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Abstract

Background: National malaria control programmes and their partners must document progress associated with
investments in malaria control. While documentation has been achieved through population-based surveys for
most interventions, measuring changes in malaria case management has been challenging because the increasing
use of diagnostic tests reduces the denominator of febrile children who should receive anti-malarial treatment.
Thus the widely used indicator, “proportion of children under five with fever in the last two weeks who received
anti-malarial treatment according to national policy within 24 hours from onset of fever” is no longer relevant.

Methods: An alternative sequence of indicators using a systems effectiveness approach was examined using data
from nationally representative surveys in Zambia: the 2012 population-based Malaria Indictor Survey (MIS) and the
2011 Health Facility Survey (HFS). The MIS measured fever treatment-seeking behaviour among 972 children under
five years (CU5) and 1,848 people age five years and above. The HFS assessed management of 435 CU5 and 429
people age five and above with fever/history of fever seeking care at 149 health facilities. Consultation observation
and exit interviews measured use of diagnostic tests, artemisinin combination therapy (ACT) prescription, and
patient comprehension of prescribed regimens.

Results: Systems effectiveness for malaria case management among CU5 was estimated as follows: [100% ACT
efficacy] x [55% fever treatment-seeking from an appropriate provider (MIS)] x [71% malaria blood testing (HFS)] x
[86% ACT prescription for positive cases (HFS)] x [73% patient comprehension of prescribed ACT drug regimens
(HFS)] = 25%. Systems effectiveness for malaria case management among people age five and above was estimated
at 15%.

Conclusions: Tracking progress in malaria case management coverage can no longer rely solely on population-
based surveys; the way forward likely entails household surveys to track trends in fever treatment-seeking
behaviour, and facility/provider data to track appropriate management of febrile patients. Applying health facility
and population-based data to the systems effectiveness framework provides a cogent and feasible approach to
documenting malaria case management coverage and identifying gaps to direct program action. In Zambia, this
approach identified treatment-seeking behaviour as the largest contributor to reduction in systems effectiveness for
malaria case management.
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Background
Malaria has been a pervasive scourge across the cen-
turies, particularly in Africa, however tremendous ad-
vances in malaria control have been achieved in recent
years [1,2]. The improvements have been most notably
documented in the coverage of malaria prevention in-
terventions and have led to marked declines in malaria-
related child mortality. Despite this progress, malaria
remains a leading cause of death among children under
five [3], and a leading contributor to the global burden of
disease, particularly in sub-Saharan African [4]. The esti-
mated number of malaria cases in Africa in 2010 was 174
million [1]. Families, communities and health systems face
an ongoing burden of managing malaria infections. The
recently introduced highly efficacious artemisinin combin-
ation therapy (ACT) is now the first-line treatment in
most countries where Plasmodium falciparum is endemic
[1]. More recently, quality controlled rapid diagnostic tests
(RDTs) have proven valuable in confirming infections and
directing appropriate malaria treatment such that, along
with microscopy, diagnostic confirmation of malaria is
recommended worldwide [5].
Improvements in malaria control have been documented

using population-based surveys to chart changes in inter-
vention coverage [2,6]. These include the Demographic
and Health Survey (DHS), the Malaria Indicator Survey
(MIS), and the UNICEF Multiple Indicator Cluster Survey
(MICS). Tracking progress through these surveys has been
well characterized for malaria prevention coverage where
standard indicators have been tracked over time and pro-
vide a reliable picture of improvements [2]. However, for
case management, the primary indicator “proportion of
children under the age of five years with fever in the last
two weeks who received anti-malarial treatment according
to national policy within 24 hours from onset of fever” [6]
has several limitations. These include use of fever as a
proxy measure for malaria infection, and reliance on care-
giver reports for information on blood testing and medi-
cines used for treatment [6]. Further, in the face of recent
policy changes recommending confirmatory blood testing
prior to treatment, presumptive treatment of fever is no lon-
ger a valid indicator for appropriate case management [7].
Routine health management information systems (HMIS)
data capturing malaria blood testing, test results and
treatments administered are not subject to these limita-
tions. However, facility data fail to capture coverage
among the substantial proportion of the population
where treatment services are not available or among
those who do not seek care within the public health sys-
tem. Additionally, in many malaria-endemic countries,
HMIS are weak, data are incomplete, contain inaccur-
acies, and are unavailable in an actionable timeframe
[8]. Finally, HMIS data do not capture characteristics of
an individual patient’s interaction within the health
system. A facility-based survey designed to assess the ex-
tent and quality of service provision represents an ap-
proach that can provide complete and unbiased data in an
actionable timeframe. Linking facility survey data with
population-based data could provide a more complete pic-
ture of malaria case management coverage [8,9].
Zambia has made numerous improvements in malaria

case management in the last decade including adopting
the ACT artemether-lumefantrine (AL) as the first-line
treatment for malaria in 2002, and introducing RDTs in
health facilities in 2006 [10,11]. National guidelines for
diagnosis and treatment were modified in 2009–10 to
require parasitological confirmation by RDT or micros-
copy prior to malaria treatment wherever capacity is
available [12]. Scale-up of blood testing and AL treat-
ment was facilitated by substantial donor support. Be-
tween 2003 and 2010, external partners committed
nearly $200 million to malaria prevention and control in
Zambia [10]. Currently, the basic health care package
offered through the public health system in Zambia
includes blood testing and AL treatment. These and
other basic health services are provided free of charge
in health facilities located in rural and poor districts.
Zambians access care at three basic levels of public
health care: rural health posts and community outreach;
urban and rural health centres; and primary, secondary
and tertiary hospitals. Nearly all urban households are
located within 5 km of a health facility as compared with
50% of rural households. The relatively small private
for-profit sector operates in urban areas [13] and treat-
ment seeking in the private sector for suspected malaria
is relatively uncommon [14].
The MIS has been the primary tool for tracking recent

malaria control progress in Zambia; four rounds have
been implemented in 2006, 2008, 2010, and 2012. In
2011, a nationally representative Health Facility Survey
(HFS) was implemented. 2011 HFS and 2012 MIS data
and a systems effectiveness approach were used to docu-
ment malaria case management coverage in Zambia
following recent improvements. A systems effectiveness
framework evaluates coverage by examining the neces-
sary sequential components for effective health service
delivery [15]. This framework documents the extent to
which highly efficacious disease control tools effectively
reduce disease burden. Effectiveness is a function of
whether a disease control tool reaches the target group;
users and providers comply and perform correctly; and a
high level of coverage is sustained [16]. Effectiveness of
highly efficacious anti-malarial drug (i.e. ACT) is a func-
tion of: 1) treatment-seeking behaviour among febrile
individuals – seeking treatment from an appropriate pro-
vider; 2) malaria blood testing provided to patients with
fever to confirm malaria infection; 3) appropriate treat-
ment with ACT based on blood test results (provider
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compliance); and 4) patient adherence to anti-malarial
treatment [17-20]. Consequently, the information required
to use this approach must come from multiple sources,
both from population data (using representative house-
hold surveys) and facility data (using representative health
facility surveys). Benchmarking systems effectiveness can
guide Zambia stakeholders towards action to improve
malaria case management.

Methods
2012 Malaria Indicator Survey (MIS)
Details on the Zambia MIS methods are described else-
where [21]. Briefly, the MIS is a national population-based
household survey designed to measure key indicators for
tracking malaria control progress. A random sample of
households stratified by urban and rural residence was
drawn using two-stage cluster sampling. Standard enumer-
ation areas were selected with probability-proportional-to-
size at the first stage and a random sample of 25 households
per cluster was selected at the second stage.
Within each sampled household, a standard question-

naire administered using a personal digital assistant
(PDA), collected basic information about the household
and each household member. The MIS Household and
Woman’s Questionnaires are modeled after the survey
instruments developed by the MEASURE DHS + pro-
gramme and adopted and recommended for use by the
Roll Back Malaria Monitoring and Evaluation Reference
Group Task Force on Household Surveys [22]. The stand-
ard household roster was expanded to include questions
about recent febrile illness, fever treatment-seeking behav-
iour, and anti-malarial treatment among all household
members. Each woman between the ages of 15 and 49
completed a standard woman’s questionnaire interview
that included questions about each of her children under
age five. These questions included information about
febrile illness occurring in the two weeks preceding the
survey, treatment-seeking behaviour, blood testing, and
anti-malarial treatment received for the fever. Where par-
ental consent was obtained, children were administered an
RDT and specimens were collected on a blood slide (BS)
for microscopy [22].
Fieldwork was completed between April and May,

2012; 3,800 households participated in the survey.
Within these households, information was collected in
the household questionnaire on 16,928 household mem-
bers, including 2,820 household members with recent
fever. Information about 2,620 children under five was
collected in the woman’s questionnaire from 2,301 bio-
logical mothers age 15–49, including 742 children with
recent fever.
All MIS and HFS research activities were reviewed by

the Research Ethics Committee of the University of
Zambia on behalf of the Ministry of Health, the PATH
Research Ethics Committee, and the US Centers for
Disease Control Institutional Review Board. Final au-
thority to conduct these research activities was obtained
from the Ministry of Health.

2011 Health Facility Survey (HFS)
Details on the Zambia HFS methods are described else-
where [23]. Briefly, the HFS was designed to provide
nationally representative information on facility-based mal-
aria case management. The study was modeled after the
World Health Organization Integrated Child Health Facility
Assessment [24] and applications in similar contexts [25].
The sampling frame consisted of a list of all health

facilities in Zambia compiled in 2009 by the Ministry of
Health (N = 1,843). Most health facilities in Zambia are
government-run (85%), although a few are run by private
for-profit (9%) or mission organizations (6%) [13]. As
such, the sample represents health facilities in Zambia,
with chance of including private and mission facilities
equivalent to their representation among all national
health facilities. The sample was drawn with explicit strati-
fication from lists of all facilities at each level of care:
health post (N = 266), urban health centre (N = 428), rural
health centre (N = 1,042), and hospital (N = 107). Within
each group, geographic stratification was done by ordering
facilities by location (province, district), and a random
sample of health facilities was selected using systematic
random sampling. Forty-two facilities were sampled from
each stratum for a total of 168 facilities. The overall facility
response rate was 89% (N = 149). The selected sample was
largely government (75%) and non-profit/mission facilities
(11%); 12% of the sampled facilities were private for-profit
and 3% were facilities for company employees (i.e., com-
mercial farm or mining companies).
Each facility was surveyed for one day during which a

sample of patients was selected. Inclusion criteria for the
study were as follows: patients visiting the outpatient
clinic for consultation with a health worker and present-
ing at the health facility for the current illness for the
first time. There were 1,464 patients identified as eligible
for the study. A participation rate of 95% (N = 1,394)
was achieved. Of these eligible patients, consultation
observation and exit re-assessment were performed for
1,290 patients who were reportedly seeking care for the ill-
ness for the first time. Of these patients, 872 had suspected
malaria (self-reported fever or a history of fever and/or
body temperature greater than or equal to 37°C), including
patients seeking care at hospitals (N = 213), urban health
centres (N = 221), rural health centres (N = 251), and
health posts (N = 187). One-half (51%) of the patients with
suspected malaria were under age five years.
Two patient-focused survey instruments were used: 1)

consultation observation form to capture case manage-
ment practices; and, 2) patient exit interview and re-
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examination. The silent consultation observation was
completed first; laboratory tests and results for the pa-
tient were recorded on this form. After the patient fully
completed the consultation, the exit interview was con-
ducted to assess patient comprehension of the diagnosis
and prescribed drug regimens as well as patient recall
and assessment of health worker performance during
the consultation. Finally, a patient re-examination per-
formed by a trained health professional provided a gold
standard malaria diagnosis (clinical assessment con-
firmed by RDT).

Measurement and analysis
HFS indicators were created among the subsample of
patients with suspected malaria. Suspected malaria was
determined at an exit re-assessment and was defined as
presence of self-reported fever or a history of fever and/
or body temperature greater than or equal to 37°C. A
variable was created to indicate whether or not these pa-
tients received a blood test during consultation accord-
ing to the consultation observation form (interviewer
observation and/or information recorded from patient
records). Treatment with the national first-line ACT
(AL) was measured at exit interview by review of patient
medicines and/or prescriptions obtained during the facil-
ity visit. Variables concerning patient comprehension of
the drug regimen were created among those patients
who obtained AL at the health facility using questions
regarding the duration of treatment (number of days),
times per day the medicine was to be given, and dosage
(number of tablets). The respondent’s answers were con-
sidered with respect to the correct dosage determined
using patient age and weight information.
MIS indicators focus on treatment-seeking behaviour

and outcomes among people with fever in the two weeks
preceding the survey. This sample of recently febrile in-
dividuals included children under five years of age using
reports from women age 15 to 49 about their own bio-
logical children as well as all household members from
the household listing. While the 2012 MIS survey report
focuses on fever treatment-seeking behaviour for chil-
dren under five [21], this paper uses secondary data
analysis to produce estimates for people of all ages. Indi-
cators were calculated from the household listing for all
household members, except in the case of children
under five with information available from the mother’s
report, which serves as the standard source of fever
prevalence and treatment-seeking behaviour used by
major household survey groups. Variables were created
to indicate treatment seeking for recent fever at an ‘ap-
propriate provider’ – defined as any public or private
health facility or a community health worker (CHW).
Treatment-seeking and ACT treatment were calculated
among all febrile individuals, however information on
blood testing (recall of a finger or heel stick as a stand-
ard proxy measure for a malaria blood test) was only
available for children under five recorded in the woman’s
questionnaire.
Tabulations and cross tabulations were performed using

Stata 12.1 (© StataCorp, College Station, TX, USA). Point
estimates and 95% confidence intervals (CI) are reported.
Data analyses took into account the survey design: MIS
stratification (urban/rural) and clustering of households
within standard enumeration areas, and HFS stratification
(level of care) and clustering of patients within health facil-
ities. All data were weighted to account for disproportion-
ate allocation of the sample to different strata.
An overall measure of systems effectiveness was calcu-

lated across key indicators on the pathway from ACT ef-
ficacy to effectiveness as follows: systems effectiveness =
[AL efficacy (documented 100% [26])] x [% people with
current or recent fever who reportedly sought treatment
from an appropriate provider (MIS)] x [% patients with
current or recent febrile illness seeking care at an appro-
priate provider who received a malaria blood test (HFS)]
x [% patients with a positive blood test who received AL
(HFS)] x [% patients prescribed AL who demonstrated
full comprehension of the treatment regimen (HFS,
proxy for adherence)] [16].

Results
2012 Malaria Indicator Survey (MIS)
The MIS captures self-reported fever management out-
comes among people with fever in the two weeks prior
to the household survey. More than half of children
under five years of age (63%) and people age five years
and above (58%) sought fever treatment outside of the
home. Treatment from an appropriate provider (CHW,
public health facility, or private health facility) was
sought among more than half (55%) of children under
five years and 44% of people age five years and above
(Figure 1). Among people seeking treatment from an ap-
propriate provider (N = 1,257), 71% reportedly visited a
public health centre; 15% visited a public hospital; 4%
visited a public health post; 1% visited a CHW; and 7%
visited a private facility. Seeking fever treatment from
other private outlets is reportedly uncommon in Zambia
(10% of children under five and 13% of people age five
and above) (Figure 1). Among people seeking treatment
in other private outlets (N = 333), 71% reportedly visited
a shop and 28% visited a pharmacy.
The MIS measured blood testing among children

under five recorded in the woman’s questionnaire.
Among children with recent fever, 31% reportedly re-
ceived a blood test for malaria. Blood testing varied ac-
cording to where children were taken for treatment.
Among children managed exclusively by an appropriate
provider, 61% received a blood test. Among children
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managed exclusively by a pharmacy or shop, only 2% re-
portedly had a blood test (Figure 2).
Figure 3 examines use of ACT relative to other anti-

malarials reportedly used for recent fever. Among those
reportedly treated with any anti-malarial, 86% of chil-
dren under five and 78% of people age five and above
received an ACT. ACT treatment was higher among
people exclusively managed by an appropriate provider
(86% of children under five, 81% of people age five and
above) as compared with people managed by pharmacies
or shops (72% of children under five, 46% of people age
five and above) (Figure 3).
Malaria RDTs were administered and BS specimens for

microcopy were collected from children under five who
were recorded in the woman’s questionnaire. Among re-
cently febrile children who did not seek treatment from an
appropriate provider, current infection was identified in
the 30% who were both BS and RDT positive. These re-
sults indicate that a substantial fraction of children with
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Figure 2 Percentage of children under five with recent fever
who reportedly received a blood test, across provider type.
Source: MIS 2012 woman’s questionnaire. 1 CHW, public or private
facility. 2 Pharmacy, shop.
febrile illness who are not taken to an appropriate provider
actually harbour malaria infection – an infection that may
persist untreated, contributing to transmission, ongoing
morbidity, and potentially severe illness and even death.
About half of recently febrile children who did not seek
treatment from an appropriate provider had no evidence
of malaria infection (44% BS and RDT negative), and an
additional 25% were BS negative and RDT positive – pos-
sibly indicating recent anti-malarial treatment with medi-
cations that were stored at home or acquired from
another source (Table 1).
Among children who were taken to an appropriate

provider for fever treatment, 16% remained BS and RDT
positive at the time of the survey, and an additional 33%
were BS negative and RDT positive (Table 1). The frac-
tion of children who reportedly received care from an
appropriate provider but nonetheless remained BS posi-
tive at the time of the survey suggests that these infec-
tions were not effectively managed.
Among children under five years who were BS and

RDT positive, fewer than half (44%) reportedly expe-
rienced fever in the two weeks preceding the survey.
Prevalence of recent fever among infected children
declines with age from 61% to 37% between ages 12 to
23 months to age 48 to 59 months (Table 2).

2011 Health Facility Survey (HFS)
The HFS documents observed fever management out-
comes among patients with suspected malaria (fever or
history of fever) seeking treatment at a health facility.
Among patients with suspected malaria exiting public
health facilities in 2011, 71% of children under five years
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and 64% of people age five years and above received a
blood test for malaria. Data trends show higher testing
rates among patients managed in hospitals and urban
health centres as compared with rural health centres and
health posts (Figure 4).
Table 1 Malaria infection among recently febrile children, acr

Did not seek treatment from an appropriate provider1

All children 0-11 months 12-23 mont

N fever 443 62 95

% BS-, RDT- 44.1 70.3 44.3

(36.1-52.5) (57.8-80.3) (31.2-58.2)

% BS+, RDT+ 29.9 17.4 39.0

(24.1-36.6) (9.7-29.3) (26.3-53.3)

% BS-, RDT+ 24.8 9.4 16.8

(19.4-31.0) (3.4-23.4) (11.0-24.8)

% BS+, RDT- 1.2 2.9 0.0

(0.5-3.0) (0.7-11.1)

Sought treatment from an appropriate provider1

All children 0-11 months 12-23 mont

N fever 451 74 86

% BS-, RDT- 49.8 68.8 59.2

(41.9-57.7) (56.2-79.1) (43.9-72.9)

% BS+, RDT+ 16.2 6.1 13.1

(12.6-20.7) (2.9-12.3) (7.7-21.4)

% BS-, RDT+ 33.2 23.1 27.7

(27.1-40.0) (14.9-34.0) (17.9-40.3)

% BS+, RDT- 0.7 2.1 0.0

(0.3-2.0) (0.5-8.1)

Source: MIS 2012 household roster and woman’s questionnaire.
1 CHW, public or private facility.
Among patients tested formalaria during the consultation,
230 (39%) tested positive and 378 (61%) tested negative.
Among patients who tested positive during consultation,
86% of children under five and 89% of people age five and
above were prescribed ACT. Low levels of ACT prescription
oss treatment-seeking behaviour and age

hs 24-35 months 36-47 months 48-59 months

85 113 88

53.4 32.2 32.2

(38.5-67.8) (22.1-44.2) (20.3-46.9)

27.3 31.0 31.0

(17.6-39.8) (22.3-41.4) (22.5-41.0)

19.3 34.7 35.7

(11.5-30.5) (25.8-44.7) (23.7-49.8)

0.0 2.1 1.2

(0.7-6.6) (0.2-8.3)

hs 24-35 months 36-47 months 48-59 months

110 103 78

45.3 41.6 34.1

(34.1-57.0) (30.1-54.0) (22.5-48.0)

21.9 16.4 23.4

(14.4-32.0) (10.7-24.4) (14.3-35.9)

32.8 41.2 41.3

(23.5-43.7) (29.3-24.4) (30.5-53.0)

0.0 0.8 1.2

(0.1-5.8) (0.2-8.0)



Table 2 Recent fever among infected children, across age

N BS and RDT+ % Recent fever (95% CI)

All children 512 43.7 (36.8-50.9)

Age

0-11 months 46 39.0 (25.2-54.8)

12-23 months 85 61.2 (47.6-73.2)

24-35 months 122 43.4 (33.9-53.3)

36-47 months 124 42.4 (31.7-53.8)

48-59 months 135 36.5 (26.5-47.8)

Source: MIS 2012 household roster and woman’s questionnaire.
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were observed among patients that tested negative during
consultation: 11% of children under five and 12% of people
age five and above (Figure 5). Use of other anti-malarials
(quinine, sulphadoxine-pyrimethamine (SP)) to treat sus-
pected malaria cases was infrequently observed among all
patients including those who were not tested during consult-
ation (3%); patients with a negative blood test result (3%);
and patients with a positive blood test result (3%).
Patients exiting with a prescription for AL were asked to

explain the drug regimen, including dosage (number of
tablets based on age/weight), doses per day (two times),
and number of days to give the drug (three days). Complete
correct knowledge of the regimen was demonstrated by
73% of caregivers of children under five and 61% of care-
givers/patients age five and above (Figure 6).

Systems effectiveness for malaria case management
The overall systems effectiveness for malaria case man-
agement is 25% for children under five years and 15%
for people age five years and above (Figure 7). These re-
sults are influenced most heavily by losses at the first
step in the case management cascade – low rates of
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seeking treatment from an appropriate provider. More
than half (56%) of people age five years and above and
45% of children under five years of age with suspected
malaria (i.e. current or recent fever) are lost at this stage.
Blood test results among children under five indicate
that the loss is considerably smaller (14%) when consid-
ering only those children who had positive RDT and BS
results (Figure 7).

Discussion
Documenting malaria case management progress in the
context of recent ACT and RDT scale-up has been a
challenge given limitations of the most commonly avail-
able data sources - population-based household surveys
(MIS, DHS) and HMIS data. The challenge to document
progress in Zambia was addressed by applying a systems
effectiveness approach using the available national
household survey data (2012 MIS), and the recently
available national health facility survey data (2011 HFS).
Assembling results from these surveys, overall systems
effectiveness was estimated at 25% for children under
five, and 15% for people age five and above. In other
words, malaria diagnosis and treatment services in
Zambia are effective in managing 25% and 15% of sus-
pected cases under age five and age five years and above,
respectively. Tracking the steps from efficacy to systems
effectiveness highlighted areas that require strengthening
to improve case management coverage.
The first step in the cascade from ACT efficacy to

systems effectiveness is seeking treatment from an ap-
propriate provider. In this context, appropriate providers
include public or private health facilities and CHWs.
These sources are the focus of national policies, guide-
lines, and support for malaria case management. The
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definition of an appropriate provider should be modified
according to the set of promoted providers in a given
country. Failure to seek treatment from an appropriate
provider represents the largest threat to systems effect-
iveness in Zambia; only about half of people with recent
fever reportedly sought care from an appropriate pro-
vider. This gap suggests a need for more information on
barriers and facilitating factors for fever treatment-
seeking behaviour in this context. The MIS is well suited
to estimating levels of and at least some of the factors
determining treatment-seeking behaviour for recent
0% 2
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mation can be used to improve intervention targeting.
To address gaps in treatment-seeking behaviour, MIS

and other population-based data on treatment-seeking
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ample, partners in Zambia have focused resources on
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improving access to malaria case management services
through extension of diagnosis and treatment to the
community level. CHWs are recruited, trained and su-
pervised to provide malaria-specific or integrated pack-
ages of community-based case management [27]. Results
from the 2012 MIS suggest that, at national level, fever
cases are not typically managed by these community
agents (only 2% of children under five with recent fever).
However, given that community case management pro-
gramme coverage is subnational, additional analyses
should evaluate CHW service utilization explicitly in
areas with current programme coverage. These analyses
would provide information on the extent to which the
strategy facilitates appropriate treatment-seeking behav-
iour. Assembling existing data on service availability and
utilization can facilitate targeted investment in scale-up to
improve national coverage. Where existing data cannot
adequately explain underutilization of accessible care
options, additional information about treatment-seeking
behaviour may be needed. Qualitative research, often
entailing use of rapid ethnographic methods, is commonly
employed to understand the complexities and variations
in illness identification and treatment-seeking behaviour.
Recent reviews suggest that such studies could be
strengthened through application of theory and longer-
term engagement through methods such as extended case
studies and ethnography [28-30].
The second systems effectiveness step is blood testing

for suspected malaria. Frequency of blood testing as
measured in the Zambia HFS was high; 71% of patients
under age five and 64% of patients age five years and
above received a blood test. The MIS also provides a
rough approximation of blood testing in this context
and suggests that 61% of children under five taken to an
appropriate provider were tested for malaria. Findings
from a recent Zambia study to validate standard MIS
questions also suggest that the MIS may underestimate
blood testing [9]. While both surveys show impressive
improvement in malaria testing coverage in Zambia
[31,32], gaps persist. Health facility assessments provide
an opportunity for measuring a number of factors that
may influence blood-testing practices; these include
facility factors (e g, availability of RDTs, microscopy, na-
tional guidelines, and job aids, level of care, staffing),
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provider factors (e g, training, supervision, experience, sat-
isfaction, client case load), and patient factors (e g, age,
other symptoms).
The third essential step for systems effectiveness is

ACT treatment for people with confirmed malaria infec-
tion. Zambia HFS results indicate tremendous progress
in this area - most people who test positive for malaria
are prescribed ACT (86% for children under five and
89% for age five and above). The HFS is unique in its
ability to determine rates of ACT prescription based on
test results. Additionally, HFS results in Zambia indicate
that in most cases, ACT is dispensed rationally based on
test results; ACT was prescribed to just one in ten pa-
tients who tested negative for malaria. Tracking rational
use can help explain reductions in systems effectiveness
at this stage where over prescription may contribute not
only to inefficiencies, but to stock-outs that ultimately
prevent ACT prescription for positive cases. ACT use
based on test results is not well captured in household
surveys. The MIS can include questions about malaria
blood test results, however patients seeking care may
not be adequately and accurately informed about test re-
sults and/or may not accurately recall the result [9].
Routine collection of facility data through the HMIS
could capture information on testing and treatment.
However, in the Zambian context, the HMIS collects
aggregate reports on numbers of patients tested and treat-
ments dispensed, rather than individual patient data on
testing, diagnosis, and treatment. Efforts to strengthen the
reporting and linkages of data on stock management and
disease reporting could facilitate additional triangulation
of information for review on a routine basis.
With the wide recognition that the previous global in-

dicator based on presumptive anti-malarial treatment of
fever is no longer informative, a new indicator proposed
by the Roll Back Malaria Monitoring and Evaluation
Reference Group is “the proportion of people receiving
an ACT, among people with fever in the last two weeks
who received any anti-malarial drugs [7]”. Applying this
indicator in Zambia, most anti-malarial treatments re-
portedly received are ACT (86% for children under five
and 78% for age five and above), particularly where treat-
ment is acquired from an appropriate provider. In other
contexts, where the anti-malarial market is diverse both
in terms of market share and in types of anti-malarials
in circulation, this MIS indicator could provide informa-
tion on anti-malarial prescription among various pro-
vider types to supplement a more targeted facility survey
focused on tracking behaviour among certain providers.
Nonetheless, the MIS ACT indicator denominator is only
among those individuals who received any anti-malarial
and does not permit evaluation of those not receiving an
anti-malarial for whatever reason. The HFS can track ap-
propriate and rational ACT use, and can capture and
explore facility, provider, and patient factors associated
with prescription behaviour to inform intervention.
The final step in the systems effectiveness framework

is patient adherence to the drug regimen. Data on drug
adherence are often imperfect; the behaviour is difficult
to measure, self-report measures may be unreliable [33],
and a 2005 review noted that there is insufficient infor-
mation on adherence to anti-malarials [34]. In the ab-
sence of a direct measure of adherence to AL in Zambia,
a proxy measure was used - comprehension of the drug
regimen at exit from a health facility. While the relation-
ship between comprehension and adherence may not be
exact, a recent study of AL adherence in Kenya iden-
tified correct knowledge of the drug regimen as the
strongest predictor of adherence [35]. To fully estimate
effective case management intervention coverage, and to
monitor behaviours that can contribute to anti-malarial
drug resistance, additional study designs and instru-
ments are needed.
The systems effectiveness approach to assemble

household and facility data appears to provide the most
complete picture of malaria case management to date.
However, one of the limitations in linking these data
sources through this approach is in treating self-
reported fever as a proxy and denominator for sus-
pected malaria in the overall calculation of systems
effectiveness. The approach assumes that febrile indi-
viduals with malaria infection are no more or less likely
to seek treatment than febrile individuals who do not
harbour malaria infection. Following this logic, all fevers
must be managed by an appropriate provider in order to
reach all malaria cases. In reality, the malaria-attributable
fraction of febrile cases varies across seasons and contexts,
and declines with scale-up of control interventions [36].
In treating all reported fevers the same, the approach
underestimates the overall systems effectiveness for
managing true symptomatic parasitaemic cases. Indica-
tion of this under-estimation is apparent in examining
blood test results for children with fever who were not
taken to an appropriate provider; nearly half were both
BS and RDT negative. It is also important to note that
this framework is limited in its application to manage-
ment of symptomatic malaria infections. Focusing on
symptomatic cases to reduce severe disease and death is
appropriate in the context of malaria control in high
transmission settings. However, asymptomatic (afebrile)
infections contribute to ongoing transmission as well as
disease burden [37,38]. Analysis of MIS blood test re-
sults among children under five indicates that fewer
than half (44%) of children that were both BS and RDT
positive reportedly experienced recent fever. Clearing
malaria infections – both symptomatic and asymptom-
atic – will require different intervention strategies and
different metrics to document progress [39-41].
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This study used standard household and facility survey
instruments and methods, and data were collected among
a nationally representative sample. Despite these strengths,
each data source has limitations. First, while each study
provided reasonably precise estimates for key indicators,
comparisons across age groups and levels of care resulted
in loss of precision (i e, wide confidence intervals) due to
smaller sample sizes among these subgroups. Sample size
calculations for facility surveys are challenging given a
number of factors that influence the ultimate numbers of
study participants among each subgroup of interest, in-
cluding cases of suspected malaria, confirmed cases, and
treated cases. Measurement bias is another limitation in
both studies. Household surveys estimate aspects of cover-
age using respondent reports, which are subject to recall
bias. This bias is minimized in the MIS and other standard
surveys by administering questions regarding fever that
occurred recently - in the two weeks prior to the survey.
Initial studies aimed at validating respondent recall and re-
sponse suggest need for further research [9]. Consultation
observation and patient exit interviews were used in the
HFS. These methods are subject to the Hawthorn effect –
a bias that may arise due to study participant awareness of
being under observation; health workers may perform bet-
ter than usual given presence of study teams [42,43]. This
study facilitated triangulation of HFS results with MIS
findings to some extent (e g, regarding blood testing for
suspected malaria), thereby strengthening conclusions.
Neither data source provided direct measure of adherence
to AL – a major limitation to completing the systems
effectiveness framework. Further research is needed on
this behaviour in Zambia. Data to estimate systems effect-
iveness were collected through two discrete surveys, one
in 2011 (HFS) and one in 2012 (MIS). Temporal dif-
ferences are important to consider when assembling data
from different surveys because in many contexts, case
management interventions and coverage are rapidly evolv-
ing. While data from Zambia used in this analysis were
not collected simultaneously, the systems they were evalu-
ating were relatively stable over the time period encom-
passing both surveys, facilitating meaningful combination
of survey results. While the systems effectiveness frame-
work highlighted the extent to which gaps exist in the
pathway from efficacy to effectiveness, there remains a
need to delve deeper into each step to inform interven-
tions. Specific strategies for improving treatment-seeking
behaviour, as well as blood testing, rational AL use, and
patient adherence, can be developed based on further
studies of factors associated with these outcomes.
Applications of the systems effectiveness framework to

benchmark progress in other country contexts may
require additional data beyond what was applied in this
study. Investments to improve malaria case management
in Zambia have focused primarily on public health
facilities and CHWs, augmented by a relatively small
contingent of private health facilities. Among this set of
appropriate providers, 2012 MIS data indicate that
health facilities were commonly accessed while CHWs
were an infrequent source of care for fever management
at national level. Thus fever management components of
the systems effectiveness framework were completed
using information from health facilities. In comparison,
health systems for case management in other malaria
endemic countries are more diverse; appropriate pro-
viders who are authorized, trained, and promoted to
manage malaria may include private sector providers in-
cluding pharmacies, drug shops, and mobile vendors
[44,45]. Although the health system for malaria case
management is unique in each country, benchmarking
progress using a systems effectiveness framework seems
applicable across contexts. Where the system is com-
prised of multiple actors operating in community, pub-
lic, and private spheres, assembling a picture of systems
effectiveness will require information first on the extent
to which each component of the system is accessed for
care; and second, information on case management
(blood testing and drug prescription) within each of the
various system components. Ultimately, the utility of the
systems effectiveness framework lies in the simplicity of
assembling and interpreting data from multiple sources.
This utility should be tested in the context of diverse
health systems for malaria case management.

Conclusion
Health facility and population-based household survey
data (HFS and MIS) applied to the systems effectiveness
framework provides a cogent and feasible approach to
documenting malaria case management coverage. In
Zambia, these results indicate that the largest threat to
systems effectiveness is appropriate treatment-seeking
behaviour – which can encompass both access to ap-
propriate case management service providers as well as
service utilization. Although room for improvement re-
mains, study results demonstrate high facility coverage
of blood testing for patients with symptoms of malaria
and high rates of rational ACT use. Further analysis of
the MIS and HFS can identify specific factors associated
with treatment-seeking behaviour, blood testing, and ra-
tional AL use and can inform interventions to improve
malaria diagnosis and treatment. Until now, tracking
progress in malaria case management coverage has re-
lied heavily on population-based surveys. The way for-
ward likely entails household surveys to track trends in
treatment-seeking behaviour, and facility/provider data
(survey, routine, or supervisory data) to track appropri-
ate management of suspected malaria cases. Finally, as
programmes embark on the road to malaria elimination,
blood-testing components of household surveys can
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document the extent to which infections are symptom-
atic (febrile) and recent fever is an indicator of infection.
This information can shape appropriate interventions to
target both symptomatic and asymptomatic infections.

Competing interests
The authors declare that they have no competing interest.

Authors’ contributions
JMM and MN designed and implemented the 2011 HFS. JMM led the
fieldwork and data analysis for the 2012 MIS. MH led the laboratory work for
the 2012 MIS. ML and RWS conceived the approach to assembling the data.
ML performed the data analysis and wrote the first draft of the manuscript.
ML, JMM, MN, BH, MH, MK, DHH, and RWS contributed to writing of the
manuscript. All authors read and approved the final version of the manuscript.

Acknowledgements
We thank the community members and health facility staff who participated
in this study, as well as the survey teams for the 2011 HFS and 2012 MIS and
the laboratory team who read blood slides for the 2012 MIS. We also thank
Chilunga Puta, who reviewed an earlier draft of this manuscript. We wish to
acknowledge Dr Chibesa Wamulume, who contributed to early discussions
regarding this work. Dr Wamulume passed away during preparation of this
manuscript. Her contributions to the National Malaria Control Programme
and her passion and enthusiasm for improving malaria case management in
Zambia will be greatly missed.

Author details
1PATH Malaria Control and Evaluation Partnership (MACEPA), Seattle, WA,
USA. 2PATH Malaria Control and Evaluation Partnership (MACEPA), Lusaka,
Zambia. 3Chainama Hills College Hospital, Lusaka, Zambia. 4National Malaria
Control Centre, Ministry of Health, Lusaka, Zambia. 5Zambia Center for
Applied Health Research and Development, Lusaka, Zambia. 6Center for
Global Health and Development, Boston University, Boston, MA, USA.

Received: 27 August 2013 Accepted: 22 October 2013
Published: 25 October 2013

References
1. World Health Organization: World Malaria Report 2012. Geneva: World

Health Organization; 2012.
2. RBM: Roll Back Malaria Progress & Impact Series: A decade of partnership and

results. Geneva: WHO; 2011.
3. Murray C, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, Ezzati M,

Shibuya K, Salomon JA, Abdalla S, Aboyans V, Abraham J, Ackerman I, Aggarwal
R, Ahn SY, Ali MK, Alvarado M, Anderson HR, Anderson LM, Andrews KG,
Atkinson C, Baddour LM, Bahalim AN, Barker-Collo S, Barrero LH, Bartels DH,
Basáñez MG, Baxter A, Bell ML, Benjamin EJ, et al: Disability-adjusted life years
(DALYs) for 291 diseases and injuries in 21 regions, 1990–2010: a systematic
analysis for the global burden of disease study 2010. Lancet 2012,
380:2197–2223.

4. Lui L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, Rudan I, Campbell H,
Cibulskis R, Li M, Mathers C, Black RE, For the Child Health Epidemiology
Reference Group of WHO and UNICEF: Global, regional, and national
causes of child mortality: an updated systematic analysis for 2010 with
time trends since 2000. Lancet 2012, 379:2151–2161.

5. World Health Organization: Universal access to malaria diagnostic testing: An
operational manual. Geneva: WHO; 2011.

6. Roll Back Malaria Partnership, MEASURE Evaluation, USAID, UNICEF, World
Health Organization, MACEPA, CDC: Guidelines for core population-based
indicators. Calverton, MD: MEASURE Evaluation; 2009.

7. MEASURE Evaluation, MEASURE DHS, President’s Malaria Initiative, Roll
Back Malaria Partnership, UNICEF, World Health Organization: Household
survey indicators for malaria control. Calverton, MD: MEASURE Evaluation;
2013.

8. Bryce J, Arnold F, Blanc A, Hancioglu A, Newby H, Requejo J, Wardlaw T,
The CHERG Working Group on Improving Coverage Measurement:
Measuring coverage in MNCH: new findings, new strategies, and
recommendations for action. PLoS Med 2013, 10:1–9.
9. Eisele TP, Silumbe K, Yukich J, Hamainza B, Keating J, Bennet A, Miller JM:
Measuring coverage in MNCH: accuracy of measuring diagnosis and
treatment of childhood malaria from household surveys in Zambia. PLoS
Med 2013, 10:73–82.

10. Mouzin E, Mukonka V, Kamuliwo M, Hamainza B, Mwanza M, Wamalume P,
Jennings T, Miller JM: Progress & Impact Series Focus on Zambia. Geneva:
World Health Organization; 2011.

11. Sipilanyambe N, Simon JL, Chanda P, Olumese P, Snow RW, Hamer DH:
From chloroquine to artemether-lumefantrine: the process of drug
policy change in Zambia. Malar J 2008, 7:25.

12. Ministry of Health: Guidelines for the diagnosis and treatment of malaria in
Zambia. Lusaka: Ministry of Health; 2010.

13. Ferrinho P, Siziya S, Goma F, Dussault G: The human resource for health
situation in Zambia: deficit and maldistribution. Hum Resour Health 2011,
9:30.

14. ACTwatch Group and Society for Family Health/Zambia: Zambia household
survey report, 2011. Washington DC: Population Services International; 2011.

15. Tanahashi T: Health service coverage and its evaluation. Bull World Health
Organ 1978, 56:295–303.

16. Tanner M, Lengeler C, Lorenz N: From the efficacy of disease control tools
to community effectiveness. Trans R Soc Trop Med Hyg 1993, 87:518–523.

17. Krause G, Sauerborn R: Comprehensive community effectiveness of health
care: a study of malaria treatment in children and adults in rural Burkina
Faso. Ann Trop Paed 2000, 20:273–282.

18. Mumba M, Visschedijik J, Van Cleef M, Hausman B: A piot model to analyse
case management in malaria control programs. Trop Med Int Health 2003,
8:544–551.

19. The malERA Consultative Group on Health Systems and Operational
Research: A research agenda for malaria eradication: health systems and
operational research. PLoS Med 2010, 8:e10000397.

20. Rao VB, Schellenberg D, Ghani AC: Overcoming health systems barriers to
successful malaria treatment. Trends Parasitol 2013, 29:164–180.

21. National Malaria Control Center, Ministry of Health: Zambia national malaria
indicator survey 2012. Lusaka: National Malaria Control Center, Ministry of
Health; 2013.

22. Malaria indicator surveys. www.malariasurveys.org.
23. National Malaria Control Center, Ministry of Health: Zambia National Health

Facility Survey 2011. Lusaka: National Malaria Control Center, Ministry of
Health; 2013.

24. WHO: Health facility survey: Tool to evaluate the quality of care delivered to
sick children attending outpatient facilities. Geneva: World Health
Organization; 2003.

25. Rowe AK, De Leon GF P, Mihigo J, Caroline A, Santelli FS, Miller NP, Van-
Dunem P: Quality of malaria case management at outpatient health
facilities in Angola. Malar J 2009, 8:275.

26. Hamainza BH, Hawela M, Chanda P, Chalwe V, Masaninga F, Kamuliwo M:
Efficacy testing for artemether lumefantrine: Mansa site report. Lusaka:
National Malaria Control Centre, Ministry of Health; 2011.

27. National Malaria Control Centre, Ministry of Health: Zambia National Malaria
Program Performance Review 2010. Lusaka: National Malaria Control Centre,
Ministry of Health; 2010.

28. McCombie SC: Self-treatment for malaria: the evidence and
methodological issues. Health Policy Plan 2002, 17:333–344.

29. Williams HA, Jones COH: A critical review of behavioral issues related to
malaria control in sub-Saharan Africa: what contributions have social
scientists made? Soc Sci Med 2004, 59:501–523.

30. Colvin CJ, Smith HJ, Swartz A, Ahs JW, De Heer J, Opiyo N, Kim JC,
Marraccini T, George A: Understanding careseeking for child illness in
sub-Saharan Africa: a systematic review and conceptual framework
based on qualitative research of household recognition and response to
child diarrhea, pneumonia and malaria. Soc Sci Med 2013, 86:66–78.

31. Zurovac D, Ndlovu M, Rowe AK, Hamer DH, Thea DM, Snow RW: Treatment
of paediatric malaria during a period of drug transition to artemether-
lumefantrine in Zambia: cross sectional study. BMJ 2005, 331:734.

32. Zurovac D, Ndhlovu M, Sipilanyambe N, Changa P, Hamer DH, Simon JL,
Snow RW: Paediatric malaria case-management with artemether-
lumefantrine in Zambia: a repeat cross-sectional study. Malar J 2007, 6:31.

33. Bell DJ, Wootton D, Mukaka M, Montgomery J, Kayange N, Chimpeni P,
Hughes DA, Molyneux ME, Ward SA, Winstanley PA, Lalloo DG:
Measurement of adherence, drug concentrations and the effectiveness
of artemether-lumefantrine, chlorproguanil-dapsone or sulphadoxine-

http://www.malariasurveys.org


Littrell et al. Malaria Journal 2013, 12:371 Page 13 of 13
http://www.malariajournal.com/content/12/1/371
pyrimethamine in the treatment of uncomplicated malaria in Malawi.
Malar J 2009, 8:204.

34. Yeung S, White NJ: How do patients use antimalarial drugs? a review of
the evidence. Trop Med Int Health 2005, 10:121–138.

35. Lawford H, Zurovac D, O’Reilly L, Hoibak S, Cowley A, Munga S, Vulule J,
Juma E, Snow RW, Allan R: Adherence to prescribed artemisinin-based
combination therapy in garissa and bunyala districts. Kenya. Malar J 2011,
10:281.

36. D’Acremont V, Lengeler C, Genton B: Reduction in the proportion of
fevers associated with plasmodium falciparum parasitaemia in Africa: a
systematic review. Malar J 2010, 9:240.

37. Laishram DD, Sutton PL, Nanda N, Sharma VL, Sobti RC, Carlton JM, Joshi H:
The complexities of malaria disease manifestations with a focus on
asymptomatic malaria. Malar J 2012, 11:29.

38. Nankabirwa J, Wandera B, Kiwanuka N, Staedke SG, Kamya MR, Brooker SJ:
Asymptomatic plasmodium infection and cognition among primary
schoolchildren in a high malaria transmission setting in Uganda. Am J
Trop Med Hyg 2013, 88:1102–1108.

39. Stresman G, Kobayashi T, Kamanga A, Thuma PE, Mharakurwa S, Moss WJ,
Shiff C: Malaria research challenges in low prevalence settings. Malar J
2012, 11:353.

40. Gosling RD, Okell L, Mosha J, Chandramohan D: The role of antimalarial
treatment in the elimination of malaria. Clin Microbiol Infect 2011,
17:1617–1623.

41. Moonen B, Cohen JM, Snow RW, Slutsker L, Drakeley C, Smith DL,
Abeyasinghe RR, Rodriguez MH, Tanner M, Targett G: Operational
strategies to achieve and maintain malaria elimination. Lancet 2010,
376:1592–1603.

42. Rowe AK, Lama M, Onikpo F, Deming MS: Health worker perceptions of
how being observed influences their practices during consultations with
ill children. Trop Doct 2002, 32:166–167.

43. Leonard KL, Masatu MC: The use of direct clinician observation and
vignettes for health services quality evaluation in developing countries.
Soc Sci Med 2005, 61:1944–1951.

44. O’Connell KA, Gatakaa H, Poyer S, Njogu J, Evance I, Munroe E, Solomon T,
Goodman C, Hanson K, Zinsou C, Akulayi L, Raharinjatovo J, Arogundade E,
Buyngo P, Mpasela F, Adjibabi CB, Agbango JA, Ramarosandratana BF,
Coker B, Rubahika D, Hamainza B, Chapman S, Shewchuk T, Chavasse D:
Got ACTs? availability, price, market share and provider knowledge of
anti-malarial medicines in public and private sector outlets in six
malaria-endemic countries. Malar J 2011, 10:326.

45. Littrell ML, Gatakaa H, Evance I, Poyer S, Njogu J, Solomon T, Munroe E,
Chapman S, Goodman C, Hanson K, Zinsou C, Akulayi L, Raharinjatovo J,
Arogundade E, Buyongo P, Mpasela F, Adjibabi CB, Agbango JA,
Ramarosandratana BF, Coker B, Rubahika D, Hamainza B, Shewchuk T,
Chavasse D, O’Connell KA: Monitoring fever treatment behaviour and
equitable access to effective medicines in the context of initiatives to
improve ACT access: baseline results and implications for programming
in six African countries. Malar J 2011, 10:327.

doi:10.1186/1475-2875-12-371
Cite this article as: Littrell et al.: Documenting malaria case management
coverage in Zambia: a systems effectiveness approach. Malaria Journal
2013 12:371.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	2012 Malaria Indicator Survey (MIS)
	2011 Health Facility Survey (HFS)
	Measurement and analysis

	Results
	2012 Malaria Indicator Survey (MIS)
	2011 Health Facility Survey (HFS)
	Systems effectiveness for malaria case management

	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


