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Abstract

Innate and acquired resistance to rabies infection was investigate®eynwords

mice genetically selected for high (H) or low (L) antibody responsiveRabies

ness from selections I, lll and IV and in mice selected for maxinrafintibody

(AIRmax) or minimal (AIRmin) acute inflammatory reaction. These Vaccination

mouse lines were infected intramuscularly with different virus dilu-High and low antibody
tions and the LE) was determined. The HIIl and HIV mouse lines responder mice

showed a discrete but higher resistance than the LI line. Analysis of the
interline (H x L) F1 hybrids from selections Il and IV indicated
different dominance effects on the “resistant” and “susceptible” phe-
notypes when the route of vaccination was changed. No differences
were observed between the AIRmax and AIRmin mice, suggesting
that inflammation plays a minor role in the resistance to rabies virus.
The comparison of LR in mice vaccinated by distinct routes showed
that the highest interline difference occurred after intramuscular vac-
cination (250-fold between H and L and 800-fold between F1 and L).
These results indicate that different mechanisms may participate in
acquired antirabies resistance.

Rabies is a viral disease caused by anouse models, i.e., inbred (5) and geneti-
rhabdovirus which has been known for manycally selected (6) hyper- and hyporesponder
centuries. Experimental infections in mice mice.
have been developed after their susceptibil- Investigation of the genes controlling an-
ity to rabies virus was demonstrated, withtibody production against rabies virus was
different levels of mortality (1). Several ex- recently approached in genetically selected
periments have been carried out to study thenice, showing that 3 independent loci were
susceptibility and resistance of mice to ra-involved (7). Production of these lines en-
bies infection (2) and isogenic mice havedowed with maximal or minimal antibody
been used to demonstrate that resistance tesponse and inflammatory reaction traits by
rabies virus infection is genetically controlled selective breeding has proved to be useful in
by at least two genes (3,4). The resistance tstudies of host-infection interactions.
rabies virus was positively correlated with  In the present study, we used mice se-
serum neutralizing antibody in two distinct lected for high (H) and low (L) antibody
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Table 1 - Fifty percent lethal dose (LDgp) of rabies virus (CVS strain) in non-
vaccinated mice inoculated intramuscularly.

L.H. Queiroz-da-Silva et al.

response to erythrocytes (selection 1), flageldard virus titration.
lar (selection Ill) and somatic (selection IV)  Stock virus of the CVS (challenge virus
Salmonellaantigens (8) and for maximal standard) strain of rabies virus maintained
(AIRmax) or minimal (AIRmin) acute in- by passage in suckling mice was used with a
flammatory reaction to polyacrylamide beadsiter of 10-> mouse intracerebral 50% lethal
(9) in order to investigate the eventual pardoses (MICLLRg) in 0.03 ml, as calculated
ticipation of innate and/or acquired resisby the method of Reed and Muench (10).
tance to rabies virus using different vaccina- Mice were infected intramuscularlim)
tion routes. It was observed that L mousevith 102 to 105 virus dilutions in a volume
lines from selections Il and IV were moreof 0.2 ml (0.1 ml in each leg) and observed
resistant than H mice. However, H miceor 21 days. During this time clinical symp-
were more resistant than L mice when previtoms and mortality were recorded daily.
ous vaccination was performed. F1 hybrid&roups of 5 to 16 mice were used for each
showed distinct dominance effects. dilution and the MICLIR,were obtained by
Genetically selected mice from selectionghe method of Reed and Muench (10).
I, lland IV and their (H x L) F1 hybridsand  Three groups of 16 to 18 mice of the HllI
from AIR selection, aged 2-4 months, wereand LIl lines and their F1 hybrids received
used. Swiss albino mice, aged 21 days (1iwo injections of 0.5% suckling mouse brain
14 g), from the outbred colony of the InstitutoFuenzalida and Palacios (11) rabies vaccine
Biolégico (Sdo Paulo) were used for staneontaining 0.6 IU/ml, 2 days apart, by the
intraperitoneal ip), im and subcutaneous
(s9 routes. Fourteen days after the first in-
jection each group was challenged intracere-
brally with 0.03 ml of CVS diluted #0to 10*

Mice were infected with 102 to 10 virus dilution in a volume of 0.2 ml and for H mice and F1 hybrids and4 107 for

observed for 21 days for clinical symptoms and mortality. d/a = Dominance effect;
d = global dominance; a = additive effect. n.s., Nonsignificant.

L mice. Groups of 6 non-vaccinated mice
from the same mouse lines received 10

Selections  Line  No.ofanimals  -log LDsg/ml P d/a 107 virus dilution in a volume of 0.03 ml
intracerebrally. All animals were observed
[ H 12 3.3+ 0.20 :
OGRS <10 for 21 days and mortality was recorded.
L 12 35+ 0.24 The standard error of the 50% lethal doses
(LDsg was determined by Pizzi's formula as
F1 12 35+0.23 described in Ref. 12 based on the number of
" y 6 424016 dead mice for each virus dilution and the
o ] p Studentt-test was used to show the signifi-
L 16 36+ 023 cance of difference in L3 at P<0.05. The
dominance effect is reported as ttaratio,
F1 10 3.5+0.20 wherea is the additive effecta(= LDgo H -
LDgyL/2) andd is the global dominance €
\Y H 12 4.0+0.24 oo ) LDso F1 - [LDso H + LD L/2)).
L " S 093 e Innate resistance was investigated in the
H and L mice and in their F1 hybrids from
F1 10 3.7+0.24 selections I, lll and IV as well as in AIRmax
and AIRmin mice, and the L9 for CVS
AlR il 5 3.7 £040 . strain rabies virus inoculatdéch was deter-
ARmIn . 3.4+ 030 mined. The results of L{, their standard

Braz J Med Biol Res 30(11) 1997

error and the dominance effect are shown in
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Table 2 - Fifty percent lethal dose (LDgg) of rabies virus (CVS strain) in mice vaccinated by
different routes and challenged intracerebrally.

Mice received two vaccine injections 2 days apart and were challenged 12 days after the
second immunization by the intracerebral route. The number of mice in each group was
18. The protective index is the antilog of subtraction of the LDgg/0.03 ml values for
control and vaccinated mice. n.s., Nonsignificant.

LDsg (-log10)
Vaccination route  Line Protective index P
Non-vaccinated  Vaccinated

Intraperitoneal HIll 6.2+04 25+05 5000 <0.001
LI 6.5+0.3 47 +£04 63 <0.001
F1 6.2+0.3 3.5+03 500 <0.001

Intramuscular HIlI 6.2+04 3.5+0.3 500 <0.001
LI 6.5+0.3 6.2+0.3 2 n.s.
F1 6.2+0.3 3.0+06 1600 <0.001

Subcutaneous HIll 6.2+04 35+03 500 <0.001
LI 6.5+0.3 53+04 16 <0.001
F1 6.2 +0.3 52+05 10 <0.001

Table 1. LIl and LIV mice were more resist-selection | developed for responsiveness to
ant than HIll and HIV mice (P<0.001) andthis immunogen (15).
the interline differences were discrete for These data suggest that there were no
selection | (0.02<P<0.05) or absent for serestrictions in isotype or epitope recognition
lection AIR. A complete dominance of thein these selections, although it should be
susceptibility trait in F1 hybrids from selec-considered that macrophages have a higher
tion I, overdominance of the resistance traitatabolic activity in LI than in HI mice, a fact
in selection Il and codominance in selectiorthat would determine differences between
IV were noted. these lines (16). In selections IIl and 1V,
Considering the antibody production andhere was no difference in the catabolic ac-
its importance for the modulation of innatetivity of macrophages, and therefore the
resistance, the results observed in selectiorhlgher resistance of L mice may be explained
were in accordance with those obtained by intrinsic genetic factors. In these mice a
Consales et al. (13) and Nilsson et al. (6Jarger number of virus receptors have prob-
The H and L antibody responder mice difably accumulated by genetic drift, in the
fered widely in basal serum immunoglobu-same manner as determined for heparin (17)
lin concentration with significantly higher and MMTYV integration (18).
levels of IgM, IgA, 1gG3, IgG1, IgG2b and  In the AIR selection, where mice differ
IgG2aisotypes in H than in L mice (14). Theonly in acute inflammatory responsiveness
same pattern of differences was observed tout not in antibody production (Ribeiro OG,
the isotype distribution against flagellar angpersonal communication), there was no dif-
somatic Salmonella antigens, which were ference in the sensitivity to rabies virus,
the selection immunogens for H and L mouseuggesting a small participation of neutro-
lines from selections Il and 1V, respectively.phils and local inflammatory proteins in in-
That pattern was also observed for the isotypgate resistance to rabies.
distribution of antibody responses to heter- Table 2 shows the LI values for both
ologous erythrocytes in H and L mice fromvaccinated and non-vaccinated intracere-
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brally challenged groups of mice from selectained after vaccination by the intramuscular
tion Il and the protective index (pi) calcu-route, since LIII mice did not show any
lated by the difference between them. Imesponse to the vaccine (pi = 2). F1 hybrids
mice vaccinatedp, a significant difference were more resistant than H mice after chal-
(P<0.001) was observed between H and lenge with the CVS strain (pi = 1,600). On
mice (80-fold), H and F1 (10-fold) and be-the basis of the LE results for F1 hybrids, it
tween F1 and L mice (8-fold) in relation tocould be observed that there were distinct
the protective index. L mice did not presendominance effects on the “resistant” or “sus-
any protection when vaccinatéoh; there- ceptible” phenotypes which changed accord-
fore, this route gave the maximal interlineing to the route of inoculation, suggesting
separation with a highly significant differ- the relevance of enviromental factors for the
ence (P<0.001) between H and L (250-foldgxpression of these traits.
and between F1 and L (800-fold). The low- The present results suggest that the in-
est interline difference in protective indexnate and acquired resistance against rabies
was observed for subcutaneous vaccinatiorirus involves genetic traits other than anti-
with a statistically significant (P<0.001) dif- body responsiveness or inflammatory apt-
ference between H and L (32-fold) and beness. In spite of the importance of the hu-
tween H and F1 mice (50-fold) but almost nanoral response (7), we cannot exclude dif-
difference was observed between L and Fferences at the cellular level such as the
(1.6-fold). effector role of macrophages, interferons and

These results indicate that the intraperispecific T lymphocytes in this infection. Thus,
toneal route was the most immunogenicfuture investigations of these factors using
probably due to thép protocol employed the genetically selected mouse model will be
during the selective process (8). In this casénportant to determine host-infection inter-
the selective pressure may have been eaections and some aspects of immunotherapy
pressed at the presenting cell level and/or and vaccination efficacy.
the level of their interactions with effector
lymphocytes, as seen for other antigens (16Acknowledgments

When vaccination was performed by the
intraperitoneal and intramuscular route, F1 The authors are indebted to the staff of
hybrids from selection lll showed a behaviothe Secdo de Raiva e Encefalomielite,
similar to that observed for HIll mice, while Instituto Biol6gico, Sao Paulo, for providing
after subcutaneous vaccination, thed\®as facilities during the development of this
similar to that obtained for L mice with a low study, and to Mrs. Elizabeth J.G. Valentini,
but significant protective index. Instituto Butantan, for providing rabies vac-

The higher interline difference was ob-cines.
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