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Abstract 24 

Cutaneous leishmaniasis is a common form of leishmaniasis caused by infection with the 25 

Leishmania major parasite in the world and in Iran. The lack of an effective vaccine and drug 26 

resistance prompted this study to investigate the invasive mechanisms caused by the live 27 

attenuated strain of Leishmania major parasite in BALB/c mice. Leishmania promastigotes 28 

which have been attenuated after one, four, nine and twenty passages in a special culture 29 

medium were injected into the tail base of 6-8w BALB/c mice. The size of the wound was 30 

measured, the phagocytosis ability of macrophages in the peritoneal cavity was evaluated by 31 

NBT(Nitroblue Tetrazolium Test), the proliferation of splenocytes was measured by the 32 

MTT([3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazoliumbromide] test and histopathologic 33 

changes of skin, spleen, lymph nodes and liver were examined at day 15, 30, and 45 after 34 

inoculation. The severity of tissue damage to the skin, spleen, and liver was higher at passages 35 

1, 4 and 9 of live attenuated parasite on days 15 and 30 and increased at passage 1 of parasite 36 

on day 45. However, the intensity of the cellular response was lower at passage 20 of attenuated 37 

parasite, the size of the wound showed a significant decrease and a relative increase in 38 

phagocytosis on day 30 of the infection period; despite the infiltration of mononuclear cells 39 

and macrophages in all organs, parasites were only visible in the skin on day 45, and no 40 
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Leishmania parasites were observed in the lymph nodes, spleen and liver tissue. The results of 41 

histopathologic changes, phagocytosis and proliferation of splenocytes showed that as the 42 

virulence of the Leishmania major parasite were decreased, the invasive potency of the parasite 43 

also decreased, which will be useful as initial findings for the study to develop a live attenuated 44 

vaccine. 45 

Keywords: Live attenuated parasite, Leishmania major, BALB/c Mice, histopathological 46 

changes, phagocytosis 47 
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1. Introduction 50 

Leishmaniasis is a neglected vector-borne disease; Leishmania parasites are obligate 51 

intracellular protozoa that live in mononuclear phagocytes of humans and other vertebrates. 52 

Leishmania cause a wide spectrum from self-healing cutaneous to fatal visceral diseases. The 53 

most common form of the disease is cutaneous leishmaniasis, both Anthroponotic Cutaneous 54 

Leishmaniasis (ACL) and Zoonotic Cutaneous Leishmaniasis (ZCL) are an important health 55 

problem in Iran (1). The drugs currently available to treat leishmaniasis are not satisfactory 56 

because they are administered over a long period of time and their cost and toxicity are high, 57 

there is no effective vaccine against leishmaniasis , but there is promising evidence that 58 

leishmaniasis is one of the parasitic diseases that could be controlled by vaccination, numerous 59 

studies have been conducted on the efficacy of attenuated vaccines in mouse and dog models 60 

of  L. mexicana and L. major against cutaneous leishmaniasis (2). The results of some studies 61 

have shown that long-term protection against re-infection develops after natural infection, these 62 

results have encouraged scientists to use attenuated Leishmania parasites to induce protective 63 

immunisation in humans (3). Various examples of attenuated strains are produced by different 64 

subcultures, cultivation under drug pressure, selection for temperature sensitivity, chemical 65 

mutagenesis and gamma attenuation (4). Undefined and defined genetic strains are two forms 66 

of live attenuated parasites based on the type of attenuation method. Defined strains are 67 

generated by mutation through knockout of one or more virulence-specific genes, while 68 

undefined strains are obtained by long-term in-vitro culture using chemicals or irradiation 69 

mutagenesis. Live-attenuated Leishmania parasites obtained by long-term in-vitro culture are 70 

being considered for the development of an effective vaccine (5). The studies conducted by 71 

some researchers have shown that a low-dose of Leishmania major parasite elicited different 72 

types of immune responses from CD8+T cells for primary immunity in C57BL/6 mice (6). 73 

Immunological insights into leishmaniasis have mainly been obtained through studies in 74 

animal models such as C57BL/6 and BALB/c mice, these findings have shown that resistance 75 

to Leishmania infection is related to the activity of Th1 lymphocytes (7). The interaction 76 

between host and parasite immune responses determines the outcome, including resistance or 77 

susceptibility. Activation of Th1 leads to limitation of infection, but activation of Th2 is 78 

associated with disease progression. The immune response was different in C57BL/6 and 79 

BALB/c mice which indicates the different susceptibility of mice to Leishmania parasites (8). 80 

Identification of the pro-and anti-inflammatory genes expressed during parasite infection will 81 

help to elucidate the mechanisms of gene regulation and intracellular survival of Leishmania 82 

parasites (9). Identification of the expressed genes and the molecular mechanisms underlying 83 

their regulation could be considered as therapeutic targets. Pro-inflammatory genes play an 84 

important role in the elimination of Leishmania infections. The main mechanism of parasite 85 

destruction in these cells is the production of free radicals from oxygen and nitric oxide due to 86 

activation. In addition, IFN-γ released by T lymphocytes stimulates macrophages to produce 87 
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TNF-α a chemical mediator in both innate and acquired immune responses and an important 88 

communication factor between acquired immune responses and acute inflammation (10). Most 89 

studies on Leishmania parasites focus on the immunogenicity and pathogenicity of the parasite 90 

to know the mechanisms for vaccine development and infection prevention. We decided to 91 

determine phagocytosis reactions, cellular as well as tissue changes in Leishmania infection 92 

with live attenuated Leishmania major promastigotes at passage 1, 4, 9 and 20 in BALB/c mice. 93 

 94 

 95 

2. Material and methods 96 

2.1. Parasite Culture  97 

Leishmania major strain (MHOM/IR/75/ER) were obtained from Pasteur Institute of Iran. Late 98 

log phase parasites were collected by centrifugation, washed with phosphate buffer saline 99 

(PBS) and were cultured in a T25 flask containing RPMI-1640 medium, 5000 IU/ml penicillin 100 

and 5000 μg/ml streptomycin antibiotics and 10% FBS by incubation at 24°C±1.  101 

2.2. Animals and infection 102 

Eighty female BALB/c mice, weighing 25-30 g, aged 6–8 weeks were purchased from Pasteur 103 

Institute (Karaj, Iran). The study protocol is done based on the Helsinki declaration and was 104 

confirmed by the ethics committee of the deputy of research of Ahvaz Jundishapour University 105 

of Medical Sciences, Ahvaz, Iran (No:IR.AJUMS.ABHC.REC.1398.074). All animals were 106 

kept in a controlled environment (24 ±1 ºC and 12:12 h light-dark cycle) and had free access 107 

to food and water. Animals were divided into four equal groups and each group was injected 108 

intradermally into the tail base with 2×106/100 ul of the live attenuated Leishmania major strain 109 

at 1, 4, 9 and 20 passages.   110 

2.3. Sample collection, imaging and measuring the diameter of the wound 111 

When the lesions appeared, the animals were euthanized and samples of the surrounding 112 

wound, spleen, liver, and lymph nodes were collected on days 15, 30, and 45 respectively. 113 

Samples preserved and fixed in 10% buffered formalin for pathological examination. The 114 

wound size was photographed weekly using a Canon digital camera (Canon, Japan) mounted 115 

on a tripod at a fixed distance.  116 

2.4. MTT assay 117 

The MTT assay was used to evaluate the proliferation rate of splenic lymphocytes. MTT [3-118 

(4,5-dimethylthiazol-2- yl)-2,5-diphenyl-tetrazoliumbromide] test used to evaluate the rate of 119 

splenic lymphocyte proliferation. The spleen samples were flushed out under sterile conditions 120 

using a syringe and 2×105 splenocytes of each spleen were cultured (Triplicate) in 96-well 121 

tissue culture plates containing RPMI-1640 medium & 7% FBS. Spleen cells were treated with 122 

50ul soluble leishmania antigen (SLA, 40ug/ml) as a stimulus and 50ul bovine serum albomin 123 

(BSA, 40ug/ml) as a control. After 72 h incubation at 37ºC with 5% CO2, 20ul of MTT 124 

(5mg/ml) solution added to all wells. Plates were incubated again for 3h, then measured the 125 

reduction of MTT dyes (tetrazolium) in to formazan by added isopropanol solution (0.04M 126 

HCL) with optical absorbance of the treated and untreated samples (490nm)(11). 127 

2.5. Nitroblue Tetrazolium Test (NBT) 128 
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NBT test was performed to evaluate the phagocytosis function of macrophages in the peritoneal 129 

cavity. Peritoneal macrophages were collected by injection and aspiration with cold physiology 130 

serum (with pen/strep 5%). 2×106 cells were cultured in a 96-well cell culture plate contains 131 

RPMI-1640 with FBS 10%. The cells were treated with 20ul of zymosan (5mg/ml) as stimulus, 132 

then 15ul of NBT(1mg/ml) solution was added after incubation for 24 hours at 37ºC with 5% 133 

CO2. The plate were incubated for 1h incubation at 37ºC with 5% CO2 then 70ul 134 

Dimethylformamide was added to it. Optical absorbance of the wells was measured by 135 

spectrophotometer at 450 nm (Biotek, American, ELX808). 136 

 137 

2.6. Histopathology 138 
Full thickness skin samples of skin, spleen, lymph nodes and liver tissue of mice were collected 139 

and fixed in 10% buffered formalin on days 15, 30 and 45. The tissue samples were then 140 

dehydrated, cleared, paraffin embedded and sectioned at 5-7µm thickness followed by 141 

mounting on glass slides and tissue sections were deparaffinized in xylene-I & II (for 5 min 142 

each), 100 % alcohol, 95 % alcohol, 80 % alcohol & 70 % alcohol (8 min each) to staining 143 

with Hematoxylin and Eosin. The sections were then examined using a light microscope 144 

(Olympus CX41, Japan) equipped with a digital camera (Olympus DP25, Germany). 145 

 146 

Statistical analysis: The data were statistically analyzed using SPSS (version 20) and 147 

GraphPad prism 8. Due to the normal distribution of the data, one-way ANOVA followed by 148 

post hoc Tukey’s test were performed, Pvalues ≤0.05 were considered significant. The mean 149 

diameter of the wound was calculated using the image J application. 150 

3. Result 151 

3.1. Measuring the wound size 152 

Wound size change was observed with infection of live attenuated parasite (passages 1, 4, 9 153 

and 20) on days 1 to 45 after parasite inoculation. Wound appear was faster and the lesion 154 

progression rate was higher in injection of passage 1 of Leishmania major parasite compared 155 

to the other groups (P≤ 0.05). The progression of the lesion and the size of the wound decreased 156 

by the reduction of parasite virulence, respectively (Figure 1-A,B)(Table1). 157 
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 166 

Figure 1: A: Wound caused by live attenuated L. major at different passages on day 1-45, B: Wound 167 
size in the four groups of BALB/c mice infected with live attenuated L.major at different passages (1, 168 

4, 9 and 20). P: Passage 169 

Table1- Different parameters of wound measurement in infection with live attenuated L. major at 170 
passages (1, 4, 9 & 20) 171 

Groups Mean Std. 

Deviation 

Std. 

Error of 

Mean 

Tukey's multiple 

comparisons test  

Mean 

Diff. 

Significant P Value 

P1 10.17 9.33 2.95 P9 vs. P20 1.41 ** 0.0075 

P4 4.60 5.61 1.77 P1 vs. P4 4.60 ** 0.0094 

P9 3.14 2.40 0.76 P1 vs. P9 3.14 * 0.0460 
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P20 1.41 1.44 0.45 P1 vs. P20 1.41 * 0.0293 

P: passage 172 

 173 

 174 

3.2. Proliferation assay (MTT) 175 

The proliferation rate of the splenocytes from each group were evaluated using MTT 176 

colorimetric assay. The splenocytes collected from the Leishmania-infected animals stimulated 177 

in-vitro with SLA, the proliferation rate of splenic lymphocyte proliferation the mice infected 178 

with passage 1 of the attenuated parasite was higher than other virulences except on day 1 and 179 

15 (P≤ 0.05). The reaction of splenic cells to SLA showed the lowest proliferation was in 180 

passage 20 of the attenuated parasite (significantly P≤ 0.05)(Figure 2). 181 
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 182 

Figure 2: Proliferation of splenocytes of Leishmania-infected mice with different passages (1,4, 9 and 183 
20) of live attenuated L. major. P: Passages of live attenuated L. major 184 

 185 

3.3. Phagocytosis potency assay (NBT) 186 

The phagocytosis rate of macrophages was different at passages (1, 4, 9 and 20) of live 187 

attenuated L. major on day 15, 30 and 45. Phagocytosis in mice infected with passage 4 of 188 

parasite was higher than other infected mice on day 45 (P ≤ 0.05). Phagocytosis was 189 

significantly higher in mice infected with passage 20 of parasite on day 15, but in passage 4 of 190 

parasite, phagocytosis was more on days 45 (Figure 3). 191 
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Figure 3: Phagocytic potency of macrophages isolated from the peritoneal cavity of Leishmania-193 
infected mice with different passages (1, 4, 9 and 20) of parasite. P: passages of live attenuated L. 194 

major 195 

 196 

3.4. Histopathology 197 

After parasite injection with different passages 1, 4, 9, and 20 of live attenuated L. major, 198 

samples were taken from the tissues around the lesion, liver, spleen, and lymph nodes.  199 

3.4.1. Day 1 200 

At passage 1, 4, 9 and 20 from live attenuated L. major, the skin, liver, spleen, and lymph nodes 201 

had normal tissue structure and similar to the control group samples (Figure 4).  202 
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  203 

Figure 4: Histopathological changes of skin, liver, spleen, and lymph nodes with normal tissue 204 
structure on day one from mice infected with live attenuated parasite 205 

3.4.2. Day 15 206 

In infected mice with passage 1 of the live attenuated parasite, the lesion tissue with severe 207 

inflammation and extensive infiltration of inflammatory cells in the dermis and hypodermis, 208 

the liver with infiltration of inflammatory cells in the portal area together with an inflammatory 209 

reaction and microgranuloma formation, a hyperemic spleen with small foci of necrosis in the 210 

white pulp, and mild hyperemia in the cortical region of the lymph node (Figure 5-asterisk) 211 

were observed. 212 

In infected mice with passage 4 of the live attenuated parasite, severe swelling and 213 

inflammation of the lesion tissue was observed along with infiltration of inflammatory cells in 214 

different parts of the dermis as well as the infiltration of inflammatory cells in the portal area 215 

(Figure 5-arrow), liver with inflammatory reaction and microgranuloma formation were seen 216 

in this organ. Hyperemic spleen with red pulp and the formation of necrosis and inflammatory 217 

foci in the white pulp with the presence of parasites in the macrophages present in the 218 

inflammatory foci, lymph nodes with brief hyperemia in the cortex of the organ were seen. 219 

In infected mice with passage 9 of the live attenuated parasite, it was observed that the lesion 220 

tissue showed severe inflammation and extensive infiltration of inflammatory cells in the 221 

dermis and hypodermis, the liver had an infiltration of inflammatory cells in the portal area 222 

along with an inflammatory reaction and microgranuloma formation, in the hyperemic spleen 223 

along with the formation of small necrotic foci in the white pulps of the organ, lymph nodes 224 

with brief hyperemia were seen in the cortical area of the organ (Figure 5-arrows). 225 

In infected mice with passage 20 of the live attenuated parasite, the lesion tissue showed 226 

inflammation and infiltration of inflammatory cells in the dermis and hypodermis and the 227 

proliferation of Kupffer cells was observed in the liver (Figure5-arrowheads), after parasite 228 



 

9 

 

injection, the spleen tissue had a normal appearance and lymphocytes in the follicles of the 229 

cortex (Figure 5- asterisk).  230 

 231 

 232 

Figure 5: Histopathological changes of skin tissues, liver, spleen and lymph nodes on day 15, A: Skin, 233 

B: Liver, C Spleen, D: Lymph node from mice infected with live attenuated parasite. P: passages of 234 

live attenuated L. major 235 

3.4.3. Day 30 236 

In infected mice with passage 1 of the live attenuated parasite, severe inflammation and 237 

necrosis of the dermis and extensive infiltration of inflammatory cells in the dermis and 238 

hypodermis, central venous hyperemia, proliferation of Kupffer cells, widespread 239 

inflammation and necrosis of liver cells, and the formation of multiple foci of granuloma in the 240 

liver, in the spleen the development of white pulp, tissue necrosis and the formation of 241 

granulomatous lesions, lymph nodes with moderate hyperemia and scattered foci of necrosis 242 

in cortical organs were seen (Figure 6-arrows). In infected mice with the passage 4 of the 243 

parasite were observed the lesion tissue severe inflammation and the emergence of necrotic 244 

foci in the dermis along with extensive infiltration of inflammatory cells, in the hyperemic liver 245 

of the central vein, the presence of numerous foci of necrosis of hepatocytes and inflammation 246 

along with granulomatous reaction and formation of microgranuloma, pathological 247 

manifestations in the spleen including hyperemia of red pulps, development of white pulps 248 

along with tissue necrosis and creation of granulomatous lesion, lymph nodes were swollen 249 
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and hyperemic of the organ cortex with extensive inflammation and scattered foci of necrosis 250 

(Figure6-arrows). 251 

In infected mice with passage 9 of the live attenuated parasite showing severe inflammation 252 

and necrosis of the dermis and extensive infiltration of inflammatory cells in the dermis and 253 

hypodermis (Figure6-arrow) and central venous hypertension. There was the proliferation of 254 

Kupffer cells, widespread inflammation and necrosis of liver cells, and the formation of 255 

multiple foci of granuloma in the liver, the development of a white pulp in the spleen, tissue 256 

necrosis and the formation of granulomatous lesions, moderate hyperemia of the lymph nodes 257 

and the formation of scattered foci of necrosis in the cortical organs. 258 

In infected mice with passage 20 of the live attenuated parasite, it was showed severe 259 

inflammation and necrosis of the dermis and extensive infiltration of inflammatory cells in the 260 

dermis and hypodermis that in the livers, an accumulation of inflammatory cells and the 261 

formation of granuloma foci in the liver parenchyma that the low proliferation of lymphocytes 262 

in the follicles of the cortex was remarkable (Figure 6). 263 

 264 

 265 

Figure 6: : Histopathological changes of skin tissues, liver, spleen and lymph nodes on day 30, A: 266 
Skin, B: Liver, C Spleen, D: Lymph node from mice infected with live attenuated parasite. P: 267 

passages of live attenuated L. major 268 

3.4.4. Day 45 269 

In infected mice with passage 1 of the live attenuated parasite, the reduction of inflammation 270 

in different layers and the presence of parasite amastigotes in macrophages in the dermis layer 271 
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of the skin, liver with severe tissue inflammation and granulomatous reactions were seen, there 272 

was a proliferation of Kupffer cells and an intense infiltration of inflammatory cells in the 273 

portal. The spleen showed a reduction in the size of the white pulp as well as scattered necrosis 274 

and fibrosis in this area. The lymph nodes were moderately hyperemic and scattered foci of 275 

necrosis were seen in the cortex (Figure 7-arrows). 276 

In infected mice with passage 4 of the live attenuated parasite, inflammation was observed in 277 

the dermis and hypodermis along with attempts to repair and the presence of amastigote 278 

parasites in skin macrophages. There was moderate inflammation of the liver tissue along with 279 

an increase in Kupffer cells and scattered infiltration of inflammatory cells in the lobules of the 280 

organ, in the spleen, reduction in the size of the white pulp and reducing hyperemia, necrosis 281 

and fibrosis scattered in the spleen, moderately hyperemic lymph nodes and the presence of 282 

necrosis and fibrosis foci in the lymph nodes (Figure7-arrows). 283 

In infected mice with passage 9 of the live attenuated parasite, the decrease of inflammation in 284 

different layers and the presence of parasite amastigotes in macrophages in the dermis layer of 285 

the skin was remarkable, the liver had severe tissue inflammation and granulomatous reactions, 286 

there was a proliferation of Kupffer cells and severe infiltration of inflammatory cells in the 287 

portal area.  Reduction in the size of the white pulp and scattered necrosis and fibrosis in the 288 

spleen, lymph nodes with moderate hyperemia and scattered foci of necrosis in the cortex were 289 

seen (Figure7). In infected mice with passage 20 of the live attenuated parasite, the reduction 290 

of inflammation in different layers and the presence of parasite amastigotes in macrophages 291 

were observed in the dermis layer of the skin (Figure 7-asterisk), the livers had granulomatous 292 

reactions and the proliferation of Kupffer cells was detectable throughout the liver (Figure 7-293 

arrowheads), the spleen was severe structural irregularities with destruction and necrosis of 294 

white and red pulp (Figure 7-arrow), Lymph nodes became hypertrophied due to the 295 

recruitment of lymphocytes. 296 
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 297 

Figure 7: : Histopathological changes of skin tissues, liver, spleen and lymph nodes on day 45, A: 298 
Skin, B: Liver, C Spleen, D: Lymph node from mice infected with live attenuated parasite. P: 299 

passages of live attenuated L. major 300 

4. Discussion 301 

The occurrence of leishmaniasis depends on the virulence of the Leishmania species, the 302 

genetics and the immune response of the host cell. Prevention of the disease is very difficult 303 

due to the different geographical distribution of the related vectors and reservoirs (12). 304 

Leishmaniasis is still considered one of the most common infections. There are several reasons 305 

for this, notably disease recurrence, bacterial wound infections, side effects, drug resistance, 306 

the high cost of treatment and the resistance of vectors to insecticides, and the opportunistic 307 

spread of the disease in immunocompromised people, especially in developing countries. The 308 

researchers found that subcultures of Leishmania parasites over a prolonged period reduce the 309 

infectivity of metacyclic promastigotes (13). This is an important point in the development of 310 

future vaccines against leishmaniasis by considering the immune response. Parasites with high 311 

virulence are able to infect more macrophages and cause wounds by spreading amastigotes 312 

(14); therefore, knowledgen of  the mechanisms of immune response in from different 313 

dimensions and the nature of the immune system response to the parasite leads to the 314 

development of vaccines based on attenuated parasites. Glennie mentioned that central memory 315 

and skin-resident memory T cells are long-lived play an important role in vaccine research 316 

(15). Continuous axenic cultivation of Leishmania infantum in-vitro reduces the virulence of 317 

the parasite and differentiates into amastigote forms, in addition these parasites gradually lose 318 

their pathogenicity after several passages in culture (16). 319 
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In this study different passages of the live attenuated parasite in the stationary phase (1, 4, 9 & 320 

20) were used to investigate immunogenic responses in order to achieve virulence of the 321 

parasite capable of eliciting an immune response but lacking pathogenicity. The 322 

histopathological effects caused by this parasite at the skin, liver, spleen and lymph nodes  have 323 

been studied in detail. As the liver, spleen and lymph nodes can be targets of the Leishmania 324 

parasite, so the presence of Leishman bodies and pathological effects have been reported in 325 

these tissues; Lymphocyte proliferation in splenic tissue has been evaluated as an 326 

immunological responses (cellular and humoral immunity), and macrophage phagocytosis has 327 

also been measured as the main host immune response against Leishmania (17). After the 328 

injection of different passages of the live attenuated parasite (1, 4, 9 and 20), the time of 329 

appearance of the wound was almost the same but with the reduction of virulence, the size of 330 

the wound decreased significantly, so that the largest size was  associated with passage 1 of 331 

live attenuated and the smallest size with the injection of passage 20 of live attenuated. The 332 

liver, spleen and lymph nodes can be targets of the Leishmania parasite, so the presence of 333 

Leishman bodies and pathological effects have been reported in these tissues. Although 334 

macrophages as the main host cells for Leishmania parasite and play a role in the survival or 335 

control of infection, neutrophils and dendritic cells also have an important function in contact 336 

with the Leishmania parasite (18). Researchers showed that langerhans cells have an regulatory 337 

role and are responsible for suppressing the inflammatory response against infection with 338 

Leishmania major. Dendritic cells of  dermis (DCs) stimulate the effective immune response 339 

of T cells against Leishmania major, as dendritic cells of dermis are placed in the outer 340 

paracortex and after their migration to the lymph node cause the activation and proliferation of 341 

T effector lymphocytes with the Th1 phenotype, the Th1 cells  migrate to the site of infection 342 

and stimulate the macrophages to kill the parasite but after their migration to the lymph node, 343 

the langerhans cells activate a type of T lymphocyte that has the property of suppressing the 344 

immune system (19). Immunization with live attenuated parasites obtained from the subculture 345 

of a leishmaniasis wound parasite to a naive individual, known as Leishmanization was 346 

performed to protect against natural infection. Currently, a live attenuated vaccine for L. major 347 

used to humans clinical trials (20). In-vitro studies have also used other selective methods to 348 

reduce the virulence of the parasite such as the gentamicin, which can also be used to reduce 349 

the virulence of the parasite, attenuated parasite with gentamicin were infected but could not 350 

survive in the macrophages of BALB/C mice, IgG1 levels were lower in BALB/C mice 351 

immunized with gentamicin attenuated L. major than in mice infected with L. major, reflecting 352 

Th1 activation (21). Despite extensive studies on live vaccines against leishmaniasis, this 353 

research has been conducted in laboratories and tested in rodent models that  are better suited 354 

for efficient results in human clinical trials (22). 355 

 Our results revealed an increase in phagocytosis in the injection of passages 20 and 4 on days 356 

15 and 30, and passage 4 in 45 also had a significant increase compared to the other 357 

inoculations, but virulence 1, caused an increase in lymphocyte proliferation, this result shows 358 

an increase in the proliferation of TH2 lymphocytes due to the activity of  langerhans dendritic 359 

cells, but with lower virulence, dermis dendritic cells likely have increased TH1 lymphocytes 360 

and activated macrophages. The size of the wound in the infection with high virulence of the 361 

parasite increased significantly compared with the infection with lower virulence (Figure 1), 362 

and the wound healing time was also shorter in the infection with passage 20 of attenuated 363 

parasite and there was no mortality; this is consistent with the results of histopathologic 364 

examination of skin and spleen tissue for detection of parasites (23), 15 days after parasite  365 

injection, the skin tissue around the wound in three passages (1, 4 and 9) of the attenuated 366 

parasite showed severe inflammation with infiltration of inflammatory cells and 367 

microgranulomas in the liver of all three passages of parasite, but the degree of inflammation 368 

in the skin of passage 20 of the attenuated parasite was less.  At day 30 after parasite injection 369 
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the morphology of the skin, spleen, liver and lymphoid tissue showed no significant difference 370 

between the three passages of the parasite, but the degree of inflammation and lymphocytic 371 

infiltration was lower in passage 20 infection (Figure 5-7). A decrease in inflammation was 372 

observed in spleen tissue infected with passages 9 and 20 (Figure 6) of live attenuated with no 373 

intracellular Leishmania amastigotes and the parasite burden of Leishman bodies was not 374 

observed in the liver and spleen tissues at passage 20 of live attenuated, but it was seen in other 375 

virulences, destruction of lymph node capsule and follicular hyperplasia with germinal centers 376 

were visible at 4 passages in three times. The data obtained are similar to the results of Orian 377 

et al., who studied the systemic effects of inoculation of Leishmania major parasites with high 378 

virulence, and they confirm our findings regarding the histopathologic changes in the spleen, 379 

liver and skin (17), also, Leishmania mexicana infection was found to destroy lymphoid tissue, 380 

particulary the lymph node parenchyma due to the presence of infected macrophages as well 381 

as the red pulp of the spleen and the portal of the liver (24). The use of killed and live forms of 382 

Leishmania major has shown differences in the maintenance of  immune response against live 383 

form of leishmania (25). Hence, further study on the pathogenicity and immunogenicity of the 384 

attenuated strain of Leishmania major parasite can be important for vaccine development. 385 

Investigation of Leishmania infection by injection of 4 different virulences of the live 386 

attenuated parasite showed that Leishmania parasites in lower passages of attenuated parasite 387 

such as 1 and 4 in this study had no significant differences in wound size, phagocytosis and 388 

proliferation of splenocytes, but even in some cases the inflammation and infection was more 389 

severe in the passage 4 of attenuated parasite, the histopathologic results also confirmed this 390 

result. Passage 9 of the attenuated parasite also showed inflammation and structural changes in 391 

the lymphoid tissue along with less intensity of inflammation and minor structural changes in 392 

the lymphoid tissue, but the destructive effects of the parasite were observed when using of 393 

passage 1 of attenuated parasite. The pathological results in the skin, confirmed by the decrease 394 

in wound size. The significant increase in phagocytosis in the middle of the infection period as 395 

well as in some of the pathologic results of the splenic lymphoid organ and lymph node at 396 

passage 20 of attenuated parasite overlapped with the results of passage 9 of attenuated 397 

parasite; therefore, the increase in parasite passage with a the decrease in virulence may be 398 

important for studies related to the development of vaccines against live attenuated strains. 399 

 400 

 401 

Acknowledgement:  402 

We would like to thank the University of BU-Ali Sina and Ahvaz Jundishapur University of 403 

Medical Sciences for their support. 404 

 405 

Authors’ contributions:   406 

1-    Study concept and design: H. R. 407 

2-    Acquisition of data: H. R. and M. H. F. H. 408 

3-    Analysis and interpretation of data: H. R., S. H. and A. N. 409 

4-    Drafting of the manuscript: H. R. and S.H.  410 

5-    Critical revision of the manuscript for important intellectual content:  H. R., M. H. F. H., 411 

A. N, and S. H. 412 

6-    Statistical analysis: S. H. 413 

7-    Administrative, technical, and material support: H. H., E. M., M. G. and R. D. 414 

8-    Study supervision: H. R. and M. H. F. H. 415 

 416 



 

15 

 

Funding  417 

Our study supported by Ahvaz Jundishapur University of Medical Sciences and BU-Ali Sina 418 

University, Hamedan, Iran. 419 

 420 

Ethics approval: 421 

The Cellular and Molecular Research Center, Medical Basic Sciences Research Institute, 422 

Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran supported the Poject No. 423 

CMRC – 9820 and Ethics Code: IRAJUMS.ABHC.REC.1398.074. In this article, 424 

information from Habib Habibpour's thesis has been used. 425 

 426 

Conflict of Interest:  427 
We declare that there is no conflict of interest. 428 

 429 

 430 

Data Availability 431 
Data for this finding are available on request from the corresponding author.  432 

 433 

 434 

References 435 

1. Feiz-Haddad MHF, Safaei K, Saki A, Haddad RF. Epidemiological study of cutaneous 436 

leishmaniasis in southwest of Iran during 2001–2011. Asian Pacific Journal of Tropical 437 

Disease. 2016;6(6):432-6. 438 

2. Vaccines WGoRPfDoL, Costa CHN, Peters NC, Maruyama SR, de Brito Jr EC, de 439 

Miranda Santos IKFJPntd. Vaccines for the leishmaniases: proposals for a research agenda. 440 

2011;5(3):e943. 441 

3. Beaumier CM, Gillespie PM, Hotez PJ, Bottazzi ME. New vaccines for neglected 442 

parasitic diseases and dengue. Translational Research. 2013;162(3):144-55. 443 

4. Silvestre R, Cordeiro-da-Silva A, Ouaissi A. Live attenuated Leishmania vaccines: a 444 

potential strategic alternative. Archivum immunologiae et therapiae experimentalis. 445 

2008;56:123-6. 446 

5. Evans KJ, Kedzierski L. Development of vaccines against visceral leishmaniasis. 447 

Journal of tropical medicine. 2012;2012(1):892817. 448 

6. Belkaid Y, Von Stebut E, Mendez S, Lira R, Caler E, Bertholet S, et al. CD8+ T cells 449 

are required for primary immunity in C57BL/6 mice following low-dose, intradermal challenge 450 

with Leishmania major. 2002;168(8):3992-4000. 451 

7. Eiras DP, Kirkman LA, Murray HW. Cutaneous leishmaniasis: current treatment 452 

practices in the USA for returning travelers. Current treatment options in infectious diseases. 453 

2015;7:52-62. 454 

8. Sassi A, Kaak O, Ben Ammar Elgaied AJPI. Identification of immunodominant 455 

Leishmania major antigenic markers of the early C57 BL/6 and BALB/c mice infection stages. 456 

2015;37(10):544-52. 457 

9. Cardoso FdO, Zaverucha-do-Valle T, Almeida-Souza F, Abreu-Silva AL, Calabrese 458 

KdS. Modulation of cytokines and extracellular matrix proteins expression by Leishmania 459 

amazonensis in susceptible and resistant mice. Frontiers in microbiology. 2020;11:1986. 460 

10. Ferrante CJ, Leibovich SJ. Regulation of macrophage polarization and wound healing. 461 

Advances in wound care. 2012;1(1):10-6. 462 



 

16 

 

11. Hamoonnavard SH, Rezvan H, Haddad MHF, Ali S, Nourian A, Eslaminejad MB, et 463 

al. Therapeutic effects of mesenchymal stem cells on cutaneous leishmaniasis lesions caused 464 

by Leishmania major. Journal of global antimicrobial resistance. 2020;23:243-50. 465 

12. González U, Pinart M, Sinclair D, Firooz A, Enk C, Vélez ID, et al. Vector and reservoir 466 

control for preventing leishmaniasis. Cochrane Database Syst Rev. 2015;2015(8):Cd008736. 467 

13. Sinha R, Raghwan, Das S, Das S, Shadab M, Chowdhury R, et al. Genome plasticity in 468 

cultured Leishmania donovani: comparison of early and late passages. Frontiers in 469 

Microbiology. 2018;9:1279. 470 

14. Al-Khalaifah HSJFiI. Major molecular factors related to leishmania pathogenicity. 471 

2022;13:847797. 472 

15. Glennie ND, Scott P. Memory T cells in cutaneous leishmaniasis. Cellular 473 

immunology. 2016;309:50-4. 474 

16. Moreira D, Santarém N, Loureiro I, Tavares J, Silva AM, Amorim AM, et al. Impact 475 

of continuous axenic cultivation in Leishmania infantum virulence. PLoS neglected tropical 476 

diseases. 2012;6(1):e1469. 477 

17. Oryan A, Mehrabani D, Owji S, Motazedian M, Hatam G, Asgari Q. Morphologic 478 

changes due to cutaneous leishmaniosis in BALB/c mice experimentally infected with 479 

Leishmania major. Journal of Applied Animal Research. 2008;34(1):87-92. 480 

18. Laskay T, Van Zandbergen G, Solbach WJTim. Neutrophil granulocytes–Trojan horses 481 

for Leishmania major and other intracellular microbes? 2003;11(5):210-4. 482 

19. Kissenpfennig A, Henri S, Dubois B, Laplace-Builhé C, Perrin P, Romani N, et al. 483 

Dynamics and function of langerhans cells in vivo: dermal dendritic cells colonize lymph node 484 

areasdistinct from slower migrating langerhans cells. Immunity. 2005;22(5):643-54. 485 

20. Alvar J, Croft SL, Kaye P, Khamesipour A, Sundar S, Reed SGJV. Case study for a 486 

vaccine against leishmaniasis. 2013;31:B244-B9. 487 

21. Daneshvar H, Molaei MM, Afshar RM, Kamiabi H, Burchmore R, Hagan P, et al. 488 

Gentamicin-attenuated Leishmania infantum: a clinicopathological study in dogs. 2009;129(1-489 

2):28-35. 490 

22. Zabala-Peñafiel A, Todd D, Daneshvar H, Burchmore RJEp. The potential of live 491 

attenuated vaccines against Cutaneous Leishmaniasis. 2020;210:107849. 492 

23. Lima WG, Michalick MSM, de Melo MN, Tafuri WL, Tafuri WL. Canine visceral 493 

leishmaniasis: a histopathological study of lymph nodes. Acta tropica. 2004;92(1):43-53. 494 

24. Aguilar Torrentera F, Lambot M-A, Laman JD, Van Meurs M, Kiss R, Noël J-C, et al. 495 

Parasitic load and histopathology of cutaneous lesions, lymph node, spleen, and liver from 496 

BALB/c and C57BL/6 mice infected with Leishmania mexicana. The American journal of 497 

tropical medicine and hygiene. 2002;66(3):273-9. 498 

25. Okwor I, Liu D, Uzonna JJV. Qualitative differences in the early immune response to 499 

live and killed Leishmania major: Implications for vaccination strategies against 500 

Leishmaniasis. 2009;27(19):2554-62. 501 

 502 


