 
1976). In each selection cycle, blood samples were tested prior to 
vaccination, to ensure the absence of maternal antibodies to NDV 
and Ej. c g l i . In the S3 generation, about 450 18-day old chicks 
were challenged with pathogenic EA coli bacteria 078:K80, using a 
dosage of lO' /chick. Challenge was performed by intraperitoneal 
inoculation and mortality recorded for the next 10 days.

The log2 titer value of each individual chick was expressed as 
a proportion of the hatch mean. The proportionate values were 
routinely used throughout the study, in order to combine data from 
hatches and generations. Line differences within generations were 
analyzed by either t test (mean Titer Index) or chi-square test 
(proportion of responders or mortality).

The two-way selection differentials (S) were obtained from the 
absolute values of the difference between the Titer Index means of 
the selected families and the whole line. These differences were 
calculated separately for each of the two selection lines, and 
summed for each selection cycle or over several cycles. The 
response to each cycle of selection < R ) was calculated from the
increase in the difference between the two selection lines from a

2given generation to the next one. Realized heritabilities (hr ) 
were calculated from the ratio R/S, for each selection cycle and 
for the entire selection experiment.

RESULTS AND DISCCUSSION
After the first selection cycle (SI) in Replicate A, the mean 

Titer Index of the EH line was 22?s higher than that of the EL line 
(1.1 and 0.90, respectively; Table 2). The difference between the 
divergently selected lines increased after the second cycle (S2), 
remained similar in S3, and further increased (1.26 vs 0.75) in 
the S4 generation . The response to the single cycle of selection 
in Replicate B was similar to that achieved after the first two 
cycles in Replicate A (Table 2).

The two components of the Titer Index - the levels of 
antibodies to E. coli and to NDV, varied in the magnitude of their 
response to the selection (Table 2). The difference between the 
two selection lines in generations S2 and S3 of replicate A and SI 
of replicate B was larger in the E^ coli than in the NDV 
antibodies, while the opposite was true in generations SI and S4 
of replicate A. However, these were probably random fluctuations, 
since no definite trend was observed. Also, the correlation 
between sire-family means for response to E^ coli and sire-family 
means for response to NDV (combined analysis of 125 sire families 
in six generations) was very low (.14) and not significant. Soller
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et al <1981) used the same antigens to vaccinated 4-weeks old 
chicks, and found the correlation to be even lower (.08).

Table_2_. Mean Titer Index and mean "proportionate titer" of 
antibodies to E. coli and NDV, of two lines divergently selected
for early-high (EH) or early -low (EL) Titer Index

Selection Titer Index E . coli NDV
EH EL EH-EL EH EL EH EL

A SO 1 .00 1.00 1 .00
A SI 1.10 0.90 0.20* 1.05 0.96 1.15 0.84
A S2 1.16 0.85 0.31* 1.24 0.77 1.08 0.94
A S3 1.19 0.90 0.29* 1.32 0.89 1.05 0.91
A S4 1.26 0.75 0.51** 1.20 0.81 1.32 0.70

B SO 1 .00 1.00 1 .00
B SI 1.16 0.84 0.32* 1.21 0.75 1.12 0.92

*,**> Difference significant at .05 and .01 level, respectively

Table_3A Single-cycle and cumulative selection differentials <S), 
response to selection <R), and realized heritability (hr ) of 
Titer Index, calculated on data of replicates A and B

R e p . Selection cycles s1) r 2 > h*3 >
--- Titer Index ---

A SO to SI 0.31 0.20 0.64
A SI to S3 0.13 0.09 0.69
A S3 to S4 0.27 0.22 0.81
A SO to S4 0.71 0.51 0.72

B SO to SI 0.49 0.33 0.67

1) Total absolute values of the difference between the mean of the
selected families, and the line average, in both lines

2) The increase in the difference between the selected lines
3) Realized heritability was calculated from the ratio R/S

Selection differentials <S) and the responses (R) to the 
divergent selection for Titer Index , and realized heritability 
<h^ >, were calculated for each selection cycle, and also over the 
four cycles of Replicate A (Table 3). Due to low selection 
intensities in the second and third cycles, they were combined to 
a single entry. The selection differentials varied from one cycle 
to another and also between replicates. However, the responses to 
selection <R) varied respectively, and therefore similar estimates 
of realized heritability were obtained at the different 
generations (Table 3). The pooled estimate of heritability of the 
Titer Index was 0.72, and a similar estimate (0.67) was calculated 
from the single cycle of Replicate B. In previous studies (Peleg 
et al, 1976; Soller et al, 1981), the heritabilities of the immune 
response to NDV were .41 and .60, and that for E. coli was .25.
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However, these estimates were calculated from ANOVA of individual 
chicks, while the realized heritability reported here was 
calculated from family selection, and should be larger. Although 
the populations involved in the above two studies and the present 
one were different (though all were meat-type chickens), the 
responses to the divergent selection on Titer Index were in good 
agreement with the estimates of heritability calculated separately 
for each disease.

A detailed discription of the immunological properties of the 
two selection lines will be presented elsewhere. However, some 
results associated with the effect of the selection on the 
development of the immune system and the viability of the two 
lines, are given in Tables 4 and 5. In the S3 generation, 
responses to E^ coli of EH and EL chicks at various ages were 
measured (Table 4). When vaccinated at 14 days of age, the 
proportion of chicks with no antibodies ("non-responders") was 
similar in both lines. At 18 days of age (the standard E^ coli 
vaccination age in the selection procedure), the proportion of 
non-responders in the EL line was two-fold that of the EH line. 
The largest difference between the lines was obtained when chicks 
were vaccinated at 22 day3 of age. Only 1 of 50 line EH chicks did 
not respond, while 9 of 40 EL line chicks did not produce 
antibodies. All of the 27-day old EH chicks responded to E^ coli, 
while 2 out of 29 LL chicks did not produce a measureable antibody 
titer (Table 4). These results indicate that the differences 
between the mean Titer Index of the selected lines were mainly due 
to early and late onset of the immune system. Similar results were 
obtained when the lines divergently selected for high or low 
response to SRBC were immunized at 7-day3 of age (Ubosi et a l .,
1985). No comparable data was available for NDV since most of the 
chicks responded at the earliest age tested.

Table_4i Number of responders (+) and non-responders (-) to E.coli 
vaccination of S3 chicks from the two selection lines.

Age
(davs)

EH response EL response % of non-responders
( + ) (-) ( + ) (-) EH LL LL-EH
— number of chicks ---- - percent -----

14 19 11 17 11 36 39 3
18 52 9 42 18 15 30 15»
22 49 1 31 9 2 22 20* * *
27 26 0 27 2 0 7 7

*,»»«) Difference significant at .05 and .001 level, respectively

Total mortality from nonspecific causes, from hatching to 20 
weeks of age in the S2 generation was 19% and 29% for EH and EL 
birds, respectively (Table 5). Values for the same time interval 
in the S3 generation were 11% for line EH and 31% for line EL. 
Similar results were reprted by Siegel et al. (1982), who found 
higher mortality among their low-antibodies (to SRBC) chickens 
than among the high-antibodies chickens.

When challenged (at 18-days of age) by live E^ coli bacteria 
(10 per c h i c k ) ,significantly fewer EH (7%) than EL (23%) birds

652



died (Table 5 > . The lines have not been chalanged with NDV yet, 
but in a previous study (Peleg et al, 1976), the survival of 
individual birds taken from a commercial broiler line was closely 
related to their level of immune response to NDV.

Table_5A Mortality of EH and EL birds at the S2 and S3 generation

Gener- Age Z2£§i_Q25!l3§E-2l!_9hi9}$§ ___ P§i;9§Qfe_!52£i=2iifeY
ation (wks) EH LL EH LL LL-EH
a . Nonsoecif ic causes
S2 0-20 437 290 19 29 10***
S3 0-20 203 173 11 31 20* * *

b . 1)Following inoculation with E. coli
S3 2- 4 261 203 7 23 16* * *

1) Pathogenic E. coli in a rate of 10 /chick
*,***) Difference significant at .05 and .001 level, respectively

CONCLUSIONS
Family selection for early immune response to a combination of 

two endemic disease antigens (EA coli and NDV) was successful, due 
to high heritability and lack of antagonistic relationships. The 
results indicate that such selection may improve the immune system 
of young chicks and hence reduce mortality in broiler flocks.
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