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Abstract
Background: About 12 million people are affected by les leishmaniosis worldwide. It is an important public health problem due to
the difficulty in its control and causing epidemic outbreaks. An effective anti-leishmanial vaccine remains elusive. Isolated dominant epitopes arranged as polytope DNA vaccine represent a promising approach.
Methods: Balb/c mice were vaccinated subcutaneously with pCDNA3.1/LAKJB93 DNA and challenged with Leishmania major promastigotes; then, the level of interferon (INF)-γ and interleukin (IL)-4 were measured by the enzyme-linked immunosorbent assay
(ELISA) technique. Production of immunoglobulin (Ig)-G1 and IgG2a antigen specific antibodies were measured against LAKJB93.
Results: The enhanced production of antigen-specific INF-γ and IgG2a in serum showed the stimulation of T helper type 1 (Th1)
response. This protective immune response was induced by the expression of pcDNA3.1/ LAKJB93 plasmid against leishmaniosis and
therefore, pcDNA3.1/ LAKJB93 can be considered an appropriate vaccine for leishmaniosis.
Conclusions: Immunization with DNA vaccine may offer an effective route to prevent leishmaniosis.
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1. Background
Leishmaniosis is one of the most important parasitic
diseases in the world (1, 2). This disease is a complex infection caused by several species of Leishmania genus belonged to family Trypanosomatidae, subfamily Leishmaniinae (3). In the tropical regions, leishmaniosis is considered as the second leading cause of death due to infectious
diseases; the overall prevalence is 12 million cases with the
annual incidence of 2 to 2.5 million (4).
Currently, leishmaniosis is endemic in 98 countries,
but 90% of visceral leishmaniosis (VL) cases occur in the
Bangladesh, Brazil, India, Nepal, and Soudan and 90% of
cutaneous leishmaniosis (CL) cases occur in Iran, Peru,
Saudi Arabia, Brazil, and Syria (4).
According to the reports of the disease control center,
annually about 20,000 cases with different types of leishmaniosis occur in Iran. This makes Iran the country with
the highest prevalence of cutaneous leishmaniosis in the
Middle East (5) and now it is endemic in 15 provinces (6);
2863 CL cases were reported in Central and Southeast regions of Sistan and Baluchistan province, Iran, from April
2008 to March 2014, which indicates the importance of

controlling CL in this area. CL is a growing public health
problem with several new foci identified in the last years.
The endemicity is so high that almost 80% of the rural population contracts the disease before the age of 10 and practically all non-immune newcomers are infected.
Traditionally, in some regions of the word, such as Iran,
people are immunized against Leishmania spp. by receiving a specific attenuated vaccine into their hand or foot;
the program that is called Leishmanization. Due to the side
effects of leishmanization such as the increase of immune
system diseases, this method is no longer used (7, 8).
Another approach to immunize against Leishmania
spp. is to receive the inactivated or the promastigotes extract vaccines. This method did not have good results either (7). Probably, a combination of lower amounts of
antigen and the inactivated vaccine can explain the inefficiency of the vaccine (9). In the next step, researchers
used some protein subunits of the parasite as a vaccine
that in comparison with the inactivated vaccines showed
better results. Nowadays, researchers try to find appropriate proteins and adjutants to improve the performance of
this type of vaccines (7). But unfortunately, to date there is
no definitive vaccine against the leishmaniosis in the word
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(10, 11).
Since the vaccination is still one of most effective methods to reduce mortality due to infectious diseases, scientists are looking for a new generation of vaccines to prevent the challenges of leishmaniosis in people (9).
In recent years, many studies are conducted on DNA
vaccines as a new vaccination method against leishmaniosis. In comparison with inactivated and subunit vaccines, DNA vaccines can be easily produced and are much
cheaper; also, they can activate the T helper type 1 (Th1)
CD4 and T-cytotoxic CD8 cells that are significantly effective against the Leishmania species (12-16). Until now, the
genes producing different proteins of Leishmania spp. are
used to make DNA vaccines and almost good results are obtained. LACK (17-20), GP63 (21-23), PSA2 (24), and ORF are
among these proteins (25). Some of the studies showed
good results, but some others were not helpful and sometimes the results were contradicted.
As Leishmania spp. are the internal parasites, vaccines
that can activate Th1 more than Th2 are more successful.
Also, elevated ratio of interferon (IFN)-γ to interleukin (IL)10 in the body is known as a success factor of vaccination
(26). Since DNA vaccines can activate Th1 very well, they
can be considered as appropriate vaccines for Leishmania
species.
One of the strategies used by researches to increase
the efficiency of DNA vaccines is the employment and successive attachment of several effective epitopes simultaneously (recognized by T-cells) and construction of a united
polytope. This method showed much better simulation of
Th1 (16, 27). The use of polytopes in DNA vaccine is an effective strategy to protect against Leishmania species. In this
method epitopes identified by Th1 cells were used to produce more effective DNA vaccines (14, 27).
Since leishmaniosis has high prevalence in Sistan and
Baluchistan province, Iran, the current study aimed at investigating the performance of a polytope DNA vaccine
constructed by LACK, GP63, and CPC epitopes, and evaluating its efficiency in vivo.

to purify plasmid according to the manufacturer’s instructions.

2.2. Immunization and Infectious Challenge
Thirty female Balb/c mice were divided into 3 groups.
Group 1 received 100 µL phosphate-buffered saline (PBS)
in 3 doses with 2-week intervals intramuscular (IM); the
group 2 received pcDNA3 (100 µg in 100 µL) in 3 doses with
2-week intervals (IM) as the first control group; the group 3
received pcDNA3.1/ LAKJB93 (100 µg in 100 µL, eluted in PBS)
in 3 doses with 2-week intervals (IM) as the second control
group. All animals were challenged subcutaneously (SC)
in the right hind footpad with 5 × 105 L. major stationaryphase promastigotes (in 50 µL PBS) 2 weeks after the last
immunization. Mice were monitored weekly by measuring the footpad swelling, using a metric caliper.

2.3. Blood Collection and Serum Isolation
Blood samples were collected twice, 2 and 6 weeks after the last immunization. Sera were isolated from whole
blood samples and stored at -20°C until use.

2.4. Cytokines Assay
Spleen of immunized animals was harvested 6 weeks
after challenge and spleen cells were collected by conventional procedures, and then, the red blood cells were removed by centrifugation over Ficoll-Hypaque. Spleen suspensions (2 × 106 per well) were stimulated with 5 µg/mL
soluble Leishmania antigen (SLA) in RPMI-1640, supplemented with 10% heat-inactivated fetal bovine serum, 50
µM β -mercaptoethanol, and 40 µg/mL gentamycin. Culture supernatants were collected after 36 or 72 hours to determine IL-4 and INF-γ , respectively. Levels of INF-γ and
IL-4 were determined by the sandwich enzyme-linked immunosorbent assay (ELISA) technique using R&D system
kits.

2. Methods
2.1. Plasmid Construction and Purification
The current study used a recombinant pcDNA3.1 expression plasmid consisting of a polytope gene (264 bp) of
3 epitopes of LACK, GP63, and CPC of Leishmania spp. antigens. The plasmid was constructed in the authors’ previous work (28). Vector was transformed into Escherichia coli
DH5α, and after plasmid extraction vector was confirmed
by polymerase chain reaction (PCR) and digestion enzyme
analysis (data not shown). The Qiagen kit was employed
2

2.5. Antigen Preparation
To prepare SLA, after a few passages in liquid culture,
late-log-phase promastigotes were collected (29). Briefly,
after washing 2 × 108 promastigotes/mL in 5 mL of cold
PBS 3 times, the promastigotes were frozen and thawed
for 5 times. The suspension was centrifuged at 8000 g for
20 minutes at 4°C. Supernatants containing SLA were
col-lected and stored at -70°C. The protein concentrations
were estimated by the Bradford method.
Health Scope. 2018; 7(1):e63159.
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2.6. Evaluation of Humoral Immunity
Pooled sera were prepared from each group of mice 2
weeks after the last immunization, and 6 weeks after the
challenge. Production of IgG1 and IgG2a antigen specific
antibodies was measured against LAKJB93.
Briefly, 96-well plates were coated with recombinant
proteins (500 ng/well) and incubated at 4°C overnight.
They were washed 3 times with PBS plus 0.05% Tween 20,
plates were blocked with 1% bovine serum albumin (BSA)
in PBS for 2 hours at 37°C; then, 100 µL of pooled sera
were added and incubated for another 2 hours at 37°C
(1:50 dilution). Anti-mouse IgG1 (1:10000, Zymed, Burlington, ON, Canada) and IgG2a (1:500, southern Biotech Birmingham, USA) conjugated with Biotin were added. After 2 hours at 37°C, streptavidin-horseradish peroxidase
(BRL, Gaithersburg, MD) was added (1:1000). After incubation for 1 hour at 37°C, Conjugates were visualized with Ophenylenediamine (OPD), the reaction was stopped with
H2 SO4 (4 N), and the absorbance was read at 492 nm.
2.7. Statistical Analysis
All statistical analyses were performed with SPSS version 19. One-way analysis of variance (ANOVA) and the posthoc Tukey test were used to differentiate between the analyzed groups. All results were expressed as mean ± SD. For
all tests, a P value of < 0.05 was considered as statistically
significant.

3. Results
3.1. Detection of Systemic Immune Response
To determine the efficiency of the DNA vaccination,
mice were infected with L. major 2 weeks after the last vaccination and footpad lesion sizes were measured 9 weeks
after the infection. As shown in Figure 1, mice immunized
with DNA vaccine, compared with the control group cases,
had significantly smaller lesion sizes (P < 0.05). To assess
the efficiency of DNA vaccine in the induction systemic immunity, all mice were infected in the opposite footpad to
which they received DNA vaccination.
3.2. Measurement of IFN-γ and IL-4 Production in Infected Mice
Production of IFN-γ and IL-4 from spleen cells was assessed 6 weeks after the infection challenge. As shown
in Figure 2, spleen cells from mice vaccinated with
pCDNA3.1/LAKJB93 significantly developed more IFN-γ and
IL-4, compared with the control group (pCDNA3.1 or PBS) (P
< 0.05).
Health Scope. 2018; 7(1):e63159.

3.3. Measurement of Specific IgG1 and IgG2a in Vaccinated Mice
Production of specific IgG1 and IgG2a antibodies was
measured to provide an in vivo assessment of the pattern
of cytokine production. As shown in Figure 2, mice that
were vaccinated with pCDNA3.1/LAKJB93 and developed an
effective immune response had substantially higher levels
of specific IgG1 and IgG2a antibody titers, compared with
the control groups (pCDNA3.1 and PBS) (P < 0.05).
4. Discussion
Based on the obtained results of the current study, the
DNA vaccine made from 3 epitopes of LACK, GP63, and CPC
genes (pcDNA3.1/LAKJB93) of Leishmania spp. could immunize the Balb/c mice against leishmaniosis.
The DNA vaccines are a construct of nucleic acids that
nowadays are in focus of attention due to their low price
and high efficiency (30). These types of vaccines, in comparison with inactive vaccines and subunit vaccines, have
more ability to activate Th1 CD4 and T-cytotoxic CD8 cells
and longer immunity responses (12-16, 31).
As Leishmania spp. are intercellular parasites, a vaccine
that can activate Th1 more than Th2 is more successful; also,
the high ratio of IFN-γ to IL-10 is a promising sign for the
success of vaccination (26). Long protection against Leishmania spp. is another parameter of an ideal vaccine, which
can be obtained by creating memory T-cells (probably both
CD4 and CD8 cells) (17, 32, 33). All of these factors can be
achieved by a well-designed DNA vaccine (12, 33, 34).
Since determination of Th1 and Th2 patterns is a main
in vivo evaluation, the current study measured IL-4 and
IFN-γ levels. Results of the current study showed that polytope DNA vaccine can stimulate Th1 due to the increase of
IFN-γ level.
Ahmed et al., used 6 different genes of Leishmania spp.
as candidates of DNA vaccine; these genes included GP63,
PSAS.P20, LeIF, ribosomal like and the different parts of
LACK gene. Each of these DNA vaccines could not completely protect the mice against L. major. However, among
these DNA vaccines, the LACKP24 had the highest efficiency;
LACKP24 included LACK gene nucleotides of 465 to 939; the
current study also used this gene as well as the 2 other
genes as a DNA vaccine. In a study conducted by Ahmed
et al., the effect of DNA vaccines was investigated individually; it was proposed that if they were used simultaneously
in the form of a DNA vaccine, better immunity would be
obtained (7).
Dominguez-Bernal et al., made a DNA vaccine that expressed the 6 genes of Leishmania spp. simultaneously in
the form of a polyprotein including A2, H4, H3, H2B, H2A,
and Hsp70. This vaccine had high efficiency and could protect the mice against the CL caused by L. major. This vaccine
3

Keikha R et al.

9

pcDNA3.1
pcDNA3.1/LAKJB93

8

PBS

Foot Pad Swelling, mm

7
6
5
4
3
2
1
0

1

2

3

4

5

6

7

8

9

Weeks of Infection
Figure 1. Infectious Challenge of Balb/c Mice Against L. major, Immunized with DNA Vaccine Encoding Fusion Antigen. Mice (5 per group) were immunized with 100
µg pCDNA3.1/LAKJB93, or pCDNA3.1, or equal volume of PBS as test, the sham, and control groups, respectively. Two weeks after the last immunization, mice were challenged by the inoculation of 5 × 105 amastigote forms of L. major in the right footpad. Lesion sizes were monitored using a Vernier caliper and calculated by subtracting
the size of contralateral-uninfected footpad. No significant differences were observed between pCDNA3.1 and PBS groups. However, lesion sizes significantly decreased in
pCDNA3.1/LAKJB93 group, compared with the control groups (pCDNA3.1 and PBS) after the week 2 (*P < 0.05). ANOVA and post-hoc Tukey test were employed. Data are expressed as mean ± SD of lesion sizes (in millimeters) from 5 mice per group.
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Figure 2. Production of IL-4 (A) and IFN-γ (B) from Spleen Cells of Vaccinated Balb/c Mice Infected with L. major 6 Weeks After the Infection. Mice in each group (n = 5) were
euthanized and the spleens were harvested 6 weeks after the infection. Single-cell preparations plated in triplicate in 96-well micro titer plates; 48 hours later, supernatants
were harvested and ELISA measured IFN-γ and IL-4 content. Significant differences were observed between pcDNA3.1/LAKJB93 and the control groups (pCDNA3.1 and PBS) (*/**P
< 0.05) for the amounts of IL-4 and IFN-γ . ANOVA and the post-hoc Tukey test were used for all analyses.

led to the increase of producing IFN-γ , IL-17, and NO 7 weeks
after the injection of PI; it also reduced the IL-4 production
and consequently led to the increase of Th1 activity (31); the

4

current study also showed that polytope DNA vaccine can
be used as a vaccine that protected mice from L. major infection.
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Figure 3. Production of Specific IgG1 (A) and IgG2a (B) in Vaccinated Mice Infected with L. Major
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Sera (10 mice per group) were collected 2 weeks after the last immunization and 6 weeks after infection from mice vaccinated with pCDNA3.1/LAKJB93 and control groups
(pCDNA3.1 and PBS); 1:100 dilutions of sera were tested for the specific IgG2a and IgG1 fusion genes. IgG2a and IgG1expressions significantly increased in pCDNA3.1/LAKJB93
group, compared with the control groups (*/**P < 0.05). Data are expressed as mean ± SD. ANOVA and the post-hoc Tukey test were used for all analyses.

Doroud et al., delivered a cocktail DNA vaccine encoding cysteine proteinases type I, II, and III with solid lipid
nanoparticles potentiating protective immunity against
L. major infection; results of their research showed that
cocktail DNA can protect mice (15), although nanoparticles
were not used for delivery, it was proved that polytope DNA
vaccine could be useful.
The current study also used a combination of multiple epitopes to elevate the performance of a DNA vaccine
against L. major, a combination of the 3 epitopes of LACK,
GP63, and CPC genes of L. major, which were simultaneously used in a modified pCDNA.3 vector as a DNA vaccine.
In vivo studies indicated that the levels of IgG1 and IgG2a
significantly increased in vaccinated mice (P > 0.05). This
result was combined with low-level IL-4, but high IFN productions (P > 0.05) showed that the vaccination was successful. In addition, the challenge test conducted on 5 mice
in each group revealed that the vaccine could lead to longtime resistance against L. major infection (P > 0.05) (infected mice were monitored 9 weeks after the infection).
4.1. Conclusion
The employed DNA vaccine could stimulate the cellular immunity and protect the mice against leishmaniosis;
thus, this vaccine can control the health problem and increase the public health in Iran.
Acknowledgments
This article was extracted from Reza Keikha PhD thesis
and financially supported by the research department of
the school of medicine, Shahid Beheshti University of Medical Sciences (grant No.9185).
References

2. Savoia D. Recent updates and perspectives on leishmaniasis. J Infect Dev Ctries. 2015;9(6):588–96. doi: 10.3855/jidc.6833. [PubMed:
26142667].
3. Chang P, Bray RS. Leishmaniasis. Elsevier Science Publishers BV
(Biomedical Division); 1986.
4. de Vries HJ, Reedijk SH, Schallig HD. Cutaneous leishmaniasis: recent developments in diagnosis and management. Am J Clin Dermatol. 2015;16(2):99–109. doi: 10.1007/s40257-015-0114-z. [PubMed:
25687688].
5. Hotez PJ, Savioli L, Fenwick A. Neglected tropical diseases of the Middle East and North Africa: review of their prevalence, distribution,
and opportunities for control. PLoS Negl Trop Dis. 2012;6(2):1475. doi:
10.1371/journal.pntd.0001475. [PubMed: 22389729].
6. Feiz Haddad MH, Ghasemi E, Maraghi S, Tavala M. Identification
of Leishmania Species Isolated from Human Cutaneous Leishmaniasis in Mehran, Western Iran Using Nested PCR. Iran J Parasitol.
2016;11(1):65–72. [PubMed: 27095970].
7. Ahmed SB, Bahloul C, Robbana C, Askri S, Dellagi K. A comparative
evaluation of different DNA vaccine candidates against experimental
murine leishmaniasis due to L. major. Vaccine. 2004;22(13-14):1631–9.
doi: 10.1016/j.vaccine.2003.10.046. [PubMed: 15068845].
8. Hosseini S, Hatam G, Ardehali S. Characterization of Leishmania isolated from unhealed lesions caused by leishmanization. East Mediterr
Health J. 2005;11.
9. Kedzierski L. Leishmaniasis Vaccine: Where are We Today? J Glob
Infect Dis. 2010;2(2):177–85. doi: 10.4103/0974-777X.62881. [PubMed:
20606974].
10. Khalil E, Hassan A, Zijlstra E, Mukhtar M, Ghalib H, Musa B, et al. Autoclaved Leishmania major vaccine for prevention of visceral leishmaniasis: A randomised, double-blind, BCG-controlled trial in Sudan.
Lancet. 2000;356(9241):1565–9.
11. Murray HW. Prevention of relapse after chemotherapy in a chronic intracellular infection: mechanisms in experimental visceral leishmaniasis. J Immunol. 2005;174(8):4916–23. [PubMed: 15814719].
12. Gurunathan S, Stobie L, Prussin C, Sacks DL, Glaichenhaus N, Iwasaki
A, et al. Requirements for the maintenance of Th1 immunity in vivo
following DNA vaccination: a potential immunoregulatory role for
CD8+ T cells. J Immunol. 2000;165(2):915–24. [PubMed: 10878366].
13. Campbell SA, Alawa J, Doro B, Henriquez FL, Roberts CW, Nok A, et al.
Comparative assessment of a DNA and protein Leishmania donovani
gamma glutamyl cysteine synthetase vaccine to cross-protect against
murine cutaneous leishmaniasis caused by L. major or L. mexicana infection. Vaccine. 2012;30(7):1357–63. doi: 10.1016/j.vaccine.2011.12.067.
[PubMed: 22210224].

1. Desjeux P, Alvar J. Leishmania/HIV co-infections: epidemiology
in Europe. Ann Trop Med Parasitol. 2003;97 Suppl 1:3–15. doi:
10.1179/000349803225002499. [PubMed: 14678629].

Health Scope. 2018; 7(1):e63159.

5

Keikha R et al.

14. Carrion J. Mechanisms of immunity to Leishmania major infection
in mice: the contribution of DNA vaccines coding for two novel
sets of histones (H2A-H2B or H3-H4). Comp Immunol Microbiol Infect Dis. 2011;34(5):381–6. doi: 10.1016/j.cimid.2011.06.002. [PubMed:
21840052].
15. Doroud D, Zahedifard F, Vatanara A, Najafabadi AR, Taslimi Y, Vahabpour R, et al. Delivery of a cocktail DNA vaccine encoding cysteine
proteinases type I, II and III with solid lipid nanoparticles potentiate
protective immunity against Leishmania major infection. J Control
Release. 2011;153(2):154–62. doi: 10.1016/j.jconrel.2011.04.011. [PubMed:
21530597].
16. Sanchez-Sampedro L, Gomez CE, Mejias-Perez E, Sorzano CO, Esteban M. High quality long-term CD4+ and CD8+ effector memory
populations stimulated by DNA-LACK/MVA-LACK regimen in Leishmania major BALB/c model of infection. PLoS One. 2012;7(6):38859. doi:
10.1371/journal.pone.0038859. [PubMed: 22715418].
17. Gurunathan S, Klinman DM, Seder RA. DNA vaccines: immunology,
application, and optimization*. Annu Rev Immunol. 2000;18:927–74.
doi: 10.1146/annurev.immunol.18.1.927. [PubMed: 10837079].
18. Gurunathan S, Prussin C, Sacks DL, Seder RA. Vaccine requirements for
sustained cellular immunity to an intracellular parasitic infection.
Nat Med. 1998;4(12):1409–15. doi: 10.1038/4000. [PubMed: 9846579].
19. Gurunathan S, Sacks DL, Brown DR, Reiner SL, Charest H, Glaichenhaus N, et al. Vaccination with DNA encoding the immunodominant LACK parasite antigen confers protective immunity to mice infected with Leishmania major. J Exp Med. 1997;186(7):1137–47. [PubMed:
9314562].
20. Stobie L, Gurunathan S, Prussin C, Sacks DL, Glaichenhaus N, Wu CY, et
al. The role of antigen and IL-12 in sustaining Th1 memory cells in vivo:
IL-12 is required to maintain memory/effector Th1 cells sufficient to
mediate protection to an infectious parasite challenge. Proc Natl Acad
Sci U S A. 2000;97(15):8427–32. doi: 10.1073/pnas.160197797. [PubMed:
10890924].
21. Walker PS, Scharton-Kersten T, Rowton ED, Hengge U, Bouloc A, Udey
MC, et al. Genetic immunization with glycoprotein 63 cDNA results
in a helper T cell type 1 immune response and protection in a
murine model of leishmaniasis. Hum Gene Ther. 1998;9(13):1899–907.
doi: 10.1089/hum.1998.9.13-1899. [PubMed: 9741428].
22. Xu D, Liew FY. Genetic vaccination against leishmaniasis. Vaccine.
1994;12(16):1534–6. [PubMed: 7879420].
23. Xu D, Liew FY. Protection against leishmaniasis by injection of DNA
encoding a major surface glycoprotein, gp63, of L. major. Immunology.

6

1995;84(2):173–6. [PubMed: 7750991].
24. Handman E, Noormohammadi AH, Curtis JM, Baldwin T, Sjolander A.
Therapy of murine cutaneous leishmaniasis by DNA vaccination. Vaccine. 2000;18(26):3011–7. [PubMed: 10825604].
25. Sukumaran B, Tewary P, Saxena S, Madhubala R. Vaccination with DNA
encoding ORFF antigen confers protective immunity in mice infected
with Leishmania donovani. Vaccine. 2003;21(11):1292–9.
26. Stober CB, Lange UG, Roberts MT, Alcami A, Blackwell JM. IL-10 from
regulatory T cells determines vaccine efficacy in murine Leishmania
major infection. J Immunol. 2005;175(4):2517–24. [PubMed: 16081824].
27. Sachdeva R, Banerjea AC, Malla N, Dubey ML. Immunogenicity
and efficacy of single antigen Gp63, polytope and polytopeHSP70
DNA vaccines against visceral Leishmaniasis in experimental mouse
model. PLoS One. 2009;4(12):7880. doi: 10.1371/journal.pone.0007880.
[PubMed: 19956549].
28. Jeibouei SH, Bandehpour M, Kazemi B, Haghighi A. Designing a DNA
Vaccine-based Leishmania major Polytope (Preliminary Report). Iran
J Parasitol. 2017;12(3):441–5.
29. Soong L, Chang CH, Sun J, Longley BJ, Ruddle NH, Flavell RA, et al. Role
of CD4+ T cells in pathogenesis associated with Leishmania amazonensis infection. J Immunol. 1997;158(11):5374–83. [PubMed: 9164958].
30. Wedrychowicz H. Antiparasitic DNA vaccines in 21st century. Acta
Parasitol. 2015;60(2):179–89. doi: 10.1515/ap-2015-0026. [PubMed:
26203983].
31. Bayih AG, Daifalla NS, Gedamu L. DNA-protein immunization using Leishmania peroxidoxin-1 induces a strong CD4+ T cell response
and partially protects mice from cutaneous leishmaniasis: role of
fusion murine granulocyte-macrophage colony-stimulating factor
DNA adjuvant. PLoS Negl Trop Dis. 2014;8(12):3391. doi: 10.1371/journal.pntd.0003391. [PubMed: 25500571].
32. Kaech SM, Wherry EJ, Ahmed R. Effector and memory T-cell differentiation: implications for vaccine development. Nat Rev Immunol.
2002;2(4):251–62. doi: 10.1038/nri778. [PubMed: 12001996].
33. Zaph C, Uzonna J, Beverley SM, Scott P. Central memory T cells mediate long-term immunity to Leishmania major in the absence of persistent parasites. Nat Med. 2004;10(10):1104–10. doi: 10.1038/nm1108.
[PubMed: 15448686].
34. Uzonna JE, Wei G, Yurkowski D, Bretscher P. Immune elimination of
Leishmania major in mice: implications for immune memory, vaccination, and reactivation disease. J Immunol. 2001;167(12):6967–74.
[PubMed: 11739516].

Health Scope. 2018; 7(1):e63159.

