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ABSTRACT 
The objective of this study was to observe the role of blood cells in stimulation of protective 
immune response in H. diminuta infected mice, vaccinated with ES antigen of eggs, cysticercoid 
larvae and mature adult H. diminuta worms. The total and differential blood cells like total 
leucocyte count, lymphocytes, neutrophils, basophils, eosinophils and monocytes counts were 
observed for protective immunity measurment. The TLC, lymphocytes, monocytes and 
basophils were found to be increased and eosinophil counts were found to be decreased, while 
neutrophil counts were observed fluctuated in all experimental mice. 
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INTRODUCTION 

H.diminuta is a hymenolepid cestode of family 
hymenolepidae and is most commonly found 
in small intestine of rats and mice in all part of 
world. The hymenolepidid cestodes provide a 
good model for studying the mechanism of 
innate and acquired immunity to cestode 
infection. Enteroparasite infection is still a 
serious public health problem in the world, 
especially in developing countries.1 ,2 
Infection of H. diminuta in mice by 
cysticercoid larvae produces a strong cell 
mediated and humoral response induced by 
antigenic stimulation.4,12 In H. diminuta 
infection, many authors3, 5-7  have suggested 
that the primary infection with a single 
cysticercoid larva is sufficient to induce strong 
immunity. Several workers have attempted to 
immunize the host animals against larval 
cestode infections using antigenic materials 
from various stages of the worms.8, 9 In H. 
diminuta Infection an initial cysticercoid 
infection induced immunity against challenge 
infection with subsequent cysticercoids.10- 13  
Increase in the number of lymphocytes in the 
infected groups confirms the involvement of 
lymphocyte - mediated cellular immunity in   
H.nana - mouse model.9, 14-16 The evaluation of  

antigenic substances relevant in imparting 
protective immunity to H. diminuta has never 
been carried out. Further, there has been little 
experimental work which17 examines the 
protective capacity of the effective antigens 
derived from different development stages of 
worm.  

AIMS AND OBJECTIVES 
To study the protective immunity which is 
operative in H.diminuta infected mice through 
active immunization using ES antigens. 

MATERIAL AND METHODS 
Maintenance of mice 
The Swiss albino mouse, Mus musculus 
albinus was selected as an experimental animal 
for the present investigation. The mice were 
obtained from the college of Veterinary 
Science and Animal Husbandary, Mhow 
(M.P.), India and were kept in the animal 
house under local conditions of light, 
temperature, ventilation and food. Food and 
water were provided ad libitum. Inbred female 
mice of 6-8 weeks old and 15-20 gms in 
weight were used according to the need of the 
experimental design. 
Maintenance of strain of H. diminuta in 
mice 
Hymenolepis diminuta was selected as a test 
parasite.  It  was  obtained from helminthology  *Author for correspondence 
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laboratory, Department of Zoology, Govt. 
Model Holkar Science Autonomous College, 
Indore, India. H. diminuta is being routinely 
maintained in the helminthological laboratory 
by serial passage in healthy mice after every 
16 day post infection with a dose of 100 viable 
infective cysticercoids larvae. The infected 
animals provide the various stages of the 
parasite for experimental purposes. 
Culture and infection of flour beetle, 
Tribolium confusum 
Beetles were cultured in glass containers, in a 
mixture of gram and wheat flour. Routinely 10 
male and 10 female beetles were enclosed in 
cotton plugged bottles. Kept in an incubator at 
280C with 14 - 25% humidity, after 20 days the 
pupae were isolated for further culturing in to 
adults. Starved beetles (for 6 to 8 days) were 
fed with gravid proglottids of H. diminuta 
(placed on pieces of resin) in small petri-dishes 
(15-20 starved beetles per dish), kept for 
incubation at 280C. Feeding is usually 
completed in 24 hours then the infected beetles 
were transferred to fresh dishes containing 
their normal diet of flour mixture with lowered 
humidity. 
Preparation of inoculums for infection 
The cysticercoids larva is infective stage of H. 
diminuta. It is developed in intermediate host 
grain beetle (Tribolium confusum). Generally 
near about 5 to 10 cysticercoids larvae were 
found in each beetle. 100 cysticercoids larvae 
fed to each mouse. After inoculation, mice 
were kept in cages in groups of five and 
labeled according to the design of experiments 
and were fed routinely with the standard diet.  
Collection of the blood samples and 
separation of serum 
Blood from experimental and control mice was 
collected by cardiac puncture under mild ether 
anesthesia, before incision each mouse was 
swabbed with 90% alcohol, heart exposed and 
blood collected from the ventricle by a 2 ml 
sterilized dry glass syringe fitted with a 
suitable needle. Blood samples were kept in 15 
ml centrifuge tubes in cold overnight for 
clotting after which serum carefully pipette out 
in to clean sterilized serum collecting tubes 
and stored at -200C until required. 

Procurement of different life stage of      
H. diminuta for harvesting excretory - 
secretary antigens 
All procedures were carried out under aseptic 
conditions, using sterile solutions. Washing 
whenever required was performed in Hank's 
Balanced Salt Solution (HBSS) containing 
antibiotics. Different life cycle stages taken for 
harvesting specific antigens were as follows : 
1. Eggs 
2.  Cysticercoids larvae 
3. Mature adult worms 
Immunization of mice, challenge infection 
Samples of lyophilized excretory/secretary 
antigen whose protein content was estimated 
by method of18 suspended in HBBS. 
An initial dose of 0.4 ml of the suspension 
with 0.2 ml. of antigenic sample containing the 
required protein content (determined earlier) 
and 0.2 ml of Freud’s Complete Adjuvant 
(FCA) was injected subcutaneously (SC) for 
immunization. The protein content of the 
antigenic sample varied according to the 
experiments, however the booster dose was of 
0.2 ml, containing required amount of protein 
without FCA. A challenge oral infection of a 
single dose of 100 cysticercoid larvae of H. 
diminuta was uniformly given after two weeks 
of immunization to each mouse in all the 
experiments.  
Total and differential leucocyte’s counting  
These were assessed according to the usual 
methods.19, 20 

RESULTS AND DISCUSSION 
Obtained results are summarized in Table 1 to 
Table 3.  
TLC Counts 
The leucocyte – count (TLC x 103) in NINVC1 

group was found to be 10.112. In INVC2 the 
value increased to 12.122 on 16th day p.i. When 
the experimental mice vaccinated with ES 
antigens all the values increased on 16th day p.i. 
as compared to the controls. The increase in 
TLC was directly proportional to the 
concentrations of the antigens. (Table 1 to 
Table 3). When the mice were vaccinated by 
eggs ES antigen then at 25 µg concentration 
TLC  value  was  12.201 which increased to a  
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Table 1 : Haemotological values taken on 16 day post infection from mice infected with H. 
diminuta and vaccinated with different concentrations of excretory-secretory antigen of egg 

S/N Group name TLC cumm 
TLC x 103 

DLC 
N% L% M% B% E% 

1.  NINVC1 10.112 
 0.112 

33.4 
 0.322 

64.5 
 0.640 

0.8 
 0.030 

0.7 
 0.084 

0.6 
 0.023 

2.  INVC2 12.122 
 0.165 

12.3 
 0.262 

66.0 
 0.780 

0.9 
 0.016 

0.8 
 0.009 

20 
 0.154 

3.  IVEgE-SAg1 12.201 
 0.235 

24.5 
 0.215 

68.4 
 0.807 

0.9 
 0.010 

0.8 
 0.012 

5.4 
 0.221 

4.  IVEgE-SAg2 12.732 
 0.124 

24.3 
 0.291 

69.5 
 0.670 

0.9 
 0.012 

0.9 
 0.016 

4.4 
 0.070 

5.  IVEgE-SAg3 13.525 
 0.161 

25.1 
 0.417 

70.4 
 0.661 

1.0 
 0.025 

0.9 
 0.012 

2.6 
 0.161 

6.  IVEgE-SAg4 14.146 
 0.151 

23.7 
 0.213 

72.6 
 0.651 

1.2 
 0.052 

1.1 
 0.004 

1.4 
 0.015 

Table 2 : Haematological values taken on 16 day post infection from mice infected with H. 
diminuta and vaccinated with different concentrations of excretory-secretory antigen of 

cysticercoid larvae 

S/N Group name TLC cumm 
TLC x 103 

DLC 
N% L% M% B% E% 

1.  NINVC1 10.112 
 0.112 

33.4 
 0.322 

64.5 
 0.640 

0.8 
 0.030 

0.7 
 0.084 

0.6 
 0.023 

2.  INVC2 12.122 
 0.165 

12.3 
 0.262 

66.0 
 0.780 

0.9 
 0.016 

0.8 
 0.009 

20 
 0.154 

3.  IVCyE-SAg1 12.786 
 0.179 

23.6 
 0.259 

69.8 
 0.657 

1.0 
 0.003 

0.9 
 0.126 

4.7 
 0.084 

4.  IVCyE-SAg2 13.001 
 0.131 

24.2 
 0.006 

71.2 
 0.683 

1.2 
 0.012 

1.0 
 0.098 

2.4 
 0.190 

5.  IVCyE-SAg3 14.148 
 0.127 

24.2 
 0.213 

72.3 
 0.651 

1.2 
 0.084 

1.0 
 0.022 

1.3 
 0.075 

6.  IVCyE-SAg4 15.986 
 0.149 

22.4 
 0.163 

74.0 
 0.509 

1.3 
 0.024 

1.2 
 0.148 

1.1 
 0.004 

Table 3 : Haematological values taken on 16 day post infection from mice infected with H. 
diminuta and vaccinated with differential concentration of excretory-secretory antigen of 

adult worm 

S/N Group name TLC cumm 
TLC x 103 

DLC 
N% L% M% B% E% 

1.  NINVC1 10.112 
 0.112 

33.4 
 0.322 

64.5 
 0.640 

0.8 
 0.030 

0.7 
 0.084 

0.6 
 0.023 

2.  INVC2 12.122 
 0.165 

12.3 
 0.262 

66.0 
 0.780 

0.9 
 0.016 

0.8 
 0.009 

20 
 0.154 

3.  IVAE-SAg1 12.102 
 0.149 

24.3 
 0.163 

66.5 
 0.509 

0.9 
 0.006 

0.8 
 0.027 

7.5 
 0.200 

4.  IVAE-SAg2 12.912 
 0.179 

25.6 
 0.215 

67.0 
 0.635 

0.9 
 0.003 

0.9 
 0.003 

5.6 
 .0161 

5.  IVAE-SAg3 13.124 
 0.152 

25.5 
 0.217 

68.6 
 0.689 

1.0 
 0.028 

0.9 
 0.023 

4.0 
 0.075 

6.  IVAE-SAg4 14.116 
 0.108 

25.2 
 0.291 

71.2 
 0.667 

1.1 
 0.003 

1.0 
 0.003 

1.5 
 0.012 
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NINVC1 Non infected Non vaccinated control-1 
INVC2 Infected Non vaccinated control-2. 
IVEgE-SAg1 Infected vaccinated with 25 g eggs excretory-secretory antigen. 
IVEgE-SAg2 Infected vaccinated with 50 g eggs excretory-secretory antigen. 
IVEgE-SAg3 Infected vaccinated with  75 g eggs excretory-secretory antigen.  
IVEgE-SAg4 Infected vaccinated with 100 g eggs excretory-secretory antigen. 
IVCyE-SAg1 Infected vaccinated with 25 g cycticercoid larval excretory-secretory antigen. 
IVCyE-SAg2 Infected vaccinated with 50 g cycticercoid larval excretory-secretory antigen. 
IVCyE-SAg3 Infected vaccinated with 75 g cycticercoid larval excretory-secretory antigen. 
IVCyE-SAg4 Infected vaccinated with 100 g cycticercoid larval excretory-secretory antigen. 
IVAE-SAg1 Infected vaccinated with 25 g adult worm excretory-secretory antigen. 
IVAE-SAg2 Infected vaccinated with 50 g adult worm excretory-secretory antigen.  
IVAE-SAg3 Infected vaccinated with  75 g adult worm excretory-secretory antigen. 
IVAE-SAg4 Infected vaccinated with 100 g adult worm excretory-secretory antigen. 
TLC Total leucocyte count. 
DLC Differential leycocyte count. 
N% Neutrophil percentage. 
L% Lymphocyte percentage. 
M% Monocyte percentage. 
B% Basophil percentage. 
E% Eosinophil percentage. 
p.i. Post infection. 

maximum value 14.146 at 100 µg concentration 
(Table 1). At 25 µg concentration TLC value 
was 12.786 which increased to a maximum value 
15.986 at 100 µg concentration, when the mice 
were vaccinated by cysticercoids larval ES 
antigen  (Table 2). When the mice were vaccina 
-ted with adult worm ES antigen, TLC increased 
as compared to those of controls. At 25 µg 
concentration TLC value was 12.102 which 
increased to a maximum value 14.116 at 100 µg 
concentrations (Table 3). So the maximum TLC 
was shown by cysticercoid larval ES antigen 
(15.986 in the group IVCyE-SAg4 ) and least by 
adult worm ES antigen ( 12.102 in the group 
IVAE-SAg1  ). 
DLC Counts  
The Neutrophil – count in NINVC1 group was 
found to be 33.4%. In INVC2 the value decreased 
to 12.3%. When the experimental mice were 
vaccinated with various ES antigen all the values 
fluctuated (Table 1 to Table 3). 
The lymphocyte number in NINVC1 group was 
found to be 64.5%. In INVC2 the value increased 
66.0%. When the experimental mice were 
vaccinated with ES antigen all the values 
increased as compared to those of controls. The 
increase in the lymphocyte number was directly 
proportional to the concentration of the antigen 
(Table 1 to Table 3). When experimental mice 
were vaccinated with eggs ES antigen minimum 
(68.4%) and maximum (72.6%) lymphocytes 
number were observed in IVEgE-SAg1 and 
IVEgE-SAg4 groups respectively (Table 1). 
When  experimental mice were vaccinated with  

cysticercoids larval ES antigen minimum 
(69.8%) and maximum (74.0%) lymphocytes 
number were observed in INVCyE-SAg1 and 
IVCyE- SAg4 groups respectively (Table 2). 
When the experimental mice were vaccinated 
with adult worm ES antigen, minimum (66.5%)  
and maximum (71.2%) lymphocytes number 
were observed in INVAE-SAg1 and IVAE-SAg4 
group respectively (Table 3).  
Lymphocyte- count was maximum (74.0%) in 
the group IVCyE-SAg4 and minimum (66.5%) in 
the group IVAE-SAg1. So the maximum 
lymphocyte count was shown by cysticercoids 
larval ES antigens and least by adult worm ES 
antigens.  
The percentage of monocytes in NINVC1 group 
was found to be 0.8%. In INVC2 the value 
increased to 0.9%. When the experimental mice 
were vaccinated with ES antigens all the values 
increased as compared to those of controls 
(Table 1 to Table 3). When experimental mice 
were vaccinated with eggs ES antigen minimum 
(0.9%) and maximum (1.2%) monocytes were 
observed in IVEgE-SAg1, g2 and IVEgE-SAg4 
groups respectively. When experimental mice 
were vaccinated with cysticercoids larval ES 
antigen minimum (1.0%) and maximum (1.3%) 
monocytes were observed in IVCyE-SAg1 and 
IVCyE-SAg4 groups respectively. When 
experimental mice were vaccinated with adult 
worm ES antigen minimum (0.9%) and 
maximum (1.1%) monocytes were observed in 
IVAE-SAg1, IVAE-SAg2 and IVAE-SAg4 
groups respectively.  
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Monocyte-count was maximum (1.3%) in the 
group IVCyE-SAg4 and minimum (0.9%) in the 
group IVAE-SAg1, g2. So the maximum 
monocyte-count was shown by cysticercoids 
larval ES antigen and least by adult worm ES 
antigen. 
The percentage of basophiles in NINVC1 group 
was found to be 0.7%. In INVC2 the value 
increased to 0.8%. When the experimental mice 
were vaccinated with ES antigen all the values 
increased as compared to those of control (Table 
1 to Table 3).When experimental mice were 
vaccinated with eggs ES antigen minimum (0.8%) 
and maximum (1.1%) basophiles were observed 
in IVEgESAg1 and IVEgESAg4 groups 
respectively. When experimental mice were 
vaccinated with cysticercoids larval ES antigen 
minimum (0.9%) and maximum (1.2%) bas 
-ophils were observed in IVCyESAg1 and 
IVCyESAg4 groups respectively. When 
experimental mice were vaccinated with adult 
worm ES antigen minimum (0.8%) and maximum 
(1.0%) basophiles were observed in IVAESAg1, 
and IVAE-SAg4 groups respectively. 
Basophile – count was maximum (1.2%) in the 
group IVCyE-SAg4 and minimum (0.8%) in the 
group IVAESAg1 and IVEgESAg1. So the 
maximum basophile-count was shown by 
cysticercoids larval ES antigen and least by adult 
worm ES antigen.  
The percentage of eosinophils in NINVC1 group 
was found to be 0.6%. In INVC2 the value 
increased to 20%. When the experimental mice 
were vaccinated with ES antigens all the values 
decreased as compared to those of control. The 
decrease in the eosinophils was directly 
proportional to the concentration of antigens 
(Tables 1 to Table 3). When experimental mice 
were vaccinated with eggs antigen minimum 
(1.4%) and maximum (5.4%) eosinophils were 
observed in IVEgE-SAg4 and IVEgE-SAg1 
groups respectively .When experimental mice 
were vaccinated with cysticercoids larval ES 
antigen minimum (1.1%) and maximum (4.7%) 
eosinophils were observed in IVCyE-SAg4 and 
IVCyE-SAg1 groups respectively. When 
experimental mice were vaccinated with adult 
worm ES antigen minimum (1.5%) and maximum 
(7.5%) eosinophils were observed in IVAE-SAg4 
and IVAE-SAg1 groups respectively. 
Eosinophil – count was maximum (7.5%) in the  

group IVAE-SAg1 and minimum (1.1%) in the 
group IVCyE-SAg4. So the maximum eosinophil 
– count was shown by adult worm ES antigen. 

RESULTS AND DISCUSSION 
In the present study the total leucocyte counts 
were found to be increased significantly in all the 
experimental mice. The increase in the counts of 
lymphocytes and eosinophils has also been 
observed. This may be due to the development of 
worms. To cope up with this, the host increases 
the lymphocytes to impart resistance and 
eosinophils to kill the worms. 
The increased counts of eosinophils, basophils, 
monocytes and lymphocytes clearly indicate the 
enhancement of immune response for expulsion 
of worm.21-35 In case of H. nana – mouse model 
several studies22,23 have provided enough 
evidence regarding the involvement of 
lymphocyte and monocyte mediate cellular 
immunity. Eosinophils are multifunctional 
inflammatory leucocytes implicated in the 
pathogensis of numerous inflammatory processes 
especially allergic disorders. The increase in 
number of eosinophils during helminthic 
infections is regulated by T-lymphocytes.24 
Eosinophils from patients with hypereosinophilia 
have an increased capacity to kill helminths.25 
Eosinophils have been shown to be potent 
effecter cells for the killing of helminth parasites 
the in vitro cultures.26 He suggested that the 
increase in eosinophils together with antibody 
complement has a role in the killing of infective 
larval stages of most helminth parasites. 
The results of the present study also show the 
increased counts of eosinophils in the infected 
mice that correlate with the above results of. 25, 26 
This also shows the significant role of 
eosinophils and other WBC in imparting 
immunity to cope up with the challenge 
infections. The number of eosinophils decreases 
as the worm burdens decrease. The decrease in 
eosinophils in vaccinated groups is due to 
decrease in worm burden. The protective role of 
cell mediated immunity as indicated by the 
increase of eosinophils and mast cells has also 
been demonstrated by histopathological experi- 
ments by.27 
Basophile that increased in the vaccinated groups 
are known to synthesize and release histamine in 
immune response by accumulating and 
degranulating in the small intestinal mucosa and  
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help in the immune expulsion mechanism. 
Though the values of basophils, monocytes and 
neutrophil counts fluctuated which may probably 
for coping up the increased counts of eosinophils 
and lymphocytes. 27 
In the present study a decrease in 
neutrophil-count was observed in immunized 
mice. The decrease in neutrophil count in mice 
has also been observed by.28 This may be  
probably due to vast increase in lymphocyte and 
eosinophil-counts and to compensate the total 
leucocyte count. The neutrophils may transform 
themselves in to other types of cells. 
The increase in the counts of lymphocytes in the 
immunized groups indicated the enhancement of 
immunity as these are the principal cells which 
play main role in the induction of immunity. The 
increase in the number of lymphocytes in the 
infected groups confirms similar observations by 
previous authors9,29 and directs towards the 
involvement of lymphocyte - mediated cellular 
immunity in Hymenolepis infection and 
T.muris-mouse model infection.30,31 Active cell 
transfer studies by32, 33 had provided evidence for 
a protective role of the T-lymphocytes. 
Lymphocytes observed in both immunized and 
challenged groups of mice may be due to some 
immune complex reactions as observed in other 
hymenolepid tapeworms by.34,35 

CONCLUSION 
From the overall observations of the present 
investigation we can conclude that though both 
cellular and humoral immunity play role in H. 
diminuta infection. It is the former which is 
mainly responsible for conferring protection 
against challenge infections. The results of the 
present study clearly indicate that an effective 
vaccine against the gastrointestinal cestode H. 
diminuta will serve to protect against 
secondary/challenge infections on several 
immunological levels.                       
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