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Abstract.  Microscopic evaluation of skin biopsies is the monitoring and evaluation (M and E) method currently
used by multiple onchocerciasis elimination programs in Africa. However, as repeated mass drug administration
suppresses microfilarial loads, the sensitivity and programmatic utility of skin snip microscopy is expected to decrease.
Using a pan-filarial real-time polymerase chain reaction with melt curve analysis (JPCR-MCA), we evaluated 1) the
use of a single-step molecular assay for detecting and identifying Onchocerca volvulus microfilariae in residual skin
snips and 2) the sensitivity of skin snip microscopy relative to qPCR-MCA. Skin snips were collected and examined
with routine microscopy in hyperendemic regions of Uganda and Ethiopia (N = 500 each) and “residual” skin snips
(tissue remaining after induced microfilarial emergence) were tested with qPCR-MCA. qPCR-MCA detected
Onchocerca DNA in 223 residual snips: 139 of 147 microscopy(+) and 84 among microscopy(—) snips, suggesting over-
all sensitivity of microscopy was 62.3% (139/223) relative to qPCR-MCA (75.6% in Uganda and 28.6% in Ethiopia).
These findings demonstrate the insufficient sensitivity of skin snip microscopy for reliable programmatic monitoring.
Molecular tools such as qPCR-MCA can augment sensitivity and provide diagnostic confirmation of skin biopsies and

will be useful for evaluation or validation of new onchocerciasis M and E tools.

INTRODUCTION

Onchocerciasis, or river blindness, is a vector-borne filarial
neglected tropical disease caused by the parasitic worm
Onchocerca volvulus. Second only to trachoma as an infec-
tious cause of blindness worldwide, onchocerciasis has been
targeted for elimination in several African countries by 2025."
Community-directed, once- or twice-per-year mass drug admin-
istration (MDA) with ivermectin (IVM; Mectizan®, Merck and
Co., Kenilworth, NJ) is the intervention of choice for controlling
both morbidity and parasite transmission.”> As a microfilaricide
that also temporarily suppresses production of microfilariae
(MF), IVM MDA is an effective strategy to interrupt trans-
mission. However, long-lived (10-15 years) reproductive adult
filariae necessitate sustained long-term programs of annual or
twice-per-year treatment for complete elimination of trans-
mission risk.** The availability of effective tools to determine
infection status will be of critical importance to elimination pro-
grams, both for monitoring and evaluation (M and E) of pro-
gram success and for determining when to stop treatment.

The current World Health Organization guidelines that
define the epidemiologic criteria for determining interruption
of transmission require a 5-year cumulative incidence of infec-
tion of < 0.1% in children under five and untreated immi-
grants.’> Within the endemic areas of the Americas, the
evaluation whether a program has met these criteria has been
based on serologic detection of IgG4 antibody response to the
OV-16 antigen.6 Within the African context, however, several
countries continue to measure infection status and prevalence
through visual, microscopy-based detection of MF in skin snip
biopsies.7 In hyperendemic areas, untreated areas, and areas
with heavy burdens of disease morbidity, this is a satisfactory
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tool for identifying patent infections and transmission poten-
tial. However, reduced microfiladermia is accompanied by
reduced sensitivity of skin snip microscopy.® Thus, IVM MDA
and the associated sustained suppression of microfiladermia
are expected to further reduce the sensitivity of skin snip
microscopy in later stages of program M and E.” Moreover,
sensitivity of skin snip microscopy is also known to be lim-
ited in hypoendemic areas, further calling into question its
utility for mapping as elimination programs expand to include
regions of reduced endemicity.'”

Here we describe the design and evaluation of a single-
step DNA-based method to detect patent O. volvulus infec-
tion in skin snips as an alternative to microscopic evaluation.
As previously described, length polymorphisms of the first
internal transcribed spacer (ITS1) of the ribosomal DNA
(rDNA) repeat can be used for the detection and differentia-
tion of filarial parasite species.''™® Highly conserved regions
within the ITS1 and in the flanking 18S and 5.8S tracts allow
for development of “generalist” primers that can be used
across related species. Thus, with a single set of primers, DNA
from an array of filarial species can be amplified and then
differentiated on the basis of amplicon length or sequence
polymorphism. We adapted this approach to a real-time
polymerase chain reaction with melt curve analysis (QPCR-
MCA), such that the amplification, detection, and differenti-
ation of differently sized PCR products occur within a single
tube and within the time frame of a single PCR. Reducing
the assay to a single preparation eliminates the need for
downstream processing and diminishes the risk of subse-
quent transfer or cross-contamination error. The ability of
this qPCR-MCA to reliably detect and identify O. volvulus
was compared with that of other commonly used molecular
methods such as conventional PCR with agarose gel visu-
alization and PCR-enzyme linked immunosorbent assay
(PCR-ELISA) detection of the O-150 repeat. In addition, we
evaluated the sensitivity of field skin snip microscopy relative
to DNA-based methods.
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METHODS

Skin snip collection. Skin snips, which are superficial skin
biopsies taken from the skin around the iliac crest, were col-
lected as part of a study to evaluate diagnostic tests for oncho-
cerciasis that could be used in the context of elimination
programs in Africa. Study sites were selected in Ethiopia
and Uganda where IVM distribution had occurred for less
3 three years; the last IVM distribution occurred 5 months
before the study. A convenience sample of villagers was
taken, as the objective was to find infected individuals, not
define prevalence of infection. Five hundred participants
> 5 years of age and having resided within the sample sites
for > 10 years or since birth for children under 10 were
enrolled from each site. A basic epidemiological questionnaire
was administered, two skin snips were taken, and blood sam-
ples were collected from each participant. The protocol was
approved by the institutional review boards of the U.S. Cen-
ters for Disease Control and Prevention, Ethiopian Health
and Nutrition Research Institute of the Ministry of Health,
and the Uganda National Council for Science and Technology
of the Ministry of Health.

Microscopic evaluation of skin snips. Immediately after
collection, each snip was individually placed into the well of
a round-bottom 96-well microtiter plate with approximately
40 pL physiological saline in each well and incubated for 12—
24 hours at room temperature to induce microfilarial emer-
gence.!* After incubation, the two snips from each partici-
pant (residual skin snips) were transferred to a single 2-mL
cryovial containing 400 pL of RNAlater® preservative (Life
Technologies; Grand Island, NY). The remaining incubation
media was examined microscopically at 40—400x magnification
to determine identity and number of MF per snip. After
microscopic evaluation, transfer of the remaining media and
MF to the corresponding cryovial was attempted during field
processing in Uganda. However, MF adhered to the surfaces
of the examination slides and, given the uncertain efficacy of
the transfer, this procedure was eliminated during field pro-
cessing in Ethiopia. Examined specimens were maintained at
—80 to —20°C until tested at the Centers for Disease Control
and Prevention laboratories in Atlanta, GA.

DNA extraction. Before extraction of genomic DNA from
the residual skin snip specimens, snips and free-floating MF
were isolated from RNAlater preservative. To facilitate effi-
cient transfer and centrifugal separation of MF, 400 pL of
a 1x phosphate-buffered saline solution containing 0.05%
Tween-20 (PBS-Tween) were added to each cryovial (i.e., 1:1
[v/v] of RNAlater and PBS-Tween). Contents were briefly
vortexed to ensure complete mixing, centrifuged briefly to
remove liquids from the cryovial top, and then transferred to
a sterile 2-mL microcentrifuge tube. To ensure complete trans-
fer of specimens, each cryovial was rinsed with an additional
400 pL volume of PBS-Tween, vortexed, briefly centrifuged,
and the contents were transferred to the corresponding 2-mL
microcentrifuge tube. Microcentrifuge tubes and their con-
tents were then centrifuged at 20,000 x g for 10 minutes in a
tabletop fixed-rotor microcentrifuge. Supernatant was removed
via pipette and returned to the corresponding cryovial for
backup storage at —80°C. During each round of isolation and
extraction, an extraction negative control (sham extraction)
was created by performing the above procedures on an
unused cryovial containing 400 nL. RNAlater. Sham extrac-

tions were carried forward throughout the entire process of
extraction and molecular evaluation to confirm lack of cross-
contamination during processing of sample batches.

Whole genomic DNA was extracted from isolated specimens
using the QIAamp DNA Investigator Kit (Qiagen, Valencia,
CA) according to the manufacturer’s instructions for tissue
extraction, using a 6-12 hour digest at 56°C with mixing to
ensure complete lysis. Purified DNA was eluted from QIAamp
MinElute columns with 50 pLL Buffer ATE after a 20-minute
incubation at room temperature and quantified with a
NanoDrop ND-2000 spectrophotometer (ThermoScientific,
Wilmington, DE).

qPCR-MCA detection of O. volvulus. Conserved tracts
within the ITS1 and 5.8S regions of the rDNA gene and
flanking a polymorphic segment of the ITS1were targeted
for primer design (ITS1-UNIF: 5-GGTGWTATTCGTTGG
TGTCTAT-3’ and 5.8S-EXTR: 5-AGCTAGCTGCGTTCTT
CAT-3’, the latter primer being a modified version of the
UNI-1R primer), resulting in a 246-270 bp amplicon cor-
responding to the 3’ end of the ITS1."> Known larval and/
or adult isolates of Dirofilaria immitis, Brugia malayi, and
O. volvulus were used to characterize specific melt curve
profiles of the amplicon and establish the ability of the
assay to differentiate species on the basis of melt tempera-
ture (7y,). Although neither D. immitis nor B. malayi are
expected to have epidemiologic relevance to human oncho-
cerciasis, availability of well-characterized biological and
genetic materials through the Filariasis Research Reagent
Resource Center makes these species well-suited for inclu-
sion as technical controls for a pan-filarial assay. The qPCR-
MCA was performed on a Stratagene Mx30005P system
(Agilent Technologies, Santa Clara, CA) in 10 pL volumes
containing 1x EvaGreen Supermix with Low ROX (BioRad,
Inc., Hercules, CA), 0.4 pM of each primer, and 0.5 uL
genomic DNA, with the platform’s standard EvaGreen melt
curve analysis protocol (10 minutes at 95°C; 40 cycles of
10 seconds at 95°C, 15 seconds at 60°C, and 20 seconds at
72°C; complete denaturation of double-stranded PCR prod-
uct for 1 minute at 95°C; and dissociation curve data collec-
tion over a 0.01°C/second ramp from 60°C to 95°C). Each
96-well assay included a positive control panel of D. immitis,
B. malayi, and O. volvulus genomic DNA from the known
larval or adult isolates, as well as a negative control panel
consisting of nonendemic Homo sapiens genomic DNA, the
sham extraction corresponding to the batch of samples
being tested, and a no-template negative control. All sam-
ples and controls were assayed in duplicate and the individ-
ual performing the PCR testing was blind to the results from
the field microscopy.

Assays were considered valid if all positive controls
yielded amplicons of the appropriate size and 7}, as deter-
mined during standardization of the protocol (D. immitis:
78.4 + 0.2°C; B. malayi: 774 + 0.2°C; O. volvulus: 79.4 +
0.19°C) and negative controls were free of product. For
skin snip samples to be considered positive, the T, was
required to be within the range specified for O. volvulus and
have a cycle threshold (C7) value < 36—the value below
which amplification artifacts were not seen during protocol
standardization. Samples with the appropriate melt tempera-
ture and Cy values of 36-38 were considered indeterminate
and re-assayed, while samples with a Cy > 38 were consid-
ered negative.



908 THIELE AND OTHERS

Conventional molecular detection. Conventional PCR with
agarose gel product visualization was performed with the
primers described above as a visual verification of product
during qPCR-MCA protocol standardization and then to
compare the performance of qPCR-MCA and conventional
PCR during snip processing. Reactions were performed in
25 pL volumes containing 1x buffer, 0.2 mM dNTP, 0.4 pM
each primer, 0.63 U Taq, and 1 pL genomic DNA, with a
thermocycling protocol of 5 minutes at 94°C; 35 cycles of
30 seconds at 94°C, 30 seconds at 60°C, and 30 seconds at
72°C; and a final extension of 72°C for 7 minutes. As above,
all assays included a panel of D. immitis, B. malayi, and
O. volvulus positive controls and a negative control panel of
nonendemic human genomic DNA, the sham extraction, and
a no-template well. Amplicons were separated on a 1.2%
agarose gel and visualized with EZ-Vision®Two fluorescent
dye (Amresco, Solon, OH) and an ultraviolet transillumina-
tor. Assays were considered valid if all positive control wells
contained visible product of the appropriate size and nega-
tive control wells did not. Likewise, skin snip samples were
considered positive if wells contained visible product of the
same size as the positive controls.

For the purposes of external quality control and methodo-
logical comparison, a random subset of approximately 25%
of the skin snip samples were also assayed via the standard
0-150 PCR-ELISA protocol regularly used to detect O. volvulus
in Simulium flies in the Americas."> Amplification of the
O-150 repeat was performed in duplicate for all samples,
including two high- and low-concentration aliquots of adult
O. volvulus genomic DNA, two nonendemic human geno-
mic DNA negative controls, and one no-template negative
control. ELISA reactions to detect O-150 product were
performed in duplicate for each PCR replicate and scored
as previously described."

Finally, for quality control of qPCR-MCA specificity,
a randomly selected subset of 24 qPCR-MCA-positive skin
snip samples were also subjected to standard Sanger
sequencing of the entire ITS1 (external primers 18S-EXTF:
5’-TGCTGTAACCATTACCGAAAG-3’ modified from and
5.8S-EXTR as above; internal primers 18S-INTF: 5'-TGAG
CCGTTTCGAGAAAAGC-3’, ITS1-UNIR: 5-TyAGGCG
ATAAYyTTGGATAAAG-3/, and ITS1-UNIF as above)."?
In brief, externally amplified PCR product was purified
(StrataPrep PCR Purification kit; Agilent Technologies),
sequenced bidirectionally with internal primers and BigDye®
Terminator v3.1 chemistry (LifeTechnologies, Inc.), and ana-
lyzed on an ABI 3130xl genetic analyzer (LifeTechnologies,
Inc.). Electropherograms were evaluated and trimmed manu-
ally and assembled in ChromasPro v1.7.6 (Technelysium,
South Brisbane, Australia) before interrogation of the
National Center for Biotechnology Information’s nucleotide
database via the Basic Local Alignment Search Tool using
the megablast algorithm.

RESULTS

Skin snip microscopy versus PCR-based detection. Skin
snip biopsies from a total of 1,000 participants (500 each from
the Ugandan and Ethiopian sites) were examined for the
presence of O. volvulus MF via standard field microscopy
and a qPCR-MCA approach to molecular detection. Skin
snips were incubated in physiological saline for an average

of 23.3 hours (+1.3 hours) before microscopic examination. A
total of 147 participants (14.7%) were positive for O. volvulus
microfiladermia by microscopic examination—127 in Uganda
(25.4%) and 20 in Ethiopia (4%). Onchocerca volvulus
DNA was detected in skin snips from a total of 223 partici-
pants (22.3%) by qPCR-MCA—160 in Uganda (32%) and
63 in Ethiopia (12.6%). Relative to PCR-based detection
of MF in skin snips, standard field microscopy demonstrated
an overall sensitivity of 62.3% (Uganda: 75.6%; Ethiopia:
28.6%; Table 1). Among individuals with low microfiladermia
(< 2 MF total), sensitivity of microscopy decreased to 40.4%
overall and 56.2% and 13.5% within the Ugandan and Ethiopian
groups, respectively (Table 1).

Overall agreement between field microscopy of incubated
skin snips and qPCR-MCA was 90.8% (908/1,000), with the
vast majority (91.3%; 84/92) of disagreement comprising
samples negative by microscopy and positive by qPCR-MCA.
Of the eight samples positive by microscopy and negative by
qPCR-MCA, average microfilarial load was 1.63 MF/person
(median = 1, range: 1-5 MF); only one of these eight samples
was positive by the other molecular methods (i.e., conven-
tional PCR and O-150 PCR-ELISA).

qPCR-MCA review and molecular method comparison. The
species-specific T, for positive controls showed minimal var-
iation among assays and T, for positive skin snip reactions
was identical to the known adult worm control (Figure 1). In
addition to T,,, the melt curve profiles of each control spe-
cies and the positive skin snip reactions consistently com-
prised single peaks indicating lack of secondary or nonspecific
product (Figure 2). Likewise, determination of infection status
was highly consistent, with 96.2% of samples having 100%
agreement both within assays (i.e., between technical repli-
cates) and among repeated assays.

Determinations by qPCR-MCA and conventional PCR
were in agreement for 98.5% of the samples, with over 93%
of disagreements (14/15) comprising samples positive by
gPCR-MCA and negative by conventional PCR. Eight of
the 14 qPCR-MCA positive, conventional PCR negative
samples were determined to be positive with high confi-
dence; two were positive by microscopy (1-2 MF/person);
and six produced consistently positive qPCR-MCA results
(T 79.3-79.8°C and Cy < 36). The remaining six qPCR-
MCA-positive/PCR-negative samples had indeterminate ini-
tial results (i.e., replicate disagreement or appropriate Ty, but
the Cy fell in the indeterminate range of 36-38) followed by
positive results. It is unclear whether these are true positives

TABLE 1

Performance of skin snip microscopy relative to gPCR-MCA DNA-
based detection

qPCR-MCA positive

All samples Overall Uganda Ethiopia
Microscopy positive 139 121 18
Microscopy negative 84 39 45
Microscopy sensitivity (%) 62.3 75.6 28.6

qPCR-MCA positive
Samples with <2 MF total Overall Uganda Ethiopia
Microscopy positive 57 50 7
Microscopy negative 84 39 45
Microscopy sensitivity (%) 40.4 56.2 13.5

MF = microfilariae; qPCR-MCA = real-time polymerase chain reaction with melt
curve analysis.
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Ficure 1. Box plot of melt curve analysis—derived melting tem-
peratures observed in individual real-time polymerase chain reaction
with melt curve analysis reactions illustrating limited variation in 7},
observed in reactions containing Brugia malayi (BM, N = 156),
Dirofilaria immitis (DI, N = 79), and Onchocerca volvulus (OV, N =
82) positive controls and MF-positive skin snips (Snip, N = 509) from
Uganda and Ethiopia. Box boundaries indicate one standard devia-
tion and whiskers delineate minimum and maximum observed T},.

at the limit of assay detection or false positives. Conven-
tional PCR identified one positive sample missed by qPCR-
MCA (MF load = 1).

Within the subset of samples evaluated by both qPCR-
MCA and O-150 PCR-ELISA, there was 89.5% (222/248)
agreement between assays. The majority of discordant results
were positive by gPCR-MCA and negative by O-150 PCR-
ELISA (88.5%; 23/26), with microscopy and/or conventional
PCR supporting positive gPCR-MCA outcomes for 17 sam-
ples. Six of the samples with conflicting qPCR-MCA and
0-150 PCR-ELISA results were positive by microscopy, with
five samples falsely negative by O-150 PCR-ELISA (average =
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FIGure 2. Overlay of all melt curves generated for positive con-
trol specimens (Brugia malayi, Dirofilaria immitis, and Onchocerca
volvulus) and positive skin snips, demonstrating the technical repro-
ducibility of the melt curve as an indicator of sample identity.

88.6 MF/person; range = 2-360 MF) and one qPCR-MCA
false negative (1 MF).

Sanger sequencing of the ITS1 region of the rDNA was
attempted for 24 qPCR-MCA positive samples, nine of which
were O-150-PCR-ELISA negative samples. Overall, 21 speci-
mens returned ITS1 sequences (656-751 bp) with > 99%
homology to previously published O. volvulus ITS1 sequences,
including seven of the nine specimens positive by qPCR-MCA
and negative by O-150 PCR-ELISA. The remaining three
samples did not produce sufficient product for sequencing.
One was positive by all three molecular assays and two were
positive only by gPCR-MCA.

DISCUSSION

Herein, we have demonstrated that single-step reaction of
qPCR-MCA reliably detects and identifies O. volvulus MF
in skin snip specimens. The qPCR-MCA results were well-
supported by the other molecular methods evaluated, with
over 92% of qPCR-MCA-positive, microscopy-negative sam-
ples being positive by at least one other molecular method.
Likewise, qgPCR-MCA exhibited a sensitivity equal to or
greater than the multistep processes of conventional PCR
and O-150 PCR-ELISA.

More importantly, our results clearly illustrate the limited
sensitivity of skin snip microscopy relative to qPCR-MCA,
particularly in scenarios of suppressed microfiladermia. The
substantial difference between the Ugandan and Ethiopian
field sites in the sensitivity of microscopy relative to qPCR-
MCA may be a prime example of how reliance on skin snip
microscopy can result in inconsistent and unreliable program
assessment. A full explanation regarding the differences in
snip performance between the two sites requires additional
analysis, although there could be site-specific difference in
force of transmission.

Comparison among molecular assays tested during this
investigation indicated that amplification of the ITS1 target
had a greater overall sensitivity relative to O-150 PCR-
ELISA and this sensitivity appears to be maximized in the
real-time amplification and detection of qPCR-MCA. Both
the O-150 locus and the rDNA gene are multicopy elements
within the genome, improving the likelihood of detecting even
a single MF. The primary limitation of using O-150 PCR-
ELISA in this comparison may be the additional post-
amplification manipulation required for detection of PCR
product. Real-time amplification and detection of the O-150
repeat have generally exhibited greater sensitivity relative to
methods requiring post-amplification manipulation for prod-
uct detection.'®!” Therefore, it is possible that differences
observed here are largely due to the constraints of the detec-
tion method, rather than genomic properties of the molecu-
lar target being amplified. This highlights that in selecting a
method for implementation, the added cost of a real-time
platform may be somewhat offset by the combined benefits
of time saved, reduced crossover contamination risk, and
improved assay sensitivity.

The application of PCR-based tools for the detection of
parasite DNA in host or vector tissues is not new. For
O. volvulus and other filariae, a variety of molecular tech-
niques and targets have been demonstrated to be more sensi-
tive for the detection of parasitic infections than standard
parasitological evaluation of biological specimens. These
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methods include the O-150 PCR-ELISA used here, gPCR-
MCA of the O-150 repeat, TagMan-based qPCR, loop-
mediated isothermal amplification, specific oligonucleotide
capture with magnetic beads, nested PCR combining general
and species-specific primers, and PCR with general filarial
primers followed by restriction fragment length polymor-
phism analysis to determine taxonomic identity."*'>">* How-
ever, with few exceptions, these procedures require at least
one post-amplification step for final determination, are spe-
cific to only one genus, or require multiple specific reaction
components.'®!” The procedure used here allows for single-
tube assessment of both presence and identity in a single
90-minute reaction. Moreover, it capitalizes on the dual exis-
tence of highly conserved and highly variable regions within
the ITS1-5.8S region of rDNA to allow for general filarial
detection and identification without increasingly specific and
complicated reagent or processing needs. Exact costs of
establishing any molecular protocol in reference or regional
laboratories will vary among laboratories and countries
depending on the availability of equipment through other
well-supported control programs (e.g., malaria and human
immunodeficiency virus/acquired immunodeficiency syndrome)
and reagent suppliers. But the flexibility and simplified needs
of qPCR-MCA—fewer specific probes and reaction compo-
nents and the ability to use less specialized and costly gPCR
platforms—may provide an economical and practical alterna-
tive relative to other previously reported methods. Prelimi-
nary evaluations with other relevant filarial species (e.g., Loa
loa, Mansonella ozzardi, and Mansonella perstans; see Supple-
mental Figure 1) and sample types (e.g., filtered blood, dried
blood spots, residual test strip blood), indicate that this
method could be applied for supporting mapping or M and
E activities for a broad array of filarial genera, principally as
a tool for confirmation of infection. The data presented here
suggest robustness of the assay for O. volvulus detection, but
further evaluations including samples from additional geo-
graphical origins are needed for complete methodological
evaluation and to determine if the assay allows for identifica-
tion of mixed infections.

Our results corroborate previous observations regarding
the relative performance of microscopy and molecular detec-
tion of O. volvulus.'%'%2*23 It is clear that microscopy-based
methods will miss patent infections, which is not ideal within
the elimination context. Although microscopic evaluation of
skin snips was a critical component of early onchocerciasis
control activities, the preponderance of evidence indicates its
limited utility outside of baseline mapping and initial moni-
toring of meso- and hyperendemic areas. This underscores
the need to adapt skin snip and other methodologies to sup-
port the needs of programs as they move toward elimination.
In the context of elimination, highly sensitive tools that iden-
tify patent infections are of great importance. This is particu-
larly true during the determination of whether a program
has interrupted transmission and during post-treatment sur-
veillance. An assay must be sufficiently sensitive to detect
low-level patent infections and specific enough to minimize
false-positive results. In the low prevalence settings of the
elimination context, concern for false-positive results is of
paramount concern. Molecular tests, such as qPCR-MCA,
offer the most sensitive and specific test for confirmation of
results from other less-invasive testing modalities (e.g., sero-
logic tests) when stopping decisions are being made and dur-

ing post-treatment surveillance, where distinguishing residual
antibody reactivity from a patent and potentially recrudescent
infection is important. This may also be important as strate-
gies to map hypoendemic areas evolve, again as a method to
help interpret results from other testing modalities. In light of
the results presented here and in the aforementioned com-
parisons, it is clear that molecular detection of parasites in
skin snips will provide a specific and much more sensitive
confirmatory assay.
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