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ABSTRACT: The relationship among the phenotypes resistance to infection, virus
replication in the brain and isotype production was investigated in genetically
modified High (H) or Low (L) antibody responder mouse lines. Although they express
the same innate susceptibility to rabies infection, these lines differ as to different viral
replication rates in the central nervous system and L mice showed a higher
permissible state. After intramuscular infection with the Pasteur rabies strain (PV),
the H-L interline differences on the earlier stage of virus replication were 1000 and 80
folds on days 5 and 6, respectively. The isotype profile in sera of the experimentally
infected mice reflected an interline difference of 25 folds for IgG2a throughout the
infection period, and for the IgE production the H-L difference was highly significant
only at the beginning of the process. These results confirm the multi-specific effect of
antibody immune responsiveness and the general isotype distribution of antibodies in
these genetically selected mice. Contrary to the clear correlation between antibody
responsiveness and the acquired resistance to rabies infection, the present study
demonstrates that the constitutive genetic character of High and Low responder
individuals does not intervene in the degree of resistance following infection.
Altogether, this study contributes to the knowledge of the protective role of the
general innate responsiveness on the pathological pattern to rabies virus infection.
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INTRODUCTION
Rabies is an acute lethal disease known for ages. Humans and animals are
susceptible to the RNA Lyssavirus of the Rhabdoviridae family and due to the wide
geographic distribution, the variety of population isolates and the diversity of
mammalian reservoirs, rabies is still a serious public health problem. Susceptibility
varies among wild species and the intervention of 2-4 loci determining the acquired
resistance to rabies infection has been experimentally proved. Moreover, it must be
considered that vaccines exert eventual selective pressure on the evolution of
pathogenicity and influence the generation of new virus strains.
The distinct strains of rabies virus are strictly neurotropic pathogens. Experimental
infection reveals that the virus initially remains next to the inoculation site, where it
replicates, and the accumulation of mononuclear and other leukocytes is a secondary
process developed during this early stage. Unless neutralized at this stage, the virus
particles enter the peripheral nerves and reach the central nervous system (CNS)
where they can be found at high concentrations with limited neuropathological events
during the early phase. These events include CNS inflammation associated with
gliosis reaction and perivascular lymphocytes infiltration (7, 17, 22, 30). Several
specific or non-specific immunobiological mechanisms of defense have been
suggested to be involved in the restriction of virus replication at different sites of
infection, which may result in individual resistance. Among these, both T-cell
mediated immune responses and B-derived antibody responsiveness are active
mechanisms for the final protective state, and the level of soluble factors such as
INF-γ correlates with the degree of resistance (1, 8, 11, 14, 20).
Results of research developed in the last thirty years include demonstration of the
fundamental participation of genetic factors in the regulation of the immune response
and over the innate or acquired resistance to infections. Two broad types of genetic
control were established: a) specific monogenic regulation of immune response
related to genes often linked with the major histocompatibility complex [MHC] (5, 19),
and b) polygenic control of quantitative innate and acquired immune responsiveness
(3). To study the natural or acquired resistance against rabies, distinct animal models
have been established allowing for the analysis and characterization of effective
protection mechanisms. It was demonstrated that resistance to rabies infection is
genetically controlled by at least two loci in isogenic mice (16, 18). In these inbred
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lines responsiveness to rabies vaccination and resistance to virus challenge were
showed to be monogenic (28). However, isogenic mice were not selected for
immunobiological characters and in these mouse strains susceptibility is presumably
due to defective recessive alleles fixed by chance during selective cross.
Investigation of the genes controlling the specific acquired or innate immune
mechanisms acting on the resistance to infection demonstrated that the major
immunobiological phenotypes such as inflammatory responses, quantitative antibody
production, immunological tolerance and T-cell mediated reactivity, in spite of their
functional integration, are, at least in part, under the additive control of independent
segregating loci (3, 9, 13). The resulting polymorphic regulation of immunity is the
essential characteristic ensuring the survival of a genetically heterogeneous natural
population. As pointed by Boyartchuk and Dietrich (4), the plasticity and redundancy
of the immune system complicates the experimental study of these distinct
components. The goal of genetic selection is to create mouse lines with extreme and
easily differentiated phenotypes. If the selected genes modify the immune function,
they can intervene in the responsiveness to toxins and infectious agents. Thus, the
opposite capacity of the independent genetically modified mice to establish protective
mechanisms reflects a dynamic relation between the gene frequency and the nature
of immunogens or pathogens. Results of the factors responsible for the complex
pleiotropic network of the immune system may be indicative of the main protective
mechanisms of survival. Thus, the advantage of the genetically selected H and L
mouse lines model in relation to inbred mice is the availability of individuals
genetically homogeneous at the relevant loci controlling general characters, allowing
for the study of the real biological signification of innate and/or acquired immune
traits

and

the

establishment

of

eventual

correlation

between

distinct

immunobiological parameters (26, 29). In fact, studies on distinct H and L lines of
mice clearly demonstrated the positive correlation between neutralizing antibody
responsiveness to rabies vaccination and resistance to infection (21) and it was
proved that these traits are under polygenic control (10, 23). It was also
demonstrated that differences in resistance were directly correlated with the intrinsic
activities of their macrophages (8). Altogether, these studies suggest that innate and
acquired resistance against rabies involve distinct genetic traits other than antibody
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responsiveness or inflammatory aptness, making evident the complexity of factors
acting during the infective process (25).
In the present study the chosen analyzed phenotypes were resistance to infection
and virus replication in the brain. The antibody isotype profile after experimental
infection with the PV strain was also titrated, providing further data for the
comprehension of the general phenomenon of the rabies virus pathogenesis. The
analysis of these phenotypes conjointly with those already reported ascertained the
complex mechanisms acting on resistance/susceptibility to rabies virus infection.

MATERIALS AND METHODS
Animals
HIII and LIII mice were from Selection III according to the maximal or minimal antibody
responsiveness to flagellar antigens of Salmonellae (27). Adult males and females
were used when 3 months old; they were obtained and maintained at the animal
facilities of the Immunogenetics Laboratory of the Butantan Institute. All experiments
were performed following the guidelines for animal use approved by the Ethics
Committee in Animal Experimentation.

Virus and infection
In the experiment we used PV strain adapted to Vero cells culture with a titer of 104.9
LD50/0.03ml, being one mouse intracerebral 50% lethal dose equal to a titer of 104.9,
as calculated by the method described by Reed and Muench (24).
HIII and LIII antibody responder lines were intramuscularly infected with 0.1 ml of a PV
suspension and observed daily for mortality and mean survival time determinations.
At different times after infection, two sets of experiments were executed: 1) Some
infected animals expressing paralysis symptoms were sacrificed and the brain
collected for evaluation of virus titration. This was measured following intracerebral
inoculation into 14-16g Swiss mice, as described by Koprowsky (15), and expressed
as LD50/0.03ml; 2) Groups of mice were bled from the retro-orbital venous plexus on
days 3, 6, 12, 22 and 30 post infection.
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Assay for rabies virus-specific Ab IgG isotypes
The individual antibody isotypes of IgG2a and IgE were measured by the ELISA test.
Briefly, microplates (Nunc, MaxiScorp) were covered with 50μl of purified anti-mouse
IgG2a monoclonal antibody [mAb] R19-15V at 8μg/ml (Pharmingen, USA), and 50μl
of anti-mouse mAb R35-72 at 2μg/ml (Pharmingen) was added for capture. Plates
were blocked with PBS/1%BSA/0.05%Tween. Individual double serum dilutions in
ELISA buffer (PBS/0.1%BSA) were carried out including serum from uninfected
animals as controls. After 18h at 4°C biotin-conjugated anti-mouse IgG2a mAb R1915 and biotin-conjugated anti-IgE R35-72 were added. Reactions were developed
with

p-nitrophenyl

phosphate

(Sigma

Chemical)

in

diethanolamine

buffer.

Absorbance was measured at λ405nm and antibody isotype titers expressed as log2
of the reciprocal of the highest serum dilution at which the absorbance was
equivalent to three times the background values (12).

RESULTS
Susceptibility to rabies infection
HIII and LIII mice were equally susceptible to the experimental rabies infection,
showing 39 and 45 of mortality, respectively, and mean survival time of 12 days
(Table 1). Nevertheless, as shown in Figure 1, LIII mice were more permissible to
viral replication in the central nervous system than HIII. Titers as high as 103.5 and
104.3 LD50/0.03ml were found in brains of LIII mice on days 5 and 6 of infection,
respectively, in comparison to 101.1 and 102.3 LD50/0.03ml found in brains of HIII mice
on the same days. The HIII-LIII mice interline differences in virus replication were 1000
and 80 folds on days 5 and 6, respectively.

Isotype profiles
The isotype detected in sera of mice after different times of infection showed that HIII
mice were capable of regularly producing a higher amount of IgG2a when compared
to LIII mice (Figure 2). Interline differences of at least 25 folds were observed
throughout the infection period. HIII mice were also capable of producing IgE in high
amounts from the beginning to the end of the infection and LIII mice showed at the
initial phase a quite low amount of IgE, which rose during a late period of the
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infection. Thus, interline differences for IgE syntheses were highly significant at the
beginning of the infection only.
Table 1: Mortality of HIII and LIII genetically selected mice after PV rabies virus strain
infection.
Mice

Mortality/Total

Mean survival
time [x±s] (days)

HIII

39/46

12.0±7.0

LIII

45/49

12.0±5.8

Mice were intramuscularly infected with PV rabies virus (titer of 104.9
LD50/0.03ml) and observed for 30 days.

Figure 1. Kinetics of virus replication in the brain of HIII and LIII responder mice during
PV rabies virus strain infection. Animals were intramuscularly infected with 0.1 ml of
PV rabies virus (titer of 104.9 LD50/0.03ml); brains were collected at different moments
from animals showing rabies symptoms and the virus was titrated by mouse
inoculation assay. Data are expressed in Log10 LD50 and represented the average of
3 experiments.

C. A. Consales et al. LACK OF CORRELATION BETWEEN RABIES VIRUS REPLICATION IN THE BRAIN AND
ANTIBODY ISOTYPE PROFILE IN GENETICALLY MODIFIED MICE. J. Venom. Anim. Toxins incl. Trop. Dis.,
2006, 12, 3, p. 429

Figure 2. Kinetics of IgG2a (a) and IgE (b) synthesis in HIII and LIII responder mice
during PV rabies virus strain infection. Animals were intramuscularly infected with 0.1
ml of PV rabies virus (titer of 104.9 LD50/0.03ml); sera were collected on days 3, 6, 12,
22 and 30 and the isotype profile of antibodies were determined by ELISA.
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DISCUSSION
Rabies virus is highly neurotropic being extremely and selectively adapted to
neurons. As clearly exposed by Baloul and Lafond (2), the degree of pathogenicity
depends on the neuroinvasive capacity of the rabies virus strain. Thus, an attenuated
virus may promote effective humoral and T-cell immune responses and would be
eventually protector to subsequent challenge with a highly pathogenic strain. Several
studies suggest that both innate and acquired resistance against rabies virus intrinsic
neuroinvasive characteristics involve distinct genetic traits other than antibody
responsiveness or inflammatory aptness, making evident the complexity of factors
acting during the infective process (25). Recently, it was demonstrated that apoptosis
is a relevant phenomenon related to the neuroinvasion and transmission of rabies
virus within the CNS. Microglia are the tissue macrophages, the principal immune
cells of the CNS. The activation of microglial cells is controlled by cytokines such as
IFN-γ, a particularly potent activator of microglia that can up-regulate MHC classe II
expression, phagocytosis and production of different cytokines. Virus neuroinvasion
might be controlled if microglia and activated T cells eliminate the infected neurons
(2, 6).
The present results indicate lack of correlation between serum neutralizing antibody
responses following infection and resistance to rabies in genetically modified mice
selected according to the maximal [HIII line] or minimal [LIII line] antibody
responsiveness. Previous and pioneer studies on distinct H and L lines of mice
demonstrated the positive correlation between acquired resistance to infection and
neutralizing antibody responsiveness to rabies virus (21) and it was proved that these
traits are under polygenic control (10, 23). It was also demonstrated that differences
in resistance were directly correlated with the intrinsic activities of macrophages and
the antiviral effect mediated by IFN-γ (8). Although HIII and LIII mice showed a quite
different magnitude of virus replication in the brain as well as a distinct capacity to
synthesize IgG2a or IgE, the resistance degree against experimental rabies infection
was comparable. The antibody isotype pattern observed in infected mice may reflect
a distinct capability of these animals to mount a cell immune response, which in turn
could be more or less effective in neutralizing the virus in the brain. The possibility
that the higher virus replication in the brain of LIII mice is compensated by a greater
capability of these animals to mount a more efficient cell immune response can not
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be excluded, and may explain the final comparable resistance of both mouse lines to
the rabies infection.
These results confirm that high and low responsiveness is not restricted to the
selection immunogens but is inclusive for distinct antigen specificities and antibody
isotypes. They also indicate that this multi-specific trait could be likewise extensive
for the adaptive immune response during an infectious process. Finally, the analysis
of the three described phenotypes conjointly with those previously reported (8, 10,
18, 28) contribute to the understanding of the complex mechanisms acting on the
protective or immunopathological states following rabies virus infection or
immunization.
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