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Abstract: A randomized comparison of intramuscular artemether and intravenous quinine in children with
severe malaria is conducted. Patients were randomized to receive either quinine or artemether. That is, one
patient with specific clinical presentation of severe malaria was given intravenous quinine after consent from
parents and another patient with similar clinical presentation of severe malaria was treated with artemether.
Comparison of two drugs to determine the efficacy was done by certain criteria like, clearance of parasites and
fever, recovery from coma and normal functions of the involved system. Sixty cases completed the study
protocol, 30 assigned to each drug group. Cerebral malaria was the commonest manifestation (41%). Mean ages
in artemether versus quinine group (6.6±3.5 and 5.8±2.4 years) were comparable. The overall mortality rate was
25% with little difference between the two groups. Twelve cases (20%) presented with more than one
manifestations of severe malaria. The mortality rate was more with coexisting manifestations of severe malaria.
Fever clearance time in artemether and quinine group was 38.5 and 45.5 h, respectively (p>0.05). Parasite
clearance time was significantly shorter in artemether group (40.9 vs. 51.9 h; p<0.001). Recovery from coma was
shorter in artemether group (34.8 vs. 38.1 h; p<0.05). The results obtain support the hypothesisi that Artemether
is a good alternative drug to quinine. Mortality rate is directly proportional to the number of coexisting
manifestations of severe malaria. 
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INTRODUCTION the epidemics in 1972. The provisional data shows annual

Malaria is one of the commonest potentially fatal population. The falciparum has been 32%, in line with the
infections in the world with high incidence in South-East targets of Malaria Control Programme. In Sindh province,
Asia; specially India, Bangladesh, Nepal, Sri Lanka, the falciparum percentage has been brought down to 46%
Pakistan and Indonesia. Pakistan with a population of as compared to 57% in 2000. Efforts are underway to
more than 146 million lies in the subtropical malarious further  strengthen  diagnosis and case management at
zone, the geographical location coupled with extensive the district level [2]. 
agricultural practices and monsoon rains has considerably In south east asia malaria has gradually reemerged
added to the malariogenic potential of the area [1]. and the ratio of falciparum ro vivax malaria seen in

The  planners  realized these facts as early as 1960 travellers from india and pakistan. Plasmodium vivax is
and  14  years  Malaria  Eradication Plan (1960 to 1974) more common in Pakistan, but falciparum is the principal
was launched. Program had the backing of adequate cause of severe disease with most deaths occurring in
legislation, administrative autonomy, favorable socio- young children living in areas of intense transmission
political environment for implementation and assured mainly due to cerebral malaria [3].
funding for 14 years with the support of WHO, UNICEF Severe and complicated malaria is defined by the
and USAID. There was dramatic initial success but very presence of one or more pernicious signs and symptoms
soon the progress was retarded and by 1967 malaria including; cerebral  malaria,  severe anemia (hemoglobin
resurgence had started in some of the central districts of <5 g dL  or hematocrit <15%), metabolic abnormalities
Punjab. From then onwards malaria situation continued to (hypoglycemia:  plasma  glucose <40 mg dL  or <2.2
worsen from year to year until the country was engulfed mmol L ), malaria  associated with peripheral circulatory

parasite incidence (API) during the year 2003 is 0.8/1000
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failure or shock, black-water fever, renal failure, Laboratory  investigations  advised  in  all  cases
spontaneous bleeding (thrombocytopenia, DIC), were thick  and  thin blood films prepared from finger
pulmonary edema and jaundice with peripheral blood prick (one drop) for malaria parasites and repeated every
smear positive for malarial parasite [4]. The recommended twelve hourly until two successive blood films were
therapy is parenteral quinine, but the case fatality rate is negative. Other investigation like complete blood count
10 to 30 percent despite treatment due to its decreasing and  biochemistry (blood glucose, renal function test,
efficacy in severe malaria [5, 6]. Because of its potential liver function test, serum electrolyte) and Urine
toxicity quinine has to be administered by carefully examination for free hemoglobin were also performed.
controlled intravenous infusion, a procedure that is often Blood culture was done in cases of septicemia /DIC,
impractical in rural health clinics, especially in young lumbar puncture was performed, unless clinically
children. Therefore, there is an urgent need to identify contraindicated, to rule out meningitis wherever needed.
new forms of therapy for severe malaria that are Coagulation studies in those patients presented with
economical and practical alternatives to quinine. bleeding, purpuric spots or septicemia/DIC and bone

Among potential alternatives to quinine, the marrow examination in patients having pancytopenia.
artemisinin derivatives attracted special interest because After taking informed consent from the parents;
of the rapidity with which they reduce parasitemia detailed history, physical examination with relevant
especially Plasmodium falciparum [6]. Artemether, the investigations were recorded on the study Performa and
methyl ether of dihydroartemisinin (the active metabolite patients were  randomized  to  receive  either  artemether
of  artemisinin), is  formulated as an intramuscular or quinine. This randomization is made on clinical
injection  that has shown in several clinical studies to presentation. That is, one patient with specific clinical
clear parasites more quickly than quinine. In addition, a presentation of severe malaria will be given intravenous
study in Malawi reported that children with cerebral quinine after consent from parents and another patient
malaria recovered more quickly from coma with artemether with similar clinical presentation of severe malaria will be
than quinine [7]. given artemether.

These and other promising findings have led to the Patients assigned to the artemether group received
widespread, but so far unproved, belief that artemether intramuscular injections of artemether for five days with
may reduce the rate of death from severe malaria. Thus, an initial dose of 3.2 mg kg , followed by daily doses of
this present study was designed to compare the efficacy 1.6 mg kg .
of artemether and quinine in children with severe malaria. Those assigned to the quinine group received

MATERIALS AND METHODS mg kg  over 4 h, followed by 10 mg kg  over 2-4 h every

This randomized control trial was conducted on orally was given quinine sulphate to complete the total
patients presenting with severe malaria in paediatric period of 7 days.. Their peripheral smear for malarial
department of LUMHS from April 2005 To April 2006. parasite were examined every 12 h for at least initial 3 days
Recruitment began at liaquat university hospital of therapy. Efficacy of both drugs was compared in
(Hyderabad city branch), which is the chief referral relevance to clinical improvement, clearance of fever and
hospital for the interior of sindh province. time required the peripheral smear to become negative for

The inclusion criteria was patients (2 months to 15 the malarial parasite. 
year)  with  one  or  more of clinical manifestation of Supportive  treatment  was  given in all patients as
severe  malaria  including;  cerebral  malaria,  severe per needed as correction of hypoglycemia, control of
anemia (hemoglobin <5 g dL ), metabolic abnormalities convulsions and general coma care in cases of cerebral1

(hypoglycemia:  plasma glucose <40 mg dL  or <2.2 mmol malaria. The packed-cell volume was measured and a1

L ), malaria associated with peripheral circulatory failure blood transfusion (20 mL kg ) was given if it fell below1

or shock, black-water fever, renal failure, spontaneous 15 percent. Antibiotics were given patients having clinical
bleeding (thrombocytopenia,  DIC),  pulmonary edema suspicion of meningitis or in cases of secondary infection
and jaundice with peripheral blood smear positive for (primarily aspiration pneumonia). Vital signs were
malarial  parasite  [4].  The exclusion criteria were history recorded every 4-6 h for the first 24 h and then every 8 h
of receiving quinine/ artemether within 24 h preceding until discharged. 
admission, severe protein energy malnutrition or clinical/ Each child underwent a physical examination with
laboratory evidence of other significant illness not neurological assessment at the time of discharge. A child
attributable to malaria. was  considered  to  have neurological squeal if he or she
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quinine  dihydrochloride  infusion with loading dose 20
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8 h. Once the patient was conscousand able to tolerate
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Table 1: Baseline Characteristics of the Treatment Groups
Characteristics Artemether (n=30) Quinine (n=30) 
Age (years): mean±SD* 6.6±3.5  5.8± 2.4
Temperature (mean) (ºF) 101.0 100.5
Clinical presentation: No. (%)

 Cerebral malaria  12 (40.0%) 13 (43.3%)
 Severe anemia  6 (20.0%)  6 (20.0%)
 Renal failure  2 (6.6%)  2 (6.6%)
 Hepatic coma  2 (6.6%)  2 (6.6%)
 Bleeding manifestation  4 (13.3%)  4 (13.3%)
 Septicemia /DIC  2(6.6%)  2 (6.6%)
 Jaundice and pallor  1(3.3%)  2 (6.6%)

Table 2: Mortality analysis in both groups 
Characteristics No. of cases Mortality
Presentation

Cerebral malaria  25 (41.0%)  8 (32.0%)
Severe anemia  12 (20.0%)  4 (33.3%)
Renal failure  4 (6.6%)  1 (25.0%)
Hepatic coma  4 (6.6%)  2 (50.0%)
Bleeding manifestation  8 (13.3%)  3 (37.5%)
Septicemia /DIC  4 (6.6%)  2 (50.0%)
Jaundice and pallor  3 (5.0%)  0

Number of manifestations of severe malaria
One  40 (66.6%)  10 (25.0%)
Two  12 (20.0%)  4 (33.3%)
Three  6 (10.0%)  4 (66.6%)
Four  2 (3.3%)  2 (100.0%)

Duration of hospital stay
1-24 h 3 in artemether group & 3 in quinine group  6 (30.0%)
24-48 h 3 in artemether group & 5 in quinine group  8 (40.0%)
>48 h 2 in artemether group & 4 in quinine group)  6 (30.0%)
Total mortality* (N =60)  20 (33.3%)

had any of the following neurological abnormalities: positive result of peripheral smear for malarial parasite,
paresis, ataxia, spasticity, floppiness, hearing defects, were hospitalized for duration of at least 7 days and 30
visual-field defects, aphasia, behavioral abnormalities, or being assigned to each of the drug groups. 
developmental regression. All surviving children were Most cases were in 5-10 years age group (56.5%)
asked to return within 2 weeks after discharge, for a with 32.6% in the 1-5 years age group. Males
further detailed physical and neurological assessment. outnumbered females (67.8%). Most cases presented

Regarding statistical analysis the differences between within 3-5 days of illness (78.25%). Cerebral malaria was
the drug-groups were  analyzed using Chi-square test. the commonest manifestation 25 (41%). The presenting
The therapeutic responses were analyzed statistically complaints included fever in 60 (100%), severe anemia in
using Z-test and Student’s t-test. P value of <0.05 was 12 (20%), hepatic coma 4 (6.6%) renal failure 4 (6.6%),
considered significant. bleeding with purpuric spots 8 (13.3%), septicemia /DIC 4

Permission from ethical committee: The permission to pallor. The peripheral  smear  was positive in 40 cases.
carry out this comparative clinical study of quinine and Falciparum was  seen  in 30 cases while in 10 cases vivax
artemether in children with severe malaria, was taken from was found as causative agent. 
the ethical committee LUMHS, consent from the parents The baseline characteristics of the two drug groups
was taken before starting the therapy with either quinine were comparable (Table 1). The overall mortality was 33%
or artemether. (Table 2). The difference in the mortality rates in the two

RESULTS expired within 24 h of hospital admission. Mortality was

Total of 60 patients (aged up to 15 years) diagnosed of severe malaria. Residual squeal were not detected in
by clinical presentation of severe malaria coupled with any survivors in either of the treatment groups. 

(6.6%) and 3 (5%) cases presented with jaundice and

drug groups was not significant. More than 20% patients

seen in 6 out of 12 cases with ³3 coexisting manifestations
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Table 3: Assessment of recovery after treatment with artemether or quinine
Time to parasite clearance:
--------------------------------------------------------------------------------------------------------------------

Variables (h) Artemether Quinine P value
50% clearance (mean ±S.D*) 16.6±6.0 19.7±6.0 <0.05
Total clearance (mean±S.D) 40.9±8.4 51.9±1.2 <0.001
Resolution of fever (mean±S.D) 38.5±7.7 45.5±7.2 <0.001
Recovery from coma (mean ±S.D) 34.8±8.2 40.8±7.0 <0.050
 S.D = Standard deviation

DISCUSSION by other workers [7, 12, 13]. Mean recovery time from

The results of this study show that in terms of better than 45.5±7 h seen with quinine (p<0.05). Olumese
preventing deaths, artemether is as effective as quinine, et al. [14] reported median recovery time of 24 h and 33 h
which is comparable to findings of other studies [7]. in artemether and quinine groups respectively. Studies
However, Karbwang et al. [8] reported  better  survival have also  demonstrated either no significant difference
rate (87.20% vs. 63.30%, respectively) with artemether [7, 15] or  even  longer  recovery time from coma (66 and
com-pared to quinine. Unlike the findings in African 48 h, respectively for artemether and quinine, p=0.003) in
children with cerebral malaria where the incidence of a study by Tran et al. [16].
neurological sequelae ranged from 8.3%-13.5% [9]. No No serious side effects of either of the drugs were
neurological sequelae were noted in our series. Perhaps observed in our study, while most other series have
the neurological insult before initiation of treatment may reported higher incidence of side effects with quinine,
have been more substantial in the former. when compared with artemether [17]. Closer and more

There is no  data to compare the prevalence of frequent monitoring and larger sample size would have
various presentations of severe malaria in children probably revealed more subtle adverse effects.
because most workers have worked on patients either of In India P. falciparum accounts for 40% of the cases
cerebral malaria or on some other manifestations of of malaria instead of the usual 15% reported, after the
complicated malaria. It is important to appreciate that advent of drug resistance [18]. While in our study out of
manifestations of severe malaria can occur in a patient 60 cases of positive malarial parasite, faiciparum accounts
either singly or in combination as in the present study for 70% of cases followed by vivax in causation of severe
(20%). The results of our study are similar with the malaria.
observations of other workers who have noted that
mortality  in  severe  malaria  is  directly proportional to CONCLUSIONS
the number of pernicious manifestations present in a
patient [10, 11]. Our study shows that artemether is a well-tolerated

Among the secondary end-points of this study, the and effective alternative to quinine and highlights the
time taken for parasite count to fall by 50% and to clear importance of the artemisinin derivatives in the event that
completely was significantly shorter in children treated quinine resistance becomes common throughout the
with artemether than in those treated with quinine (p<0.05 world. Whether artemether should now be introduced as
and p<0.001, respectively) Table 3. This is confirmed by a first-line treatment for severe malaria is a strategic
most other studies [7, 12, 13] with the exception of some question of considerable importance. The World Health
[14]. However, despite the rapid parasite clearance, the Organization currently recommends that artemether
decline in mortality has not been demonstrated, thus should not be used as a first-line treatment in Africa and
suggesting that rapid parasite clearance may be relatively other countries with higher prevalence of malaria in order
insignificant-cant determinant of survival. This may partly to delay the development of resistance to this valuable
be explained by the fact that artemether preferentially class of antimalarial compounds [19]. Once the results of
accelerates the clearance of younger parasites in the clinical trials in other parts of world are known, this issue
circulation over the more mature parasites, which are will need to be comprehensively reassessed.
located deep in the vasculature and mediate most of the Thus, it can be concluded that artemether is as
organ damage. effective as quinine in severe malaria. It is simple to

Fever clearance time was shorter but did not reach administer and can be an important alternative to quinine
statistical significance in our study unlike observations especially in rural areas where facilities for controlled

coma of 38.5±8.2 h in artemether group was significantly
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intravenous administration of quinine may not yet be 12. Murphy,  S.,  M.  English,  C.  Waruiru,  I.  Mwangi,
optimal. Intramuscular quinine in such a setting is not a E. Amukoye and J. Crawley et al., 1996. An open
very good option because of its need for more frequent randomized trial of artemether versus quinine in the
dosing besides the higher prevalence of local reactions treatment of cerebral malaria in African children.
and risk of potentially fatal tetanus with such injections Trans. R. Soc. Trop. Med. Hyg., 90: 298-301.
[20]. Whether artemether should be introduced as a first 13. Fargier,  J.J.,  F.J.  Louis,  S.  Duparc, C. Hounsinou,
line drug for severe malaria in children in rural setting is a P. Ringwald  and M. Danis, 199. Comparative study
strategic question that needs further debating and of artemether and quinine in severe Plasmodium
research. Falciparum malaria in adults and older children in
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