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Abstract 

Background: Blood transfusions can reduce mortality among children with severe malarial anaemia, but there is 
limited evidence quantifying the relationship between paediatric malaria and blood transfusions. This study 
explores the extent to which the use of paediatric blood transfusions is affected by the number of paediatric 
malaria visits and admissions. It assesses whether the scale-up of malaria control interventions in a facility catchment 
area explains the use of paediatric blood transfusions. 

Methods: The study was conducted at a referral hospital for 13 rural health centres in rural Zambia. Data were used 
from facility and patient records covering all paediatric malaria admissions from 2000 to 2008. An interrupted time 
series analysis using an autoregression-moving-average model was conducted to assess the relationship between 
paediatric malaria outpatient visits and admissions and the use of paediatric blood transfusions. Further investigation 
explored whether the use of paediatric blood transfusions over time was consistent with the roll out of malaria control 
interventions in the hospital catchment area. 

Results: For each additional paediatric malaria outpatient visit, there were 0.07 additional paediatric blood transfusions 
(95% CI 0.01-0.13; p < 0.05). For each additional paediatric admission for severe malarial anaemia, there were 1.09 
additional paediatric blood transfusions (95% CI 0.95-1.23; p < 0.01). There were 19.1 fewer paediatric blood 
transfusions per month during the 2004–2006 malaria control period (95% CI 12.1-26.0; p < 0.01),  a  50% reduction  
compared to the preceding period when malaria control was relatively limited. During the 2007–2008 malaria control 
period, there were 27.5 fewer paediatric blood transfusions per month (95% CI 14.6-40.3; p < 0.01), representing a 72% 
decline compared to the period with limited malaria control. 

Conclusions: Paediatric admissions for severe malarial anaemia largely explain total use of paediatric blood 
transfusions. The reduction in paediatric blood transfusions is consistent with the timing of the malaria control 
interventions. Malaria control seems to influence the use of paediatric blood transfusions by reducing the number of 
paediatric admissions for severe malarial anaemia. Reduced use of blood transfusions could benefit other areas of the 
health system through greater blood availability, particularly where supply is limited. 
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Background 
Malaria is one of the leading causes of child mortality 
in sub-Saharan Africa (SSA). According to the most re­
cent estimates from the World Health Organization 
World Malaria Report 2013, malaria accounted for ap­
proximately 627,000 deaths world-wide in 2012, of 
which almost 77% were among children under five 
years of age [1]. Malaria has been recognized as a major 
contributor to anaemia among children [2]. Severe mal­
arial anaemia is a common presentation of severe mal­
aria in children under five years of age [3], and is one 
of the primary causes of hospitalization and death for 
children in SSA [4]. Severe malarial anaemia was found 
in 17% of all malaria admissions among children aged 
zero to nine years in a study of 13 hospitals across 
Africa [5]. A review of studies on malaria control inter­
ventions in SSA found that moderate-to-severe anaemia 
in children is more than halved with the introduction of 
interventions, including insecticide-treated nets and inter­
mittent presumptive treatment [6]. Most severe forms of 
malaria and most malaria-related deaths are caused by the 
parasite Plasmodium falciparum [7]. 
Evidence demonstrates that blood transfusions can 

save the lives of children with severe malarial anaemia 
[8,9], and also shorten recovery time from anaemia [10]. 
Delays in the receipt of blood transfusions can signifi­
cantly increase mortality among patients, particularly for 
those with severe malarial anaemia, and improved avail­
ability of blood could prevent some of these deaths 
[8,11-14]. Specifically in SSA, evidence shows that an­
aemia as a result of malaria accounts for up to 70% of all 
paediatric blood transfusions [9]. Over 60% of deaths in 
children with severe malarial anaemia occur before a 
transfusion is given [15]. In Tanzania, malarial anaemia 
accounted for 98% of all paediatric blood transfusions 
among children receiving blood transfusions in the 
paediatric wards of two hospitals [11]. In Kenya, 88% of 
one hospital’s paediatric blood transfusions over the 
course of a year were for children with severe anaemia 
[12], likely associated with malaria. 
Other frequent uses of blood transfusions, particularly 

in low- and middle-income countries, include severe ob­
stetrical haemorrhage, trauma, and severe childhood an­
aemia, which is often but not always due to malaria 
[13,16]. Despite the widespread need for blood transfu­
sions for anaemia and other conditions, it is well docu­
mented that maintaining an adequate safe blood supply 
can be a significant challenge, particularly in SSA 
[13,17,18]. Efforts to maintain adequate blood supplies 
have become more challenging in recent years due to 
increasingly stringent blood safety and quality assur­
ance practices to address risks related to infectious dis­
eases (such as HIV, hepatitis B and C, and syphilis) and a 
related trend towards centralizing blood collection and 
management. Together, these factors can contribute to 
delaying the receipt of potentially life-saving blood [19,20]. 
Given the extensive use of blood transfusions to treat 

severe malarial anaemia, particularly among children, re­
ducing the incidence of malaria through improved mal­
aria control could substantially reduce the need for 
paediatric blood transfusions. In turn, reductions in the 
use of paediatric blood transfusions could benefit non-
malaria patients, such as trauma patients or patients 
with post-partum haemorrhage, particularly in areas 
with blood supply shortages. There is limited research 
assessing the effect of malaria control on the use of 
paediatric blood transfusions. Two studies focused on 
the effects of improved malaria treatment. In Zanzibar, 
the number of blood transfusions for children under five 
years of age fell by 67% with the introduction of 
artemisinin-based combination therapy (ACT) [21]. In 
Zambia, uncomplicated malaria patients receiving the 
combination therapy atovaquone-proguanil (AP) required 
no blood transfusions, while 8% of patients receiving 
sulphadoxine-pyrimethamine (SP) required a blood trans­
fusion within 14 days of treatment initiation [22]. Only 
one study, conducted in Ghana, has focused on malaria 
control programmes more broadly; this study found that 
the frequency of blood transfusions for patients with con­
firmed malaria decreased from 24.1% to 11.3% following 
the implementation of Ghana’s malaria control program 
in one of Ghana’s districts [9]. 
Using retrospective time-series data from 2000 to 2008 

from one hospital in Zambia, this study quantifies the 
extent to which the use of paediatric blood transfusions 
is associated with the number of paediatric malaria out­
patient visits, paediatric malaria admissions, and paedi­
atric admissions for severe malarial anaemia. Paediatric 
admissions for severe malarial anaemia are a sub­
category of all paediatric malaria admissions; other mal­
aria admissions include complications such as malarial 
anaemia, cerebral malaria, and the combination of 
these. This study tests the underlying assumption that a 
reduction in malaria outpatient visits is associated with 
a reduction in malaria admissions, which in turn may 
influence blood transfusion use. The rate at which mal­
aria outpatient visits decrease over time relative to in­
patient malaria admissions may depend on factors such 
as hospitals continuing to admit the most serious mal­
aria cases. This study seeks to test these various rela­
tionships to better understand their associations with 
each other and, ultimately, their relationship with 
paediatric blood transfusion use. 
The study then investigates whether the use of paedi­

atric blood transfusions is associated with the scale-up 
of malaria control efforts in the hospital’s catchment 
area over time. Specifically, it assesses whether there is a 
difference in the rate of monthly use of paediatric blood 
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transfusions before and after malaria control scale-up, as 
well as a difference in the average monthly use before 
and after scale-up. Not only does this study complement 
the evidence from Ghana on the effect of malaria control 
scale-up on paediatric blood use, it also quantifies the 
extent to which the use of paediatric blood transfusions 
varies with paediatric malaria visits and admissions. 
This study also explores the seasonality of paediatric 

blood use, for which there is limited evidence. Countries 
with high seasonality of malaria incidence are those 
where 60% of the annual rainfall occurs within three 
months; these countries mostly include SSA countries 
located in the Sahel and sub-Sahel [23]. In Zambia, the 
number of paediatric malaria admissions peak following 
the peak in rainfall during the rainy season [24]. If paedi­
atric blood use is seasonal, there may be implications for 
blood availability for non-malaria patients, particularly 
during the high malaria transmission months. The find­
ings would not only substantiate the relationship be­
tween paediatric malaria visits and the use of paediatric 
blood transfusions, but also suggest that there may be 
potential benefits to non-malaria patients from reduced 
paediatric blood transfusions, particularly during the 
high malaria transmission season. 
Finally, this study conducts exploratory analyses to iden­

tify whether total blood use at the hospital is influenced 
by blood use in the paediatric ward. It also tests whether 
use of blood transfusions in the paediatric ward affects 
use of blood transfusions in other patient wards, to iden­
tify potential spillover effects (or indirect benefits) for 
other patients. There are no known studies assessing the 
potential benefits of malaria control scale-up for non-
malaria patients, by freeing up blood supply for other 
conditions. 

Methods 
Study area 
This study was conducted in Zambia, a country in 
southern Africa with historically high prevalence of mal­
aria that has made significant progress in reducing mal­
aria morbidity and mortality over the past decade [25]. 
Zambia was an early adopter of effective malaria control 
interventions, including ACT as a first-line treatment, 
free rapid diagnostic tests (RDTs), mass distribution of 
insecticide-treated nets (ITNs), and wide deployment of 
targeted indoor residual spraying (IRS) [25]. The data 
for this study were collected from Macha Mission Hos­
pital (MMH), a 208-bed facility (including 55 paediatric 
beds) located in rural Choma District in Southern Prov­
ince. MMH serves as the referral hospital for 13 rural 
health centres in parts of Choma, Namwala and Kalomo 
Districts. The hospital has its own hospital-affiliated 
health centre, serving as an outpatient department. MMH 
has been involved in malaria research for over 20 years, 
and is currently the site for the Macha Research Trust, the 
successor to the Malaria Institute at Macha (MIAM) 
established in 2003. Macha was selected for this study 
given its extensive record-keeping during the last decade 
resulting in high-quality data on both malaria services and 
blood transfusions specifically. 
Malaria transmission in MMH’s catchment area, cov­

ering approximately 160,000 people, has traditionally 
been hyperendemic transmission of Plasmodium falcip­
arum [26]. Anopheles arabiensis are the main vector re­
sponsible for malaria transmission in the Macha area 
[27]. A 2002 entomological study conducted in the 
catchment area found that the entomological inoculation 
rate (EIR) was estimated to be 81 infected bites per per­
son per year (unpublished observations; Siachinji et al. 
2003); this EIR is similar to other countries in sub-
Saharan Africa and lower than many countries in West 
Africa [28]. 
In Southern Province, there is one rainy season from 

November to April, followed by a cool dry season 
(April-August) and a hot dry season (August-November) 
[24]. Data show that paediatric malaria admissions at 
MMH closely follow the timing of the rainy season. Dur­
ing a severe drought in Southern Province from Novem­
ber 2004 to April 2005, malaria transmission was nearly 
zero resulting in very low paediatric malaria admissions. 
Normal rain returned during 2005–2006 rainy season, 
and paediatric malaria admissions increased, though they 
were lower than pre-drought admissions [24]. 

Timeline of malaria control scale-up in MMH catchment 
area 
In 2003, the Zambian government introduced a revised 
malaria treatment policy by including ACT, specifically 
artemether-lumefantrine (AL), making Zambia the first 
country in Africa to adopt ACT as the national first-line 
therapy for the treatment of uncomplicated malaria. 
MMH introduced ACT as its first line of treatment soon 
after the policy shift (Figure 1). Kalomo District, which 
includes part of MMH’s catchment area, was among the 
first seven districts in Zambia to receive ACT in early 
2003 [29]; ACT then became available in Choma District 
in late 2003 and in Namwala District in late 2004. In late 
2003, as part of a larger epidemiologic study, a commu­
nity malaria test-and-treat and education campaign was 
carried out in a random sample of villages in the hos­
pital catchment area. All consenting residents were 
screened for malaria by RDT, and those that tested posi­
tive were treated with ACT whether they were symp­
tomatic or asymptomatic. 
In 2005, the three districts in MMH’s catchment area 

received RDTs in line with the National Malaria Control 
Programme’s new policy to strengthen malaria diagnosis 
with RDTs [30]. In addition, ITN distribution was scaled 
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Figure 1 Macha Mission Hospital malaria control interventions over time. Diagram depicting both national and local changes in malaria 
control and blood transfusion policy. 

 

up in Choma District from 2003 to 2005. In 2006, gov­
ernment purchasing challenges at the central level led 
to ACT shortages throughout Zambia; however, ACT 
stocks returned to adequate levels in 2007 (Thuma, un­
published data). In 2006, 1,000 ITNs were distributed 
in one community in MMH’s catchment area, but there 
was no widespread distribution of ITNs in other parts 
of the catchment area before 2007 [24]. While the Mal­
aria Indicator Survey data are not disaggregated at the 
district level, province level data show that ITN owner­
ship increased from 47% in 2006 to 70% in 2008 in 
Southern Province, but use of ITNs increased only mar­
ginally (from 30% to 32% of children under five) 
[31,32]. In 2007, MIAM participated in the Ministry of 
Health’s ITN distribution campaign for the northern part 
of Choma District, distributing 24,000 ITNs through eight 
rural health centres surrounding the hospital; this effort 
raised the self-reported rate of ITN use in the previous 
night to over 80% in MMH’s catchment  area  [28].  Al­
though targeted IRS was rolled out in Choma District in 
2008, it was restricted to peri-urban areas, thereby not 
reaching MMH’s catchment area. 

Data sources 
The study uses retrospective monthly time-series data, 
drawn from facility and patient records from 2000 to 
2008. Inpatient malaria admission data, available from 
2003 to 2008, were extracted from an electronic data­
base that included all malaria admissions for patients 
five years and under. These data include patient age, sex, 
length of stay, malaria microscopy results, primary and 
secondary discharge diagnosis, treatment for malaria 
(including blood transfusions), and co-morbidities. Data 
on monthly under-five outpatient visits for malaria 
were extracted from the hospital-affiliated health centre 
disease aggregation forms and were available for the 
period 2000–2008. 
Monthly blood transfusion data for the paediatric (five 

and under), maternity, women’s, men’s, and tuberculosis 
wards were collected from an electronic database track­
ing all blood transfusions given at MMH from 2000 
through 2008. The database was periodically consoli­
dated by Macha Research Trust using the hospital-based 
laboratory blood bank transfusion log books; the senior 
author on this study coordinated and supervised the 
quality of these data throughout the reference period of 
the study to ensure quality and consistency. The data 
represent total monthly blood transfusions given by 
ward. Transfusions are measured as the number of 
transfusions completed per patient, and not as a meas­
ure of the units of blood transfused. Blood transfusion 
data specifically for paediatric malaria admissions were 
obtained from an electronic database of all paediatric 
malaria admissions from 2003–2008. The analyses used 
the data on total paediatric blood transfusions rather 
than paediatric blood transfusions for severe malarial an­
aemia from these patient records. These latter data were 
only available for 2003–2008, limiting the number of 
time points prior to malaria control scale-up. The statis­
tical correlation between total paediatric blood transfu­
sions and those used for severe malarial anaemia is high 
(0.94), justifying the use of total paediatric blood transfu­
sion as a proxy for those used for severe malarial 
anaemia. 
Given differing data sources and data management ap­

proaches among sources, the data on total hospital admis­
sions and outpatient visits use different  age thresholds
than the malaria admission and blood transfusion data. 
The HMIS data report data for children under five 
years of age, while the electronic database on paediatric 
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inpatient malaria admissions and blood transfusion re­
ports data on children five years and under. Although 
there is a discrepancy in the age categorization across 
sources, this does not affect the main analysis between 
malaria admissions and paediatric blood transfusions 
since the same age threshold is used. Hereafter, for sim­
plicity, all patient data will be referred to as paediatric 
cases. 
For this study, paediatric admissions with severe malar­

ial anaemia and cerebral malaria with severe anaemia were 
classified based on the first and second discharge diagno­
sis in the patient records. Severe malarial anaemia was di­
agnosed if haemoglobin (Hb) <5 g/100 ml. At MMH, the 
criteria for transfusion is haemoglobin less than or equal 
to 5 g/100 ml, consistent with the WHO guidelines for 
treating severe anaemia. In reality, blood transfusions may 
have been given to patients with Hb >5 at the discretion 
of the physician if the patient was thought to be unstable, 
had very high parasitaemia, experienced cardiac failure, or 
had co-existing malnutrition. Because the blood transfu­
sion data for the paediatric malaria admissions were 
drawn directly from patient records, these transfusions are 
reflected in the data. Cerebral malaria with severe anaemia 
was diagnosed if a child has a positive malaria smear with 
coma (Blantrye Coma Score ≤2) with no other cause 
found for the coma, and also had Hb <5 g/dl. 

Analytical approach 
The aim of this study was to assess the extent to which 
the use of blood transfusions in the paediatric ward is 
associated with the number of paediatric outpatient mal­
aria visits, paediatric inpatient malaria admissions, and 
paediatric inpatient admissions for severe malarial an­
aemia. It then explores whether this association can be 
attributed to the scale-up of malaria control interven­
tions in MMH’s catchment area, based on the timing of 
these interventions. The following presents the hypothe­
sized logic model relating malaria control scale-up with 
use of paediatric blood transfusions: First, effective mal­
aria control should reduce the incidence of malaria in 
the hospital’s catchment area. A decrease in malaria inci­
dence across the population should reduce the number of 
paediatric outpatient malaria visits. More effective malaria 
control, through prevention, should decrease the number 
of malaria cases. In addition, more effective first-line treat­
ment should decrease the number of severe malaria cases, 
including severe malarial anaemia. Together, the number 
of admissions for malaria should fall. Since a large portion 
of paediatric blood transfusions are used for malaria, a re­
duction in these admissions should reduce the use of 
paediatric blood transfusions overall. 
Malaria control scale-up may also indirectly affect the 

use of blood transfusions in other patient wards. If the 
blood supply is limited at a health facility and there are 
competing uses for blood resources, a decline in blood 
transfusion use in one ward may result in greater blood 
availability for other wards. If blood transfusion use in 
the paediatric ward declines with malaria control scale­
up, then more blood may be available for use in other 
wards. These potential spillover effects (or indirect bene­
fits) are most likely to occur if the total blood supply is 
fixed or limited, and if it is rationed between wards; 
otherwise, such spillover effects may not exist, or may 
be relatively small. 
All analyses used an autoregressive-moving-average 

(ARMA) model to account for potential autocorrelation 
of time-series data. By accounting for the potential correl­
ation over time in the outcome variable, this model pre­
vents the observed effects from being confounded by 
secular trends over time, which also affect the outcome. 
The model also accounts for potential correlation of the 
residual (unobserved) term over time. Based on the auto-
correlation function for the monthly paediatric blood 
transfusion data, the best-suited model for the main ana­
lyses included two lag variables for both the autoregressive 
model and the moving-average model (defined as a AR(2) 
MA(2) model which means that there exist correlations 
across the two most recent time periods). The ARMA 
model uses a maximum likelihood estimator. To account 
for potential unequal variance in the error term by year 
(heteroskedasticity), the model used robust standard er­
rors. All analyses were conducted using Stata SE (version 
11.0, StataCorp). 
The main outcome of interest was the number of 

monthly paediatric blood transfusions. The first analyses 
quantified the relationship between the use of paediatric 
blood transfusions and the number of paediatric malaria 
outpatient visits. In this model, the regression included an 
interaction term that identifies the 2004–2008 period 
which represents the time period of malaria control scale­
up in MMH’s catchment area. The interaction term shows 
whether the relationship between paediatric malaria visits 
and paediatric blood transfusions changes when malaria 
control is scaled-up. Similar analyses were conducted 
using paediatric malaria admissions and paediatric admis­
sions for severe malarial anaemia, respectively, as the in­
dependent variables. 
The next set of analyses used an interrupted time 

series model to investigate whether the rate of use of 
paediatric blood transfusions is different when malaria 
control is scale-up and whether the average number of 
paediatric blood transfusions used differs as well. In 
these models, the independent variables included: 1) a 
monthly trend variable for the 2000–2003 period, 2) a 
variable capturing the average difference in quantity of 
paediatric blood transfusions used per month during the 
2004–2008 period relative to the 2000–2003 period, and 
3) a monthly trend variable for the 2004–2008 period. 
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The 2000–2003 monthly trend variable represents the 
rate of paediatric blood transfusion use prior to malaria 
control scale-up in the hospital’s catchment area. The 
2004–2008 monthly trend variable identifies the rate of 
paediatric blood transfusion use from 2004–2008, repre­
senting the malaria control scale-up period. A compari­
son of these two variables shows whether the rate of use 
is different before and after malaria control scale-up. 
The difference in monthly use variable identifies whether 
average number of monthly paediatric blood transfu­
sions used during the 2004–2008 period is different than 
the monthly average used in the 2000–2003 period. A 
similar model was run separating the malaria control 
scale-up period into two periods: 2004–2006 and 2007– 
2008. This specification allows the monthly trend 
(change in use over time) and average difference in 
monthly use during both post scale-up periods to be dif­
ferent from each other, since different malaria control 
activities were taking place in these two periods. In 
addition, 2006 was a year when malaria control was lim­
ited because of the ACT shortage. By separating these 
years, this allows the magnitude of the effects to differ. 
The model assumed that all years prior to 2004 were 

considered years when malaria control was not scaled 
up in MMH’s catchment area. The next set of analyses 
used the same model but included, as the dependent 
variable in separate regressions, the number of paediatric 
malaria outpatient visits, paediatric malaria admissions, 
and paediatric admissions for severe malarial anaemia, 
respectively. These analyses served to confirm whether 
the changes in the use of paediatric blood transfusions 
as a function of malaria control scale-up could be ex­
plained by the changes in malaria outpatient visits and 
malaria inpatient admissions related to malaria control 
scale-up. 
Exploratory analyses were conducted to identify the 

relationship between paediatric blood transfusion use 
and total use of blood transfusions at the hospital. Simi­
lar analyses were also done using, as dependent vari­
ables, blood transfusion use in different patient wards, 
including the maternity, women’s, men’s, and tubercu­
losis ward. These analyses include an interaction term, 
to assess whether the relationship between blood use in 
the paediatric ward and blood use in other wards is dif­
ferent during the 2004–2008 malaria control scale-up 
period. 

Results 
Trends over time in paediatric malaria admissions and 
outpatient visits and blood transfusions at Macha Mission 
Hospital 
Summary statistics for both paediatric outpatient malaria 
visits and paediatric malaria admissions at MMH show 
substantial declines over time (Table 1). During the 
period 2003–2008, paediatric malaria admissions peaked 
in 2003 (1,687 admissions) then followed a downward 
trend, with 233 paediatric malaria admissions by 2008. 
Despite the general decline in paediatric malaria admis­
sions over this time period, there was an increase from 
2005 to 2006 likely associated with the end of the 2004/ 
2005 drought and the ACT drug shortage. Similar down­
ward trends over this time period occurred for paediatric 
malaria outpatient visits, with an increase occurring in 
2006 relative to 2005 despite a smaller relative number 
of total outpatient paediatric visits. Outpatient paediatric 
malaria visits then continued to decrease in 2007 and 
2008. Malaria hospital admission data for Southern 
Province show similar trends with a peak in malaria ad­
missions in 2003, followed by a subsequent decline in 
2004 and 2005. Malaria admissions increase in 2006, 
relative to 2005, then continue to fall in 2007 and 2008. 
The national trend over this time period is a consistently 
downward trend, with admissions slightly higher in 2006 
compared to 2005 [33]. 
Over the same period, yearly paediatric blood transfu­

sions followed similar trends as paediatric malaria ad­
missions and outpatient visits. In 2000, there were 588 
blood transfusions in the paediatric ward (Table 2). 
Yearly paediatric blood transfusions had fallen to 60 by 
2005; they subsequently increased in 2006 to 225, and 
then fell to 74 transfusions in 2008. Paediatric blood 
transfusions for severe malarial anaemia are only avail­
able for the period 2003–2008. During this period, they 
followed a similar trend as total paediatric blood transfu­
sions, decreasing from 288 in 2003 to 40 by 2005, in­
creasing to 121 in 2006 then falling to 21 in 2008. 
Paediatric blood transfusions for severe malaria made up 
73% of all paediatric blood transfusions in 2003. 
Through 2007, the proportion of all paediatric blood 
transfusions that were used for severe malarial anaemia 
admissions is 67%, on average. In 2008, this proportion 
fell to 28%. The yearly trend in total paediatric blood 
transfusions and those used for paediatric admissions for 
severe malaria anaemia follow a consistent trend over 
time; paediatric admissions for severe malaria anaemia 
follow exactly the same trend as the use of blood trans­
fusions for these admissions (Figure 2). 
The monthly trend for paediatric blood transfusions 

followed a similar trend to the monthly trend in paediat­
ric malaria admissions and paediatric outpatient malaria 
visits (Figure 3). Figure 3 uses outpatient malaria visits 
rather than inpatient malaria admissions because these 
data were available over a longer time period. Outpatient 
malaria visits can serve as a proxy for the malaria inci­
dence although they represent an imperfect proxy be­
cause they do not capture malaria cases which were seen 
at other lower level health centres or malaria cases that 
were treated at home. Outpatient visits also serve as a 
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Table 1 Total paediatric outpatient malaria visits and inpatient malaria admissions 

Year Outpatient malaria visits Inpatient malaria admissions Inpatient admissions for severe malarial anaemia 

2000 6328 NA NA 

2001 5269 NA NA 

2002 4536 NA NA 

2003 5611 1687 282 

2004 1660 579 89 

2005 700 208 25 

2006 1042 618 119 

2007 969 471 74 

2008 120 233 18 

Note: Data for inpatient malaria admissions were only available for 2003-2008. 
proxy for inpatient admissions since they are correlated. 
As the number of paediatric outpatient malaria visits de­
creased, the monthly number of paediatric blood transfu­
sions also dropped substantially. The monthly paediatric 
blood transfusion trends also mirrored the seasonality of 
malaria transmission in MMH’s catchment  area.  
The trend over time for the total number of blood 

transfusions at MMH across all wards followed a similar 
trend to paediatric blood transfusions (Figure 4). During 
the period 2000 to 2008, the highest total number of 
transfusions at MMH occurred in 2000, with 807 trans­
fusions. Total transfusions fell to 305 in 2005, then in­
creased to 544 in 2006 and subsequently fell to 335 in 
2008. In 2000, the paediatric ward accounted for 73% of 
total blood transfusions at MMH. The proportion fell to 
20% in 2005 and 22% in 2008 (with an increase in 2006 
to 41%). These data represent number of transfusions by 
patient ward and not units of blood transfused, which 
vary by patient weight. Similar trends exist for units of 
blood transfused. 
Table 2 Total pediatric blood transfusions over time (2000–20

Year Total Paediatric blood transfusions for Paediat
paediatric malaria admissions (percentage of total malaria
blood paediatric blood transfusions) of tota
transfusions 

2000 588 NA NA 

2001 512 NA NA 

2002 336 NA NA 

2003 393 288 (73%) 288 (73

2004 155 97 (63%) 89 (57%

2005 60 42 (70%) 40 (67%

2006 225 135 (60%) 121 (54

2007 118 81 (69%) 77 (65%

2008 74 33 (45%) 21 (28%

Note: Data for inpatient malaria admissions were only available for 2003-2008. 
Association between paediatric malaria visits and 
admissions and paediatric blood transfusions 
The main results (Table 3) show that there is both a posi­
tive correlation between paediatric malaria visits and 
paediatric blood transfusions as well as a positive correl­
ation between paediatric malaria admissions (including 
paediatric admissions for severe malarial anaemia) and 
paediatric blood transfusions. In the first model (column 
1), for each additional paediatric malaria outpatient visit, 
there were 0.07 additional paediatric blood transfusions 
(95% CI 0.01-0.13; p < 0.05), and for each additional paedi­
atric admission for malaria, there were 0.19 additional 
paediatric blood transfusions (column 3, 95% CI 0.03-0.35; 
p < 0.05). Lastly, for each additional paediatric admission 
for severe malarial anaemia, there were 1.09 additional 
paediatric blood transfusions (column 5, 95% CI 0.95-1.23; 
p < 0.01). Paediatric admissions for severe malarial an­
aemia are a subset of all paediatric malaria admissions. 
This result suggests that a patient admitted for severe 
malarial anaemia receives one blood transfusion, with 
08) 

ric blood transfusions for severe Paediatric blood transfusions 
l anaemia admissions (percentage (as percentage of all blood 
l paediatric blood transfusions) transfusions at hospital) 

73% 

66% 

57% 

%) 56% 

) 31% 

) 20% 

%) 41% 

) 24% 

) 22% 

http:0.95-1.23
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Figure 2 Pediatric admissions for severe malarial anaemia and paediatric blood transfusions at Macha Mission Hospital. Graphs shows 
the yearly trends in paediatric admissions for severe malarial anaemia and paediatric blood transfusions. 

 

some admitted patients receiving more than one blood 
transfusion during their stay. It also demonstrates that 
the paediatric admissions for severe malarial anaemia 
largely explain total use of blood transfusions in the 
paediatric ward. The interaction terms (identifying the 
2004–2008 period) are not statistically significant for 
paediatric malaria outpatient visits and paediatric mal­
aria inpatient admissions (columns 2 and 4). This 
means that the relationship between malaria cases (out­
patient visits and admissions) relative to the use of 
paediatric blood transfusions does not change over 
time, as malaria  control is scaled-up. However, the
interaction term is statistically significant for paediatric 
admissions for severe malarial anaemia (column 6). 
These results imply that, 2004–2008, there were 0.45 
additional paediatric blood transfusions for every add­
itional paediatric admission for severe malarial anaemia 
Figure 3 Paediatric outpatient malaria visits and number of blood tra
Graph showing the similar monthly trends of paediatric blood transfusions
(this estimate is the linear combination of the coeffi­
cient for paediatric severe malarial admissions (1.05) 
and the coefficient for the interaction term (−0.60)). 
Yet during the 2000–2003 period there were 1.05 add­
itional paediatric blood transfusions for every additional 
paediatric admission for severe malarial anaemia. These 
findings indicate that, during the 2000–2003 period, if 
there was one less paediatric admission for severe mal­
arial anaemia, there was one less paediatric blood trans­
fusion used, compared to a decrease of one half during 
the 2004–2008 period. 

Association between malaria control scale-up and 
paediatric blood transfusions 
The next analyses (Table 4) show that average rate of use 
of paediatric blood transfusion during the 2000–2003 
period is decreasing by 0.60 fewer blood transfusions per 
nsfusions in the paediatric ward at Macha Mission Hospital. 
, paediatric malaria admissions, and paediatric outpatient malaria visits. 

http://www.malariajournal.com/content/13/1/383
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Figure 4 Total number of blood transfusions by ward at Macha Mission Hospital. Graph showing similar trends over time for the total 
number of blood transfusions at Macha Mission Hospital across all wards. Note: the number of blood transfusions in the tuberculosis (TB) ward is 
relatively small, which explains why they are not perceptible in the graph. 

Table 3 Association between paediatric malaria outpatient visits, malaria admissions, malaria admissions for severe 
malarial anaemia and paediatric blood transfusions 

Dependent variable: paediatric blood transfusions 

(1) (2) (3) (4) (5) (6) 

Paediatric malaria outpatient visits 0.07** 0.03** 

(0.03) (0.02) 

Paediatric malaria outpatient visits X period 2004-2008 0.02 

(0.03) 

Paediatric malaria admissions 0.19** 0.21*** 

(0.08) (0.02) 

Paediatric malaria admissions X period 2004-2008 −0.08 

(0.06) 

Paediatric severe malarial anaemia admissions 1.09*** 1.05*** 

(0.07) (0.06) 

Paediatric severe malarial anaemia admissions X period 2004-2008 −0.60*** 

(0.22) 

Period 2004–2008 (dummy variable) −16.59** 2.47 −0.46 

(6.78) (4.04) (3.01) 

Constant 11.17 27.51*** 3.25 1.46 2.66* 4.66 

(8.01) (8.65) (4.56) (4.32) (1.39) (3.48) 

Observations 102 102 72 72 72 72 

Mean of dependent variable 23.77 23.77 14.24 14.24 14.24 14.24 

Wald Chi-Squared 219.92 223.69 318.27 601.49 1.40e + 12 3483.32 

*Significant at 10%; **significant at 5%; ***significant at 1%. Coefficient standard errors are noted in parentheses. 
This table presents six different regressions where, in each regression, the dependent variable is the number of paediatric blood transfusions. Regressions use an 
autoregressive-moving-average model with 2 lags and robust standard errors. We control for the month of the year in all regressions to account for seasonal 
correlations. Period 2004–2008 variable is a dummy variable that takes on a value of 1 for the years 2004–2008, and 0 otherwise. The interaction term, Paediatric 
malaria outpatient visits X period 2004–2008, is included to identify whether the association between paediatric malaria outpatient visits and paediatric blood 
transfusions is different during the 2004–2008 period compared to the 2000–2003 period. The same definitions apply for the other interaction terms. 
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Table 4 Association between malaria control scale-up over time and paediatric blood transfusions - interrupted time 
series 

Dependent variable: paediatric blood transfusions 

Independent variables (1) (2) 

Monthly trend 2000-2003
 

Difference in monthly use 2004–2008 (relative to 2000–2003)
 

Monthly trend 2004-2008
 

Difference in monthly use 2004–2006 (relative to 2000–2003)
 

Monthly trend 2004-2006
 

Difference in monthly use 2007–2008 (relative to 2000–2003)
 

Monthly trend 2007-2008
 

Constant
 

Observations 

Mean of dependent variable 

Wald Chi-Squared 

−0.60*** −0.52*** 

(0.12) (0.10) 

−10.58*** 

(3.35) 

−0.02 

(0.04) 

−19.06*** 

(3.56) 

0.34*** 

(0.10) 

−27.47*** 

(6.56) 

−0.14 

(0.22) 

56.59*** 55.12*** 

(7.62) (7.45) 

108 108 

22.79 22.79 

2734.85 3740.52 

*Significant at 10%; **significant at 5%; ***significant at 1%. Coefficient standard errors are noted in parentheses.
 
Regressions use an autoregressive-moving-average model with 2 lags and robust standard errors. We control for the month of the year in all regressions to 
  
account for seasonal correlations. For column 1, monthly trend 2000–2003 represents the rate of change by month for the outcome variable from 2000–2003.
 
Monthly trend 2004–2008 represents the rate of change by month for the outcome variable from 2004–2008. Difference in monthly use in 2004–2008 represents
 
the average difference in the outcome between 2000–2003 period and 2004–2008 period. For column 2, monthly trend 2000–2003 is defined as in column 1.
 
Monthly trend 2004–2006 represents the rate of change by month for the outcome from 2004–2006. Monthly trend 2007–2008 represents the rate of change from
 
2007–2008. Difference in monthly use in 2004–2006 represents the average difference in outcome between 2000–2003 and 2004–2006. Difference in monthly use
 
in 2007–2008 represents the average difference in outcome between 2007–2008 and 2000–2003.
 
month (column 1, 95% CI .058-0.62; p < 0.01). During 
the 2004–2008 period, the rate of use remained con­
stant over time since the variable representing the 
monthly trend for the 2004–2008 period is not statisti­
cally significant. However, the difference in monthly 
use during the 2004–2008 period is statistically signifi­
cant. During the 2004–2008 period, there were, on 
average, 10.6 fewer paediatric blood transfusions per 
month compared to the 2000–2003 period (95% CI 
4.01-17.15; p < 0.01). From an average of 38 paediatric 
blood transfusions during the 2000–2003 period, this 
represents a 28% reduction. In the second specification, 
the malaria control scale-up periods are separated to 
identify differences in effects during the 2004–2006 and 
2007–2008 periods. During the 2000–2003 period, the 
rate of paediatric blood transfusion use decreased by 
0.52 per month (column 2, 95% CI 0.32-0.72; p < 0.01). 
Average monthly use of paediatric blood transfusions 
during the 2004–2006 fell by 19.06, representing a 50% 
reduction in monthly paediatric blood use compared to 
2000–2003 period. However, the rate of paediatric 
blood use during this period increased by 0.34 per 
month (column 2, 95% CI 0.14-0.54; p < 0.01). During 
the 2007–2008 period, average monthly use of paediat­
ric blood transfusions fell by 27.5 (column 2, 95% CI 
14.6-40.3; p < 0.01), representing a 72% reduction com­
pared to the 2000–2003 period. The rate of blood use 
during the period 2007–2008 remains constant. The re­
sults in all analyses are not explained by seasonal differ­
ences in blood transfusions, because the analyses 
control for average monthly differences in paediatric 
blood transfusions, driven by factors such as malaria 
transmission related to rainfall. 
There is evidence of seasonal effects on use of paediatric 

blood transfusions (Table 5). Over the study time period, 
on average, monthly blood transfusions were significantly 
lower in August through December, compared to January. 
Peak use occurs in April at the end of the rainy season. 

http:0.14-0.54
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Table 5 Association between malaria control scale-up over time and paediatric blood transfusions - interrupted time series 

Dependent variable: paediatric blood transfusions 

(1) (2) 

Monthly trend 2000-2003 −0.60*** −0.52*** 

(0.12) (0.10) 

Difference in monthly use 2004–2008 (relative to 2000–2003) −10.58*** 

(3.35) 

Monthly trend 2004-2008 −0.02 

(0.04) 

Difference in monthly use 2004–2006 (relative to 2000–2003) −19.06*** 

(3.56) 

Monthly trend 2004-2006 0.34*** 

(0.10) 

Difference in monthly use 2007–2008 (relative to 2000–2003) −27.47*** 

(6.56) 

Monthly trend 2007-2008 −0.14 

(0.22) 

February 5.79 4.88 

(4.53) (4.70) 

March 15.00 13.96 

(9.64) (9.86) 

April 26.99* 26.43* 

(14.34) (13.81) 

May 18.69 18.87 

(13.41) (12.64) 

June −9.22 −8.40 

(11.51) (11.79) 

July −16.37 −15.30 

(10.70) (11.78) 

August −20.81** −20.01* 

(10.22) (11.76) 

September −23.94** −23.87** 

(9.84) (11.26) 

October −24.08*** −24.90** 

(8.96) (9.95) 

November −24.54*** −26.06*** 

(7.47) (8.03) 

December −9.89** −11.60** 

(4.70) (5.56) 

Constant 56.59*** 55.12*** 

(7.62) (7.45) 

Observations 108 108 

Mean of dependent variable 22.79 22.79 

Wald Chi-Squared 2734.85 3740.52 

*Significant at 10%; **significant at 5%; ***significant at 1%. Coefficient standard errors are noted in parentheses.
 
Regressions use an autoregressive-moving-average model with 2 lags and robust standard errors. The variables are identified as in Table 3. The month variables
 
represent a dummy variable for each month. The base (omitted) variable is January.
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Kent et al. find that this lag occurs because the highest 
proportion of mosquitoes is actively transmitting at the 
end of the rainy season [24]. 
Association between malaria control scale-up and 
paediatric malaria visits and admissions 
The next results (Table 6) show that the rate of paediat­
ric outpatient malaria visits was decreasing at a rate of 
0.96 fewer outpatient malaria visits per month during 
the 2000–2003 period (column 1, 95% CI 0.29-1.63; p < 
0.01). During the 2004–2008 period, the rate of paediat­
ric outpatient malaria visits decreased at a higher rate, 
with 1.41 fewer malaria outpatient visits per month (95% 
CI 1.17-1.65; p < 0.01). There were also, on average, 309.4 
fewer paediatric outpatient malaria visits per month dur­
ing the 2004–2008 period, representing a 68% decrease 
compared to the 2000–2003 period. The same analyses, 
looking instead at paediatric malaria admissions, could 
not be conducted because there is only one year of pre-
malaria control data, insufficient to conduct an inter­
rupted time series analysis. 
The results also show that the relationship between 

paediatric outpatient malaria visits and inpatient malaria 
admissions does not change over time as malaria control 
is scaled-up. The analysis (Table 7) shows that, for every 
additional paediatric outpatient malaria visit, there were 
Table 6 Association between malaria control scale-up and 
paediatric malaria visits, malaria admissions, and severe 
malarial admissions - interrupted time series 

Monthly trend 2000-2003 

Paediatric malaria 
outpatient visits 

−0.96*** 

(0.34) 

Difference in monthly use 2004–2008 
(relative to 2000–2003) 

−309.38*** 

(9.53) 

Monthly trend 2004-2008 −1.41*** 

(0.12) 

Constant 527.55*** 

(35.68) 

Observations 102 

Mean of dependent variable 258.05 

Wald Chi-Squared 9.42e + 09 

*Significant at 10%; **significant at 5%; ***significant at 1%. Coefficient 
standard errors are noted in parentheses. 
Regressions use an autoregressive-moving-average model with 2 lags and 
robust standard errors. The monthly trend 2000–2003 represents the rate of 
change by month for the outcome variable from 2000–2003. Monthly trend 
2004–2008 represents the rate of change by month for the outcome variable 
from 2004–2008. Difference in monthly use in 2004–2008 represents the 
average difference in the outcome between 2000–2003 period and 
2004–2008 period. 
0.3 additional paediatric malaria admissions (95% CI 
0.22-0.38; p < 0.01). The second regression includes a 
control variable for the 2004–2008 period and an inter­
action term to identify whether this relationship changes 
with during this period, relative to 2000–2003 period. 
This relationship does not change during the 2004–2008 
period as the interaction term is not statistically signifi­
cant. The relationship does change though for paediatric 
admissions for severe malarial anaemia (column 4) since 
the interaction term is statistically significant. During the 
2000–2003 period, for every additional paediatric malaria 
outpatient visit, there were 0.05 additional paediatric 
admissions for severe malarial anaemia (95% CI 0.03-0.07; 
p < 0.01). During the 2004–2008 period, there were 0.11 
additional pediatric admissions for severe malarial an­
aemia; this result is the linear combination of the coeffi­
cient for outpatient malaria visits (0.05) plus the 
coefficient with the interaction term (0.06). This results 
means that the number of severe malarial admissions did 
not fall at the same rate as the number of outpatient mal­
aria visits, even though both of these fell substantially dur­
ing the post-malaria control scale-up period. During the 
post-malaria control scale-up period, the proportion of ad­
missions for severe malarial anaemia relative to outpatient 
malaria visits is 11% compared to 5% during the pre-
malaria control scale-up period. 

Association between paediatric blood transfusions and 
blood transfusions in other wards 
As part of the exploratory analyses, the last results 
(Table 8) show that for every additional paediatric blood 
transfusion, total blood transfusions used at the hospital 
increased by 1.05 (column 1, 95% CI 0.95-1.15; p < 0.01). 
For all regressions, a second regression is run which in­
cludes a control variable for the 2004–2008 period and 
an interaction term to identify whether this relationship 
changes with during this period, relative to 2000–2003 
period. For total blood transfusions, the relationship 
does not change during the 2004–2008 period compared 
to the 2000–2003. These findings show that there is a 
one-to-one relationship between the use of paediatric 
blood transfusions and the overall use of blood transfu­
sions at MMH. The relationships between paediatric 
blood transfusions and the use of blood transfusions in 
other patient wards are not statistically significant. 

Discussion 
Summary of main findings 
In this study, the results show that the number of paediat­
ric admissions for severe malarial anaemia largely explain 
the number of paediatric blood transfusions used. This 
finding highlights that reducing paediatric admissions for 
severe malarial anaemia lowers the use of paediatric blood 
transfusions. The results show a one-to-one relationship 
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Table 7 Association between paediatric outpatient malaria visits and paediatric malaria admissions 

Dependent variable: paediatric Dependent variable: paediatric admissions for 
malaria admissions severe malarial anaemia 

(1) (2) (3) (4) 

Paediatric outpatient malaria visits 0.30*** 0.31*** 0.05*** 0.05*** 

(0.04) (0.06) (0.01) (0.01) 

Paediatric outpatient malaria visits X period 2004-2008 0.13 0.06** 

(0.11) (0.03) 

Period 2004–2008 (dummy variable) −11.80 −3.10 

(27.09) (7.81) 

Constant 5.77 9.28 2.43 2.14 

(8.29) (24.67) (3.06) (8.29) 

Observations 66 66 66 66 

Mean of dependent variable 56.00 56.00 9.14 9.14 

Wald Chi-Squared 1.31e + 11 1.38e + 12 161.61 594.00 

*Significant at 10%; **significant at 5%; ***significant at 1%. Coefficient standard errors are noted in parentheses.
 
Regressions use an autoregressive-moving-average model with 2 lags and robust standard errors. We control for the month of the year in all regressions to 
  
account for seasonal correlations. Period 2004–2008 variable is a dummy variable that takes on a value of 1 for the years 2004–2008, and 0 otherwise.
 
between paediatric admissions for severe malarial anaemia 
and paediatric blood transfusion use during the 2000– 
2003 period. This relationship appears to be affected by 
malaria control scale-up. As paediatric admissions for se-
vere malarial anaemia decrease during the 2004–2008 
period, paediatric blood transfusions continue to decrease 
but at a slower rate. This result is not due to an increase 
in use of blood transfusions among these admissions dur-
ing the 2004–2008 period. Actually, during the 2004– 
Table 8 Association between paediatric blood transfusions an

Dependent Dependent var
variable: total blood transfusi
blood maternity ward
transfusions 

(1) (2) (3) (4) 

Paediatric blood transfusions 1.05*** 1.06*** −0.00 0.00

(0.05) (0.04) (0.01) (0.0

Paediatric blood transfusions X period 0.04 0.00
2004-2008 

(0.10) (0.0

Period 2004–2008 (dummy variable) 4.47 0.45

(3.28) (0.7

Constant 21.54*** 18.61*** 5.04*** 4.65

(2.43) (2.92) (1.16) (1.2

Observations 108 108 108 108

Mean of dependent variable 46.85 46.85 3.60 3.60

Wald Chi-Squared 2145.86 2427.16 2.33e + 12 1.22

*Significant at 10%; **significant at 5%; ***significant at 1%. Coefficient standard er
Regressions use an autoregressive-moving-average model with 2 lags and robust st
account for seasonal correlations. Period 2004–2008 variable is a dummy variable th
2008 period 86% of these admissions received a blood 
transfusions compared to 96% during the 2000–2003 
period. One possible explanation is that blood transfusions 
for severe malarial anaemia start to make up a smaller 
share of all paediatric blood transfusions (28% by 2008). 
Some of the paediatric blood transfusions are being used 
for other malaria admissions, specifically malarial an-
aemia admissions suggesting that a higher threshold 
may have been used for transfusing. Some paediatric 
d blood transfusions in other wards 

iable: Dependent Dependent Dependent variable: 
ons in variable: blood variable: blood blood transfusions in 
 transfusions in transfusions in TB ward 

men's ward women's ward 

(5) (6) (7) (8) (9) (10) 

 0.02 0.03 0.01 0.04 0.00 0.00** 

1) (0.02) (0.02) (0.02) (0.02) (0.00) (0.00) 

 −0.00 0.03 −0.00 

3) (0.08) (0.07) (0.00) 

 2.98* 1.98 0.18** 

4) (1.78) (1.89) (0.09) 

*** 5.42*** 3.46** 12.11*** 10.25*** 0.06 −0.05 

1) (1.32) (1.63) (1.17) (1.78) (0.11) (0.11) 

 108 108 108 108 108 108 

 6.55 6.55 13.81 13.81 0.11 0.11 

e + 13 314.94 238.78 12907.44 14233.20 8.56e + 10 1.05e + 07 

rors are noted in parentheses.
 
andard errors. We control for the month of the year in all regressions to 
  
at takes on a value of 1 for the years 2004–2008, and 0 otherwise.
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blood transfusions are also for non-malaria patients 
(55%). The use of paediatric blood transfusions for 
non-malaria patients follows a similar pattern to the 
use by malaria patients. The trend in paediatric blood 
transfusions for non-malaria admissions also follows a 
similar pattern over time consistent with malaria con­
trol scale-up. One probable explanation is that these 
non-malaria patients may have been treated success­
fully for malaria at another facility, but were referred to 
MMH because of severe anaemia as a result of the re­
cent malaria infection. Such patients would have re­
ceived a blood transfusion if their haemoglobin was less 
than 5 but the discharge diagnosis would not identify 
them as malaria patients. 
The results show that fewer blood transfusions were ad­

ministered on the paediatric ward in years when malaria 
control was scaled up in MMH’s catchment area com­
pared to years when malaria control was not scaled up. 
Compared to the 2000–2003 period when malaria control 
was relatively limited, there was a 50% reduction in the 
average monthly use of paediatric blood transfusions from 
2004–2006. During this period, ACT was introduced as 
the first line of treatment and the test-and-treat campaign 
was implemented (2004 and 2005). Although the monthly 
number of paediatric blood transfusions is lower in this 
period compared to 2000–2003, the rate of use was in­
creasing during this period. One of the reasons for the in­
crease in the rate of paediatric blood transfusions during 
this period is likely due to the countrywide ACT shortage 
in 2006. This ACT shortage may have led patients to ei­
ther bypass the health centre or receive hospital referrals 
because of treatment shortages at the lower levels of 
care [28]. In addition, the shortages caused recourse to 
less effective treatment, primarily SP, to which resist­
ance was prevalent, potentially leading to ineffective 
treatment that resulted in progression of malaria and 
subsequent hospitalization [34]. 
During the period 2007–2008, there was a 72% reduc­

tion in the monthly use of paediatric blood transfusions 
compared to 2000–2003. The ITN distribution campaign 
was rolled out during this period. The results comparing 
the 2004–2008 period with the 2000–2003 period are 
consistent with these findings, but the magnitude of the 
relationship with paediatric blood transfusions is smaller. 
This is again likely due to the increase in malaria visits 
and admissions in 2006 associated with the ACT short­
age, which may have dampened the overall relationship. 
While there may have been some malaria control occur­
ring in 2006 (through ITN distribution), the scale was 
not equivalent to the widespread distribution of ITNs 
beginning in 2007. For these reasons, the results for the 
two separate time periods are used to allow for the effect 
from these different years to differ. The decrease in the 
rate of paediatric blood transfusion use during the 
2000–2003 suggests that there may have been limited 
malaria control during this period although much less 
pronounced than during the scale-up period from 2004 
onwards. 
The substantial decline in paediatric outpatient malaria 

visits during the 2004–2008 period is consistent with the 
scale-up of malaria control interventions. This time period 
is associated with a 68% decrease in paediatric outpatient 
malaria visits. Although there are no available data on 
malaria incidence in the hospital’s catchment area, data on 
outpatient visits were used as a close proxy for malaria in­
cidence. Certain limitations exist in interpreting these data 
relative to malaria incidence: They do not represent con­
firmed cases of malaria until RDTs were introduced, and 
they only include visits to MMH’s outpatient  department
and not visits to other lower level health centres. None­
theless, the consistent association between the timing of 
malaria control scale-up and the decrease in paediatric 
outpatient malaria visits substantiates the hypothesized 
pathway through which malaria control scale-up could 
affect paediatric blood transfusion use. In addition, the 
analyses show a consistent correlation over time between 
malaria outpatient visits and malaria inpatient admissions. 
There is evidence that the rate at which paediatric out­
patient malaria visits decreased is greater than the rate of 
decrease in paediatric malaria admissions. With effective 
malaria control, the number of outpatient malaria visits 
may fall faster than admissions because the proportion of 
cases that present at the health facility are in greater need 
of admission. Another possible explanation is related to 
the introduction of RDTs in 2007 at MMH, since prior 
diagnosis based on clinical presentation has been shown 
to over-estimate the number of malaria cases [24]. The 
relative difference is small since both malaria outpatient 
visits and malaria admissions for severe malarial anaemia 
fall substantially over this time period. 
There is also evidence of the seasonal use of paediatric 

blood transfusions, consistent with the timing of the rainy 
season. Fewer paediatric blood transfusions are used dur­
ing dry season months relative to rainy season months, 
which is consistent with the low and high malaria trans­
mission months. Overall, these findings suggest that the 
use of paediatric blood transfusions is driven both by dif­
ferences in malaria transmission resulting from seasonal 
variation (including severe drought), and by differences in 
malaria incidence over time resulting from the scale-up of 
malaria control efforts. 
In the context of this particular hospital, there are no 

identified spillover effects (or indirect benefits) from 
the use of paediatric blood transfusions on the use of 
blood transfusions in other patient wards. The evidence 
demonstrates that there is a one-to-one relationship be­
tween paediatric blood transfusions and total use of 
blood transfusions at MMH. This positive correlation 
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suggests that there is not a fixed supply of blood at 
MMH and/or that the need for blood does not exceed 
the available supply at this particular facility. Blood 
does not appear to be rationed between patient wards; 
this explains why there are no indirect benefits on 
blood use in other patient wards despite the substantial 
differences over time in blood use in the paediatric 
ward. However, it is not possible to completely rule out 
that there could have been some rationing if paediatric 
patients were prioritized. The data represent blood 
transfusions used and not blood transfusions ordered, 
so it is not feasible to measure the demand or need for 
blood transfusions during this period. Another reason 
that there may be no effect is due to the measurement 
of blood transfusions; these are measured relative to 
patients and adult patients will require a greater quan­
tity of blood per transfusion relative to paediatric pa­
tients. As a result, a large effect on paediatric blood use 
will translate to a smaller effect for adult patients. 

Limitations 
The analytical methods in this study are used to demon­
strate correlations between the variables of interest, but 
do not show whether the relationship is causal. One of 
the main limitations of the study was the absence of dis­
trict level malaria control coverage data in the study 
area, preventing quantification of the relationship be­
tween particular malaria control interventions (ACT 
availability and ITN distribution) and the use of paediat­
ric blood transfusions. Another limitation is the absence 
of malaria incidence data for the specific catchment area, 
which would strengthen the identification of the rela­
tionship between malaria control scale-up and the use of 
paediatric blood transfusions. Follow-up research with 
more detailed information about malaria control cover­
age and malaria incidence could more precisely quantify 
the relationship between malaria control scale-up and 
blood transfusion use. 
There are certain potential confounders in the analysis 

that could not be controlled for. For example, there may 
have been changes over time in provider admitting and 
transfusing behavior or changes in the general quality of 
care at the hospital. However, changes in these factors 
would need to be contemporaneous with the malaria 
control efforts to confound the results. In general, it is 
unlikely that changes in provider transfusing behavior 
explain these results because the guidelines for transfu­
sions did not change over this time period at MMH and 
were consistent with WHO requirements. Nonetheless, 
there may have been variations by physician in terms of 
blood transfusion decision-making. The threshold for 
transfusing a paediatric patient is haemoglobin below 5; 
however, a higher threshold may have been used by 
some physicians and this would explain why more 
admissions for malarial anaemia received blood transfu­
sions during the 2004–2008 period. There may also have 
been changes in care-seeking behavior on the patient 
side with increased awareness about malaria as malaria 
control was scaled-up. There is no available evidence to 
assess this potential confounder in this context. 
The main results are not confounded by seasonal vari­

ation in rainfall since the analysis includes control vari­
ables for each month. In addition, the ARMA model 
controls for trends over time in the outcome variable 
which means that it accounts for average differences 
such as weather patterns. However, the results may be 
confounded by the drought that occurred during the 
2005 rainy season. Given that this drought coincided 
with the introduction of ACT in that year, it is not pos­
sible to distinguish, for that particular year, between the 
differential effect of the malaria control interventions 
relative to the seasonal effects from low rainfall. None­
theless, both factors would affect malaria admissions in 
a similar direction. 
Another potential confounder relates to the changes in 

blood collection processes at MMH during the study 
period. Until 2006, MMH managed its own blood collec­
tion through blood drives. Starting in 2006, Ministry of 
Health policy change disallowed local blood collection 
throughout Zambia, requiring MMH to obtain blood 
centrally. Anecdotal evidence indicates that this shift did 
affect blood availability and use and may have resulted 
in increased blood rationing within the facility. By col­
lecting its own blood collection process prior to 2006, 
MMH could potentially better manage changes in the 
blood supply with more immediacy (such as requesting 
immediate replacement blood donations from family 
members). A large portion of the data for this study 
come from the period before the policy change, which 
suggests that the hospital could better manage blood 
supply needs across wards when it had its own blood 
banking. This would also explain the absence of any 
spillover effects on other patient wards. The lower num­
ber of paediatric blood transfusions post-2006 cannot be 
explained solely by blood supply constraints given that 
the proportion of blood transfusions used in the paediat­
ric ward relative to other wards also fell, from 73% in 
2000 to 22% in 2008. 
The results of this study are specific to MMH, which 

may serve a different patient population than a semi-
urban or urban hospital or a lower-tiered facility. MMH 
is also located in an area where malaria has typically 
been hyperendemic, so the seasonal effects on paediatric 
blood transfusions may be different than in areas where 
malaria is holoendemic, mesoendemic or hypoendemic. 
Finally, the results reflect the relationship between the 
particular malaria control interventions that were imple­
mented in MMH’s catchment area. The magnitude of 
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the effect of malaria control interventions will depend 
on the type of intervention and its effectiveness. None­
theless, the trend in malaria admissions at MMH are 
similar to the trends in malaria admissions in Southern 
Province. 

Conclusions 
The efficacy of blood transfusions to save the lives of chil­
dren with severe malarial anaemia is well understood, and 
data from several studies show that the majority of paedi­
atric blood transfusions in malaria-endemic countries in 
SSA are given for this reason. This study provides import­
ant insights into the relationship between paediatric mal­
aria visits and admissions and blood transfusion use and 
how differences in paediatric blood transfusion use are re­
lated to the scale-up of malaria control interventions over 
time. 
This study demonstrates the extent to which paediatric 

blood use is lowered as paediatric outpatient malaria visits 
and paediatric admissions for severe malarial anaemia de­
crease. It also demonstrates that the significant reduction 
in paediatric blood transfusion use over time is consistent 
with the scale-up of malaria control interventions. These 
interventions appear to decrease the number of malaria 
visits, an imperfect proxy for malaria incidence. This study 
is the first to investigate potential spillover effects, or in­
direct benefits, from reduced blood transfusion use in the 
paediatric ward on blood use in other patient wards. The 
results show that, in this particular facility, the blood sup­
ply does not appear to be fixed and there does not appear 
to be substantial effects from differences in blood use in 
the pediatric ward on blood use in other patient wards. 
The study paves the way for follow-up research in other 
facility settings to investigate the potential benefits on 
health outcomes for non-malaria patients at the facility 
level, particularly in the context of fixed or limited 
blood supply. Such studies are particularly relevant in 
the current context of critical blood supply shortages in 
many developing countries, where blood supply may 
not meet clinical demand both for malaria and non-
malaria patients. 

Ethical review 
This study was exempted from IRB review by the Abt 
Associates Institutional Review Board. The study re­
ceived ethical approval from Eres Converge in Lusaka, 
Zambia and from the Macha Research Trust IRB. The 
study was also reviewed by the CDC IRB. 

Abbreviations 
AL: Artemether-lumefantrine; ACT: Artemisinin-based combination therapy;
 
AP: Atovaquone-proguanil; ARMA: Autoregressive-moving-average;
 
Hb: Haemoglobin; HMIS: Health Management Information System;
 
IRS: Indoor residual spraying; ITN: Insecticide-treated net; IPTp: Intermittent
 
preventive therapy for pregnant women; MMH: Macha Mission Hospital;
 
MIAM: Malaria Institute at Macha; OLS: Ordinary least squares; RDT: Rapid
 
diagnostic test; SSA: Sub-Saharan Africa; SP: Sulphadoxine-pyrimethamine; 
WHO: World Health Organization; USAID: US Agency for International 
Development. 

Competing interests 
The authors declare that they have no competing interests. The opinions 
expressed herein are those of the authors and do not necessarily reflect the 
views of US Agency for International Development (USAID) or other 
institutions that authors are affiliated with. 

Authors’ contributions 
PET, JHvD and SM collected the blood transfusion data and pediatric malaria 
admission data over a period of ten years. SK, ASC, ABC, KS, NN, YD, RG, and 
PET were involved in the study conception and design. RG travelled to the 
field to acquire the data. ABC, PH and RG cleaned the data. ABC, KS, BJ, and 
PH analysed and interpreted the data, and drafted the manuscript. All 
authors provided critical revisions of the manuscript. All authors read and 
approved the final manuscript. 

Acknowledgements 
The study was a collaborative effort between researchers from the Health 
Systems 20/20 and Health Finance and Governance projects, Macha Research 
Trust, MMH. This research was made possible through support provided by the 
President’s Malaria Initiative via the Bureau for Global Health, US Agency for 
International Development under terms of Cooperative Agreement No. 
GHS-A-00-06-00010-00 for the Health Systems 20/20 Project and Cooperative 
Agreement No. AID-OAA-A-12-00080 for the Health Finance and Governance 
Project. The opinions expressed herein are those of the author(s) and do not 
necessarily reflect the views of the US Agency for International Development or 
the US Government. We thank Scott Stewart and Jodi Charles, at USAID, for 
supporting this study. Thanks to the data entry staff at Macha Research Trust 
and nursing staff at MMH, for assisting in compilation of the paediatric 
admission data set, with special recognition to Patricia Muleya and 
Pamela Sinywimaanzi. Finally, we thank Lauren Peterson for conducting 
data cleaning, and Suzanne Erfurth for editing the manuscript. 
ABC, KS, BJ, PH, NN, YD, and RG were funded by the President’s Malaria 
Initiative (PMI), USAID, through the Health Systems 20/20 Project, and the 
Health Finance and Governance Project, held by Abt Associates. PET, JHvD, 
and SM received support from the Johns Hopkins Malaria Research Institute 
and US government grants, including NIH (5U19AI089680) and CDC 
(5U2GPS001930). PMI was involved in the study’s design and contributed to 
the analysis and interpretation of the study results, as well as the drafting of 
the final manuscript and the decision to submit the manuscript for 
publication. 

Author details 
1Abt Associates, International Health Division, Cambridge, MA, USA. 2Clinical 
Research Department, Macha Research Trust, Choma, Zambia. 3Johns 
Hopkins Malaria Research Institute, Malaria Research Department, Macha 
Research Trust, Choma, Zambia. 4President’s Malaria Initiative, Bureau of 
Global Health, USAID, Washington District of Columbia, Washington, DC, 
USA. 5President’s Malaria Initiative, Division of Parasitic Diseases and Malaria, 
Center for Global Health, Centers for Disease Control and Prevention, Lusaka, 
Zambia. 6Global Immunization Division, Center for Global Health, Centers for 
Disease Control and Prevention, Atlanta, GA, USA. 7Macha Research Trust, 
Choma, Zambia. 8The Institute for Health Metrics and Evaluation, University 
of Washington, Seattle, WA, USA. 

Received: 24 April 2014 Accepted: 20 September 2014 
Published: 26 September 2014 

References 
1.	 WHO: World Malaria Report 2013. Geneva: World Health Organization; 2013. 
2.	 Jamison DT, Feachem RG, Makgoba MW, Bos ER, Baingana FK, Hofman KJ, 

Rogo KO: Disease and Mortality in Sub-Saharan Africa. Washington, DC: The 
International Bank for Reconstruction and Development/The World Bank; 2006. 

3.	 WHO: Guidelines for the Treatment of Malaria. 2nd edition. Geneva, 
Switzerland: World Health Organization; 2010:194. 

4.	 Obonyo CO, Vulule J, Akhwale WS, Grobbee DE: In-hospital morbidity and 
mortality due to severe malarial anaemia in Western Kenya. Am J Trop 
Med Hyg 2007, 77(6 Suppl):23–28. 

http://www.malariajournal.com/content/13/1/383


Comfort et al. Malaria Journal 2014, 13:383 Page 17 of 17 
http://www.malariajournal.com/content/13/1/383 
5.	 Okiro EA, Al-Taiar A, Reyburn H, Idro R, Berkley JA, Snow RW: Age patterns 
of severe paediatric malaria and their relationship to Plasmodium 
falciparum transmission intensity. Malar J 2009, 8:4. 

6.	 Korenromp EL, Armstrong-Schellenberg JRM, Williams BG, Nahlen BL, Snow 
RW: Impact of malaria control on childhood anaemia in Africa – a 
quantitative review. Trop Med Int Health 2004, 9:1050–1065. 

7.	 Trampuz A, Jereb M, Muzlovic I, Prabhu RM: Clinical review: severe malaria. 
Crit Care 2003, 7:315–323. 

8.	 English M, Ahmed M, Ngando C, Berkley J, Ross A: Blood transfusion for 
severe anaemia in children in a Kenyan hospital. Lancet 2002, 
359:494–495. 

9.	 Delaney M, Somuah D: A malaria control program's effect on paediatric 
transfusion. Vox Sang 2010, 99:314–318. 

10.	 Meremikwu M, Smith HJ: Blood transfusion for treating malarial anaemia. 
Cochrane Database Syst Rev 2000, 2:CD001475. 

11.	 Mosha D, Poulsen A, Reyburn H, Kituma E, Mtei F, Bygbjerg IC: Quality of 
paediatric blood transfusions in two district hospitals in Tanzania: a 
cross-sectional hospital based study. BMC Pediatr 2009, 9:51. 

12.	 Lackritz EM, Campbell CC, Ruebush TK II, Hightower AW, Wakube W, 
Steketee RW, Were JB: Effect of blood transfusion on survival among 
children in a Kenyan hospital. Lancet 1992, 340:524–528. 

13.	 Ala F, Allain JP, Bates I, Boukef K, Boulton F, Brandful J, Dax EM, El Ekiaby M, 
Farrugia A, Gorlin J, Hassall O, Lee H, Loua A, Maitland K, Mbanya D, 
Mukhtar Z, Murphy W, Opare-Sem O, Owusu-Ofori S, Reesink H, Roberts D, 
Torres O, Totoe G, Ullum H, Wendel S: External financial aid to blood 
transfusion services in sub-Saharan Africa: a need for reflection. PLoS 
Med 2012, 9:e1001309. 

14.	 Bojang KA, Palmer A, Boele Van Hensbroek M, Banya WA, Greenwood BM: 
Management of severe malarial anaemia in Gambian children. Trans R 
Soc Trop Med Hyg 1997, 91:557–561. 

15.	 Akech SO, Hassall O, Pamba A, Idro R, Williams TN, Newton CR, Maitland K: 
Survival and haematological recovery of children with severe malaria 
transfused in accordance to WHO guidelines in Kilifi, Kenya. Malar J 2008, 
7:256. 

16.	 WHO: Blood Safety and Availability- Fact sheet N.279. Geneva, Switzerland: 
World Health Organization; 2014:9. http://www.who.int/mediacentre/ 
factsheets/fs279/en/ (Accessed September 1, 2014). 

17.	 Obonyo CO, Steyerberg EW, Oloo AJ, Habbema JD: Blood transfusions for 
severe malaria-related anaemia in Africa: a decision analysis. Am J Trop 
Med Hyg 1998, 59:808–812. 

18.	 Bates I, Chapotera GK, McKew S, van den Broek N: Maternal mortality in 
sub-Saharan Africa: the contribution of ineffective blood transfusion ser­
vices. BJOG 2008, 115:1331–1339. 

19.	 WHO BTSU: Universal Access to Safe Blood Transfusion. Geneva, Switzerland: 
World Health Organization; 2008:28. 

20.	 Osaro E, Charles AT: The challenges of meeting the blood transfusion 
requirements in Sub-Saharan Africa: the need for the development of 
alternatives to allogenic blood. J Blood Med 2011, 2:7–21. 

21.	 Bhattarai A, Ali AS, Kachur SP, Martensson A, Abbas AK, Khatib R, Al-mafazy 
A-W, Ramsan M, Rotllant G, Gerstenmaier JF, Molteni F, Abdulla S, 
Montgomery SM, Kaneko A, Björkman A: Impact of artemisinin-based 
combination therapy and insecticide-treated nets on malaria burden in 
Zanzibar. PLoS Med 2007, 4:e309. 

22.	 Mulenga M, Malunga F, Bennett S, Thuma PE, Shulman C, Fielding K, 
Alloueche A, Greenwood BM: A randomised, double-blind, placebo-
controlled trial of atovaquone–proguanil vs. sulphadoxine– 
pyrimethamine in the treatment of malarial anaemia in Zambian 
children. Trop Med Int Health 2006, 11:1643–1652. 

23.	 Cairns M, Roca-Feltrer A, Garske T, Wilson AL, Diallo D, Milligan PJ, Ghani AC, 
Greenwood BM: Estimating the potential public health impact of 
seasonal malaria chemoprevention in African children. Nat Commun 
2012, 3:881. 

24.	 Kent RJ, Thuma PE, Mharakurwa S, Norris DE: Seasonality, blood feeding 
behavior, and transmission of Plasmodium falciparum by Anopheles 
arabiensis after an extended drought in southern Zambia. Am J Trop Med 
Hyg 2007, 76:267–274. 

25.	 WHO: World Malaria Report 2011. Geneva: World Health Organization; 2011. 
26.	 Larkin G, Thuma P: Congenital malaria in a hyperendemic area. Am J Trop 

Med Hyg 1991, 45:587–592. 
27.	 Fornadel CM, Norris LC, Glass GE, Norris DE: Analysis of anopheles 

arabiensis blood feeding behavior in southern Zambia during the two 
year after introduction of insecticide-treated bed nets. Am J Trop Med 
Hyg 2010, 83:848–853. 

28.	 Kelly-Hope L, McKenzie F: The multiplicity of malaria transmission: a 
review of entomological inoculation rate measurements and methods 
across sub-Saharan Africa. Malar J 2009, 8:19. 

29.	 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. 

30.	 Hamer DH, Ndhlovu M, Zurovac D, Fox M, Yeboah-Antwi K, Chanda P, 
Sipilinyambe N, Simon JL, Snow RW: Improved diagnostic testing and 
malaria treatment practices in Zambia. JAMA 2007, 297:2227–2231. 

31.	 Zambia Ministry of Health: Zambia National Malaria Indicator Survey 2006. 
Lusaka, Zambia: Ministry of Health and Central Statistical Office; 2009. 

32.	 Zambia Ministry of Health: Zambia National Malaria Indicator Survey 2008. 
Lusaka, Zambia: Ministry of Health and Central Statistical Office; 2009. 

33.	 WHO: World Malaria Report 2010. Geneva: World Health Organization; 2010. 
34.	 Chanda E, Coleman M, Kleinschmidt I, Hemingway J, Hamainza B, 

Masaninga F, Chanda-Kapata P, Baboo KS, Dürrheim DN, Coleman M: 
Impact assessment of malaria vector control using routine surveillance 
data in Zambia: Implications for monitoring and evaluation. Malar J 2012, 
11:437. 

doi:10.1186/1475-2875-13-383 
Cite this article as: Comfort et al.: Association between malaria control 
and paediatric blood transfusions in rural Zambia: an interrupted time-
series analysis. Malaria Journal 2014 13:383. 
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 

http://www.who.int/mediacentre/factsheets/fs279/en/
http://www.who.int/mediacentre/factsheets/fs279/en/
http://www.malariajournal.com/content/13/1/383

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study area
	Timeline of malaria control scale-up in MMH catchment area
	Data sources
	Analytical approach

	Results
	Trends over time in paediatric malaria admissions and outpatient visits and blood transfusions at Macha Mission Hospital
	Association between paediatric malaria visits and admissions and paediatric blood transfusions
	Association between malaria control scale-up and paediatric blood transfusions
	Association between malaria control scale-up and paediatric malaria visits and admissions
	Association between paediatric blood transfusions and blood transfusions in other wards

	Discussion
	Summary of main findings
	Limitations

	Conclusions
	Ethical review
	Abbreviations

	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




