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ABSTRACT: A divergent selection experiment for 
residual variance of litter size (Ve) has been carried out 
in rabbit. Increasing uniformity in litter size along all the 
reproductive life of females may be partially due to an 
improvement in immunological response to infectious 
diseases. After eight generations of selection, the H line 
exhibited higher percentage of lymphocytes, being the 
difference between lines D=4.11, with a probability 
P(D>0)=96%, and lower percentage of neutrophils 
(D=−4.19, P(D<0)=97%). The L line presented similar 
percentage of lymphocytes than the H line after being 
exposed to inactive RHD virus, and higher percentage 
of lymphocytes (D=9.22, P(D>0)= 98%) after being 
exposed to live attenuated myxoma virus. In conclusion, 
selection for reduced Ve seems to improve immune 
response to pathogens; i.e., the L line appears to be 
more robust to diseases and more able to withstand 
adverse environmental conditions. 
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Introduction 
 

Increasing litter size has long been a goal in 
rabbits and pigs breeding programs (Moce and 
Santacreu (2010); Rutherford et al. (2013)). Recently, 
selection for homogeneity has acquired importance in 
politocous species for several traits, although there is 
little experimental evidence about its possibilities of 
success. In this regard, a divergent selection experiment 
for residual variance of litter size is currently carried out 
in Spain. After seven generations of selection, selection 
for reduced litter size residual variance has been 
successful (Argente et al. (2014)). A decrease in litter 
size variability could be due to a better immunological 
response and disease resistance in females, being these 
females more robust and able to withstand 
environmental changes, improving health and welfare 
of these does. The objective of this research is to 
examine whether selection for high (H) and low (L) 
residual variance of litter size have also altered 
hematological parameters, i.e. immunologic indicators.  

 
Materials and Methods 

 
Animals. Animals came from the eighth 

generation of a divergent selection experiment for 
residual variance of litter size (see more details of 
experiment in Argente et al. (2014)). All animals were 
bred at the farm of the University Miguel Hernández of 
Elche (UMH). They were kept under a constant 
photoperiod of 16 h continuous light: 8 h continuous 
darkness and controlled ventilation. The animals were 

vaccinated subcutaneously against myxomatosis at 30 d 
of age (MIXOHIPRA® FSA). The animals were fed a 
standard commercial diet (Cunilactal, Nutreco). Food 
and water were provided ad libitum. One blood sample 
was taken in 24 females from both lines at 18 wk of 
age. After that, half of the females were vaccinated 
subcutaneously against viral haemorrhagic disease 
(CUNIPRAVAC® RHD), and the other half were 
vaccinated subcutaneously against myxomatosis 
(MIXOHIPRA® H). At 3 days after the vaccination, 
other blood sample was collected from the central ear 
artery using vacuum tubes with EDTA. The samples 
were transported to the laboratory within 3 hours, in 
order to perform the hematological analysis. All 
experimental procedures involving animals were 
approved by the Miguel Hernández University of Elche 
Research Ethics Committee, according to Council 
Directives 98/58/EC and 2010/63/EU. 

Hematological studies. Determination of 
hematological parameters were performed in all blood 
samples, i.e. red blood cells (RBC), blood hemoglobin 
(Hb) white blood cells (WBC), lymphocytes, 
neutrophils, monocytes, eosinophils, basophils, and 
platelets (PLT). These parameters were assessed by 
ADVIA 120 Hematology Analyzer. 

 
Statistical analysis. All statistical analyses 

were performed using Bayesian methodology. The traits 
RBC, Hb, WBC, lymphocytes, neutrophils, monocytes, 
eosinophils, basophils, and PLT were analyzed using a 
model with the effect of line-vaccination (with six 
levels: females from the H and the L lines at 
vaccination, at 3 days after vaccination against viral 
haemorrhagic disease, and at 3 days after vaccination 
against live attenuated myxoma virus), female effect 
and covariate body weight of females. Bounded uniform 
priors were used for all unknowns with the exception of 
the female effect, which was considered normally 
distributed with mean 0 and variance I 2

fσ , where I is an 

identity matrix, and 2
fσ  is the prior variance of the 

female effect. Residuals were normally distributed with 
mean with mean 0 and variance 2

eσI . The priors for the 
variances were also bounded uniform. Marginal 
posterior distribution of differences between lines were 
estimated using Gibbs sampling. After some 
exploratory analyses, a chain of 60,000 samples, with a 
burn-in period of 10,000 was used. Only one of every 
10 samples was saved for inferences. Convergence was 
tested using the Z criterion of Geweke (Sorensen and 
Gianola (2002)) and Monte Carlo sampling errors were 
computed using time-series procedures described in 
Geyer (1992). 



 
 

Results and Discussion 
 

Table 1 presents the means and standard 
deviations in the High and Low lines for hematological 
parameters, and the features of the marginal posterior 
distributions of the differences (D) between both lines. 
All Monte Carlo standard errors were very small and lack 
of convergence was not detected by the Geweke test.  

 
Table 1. Means, standard deviations (SD) and features of 
the estimated marginal posterior distributions of the 
differences (D) between the High (H) and Low (L) lines 
selected for residual variance of litter size.  

 H line 
(n=24) 

L Line  
(n=24) 

D P 

 Mean SD Mean SD   
RBC (x106/µL) 5.38 0.72 5.39 0.51 0.02 55 
Hb (g/dL) 11.23 1.32 11.58 0.84 -0.32 86 
WBC (x103/µL) 9.03 2.34 9.22 2.30 -0.17 60 

Lymp (%) 65.82 7.95 61.59 7.76 4.11 96 
Neut (%) 24.30 6.78 28.62 8.16 -4.19 97 
Mono (%) 2.12 1.46 1.60 0.87 0.52 91 
Eos (%) 2.39 0.86 2.42 0.71 -0.05 58 
Baso (%) 5.02 1.29 5.41 1.89 -0.41 84 

PTL (x103/µL) 389.2 136.6 402.1 116.5 -9.35 61 
       
3 d after vaccination against RHDa 

Lymp (%) 68.14 9.29 65.23 11.51 0.28 52 
Neut (%) 21.87 7.82 26.26 11.21 -0.89 57 
Mono (%) 3.53 1.91 1.45 0.71 1.16 92 
Eos (%) 1.61 0.97 1.74 0.31 -0.07 56 
Baso (%) 4.43 1.01 4.96 1.72 -0.85 84 

       
3 d after vaccination against myxomatosisb 

Lymp (%) 62.08 7.96 71.42 2.94 -9.22 98 
Neut (%) 26.59 7.18 18.37 3.15 8.50 99 
Mono (%) 3.44 2.05 2.10 1.69 1.01 92 
Eos (%) 1.69 0.53 1.88 0.30 -0.70 97 
Baso (%) 5.84 1.42 5.86 1.06 0.32 67 

P: P(D>0) when D>0 and P(D<0) when D<0. RHD: viral 
haemorrhagic disease. a: 10 females from the H line and 7 
females from the L line. b: 9 females from the H line and 8 
females from the L line. RCB: red blood cells. Hb: blood 
hemoglobin. WBC: white blood cells. Lymp (%): percentage 
of lymphocytes. Neut (%): percentage of neutrophils. Mono 
(%): percentage of monocytes. Eos (%): percentage of 
eosinophils. Baso (%): percentage of basophils. PLT: 
platelets.  

Hematological parameters provide valuable 
information on the health status of the animal. All 
animals used in this study were apparently healthy with 
no signs of clinical infection. After eight generations of 
selection, both lines showed similar count of red blood 
cells (RBC), blood hemoglobin (Hb), and platelets 
(PLT) at 18 wk of age. However, the H line showed 
higher percentage of lymphocytes (4.11) and monocytes 
(0.52) (P(D>0)= 96% and 91%, respectively). The 
percentage of neutrophils was lower in the H line 
(D=−4.19, P(D<0) = 97%). Neutrophils have a short-
lived and they are in the first line of innate defense 
against infectious diseases (Kumar and Sharma (2010)). 
If the infection persists, other cells such as monocytes 
and lymphocytes are activated, playing an important 
role in fighting foreign pathological agents (Goldman 

and Prabhakar (1996)). A large percentage of 
lymphocytes and low percentage of neutrophils in the H 
line suggest that selection against homogeneity in litter 
size is accompanied by changes in immunological 
response resulting in increased susceptibility to 
opportunistic bacterial or viral infection in this line.  

 
As viral haemorrhagic disease (RHD) and 

myxomatosis are endemic diseases in rabbit lines used 
for meat production, we have analyzed the 
immunological response in the H and L lines after the 
vaccination against both viruses. The L line equaled the 
percentage of lymphocytes and neutrophils to the H line 
after exposition to inactive RHD virus. However, 
percentage of monocytes continued to be higher in the 
H line. After vaccination against myxomatosis, the L 
line increased the percentage of lymphocytes in 9.22 % 
(P (D>0) = 98%), while the percentage of neutrophils 
experimented a reduction in similar magnitude to 
increase in percentage of lymphocytes in the L line 
(-8.5, P(D<0) = 99%). Percentage of monocytes also 
continued to be higher in the H line. The L line seems to 
have a higher immunological response than the H line 
after exposing to pathogens. Vaccine for VHD had 
inactive VHD virus, whereas vaccine for myxomatosis 
contains live attenuated myxoma virus which leads to a 
higher immunological response against myxomatosis. 
Babu et al. (2003) also reported in chickens a higher 
immunological response using live attenuated virus than 
inactive virus. These results are preliminary and will be 
completed later measuring a biomarker (C-reactive 
protein) in both lines. 
 
 

Conclusions 
 

Selection for reduced residual variance of litter 
size seems to improve immune response to challenge 
with pathogens; i.e., the L line appears to be more 
robust to diseases and able to withstand adverse 
environmental conditions. 
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