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Abstract:8

Accurate diagnosis of malaria parasite species is crucial for rational treatment that is a9

key success for a malaria control and elimination programmes. The main objective of this10

investigation was to correct species identification and re-assessment of diagnosis method11

in central and eastern part of Sudan. The blood samples were collected from 71 febrile12

cases infected with P. vivax in Eastern and Central Sudan, diagnosed by light microscopy13

and also by nested-PCR assay, using 18S small sub-unit ribosomal RNA (ssrRNA) gene.14

The nested-PCR were detect 92.9% (66/71) and 2.8% (2/71) P. vivax and P. falciparum15

mono-infection, respectively. Based on microscopy method, the level of mixed infection16

was zero; however, nested-PCR assay detected 4.2% (3/71) mixed infections in collected17

samples. In detecting P. vivax infection, microscopy had high sensitivity (97%) and18

specificity (50%). In conclusion, the present data point to the need of improving19

microscopy diagnosis method in malaria endemic region and also suggest that although20

molecular techniques are not practical for diagnosis of P. vivax and P. falciparum mixed21

infections in any areas; these could be used to collect epidemiological facts for control22

and elimination of the disease in Sudan.23
24
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26

Introduction27

The Prompt and effective treatment of malaria remains a key intervention in reducing the28

burden of disease and death from malaria. The  aims of this  study consistent with  the29

strategies of malaria control in Sudan that introduced by the National malaria Control30

Programme (NMCP) to reduce the burden of malaria in Sudan. These strategy include31

many directions: prompt and reliable diagnosis and effective treatment, effective32

prevention measures and detection and control of malaria epidemics . Sudan will ensure33



the availability of quality artemisinin-based combination antimalarial therapies as well as34

the effective antimalarial drugs for severe and complicated cases in public health care35

facilities (FMOH,2010). The quality diagnostic services remain the major challenges of36

malaria diagnosis in control programme in Sudan; hence, the rapid and reliable diagnosis37

and effective treatment could help to interrupt the malaria transmission to reduce malaria38

burden in Sudan. In this case, we can prevent malaria epidemic due to mis-diagnosis of P.39

vivax and/or P. falciparum mainly in low parasitaemia and mixed infections.40

Detection of malaria parasites by light microscopy of Giemsa-stained thick and thin films41

remains the standard laboratory method for the diagnosis of malaria. In Sudan and many42

other malaria endemic regions, there are problems and limitations associated with43

reliance on microscopic diagnosis of malaria for both P. falciparum, the main prevalence44

malaria species in Sudan, and P. vivax the most recently species that prevalence mainly in45

Eastern Sudan (Mahgoub H et al 2012) . These limitations include lack of skilled46

microscopists, variation in individual training and/or experience, limited supply of47

microscopes and reagents as well as variation in equipment maintenance, and inadequate48

quality control. However microscopical diagnosis is still the main tool for the diagnosis49

of malaria. The nested-PCR has greater sensitivity and specificity than light microscopy50

(Barker RH Jr et al 1994 and Singh B et al 1996 ), particularly in situations of low-level51

of parasitaemia (Roper C, et al 1996). Furthermore, it is a more powerful technique to52

detect mixed infections of malarial species (Zakeri S, et al 2002). However, it is an53

expensive technique which requires sophisticated laboratory and skillful personnel.54

Therefore the aims of this study was to re-assess malaria diagnosis using sensitive nested-55

PCR technique and also define the prevalence of P. vivax and P. falciparum mixed56

infections in the study area. These species cause a major global health problem with the57

broadest geographic distribution of the fIive malaria species known to infect humans58

(Guerra et al 2009 ). There are about 2.85 billion people at risk of malaria and an59

estimated 80 to 300 million clinical cases of P. vivax annually (Mendis K et al 2001,60

Guerra CA et al 2009). Although P. vivax is mainly endemic in Southeast Asia and Latin61

America (Mueller I et al 2009 ) and Brazil Amazon Region (Lorenzetti et al 2008), but,62

P. vivax was recently increased in Sudan and Ethiopia (Yohannes AM  et al 2011,63

Abdalla SI et al 2007). Malaria is an important health problem in Sudan, and in 2002, an64



estimated 9 million disease episodes and 44,000 deaths from the disease occurred65

(Abdalla SI , et al 2007). Therefore, in this investigation in view of uncertainty in the real66

malaria diagnosis and the level of mixed infection in Sudan the malaria diagnosis method67

(microscopy) in Central and Eastern Sudan was reassessed and compared with highly68

sensitive PCR-based diagnostic method to ensure early and rational treatment. This69

would facilitate malaria control and elimination programs for eliminating mortality,70

minimizing morbidity and reducing prevalence of  the disease.71

72

Study sites and blood sample collection:73

This study was conducted in three health facilities in Central and Eastern Sudan, where74

closed to Ethiopia which P. vivax was high distributed (Yohannes AM et al 2011). Wad75

Medani Paediatric teaching hospital, Wad Medani teaching hospital, Elgariya ashara76

health center and Alkywat Kassala hospital,. Wad Medani town is located in Central77

Sudan in the western bank of the Blue Nile river, in 187 Km south of Khartoum. Wad78

Medami is the main town of the irrigated area of Gezira Agricultural Scheme where79

malaria is stratified as mesoendemic to hyperendemic with unstable transmission pattern.80

In this areas, malaria occurs around the year with one main peak transmission, from81

August to December with P.falciparum as the predominant species in Gezira State (97 %)82

and the second species are P. vivax estimated to be 3% , in Gedarif state the prevalence of83

P. vivax was 4.8% and P.malariae was 2.4% and in Kassala P. vivax represent 6.1% as84

found by malaria indicators survey (FMOH 2013). .85

All samples were collected from January 2012 to January 2013. In Sudan, the burden of86

malaria declined gradually over the last few years from 1,465,496 total cases in 2010 to87

1,246,833 in 2011 (FMOH2012). Recently P. vivax infection is increasing in eastern88

Sudan as in Gezira state from 3% in 2012 to 5% in 2013 (ministry of health unpublished89

data). In this study, the P. vivax isolates (n = 71) were collected from the patients (aged90

from 4 to 70 years old) with P. vivax mono-infection with asexual parasitemia between91

1200 and 72,800 parasites/l. All P. vivax clinical isolates were diagnosed by light92

microscopic examination of Giemsa-stained blood smears. For study participation, a93

written informed consent was obtained from all patients (adults or parents or legal94

guardians of children), and an ethics approval was obtained from the EthicalCommittee95



from the State Health Authority in Gezira as well as Committee of Research in Pasteur96

Institute of Iran.97

Prior to the treatment, after cleaning a finger prick blood sample was collected onto the98

Whatman no. 3 (Whatman International, Ltd., Maidstone, England paper) and detection99

of Plasmodium species in all samples was performed by both microscopy and nested-100

PCR amplification. Patients with positive microscopy results were treated with a standard101

regimen according to Sudan malaria treatment policy (FMOH 2010 and Roll Back102

Malaria 2010).103

Malaria parasite detection by microscopy:104

Thick and thin blood smears were made from finger-prick samples, all the blood slides105

were air-dried, fixed in methanol and then stained in Giemsa for 15–30 min; a 1 : 10106

dilution of Giemsa (pH 7.2). The stain was washed off with tap water. Further, the slides107

were read by local expert microscopists with the routine methods ×100 oil immersion108

lens at × 1000 magnification for at least 100 oil immersion fields; at health center in109

study area. The estimation of the parasiteamia was calculated according to the formula110

that stated by WHO-basic malaria microscopy (WHO 1991).111

Preparation of DNA from filter paper:112

Briefly, genomic DNA of Plasmodium parasite was extracted from dried blood spot by113

using Tris-EDTA buffer-based extraction as described previously (Bereczky et al. 2005)114

and the DNA was kept at -20° C until use.115

Detection of parasites by nested-PCR assay:116

Plasmodium species DNA (P. vivax and P. falciparum) were detected by nested-PCR117

amplification of the small sub-unit ribosomal ribonucleic acid (ssrRNA) genes using the118

primers and cycling parameters as described previously (Snounou et al., 1993; Zakeri et119

al 2002). The positive controls were genomic DNA prepared from a patient infected with120

P. vivax and was confirmed with microscopy and molecular methods. For P. falciparum,121

DNA from the 3D7 strain of P. falciparum was used as positive control. Two negative122

controls were included in each set of amplification reactions (one was blank without123

DNA and the second was contain filter paper cut without blood). In order to prevent124

cross-contamination, different sets of pipettes and different work areas were used for125

template preparation, preparation of master mix for PCR and addition of template to the126



first and second nests and PCR assays. The nest 2 PCR  for amplification of P. vivax gene127

were done according to (Zoghi et al., 2012) programme and the nest 2 PCR  for128

amplification of P. falciparum gene were done according to ( Snounou et al., 1993;129

Zakeri et al., 2002; 2010) method.130

Results:131

Demographic data of patients:132

As indicated in Table1, 40/71 (56.3%) males and 31/71 (43.7%) females cases of P. vivax133

malaria, aged between 4 – 70 years attending to Wad Medani Paediatric teaching hospital134

and Wad Medani teaching hospital – Gezira state (n= 46), Elgaria ashara health center in135

Gedarif state (n = 11), and Alkuawaty Kassala hospital in Kassala state (n = 14) were136

enrolled in this study. All the patients had a fever, 15/71 (21.1%) headache, 7/71 (9.8%)137

back pain, 6/71 (8.4%) vomiting, 4/71(5.6%) has shivering and 2/71 (2.8%) were in138

coma. One of the patients with coma was a 5 years old child (with 72,800 parasite/µl)139

from Kassala state, who was died in hospital. The second patient was 40 years old from140

Gezira state with 17,710 parasite/ µl. The past history of malaria infection among the141

enrolled cases ranged between 1 month to 5 years (Table1).142

143

Table I: Baseline characteristics of the enrolled cases infected with P. vivax  malaria144

Demographic characteristics

Gender 40/71 (56.3%) males and 31/71 (43.7%) females

Age between 4 – 70 years

Location Gezira state: 46/71 (64.8%), Kassala State:14/71

(19.7%) Gedarif State: 11/71 (15.5%)

Past history of malaria Ranged between 1month to 5 years

Temperature(oC) Ranged from 37.5 - 39.8

Mean parasitaemia 12,990 parasites / µl of  blood (ranging from 1,150 -

72,800)

Parasite stages: Different asexual stages:  from young trophozoite to

schizont in 71 cases.

145



Microscopy results:146

In Table 1, 71 thin and thick blood film from febrile cases showed positive P. vivax147

mono-infection and  the parasitaemia ranged from 1,150 to 72,800 parasites / µl of  blood148

with mean average of 12,990 parasites / µl of  blood. Most of cases has different asexual149

stages of P. vivax from young trophozoite to schizont.150

Nested- PCR results:151

The nested-PCR were performed for amplification of small subunit of 18s ribosomal152

ribonucleic acid gene of both P. vivax and P. falciparum and the results showed that153

66/71( 92.9%) mono- infection with P. vivax, 3/71 (4.2%) were mixed infection of P.154

vivax and P. falciparum. The three were from Gezira state (25years old), Gedarif state155

(27years old ) and Kassala State (4years old) with parasite count of 8500 parasite/µl,156

24100 parasite/ µl and 2400 parasite/ µl respectively. (Fig 1) while 2/71 (2.8%) were157

mono-infection with P. falciparum.158

159

1      2       3    con+   B     M      1       2      3    con+  B160

161
Fig 1. Schematic representation of nested-PCR products for molecular diagnosis of162

Plasmodium species in Sudaness samples.163

Lane 1-3 are the P. falciparum positive samples . Lane con+ is for P. falciparum positive164

control, lane B is the negative control of PCR, Lane M is the 100 bp DNA ladder165

(Fermentas), lane 1-3 are the same samples that had the bands of P. vivax, Lane con+ is166

P. vivax positive control and lane B is for negative control PCR. 3    co167

168
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Discussion169

Malaria has been a major public health problem in Sudan and the quality of malaria170

diagnostic services remains the major challenges in control and elimination programme171

in this country. Therefore, a rapid, sensitive and reliable diagnosis followed by effective172

treatment could help to interrupt the malaria transmission and reduce malaria burden. To173

achieve these goals, all malarious countries share a common need for reliable laboratory174

diagnostic techniques to ensure early and rational treatment. However, transmission175

pattern of malaria parasite could not be the same in each endemic area, rendering the176

need for providing precise data on transmission pattern, applicable in designing a more177

efficient control programme. Although light microscopy can characterize and quantify178

Plasmodium parasites rapidly and is the gold standard in control and elimination settings179

[Ohrt et al., 2002; 2007], the asymptomatic and mixed-infections are beyond its180

detective ability [Kitua, 2011;  Price et al., 1996; . Stresman et al., 2012]. As a result,181

PCR has been introduced as the reliable and sensitive method for malaria diagnosis.182

In the present study, based on microscopic method, the level of mixed infection reported183

from Sudanese malaria endemic areas was 0.2% in 2012 (Sudan, Federal Ministry of184

Health, unpublished data). However, highly sensitive PCR assays detected a much higher185

prevalence of coexisting mixed-species infection (4.2.%) than does examination with186

light microscopy. This suggests that a proportion of patients with microscopically187

confirmed P. vivax mono-infection in this region actually have subpatent P. falciparum188

parasitemia, which could be hampered preventive measures for accurate diagnosis of189

Plasmodium species and treatment of cases in these parts of the world. In addition,190

presence of the mixed infections in an individual person could be the cause of important191

alterations in the pathogenicity as showed in several studies, including in Ivory Coast192

[Black et al., 1994], Sri Lanka [Gunewardena et al., 1994] and Thailand [Luxemburger193

et al., 1997]. In a study carried out in Vanuatu, P. falciparum appeared to be associated194

with a reduced P. vivax parasitaemia [Molineaux et al., 1980; Maitland et al., 1997], but195

the reverse effect has been observed in another study [Mayxay et al., 2004].196

Moreover, in the present investigation, the sensitivity and specificity of microscopy in the197

detection of P. vivax infection when compared with nested-PCR were 97% and 50%,198

respectively, that confirm previous studies (Zakeri S et al 2002, Layla A.M. Bashawri et199



al 2002 and Seleshi Kebede et al 2014 ). Interestingly, the level of the mixed infection200

detected in the present study (4.2%) was similar to previous reported from Kingdom201

Saudi Arabia (2.4%, Layla A.M. Bashawri et al 2002). However, it was less than reported202

from Iran, (22%, Zakeri et al 2010a), Pakistan(23.5%, Zakeri et al., 2010a), Afghanistan203

(6.5%, Zakeri et al., 2010), Yemen (11.6%, Abdulsalam MQ Al-Mekhlafi et al 2010),204

Bangladesh, (27.5%, Fuehrer H, et al 2010) and from Brazil Amazon Regions (26.9%205

Lorenzetti et al 2008), but it was higher than reported from Ethiopia (2.3%, Seleshi206

Kebede et al 2014). Therefore, it should be noted that because of the specific therapy207

required both for P. falciparum and for radical cure of P. vivax the miss diagnosed208

parasite species may continue to serve as a source of infection for vector mosquitoes,209

complicating control measures.210

The morphologic characteristics of malaria parasites by microscopy method can211

determine parasite species, but in this study, 2 of 71 cases (2.8 %) of mono-infection of212

P. falciparum infection were detected by nested-PCR. The reason could be that under213

microscopy, at early stage the size of P. falciparum parasite resembles the size of P.214

vivax. Therefore, there is possibility that microscopists may occasionally fail to215

differentiate between species in cases when morphologic characteristics overlaps or in216

cases that parasite morphology has been altered by drug treatment, or improper storage of217

the sample and the blood films processes. As found by this study, the nested-PCR were218

able to detect more mixed infection that lead to prompt diagnosis and correct treatment.219

In this regard, accurate detection of mixed infections is important for both clinical and220

epidemiological reasons.221

222

Conclusion:223

In conclusion, the present data point to the need of improving microscopy diagnosis224

method in malaria endemic areas of Sudan and also suggest that the clinicians should225

have careful clinical observation, along with the reports on Giemsa-stained thick blood226

films. Miss-diagnose of the parasite species may hamper elimination efforts, since they227

are asymptomatic and would not be efficiently detected by conventional diagnosis228

methods. Although molecular techniques are not practical in rural areas for diagnosis of229



P. vivax and P. falciparum mixed infections; these could be used to collect230

epidemiological facts for control and eliminate of the disease in Sudan.231

In this regard, accurate detection of mixed infections is important for both clinical and232

epidemiological reasons.233

However, additional comprehensive studies are needed, with a larger sample size234

collected from different malaria-endemic areas in Sudan and its neighboring countries, to235

determine the real pattern of Plasmodium transmission in this region. The result of this236

study could help the malaria control programme in Sudan to prevent the epidemic of P.237

vivax or P. falciparum.238

239
240

241

References:242

Abdalla SI, Malik EM, Ali KM: The burden of malaria in Sudan: incidence, mortality243
and disability adjusted life years. Malar J 2007, 6:97.244

245
Abdulsalam MQ Al-Mekhlafi et al, 2010, Molecular epidemiology of Plasmodium246
species prevalent in Yemen based on 18 s rRNA Parasites & Vectors 2010, 3:110247
Adugna Woyessa et al 2012, Prevalence of malaria infection in Butajira area, south-248
central Ethiopia, Malaria Journal 2012, 11:84249

250
Balbir SinghI, and, G. Snounou, et al: A Genus- and species-specific nested251
Polymerase Chain Reaction malaria detection Assay for epidemiologic studies, Am. J.252
Trop. Med. Hyg., 60(4), 1999, pp. 687–692.253

254
Barker RH Jr, Banchongaksorn T, Courval JM, Suwonkerd W,Rimwungtragoon K &255
Wirth DF (1992) A simple method to detect Plasmodium falciparum directly from blood256
samples using the polymerase chain reaction. American Journal of Tropical Medicine257
and Hygiene 46, 416–426.258

259
Barker RH Jr, Banchongaksorn T, Courval JM, Suwonkerd W, Rimwungtragoon K,260
Wirth DF. Plasmodium falciparum and P. vivax: factors affecting sensitivity and261
specificity of PCR-based diagnosis of malaria. Exp Parasitol 1994; 79(1): 41–9.262

263
Bereczky S et al. Rapid DNA extraction from archive blood spots on filter paper for264
genotyping of Plasmodium falciparum. American Journal of Tropical Medicine and265
Hygiene, 2005, 72:249–251.266

267
Black J, Hommel M, Snounou G, Pinder M: Mixed infections with Plasmodium268
falciparum and P. malariae and fever in malaria. Lancet 1994, 343:1095.269



270
Brown AE, Kain KC, Pipithkul J & Webster HK (1992) Demonstration by the271
polymerase chain reaction of mixed Plasmodium falciparum and Plasmodium vivax272
infections undetected by conventional microscopy. Transactions of the Royal Society of273
Tropical Medicine and Hygiene 86, 609–612.274

275
Federal Ministry of Health (2013). Malaria Indicator Survey 2012 in the Republic of276
Sudan. National Malaria Control Programme, Federal Ministry of Health, Khartoum,277
Sudan, October 2013.278

279
Federal Ministry of Health (FMOH,2010). Malaria Indicator Survey 2009 in the280
Northern states of the Sudan. Submitted to the World Health Organization, Eastern281
Mediterranean Regional Office, Cairo, Egypt. March 2010.282

283
Federal Ministry of Health(FMOH) .National Malaria Control Program (NMCP) --The284
National Protocol For Treatment Of Malaria – Federal Ministry of Health June 2010 -285
Khartoum- Sudan286

287
Fuehrer H, et al. Indigenous Plasmodium ovale Malaria in Bangladesh. Am J Trop Med.288
Hyg. 2010; 83(1): 75–78.289

290
Guerra CA, Howes RE, Patil AP, Gething PW, Van Boeckel TP, Temperley WH,291
Kabaria CW, Tatem AJ, Manh BH, Elyazar IR, Baird JK, Snow RW, Hay SI: The292
international limits and population at risk of Plasmodium vivax transmission in 2009.293
PLoS Negl Trop Dis 2010, 4:e774.294

295

Gunewardena DM, Carter R, Mendis KN: Patterns of acquired anti-malarial296
immunity in Sri Lanka. Mem Inst Oswaldo Cruz 1994, 89(Suppl 2):63-65.297

298

Kitua A, Ogundahunsi O, Lines J, Mgone C: Conquering malaria: enhancing299
the impact of effective interventions towards elimination in the diverse and changing300
epidemiology. J Glob Infect Dis 2011, 3:161–165.301

302

Layla A.M. Bashawri et al 2002 MALARIA: HEMATOLOGICAL ASPECTS Annals303
of Saudi Medicine, Vol 22, Nos 5-6.304

305
Lorenzetti et al. Mixed Plasmodium falciparum infections and its clinical implications in306
four areas of the Brazilian Amazon region. Acta Trop. 2008, Jul;107(1):8-12.307

308
309

Luxemburger C, Ricci F, Nosten F, Raimond D, Bathet S, White NJ: The epidemiology310
of severe malaria in an area of low transmission inThailand. Trans R Soc Trop Med Hyg311
1997, 91:256-262.312

313



Mahgoub H, Gasim GI, Musa IR, Adam I: Severe Plasmodium vivax malaria among314
Sudanese children at New Halfa Hospital Eastern Sudan. Parasite Vectors 2012, 5:154.315

316
Maitland K, Williams TN, Newbold CI: Plasmodium vivax and P. falciparum:317
Biological interactions and the possibility of cross-species immunity. Parasitol Today318
1997, 13:227-231;zzz319

320
Mayxay M, Pukrittayakamee S, Newton PN, White NJ: Mixed-species malaria infections321
in humans. Trends Parasitol 2004, 20:233-240.322

323
Mendis K, Sina BJ, Marchesini P, Carter R: The neglected burden of Plasmodium vivax324
malaria. Am J Trop Med Hyg 2001, 64:97-106.Lancet Infect Dis 2009, 9:555-566325

326
Molineaux L, Storey J, Cohen JE, Thomas A: A longitudinal study of human malaria in327
the West African Savanna in the absence of control measures: relationships between328
different Plasmodium species, in particular P. falciparum and P. malariae. Am J Trop329
Med Hyg 1980, 29:725-737.330

331
Mueller I, Galinski MR, Baird JK, Carlton JM, Kochar DK, Alonso PL, del Portillo HA:332
Key gaps in the knowledge of Plasmodium vivax, a neglected human malaria parasite.333
Ohrt C, Purnomo, Sutamihardja MA, Tang D, Kain KC: Impact of microscopy334
error on estimates of protective efficacy in malaria-prevention trials.J Infect Dis 2002,335
186:540–546.336

337
Ohrt C, Obare P, Nanakorn A, Adhiambo C, Awuondo K, O'Meara WP,Remich S,338
Martin K, Cook E, Chretien JP, Lucas C, Osoga J, McEvoy P,Owaga ML, Odera JS,339
Ogutu B: Establishing a malaria diagnostics centreof excellence in Kisumu, Kenya.340
Malar J 2007, 6:79.341

342
Price RN, Nosten F, Luxemburger C, ter Kuile FO, Paiphun L, Chongsuphajaisiddhi T,343
White NJ: Effects of artemisinin derivatives on malaria transmissibility. Lancet 1996,344
347:1654–1658.345

346
Roper C, Elhassan IM, Hviid L, Giha H, Richardson W, Babiker H, Satti GM, Theander347
TG, Arnot DE. Detection of very low level Plasmodium falciparum infections using the348
nested polymerase chain reaction and a reassessment of the epidemiology of unstable349
malaria in Sudan. Am J Trop Med Hyg 1996; 54(4): 325–31.350

351
Sakihama N et al. Long PCR amplification of Plasmodium falciparum DNA extracted352
from filter paper blots. Experimental Parasitology, 2001; 97:50–54.353

354
Singh B, Cox-Singh J, Miller AO, Abdullah MS, Snounou G, Rahman HA. Detection of355
malaria in Malaysia by nested polymerase chain reaction amplification of dried blood356
spots on filter papers. Trans R Soc Trop Med Hyg 1996; 90(5): 519–21.357

358



Snounou G, Viriyakosol S, Zhu XP, Jarra W, Pinheiro L, do Rosario VE, et al. High359

sensitivity of detection of human malaria parasites by the use of nested polymerase chain360

reaction. Mol Biochem Parasitol 1993; 61 : 315-20361

Stresman G, Kobayashi T, Kamanga A, Thuma PE, Mharakurwa S, Moss WJ,362
Shiff C: Malaria research challenges in low prevalence settings. Malar J 2012, 11:353.363

364
Tangpukdee N, Duangdee C, Wilairatana P & Krudsood S (2009) Malaria diagnosis: a365

brief review. Korean Journal of Parasitology, 47, 93–102366

367

Warhurst DC, Williams JE. Laboratory diagnosis of malaria. J Clin Pathol 1996; 49:368

533–8.369

370

Yohannes AM, Teklehaimanot A, Bergqvist Y, Ringwald P: Confirmed vivax resistance371

to chloroquine and effectiveness of artemether-lumefantrine for the treatment of P. vivax372

malaria in Ethiopia. Am J Trop Med Hyg 2011, 84:137-140.373

374

Zakeri S, Najafabadi S, Zare A, Djadid N. Detection of malaria parasites by nested PCR375

in southeastern, Iran: Evidence of highly mixed infections in Chahbahar district. Malar J376

2002; 1(1): 2.377

378

Zakeri S, et al: Detection of mixed infection of P. falciparum and P. vivax infection by379

nested PCR in Pakistan, Iran and Afaganistan, Indian J of Med Res 132,July 2010, pp 31,380

35.381

382

383
384


