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Abstract. Malaria, an infectious disease causes by Plasmodium, contribute to 300-900 million morbidities and 1-3 million
mortalities, annually. This study aimed to determine the Rubella vaccine potency to inhibit Plasmodium berghei merozoite
invasion to erythrocyte which evaluated from parasitemia levels, mortality and mice clinical condition. This study
conducted in mice injected Rubella vaccine prior injected with P. berghei. There were four groups: A, B and C injected
with 500 pl, 2 pl, and 1 pl rubella vaccine respectively. Group D injected with 500 pl sterile aqua, as control group. After
28 days of vaccination all mice injected with 0.2 ml P. berghei. Furthermore, we observed to parasitemia levels, death,
and clinical condition of mice to assess Rubella vaccine effectiveness to inhibit merozoite invasion. The results shown
Rubella vaccine did not provide significant effect on parasitemia levels. It might Rubella vaccine dose we used under
effective dose and less effective of target site. However, our study shown Rubella vaccine provided significant effect on
mice mortality (p<0.05). It is probably due to Rubella antigen (213-239 amino acid sequence) and malaria antigen
merozoite surface protein (MSP)-1:9 (Ssequence amino acid 238) has similar structure, thus it was likely generated cross-
immunity. In conclusion, 28 days Rubella vaccination did not provide significant effect on parasitemia levels, however it
provided significant effect on mice mortality with infected by P. berghei.
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Introduction

Malaria, an infectious disease causes by Plasmodium, causes 300-900 million morbidities
and 1-3 million mortalities annually (WHO, 2005). Effective malaria vaccine to reduce malaria
incidence is still unavailable. Recently, malaria vaccine, SPF-66, was proved to be efficacious
because it did not increase natural antibody to malaria and decrease interferon (IFN)-y levels,
thus SPF-66 seem uncorrelated with protection against malaria (Wang et al., 2010). It was
allegedly because SPF-66 has ineffective target sites. There are three sporozoite surface
proteins, 83, 55, and 35 kDa (Graves & Gelband, 2009). Therefore, it is necessary to find out
new alternative vaccine which has a potential target site to increase immunity against malaria.
Previous study showed that merozoite surface protein (MSP)-1,9 was potential target for malaria
vaccine, because MSP-1,4 has essential role in merozoite expansion to erythrocyte (Dluwzeski et
al., 2008). MSP-1;9 has two epidermal growth factors (EGFs). MSP-1,4 has an N-glycosylation
area on the overall length of MSP-1 and MSP-1,5 that may come through N-glycosylation when
expressed in mammalian cells (Langhorne, 2005). Study by Li et al. (2008) shown MSP-1;4
antigen is a peptide protein antigen which has 238 amino acid sequences. Rubella proteins have
three structures, envelop 1 (El1), envelop 2 (E2), and capsid (C). E1 and E2, membrane
glycoproteins, are part of the rubella virus that consist cysteine-rich glycoprotein (Abernathy et
al., 2009). The role of these proteins is associated with membrane fusion process (Liu et al.,
2009; Zhou et al., 2009).

Several studies confirmed E1 is a peptide protein antigen which has 213-239 amino acid
sequences (Mitchell et al., 1994; Ovsyannikova et al., 2004; Ovsyannikova et al., 2006). Based
on amino acid sequence similarity between E1 Rubella and MSP-1,4 Plasmodium, we predicted
that there was host cross-immune development which protect host against Plasmodium if we
treat with Rubella vaccine prior infect with Plasmodium parasite. Therefore, present study to
determine Rubella vaccine potency to inhibit Plasmodium berghei merozoite invasion to
erythrocytes which evaluated from parasitemia levels, mortality and mice clinical condition.
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Materials and Methods
Research design

Post test-only control group design was used in this study. Mice divided in 4 groups (A, B,
C and D), and each group consist 5 mice. Group A, B and C injected with 500 pl, 2 pl, and 1 pl
Rubella vaccine per subcutaneously respectively. Group D injected with 500 ul sterile aqua, as
control group. After 28 days of vaccination all mice injected with 0.2 ml P. berghei.
Rubella vaccine preparation

Rubella vaccine used was mmr II, purchased from Kimia Farma, Surabaya, Indonesia.
Rubella vaccine dose preparation, 500ul, 1ul and 2ul based on manufacture instruction.
P. berghei preparation

P. berghei preparation was conducted at Parasitology and Biomedical Laboratory, School
of Medicine Brawijaya University, Malang, using standard procedures of P. berghei thawing
process which described previously (Doolan, 2002).
Microscopic examination

Malaria microscopic preparation and parasitemia level determination carried out according
to standard procedures (Doolan, 2002). Briefly, parasitemia levels are accessed on 5™ day after
P. berghei infection; we counted the number of Plasmodium-infected leukocyte per 200
leukocytes or per 1000 erythrocytes.
Statistical analysis

Statistical analysis in this study was ANOVA one way using Statistics Calculators version
2.0 with p<0.05.

Results and Discussion

The results of parasitemia can be seen in Fig. 1A-C, while the results the mice mortality
can be seen in Fig. 1D. Furthermore, these parasitemia datas used to calculate malaria invasion
inhibition. Fig. 1A-C showed that group A had the lowest average parasitemia and had the
highest inhibition value. Data analysis on parasitemia level and parasite number per pl of blood
found there were no statistically significant, p=0.2, p=0.09 respectively. In term of mice
mortality (See Fig. 1D). Group A had the lowest number of mice mortality. In addition, group A
also showed a good clinical condition. The result of variance analysis of the mice mortality
obtained F-value of the 6" day of death was 1.333 [F table 3.24] and F-value of overall mortality
was 5.867 [F table 3.24]. It indicated that Rubella vaccine effected mice infected P. berghei
mortality significantly (p<0.05).

Parasitemia, parasite quantities in blood, is indicator to determine malaria growth or
inhibition (Bisoffi et al., 2010). Based on parasitemia levels in this study we found there was no
significant difference among groups. It might caused by Rubella vaccine doses used and Rubella
vaccine target site effectiveness. The highest Rubella vaccine dose, 500 pl, inhibited 49% of
parasitemia level. To obtain a higher inhibition effect may need to give a higher dose. However,
Rubella vaccine toxicity at higher dose needs to be considered.

Theoretically, target site of Rubella vaccine in this study was MSP-1,5. Merozoite invasion
to erythrocyte is a complex process. It involves several merozoite surface proteins MSP such as
erythrocyte binding protein (EBP), MSP-1,4, MSP-7, apical membrane antigen (AMA), acid basic
repeat antigen (ABRA), and serine-repeat antigen (SERA) (Rollinson et al., 2009). Inhibition to
MSP-1,4 indicates partial inhibition only to merozoite invasion to erythrocyte. Thus, this seems
lead less effective inhibition.

Based on data analysis shown Rubella vaccine effected on total mice mortality
significantly (p<0.05). However, Rubella vaccine not significantly affected parasitemia levels and
number of parasites, p=0.2 and p=0.09 respectively. The result showed group A has lowest in
term of parasitemia levels, parasite number per ul of blood, and the number of deaths. Dose of
group A was based on the product information whereas the dose of group B and C were based on
weight conversion. Based on the results of this study indicated that the effectiveness of the best
protection in this study was in group A. This protection had a 49% growth inhibition or the
highest than other groups.

Rubella vaccine protection against malaria might caused by amino acid sequence
similarity between E1 Rubella virus and MSP-1,9 Plasmodium. E1 has 213-239 amino acid
sequences and MSP-1,4 has 238 amino acid sequences (Prendergast & Mann, 1978; Mitchell et
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al., 1996). Because of these structural similarities (between 5 or 10 amino acid sequences), it
was predicted to lead specific immunity (Frank, 2002). The possibility pathway it can cause cross
immunity reaction by inhibiting MSP-1,4. This immunity mechanism possibility involves human
leukocyte antigen (HLA), IFN-y, interleukin (IL)-10 and immunoglobulin (Ig)-G (Ovsyannikova et
al., 2007; Aschermann et al., 2010). Furthermore this mechanism result inhibition mechanism
and phagocytosis, caused a lower parasitemia level and mortality rate in group A.
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Figure 1. A. Total parasitemia percentage on 5™ day after P. berghei infection. B. Average of parasitaemia percentage
(group A=4,62%; group B= 5,82%; group C=7,58%; and group D=9%) and percentage of Rubella vaccine inhibition
(group A=49%; group B=35%; and group C=16%). C. The number of parasites per ul of blood. The average of group
A=10477; group B=19559; group C=14528; and group D=24701. D. Mice mortality after infected with P. berghei (total
mortality of group A=1; group B=3; group C=5; and group D=5).

Parasitemia level has a clear correlation with clinical condition and mortality rate (Doolan,
2002). Merozoite invasion into erythrocyte is responsible to malaria clinical manifestations. This
study shown good clinical conditions in group A, contrary in group B, C, and D which shown poor
clinical conditions. Therefore, these results are consistent with another study confirmed that
some virus vaccines could prevent malaria mortality (Hutchings et al., 2007). But advance
research that to confirm the role of Rubella vaccine inhibition against malaria is need.

Conclusions

This study indicated that rubella vaccination did not provide significant effect on total
parasitemia level of mice infected P. berghei. However, rubella vaccination provided significant
effect on P. berghei infected-mice mortality (p<0.05) and it seem dose-dependent effect.

Acknowledgments

Our thank goes toTeguh Wahju Sardjono, Loeki Enggar Fitri who has donated P. berghei

for this research. Our thank also goes to Nani Parfati who has provided one of the venues for this
research

318
Volume 2 Number 1, 2012



Proceedings of The 2" Annual International Conference Syiah Kuala University 2012
& The 8™ IMT-GT Uninet Biosciences Conference
Banda Aceh, 22-24 November 2012

References

Abernathy E, Cabezas C, Sun H, Zheng Q, Chen M, Castillo-Solorzano C, Ortiz AC, Osores F, Oliveira L,
Whittembury A, Andrus JK, Helfand RF, Icenogle J. 2009. Confirmation of rubella within 4 days of
rash onset: comparison of Rubella virus RNA detection in oral fluid with immunoglobulin m detection
in serum or oral fluid. Clin Microbiol 1(47):182-188.

Aschermann S, Lux A, Baerenwaldt A, Biburger M, Nimmerjahn F. 2010. The other side of immunoglobulin
G: suppressor of inflammation. Clin Exp Immunol 160:161-7.

Bisoffi Z, Sirima SB, Menten J, Pattaro C, Angheben A, Gobbi F, Tinto H, Lodesani C, Neya B, Gobbo M, den
Ende JV. 2010. Accuracy of a rapid diagnostic test on the diagnosis of malaria infection and of
malaria - attributable fever during low and high transmission season in Burkina Faso. Malar J 9:192.

Dluwzeski AR, Ling IT, Hopkins JM, Grainger M, Margos G, Mitchell GH, Holder AA, Bannister LH. 2008.
Formation of the food vacuole in Plasmodium falciparum: A potential role for the 19 kDa fragment of
merozoite surface protein 1 (MSP-119). PLoS Med 8(3):e3085.

Doolan DL. 2002. Malaria methods and protocols. Humana Press Inc, New Jersey.

Frank SA. 2002. Immunology and evolution of infectious disease. Princeton University Press, Princeton.

Graves PM, Gelband H. 2009. Vaccines for preventing malaria (SPf66). John Wiley & Sons Ltd, Washington
DC.

Hutchings CL, Birkett AJ, Moore AC, Hill AVS. 2007. Combination of protein and viral vaccines induces
potent cellular and humoral immune responses and enhanced protection from murine malaria
challenge. Infect Immun 12(75):5819-26.

Langhorne J. 2005. Immunology and immunopathogenesis of malaria. Springer Berlin Heidelberg, New
York.

Li G, Basagoudanavar SH, Gowda DC. 2008. Effect of GPI anchor moiety on the immunogenicity of DNA
plasmids encoding the 19-kDa C-terminal portion of Plasmodium falciparum MSP-1. Parasite
Immunol 30(6-7):315-22.

Liu XL, Zhang WQ, Song YY, Xu HZ, Wang GT, Wang ZY. 2009. Effects of disulfide bridges glycoprotein E1
on fusogenic activity of Rubella virus. Acta Virol 53(1):29-34.

Mitchell LA, Ho MKL, Rogers JE, Tingle AJ, Marusyk RG, Weber JM, Duclos P, Tepper ML, Lacroix M, Zrein M.
1996. Rubella reimmunization: comparative analysis of the immunoglobulin g response to Rubella
virus vaccine in previously seronegative and seropositive individuals. Clin Micobiol 9(34):2210-18.

Ovsyannikova IG, Jacobson RM, Ryan JE, Dhiman N, Vierkant RA, Poland GA. 2007. Relationship between
HLA polymorphisms and gamma interferon and interleukin-10 cytokine production in healthy
individuals after rubella vaccination. Clin Vaccine Immunol 2(14):115-22.

Ovsyannikova IG, Johnson KL, Muddiman DC, Vierkant RA, Poland GA. 2004. Identification and
characterization of novel, naturally processed measles virus class II HLA-DRB1 peptides. Virology
1(78):42-51.

Ovsyannikova IG, Vierkant RA, Poland GA. 2006. Importance of HLA-DQ and HLA-DP polymorphisms in
cytokine responses to naturally processed HLA-DR derived measles virus peptides. Vaccine
24(25):5381-9.

Prendergast F, Mann K. 1978. Chemical and physical properties of aequorin and the green fluorescent
protein isolated from Aequorea forskalea. Biochemistry. 17:17.

Rollinson D, Hay SI, Coluzzi M, Combes C, Despommier DD, Shaw 1], Tanabe K. 2009. Advance Parasitology
Vol. 69. Elsevier, Amsterdam.

Wang R, Smith JD, Kappe SHI. 2010. Advances and challenges in malaria vaccine development. Expert Rev
Mol Med 11:e39.

WHO. 2005. Initiative for Vaccine Research, State the art of vaccine research and development. Hyperlink
Available at: http://www.who.int/vaccines-documents. Zhou Y, Tzeng WP, Ye Y, Huang Y, Li S,
Chen Y, Frey TK, Yang JJ. 2009. A cysteine-rich metalbinding domain from rubella virus non-
structural protein is essential for viral protease activity and virus replication. Biochemistry
417(2):477-83.

319
Volume 2 Number 1, 2012



