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The Impact of an Intervention to Improve Malaria Care in Public Health Centers on Health
Indicators of Children in Tororo, Uganda (PRIME): A Cluster-Randomized Trial
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Collaboration, Kampala, Uganda; *I-Biostat, Hasselt University, Diepenbeek, Belgium; *Department of Medicine, University of California,
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Abstract.  Optimizing quality of care for malaria and other febrile illnesses is a complex challenge of major public
health importance. To evaluate the impact of an intervention aiming to improve malaria case management on the
health of community children, a cluster-randomized trial was conducted from 2010-2013 in Tororo, Uganda, where
malaria transmission is high. Twenty public health centers were included; 10 were randomized in a 1:1 ratio to intervention
or control. Households within 2 km of health centers provided the sampling frame for the evaluation. The PRIME
intervention included training in fever case management using malaria rapid diagnostic tests (mRDTs), patient-centered
services, and health center management; plus provision of mRDTs and artemether-lumefantrine. Cross-sectional com-
munity surveys were conducted at baseline and endline (N = 8,766), and a cohort of children was followed for approxi-
mately 18 months (N = 992). The primary outcome was prevalence of anemia (hemoglobin < 11.0 g/dL) in children
under 5 years of age in the final community survey. The intervention was delivered successfully; however, no differ-
ences in prevalence of anemia or parasitemia were observed between the study arms in the final community survey or
the cohort. In the final survey, prevalence of anemia in children under 5 years of age was 62.5% in the intervention
versus 63.1% in control (adjusted risk ratio = 1.01; 95% confidence interval = 0.91-1.13; P = 0.82). The PRIME inter-
vention, focusing on training and commodities, did not produce the expected health benefits in community children in
Tororo. This challenges common assumptions that improving quality of care and access to malaria diagnostics will yield

health gains.

INTRODUCTION

Over the past decade, encouraging reductions in malaria
burden have been documented worldwide, after heavy invest-
ment in malaria control measures.? However, these successes
have been achieved primarily in lower transmission settings.’
In Uganda, despite some progress,” the burden of malaria has
remained high, calling for an expansion in malaria control
efforts.>® Provision of good quality care, including accurate
diagnosis and prompt effective antimalarial treatment, is a key
malaria control strategy.”® However, health system challenges
limit access to good quality care and contribute to poor prog-
ress on malaria control.”! Interventions to improve the qual-
ity of care provided in the public sector, and ultimately to
improve health outcomes, are urgently needed.'”” However,
the optimal approach to quality improvement and fever case
management is not clear, particularly in low- and middle-
income countries.” !>

Use of rapid diagnostic tests for malaria (mRDTs) to tar-
get antimalarial treatment and improve health outcomes
has been strongly advocated,”®!® and mRDTs have been
rapidly scaled up, particularly in Africa.' Significant prog-
ress has been made toward understanding the performance
and impact of mRDTs in different sites.'®!” However, intro-
ducing mRDTs into clinical settings is not simple, and evi-
dence that mRDTs improve health outcomes is limited.'” The
training package and support supervision implemented along-
side mRDTs appear to be as important as provision of the
tests themselves,'®2° and even if high quality care and accu-
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rate diagnosis are provided, patients only stand to benefit if
they choose to access this care.'?

In preparation for the PRIME trial, we conducted exten-
sive formative research in Tororo aiming to understand the
local population, barriers to providing high quality health
care, and options for interventions that could be feasibly and
sustainably implemented in the public sector.'**!' On the
basis of this formative research and the priorities identi-
fied by local stakeholders, we developed an intervention to
improve the quality of care delivered for malaria and other
childhood febrile illnesses by training health workers in pub-
lic health centers, and ensuring adequate supplies of mRDTs
and artemisinin-based combination therapies (ACTs).”> The
PRIME study was designed to evaluate the community-level
health impact of the intervention.”® The primary objective
of the trial was to evaluate the impact of the PRIME inter-
vention, as compared with the current standard of care, on
health outcomes of community children. We aimed to test
the hypothesis that the prevalence of anemia, an established
proxy for malaria-associated health outcomes in children
under 5 years of age, would be lower in intervention clusters,
than in control clusters. We also conducted a mixed-methods
process evaluation alongside the main trial to further our
understanding about the implementation, mechanisms of effect,
and context of the intervention.*

MATERIALS AND METHODS

Study design. The PRIME study was a cluster-randomized
trial conducted in Tororo district, Uganda, a rural area
with intense malaria transmission (estimated entomologic
inoculation rate of 125 infective bites per person-year).?®
Twenty government-run health centers (level IT and III) in
seven subcounties were included in the study (Figure 1).
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Figure 1. PRIME study area, health centers, and clusters in Tororo, Uganda.

The cluster-randomized design was selected because the inter-
vention was implemented at health centers, whereas the pri-
mary outcome was measured at the community level. The trial
was approved by the Ugandan National Council for Science
and Technology (UNCST Ref HS 794), the Makerere Uni-
versity School of Medicine Research and Ethics Committee
(SOMREC Ref 2010-108), the London School of Hygiene
and Tropical Medicine Ethics Committee (LSHTM Ref 5779),
and the University of California San Francisco Committee on
Human Research (UCSF CHR Ref 006160). The trial proto-
cols have been published previously.>?* This trial is registered
at Clinicaltrials.gov (NCT01024426).

Participants. From 2009 to 2010, all health centers and
households in the study area were enumerated and mapped
using handheld global positioning system receivers (Garmin
eTrex Legend H®, Garmin, Olathe, KS). Of 22 health cen-
ters in the study area, two pairs of health centers had sub-
stantially overlapping catchment areas; one facility from
each pair was randomly excluded. All other health centers
were eligible for participation. Households located within
2 km of the selected health centers formed the clusters. If
a household was within 2 km of more than one health cen-
ter, the household was assigned to the cluster of the closest

health center. Before the start of the study, study personnel
met with health leaders, health center in-charges, and com-
munity representatives to inform them about the study. An
information sheet was used to describe the intervention, and
verbal consent to participate in the study was obtained from
the health center in-charges.

Randomization and masking. The 20 public health centers
and their surrounding households formed the clusters that
served as the units of randomization, and were assigned in
a 1:1 ratio to intervention or control. Health centers were
stratified by level, and restricted randomization was used to
ensure balance on geographical location and cluster size.
The trial statistician generated the allocation sequence using
random number generation in R (http://www.r-project.org/),
and assigned health centers to study arms. Study personnel
enrolled health centers after randomization; allocation was
not masked.

PRIME intervention. Our formative research included a
household survey, situational analysis of government-run
health centers, and qualitative assessment of health workers’
and community members’ experiences at health centers.'>*!
We considered our findings in the context of literature on
previous interventions and theories of behavior change and
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adult learning, identifying approaches that could be evaluated
within a randomized controlled trial.>* The PRIME interven-
tion included 1) training in-charges in health center manage-
ment, 2) training health workers in fever case management
and use of mRDTs, 3) training health workers in patient-
centered services, and 4) ensuring adequate supplies of mRDTs
and artemether—lumefantrine (AL). We also articulated two
complementary intervention theories, a program theory and an
implementation theory, to outline why and how we hypothe-
sized the PRIME intervention components would combine to
produce desired outcomes.*

The manuals for delivering the intervention are available
online at www.actconsortium.org. The intervention was
designed to stimulate behavior change and build capacity
through training of in-charges and health workers using adult
learning techniques, and to ensure adequate supply of drugs
and diagnostics at public health centers. Training sessions
were led by skilled trainers, and were delivered over approx-
imately 8-10 weeks in May—June 2011, completing by July 1,
2011, the start date of the evaluation period. Support for
mRDTs and AL continued for the duration of the trial.

Cross-sectional community surveys. Community surveys
were conducted at baseline, and 2 years later, in children
from randomly selected households in each cluster. Using
the census database, a random sample of households with at
least one child under 15 years of age was selected to gener-
ate a list for each cluster of households to be approached.
Separate recruitment lists were generated for each survey.
Study personnel conducted door-to-door recruitment that
continued until the target sample size for participants was
reached for each cluster. At each household, one child under
5 years of age and one 5-15 years of age were eligible for
participation. If multiple children of appropriate age resided
in the household, one child from each age category was ran-
domly selected for recruitment. Selection criteria included
1) appropriate age, 2) agreement of parent/guardian to pro-
vide written informed consent, 3) agreement of child aged
eight years or older to provide written assent, and 4) ability
to locate child.

Participating children underwent a history taking and
examination. Blood was collected by finger prick for thick
blood smear and hemoglobin. Primary caregivers were asked
about bednet use and management of febrile children. In the
final survey, all women of child-bearing age (13—49 years) in
the household were asked to provide birth histories to esti-
mate under-five all-cause mortality.

Cohort study. A cohort of children under 5 years of age
was enrolled from 25 households randomly selected from
each cluster. A random sample of households with at least
one child under 15 years of age was selected from each clus-
ter to generate a list of households to be approached, similar
to the approach used to generate the list for the community
surveys. Door-to-door recruitment was conducted by study
personnel. All children of appropriate age from a single
household were eligible for screening, which was conducted
at a study clinic. Selection criteria included 1) age < 5 years,
2) agreement of parent/guardian to provide written informed
consent, 3) no intention to relocate during the follow-up
period, and 4) not currently enrolled in another research
study. Children who met the eligibility criteria underwent a
clinical and laboratory evaluation. A finger-prick blood sam-
ple was taken to perform a thick blood smear, and measure

hemoglobin. After the initial enrollment, recruitment into
the cohort was dynamic, and all children who were born,
or moved into, a participating household during the study
period were eligible for recruitment.

Within 2 weeks of cohort enrollment, a household survey
was administered to primary caregivers to gather information
about bednet use and management of febrile children. This
survey was repeated approximately 12 months after enroll-
ment to gather additional information about socioeconomic
status. Cohort households were visited by study personnel
every 2 weeks during the first 2 months, and then monthly.
At each visit, questionnaires were administered to gather
information on the health of participants and management
of any illnesses. Data on serious adverse events (SAEs) were
also collected retrospectively during the monthly visits.
Primary caregivers were asked to keep a diary of health
of study participants for the duration of follow-up, which
allowed caregivers to capture information on their children’s
symptoms. Small incentives (including sugar, soap, or wash-
ing powder) were provided to each household during the
monthly visit. Clinical and laboratory evaluations of cohort
participants were repeated every 6 months, and follow-up
continued for approximately 18 months. The cohort study
was halted early on recommendations from our data and
safety monitoring board, after an interim analysis suggesting
lack of efficacy of the intervention on the cohort primary
outcome of antimalarial treatment incidence density.

Laboratory procedures. Thick blood smears were stained
with 2% Giemsa for 30 minutes and read by experienced
laboratory technologists as previously described.>* For qual-
ity control, all slides were read by a second microscopist and
a third reviewer settled any discrepant readings. Hemoglobin
was measured from finger-prick blood samples using a porta-
ble spectrophotometer (HemoCue, Anglom, Sweden).

Outcomes. The primary outcome for the trial was preva-
lence of anemia (hemoglobin < 11.0 g/dL) in children under
5 years of age, assessed in the final community survey.
Secondary outcomes also assessed in the community survey
were prevalence of anemia in children aged 5-15 years, preva-
lence of parasitemia in children aged under 5 and 5-15 years,
and all-cause under-five mortality. The primary outcome for
the cohort study was treatment incidence density among chil-
dren under 5 years of age assessed at monthly visits. Second-
ary outcomes were incidence of antimalarial treatment,
antibiotic treatment, illness, febrile illness, SAEs, and treat-
ment of fever, all assessed at monthly visits, and anemia and
parasitemia assessed at 6-monthly visits.

Statistical analysis. For the community survey, children
were sampled from each cluster in proportion to the total
cluster size, with harmonic mean of 200 children per cluster
for the two age strata. Assuming control arm anemia preva-
lence of 65% in children under 5 years of age” and coeffi-
cient of variation k = 0.2, this would give 80% power to
detect an absolute difference in anemia prevalence between
study arms of 17% (or more) at 5% significance level,
allowing for the stratified, cluster-randomized design.?’ We
assumed a relatively low coefficient of variation k£ of 0.2 in
our sample size calculations and found this to be reasonable,
with observed k for the primary outcomes in the community
survey and cohort study of 0.12 and 0.13, respectively. Thus,
our trial had good power to detect any potential effect of
the intervention.
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Sample size for the cohort study was determined by the
number of households to be recruited per cluster, and assum-
ing that the average number of children under 5 years of age
per household in this dynamic cohort would be at least 1.6 at
any one time. We recruited 25 households per cluster to give
at least 400 children in each study arm at any one time.
Assuming control arm treatment incidence of 2.5 treatments
per year;*® and k = 0.2, this would give 80% power to detect
a difference of one treatment per year between study arms
at 5% significance level.

Characteristics of participants in the baseline community
survey and at enrollment into the cohort study were summa-
rized by trial arm. Trial analysis was done at the cluster level.
Cluster-level summary measures (proportions for binary out-
comes, incidence for rate outcomes) were calculated. All-
cause mortality was estimated as the cluster-level probability
of dying between birth and 5 years of age. For cohort out-
comes, data were censored at the age of 5 years. For clini-
cal outcomes (anemia, parasitemia) assessed in the cohort at
6-monthly visits, data from all visits conducted postintervention
were used to calculate cluster-specific proportions. Since the
distributions of cluster-level summaries were positively skewed
for most outcomes, log transformations were applied before
analysis. Crude risk ratios (rate ratios for incidence outcomes)
for the intervention effect were calculated by taking the expo-
nential of the difference in the mean of the cluster-specific log
prevalence (rate) between the two arms. Stratified ¢ tests were
used to calculate P values for the intervention effect, with the
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within-stratum between-cluster variance estimated as the
residual mean square from a two-way analysis of variance
of the log prevalences (log rates) on stratum and treatment
arm, including an interaction term. Finally, 95% confidence
intervals (CI) for crude risk (rate) ratios, adjusting for stra-
tum, were calculated from this variance using a t-statistic
with 16 degrees of freedom.

For each outcome, analyses of the effect of the interven-
tion adjusting for prespecified covariates, were also per-
formed. For the community survey, analysis of anemia was
adjusted for baseline cluster-specific anemia prevalence, and
analysis of parasitemia was adjusted for baseline cluster-
specific parasitemia prevalence. For cohort clinical outcomes,
analyses adjusted for preintervention cluster-specific anemia/
parasitemia prevalence were calculated from data collected at
preintervention visits. In addition, we adjusted all analyses for
the individual-level variables which are age, gender, and use
of insecticide-treated nets (ITNs). Adjustment was performed
using a two-stage approach.”’ Analysis was done using Stata
version 13 (StataCorp, College Station, Texas).

RESULTS

Recruitment and follow-up. From the census and mapping
survey, a total of 40,127 households were enumerated,
including 17,478 households within the cluster areas (Figure 2).
Of these, 14,613 (83.6%) households had at least one child
under 15 years of age. The baseline cross-sectional community

Total househaolds in study area
N=40,127

outside of clusters

¥

N=22,643

Households within clusters
N=17,478

|

i—

Households with at least one
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]
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luded
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N=0

intervention N=4,384
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FiGure 2. Trial profiles for final cross-sectional community survey and cohort study.
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FIGURE 3.

survey was conducted from December 2010 to June 2011, and
the final survey was carried out from January to April 2013
(Figure 3). Of the 7,170 households visited in the final survey,
2,037 were excluded for the reasons outlined in Figure 2. A
total of 8,766 children were screened, and all were enrolled,
including 4,383 children under 5 years and 4,383 aged 5-15 years.
Initial recruitment for the cohort study was conducted from
December 2010 to March 2011. Of the 745 households visited
for recruitment, 243 were excluded, primarily because they
lacked a child under 5 years of age (215, 88.5%). A total of
992 children were enrolled into the cohort study (Figure 2),
and follow-up continued until October 2012. Forty children
enrolled in the cohort were lost to follow-up, and 73 were cen-
sored at their fifth birthday before the start of the evaluation
period (July 1, 2011); thus, 879 children were included in final
analyses of incidence outcomes (Figure 2).

Baseline characteristics. Characteristics of participants in
the preintervention baseline community survey and the cohort
study were similar across both study arms (Table 1). In the
baseline community survey, anemia was more common in chil-
dren under 5 years of age (2,552, 58.2%) than in those aged
5-15 years (1,016, 23.1%). In contrast, children under 5 years
of age were less likely to have a positive blood smear (2,515,
57.5%) than older children (3,164, 72.0%). At enrollment into
the cohort study, the mean age of participants was 2.0 years
(standard deviation [SD] = 1.5 years); 459 (52.2%) were anemic
with a hemoglobin of < 11 g/dL, and 423 (48.3%) had a posi-
tive thick blood smear. A difference in reported use of ITNs
was noted between the community survey and cohort partici-
pants; ITN use was higher in children under 5 years of age who
participated in the community survey (63.2%) than in those
who were analyzed in the cohort study (45.0%, P < 0.001).

Impact on anemia and parasitemia. In both age groups in
the final community survey, and in the cohort study, there were
no differences in the overall prevalence of anemia between the
study arms, after adjusting for differences in age, gender, ITN
use, and either baseline cluster-level prevalence of anemia
(community survey) or prevalence of anemia in the 6 months
preceding the intervention (cohort study, Table 2). Similar
results were observed for prevalence of parasitemia. In both
age groups in the final community survey, and in the cohort
study, there were no differences in the overall prevalence of
parasitemia between the study arms, after adjusting for differ-
ences in age, gender, ITN use, and either prevalence of para-
sitemia in the baseline survey (final community survey) or
prevalence of parasitemia in the 6 months preceding the inter-
vention (cohort study, Table 2).

Impact on all-cause under-five mortality. In the final com-
munity survey, the all-cause under-five mortality rate was 71.5
per 1,000 live births in the control arm, and 74.1 per 1,000 live
births in the intervention arm (risk ratio [RR] = 1.14; 95%

Study timeline.

CI = 0.75-1.73; P = 0.53). When the analysis was stratified
into 5-year bands, all-cause mortality decreased steadily from
123.2 per 1,000 live births before 1995 to 53.0 per 1,000 live
births in 2006-2011 (the period immediately preceding the
trial intervention). In the postintervention period, there were
62 reported under-five deaths; 23 in the control arm (20.7 per
1,000 live births) and 39 in the intervention arm (48.4 per
1,000 live births). The difference between arms was not statis-
tically significant (RR = 1.56; 95% CI = 0.83-2.94; P = 0.16).

Impact on treatment of fever and antimalarial treatment
incidence. In the final community survey, the proportion of
households that reported they had sought care for a febrile
child from a public health center in the prior 2 weeks was no
different in the intervention and control arms (26.0% versus
25.0%, respectively), and was slightly lower than at baseline
(28.3% intervention versus 28.6% control).

In the cohort study, there were no differences between the
study arms in the proportion of fever episodes for which children
were treated with any antimalarial (55.8%) or AL (41.4%), or
in the proportion of fever episodes for which children received
prompt treatment (31.9%), or prompt and effective treatment
(23.8%) (Table 3). Of those children who received an anti-
malarial, 74.1% received AL. A total of 4,211 episodes of anti-
malarial treatment over 819.1 person-years of follow-up were
recorded in the cohort study, for an overall incidence of 5.1 per
person-year (Table 4). After adjusting for anemia, age, gender,
household wealth index, distance to health center, and use of
ITNs at enrollment, there was no difference in antimalarial
treatment incidence between the study arms. Similarly, there
were no differences in incidence of illness or fever episodes, or
incidence of antibiotic treatment (Table 4).

Impact on SAEs. Of the 879 children analyzed in the
cohort study, 94 (10.7%) experienced an SAE; 101 SAEs
were reported in 56 control children versus 75 SAEs in 38
intervention children. The most common SAEs were malaria
related, including severe malaria (N = 78), seizures (N = 27),
and suspected severe malaria (N = 18), followed by gastro-
intestinal events (N = 22). Three deaths occurred, two in the
control group (severe malaria and gastroenteritis, and persis-
tent diarrhea) and one in the intervention (suspected severe
malaria); none were considered to be related to AL. There
was no evidence for a difference in incidence of all SAEs
(0.19 SAEs per child-year versus 0.14; RR = 0.72; 95% CI =
0.36-1.47; P = 0.35) or in incidence of malaria-related SAEs.

DISCUSSION

In this cluster-randomized trial, we set out to evaluate
whether improving perceived barriers to quality health care
along the pathway of effect would lead to better health out-
comes at the community level. The intervention design,



363

IMPROVING MALARIA CARE IN UGANDAN PUBLIC HEALTH CENTERS

‘sosoyjuaTed Ul USAIS 0Ie SIOJRUNUOUDP ‘SINOY 8 ISe] UT 19AJ JO AI0ISIY pajIodal 10 I0AS) M USIPIYO UO QUOP dIoM §)$9) dnsouserp pidey||

-omjerodwo) oueiquiow oruedwAy, §
"KOAINS [BUONOAS-SSOID ISITY UT POJOS[[0I JOU DIOM SIOJEIIPUT [I[BOM UO BIR(]

*paIq IO [ewIuE 9uo Jsed] e Jo dIysIoumo pue ‘(JUNoddE Jueq puk ‘Ied ‘10j002s ‘9PAdIq ‘Yojem Surpnpur) sjasse Jo diysioumo ‘woor 1ad SJudPISaI Jo IaquInu ‘(S[[EM Uk JOOI ‘I00[ 10j pasn s[errdjew Surpnpour) sjeajew urppmq £S1oue Sunysiy jo eomos ‘Furjood
103 pasn Aqurewr [ong jo od£) ‘(3pop ‘paq ‘ouoyd o[iqowr ‘UOIsIAS[A) ‘OIPEI ‘A)OLNde Sulpnjour) swall Jo diysroumo ‘Ajoey 19[10) ‘Iojem SULULIP JO 90INOS :SI[qRLIBA SUIMO[[OF 9y} Jo sisATeue jueuodwoo [edpurid Sursn Apnis 1104od 10] pojeIousd Xopul YIBIM
‘s1eak ()] 03 dn ULIP[IYD 0] J[QB[IBAR dIE 2I0JS-Z dFL-I0J-1YSIoM I0J SA[BOS 00UDIAJAI UOHRZIUBSIO YI[ESH PO -
‘Son[eA SUISSIW OU PRy 919y PAISI] JOU SA[QRLIBA (T ‘Qp ‘b :AJ[IDBJ (I[RAY O} 2OUBISIP ([ DQE[IBAR JOU ‘D[QB[IEAR JOU :XIPUI ()[EIM P[OYISNOY ([¢ ‘T ‘T :uoneonpa 1oArdores Arewid ([¢ ‘g¢ ‘T :08e 1oa15ares Arewnid 4 ‘b1 ‘T :erwa)koojowes 4 ‘6 ‘9T rerwoyisered
{0 ‘7 ‘0 :oameradwa) () ‘G ‘g rerwoUER puE UIGO[SOWaY () ‘T ‘() :ouIeyunoIn wire raddn-pruw i) ‘YT ‘0 :91095-Z 03e-I0JYSIOM (T ‘7€ ‘G :asn NIT ‘A[oAnoadsal ‘110100 pue ‘(s1eak GT-G) AQAINS [RUONIIS-SSOID ‘(SIBAA G >) AJAINS [RUOIIIS-SSOID 10J SON[BA TUISSIIA] 4

"UOTJBIADD PIBPUE]S = (IS $)OU PAJBAI-IPIdNOASUl = N LT

(€8T =N) %17CL

(P61 =N) %LYL

(009 = N) %L'S8

(0€L = N) %L 08

(Y66 = N) %1728

(TLT'T = N) %EvL

[loantsod 1591 onsougerp pidey
SINOY 8y Ise|

ur I19A9J Jo A10381Y Io/pue (D,8¢ I drmeradwal) o[1Iqo,]

§(@s) ueow (D) oanjerodwa],

(eamisod apr[s poo[q) erulAd03oUWERD)

(oanisod oprfs poojq) erwdjisereq

('Ip/3 11 > urqojdoway) eruLUy

(gs) ueow ‘urqo[soway

(@s) ueow ‘(wry) A)[Ioe} Yi[eay 0} ployYIsnoy WoIj dUL)SI(]
(100d 3sB9]) G
¥
€

4

(3s0100d) |

Kyis1oATUN ‘erwordip ‘ojednnIa))
(9-1S) [00Yds A1BpUOI2S
(9-1d) 100yos Arewriq
UONEONPa ON]  UONEBONPA IOAIZAIRD ATRWII]

(@s) ueow ‘o8e 1oA1301R A1RWILIJ

(@s) ueow ‘(wo) doudroyuunoI uLe raddn-pry

1(ds) ueow ‘01098-z 93e-10J-1YSIOM

(as) ueaw *(3y) 1ySrom

Jy3ru snoraaxd NI Iopun 1dofg

orewa,]

(ds ‘ueowr) sieok 93y

FXopul Yi[eom plOYISnoH

%9°Th %T ey %¥'LT %0°€E %T Sy %S°€S
(s0) TLe (s0) TLe (t'o) TLe (to) TLe (s0) 1°LE (s0) 1Lg
%S61 %0°TC %9°€T %9°ST %69C %1'ST
%9°8¥ %18 %TTL %8 1L %8S %L9S
%8°TS %L1S %L 0C %S°ST %99S %665
(61 o011 (oot (cDoer (T L1 (s1) Lot (977) 901
(sozr (sozr (cozr (co ¢t (cozr (o ¢t
%T€C %L 91
%L 0T %9°LT
%L 61 %9°€C
%T 61 %T 61T
%€ LT %6TC
%S'1 %11 %9°€ %1T %8T %9°1
%S°6 %T 11 %¥'6 %L'L %66 %¢E'8
%169 %00L %119 %T'LS %L99 %LT9
%661 %9°LT %8'ST %T€E %S0T %Y'LT
(L8) s'1¢ (¥'6) 871¢ Ov1) £6€ ($¥T) §°8¢ (8€1) 0°S¢ (Ten) Lee
(61) S¥1 (00 ¢p1 (¥ ¢81 (o) T8t (s1) ¢st1 (91) 0sT
(T 90— (1) 80— (rn ¢1- T ri- (1) 60— SDoT-
(ov) ¢01 (6¢) 86 (¥'8) ¥ (€8) L¥e ((ZIXN! (so) 1
%81 %18 %ELE % Tt %9°8S %L'L9
%6°0S %T1S %€ 6 %% 0S %18 %Y 6
(s1oc F1et (62 06 (82 06 (AN 1) s
(zer = N) uonuaarduy (L¥¥ = N) [onu0) (661°C = N) uonudAIIUL (L0T'T = N) T0nU0) (102°C = N) uonuasIdIu] (261°C = N) 108U0D
s1eak ¢ > s1edk G1—¢ s1eak ¢ >
jRi(ve) Aoams Ayunuuod duraseq

+ONISLISPRIRYD

e (e Aq ‘quowrfjorud je sjuedonied Apnis 1104oo pue A9AINS AJIUNWIWOD SUI[ISE] JO SONSLIJORIRYD)

1 a1av],



S
ER!
OTH

D

EDKE AN
STA

364

al and
re d
ed r n
target ining a }
arch, of tra ccess
ive rese ision ivered su on
tive Vi live - ct
a TO e a
ive form ugh p was d‘ ive imp er-
tensive e thro ntion positiv unity p 31
d by eXt of CarE interve small 30 Com}acilitles’ 1
a sm .
informe d qua“h'z PRIM ve had h patlents’ventlon persona
ive a it] inter ler, inter-
cived T h ion wi int d in
erc ities. s to ication the han E
= IC)OmmOdd appea:nmunlcattmost 01f ria (C. ('Eh e PRIlt\gomeS ]?Ef
k) a t u
o5 z ly, an €T CO! ed a f ma tha h o ion t
572 e fully, ork offer to und healt estio t
] Z Ith w are tmen e fo ted into qu men
SN =8 ea fc ca we la mto age
3 T hepti‘)“S oprate However, Our reats el DTS wil improve
it C T . m S r i S
o 1 = = < PP n). ve re ve W1 ces,
53} 273 o d a icatio ) TO Our . fe Ts tan
o = E n a S .
2 S Se : a mmun(ll‘? d not lméjy area't impronnsging mRDl circum setﬂngi
> 52 2 co . 1 tu ha t u tria dy
Q, — 25 o tion he s ion t en ized stu ity-leve
=) g3 8 . en int 10 atm idealize our 1ty
% N o & bl o \Y . en i ump ial tre ide for mun
i ~ — £ ER hildr d ass larial t ur 1de: ally om .
= % I =2 2 £ ¢ el ima o fic ¢
: = 9 Ef 2 5 widely h ing antim Even lned speci effect on malaria
8 5 . E .
2 = < 52 < g target omes. tailor d little ffective health
< —% g Z5 § 2 by lth outc rventlontion ha ay of e gnized’h ot
2 S S8 Z oz alth ot te n w 0 the
8 ~ — g g = he ¢ Inter rve ath rec d ibed
— < & £l
% S R ith th inte in the p t be rme ibe
% g f3f % % the PRIVE e steps e S laria pertorn P, Thes,
) £22 s 124 he tco S i a € )
3 53 e » a t ou any I or T ma eatm e 4 the
z Qo £8¢ £ = alth re m ; feve t fo ive tr Figur ere
Kl i 255 s = he re a ent; ic tes ctivi ly ( wh itive
5 | 2 - | S 3 28 E g The em 5 ost effe iate care if posi
] I Y o = nag agn d pr f if p -
2 ~ S5 = S a di an TO de o n en
£l 2 Py 5% 3 © ase m ht, a ade, d app sca il. Eve Ith ¢
212 = £5% ¢z ¢ soug is made. terec e cas t fail. t hea ers.
£|< = %$§ 3 £ care diagnosi admlnls- ts in th ts migh hieVedEfl memb er-
gl e 7 242 s ect and : S re ac unity E intc
“ls 2 R s g FI 1rbtained’ ultlplef improyv ment a 1l comm PRIM point
2118 7 —% SzE ;2 0 re m s 0 age h a the t the n-
= a | .5 2 £ e a ces: an eac for . a . tte
2 g % = £58 5% ther d pro case m not r ange ints: 1) sing a d
S = 5 £2 & E intende fever ight of ch 0 poi increa s, an
- ] ~ S EEQ £ s n on ts m ay t tw di enters, e-
e 5 Bz i cliects on hects, pathway of ractice c health ¢ © manage-
2 = = =2 2 su S1Z ve fat p lic as 1
S & 2 E 2 PR s he ha ng b re PR
- 5 ° =R ] =) ters, ot to ki u ve -
2| | S5 FEE ¢ ur vpothesiz ¢ membersat o ving fever ¢ ovimal out
< o R o zﬁ; = % O tion app treatme memb impro Althoug roxim tients
2 10n a . . i
S s R EN Lo @9 2 = E 5 ven ing nity tially rm. ore pro h pa ith
5 8 o ® 8% 5] g hang mu tan ol a d m ion wit ing wit
= o~ = = £ C 0)01) bs tr e n
N E @ 5 P - £ of e byc int of . the con improv nicatio nsulting IME
Y 8 g3 $52 8 3 danc the poin d with have ommu kers co the PR )30
4 [ = 2% o g 7 e to T C e : s
z 0 < 2&5 g g at ar S ke ese din arm),
3 8= S g8 & 2 = 2) mp. ear: or car ipate re ia
2 S o gy 513 53 nt com app Ith w by icipa d ca alar
> z| =8 ~ £z 5 2 g me tion ine hea igher art ndar of m. d
£ S~ @ g - ¢ £ rven ding % hig ty p ¢ sta ent cme
g N =RA ey : =ne 3 B2 inte inclu 10 cen in th atm S se
3 ¥ 2 S Z3 ¢ 5 22 n ted dre ¢intl tre nge bers
E 5 3 S oll- omes, s ra had thos late cha m
- =% o : a ho th pr se ity me
= & S 7% 2 EZR ¢ ich w. s W d wi pro the ity for a
g 3 P Ezg g 2s (whil orke ared w nd ap ion), munity ed
© & CIER- s % b h w mp a icati com uir nts
= g = - S It ion co ions, mical f req me
E ~ o= 85 5 E i< heawentlon erceptio 1 cOmmuSeeklng Odegree Impr Ovziluted
= - § @ i S22 T OZE inte ity p rsona ent the ion. re d
5 S COS = I 552 s 85 mun pe atm ities to enti s we ided,
8 ) e} = 23853 ] 8 om dler, ift tre. ilities interv ber TOV
g . 4 Z-8 SEE 2 5 c han hift faci int embers s p the
o g R — 3 = 3 - C.C tos 1th the ity m vice nd
m 2 2 ! > S - 585 2558 (C icient ic hea of nity ser beyo Iso
R < N °‘§ .Z‘W::o ffici lic ct mu her € als
gz El L=z S 3 g Zpis ELE 2 insu ubli effe com ot ich wer bers
< £ £ S < Z Z TEES 232% 1 dp el by nd ch m m
o 5 o rd p Y S a hi . € fro
= = b 2 g - E.“:“E P it 5 towa, unlty‘lfth ce“tertructurembers, Wmunlty I}Lr care iza-
= 2 “’-1'3 %z f—«,E% 2z mm ea infras nu om ilities an
E — £237% PR co t healt in ff nur - Comn liti lorg t
=2lz|3 Ky 11 2783 ted a lIs in or sta ntion ossibi menta re tha
g o 5 3% 0 fa r e he
SHELR % 5 FEos 5ge ¢ n short wate interv es for p govern Isew 32 in our
5|2 g3 55k n E Iv n cisewh i
ol 8 o~ = 2 255 ea 0 d .
HHE Z 2 9t FH cuch o e toning fescarch and n iy of cane limited
= 5] S —~ El 22w ‘a'T: = g su of itionin: seart been a]ity have ore
HEE s a £55°3 223 ope osit s re s qu ire m
z| g — =28 28Z © SC a it ha er hey ire .
51512 g S 3| 3 H 2233 orted oes such ugh it for bett poor, t ilure 1o shift
I © g T S| ¢ isE 2 553 reﬁ T sourc Altho further emely that may ilure lim-
£ O — — [ — 3 82 e 2 the jects. u tr . R Fa TS
19) — T I 2.8 C ill eo0 ex S . te .
7| § = N “=2—Z £33 2EZs o roje ill g re ice ior cen ion
3| 2|2 L4 SRS S R SEZE ion p S W le a serv er Ith ent
2zl @ =S FELs 258 tio ker: p ss super hea interv d
=| 2 < g‘_‘o =} “‘:vwv;?-;”“‘ ce €0 cce be ic nt an
HH s < 3 3 etting where wer 10 known 1 oo The PRIME vorkers and
g S ;2 S £5 ik g ttin 0 if tow: he 1th as
S o = = aé:gsgze% seting ing p en i Ims tow n. T hea uch ion,
= e & S22¢ EZg28 rgaining | eve atte ention for ess s datio
= 3 e 2 215 s9isz e peeling pauems s ot e 1 the intervon.
= >3 ) S g %2 =25 - . a 1
£ © Qe o o § 8 &3 3% 2E g; 3 reeatmentffect of :erms thgr modessibihty, ful. the 1nf issues
= N S sijg-aw%_gﬁ tr he e in ter ot cce essful, e o ly
S 3 ?_“n.o\-@ =~ =.Emggggm°f ited t ss th ility, a uce ang tru
2 . cess | wi lity, be s rr To
8 £ 88 N £5 SE iiig lte d ac in line dabi to ade re. er
5] = N o\ — = 5%% Egy o« ame 21 4 ffor ice, bro Ith ca deep
E= 5 S = e S5 g¥ges fran ts,” In ity, a racti ss a hea uch Ith
oy 839 Sadd EgEts 5588 tents, ilability, z Inp addre tter a m hea
‘_‘O\‘_“_‘“ Q'Nl”“' odNBUS__g"S pa vai ilitv.- to o be ices, f the
22 i o ooﬁ'—‘t SFH&’E-:,Eua s a bility. ded S t Tvices, 0
JrpR T A 85z S3E &7 As: ta e ces: se ties
aaq w — — £z g %2 2= 5 ep ne 1 ac 1th ali
N\OO[\ < — ->VE mg’;«s'ﬂ acc ve a ea ical re
. \l\oo\o — OU%V)V).—;— d d ha d loc f h itica
2 83‘0 g Qa.zé“’?e?-ﬂ an oul ve ies o olit
| ss = & tion woul impr°dequa°‘e~a1 and p
5 5 §v5 =>“Efm 0 enable impro he soci
2 3 E2E: ““::%_x ddrees t with t
555 H;gg g_é;“?ﬂ_g?egi ad en
'—‘Q’HE g2 = =°°%°=-*Z?E agem
O><—r® OQU mg'ﬁsﬂ;ggps‘: ng
E5E5 O = Eo:ﬁn§§—3< e
5282 g §2;=§eé«%&1
< 0T o o=
e Ee £ 1238 whoe
©v - =
= L= % SE
< = 0 ) @] =5
%] o ‘B =) — .
=} =) < |
S 3 S "
=0 v ]
E2 i av
SR
=} w
< Vv



IMPROVING MALARIA CARE IN UGANDAN PUBLIC HEALTH CENTERS 365

TABLE 3
Effect of the PRIME intervention on prompt effective treatment of fever: cohort study results (censoring follow-up at age five years)

Trial arm n/N*

Prevalence (%)t

Crude risk ratio (95% CI) P value Adjusted risk ratio (95% CI)f P value

Treatment of fever with any antimalarial

Control 1,955/3,383 57.7

Intervention 1,742/3,239 54.6
Treatment of fever with AL

Control 1,462/3,383 42.0

Intervention 1,278/3,239 39.6
Prompt treatment of fever$

Control 1,176/3,383 33.9

Intervention 939/3,239 29.0
Prompt effective treatment of feverll

Control 880/3,383 24.8

Intervention 693/3,239 21.1

0.95 (0.84-1.07) 0.34 0.94 (0.84-1.06) 031
0.94 (0.77-1.16) 0.55 0.94 (0.78-1.14) 0.49
0.86 (0.68-1.07) 0.16 0.85 (0.68-1.07) 0.17
0.85 (0.62-1.16) 0.28 0.85 (0.63-1.14) 0.25

AL = artemether-lumefantrine; CI = confidence interval.

*Number of monthly visits with outcome (n)/number of monthly visits (N). After censoring follow-up of cohort children at age 5 years, data from 3,383 monthly questionnaires in 447 children
in the control arm and 3,239 monthly questionnaires in 432 children in the intervention arm were included in the cohort analysis.

fPrevalence calculated as geometric mean of cluster prevalences.

+Adjusted for anemia, gender, age, household wealth, distance to health facility and use of insecticide-treated nets (ITNs) at enrollment into the cohort.

§ Treatment of fever with any antimalarial within 24 hours of onset of symptoms.

IITreatment of fever with an artemisinin-based combination therapy within 24 hours of onset of symptoms.

system would be required, which is unlikely to be achievable
in small-scale projects.

The PRIME intervention also failed to substantially improve
fever case management at health centers. In theory, introduc-
ing mRDTs will improve targeting of antimalarial treatment to
true malaria cases, and reduce “overprescription” of antima-
larials, thus resulting in better health outcomes.”® However, in
our study, introducing mRDTs with the PRIME intervention
increased testing, but did not affect antimalarial treatment.
The proportion of consultations resulting in an ACT prescrip-
tion was similar in both arms, at 64.6% and 63.3% in the
intervention and control arms, respectively (C. Chandler, per-
sonal communication). This was probably due to the intensity
of malaria transmission in Tororo and resulting high test posi-
tivity rate, compounded by the relatively poor specificity of
the mRDTs and subsequent false positive test results in our
study setting.*> Contributing to the lack of effect on fever case
management was the change in the availability of AL across
the study area during the trial period.*® The PRIME interven-
tion was designed in the context of chronic shortage of AL,
when it was plausible that boosting the supply of AL could
have had an impact on health outcomes. But, by the time the
trial was conducted, AL supplies had improved substantially
in both public health centers and in the private sector. In the
final community survey, the proportion of febrile children

treated with an antimalarial who received AL was 90.5%, up
from 66.6% at baseline, but there was no difference between
the study arms (90.2% intervention versus 90.9%), suggesting
improvements occurred outside of the study, independent of
the intervention.

The PRIME intervention aimed to improve malaria-related
outcomes by ensuring the implementation of best practice in
malaria case management. In Tororo, where malaria trans-
mission is very high, the PRIME intervention was insufficient
to reduce anemia and parasitemia in community children.
These results have several implications for researchers and
policy makers. First, the assumption that health outcomes and
malaria burden can be reduced by increasing access to
mRDTs, thereby targeting antimalarial treatment and improv-
ing quality of care, requires further investigation. Further
research is required to evaluate the health impact of mRDTs
in different settings, particularly in areas of high malaria trans-
mission. Second, this study does not rule out the potential for
interventions focusing on public health centers to improve
health outcomes at the community level in other settings,
such as areas with lower malaria transmission, or where com-
munity members have greater power to choose where they
seek health care, or settings with lower access to mRDTs or
ACTs. However, to be effective, such interventions must rec-
ognize and address issues in the pathway to impact that may

TABLE 4

Effect of the PRIME intervention on illness and treatment incidence outcomes: cohort study results (censoring follow-up at age five years)

No. of Person-years Incidence rate Crude rate ratio Adjusted rate ratio
Trial arm children Events of follow-up per person-year* (95% CI) P value (95% CI)t P value

Antimalarial treatment incidence

Control 447 2,197 420.4 5.14

Intervention 432 2,014 398.7 4.95 0.96 (0.81-1.14) 0.65 0.97 (0.82-1.14) 0.68
Incidence of illness episodes

Control 447 3,868 420.4 9.03

Intervention 432 3,707 398.7 9.00 1.00 (0.80-1.25) 0.98 1.02 (0.82-1.28) 0.85
Incidence of febrile illness episodes

Control 447 3,383 420.4 7.96

Intervention 432 3,239 398.7 7.85 0.99 (0.80-1.22) 0.89 1.01 (0.82-1.25) 0.91
Antibiotic treatment incidence

Control 447 2,000 420.4 4.70

Intervention 432 2,048 398.7 4.97 1.06 (0.85-1.32) 0.59 1.08 (0.86-1.35) 0.49

CI = confidence interval.
*Incidence rate calculated from geometric mean of cluster incidences.

+Adjusted for anemia, gender, age, household wealth index, distance to health facility, and use of insecticide-treated nets at enrollment into the cohort.
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at first appear beyond the scope of a disease-specific objec-
tive. Third, to improve health care access, fundamental issues
of poverty and lack of care-seeker agency must be addressed,
again requiring engagement with local and national political
economic agendas and norms. Finally, achieving impact on
malaria outcomes in high-transmission settings like Tororo will
require a stronger response to malaria control. Greater coor-
dination across disease silos and between different actors
operating within health systems, as well as across other sectors
that intersect with health and development, is needed. Ulti-
mately, localized approaches to malaria control rather than
the universal application of current policies may be required
to maximize investment in interventions aiming to reduce the
burden of malaria.
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