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Summary 
 
The study was focused on a role of lymphocytes and mac-
rophages in the immune response of mice to Trichinella 
spiralis infection with low (10) and high (400) infective 
doses of larvae. The light infection stimulated the prolife-
ration of splenic T lymphocytes only during the intestinal 
phase of the infection, till day 15 post infection (p.i.), but 
the heavy infection activated T cells during the migration 
of newborn larvae (from day 20 to 30 p.i.). B cell prolife-
ration was markedly stimulated after the heavy infection. 
The light infection increased the presence of helper CD4 
cells till day 10 p.i. in contrast to the heavy infection, but 
subpopulation of CD8 T cells was not influenced by 
a different size of infective dose. Cytokine production of 
IL-5 and IFN-γ was not markedly affected by the light 
infection in contrast to the heavy infection that stimulated 
IL-5 synthesis during the whole experiment and IFN-γ 
during the migration of newborn larvae. The light infection 
stimulated a metabolic activity of peritoneal macrophages 
already in the intestinal phase, but the heavy infection 
affected their activity only in the muscle phase of the in-
fection. 
 
Keywords: Trichinella spiralis; T and B lymphocytes; 
cytokines IL-5; IFN-gamma; macrophages 
 
Introduction 
 
Trichinella spiralis is the intestinal nematode parasite with 
worldwide distribution and which causes trichinellosis – a 
serious zoonosis (Paraličová et al., 2009; Oltean et al., 
2012). Although Trichinella can be maintained solely in 
a sylvatic cycle, the role of wildlife as a reservoir is an 
important potential source of infection for domestic ani-
mals and humans. Small mammals represent an important 
part of the epidemiology of Trichinella spp. transmission. 
Moreover, synanthropic rodents are an important reservoir 
of trichinellosis in the domestic cycle (Hurníková et al., 

......  
 
2009). In experimental studies, high infective doses (200 – 
500 muscle larvae per mouse) are generally used to pro-
voke strong immune response. In natural conditions, how-
ever, wild animals could be infected more frequently by a 
low number of larvae. From this point of view, such im-
munological and serological studies are rare. Experimental 
studies demonstrate the dependence of infective dose on 
the effectiveness of infection (Kapel & Gamble, 2000; Cui 
et al., 2006; Reiterová et al., 2009).  
Infectivity of Trichinella spiralis is also determined by the 
immune status of the host, host’s immune and inflamma-
tory responses to Trichinella antigens (Bolas-Fernández, 
2003). The complete life cycle of Trichinella spp. occurs in 
one host, which means that the host can exert its immune 
attack at several points in the life cycle. Adult worms re-
produce in the small intestine, new-born larvae migrate 
through the blood and lymphatics to the skeletal muscle 
cells, and encapsulated larvae (L1) represent the infective 
stage of the parasite (Despommier, 1998). Every stage of 
the life cycle of trichinella can evoke a stage-specific pro-
tective host immune response due to the uniqueness in both 
the cuticular antigens and the excretion/secretion antigens 
of each stage (Wang, 1997). The mechanism of expulsion 
of worms is dependent on the Th2 type of response, what 
leads to the activation of mucosal mast cells (Khan et al., 
2001). CD4+ T helper type 2 cells are critical in host pro-
tective immune and inflammatory responses during trichi-
nella intestinal infection. Muscle infection elicites a 
chronic infection where a major role in host defense pro-
cesses is played by cellular immunity (Mahida, 2003). 
Larvae survive in nurse cells in close association with 
macrophages, CD8+ and CD4+ T lymphocytes, and B 
lymphocytes. B lymphocytes secreting antibodies, parti-
cularly IgG and IgE, may lead to an effective antibody-
dependent cell mediated cytotoxic reaction against new-
born larvae (Beiting et al., 2004). 
Potential differences in a development of the host immune 
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response to different infective doses of Trichinella and 
host-parasite interactions are rarely studied. Experimental 
studies on mice could demonstrate how a different dose of 
infective larvae may have influenced the nature and degree 
of the host immune and inflammatory responses, the com-
plex interplay between immunogenicity and pathogenicity 
influencing both host and parasite, how the parasite affects 
host capacity to develop the Th cell response necessary for 
resistance, cytokine production and kinetics of specific 
antibodies (Wakelin et al., 2002; Bolas-Fernández, 2003).  
The aim of this study was to compare the development of 
T cellular response and macrophage’s activation in mice 
after T. spiralis infection with the low dose of 10 larvae 
and high dose of 400 larvae. 
 
Materials and methods 
 
Experimental design 
The experiment was carried out on male BALB/c mice (n 
= 104) weighting 18 – 20 g. Mice were kept under a 12-h 
light/dark regime at room temperature (22 – 24 °C) and 
56 % humidity on a commercial diet and water. The 
experimental protocol was approved by the Institute of 
Parasitology SAS Animal Care Commitee. Animals were 
divided randomly into three groups as follows: Group 1 (n 
= 24) was uninfected (control), mice in Group 2 (n = 40) 
were infected per os with 400 Trichinella spiralis larvae 
per mouse on day 0 of the experiment (heavy infection). 
Mice in Groups 3 (n = 40) were infected per os with 10 T. 
spiralis larvae per mouse on day 0 of the experiment (light 
infection). 
Samples of blood, spleen, macrophages, the small intes-
tines and muscles were obtained from three mice of control 
and five of infected groups on days: 0 (prior infection), 5, 
10, 15, 20, 30, 45 and 60 post infection (p.i.). 
 
The infective larvae Trichinella spiralis 
The reference isolate of Trichinella spiralis (ISS 004) 
(obtained and assigned codes from the Trichinella Refe-
rence Centre in Rome), maintained by serial passage in 
ICR mice at the Institute of Parasitology SAS, was used for 
the infection. Larvae were released by artificial digestion 
(1 % pepsin, 1 % HCl for 4 h at 37 °C) of tissue following 
the standard protocol and kept saline solution until inocu-
lation of experimental mice. 
 
Intestinal worm burdens 
The intestinal phase of infection was investigated on days 
5, 10, 15, 20 and 30 p.i. The small intestine was cut into 5 
– 10 cm long pieces, placed into a sieve and incubated in 
conical pilsner glasses in 37 °C NaCl (0.9 % saline) 
overnight. After incubation, gut pieces were discarded and 
the sediment was counted under stereomicroscope at 60 x 
magnification.  
 
Isolation of muscle larvae 
The muscle phase of infection was examined on days 20, 
30, 45 and 60 p.i. Whole eviscerated carcasses were min-

ced and artificially digested (1 % pepsin, 1 % HCl for 4 h 
at 37 °C; both Sigma-Aldrich, Germany) according to 
Kapel and Gamble (2000).  Samples were allowed to settle 
for 20 min before the supernatant was discarded and the 
sediment was poured through a 180 µm sieve into a conical 
glass and washed with tap water. The sediment was finally 
transferred to a gridded Petri dished and counted using a 
stereomicroscope at 40 x magnification. Depending on the 
density of larvae either a sub-sample or the whole sample 
was counted. 
 
T and B lymphocyte proliferation assay 
The proliferative activity of splenic T and B was detected 
spectrophotometrically using an MTT assay (Dvorožňá-
ková et al., 2012). Briefly, cells(5 x 106 cells /ml RPMI, 
Sigma-Aldrich, Germany) were incubated with 10 µg/ml 
of concanavalin A (Con A) (T cells) or lipopolysaccharide 
(LPS) (B cells) (Sigma-Aldrich, Germany) at 37 °C  in 5 % 
CO2 and 85 % humidity for 72 hours. 20 µl aliquots of 3,4-
dimethylthiazolyl 2,5-diphenyltetrazolium bromide (MTT) 
(Sigma-Aldrich, Germany) (0.1 % solution) were then 
added to the cell cultures, incubated for 4 h at 37 °C and 
5 % CO2 followed by centrifugation at 800 x g for 5 min. 
The reaction was terminated with dimethylsulfoxide 
(Sigma-Aldrich, Germany) (200 µl/cell sample) and read at 
a 540 nm and 630 nm. The stimulation indices (SI) were 
calculated according to the formula: SI= E540 – E630 
(stimulated cells) / E540 – E630 (unstimulated cells).  
   
Percentage of CD4+ and CD8+ T cells 
Lymphocytes from the spleens and depleted of erythro-
cytes were resuspended in PBS (pH 7.2) at a final concen-
tration of 1 x 106 cells/ml. The cellular subpopulations 
were detected by use of rat anti-mouse CD4+ fluorescein 
isothiocyanate-conjugated and rat anti-mouse CD8+ phy-
coerythrin-conjugated monoclonal antibodies (BD Biosci-
ences PharMingen, Belgium) at the concentration of 
0.4 µg/106 cells at 4 °C for 30 min. Cells were then washed 
three times with PBS containing 0.1% NaN3 and analysed 
by the FACScan flow cytometer (Becton Dickinson Bio-
sciences, Germany). All data files were analysed with 
CellQuest software. All data were expressed as a percen-
tage of lymphocytes based on a gate set using forward and 
side scatter parameters. 
 
Concentration of IFN-γ and IL-5 in vitro production 
The capture ELISA was employed to determine the con-
centration in vitro production of cytokines by splenocytes 
according to the method of Šoltýs and Quinn (1999).  
Splenocytes for cytokine production were resuspended to 
107cells/ml RPMI 1640 medium (Sigma-Aldrich, Ger-
many) and incubated with 10 µg/ml of concanavalin A at 
37 °C in 5 % CO2 and 85 % humidity. Supernatants were 
harvested after 72 hours and stored at 80 °C prior cyto-
kine determinations. Interferon-γ (IFN-γ) and interleukin-5 
(IL-5) were used as marker cytokines for Th1 and Th2 
responses, respectively. Two pairs of cytokine-specific 
monoclonal antibodies were used: R4-6A2 and XMG1.2 
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for IFN-γ and TRFK5 and TRF4 for IL-5 (BD Biosciences 
PharMingen, Belgium). Results were expressed as pg/ml 
using murine recombinant IFN-γ and IL-5 (BD Biosci-
ences PharMingen, Belgium) as standards. The detection 
limit of the assay for the both cytokines was 40 pg/ml. 
 
Superoxide anion assay 
Generation of extracellular superoxide anion (O2

-) from 
peritoneal macrophages was assayed as superoxide dis-
mutase (SOD)-inhibitable reduction of ferricytochrome C 
with and without stimulation with phorbol myristate ace-
tate (PMA) (Hrčková & Velebný, 1997). Peritoneal cells 
were aseptically harvested in RPMI 1640 (Sigma-Aldrich, 
Germany) to a final concentration of 1x106 cells/ml. One 
ml of cell suspension was adhered to each well using 24-
well plates (Falcon, France) and incubated at 37 °C in 5 % 
CO2 and 85 % humidity for 2 h. The reaction was carried 
out in 0.3 ml/well of 160 µM ferricytochrome C (Sigma-
Aldrich, Germany) in Earl’s balanced salt solution (EBSS) 
(pH 7.2). In control the reaction was blocked by 300 µg 
SOD/10 µl in EBSS. 10 µl of PMA in ethanol was used for 
the stimulation of cells for respiratory burst. Cells were 
incubated at 37 °C in 5 % CO2 and 85 % humidity for 2 h 
and the optical density (OD) of supernatant was measured 
at 550 nm. The amount of O2

- produced was calculated 
from the difference in OD in reactions blocked by SOD 
and without SOD. As the resulting value, the nanomols 
(nmol) of produced O2

- were calculated according to the 
formula: nmol O2

- = (OD/6.3) x 100 and determinated for 1 
mg of cell proteins.  
 
Statistical evaluation 
Statistical differences were assessed using one-way 
ANOVA, followed by post hoc Tukey’s test (a value of 

P<0.05 was considered significant), which allowed com-
parison between each two groups at each time point. The 
analyses were performed using the Statistica 6.O (Stat 
Soft, Tulsa, USA) statistical package. 
 
Results 
 
Parasite burden – numbers of adults and muscle larvae 
(Table 1, 2) 
Mice infected with the low dose of T. spiralis larvae abso-
lutely eliminated parasites from the intestine till day 15 
p.i., but after the heavy infection adults persisted in the 
intestine till day 30 p.i. Parasite burden in the host was 
comparable in both infections (62.0 – 76.13 % of the in-
fective dose). A common biological characteristic used to 
evaluate Trichinella species infectivity is the index of 
reproductive capacity (RCI) – ratio of the total number of 
larvae recovered from an animal to the number of larvae 
administered to it. The first is the product of 4 components: 
the number of females established; their fecundity; their 
reproductive life span; the survival of muscle larvae. At the 
muscle phase of T. spiralis infection RCI was not influ-
enced by a size of the infective dose (306.0 – 325.6).  
 
Proliferative response of T lymphocytes to Con A (Fig. 1) 
After the light infection a stimulation of proliferative ac-
tivity of splenic T lymphocytes was observed only during 
the intestinal phase, i.e. from day 5 to 15 p.i. On the 
contrary, the high infective dose induced the highest values 
of the proliferative response of T cells from day 20 to 45 
p.i., during migration of newborn larvae. Significant dife-
rences (P<0.01; P<0.05) between infected groups were 
found in that time.  

Table 1. Numbers of adults recovered from the small intestine of mice infected with 10 and 400 T. spiralis larvae 
 

Intestinal phase 

Day     p.i. 

400L 10L 
Parasite capture from the infective dose 

(%) 

Mean ± S.D. Mean ± S.D. 400L 10L 

5 304.5 ± 40.5 60.50 ± 2.07 76.1 65.0 

10 250.3 ± 38.9 4.00 ± 1.67 62.6 40.0 

15 241.7 ± 45.0 0.13 ± 0.35 60.4 1.3 

20 190.4 ± 30.6 0.00 ± 0.00 47.6 0 

30 20.3 ± 3.6 5.1 

Table 2. Total larval burden in carcass of mice infected with 10 and 400 T. spiralis larvae 
 

Muscle phase 

Day     p.i. 

400L 10L 
Reproductive capacity index 

(RCI) 

Mean ± S.D. Mean ± S.D. 400L 10L 

20 15908.3 ± 2420.3 204.2 ± 84.5 39.8 20.4 

30 114520.0 ± 15419.9 2380.0 ± 1214.8 286.3 238 

45 125700.0 ± 5565.1 3060.0 ± 1859.1 314.3 306 

60 130266.7 ± 2419.4 1800.0 ± 1182.2 325.6 180 
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Proliferative response of B lymphocytes to LPS (Fig. 2) 
B cell proliferation induced with nonspecific mitogen LPS 
did not differ between both groups till day 15 p.i.  Then 
a striking stimulation of B cells after the heavy infection 
was observed till the end of the experiment, i.e. day 60 p.i. 
After the light infection increased values were found till 
day 45 p.i. Statistically significant differences (P<0.05) 
between mice infected with 10 and 400 larvae were recor-
ded on days 20 and 30 p.i. 
 
Numbers of splenic CD4+ and CD8+ T lymphocytes  
(Figs. 3, 4) 
Helper CD4 and cytotoxic CD8 lymphocyte subpopula-
tions were evaluated by a percentual occurrence in the 
spleen of infected mice due to a different splenomegaly in 

both infections. On the contrary to the heavy infection that 
did not markedly change the percentage of CD4 T cells, 
the light infection of mice significantly increased the oc-
currence of these cells in the spleen on days 5, 10 and 20 
p.i. CD8 T cell subpopulation did not show differences in a 
dependence on a size of infective dose, in both infected 
groups values of relative percentage increased till day 15 
p.i. and persisted at high values till day 30 p.i. 
 
In vitro production of IL-5 and IFN-  cytokines  
(Figs. 5, 6) 
Cytokines secreted primarily by T helper cells play a key 
role in anti-parasite defence and pathology in T. spiralis 
infection. Th2 cell activation is important in the intestinal 
phase of trichinellosis. After the light infection there was 
found the highest in vitro production of Th2 cytokine – IL-5 

 
Fig. 1. Proliferative response of T lymphocytes to concanavalin A (Con A) in mice infected with 10 and 400 T. spiralis larvae  

*(P<0.05); **(P<0.01) statistically significant from infection 400 T. spiralis larvae 
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Fig. 2. Proliferative response of B lymphocytes to lipopolysaccharide (LPS) in mice infected with 10 and 400 T. spiralis larvae  

*(P<0.05) statistically significant from infection 400 T. spiralis larvae
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already by day 5 p.i., but it did not reach even a half of 
maximum production of IL-10 on day 10 p.i. in mice with 
heavy infection. High production of IL-5 was observed after 
the heavy infection for the overall experiment. A temporal 
decrease in IL-5 synthesis was recorded in mice with light 
infection from day 10 to 20 p.i. 
Pro-inflammatory Th1 response was not markedly acti-
vated after the light infection of mice, IFN-γ production 
was comparable to control till the end of the experiment. 
After the heavy infection IFN-γ production was signifi-
cantly (P<0.01) stimulated from day 10 to 45 p.i., that 
could be associated with the migration of newborn larvae. 
 
Superoxide anion production (Fig.7) 
Metabolic activity of peritoneal macrophages was evalu-
ated by in vitro production of superoxide anion O2

-, that 

was significantly inhibited on day 5 p.i. after the heavy 
infection and it was stimulated later from day 30 to 60 p.i. 
On the contrary, the light infection increased O2

- produc-
tion early from day 10 to 30 p.i., where were not found 
significant differences against control, except of days 15 
and 30 p.i. Differences between infected groups were re-
corded on days 5 and 15 p.i. (P<0.01; P<0.05) and during 
later phase on days 45 and 60 p.i. (P<0.05). 
 
Discussion 
 
The study compares the lymphocyte and macrophage im-
mune response in mice infected with a different size of 
infective Trichinella spiralis larvae. The low infective dose 
in the experiment simulated natural conditions of Trichi-
nella infection in small rodents, important reservoirs of 

 
Fig. 3. Relative percentage of splenic CD4+ T cells in mice infected with 10 and 400 T. spiralis larvae  

*(P<0.05); **(P<0.01) statistically significant from infection 400 T. spiralis larvae 
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Fig. 4. Relative percentage of splenic CD8+ T cells in mice infected with 10 and 400 T. spiralis larvae 
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trichinellosis. The high infective dose is often used in ex-
perimenatal studies to induce trichinellosis. 
Parasite burden was quantified in order to compare infec-
tivity of the light and heavy T. spiralis infections in this 
study. The host expulsion of adults from the small intestine 
was finished by day 15 p.i. after the light infection and day 
30 p.i. after the heavy infection. A similar trend of  worm 
persistance, a shorter lasting (20 days) for T. spiralis 
infection with 10 larvae and a longer lasting (30 days) for 
T. spiralis infection with 500 larvae was observed in our 
previous studies (Dvorožňáková et al., 2005, 2010, 2011). 
Development from the immature larva to the infective L1 
is dependent on infection of skeletal muscle; larvae that 
penetrate cells are developmentally arrested, implying the 
parasite is able to recognise the host cell environment 

(Despomier, 1998). At the muscle phase of T. spiralis in-
fections the highest numbers of larvae were reached on day 
45 or 60 p.i., that is related to the high reproductive capa-
city of females and finishing of larval migration. The index 
of reproductive capacity did not differ between light and 
heavy infections, only a size of the infective dose influenc-
ed a parasite number in the host muscles. The highest 
number of T. spiralis larvae ultimately establishing in mus-
cles represents the highest antigenic challenge for its host. 
In our experimental work the increased proliferative acti-
vity of splenic T lymphocytes was recorded after the light 
infection only during the intestinal phase, from day 5 to 15 
p.i. On the contrary, the heavy infection induced the high-
est values of proliferative response during the migration of 
newborn larvae (from day 20 to 30 p.i.). A decrease in 

 
Fig. 5. IL-5 production in vitro by splenocytes of mice infected with 10 and 400 T. spiralis larvae  

*(P<0.05); **(P<0.01) statistically significant from infection 400 T. spiralis larvae 
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Fig. 6. IFN-γ production in vitro by splenocytes of mice infected with 10 and 400 T. spiralis larvae  

**(P<0.01) statistically significant from infection 400 T. spiralis larvae
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proliferative activity was recorded after day 45 p.i., when 
the majority of migratory larvae have been settled in mus-
cle cells and have changed the host cell into nurse cell, 
providing a suitable habitat for the larva. B cell prolifera-
tion after both infections did not differ till day 15 p.i. and 
then the significant stimulation was observed after the 
heavy infection. Polyclonal lymphocyte activation of T-
cells, but particularly B-cells, is responsible for the high 
levels of immunoglobulines IgG, IgM, and IgE (Murrel & 
Bruschi, 1994). In one of the previous studies concerning 
light Trichinella spp. infection, the proliferation of splenic 
B cells was stimulated only at the muscle phase, from day 
45 p.i., when also seroconversion for specific antibodies 
was recorded (Dvorožňáková et al., 2010). 
T-cells play a central role in immune and inflammatory 
responses against Trichinella infection (Wakelin & Gren-
cis, 1992; Dvorožňáková et al., 2005, 2012). Trichinella 
spp. is a small intestinal parasite, which can induce 
a strong host immune response of Th2 cells to expel the 
parasite. During the host immune intestinal response mus-
cular layer of jejunum is infiltrated with CD4 and CD8 T 
lymphocytes. CD4 T cells play a key role in trapping and 
removal of intestinal worms from the gut, they mediate 
mucosal changes including intestinal goblet cell hyper-
plasia with high mucin secretion (Ishikawa et al., 1997; 
Urban et al., 2000). A presence of CD4 and CD8 T cell 
subpopulations in lymfoid organs reflects a level of T cell 
activation and differentiation after the infection 
(Dvorožňáková et al., 2005). After T. spiralis infection 
with 400 larvae the occurrence of splenic CD4+ T cells 
was decreasing till day 15 p.i. and then started to increase. 
However, the occurrence of CD8+ T subpopulation was 
increased from day 5 to 30 p.i. after the heavy infection. 
Morales et al. (2002) found similar results and supposed 
that a decrease in CD4+ T subset was accompanied by a 
reduction in the number of naive cells and increase in the 

number of memory cells. Vallance et al. (1999) found in 
immunodeficient mice with trichinellosis that CD8+ T 
cells play no significant role in worm expulsion but that 
CD4+ T cells may make a significant contribution by acti-
vation of MHC class II. The important role of CD4 cells on 
worm expulsion can confirm our results after the light 
infection. T. spiralis infection with 10 larvae increased the 
presence of CD4 T cells from the onset of the infection 
with the maximum on day 10 p.i. and adults were removed 
from the intestine after day 15 p.i. Also during the muscle 
phase of the light infection there was an increased occur-
rence of CD4 cells in comparison with the heavy infection. 
The increase of both T cell populations during the muscle 
phase of trichinellosis can be associated with larval deve-
lopment in nurse cells, which are surrounded by macro-
phages, CD8+ and CD4+ T lymphocytes and B lympho-
cytes (Beiting et al., 2004).  
Cytokines synthetized primarily by T helper cells play a 
dominant role in orchestrating both anti-parasite responses 
and pathology in many helminth infections including 
trichinellosis (Finkelman et al. 1997). In order to examine 
a relation between Th1 versus Th2 cytokine profiles, levels 
of marker cytokines were monitored.  After the light infec-
tion the highest production of Th2 cytokine – IL-5 was 
found early on day 5 p.i., however it did not even reach a 
half of maximal production of IL-5 on day 10 p.i. after the 
heavy infection. A high production of cytokine IL-5 was 
observed during all experimental days after the heavy 
infection. Similarly Morales et al. (2002) found in human 
study a maximal IL-5 production by peripheral blood 
mononuclear cells 2 months p.i. In mice with the light 
infection a transient decrease in IL-5 generation was recor-
ded from day 10 to 20 p.i., during newborn larvae migra-
tion, but their numbers were low. IL-5 (Th2 cytokine) is a 
glycoprotein which is secreted mainly from T helper cells 
following activation with antigen or mitogen. This is a key 

 
Fig. 7. Superoxide anion production in vitro by peritoneal macrophages of mice infected with 10 and 400 T. spiralis larvae  

*(P<0.05); **(P<0.01) statistically significant from infection 400 T. spiralis larvae 
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protein for production, differentiation and activation of 
eosinophils, B cell growth, and increasing IgA production 
(Beagley et al., 1988; Kinashi et al., 1986; Hom & 
Estridge, 1994). Cytokine IL-5 indicates the severity of 
inflammation, because it directly induces degranulation of 
eosinophils (Horie et al. 1996), but it does not increase 
activity of eosinophils (Kita et al., 1992). Vallance et al. 
(2000) and Doligalska (2000) confirmed that IL-5 is not 
only essential for the onset of intestinal eosinophilia, but 
also makes a significant contribution to enteric host de-
fence during challenge T. spiralis infections. IL-5 expres-
sion is only minimally protective during a primary T. spi-
ralis infection but may protect against repeated exposure to 
gastrointestinal parasite, what correlated with our results 
during the intestinal phase after the heavy infection. Thus 
can be explained a rapid worm expulsion after the light 
infection with a smaller number of parasites against a 
longer intestinal phase after the heavy infection.  
Proinflammatory Th1 response was not markedly activated 
after the light infection, the production of IFN-γ was com-
parable to control till the end of the experiment. A signifi-
cantly increased synthesis of IFN-γ was recorded in mice 
infected with 400 larvae from day 10 to 45 p.i. That could 
be induced by migration of newborn larvae and higher 
number of muscle larvae. It has confirmed its participation 
in immune response at the muscle phase.  IFN-γ is cru-
cially involved in protection against newborn larvae, but 
does not affect the expulsion of adult worms (Helmby & 
Grencis, 2003). As reported in our previous studies, serum 
cytokines of mice infected with 500 larvae of T. spiralis 
showed during an early muscle phase higher levels of IFN-
γ and in a late muscle phase of the infection cytokine IL-5 
was again predominated (Dvorožňáková et al., 2005, 
2012).  Also other studies refer to the fact that T. spiralis 
muscle larvae death was correlated with enhanced IFN-γ 
and reduced IL-4 production (Kang et al., 2012). A small 
number of muscle larvae in mice with the light infection 
could be a small antigen stimulus to develop inflammatory 
Th1 response. Numbers of muscle larvae in mice with the 
light infection were 40-fold lower than were the parasite 
burden in mice with the heavy infection.  
Mechanism of IFN-γ mediated immunity to newborn lar-
vae may include enhanced cytotoxic killing by eosinophils, 
granulocytes and activated macrophages (Venturiello et 
al., 1995). Kołodziej-Sobocińska et al. (2006, 2012) found 
an increased metabolic activity of peritoneal macrophages 
during the first months after infection. In our study meta-
bolic activity of peritoneal macrophages was evaluated by 
production of superoxide anion O2

-. This product was de-
pressed during the intestinal phase after the heavy infection 
and stimulated in the muscle phase form day 30 to 60 p.i. 
On the contrary, the light infection increased O2

- produc-
tion already in the intestinal phase, from day 10 to 30 p.i. 
and during the muscle phase we recorded a small reduction 
in numbers of muscle larvae on day 60 p.i. This phenome-
non could be caused by the destruction of larvae by in-
flammatory and immune mechanisms and calcification of 
larvae.  

The differences found in the host immune reactions to 
different infective doses of Trichinella spiralis larvae refer 
to variations in the development of immune defence 
against T. spiralis infection in experimental models and in 
natural conditions. Our data suggest that low infective 
doses of T. spiralis larvae stimulate cellular immune re-
sponse in the first three weeks of infection, when an acti-
vation of CD4 T cells and macrophages is sufficient to 
eliminate the parasite from the gut, but it does not protect 
against migration of newborn larvae into the host muscles. 
However, larvae represent a small antigen stimulation and 
do not disturb an immunological balance in the host. We 
confirmed that protective responses can be initiated by 
very small infections (10 larvae) followed by rapid expul-
sion of adult worms. Our next aim is to examine of the host 
immunity after repeated infections with low number of 
larvae and its efficiency in anti-parasite defence. 
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