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Intracerebral inoculation of Theiler's murine encephalomyelitis virus into susceptible strains of mice
produces chronic demyelinating disease in the central nervous system characterized by persistent viral
infection. Immunogenetic data suggest that genes from both major histocompatibility complex (MHC) and
non-MHC loci are important in determining susceptibility or resistance to demyelination. The role of the MHC
in determining resistance or susceptibility to disease can be interpretated either as the presence of antigen-
presenting molecules that confer resistance to viral infection or as the ability of MHC products to contribute
to pathogenesis by acting as viral receptors or by mediating immune attack against virally infected cells. These
alternatives can be distinguished by determining whether the contribution of the MHC to resistance is inherited
as a recessive or dominant trait. Congenic mice with different MHC haplotypes on identical B10 backgrounds
were crossed and quantitatively analyzed for demyelination, infectious virus, and local virus antigen
production. F1 hybrid progeny derived from resistant B10 (H_2b), B10.D2 (H-2d), or B10.K (H-2k) and
susceptible B10.R111 (H-2r), B10.M (H-Y2), or B10.BR (H-2k) parental mice exhibited no or minimal
demyelination, indicating that on a B10 background, resistance is inherited as a dominant trait. Although
infectious virus, as measured by viral plaque assay, was cleared inefficiently from the central nervous systems
of resistant F1 hybrid progeny mice, we found a direct correlation between local viral antigen production and
demyelination. These data are consistent with our hypothesis that the immunological basis for resistance is
determined by efficient presentation of the viral antigen to the immune system, resulting in local virus clearance
and absence of subsequent demyelination.

Theiler's murine encephalomyelitis viruses (TMEV) are
naturally occurring enteric pathogens belonging to the family
Picornaviridae. Intracerebral inoculation ofTMEV into sus-

ceptible strains of mice produces a characteristic biphasic
disease (15, 35). The early phase is characterized by acute
encephalitis during which the virus lytically infects neurons
in grey matter. Strains that have a resistance phenotype are
able to clear the virus and rarely develop further pathological
abnormalities. In contrast, all surviving mice that have a

susceptibility genotype develop chronic demyelinating dis-
ease characterized by persistent viral infection and mononu-
clear cell infiltration associated with myelin destruction. The
pathological and immunological properties of TMEV-in-
duced demyelination, along with the genetic predisposition
for it, are similar to those seen with multiple sclerosis of
humans, and thus, TMEV provides a model to study aspects
of multiple sclerosis.
At least two mechanisms have been proposed to account

for demyelination. That demyelination can occur from direct
lysis of oligodendrocytes by virus is supported by immuno-
peroxidase and ultrastructural studies (2, 9, 24, 26), as well
as by studies with nude mice (34). The direct correlation
between viral RNA and demyelinating lesions also provides
evidence that virus infection is necessary for pathogenesis
(4). Evidence supporting an immunological basis for demy-
elination is derived from experiments in which treatment of
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susceptible mice with various immunosuppressive regimens
(16, 29, 33) results in amelioration of demyelination.
A genetic basis for the disease is derived from immuno-

genetic data involving several different strain comparisons
(5, 18, 28). Those studies indicated that genes from major
histocompatibility complex (MHC) and non-MHC loci influ-
ence the resistance or susceptibility of mice to demyelina-
tion. Non-MHC genes which have been implicated in differ-
ential susceptibility have been mapped in or near loci
encoding the a chain of the T-cell receptor (19) and, more
recently, the enzyme carbonic anhydrase 2 (21). Likewise, a
role for MHC-encoded genes has been demonstrated in
congenic mice with resistant B10 backgrounds in which mice
with H-2d,b,k haplotypes are resistant to demyelination while
those with H-2' v 4 rS haplotypes are susceptible (27). The
observation that congenic recombinant mice normally resis-
tant to disease but possessing an allele derived from a

susceptible haplotype at the D locus or, alternatively, intro-
duction of a mutation in the D locus of otherwise resistant
mice predisposes to demyelinating disease suggests that
class I genes are critical (5, 28, 30). In addition, the devel-
opment of demyelination in genetically resistant B10 mice
following total-body irradiation further suggests that resis-
tance to disease is mediated by an active process (32). On the
basis of these observations, we hypothesize that in the B10
model resistance or susceptibility is determined by the
ability or inability of certain class I allelic glycoproteins to
present the viral antigen effectively to the immune system,
resulting in either viral clearance and absence of demyelina-
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tion (resistance) or persistent viral infection and demyelina-
tion (susceptibility). On the basis of this hypothesis, we
predict that in congenic mice with different MHC haplotypes
on identical resistant B10 backgrounds the contribution of
MHC to resistance to disease is inherited as a dominant trait
and is associated with local virus clearance.

MATERIALS AND METHODS

Virus. The DA strain of TMEV (6) was used for all
experiments. This strain, originally obtained from J. P.
Lehrich and associates of the University of Chicago, Chi-
cago, Ill. (12), was grown to 5 x 108 PFU/ml in baby hamster
kidney 21 cells (17).

Mice. B10.RIII, B10.M, B10.D2, and B10.K mice were
obtained from the Mayo immunogenetic mouse colony.
C57BL/10 (B10) mice were purchased from The Jackson
Laboratory (Bar Harbor, Maine) and used for experiments
after a 1-week rest. All mice, including F1 hybrid progeny
mice, were raised at the Mayo Clinic facility. Mice of either
sex from 4 to 8 weeks of age were injected intracerebrally
with 2 x 105 PFU of virus in a 10-,lA volume.

Virus plaque assay. Viral titers in clarified central nervous
system (CNS) homogenates were determined by plaque
assay as previously described (31). In brief, 0.2 ml of serial
dilutions of virus in Dulbecco modified Eagle medium with
1% bovine serum albumin were plated in duplicate on
confluent monolayers of L2 cells in 12-well plates. Following
adsorption for 1 h at 37°C, cell cultures were overlaid with 3
ml of Dulbecco modified Eagle medium containing 2%
newborn calf serum and 0.4% SeaPlaque agarose (FMC
Corp., Marine Products Div., Rockland, Maine). At 2 to 3
days later, agarose was removed and cell cultures were fixed
with ethanol-acetic acid-formaldehyde (6:2:1) and stained
with 1% crystal violet in 20% ethanol. Plaques were enumer-
ated, and results were expressed as log1o PFU per gram of
CNS tissue. CNS homogenates were prepared from brains
and spinal cords aseptically removed from mice killed with
ether. A 10% homogenate was prepared in Dulbecco modi-
fied Eagle medium, sonicated twice for 60 s each time, and
clarified by centrifugation. Virus preparations were stored at
-700C.
Preparation of tissue for light microscopy and quantitative

analysis. Forty-five days postinfection, mice were anesthe-
tized with 0.2 ml of pentobarbital (intraperitoneally) and
perfused by intracardiac puncture with Trump's fixative
(phosphate-buffered 4% formaldehyde with 1.0% glutaralde-
hyde, pH 7.2). Spinal cords were removed and sectioned
coronally, and 12 to 15 blocks (1 to 2 mm thick) from each
mouse were osmicated and embedded in 2-hydroxyethyl-
methacrylate (JB-4 system; Polysciences Inc., Warrington,
Pa.). Two-micrometer sections were stained with a modified
erichrome method with cresyl violet (25) to detect demyeli-
nation. Detailed morphological analysis was performed by
examining each quadrant from 15 to 20 spinal cord coronal
sections from each mouse for the presence or absence of
demyelination and/or inflammation. A maximum score of
100 represented the presence of abnormalities in every
quadrant of every spinal cord section examined. For immu-
noperoxidase studies, sections stored in 0.1 M phosphate
buffer were rinsed in 0.1 M Tris buffer with 25 mM hydrox-
ylamine (pH 7.4), treated with 10% dimethyl sulfoxide in the
same buffer for 1 h, and quick-frozen in isopentane chilled in
liquid nitrogen. Ten-micrometer cryostat sections were cut
and transferred to gelatin-coated glass slides.

Immunocytochemistry. Frozen sections from Trump fixa-

tive-perfused mice were reduced with 1% sodium borohy-
dride in 0.1 M Tris buffer with 25 mM hydroxylamine (pH
7.4) at 4°C and refixed with 95% alcohol-5% glacial acetic
acid. Sections were immunostained with a polyclonal anti-
serum to purified TMEV strain DA virions (30) by the
avidin-biotin immunoperoxidase technique (Vector Labora-
tories, Burlingame, Calif.). Slides were developed with a
solution of 75 ,ug of Hanker-Yates reagent (p-phenylenedi-
amine-procatechol [Polysciences]). Slides were counter-
stained with hematoxylin.

Statistical analyses. The Wilcoxon rank order sum test was
used to evaluate the significance of differences in patholog-
ical-change scores between different strains of mice. Fish-
er's exact test was used to analyze differences in the
isolation of infectious virus between strains of mice.

RESULTS

Inheritance of resistance to TMEV-induced demyelinating
disease as a dominant trait. To determine whether MHC-
conferred resistance to TMEV-induced demyelination is
inherited as a recessive or dominant trait, we infected F1
hybrid progeny mice derived from crosses between congenic
mice having either resistance or susceptibility haplotypes on
resistant B10 backgrounds. At 45 days postinfection, spinal
cords were removed and quantitative analysis was per-
formed (Table 1). F1 hybrid progeny mice derived from
resistant B10 (H-2b) and either susceptible B1O.RIII (H-2r) or
B1O.M (H-2k) parental mice exhibited no or minimal demy-
elination; pathological-change scores were significantly
lower than those of either B10.RIII or B10.M parents (Table
1). Similarly, F1 hybrid progeny mice derived from a cross
between resistant B1O.D2 (H-2d) and susceptible B1O.M
parental mice also exhibited significantly less pathological
change than did the B1O.M parent. The absence of patho-
logical abnormalities in F1 hybrid progeny mice was not
dependent upon maternal or paternal origin of specific MHC
regions nor on gender; the results were therefore pooled for
presentation. Histopathological changes were characterized
by meningeal and perivascular infiltration of mononuclear
inflammatory cells and destruction of myelin with preserva-
tion of axons (Fig. 1A). In contrast, white matter from
resistant F1 progeny mice showed few pathological abnor-
malities; inflammatory cells were minimal, and myelin was
intact (Fig. 1B). These data suggest that on a B10 back-
ground, MHC-conferred resistance is inherited as a domi-
nant trait.
Although B1O.BR (H-2k) and B1O.K (H-2k) mice are pre-

sumed to be genetically identical, B1O.BR mice developed
significantly more pathological abnormalities than did B1O.K
mice (Table 1). This differential susceptibility to TMEV-
induced demyelination was further evidenced in compari-
sons of pathological changes in F1 progeny mice derived
from crosses with resistant C57BR mice; pathological
changes (11.6 + 8.5) occurring in (C57BR x B1O.BR)Fj mice
were statistically more severe than those in (C57BR x
B1O.K)F1 mice (0.4 + 0.5; P < 0.01). As was observed in
other crosses between congenic mice, pathological-change
scores for (B1O.BR x B1O.K)F1 mice were significantly
lower than those of the more susceptible B1O.BR mice but
not those of B1O.K parental mice.
To determine whether susceptibility to TMEV-induced

demyelination observed in B1O.BR (H-2k) and B1O.M (H-2f)
strains of mice was due to a common genetic defect,
(B1O.BR x B1O.M)F1 hybrid mice were infected with
TMEV. Although pathological-change scores for (B1O.BR x
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TABLE 1. Demyelination in the spinal cords of B10 congenic
and F1 progeny mice

H-2 No. of Demyelination PStrain haplotype(s) mice score' value"

BlOC b 13 0.4 ± 0.7
<0.011

B1O.R111 r 10 9.3 ± 8.4 JNS
<0.01J

(BlO X B1O.R111)F1 b/r 15 0.9 ± 1.3

B10C b 13 0.4 ± 0.7
<0.01,

B1O.Mc f 9 17.4 ± 7.4 )NS
<0.01

(BlO x B1O.M)F1 b/f 16 1.0 + 1.5

B1O.D2 d 9 1.7 ± 2.0
<0.01

B1O.Mc f 9 17.4 ± 7.4 NS
<0.0

(B1O.D2 x B1O.M)F1 dlf 10 2.7 ± 3.3

B1O.K k 10 7.4 ± 8.2
1 <0.05

B1O.BRC k 16 14.9 ± 7.6J NS
<0.01

(B1O.K x B1O.BR)F1 k/k 17 3.8 ± 3.7

B1O.BRC k 16 14.9 7.6
B NS

B10.MW f 9 17.4 ± 7.4 NS
<0.05

(B1O.BR x B1O.M)F1 k/f 18 10.8 ± 6.7

a Demyelination was determined by scoring each quadrant from 12 to 15
coronal spinal cord sections from each mouse for the presence or absence of
inflammation and/or demyelination 45 days postinfection and expressed as a
mean pathological score ± the standard deviation. A total of 2,145 spinal cord
sections were examined.

b The Wilcoxon rank-sum test was used. NS, Not significant.
c For purposes of presentation, the pathological scores for these mouse

strains are represented more than once.

B1O.M)F1 were statistically lower than those of B1O.M
parental mice, meaningful gene complementation resulting in
resistance to disease was not convincingly demonstrated,
since F1 progeny mice developed significant pathological
abnormalities (Table 1). This observation suggests that the
gene(s) predisposing to the demyelinating disease observed
in B1O.BR and BMO.M mice is located within the same
complementation groups.

Isolation of infectious virus from brain and spinal cord of
resistant and susceptible mice. Comparisons between levels
of infectious virus isolated from CNSs of prototype resistant
(B10) and susceptible (SJL/J) strains of mice (23) have
demonstrated that resistance correlates with virus clearance
while susceptibility correlates with persistent virus infec-
tion. To determine whether inheritance of MHC-conferred
resistance to TMEV-induced demyelination is associated
with virus clearance, parental mice and their F1 hybrid
progeny mice were infected with TMEV and infectious virus
was determined in their brains and spinal cords. Although
the sample size in individual comparisons was small, overall
virus persistence in susceptible mice (32 of 37 mice) oc-
curred at a significantly higher incidence (13 of 47 mice) than

A

FIG. 1. (A) Inflammatory infiltrate and demyelination in the
spinal cord of a B1O.M mouse 45 days postinfection with TMEV. (B)
Lack of pathological changes in the spinal cord of a (BlO x
B1O.M)F1 progeny mouse. Glycol-methacrylate sections stained
with erichrome-cresyl violet. Magnification, x 1,459.

in resistant mice (Fig. 2). Consistent with pathological
changes, infectious virus was isolated from the CNSs of all
B1O.RIII and B1O.M mice and was not detected in the CNSs
of 10 of 10 B10 mice on 5 of 6 B1O.D2 mice (Table 2; Fig. 2)
examined. Clearance of virus correlated with inheritance of
resistance in (BlO x B1O.RIII)F1 progeny mice, since fewer
mice had detectable infectious virus than did susceptible
B1O.RIII parental mice (P = 0.0192). Although (BlO x
B1O.M)F1 and (B1O.D2 x B1O.M)F1 progeny mice appeared
to clear virus more efficiently than did susceptible B1O.M
parental mice (Table 2; Fig. 2), isolation of infectious virus
did not appear to correlate completely with the state of
resistance.

Viral antigen production in F1 hybrid progeny mice. Im-
munocytochemical and in situ hybridization studies have
demonstrated a strong correlation between viral antigen and
RNA expression and areas of pathological change (3, 4). In
one study (4), viral antigen-RNA-positive cells were de-
tected during late disease in demyelinating lesions in SJL/J
mice but no or few cells were detected in C57BL/6 mice,
consistent with the lack of demyelination. In B10 mice, lack
of pathological abnormalities strongly correlated with effi-
cient virus clearance (Table 2; Fig. 2). However, although
(BlO x B1O.M)F1 mice developed no or minimal demyeli-
nating disease (Table 1), infectious virus was isolated from 6
of 11 mice (Table 2). To define specifically the association of
local viral antigen production with demyelination in these
mice, five or six spinal cord coronal sections from individual
B1O.M and (BlO x B1O.M)F1 mice known to have demyeli-
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TABLE 2. Isolation of infectious virus from CNSs of B10
congenic and F1 progeny mice 45 days postinfection

H-2 Virus PStrain haplotype(s) isolationa valueb

B10 b 0/5 1
1 0.0079

B1O.R111 r 4/4 NS
0.0192

(BlO x B1O.R111)F1 blr 3/12

B10 b 0/5
I 0.0079

B1O.M f 5/5 0.0934
0.1186

(BlO x B10.M)F1 b/f 6/11

B1O.D2 d 1/6
1 0.0152

B1O.M f 5/5 NS
0.0753

(B1O.D2 x B1O.M)F1 d/f 3/8

B1O.BR k 5/5
NS

B1O.M f 5/5 NS
NS

(B1O.BR x B1O.M)F1 k/f 8/12

a Number of mice with detectable virus/number of mice examined.
b Fisher's exact test was used. NS, Not significant.

B1O.RIII B1o B1O.M B10.D2 B10.BR

STRAIN

FIG. 2. Isolation of TMEV 45 (M) or 90 (0) days postinfection
from the CNSs of B10 congenic mouse strains (B) and F1 hybrid
progeny mice (A). Infectious virus (log1o PFU per gram of CNS
tissue was determined by viral plaque assay (31). Mice from which
no virus was isolated are represented below the broken lines (assay
sensitivity, 1.7 log1o PFU/g of CNS tissue).

nation, as well as (BlO x B10.M)F1 mice in which patholog-
ical changes had not been detected (Table 3), were analyzed
by the immunoperoxidase technique. Viral antigen-positive
cells were detected in all of the B10.M mice examined and in
two of three (BlO x B10.M)F1 mice exhibiting pathological
changes (Table 3; Fig. 3). The extent of the pathological
changes observed in these mice also correlated with the
number of positive cells detected; 10 to 65 cells were
enumerated in more extensively affected B10.M mice, and
only 2 and 5 cells, respectively, were detected in F1 progeny
mice which had minimal pathological changes. In contrast,
no viral antigen-positive cells were detected in F1 progeny
mice which had no detectable pathological changes (Table 3;
Fig. 3). In addition, viral antigen-positive cells were ob-
served only within demyelinating lesions. These results are
consistent with the hypothesis that MHC-conferred resis-
tance to TMEV-induced demyelination is associated with a
reduction in local viral antigen production.

DISCUSSION

Previous results have shown that on a B10 background,
resistance to TMEV-induced demyelinating disease is asso-
ciated with specific H-2 haplotypes and more specifically
maps to the D locus, the MHC region containing genes that

encode class I protein products (5, 20, 27, 28, 30). The
observation that mutations within H-2D are sufficient to
convert a resistant strain to susceptibility suggests that
resistance to disease induction is mediated by an active
process (30). These observations, together with the data
from the present study, are consistent with our hypothesis
that in the B10 model, the immunological basis for resistance
is determined by the ability of class I gene products encoded
by certain haplotypes, e.g., H-2b'd, to interact with viral
antigen effectively, resulting in local virus clearance and
absence of demyelinating disease. Susceptibility, conse-

TABLE 3. Correlation of viral antigen-positive cells
with demyelination

Mouse Strain Demyeli- No. of viral antigen-
no. nationa positive cells'

1 B1O.M 30.2 65
2 B1O.M 26.7 10
3 B1O.M 20.3 18

4 (BlO x B1O.M)F1 4.2 2
5 (BlO x B1O.M)F1 3.1 0
6 (BlO x B1O.M)F1 2.9 5

7 (BlO x B1O.M)F1 0.0 0
8 (BlO x B1O.M)F1 0.0 0
9 (BlO x B1O.M)F1 0.0 0

a Demyelination was determined by scoring each quadrant from 12 to 15
coronal spinal cord sections from each mouse for the presence or absence of
inflammation and/or demyelination and expressed as a mean-pathological-
change score ± the standard deviation.

b Five or six coronal spinal cord sections from Trump fixative-perfused
mice were stained by the avidin-biotin immunoperoxidase technique using
polyclonal antiserum to purified TMEV strain DA virions (31).
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ing lesions in spinal cords from a B1O.M mou

B1O.M)F1 mouse (B) 45 days postinfection w
tions were counterstained with hematoxylin. M

quently, is due to the inability of these p
efficient virus clearance, which then predi
nating disease. These data do not support
that resistance results from either lacd
encoded gene products necessary for pro(
tion, e.g., viral receptors, as described fo
leukemia virus-induced thrombocytopeni
ance generated from a cross-reactive vi
scribed by Vidovic and Matzinger (37
susceptibility to disease would be inheri
trait.
We examined the correlation of infectih

and local viral antigen production in t
genetically determined patterns of resist
rus clearance strongly correlated with res
nation in parental mice, infectious virus
ciently in some resistant F1 progeny. In i

complete absence of viral antigen-positi'
and F1 progeny mice that did not deve
disease. These results confirm the findinL
al. (4), who found a direct correlation E
antigen or RNA production and demyelir
porting the hypothesis that viral infecti
prerequisite for disease. Although the pr
of infectious virus appears to be a re

susceptibility or resistance in some case,
that local viral antigen production reflec
cess more accurately and thus is a more r

Vŝt~ Discrepancies between infectious virus and viral antigen
production have been noted before (38) and may be due to
either cell-free virus not detected by immunocytochemistry
or the presence of viral antigen in regions of the CNS not

*' J V included in the analysis of pathological changes, e.g., the
s;* >7 brain.

What regulatory mechanisms, influenced by genes en-
coded by H-2, are important in limiting viral antigen produc-

* + > tion and thus preventing subsequent demyelinating disease?
Resistance may be due to an early or innate mechanism that

A-P is operative before a specific antiviral immune response
K X * * Z develops, as has been described in B10 mice after infection

P*;t with ectromelia virus (22). Our data, however, do not

~ <t*support this mechanism. Resistant and susceptible strains of
mice are similarly affected during early grey matter disease;
pathological scores, levels of infectious virus, and numbers
of viral antigen-positive cells did not differ between the two
groups. No difference in grey matter disease exists, despite

4. * , the observation that B10 mice have twofold higher natural
killer cell activity than SJL/J mice (23). However, natural
killer cell depletion of resistant mice increases only the
morbidity and mortality associated with grey matter disease
but does not induce development of late demyelination.

- These observations imply that resistance to TMEV-induced
demyelination depends on appropriate antiviral immune
responses rather than mechanisms operating during the

N=, innate or preimmune phase of infection. An immunological
basis for resistance is further supported by experiments in

't - which immunosuppression of B10 mice by total-body irradi-
ation predisposes to demyelinating disease (32).
Mechanisms compatible with the apparent influence of

class I loci can be proposed to account for the inability of
s) within demyelinat- susceptible mice to limit virus production and, hence, de-
se (A) and a (BlO x velop demyelinating disease. Susceptible strains of mice
ith TMEV. The sec- may fail to generate an adequate cytotoxic T-lymphocyte
Lagnification, x 1,459. response such that virus is never cleared and disease occurs.

Relevant to this proposal are the observations that absent or

roducts to achieve low cytotoxic T-lymphocyte responsiveness to a variety of
isposes to demyeli- viruses, including influenza virus (1, 7), vaccinia virus (7),
hypotheses stating lymphocytic choriomeningitis virus (36), and herpes simplex
k of certain H-2- virus (10), is associated with certain MHC alleles and, in
ductive virus infec- many cases, correlates with inefficient virus clearance. Ab-
r Rauscher murine sent or low T-cell responsiveness may be due to either
ia (8), or self-toler- general failure in their induction or modulation of this
ral protein, as de- response by immune response (Ir) gene products (11). Ex-
). In these cases, periments suggest that genes encoded in the I region of H-2
ited as a dominant can influence the severity of TMEV-induced demyelinating

disease (28). In addition, Lindsley and Rodriguez (13) have
cus virus clearance examined the numbers and times of appearance of mononu-
the CNS with the clear inflammatory cells in the CNSs of B10 and SJL/J mice.
ance. Although vi- Although the number of CD8+ (class I restricted) cells
istance to demyeli- peaked on day 7 in B10 mice, they were not detected in
was cleared ineffi- SJL/J mice until day 14 postinfection. The data also indicate
contrast, we found that antiviral cytotoxic T lymphocytes can be detected in
ve cells in parental lymphocytes infiltrating the CNSs of B10 mice (14). The
,lop demyelinating early appearance of CD8+ cells and cytotoxic activity in
gs by Chamorro et resistant B10 mice could play a role in virus clearance, while
)etween local viral the delay in their appearance in susceptible mice may
iating lesions, sup- predispose to virus persistence and demyelination.
ion is a necessary In summary, the B10 congenic mouse model represents a
resence or absence powerful tool for analyzing the contributions of genes en-
liable measure of coded within the MHC to resistance to demyelination, as
s, our data suggest well as for extending our knowledge of interactions among
ts the disease pro- the host immune system, the nervous system, and the virus.
elevant parameter. The data presented in this study confirm the observation that
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resistance is an active process and suggest an important role
for immune system-mediated mechanisms.
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