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Summary

We studied experimental lagochilascariosis in male and
female mice of four strains. The survival ratio and number
of larvae recovered varied: B10.A and C57BL/6 mice had
the highest number of larvae 90 days after infection and
the lowest survival ratio at 345 days of infection. BALB/c
mice had an intermediate survival ratio and number of
larvae. A/J mice had the lowest number of larvae and the
highest survival ratio. Our findings suggest that resistance
to Lagochilascaris minor is not linked to the H-2* region
because both susceptible B10.A and resistant A/J mice
express the H-2* haplotype. However, the pattern of mor-
tality and larvae recovered that we observed in C57BL/6
mice, which possess the same genetic background as
B10.A, indicates that the background genotype does affect
the outcome of lagochilascariosis in mice. This study
demonstrates that the genetic background, but not H-2* or
sex, determine the outcome of lagochilascariosis in mice.
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Introduction

The nematode Lagochilascaris minor is the etiological
agent of human lagochilascariosis. In addition to humans,
L. minor infection has been described in domestic felines
and in dogs. Human L. minor-infection takes place after
ingestion of raw or inadequately cooked meat from wild
animals harboring encysted larvae of the parasite. The
parasite has been found in the lung, central nervous sys-
tem, cervical region and pharynx, leading to the formation
of nodular lesions. These lesions, which can open, may
contain eggs, larvae and adult worms. Clinical signs of the
disease seem to depend on the number of L. minor present
and tissue localization, as well as the host immune res-
ponse (Fraiha et al., 1989; Campos et al., 1992).

The capacity of L. minor to migrate across different human

tissues has also been observed in animal models of the
disease such as mice and cats (Sakamoto & Cabrera,
2002). In mice orally inoculated with the parasite eggs,
after the process of hatching, third stage larvae (L3) mig-
rate through the intestinal mucosa, reaching vessels and
hepatic parenchyma. They then disseminate to other tissues
such as lungs, skeletal muscles and subcutaneous tissues
(Semerene et al., 2004). In cats inoculated with carcasses
of infected mice, L3 migrate through the esophagus, pha-
rynx, trachea, rhino and oropharynx, and cervical lymph
nodes. The larvae develop into L4 and adult parasites, and
can release in the upper digestive tract, perpetuating the
cycle (Pago et al., 1999; Volcan ef al., 1992).

The development of an ideal host parasite model is a pre-
requisite for research on any aspect of lagochilascariosis.
L. minor does not complete its full developmental cycle in
the mouse. The establishment and survival of helminth
parasites in potential hosts is influenced by many factors.
Host genetic factors have a major influence on the sus-
ceptibility of mammals to infection by a variety of
microorganism (Gupta et al., 2003). The genetically de-
termined differences between individuals in a population
affect the efficiency of the immune response, and thus the
host phenotype of susceptibility. The inbred strains of mice
present different H-2 haplotypes and each strain has a
specific collection of alleles within the MHC loci. Some of
these strains share the same H-2 haplotype, but express
different genetic backgrounds (Junqueira-Kipnis, 1999).
The influence of H-2 molecules on the immune response
was shown by the infection of mice with Trichinella spi-
rallis (Dick et al., 1988; Wakelin et al., 1986). H-2 linked
as well as non-H-2 linked genes contribute to the immune
response, which affects the expulsion of the nematode
from inbred and congenic mice.

Singer-Vermes et al. (1995) demonstrated that the sex of
the host affects the severity of experimentally induced
paracoccidioidomycosis in mice of a susceptible strain
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(B10.A), but not in a resistant one (A/Sn). Examination of
the helmintic parasitic burden in mice revealed differences
between the sexes within the same genotype for Syphacia
obvelata, Heligmosomoides polygyrus and Aspiculurus
tetratera infection in mice (Vasconi et al., 2008). Proges-
terone, through its metabolism to estradiol, affects the
establishment, growth and reproduction of Taenia cras-
siceps in mice (Vargas-Villavivencio et al., 2005). In fact,
in many vertebrate species, males tend to exhibit higher
rates of parasite infection than females. Sex-associated
hormones may influence immunocompetence and are hy-
pothesised to lead to this bias, as in Rupicapra rupicapra
infection (Hoby et al., 2006).

In the present study, we sought to evaluate the suscepti-
bility of male and female mice of various inbred strains to
experimental lagochilascariosis. We chose strains with
different H-2 histocompatibility complex genes, and dif-
ferent genetic backgrounds. Susceptibility was measured
by survival and number of larvae recovered.

Materials and methods

Mice

Six- to ten-week old B10.A male and female mice were
purchased from the University of Sdo Paulo Animal Fa-
cility. A/J male and female mice were kindly supplied by
the Instituto Butantan, and BALB/c and C57BL/6 mice
were from the animal house of Federal University of
Goias. They were given food and water “ad libitum” and
handled according to the local regulations. The Research
Ethics Committee of the Federal University of Goias ap-
proved the research protocols.
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Parasites

Parasite eggs were collected from the faeces of Felis do-
mesticus experimentally infected with a human isolate of
L. minor. Faeces from infected animals were submitted to
Hoffman’s method and kept in culture in formalin solution
(1%) at room temperature for 30 days. After the develop-
ment of infective eggs containing third-stage larvae, cul-
tures were submitted to Faust’s method for optimal recov-
ery of eggs free from faecal debris (Oliveira et al., 2002).
Egg suspensions were exhaustively washed with phosphate
buffered saline (pH 7.4); transferred to a graduated centri-
fuge tube, and the eggs were then counted on microscope
slides. The final concentration was adjusted to 10* eggs/ml
and used to infect the mice.

Experimental infection design

A total of forty-four B10.A (H-2°, twenty-two male and
twenty-two female), twenty-six C57BL/6 (H-2°, thirteen
male and thirteen female), twenty-four BALB/c (H-2,
twelve male and twelve female) and twenty-eight A/J (H-
2% fourteen male and fourteen female) mice were orally
inoculated with a suspension of 2 x 10° + 200 L. minor
eggs per animal. As controls we utilized thirteen B10.A
(fifty male and fifty female), twenty-six C57BL/6 (thirteen
male and thirteen female), twenty-two BALB/c (eleven
male and eleven female) and twenty A/J (ten male and ten
female). For each strain, the animals were followed for one
year to determine survival rates. An additional group of ten
infected mice of each strain (five male and five female)
was sacrificed 90 days after infection to determine the
number of skeletal nodules containing larvae (each nodule

has only one larvae).
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Fig.1. Cumulative survival rates during the period post infection of male () and female (®) mice that had been orally inoculated with 2000 viable
eggs of Lagochilascaris minor of the B10.A (A), C57BL/6 (B), BALB/c (C) and A/J (D) strains.
32 Survival ratio was determined using the Kaplan-Meier test (*p < 0.05).



Statistical analysis

The numbers of recovered larvae are expressed as means
and standard deviations, and data were analysed by the
Mann-Whitney test. Survival ratios were obtained using
the program Prism 4.0 and the survival curves were com-
pared by Log-Rank post-test. The p values < 0.05 were
considered statistically significant.

Results

B10.A infected males survived an average of 290.5 days,
reaching 22.7 % of survival on day 345. Infected females
survived an average of 297.5 days, reaching 27.2 % sur-
vival on day 345 (p = 0.24) (Fig. 1A). The C57BL/6 in-
fected males and females survived an average of 278 and
241 days respectively, both reaching 30.7% survival 345
days after infection (p = 0.62) (Fig. 1B). BALB/c infected
males and females survived over 345 days, reaching 66 %
and 58.3 % survival on day 345, respectively (p = 0.34)
(Fig. 1C). A/J infected males and females displayed the
highest survival ratio after 345 days of infection, 85.7 %
for both sexes, and average survival time of over 345 days
(p = 0.9) (Fig. 1D). We did not observe statistically sig-
nificant differences in the survival of male and female
mice from each lineage (p > 0.05). In addition, only one or
two non-infected animals from all lineages died during the
period of study.

No differences were noted in the mortality ratio of B10.A x
C57BL/6 (p = 0.27), BALB/c x C57BL/6 (p = 0.32) and
A/J x BALB/c (p = 0.15) infected male mice. Nevertheless,
we found significant differences in the mortality ratios of
B10.A x BALB/c (p = 0.05), B10.A x A/J (p = 0.0002) and
C57BL/6 x A/J (p = 0.04) infected male mice (Fig. 2A).
Significant differences were observed in the mortality
ratios of B10.A x BALB/c (p = 0.05), B10.A x A/J (p =
0.006), C57BL/6 x BALB/c (p = 0.04) and C57BL/6 x A/J
(p = 0.005) infected female mice. Nevertheless, no signifi-
cant differences were observed in the mortality ratios of
B10.A x C57BL/6 (p = 0.65) and A/J x BALB/c (p =0.18)
infected female mice (Fig. 2B).

The numbers of L. minor recovered from superficial no-
dules of the skeletal musculature and subcutaneous tissues
(each nodule containing one parasite) were similar in
males and females of all isogenic strains of mice studied
90 days after infection. However, the number of recovered
parasites from BALB/c mice was lower than the numbers
recovered from C57BL/6 and B10.A infected mice (p =
0.03). A/J (p = 0.01) mice had a lower number of larvae
when compared to C57BL/6 infected mice. A/J (p = 0.05)
mice also had a lower number of larvae when compared to
B10.A infected mice (Fig. 3).

Discussion

The first purpose of this study was to test the hypothesis of
male biased parasitism, which is thought to arise because
of different steroid hormone levels between the sexes in
mice. Inbred strains of mice resistant to experimental lago-
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Fig.2. Cumulative survival rates during the period post infection
of mice of different strains that had been orally inoculated with 2000
viable eggs of Lagochilascaris minor. Survival ratio of female (A)
and male (B) mice was determined using
the Kaplan-Meier test (*p < 0.05).

chilascariosis, such as A/J, did not present differences
linked to sex. Sensitive (B10.A and C57BL/6) and inter-
mediate (BALB/c) lineages did present differences sex-
linked differences, but they were not statistically signifi-
cant. Therefore, the hypothesis of male biased parasitism
was not confirmed on the basis of number of recovered L3
larvae and survival ratio, for experimental lagochilascario-
sis in mice.
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Fig.3. Number of larvae recovered from skeletal musculature and
subcutaneous tissue of male and female C57BL/6, B10.A, BALB/c and
A/J mice inoculated with infective eggs and necropsied after 90 days of

infection. Results are expressed as the average of five mice + SD.

Statistical analysis of the differences was determined
by Mann - Whitney test (*p< 0.05). 13



Experimental studies to determine the influence of genetics
on resistance to parasites requires the use of genetically
defined animal models and a research strategy in which
several characteristics of the animals are analyzed. Suitable
characteristics to discriminate susceptible from resistant
animals must show clear differences between inbred
strains. Besides the survival ratio of infected mice, other
discriminatory parameters may be adequate, such as de-
termination of the number of larvae recovered. We demon-
strated in this study that the number of L. minor recovered
from superficial nodules of the skeletal musculature and
subcutaneous tissue of mice constituted a reliable parame-
ter to discriminate susceptible from resistant mice. Meas-
urement of cytokine levels, antibody production, macro-
phage activity and the development of lesions are currently
being studied.

In this study we verified that B10.A mice orally infected
with encysted larvae of L. minor were the most susceptible
animals, since they showed the largest mortality ratio and
the largest number of larvae recovered. The pattern of
infection in C57BL/6 mice was similar to that presented by
B10.A animals (survival ratio below 35 %). On the other
hand, A/J mice orally infected with infective eggs contain-
ing L3 larvae of L. minor were the most resistant animals,
since they showed the lowest mortality ratio and the lowest
number of larvae recovered (survival ratio above 80 %).
BALB/c infected mice appear to have intermediate
susceptibility, with a survival ratio of 55 — 65 %.
Resistance to L. minor assayed by mortality and number of
larvae recovered denoted that resistance is not linked to the
H-2* region because both susceptible B10.A and resistant
A/J mice express the same H-2 haplotype. However, the
pattern of mortality and larvae recovery of C57BL/6 mice,
which present the same background genotype as B10.A,
indicates that the genetic background affects the outcome
of lagochilascariosis in mice.

This study clearly demonstrates that the genetic back-
ground, but not H2* or sex, determine the outcome of lago-
chilascariosis in mice. Continued understanding of the
factors that contribute to the outcome of lagochilascariosis
will be possible, although the immune mechanisms under-
lying the pathogenesis of this helmintosis are still poor
understood.
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