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The clearance of Sindbis virus from the blood stream and its localization in the reticuloendothelial
system (RES) was studied in mice susceptible (2 weeks old) and resistant (6 weeks old) to fatal Sindbis
virus encephalitis. No significant differences in the relative capacity of 2-week-old and 6-week-old
mice to remove '?%[Habeled virus from the blood stream and to localize virus within the liver were
observed. However, the decline of infectious virus was more rapid in the blood of adult mice. These
studies suggest that, in addition to physical removal of virus by the RES, inactivation of virus in the
blood stream plays an important role in limiting viremia during infections with Sindbis virus.
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INTRODUCTION

In many viral infections the severity of disease decreases with increasing age of the
host. The mechanisms responsible for the acquisition of resistance with aging vary with
the host and virus under investigation [4,7,18,19]. However, for most viral infections
the mechanism for development of age-dependent resistance is unknown. Sindbis virus,
an alphavirus of the togavirus group, causes an acute encephalitis in mice in which mortality
is age-dependent [16]. Previous studies have shown that virus-specific immune responses,
including lymphoproliferative and antibody responses, are similar in the older resistant
and younger susceptible animals [5]}. Similarly, differences in interferon induction
[20,21] and natural killer cell responses [13] do not appear to explain age-dependent
susceptibility. Subcutaneous inoculation of Sindbis virus results in a viremia that is
significantly greater in younger susceptible mice than in older resistant mice [5]. It has
been suggested that the reticuloendothelial cell system (RES) of weanling mice is
capable of clearing more virus than the RES of suckling mice [6]. The present studies
were undertaken to determine whether the susceptibility of younger animals to fatal
Sindbis virus infection could be correlated directly to a deficiency of RES function or
to other factors operating independently of the RES.
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EXPERIMENTAL

Sindbis virus (AR339) grown on BHK-21 cells was purified by sucrose density gradient
centrifugation [9] and labeled with 2°1 by the lactoperoxidase method [17]. Unbound
1251 was removed by extensive dialysis of the labeled virus preparation. The labeling
procedure did not significantly affect infectivity of the virus and the specific activity of
the virus preparation was approximately 1 count per minute (c.p.m.) per plaque-forming
units (p.f.u.)/ of virus. BALB/c mice were obtained from Charles River Animal Breeding
Facilities (Wilmington, MA). In the study of virus clearance from the blood stream,
animals were inoculated, via the intracardiac route, with 5 X 10° p.f.u. of Sindbis virus,
diluted in phosphate-buffered saline (PBS). Two-week-old animals received this dose of
virus in 0.1 ml and 6-week-old mice in 0.2 ml.

For study of the clearance of infectious virus, the amount of virus in blood was
determined by plaque assay on monolayers of BHK-21 cells [5]. For study of the
clearance of !** I.labeled virus, whole organs and known volumes of blood (70 ul) were
obtained and counted in a Nuclear Chicago Gamma Spectrometer. Individual mice were
assessed at each time point.

To correct for the amount of label in organs due to the presence of blood, blood
volumes of organs were determined following the injection of 3! Cr-labeled autologous red
blood cells [3]. The following calculation was used to determine the amount of ' I-labeled
virus in organs, exclusive of label in the organs due to the presence of blood: net 51
c.p.m.forgan=Gross '?*I c.p.m./organ — [*** I ¢c.p.m./ml blood X organ blood volume (ml)] .

Serum levels of C3 were determined by radial immunodiffusion in 1% agarose in PBS
containing a 1:10 dilution of goat anti-mouse-C3 (Cappel Labs, Cochranville,
PA). Results are expressed as precipitin ring diameters (mm) measured at 48 h.

Fig. 1 shows the results of an experiment in which RES function in susceptible and
resistant mice was evaluated. ?*Ilabeled Sindbis virus was injected by the intracardiac
route, and samples of blood, liver, spleen, and lungs were obtained at frequent intervals.
No significant differences in the rate of clearance of labeled virus from the blood of
2- and 6-week-old mice were observed. Furthermore, with the exception of one time point
(2 h), there were no differences in the uptake of labeled virus into the livers of 2- and
6-week-old mice (data not shown). Only small amounts (< 1.0%) of labeled virus were
taken up by spleen and lungs in both groups of mice.

This study showed that there were no significant differences in the clearance and
localization of labeled virus between susceptible and resistant mice. In order to evaluate
the clearance of infectious virus, 2- and 6-week-old mice were injected with 5 X 10® p.f.u.
virus and infectious virus was quantitated in the blood. Significantly more virus was
present in the blood of 2-week-old mice at all times studied (Fig. 1). In addition, it
appears that, for both groups of mice, infectious virus is inactivated at a faster rate than
labeled virus is removed from the blood (Fig. 1).

Serum C3 levels in pooled serum from mice of both ages were identical (6.0 mm ring
diameter).
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Fig. 1. Clearance of '*%]-labeled virus (----- , ¢.p.m.) and decline in infectivity ( , pf.u.) from the
blood of 2-week-old (e, =) and 6-week-old (o, o) mice. Data are expressed as the -log,, amount of
virus (p.f.u. or label) present at any one time, divided by the amount present at time 1 min. Since
the blood volume of 2-week-old mice was 2.6 times less than that of the 6-week-old mice, values for
the 2-week-old animals were divided by 2.6 to correct for the initial higher concentration. Blood from
six individual mice in each age group was assessed for each time point of the clearance curve of labeled
virus; blood from five individual mice in each group was assessed for infectivity.

These studies demonstrate that, although the clearance of radiolabeled virus particles
from the blood of young susceptible and older resistant mice is comparable, the clearance
of infectious virus is more efficient in the older animals. These observations suggest that
inactivation of virus within the bloodstream is an important aspect of the clearance of
viremia and that a deficit in serum inactivation may contribute to the susceptibility of
younger mice to fatal Sindbis virus infection.

Previous studies have suggested that the macrophage plays an important role in
recovery of adult mice from other alphavirus infections [1,14]. However, there is no
evidence that these functions are important in the development of age-dependent
resistance, and, in fact, previous studies with Sindbis virus suggest that changes in RES
function with aging do not contribute to its development [6]. The present experiments
confirm these findings.

Two mechanisms seem to contribute to clearance of virus from the blood stream. In
addition to physical clearance of virus by the RES, there is inactivation of viral infectivity.
The latter appears.less efficient in young mice in these short-term studies. Thus, the
greater magnitude of viremia observed in young mice during natural infection [5] may be
due to an inability to inactivate infectious virus in the blood stream. Since it has been
previously shown that the length of viremia in Sindbis infection correlates with severity
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of infection of the central nervous system [8], the inability of the blood to inactivate
virus may result in a more severe form of encephalitis in younger mice. Since Sindbis virus
activates the third component of complement (C3) [12] and complement depletion
has been shown to prolong the viremia in Sindbis virus infections ]8,11], maturational
changes in levels of certain complement components may be of importance in this aspect
of viral clearance. However, the inability of young mice to inactivate Singbis virus within
the blood stream does not appear to be related to differences in serum C3 levels (as
measured immunochemically), since these were identical in the two age groups. It remains
possible that other complement components or perhaps the levels of functional C3 pre-
viously shown to be lower in younger animals [2] are of greater importance in limiting
viremia.

Differences in viral clearance between younger susceptible and other resistant animals
may contribute but cannot alone account for the development of age-dependent resistance.
Direct intracerebral inoculation of virus which obviates the need for viremia to produce
encephalitis still does not produce a fatal infection in the mature animal. This observation
suggests that factors operative within local sites of replication as well as within the blood
stream are also important in the development of age-dependent resistance.
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