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Treatment of paediatric malaria during a period of drug transition
to artemether-lumefantrine in Zambia: cross sectional study
Dejan Zurovac, Mickey Ndhlovu, Alexander K Rowe, Davidson H Hamer, Donald M Thea, Robert W Snow

Abstract
Objective To evaluate treatment practices for uncomplicated
malaria after the policy change from chloroquine to
sulfadoxine-pyrimethamine and to artemether-lumefantrine in
Zambia.
Design Cross sectional survey.
Setting Outpatient departments of all government and mission
facilities in four districts in Zambia.
Participants 944 children with uncomplicated malaria seen by
103 health workers at 94 health facilities.
Main outcome measures Antimalarial prescriptions in
accordance with national guidelines and influence of factors on
health workers’ decision to prescribeartemether-lumefantrine.
Results Artemether-lumefantrine, sulfadoxine-pyrimethamine,
and chloroquine were available, respectively, at 48 (51%), 94
(100%), and 71 (76%) of the 94 facilities. Of 944 children with
uncomplicated malaria, only one child (0.1%) received
chloroquine. Among children weighing less than 10 kg,
sulfadoxine-pyrimethamine was commonly prescribed in
accordance with guidelines (439/550, 79.8%). Among the
children weighing 10 kg or more, sulfadoxine-pyrimethamine
was commonly prescribed (266/394, 68%), whereas
recommended artemether-lumefantrine was prescribed for
only 42/394 (11%) children. Among children weighing 10 kg or
more seen at facilities where artemether-lumefantrine was
available, the same pattern was observed:
artemether-lumefantrine was prescribed for only 42/192 (22%)
children and sulfadoxine-pyrimethamine remained the drug of
choice (103/192, 54%). Programmatic activities such as
in-service training and provision of job aids did not seem to
influence the prescribing of artemether with lumefantrine.
Conclusion Although the use of chloroquine for
uncomplicated malaria was succesfully discontinued in Zambia,
the change of drug policy towards artemether-lumefantrine
does not necessarily translate into adequate use of this drug at
the point of care.

Introduction
The incidence of fatal Plasmodium falciparum infections has been
increasing in Africa since the early 1990s, coincidental with the
rapid expansion of resistance to first line therapies.1 2

Chloroquine was the basis of malaria treatment in Africa, but
since the 1980s its clinical efficacy has precipitously declined,3

and sulfadoxine-pyrimethamine has had a short useful
therapeutic life.3–5 Artemisinin based combination therapy has
proved highly efficacious in Africa6–9 and is now recognised as
the therapy of choice for countries with failing monotherapies.

By 2002 in Zambia overwhelming evidence showed that
chloroquine was failing to cure over 50% of patients by day
14.10–12 Furthermore, by 2003, sulfadoxine-pyrimethamine was
failing in 8-33% of patients.12 13 In December 2002, after a series
of meetings, the Zambian Ministry of Health announced that
chloroquine would be replaced as the first line therapy for
uncomplicated malaria by artemether-lumefantrine for patients
weighing 10 kg or more, and by sulfadoxine-pyrimethamine in
children weighing less than 10 kg until more information on the
efficacy and safety of artemether-lumefantrine became available
in this patient group. It was also specified that in facilities where
artemether-lumefantrine was not yet available, sulfadoxine-
pyrimethamine would be recommended first line treatment for
all categories of patients.14

Changing and implementing new drug policies is complex
when the transition includes familiar drugs that are commonly
prescribed in a country, are easy to administer, are inexpensive,
and are readily available.15 16 Zambia was the first African country
to change its policy towards using more expensive artemether-
lumefantrine, characterised by a complex dosing regimen, com-
plicated procurement and distribution, and little national
prescribing experience. We describe treatment practices in Zam-
bian children during the transition from chloroquine to
artemether-lumefantrine and to sulfadoxine-pyrimethamine
and examine the factors influencing the prescribing of
artemether-lumefantrine.

Methods
We purposively selected four districts representing the major
malaria ecologies of Zambia: Chingola, an urban district in the
hypoendemic and mesoendemic areas of Copperbelt Province;
Kalomo, a semi-arid district in the mesoendemic area of South-
ern Province; Chipata, a mixed rural and urban district of
mesoendemic and hyperendemic transmission in Eastern Prov-
ince; and Samfya, a rural, swampy, hyperendemic district of
Luapula Province. The government decided on a phased
introduction of artemether-lumefantrine, beginning in February
2003 with seven districts and expanding to 28 of 72 districts by
the end of 2003. The surveyed districts were part of these 28 dis-
tricts. Kalomo was also one of the seven early implementation
districts. In these seven districts most of the stocks ran out by May
2003 but were replenished at the time of the regular supply to
the 28 districts in December 2003, just before our study.

Survey design and data collection
We carried out a cross sectional cluster survey at all government
and mission facilities in each district between 28 January and 19
March 2004. A cluster was defined as all sick children seen at a
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health facility during one day. We observed health workers’ out-
patient case management practices for children aged less than 5
years. The consultations were observed over one day at each
facility. After the health worker and caretaker (usually the child’s
mother) provided informed consent, a surveyor enrolled all chil-
dren presenting to the outpatient departments. If more than one
health worker saw children at a facility, all were observed and
interviewed.

Four teams each comprising three surveyors collected the
data using four methods. Firstly, a surveyor observed the consul-
tations and recorded the carrying out of clinical tasks, the child’s
main problems, and the duration and timing of consultations.
Secondly, caretakers were interviewed before leaving the facility.
Interviewers collected information on the child’s age, history of
fever, and if the visit was an initial or follow-up consultation.
Information was collected from patient held records about diag-
nostic procedures requested and results reported, drugs
prescribed, and if the child was treated as an outpatient or
referred for admission to hospital. During interviews the child
was weighed and his or her axillary temperature measured.
Thirdly, the health workers were interviewed to collect informa-
tion on their personal characteristics, work experience, and
exposure to guidelines, training, and supervision. Fourthly, the
health facility was assessed for availability of antimalarial drugs
and malaria treatment wall charts.

Definitions
Our definitions reflect recommendations from the Zambian
national guideline on the diagnosis and treatment of malaria.14

According to the guideline any child with fever or a history of
fever in the absence of signs of severe malaria is presumed to
have uncomplicated malaria. The guideline is ambiguous on the
interpretation of malaria smear results and states that the “pres-
ence of signs and symptoms of disease with negative blood
smear does not preclude the diagnosis of malaria.” We defined a
case of uncomplicated malaria as a child presenting to a health
facility for an initial visit with a history of fever during the present
illness or with an axillary temperature of 37.5°C or more, and
treated as an outpatient in the absence of a routine negative
blood slide result. We excluded from the analysis children with
negative blood slide results to prevent health worker practices
from being judged as incorrect owing to the ambiguity of the
guideline. Recommended treatment for uncomplicated malaria
was defined as a prescription forartemether-lumefantrine for
children weighing 10 kg or more and a prescription for
sulfadoxine-pyrimethamine for children weighing less than
10 kg.

Statistical analysis
Data were double entered and verified using Microsoft Access
2000. An investigator corrected errors identified by the verifica-
tion programme after referring to original questionnaires. The
analysis was carried out using STATA, version 8. We estimated
the precision of proportions (95% confidence intervals)
accounting for the cluster sampling design by using “health facil-
ity day” as the primary sampling unit.

To identify predictors of prescriptions for artemether-
lumefantrine in children weighing 10 kg or more with
uncomplicated malaria, we used logistic regression modelling
with the STATA xtgee procedure using an exchangeable working
correlation matrix.17 This procedure uses generalised estimating
equations to account for correlated data. We restricted the analy-
sis to children with an antimalarial drug prescribed at facilities
with available artemether-lumefantrine because we were
interested in identifying factors that influenced the selection of

this drug. In the univariate analysis, we estimated the odds ratio,
P value, and 95% confidence interval for the association between
health workers’ choice to prescribe artemether-lumefantrine and
the factors associated with health facilities and health workers. In
addition we tested the following child or consultation factors:
duration and timing of consultation, starting time of the consul-
tation, child’s age, whether the child was weighed, whether the
temperature was measured, the child’s temperature, and the
child’s main problem. We evaluated 11 logical two way statistical
interactions either between factors of programmatic importance
such as in-service training, guidelines, wall charts, and
supervision, or between the child’s main problems. To avoid over
fitting the model we presented only significant univariate results
(P < 0.05) and results for factors of particular programmatic
importance. We used an � level of 0.05 for testing the hypothesis
and for estimating the confidence intervals.

Results
We observed 1423 consultations among children aged less than
5 years seen by 103 health workers at 94 health facilities. No
health worker or caretaker on behalf of the child refused to par-
ticipate. Most health workers were nurses (52%) or clinical offic-
ers (29%; table 1). Most facilities were rural health centres (83%),
and most were run by the government (92%). We analysed 1350
of 1423 consultations as 73 caretakers of observed children
(5.1%) had left the facility before the interview. Of these 1350
consultations, 944 children met our definition of uncomplicated
malaria. The other 406 consultations were for follow-up visits,
the child had neither a history of fever nor a temperature of
37.5°C or more, the child was referred for admission to hospital,
or the child had negative blood slide results reported through
routine practices. Of the 944 children with uncomplicated
malaria, 550 (58.3%) weighed less than 10 kg; of these 550 chil-
dren, 17 (3.1%) had received sulfadoxine-pyrimethamine at
home before coming to the facility.

Antimalarial treatments for children with uncomplicated
malaria
Table 2 shows the antimalarial treatments for 944 children with
uncomplicated malaria. In children weighing less than 10 kg,
national treatment recommendations were commonly followed:
sulfadoxine-pyrimethamine was prescribed for 79.8% (439/
550), only one child received chloroquine, and artemether-
lumefantrine was rarely (6/550, 1.1%) prescribed. Of children
weighing 10 kg or more, sulfadoxine-pyrimethamine was often
used for treatment (266/394, 68%), no children were treated with
chloroquine, and only 11% (42/394) of children were treated
with artemether-lumefantrine. Overall, 16.6% (157/944) of chil-
dren left the facility with no antimalarial prescription.

We found no significant difference in artemether-
lumefantrine use between Kalomo, the early implementation
district, and the other three districts. In Kalomo, artemether-
lumefantrine was prescribed for 10% (9/92) of children
weighing 10 kg or more with uncomplicated malaria compared
with 13% (23/180) in Chipata, 7% (6/88) in Samfya, and 12%
(4/34) in Chingola.

At facilities where artemether-lumefantrine was available on
the day of the survey, the drug was prescribed by health workers
for only 22% (42/192) of children weighing 10 kg or more, and
sulfadoxine-pyrimethamine continued to be a preferred drug in
this weight group (103/192, 54%; table 2). Furthermore, health
workers prescribed artemether-lumefantrine for only 18%
(9/49) of children weighing 10 kg or more in Kalomo compared
with 23% (33/143) in the other districts.
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Readiness to deliver artemether-lumefantrine
Of 103 health workers, 62 (60%) had received in-service training
that included the case management of malaria (table 1). Only 26
(25%), however, had received training in artemether-
lumefantrine, and more commonly in Kalomo (12/25, 48%)
than in Chipata (3/36, 7%), Samfya (10/25, 37%), or Chingola
(1/10, 10%). Yet 60 (58%) health workers possessed the national

malaria guideline. Weighing scales were available in 92 of the 94
facilities (98%) whereas wall charts showing dosages for
artemether-lumefantrine were displayed in 19 (20%), more com-
monly in Kalomo (9/24, 38%) than in Chipata (6/36, 17%), Sam-
fya (4/25, 16%), or Chingola (0/9, 0%). Artemether-lumefantrine
was available in 48 (51%) facilities, with a higher availability in
Kalomo (15/24, 63%) and Chingola (7/9, 78%) than in Chipata
(16/36, 44%) and Samfya (10/25, 40%). Conversely, sulfadoxine-
pyrimethamine was universally available, and oral quinine and
chloroquine were available at 74 (79%) and 71 (76%) facilities,
respectively.

Predictors of artemether-lumefantrine prescriptions
We examined 26 factors and 11 interaction terms that we
hypothesised may have influenced the prescribing of
artemether-lumefantrine in 151 children weighing 10 kg or
more with uncomplicated malaria who were prescribed an anti-
malarial at facilities where artemether-lumefantrine was
available. On univariate analysis, the following factors were
significantly associated with the outcome that a child received a
prescription for artemether-lumefantrine: child aged 2 or more
years (odds ratio 3.00, 95% confidence interval 1.29 to 6.97),
consultation length seven or more minutes (2.69, 1.26 to 5.76),
and treatment provided at health centres compared with hospi-
tals (8.69, 1.28 to 58.84). Children presenting with a skin
problem were significantly less likely to be prescribed
artemether-lumefantrine (0.37, 0.16 to 0.86). In-service training
on artemether-lumefantrine, presence of artemether-
lumefantrine wall charts, and possession of the guideline were
not significantly associated with prescribing artemether-
lumefantrine (table 3).

Discussion
The policy shift in Zambia in 2003 away from chloroquine as a
first line therapy for uncomplicated malaria has been
successfully implemented. Although the discontinuation of chlo-
roquine was immediate, most clinicians opted for the more
familiar sulfadoxine-pyrimethamine rather than the recently
introduced artemether-lumefantrine. Although chloroquine was
commonly in stock, it was almost never (0.1%) used. This result
represents a major improvement in the management of paediat-
ric malaria. However, 17% of children meeting the definition of
uncomplicated malaria received no antimalarial, a finding
consistent with a report from Kenya.18 A possible explanation
may be that the guideline based concept that equates all fevers
with malaria is not accepted for all categories of children—that is,
children with another obvious cause of fever. Children were
rarely prescribed (22%) artemether-lumefantrine at facilities
with available stocks. Interestingly, compared with the other
three districts, use of artemether-lumefantrine was equally low in
Kalomo, which had more favourable readiness to deliver
artemether-lumefantrine, and where, although short lasting,
there was experience with the drug.

Predictors of artemether-lumefantrine prescriptions
Although our study had small power to detect differences in
effect, several interesting findings resulted from our analysis of
the predictors of correct prescribing. Provision of programmatic
interventions such as in-service training and job aids did not
seem to influence artemether-lumefantrine use. This finding was
not surprising, and previous studies with a similar design
suggested variously that in-service training either improved
treatment practices,19 had no association with performance,20 21

or had an effect only in subgroups of health workers.18 The sys-

Table 1 Characteristics of 94 health facilities and 103 health workers in four
districts in Zambia

Characteristics No (%) of districts combined

Health facilities

Type of facility:

Hospital affiliated health centre 7 (7.4)

Urban health centre 7 (7.4)

Rural health centre 78 (83.0)

Health post 2 (2.1)

Ownership:

Government 86 (91.5)

Mission 8 (8.5)

Equipment:

Weighing scale 92 (97.9)

Thermometer 91 (97.8)*

Working microscope 16 (17.0)

Wall charts:

Artemether-lumefantrine dosage 19 (20.2)

Malaria recommended drugs 2 (2.1)

Sulfadoxine-pyrimethamine dosage 48 (51.1)

Chloroquine dosage 11 (11.7)

Quinine dosage 4 (4.3)

Integrated management of childhood illnesses 5 (5.3)

Available drugs on survey day:

Artemether-lumefantrine (tablets) 48 (51.1)

Sulfadoxine-pyrimethamine (any formulation) 94 (100)

Quinine (injection) 68 (72.3)

Quinine (tablets) 74 (78.7)

Chloroquine (any formulation) 71 (75.5)

Health workers

Pre-service training:

Clinical officer 30 (29.1)

Enrolled nurse 49 (47.6)

Registered nurse 4 (3.9)

Nursing aid 20 (19.4)

In-service training on malaria:

Artemether-lumefantrine† 26 (25.2)

Integrated competency based 7 (6.8)

Integrated management of childhood illnesses 32 (31.1)

Other malaria 16 (15.5)

Any including malaria‡ 62 (60.2)

Possession of guideline:

National malaria guideline 60 (58.3)

Integrated technical guideline§ 64 (62.1)

Integrated management of childhood illnesses
guideline§

17 (16.5)

Frequency of supervision (past 6 months):

0 visits 14 (13.6)

1 or 2 visits 64 (62.1)

≥3 visits 25 (24.3)

*Denominator does not include one observation with missing value.
†Process of cascade in-service training began with three subnational training of trainers then
district level trainings. Training focused on artemether-lumefantrine treatment but also
included rationale for policy change, basic principles of malaria and its clinical presentation,
malaria diagnosis, and management of uncomplicated and severe malaria. In addition, health
workers from Kalomo district received supplementary training, alongside initial distribution of
artemether-lumefantrine as part of early implementation in seven districts.
‡Health workers who received at least one of above listed in-service trainings.
§These two guidelines were used before policy change and only latest editions were revised
to include artemether-lumefantrine; survey was, however, unable to differentiate between
editions.
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tematic reviews of interventional trials published by the World
Health Organization22 and those presented by Ross-Degnan et al
(international conference on improving use of medicines,
Chiang Mai, Thailand, 1997) found mixed results for training.
These reviews describe other interventions that may improve use
of medicines in developing countries, such as group processes,
supervision, and performance monitoring using audit and feed-
back. One strategy that consistently failed to achieve improve-
ments in most studies was the isolated dissemination of clinical
guidelines,22 and our observations concur with these findings.

Aside from the potentially low impact of programmatic
interventions, other factors might be responsible for low use of
artemether-lumefantrine. The presence of a study observer
could modify usual clinical practices (Hawthorn effect), however
this effect is almost always in the direction of better
performance.23 Therefore although this bias may have led to an
underestimation of chloroquine use, it is unlikely to explain the
low use of artemether-lumefantrine. Our study was not designed
to capture subtle health worker perceptions, but the reluctance
to prescribe artemether-lumefantrine may reflect health worker
concerns about drug potency, side effects, or concerns about
interruptions to the stock, which might have led to discriminate
treatment for only some categories of patients. For example, the
significantly lower use of artemether-lumefantrine among
children aged less than 2 years might reflect the concern that
artemether-lumefantrine is “too strong” for very young children.
Understanding such potential misperceptions and concerns
should be a high research priority for Zambia, and perhaps other
countries in the process of implementing artemisinin based
combination therapy.

Conclusion
Lessons learnt from Zambia have important implications for
other countries that have changed their malaria treatment policy

but are yet to fully implement it. Deciding on a new drug policy
is arguably the easy part of a complex process of policy change—
the greatest challenge remains in changing clinical practices.
Although a sustainable supply of expensive artemisinin based
combination therapies is urgently needed across Africa, this
must be accompanied by similar investments in effective
interventions to ensure swift implementation and proper use of
drugs at the point of care.
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What is already known on this topic

Zambia was the first African country to change its
antimalarial treatment policy to artemisinin based
combination therapy (artemether-lumefantrine)

Changing clinical practice to support the change
presents challenges

What this study adds

Most Zambian clinicians prescribe
sulfadoxine-pyrimethamine rather than
artemether-lumefantrine for children with
uncomplicated malaria

Interventions such as in-service training and
provision of job aids did not seem to influence the
choice of artemether-lumefantrine
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