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With reduced prevalence of visceral leishmaniasis (VL) in the Indian subcontinent (ISC),
direct and field deployable diagnostic tests are needed to implement an effective
diagnostic and surveillance algorithm for post-elimination VL control. In this regard, here
we investigated the diagnostic efficacies of a loop-mediated isothermal amplification
(LAMP) assay (Loopamp™ Leishmania Detection Kit, Eiken Chemical CO., Ltd, Japan), a
real-time quantitative PCR assay (QPCR) and the Leishmania antigen ELISA (CLIN-TECH,
UK) with different sampling techniques and evaluated their prospect to incorporate into
post-elimination VL control strategies. Eighty clinically and rK39 rapid diagnostic test
confirmed VL cases and 80 endemic healthy controls were enrolled in the study.
Peripheral blood and dried blood spots (DBS) were collected from all the participants at
the time of diagnosis. DNA was extracted from whole blood (WB) and DBS via silica
columns (QIAGEN) and boil & spin (B&S) methods and tested with gPCR and Loopamp.
Urine was collected from all participants at the time of diagnosis and was directly
subjected to the Leishmania antigen ELISA. 41 patients were followed up and urine
samples were collected at day 30 and day 180 after treatment and ELISA was performed.
The sensitivities of the Loopamp-WB(B&S) and Loopamp-WB(QIA) were 96.2% (95% Cl
89-43-99-22) and 95% (95% Cl 87-69-98-62) respectively. The sensitivity of Loopamp-
DBS(QIA) was 85% (95% ClI 75-26- 92-00). The sensitivities of the gPCR-WB(QIA) and
gPCR-DBS(QIA) were 93.8% (95% Cl 86-01-97-94) and 72.5% (95% CI 61-38-81-90)
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respectively. The specificity of all molecular assays was 100%. The sensitivity and
specificity of the Leishmania antigen ELISA were 97.5% (95% Cl 91-47-99-70) and
91.95% (95% CIl 84-12-96-70) respectively. The Leishmania antigen ELISA depicted
clinical cure at day 180 in all the followed-up cases. Efficacy and sustainability identify the
Loopamp-WB(B&S) and the Leishmania antigen ELISA as promising and minimally
invasive VL diagnostic tools to support VL diagnostic and surveillance activities
respectively in the post-elimination era.

Keywords: visceral leishmaniasis, diagnosis, LAMP, gPCR, urine ELISA, elimination, diagnostics for VL post-

elimination era

INTRODUCTION

Visceral leishmaniasis (VL), also known as kala-azar, is a vector-
borne parasitic disease caused by protozoans of the Leishmania
donovani complex, which are transmitted by phlebotomine
sandflies (Chappuis et al., 2007). On the Indian subcontinent
(ISC) the disease is caused by Leishmania donovani, which is
transmitted in an anthroponotic cycle and is responsible for
significant morbidity and mortality (Matlashewski et al., 2011).
For years, the estimated global VL incidence ranged between
50,000-90,000 cases per year (Bi et al., 2018), and three countries,
Bangladesh, India, and Nepal, contributed to 60-80% of the
reported incidences'. In 2005, the three countries signed a
memorandum of understanding and launched the kala-azar
elimination program on the ISC to eliminate VL as a public
health problem by 2015, later extended to 2020 (Selvapandiyan
et al,, 2019). The program aimed to attain less than 1 case per
10,000 people at the intervention unit level in three phases:
achieving the target incidence in the attack phase, retaining the
incidence for 3 consecutive years in the consolidation phase, and
following validation by the World Health Organization (WHO),
sustaining the target incidence in the maintenance phase (Le
Rutte et al., 2018). Bangladesh and Nepal achieved the target in
2016 and 2013 respectively and wait for validation while
incidence is reduced below the target in the majority of
intervention units in India (Rijal et al., 2019). The attainment
of the target incidence led to a drastic reduction in the reported
case numbers in the three countries, from 41,158 in 2005 to 3,105
cases that contributed to a 77% decrease in global VL incidence
in 2019".

The reduction in VL prevalence on the ISC is attributed to the
policies and strategies taken by the elimination program in the
attack phase. Notably, the implementation of a point-of-care
diagnostic test, the rK39 rapid diagnostic test (RDT), and an
improved treatment regimen, single-dose liposomal
amphotericin B (LAmB) accelerated the progression of the
program (Olliaro et al., 2017). However, the program must re-
evaluate detection strategies and interventions for the post-
elimination era in accordance with a reduced VL prevalence.
While the rK39 RDT acted as a protagonist during the attack
phase, the assay is likely to lose its positive predictive value in the

" Global Health Observatory data repository, WHO, 2021. https://apps.who.int/
gho/data/node.main. NTDLEISHVNUM [Accessed February 2021].

maintenance phase with fewer cases (Rijal et al., 2019) leading to
the incorrect treatment of non-VL cases. Moreover, the rK39
RDT is unsuitable as a test of cure and for diagnosis of relapse
cases due to the inability to differentiate past and new infection -
an inherent limitation of indirect diagnostic approaches
(Srividya et al., 2012). Furthermore, the existing diagnostic
algorithm includes visible disease manifestations for at least
two weeks (NKEP, CDC, 2016) which unfortunately extends
the period of infectiousness and transmissibility. Therefore, a
direct and field-deployable diagnostic method is crucial for
prompt management of sporadic cases and limit the
transmission in the post-elimination setting.

Despite sincere efforts, a sensitive, direct detection method that
circumvents the limitations of the rK39 RDT and is suitable for
peripheral settings remains unavailable. Molecular assays such as
real-time quantitative polymerase chain reaction (qQPCR) are the
most sensitive direct detection methods; though, the high
maintenance and associated cost confined its application to
research relevant activities (Sundar and Singh, 2019). Persisting
efforts led to the development of different sensitive molecular assays
(e.g. Loop-mediated isothermal amplification-LAMP, recombinase
polymerase amplification-RPA) that eliminate the necessity for
expensive thermocyclers with shorter turnaround time, while
utilization of dried reagents substantially increased the prospect of
introducing the assays in near-patient settings (Mondal et al., 2016;
Nzelu et al.,, 2019; Rijal et al., 2019). However, template preparation
methods significantly influence the assay throughput and the
requirement of expensive and labor-intensive nucleic
acid extraction techniques often restrict such initiatives. Moreover,
diagnostic techniques accompanying safer and non- or minimally
invasive sampling methods are required to increase patient
compliance, especially for the low prevalence setting in the post-
elimination era.

In an endeavor to evaluate such direct diagnostic tools, in this
study, we determined the efficacies of a reference qPCR and a
LAMP assay (LoopampTM Leishmania Detection Kit, Eiken Co.,
Ltd, Japan). The assay showed excellent efficacies in detecting VL
cases in Sudan and cutaneous leishmaniasis cases in Afghanistan
and Suriname previously (Mukhtar et al., 2018; Vink et al., 2018;
Schallig et al., 2019). Here, we performed the Loopamp assay with
whole blood and dried blood spots and evaluated the effect on the
diagnostic efficacies of two different extraction methods,
commercial silica-based spin-columns and an in-house boil &
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spin protocol. Furthermore, we also evaluated the Leishmania
antigen ELISA (CLIN-TECH, UK) in urine samples, previously
showing promise in the detection of VL cases from Bangladesh
and Ethiopia in a pilot study (Vallur et al., 2015), as a non-invasive
diagnostic assay and test of treatment response over 6 months.

METHODS AND MATERIALS

Ethics Statement

The study was conducted in accordance with the Declaration of
Helsinki and approved by the International Centre for Diarrheal
Disease Research, Bangladesh (icddr,b) ethical review committee
(PR-14093). Written informed consent was obtained from each
adult participant or guardian of any participant aged less than
18 years.

Study Sites and Participant

Characteristics

All study participants were enrolled from Mymensingh division,
a highly endemic region for VL that accounts for more than half
of the total VL patients in Bangladesh. Sample collection and
template preparation was performed at Surya Kanta Kala-azar
Research Center (SKKRC), Mymensingh. Laboratory tests were
performed at the icddr,b, Dhaka. All participants were enrolled
between June 2016 to March 2018. Clinical diagnosis of the
patients was performed according to the national guidelines of
Bangladesh (NKEP, CDC, 2016). Individuals without a history of
VL, suffering from a fever of more than two weeks in duration,
splenomegaly, and positive with rK39 rapid detection test (RDT)
were enrolled and defined as VL cases. Age and sex-matched
clinically healthy household contacts of VL cases with no history
of VL, or any symptoms of severe, acute, or chronic illness and a
negative rK39 RDT were enrolled as endemic healthy controls.
rK39 RDT was performed with serum sample of the suspected
cases showing clinical symptoms by Kala-azar Detect' "~ Rapid
Test kit according to the manufacturer’s instruction (Inbios
International, Inc., USA). A total of 80 VL patients and 80
endemic healthy controls were included in the study. The
admission, clinical management and treatment of patients was
arranged at SKKRC. All VL patients were treated with a single
dose intravenous infusion of 10 mg/kg LAmB, as per the national
guidelines. Patients were followed up at 6 months and 12 months
after treatment to monitor their response to treatment and
development of VL related post-treatment complications.

Clinical Specimens

Ten milliliters of whole blood and 50mL morning urine were
collected from all participants at baseline. Serum was separated
by centrifuging 3mL whole blood at a rate of 3,500 rpm for 5
minutes. Dried blood spots (DBS) were prepared by the addition
of 45uL whole blood to Whatman® FTA® cards (Sigma-
Aldrich). Urine was also collected from 41 VL patients at 30
and 180 days after completion of treatment. Cold chain (4°C)
maintenance was assured while transporting the samples to
icddr,b, for laboratory analysis.

Template Preparation by QIAGEN
Extraction Method

DNA was isolated from 200uL heparin treated whole blood
(WB-QIA) and three 5mm punched-out circles from a dried
blood spot (DBS-QIA) using a QIAamp DNA tissue and blood
mini kit (QIAGEN, Hilden, Germany). Extracted DNA was
eluted into 200uL and 150uL of elution buffer provided with
the kits respectively, as per the manufacturer’s instructions.
Extracted DNA samples were stored at —80°C.

Template Preparation by Boil & Spin
Method

Sixty microliters of heparin-treated whole blood was mixed with
60ul of extraction buffer (400 mM NaCl, 40 mM Tris pH 65,
0-4% SDS) by vortexing for 10 seconds. The suspension was then
incubated in a heating block at 95°C for 5 minutes and
centrifuged for 3 minutes at 10,000g. After centrifugation,
30uL of clear supernatant containing DNA extracted by boil &
spin (WB-B&S) was transferred to a dilution tube containing
345uL of PCR grade water.

qPCR

qPCR was performed with template DNA extracted by QITAGEN
extraction method from whole blood and DBS, using a protocol
described elsewhere, targeting the conserved REPL repeats of the
Leishmania genome (Hossain et al., 2017). Briefly, 5pL template
DNA, 10 pL of TaqMan® Gene Expression Master Mix (Applied
Biosystems), 1 pL pre-ordered Tagman primer-probe mix
(Applied Biosystems), and PCR grade water were used to
prepare 20 pL reaction mix. A Bio-Rad CFX96 iCycler system
was utilized for amplification. The conditions for amplification
were as follow- 10 min at 95°C, followed by 15 seconds at 95°C
and 1 min at 60°C (45 cycles). A standard curve was generated in
each run with 10 ng to 1 fg of parasite DNA extracted from in
vitro cultured promastigotes (L. donovani MHOM/IN/80/DDS8)
corresponding to 10,000 to 0.1 parasites per reaction. One
reaction with molecular grade water as a negative control in
each assay. Samples with cycle threshold (Ct) > 40 were
considered negative. Samples were analyzed in duplicate and
for the case of an indeterminate result, an additional run
was performed.

Loopamp Assay

The Loopamp assay (Loopamp' " Leishmania Detection Kit,
Eiken Chemical Co. Ltd, Japan) was performed according to
the manufacturer’s instructions using template DNA from whole
blood prepared by QIAGEN and B&S extraction methods, and
DBS DNA extracted by QIAGEN extraction method. Template
DNA (3uL) extracted by the QTAGEN method was added to each
tube, supplied as a string of 8 tubes with lyophilized Master Mix
in the tube caps. The volume was made up to 30uL by the
addition of 27uL Loopamp buffer. For the template DNA
prepared by B&S method, 3 UL template DNA was used
directly. Each run used one positive control and 30uL LAMP
buffer as a negative control. After the addition of the template,
tubes were closed, the string was turned upside down and shaken
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firmly. The string was placed cap-side down on the bench for 2
minutes for reconstitution of the dried Master Mix. Following
reconstitution, the solution was spun down to the bottom of the
tubes and the string was incubated in the LoopampTM LF-160
incubator (Eiken Chemical Co. Ltd) at 65°C for 40 minutes, then
80°C for 5 minutes. After thermal incubation, the tube string was
placed in the fluorescent unit, and samples that illuminated under
blue LED light were considered positive. The results were read by
two independent interpreters. Discordance in interpretation was
resolved by the assessment of a third interpreter.

Quality and Concentration of Extracted
DNA

The quality and concentration of the QIAGEN and B&S
extracted DNA from different samples were assessed with
Thermo Scientific NanodropTM 2000 Spectrophotometer
(Thermo Scientific, Hilden, Germany). DNA concentration
was determined from the OD value at 260 nm and the quality
was assessed by the ratio of OD values at 260nm and 280nm,
considering the ratio of good quality DNA ranges between 1-8-
2-0, following the standard protocol (Desjardins and
Conklin, 2010).

Leishmania Antigen ELISA

The Leishmania antigen ELISA was performed with urine samples
according to the manufacturer’s instructions (CLIN-TECH, UK).
Briefly, samples were diluted 400X for VL and 20X for controls
with assay diluent and 100uL added in duplicate to flat-bottom 96-
well microtiter plates pre-coated with sheep anti-leishmanial
antibodies (CLIN-TECH, UK). Six antigen calibrators from 0 to
50 urinary antigen unit (UAU)/mL were added to each plate in
duplicate to generate a standard curve. The plate was incubated for
30 minutes at 37°C. Following four washes, 100uL of working
strength Tracer (sheep anti-Leishmania antibody labeled with
peroxidase) was added into each well and incubated for 30
minutes at 37°C. After another wash sequel, 100uL TMB
substrate solution was added to each well and the plate was
incubated for 30 minutes at room temperature and the reaction
was stopped with the addition of 100uL stop solution (0-5M HCI).
Optical density (OD) was measured at 450nm and 620nm (ELx808,
Biotek) within 30 minutes of the addition of stop solution. A four
parametric logistic curve was constructed from all of the VL antigen
calibrator points using Gen 5 software. The assay was considered
effective when the OD for the 50 UAU/mL standard was more than
1.5 and the OD for the 0 UAU/mL calibrator was less than 0-1. The
concentrations of the samples were adjusted by correcting for the
dilution factor. A receiver operating characteristic (ROC) curve was
generated to set the cut-off concentration for positivity
(supplementary information). Samples with concentration <3-11
UAU/mL were considered negative.

Statistical Analysis

Clinical sensitivity and specificity of the assays were measured
against VL case definition according to the national guideline as
a gold standard. Sensitivity and specificity [with 95% confidence
interval (CI)] were calculated using exact binomial methods for

proportions. McNemar’s test was performed to evaluate
discordance between the clinical evaluation and the assays. To
evaluate the inter-assay discordance McNemar’s test and
Cochran’s Q test were performed. A two-tailed paired t-test
was performed to measure differences between the means of
quantitative variables. A p-value < 0.05 was considered to
indicate statistically significant differences. The relationship
between the parasite loads detected by qPCR between WB and
DBS variables was determined by the Pearson correlation
coefficient. To measure the inter-assay agreement, the Cohen’s
kappa statistic (k) was performed. The values of Cohen’s k
coefficients were interpreted according to Landis and Koch:
1-00-0-81: excellent; 0-80-0-61: good; 0-60-0-41: moderate;
0-40-0-21: weak; and 0-20-0-00: negligible agreement (19). All
statistical analyses were performed in SPSS 20 and Graphpad
Prism 8.0.

RESULTS

Patient Demographics

The clinical and demographic details of study participants are
detailed in Table 1. All patients responded well to the treatment,
were cured clinically by 6 months and none reported VL
associated clinical complications in 12 months’ time
after treatment.

Sensitivity, Specificity, and Comparative
Analysis of the Assays

We evaluated an established qPCR assay, previously evaluated
with buffy coat DNA, with WB and DBS samples. For the gPCR
assay, the sensitivity of WB DNA extracted by QIAGEN
extraction method was 93-8% (95% CI 86-01-97-94), whereas
DBS DNA extracted by QIAGEN extraction method achieved a
sensitivity of 72-5% (95% CI 61-38-81-90). The highest sensitivity
by the Loopamp assay was achieved with WB-DNA extracted by
boil & spin method at 96-2% (95% CI 89-43-99-22), followed by
WB-DNA and DBS-DNA extracted by QIAGEN methods,
achieving 95% (95% CI 87-69-98-62) and 85% (95% CI 75-26-
92.00) sensitivity, respectively. Both the assays achieved 100%
specificity with every extraction method. Likewise, the
Leishmania antigen ELISA achieved a 97-5% (95% CI 91-47-
99:70) sensitivity that was highest among all the assays and a
specificity of 91:9% (95% CI 84-12-96-70). There were no
statistically significant differences in performance of qPCR-
WB-QIA, Loopamp-WB-QIA, Loopamp-WB-B&S and
Leishmania antigen ELISA to the clinical diagnosis of VL
according to the national guideline, as determined by exact
McNemar test (Table 2).

No statistically significant difference was found in the overall
sensitivities of the Loopamp and qPCR assays with whole blood
samples. With DBS samples, sensitivity of Loopamp was
significantly higher than qPCR. However, sensitivities of both
Loopamp and qPCR were higher with whole blood than DBS
samples. There were no statistically significant differences
between the sensitivities of Loopamp/qPCR with whole blood
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TABLE 1 | Clinical and demographic details of study participants.

Sex Male
Female

Age 5-11 years
12-17 years
18 > years

Positive in rK39 RDT
Fever more than two weeks
Loss of appetite
Decreased body weight
Darkening of the skin
Bleeding from nose
Abdominal pain
Abdominal enlargement
Weakness

Pallor

Jaundice
Hepatomegaly
Splenomegaly

VL cases (n=80)

Endemic healthy control (n=80)

47 (58-8%) 46 (57-5%)
33 (41-2%) 34 (42-5%)
17 (21-3%) 17 (21-3%)
05 (6:3%) 03 (3-8%)
58 (72-5%) 60 (75%)
80 (100%) 0 (0%)
80 (100%) 0 (0%)
50 (62-5%) 0 (0%)
25 (31-3%) 0 (0%)
05 (6:3%) 0 (0%)
02 (2:5%) 0 (0%)
16 (20%) 0 (0%)
17 (21-3%) 0 (0%)
41 (51-2%) 0 (0%)
58 (72-5%) 0 (0%)
06 (7-5%) 0 (0%)
28 (35%) 0 (0%)
80 (100%) 0 (0%)

TABLE 2 | Sensitivity and specificity of different assays along with P values in the McNemar test.

Assay Sample type Sensitivity (n/N)* (95% CI) Specificity (n/N)¥ (95% CI) p-value in Mc Nemar test
gPCR WB-QIA 93-8 (75/80) 100 (0/80) 0-06
(86-01-97-94) (95-49-100)
DBS-QIA 725 (58/80) 100 (0/80) 0-00
(61-38-81-90) (95-49-100)
Loopamp ™ Leishmania Detection assay WB-QIA 95-0 (76/80) 100 (0/80) 0-13
(87-69-98-62) (95-49-100)
WB-B&S 96-2 (77/80) 100 (0/80) 0-25
(89-43-99-22) (95-49-100)
DBS-QIA 85-0 (68/80) 100 (0/80) 0-00
(75-26- 92-:00) (95-49-100)
Leishmania antigen ELISA Urine 97-5 (78/80) 91-9 (73/80) 0-180
(91-47-99-70) (84:12-96:70)

*Number of positives out of the 80 true VL cases.
¥Number of positives out of the 80 endemic healthy controls.

and the urinary Leishmania antigen ELISA, however, the
molecular assays performed significantly better in terms of
specificity than the antigen ELISA (Table 3). The agreement
between assays is shown in Figure 1.

Effect of Extraction and Sampling Methods
on Molecular Assays

The parasite burden estimated by qPCR varied considerably
between WB-QIA and DBS-QIA samples (Figure 2). In 77-5%

(62/80) of the VL cases, the parasite load was greater in WB-QIA
samples. An increased parasite load was observed in 22:5% of VL
cases (18/80) by DBS-QIA method. However, a significant
correlation was found in parasite load detected by qPCR
between the two methods (r=0-723, p<0-001).

Significant variations in the mean DNA concentrations were
observed for different sampling and DNA extraction methods
when paired sample t-tests were performed (Figure 3). However,
when considered quality, the mean 260/280 absorbance ratio

TABLE 3 | Comparison of different assays and samples on overall diagnostic performance.

Sample type Assays p-value p-value Overall performance
(cases) (controls)

Whole blood gPCR-QIA X Loopamp-QIA X Loopamp-B&S?* 0-607 N/A Equivalent

DBS gPCR-QIA X LoopampP-QIA 0-002 N/A DBS: Loopamp-QIA**> gPCR-QIA

Whole blood X DBS = gPCR-QIA X Loopamp-QIA X Loopamp-B&SX 0-000 N/A WB: gPCR-QIA/Loopamp-QIA/Loopamp-B&S**> DBS:
gPCR-QIA X Loopamp-QIA? Loopamp-QIA**> DBS: gPCR-QIA

Whole blood X Urine  gPCR-QIA X Loopamp-QIA X Loopamp-B&S X 0-392 0-000 WB: gPCR-Q/Loopamp-Q/Loopamp-B&S**> Urine: Antigen
Antigen ELISA* ELISA

aCochran’s Q Test, “McNemar Test, N/A, Not analyzed due to constant values.

*p-value < 0-01, ***p-value < 0-001.
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FIGURE 1 | Inter-rater agreement observed between the assays presented as Cohen’s Kappa coefficients. The values of Cohen’s k coefficients are interpreted as:
1-00-0-81: excellent; 0-80-0-61: good; 0-60-0-41: moderate; 0-40-0-21: weak; and 0-20-0-00: negligible agreement.

were 1-829, 1-613 and 1-372 for WB-QIA, WB-B&S and DBS-
QIA methods, respectively. The highest quality DNA was
achieved by QIAGEN extraction method from whole blood,
whereas WB-B&S and DBS-QIA the quality of the DNA was
compromised by the presence of impurities.

Leishmania Antigen Concentration as a
Marker of Treatment Outcome

Significant difference was observed in the mean antigen
concentrations between the VL and control groups by
Leishmania antigen ELISA (Figure 4A). The Leishmania
antigen ELISA was also efficient in assessing treatment
outcome. Of the 41 patients who provided samples post-
treatment, 35 were antigen negative at day 30 and all patients
were antigen negative at day 180 (Figure 4B).

Comparative Assessment of the Assay
Characteristic

The features of individual assays are summarized in Table 4. The
time to result is inclusive of the time for sample processing and
the kit cost includes only the reagent cost for sample processing
(extraction etc.) and amplification.

DISCUSSION

Here, we performed the Loopamp assay with whole blood and
DBS sampling with QIAGEN and B&S nucleic acid extraction
methods and compared it with a reference qPCR assay under
similar conditions, to determine the most appropriate
combination of sampling-extraction-detection for clinical
diagnosis of VL. The qPCR assay was assessed previously with
buffy coat DNA from VL patients with promising efficacy

(Hossain et al., 2017). However, detection of the parasite in the
peripheral blood sample is preferred over buffy coat, as only
200uL instead of 1-5mL whole blood is required to prepare the
same volume of template DNA. Besides, though the purity is low,
the B&S method is faster and retains a sufficient concentration of
template DNA (Barbosa et al., 2016).

In this study, the Loopamp-WB(B&S) achieved the greatest
sensitivity (96-2%) among the molecular assays. The higher
sensitivity of the Loopamp-WB(B&S) is attributed to the
highest template DNA recovery, though the overall purity of
the DNA is reduced relative to other extraction methods. In
another study performed in Sudan, Loopamp-WB(B&S)
achieved 97-6% sensitivity that is comparable to the present
study, with the sensitivity of Loopamp-WB(QIA) was 100%
compared to 95% sensitivity achieved here (Mukhtar et al.,
2018). However, the qPCR assays showed lower sensitivities
than the previous study with buffy coat-DNA (100%),
suggesting the qPCR assay is more effective when performed
with the buffy coat (Hossain et al., 2017).

The Loopamp assay showed higher sensitivity than qPCR in
all combinations of sampling-extraction methods. The results
varied from another study where a QqPCR-WB(QIA) assay was
more sensitive (96:1%) than the Loopamp-WB(QIA) (92:3%).
However, the study incorporated qPCR targeting the kDNA and
turbidity based LAMP product detection system, compared to
the REPL repeat targeted qPCR assay and fluorimetric LAMP
product detection in the present study (Adams et al, 2018).
Moreover, the Loopamp assay offers high analytical sensitivity
(107 parasite equivalents/reaction) and targets two different
regions (I85rRNA gene and kDNA minicircles) (Adams et al.,
2018; Ibarra-Meneses et al., 2018), whereas the analytical
sensitivity of the qPCR is 10™" parasite equivalent/reaction and
a single target (Hossain et al., 2017). However, the efficacies of all
three molecular assays with whole blood (Loopamp-B&sS,
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T
DBS-QIA

Loopamp-QIA and qPCR-QIA) were statistically similar and
both the Loopamp-WB(B&S) and Loopamp-WB(QIA) satisty
the required sensitivity and specificity (295% and >98%
respectively) of an ideal diagnostic assay for VL case detection
(Boelaert et al.,, 2007). The qPCR-WB(B&S) assay was found
ineffective in our study (data are not shown), indicating
interference by impurities (e.g., hemoglobin, protein antibodies
etc), in agreement with previous studies (Sriworarat et al., 2015).

Use of a DBS from capillary blood collected by finger-prick
would further reduce the invasiveness of sampling, eliminate the
need for cold-chain during transportation, and would be
appropriate for mass sample collection during surveillance.
PCR experiments with DBS previously reported variable
sensitivities (70% and 90%) (Sundar and Singh, 2019).
However, to our knowledge, this is the first study evaluating
DBS samples in both qPCR and Loopamp assays for L.donovani
detection. In our study, the Loopamp-DBS(QIA) and qPCR-DBS
(QIA) assays were moderately sensitive, and the Loopamp assay
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FIGURE 2 | Differences in the parasite burden by gPCR between whole blood and DBS DNA extracted by QIAGEN method. (A) The mean parasite load in WB-QIA
was 1,818 parasite/mL WB (SD=3,740 parasite/mL) and DBS-QIA was 899 parasite/mL WB (SD=2,069 parasite/mL). In a paired sample t-test, significant differences
were observed in the mean parasite load between the two sample categories with t (79) =3-092, P=0-0027. (B) Trend in parasite load between the two sampling
methods. Each point indicates the data obtained from an individual sample. The connecting line links data for each patient in WB-QIA and DBS-QIA method.

yielded better results than qPCR. These lower sensitivities in
qPCR and Loopamp assay with DBS samples is also documented
for conventional PCR (Smit et al., 2014) and infers inadequate
template availability, as substantiated with the observed loss in
template DNA recovery and reduced parasite load in DBS
samples. Moreover, both Loopamp-DBS(B&S) and qPCR-DBS
(B&S) assays were unable to detect parasite DNA (data not
shown), depicting the necessity of additional processing and
purification steps for the B&S method.

Integration of a test of cure and treatment monitoring,
potentially based on an antigen-based, non-invasive diagnosis
will benefit the post-elimination program. VL accompanies renal
dysfunction and associated nephropathy, resulting in the excretion
of the parasite antigens in the urine (Bezerra et al, 2019).
Therefore, detection of the Leishmania antigens in urine for VL
diagnosis is a promising non-invasive diagnostic approach to
support the post-elimination program. We investigated one such
prospective urine-based detection system, the Leishmania antigen
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FIGURE 3 | Concentration of DNA extracted by QIAGEN and boil & spin methods from whole blood and DBS samples(n=72). The mean DNA concentration was
highest for WB-B&S, 27-51 ng/pL (SD=9-45 ng/uL), followed by WB-QIA and DBS-QIA, 18-68 ng/uL (SD=12-10 ng/pL) and 8-09 ng/pL (SD=15-47 ng/uL)
respectively. In a two-tailed paired t-test, significant differences in the mean concentrations were observed for WB-QIA and WB-B&S (t(71)=4-981, P<0-0000),
WB-B&S and DBS-QIA (t(71)=8-978, P<0-0000) and WB-Q and DBS-Q (t(71)=4-398, P<0-0000).
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ELISA. It is a quantitative, capture ELISA exploiting anti-
Leishmania poly-clonal antibodies produced against whole
promastigotes to detect Leishmania antigens excreted in urine
(Vallur et al.,, 2015). The sensitivity in this study was 97-5% with
significant differences in antigen concentration between the case
and controls. However, the specificity in the endemic controls was
moderate, consistent with our previous study (90%), however, we
set our cut-off concentration from receiver operating characteristic
(ROC) curve to adjust the precision (Vallur et al., 2015). The assay
performance was statistically inferior in terms of specificity when
tested against the molecular assays of similar sensitivities.
However, the assay was accurate in conferring complete clinical
cure at day 180, in agreement with the definition of clinically cured
cases according to the current national guideline, (NKEP, CDC ,
2016) and further assured by no reported clinical complications
related to VL in a one-year follow up period. The results are
consistent with a previous study in Ethiopian subjects with similar
accuracy to determine clinical cure (Vallur et al,, 2015).
Attaining the VL elimination status will subsequently limit
funding and programmatic activities are likely to be committed
to the public healthcare system. Therefore, apart from the
efficacy, the aptness of the assays for the post-elimination
setting hinges upon other parameters e.g., cost, feasibility,
scalability, and robustness. Reckoning the efficacy, feasibility,
and cost, the Loopamp assay succeeded the qPCR assay in our
study and emerged as a promising alternative (Table 4).
Lyophilized reagents, one step-single tube LAMP assay,
compact device, and visual detection of the LAMP products
with the in-built fluorescence unit of the Loopamp' " LF-160
incubator made the assay apt for peripheral health care setting
(Besuschio et al,, 2017; Adams et al,, 2018). Coupling the B&S
extraction with the Loopamp assay further lessened the time and
cost along with a simplified protocol that increased the assay
feasibility. The assay is also minimally invasive and requires only
60uL of blood as an initial sample which is equivalent to 2 drops
of peripheral blood. The sampling feasibility can be therefore
increased utilizing finger-pricked blood and requires
investigation. Additionally, the availability of the Loopamp TB
(WHO recommended) and Malaria detection kit increases its

UAU/mL

10000

5000

Baseline Day 30 Day 180

FIGURE 4 | (A) Differences in the concentration of urinary antigen between VL and endemic control groups at baseline. The mean Ag concentration in the VL group
was 1,706 UAU/mL (SD=8,106 UAU/mL) and the mean Ag concentration for controls was 0-8523 UAU/mL (SD=1-507 UAU/mL). Significant differences were
observed by two-tailed t-test between the two groups (t (79) = 4:912, P<0-0001). (B) Concentration of urinary Ag in VL patients at baseline, 30 days after treatment
and 180 days after treatment (n=41). The mean Ag concentration at baseline was 1,681 UAU/mL (SD=2,888 UAU/mL), 10-94 UAU/mL (SD=42-36 UAU/mL) at day
30 after treatment and 0-0585 UAU/mL (SD=0-375 UAU/mL) at day 180 after treatment.

prospect to be exploited as an integrated diagnostic platform
along with VL (World Malaria Report, 2019, Geneva).

The limitations of the Loopamp assay comprise its limited
throughput and absence of the quantification feature compared to
the qPCR. Also, utilization of FTA cards in DBS-Loopamp
increased the assay cost (Table 4), rendering the assay less
desirable for mass screening during post-elimination
surveillance. The Leishmania antigen ELISA in contrast is more
compatible for surveillance studies as another sensitive, cost-
effective, high-throughput, and non-invasive diagnostic tool,
offering sampling feasibility and increased patient compliance
(Abeijon and Campos-Neto, 2013). The prospect of the assay to
identify asymptomatic carriers from a cohort is explored in a
recent study with promising outcome (Owen et al, 2021). Its
unique quantification feature can also be exploited to determine
treatment outcome. However, the low specificity may cause
inconclusive results, requiring a secondary test for confirmation.
For basic laboratory research requiring precise quantification of
parasites, e.g., evaluation of novel vaccines, drugs, and diagnostic
innovations etc., however, the qPCR assay is preferred.

Defining elimination by prevalence instead of the
transmission status is a caveat in the elimination strategy and
the continuous transmission, as evidenced by increased non-
endemic VL cases, is impeding the validation process (Olliaro
et al,, 2017; Cloots et al., 2020). Therefore, in light of other
neglected tropical disease (NTD) elimination programs (e.g.
filariasis and schistosomiasis), the VL endgame policies should
consider the interruption of transmission as the basis of infection
containment in the post-elimination era (Stothard et al., 2017;
Fang and Zhang, 2019). Effective interruption of VL
transmission can only be achieved by reducing the
transmission window of the infection via early diagnosis.
Therefore, the VL patients according to the national guidelines
that is the presence of clinical symptoms for two weeks along
with rK39 positivity (NKEP, CDC, 2016). The enrollment was
completed at SKKRC which is a referral center for VL, and the
suspects were primarily diagnosed elsewhere. Therefore, all the
suspects were clinically advanced and rK39 RDT positive during
enrollment. As such, the efficacies of the assays for VL detection
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TABLE 4 | Comparison of assay characteristics.

qPCR-WB-QIA qPCR-DBS-QIA Loopamp-WB-QIA  Loopamp-WB-B&S Loopamp-DBS-QIA Leishmania
antigen
ELISA
Detection Real time, Real time, fluorescence Endpoint, Endpoint, Endpoint, fluorescence Endpoint,
fluorescence fluorescence fluorescence colorimetric
Sample preparation Manual Manual Manual Manual Manual Manual
Automation for detection Yes Yes No No No Yes
and analysis
Assay validation Quantitative Quantitative Qualitative Qualitative Qualitative Quantitative
Detection of L. donovani markers Direct Direct Direct Direct Direct Direct
Mode of sample collection Invasive Invasive Invasive Invasive Invasive Non-invasive
Volume of sample required 200ul 200uL peripheral blood  200uL peripheral 60 uL peripheral 120 uL peripheral 5-10uL urine
peripheral blood blood blood blood
Samples analyzed per assay 82 82 14 14 14 82
Time to result/assay 2:45 hours 3 hours 1:20 hour 1 hour 2:40 hours 2 hours
Kit cost/reaction ~16-5 USD ~18:9 USD ~10-12 USD ~6-92 USD ~12 USD ~6-12 USD
Instrument/cost/life expectancy ~ Bio-Rad CFX96  Bio-Rad CFX96 iCycler  Loopamp™ LF-160  Loopamp™ LF-160 Loopamp™ LF-160  ELx808 ELISA
iCycler ~19,000 USD/15 years  incubator (Eiken incubator (Eiken incubator (Eiken reader
~19,000 USD/ Chemical Co.Ltd)/ Chemical Co. Ltd)/ Chemical Co.Ltd)/6000 (Biotek)/5000
15years 6000 USD/10 years ~ 6000 USD/10 years ~ USD/10 years USD/10 years
Storage temperature of reagents  -20°C -20°C Room temperature Room temperature Room temperature 4°C
Health care setting Tertiary Tertiary Point-of-care Point-of-care Point-of-care Secondary/
Tertiary

earlier than two weeks remains unknown and further
investigation is required with stratified time points since the
onset of the symptoms. The microscopic detection of parasites in
splenic aspirate was initially included as a diagnostic gold
standard for VL in the study protocol. However, the procedure
was discontinued in the early phases of the study following a
serious adverse event reported. Also, the performance of the
Loopamp assay as a test-of-cure was not evaluated and the
efficacies of both the assays to detect treatment failures and
relapse cases requires investigation.

In absence of definite tools to measure VL transmission,
identification of the infectious pockets via epidemiological
surveillance and ensuring early diagnosis are the only reliable
measures to contain transmission in the post-elimination setting.
Our study presented the LoopampTM Leishmania Detection Kit
with B&S extracted whole blood DNA and the Leishmania
antigen ELISA promising to facilitate such post elimination
diagnosis and epidemiological surveillances, respectively. A
phase-3 diagnostic trial is therefore recommended in the
peripheral settings to integrate the assays into the post-
elimination VL control strategies.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethical Review Committee, icddr,b. Written
informed consent to participate in this study was provided by
the participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

FH: data curation, formal analysis, investigation, project
administration, resources, validation, visualization, writing -
original draft, and writing - review & editing. AP:
conceptualization, formal analysis, funding acquisition,
methodology, resources, supervision, validation, visualization,
writing — original draft, and writing - review & editing. SIO: formal
analysis, resources, and writing — review & editing. PG: formal
analysis, investigation, project administration, and writing — review
& editing. RC: investigation, resources, and writing — review &
editing. SM: project administration, resources, and writing — review
& editing. MAAK: investigation, resources, and writing — review &
editing. MUR: formal analysis, resources, and writing — review &
editing. RN: investigation, resources, and writing — review & editing.
JB: investigation, resources, and writing — review & editing. DG:
project administration, resources, and writing — review & editing,
ERA: funding acquisition, conceptualization, methodology, resources,
and writing - review & editing. MSD: formal analysis, resources, and
writing — review & editing. MSH: data curation, software, resources,

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org

April 2021 | Volume 11 | Article 670759


https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

Hossain et al.

Diagnostics for VL Post-Elimination Era

and writing - review & editing. AB: investigation, resources,
and writing - review & editing. PN: investigation, resources, and
writing - review & editing. FA: investigation, resources, and writing —
review & editing. IC: conceptualization, data curation, formal analysis,
funding acquisition, methodology, project administration, resources,
supervision, visualization, and writing - review & editing. DM:
conceptualization, data curation, formal analysis, funding acquisition,
methodology, project administration, resources, supervision,
visualization, and writing — review & editing. All authors contributed
to the article and approved the submitted version.

FUNDING

This work was largely supported by funds from the Federal
Ministry of Education and Research, Germany (KfW grant
reference number 202060457, Development of Products for the
Prevention, Diagnosis and Treatment of Neglected and Poverty
Related Diseases; https://www.bmbf.de/en), Wellcome Trust Seed
funding (grant no. 108080/Z/15/Z) and the MRC-DTP (grant no.
MR/NO013514/1). UK aid from the UK Government, the
Government of Switzerland and the Government of
Netherlands also contributed to FIND’s participation in this work.

ACKNOWLEDGMENTS

We are grateful to all of the participants for their valuable
participation in this study. We also like to thank all the employees
of SKKRC and Laboratory of Emerging infections and Parasitology,

REFERENCES

Abeijon, C., and Campos-Neto, A. (2013). Potential Non-Invasive Urine-Based
Antigen (Protein) Detection Assay to Diagnose Active Visceral Leishmaniasis.
PLoS Negl. Trop. Dis. 7 (5), 5-8. doi: 10.1371/journal.pntd.0002161

Adams, E. R,, Schoone, G., Versteeg, 1., Gomez, M. A,, Diro, E., Mori, Y., et al.
(2018). Development and Evaluation of a Novel Loop-Mediated Isothermal
Amplification Assay for Diagnosis of Cutaneous and Visceral Leishmaniasis.
J. Clin. Microbiol. 56 (7), 1-8. doi: 10.1128/JCM.00386-18

Barbosa, C., Nogueira, S., Gadanho, Mario, and Chaves, S. (2016). DNA
Extraction: Finding the Most Suitable Method. Molecular Microbial
Diagnostic Methods: Pathways to Implementation for the Food and Water
Industries. Elsevier. Inc. 135-154. doi: 10.1016/B978-0-12-416999-9.00007-1

Besuschio, S. A., Murcia, M. L., Benatar, A. F., Monnerat, S., Cruz Mata, L, Picado
de Puig, A., et al. (2017). Analytical Sensitivity and Specificity of a Loop-
Mediated Isothermal Amplification (LAMP) Kit Prototype for Detection of
Trypanosoma Cruzi DNA in Human Blood Samples. PLoS Negl. Trop. Dis. 11
(7), 1-18. doi: 10.1371/journal.pntd.0005779

Bezerra, G. S. N., Barbosa, W. L., da Silva, E. Dionisio, Leal, N. C., and de
Medeiros, Z. M. (2019). Urine as a Promising Sample for Leishmania DNA
Extraction in the Diagnosis of Visceral Leishmaniasis - a Review. Braz. J. Infect.
Dis. 23 (2), 111-120. doi: 10.1016/;.bjid.2019.04.001

Bi, K., Chen, Y., Zhao, S., Kuang, Y., and Wu, C. H. J. (2018). Current Visceral
Leishmaniasis Research: A Research Review to Inspire Future Study. BioMed.
Res. Int. 2018, 1-13. doi: 10.1155/2018/9872095

Boelaert, M., Bhattacharya, S., Chappuis, Francois, El Safi, S. H., Hailu, A,
Mondal, D., et al. (2007). Evaluation of Rapid Diagnostic Tests: Visceral
Leishmaniasis. Nat. Rev. Microbiol. 5 (11), S30-S39. doi: 10.1038/nrmicrol1766

Chappuis, Frangois, Sundar, S., Hailu, A., Ghalib, H., Rijal, S., Peeling, R. W., et al.
(2007). Visceral Leishmaniasis: What Are the Needs for Diagnosis, Treatment

icddr,b, for their excellent technical support and active participation.
The authors are grateful to core donors which provide unrestricted
support to icddr,b. Current donors include the Government of the
People’s Republic of Bangladesh; Global Affairs Canada (GAC),
Canada; Swedish International Development Cooperation Agency
(Sida); and the Department for International Development
(UKAid). FIND is grateful to its donors, public and private, who
have helped to support the development of innovative new
diagnostics for diseases of poverty. A list of FIND donors can be
found at: https://www.finddx.org/partners-donors/. The funders
had no role in study design, data collection, data analysis,
interpretation, and writing of the manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fcimb.2021.670759/
full#supplementary-material

Supplementary Figure 1 | Receiver operating characteristic (ROC) curve for
Leishmania Antigen ELISA for determination of the cut-off Urinary antigen unit (UAU)
for the detection of Leishmania antigens in urine samples. From the ROC curve, the
selected combination of the sensitivity and specificity was 97.50% and 91.25%
which gave a cut-off of >3.11 UAU.

Supplementary Figure 2 | Study activity flow diagram.

Supplementary Figure 3 | Standards for Reporting of Diagnostic Accuracy
(STARD) flow diagram. (A) Sample flow and test results for cases. (B) Sample flow
and test results for controls.

and Control? Nat. Rev. Microbiology 5 (11), 873-882. doi: 10.1038/
nrmicrol748

Cloots, K., Uranw, S., Ostyn, B., Bhattarai, N. R., Le Rutte, E., Khanal, B., et al.
(2020). Articles Impact of the Visceral Leishmaniasis Elimination Initiative on
Leishmania Donovani Transmission in Nepal: A 10-Year Repeat Survey.
Lancet Global Health 8 (2), e237-e435. doi: 10.1016/52214-109X(19)30536-4

Desjardins, P., and Conklin, D. (2010). NanoDrop Microvolume Quantitation of
Nucleic Acids. J. Visualized. Exp. 45, 1-5. doi: 10.3791/2565

Fang, Y., and Zhang, Yi (2019). Lessons from Lymphatic Filariasis Elimination and
the Challenges of Post- Elimination Surveillance in China. Infect. Dis. Poverty
9, 1-10. doi: 10.1186/540249-019-0578-9

Hossain, F., Ghosh, P., Khan, M. A. A,, Duthie, M. S,, Vallur, A. C,, Picone, A,
et al. (2017). Real-Time PCR in Detection and Quantitation of Leishmania
Donovani for the Diagnosis of Visceral Leishmaniasis Patients and the
Monitoring of Their Response to Treatment. PLoS One 12 (9), 1-16.
doi: 10.1371/journal.pone.0185606

Ibarra-Meneses, A. V., Cruz, I, Chicharro, C., Sanchez, C., Biéler, S., Broger, T.,
et al. (2018). Evaluation of Fluorimetry and Direct Visualization to Interpret
Results of a Loop-Mediated Isothermal Amplification Kit to Detect Leishmania
DNA. Parasites. Vectors 11 (1), 1-9. doi: 10.1186/s13071-018-2836-2

Le Rutte, E. A, Chapman, L. A. C,, Coffeng, L. E., Ruiz-Postigo, JoseA., Olliaro, P. L.,
Adams, E. R, et al. (2018). Policy Recommendations from Transmission
Modeling for the Elimination of Visceral Leishmaniasis in the Indian
Subcontinent. Clin. Infect. Dis. 66, $301-S308. doi: 10.1093/cid/ciy007

Matlashewski, G., Arana, B., Kroeger, A., Battacharya, S., Sundar, S., Das, P., et al.
(2011). Visceral Leishmaniasis: Elimination with Existing Interventions. Lancet
Infect. Dis. 11 (4), 322-325. doi: 10.1016/51473-3099(10)70320-0

Mondal, D., Ghosh, P., Khan, M. A. A., Hossain, F., Bohlken-Fascher, S.,
Matlashewski, G., et al. (2016). Mobile Suitcase Laboratory for Rapid
Detection of Leishmania Donovani Using Recombinase Polymerase

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org

April 2021 | Volume 11 | Article 670759


https://www.bmbf.de/en
https://www.finddx.org/partners-donors/
https://www.frontiersin.org/articles/10.3389/fcimb.2021.670759/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2021.670759/full#supplementary-material
https://doi.org/10.1371/journal.pntd.0002161
https://doi.org/10.1128/JCM.00386-18
https://doi.org/10.1016/B978-0-12-416999-9.00007-1
https://doi.org/10.1371/journal.pntd.0005779
https://doi.org/10.1016/j.bjid.2019.04.001
https://doi.org/10.1155/2018/9872095
https://doi.org/10.1038/nrmicro1766
https://doi.org/10.1038/nrmicro1748
https://doi.org/10.1038/nrmicro1748
https://doi.org/10.1016/S2214-109X(19)30536-4
https://doi.org/10.3791/2565
https://doi.org/10.1186/s40249-019-0578-9
https://doi.org/10.1371/journal.pone.0185606
https://doi.org/10.1186/s13071-018-2836-2
https://doi.org/10.1093/cid/ciy007
https://doi.org/10.1016/S1473-3099(10)70320-0
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

Hossain et al.

Diagnostics for VL Post-Elimination Era

Amplification Assay. Parasites. Vectors 9 (1), 1-8. doi: 10.1186/s13071-016-
1572-8

Mukhtar, M., Ali, S. S., Boshara, S. A., Albertini, A., Monnerat, Séverine, Bessell,
P., et al. (2018). Sensitive and Less Invasive Confirmatory Diagnosis of
Visceral Leishmaniasis in Sudan Using Loop-Mediated Isothermal
Amplification (LAMP). PLoS Negl. Trop. Dis. 12 (2), 1-14. doi: 10.1371/
journal.pntd.0006264

NKEP, CDC, (2016). National Guideline for Kala-azar Case Management in
Bangladesh. Dhaka, Bangladesh: Directorate General of Health Services. 1-104.

Nzelu, C. O., Kato, H., and Peters, N. C. (2019). Loop-Mediated Isothermal
Amplification (LAMP): An Advanced Molecular Point-of-Care Technique for
the Detection of Leishmania Infection. PLoS Negl. Trop. Dis. 13 (11), 1-21.
doi: 10.1371/journal.pntd.0007698

Olliaro, P. L., Shamsuzzaman, T. A. K. M., Marasini, B., Dhariwal, A. C., Be-Nazir, A.,
Mondal, D., et al. (2017). Investments in Research and Surveillance Are Needed to
Go Beyond Elimination and Stop Transmission of Leishmania in the Indian
Subcontinent. PLoS Negl. Trop. Dis. 11 (1), 1-5. doi: 10.1371/journal.pntd.0005190

Owen, S. I, Hossain, F., Ghosh, P., Chowdhury, R., Hossain, S., Jewell, C, et al. (2021).
Detection of asymptomatic Leishmania infection in Bangladesh by antibody and
antigen diagnostic tools shows an association with post-kala-azar dermal leishmaniasis
(PKDL) patients. Parasit Vectors 14(1):111. doi: 10.1186/s13071-021-04622-8

Rijal, S., Sundar, S., Mondal, D., Das, P., Alvar, J., and Boelaert, M. (2019).
Eliminating Visceral Leishmaniasis in South Asia: The Road Ahead. BMJ
(Online) 364, 1-5. doi: 10.1136/bmj.k5224

Schallig, H. D. F. H,, Hu, R. V. P,, Kent, A. D., Loenen, M. V., Menting, S., Picado,
A., et al. (2019). Evaluation of Point of Care Tests for the Diagnosis of
Cutaneous Leishmaniasis in Suriname. BMC Infect. Dis. 19 (1), 1-6.
doi: 10.1186/s12879-018-3634-3

Selvapandiyan, A., Croft, S. L., Rijal, S., Nakhasi, H. L., and Ganguly, N. K. (2019).
Innovations for the Elimination and Control of Visceral Leishmaniasis. PLoS
Negl. Trop. Dis. 13 (9), 1-5. doi: 10.1371/journal.pntd.0007616

Smit, P. W, Elliott, I, Peeling, R. W., Mabey, D., and Newton, P. N. (2014). Review
Article: An Overview of the Clinical Use of Filter Paper in the Diagnosis of Tropical
Diseases. Am. Trop. Med. Hygiene 90, 2, 195-210. doi: 10.4269/ajtmh.13-0463

Srividya, G., Kulshrestha, A., Singh, R., and Salotra, P. (2012). Diagnosis of
Visceral Leishmaniasis: Developments over the Last Decade. Parasitol. Res. 110
(3), 1065-1078. doi: 10.1007/s00436-011-2680-1

Sriworarat, C., Phumee, A., Mungthin, M., Leelayoova, S., and Siriyasatien, P.
(2015). Development of Loop-Mediated Isothermal Amplification (LAMP) for
Simple Detection of Leishmania Infection. Parasites. Vectors 8 (1), 1-8.
doi: 10.1186/s13071-015-1202-x

Stothard, J.R., Campbell, S. J., Osei-atweneboana, M. Y., Durant, T., Stanton, M. C,,
Biritwum, N.-k., et al. (2017). Towards Interruption of Schistosomiasis
Transmission in Sub-Saharan Africa: Developing an Appropriate
Environmental Surveillance Framework to Guide and to Support * End Game *
Interventions. Infect. Dis. Poverty., 1-11. doi: 10.1186/s40249-016-0215-9

Sundar, S., and Singh, Om P. (2019). Infectious Disease, and Uttar Pradesh Mol.
Diagnosis Therapy 22, 4, 443-457. doi: 10.1007/s40291-018-0343-y.Molecular.
“HHS Public Access”.

Vallur, A. C., Tutterrow, Y. L., Mohamath, R., Pattabhi, S., Hailu, A., Abdoun, A.
0., et al. (2015). Development and Comparative Evaluation of Two Antigen
Detection Tests for Visceral Leishmaniasis. BMC Infect. Dis. 15 (1), 1-10.
doi: 10.1186/s12879-015-1125-3

Vink, M. M. T., Nahzat, S. M., Rahimi, H., Buhler, C., Ahmadi, B. A., Nader, M.,
et al. (2018). Evaluation of Point-of-Care Tests for Cutaneous Leishmaniasis
Diagnosis in Kabul, Afghanistan. EBioMedicine 37, 453-460. doi: 10.1016/
j.ebiom.2018.10.063

World Malaria Report. Geneva: World Health Organization (2019). Licence: CC
BY-NC-SA 3.0 IGO.

Conflict of Interest: Author MSD was employed by HDT Bio-Corp.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2021 Hossain, Picado, Owen, Ghosh, Chowdhury, Maruf, Khan, Rashid,
Nath, Baker, Ghosh, Adams, Duthie, Hossain, Basher, Nath, Aktar, Cruz and
Mondal. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org

April 2021 | Volume 11 | Article 670759


https://doi.org/10.1186/s13071-016-1572-8
https://doi.org/10.1186/s13071-016-1572-8
https://doi.org/10.1371/journal.pntd.0006264
https://doi.org/10.1371/journal.pntd.0006264
https://doi.org/10.1371/journal.pntd.0007698
https://doi.org/10.1371/journal.pntd.0005190
https://doi.org/10.1186/s13071-021-04622-8
https://doi.org/10.1136/bmj.k5224
https://doi.org/10.1186/s12879-018-3634-3
https://doi.org/10.1371/journal.pntd.0007616
https://doi.org/10.4269/ajtmh.13-0463
https://doi.org/10.1007/s00436-011-2680-1
https://doi.org/10.1186/s13071-015-1202-x
https://doi.org/10.1186/s40249-016-0215-9
https://doi.org/10.1007/s40291-018-0343-y.Molecular
https://doi.org/10.1186/s12879-015-1125-3
https://doi.org/10.1016/j.ebiom.2018.10.063
https://doi.org/10.1016/j.ebiom.2018.10.063
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

	Evaluation of Loopamp&trade; Leishmania Detection Kit and Leishmania Antigen ELISA for Post-Elimination Detection and Management of Visceral Leishmaniasis in Bangladesh
	Introduction
	Methods and Materials
	Ethics Statement
	Study Sites and Participant Characteristics
	Clinical Specimens
	Template Preparation by QIAGEN Extraction Method
	Template Preparation by Boil &amp; Spin Method
	qPCR
	Loopamp Assay
	Quality and Concentration of Extracted DNA
	Leishmania Antigen ELISA
	Statistical Analysis

	Results
	Patient Demographics
	Sensitivity, Specificity, and Comparative Analysis of the Assays
	Effect of Extraction and Sampling Methods on Molecular Assays
	Leishmania Antigen Concentration as a Marker of Treatment Outcome
	Comparative Assessment of the Assay Characteristic

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


