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Abstract

Background

Little information exists on malaria burden, artemisinin-based combination therapy (ACT)

use, and malaria care provided to infants under six months of age. The perception that ma-

laria may be rare in this age group has led to lack of clinical trials and evidence-based treat-

ment guidelines. The objective of this study was to identify malaria parasitemia positivity

rate (MPPR) among patients under six months, and practices and predictors of malaria di-

agnosis and treatment in this population.

Methods

Cross-sectional data collected from October 2010 to September 2011 on 25,997 individual

outpatients aged <6 months from 36 health facilities across Uganda were analysed.

Findings

Malaria was suspected in 18,415 (70.8%) patients, of whom 7,785 (42.3%) were tested for

malaria. Of those tested, the MPPR was 36.1%, with 63.9% testing negative, of which 1,545

(31.1%) were prescribed an antimalarial. Among children <5kgs, off-label prescription of

ACT was high (104/285, 36.5%). Younger age (1-6 days, aOR=0.47, p=0.01; 7-31 days,

aOR=0.43, p<0.001; and 1-2 months, aOR=0.61, p<0.001), pneumonia (aOR=0.78,

p=0.01) or cough/cold (aOR=0.65, p<0.001) diagnosis, and fever (aOR=0.56, p=0.01) re-

duced the odds of receiving a malaria test. Fever (aOR=2.22, p<0.001), anemia diagnosis

(aOR=3.51, p=0.01), consulting midwives (aOR=3.58, p=0.04) and other less skilled provid-

ers (aOR=4.75, p<0.001) relative to medical officers, consulting at hospitals (aOR=3.31,

p=0.03), visiting health facilities in a medium-high malaria transmission area (aOR=2.20,

p<0.001), and visiting during antimalarial (aOR=1.82, p=0.04) or antibiotic (aOR=2.23,

p=0.04) shortages increased the odds of prescribing an antimalarial despite a negative ma-

laria test result.
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Conclusions

We found high malaria suspicion but low testing rates in outpatient children aged <6

months. Among those tested, MPPR was high. Despite a negative malaria test result, many

infants were prescribed antimalarials. Off-label ACT prescription was common in children

weighing <5kgs. Evidence-based malaria guidelines for infants weighing <5 kilograms and

aged <6 months are urgently needed.

Background
In a recent review on malaria in infants aged under six months, D’Alessandro et al. concluded
that the perception that malaria was rare in this population had been responsible for the lack
of evidence and research on treatment guidelines regarding this population. They opined that
malaria in this age group may not be rare after all and that its burden may be underestimated,
especially in endemic countries [1]. Despite recent efforts and successes in the fight against
malaria [2–5], the disease remains the leading cause of morbidity and mortality, with an esti-
mated 198 million clinical episodes and 584,000 deaths reported globally in 2013 [6]. Approxi-
mately 78% of these deaths occurred in children under five years of age and 90% occurred in
the WHO Africa Region [6]. In Uganda, malaria is the leading cause of mortality among chil-
dren under five, accounting for 32% and 17.5% of all deaths in this age group in 2007 [7] and
2010 [8] respectively. According to the 2007 verbal autopsy results, malaria was responsible for
41% of all post neonatal deaths [7]. Among children under one, malaria causes approximately
545 deaths per 100,000 population, higher than 190 per 100,000 estimated for children aged
one to five years old [8].

Previous studies concluded that young infants aged under six months were protected
against malaria—making malaria in this group a rare phenomenon, even though mechanisms
for the apparent protection were not clearly understood [9,10]. Initially, this protection was
thought to be due to passively acquired maternal immunoglobulin G (IgG) antibodies [11–13].
Demonstration of parasite growth inhibitory characteristics in vitro by lactoferrin and immu-
noglobin A (IgA) found in breast milk and maternal and infant sera has led others to hypothe-
size that the protection is associated with these factors [12–14]. It is also documented that
hemoglobin F (HbF), which is present in high concentrations at birth inhibits parasite develop-
ment and can protect an infant in the first few months of life [11,15–17]. However, some stud-
ies have failed to demonstrate the relationship between presence of maternal antibodies and
protection against malaria in young African infants. Instead, presence of maternal antibodies
appeared to correlate with a higher risk of exposure to malaria infection [17,18].

A few recent reports show that malaria in infants aged under six months may not be a rare
occurrence and that its burden may be underestimated [1,19,20]. Otherwise information on
the impact of malaria in this population is limited. In Uganda and Kenya, where an analysis of
malaria prevalence in this age group was done as a part of the National Malaria Indicator Sur-
veys, the malaria prevalence was reported to be 16% and 5%, respectively [21,22].

Despite growing information regarding the potentially high prevalence of malaria in infants
aged under six months, strong clinical evidence regarding how best to treat these cases is lack-
ing. Conflicting data on the prevalence, coupled with ethical and practical considerations for
implementing clinical trials among this age group, have led to a gap in evidence-based treat-
ment guidelines [23]. While the World Health Organization (WHO) recommends ACTs as
first-line treatment for infants and young children with uncomplicated malaria, they state that
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this is not a “confident recommendation” for infants under 5 kilograms (<5kgs) [23]. In
Uganda, quinine, rather than ACT, is recommended for treatment of malaria in children below
four months of age or five kilograms (<5kgs) of weight [24]. Younger infants may however be
more susceptible to quinine toxicity than older children [25,26]. The pharmacokinetic profile
of antimalarials, such as quinine and ACTs, may also be different in young infants than it is in
older children due to dynamic developmental changes, making age-dependent dosing neces-
sary [27]. Although ACTs carry label restrictions for this age group [23], clinicians often pre-
scribe ACTs off-label based on the recommended milligrams per kilogram dosing schedule for
older children [20].

Research on the burden of malaria, ACT use, and predictors of malaria care in primary care
settings for infants under six months is needed to inform evidence-based guidelines for malaria
care in this population. We report findings from a secondary analysis of facility data on 25,997
outpatient visits for infants aged under six months collected during the Integrated Infectious
Diseases Capacity Building Evaluation (IDCAP) [28–30]. The objective of this study was to
identify the malaria parasitemia positivity rate (MPPR) among malaria suspects aged under six
months, and practices and predictors of malaria diagnosis and treatment in this population.

Methods

Ethics statement
The original IDCAP protocol was reviewed and approved by the School of Medicine Research
and Ethics Committee of Makerere University and the Uganda National Council for Science
and Technology. Data used in this analysis were collected for the health management informa-
tion system (HMIS) as part of routine reporting at health facilities and did not require informed
consent. The University of Washington Human Subjects Division determined that IDCAP did
not meet the regulatory definition of research under 45 CFR 46.102(d). This secondary analysis
of anonymous data was exempt from review by the University of Antwerp ethical review board.
The anonymous data used in this analysis and instructions for requesting them are available on
the Global Health Data Exchange website at http://ghdx.healthdata.org/node/176574.

Study design and setting
Data were collected from a convenience sample of 36 health center IVs (HCIVs) or compara-
ble health facilities. HCIVs are the highest healthcare referral point for a health sub-district
[31,32] and each HCIV is expected to serve a population of about 100,000 people and provide
basic preventive, curative and referral services. They have limited inpatient wards and conduct
some emergency and surgical and obstetric procedures [31,33]. Staffing norms and level of
staffing for a HCIV are reported in the 2010 Ministry of Health Human Resources for Health
Audit Report [34].

The facilities represented 28 of 114 current districts. As shown on the map of Uganda with
the location of these health facilities [35], they represented all major regions of Uganda and
were widely distributed across the country. One inclusion criterion for facilities was presence of
a functional laboratory that could conduct the following six investigations: HIV rapid test, ma-
laria blood smear, TB sputum smear, urinalysis, stool analysis, and hemoglobin estimation. One
exclusion criterion was actively participating in the national quality improvement programs for
HIV/AIDS services. To the extent that these national programs selected the most accessible fa-
cilities, the IDCAP facilities may have been more remote than other HCIVs. Other inclusion
and exclusion criteria were described in detail in Naikoba et al. and Miceli et al. [28,36].

Cross-sectional data were collected prospectively from November 2009 to September 2011
using a standardized outpatient medical form (MF5), initially designed by Uganda Malaria
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Surveillance Project [37] and revised by IDCAP as described in Mbonye et al. [30,35]. This
secondary analysis focused on the final year (October 2010 to September 2011), because the
quality of data improved over time from on-going technical support. The data collection sys-
tem was described in detail in Mbonye et al. [30].

Study participants
All outpatients aged under six months that visited the 36 health facilities during the 12-month
study period participated as part of their routine process of care.

Definitions
A patient suspected with malaria was defined as a patient visit with a fever or a history of fever,
referral for malaria laboratory testing, or malaria diagnosis (clinical or parasitological).

A clinical diagnosis of malaria was defined as a patient visit with a record of malaria diagno-
sis and/or an antimalarial prescription without a malaria test, or with an antimalarial prescrip-
tion when the test result was negative.

Parasitological diagnosis of malaria was defined as a patient visit with a positive diagnostic
test result for malaria recorded.

An appropriate antimalarial referred to a prescription for first or second line treatment re-
corded and included quinine and the following ACTs: artemether & lumenfantrine, artesunate &
amodiaquine, or dihydroartemisinin & piperaquine phosphate (Duocotecxin) [24].

Any antimalarial treatment referred to a prescription for an appropriate antimalarial listed
above or any of the three antimalarial drugs that did not comply with the Uganda National guide-
lines [24]: amodiaquine alone, chloroquine, and sulfadoxine/pyrimethamine (SP) (Fansidar).

Malaria parasitemia positivity rate (MPPR) was defined as the ratio of laboratory-confirmed
malaria patients to malaria suspects tested.

Outcomes
The outcomes were MPPR as defined above, and three malaria care variables: 1) Proportion of
patients with suspected malaria for whom a diagnostic test result for malaria was recorded, 2)
Proportion of patients with a negative test result for malaria who were prescribed any antima-
larial and 3) Proportion of patients�5kgs prescribed an appropriate antimalarial among those
prescribed any antimalarial. Data used to classify patients for each outcome were recorded on
the MF5. Note that the Ugandan national policy on malaria treatment does not recommend
submitting blood samples for polymerase chain reaction (PCR) tests to confirm a negative ma-
laria test result as part of routine care at HCIV.

Explanatory variables
Eighteen explanatory clinical and operational variables that may have influenced a provider’s
decision on how to manage a patient were selected for the analysis. Patient-level clinical ex-
planatory variables were triage status, weight for age, age group, fever, number of diagnoses
and the following diagnoses commonly associated with fever in young children: cough or cold,
diarrhea, pneumonia, urinary tract infections and anemia. Patient-level operational explanato-
ry variables were patient’s return visit with the same chief complaint as the previous visit and
health provider’s level of training. Facility level operational explanatory variables were entomo-
logical inoculation rate (EIR) of the area surrounding the health facility, health facility level,
health facility type, staffing and stock outs for three drugs: antimalarials, antibiotics, and oral
rehydration salts (ORS).
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Triage status was defined according to the World Health Organization (WHO) Emergency
Triage, Assessment and Treatment (ETAT) guidelines [38] and categorised by health providers
on the MF5 as emergency, priority or standard. Weight was categorised as normal or under-
weight for age using WHO z-scores for child growth standards [39]. Age was categorised into
seven levels including: 1–6 days, 7–31 days, 1–2 months, 2–3 months, 3–4 months, 4–5 months
and 5–6 months. We relied on the diagnosis decision of the clinician as reflected by the tick on
the checkboxes on the MF5 for illnesses, such as cough/cold (no pneumonia), and pneumonia.
Number of diagnoses was categorized into three levels as no diagnosis, single diagnosis or mul-
tiple diagnoses according to the number of illnesses recorded on the MF5. The MoH refers to
EIR as the annual number of mosquito infective bites per person. EIR was categorized as very
low (<1), low (1–10), medium- high (11–100) and very high (>100) mosquito infective bites
per person per year respectively [40]. The two staffing variables were categorized in quartiles:
1) clinically active staff quartile calculated as the number of clinical staff who saw at least five
patients during a month as a proportion of patients at the facility during that month and 2) lab
staff quartile calculated as laboratory professionals assigned to the facility in February and
March 2010 as a proportion of the ideal where ideal was defined by Uganda Ministry of Health
staffing norms [41]. Availability rate of antimalarials, antibiotics and ORS drugs was calculated
by dividing the actual number of patients who received the drug with the number of patients
who were prescribed the drug in question. Shortage rates for each of these drugs were calculat-
ed for each week by subtracting the availability rate of each drug during that week from 100%.
Health provider was categorized in order of decreasing years of training including medical offi-
cer, clinical officer, nurse, midwife and other less skilled providers. Level of health facility was
categorized as health center IV or small hospital. Type of health facility was categorized as gov-
ernment or private-not-for-profit (PNFP).

Statistical analysis
This is a multilevel analysis of cross-sectional data from all health facilities that implemented
IDCAP. Descriptive statistics, specifically frequencies and percentages, were generated to de-
scribe the patient population. Logistic regression was used to evaluate univariate relationships
between the explanatory variables and each outcome. Only the explanatory variables that dis-
played significant associations with the outcome at p<0.10 in the univariate analysis were in-
cluded in the multivariate analysis. The multivariate regression model used generalized
estimating equations and clustered by health facility to account for intra-health facility correla-
tion. A link test was used in the univariate analyses and both link test and Receiver Operator
Characteristic (ROC) curves were used in the multivariate analyses to assess model fit. In the
multivariate models, a 5% level of significance was used to test whether the association between
explanatory variables and the outcomes were statistically significant and the results are pre-
sented with 95% confidence intervals (CI). All analyses were performed using Stata version 12
(Stata Corp, College Station TX, USA).

In addition to the primary explanatory variables, the variable month of the patient visit
(month) was identified a priori as a potential extraneous factor, given the seasonal nature of
malaria and was included and controlled for in the multivariate model when associated with
the outcome of interest in univariate analysis (p<0.10).

Three key exploratory variables that were statistically significant at univariate analysis had
missing data: provider-training level (12%), return visits (3.5%) and fever (26.4%). Multiple impu-
tation analysis was done to address missing values for these three variables. Multivariable imputa-
tion using chained equations (MICE) was used on the assumption that these data were missing
at random. Logistic regression was then used to impute missing values with five iterations and
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estimates derived from each iteration were combined using Rubin’s methods [42]. Although
weight-for-age and triage status had missing data, they were not statistically significant at univari-
ate analysis and were thus not considered for multiple imputation analysis at multivariate level.

A sensitivity analysis was done using only complete cases and the estimates did not substan-
tially differ from those produced when using multiple imputation. Only estimates of odds ra-
tios (OR), 95% confidence intervals (CI) and p-values derived through multiple imputation
analysis are presented. Potential influence of the IDCAP interventions was not controlled for
since the data used were collected towards the end of the trial in December 2010 and during
follow-up when both arms received the trial intervention.

Results
A total of 25,997 infants under six months visited the 36 health facilities during 12 months
from October 2010 to September 2011. Table 1 reports the characteristics of these patients. Of
these, 3,472 (13.4%) were neonates defined as under one month old, 25,474 had complete data
on gender of which 12,994 (51.0%) were males, and 22,630 (87.1%) were triaged, of which 729
(3.2%) required emergency attention.

Weight was recorded for only 10,477 (39.5%) patients of whom 965 (10.4%) were under-
weight. Fever or history of fever was assessed in 19,124 (73.6%) patient visits, among which
fever was reported in 15,691 (82.0%) and absence of fever in 3,433 (18.0%) of the patient visits.
Cough or cold, pneumonia, diarrhea, urinary tract infection or anemia, illnesses frequently as-
sociated with fever, were diagnosed in 31.5%, 13.0%, 10.2%, 4.1% and 1.0% patients respective-
ly. Of the 25,997 patients seen, 12,557 (48.3%) had multiple diagnoses; 10,134 (39.0%), 19,712
(75.8%) and 4,096 (15.8%) were prescribed antimalarials, antibiotics and ORS respectively.

In addition, 481 (1.9%) of the 25,081 patients with a record of the visit type were return vis-
its for the same chief complaint. A total of 19,363 (74.9%) patients visited health facilities in
very high EIR areas, 21,828 (84.0%) patients visited HCIVs, and 23,394 (90.0%) visited govern-
ment health facilities. Of the 22,944 (88.3%) patient visits with health provider data recorded,
the majority were managed by clinical officers (13,155; 55.6%) and nurses (6,273; 26.6%). Anti-
biotics, antimalarials and ORS were unavailable more than 50% of the time during 38.2%,
21.3% and 22.7% of the patient visits, respectively.

Diagnostic testing for malaria among patients with suspected malaria
As shown in Fig 1, of the 25,997 visits, 18,415 (70.8%) were suspected with malaria but only
7,785 (42.3%) of these had a diagnostic test result for malaria recorded. MPPR among patient
visits with a diagnostic test result for malaria was 36.1%. The MPPR was under 24% in all the
three age groups for infants aged under two months (Fig 2). The MPPR was highest in Novem-
ber 2010 (41.6%) and lowest in March 2011 (30.2%), which corresponds to rainy and dry sea-
sons in much of Uganda (Fig 3). Of the 4,972 patients with confirmed negative diagnostic test
result for malaria, 1,664 (33.5%) also had a clinical diagnosis of malaria. Among the 10,630 pa-
tients with suspected malaria who did not have a diagnostic test result for malaria, 6,204
(58.4%) had a clinical diagnosis of malaria.

In the univariate analysis (Table 2), patients with suspected malaria were less likely to have
a diagnostic test result for malaria recorded if they were in a younger age group (1–6 days,
7–31 days, 1–2 month or 3–4 months relative to age group 5–6 months); had a fever; had a
cough or cold or pneumonia diagnosis; were return visitors; visited a hospital; were seen by a
clinical officer, nurse, midwife or other less skilled provider relative to a medical officer or visit-
ed during the weeks the health facility faced shortages of antimalarials, antibiotics or ORS.
They were, on the other hand, more likely to have a diagnostic test result for malaria recorded
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Table 1. Characteristics of the infant patients under the age of six years Ugandan Primary Health
centers.

Characteristics/Parameters n (25,997) %

Female 12,480 49.0%

Age group

1–6 days 918 3.5%

7–31 days 2,554 9.8%

1–2 month 3,632 14.0%

2–3 months 3,870 14.9%

3–4 months 4,557 17.5%

4–5 months 5,113 19.7%

5–6 months 5,353 20.6%

Triage status

Standard triage status among triaged 19,577 86.5%

Priority triage status among triaged 2,324 10.3%

Emergency triage status among triaged 729 3.2%

> = 5kgs among patients with weight 8,296 79.2%

*Weight for age

Normal weight for age 9,240 89.9%

Underweight for age 965 10.4%

Severely underweight for age 71 7.4%

History of Fever (All) 15,691 82.0%

Fever (thermometer: Temp>37.5°C) 988 5.2%
£Cough or cold diagnosis 8,189 31.5%
£Diarrhea diagnosis 2,664 10.2%
£Pneumonia diagnosis 3,373 13.0%
£Urinary tract infection diagnosis 1,077 4.1%
£Anemia diagnosis 268 1.0%

Number of diagnoses

With multiple diagnosis 12,557 48.3%

With a single diagnosis (any illness) 11,792 45.4%

With no diagnosis 1,648 6.3%

Prescribed an antimalarial 10,134 39.0%

Prescribed Antibiotics 19,712 75.8%

Prescribed Multivitamins 201 0.8%

Prescribed Oral Rehydration Salts (ORS) 4,096 15.8%

Admitted 2,723 10.5%

Referred 445 1.7%

Detained for monitoring 70 0.3%

Repeat visit 487 1.9%

Antimalarial unavailability (> = 50% of the time) 1,670 21.3%

Antibiotic unavailability (> = 50% of the time) 5,755 38.2%

ORS unavailability (> = 50% of the time) 709 22.7%

EIR

Very low EIR area 1,429 5.5%

Low EIR area 1,471 5.7%

Medium—high EIR area 3,634 14.0%

Very high EIR area 19,463 74.9%

Health provider

(Continued)
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if they had no diagnosis relative to single diagnosis; had a diarrhea or anemia diagnosis; visited
a PNFP health facility; visited a health facility in medium—high EIR or low EIR relative to
those in very high EIR areas or visited a health facility with clinically active or laboratory staff
in 2nd, 3rd and highest quartiles relative to the lowest quartile.

In multivariate analysis, age groups 1–6 days (aOR 0.47, 95%CI 0.27, 0.85), 7–31 days (aOR
0.43, 95%CI 0.29, 0.63) and 1–2 month (aOR 0.60, 95%CI 0.51, 0.72) relative to 5–6 months,
fever (aOR 0.56, 95%CI 0.36, 0.88), cough or cold (aOR 0.78, 95%CI 0.66, 0.93) or pneumonia
diagnoses (aOR 0.65, 95%CI 0.53, 0.81) remained significantly associated with reduced odds of

Table 1. (Continued)

Characteristics/Parameters n (25,997) %

Medical officer 452 1.9%

Clinical officer 13,115 55.6%

Nurse 6,273 26.6%

Midwife 200 0.8%

Other (less skilled) 2,904 12.3%

HCIV 21,828 84.0%

Government 23,394 90.0%

*Weight for age was based on WHO z-scores for child growth standards and it was therefore calculated for

patients with sex & weight data.
£ Commonly diagnosed illnesses associated with fever.

doi:10.1371/journal.pone.0123283.t001

Fig 1. Flow chart for malaria diagnosis in young infants in 36 Ugandan Primary Health centers,
October 2010 – September 2011.

doi:10.1371/journal.pone.0123283.g001

Malaria Care in Infants Aged under Six Months in Uganda

PLOSONE | DOI:10.1371/journal.pone.0123283 April 10, 2015 8 / 20



having a diagnostic test result for malaria for patients with suspected malaria. No diagnosis
(aOR 1.38, 95%CI 1.07, 1.78) relative to single diagnosis, a health facility in a medium—high
EIR area (aOR 3.04, 95%CI 1.59, 5.78) relative to one in a very high EIR area, a health facility
with clinically active staff in the 2nd (aOR 1.33, 95%CI 1.01, 1.77), 3rd (aOR 1.72, 95%CI 1.23,

Fig 2. Malaria suspicion, testing and parasitemia positivity rates by age group in infants aged less than six months in Ugandan Primary Health
centers, October 2010 – September 2011.

doi:10.1371/journal.pone.0123283.g002

Fig 3. Malaria parasitemia positivity rate bymonth for infants aged less than six months in Ugandan Primary Health centers, October
2010 – September 2011.

doi:10.1371/journal.pone.0123283.g003
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Table 2. Predictors of a patient with suspectedmalaria with a diagnostic test result for malaria recorded in Ugandan Primary Health centers.

Variable Patients with suspected malaria Univariate analysis Multivariate Analysis

Total
(N = 18,415)

% With diagnostic test result for malaria recorded
(n = 7,785)

cOR (95% CI) p
Value

aOR (95% CI) p Value

Age group

1–6 days 452 36.3% 0.69 (0.57,
0.84)

<.0001 *0.47 (0.27,
0.85)

0.01

7–31 days 1,321 31.3% 0.55 (0.49,
0.63)

<.0001 *0.43 (0.29,
0.63)

<0.0001

1–2 months 2,181 34.0% 0.63 (0.56,
0.70)

<.0001 *0.60 (0.51,
0.72)

<0.0001

2–3 months 2,572 43.4% 0.93 (0.85,
1.03)

0.16 0.90 (0.78,
1.04)

0.16

3–4 months 3,444 42.8% 0.91 (0.83,
0.99)

0.04 0.90 (0.79,
1.02)

0.09

4–5 months 4,018 46.7% 1.06 (0.98,
1.16)

0.16 1.03 (0.96,
1.11)

0.42

5–6 months 4,427 45.2% ref Ref ref Ref

Fever 15,691 41.0% 0.70 (0.65,
0.76)

<.0001 *0.56 (0.36,
0.88)

0.01

Number of diagnoses

Single diagnosis 6,162 41.8% ref Ref ref Ref

Multiple diagnosis 11,448 41.6% 0.99 (0.93,
1.06)

0.82 0.92 (0.71,
1.19)

0.53

No Diagnosis 805 56.2% 1.79 (1.54,
2.07)

<.0001 *1.38 (1.07,
1.78)

0.01

Cough or cold
diagnosis

5,594 39.6% 0.85 (0.80,
0.91)

<.0001 *0.78 (0.66,
0.93)

0.01

Diarrhea diagnosis 2,092 47.7% 1.28 (1.17,
1.40)

<.0001 1.18 (0.99,
1.40)

0.06

Pneumonia diagnosis 2,619 34.8% 0.69 (0.64,
0.75)

<.0001 *0.65 (0.53,
0.81)

<0.0001

Anemia diagnosis 245 53.5% 1.57 (1.23,
2.03)

0.001 1.32 (0.85,
2.06)

0.21

Return visit 300 29.3% 0.57 (0.44,
0.73)

<.0001 0.46 (0.18,
1.17)

0.96

Health provider

Medical officer 272 50.4% ref ref ref ref

Clinical officer 9,177 41.9% 0.71 (0.56,
0.91)

0.01 1.14 (0.57,
2.27)

0.71

Nurse 4,457 40.7% 0.68 (0.53,
0.86)

0.002 1.04 (0.51,
2.10)

0.92

Midwife 127 39.4% 0.64 (0.42,
0.98)

0.04 1.05 (0.42,
2.65)

0.91

Other (less skilled) 2,206 43.6% 0.76 (0.59,
0.98)

0.03 1.02 (0.47,
2.20)

0.96

EIR area

Very high 14,667 37.4% ref ref ref Ref

Medium-high 2,405 71.0% 4.09 (3.73,
4.50)

<.0001 *3.04 (1.59,
5.78)

0.001

Low 360 46.8% 1.47 (1.27,
1.70)

<.0001 1.29 (0.56,
2.95)

0.55

Very low 573 40.7% 1.15 (0.97,
1.36)

0.11 0.78 (0.23,
2.61)

0.69

(Continued)
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2.39) and highest (aOR 1.88, 95%CI 1.25, 2.82) quartile relative to ones with the lowest quartile
or a health facility laboratory staff in the 2nd (aOR 2.58, 95%CI 1.45, 4.62) and 3rd (aOR 1.60,
95%CI 1.04, 2.44) quartile relative to one with the lowest quartile remained significantly associ-
ated with increased odds of having a diagnostic test result for malaria for patients with
suspected malaria.

Antimalarial prescription for patients with a negative diagnostic test
result for malaria
As shown in Table 1 and Fig 1, antimalarials were prescribed for 1,545 (31.1%) of the 4,972 pa-
tients with a confirmed negative diagnostic test result for malaria. In comparison, antimalarials
were also prescribed to 5,912 (55.6%) of the 10,630 patient visits with suspected malaria and no
diagnostic test result for malaria recorded. In Fig 4, the percentage of visits during which patients
diagnosed with malaria were prescribed any antimalarial ranged between 22.5% (age 1–2 months)
and 39% (5–6 months) in patients with confirmed negative malaria test results and between
93.6% (2–3 months) and 97.1% (5–6 months) in patients with an unconfirmedmalaria diagnosis.

In univariate analysis (Table 3), antimalarial prescription for patients with a negative test re-
sult for malaria was less likely if the patient was of young age (age groups 7–31 days to 4–5

Table 2. (Continued)

Variable Patients with suspected malaria Univariate analysis Multivariate Analysis

Total
(N = 18,415)

% With diagnostic test result for malaria recorded
(n = 7,785)

cOR (95% CI) p
Value

aOR (95% CI) p Value

Clinically active staff quartile

Lowest 5,048 35.8% ref Ref ref Ref

2nd quartile 5,056 41.0% 1.25 (1.15,
1.35)

<.0001 *1.33 (1.01,
1.77)

0.05

3rd quartile 4,954 50.5% 1.45 (1.34,
1.57)

<.0001 *1.72 (1.23,
2.39)

0.001

Highest 3,357 42.3% 1.83 (1.67,
2.00)

<.0001 *1.88 (1.25,
2.82)

0.002

Lab staff quartile

Lowest 6,325 28.1% ref Ref ref Ref

2nd quartile 4,684 52.1% 2.79 (2.57,
3.02)

<.0001 *2.58 (1.45,
4.62)

0.001

3rd quartile 5,016 45.1% 2.14 (1.98,
2.32)

<.0001 *1.60 (1.04,
2.44)

0.03

Highest 2,390 53.9% 2.99 (2.72,
3.30)

<.0001 1.77 (0.73,
4.27)

0.21

Hospital 3,028 38.7% 0.84 (0.78,
0.91)

<.0001 0.63 (0.39,
1.00)

0.05

Private Not for Profit 1,663 59.4% 2.14 (1.93,
2.38)

<.0001 1.18 (0.37,
3.81)

0.78

Antimalarial shortage 3,710 31.7% 0.57 (0.53,
0.62)

<.0001 1.33 (0.74,
2.41)

0.34

Antibiotic shortage 8,283 39.1% 0.79 (0.75,
0.84)

<.0001 0.95 (0.63,
1.44)

0.81

ORS shortage 5,156 34.7% 0.65 (0.60,
0.69)

<.0001 0.54 (0.28,
1.06)

0.07

* Statistically significant at 0.05 level.

doi:10.1371/journal.pone.0123283.t002
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months) compared to 5–6 months old; had cough/cold, diarrhea, pneumonia or UTI diagnosis;
visited a health facility in a very low compared to very high EIR areas. Patient and facility fac-
tors that made antimalarial prescription for patients with a negative test result for malaria
more likely were fever; anemia diagnosis; return visit; being managed by midwife or other less
skilled provider compared to medical officer; visiting health facilities in medium—high com-
pared to very high EIR areas; visiting a hospital; visiting a PNFP health facility; visiting the
health facilities during shortage of antimalarials, antibiotics or ORS; or visiting a health facility
with clinically active staff in 2nd, 3rd and highest quartiles compared to the lowest quartile.

In multivariate analysis, younger age groups 1–6 days (aOR 0.47, 95%CI 0.32, 0.69), 7–31
days (aOR 0.38, 95%CI 0.18, 0.79), 1–2 months (aOR 0.38, 95%CI 0.25, 0.56), 2–3 months
(aOR 0.48, 95%CI 0.34, 0.68), 3–4 months (aOR 0.60, 95%CI 0.50, 0.73) and 4–5 months (aOR
0.82, 95%CI 0.60, 0.97) relative to 5–6 months and cough or cold (aOR 0.39, 95%CI 0.29, 0.51),
diarrhea (aOR 0.62, 95%CI 0.43, 0.89), pneumonia (aOR 0.35, 95%CI 0.25, 0.48) and UTI
(aOR 0.16, 95%CI 0.07, 0.35) diagnoses remained significantly associated with reduced odds of
antimalarial prescription for patients with a negative test result for malaria. Fever (aOR 2.22,
95%CI 1.47, 3.34), anemia diagnosis (aOR 3.51, 95%CI 1.42, 8.70), being managed by midwives
(aOR 3.58, 95%CI 1.08, 11.8) or other less skilled providers (aOR 4.75, 95%CI 2.01, 11.2) rela-
tive to medical officers, visiting a health facility in medium-high EIR area (aOR 2.20, 95%CI
1.48, 3.25) compared to one in very high EIR area, visiting a hospital (aOR 3.31, 95%CI 1.10,
9.96), and shortages of antimalarials (aOR 1.82, 95%CI 1.03, 3.21) and antibiotics (aOR 2.23,
95%CI 1.03, 4.83) were significantly associated with increased odds of antimalarial prescription
for patients with a negative test result for malaria.

Prescription of appropriate antimalarial among patients prescribed any
antimalarial and weighing five or more kilograms (�5kgs)
Over 95% of patients with an antimalarial prescription and weighing�5kgs received an appro-
priate antimalarial as per the national malaria treatment guidelines (Table 4). There was no dif-
ference in the percentage across age groups.

In a univariate analysis (Table 4) of factors associated with prescription of an appropriate
antimalarial among patients who weighed five or more kilograms and were prescribed any

Fig 4. Antimalarial prescription by category of malaria diagnosis and age group in infants aged less
than six in Ugandan Primary Health centers, October 2010 – September 2011.

doi:10.1371/journal.pone.0123283.g004
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antimalarial, having fever or being managed by a clinical officer compared to medical officer
was significantly associated with an increased likelihood of being prescribed an appropriate an-
timalarial. However, pneumonia diagnosis, visiting a health facility in a medium—high EIR
area compared to one in very high EIR area, visiting a hospital or visiting a PNFP health facility
was associated with reduced likelihood of being prescribed an appropriate antimalarial.

Table 3. Predictors of being prescribed an antimalarial when the diagnostic test result for malaria was negative among infants tested in Ugandan
Primary Health centers.

Patient with a negative test result for malaria Univariate analysis Multivariate Analysis

Variable Total (N = 4,972) %Prescribed an antimalarial (N = 1,545) cOR (95% CI) P Value aOR (95% CI) P Value

Age group

1–6 days 126 34.1% 0.81 (0.55, 1.19) 0.29 *0.47 (0.32, 0.69) <0.0001

7–31 days 338 28.7% 0.62 (0.48, 0.82) 0.001 *0.38 (0.18, 0.79) 0.01

1–2 months 565 22.5% 0.45 (0.36, 0.57) <0.0001 *0.38 (0.25, 0.56) <0.0001

2–3 months 776 24.5% 0.51 (0.42, 0.62) <0.0001 *0.48 (0.34,0.68) <0.0001

3–4 months 914 27.9% 0.61 (0.50, 0.73) <0.0001 *0.60 (0.50, 0.73) <0.0001

4–5 months 1,109 34.9% 0.84 (0.71, 0.99) 0.04 *0.82 (0.69, 0.97) 0.02

5–6 months 1,144 39.0% ref Ref ref Ref

Fever 4,018 31.6% 1.85 (1.38, 2.49) <0.0001 *2.22 (1.47, 3.34) <0.0001

Cough or cold diagnosis 1,657 20.9% 0.47 (0.41, 0.53) <0.0001 *0.39 (0.29, 0.51) <0.0001

Diarrhea diagnosis 702 25.5% 0.73 (0.61, 0.87) 0.001 *0.62 (0.43, 0.89) 0.01

Pneumonia diagnosis 634 22.4% 0.60 (0.49, 0.73) <0.0001 *0.35 (0.25, 0.48) <0.0001

UTI diagnosis 259 5.8% 0.13 (0.08, 0.22) <0.0001 *0.16 (0.07, 0.35) <0.0001

Anemia diagnosis 33 63.6% 3.92 (1.92, 7.99) <0.0001 *3.51 (1.42, 8.70) 0.01

Return visit 56 48.2% 2.12 (1.25, 3.60) 0.01 1.55 (0.74, 3.23) 0.24

Health provider

Medical officer 94 20.2% ref Ref ref Ref

Clinical officer 2,506 28.5% 1.56 (0.94, 2.61) 0.08 2.01 (0.97, 4.15) 0.06

Nurse 1,130 28.5% 1.57 (0.94, 2.65) 0.09 2.13 (0.99, 4.58) 0.05

Midwife 32 40.6% 2.70 (1.14, 6.43) 0.03 *3.58 (1.08, 11.8) 0.04

Other (less skilled) 581 43.2% 3.00 (1.77, 5.10) <0.0001 *4.75 (2.01, 11.2) <0.0001

EIR area

Very high 3,166 28.4% ref ref ref ref

Medium-high 1,267 40.3% 1.70 (1.49, 1.95) <0.0001 *2.20 (1.48 3.25) <0.0001

Low EIR 313 31.6% 1.16 (0.91, 1.50) 0.23 1.34 (0.29, 6.01) 0.71

Very low 226 15.5% 0.46 (0.32, 0.67) <0.0001 0.43 (0.16, 1.20) 0.11

Clinically active staff quartile

Lowest 1,063 22.9% ref ref ref Ref

2nd quartile 1,370 29.6% 1.42 (1.18, 1.70) <0.0001 1.14 (0.79, 1.65) 0.48

3rd quartile 1,448 32.0% 1.59 (1.33, 1.91) <0.0001 0.96 (0.67, 1.36) 0.80

Highest 1,091 39.7% 2.22 (1.84, 2.68) <0.0001 1.23 (0.87, 1.74) 0.25

Hospital 864 41.3% 1.73 (1.49, 2.01) <0.0001 *3.31 (1.10, 9.96) 0.03

Private Not for Profit 729 38.0% 1.44 (1.22, 1.69) <0.0001 1.34 (0.57, 3.12) 0.51

Antimalarial shortage 754 48.4% 2.42 (2.06, 2.83) <0.0001 *1.82 (1.03, 3.21) 0.04

Antibiotic shortage 2,121 39.3% 1.92 (1.70, 2.17) <0.0001 *2.23 (1.03, 4.83) 0.042

ORS shortage 1,160 39.1% 1.59 (1.39, 1.83) <0.0001 1.36 (0.96, 1.93) 0.09

* Statistically significant at 0.05 level.

doi:10.1371/journal.pone.0123283.t003
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In multivariate analysis, patients who weighed five or more kilograms and were prescribed
any antimalarial were more likely to be prescribed an appropriate antimalarial if they had a
fever (aOR 2.52, 95%CI 1.41, 4.51). On the other hand, those with a pneumonia diagnosis
(aOR 0.47, 95%CI 0.24, 0.93) remained associated with reduced odds of being prescribed an
appropriate antimalarial.

Exploratory analysis of malaria diagnosis and treatment in infants
weighing less than 5 kilograms (<5kgs)
An exploratory sub analysis was conducted in a sub group of 2,181 (20.8%) patients who
weighed<5kgs and results are presented in Fig 5. Malaria was suspected in 1,201 (55.1%) of
these patients, of which only 385 (32.1%) had a diagnostic test result for malaria recorded and
91 (23.6%) were positive. A total of 285 patients in this group were prescribed antimalarials,
but malaria was confirmed in only 83 (29.1%). Among 294 patients who had a negative test re-
sult for malaria recorded, 37 (12.5%) were prescribed an antimalarial. Of the 285 patients pre-
scribed any antimalarial, 181 (63.5%) were prescribed quinine as per the national treatment
guidelines, while 104 (36.5%) received ACT. Malaria was presumptively treated in 165 (20.2%)
of the 816 patients who did not have any malaria test.

Discussion
This is one of the first studies to measure MPPR in outpatient infants under six months old
and to examine the association between clinical and operational factors and malaria care at pri-
mary health facilities among this population in Uganda. This study found high rates of malaria

Table 4. Predictors of appropriate antimalarial prescription among infants (�5 kgs) prescribed any antimalarial in Ugandan Primary Health
centers.

Variables Patients with �5kgs prescribed any antimalarial Univariate analysis Multivariate Analysis

Total
(N = 3,728)

Prescribed an appropriate antimalarial
(N = 3,621)

cOR (95% CI) P Value aOR (95% CI) P
Value

Fever 3,096 97.5% 1.86 (1.20,
2.88)

0.01 *2.52 (1.41,
4.51)

0.002

Pneumonia 520 95.6% 0.58 (0.36,
0.93)

0.02 *0.47 (0.24,
0.93)

0.03

Health Provider

Medical officer 52 92.3% ref Ref ref Ref

Clinical officer 2,258 97.3% 3.05 (1.07,
8.74)

0.04 2.01 (0.71, 5.99) 0.18

Nurse 782 96.8% 2.52 (0.84,
7.54)

0.10 1.27 (0.31, 5.16) 0.74

Others (less
skilled)

305 97.4% 3.09 (0.90,
10.7)

0.07 1.96 (0.38, 10.1) 0.43

EIR area

Very high 3,054 97.5% ref Ref ref Ref

Medium—high 490 93.9% 0.39 (0.25,
0.60)

<0.0001 0.26 (0.06, 1.10) 0.07

Hospital 1,353 96.4% 0.66 (0.45,
0.98)

0.04 0.66 (1.15, 3.06) 0.60

Private no for
Profit

605 95.7% 0.59 (0.38,
0.93)

0.02 1.75 (0.28, 11.0) 0.55

* Statistically significant at 0.05 level.

doi:10.1371/journal.pone.0123283.t004
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suspicion but low testing rates. Among those tested the MPPR was high. The study also found
high rates of appropriate antimalarial prescription, but low levels of adherence to negative ma-
laria test results.

As shown in Figs 1 and 2, 70.8% of patients aged under six months were suspected with ma-
laria and this proportion increased with age. This rate is higher than the 64% and 59% for all out-
patients reported in two Ugandan studies, Mbonye et al. [30] and Sears et al. [43] respectively.

Despite the observed high rate of malaria suspicion, only 42.3% of patients with suspected
malaria had malaria test results recorded. This rate was comparable to WHO’s 2010 findings,
in which proportion of malaria suspects tested in the public sector was 37% in the African re-
gion, and 44% globally [6]. Despite the WHO’s recommendation of universal testing for all sus-
pected cases of malaria, including infants prior to antimalarial treatment [23,44], this study
shows that the testing rate remains low among young infants.

As shown in Fig 1, the overall MPPR among infants tested was 36.1% and increased with
age, consistent with results from a Malawi study [20]. Our estimate of patients under six
months with malaria parasites is somewhat higher than health facility-based estimates reported
in many other African countries [20,45,46], perhaps due in part to the use of routine, rather
than expert testing [47]. The accuracy of these malaria test results was not established in this
study. However, one can draw confidence in these results considering that during this study,
the laboratory professionals at the health facilities were receiving on-going facility-based train-
ing and mentoring from the experienced IDCAP laboratory faculty as well as quality assurance
from the Uganda’s Central Public Health Laboratory (CPHL) to improve the validity of malaria
and other test results. The IDCAP laboratory training program delivered during this period
was similar to an earlier one run by the Infectious Diseases Institute /Uganda Malaria Surveil-
lance Project which successfully improved the quality of laboratory diagnosis of malaria [48].
An evaluation of the IDCAP on-site laboratory training is in progress [Burnett, personal com-
munication]. CPHL is responsible for formulation of laboratory policy, testing guidelines and

Fig 5. Exploratory analysis of malaria diagnosis and treatment in patients weighing <5 kilograms in
Ugandan Primary Health centers, October 2010 – September 2011.

doi:10.1371/journal.pone.0123283.g005
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standard operating procedures. It also conducts proficiency testing and undertakes corrective
action immediately or during their quarterly support supervision visits to the health facilities.
Future research to determine the sensitivity and specificity of these malaria tests in similar
studies and settings should be considered. Although the MPPR is not a population measure of
prevalence, under certain circumstances, it was shown to be a good surrogate estimate of
change in malaria incidence [49].

When parasitological results were available, overtreatment of malaria was common, with
31.1% of infants with a negative malaria test result prescribed an antimalarial. In addition,
55.6% of malaria suspects who were not tested for malaria were prescribed antimalarials, simi-
lar to studies in Kenya and Tanzania [50,51]. There is limited information on malaria treat-
ment practices in this age group, however, malaria is widely over-treated in older age groups in
Africa [52–55] which can result in failure to treat other life-threatening conditions [56]. Studies
have established that withholding antimalarials for older children with negative malaria test re-
sults was generally safe [57–59], although similar information is not available for children aged
under six months.

However when clinicians in our study prescribed antimalarials, they did it appropriately by
following the national guidelines for 95.1% of the patients prescribed any antimalarial. Consid-
ering that only between 16 to 41% of the overall total number of children with P. falciparum
who in 2013 were brought for care at public health facilities in sub-Saharan Africa received
ACT [6], our results showed remarkably better performance. This could be in part due to the
IDCAP training interventions that improved health workers’ performance in prescribing anti-
malarials appropriately [30].

WHO has established guidelines for ACT prescription in children weighing�5kgs [23].
The Uganda Ministry of Health prohibit prescription of ACT for uncomplicated malaria to
children under four months or weighing<5kgs and recommends quinine for their malaria
treatment [24]. Our study established that quinine was prescribed to 63.5%, but interestingly,
off-label ACT was widely prescribed to 36.5% of the patients prescribed antimalarials and
weighing<5kgs.

The high rates of malaria suspicion and MPPR and low rates of testing highlight the chal-
lenges that clinicians face when treating infants under six months. In order to better under-
stand clinician practice amidst limited information on ACT use and resulting treatment
outcomes in infants under six months, clinical and operational predictors of malaria care
were established.

Being of a much younger age group reduced the odds of malaria testing and antimalarial
prescription for patients with negative malaria test results. Infants under six months are per-
ceived to have protection against malaria, but this protection is thought to wane as the baby
grows [11,60,61], findings that were corroborated by this study in which the MPPR increases
from less than 24% in children under two months to 42.8% in 5–6 months age group. This per-
ceived protection may explain health workers’ reluctance to conduct malaria tests for younger
infants. It may also explain the higher rates of antimalarial prescription to older infants with
negative malaria test results in our study, similar to findings in other studies with older patients
[50,51]. Clinicians may feel more comfortable withholding antimalarials in younger infants
with negative malaria test results if they believe that they are less likely to have malaria.

This study also found that fever was associated with significantly lower odds of malaria test-
ing for suspects and higher odds antimalarial prescription for patients with negative malaria
test results and appropriate antimalarial prescription. In Uganda where fever connotes malaria
[62], it is possible that clinicians are more likely to believe that children with fever have malaria
and do not feel they need a test to confirm it. Similarly, clinicians may not be convinced by a
negative test result in fever cases and will prescribe antimalarials regardless of test results.
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As in Malawi and Kenya reports, our study showed that medical doctors were more likely
than lower level health providers to withhold antimalarials from patients with a negative
malaria result [54,63]. Due to their higher level of training, medical doctors may be better
equipped and more confident to withhold antimalarials and also diagnose alternative diseases
when faced with a negative malaria test result. In our study, it was also observed that better
staffing of health facilities increased the odds of testing for malaria suspects. In other studies,
better staffing translated into better quality of care [64–66].

In this study, less missing data were observed compared to what has been reported in similar
busy health centers elsewhere [67]. This, however, does not mean that these data were without
limitations. Some checkboxes may not have been ticked during data collection, resulting in un-
derestimation of some of the results. Also, it was not possible to control for multiple visits by
the same patient, because the data were anonymous and patients did not have unique identifi-
ers. The accuracy of the diagnostic tests used was also not established. In this study, we did
not collect data on laboratory reagents and how often the laboratory equipment broke down
which might have potentially influenced the testing rates and the results of the regression mod-
els. Considering this was a health facility based study, the choice of variables to include in the
study was limited to the patient and a few health facility characteristics. Future studies might
consider collecting data on other variables, such as laboratory stocks, that could have been im-
portant but were not included in this study. Also, an analysis on dosage and toxicity of ACT
and other antimalarials prescribed was not done, neither was a follow-up of patients to estab-
lish the outcomes of the treatment.

Conclusion
This study found high rates of malaria suspicion and appropriate antimalarial prescription in
infants under six months old and weighing at least 5kg. The study also found low rates of test-
ing, high MPPR among patients tested, and moderate rates of antimalarial prescription among
those with a negative malaria test result in this population. Off-label prescription of ACT for
infants weighing<5kgs was common despite lack of evidence on ACT effectiveness in this
young population and the Uganda malaria treatment guidelines, which prohibit their use.

Malaria is the single biggest contributor of infant mortality in Uganda and hence, better ma-
laria care practices are essential in order to save the lives of this most-at-risk population. Fur-
ther research should be done to test the efficacy and toxicity of antimalarials and accuracy of
malaria diagnostic techniques currently used in infants under six months old, and to find new
drug candidates for malaria control. Evidence-based malaria guidelines for infants weighing
under five kilograms and aged under six months are urgently needed.

Acknowledgments
We acknowledge all individuals that were involved in the design and implementation of the
IDCAP study.

Author Contributions
Conceived and designed the experiments: MKM SN. Performed the experiments: MKM SN.
Analyzed the data: MKM. Wrote the paper: MKM SB SN KW RCMRW JPVG.

References
1. D'Alessandro U, Ubben D, Hamed K, Ceesay SJ, Okebe J, et al. (2012) Malaria in infants aged less

than six months—is it an area of unmet medical need? Malar J 11: 400. doi: 10.1186/1475-2875-11-
400 PMID: 23198986

Malaria Care in Infants Aged under Six Months in Uganda

PLOSONE | DOI:10.1371/journal.pone.0123283 April 10, 2015 17 / 20

http://dx.doi.org/10.1186/1475-2875-11-400
http://dx.doi.org/10.1186/1475-2875-11-400
http://www.ncbi.nlm.nih.gov/pubmed/23198986


2. Otten M, Aregawi M, WereW, Karema C, Medin A, et al. (2009) Initial evidence of reduction of malaria
cases and deaths in Rwanda and Ethiopia due to rapid scale-up of malaria prevention and treatment.
Malar J 8: 14. doi: 10.1186/1475-2875-8-14 PMID: 19144183

3. Nyarango PM, Gebremeskel T, Mebrahtu G, Mufunda J, Abdulmumini U, et al. (2006) A steep decline
of malaria morbidity and mortality trends in Eritrea between 2000 and 2004: the effect of combination of
control methods. Malar J 5: 33. PMID: 16635265

4. O'MearaWP, Mangeni JN, Steketee R, Greenwood B (2010) Changes in the burden of malaria in sub-
Saharan Africa. Lancet Infect Dis 10: 545–555. doi: 10.1016/S1473-3099(10)70096-7 PMID:
20637696

5. Mmbando BP, Vestergaard LS, Kitua AY, Lemnge MM, Theander TG, et al. (2010) A progressive de-
clining in the burden of malaria in north-eastern Tanzania. Malar J 9: 216. doi: 10.1186/1475-2875-9-
216 PMID: 20650014

6. WHO (2014) World Malaria Report 2014. Geneva, Switzerland World Health Organisation.

7. UBOSMI, ME (2007) Uganda Child Verbal Autopsy Study. Maryland, USA: Uganda Bureau of Statistics.

8. IHME (2013) GBD 2010 Age-Specific Mortality Results by Country 1970–2010. Seattle, Washington:
Institute for Health Metrics and Evaluation

9. Thomson JG (1935) Malaria in Nyasaland: (Section of Tropical Diseases and Parasitology). Proc R
Soc Med 28: 391–404. PMID: 19990138

10. Macdonald G (1950) The analysis of malaria parasite rates in infants. Trop Dis Bull 47: 915–938.
PMID: 14798657

11. Riley EM, Wagner GE, Akanmori BD, Koram KA (2001) Do maternally acquired antibodies protect in-
fants frommalaria infection? Parasite Immunol 23: 51–59. PMID: 11240896

12. Branch OH, Udhayakumar V, Hightower AW, Oloo AJ, HawleyWA, et al. (1998) A longitudinal investi-
gation of IgG and IgM antibody responses to the merozoite surface protein-1 19-kiloDalton domain of
Plasmodium falciparum in pregnant women and infants: associations with febrile illness, parasitemia,
and anemia. Am J Trop Med Hyg 58: 211–219. PMID: 9502606

13. Stanisic DI, Martin LB, Good MF (2003) The role of the 19-kDa region of merozoite surface protein 1
and whole-parasite-specific maternal antibodies in directing neonatal pups' responses to rodent malaria
infection. J Immunol 171: 5461–5469. PMID: 14607952

14. Kassim OO, Ako-Anai KA, Torimiro SE, Hollowell GP, Okoye VC, et al. (2000) Inhibitory factors in
breastmilk, maternal and infant sera against in vitro growth of Plasmodium falciparummalaria parasite.
J Trop Pediatr 46: 92–96. PMID: 10822935

15. Godfrey MG, John ME (2011) Malaria in pregnancy: clinical, therapeutic and prophylactic consider-
ations. The Obstetrician & Gynaecologist 7: 5–11.

16. Billig EM, McQueen PG, McKenzie FE (2012) Foetal haemoglobin and the dynamics of paediatric ma-
laria. Malar J 11: 396. doi: 10.1186/1475-2875-11-396 PMID: 23190739

17. Kangoye DT, Nebie I, Yaro JB, Debe S, Traore S, et al. (2014) Plasmodium falciparumMalaria in Chil-
dren Aged 0–2 Years: The Role of Foetal Haemoglobin and Maternal Antibodies to Two Asexual Malar-
ia Vaccine Candidates (MSP3 and GLURP). PLoS One 9: e107965. doi: 10.1371/journal.pone.
0107965 PMID: 25238160

18. Riley EM, Wagner GE, Ofori MF, Wheeler JG, Akanmori BD, et al. (2000) Lack of association
between maternal antibody and protection of African infants frommalaria infection. Infect Immun 68:
5856–5863. PMID: 10992495

19. Doolan DL, Dobano C, Baird JK (2009) Acquired immunity to malaria. Clin Microbiol Rev 22: 13–36.
doi: 10.1128/CMR.00025-08 PMID: 19136431

20. Larru B, Molyneux E, Ter Kuile FO, Taylor T, Molyneux M, et al. (2009) Malaria in infants below six
months of age: retrospective surveillance of hospital admission records in Blantyre, Malawi. Malar J 8:
310. doi: 10.1186/1475-2875-8-310 PMID: 20038299

21. UBOS (2009) Uganda Malaria Indicator Survey Calverton, Maryland, USA: Uganda Bureau of Statistics.

22. KNBS (2010) 2010 Kenya Malaria Indicator Survey. Nairobi, Kenya: Kenya National Bureau of Statis-
tics, ICF Macro, Division of Malaria Control—Ministry of Public Health and Sanitation.

23. WHO (2010) Guidelines for the treatment of malaria. Geneva: World Health Organization. doi: 10.
1186/1475-2875-9-212 PMID: 20649950

24. Uganda Government (2005) National Policy on Malaria Treatment 2005. Kampala, Uganda: Ministry
of Health.

25. van Hensbroek MB, Kwiatkowski D, van den Berg B, Hoek FJ, van Boxtel CJ, et al. (1996) Quinine
pharmacokinetics in young children with severe malaria. Am J Trop Med Hyg 54: 237–242. PMID:
8600757

Malaria Care in Infants Aged under Six Months in Uganda

PLOSONE | DOI:10.1371/journal.pone.0123283 April 10, 2015 18 / 20

http://dx.doi.org/10.1186/1475-2875-8-14
http://www.ncbi.nlm.nih.gov/pubmed/19144183
http://www.ncbi.nlm.nih.gov/pubmed/16635265
http://dx.doi.org/10.1016/S1473-3099(10)70096-7
http://www.ncbi.nlm.nih.gov/pubmed/20637696
http://dx.doi.org/10.1186/1475-2875-9-216
http://dx.doi.org/10.1186/1475-2875-9-216
http://www.ncbi.nlm.nih.gov/pubmed/20650014
http://www.ncbi.nlm.nih.gov/pubmed/19990138
http://www.ncbi.nlm.nih.gov/pubmed/14798657
http://www.ncbi.nlm.nih.gov/pubmed/11240896
http://www.ncbi.nlm.nih.gov/pubmed/9502606
http://www.ncbi.nlm.nih.gov/pubmed/14607952
http://www.ncbi.nlm.nih.gov/pubmed/10822935
http://dx.doi.org/10.1186/1475-2875-11-396
http://www.ncbi.nlm.nih.gov/pubmed/23190739
http://dx.doi.org/10.1371/journal.pone.0107965
http://dx.doi.org/10.1371/journal.pone.0107965
http://www.ncbi.nlm.nih.gov/pubmed/25238160
http://www.ncbi.nlm.nih.gov/pubmed/10992495
http://dx.doi.org/10.1128/CMR.00025-08
http://www.ncbi.nlm.nih.gov/pubmed/19136431
http://dx.doi.org/10.1186/1475-2875-8-310
http://www.ncbi.nlm.nih.gov/pubmed/20038299
http://dx.doi.org/10.1186/1475-2875-9-212
http://dx.doi.org/10.1186/1475-2875-9-212
http://www.ncbi.nlm.nih.gov/pubmed/20649950
http://www.ncbi.nlm.nih.gov/pubmed/8600757


26. Yeka A, Achan J, D'Alessandro U, Talisuna AO (2009) Quinine monotherapy for treating uncomplicated
malaria in the era of artemisinin-based combination therapy: an appropriate public health policy? Lan-
cet Infect Dis 9: 448–452. doi: 10.1016/S1473-3099(09)70109-4 PMID: 19555904

27. Kearns GL, Abdel-Rahman SM, Alander SW, Blowey DL, Leeder JS, et al. (2003) Developmental phar-
macology—drug disposition, action, and therapy in infants and children. N Engl J Med 349: 1157–1167.
PMID: 13679531

28. Naikoba S, Colebunders R, Van Geertruyden JP, Willis KS, Kinoti SN, et al. (2012) Design of a cluster
randomized trial assessing integrated infectious diseases training and on-site support for midlevel prac-
titioners in Uganda. International Journal of Care Coordination 16: 152–159.

29. Weaver MR, Burnett SM, Crozier I, Kinoti SN, Kirunda I, et al. (2014) Improving facility performance in
infectious disease care in Uganda: a mixed design study with pre/post and cluster randomized trial
components. PLoS One 9: e103017. doi: 10.1371/journal.pone.0103017 PMID: 25133799

30. Mbonye MK, Burnett SM, Burua A, Colebunders R, Crozier I, et al. (2014) Effect of integrated capacity-
building interventions on malaria case management by health professionals in Uganda: a mixed design
study with pre/post and cluster randomized trial components. PLoS One 9: e84945. doi: 10.1371/
journal.pone.0084945 PMID: 24416316

31. Uganda Government (2010) Health Sector Strategic and Investment Plan 2010/11–2014/15." In Health
Sector Strategic and Investment Plan 2010/11–2014/15. Kampala: Ministry of Health.

32. WHO (2005) Health System Profile for Uganda. Kampala: World Health Organisation.

33. Uganda Government (2010) Statistical abstract 2010. Kampala, Uganda: Ministry of Health.

34. Uganda Government (2010) Human Resources for Health Audit Report. Ministry of Health.

35. Mbonye MK, Burnett SM, Colebunders R, Naikoba S, Van Geertruyden JP, et al. (2014) Disease diag-
nosis in primary care in Uganda. BMC Family Practice 15: 165. doi: 10.1186/1471-2296-15-165 PMID:
25298081

36. Miceli A, Sebuyira LM, Crozier I, Cooke M, Naikoba S, et al. (2012) Advances in clinical education: a
model for infectious disease training for mid-level practitioners in Uganda. Int J Infect Dis 16: e708–713.
doi: 10.1016/j.ijid.2012.07.003 PMID: 22906682

37. Sserwanga A, Harris JC, Kigozi R, Menon M, Bukirwa H, et al. (2011) Improved malaria case manage-
ment through the implementation of a health facility-based sentinel site surveillance system in Uganda.
PLoS One 6: e16316. doi: 10.1371/journal.pone.0016316 PMID: 21283815

38. Gove S, Tamburlini G, Molyneux E, Whitesell P, Campbell H (1999) Development and technical basis
of simplified guidelines for emergency triage assessment and treatment in developing countries. WHO
Integrated Management of Childhood Illness (IMCI) Referral Care Project. Arch Dis Child 81: 473–477.
PMID: 10569960

39. WHO (2006a) WHOChild Growth Standards: Length/height-for-age, weight-for-age, weight-for-length,
weight-for-height and body mass index-for- age: Methods and development. Geneva: World Health
Organization. 312 p.

40. Yeka A, Gasasira A, Mpimbaza A, Achan J, Nankabirwa J, et al. (2012) Malaria in Uganda: challenges
to control on the long road to elimination: I. Epidemiology and current control efforts. Acta Trop 121:
184–195. doi: 10.1016/j.actatropica.2011.03.004 PMID: 21420377

41. Uganda Government (2004) Health Sector Strategic Plan II, 2004/05-2009/10. Ministry of Health.

42. Rubin D (1987) Multiple Imputation for Nonresponse in Surveys. New York: JohnWiley. doi: 10.1002/
sim.6008 PMID: 24122822

43. Sears D, Kigozi R, Mpimbaza A, Kakeeto S, Sserwanga A, et al. (2013) Anti-malarial prescription
practices among outpatients with laboratory-confirmed malaria in the setting of a health facility-based
sentinel site surveillance system in Uganda. Malar J 12: 252. doi: 10.1186/1475-2875-12-252 PMID:
23870515

44. WHO (2011) Universal access to malaria diagnostic testing. Geneva: World Health Organization.

45. Guinovart C, Bassat Q, Sigauque B, Aide P, Sacarlal J, et al. (2008) Malaria in rural Mozambique.
Part I: children attending the outpatient clinic. Malar J 7: 36. doi: 10.1186/1475-2875-7-36 PMID:
18302770

46. Afolabi BM, Salako LA, Mafe AG, Ovwigho UB, Rabiu KA, et al. (2001) Malaria in the first 6 months of
life in urban African infants with anemia. Am J Trop Med Hyg 65: 822–827. PMID: 11791980

47. Nankabirwa J, Zurovac D, Njogu JN, Rwakimari JB, Counihan H, et al. (2009) Malaria misdiagnosis in
Uganda—implications for policy change. Malar J 8: 66. doi: 10.1186/1475-2875-8-66 PMID: 19371426

48. Namagembe A, Ssekabira U, Weaver MR, Blum N, Burnett S, et al. (2012) Improved clinical and labo-
ratory skills after team-based, malaria case management training of health care professionals in
Uganda. Malar J 11: 44. doi: 10.1186/1475-2875-11-44 PMID: 22330281

Malaria Care in Infants Aged under Six Months in Uganda

PLOSONE | DOI:10.1371/journal.pone.0123283 April 10, 2015 19 / 20

http://dx.doi.org/10.1016/S1473-3099(09)70109-4
http://www.ncbi.nlm.nih.gov/pubmed/19555904
http://www.ncbi.nlm.nih.gov/pubmed/13679531
http://dx.doi.org/10.1371/journal.pone.0103017
http://www.ncbi.nlm.nih.gov/pubmed/25133799
http://dx.doi.org/10.1371/journal.pone.0084945
http://dx.doi.org/10.1371/journal.pone.0084945
http://www.ncbi.nlm.nih.gov/pubmed/24416316
http://dx.doi.org/10.1186/1471-2296-15-165
http://www.ncbi.nlm.nih.gov/pubmed/25298081
http://dx.doi.org/10.1016/j.ijid.2012.07.003
http://www.ncbi.nlm.nih.gov/pubmed/22906682
http://dx.doi.org/10.1371/journal.pone.0016316
http://www.ncbi.nlm.nih.gov/pubmed/21283815
http://www.ncbi.nlm.nih.gov/pubmed/10569960
http://dx.doi.org/10.1016/j.actatropica.2011.03.004
http://www.ncbi.nlm.nih.gov/pubmed/21420377
http://dx.doi.org/10.1002/sim.6008
http://dx.doi.org/10.1002/sim.6008
http://www.ncbi.nlm.nih.gov/pubmed/24122822
http://dx.doi.org/10.1186/1475-2875-12-252
http://www.ncbi.nlm.nih.gov/pubmed/23870515
http://dx.doi.org/10.1186/1475-2875-7-36
http://www.ncbi.nlm.nih.gov/pubmed/18302770
http://www.ncbi.nlm.nih.gov/pubmed/11791980
http://dx.doi.org/10.1186/1475-2875-8-66
http://www.ncbi.nlm.nih.gov/pubmed/19371426
http://dx.doi.org/10.1186/1475-2875-11-44
http://www.ncbi.nlm.nih.gov/pubmed/22330281


49. Jensen TP, Bukirwa H, Njama-Meya D, Francis D, Kamya MR, et al. (2009) Use of the slide positivity
rate to estimate changes in malaria incidence in a cohort of Ugandan children. Malar J 8: 213. doi: 10.
1186/1475-2875-8-213 PMID: 19754955

50. Zurovac D, Njogu J, AkhwaleW, Hamer DH, Larson BA, et al. (2008) Effects of revised diagnostic rec-
ommendations on malaria treatment practices across age groups in Kenya. Trop Med Int Health 13:
784–787. doi: 10.1111/j.1365-3156.2008.02072.x PMID: 18482078

51. Njozi M, Amuri M, Selemani M, Masanja I, Kigahe B, et al. (2013) Predictors of antibiotics co-prescrip-
tion with antimalarials for patients presenting with fever in rural Tanzania. BMC Public Health 13: 1097.
doi: 10.1186/1471-2458-13-1097 PMID: 24279303

52. Oladosu OO, OyiboWA (2012) Overdiagnosis and Overtreatment of Malaria in Children That Pre-
sented with Fever in Lagos, Nigeria. International Scholarly Research Notices 2013.

53. Strom GE, Haanshuus CG, Fataki M, Langeland N, Blomberg B (2013) Challenges in diagnosing pae-
diatric malaria in Dar es Salaam, Tanzania. Malar J 12: 228. doi: 10.1186/1475-2875-12-228 PMID:
23822515

54. Steinhardt LC, Chinkhumba J, Wolkon A, Luka M, Luhanga M, et al. (2014) Patient-, health worker-,
and health facility-level determinants of correct malaria case management at publicly funded health fa-
cilities in Malawi: results from a nationally representative health facility survey. Malar J 13: 64. doi: 10.
1186/1475-2875-13-64 PMID: 24555546

55. Hamer DH, Ndhlovu M, Zurovac D, Fox M, Yeboah-Antwi K, et al. (2007) Improved diagnostic testing
and malaria treatment practices in Zambia. JAMA 297: 2227–2231. PMID: 17519412

56. Gwer S, Newton CR, Berkley JA (2007) Over-diagnosis and co-morbidity of severe malaria in African
children: a guide for clinicians. Am J Trop Med Hyg 77: 6–13. PMID: 18165469

57. d'Acremont V, Malila A, Swai N, Tillya R, Kahama-Maro J, et al. (2010) Withholding antimalarials in fe-
brile children who have a negative result for a rapid diagnostic test. Clin Infect Dis 51: 506–511. doi: 10.
1086/655688 PMID: 20642354

58. Njama-Meya D, Clark TD, Nzarubara B, Staedke S, Kamya MR, et al. (2007) Treatment of malaria re-
stricted to laboratory-confirmed cases: a prospective cohort study in Ugandan children. Malar J 6: 7.
PMID: 17239256

59. Bjorkman A, Martensson A (2010) Risks and benefits of targeted malaria treatment based on rapid di-
agnostic test results. Clin Infect Dis 51: 512–514. doi: 10.1086/655689 PMID: 20642355

60. WHO (March 2013) Malaria in infants. Geneva: World Health Organization.

61. Mwaniki MK, Talbert AW, Mturi FN, Berkley JA, Kager P, et al. (2010) Congenital and neonatal malaria
in a rural Kenyan district hospital: an eight-year analysis. Malar J 9: 313. doi: 10.1186/1475-2875-9-
313 PMID: 21054891

62. Kengeya-Kayondo JF, Seeley JA, Kajura-Bajenja E, Kabunga E, Mubiru E, et al. (1994) Recognition,
treatment seeking behaviour and perception of cause of malaria among rural women in Uganda. Acta
Trop 58: 267–273. PMID: 7709865

63. Zurovac D, Njogu J, AkhwaleW, Hamer DH, Snow RW (2008) Translation of artemether-lumefantrine
treatment policy into paediatric clinical practice: an early experience from Kenya. Trop Med Int Health
13: 99–107. doi: 10.1111/j.1365-3156.2007.01980.x PMID: 18291008

64. Needleman J, Buerhaus P, Mattke S, Stewart M, Zelevinsky K (2002) Nurse-staffing levels and the
quality of care in hospitals. N Engl J Med 346: 1715–1722. PMID: 12037152

65. Kane RL, Shamliyan T, Mueller C, Duval S, Wilt TJ (2007) Nurse staffing and quality of patient care:
Agency for Healthcare Research and Quality Rockville, MD.

66. Clarke SP, Donaldson NE (2008) Nurse staffing and patient care quality and safety. Patient safety and
quality: An evidence-based handbook for nurses 2: 2–11.

67. WHO (2003) Improving Data Quality: A Guide for Developing Countries. Manila: World Health
Organization.

Malaria Care in Infants Aged under Six Months in Uganda

PLOSONE | DOI:10.1371/journal.pone.0123283 April 10, 2015 20 / 20

http://dx.doi.org/10.1186/1475-2875-8-213
http://dx.doi.org/10.1186/1475-2875-8-213
http://www.ncbi.nlm.nih.gov/pubmed/19754955
http://dx.doi.org/10.1111/j.1365-3156.2008.02072.x
http://www.ncbi.nlm.nih.gov/pubmed/18482078
http://dx.doi.org/10.1186/1471-2458-13-1097
http://www.ncbi.nlm.nih.gov/pubmed/24279303
http://dx.doi.org/10.1186/1475-2875-12-228
http://www.ncbi.nlm.nih.gov/pubmed/23822515
http://dx.doi.org/10.1186/1475-2875-13-64
http://dx.doi.org/10.1186/1475-2875-13-64
http://www.ncbi.nlm.nih.gov/pubmed/24555546
http://www.ncbi.nlm.nih.gov/pubmed/17519412
http://www.ncbi.nlm.nih.gov/pubmed/18165469
http://dx.doi.org/10.1086/655688
http://dx.doi.org/10.1086/655688
http://www.ncbi.nlm.nih.gov/pubmed/20642354
http://www.ncbi.nlm.nih.gov/pubmed/17239256
http://dx.doi.org/10.1086/655689
http://www.ncbi.nlm.nih.gov/pubmed/20642355
http://dx.doi.org/10.1186/1475-2875-9-313
http://dx.doi.org/10.1186/1475-2875-9-313
http://www.ncbi.nlm.nih.gov/pubmed/21054891
http://www.ncbi.nlm.nih.gov/pubmed/7709865
http://dx.doi.org/10.1111/j.1365-3156.2007.01980.x
http://www.ncbi.nlm.nih.gov/pubmed/18291008
http://www.ncbi.nlm.nih.gov/pubmed/12037152

