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Multigenic Control of Resistance to Yersinia enterocolitica
in Inbred Strains of Mice
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By using recombinant inbred mice derived from strains genetically resistant or susceptible to Yersinia
enterocolitica, we demonstrated a tentative linkage of resistance with the Es-i locus on murine chromosome 8.
No correlation with resistance and genes associated with immune regulation was evident. In addition, resistance
appeared to be multigenic.

Inbred mouse strains differ markedly in their resistance to
a variety of infectious agents, and the identification of the
genetic loci responsible for this resistance is an area of
current interest. In our previous report (4), we demonstrated
that BALB/c mice are susceptible (50% lethal dose [LD501, 3
x 102 organisms intraveneously [i.v.]) to Yersinia enteroco-
litica, whereas C57BL/6 mice are resistant (LD50, 2 x 105
organisms i.v.). All other strains studied are susceptible. On
the other hand, (BALB/c x C57BL/6)F1 hybrid mice are
intermediate (LD50, 3 x 104 organisms i.v.) in their resis-
tance to Y. enterocolitica, suggesting that although resis-
tance is a dominant trait, gene interactions or dosage effects
occur in hybrid mice. Our results (4) further indicate that
resistance is determined by genes that control acquired
immunity. Resistance to Y. enterocolitica is thymus depen-
dent and not associated with the Ity locus (4), an important
locus in early nonspecific resistance to a variety of faculta-
tive intracellular pathogens (5). With C57BL/6 and BALB/c
mice as the respective prototype resistant and susceptible
strains, we examined the genetic control of resistance to Y.
enterocolitica as reported here. We report a tentative linkage
of resistance with the Es-i locus located on murine chromo-
some 8, and in addition, we suggest that resistance is
controlled by at least two dominant genes.
The autoagglutination-positive Y. enterocolitica WA

strain (serotype 0:8, biotype 2, Vwa+) originally isolated
from human infection by Carter et al. (1) was used in all
studies. Virulence of the organism was maintained by peri-
odic oral passage in susceptible strains followed by isolation
from infected ileal Peyer's patches (4). Animal infection and
bacterial enumeration were performed as previously de-
scribed (4). All animals were housed in an American Asso-
ciation for Accreditation of Laboratory Animal Care-accred-
ited facility and received food and water ad libitum.
CXB recombinant inbred (RI) strains and their susceptible

(BALB/cBy) C and resistant (C57BL/6By) B progenitor
strains (Jackson Laboratory, Bar Harbor, Maine.) were used
to investigate the association of genes that encode resistance
to Y. enterocolitica with other mapped genes. Lethal studies
of CXB RI strains demonstrated a wide range of resistance
to the organism (Table 1). On the basis of these LD50 data,
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CXBD, CXBH, and CXBK strains appear to be as suscep-
tible to Y. enterocolitica as is their C progenitor strain. No
CXB RI strains are as resistant as the B progenitor strain. To
further determine the CXB RI strain distribution pattern of
resistance, CXB RI mice and their progenitors were exam-
ined again for their resistance to an i.v. infection with 104
organisms. Mice were defined as resistant if they survived
the infection. All deaths occurred between 2 to 10 weeks
postinfection. No deaths occurred after 10 weeks in either
the CXB RI set or the progenitor controls. Surviving mice
were sacrificed 4 to 6 months after infection. Percent sur-
vival 10 weeks after i.v. infection (Table 1) demonstrates
that CXBE and CXBI strains are the only strains as resistant
as the B progenitor strain. All other CXB RI strains are as
susceptible as the C progenitor strain. These data, along with
the LD50 data presented in Table 1, suggest a strain distri-
bution pattern for resistance to Y. enterocolitica that is fully
concordant with the Es-i (esterase-1) locus on mouse chro-
mosome 8 (8).
The Es-i locus on mouse chromosome 8 encodes an

esterase found in serum and erythrocytes (3). The esterase is
also found in kidney, but it is not clear whether this is from
serum contamination. At present, there are two known
alleles for the Es-i locus. The Es-la allele is present in the
C57BL family of strains, and the Es-lb allele is found in the
BALB/c strain (3). No correlation with other mapped loci
(H-2 and Igh) important in the development of acquired
immunity is evident.
To investigate the number of genes that encode resistance

to Y. enterocolitica, male C57BL/6 and BALB/c parental
strains (Jackson Laboratory) and male and female mice
derived from (BALB/c x C57BL/6)F1 x parental back-
crosses and F1 x F1 intercrosses (Thomas Jefferson Univer-
sity) were infected i.v. with 105 organisms. At 10 days after
infection, the number of bacteria in their tissues was deter-
mined and each animal was classified as resistant (log1o
geometric mean = <6.0) or susceptible (4). Whereas 9 of 10
F1 hybrid (90%) and 20 of 20 (100%) C57BL/6 mice were
resistant (log1o geometric mean = 3.2 and 1.8 organisms,
respectively), 17 of 20 (85%) BALB/c mice appeared suscep-
tible (log1o geometric mean = 5.9 brganisms). However,
strong environmental influences resulted in clear segregation
within the genetically homogeneous BALB/c and F1 hybrid
populations and therefore interpretation of F1 x parental
backcross resistance became difficult. However, only 25 of
59 (42%) F2 mice appeared resistant to Y. enterocolitica,
significantly different (chi-square = 33.49, P < 0.001) from
the 44 of 59 (75%) resistant mice expected if one gene
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TABLE 1. Strain distribution pattern of resistance to
Y. enterocolitica in the CXB recombinant inbred

and progenitor strains

Progenitor strain
% concordant

Strain LD50a Survival" Phenotypec with locus:

Es-i H-2 Igh

C 3 x 102 10 S C C C
B 105 70 R B B B
D 102 0 S C C B
E 3 x 104 70 R B B B
G 3 x 103 18 S C B C
H 6 x 101 0 S C C B
I 104 60 R B B B
J 3 x 103 18 S C B C
K 9 x 102 27 S C B B

a The LD50 10 weeks after i.v. infection was determined as previously
described (4) and calculated by the method of Reed and Muench (7).

b Percent survival was determined 10 weeks after i.v. infection with 104
organisms. No deaths occurred after 10 weeks. There were 10 or 11 mice per
strain.

c R, Resistant to Y. enterocolitica; S, susceptible.
I CXB RI strain Es-i, H-2, and Igh haplotype classifications were taken

from reference 8.

encoded resistance. An estimate of the number of genes (n)
that control resistance to the organism was calculated from
the following equation: n = R2/8[VF2 - VF1], where R is the
range between mean values of the parental strains, VF2 is the
variance of F2, and VF1 is the variance of the F1 hybrid mice
(2). Substitution of the following log1o geometric means and
variances into the equation resulted in the following equa-
tions: n = 2.3; C57BL/6 mean = 1.8; BALB/c mean = 5.9;
F2 variance = 6.4; F1 variance = 5.5. Thus, resistance to Y.
enterocolitica appears to be multigenic and encoded by at
least two genes.
The critical events that occur which effectively restrict the

growth of Y. enterocolitica in C57BL/6 mice appear to take
place during the later stage of infection. This suggests that
the genes that control resistance are those genes which
regulate the development of acquired immunity. In this
report and our previous work (4), we have been unable to
correlate resistance with mapped genes (H-2 and Igh) that
regulate immune mechanisms. Thus, we are unable to deter-
mine where the putative lesion occurs in the development of
specific immunity and BALB/c mice. However, we have
demonstrated (4) that the thymus appears to be important in
resistance to Y. enterocolitica. In addition, preliminary
experiments (data not shown) fail to demonstrate a strain
difference in the temporal development of anti-yersinia ag-
glutinins. In fact, the data suggest that BALB/c anti-yersinia
agglutinins are quite protective in passive immunity against
i.v. inoculated organisms. Thus, it appears that BALB/c

susceptibility is a result of defective cell-mediated immune
mechanisms. Recent studies of cutaneous leishmaniasis in
BALB/c and C57BL/6 mice suggest that the defect in
BALB/c mice may reside in an inability to mount the
appropriate local T-cell response (6).
The findings in this report also suggest that the genetic

regulation of resistance to Y. enterocolitica is multigenic.
Our mathematical analysis indicates that at least two auto-
somal dominant genes are involved in C57BL/6 resistance.
However, because of strong environmental influences, these
data must be interpreted with caution.

It is questionable what role, if any, the Es-i locus has in
resistance to Y. enterocolitica. There are only seven strains
in the CXB RI set. Thus, there is a 1-in-128 probability that
the association with resistance and the Es-i locus may occur
by chance alone. However, it is interesting that no associa-
tion with genes of the major histocompatibility complex
located on chromosome 17 and with strain differences in
resistance to Y. enterocolitica is evident. This suggests that
in addition to immune-response genes of the major histocom-
patibility complex, other non-major histocompatibility com-
plex-linked immune-response genes are important in resis-
tance. The data also suggest that these hypothetical genes
are located on chromosome 8 associated with the Es-i locus.
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