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ABSTRACT

The dynamics and quantitative analysis of monospecific antibody during the primary and secondary humoral responses were determined in the inbred strain and outbred stocks of rabbits. The antibody response in rabbits immunized against keyhole limpet hemocyanin (KLH) was studied during a 4-month immunization period. By ELISA method we determined the quantities of total anti-KLH comprising IgG, IgM, IgA on one hand and IgG alone in preimmune and immune rabbit sera. The statistically significant enhancement of anti-KLH IgG antibody appeared on the 14th day in the inbred strain of rabbits and increased through to the 35th day. An insignificant increase of total anti-KLH Ig was observed in the inbred rabbits compared to the outbred group during primary humoral response. The two groups of experimental animals were also different in their secondary immune response. The quantity of anti-KLH IgG antibody in the outbred stock was higher on the 7th day after the reimmunization than that at the peak of primary response. In contrast, in the group of inbred rabbits the quantity of anti-KLH IgG antibodies after second immunization reached the same level as in the primary immune response. The present results demonstrate that the first inbred generation can lead to differential adaptive humoral immune response to primary and secondary immunization with KLH.
Key words: Inbreeding, Rabbits, Humoral immune response.

1. Introduction

The generation of an immune response is controlled by various components of the innate and acquired immune system. Importantly, the processes for both innate and adaptive immunity are genetically determined and controlled. Major histocompatibility complex (MHC) genes control adaptive immunity whereas non-MHC genes control innate immunity in most cases. However, there is usually a level of co-operation between the two systems in the bid to achieve optimal immunity against most pathogens. To illustrate this observation, Biozzi et al. * bred two strains of mice for their ability to make specific antibodies after immunization with either sheep erythrocytes or Salmonella antigens (1,2,3). After twenty generations, one strain producing high titers of a specific antibody and another strain producing low titers of same antibody were produced. The low antibody response in the latter strain arose from the rapid clearance of antigen by their mononuclear-phagocytic system. Approximately ten genes had been estimated to be responsible for the differences in the two strains. Subsequent studies have shown that inbreeding in the natural populations of animals was an important factor in susceptibility to infectious agents (4).

In the present study, we present different adaptive primary and secondary humoral immune responses in the inbred strain compared to the outbred group of rabbits, using the dynamics and quantitative analysis of monospecific anti-KLH antibodies during the course of immunization.

2. MATERIALS AND METHODS

2.1 Experimental animals.

Two groups of rabbits, bred in the animal facilities of Thracian University, were used for this study. They comprised inbred strain totaling 12 rabbits and outbred stock of 14 rabbits (non-related). Members of the first group belonged to a first inbred generation from full-sibs ( one male and three female rabbits. Members of the second group were all heterogeneous and served as the Control group. All animals received food and water ad libitum and were in good health. They were 5 months old and weighed between 3.5-4.0 kg at the beginning of the experiment.

2.2.Immunization protocol

Experimental rabbits were immunized with 50 (g KLH in 0,5 ml saline injected subcutaneously (s.c). Weekly booster doses of antigen in saline were administered 3 times for primary humoral responses (days of injection: 1,7 and 14). A booster reimmunization dose was administered 64 days later following the expiration of the primary humoral responses protocol. 

2.3 ELISA for serum anti-KLH Ab.
KLH was coated onto the surfaces of 96-well Maxisorp immunoplates (Nunc, Roskilde, Denmark) by overnight incubation with 10 (g KLH per ml in 0.05 M sodium carbonate buffer, pH 9,6 at 4o C. The plates were washed and blocked, for 1h at room temperature, with PBS containing 1% BSA, followed by two successive washes. Next, the plates were incubated with 1:100 dilution of immunized rabbits sera or preimmune sera and the latter served as Control. After three washes, the plates were incubated with peroxidase-conjugated mouse monoclonal anti-rabbit Ig (clone no. RG-16; Sigma) to determine total immunoglobulin concentration or with peroxidase-conjugated mouse monoclonal anti-rabbit IgG (clone no. RG-96; Sigma) to determine the IgG concentration of the responses. After three washes, 0.1 ml of substrate solution was added to each well and the resulting color change was detected as OD units at 492 nm using an ELISA plate reader (Rosys Anthos 2010, Austria). The results were expressed as percentages in relation to the Control OD value of the preimmune serum. All data were statistically analyzed using a Student’s t-test for independent samples.

3. RESULTS

3.1.The quantity and the dynamics of antibody formation (total Ig) in the immune response of rabbits to KLH. 

The quantities of anti-KLH specific antibodies upon primary and secondary immunizations in the two groups of rabbits were measured by ELISA using PO-conjugated mouse monoclonal anti-rabbit IgG, IgM, and IgA,. The results were calculated as percentages of OD value of each serum before immunization – Day 1 (Start level) and are presented in Figure 1. We determined that the total monospecific antibodies, regardless of isotype, reached their maximum on the 28th day, after primary immunization. The enhancement was five times more (516%) for inbred rabbits (offspring from first inbred generation) and 4 times more (430%) for the Control group. The quantity of anti-KLH decreased to the start level on Day 78 and this day was chosen for the secondary immunization protocol (reimmunization). Specific antibodies attained the highest levels on the 7th day after reimmunization and decreased a month later (on Day 115 as shown in Figure 1). No differences in specific anti-KLH Ig levels between the inbred and outbred groups were observed during the period.
3.2. The quantity and the dynamics of monospecific IgG antibody formation in the immune response of rabbits to KLH.

The changes in the serum level of IgG antibodies are shown in Figure 2. When PO-conjugated goat anti-rabbit IgG was used it was observed that the majority isotype of these anti- KLH antibodies comprised the IgG. It was also established that rabbits from the first inbred generation produced higher amounts of anti-KLH IgG following primary immunization. Significant increase was detected on Day 14 (p=0.006); this increase was sustained through Day 35.

The dynamics of monospecific IgG antibody formation are shown in Figure 3. It shows a quick and strong secondary immune response. The mean quantity of IgG anti-KLH antibodies for outbred stock was higher on the 7th day after the reimmunization than the peak of primary response (mean 240%, versus mean 160% on Day 28, p=0.0019). In contrast, the group of inbred rabbits shows a mean quantity of IgG anti-KLH antibodies, the same level as in primary immune response, after second immunization. The enhanced quantity of anti-KLH IgG was sustained for more than 118 days after reimmunization for both rabbit groups.
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Figure 1. Primary and secondary anti-KLH antibody responses induced by immunization with KLH. Inbred and outbred rabbits were injected subcutaneous (s.c). Weekly booster doses of 50 (g KLH in saline were administered 3 times (Days: 1, 7 and 14) for primary humoral responses. A further booster dose for reimmunization was applied over a 64-day interval (marked by arrow in the Figure). Anti-KLH Ig was measured in the preimmune serum and in the serum after immunization at the indicated days. Results are expressed as the percentage increase over the value of preimmune serum. Mean ( SD of 12 inbred rabbits and mean ( SD of 14 outbred rabbits are shown; ( indicates statistically significant differences relative to the 14th day after first injection with antigen. (( indicates statistically significant differences relative to the 78th day.
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Figure 2. Primary and secondary anti-KLH IgG induced by immunization with KLH. The immunization procedure and results presented are as described in Figure 1.

*p<0.05; ** p<0.01 – inbred strain versus outbred stocks; ^p<0.01 - 28th day versus 85th day after immunization.
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Fig.3. The dynamics of specific anti-KLH IgG produced during primary and secondary humoral immune responses. Mean value of 12 inbred rabbits -     ;and mean value of 14 outbred rabbits -   are shown. 

^p<0.01 - 28th day versus 85th day after immunization.

4. DISCUSSION
The generation of an immune response is controlled by various components of the innate and acquired immune system, whose control is polygenic. Theoretically, a defect in any of these genes could affect the level of host susceptibility to infectious diseases in general. In reality, however, many genetic defects would be rapidly selected out of the population. Increasing evidence from both human and experimental animals suggests that host genetic heterogeneity affects the nature and the level of immune response to intracellular infections by viruses, bacteria and parasites (5). When an inbred strain is used, genetic variation between animals is restricted. The immune response occurs quite uniformly among members of the strain; this explains the widespread use of inbred strains of animals for the production of polyclonal antibodies (6). In any case, different inbred strains might differ in their immune responses (7, 8). An example is the difference between the Balb/c mice, generally being Th2-responders and highly susceptible to Leishmania major, and C57BL/6J mice that are resistant to Leishmania major and generally belonging to the Th1-responders (9,10,11).
The present results demonstrate that the first inbred hybridization can lead to differential adaptive humoral immune response to primary immunization. Using a T-dependent antigen, KLH, we studied the dynamics and quantities of monospecific antibodies produced after primary and secondary immunizations of inbred strain and outbred stock of rabbits. We recorded enhanced level of total anti-KLH antibodies in both groups, on the 28th day after primary immunization. The mean value for the inbred group was higher without statistically significant differences. Our determination of the IgG anti-KLH antibodies, showed a vivid expression of increased production of this immunoglobulin isotype in the inbred rabbits, compared with the outbred group, from day 14 through day 35 after primary immunization.

These differences might be explained on the basis of restricted genetic variations between inbred animals, showing such hyper-responsiveness to a particular antigen occurring quite uniformly among members of a group.

Differences in immune responses between the inbred and outbred rabbits were also observed regarding their anti-KLH IgG antibodies production following reimmunization. The classic illustration of the secondary antibody response to a soluble protein antigen shows a short lag period after reimmunization and is predominantly of the IgG class. In addition, there is a combination of higher peak titer with slow decline (12). Our results from the group of outbred rabbits are in conceptual agreement with the classic illustration of the secondary humoral immune response. IgG quantity was higher on the 7th day after reimmunization than the peak of the primary response. In contrast, we observed a different secondary antibody response from the group of inbred rabbits. The quantity of IgG after the second immunization remained at the same level as in the primary immune response. This amplification of monospecific IgG did not decrease after one month. These results support the indications from Acevedo-Whitehouse et al. (4) that inbred animals in the natural populations are more susceptible to different pathogens and that inbreeding could have a significant impact on wildlife diseases. Probably the mortality in nature’s populations is not entirely random.

In summary, our study shows that a different adaptive humoral immune response against KLH might be detected as early as in the first inbred generation. We observed a diversity in the dynamics and quantities of the monospecific IgG antibody produced after primary and secondary immunization of the inbred strain and outbred stock of rabbits.

REFERENCES
1. Biozzi, G., Mouton, D., Heumann, A.M. and Bouthillier, Y., Genetic regulation of immunoresponsiveness in relation to resistance against infectious diseases. Wld Congr. Anim. Genet. Prod, 2:150-163, 1982.

2. Cabrera, W.H., Ibranez, O.M., Oliveira, S.L., Sant’Anna, O.A., Siquers, M., Mouton D. and Biozzi G., Evidence for distinct polygenic regulation of antibody response to some unrelated antigens in lines of mice selected for high or low antibody response to somatic antigen of Salmonella. Immunogenetics, 16:583-592, 1982

3. Biozzi G., Mouton D., Stiffel C. and Bouthillier Y.A, major role of the macrophage in quantitative genetic regulation of immunoresponsiveness and anti-infectious immunity. Adv. Immunol, 36:189-234,1984.

4. Acevedo-Whitehouse, K., Gulland, F., Greig, D. and Amos, W., Disease susceptibility in California sea lions. Nature, 422:35, 2003.

5. McLeod, R., Buschman, E., Arbuckle, L.D. and Skamene, E., Immunogenetics in the analysis of resistance to intracellular pathogens. Curr Opin Immunol, 7:539-552, 1995. 

6. Marlies Leenaars, P. P. A., Hendriksen, C.F.M., de Leeuw, W.A., Carat, F., Delahaut, P., Fischer, R., Halder, M., Hanly, W.C., Hartinger, J., Hau, J., Lindblad, E.B., Nicklas, W., Outschoorn, I.M. and Stewart-Tull, D.E.S., The production of polyclonal antibodies in laboratory animals. ATLA, 27:79-102, 1999.

7. Bohn, E., Heeseman, J.J., Ehler, S. and Autenrieth, I.B., Early gamma interferon mRNA expression is associated with resistance of mice against Yersinia enterocolitica. Infect Immun, 62:3027-3032, 1994.

8. Okita, M., Ochikubo, F., Kamata, Y., Yamanouchi, K. and Kai, C., Comparison of the pathogenicity of rinderpest virus in different strains of rabbits. J Vet Med Sci, 55:951-954, 1993.

9. Miralles, G.D., Stoeckel, M.Y., McDernott, D.E., Finkelman, F.D. and Murray, H.W., Th1 and Th2 cell-associated cytokines in experimental visceral leishmaniasis. Infect Immun,. 62:1058-1063, 1994.

10. Wakeham, J., Wang, J. and Xing Z., Genetically determined disparate innate and adaptive cell-mediated immune responses to pulmonary Mycobacterium bovis BCG infection in C57BL/6 and BALB/c mice. Infect Immun,. 68 :6946-6953, 2000.

11. Lipoldova, M., Svobodova, M., Krulova, M., Havelkova, H., Badalova, J., Nohynkova, E., Holan, V., Hart, A.A.M., Volf, P. and Demant, P., Susceptibility to Leishmania major infection in mice: multiple loci and heterogeneity of immunopathological phenotypes. Genes and Immunity,1: 200-206, 2000.

12. Janeway, Travers, Immunobiology. 5th edition.






� EMBED Excel.Sheet.8  ���








� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���








*Correspondence to: Dr. Spaska Stanilova, Department of Molecular Biology, Immunology and Genetics, Faculty of Medicine, Thracian University, E-mail address: stanilova@mf.uni-sz.bg





PAGE  
21

[image: image7.wmf]50

70

90

110

130

150

170

190

210

230

250

14

21

28

35

78

85

95

115

days after

 immunization

% increase at OD 492 nm

  ^

_1118672228.xls
Chart4

		14		14		40.2593862573		40.2593862573		37.2305558072		37.2305558072

		21		21		217.9270937305		217.9270937305		121.0938243087		121.0938243087

		28		28		126.2560889621		126.2560889621		239.0142635531		239.0142635531

		35		35		109.1037037951		109.1037037951		140.1608815871		140.1608815871

						NaN		NaN		NaN		NaN

		78		78		79.7512800315		79.7512800315		56.3369731655		56.3369731655

		85		85		129.1483642947		129.1483642947		87.5989236724		87.5989236724

		95		95		109.8166654019		109.8166654019		62.3843692267		62.3843692267

		115		115		94.7480870519		94.7480870519		75.355664621		75.355664621



*

*

**

*

**

inbred strain

outbred stock

days after 
immunization

% increase at OD 492 nm

139.7272727273

111.4

423.7272727273

356

557

433.7272727273

408.2727272727

329.5454545455

188.4

140.6363636364

433.6

432.2857142857

432.8

405.1428571429

250.8

231.1428571429



Sheet1

										sd																				sd

				inbred strain		outbred stocks				инбредни		неинбредни												inbred strain		outbred stock				инбр		неинбр

		14		125		99.6				24.9278960203		14.8843158104										14		139.7272727273		111.4				40.2593862573		37.2305558072

		21		176.9090909091		158.9333333333				26.9126533268		21.2119565593										21		423.7272727273		356				217.9270937305		121.0938243087

		28		217.4545454545		162.9090909091				35.1890995519		32.5835987744										28		557		433.7272727273				126.2560889621		239.0142635531

		35		174.8181818182		148.1818181818				26.7761766569		27.1175890588										35		408.2727272727		329.5454545455				109.1037037951		140.1608815871

		78		150.6		131.8181818182				24.6855783359		23.1767908987										78		188.4		140.6363636364				79.7512800315		56.3369731655

		85		206.6		230.7142857143				41.4764993701		45.5108568941										85		433.6		432.2857142857				129.1483642947		87.5989236724

		95		210.6		200.8571428571				48.1487279167		33.0526275881										95		432.8		405.1428571429				109.8166654019		62.3843692267

		115		192.6		197.1428571429				51.0715184814		43.8802482955										115		250.8		231.1428571429				94.7480870519		75.355664621

														sd

														инбредни				неинбредни

				inbred stain received C3bgp		inbred stain not received C3bgp		outbred stocks received  C3bgp		outbred stocks not received C3bgp				с CIF		без CIF		с CIF		без CIF

		78		171.4		205.4		139.2		122.8				43.4373111507		108.1725473491		60.9565418967		38.6936687328

		85		602.8		433.6		572.375		432.2857142857				69.7689042482		129.1483642947		247.1737026581		87.5989236724

		95		630.4		432.8		558		405.1428571429				49.2980729847		109.8166654019		300.4710587442		62.3843692267

		115		395.6		250.8		366.2857142857		231.1428571429				89.7763888781		94.7480870519		167.1862377567		75.355664621

														sd

														инбредни				неинбредни

														с C3bgp		без C3bgp		с C3bgp		без C3bgp

				inbred strain received C3bgp		inbred stain not received C3bgp		outbred stocks received C3bgp		outbred stocks not received C3bgp				32.6695576952		16.3615402698		29.3234831946		16.1493033905

		78		154.4		146.8		130.3333333333		133.6				33.6050591429		41.4764993701		49.1695317971		45.5108568941

		85		313.4		206.6		201.75		230.7142857143				23.8264558842		48.1487279167		39.0217430232		32.3978247359

		95		272.2		210.6		182.875		201.5714285714				52.5994296547		42.6063375568		50.3899082867		43.8802482955

		115		285.2		187.4		189.1428571429		197.1428571429





Sheet1

						24.9278960203		14.8843158104		14.8843158104		14.8843158104

						26.9126533268		21.2119565593		21.2119565593		21.2119565593

						35.1890995519		32.5835987744		32.5835987744		32.5835987744

						26.7761766569		27.1175890588		27.1175890588		27.1175890588

						NaN		NaN		NaN		NaN

						24.6855783359		23.1767908987		23.1767908987		23.1767908987

						41.4764993701		45.5108568941		45.5108568941		45.5108568941

						48.1487279167		33.0526275881		33.0526275881		33.0526275881

						51.0715184814		43.8802482955		43.8802482955		43.8802482955



**

**

*

*

^

inbred strain

outbred stocks

days after
 immunization

% increase at OD 492 nm



Sheet2

						40.2593862573		40.2593862573		37.2305558072		37.2305558072

						217.9270937305		217.9270937305		121.0938243087		121.0938243087

						126.2560889621		126.2560889621		239.0142635531		239.0142635531

						109.1037037951		109.1037037951		140.1608815871		140.1608815871

						NaN		NaN		NaN		NaN

						79.7512800315		79.7512800315		56.3369731655		56.3369731655

						129.1483642947		129.1483642947		87.5989236724		87.5989236724

						109.8166654019		109.8166654019		62.3843692267		62.3843692267

						94.7480870519		94.7480870519		75.355664621		75.355664621



*

*

**

*

**

inbred strain

outbred stock

days after 
immunization

% increase at OD 492 nm



Sheet3

										43.4373111507		43.4373111507		108.1725473491		108.1725473491		60.9565418967		60.9565418967		38.6936687328		38.6936687328

										69.7689042482		69.7689042482		129.1483642947		129.1483642947		247.1737026581		247.1737026581		87.5989236724		87.5989236724

										49.2980729847		49.2980729847		109.8166654019		109.8166654019		300.4710587442		300.4710587442		62.3843692267		62.3843692267

										89.7763888781		89.7763888781		94.7480870519		94.7480870519		167.1862377567		167.1862377567		75.355664621		75.355664621



**

**

*

inbred stain received C3bgp

inbred stain not received C3bgp

outbred stocks received  C3bgp

outbred stocks not received C3bgp

days after
 immunization

% increase at OD 492 nm



		



*

** ^

* ^

* ^

inbred strain received C3bgp

inbred stain not received C3bgp

outbred stocks received C3bgp

outbred stocks not received C3bgp

days after 
immunization

% increase at OD 492 nm

32.6695576952

32.6695576952

16.3615402698

16.3615402698

29.3234831946

29.3234831946

16.1493033905

16.1493033905

33.6050591429

33.6050591429

41.4764993701

41.4764993701

49.1695317971

49.1695317971

45.5108568941

45.5108568941

23.8264558842

23.8264558842

48.1487279167

48.1487279167

39.0217430232

39.0217430232

32.3978247359

32.3978247359

52.5994296547

52.5994296547

42.6063375568

42.6063375568

50.3899082867

50.3899082867

43.8802482955

43.8802482955



		






_1128167246.xls
Chart1

		14		14

		21		21

		28		28

		35		35

		78		78

		85		85

		95		95

		115		115



^

inbred strain

outbred stocks

days after
 immunization

% increase at OD 492 nm

125

99.6

176.9090909091

158.9333333333

217.4545454545

162.9090909091

174.8181818182

148.1818181818

150.6

131.8181818182

206.6

230.7142857143

210.6

200.8571428571

192.6

197.1428571429



Sheet1

										sd																				sd

				inbred strain		outbred stocks				инбредни		неинбредни												inbred strain		outbred stock				инбр		неинбр

		14		125		99.6				24.9278960203		14.8843158104										14		139.7272727273		111.4				40.2593862573		37.2305558072

		21		176.9090909091		158.9333333333				26.9126533268		21.2119565593										21		423.7272727273		356				217.9270937305		121.0938243087

		28		217.4545454545		162.9090909091				35.1890995519		32.5835987744										28		557		433.7272727273				126.2560889621		239.0142635531

		35		174.8181818182		148.1818181818				26.7761766569		27.1175890588										35		408.2727272727		329.5454545455				109.1037037951		140.1608815871

		78		150.6		131.8181818182				24.6855783359		23.1767908987										78		188.4		140.6363636364				79.7512800315		56.3369731655

		85		206.6		230.7142857143				41.4764993701		45.5108568941										85		433.6		432.2857142857				129.1483642947		87.5989236724

		95		210.6		200.8571428571				48.1487279167		33.0526275881										95		432.8		405.1428571429				109.8166654019		62.3843692267

		115		192.6		197.1428571429				51.0715184814		43.8802482955										115		250.8		231.1428571429				94.7480870519		75.355664621

														sd

														инбредни				неинбредни

				inbred stain received C3bgp		inbred stain not received C3bgp		outbred stocks received  C3bgp		outbred stocks not received C3bgp				с CIF		без CIF		с CIF		без CIF

		78		171.4		205.4		139.2		122.8				43.4373111507		108.1725473491		60.9565418967		38.6936687328

		85		602.8		433.6		572.375		432.2857142857				69.7689042482		129.1483642947		247.1737026581		87.5989236724

		95		630.4		432.8		558		405.1428571429				49.2980729847		109.8166654019		300.4710587442		62.3843692267

		115		395.6		250.8		366.2857142857		231.1428571429				89.7763888781		94.7480870519		167.1862377567		75.355664621

														sd

														инбредни				неинбредни

														с C3bgp		без C3bgp		с C3bgp		без C3bgp

				inbred strain received C3bgp		inbred stain not received C3bgp		outbred stocks received C3bgp		outbred stocks not received C3bgp				32.6695576952		16.3615402698		29.3234831946		16.1493033905

		78		154.4		146.8		130.3333333333		133.6				33.6050591429		41.4764993701		49.1695317971		45.5108568941

		85		313.4		206.6		201.75		230.7142857143				23.8264558842		48.1487279167		39.0217430232		32.3978247359

		95		272.2		210.6		182.875		201.5714285714				52.5994296547		42.6063375568		50.3899082867		43.8802482955

		115		285.2		187.4		189.1428571429		197.1428571429





Sheet1

		0		0		24.9278960203		14.8843158104		14.8843158104		14.8843158104

		0		0		26.9126533268		21.2119565593		21.2119565593		21.2119565593

		0		0		35.1890995519		32.5835987744		32.5835987744		32.5835987744

		0		0		26.7761766569		27.1175890588		27.1175890588		27.1175890588

		0		0		24.6855783359		23.1767908987		23.1767908987		23.1767908987

		0		0		41.4764993701		45.5108568941		45.5108568941		45.5108568941

		0		0		48.1487279167		33.0526275881		33.0526275881		33.0526275881

		0		0		51.0715184814		43.8802482955		43.8802482955		43.8802482955



**

**

*

*

^

inbred strain

outbred stocks

days after
 immunization

% increase at OD 492 nm

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet2

		0		0		40.2593862573		40.2593862573		37.2305558072		37.2305558072

		0		0		217.9270937305		217.9270937305		121.0938243087		121.0938243087

		0		0		126.2560889621		126.2560889621		239.0142635531		239.0142635531

		0		0		109.1037037951		109.1037037951		140.1608815871		140.1608815871

		0		0		79.7512800315		79.7512800315		56.3369731655		56.3369731655

		0		0		129.1483642947		129.1483642947		87.5989236724		87.5989236724

		0		0		109.8166654019		109.8166654019		62.3843692267		62.3843692267

		0		0		94.7480870519		94.7480870519		75.355664621		75.355664621



*

*

**

*

**

inbred strain

outbred stock

days after 
immunization

% increase at OD 492 nm

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet3

		0		0		0		0		43.4373111507		43.4373111507		108.1725473491		108.1725473491		60.9565418967		60.9565418967		38.6936687328		38.6936687328

		0		0		0		0		69.7689042482		69.7689042482		129.1483642947		129.1483642947		247.1737026581		247.1737026581		87.5989236724		87.5989236724

		0		0		0		0		49.2980729847		49.2980729847		109.8166654019		109.8166654019		300.4710587442		300.4710587442		62.3843692267		62.3843692267

		0		0		0		0		89.7763888781		89.7763888781		94.7480870519		94.7480870519		167.1862377567		167.1862377567		75.355664621		75.355664621



**

**

*

inbred stain received C3bgp

inbred stain not received C3bgp

outbred stocks received  C3bgp

outbred stocks not received C3bgp

days after
 immunization

% increase at OD 492 nm

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



*

** ^

* ^

* ^

inbred strain received C3bgp

inbred stain not received C3bgp

outbred stocks received C3bgp

outbred stocks not received C3bgp

days after 
immunization

% increase at OD 492 nm

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

32.6695576952

32.6695576952

16.3615402698

16.3615402698

29.3234831946

29.3234831946

16.1493033905

16.1493033905

0

0

0

0

33.6050591429

33.6050591429

41.4764993701

41.4764993701

49.1695317971

49.1695317971

45.5108568941

45.5108568941

0

0

0

0

23.8264558842

23.8264558842

48.1487279167

48.1487279167

39.0217430232

39.0217430232

32.3978247359

32.3978247359

0

0

0

0

52.5994296547

52.5994296547

42.6063375568

42.6063375568

50.3899082867

50.3899082867

43.8802482955

43.8802482955

inbred strain

outbred stocks

days after
 immunization

% increase at OD 492 nm

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		



inbred strain

outbred stock

inbred strain

outbred stock

days after 
immunization

% increase at OD 492 nm

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		






_1118672055.xls
Chart2

		14		14		24.9278960203		14.8843158104		14.8843158104		14.8843158104

		21		21		26.9126533268		21.2119565593		21.2119565593		21.2119565593

		28		28		35.1890995519		32.5835987744		32.5835987744		32.5835987744

		35		35		26.7761766569		27.1175890588		27.1175890588		27.1175890588

						NaN		NaN		NaN		NaN

		78		78		24.6855783359		23.1767908987		23.1767908987		23.1767908987

		85		85		41.4764993701		45.5108568941		45.5108568941		45.5108568941

		95		95		48.1487279167		33.0526275881		33.0526275881		33.0526275881

		115		115		51.0715184814		43.8802482955		43.8802482955		43.8802482955



**

**

*

*

^

inbred strain

outbred stocks

days after
 immunization

% increase at OD 492 nm

125

99.6

176.9090909091

158.9333333333

217.4545454545

162.9090909091

174.8181818182

148.1818181818

150.6

131.8181818182

206.6

230.7142857143

210.6

200.8571428571

192.6

197.1428571429



Sheet1

										sd																				sd

				inbred strain		outbred stocks				инбредни		неинбредни												inbred strain		outbred stock				инбр		неинбр

		14		125		99.6				24.9278960203		14.8843158104										14		139.7272727273		111.4				40.2593862573		37.2305558072

		21		176.9090909091		158.9333333333				26.9126533268		21.2119565593										21		423.7272727273		356				217.9270937305		121.0938243087

		28		217.4545454545		162.9090909091				35.1890995519		32.5835987744										28		557		433.7272727273				126.2560889621		239.0142635531

		35		174.8181818182		148.1818181818				26.7761766569		27.1175890588										35		408.2727272727		329.5454545455				109.1037037951		140.1608815871

		78		150.6		131.8181818182				24.6855783359		23.1767908987										78		188.4		140.6363636364				79.7512800315		56.3369731655

		85		206.6		230.7142857143				41.4764993701		45.5108568941										85		433.6		432.2857142857				129.1483642947		87.5989236724

		95		210.6		200.8571428571				48.1487279167		33.0526275881										95		432.8		405.1428571429				109.8166654019		62.3843692267

		115		192.6		197.1428571429				51.0715184814		43.8802482955										115		250.8		231.1428571429				94.7480870519		75.355664621

														sd

														инбредни				неинбредни

				inbred stain received C3bgp		inbred stain not received C3bgp		outbred stocks received  C3bgp		outbred stocks not received C3bgp				с CIF		без CIF		с CIF		без CIF

		78		171.4		205.4		139.2		122.8				43.4373111507		108.1725473491		60.9565418967		38.6936687328

		85		602.8		433.6		572.375		432.2857142857				69.7689042482		129.1483642947		247.1737026581		87.5989236724

		95		630.4		432.8		558		405.1428571429				49.2980729847		109.8166654019		300.4710587442		62.3843692267

		115		395.6		250.8		366.2857142857		231.1428571429				89.7763888781		94.7480870519		167.1862377567		75.355664621

														sd

														инбредни				неинбредни

														с C3bgp		без C3bgp		с C3bgp		без C3bgp

				inbred strain received C3bgp		inbred stain not received C3bgp		outbred stocks received C3bgp		outbred stocks not received C3bgp				32.6695576952		16.3615402698		29.3234831946		16.1493033905

		78		154.4		146.8		130.3333333333		133.6				33.6050591429		41.4764993701		49.1695317971		45.5108568941

		85		313.4		206.6		201.75		230.7142857143				23.8264558842		48.1487279167		39.0217430232		32.3978247359

		95		272.2		210.6		182.875		201.5714285714				52.5994296547		42.6063375568		50.3899082867		43.8802482955

		115		285.2		187.4		189.1428571429		197.1428571429





Sheet1

						24.9278960203		14.8843158104		14.8843158104		14.8843158104

						26.9126533268		21.2119565593		21.2119565593		21.2119565593

						35.1890995519		32.5835987744		32.5835987744		32.5835987744

						26.7761766569		27.1175890588		27.1175890588		27.1175890588

						NaN		NaN		NaN		NaN

						24.6855783359		23.1767908987		23.1767908987		23.1767908987

						41.4764993701		45.5108568941		45.5108568941		45.5108568941

						48.1487279167		33.0526275881		33.0526275881		33.0526275881

						51.0715184814		43.8802482955		43.8802482955		43.8802482955



**

**

*

*

^

inbred strain

outbred stocks

days after
 immunization

% increase at OD 492 nm



Sheet2

						40.2593862573		40.2593862573		37.2305558072		37.2305558072

						217.9270937305		217.9270937305		121.0938243087		121.0938243087

						126.2560889621		126.2560889621		239.0142635531		239.0142635531

						109.1037037951		109.1037037951		140.1608815871		140.1608815871

						NaN		NaN		NaN		NaN

						79.7512800315		79.7512800315		56.3369731655		56.3369731655

						129.1483642947		129.1483642947		87.5989236724		87.5989236724

						109.8166654019		109.8166654019		62.3843692267		62.3843692267

						94.7480870519		94.7480870519		75.355664621		75.355664621



*

*

**

*

**

inbred strain

outbred stock

days after 
immunization

% increase at OD 492 nm



Sheet3

										43.4373111507		43.4373111507		108.1725473491		108.1725473491		60.9565418967		60.9565418967		38.6936687328		38.6936687328

										69.7689042482		69.7689042482		129.1483642947		129.1483642947		247.1737026581		247.1737026581		87.5989236724		87.5989236724

										49.2980729847		49.2980729847		109.8166654019		109.8166654019		300.4710587442		300.4710587442		62.3843692267		62.3843692267

										89.7763888781		89.7763888781		94.7480870519		94.7480870519		167.1862377567		167.1862377567		75.355664621		75.355664621



**

**

*

inbred stain received C3bgp

inbred stain not received C3bgp

outbred stocks received  C3bgp

outbred stocks not received C3bgp

days after
 immunization

% increase at OD 492 nm



		



*

** ^

* ^

* ^

inbred strain received C3bgp

inbred stain not received C3bgp

outbred stocks received C3bgp

outbred stocks not received C3bgp

days after 
immunization

% increase at OD 492 nm

32.6695576952

32.6695576952

16.3615402698

16.3615402698

29.3234831946

29.3234831946

16.1493033905

16.1493033905

33.6050591429

33.6050591429

41.4764993701

41.4764993701

49.1695317971

49.1695317971

45.5108568941

45.5108568941

23.8264558842

23.8264558842

48.1487279167

48.1487279167

39.0217430232

39.0217430232

32.3978247359

32.3978247359

52.5994296547

52.5994296547

42.6063375568

42.6063375568

50.3899082867

50.3899082867

43.8802482955

43.8802482955



		






