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Abstract. Low-density malaria infections are a source of human morbidity in endemic settings and potentially con-
tribute to ongoing malaria transmission. Conventional rapid diagnostic tests (RDTs) were designed to detect clinically
relevant parasite and antigen levels, but it is largely unknownwhat proportion of parasite (and antigen positive) infections
aremissed by conventional RDTs. Furthermore, RDTs can also provide false positives from lingering histidine-rich protein
2 (HRP2) antigenemia from a past infection. We analyzed 207 samples from Angolan outpatients with a bead-based
HRP2 antigen assay and by qRT-PCR for the presence of parasite nucleic acids. Amongpatients HRP2positive but negative
by conventional RDT, the rate of quantitative reverse transcription-PCR (qRT-PCR) positivity was 45% (95% CI: 35–56%),
with a median parasitemia of 3.4 parasites/μL (interquartile range: 0.14–4.8). Only 15% (7–26%) of HRP2-negative samples
were found to have parasite nucleic acids. A substantial proportion of persons with blood HRP2 antigen concentrations not
detected by the conventional RDT were found to have evidence of active infection, but at low parasite density levels.

Detection of the Plasmodium falciparum antigen histidine-
rich protein 2 (HRP2) is the basis for most malaria diagnosis
worldwide, including in sub-Saharan Africa.1 However, con-
ventional HRP2-based diagnostic tests remain positive for an
extended period following successful P. falciparum parasite
clearance because the antigen lingers weeks after resolution
of infection.2 As a result, HRP2 antigen presence does not
necessarily imply active parasite infection. This limitation is
particularly relevant in the context of the recent development
of field rapid diagnostic tests (RDTs) with higher sensitivity
for the detection of HRP2 in blood samples.3 Recently, we
reported that a conventional RDT used at health facilities in
two Angolan provinces detected 81% and 82% of HRP2
antigenemias in febrile patients and 52% and 77% in afebrile
patients, when compared with an ultrasensitive bead-based
laboratory assay.4,5 However, because we lacked data on ac-
tive infection status, we were unable to report the proportion of
patient samples positive for HRP2 by the bead assay but neg-
ative by RDT that represented active P. falciparum infection.
To help clarify the utility of the HRP2 assay for laboratory

detection of active infections, we used a qRT-PCR assay for
ultrasensitive detection of Plasmodium 18S ribosomal RNA
(rRNA) to analyze a subset of samples (16.4% of all samples)
from Angolan outpatients collected during a health facility
survey6 and compared the qRT-PCR results with the results of
the HRP2-based diagnostic and laboratory tests. In total, 207
samples were selected to include a range of antigen levels,
including 61 negative by RDT (SD Bioline P. falciparum/Plas-
modium vivax, Standard Diagnostics, Yongin, Republic of
Korea) and negative by the bead-based HRP2 assay (RDT−/
HRP2−); 93 negative by RDT but positive by the bead-based
HRP2 assay (RDT−/HRP2+); and 53 samples positive by RDT
(RDT+), 51 of which were also positive by the bead-based
HRP2 assay. We extracted total nucleic acids (DNA Mini Kit,

Qiagen, Hilden, Germany) and quantitatively amplified 18S
rRNA using pan-Plasmodium primers and probes on the
Abbott m2000 sp/rt system (Abbott, Chicago, IL) as de-
scribed previously.7–9 Parasite densitieswere estimated using a
conversion factor of 7.4×103 copiesper ring-stageP. falciparum
parasite,7 and the level of detection of the qRT-PCR assay
corresponded to 0.020 parasites/μL of whole blood. Addi-
tional analysis of the anonymous blood samples from the
Angola survey was approved by the Office of the Associate
Director for Science, Center for Global Health at CDC as re-
search, not involving human subjects (2018-034).
Nine of 61 RDT−/HRP2− samples were positive by qRT-

PCR for P. falciparum rRNA (15%, 95%CI: 7–26%) (Figure 1).
Forty-two of 93 samples were qRT-PCR+ (45%, 95% CI:
35–56%) from persons HRP2+ but where the individual had
provided a negative RDT result (RDT−/HRP2+). By contrast,
45of 53RDT+sampleswere qRT-PCRpositive (85%,95%CI:
72–93%). Estimated parasite density in samples qRT-PCR
positive followed a similar pattern, with a median of 0.56
parasites/μL (interquartile range [IQR]: 0.14–4.8) in the RDT−/
HRP2− samples, 3.4 parasites/μL (IQR: 1.3–39) in the RDT−/
HRP2+ category, and 377 parasites/μL (IQR: 70–2,161) in the
RDT+ samples (Figure 1). Rates of qRT-PCR positivity (chi-
squared P-value < 0.01) and the distribution of parasite
densities (all pairwise Kolmogorov–Smirnov P-values < 0.05)
differed significantly among the three categories.
The samples without detectable HRP2 (even with the ul-

trasensitive bead-based assay) but positive by qRT-PCR
could represent infections where the blood stage parasite is
present at significant levels but with unusually low expression
of the antigen or where the parasite is present at very low
numbers, such as in the case of an early infection where not
enough HRP2 has accumulated. Previous estimates showed
the HRP2 bead assay reliably detected the HRP2 antigen in
P. falciparum parasite densities approaching 1 parasite/μL,
but lost sensitivity at densities lower than this.5 To this point,
the level of estimated parasite density for those qRT-PCR
positive in this HRP2− category was very low, with most in-
fections less than 1.0 parasites/μL. Data on the contribution of
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infections with such a low parasite density to ongoing malaria
transmission are scarce and conflicting.10,11 Nearly half (45%)
of all samples with laboratory-detectable HRP2 but negative
RDTs showed molecular evidence of active P. falciparum in-
fection. The remaining 55% qRT-PCR–negative samples in
this category likely represents past infections but with HRP2
levels lower thanwhat is detectedby theRDT, but highenough
to be detected by the bead assay. Conversely, the eight (15%)
samples from RDT-positive persons that were not found to
contain any P. falciparum nucleic acids suggest either a false-
negative qRT-PCR result, false-positive RDT, or lingering
HRP2 antigen2 from previous (not current) parasite infections
for these individuals. Further studies using highly sensitive
laboratory diagnostic methods, such as the bead-based as-
say and qRT-PCR, will build the evidence base on the re-
lationship between infection status and the results of malaria
diagnostic tests andwill help to inform the interpretation of the
epidemiological significance of these tests.
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FIGURE 1. Distribution of malaria parasite density, as assessed by
qRT-PCR, for samples from Angolan outpatients grouped by con-
ventional RDT and ultrasensitive bead-based HRP2 laboratory assay
result. HRP2 = histidine-rich protein 2; RDT = rapid diagnostic test.
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