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Background. Malaria rapid diagnostic tests (mRDTs) are a cornerstone of malaria testing and treatment efforts globally.
However, positive mRDT results can occur after treatment due to antigen persistence, even in the absence of malaria
parasites. False-negative mRDTs are well-described, but less is known about the prevalence and consequences of such false-
positive results.

Methods. We estimated the prevalence of false-positive mRDTs, defined as mRDT(+)/microscopy(—), using data from the
2018-2019 Uganda Malaria Indicator Survey (MIS). Children aged <5 years (under-5s) with paired mRDT and microscopy
results were included. We estimated the prevalence of false-positive mRDTs among microscopy(—) children using survey
weights. We fit bivariate generalized linear models to estimate the prevalence difference (PD) of false-positive mRDTs for
pre-specified covariates. We constructed cross-validated weighted lasso regression models to determine which variables best
predict false-positive mRDTs among children with recent fever.

Results. The prevalence of false-positive mRDTs was 10.7% (849/6786) and was strongly correlated with region-level
transmission intensity. Prevalence was higher among children with recent fever (PD: 17.2%; 95% CI: 13.7%, 20.6%), recent
antimalarial use (14.7%; 7.1%, 22.3%), and comorbid anemia (8.1%; 5.9%, 10.3%). Prevalence was lower among those with
recent antibiotic use (—17.6%; —22.5%, —12.7%). A model with clinical, environmental, and household variables better
predicted false-positive mRDTs (weighted AUC =0.79) than individual models.

Conclusions. False-positive mRDTs are prevalent among under-5s in the 2018-19 Uganda MIS and lead to overestimates of
community-level malaria prevalence. These results suggest that false-positive mRDTs may also contribute to misdiagnosis and

unnecessary antimalarial use in clinical settings.
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The introduction of malaria rapid diagnostic tests (mRDTs)
has contributed to increased testing for malaria [1]. mRDTs
are fast and inexpensive, though less accurate than expert mi-
croscopy [2], which is more resource intense and requires
skilled personnel. In Uganda, despite being the gold standard,
microscopy is infeasible in most care-seeking settings.
Malaria rapid diagnostic tests, however, are widely used in
point-of-care malaria management, and can be accessed at
drug shops, formal health clinics, and visits with community
health workers [2]. They detect malarial antigen in an
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individual’s blood, most commonly histidine rich protein II
(HRP-2) [3].

While misclassification due to false-negative mRDTs has
been well-described, less is known about the impact of false-
positive results [4]. The HRP-2 antigen remains in the blood-
stream and is detectable by mRDT even after treatment of ma-
laria infection and clearance of the parasite, which can produce
false-positive results. Estimates of the mean half-life of HRP-2
range from 3 to 9 days [5-7], but variability in the length of
mRDT positivity has been demonstrated, up to 63 days after
malaria treatment and the clearance of parasites [8]. Children
tend to remain mRDT-positive longer than adults [8], and
higher parasitemia at time of initial testing is associated with
longer antigen persistence [9, 10]. In addition, in one study,
the median length of mRDT positivity was longer in a high
transmission area compared to a low transmission area [9].
Beyond age, transmission intensity, and parasitemia, little is
known about other correlates of false-positive mRDT results.

False-positive mRDTs could pose serious consequences
for management of nonmalarial febrile illnesses across
sub-Saharan Africa (SSA). Nonmalarial causes of fever may
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go untreated in the presence of false-positive mRDTs. Further,
progress toward malaria elimination has been hampered in part
by the increasing resistance of Plasmodium species to antima-
larial drugs. Parasite mutations are associated with partial arte-
misinin resistance, which makes antimalarial drugs, including
artemisinin-based combination therapies (ACTs), the pre-
ferred treatment, less effective [11]. Uganda may be especially
at risk for resistance to ACTs, due to the having one of the high-
est transmission burdens in SSA [11], and because mutations in
P. falciparum have emerged in recent years [12]. Therefore,
stewardship of ACTs is crucial to malaria control efforts.

The overarching goal of this study is to describe the epidemi-
ology of false-positive mRDTs among children under 5 years of
age (under-5s) in Uganda. To achieve this, we describe the
prevalence and spatial variation of false-positive mRDTs
among microscopy-negative children in Uganda, both nation-
ally and by region, using the 2018-2019 Uganda Malaria
Indicator Survey (UMIS). We estimate bivariate associations
between false-positive mRDTs and demographic, clinical, and
environmental factors. In addition, we develop prediction
models to identify factors among under-5s with recent fever
who are more likely to have a false-positive mRDT.

METHODS

Data Source and Population

We analyzed cross-sectional data from the most recent UMIS,
conducted from December 2018 to January 2019. The UMIS is
a nationally representative complex survey designed to estimate
national and regional malaria prevalence among under-5s. All
children aged 0-59 months in sampled households were eligi-
ble for biomarker testing, including microscopy and mRDT for
malaria, and hemoglobin (Hb) for anemia.

We included all children aged 0-59 months who underwent
paired malaria testing via mRDT and microscopy, had valid re-
sults (eg, positive or negative), and slept in the household in
which they were tested the night prior to the survey.
Children with missing mRDT or microscopy results were ex-
cluded. Trained field workers performed HRP-2 mRDTs (SD
BIOLINE Malaria Ag P.f) and collected blood smears for mi-
croscopy. Child demographic and clinical characteristics and
maternal demographic characteristics were reported by the
mother via the women’s questionnaire. Household demo-
graphic characteristics assessed by the household questionnaire
were reported by any household member(s) aged 15 and older
during the household interview.

Predictor Variables

Candidate predictors were selected a priori if they were hypoth-
esized to be associated with malaria transmission or false-
positive mRDTs. Child demographic variables included the
child’s age (reported in months), sex, and whether they slept

under a long-lasting insecticidal net (LLIN) the night prior to
the survey. Clinical variables included anemia (Hb <11 g/dL),
moderate anemia, (Hb < 8 g/dL), and whether in the 2 weeks
prior to the survey the child had a fever, sought care for a fever,
received antimalarials, antibiotics, antipyretics, or had blood
taken from the finger or heel for testing. Household demo-
graphic variables included mother’s age, mother’s highest level
of education, household size, floor construction, electricity ac-
cess, livestock ownership, drinking water source, wealth quin-
tile, indoor residual spraying (IRS) received in the last 12
months, and whether there is a community health worker
(CHW) who distributes malaria medicines in the community.
Rurality (refugee, urban, or rural cluster) was determined by
the survey design. Environmental and geospatial covariates in-
cluded altitude (meters [m]), average rainfall (millimeters
[mm]), aridity index, enhanced vegetation index, proximity
to water (m), and cattle density (per square kilometer).
December average temperature (°C), January average tempera-
ture (°C), land surface temperature (°C), diurnal average tem-
perature (°C), and region-level malaria prevalence measured by
microscopy were also included. Detailed variable definitions
are available in the supplement (Supplementary Table 1).

Statistical Analysis

The outcome of interest was the prevalence of false-positive
mRDT results, defined as a positive mRDT result and negative
microscopy result, among microscopy-negative individuals in
each stratum of the covariates listed above. The complex
2-stage sample design was accounted for in all analyses. We re-
ported prevalence estimates and corresponding 95% Wald con-
fidence intervals. Spearman’s rank correlation coefficient was
calculated between false-positive mRDT prevalence among
microscopy-negative children and malaria prevalence mea-
sured by mRDT and microscopy among all children at the re-
gion level. We constructed locally estimated scatterplot
smoothing curves for the observed relationships between false-
positive mRDT prevalence and 1) malaria prevalence as mea-
sured by microscopy and mRDT, 2) child’s age in months,
and 3) environmental covariates of interest.

We fit bivariate generalized linear models to estimate the
prevalence of false-positive mRDTs among microscopy-
negative individuals for each level of the child demographic,
clinical and household variables. Prevalence differences (PD)
were also estimated for each covariate.

Next, we constructed weighted least absolute shrinkage and
selection operator (lasso) regression models [13] with nested
5-fold cross validation that accounts for the survey design
[14, 15] to determine which set of variables best predicted false-
positive mRDTs among microscopy-negative children with
recent fever by estimating the cross-validated weighted area un-
der the receiver operating characteristic curve (AUC). First, we
fit a naive model with 1 predictor: region-level malaria
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prevalence measured by microscopy. Then, we chose 3 sets of
candidate predictors, described above. The first included child
clinical and demographic variables, which could be reasonably
ascertained in a care-seeking setting (clinical model). The sec-
ond included household demographic characteristics (house-
hold model). The third included environmental predictors,
chosen to represent differences in malaria transmission inten-
sity across Uganda (environmental model). The full model in-
cluded all candidate predictors from these sets. The model with
the largest weighted AUC was chosen as the final model, unless
a more parsimonious model could be achieved with 1% toler-
ance. We evaluated sensitivity/specificity tradeoffs of the full
model at 5 sensitivity thresholds: 5%, 25%, 50%, 75%, and 95%.

For the bivariate and lasso models, we used multiple impu-
tation with fully conditional specification to impute missing
values. Most missing data arose from the absence of a linked
women’s questionnaire for a particular child (Supplementary
Table 2), specifically, whether a child had a fever in the last 2
weeks (16.4%), and the mother’s age and education level
(16.3%). On the household questionnaire, missing data includ-
ed whether the household received IRS in the last 12 months
(0.6%) and whether there is a CHW in the community
(3.5%). For geospatial covariates, which are measured at the
cluster-level, missing data were present for all covariates, rang-
ing from 1.1% to 10.6% (Supplementary Table 4). For the bi-
variate models, variances were estimated using the Taylor
series linearization method and pooled using Rubin’s formula
or nested Rubin’s formula [16]. More details regarding statisti-
cal analyses are available in the supplement. All analyses were
conducted using SAS Studio 3.8 and R 4.3.1.

Ethics

This study uses secondary data from the Demographic and
Health Surveys (DHS) Program. The original study protocols
were approved by the Uganda National Council for Science
& Technology, the Makerere University School of Medicine
and Ethics Committee, and the institutional review board at
ICF International [17]. Respondents gave consent prior to par-
ticipation. Guardians provided consent for malaria and anemia
testing in children. This secondary analysis was determined to
be exempt from review by The University of North Carolina at
Chapel Hill Institutional Review Board.

RESULTS

A total of 8125 under-5s were sampled and 8002 were included
in the de facto population (Supplementary Figure 1). Among
them, 248 (3.1%) did not have paired microscopy and mRDT
results. The remaining 7754 children (96.9% of the sampled
population) were included in the analyses. About half
(49.7%) of the children were female and 62.2% were reported
to have slept under a LLIN the night before the survey

(Table 1). More children lived in rural areas than urban areas
(70.1% vs 20.7%). The remaining 9.1% lived in refugee settle-
ments. Malaria prevalence as measured by microscopy and
mRDT was 9.5% and 18.3%, respectively. Over one quarter
(27.7%) of children had a fever, as reported by their guardian,
in the 2 weeks prior to the survey. Among them, 74.4% sought
care and 62.7% took antimalarials for the fever. Fewer (13.6%)
took antibiotics and about half (51%) took antipyretics.
False-positive malaria prevalence tended to increase with in-
creasing malaria prevalence (by mRDT or microscopy), though
this trend was nonlinear, and varied by region (Figure 1,
Figure 2). The overall prevalence of false-positive mRDT results
among the 6876 microscopy-negative under-5s was 10.7%
(95% CI: 8.8%, 12.6%), but varied greatly across regions, rang-
ing from 1.0% (0.0%, 2.1%) in Ankole to 37.5% (28.3%, 46.8%)
in West Nile (Supplementary Table 3, Figure 1). False-positive
mRDT prevalence was higher in rural areas (11.4%) than urban
areas (3.4%). Correlation between mRDT and microscopy
positivity was 0.98. There was a strong correlation between
false-positive mRDT prevalence and malaria prevalence as
measured by both mRDT (r=0.96)
(r=0.9) (Supplementary Figure 2). Within regions, variation ex-

and microscopy

isted in false-positive mRDT prevalence by cluster (Figure 1).
Slightly less than half of clusters (155/340, 45.6%) did not have
any positive mRDT results. In general, cluster-level false-positive
mRDT prevalence increased with increasing temperature and
proximity to water, and decreased with increasing altitude, arid-
ity index, and cattle density (Supplementary Figure 3).

The prevalence of false-positive mRDT results among
microscopy-negative under-5s varied by certain subgroups.
This prevalence was lowest among children aged 0-11 months.
Prevalence was highest among children aged 3 years, but similar
among all children over 1 year (Figure 3, Supplementary
Figure 4). Children with reported fever in the 2 weeks prior to
the survey had a higher prevalence of false-positive mRDT's com-
pared to those without (PD: 17.2%, 95% CI: (13.7%, 20.6%))
(Figure 3, Supplementary Figure 5). Among children with recent
fever, the prevalence of false-positive mRDT's was approximately
15 percentage points higher among those who took antimalarials
than those who did not, and nearly 18 percentage points lower
among those who took antibiotics compared to those who did
not. Children who sought care in the 2 weeks prior to the survey
had a slightly higher false-positive mRDT prevalence than those
who did not, while those who had blood drawn for testing care in
the 2 weeks prior to the survey had a slightly lower false-positive
mRDT prevalence than those who did not. Certain household
demographic factors were associated with increased false-
positive mRDT prevalence, including residing in a rural cluster
or refugee settlement, lower maternal education, and lower
household wealth (Figure 3, Supplementary Figure 5).

The full lasso model containing clinical, environmental, and
household covariates restricted to children who had a fever in
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Table 1. Demographic and Clinical Characteristics of 7754 Children
Under 5 Years of Age With Valid Microscopy and Malaria Rapid
Diagnostic Test (mRDT) Results. Unweighted n and Weighted %,
Weighted Mean (SD) are Presented

N (%)
Child demographic characteristics
Age in m [mean (SD)] 29.9 (0.3
Age category
0-11m 1559 (19.9)
1y 1482 (18.8)
2y 1520 (19.3)
3y 1603 (21.2)
4y 1590 (20.8)
Female sex 3820 (49.7)
Slept under LLIN last night 4855 (62.2)
Child clinical characteristics
Malaria rapid diagnostic test+ 1645 (18.3)
Malaria microscopy+ 878 (9.5)
P. falciparum® 782 (89.4)
P. ovale® 6(0.4)
P. malariae® 8 (2.4)
Mixed infection? 2 (7.7)
Fever in last 2 wk 1899 (27.7)

Missing 1328
Among children with fever in last 2 wk:
1422 (74.4)

Care seeking for fever
Blood taken from finger or heel 1014 (51.0)
Missing 2
Antimalarials taken 1226 (62.7)
Antibiotics taken 259 (13.6)
Antipyretics taken 922 (51.0)
Anemia (Hb < 11 g/dL) 3985 (51.3)
Moderate anemia (Hb < 8 g/dL) 308 (3.6)
Maternal demographic characteristics
Age
15-24y 2007 (30.1)
25-34y 3090 (48.6)
35+y 1335 (21.3)
Missing 1322
Education
None 1371 (18.7)
Primary 3684 (56.0)
Secondary 1146 (21.2)
Tertiary/University 231 (4.2)
Missing 1322
Household demographic characteristics
Number of household members (mean [SD]) 6.7 (0.1)
Number of household members
2-4 1863 (23 7)
5-6 2352 (31.1)
7-8 1790 (22.5)
9+ 1749 (22.7)
Rurality
Urban 1478 (20.7)
Rural 5604 (70.1)
Refugee 672 (9.1)
Main floor material
Natural 5846 (68.6)
Finished 1908 (31.4)

Table 1. Continued
N (%)
Has electricity 2758 (39.0)
Own livestock, herds, or farm animals 4949 (61.9)
Source of drinking water
Piped 1374 (18.3)
Dug well 1276 (17.5)
Tube well 3750 (46.5)
Surface 1222 (16.1)
Other 132 (1.7)
Household wealth index
Poorest 2670 (27.2)
Poorer 1776 (22.5)
Middle 1255 (18.5)
Richer 1072 (16.8)
Richest 981 (15.0)
Indoor residual spraying (IRS) in last 12 m 1015 (11.1)
Missing 41
Community health worker (CHW) distributes antimalarials in 4772 (56.6)
community
Missing 259

#Among microscopy-positive individuals.

the 2 weeks prior to the survey performed best among candi-
date models in distinguishing those with and without a false-
positive mRDT with a cross-validated weighted AUC of 0.79
(Figure 4). In other lasso models restricted to children with re-
cent fever, the naive model (weighted AUC: 0.69), model with
environmental covariates (0.68), model with clinical covariates
(0.70), and model with household covariates (0.68) performed
similarly. In the environmental model, 2 variables were re-
(altitude and
(Supplementary Figure 6). In the clinical model, 4 variables

tained region-level malaria prevalence)
were retained, with anemia (Hb < 11 g/dL) having the highest
variable importance. In the household model, 6 variables
were retained with IRS in the last 12 months having the highest
variable importance. The full model retained 12 variables, in-
cluding those from all 3 sets of candidate predictors
(Figure 5). All variables retained in the clinical and household
models were retained in the full model. However, altitude was
not retained, instead December temperature and region-level
malaria prevalence were retained. In the full model, the covar-
iates with highest variable importance were 1) IRS in the last 12
months, which decreased the probability of a false-positive
mRDT and 2) living in a refugee cluster, which increased the
probability of a false-positive mRDT. Model hyperparameter
and parameter estimates are shown in Supplementary Table 5.

DISCUSSION

In the general population of microscopy-negative children un-
der 5 years of age in Uganda, the prevalence of false-positive
mRDTSs was nearly 11%, indicating that false-positive mRDT's
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Figure 3. Forest plot of prevalence differences of false-positive mRDTs among microscopy-negative children with corresponding 95% Cls for child demographic and clinical
characteristics A and mother and household characteristics B. Comparisons are listed in italics; otherwise, comparisons are yes versus no.
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candidate predictors. Sensitivity (Se) and specificity (Sp) thresholds are shown
for the full model.

are frequent in this population. The prevalence of false-positive
mRDTs was associated with demographic, clinical, and envi-
ronmental features. Recent fever and antimalarial use were
associated with an increased probability of a false-positive
mRDT, suggesting that many mRDT-positive results shortly af-
ter antimalarial use may be due to antigen persistence.
Conversely, recent antibiotic use was associated with a de-
creased probability of a false-positive mRDT, possibly because
antibiotics were used to treat a nonmalarial illness. The

prevalence of false-positive mRDTs generally increased with
malaria prevalence, suggesting that the consequences of false-
positive mRDT's are more pronounced in higher transmission
settings. The overestimation of malaria prevalence by mRDT
due to false positives in the entire UMIS sample may have im-
portant consequences for the allocation and prioritization of
resources for malaria control, especially in higher transmission
settings, where mRDT prevalence may greatly overestimate
true malaria prevalence.

Among under-5s who had a fever in the 2 weeks prior to the
survey, lasso regression models with demographic, clinical, and
environmental variables modestly predicted false-positive
mRDT results. We used under-5s with recent fever to represent
a care-seeking population. Demographic and clinical charac-
teristics could be ascertained by clinicians who treat care-
seeking febrile children. Environmental covariates, however,
were included to represent malaria transmission intensity.
The naive model, containing only region-level malaria preva-
lence to represent transmission intensity, performed worse
than the full model. Further, in the full model, 8 covariates
had greater variable importance than region-level malaria prev-
alence, suggesting that factors beyond local transmission inten-
sity should be considered when determining whether a patient
may be more likely to have a false-positive mRDT. In this sce-
nario, the overestimation of malaria prevalence may lead to
misdiagnosis, under-recognition of nonmalarial febrile illness,
and antimalarial overprescription, even when treatment algo-
rithms are correctly followed.

Our results generally align with the limited existing litera-
ture. False-positive mRDTs have been noted in a range of care-
seeking settings in Uganda [18-20]. Previous work showed that
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Figure 5.

Directional variable importance of retained variables from lasso model with full set of candidate covariates. The variable impartance is the absolute magnitude.

The most important variable has importance of 100 or —100. All other variables are ranked relative to the most important. Variable importance less than 0 indicates that the
covariate is associated with a decreased probability of a false-positive mRDT. Variable importance >0 indicates that the covariate is associated with an increased probability

of a false-positive mRDT.

children tend to remain mRDT-positive longer than adults [8].
Here, we found that the youngest children (under one year of age)
are less likely to have false-positive mRDTs than those aged 1 to
<5 years. Additionally, in Uganda, prior work demonstrated
that the specificity of mRDTs is lower in high transmission areas
compared to low transmission areas, suggesting a relationship be-
tween false-positive mRDT prevalence and transmission intensity
[9]. We found that other variables known to be associated with
higher malaria transmission (eg, rural clusters and less wealth)
were associated with increased false-positive mRDT prevalence.
Higher parasitemia at time of testing has been associated with lon-
ger antigen persistence [9, 10]. In this study, we were unable to
evaluate the relationship between parasitemia and false-positive
mRDT prevalence because parasite density was not reported.
Factors other than antigen persistence may be associated
with or cause false-positive mRDTs, including the test brand,
cross-reactivity, temperature, humidity, and user error [4, 21].
These sources of measurement error may exist in the UMIS,
but we cannot distinguish these errors from antigen persistence.
In addition, we assumed that there was perfect measurement and
reporting of malaria testing results by mRDT and microscopy in
the UMIS, as testing was performed by multiple trained field-
workers. However, there may have been misclassification of
these results as variation can exist between individuals who
read the rapid tests and microscopy slides. Further, our defini-
tion of false-positive mRDTs (positive mRDT and negative

microscopy) may be subject to limitations. While microscopy
is the gold standard for identifying malaria infection in
Uganda [22], it is less sensitive than PCR and may be subject
to false-negative results caused by low parasite densities [23].
However, false-negative results are expected to be infrequent
in our study sample because the prevalence of pfhrp2 gene de-
letions in P. falciparum in Uganda was low at the time of the
survey [11, 24, 25].

These results may not be generalizable to older children or
adults, or other populations in SSA. Malaria prevalence measured
by microscopy exceeded malaria prevalence measured by mRDT
in only 7/55 cross-sectional MIS and DHS surveys estimating ma-
laria prevalence in children under 5 from 2006 to 2024. These 7
surveys were conducted in 4 countries: Benin, Madagascar,
Mali and Senegal [26]. Our findings related to the sizeable prev-
alence of false-positive mRDTs may not be relevant in popula-
tions where microscopy prevalence exceeds mRDT prevalence.
Crucially, these findings may also not reflect the false-positive
mRDT prevalence in care-seeking populations, as the UMIS
was designed to survey children in the general population. The
results may also not be generalizable to regions where P. falcipa-
rum is not the primary malaria species, as HRP-2 is specific to P.
falciparum, or where P. falciparum is the primary species, but
mRDTs that target other antigens are used. Further, general lim-
itations of self-reported questionnaire data may apply. Responses
provided by women and household members during interviews
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may be subject to recall bias. Most environmental and geospatial
covariates were collected prior to the UMIS and may not reflect
conditions during the survey. Further, there may exist important
correlates with false-positive mRDT probability that were un-
measured and not evaluated in this study. Lastly, the survey’s
cross-sectional design means that we were unable to assess any
causal associations between covariates and false-positive mRDTs.

Much of prior work on malaria infection misclassification
involves false-negative mRDTs [27]. Here, we demonstrate
that there is a sizeable burden of false-positive mRDTs among
under-5s in Uganda. These false-positive mRDTs may pose
consequences for malaria case management and elimination ef-
forts by misguiding the allocation of resources. While the intro-
duction of mRDTs into health facilities and care-seeking
settings decreased antimalarial use [28-32] and reduced anti-
malarial overprescription [18, 33-37], false-positive mRDTs
may still contribute to antimalarial overprescription among
under-5s in high transmission areas of Uganda, despite adher-
ence to testing and treatment algorithms by healthcare workers.
In Uganda, where malaria is highly burdensome, even small
proportions of antimalarial overprescription due to false-
positive mRDTs may impact emerging drug resistance and
misdiagnosis of nonmalarial febrile illnesses. Two-step diag-
nostic algorithms that use microscopy as a confirmatory test
for certain mRDT results have been proposed [38], which could
reduce the amount of microscopy performed. Based on our re-
sults, certain clinical features, such as anemia (Hb < 11 g/dL)
and recent antimalarial use, as well as environmental features,
such as residing in a high transmission setting, might suggest
that mRDT-positive children who seek care are more likely
to be false positives. Further work is needed to determine
whether existing treatment algorithms could be modified to
use covariates that predict mRDT false-positivity by utilizing
a child’s clinical history, in conjunction with a positive
mRDT, should be
provided.

to determine whether antimalarials
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