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ABSTRACT

Malaria is a major health problem causing substantial morbidity and mortality with
Plasmodium falciparum being the causative agent of the most severe and deadly form of
malaria in humans. In Yemen Malaria is one of the most serious health problems. About
60% of the populations live in areas with malaria transmission. P. falciparum is the
predominant species and accounts for more than 90% of malaria cases. Information on the
nature and extent of genetic diversity within P. falciparum is essential for understanding
the mechanism underlying the pathology of malaria, the acquisition of immunity, the
spread of drug resistance and the condition of the transmission. This study was conducted
in the high transmission area in Yemen (Taizz, Dhamar, and AL-Hudiydah) and was
guided by the objective that were to establish molecular characterizations of field isolate P.
falciparum in Yemen measured with polymorphic genetic markers of merozoite surface

protein msp-1 and msp-2.

Blood samples were screened for malaria parasites using Giemsa-stained thick and thin
blood films. A total of 74 blood samples had P. falciparum, for which their MSP-1 and
MSP-2 genes were studied using nested PCR. All the three families (K1, MAD20 and
RO33) of MSP-1 and the two families (FC27 and 3D7) of MSP-2 were detected in this
study. 3D7 allelic family was the most frequent (68%), followed by K1 (45%), RO33
(42%), FC27 (42%) and MAD20 (22%). The four allelic families, (MAD20, RO33, FC27

and 3D7), were significantly more prevalent in the hinterland areas as compared to



coastland and highland areas (p < 0.05) of Yemen. The K1 allele type was most frequent in
the highland (p < 0.02). The complexity of the infection was significantly (p < 0.05) the
highest in the hinterland followed by coastland and highland. Urban areas had higher
complexity of infection as compared to rural areas (p < 0.05). No significant difference was
shown in the complexity of falciparum infection between the age groups (p > 0.05) nor the
different levels of parasitaemia (p > 0.05). MSP-2 had higher number of alleles than MSP-1
(42 vs 18). The highest number of alleles of MSP-I and MSP-2 was observed in the

coastland and the rural areas.

In conclusion, significant differences in complexity and the distribution of the family
alleles of MSP-1 and MSP-2 genes between hinterland, coastland and highland areas were
observed, reflecting the intensity of malaria transmission between areas. This observation

should be taken into consideration in implementing malaria control strategies in Yemen.
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ABSTRAK

Malaria merupakan masalah kesihatan utama yang menyebabkan kadar kematian dan
morbiditi yang tinggi. Plasmodium falciparum adalah spesies dominan yang merupakan
agen penyebab malaria yang paling parah dan mengakibatkan kematian yang menyumbang
kepada penderitaan manusia yang signifikan. Parasit intraseluler ini disebarkan di kalangan
hos vertebrata oleh gigitan nyamuk Anopheles yang telah dijangkiti.Di Yemen, malaria
merupakan satu masalah kesihatan yang amat serius. Sekitar 60% populasi penduduk hidup
di kawasan transmisi malaria. P. falciparum adalah spesies yang dominan yang

bertanggungjawab terhadap lebih dari 90% kes malaria.

Maklumat berkenaan kepelbagaian genetik dalam P. falciparum adalah penting bagi
memahami mekanisma yang mendasari patologi malaria, kebolehan memperoleh
immunisasi, penyebaran ubat ketahanan dan bagaimana transmisi berlaku. Kajian ini
dijalankan di daerah yang mempunyai kadar transmisi malaria yang tinggi di Yemen
(Taizz, Dhamar, dan AL-Hudiydah). Kajian ini adalah berdasarkan objektif bagi
mengenalpasti sifat dan pencinan molekul isolat lapangan pencilan P. falciparum di
Yemen yang diukur dengan penanda genetik polimorfik protein permukaan protein

merozoit msp-1 dan msp-2.

Sampel darah diperiksa untuk mengenapasti kehadiran parasit malaria dengan
menggunakan teknik pewarnaan Giemsa dengan filem darah tebal dan nipis. Dalam kajian
ini sebanyak 74 sampel darah mempunyai P. falciparum, di mana gen MSP-1 dan MSP-2
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dikaji menggunakan PCR tersarng. Kesemua tiga keluarga (K1, MAD20 dan RO33) dari
MSP-1 dan dua keluarga (FC27 dan 3D7) dari MSP-2 berjaya dikesan dalam kajian ini.
Keluarga alelik 3D7 adalah yang paling kerap dapat dikesan (68%), diikuti oleh K1 (45%),
RO33 (42%), FC27 (42%) dan MAD20 (22%). Empat keluarga alelik (MAD20, RO33,
FC27 dan 3D7), secara signifikan lebih banyak ditemui di daerah pendalaman berbanding
dengan daerah pesisiran dan dataran tinggi (p <0.05) di Yemen. Alel jenis K1 paling kerap
ditemui di dataran tinggi (p <0.02). Kerumitan jangkitan malaria adalah signifikan (p
<0.05) dan paling tinggi di daerah pendalaman diikuti oleh daerah penisiran dan dataran
tinggi. Kawasan bandar mempunyai kerumitan jangkitan yang lebih tinggi jangkitan
berbanding dengan kawasan luar bandar (p <0.05). Tiada perbezaan yang signifikan
ditunjukkan dalam kerumitan jangkitan falciparum antara kumpulan umur (p> 0.05) dan
pelbagai peringkat parasitemia (p> 0.05). MSP-2 mempunyai jumlah alel yang lebih tinggi
dari MSP1 (42 vs 18). Kadar tertinggi alel dari MSP-1 dan MSP-2 didapati di daerah

penisiran dan kawasan luar bandar.

Kesimpulannya, perbezaan signifikan dalam kerumitan dan taburan keluarga alel gen MSP-
1 dan MSP-2 antara kawasan pendalaman, daerah penisiran dan dataran tinggi yang dikaji,
mengambarkan intensiti transmisi malaria di antara ketiga-tiga kawasan tersebut.
Pemerhatian ini harus dipertimbangkan dalam pelaksanaan strategi kawalan malaria di

Yemen.
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DEFINITIONS

Definitions of terms used through this thesis:-

Allele: one of the several alternative forms of genes that occupy the same locus.

Allelic type: alleles of a gene that can be grouped based on similar characteristics e.g.
sequence similarity of the allelic types of MSP-1 and MSP-2, also referred to as allelic

families.

Genotype: combination of alleles that determine a particular genetic characteristic.

Infection diversity: the number of clones detected within one sample. This number
represents the minimum number of circulating clones; also referred as genetic diversity of

infections or multiplicity of infection.

Parasitaemia: is the quantitative content of parasites in the blood. It is used as a
measurement of parasite load in the organism and an indication of the degree of an active

parasitic infection.

Rural areas: are large and isolated areas of an open country with low population density.

An urban area: is characterized by higher population density and vast human features in

comparison to areas surrounding it.
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