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ABSTRACT

Microscopic examination was used in the researcinvestigate the prevalence of malaria as well Bsical and
parasitological response of Plasmodium falciparum Artemether-Lumefantrine (AL), Dihydroartemisinin-
Piperaquine (DP), Artemether-Injection (Al) and éstinate monotherapy in 123 people from the urbemj-sirban
and rural areas of Kano State, Nigeria. The patetibgnosed with malaria microscopically were teghtvith one
of the aforementioned antimalarialBhe parasite shows very low sensitivity to alldinegs used in the study as the
treatment failure rate is 70.8% three days of A@Jatment. The results show very high prevalencsuspected
artemisinin resistance (88.9% in urban, 45.5% imserban and 100% in rural). Failure of the patisrtb return
to some health facilities after 28 and 42 daysreatment hindered the establishment of Confirmesistance in
some areas. Statistical analysis shows that themoi significant difference in prevalence of malatherapeutic
efficacy among the artemisinins used in the redeascwell as the prevalence artemisinin resistaratgveen all the
studied areas at p>0.05.
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INTRODUCTION

Malaria is a disease condition that affects hunamna result of infection of protozoa callethsmodiumThe first
major and effective drug that was discovered fer tieatment of malaria was chloroquine [1]. The rg@ece of
resistance to chloroquine and sulfadoxine-pyrintaiha (SP) has led to the use of Artemisinin-baseohi@nation
Therapies (ACTs). Treatment of malaria with arténinsbased anti-malarials was integrated into thgeNan
malaria treatment policy [2]. Following the intcdde high rate of treatment failure of chloroquamal sulfadoxine-
pyrimethamine, in 2004 the Federal Ministry of Hea[FMOH) introduced a new malaria treatment poliogt
employs the use of Artemeter-Lumefantrin (AL) a® tfirst-line treatment for uncomplicateBlasmodium
falciparum and Artesunate—Amodiaquine (AS-AQ) as the alterfiest-line. Other artemisinin-based drugs that a
used in Nigeria for the treatment of malaria aréhyDroartemisinin-Piperaquine (DP), Artemether atien (Al)
and Artesunate monotherapy.

Many literatures have revealed that treatmerR.d&lciparummalaria with an ACT is less sensitive [3]. Therefor
assessment of the statusRoffalciparumresponse to ACT is significant in order to havepamounderstanding of
their sensitivity and resistance in the areasud\ystThe aim of the study is to assess the pregalef malaria and
ACT resistant strains @. falciparumin some health facilities in Kano state, Nigerisngsmicroscopic analysis.
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MATERIALS AND METHODS

Study Design

This is a hospital based cross-sectional studyhivg three health facilities located in the urbaami-urban and
rural areas of Kano state, Nigeria. The study wawz@ved by the ethical committee of the state dadwvtritten

informed consent of the study participants was iobth prior to sample collection and conducted betwéhe

periods of April-May, 2014. Blood samples were eoled from suspected malaria patients and anafgzedalaria

parasite (MP) using microscopy. The malaria posifpatients were treated using one of the so fartioresd

artemisinins on the first visit to the health fagi{Day 0).

In order to maintain uninterrupted supply chainshef drugs used in this study, the project supBiedt of 4 drugs
administered to the patients free of charge whittedether-Lumefantrine was provided to the patientthe
malaria control programme of the state.

The patients were re-tested after completing 3 diamge of the drug. The proportion of patients op 8dSecond
visit) and day 28/42 (Third visit) of treatment westermined in order to identify Suspected and Cowed
artemisinin resistance respectively. The prevalefcmalaria andP. falciparumparasitological response to ACT
were determined and compared between the 3 angdiedit

Study Area

Three Primary Health Care (PHC) centres locatafeérlUrban, Semi-Urban and Rural areas of Kano Stdtgeria
were selected for the study. The PHC centre froma@varwa in Nassarawa Local government Area (L.G.A.)
Kano metropolis (Urban area) was selected becausssia very high patient’s attendance being lacatea high
population density area. Residents in this are@ lsakigh degree of awareness and accessibilityddsAwhether
prescribed or unprescribed. On the other hand, RUPiHC centre in Rano L.G.A. (Rural area) was s$etkc
because residents attending this hospital haveatmessibility and low affordability of ACTs, in dition to their
low level of awareness and consumption of thesgdr&urthermore, Sani Marshall Memorial HospitalKiara
L.G.A. (Semi-Urban area) was selected to servaranterface between the two other hospitals béegted
between the urban and the rural areas; we expéeiv® a moderate consumption of ACT drugs in tréa a

Sample Collection and Handling
Inclusion criteria: Any malaria patient that attended the PHC centiiéls elinical symptoms of malaria like fever,
headache, chills, loss of appetite, vomiting antegal body malaise was selected for the study.

Exclusion criteria: Patients that attended the PHC centres with nosgmptoms of malaria were excluded from
the study. For example pregnant women for antercatad, Patients for wound incision and dressintiovioup
hypertensive and diabetic patients etc.

Multistage sampling is used to select the studyigipants. Blood samples were collected from indiigl donors by
finger pricking using a sterile lancet after theigat finger was cleaned with a methylated spifivo drops of
blood was smeared on the surface of the glassafideallowed to air-dry for 10 minutes.

The patients’ personal information were collectad documented, and personal data collected were nage, sex
and address.

Microscopic examination

Thin blood smear method described by Kakkilayaf§d$ used to examine the blood sample. The drieatildmear
was then fixed using methanol for 5 seconds. Sé¥edrops of diluted Leishman's stain was apptiad allowed
to stain the blood on the slide for 2 minutes. Flide was then inserted in a jar containing buffeneater for 4
minutes and rinsed with clean water. The back efsiide was then cleaned up with cotton wool afahe&ld to air-
dry in vertical position and then visualized untie oil immersion objective of the light microscofjide results of
parasitised red cell count in percentages wereardaas follows:

% parasitized RBC = No. of infected RBC viewed/1000 x 100%
Therapeutic intervention

Any patient diagnosed with malaria parasite wasgibed and administered with one of the undeedigdrugs
according to manufacturer's instruction of 3 daysation which also corresponds with the recommerdtesks in

[5].
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Lumatem (Artemeter-LumefantrifA-L) manufactured byCipla LTD Patalganga, India). The dose of oral A-L
administered for adult and children over 12 yeand body weight over 35Kg is: initially 4 tabletdlfawved by 5
further doses of 4 tablets each at 8,24,36,48 arftb@rs (total of 24 tablets over 60 hours) [5].

Combisunate (A-L by Ajanta Pharma LTD. Mumbai India). The dose of casubate is similar to AL described
above.

Artesunate by Mekophar Chem. Pharm. Joint-Stock Company-\dietnThe dose of oral artesunate administered
to adult and children over 5months is 4mg/Kg d&ly3 days [5].

Anamether Injection (Artemether Injection Manufactured by Unijules LBeiences LTD Hingna-Nagpur, India).
A Loading dose of 3.2mg/Kg, then 1.6mg/Kg daily fdrdays ofArtemether Injection was administered by
Intramuscular Injection for adult and child oveménth [5].

Artcop-DS (Dihydroartemisinin + PiperaquindD{P) by Watson Global Pharmaceutical Industries LTju®
State- Nigeria). The dose of Artcop-DS is simitathat of P-Alaxin described hereunder.

P-Alaxin (D-P by Bliss GVS Pharma LTD. India).One tablebodl D-P daily for 3 days was administered to &hos
children that are less than 6 year¥? 1ablets on day 1 and day 2 and 1 tablet on daytal(bf 3 tablets) for
children of 6-11 years, 2 tablets for three day pfatients of 11-16 years (toal of 6 tablets); 8nablets On day 1
and day 2 and 2 tablets on day 3 (total of 8 tapl@tccording to manufacturer). The time thatghéents were
administered with the first dose is assigned asub.h

The choice of the ACT drug was based on the WH@pdbr the treatment of malaria [2]. To ensure tlity of
the drugs, the sources of the drugs used in thiysivere the malaria control programme of the stiite drug
revolving fund (DRF) scheme and a registered phayrshop.

Analysis of the therapeutic response of the drugs

The response dP. falciparumto the administered ACT was obtained by calcutptime % effectiveness of the
drugs. The % effectiveness of each drug adminidter@s calculated by dividing number of people withgative
malaria parasite (MP) 3 days of treatment with nendf patients that returned 3 days of treatmedtraaltiplying
the result by 100 (Table 4).

Ethical Clearance

Permission to carry out this research was obtafreed Medical Research committee, Hospital ManagerBeard
Kano and Kano State PHC Management Board. Thecymatit/parent has signed an informed consent féwah t
was ethically approved by the Kano state ethicsgdaech committee.

RESULTS

Analysis of Prevalence of Malaria and ACTs Resistare Status

The results of the personal data collected fromsargpected malaria patient that attended the PlHeseon day 1
were presented (Table 2) and the data collectdddamame, age, sex and address. Their body weight akes t
and also documented (Table Qut of the 123 people that were microscopicallyte@sor malaria, 92 of them
(74.8%) were diagnosed with. falciparumand 31 people (25.2%) were negative and the regadt presented
(Table 3).

Table 1: Age, Weight and Sex of the Participants

Patients'Age(Year) Patients Weight (Kg) Gender

Parameters <1 15 511512 TOTAL 3-14 15-25 26-34>35 TOTAL M _E TOTAL
Gwagwarwa
PHC(Urban)
No of Patients 6 9 10 9 34 5 8 10 11 34 19 15 34
Sani Marshall
PHC (Semi-Urban)
No of Patients 9 14 14 19 58 13 16 18 11 58 23 35 58
Rurum PHC (Rural)
No of Patients 3 9 12 7| 31 5 8 13 5 31 18 13 31
TOTAL 20 32 36 34 123 23 32 427 123 60 53 123

35



Y. Sadiget al Ann. Exp. Bio.,2015, 3 (1):33-38

Table 2: Patients diagnosed with malaria based oméir Age, Weight and Gender

Patients'Age(Year) Patients Weight (Kg) Gender

Parameters <1 1-5 511312 TOTAL 3-14 15-25 26-34>35 TOTAL M F TOTAL
Gwagwarwa
PHC(Urban)
No of Patients 4 7 7 8 24 3 6 8 7 24 14 10 24
Sani Marshal
PHC (Semi-Urban)
No of Patients 9 12 11 16 48 11 14 15 8 48 17 31 48
Rurum PHC (Rural)
No of Patients 0 7 9 4 20 2 6 10 2 20 13 7 20
TOTAL 13 26 17 26 92 16 26 337 92 44 48 92

Table 3: Analysis of Plasmodium Parasitemia Obserekin Examined Patients andArtemisinins Resistance Status in the PHC Centres
Studied in Kano

DETAIL STUDY SITES TOTAL
GW | KR | RN

Total No. number of people examin@y) 26 56 41 123
Total number of patients with positive MP durirfyisit (B) 24 48 20 92
Percentage prevalen@@) = B/A*100 92 86 49 74.8%
Total number of patients that returned 3 days PGSE treatmen{D) 9 11 4 24
Total number of patients with negative MP 3 dagstfACT treatment) 1 6 7
Total number of patients with positive MP 3 dagstpACT treatmentF) 8 5 4 17
Total number of patients that returned 28 or 4&gmst ACT treatmer{©) * 2 * 2
Total number of patients with negative MP 28 odés post ACT treatmeiit) * 0 * 0
Total number of patients with positive MP 28 ordi/s post ACT treatmeit) * 2 * 2
Suspected Artemisinin resistance = F/D*100 88.9 4b| 100 | 17/24=70.8%
Confirmed Artemisinin resistance= 1/G*100 100 * *

*Not determined. KEY: GW= Gwagwarwa Primary Hedalthntre Kano Metropolis (urban). KR = Sani Marshelémorial Hospital Kura, Kura
L.G.A (Semi-Urban) RN = Rurum PHC centre in Rar®.A. (Rural area).

During thefirst visit to the PHC centres, 24 people from Gwagwarwa PEei@re (urban), 48 people from Sani
Marshall PHC centre (semi-urban) and 20 people fiemrum PHC centre (rural) were diagnosed with
falciparumand treated with an ACT (Table 3).

On second visit(day 3 of treatment with an ACT), 9 patients fr@wagwarwa PHC centre, 11 from Sani Marshall
PHC centre and 4 from Rurum PHC centre (makingtal tf 24) have returned; out of which 1 patieranfr
Gwagwarwa PHC centre, 6 patient from Sani MarsR&lC centre and no any patient from Rurum PHC centre
(total of 7 patients) were completely treated with administered drugégain, 8 patients from Gwagwarwa PHC
centre, 5 patients from Sani Marshall PHC centige &patients from Rurum PHC centre (total of 11qmas) were

still harboring theP. falciparum.lt can also be observed from the results (Tablth&), 24 patients (26.1%) have
returned for second visit in all the 3 PHCs studiad 68 (73.9% ) patients do not returned.

Furhermore, on third visit to the PHCs, only 2 eats from Rurum PHC centre have returned for mapgE
examination of malaria in all the 3 PHC centres] ey were diagnosed with falciparum(Table 3).

The percentage of patients with malaria on day BexHtment with an ACT is 88.9% in Gwagwarwa PH@Gts
45.5% in Sani Marshall PHC centre and 100% in RuRKC centre. It can be observed that, the propoio
parasitemic patients three (3) days of ACT treatregoeeded 10%n all the three (3) areas surveyed (Table 3).

These high figures impliesispected artemisinin resistance in all the areas and are classified as TIER 1dase
WHO classification of artemisinin resistance.

Besides that, the percentage of patients thatmetuon day 28/42 of treatment with an ACT is 10086Sani
Marshall PHC centre Kura; and they were diagnosesitipe to P. falciparum,this means that there may be
confirmed artemisinin resistance in this area (Table 3). Statisticallymma shows that there is no significant
difference in suspected artemisinin resistance éetvall the areas studied at p>0.05.

The Patients' Therapeutic Response to Artemisininis All the 3 PHC Centres Studied

The overall therapeutic response of the ACT usatliiresearch in all the three PHC centres visitad presented
in Table 4 It can be observed from the results that the faitate of 70.8% of the artemisinins used in te&earch
exceeded their therapeutic effectiveness (29.2%plér 4). In all the four ACTs used in this studyalfle 4),
Arthemeter injection has the highest percenteffectivenes$50%), followed by Dihydroartemisinin-Piperaquine
(30%), Artemether-Lumefantrine (20%) and Artesur@) in all the 3 areas (Table 4.100% Failure rateto
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Artesunate was observed (may be due to monotherapyall the three (3) areas studied followed by
Dihydroartemisinin-Piperaquine (80%), Artemethemiafantrine (70%) and artemether injection (50%alirthe 3
areas (Table 4).

Table 4: Patients' Therapeutic Response to Artemigins in all the Three PHC Centres Studied in Kano

T No of doses of the | No. of patients that N.O' of patients No. of people with % effectiveness % failure
ype of d o with MP 3 days . of each drug.
ACT rug administered. returned 3 days post treatment. negative MP 3 days T of drug
P) post treatment. (Q) R) post treatment. (S) -S/0*100 (U)=100-T
AL 47 10 7 3 30 70
DP 21 5 4 1 20 80
Al 13 6 3 3 50 50
AT 11 3 3 0 0 100
TOTOL 92 24 17 7 29.2% 70.8%

KEY: AL= Artemeter-LumefantrifP= Dihydroartemisinin + PiperaquineAl= Artemether Injection andT= Artesunate Tablets
DISCUSSION

Treatment of malaria with artemisinin-based antiarals was integrated into the Nigerian malar@atment policy
[2]. Prevalence of high rates of malaria in Gwagma(92%; urban), Kura (86%; semi-urban) and Ru(d8%;
rural) areas of Kano state (Table 3) reveal thia roll back malaria control program (institutey the federal
government of Nigeria) which involves vector eradiion, distribution of mosquito treated nets arehtment of
infected persons witih\CT drugs; is not well achieved. The absence of siedisdifferences (at p>0.05) in the
prevalence of malaria in all the three areas studiay be due likely to equal endemicity of thisedise in these
areas. This is contrary to the expected as thddefeavailability of facilities to control malariare higher in the
urban setting followed by the semi-urban and rarabs. The apparent differences in the occurrehosataria in
the rural area and that of the urban and semi-uab@as may be due tmbanization, behavior of the inhabitants or
bulk of human population. The high prevalence ofama in urban area observed in this study confaion®search
conducted in Umuchieze and Uturu Communities oa/Aiate Nigeria [6].

The high rates of defaulters of second and thirglt tb the PHC centres among the patients placedhen
artemisinins observed during this research (Tapkuggests that, either the patients do not kn@wrtiportance of
monitoring the therapeutic efficacy of ACT drugs,due to long distances the patients have to ctreen their

homes to the PHC centres. On the other hand, pedaitk of adequate funds for patients’ transpamabr poor

encouragement from the family or the PHC provideesy be the other factors contributing to the higtes of
defaulters as previously reported by Sarmatel[7].

The 8,6,4 apparerR. falciparumresistance out of 9,11,4 ACT treated patients taatrned for the second visit
(Table 3) in the 3 PHC centres located in urbamiggban and rural areas of Kano respectively, imdjcate the
rates of artemisinins resistance by P. falcipar8milarly, the 2 apparem. falciparumresistance out of 2 treated
patients that returned for third visit in Kura magicate confirmed artemisinin resistance in thiessa The suspected
artemisinin resistance detected in this researelll ifne 3 areas and the confirmed artemisinirstasce detected in
the Kura is probably from the artemisinins resisttrain ofP. falciparum fromKano isolatesThe P. falciparum
resistance to artemisinin was reported in Cambf@iand in Nigeria [3].

Furthermore, the higher rate of therapeutic failof§0.8% and the percentage effectivenes28f2% in all the
drugs used for the studYyable 4)suggest that eithehe quality of the drugs administered is poor er patients do
not comply with the right treatment scheduléiis may also be due #oor storage condition of the artemisinin-
based drugs as previously reported by Bloland [#].higher percentage of therapeutic efficacy dfeartether
injection (50%) over all the other ACTs used irsttésearch (Table 4) may be due to rapid acceabsitiilinjection

to P. falciparumin the blood over oral preparations.

The percentage therapeutic effectiveness of artemétmefantine observed in this study differs frdm related
studies carried out in the six geopolitical zonésNigeria [2]. Although the therapeutic efficacie$ all the

artemisinins used in this research do not hit tf# Zut-off mark of resistance of WHO guidelines AT policy

review [2]; the failure rate (70.8%) of the artemiss used in this research exceeded their thet&peffectiveness
(29.2%) (Table 4). Thus, Artesunate, Artemether-etantrine, artemether injection and Dihydroarteniisi

Piperaquine from the research are probably no loeffective in the treatment d?. falciparumin Kano. This
conforms to the research conducted in Abia Stagefd by Ajayi and Ukwaja [10] and does not agréth similar

research in Ibadan by Gbotosho et. al. [11].
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CONCLUSION

The research reveals not only high rates of mataeaalence (92% in urban, 86% in semi-urban ar?d #9rural)
but also high rates of parasitemic patients thisges @f artemisinins therapy (in the 3 areas stydmdch indicate
suspected artemisinin resistance (88.9% in urb&®% in semi-urban and 100% in rural). It also edsédigh rates
of defaulters (73.9% on second visit and 99% ondthisit) that are thought to prevent the estalptisht of
confirmed artemisinin resistance in some areasasfdKState visited. The parasite shows very lowiteihgto all
the drugs used in the study as the treatment éaflte is 70.8% three days of ACT treatment. Thbdr percentage
of therapeutic efficacy of arthemether injectio®¥® over all the other ACTs (oral preparations)duge this
research has been highlighted and documentedst®&tatianalysis shows that there is no signifiadifference in
prevalence of malaria (92% in urban, 86% in serbaarand 49% in rural); therapeutic efficacy amohg t
artemisinins used in the research (30%, 20%, 50860&h for AL, DP, Al and AT respectively) as well #se
prevalence of suspected artemisinin resistanc®¥8& urban, 45.5% in semi-urban and 100% in ruyetjveen all
the studied areas at p>0.05.

Recommendation

Similar research should be conducted in all theggmpolitical zones of this country in order toigate these
findings for movement to more effective combinatidgain, more research should be conducted to aksagctive
ingredients of the available drugs for malariatiment in the health facilities.
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