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Summary. The genetic variability o f  18 sire families o f  
the Athens-Canadian randombred population infected 
with coccidiosis was assessed by examining the response 
variables o f  weight gain, packed red blood cell volume, 
mortality and coccidial lesions. A significant gain and 
PCV depression and high lesion scores for Eimeria 

tenella and E. acervulina were produced in the infected 
group compared to the noninfected group. Significant 
variation among the sire families was observed for all of  
the response variables except E. acervulina lesions and a 
significant sex x sire interaction was observed for weight 
gain. The heritability (h 2) estimates for the response 
variables revealed that resistance to coccidiosis in 
chickens is moderately heritable. The h ~ estimates for 
gain and PCV increased with the coccidial infections in- 
dicating that maximum progress in selecting for resis- 
tance should be made when the population was ex- 
posed to coccidial infection. Gain was positively cor- 
related to the other measures of  resistance and thus 
selecting for coccidial resistance should not reduce 
growth rates. PCV was similarly correlated but had 
higher positive correlation with E. tenella lesion. Per= 
cent mortality which is the selection parameter  in most 
coccidial selection programs was correlated with resis- 
tance to coccidiosis. The phenotypic and genotypic 
correlations demonstrated that chickens susceptible to 
E. tenella were also susceptible to E. acervulina. Total 
lesion scores were moderately to highly correlated with 
the other variables and would be a suitable variable to 
use in coccidiosis experimentation including a genetic 
selection program for resistance. This study shows that 
progress could be made in selecting for resistance to 
coccidiosis in chickens using one or a combinat ion of  
these response variables. 
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Introduction 

Nine species of  Eimeria (protozoa, coccidia) are known 
to infect chickens, of  which 4 or 5 are important  causes 
of  clinical coccidiosis. These different intestinal parasite 
species vary in site of  infection, their pathogenicity and 
lesions produced (Long and Reid 1982). For instance, 
Eimeria acervulina infects and produces lesions in the 
duodenal area and can cause growth depression and 
poor feed conversion, but does not cause sufficient 
hemorrhage to decrease packed red cell volume or 
deaths. In contrast, E. tenella infects the ceca and cause 
growth depression, hemorrhage, and often death. These 
two species are commonly encountered in poultry and 
cause tremendous economic problems. 

Reduction of these economic losses due to coccidiosis 
would be of practical significance to poultrymen. Control of 
coccidiosis in poultry is primarily achieved by use of anti- 
coccidial drugs and costs the U.S. broiler producers an estimat- 
ed 70 million dollars/year (McDougald and Reid 1983). An 
alternative approach which has not been exploited is selection 
for genetic resistance to coccidiosis. Selective breeding for re- 
sistance to coccidiosis was suggested as early as 1927 by John- 
son and by Rosenberg (1941), who demonstrated the feasibility 
of selecting for coccidial resistance. Rosenberg found signifi- 
cant differences in survivability between five different breeds 
of chickens and was able to select resistant and susceptible 
lines of chickens from one original population. Selective breed- 
ing programs for coccidial resistance have been conducted by 
Klimes and Orel (1969); Long (1968); Patterson et al. (1961); 
Rosenberg et al. (1954); and Champion (1951 a, 1954). In these 
experiments survivability was used as the selection criterion. 
Survivability is certainly of importance in assessing the effects 
of cecal coccidiosis, but is a poor criterion for genetic selection. 
Mortality is discontinuous variation while the effects of the in- 
fection on the population are continuous, and it is difficult to 
manipulate the infections to a suitable range of mortality for 
maximum expression of genetic variability. 

In the present experiments we examined some 
physiological parameters known to be associated with 
coccidiosis which might be used in selection for coccidi- 
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al resistance in chickens and the association between 
these parameters. Heritability estimates, phenotypic 
and genotypic correlations were determined for lesion 
scores, packed cell volume, percent mortality and 
weight gain in chickens infected with coccidiosis. 

Materials and methods 

A total of 842 chicks from 27 sire familes of the Athens Canadi- 
an random-bred population (Hess 1952) were hatched. The 
pedigreed chicks from each family were sexed, wingbanded 
and each sire family divided equally by sex into infected and 
noninfected groups. The sire families within each group were 
then mixed and placed in 5 floorpens (1.3 mx2.4 m) with new 
litter and fed the standard University of Georgia broiler starter 
mash. 

Two species of coccidia were used in this study. Eimeria 
acervulina specifically infects the epithelial cells of the duode- 
nal loop causing the formation of whitish elongated lesions on 
the mucosal or serosal surfaces. Lesion score for an infection 
is based heavily on concentration of these ladderlike lesions. 
Eimeria tenella causes distinctive hemorrhagic lesions in the 
ceca. The integrity of the cecal wall and the amount of hemor- 
rhaging and cecal core formation can be used to determine the 
lesion score for an E. tenella infection. Mortality and weight 
gain are also used to generally assess the response to the com- 
bined effects of the infection of E. tenella and E. acervulina, 
packed cell volume (PCV) and cecal lesion scores are more 
specific to E. tenella while duodenal lesion scores are specific 
for E. acervulina. 

Infection with coccidia was prevented up to 21 days of age 
by feeding a strong anticoccidial drug. The drug feeding was 
discontinued for 3 days before start of the test. At 24 days of 
age all chicks were weighed, then half of the birds of each sex 
of each sire family were orally inoculated with 100,000 oocysts 
per bird using a combination of Eimeria tenella and E. acer- 
vulina by the methods described by Long et al. (1976). Five 
days post-inoculation blood samples were obtained from all 
chickens for PCV determination by the microhematocrit 
method (Johnson 1955). Seven days post-inoculation all birds 
were weighed and the infected chickens killed for lesion score 
(Johnson and Reid 1970). The scoring scale for the intestinal 
lesions caused by coccidial infections range from 0 (no lesions) 
to + 4 (severe gross pathologic change). 

Response to the infection was assessed both on the basis of 
within infected group variation and as a deviation of infected 
individuals from the mean of their non-infected sire family. 
The deviation was determined to examine variation due to coc- 
cidiosis separated from normal family variation. 

The data from nine familes were discarded because of the 
small numbers in the sire family subclass (fewer than 10). The 
bird numbers in the remaining subclasses ranged from 11 to 
35. The data were analyzed using either the Statistical Analysis 
System (SAS 79.3 B) (Barr et al. 1976) or General Linear Mod- 
els procedure specifying the random option for obtaining ex- 
pected mean squares. Heritabilities and genetic correlations 
within infected and noninfected groups were calculated based 
on half-sib analysis using the sire components of variance of 
the following model: 

Yijk = U + ai -t- bj + % + eij  k 

where u is the common mean, a~ is the effect of the i th sire and 
is random; bj is the effect of the jr" sex and is fixed; % is the 
random interaction of the i 'h sire and j,h sex; eejk is individual 

randomization within group. Genetic correlations were cal- 
culated for within infected groups as described by Yamada 
(1962) and Benyshek (1979) using a two-way classification 
model. 

In order to obtain information based on the variability oc- 
curring because of the coccidiosis and not just natural vari- 
ation, deviations of infected individuals from non-infected 
groups were determined. The deviations were obtained by sub- 
tracting the measurements of infected individuals from the 
mean of their non-infected control of the same sire family. 
Deviations were determined for initial and final weight, gain 
and PCV. The data set produced by these deviations was 
analyzed by the same model as stated before for differences be- 
tween sire families, h 2, and correlations. 

Results 

Initial variation in body weight among the groups be- 
fore infection was minimal.  The average initial weight 
of the control was 159 g and for the infected group was 
161 g. All of the 18 families were susceptible to coccidial 
infection, as shown by weight gain, PCV, percent mor- 
tality and E. tenella and E. acervul ina  lesions (Table 1). 
Average weight gain and PCV for all families were re- 
duced 84% or 15%, respectively, by the two infections. 
When depression of gain and PCV were expressed as a 
deviation of infection from control, the infection re- 
duced weight by 61 g and PCV by 5.9%. 

Significant variation between sire families was ob- 
served for all the main  effects except percent mortality 
and E. acervul ina lesions. Initial and final weights 
varied significantly due to the sex of the chickens. The 
coccidial infection greatly suppressed the body weight 
gain and this probably eliminated a sex effect with this 
parameter. No sex difference was observed for PCV or 
coccidial lesions. 

Heri tabi l i t y  es t imates  

Heritability estimates were higher for all the main  ef- 
fects in the infected group than in the control group for 
the sexes combined and separated (Table 2) for weight 
gain, PCV and total lesion score. Estimates of actual 
variances and covariances for sire (sire component)  and 
within family are also included in Table 2. Heritability 
estimates with fixed sex effects for body weight gain and 
PCV were increased from 0.17 and 0.15 for the controls 
to 0.20 and 0.30, respectively, for the infected group. 
These increases in h 2 indicate the appropriateness of us- 
ing a coccidiosis challenge infection to allow for more 
expression of genetic variation. 

Initial (IW) and final (FW) weights were highly heri- 
table for both groups. The h 2 corrected for sex effect for 
weight gain and PCV were moderately high and moder- 
ate to low for percent mortality and lesion scores in the 
infected chickens. 
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Table 1. Variation between sire families in the effect ofE.  acervulina and E. tenella infection 
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Sire Number 24-31 day gain PCV at 31 day % 
family Mortality 

Control Infected Control Infected Deviation Control Infected Deviation 

Lesion scores 

E. acer- E. tenella Total 
vulina 

7 13 13 72 7 64 33 25 8 
10 16 16 62 13 50 34 28 6 
12 20 20 67 6 60 32 31 1 
14 2 3  23 73 - 4  77 32 26 5 
15 24 24 68 13 55 34 13 21 
16 24 24 65 12 53 33 23 9 
18 18 18 69 7 62 34 28 6 
19 21 21 75 22 54 34 26 8 
20 15 15 65 - 8  73 33 31 2 
21 28 28 73 - 2  75 33 29 4 
23 30 30 74 6 68 32 28 4 
24 31 31 74 7 67 32 27 4 
25 35 35 80 24 55 32 31 2 
26 21 21 69 17 52 32 27 6 
27 31 31 62 15 47 32 26 6 
28 22 22 70 14 57 31 28 4 
29 16 16 80 16 63 33 31 2 
30 11 11 69 6 63 32 24 9 

Male 194 194 Control 75.34- 18.6 32.24-3.0 
Infected 12.14- 6.1 28.2• 
Deviation -64.44- 22.6 3.9• 6.1 

Female 205 250 Control 66.4 4- 16.1 33.2 • 3.6 
Infected 9.3 4- 30.7 27.1 4- 6.3 
Dev ia t i on -  56.7 4- 30.9 

Control 70.84- 17.5 
�9 Infected 10.6• 

Deviation -60.04- 28.3 

M +  F 399 399 32.6• 
27.64-6:4 
-5.94-6.2 

0.33 3.0 3.3 6.3 
0.18 3.3 2.7 6.1 
0.05 2.6 2.7 5.3 
0.21 2.9 2.6 5.5 
0.18 2.8 2.4 5.3 
0.17 2.9 2 . 8  5.8 
0.20 3.0 3.1 6.1 
0.14 3.1 2.8 5.9 
0.50 3.6 3.3 7.0 
0.29 3.2 3.3 6.5 
0.26 3.1 2.8 6.0 
0 . ~  3.1 2.9 6.0 
0.13 3.2 2.6 5.8 
0.28 2.8 3.4 6.3 
0.19 2.9 2.9 5.8 
0.16 3.0" 2.6 5.7 
0.16 3.1 2.8 5.9 
0.28 3.3 3.3 6.7 

19.54-40.5 3.1___0.78 2.94-0.98 6.04-1.3 

18.8+38.9 3.0_+0.79 2.94-0.99 5.9+ 1.4 

19.34-39.6 3.1-t-0.78 2.94-0.99 5.94-1.3 

Table 2. Heritability estimates and covariances corrected for sex effects for the noninfected and infected groups 

Initial weight Final weight Weight gain a~ o2w PCV h 2 Covariance 

h 2 h 2 h 2 

Group Actual Deviation Actual Deviation Actual Deviation Actual Deviation cr~ e~, 

Noninf. 0.74 - 0.66 - 0.17 - 16.4 136.7 0.15 - 
___0.32 +0.32 +0.11 4-0.10 

Inf. 1.10 0.28 0.84 0.18 0.20 0.25 34.0 680.1 0.30 0.32 
4-0.42 4-0.15 ___0.30 ___0.11 4-0.10 4-0.14 4-0.15 4-0.16 

Mortality % E. acervulina E. tenella Total cr~ e2w 

h 2 h 2 h 2 2 

Infected 0.104-0.15 0.08+_0.05 0.18-t-0.11 0.16___0.11 0.072 1.79 

0.44 11.31 

3.06 40.61 

h 2 _ SE = heritability + standard error of the estimates 

As  a m e a n s  o f  e x p r e s s i n g  h 2 o f  t he  m a i n  effects d u e  

to the  i n f l u e n c e  o f  coccid ios is  a n d  n o t  n a t u r a l  v a r i a t i o n  

in  ga in  a n d  PCV,  t he  h e r i t a b i l i t y  e s t i m a t e s  for  a co r rec t -  

ed  va lue ,  the  d e v i a t i o n  o f  c o n t r o l  f r o m  in fec ted ,  w e r e  
d e t e r m i n e d .  T h e  h 2 for  t he  d e v i a t i o n  o f  I W  a n d  F W  are  

lower  t h a n  for  I W  a n d  F W  a n d  t he  d e v i a t i o n  o f  b o d y  

w e i g h t  ga in  a n d  P C V  are  g r e a t e r  t h a n  ga in  a n d  PCV.  

The  l o w e r  h 2 for  the  d e v i a t i o n  for  I W  a n d  F W  imp l i e s  

t h a t  e v e n  t h o u g h  these  two p a r a m e t e r s  a re  h i g h l y  he r i -  

t ab le ,  t h e i r  use  as a m e a s u r e  o f  r e s p o n s e  to cocc id ia l  in -  

fec t ion  w o u l d  o n l y  b e  m o d e r a t e l y  ef fec t ive  in  se l ec t ing  

for  coccidios is  res i s tance .  T h e  h i g h e r  h 2 for  t he  dev i -  
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Table 3. The effect ofE.  acervulina and E. tenella infection on phenotypic and genotypic correlations 
with a random bred population of  broiler chickens 

Deviations Initial weight Final weight 

Actual Deviation Actual Deviation 
? 

rp rg rp rg rp rg rp rg 

Initial wt 0.91 0.63 . . . . . .  
Final wt 0.66 0.31 0.75 0.65 0.91 0.38 - - 
Weight gain -0.05 0.33 -0.03 -0.35 0.55 -0.11 0.65 0.48 
PCV -0.05 0.56 -0.10 0.72 0.02 0.44 -0.03 0.25 

Actual 
Final wt 0.80 0.96 0.71 0.51 0.91 0.38 - - 
Weight gain 0.03 0.29 -0.01 -0.15 0.62 0.53 0.64 0.39 
PCV -0.04 0.61 -0.10 0.68 0.03 0.60 -0.02 0.45 
Mortality % -0.02 - 0.01 - -0.15 - -0.13 - 
E. acervulina 0.16 1.12 0.15 1.23 0.10 0.96 0.08 0.96 
E. tenella 0.22 0.40 0.26 0.34 0.07 -0.14 0.10 0.04 

Total lesions 0.26 0.46 0.28 0.56 0.11 0.25 0.12 0.41 

Deviations Weight gain PCV 

Actual Deviation Actual Deviation 

rp rg rp rg rp rg rp rg 

Gain 0.98 0.65 - - 
PCV 0.10 -0.04 0.07 -0.08 
Actual PCV 0. I 1 0.21 0.08 -0.28 

Mortality % -0.21 - -0.20 - 
E. acervulina -0.04 -0.14 -0.05 0.57 
E. tenella -0.16 -0.63 -0.15 -0.33 

Totallesions -0.14 -0.16 -0.15 -0.48 

Mortality % ~ E. acervulina a 

Actual rp rg rp rg 

E. acervulina 0.25 - - - 
E. tenella 0.41 - 0.25 0.33 

Total lesions 0.45 - 0.64 0.65 

0.99 0,87 - - 

0.21 - -0.21 - 
0.03 0.08 0.01 -0.20 

-0.28 -0.36 -0.27 -0.27 

-0.19 -0.27 -0.20 -0.29 

E. tenella ~ Total lesions a 

rp rg rp rg 

0.85 0.93 - - 

a Only actual values obtained 

a t ion o f  gain  and  P C V  suggest  that  the i r  va r ia t ion  is due  
to the effects o f  coccidiosis  and  no t  na tu ra l  f ami ly  vari-  
a t ion and  w o u l d  be  good  pa rame te r s  to e x a m i n e  in a 
coccidia l  se lect ion p rogram.  The  use o f  P C V  wou ld  o f  
course  be  l imi ted  to E tenella. 

Phenotypic  and  genotypic correlations 

Pheno typ ic  cor re la t ions  were  d e t e r m i n e d  a m o n g  all  
var iab les  m e a s u r e d  in the infected g roup  (Table  3). 
There  was a h igh  phenotyp ic  corre la t ion be tween  the de-  
t e r m i n e d  devia t ions  and  the co r r e spond ing  paramete rs .  
The  weigh t  pa ramete r s ,  ini t ial  we igh t  (IW) and  final  

we igh t  (FW) genera l ly  had  a low pheno typ i c  cor re la t ion  
wi th  the o the r  pa r ame te r s  except  a h igh  cor re la t ion  o f  

f inal  weight  and  gain. This is in a g r e e m e n t  wi th  the 

l i tera ture  in that  resis tance to coccidiosis  is not  de-  
p e n d e n t  on  b o d y  weight  at a specific po in t  in t ime. 
Geno typ ica l ly  F W  and gain  were  cor re la ted  wi th  the 
o ther  pa ramete rs ;  thus, genet ic  i m p r o v e m e n t  cou ld  be  
m a d e  on a weight  basis. 

There  was posi t ive  cor re la t ion  o f  weight  gain,  
pheno typ ica l ly  and  genotypical ly ,  wi th  F W  and  P C V  
and nega t ive  cor re la t ion  wi th  percen t  mor ta l i ty  and  
lesion scores. These  corre la t ions  indica te  that  se lect ion 
for coccidiosis  resis tance in this p o p u l a t i o n  shou ld  result  
in i m p r o v e d  gain. P C V  r e s p o n d e d  bo th  pheno typ ica l ly  
and  genotypica l ly  in a s imilar  way. The  h ighes t  p h e n o -  
typic cor re la t ion  be tween  P C V  and  ano the r  p a r a m e t e r  
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was with E. tenella lesions (-0.28),  and the lowest was 
with E. acervulina lesions (-0.03).  This difference is ex- 
pected because o f  the hemorrhagic action ofE.  tenella. 

In the studies using mortality as a selection pa- 
rameter progress was made in selecting for E. tenella re- 
sistance. We also showed that percent mortality is cor- 
related with resistance to coccidiosis. Percent mortality 
was low to moderately negatively correlated with initial 
and final weight, gain and PCV; and highly positively 
correlated with E. tenella and total lesions and moder-  
ate to E. acervulina lesions. Genotypically a 0.0 variance 
component  correlation was calculated for all responses 
with mortality. 

Both E. acervulina and E. tenella lesions were highly 
correlated with total lesion and were moderately cor- 
related with each other suggesting that susceptibility to 
one Eimeria species is related to susceptibility to an- 
other Eimeria species and also that total lesion scores is 
a suitable parameter  to assess response to coccidiosis. 

Discussion 

The heritability estimates for the response variables 
examined in this experiment reveal that resistance to 
coccidiosis is moderately heritable and selection pro- 
gress could be made using one or a combination o f  
these variables. The h 2 estimates for IW, FW, gain and 
PCV were the highest when calculated from the infected 
group when corrected for sex effects. The h 2 estimates 
for E. tenella lesions and total lesion scores were moder-  
ate to low and low for percent mortality and E. acer- 
vulina lesions. The use of  coccidial infections could be 
recommended for a resistance selection program since 
the coccidial infections caused increased variation in the 
measured variables. 

Jeffers (1969) reported a possible sex difference in 
resistance to E. tenella in two unselected chicken lines 
with a mean survival rate of  52% for females and 40% 
for males. We did not find a significant sex difference 
with any of  the parameters except initial and final 
weight. 

A significant genotypic and phenotypic relationship 
was noted between the pathogenic effects caused by the 
individual coccidial species. These positive correlations 
between E. tenella and E. acervulina indicate that a 
chicken susceptible to one species o f  Eimeria is prob- 
ably susceptible to another species. A moderate to high 
correlation o f  total lesion scores with the other re- 
sponses were noted and thus total lesion scores would 
be a suitable variable to use in coccidiosis experimen- 
tation. 

These results further substantiate that selection for 
coccidial resistance is possible. This study indicates that 

selection for coccidial resistance must be conducted 
during a coccidiosis infection and that more variation in 
body weight gain is found with males than with females. 
Selection from the responses used in this study with 
more variation than mortality should allow significant 
progress in selection programs. 
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