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Abstract 
Background and objective: To determine the performance and functional activity of macrophage and lympho-

cytes after immunization with phenol killed Shigella dysenteriae type 1.  

Materials and Methods:  phenol killed Shigella dysenteriae type 1 (16 × 10
3
bacteria/ml ) was injected subcu-

taneously(S/C)  in 10 guinea pigs at a dose of 0.5 ml .At the third  week animals given a 1st  booster dose of (1 

ml) of killed bacteria. At fifth week, a second booster dose (1ml) was given (S/C). Five animals were used as 

control group and injected with phosphate buffer saline. After isolation of peritoneal macrophage and Blood 

Lymphocytes, macrophage migration inhibition (MMIT) and lymphocytes, transformation (LTT) tests have 

been applied. 

Results: The level of inhibition of migration decreased gradually, while reducing the concentration of the PHA 

antigen. Migration inhibition coefficient was (0.477±0.268) when PHA antigen (400 µg/ml), (0.610±0.181) 

when PHA (40 µg/ml), (0.641±0.145) when PHA antigen (4 µg/ml). No significant difference in migration inhi-

bition coefficient was detected between immunized groups (p˃0.05) at different concentration of PHA antigen. 

The control group did not show any migration inhibition for macrophages at different concentrations of PHA 

antigen. Significant difference was detected between control groups (p<0.05) at different concentration of PHA 

antigen. Significant differences(p<0.01), (p<0.05), (p<0.01)were detected between immunized and control 

groups at 4 µg / ml, 40 µg / ml, 400 µg / ml, concentration of PHA antigen respectively . A clear response of the 

lymphocytes toward PHA was detected in lymphocyte transformation test. The mitotic index (Ml) of the lym-

phocytes exposed to the (0.1mg/ml) PHA antigen was (11.56 ± 3.22); for (5mg/ml) PHA was (41.49 ± 26.298) 

and for control was (1.18±0.516).  Significant difference in mitotic index was detected between groups (p<0.01) 

according to the dose of PHA antigen.   

Conclusions: MMIT and LTT can be used effectively to evaluate and monitoring of cellular immunological 

responsiveness to shigella dysenteriae type 1 antigen .Both MMIT and LTT proportionally associated with pre 

sensitization dose and duration of exposure to antigen. 

Keywords: Shigella dysenteriae, macrophage migration inhibition, lymphocyte transformation 

1.Introduction 
Diarrheal disease continue to exist as these 

condition leading cause of mortality among children 

under five years of age[1]. Shigella, a highly virulent 

pathogen that causes bacterial dysentery, is one of the 

leading causes of diarrheal disease and contributes 

significantly to the burden worldwide[2] Shigella 

dysenteriae strain have ability to cause epidemic  and 

severe diarrhea (shigellosis)mostly in poor and 

crowded countries [3]. Low bacterial dose (10
1
-10

2
) 

via contaminated food or water  have the ability to 

induce clinical disease  mainly in children older than 

2 years due to immaturity of intestinal immune sys-

tem[4]. Shigella causes more than 150  million diar-

rhoea episodes and more than one million deaths an-

nually[3]. The key step in the S. dysenteriae type 1 

pathogenesis is bacterial invasion of the  colonic mu-

cosa and translocate effector proteins from the bacte-

rial cytoplasm to the membrane and cytoplasm of the 

http://dx.doi.org/10.7439/ijbar
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host cell  via type three-secretion apparatus (T3SA), a 

needle-like structure[5] and formation of micro ab-

scess in the wall of the large intestine, followed by 

mucosal ulcerations and pseudomembrane forma-

tion[6]. Wild type Shigella infection causes a severe 

alteration of the barrier function of a small intestinal 

mucosa cells and might contribute (along with en-

terotoxins) to the induction of watery diarrhea. In-

creasing evidence reveals the ability of pathogens to 

modulate host immunity, preventing the induction of 

an efficient immune response that may contribute to 

the clearance of primary infection and/or protection 

from reinfection[7]. Shigella creates a strong immu-

nosuppressive environment in the course of infection 

and have the ability to  divert functions of Dendritic 

cells (DCs ) and B and T lymphocytes, a direct tar-

geting of the adaptive immune system[8]. Antibody- 

mediated protection arises only after several episodes 

of infection, is of short duration, and is poorly effi-

cient in limiting reinfection, particularly in young 

children [7]. 

Macrophage migration inhibitory fac-

tor (MIF or MMIF) also known as glycosylation in-

hibiting factor (GIF), L-dopachrome isomerase, or 

phenylpyruvate tautomerase, is a protein that in hu-

mans is encoded by the MIF gene[9]. MIF is an im-

portant regulator of innate immunity[10].Bacterial 

antigen stimulate white blood cells(WBCs)  to release 

MIF into the blood stream. The circulating MIF binds 

to CD74 on other immune cells to trigger an acute 

immune response[11].MIF is classified as an inflam-

matory cytokine. WBCs release MIF in response to 

glucocorticoids stimulation, thus MIF partially coun-

teracts the inhibitory effects that glucocorti-

coids  have on the immune system. Trauma also 

stimulate anterior pituitary gland to produce MIF[12]. 

The MIF gene  product MIF encodes a  lym-

phokine involved in cell-mediated immunity, immu-

noregulation, and  inflammation[13,14]. MIF plays a 

role in the regulation of macrophage function in host 

defence through the suppression of anti-inflammatory 

effects of glucocorticoids[14-16].  

Lymphocyte transformation test (LTT);has 

other synonyms(Lymphocyte activation test; Lym-

phocyte proliferation test; Lymphocyte stimulation 

test)  is currently the only laboratory method for the 

determination of a specific cellular sensitization[17]. 

It is based on the principle of the specific antigen 

(allergen) induced lymphocyte cell division following 

contact with the corresponding antigen. A positive 

reaction proves the existence of antigen specific lym-

phocytes (memory cells) in the patient’s blood[18]. 

The newly optimized LTT variants have attained an 

enhanced sensitivity and specificity through the addi-

tion of a genetically manipulated interferon-alpha to 

the cell culture. The spectrum of LTT indications 

encompasses four important areas of medical diag-

nostics: Diagnosis or exclusion of: - Cell mediated 

sensitization (Type IV Allergy) - Defects and func-

tion disorders of the immune system -Tissue com-

patibility/incompatibility (Transplantation medicine) 

- Lymphocyte reactivity toward infectious agents, to 

monitor cancer, occupational exposure to dust and 

other antigens, and other environmental antigens and 

mitogens[19-21]. 

 The objective of current study is to deter-

mine performance and functional activity of macro-

phage and lymphocytes after exposure to Shigella 

dysenteriae type 1 antigenic stimulation due to great 

importance in the production of vaccines. 

 

2. Materials and methods 

2.1. Isolation of Shigella dysenteriae type 1: 

Stool samples were collected from children 

with diarrhoea during January 2014 to march 

2014after obtaining assigned approval of ethical 

committee at college of medicine Diyala University, 

Iraq. Submitted samples transported via transport 

media (Phosphate buffered saline) in to laboratory 

and inoculated on MacConkey agar and Selenite-F 

broth for enrichment and incubated at 37
o
C for 24 

hours in aerobic environment. Selenite-F broth, was 

subcultured on Salmonella-Shigella agar (Oxoid) 

after overnight incubation[22]. Conventional bio-

chemical reactions (urea, citrate, triple sugariron, 

indole, motility, oxidase test, catalase test) used for 

identification of colonies morphologically suggestive 

of Shigella species. Polyvalent shigella antisera  for 

slide agglutination tests from pro lab diagnostic used 

for typing[23].Non-serotypable isolates were further 

checked by API 20 E (Bio Murex, France)[24]. 

2.2. Immunization of guinea pigs 

      Fifteen guinea pig males purchased from 

pharmaceutical and toxicological investigations de-

partment –Ministry of health-Iraq used in experiment. 

Approval of ethical committee at college of veteri-

nary medicine, Diyala University was obtained for 

starting the experiments. 

Immunization was conducted through a sub-

cutaneous injection of (10) animals at a dose of 0.5 

ml of phenol killed Shigella dysenteriae type 1 sus-

pension contain (16 × 10
3
) bacteria per ml. At the 

third week of the initial injection animals given a first 

booster dose of one ml of phenol killed Shigella 

dysenteriae type 1. At the fifth week, a second 

booster dose of one ml was given subcutaneously. 

http://en.wikipedia.org/wiki/Gene
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http://en.wikipedia.org/wiki/CD74
http://en.wikipedia.org/wiki/Cytokine
http://en.wikipedia.org/wiki/Glucocorticoid
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Five animals were used as control group and injected 

with phosphate buffer saline (PBS)[25]. 

2.3. Peritoneal macrophages migration inhibition 

test (PMMI) 

PMMI was conducted for the immunized 

and control group, three weeks after the injection of 

the second booster dose  (at 8th week of experi-

ment).Each animal were injected with 30 ml of liquid 

paraffin intraperitoneally then 72 hours later  each 

animal  was anesthetized and injected intraperito-

neally with 150 ml of RPMI-1640 solution provided 

with heparin 50 IU / ml and 20%  fetal  calf  serum 

(Gibco®)[26].Then conducts the process of massage 

quiet for each animal and surgical incision of 7 cm 

length at the midline of the abdomen was done for 

collection of Peritoneal fluid in a sterile bottle and 

left to settle down and then centrifuged at 3000 rpm / 

min at 5co for three consecutive times[25].Cells sus-

pension was diluted with RPMI-

1640(Gibco®GlutaMAX™ media)[27]containing 

15% of  fetal calf serum and  100 IU of penicillin and 

100 µg /ml of streptomycin per were added the a cap-

illary tube was filled with proceeded and shut down 

one of the slots and  centrifuged at 2000 rpm / min 

for 5 minutes and cut the capillary tube between the 

cells layer and the liquid and set within the drilling 

special tissue  culture dishes then put  the PHA anti-

gen in the drilling using three concentrations of a 4 

µg/ ml and 40 µg / ml and 400 µg / ml and then 

RPMI-1640.Tissue culture dishes were incubated at 

37Co with the presence of 5 %CO2 for 24 hours. The 

percentage of phagocytic cells migrating was calcu-

lated according to following equation [25] 

 
𝑴𝒊𝒈𝒓𝒂𝒕𝒊𝒐𝒏𝒑𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆

=
𝒎𝒊𝒈𝒓𝒂𝒕𝒊𝒐𝒏  𝒂𝒓𝒆𝒂 𝒐𝒇 𝒄𝒆𝒍𝒍𝒔 𝒘𝒊𝒕𝒉𝒑𝒓𝒆𝒔𝒆𝒏𝒄𝒆𝒐𝒇𝒂𝒏𝒕𝒊𝒈𝒆𝒏

𝒎𝒊𝒈𝒓𝒂𝒕𝒊𝒐𝒏  𝒂𝒓𝒆𝒂 𝒐𝒇 𝒄𝒆𝒍𝒍𝒔 𝒘𝒊𝒕𝒉𝒐𝒖𝒕𝒂𝒏𝒕𝒊𝒈𝒆𝒏
× 𝟏𝟎𝟎 

 

2.4. Lymphocyte transformation test: 

        Five adult guinea pigs, were enrolled in im-

munization program and five unimmunized. From 

each animal 2 ml of blood were withdrawn and 

placed in a tube containing 20 units heparin / ml 

bloodand diluted with normal saline by 2:1[28, 29]. 

Lymphoprep™ was mixed thoroughly before use by 

inverting the bottle several times. Three ml of Lym-

phoprep™  was  added to a tube[30]. Three ml of 

Blood was diluted with an equal amount of phos-

phate-buffered saline (PBS) plus 2% fetal bovine 

serum (FBS). Blood was layered carefully on top of 

Lymphoprep™ to minimize mixing of blood with 

Lymphoprep™. Then centrifuged at 3000 rpm for 30 

minutes at room temperature (15 - 25°C) with brake 

off. Upper plasma layer was removed and discarded 

without disturbing the plasma-Lymphoprep™ inter-

face. Mononuclear cell layer at the plasma-

Lymphoprep™ interface   was removed and retained 

without disturbing erythrocyte/granulocyte pellet. 

Mononuclear cells then washed by normal saline 

solution and centrifuged at 2000 rpm / min for five 

minutes for three consecutive times [30,31]. 

Taking the cellular sediment and mixed with 

prepared (RPMI-1640)[27] containing 15% of fetal 

calve serum, 100 IU of penicillin and 100 µg/ml  of 

streptomycin. Three ml of RPMI-1640 containing 

lymphocytes was distributed equally in five sterile 

tubes with a lid for three groups. For the first group 

0.1 mg/ml of phytohaemagglutinin (PHA) was 

used[32], In the second group 5 mg / ml (PHA )and 

the third  group was control. Tubes were incubated at 

37 CO with 10% CO2 for (7-5) days then all tubes 

were centrifuged at 2000 rpm/minute for 10 minutes 

and smears on slides were made from cellular sedi-

ments and left to dry then slides were stained by Li-

eshman's stain and examined under the microscope. 

Mitotic index was calculated according to the follow-

ing equation[28]: 

 

𝑴𝒊𝒕𝒐𝒕𝒊𝒄𝒊𝒏𝒅𝒆𝒙 𝑴𝑰 =
𝒏𝒖𝒎𝒃𝒆𝒓𝒐𝒇𝒄𝒆𝒍𝒍𝒔𝒊𝒏𝒅𝒊𝒗𝒊𝒔𝒊𝒐𝒏𝒔𝒕𝒂𝒈𝒆

𝒏𝒖𝒎𝒃𝒆𝒓𝒐𝒇𝒖𝒏𝒅𝒊𝒗𝒊𝒅𝒆𝒅𝒄𝒆𝒍𝒍𝒔
× 𝟏𝟎𝟎 

 

2.5. Statistical analysis 

All collected data were entered in Statistical 

Package for Social Sciences version 17.0 (SPSS v.17) 

and MS Excel (2010), were used for statistical analy-

sis of data. All results of continuous data were ex-

pressed as Mean± Standard Deviation (SD). ANOVA 

and t-tests were used for detection of differences be-

tween groups which considered significant at p<0.05, 

p<0.01 levels. 

 

3. Results 

The results of the PMMI test revealed inhi-

bition of migration for the peritoneal macrophages in 

tissue culture dishes, 24 hours after the addition of 

three different concentrations of Phytohaemaggluti-

nin (PHA) antigen as shown in (Table 1).The level of 

inhibition of migration decreased gradually, while 

reducing the concentration of the PHA antigen. Mi-

gration inhibition coefficient was (0.477± 0.185) 

when using PHA antigen concentration (400 µg / ml) 

(Figure1-A), migration inhibition coefficient was 

(0.6106± 0.163) when using PHA antigen concentra-

tion (40 µg / ml), migration inhibition coefficient was 

(0.641± 0.13) when using PHA antigen concentration 

(4 µg / ml). No significant difference in migration 
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inhibition coefficient was detected between immu-

nized groups (p˃0.05) at different concentration of 

PHA antigen. Migration inhibition coefficient in term 

of (mean ± SD) inversely associated with dose of 

PHA antigen among immunized group. 
The control group did not show any migra-

tion inhibition for macrophages at different concen-

trations of PHA antigen in tissue culture dishes (fig-

ure 1-B), the mean migration inhibition coefficient 

was more than 1,000. Significant difference was de-

tected between control groups (p<0.05) at different 

concentration of PHA antigen. Significant difference 

(p<0.01),(p<0.05),(p<0.01)was detected between 

immunized and control groups at 4 µg/ml, 40 µg/ml, 

400 µg/ml, concentration of PHA antigen respec-

tively. 
 Lymphocyte transformation test showed a 

clear response of the lymphocytes toward phytohae-

magglutinin (PHA).As shown in Table 2, the mitotic 

index (Ml) of the lymphocytes exposed to the 

(0.1mg/ml) PHA antigen was (11.56±3.22) and for 

lymphocytes exposed to (5mg/ml) PHA was 

(41.49±26.298) and for control (1.18±0.516).Figure 

(2) shows the obvious response of lymphocytes to the 

antigen through a high degree of cells division. Sig-

nificant difference in mitotic index was detected be-

tween groups (p<0.01) according to the dose of PHA 

antigen.  

 

Table 1: Peritoneal macrophage migration inhibition factor in immunized guinea pigs and control group 

 

Group 
 

Animal 

No. 

PHA  Antigen concentration 

ANOVA 

(p value) 

4 µg / ml 40 µg / ml 400 µg / ml 

migration inhibition 

coefficient 

migration inhibition 

coefficient 

migration inhibition 

coefficient 

 

 

Immunized 

group 

1 0.725 0.725 0.544 

p˃0.05 

2 0.632 0.591 0.429 

3 0.786 0.786 0.671 

4 0.759 0.740 0.740 

5 0.681 0.681 0.640 

7 0.713 0.702 0.409 

7 0.441 0.287 0.160 

8 0.392 0.374 0.230 

9 0.611 0.570 0.480 

10 0.671 0.650 0.474 

Mean ± SD 0.641± 0.13 0.6106± 0.163 0.477± 0.185 

 

Control 

group 

1 2.050 1.000 0.833 

p<0.05 

2 1.790 1.120 1.000 

3 4.220 2.140 1.140 

4 2.990 1.850 1.560 

5 2.680 2.478 1.759 

Mean ± SD 2.7460± 0.953 1.717±0.641 1.258±0.388 

T test (P value ) 0.00759 0.017049 0.008278 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Indicators of lymphocytes division 

 

 

1-A 1-B 

Figure (1): peritoneal macrophage migration inhibition test: 

1-A: full migration out of capillary tube noticed 

1-B: inhibition of macrophage migration noticed, cell s reside inside capillary tube  
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Table 2: Indicators of lymphocytes division 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Discussion 

The capillary tube technique for assaying 

macrophage migration has been widely used in stud-

ies on cellular immunity and has allowed a better 

understanding of lymphocyte-macrophage interaction 

associated with the expression of delayed hypersensi-

tivity[11]. The sensitive lymphocyte on exposure to 

specific antigen which in current study PHA, stimu-

late the production of soluble factor  has called mi-

gration inhibitory factor (MIF)[33]. MIF inhibits the 

migration of the peritoneal macrophage. T lympho-

cytes, macrophages/monocytes, endothelial cells 

(ECs), eosinophils, polymorphonuclear neutrophils 

(PMNs), epithelial cells, smooth muscle cells, syno-

vial fibroblasts, and anterior pituitary cells have been 

shown to  secret MIF and express specific MIF recep-

tors  such as the cell surface form of the class II in-

variant chain (CD47)[34], the chemokine receptors 

CXCR2 and CXCR4  which are functional receptors 

for MIF[11,35], these fact suggests that MIF is in-

volved in a wide array of physiological and patho-

physiological processes. In current study, the rate of 

inhibition of macrophage migration in immunized 

animals with phenol killed shigella dysenteriae type 1 

inversely associated with dose PHA antigen (4µg/ml, 

40µg/ml, 400µg/ml) as well as duration period of 

experiment that was sufficient for priming various 

immune cells for response to antigen. Migration inhi-

bition coefficient in term of (mean ± SD) inversely 

associated with dose of PHA antigen among immu-

nized group. Presensitization with shigella dysente-

riae type 1 lipopolysaccharide (LPS)  as well as  the 

proinflammatory molecules  produced in response to 

injection of killed bacterial suspension like  TNF-α, 

IL-5, IFN-γ, transforming growth factor β, have all 

been shown to stimulate MIF mRNA expression and 

protein secretion[11,36,37]. The complement-

activated product C5a promotes MIF release from 

PMNs in vitro and during sepsis[38]also upon expo-

sure to pathogen or its antigenic fragments ,Toll-like 

receptor also expressed for antigen bindings like in 

case of Toll-like receptor 4 (TLR4) is known to in-

duce the MIF secretion[11]. After recognition of im-

mune complex, macrophages produce MIF and ex-

press MIF receptors. In turn, the secreted MIF acts as 

an autocrine/paracrine enhancer of TNF produc-

tion[39]. MIF play vital role in leukocytes recruit-

ments  via increase expression of adhesion molecules 

such as intercellular adhesion molecule (ICAM-1), 

vascular cell adhesion molecule (VCAM)-1, and 

chemokines, including IL-8 (CXCL8) and CCL2;[40] 

induces adhesion and migration of monocyte-lineage 

Animal No. 

Mitotic Index %  

ANOVA 

P value Control group 
PHA concentration 

0.1 mg/ml 

PHA 

5mg/ml 

1 

2 

3 

4 

5 

1.50 

1.80 

0.70 

1.30 

0.60 

11.88 

16.22 

9.60 

12.45 

7.68 

20.28 

36.35 

75.80 

14.27 

60.78 

(p<0.01) 

Mean ± SD 1.18± 0.516 11.56± 3.22 41.49± 26.298 

2-A 2-B 

Figure (2): lymphocyte transformation test: 

A: Obvious lymphocytes mitotic activity in response to antigen noticed (200x) 

B: lymphocytes mitotic activity in response to antigen after 5 days incubation noticed (400x) 
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cells in post capillary venules, and that function is 

mediated by the chemokine CCL2 (MCP-1), which is 

induced in endothelial cells by MIF, itself, increase 

endogenous MIF production via vascular endothelial 

cells[41]. The pleiotropic nature of  MIF cytokine is 

illustrated by the numerous mechanisms implicated 

in its effects, including activation of mitogen-

activated protein kinase (MAPK) signalling[18], MIF 

upregulated of proinflammatory mediators TNF-α, 

IL-1, IL-6, IL-8, and IL-12 from macrophages[11,33] 

Counter regulation of endogenous glucocorticoids 

and inhibition of  cellular apoptosis[11]. Experiments 

utilizing exposure of guinea pig macrophages to 

MIF-containing supernatants provided evidence for a 

dose, time, and temperature-dependent adsorption of 

MIF soluble mediator to the peritoneal macrophage 

via receptors. The interaction of MIF secreted from 

different cells including peritoneal macrophages ar-

gues for selectivity of lymphocyte modulation of 

macrophage populations mediated by specific recep-

tor (CD74) and increase the phagocytic activity of 

macrophages beside production of various cytokines 

and molecules in response to antigen challenges 

Each humoral immune response to an infec-

tion requires a specific cellular immune response 

with clonal proliferation of various antigen-specific 

lymphocyte subpopulations. Of central importance 

here are antigen-specific T helper lymphocytes 

(CD4
+
 TH cells). In addition to effector T cells, long-

lived T and B memory lymphocytes are formed. In 

the presence of antigen-presenting cells and protein 

antigens, specific CD4+ T memory cells also prolif-

erate in vitro. The lymphocyte transformation test 

(LTT), also known as the lymphocyte proliferation or 

lymphocyte activation test, is based on this princi-

ple[42]. 

In human, Functional deficits in T lympho-

cytes can be congenital and manifest themselves very 

early, but also delayed (e.g., between 20 and 35 years 

of age). However, they also occur quite often as part 

of existing underlying systemic diseases (tumors, 

autoimmune diseases, chronic inflammations, etc.). 

They can in addition result from chemotherapy or 

radiotherapy as part of cancer treatment or even pro-

longed pharmacotherapy (immunosuppressants, anti-

biotics, etc.).These functional deficits are generally 

not detected in the differential blood count or even in 

the quantitative immune profile.[43] 

In current study, the Lymphocyte transfor-

mation test (LTT) used to measure the ability of lym-

phocytes to proliferate in response to phytohaemag-

glutinin stimulation i.e. immunocompetence. Phyto-

haemagglutinin is a  plant lectin is carbohydrate-

binding proteins that bind to lymphocyte surface re-

ceptors and activate cells in an antigen independent 

manner[44]. Most people will respond to at least one 

of several common microbial antigens like shigella 

dysenteriae type 1[44]. Lymphocyte proliferation 

normally occurs early in an immune response. Lym-

phocyte transformation assay test the integrity of the 

early proliferative response using either nonspecific 

mitogens (phytohaemagglutinin) or specific antigens 

to induce blastogenesis. Antigen induced lymphocyte 

proliferation also correlates with previous exposure 

to antigen and acquisition of cellular immunity in 

current study guinea pigs exposed to phenol killed 

shigella dysenteriae type1cause priming of blasto-

genesis process when tested with nonspecific mito-

gen, phytohaemagglutinin stimulation with obvious 

difference in mitotic index compared with control 

group. In current study, Lymphocytes Blastogenesis 

and transformation index in term of (mean±SD) ap-

pear to be dose deponent. 

In conclusion MMIT and LTT can be used 

effectively to evaluate and monitoring of cellularim-

munological responsiveness to shigella dysenteriae 

type1 antigen and both MMIT and LTT proportion-

ally associated with pre sensitization dose of antigen, 

duration of exposure to antigen. 
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