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Abstract

The European rabbit (Oryctolagus cuniculus) is a good model in biomedicine used  
in research on several human diseases. The reference values of B and T cells and their subpopu-
lations are very important to understand how the adaptive immune system is responding  
to infectious agents. The aim of this study was to determine values of B and T cells and their 
subpopulations in Polish mixed-breed rabbits, considering seasons of the year and sex. The study 
was performed on 200 Polish mixed-breed rabbits and the percentage of B and T lymphocytes 
was measured cytometrically using mouse anti-rabbit antibodies. The study revealed that  
the season of the year and sex of the animals affected the percentage of B- and T-cells and their 
subpopulations in peripheral blood. Statistically significant values of CD19+ B-cells in spring 
and autumn, of T CD5+ cells in spring and winter, of T CD4+ in spring, summer, autumn  
and winter, of T CD8+ in winter and of T CD25+ in spring were noted. Generally the highest 
values were found mainly in warm part of the year, while the lowest in colder months. A statistical 
significance was also observed between males and females – changes were found in T CD4+  
and T CD25+ lymphocytes in spring, T CD8+ cells in winter and higher percentage was  
generally obtained in females than in males. The only exception was the T CD5+ subpopulation 
in which no differences were observed between the sexes and throughout the year. This is the first 
paper on adaptive immune system cell values in the European rabbit of domestic breeds.
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Introduction

The European Rabbit (Oryctolagus cuniculus)  
is a commonly used laboratory animal, along with mice, 
rats and guinea pigs and it is a commonly used animal 
in many European countries, including Poland. Euro- 
pean rabbit as a model has many advantages. It had 
served as an animal model since the development of the 
rabies vaccine by Pasteur in 1881 and its main advan-
tage is its intermediate size between rodents and  
primates and longer than rodents’ life span (Esteves  
et al. 2018). In order to develop a good animal model 
for scientific use, it is worth determining the reference 
values for immunological factors e.g. B and T lympho-
cytes. Until today, there have been few papers on lym-
phocyte values in rabbits. There are reports on the  
values in rabbits of mixed breed in Poland (Deptuła  
et al. 1995, 1998, Nowaczyk et al. 2004, Deptuła et al. 
2009) in genetic lines LP and V (Ferrian et al. 2012),  
in Spanish mixed breed (Jain 1994), in New Zealand 
(Jeklova et al. 2009) and Fauve de Bourgogne  
(Poljičak-Milas et al. 2009). Any comparison of these 
values is difficult because the units used to determine 
the values of B and T cells and subpopulations were 
different in these works. 

The studies on rabbit lymphocytes showed that B 
lymphocytes are exceptional due to the complexity  
of their cell surface markers and to the surprising fact 
that their proportion versus T cells may be different than 
in other species (Sabolovič et al. 1977). Therefore,  
the most reliable method of evaluating this subpopula-
tion of cells is based on CD19 marker – the most  
pivotal receptor on those cells. As the subpopulation  
of T cells is more divert, it is also recommended to eva- 
luate the markers that are most basic and identifiable, 
such as CD4+, CD8+ and CD25+.

The aim of the present work was to obtain reference 
values (standards) for B-cells with CD19+ receptor,  
and T-cells with CD5+ receptor, and their subpopula-
tions, i.e. T-cells with receptors CD4+, CD8+ and  
CD25+ in peripheral blood in Polish mixed breed rab-
bits, considering the impact of the season of the year 
and sex of the animals on such values.

Materials and Methods

Animals

The research was performed on 200 Polish mixed-
breed rabbits (50 rabbits in each season of the year –  
25 males and 25 females) originating from a licensed 
farm, remaining under continuous veterinary and 
zoo-hygienic supervision (Anon 1987), weighing  
3.2-4.2 kg, aged 6-8 months, females (25 rabbits) and 

males (25 rabbits), in four seasons of the year: spring, 
summer, autumn, and winter. During the experiment, 
the animals remained at the vivarium, where zoo-tech-
nical parameters were in line with the recommended 
Polish standards developed in line with the European 
Union Directive as regards temperature and humidity, 
as well as lighting and size of cages for animals (Anon 
2006). After transportation to the Department viva- 
rium, the animals were provided with a two-week  
adaptation period. The animals were fed with a com-
plete feed (Królik 16, Motycz, Poland), at a volume  
of 0.15-0.20 kg/day, and had unlimited access to water.

Blood sampling and analysis

The study was carried out twice (each time lasting 
seven days) in four seasons (spring, summer, autumn, 
winter) on males and females. Blood for tests was 
drawn via an inserted port from marginal vein of the 
ear, at 24-hour intervals, for three consecutive days,  
at 08:00 h, that it at hours 0, 24 and 48 h from com-
mencement of the study. In rabbit blood, the percentage 
of B-cells with CD19+ receptor (Serotec, mouse anti 
rabbit IgM B cell marker, catalogue no. MCA812GA), 
T-cells with CD5+ receptor (Serotec, mouse anti rabbit 
CD5, catalogue no. MCA800), their subpopulations – 
T-cells with receptors CD4+ (Serotec, mouse anti rabbit 
CD4, catalogue no. MCA799G), CD8+ (Serotec, mouse 
anti rabbit CD8, catalogue no. MCA1576G) and  
CD25+ (Serotec, mouse anti rabbit CD8, catalogue  
no. MCA1119GA) was determined according to the 
method described by Deptuła et al. (1998). It is based 
on a particular cell pool (cytometrically calculated cell 
total was 10.000, which was determined as 100%),  
using monoclonal antibodies (mouse anti-rabbit)  
(Serotec, USA). The analysed samples were incubated 
for 45 minutes on ice, rinsed three times with Cell Wash 
(BD Biosciences, USA) by centrifugation at 200 × g. To 
this prepared cellular sediment, 10 µl of rabbit anti- 
-mouse IgG antibody labelled with fluorescein isothio-
cyanate (FITC) was added (Serotec, goat anti mouse 
IgG: FITC, rat adsorbed, catalogue no. STAR70). After 
triple repetition of the rinsing procedure in Cell Wash, 
2000µl of lysing solution was added to samples  
to eliminate erythrocytes (BD FACS Lysing Solution, 
BD Biosciences, USA). After ten minutes of incubation 
in the dark, at room temperature, measurement was per-
formed on FACScan flow cytometer by Becton Dickin-
son (USA) using FACSDiva software.

Figs. 1-4. show data on B- and T-cells and their sub-
populations in percentage, as obtained from three blood 
draws from each rabbit (at 0, 24, 48 h), performed twice 
at the interval of seven days in each season of the year. 
Data were processed with statistical analysis using  
Student’s t- test at p<0.05. 



39B and T lymphocytes in rabbits change according ...

Results 

Values of B- and T-cells and their subpopulations 

The values of CD19+ B-cells in Polish mixed-breed 
rabbits remain within the range of 10.76 – 12.23%,  
for CD5+ T-cells: 43.06 – 51.46%, CD4+ T-cells: 30.33 
– 40.01%, CD8+ T-cells: 13.56 – 15.77%, and for CD25+ 
T-cells: 12.15 – 12.85% . 

The analysis of the impact of the seasons on the an-
alysed elements of blood in rabbits (Fig. 1) revealed 
that the highest values for CD19+ B-cells were obtained 
in spring, while the lowest in summer; for CD5+ T-cells 
(Fig. 2) the highest values were recorded in summer, 
while the lowest in autumn, while for CD4+ T-cells  
(Fig. 3) the highest values were observed in summer, 
while the lowest in spring. The highest values for  
CD8+ T-cells (Fig. 4) were obtained in winter, and  

Fig. 1. Lymphocytes B with CD19+ receptor in rabbit males, females and total throughout the year.
Legend:	� a – statistically significant difference between male and female, b – statistically significant difference between seasons (total), 

where b1 – statistically significant difference between spring and summer; b2 – statistically significant difference between spring 
and autumn; b3 – statistically significant difference between spring and winter; b4 – statistically significant difference between 
summer and autumn; b5 – statistically significant difference summer and winter; b6 – statistically significant difference between 
autumn and winter.

Fig. 2. Lymphocytes T with CD5+ receptor in rabbit males, females and total throughout the year.
Legend:	� a – statistically significant difference between male and female, b – statistically significant difference between seasons (total), 

where b1 – statistically significant difference between spring and summer; b2 – statistically significant difference between spring 
and autumn; b3 – statistically significant difference between spring and winter; b4 – statistically significant difference between 
summer and autumn; b5 – statistically significant difference summer and winter; b6 – statistically significant difference between 
autumn and winter.
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lowest in autumn, while for CD25+ T-cells (Fig. 5)  
the values remained at a similar level throughout the 
year. 

Summing up, that higher values of B and T cells 
were recorded in warm seasons (spring and summer), 
with lower values in colder periods of the year (mainly 
autumn).

Furthermore, statistical analysis revealed signifi-

cant differences between values obtained in spring and 
summer for CD19+ B-cells and CD4+ T-cells; between 
spring and autumn – for CD5+ T-cells and CD4+ T-cells, 
and between spring and winter – for CD4+ T-cells.  
The differences were also found between summer and 
autumn in the percentage of CD19+ B and CD5+ T-cells, 
differences between summer and winter – exclusively  
in case of CD5+ T-cells, whereas differences between 

Fig. 3. Lymphocytes T with CD4+ receptor in rabbit males, females and total throughout the year.
Legend:	� a – statistically significant difference between male and female, b – statistically significant difference between seasons (total), 

where b1 – statistically significant difference between spring and summer; b2 – statistically significant difference between spring 
and autumn; b3 – statistically significant difference between spring and winter; b4 – statistically significant difference between 
summer and autumn; b5 – statistically significant difference summer and winter; b6 – statistically significant difference between 
autumn and winter.

Fig. 4. Lymphocytes T with CD8+ receptor in rabbit males, females and total throughout the year.
Legend:	� a – statistically significant difference between male and female, b – statistically significant difference between seasons (total), 

where b1 – statistically significant difference between spring and summer; b2 – statistically significant difference between spring 
and autumn; b3 – statistically significant difference between spring and winter; b4 – statistically significant difference between 
summer and autumn; b5 – statistically significant difference summer and winter; b6 – statistically significant difference between 
autumn and winter.
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autumn and winter – as regards CD19+ B-cells and 
CD5+ T-cells. 

Analysis of the impact of sex of the animals on the 
percentage of B- and T-cells and their subpopulations  
in peripheral blood of Polish mixed-breed rabbits  
in seasons of the year (spring, summer, autumn, winter) 
showed higher values in females than in males.

Discussion

B- and T-cell values and their subpopulations 
change throughout the year, the highest values in all  
the analysed peripheral blood factors were most  
frequently recorded in summer, while the lowest  
in autumn. The season most significantly affected  
the values of CD5+ T-cells. The impact of the season  
on such peripheral blood factors has not been confirmed 
in any study so far, and the present study is the first  
in the literature. Moreover, our study on haematological 
factors in Polish mixed-breed rabbits, determined  
that the season of the year to a small degree affected  
the analysed peripheral blood factors, as it only affected 
the number of monocytes, lymphocytes and haemoglo-
bin concentration (Tokarz-Deptuła et al. 2014).

Analysis of the impact of sex of the animals  
on the percentage of B- and T-cells and their subpopu-
lations in peripheral blood evidenced that more signifi-
cant values were recorded in females rather than males. 
When referring such facts to haematological studies  
in Polish mixed-breed rabbits, it was evidenced  

(Tokarz-Deptuła et al. 2014) that sex is of importance 
principally in autumn and winter for the number  
of lymphocytes and thrombocytes in males, and mono-
cytes in females.

When analysing season-dependent changes B- and 
T-cell values and their subpopulations, the highest  
values in all the analysed peripheral blood factors  
were most frequently recorded in spring and winter, 
while the lowest in autumn. 

One of the most interesting observations as regards 
T and B cells in the two groups of studied rabbits  
is the fact, that there was a change of B and T cells num-
ber in different seasons depending on the subpopulation 
of B and T cells. The highest values of the parameters 
were registered in warm part of the year (spring and 
summer), and the lowest in autumn. The only exception 
is the T CD5+ subpopulation, which has the same  
pattern of changes throughout the year regardless  
of the breed or sex of rabbits. The study on the impact 
of the season on haematological factors in Polish mixed-
breed rabbits evidenced that the season of the year  
profoundly affected the parameters. The study also 
measured the volume of basophils, eosinophils, mono-
cytes, and to a lesser extent erythrocytes, lymphocytes, 
haemoglobin concentration and the volume of neutro-
phils (Tokarz-Deptuła et al. 2014).

The sex impact was different in females and males, 
as in females more significant values were recorded in 
summer and winter, mainly CD25+ T-cells, while in 
males mainly CD19 and B cells were found and that 

Fig. 5. Lymphocytes T with CD25+ receptor in rabbit males, females and total throughout the year.
Legend:	� a – statistically significant difference between male and female, b – statistically significant difference between seasons (total), 

where b1 – statistically significant difference between spring and summer; b2 – statistically significant difference between spring 
and autumn; b3 – statistically significant difference between spring and winter; b4 – statistically significant difference between 
summer and autumn; b5 – statistically significant difference summer and winter; b6 – statistically significant difference between 
autumn and winter.
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was only in winter. Previous studies on Polish mixed-
breed rabbits evidenced (Tokarz-Deptuła et al. 2005, 
2014) that the sex changes the values in summer,  
autumn and winter affecting the volume of eosinophils 
and neutrophils in females, and neutrophils and throm-
bocytes in males.

Conclusions

The season of the year strongly impacted the distri-
bution of B and T cells, giving the highest values  
in spring and summer and lowest in autumn and winter. 
Exchanges of B and T cells throughout the year were 
observed, with one exception – CD5+ cells had the same 
pattern of distribution throughout the year, regardless  
of the sex. 

References

Anon (1987) Information and training materials of the Labo-
ratory Animals Section, General Assembly of the Associ-
ation of Agriculture Engineers and Technicians, In: Mate-
riały informacyjno-szkoleniowe Sekcji ds. Zwierząt 
Laboratoryjnych ZG Stowarzyszenia Inżynierów i Tech-
ników Rolnictwa, Warsaw pp 26-77 (in Polish).

Anon (2006) Regulation of the Minister of Agriculture and 
Rural Development of 10 March 2006 on detailed condi-
tions for maintenance of laboratory animals in experi-
mental units, breeding units and suppliers (Polish Journal 
of Laws of 2006, No. 50, item 368). http://prawo.sejm.
gov.pl/isap.nsf/DocDetails.xsp?id=WDU20060500368

Deptuła W, Górecka-Odkała D, Tokarz-Deptuła B (1995)  
Dynamics of selected immunological parameters in 3-5 
months old rabbits. Med Weter 51: 552-554.

Deptuła W, Kostrzewa A, Stosik M, Tokarz-Deptuła B,  
Wiktorowicz K (1998) Subpopulations of peripheral 
blood lymphocytes in rabbits. Nowiny Lek 67: 377-382.

Deptuła W, Niedźwiedzka-Rystwej P, Śliwa J, Tokarz- 
-Deptuła B, Hukowska-Szematowicz B, Pawlikowska M 
(2009) Specific immunity in healthy rabbits. Centr Europ 
J Immunol 34: 18-19.

Esteves PJ, Abrantes J, Baldauf HM, BenMohamed L,  
Chen Y, Christensen N, González-Gallego J, Giacani L, 
Hu J, Kaplan G, Kepler OT, Knight KL, Kong XP,  
Lanning DK, Le Pendu J, de Matos AL, Liu J, Liu S, 
Lopes AM, Lu S, Lukehart S, Manabe YC, Neves F,  
McFadden G, Pan R, Peng X, de Sousa-Pereira P,  
Pinheiro A, Rahman M, Ruvoën-Clouet N, Subbian S, 
Tuñón MJ, van der Loo W, Vaine M, Via LE, Wang S, 
Mage R (2018) The wide utility of rabbits as models  
of human diseases. Exp Mol Med 50: 66. 

Ferrian S, Guerrero I, Blas E, García-Diego F, Viana D,  
Pascual JJ, Corpa JM (2012) How selection for reproduc-
tion or foundation for longevity could have affected  
blood lymphocyte populations of rabbit does under con-
ventional and heat stress conditions. Vet Immunol Immu-
nopathol 150: 53-60.

Jain NJ (1994) Comparative hematologic features of some 
avian and mammalian species. In: Jain NC. (ed) Essen-
tials of veterinary hematology. Wiley-Blackwell, Phila-
delphia, pp 367-376.

Jeklova E, Leva L, Faldyna M (2007) Lymphoid organ  
development in rabbits: major lymphocyte subsets. Dev 
Comp Immunol 31: 632-644.

Jeklova E, Leva L, Knotigova P, Faldyna M (2009) Age- 
-related changes in selected haematology parameters  
in rabbits. Res Vet Sci 86: 525-528.

Nowaczyk P, Deptuła W, Tokarz-Deptuła B, Ossowski A, Su-
proń M (2004) Dynamics of chosen immune-haemato- 
logical parameters in rabbits in annual cycle. Centaur 
Lubuski 61: 6-10.

Poljičak-Milas N, Kardum-Skelin I, Vudan M, Marenjak TS, 
Ballarin-Perharić A, Milas Z (2009) Blood cell count 
analyses and erythrocyte morphometry in New Zealand 
white rabbits. Vet Arhiv 79: 561-571.

Sabolovič N, Sabolovič D, Guilman AM (1977) T- and B- cell 
surface markers on rabbit lymphocytes. Immunology  
32: 581-590.

Tokarz-Deptuła B, Deptuła W (2005) Values of selected  
immune and haematological parameters in healthy rab-
bits. Pol J Vet Sci 8: 107-112.

Tokarz-Deptuła B, Niedźwiedzka-Rystwej P, Adamiak M, 
Hukowska-Szematowicz B, Trzeciak-Ryczek A, Deptuła 
W (2014) Values of white and red blood cell parameters  
in Polish mixed breed rabbits in the annual cycle.  
Pol J Vet Sci 17: 643-655.


