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Abstract

Development and evaluation of diagnostics for visceral leishmaniasis focussing on people living with
HIV and asymptomatic infections.

Sophie I. Owen

The Indian subcontinent (ISC) was targeting visceral leishmaniasis (VL) for elimination by 2020, with
Bihar, an endemic state in India a major focus of the campaign. Current diagnostics for VL such as the
direct agglutination test (DAT) and rK39 tests detect antibodies, making it difficult to distinguish
between past or current infection, particularly in the absence of clinical symptoms or typical VL.
Asymptomatic Leishmania infections (ALl) outnumber symptomatic infections on the ISC and people
living with human immunodeficiency virus (PLHIV) have a higher risk of developing symptoms of VL with
high treatment failure, relapse, and mortality, presenting a major challenge for both clinical
management and elimination. PLHIV and asymptomatic individuals are of importance to VL elimination,
particularly where the reservoir host is thought to be anthroponotic. Diagnostics that enable the
detection of ALI, diagnosis of acute VL and Leishmania-HIV co-infections, monitoring VL treatment, and
surveillance are needed. The Leishmania antigen enzyme-linked immunosorbent assay (ELISA) (Clin-
Tech, UK) measures antigenuria, therefore identifying antigens excreted in urine during current
infections, potentially allowing monitoring of VL treatment response, and predicting treatment failure
and relapse in PLHIV. Testing urine is non-invasive and has the potential to replace invasive tissue
aspiration. Real-time polymerase chain reaction (qPCR) is a highly sensitive technique to detect
Leishmania donovani (L. donovani) kinetoplast DNA (kDNA). Similarly, loop-mediated isothermal
amplification (LAMP) is a technique used to amplify DNA suitable for resource-poor settings. However,
the clinical utility of the Leishmania antigen ELISA and molecular techniques in asymptomatic and
symptomatic L. donovani infections with and without HIV has not been fully established in an
elimination setting. In this thesis, | describe the prevalence and determinants of ALI, and the utility and
diagnostic accuracy of the Leishmania antigen ELISA, DAT, LAMP, and gPCR for the detection of ALl in a
cohort of 720 contacts of people with VL and PKDL in Bangladesh (chapter 2). Further, | describe the
prevalence and determinants of ALI, and examine the utility of the Leishmania antigen ELISA, gqPCR, rk39
rapid diagnostic test (RDT), and rk39 ELISA for the detection of ALl in a cohort of 1,300 PLHIV in India
(chapter 3). The latter cohort were followed for 18 months to evaluate the rate and risk factors for
disease progression from ALl to VL in PLHIV and to determine the utility of the Leishmania antigen ELISA,
gPCR, rk39 RDT, and rK39 ELISA as markers of progression (chapter 4). | then describe the potential use
of these assays as diagnostic and test of cure assays for VL in a cohort of HIV co-infected patients in India
(chapter 5). In a final chapter, | screened a panel of thirteen monoclonal antibodies for the development
of an alternative antigen detection test and evaluated other available antigen detection assays (chapter
6).
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132 Acronyms

133 AIDS - acquired immunodeficiency syndrome

134 ALl - asymptomatic Leishmania infection

135 ART - antiretroviral therapy

136  ATT - anti-tubercular treatment

137  C: - threshold cycle

138 DAT - direct agglutination test

139 DDT — dichlorodiphenyltrichloroethane

140 ELISA - enzyme-linked immunosorbent assay

141 FIND - Foundation for Innovative New Diagnostics
142 GGSH - Guru Gobind Singh Hospital

143 Gl - gastrointestinal

144  HAART - highly active antiretroviral therapy

145  Hb - Haemoglobin

146 HIV — human immunodeficiency virus

147 HRP - horse radish peroxidase

148  iccdr,b - International Centre for Diarrhoeal Disease Research, Bangladesh
149  ICMR - Indian Council of Medical Research

150 ICT - immunochromatographic test

151 IFAT - indirect fluorescence antibody test

152 lg —immunoglobulin

153 IRS - indoor residual spraying

154 ISC — Indian subcontinent — referring to India, Nepal, and Bangladesh
155 L. donovani— Leishmania donovani

156 L. infantum — Leishmania infantum

157 LAMB - liposomal amphotericin B

158 LAMP - loop-mediated isothermal amplification

159 LD bodies - L. donovani bodies
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160 LFA — lateral flow assay

161 LST - Leishmanin skin test

162 LSTM - Liverpool School of Tropical Medicine
163  mAbs - monoclonal antibodies

164  MoU - memorandum of understanding

165  MSF - Médecins Sans Frontiéres

166 NAAT - nucleic acid amplification technique
167 NTD - neglected tropical disease

168 Ols - opportunistic infections

169 P. argentipes - Phlebotomus argentipes

170 PBMCs - peripheral blood mononuclear cells
171 PCR - polymerase chain reaction

172 PKDL - Post kala-azar dermal leishmaniasis
173 PLHIV - people living with human immunodeficiency virus
174 gPCR - quantitative PCR

175 RDTs - rapid diagnostic tests

176  RMRIMS - Rajendra Memorial Research Institute of Medical Sciences
177  SLA - soluble lysate antigen

178  SSG - sodium stibogluconate

179  TB-—tuberculosis

180 TMB - 3,3',5,5'-Tetramethylbenzidine

181 VL — visceral leishmaniasis — disease caused by parasites of the species Leishmania, also known in Hindi
182  as kala-azar

183  VL-HIV—VLand HIV coinfection

184  WCL - whole cell lysate

185  WHO — World Health Organization

186  WHO-TDR - WHOQ'’s Special Programme for Research and Training in Tropical Diseases

187
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Chapter 1. General Introduction

1.1 Visceral leishmaniasis (VL)

1.1.1 Aetiology

Visceral leishmaniasis (VL) is a neglected tropical disease (NTD) [1]. Parasites of the Leishmania genus
are transmitted by the bite of an infected female blood feeding sand fly [2]. Infection with Leishmania
parasites can lead to a range of clinical manifestations, VL being the most severe form [1]. Clinical
manifestation is dependent on a complex combination of factors including the parasite species, of which
there are approximately 20 transmittable to humans, and the host immune response [3]. Leishmania
donovani (L. donovani) is the causative agent in Asia and Africa. In South America, parts of Asia, the

Mediterranean, and the Middle East, VL is caused by Leishmania infantum (L. infantum) [3,4].

Briefly, following the bite of an infected sand fly, parasites in the promastigote stage are taken up by
host mononuclear phagocytes such as macrophages and neutrophils, where they mature to the
amastigote stage and replicate [5,6]. Infected host mononuclear phagocytes move to the spleen, lymph
nodes and bone marrow where amastigotes further disseminate and replicate [5,6]. Subsequently when
a sand fly takes a blood meal of an infected host, the fly takes up amastigotes which transform to the
promastigote stage, and the cycle continues [6]. Absence of a sufficient immune response can lead to

clinical disease [3]. The lifecycle of Leishmania is shown in Figure 1.
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Figure 1. The lifecycle of Leishmania infection [7].

1.1.2  Epidemiology

Of the approximately 200 countries that reported data on VL to the World Health Organization (WHO) in
2020, 79 were endemic for VL [8]. There are estimated to be between 50,000 to 90,000 new VL cases
each year, and its broad global distribution is shown in Figure 2 [9,10]. VL is endemic to the Indian
subcontinent (ISC), East Africa, and Brazil with India, Sudan, South Sudan, Kenya, China, Yemen, Eritrea,
Ethiopia, Somalia, and Brazil making up over 90% of new reported cases in 2020 [9]. Reservoirs of
Leishmania parasites can be both anthroponotic and zoonotic, dependent on parasite species and

geographical location [3].
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Overall, the incidence of VL has been declining worldwide [3]. Outbreaks in East Africa are often linked
to the mass migration of non-immune individuals to endemic regions due to conflict or seasonal work
[11,12]. On the ISC, regional outbreaks occur approximately every 15 years [13]. Local outbreaks have
been linked to the increasing rates of coinfection of VL and people living with human immunodeficiency
virus (PLHIV), referred to as VL-HIV from this point, except for the Mediterranean where the incidence is

now decreasing due to high coverage of highly active antiretroviral therapy (HAART) [14,15].

Countries reporting
imported VL cases, 2020

Uganda - 68
France - 11

Ethiopia - 7

Greace - 5

United Kingdom - 2

Brazil, Djizouti, Malta, Nepal,
Qatar, Russian Federation - 1

'\\ Number of new VL cases, 2020 = —", jn
\ [ 0 cases reported Kﬂ / )

R [ <100 B /

[\ = o

i [ 100-499 1 No autochthonous cases reported

& e T [ 500-999 [ Nodata
Hl =1000 [ Net applicable

The boundaries and names shown and the designations used on this map do notimply the expression Data Source: World Health Organization 23 Id I h
of any opinion whatsoever on the part of the World Health Organization concerning the legal status Map Production: Control of Neglected i \J@ wor .Hea. t
of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers Tropical Diseases (NTD) \‘A! Sk 0rgan|zatlon
or boundaries. Dotted lines on maps represent approximate border lines for which there may not World Health Organization

yet be full agreement. & WHO 2021, All rights reserved

Figure 2. WHO data on the status of endemicity of VL worldwide in 2020 [9].

1.1.3 Clinical presentation

In the absence of VL treatment, secondary infection and anaemia can lead to death within two years,
making accurate diagnosis essential [3]. The incubation time for VL is reported to be between two weeks
and eight months with both slow and rapid onset of symptoms observed [3]. VL is generally well-defined

clinically, and some symptoms are non-specific and overlap with other endemic diseases, such as
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malaria, schistosomiasis, and typhoid fever, making diagnosis difficult in areas of co-endemicity [16].
Further misdiagnoses include non-communicable autoimmune diseases such as rheumatoid arthritis and

systemic lupus erythematosus [17].

People with VL can present with a combination of the symptoms described in the following paragraphs.
A common symptom includes a prolonged and irregular fever of more than two weeks [3]. Further
common symptoms include cachexia and lethargy due to an increased metabolism and a decrease in
food intake and malabsorption, which is often complicated by presence of concurrent infections such as
tuberculosis (TB) and human immunodeficiency virus (HIV) [18]. Splenomegaly is commonly reported
and less frequently hepatomegaly, both of which can lead to a painful and distended abdomen [18].
Patients may present with weakness and fatigue due to anaemia, leukopenia, thrombocytopenia, and
hypergammaglobulinemia [5]. Patients can also present with atypical symptoms, further complicating
diagnosis, as these may be the result of underlying complication such as HIV coinfection, other

immunosuppression, or concurrent infections [17,19].

A less common symptom includes cough caused by respiratory infection, interstitial pneumonia or other
concurrent infection [18]. In less frequent cases, intestinal inflammation and concurrent infection may
occur leading to diarrhoea [18,20]. Jaundice is sometimes seen, and has been associated with a higher
risk of VL-related deaths in Brazil and East Africa [21,22]. Rarely, neurological symptoms can be seen,
including: a burning sensation in the feet; foot drop; and hearing loss [23]. The hyperpigmentation
which gives VL it’s alternative name, black disease or kala-azar in Hindi, is only seen in certain regions of
India [3]. Other skin manifestations can include cutaneous lesions [24]. Further atypical presentations
include ascites, and eye inflammation associated with immunosuppressants given following an organ

transplantation [3,22,25].

Following cure, VL patients can remain seropositive for several years after treatment, presenting a
challenge for accurate diagnosis and a need for diagnostic algorithms which include a clinical history and
a VL specific clinical examination. A study of 42 patients with imported leishmaniasis found that
antibody titres declined after treatment, however it took between 51 weeks and six years for patients to

become seronegative [26].
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1.2 VL elimination on the Indian subcontinent (ISC)

VL is currently the target of an elimination campaign on the ISC, with the governments of India, Nepal,
and Bangladesh signing a memorandum of understanding (MoU) in 2005 [27-29]. The campaign is split
into several phases. Firstly, the attack phase aims to bring incidence down to <1 case per 10,000 people
per year at district level in Nepal, subdistrict or block level in India, and upazila level in Bangladesh
[29,30]. Once the targets for elimination are reached in the attack phase, the campaign will enter a
consolidation phase of three years of active surveillance, during which time there can be no increase in
incidence at the geographical levels described previously [30]. The consolidation phase is followed by a
maintenance phase, where surveillance efforts continue and the incidence remains <1 case per 10,000
people at the geographical levels described previously [30]. During these phases diagnostic tests will

play a key role [31].

Targets were set for removal of VL as a public health concern by 2015 [29]. However, many areas failed
to meet the elimination goal, and 2017 and 2020 were set by the WHO as subsequent deadlines to meet
elimination targets in remaining areas [29,32,33]. The 2020 deadline was not met in certain areas of
India, but validation is needed to confirm status in Nepal and Bangladesh [33]. More recently, the ‘road
map for neglected tropical diseases 2021-2030" was published by the WHO, which highlights the need
for user-friendly, less invasive diagnostic tests with high diagnostic accuracy to aid early diagnosis and

test of cure, among other priorities [33].

Transmission on the ISC occurs when the human host encounters the sand fly vector, Phlebotomus
argentipes (P. argentipes). Those at highest risk of disease are the poorest members of society in rural
areas [34]. A study of 2,013 households in the highly VL endemic district of Muzaffarpur, in Bihar, India,
found that 83.3% of households were in the lowest two quintiles of wealth distribution and that the
main risk factors for transmission included poor sanitation and housing [35]. The major foci of the
elimination programme on the ISC include vector control, diagnosis, and treatment. Models predicted
that in the absence of other interventions, sub-optimal indoor residual spraying (IRS) would not achieve
the elimination targets in highly endemic areas [36]. Potential challenges for elimination include
asymptomatic infections and PLHIV who have a 100-2,300 times greater risk of contracting VL than

immunocompetent individuals in endemic areas [15].
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1.2.1 The elimination campaign in Nepal

The number of cases in Nepal decreased between 2003 and 2017 to near elimination [37].
Seroprevalence, a proxy for transmission of L. donovani, decreased in approximately 6,000 individuals
>2 years of age undergoing repeat screening in 2016 compared to 10 years earlier [38]. In 2014, the hilly
Okhaldhunga and Bhojpur districts reported transmission, regions not previously thought to be areas of
transmission compared to the low altitude setting of the Ganga plains [39]. Similarly, a district thought
to be non-endemic reported an increase in VL above the elimination target in 2017 [40]. As of 2020,
100% of districts reported reaching the elimination threshold of <1 case per 10,000 of the population,
with validation still needed [33].

1.2.2 The elimination campaign in India

India reported an overall decline in cases and mortality rates, from 80,000 cases in 1992 to under 9,000
cases recorded in 2015 [32]. The states of Bihar, Uttar Pradesh, Jharkhand, and West Bengal carry the
highest burden of VL in India (Figure 3) [28,41]. Approximately 90% of India’s cases occur in Bihar state,
which remained endemic in 33 (87%) of its 38 districts in 2017 [28,32]. The WHO’s NTD roadmap for
2021-2030 reported 8% of subdistricts in India remained above the elimination threshold in 2020 [33].
Bihar is the focus of all work conducted in India for this thesis. Further details of study sites are given in

section 1.15.
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Figure 3. Districts reporting VL in Bihar, Uttar Pradesh, Jharkhand, and West Bengal [13].

1.2.3 The elimination campaign in Bangladesh

An epidemic during the 1800s in Jessore was estimated to kill around 75,000 people [42]. Similarly to
India and Nepal, Bangladesh has seen a decline in cases since the 1950s [42]. This decline has been
linked to the spraying of dichlorodiphenyltrichloroethane (DDT) as part of the malaria control
programmes [43], but reversed once the spraying programme was stopped in approximately the 1970s
[44]. Between 2006 and 2013, Mymensingh district had the highest number of cases with hardly any
difference seen in the years pre- and post-signing of the 2005 MoU for elimination [42]. In 2017,
Bangladesh reached the target of <1 case per 10,000 people at upazila level, having previously had 21%
of its upazilas endemic for the disease [31]. As with Nepal, 100% of upazilas in Bangladesh reported

reaching the elimination threshold, with validation still needed [33].
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1.2.4  Post kala-azar dermal leishmaniasis (PKDL)

Post kala-azar dermal leishmaniasis (PKDL) occurs in 10-20% of cases approximately 2-3 years following
treatment for L. donovani, and is of importance to the elimination campaign on the ISC where PKDL may
serve as an anthroponotic reservoir of infection [45,46]. The development of PKDL is determined by the
immune responses to infection [45]. The condition, which is not life-threatening, manifests as a macular,
papular, and/or a nodular dermal rash, with macular rashes being the most common presentation in
Asia [45]. Generally, PKDL requires treatment in Asia, as self-healing rashes are not commonly seen [3].
Sand flies feeding on an individual with nodular-ulcerative PKDL acquired parasites and were suspected
to be the source of an outbreak in West Bengal, along with three cases in other locations [47]. People
with PKDL are recognised as a potential reservoir of VL infection in the WHO’s NTD roadmap for 2021-

2030 [33].

1.3 Lessons learnt from surveillance of other diseases in elimination settings
1.3.1 The campaign to eliminate Leprosy

Lessons may be learnt from other target driven infectious disease elimination campaigns, such as the
campaign to eliminate leprosy as a public health concern. Repeated leprosy elimination campaigns were
carried out in endemic countries, with the aim to reduce prevalence, much like the elimination
campaign for VL on the ISC [48,49]. Effective diagnosis and treatment of incident cases are also key
interventions within these campaigns. Within India, individuals with symptoms of leprosy were
sensitised via door to door visits and media campaigns, and encouraged to seek diagnosis and treatment
at designated medical centres [48]. Case detection increased during the campaigns compared to
previous years, and where there were subsequent campaigns, a reduction in annual case detection was

seen possibly due to the campaigns removing the back log of cases [48].

The repeated leprosy campaigns, and the outcomes measured as a proxy for the interruption of
transmission, were met with some criticism [49,50]. For example, it was perceived that campaigns that
integrated leprosy care into health-care systems were less stigmatising, and allowed for more effective
treatment than campaigns conducting resource-intensive active case-finding approaches [51].
Furthermore, the use of the term ‘elimination’ may have led some stakeholders to perceive targets to
be complete elimination instead of a reduction in prevalence, and prevented the implementation of a

post-elimination strategy which included monitoring and surveillance [50,51]. Diagnostics which are
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straightforward and can distinguish between past and current infection were suggested to be a

requirement for an elimination campaign, among other conditions [50].

1.4 Asymptomatic Leishmania infection (ALI)

L. donovani and L. infantum infections can be asymptomatic with detectable parasitaemia [5,52,53]. In
Southern France, Le Fichoux et al. found that 76 of 565 (13.4%) asymptomatic blood donors with no
history of VL had antibodies against L. infantum [52]. Parasite culture and polymerase chain reaction
(PCR) assays detected parasite and/or parasite DNA in 16 of the 76 (21.1%) donors with antibodies,
suggesting intermittent and low density L. infantum parasitaemia [52]. A study of 656 blood donors in
Spain found 16 (2.4%) and 50 (7.6%) donors had anti-Leishmania antibodies by enzyme-linked
immunosorbent assay (ELISA) or western blot, respectively. In two subsets of patients in which
peripheral blood mononuclear cells (PBMCs) or buffy coats were separated from peripheral blood,
parasites and parasite DNA were detected in 3 of 67 (4.5%) and 27 of 122 (22.1%) donors respectively
[54].

Ratios of asymptomatic to symptomatic infection vary across the globe, with the ratio for L. donovani
estimated to be 4-10:1 in areas of Bangladesh and India [55,56]. A study in the endemic regions of India
and Nepal found 375 of 9,034 (4.2%) seronegative individuals with no current or previous diagnosis of
VL seroconverted and 42 became symptomatic over the 12 subsequent months, 41 of whom had
seroconverted, with a ratio of 9:1 asymptomatic to clinical cases [57]. The ratio of asymptomatic to
symptomatic infection in Brazil can be as high as 19:1 [58], while in East Africa the ratios range between

1:2.4 and 5.6:1 in Sudan and Ethiopia respectively [59,60].

There remains no xenodiagnostic evidence to show that asymptomatic carriers of Leishmania are
infectious to sand flies [57]. Seropositive individuals have an increased risk of disease progression [61],

with 5-10% of asymptomatic individuals progressing to symptomatic disease per year [37].

1.5 Human immunodeficiency virus (HIV)

Infection with HIV leads to a loss of immunity and a susceptibility to comorbidities. HIV selectively
infects and replicates within CD4* leukocytes, including T cells and macrophages, depending on virus

tropism [62]. Patients are at increased risk of opportunistic infections (Ols) such as TB and VL. Generally,

Page 19 of 257



480
481
482
483
484

485

486

487
488
489
490
491
492
493
494
495

496

497
498
499
500
501
502
503

504
505
506
507
508

the early stages of infection see a sharp peak in HIV detectable in plasma and a decline in CD4+ T cell
counts [63—65]. Over time the depletion of CD4* T cells begins to slow, viral load declines, and the
disease enters clinical latency. This latency can be extended by the administration of HAART. In the
absence of HAART, HIV leads to acquired immunodeficiency syndrome (AIDS) characterised by a sharp

increase in viraemia, further decline in CD4+ T cells, multiple Ols and ultimately death [65].

1.5.1 HIVinIndia

Despite a low percentage of the population being infected with HIV in India, due to its large population
size the overall numbers of PLHIV are high, particularly in at risk groups [66]. Approximately 2,349,000
people were estimated to be PLHIV in 2019, of which 69,220 (95% Cl: 37,030-121,500) were incident
infections, and 58,960 (95% Cl: 33,610-102,160) AIDS-related deaths [66]. In 2019, an estimated 134,490
(95% Cl: 83,020-185,610) individuals were PLHIV in Bihar, with a prevalence of 0.18% (95% Cl: 0.11-
0.24%) [66]. Bihar’s prevalence was below the national average which stands at 0.22% (95% Cl: 0.17-
0.29%) [66]. Overall, the prevalence of HIV and the number of AIDS-related deaths are declining [66].
However, the trend in Bihar was not declining and the state remained one of eight states where AIDS-

related deaths had not declined [67].

1.6 VL-HIV coinfection

VLis an Ol in HIV [19,68]. Currently, severe atypical disseminated leishmaniasis is classed as an AIDS-
defining illness. VL-HIV coinfected patients have higher treatment failure, relapse, and mortality than
immunocompetent individuals [69,70]. HIV increases susceptibility to primary Leishmania infection or
reactivation of asymptomatic infections, with the latter thought to be more common [19]. The two
infections influence each other, with VL infection increasing HIV replication and HIV infection creating a

favourable immune environment for replication of Leishmania parasites [71].

VL patients with HIV coinfection can present with atypical symptoms, including an absence of
splenomegaly and fever, making the diagnosis more challenging [17]. Parasitaemia is higher in these
patients, potentially making these individuals ‘super spreaders’ of VL [72,73]. Parasites can also persist
after treatment leading to relapse [15]. Prevalence of VL-HIV coinfection is increasing [17] and

coinfections have been reported in over 35 countries from the Mediterranean, South America, East
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Africa, and the ISC [74]. Men have a higher incidence of coinfection, which may be due to behavioural
patterns, with displacement of males of working age from rural to urban or urban to rural areas for

work, putting them at risk of VL-HIV [11].

1.6.1 VL-HIV coinfection in the Mediterranean region

Following the near elimination of VL in the Mediterranean region, outbreaks of VL began to occur anew
with the advent of the HIV epidemic, with the first VL-HIV case recorded in 1985 [75]. Most cases were

reported from Spain, Italy, and France [14]. VL is transmissible by sharing of contaminated needles [76]
and the risk of HIV and VL-HIV coinfection was linked to intravenous drug use with 66% and 79% of HIV
and VL-HIV patients being intravenous drug users, respectively [14]. Since the introduction of HAART to
the region in 1997 and the subsequent high adherence, the HIV epidemic has since been controlled and

only sporadic outbreaks of VL now occur in the Mediterranean [15,75,77].

1.6.2  VL-HIV coinfection in Brazil

The number of PLHIV in Brazil continues to rise [78]. A retrospective study of 917 individuals with VL in
Sergipe, Brazil between 1999 and 2015 found 41 (4.5%) patients were coinfected with HIV. The median
age of coinfected patients was 36 years compared to 14 years for VL mono-infected individuals [79].

Additionally, 78.0% of coinfected patients were male compared to 64.3% in the full cohort [79].

1.6.3  VL-HIV coinfection in East Africa

HIV testing is recommended for all individuals with VL [80]. However, there is a lack of data on the
proportion of individuals with VL that are tested for HIV in East Africa [80]. Rates of coinfection were
estimated to be approximately 18% in Ethiopia, with some areas in the northwest as high as 40%
[81,82]. In the same area, 31.5% of coinfected individuals had poor treatment outcomes compared to
5.6% of VL mono-infected individuals [82]. A study of 141 patients admitted to Felege Hiwot Hospital
between 2016 and 2019 in Ethiopia, found no differences in clinical presentation between VL mono-

infections and VL-HIV coinfected individuals, apart from lymphadenopathy (p=0.009) in individuals with
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536  VL-HIV [83]. Of the 141 participants, 92.9% (n=131) were male with 87% travelling from non-endemic to

537 endemic areas, and of 109 participants with a known HIV status ten (9.2%) were PLHIV [83].

538 In a further study of 791 individuals in Tigray, the case fatality rate was four times higher among VL-HIV
539  coinfected individuals (18.5%) [84]. High relapse rates have also been reported from Ethiopia, with 60%
540 relapsing within one year in a study of 356 coinfected patients between 2003 and 2006 [85]. HAART

541 partially protected participants from relapse, but participants with CD4 counts <100 cells/ul had a higher

542 risk of relapse, and mortality [85].
543
544 1.6.4  VL-HIV coinfection on the Indian subcontinent

545 Most of what is known about VL-HIV coinfection comes from studies in the Mediterranean, East Africa,
546  and Brazil. There are limited data on the burden of VL-HIV coinfection from the ISC. A study screening
547 2,077 VL patients 214 years of age between 2011 and 2013 in Bihar found 5.6% of individuals to be

548 coinfected with HIV, with rates of relapse unknown [86]. Although screening for HIV in VL patients is
549  currently recommended, it has been suggested that this procedure needs to be made mandatory [3,32].
550  Further data are needed to assess the burden of VL-HIV coinfection on the ISC where reservoirs of

551 infection are anthroponotic and coinfected patients could act as reservoirs of infection.
552
553  1.6.5 Concurrent infection in VL-HIV

554 Concurrent Ols can further complicate VL-HIV coinfection. These include TB, which leads to immune
555 suppression, with anecdotal evidence to suggest the rate of TB coinfection to be as high as 20% in VL-
556 HIV patients treated by Médecins Sans Frontiéres (MSF) in Bihar. In northwest Ethiopia, concurrent TB
557  infection was 27.2% in VL-HIV participants and 6% among those with VL only [82]. Sepsis is more

558  common in VL-HIV patients [82], while the symptoms of malaria overlap with the symptoms of VL, and

559 in areas where both diseases are endemic a diagnosis of malaria needs to be ruled out [15,82].
560
561

562

Page 22 of 257



563

564

565
566
567
568
569
570
571
572
573

574
575
576
577
578
579
580

581

582

583
584
585
586
587
588
589
590
591

1.7 Diagnostics for VL

1.7.1 Rapid diagnostic tests (RDTs)

Rapid diagnostic tests (RDTs) are immunoassays which allow for the rapid diagnosis of disease, without
requiring laboratory equipment and highly trained laboratory staff. RDTs typically use simple methods
and includes samples of interest such as urine or capillary blood, sometimes followed by two to three
drops of diluent to an absorbent sample pad. From the sample pad, the sample is released onto the
conjugate pad which contains labelled antibodies or antigen e.g., conjugated to gold nanoparticles. If
the analyte of interest is present in the sample, it will bind these labelled antibodies or antigen and the
conjugate-analyte complex will continue to travel along the membrane. The conjugate-analyte complex
then passes over the test line where a capture protein has been immobilised and a control line captures

unbound conjugate.

The results of the test can usually be read between ten and 30 minutes. Results are generally easy to
interpret. The presence of the control line indicates the test has worked correctly and a test line
indicates the test is positive. Where a control line is not positive the test should be considered invalid
and should be repeated. RDTs can have a lower sensitivity than an equivalent ELISA, a technique
discussed in the following section. RDTs are qualitative rather than quantitative. However, RDTs are
often less expensive, can be used in the field or at the point of care, and are of special value in resource

poor settings.

1.7.2 ELISA

ELISAs are immunoassays for the detection and quantification of analytes such as peptides,
carbohydrates, antibodies, and proteins. ELISAs can be direct and indirect (Figure 4). Antigens are
directly adsorbed onto a 96- or 364-well polystyrene plate and a complementary primary antibody binds
the antigen. A direct format uses primary antibodies directly conjugated to an enzyme, while an indirect
format requires addition of a secondary antibody e.g., anti-IgG conjugated to an enzyme e.g., horse
radish peroxidase (HRP) (Figure 4). The correct enzyme substrate e.g., 3,3',5,5'-Tetramethylbenzidine
(TMB) can be added to give a measurable signal proportional to the concentration of analyte. This signal
can then be measured e.g., on a spectrophotometer and the concentration of analyte can be calculated

from a standard curve.
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Figure 4. (A.) Direct and (B.) indirect enzyme-linked immunosorbent assay (ELISA). Each diagram is representative of
one well of an ELISA plate. 1. Antibody conjugated to an enzyme. 2. Antibody. 3. Antigen directly adsorbed onto the

polystyrene plate. 4. One well of a 96- or 364-well polystyrene plate.

593

594  Sandwich ELISAs use a capture antibody and a detection antibody to sandwich an analyte, so it is

595 immobilised on the plate (Figure 5). Briefly, antibodies specific to the target are bound to a 96- or 364-
596  well polystyrene plate through adsorption. The sample is added, and any target antigen present will bind
597  its complementary antibody. As before, addition of an antibody conjugated to an enzyme and

598  subsequent addition of the enzyme substrate leads to a measurable signal change. ELISAs are relatively
599  high throughput devices, particularly if they are run on automated or robot machines, however

600  automation can be costly and require trained laboratory staff.

601
602
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Figure 5. Sandwich enzyme-linked immunosorbent assay (ELISA). Antibodies bound to a polystyrene
plate capture the target antigen. In this diagram a detection antibody directly bound to a fluorophore is
added, followed by addition of an enzyme substrate which leads to a detectable colour change. This
diagram is representative of one well of an ELISA plate. 1. Antibody conjugated to an enzyme. 2.
Antigen. 3. Antibody directly adsorbed onto the polystyrene plate. 4. One well of a 96- or 364-well

polystyrene plate.

1.7.3 Quantitative polymerase chain reaction (qPCR)

Quantitative PCR (qPCR) is a highly sensitive technique which allows the detection and quantification of
specific DNA or RNA in a sample. Due to its high sensitivity, it is often used as a reference standard in
diagnostic research. A well-equipped laboratory with constant electrical supply and trained staff are
required for gPCR. Briefly, gPCR uses complementary primers and other reagents to amplify a target,
along with fluorescent dyes binding RNA, cDNA or DNA, to quantify PCR products as amplification
occurs. A standard curve can be used to calculate the quantity of the unknown sample based on the
threshold cycle (C;) value. The C; value is determined at the point at which the fluorescence of the
amplification curve crosses a set threshold. This threshold is typically calculated as 1/10™ of the overall

florescence detected during the gPCR run.
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1.8 Tissue based diagnostics for VL

1.8.1 Parasitological diagnosis

Microscopic confirmation of L. donovani in splenic biopsies remains the reference standard for diagnosis
of VL. Splenic biopsies are painful and carry a 1 in 1,000 risk of fatal bleed, making them incompatible
with limited resources in field settings [87]. Patients are excluded from splenic aspiration if they have
unpalpable spleens, platelet counts less than 40,000/uL, severe anaemia with haemoglobin (Hb) level
<6g/dL, active bleeding, jaundice, and advanced pregnancy [88]. If splenic biopsy is contraindicated,
parasites can be biopsied from other organs in the reticuloendothelial system, such as the bone marrow

or lymph nodes. Bone marrow biopsies are painful but are safer than splenic aspiration [87].

Parasites are visualised under the microscope. Biopsied material is Giemsa stained and free amastigotes
are counted. L. donovani bodies (LD bodies) contain a nucleus and kinetoplast and are 2-4um in
diameter. Slides are graded based on parasite counts, where a grade of 1+ is equivalent to 1-10
parasites per 1000 fields and 6+ to >100 parasites per field [1,89]. Microscopic diagnosis requires skilled
technicians and well-maintained microscopes. Splenic aspiration has a sensitivity of approximately 95%,

while bone marrow aspiration has a lower sensitivity of 70-80% [871].

1.8.2 Buffy coat smear microscopy

Buffy coat smear microscopy involves the preparation of blood films by smearing the fraction of a blood
sample that contains mostly white blood cells - separated from whole blood by centrifugation - onto a

slide for visualisation under a light microscope. The use of peripheral buffy coated blood smear has been
shown to be of value in immunocompetent patients with VL in Bangladesh, where 92% were positive for

LD bodies in buffy coat smear microscopy compared to splenic aspiration [90].

1.9 Immunological diagnostics for VL

Immunological assays, often in ELISA or RDT format, can detect pathogen-specific antibodies and
therefore identify immune responses to the pathogen. Serological assays are widely used, with the
direct agglutination test (DAT) (section 1.9.4) and the rK39 RDT (section 1.9.1) being part of the
diagnostic algorithm used in East Africa and the rk39 RDT (section 1.9.1) used on the ISC [86,91].

However, these assays are unable to distinguish past from current infections, which has implications for
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the elimination campaign, particularly in detecting asymptomatic individuals and diagnosing treatment

failure or relapsed VL which occurs with high frequency in PLHIV (section 1.6).

1.9.1 RK39 serology

RK39 is a recombinant protein of 39 amino acids, encoded by kinesin-like gene of Leishmania parasites.
The antigen was first described in 1993 in Leishmania chagasi, with the recombinant product still used in
current RDTs to detect circulating anti-Leishmania antibodies [92]. A finger prick of blood can be taken
and added to the strip along with diluent buffer. The result is read after ten minutes with a valid
negative test reading one bar and a valid positive test reading two bars. Limitations to the RDT include
the differences in sensitivities between manufacturers and lower sensitivity in VL-HIV patients and in
East Africa compared to South Asia [88,93]. Similarly, to the rk39 RDT, the ELISA uses the rk39
Leishmania protein to detect anti-Leishmania antibodies. The rK39 ELISA is yet to be standardised into a
commercially available kit and requires researchers to procure the required components, potentially

creating problems for standardisation.

1.9.2 IgG1

Immunoglobulin (Ig) 1gG1 is generally the most abundant of the four subclasses of 1gG [94]. Significantly
higher levels of 1gG1 specific to an antigen from L. donovani (strain MHOM/IN/80/DD8) were found in
sera collected from patients in India with untreated and relapsed VL, compared to unpaired sera from
patients considered to be parasitologically cured [95]. The ELISA was developed into two prototype
RDTs, suitable for use at the point of care to detect Leishmania specific IgG1 [95]. One of these
prototypes, the VL Sero K-SeT using Sudanese L. donovani strain MHOM/SD/97/ LEM3458 has a
sensitivity of 77.9% (n=81) on patients from India [96]. Of 81 VL cases with a positive VL Sero K-SeT, 68
(84.0%) had a reduced test line intensity or negative RDT results at 6 months post-treatment [96]. The
RDT was capable of detecting 84.8% (n=28) of relapsed cases [96]. The test also showed promise for
predicting progression from asymptomatic (seropositive by DAT and/or rkK39 ELISA) to symptomatic

infection, albeit in a small sample size (n=8) [96].
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1.9.3 The indirect fluorescence antibody test (IFAT)

The indirect fluorescence antibody test (IFAT) uses parasite culture and an anti-IgG fluorescent
secondary antibody to measure the presence of Leishmania specific 1gG in serum [97]. Sensitivity is low
(28.4%) compared to parasitology in Nepal [97] and has limited effectiveness for diagnosis in PLHIV

[98,99]. The assay requires a fluorescence microscope.

1.9.4 The DAT

The DAT detects anti-Leishmania antibodies via addition of serum to a trypsinised, fixed and Coomassie
blue-stained, freeze-dried preparation of L. donovani antigen [100]. The presence of antibodies in the
sample which has been diluted two-fold, leads to visible agglutination by eye [100]. The procedure
requires overnight incubation before the results are read [100]. The end titer recorded corresponds to
the dilution at which the agglutination becomes visible, but still remains larger than the dots seen in the
negative control [101]. Some inter-reader variability has been found between laboratories [101,102].
The DAT has enabled organisations such as MSF in East Africa, to reduce the number of tissue
aspirations by an estimated 80% [88]. A meta-analysis of 30 studies found that the combined sensitivity
and specificity of the DAT was 94.8% and 85.9% respectively [103]. The sensitivity of the test was lower

in PLHIV [88]. The DAT is useful in monitoring transmission of L. donovani in an elimination setting [38].

1.9.5 Leishmanin skin test (LST)

Injection of Leishmania extract intradermally leads to a measurable delayed type hypersensitivity
response to the Leishmania parasites [3]. The Leishmanin skin test (LST) is used to detect Leishmania
infections via cellular immune responses, which develop in 80% of those treated for infection, but
cannot be used to measure whether an infection is still active as LST responses can be elicited in
asymptomatic individuals with immunity [104]. The test is useful for large scale epidemiological studies

to measure prevalence, but not necessarily for disease diagnosis [105,106].
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1.9.6 rK28, rk9 and rk26

Efforts to improve the sensitivity and specificity of RDTs. led to the use of one derivative of the rk39, the
rk28, which detects IgG antibodies to the Leishmania parasite present in the blood against recombinant
rk28 antigen [107]. The rK28 is made from two repeats of a Sudanese L. donovani kinesin flanked by
proteins HASPB1 and two gene repeats (GenBank accession no. HM594686) [107]. The test in Sudan and
Bangladesh has sensitivities of 95.9% and 98.1% respectively, higher than that seen with the rk39, and
an improved response in sera that had low reactivity to rk39 [107]. Other derivatives (rK9 and rk26)
have slightly lower sensitivities [107]. Whereas the rK9 has a lower specificity, the rK26 has a high
specificity at 97.1% [107]. The rK26 however has a low sensitivity of 21.3% when tested on patients in

India [108]. Future in silico searches may help identify new peptide epitopes [109].

1.10 Antigen tests for VL

Antigen tests, often in ELISA and RDT format, can be used to detect pathogen-specific antigens in clinical
samples, therefore detecting active infection. These tests may be of particular benefit to the elimination
campaigns. Uses may include, but are not limited to, populations where relapse rates are high, such as
in PLHIV, and where it may be important to distinguish between active or former infections in the
absence of symptoms. The most frequently used sample type for antigen based VL diagnostics is urine,
which has the benefit of being non-invasive, but may require preparation steps such as boiling or
freezing before testing (sections 1.10.1 and 1.10.2) and may not be acceptable for female patients in

some settings.

1.10.1 KAtex (Clin-Tech, Guildford, UK, formerly Kalon Biological, Guildford, UK)

The KAtex (Clin-Tech, Guildford, UK) is a commercial test, which uses latex agglutination to detect the
Leishmania carbohydrate antigen in urine (antigenuria) [110]. The test requires boiling the urine in
water for five minutes, to avoid false-positive results [111,112]. Results are semi-quantitative with
results scored strongly positive (+++), moderate (++), or weak (+) based on the level of agglutination
[110,113]. Sensitivity ranged from 36% to 74% in Nepal and Ethiopia, respectively and an overall

sensitivity of 63.6%, with 92.9% specificity [93]. Another study showed varied and low sensitivities, with
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sensitivity in East Africa being higher than in the ISC [111], which resulted in the test not being widely
adopted [93].

The KAtex has potential for monitoring VL treatment. In Ethiopia, a study of 42 participants reported a
decline in antigen post-treatment, albeit with a low pre-treatment sensitivity of 61% (95% Cl: 45.4 —
74.9) [112]. A study in India found that at the end of treatment (n=273), only 3% of participants
remained positive by the KAtex, compared to a pre-treatment sensitivity of 87% (95% Cl: 83.3 —90.3%)
(n=382) [114]. Similarly, in Bangladesh the test had a pre-treatment sensitivity of 75% (95% Cl: 57 — 87%)
(n=36) and a specificity of 100% (95% Cl: 89 — 100%) (n=40), and 94.4% of patients became KAtex
negative post-treatment [115]. Furthermore, KAtex correlates with treatment failure and relapse in

PLHIV [113], which is discussed further in section 1.14.4.

1.10.2 Leishmania antigen ELISA (Clin-Tech, Guildford, UK, formerly Kalon Biological, Guildford, UK)

Kalon Biological further developed the KAtex into an ELISA format which also detects Leishmania
carbohydrate in urine. The assay uses sheep anti-Leishmania antibodies against whole L. donovani
(Sudanese strain LV9 and Nepalese strain BPK282) [112]. Approximately 10ml of urine is collected and
stored, but small volumes are required to run the test. Samples need to be aliquoted and frozen at -20°C

before testing to avoid false positive results.

A case-control evaluation of the Leishmania antigen ELISA by Kalon Biological found sensitivities of
95.2% (n=105, Bangladesh) and 100% (n=18, Kenya). All 48 healthy negative controls from Bangladesh
and 17 healthy negative controls from Kenya had negative tests. Further external validation found
variation in diagnostic accuracy between regions, with sensitivities of 87% (95% Cl: 73.7 —95.1), 78.1%
(95% Cl: 66.0 — 87.5), 76.9%, (95% Cl: 46.2 — 95.0), and 81.4%, (95% Cl: 66.6 —91.6) in Ethiopia (n=46),
Sudan (n=64), Bangladesh, (n=13), and Brazil (n=43), respectively [112]. The specificity was 100% (95%
Cl: 90.3-100), 90% (95% Cl: 55.5-99.7), 100% (95% Cl: 69.2-100), 70% (95% Cl: 34.8-93.3), and 80% (95%
Cl: 44.4-97.5) in non-endemic (n=49), healthy endemic (n=10), human African trypanosomiasis positive
(n=10), Plasmodium falciparum malaria positive (n=10), and TB positive (n=10) controls, respectively
[112]. Therefore, specificity seems to be lower in endemic populations, those with malarial infection and

people with TB. However, sample sizes are too small to demonstrate statistically significant differences.
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1.10.3 Leishmania antigen detect™ (InBios International Inc., Seattle, USA)

Similarly, the Leishmania antigen detect™ (InBios International Inc., Seattle, USA) is an ELISA to detect L.
donovani antigens in urine [112]. Anti-Leishmania 1gG was affinity purified using soluble lysate antigen
(SLA) from rabbits injected with whole cell lysate (WCL) made from L. donovani promastigotes
(Sudanese strain MHOM/SD/00/15-2D) [112]. The test had sensitivities of 93.5% (82.1-98.6), 96.9%
(89.2-99.6), 100% (73.5 — 100), 88.4% (77.8 — 96.0) in cohorts of patients in Ethiopia (n=46), Sudan
(n=64), Bangladesh (n=13) and Brazil (n=43), with 100% specificity in all control groups [112]. The test
was evaluated in 42 patients receiving VL treatment in Ethiopia [112]. At day 0, 95.2% of patients were
positive [112]. By day 30 post-treatment, 21.4% remained positive, all of whom had high parasite

gradings of 4+ or 5+ at diagnosis [112].

1.10.4 Kala-azar antigen detection test (DetectoGen Inc. Westborough, MA, USA)

The kala-azar antigen detection test developed by DetectoGen Inc. (Westborough, MA, USA) detects
Leishmania protein excreted in urine [116,117]. Reverse-phase high-performance liquid chromatography
and mass spectrometry were used to identify L. infantum peptides excreted in the urine of a patient
with VL in Brazil [118]. Three purified recombinant proteins - L. infantum iron superoxide dismutase (Li-
isd1), L. infantum tryparedoxin (Li-txn1), and L. infantum nuclear transport factor (Li-ntf2) — were
subsequently used to produce and select anti-Leishmania 1gG from rabbits and IgY from chickens [118].
The three ELISAs developed - anti-Li-isd1, anti-Li-txn1, and anti-Li-ntf2 - detected 17 (89.5%) of 19
individuals with VL when data from all three assays were combined, with 100% specificity in urine from
individuals with Chagas (n=8), schistosomiasis (n=14), cutaneous leishmaniasis (n=10), TB (n=10), and

healthy controls (n=16) [118].

The three assays were combined into a single assay with a reported 100% sensitivity (n=20) in Brazil and
100% specificity (cutaneous leishmaniasis (n=10), Chagas disease (n=8), schistosomiasis (n=14), and TB
(n=10)) [116]. The ELISA was further evaluated in seven patients receiving treatment for VL in India
[119]. Antigen was detected in urine of all patients prior to treatment and none had antigen detected
30-days post treatment [119]. However, further evaluation showed that the sensitivity of the ELISA was
only 45-50% (n=15) and 30-40% (n=10) in patients in Kenya and India, respectively, despite the

homology of these proteins between L. donovani and L. infantum being highly conserved [117].
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To improve the sensitivity against Old World Leishmania infections, rabbit IgG and chicken IgY specific
for L. donovani peptides from maoc family dehydratase (Ld-maol) and peptidyl-prolyl isomerase (Ld-
ppil) found in the urine of VL patients in Kenya and India, were added to the ELISA [117]. This addition
improved sensitivity to 82.2% (n=45) in VL patients in Kenya, with 100% specificity [117]. Finally,
antibodies against the L. donovani protein malate dehydrogenase (Ld-mad1) were added, peptides of
which were discovered in the urine of VL patients in India and Kenya [120]. This, along with production
of monoclonal antibodies (mAbs) against the six Leishmania biomarkers, improved assay sensitivity to
91.7% in Brazil (n=24) and 93.3% in Kenya (n=45) [120]. Data on assay performance on the ISC is yet to
be published.

1.10.5 Kala-azar antigen immunochromatographic test (ICT) (Xinjier Biotechnology Co., Ltd, Shanghai,
China)

An RDT to detect Leishmania antigen in serum developed by Xinjier Biotechnology Co., Ltd (Shanghai,
China) was evaluated in VL and VL-HIV patients in Ethiopia with no history of VL or treatment for VL
prior to diagnosis [91]. The sensitivity was 88.2% (95% Cl: 76.6-94.5) in PLHIV (n=51) and 90.0% (95% Cl:
76.9-96.0) in those without HIV (n=40) compared to a combined reference standard of visualisation or
detection of parasites by qPCR from a tissue aspirate [91]. However, specificity was only 20% (95% Cl: 8-

42), with eight of ten non-endemic controls and eight of ten malaria controls positive [91].

1.11 Molecular diagnostics for VL

1.11.1 QPCR

Leishmania DNA can be detected and quantified using qPCR. Various assays have been developed for
Leishmania based on different genome targets, chemistries, DNA extraction techniques, and sample
types. The technique is generally highly sensitive, and the detection of genetic material is often equated
to active infection. An assay based on Tagman chemistry had 100% sensitivity (91.19-100) compared to
a nested PCR [121]. Furthermore, no participants (n=20) were positive following treatment [121].
Parasite load measured by qPCR was positively correlated with the score of the splenic biopsy at

diagnosis [122].
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Of 246 healthy individuals screened by qPCR in West Bengal, India, 21.5% were positive, with poor
agreement between the gPCR and serological tests [123]. A positive qPCR result was a significant risk
factor for disease progression with odds of 20.9 in a cohort of 1,606 asymptomatic participants in Bihar,
India [124]. qPCR is largely restricted to research purposes or as a reference standard in well-equipped
facilities, as it is not compatible with field use and has a higher cost than serological techniques [125],
limiting its use in monitoring and surveillance efforts post-elimination. However, qPCR has potential for

use in PLHIV [125].

1.11.2 Loop-mediated isothermal amplification (LAMP)

Loop-mediated isothermal amplification (LAMP) is a nucleic acid amplification technique (NAAT) that
amplifies DNA and RNA of Leishmania species and is suitable for resource poor settings [126]. The assay
requires one enzyme and target-specific primers which can be kept at room temperature [126]. The
amplification cycle occurs at one temperature and therefore does not require a thermocycler [126].
Amplification occurs rapidly in under one hour [126]. If the target nucleic acid sequence is present,
amplification is detected by visualisation of fluorescence in the tubes [126]. High copy numbers are seen
in target regions such as the kinetoplast DNA (kDNA) and 18S ribosomal DNA [127]. LAMP still requires
DNA to be extracted, with sensitivity and specificity varying by the extraction method and sample type,
with the more costly Qiagen kits often providing the highest diagnostic accuracy [128]. A LAMP assay,
the Loopamp Leishmania Detection Kit, had 100% sensitivity (n=84) and 99% specificity (n=101) with the
Qiagen extraction technique on whole blood in Sudan compared to lymph node aspirate microscopy as

the reference standard [128].
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Table 1. Summary of diagnostics for VL.

Assay hame

Technique

Advantages

Disadvantages

Parasitological

Tissue-based

Splenic and bone marrow aspirates offer

Lymph node aspirates have relatively poor sensitivity.

cases of VL relapse.

diagnosis diagnosis relatively high sensitivity and specificity. The Tissue aspiration is invasive and requires well-resourced
technique can be used in cases of VL relapse. facilities and highly trained staff.

Buffy Coat Tissue-based Relatively high sensitivity and less invasive than The technique requires a well-maintained microscope and

Smear diagnosis tissue aspiration. The technique can be used in trained microscopist.

rk39 serology

Immunological

diagnostics

The rK39 RDT has relatively high sensitivity in
combination with clinical presentation. The rk39
RDT can be used with a capillary blood sample
and is simple to conduct. The rk39 RDT is suitable

for use at the point of care.

The technique cannot be used in cases of VL relapse. Has
reduced sensitivity in PLHIV. The rkK39 RDT shows variation
in performance between manufacturers. The rk39 ELISA is
prepared in-house and is yet to be made into a commercial
kit. The rK39 ELISA requires relatively well-resourced

facilities and trained staff.

diagnostics

the number of splenic aspirates conducted in

PLHIV. Requires minimal laboratory equipment.

IgG1 Immunological Has shown promise for use in VL relapse. Suitable | Requires further clinical evaluation.
diagnostics for use at the point of care.

IFAT Immunological Poor performance including in PLHIV. Requires a
diagnostics fluorescence microscope.

DAT Immunological Relatively high sensitivity. Can be used to reduce | Requires an overnight incubation step. The technique

cannot be used in cases of VL relapse. Has reduced

sensitivity in PLHIV.
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Table 1. Continued.

Assay hame

Technique

Advantages

Disadvantages

LST

Immunological

diagnostics

Detects cell-mediated immunity and is useful for

large-scale epidemiological studies.

Not necessarily suitable for VL diagnosis.

rk28, rk9 and

Immunological

Some promising performances in clinical

Require further clinical evaluations. RK9 showed poor

antigen ELISAs

rk26 diagnostics evaluations. specificity and the rk26 showed poor sensitivity.
KAtex Antigen tests The technique can be used in cases of VL relapse. | Requires urine to be boiled. Poor specificity.
Leishmania Antigen tests The technique can be used in cases of VL relapse. | Requires further clinical evaluation Requires relatively well-

resourced facilities and trained staff.

Leishmania

antigen RDTs

Antigen tests

The technique can be used in cases of VL relapse.

Has the potential to be used at the point of care.

The only commercially available antigen RDT showed poor

performance.

gPCR Molecular High sensitivity. There are ongoing developments | Requires well-resourced facilities and trained staff.
diagnostics in this technique to bring an assay to the point of | Performance can vary with extraction technique, with
care. more expensive kits generally showing better
performance.
LAMP Molecular Relatively simple assay in comparison to standard | Does not negate DNA extraction. Performance can vary
diagnostics gPCR. with extraction technique, with more expensive kits

generally showing better performance.
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1.12 Diagnostic algorithms for VL

Due to the low specificity of most tests and the overlap of symptoms with other diseases, diagnostic
algorithms are often utilised to combine clinical syndromes with one or more tests [88]. In the initial
diagnostic pathway, a case definition is based on clinical examination before testing. Individuals with
prolonged fever, splenomegaly and/or wasting are then tested by rk39 RDT on the ISC, where the
sensitivity of the test is higher than in East Africa [129,130]. Individuals who fulfil the WHO definition of

a case (positive by rk39 RDT with clinical symptoms) receive treatment [130].

In East Africa, rk39 RDT negative individuals are further tested with the DAT and, if positive receive
treatment, whereas individuals with borderline antibody titers have further confirmatory splenic or
lymph node aspirates when not contraindicated [88]. Individuals with negative DAT assays are
considered negative [88]. Using this algorithm in a scenario of 200 patients presenting with symptoms of
VL in which 100 individuals have VL, the rk39 RDT was estimated to have a sensitivity of 84.3% and a
specificity of 91.5% [88]. In this scenario, 108 individuals would be further assessed using the DAT [88].
In these individuals, the DAT was estimated to have a sensitivity of 95% and a specificity of 95% [88].
This scenario left two patients with an indeterminate DAT titer requiring a splenic aspiration of whom,
one was positive [88]. In this scenario, prevalence of VL was 50%. As the prevalence of VL decreases the
positive predictive value of the diagnostic tests decreases, meaning that the percentage of individuals
testing positive whom have VL decreases. Additional or replacement tests within this diagnostic

pathway may improve diagnostic accuracy.

1.13 Current diagnostics for VL-HIV

1.13.1 Reference standards for diagnostics

VL is diagnosed by a combination of clinical presentation, rk39 RDT, and tissue aspiration in HIV patients
in India [86]. In patients found to be rkK39 RDT positive in India and East Africa, parasitological
confirmation is frequently carried out due to the high rates of treatment failure and relapse, however
use of the DAT in East Africa has been reducing the numbers of splenic aspirations required as
mentioned previously [88,131]. Furthermore, parasitological confirmation by splenic or bone marrow
aspiration is carried out in India in rK39 RDT negative patients with high clinical suspicion of VL [131].
Splenic aspirates remain the reference standard for diagnosis of VL in PLHIV due to the high sensitivity

and the ability to detect active infections [15]. The rK39 and DAT are less sensitive in PLHIV in Ethiopia
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[88]. The effectiveness of most diagnostic tests for VL-HIV are yet to be evaluated on the ISC, with most

available data on diagnostic accuracy based on studies in East Africa, the Mediterranean, and Brazil.

A series of interviews with VL-HIV patients found that within the private healthcare system in Bihar, VL
was often misdiagnosed for other fever causing illnesses such as typhoid and malaria, with more
complex presentations seen in VL-HIV making the diagnosis even more complex [132]. Patients were
found to present first to private informal providers, delaying attendance at government hospitals where
diagnosis and treatment are provided free of charge [132]. Further barriers to accessing diagnosis and

treatment included severe stigmatisation PLHIV by the community and healthcare providers [132].

1.14 Treatment and test of cure

1.14.1 Treatment

An accurate diagnosis is essential due to the toxicity associated with treatments [133]. Pentavalent
antimonials such as sodium stibogluconate (SSG) are more commonly used in East Africa and Latin
America than in India due to a decline in the effectiveness of this drug class, with only between 36% and
69% of cases cured after a 30-day high dose regimen in the region [133,134]. Pentavalent antimonials
can be administered intravenously or intramuscularly with varying regimens given [133,135,136]. Side
effects reported include cardiotoxicity in a small percentage of cases, with a subset being fatal in one
trial, pancreatitis, nephrotoxicity, and hepatotoxicity [133,135,136]. Paromomycin can be administered
via intramuscular injection over 21 days, is generally well tolerated with rare reports of hearing
disturbances (ototoxicity), nephrotoxicity, hepatotoxicity, and is more effective than pentavalent

antimonials [133,136-138].

Miltefosine can be administered orally over 28 days and has a high cure rate in India, with as high as
97% of participants cured in one study, with generally mild gastrointestinal (Gl) side effects reported in
20-55% of patients, some nephrotoxicity, and hepatotoxicity [136,139]. However, the long 28-day
treatment resulted in poor adherence, along with a potential for teratogenic side effects, and the
potential for resistance due to a long half-life [140,141]. Amphotericin B, primarily an anti-fungal drug,
has anti-Leishmania properties against the promastigote and amastigote stages. Amphotericin B is
effective, with a clinical efficacy of over 97% reported in all regions, although with moderate toxicity
including nephrotoxicity that requires inpatient care [133,135,136]. Liposomal amphotericin B

(AmBisome, LAMB), a lipid formulation of amphotericin B, has low toxicity with only limited
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nephrotoxicity and is effective with a clinical efficacy of over 97% reported in India [136,142]. AmBisome
can be administered by intravenous infusion over several days (up to 21 days in immunocompetent
patients) or as a single dose in the case of first line treatment on the ISC [143,144]. AmBisome is
predominantly used on the ISC, but is less effective in East Africa and Brazil, where higher doses are

needed [143].

1.14.2 Treatment Regimes for VL-HIV in India

Treatment with AmBisome monotherapy in a cohort of 55 VL-HIV patients in India led to comparably
good survival rates, albeit much lower than in an immunocompetent population, and was well tolerated
with no treatment interruption [145]. However, the probability of VL relapse following treatment in VL-
HIV patients is high (26.5%) two years post-treatment with AmBisome monotherapy in India [131,145].
Therefore, a combination therapy of AmBisome and Miltefosine was trialled on a compassionate basis
by MSF [131,145,146]. Data from formal clinical trials of the combination therapy confirmed improved
treatment outcomes in individuals established or initiated on antiretroviral therapy (ART), with the risk
of relapse estimated to be 13.9% at 18 months, but with a slightly higher mortality than lower dose
AmBisome monotherapy [131,145,146]. The use of ART in this patient population has been associated
with improved outcomes, with initiation of ART following VL treatment reducing the risk of mortality in

one study by 64-66% compared to participants that did not start ART [131,145,146].

1.14.3 Secondary prophylaxis for relapse VL in HIV patients

Secondary prophylaxis can be administered to individuals following treatment for VL to help prevent the
relapse of disease. In areas such as the ISC and East the use of secondary prophylaxis in PLHIV is
cautioned by the WHO, as is the use of second-line drugs used to treat relapse VL being used as
secondary prophylaxis, due to the risk of emerging parasite resistance which could limit treatment
efficacy [1,15,143,147]. The limited data on the use of LAMB and pentamidine secondary prophylaxis is
based on studies in the Mediterranean and East Africa [3,148-150]. Pentamidine is not currently used in
the treatment of VL in East Africa [150]. A study to evaluate the use of a 12-month course of low dose
pentamidine secondary prophylaxis to prevent VL relapse reported the drug was effective in PLHIV in
Ethiopia for up to two and a half years after treatment initiation in patients with CD4 counts

>200cells/uL [150]. However, this remains to be examined on the ISC.
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1.14.4 Test of cure in VL-HIV

Patients with VL-HIV coinfection are recommended to undergo a test of cure due to the high risk of
treatment failure and relapse to administer second line therapeutics if treatment is not successful [75].
However, the rk39 RDT and DAT detect anti-Leishmania antibodies and cannot be used as tests of cure
[151]. Tests of cure for VL in HIV patients are currently based on splenic aspiration due its high
sensitivity [15]. Splenic aspiration however is invasive, requires a significant skill set and carries a small
risk of fatal haemorrhage [87]. Similarly, although bone marrow and lymph node aspirates also have

high sensitivity, they are also invasive [87].

A limited number of studies have assessed the detection of Leishmania antigenuria as an alternative and
non-invasive test of cure. The KAtex has potential for monitoring treatment responses [112,114,115].
and predicting relapse in VL-HIV patients [110,113]. Pre-treatment sensitivity in a cohort of 49 VL-HIV
patients in Spain was 85.7% [110]. The probability of relapse at 6 months among KAtex positive
participants was 16% (95% Cl: 15 — 17%), compared to 5% (95% Cl: 2 — 8%) among KAtex negative
participants [110]. A strongly positive KAtex score was associated with treatment failure, with an odds
ratio of 11.9 (95% Cl: 1.4 — 103) in 63 VL-HIV patients in Ethiopia, and a one year relapse rate of 6%
among KAtex negative participants compared to 42% among participants that were strongly-positive by

KAtex [113].

The Leishmania antigen ELISA (Clin-Tech, UK) has potential to monitor treatment responses, with a
decline in antigen excreted in urine post-treatment in a cohort of 42 patients in Ethiopia [112]. A
significant decline in urinary antigens was seen at 30 days post treatment initiation, with 35.7% of
patients remaining positive compared to 90.5% at day zero [112]. The Leishmania antigen ELISA (Clin-

Tech, UK) has not yet been evaluated in VL-HIV coinfection.

1.15 Background information on study areas

The studies presented in this thesis were largely performed in endemic settings of India and Bangladesh,

where VL is the target of an elimination campaign. Some laboratory work was carried out in the UK.

Page 39 of 257



973

974
975
976
977
978
979

980
981
982
983
984
985
986

987

988

989
990
991
992
993

994

995
996
997
998
999
1000
1001

1.15.1 India

Much of the laboratory work was conducted at a laboratory set up by the Liverpool School of Tropical
Medicine (LSTM) in the Rajendra Memorial Research Institute of Medical Sciences (RMRIMS), Patna,
Bihar state. RMRIMS is an Indian Council of Medical Research (ICMR) facility under the Ministry of
Health and Family Welfare, of the Government of India. The RMRIMS’ campus includes a 150-bed
tropical disease hospital and a research institute, providing tertiary care for individuals with VL. All

laboratory work on clinical samples collected in India were performed at the RMRIMS.

All work on VL-HIV was conducted as part of a collaboration with MSF who have run a specialist HIV
ward in Patna for over ten years and are highly experienced in providing high-quality care for VL-HIV
patients. MSF conducts clinical trials with VL-HIV patients and translate findings into clinical practice.
Furthermore, they run local educational outreach campaigns to improve knowledge and awareness of
VL and HIV. MSF have a long-standing relationship with the RMRIMS where their ward was based for
several years before a move to Guru Gobind Singh Hospital (GGSH) in 2019, with a continued presence

at the RMRIMS.

1.15.2 Bangladesh

All work in Bangladesh was conducted in partnership with the International Centre for Diarrhoeal

Disease Research, Bangladesh (iccdr,b) in Dhaka, the Foundation for Innovative New Diagnostics (FIND),
Geneva, Switzerland, and the WHO’s Special Programme for Research and Training in Tropical Diseases
(WHO-TDR). Iccdr,b has expertise in VL elimination on the ISC, is active in community engagement, and

has a long standing relationship with LSTM.

1.16 Thesis outline

Accurate and appropriate implementation of diagnostics are a crucial part of the elimination campaign
of VL on the ISC. Early diagnosis and treatment of active VL will help prevent resurgence from
anthroponotic reservoirs. Individuals with asymptomatic Leishmania infection (ALl) and HIV-Leishmania
coinfection are of significance on the ISC due to the anthroponotic nature of Leishmania reservoirs.
Current diagnostics are limited to serological tests which cannot distinguish between past and current

infections and have reduced sensitivity in PLHIV, while invasive procedures require significant
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infrastructure and specialist skills. Molecular diagnostics such as gPCR can detect current infection and

are highly sensitive but require well-equipped laboratories and can require lengthy sample preparation.

Should a suitable assay be identified, antigen tests could be incorporated into diagnostic algorithms,
monitoring treatment efficacy, stratification of individuals by risk of relapse, and/or post-elimination
surveillance, including among asymptomatic populations. Current antigen-based diagnostics require a
urine sample, making them a more appropriate test for these applications. Antigen-based diagnostics
are showing promise, however further evaluations are needed, along with further development of

antigen tests suitable for resource-limited settings.

The overall aim of this thesis is to develop and evaluate diagnostic tools, capable of detecting current
Leishmania infection, with a focus on their use in asymptomatic infections and PLHIV in India and

Bangladesh.
The objectives of this thesis are:

1. To determine the prevalence and determinants of ALl in an elimination setting and to determine
the clinical utility and diagnostic accuracy of antigen, molecular, and serological tests for ALl in
an elimination setting (Chapter 2).

2. To determine the prevalence and determinants of ALl in PLHIV in an elimination setting and to
determine the clinical utility of the antigen, molecular, and serological tests in this population
(Chapter 3).

3. To determine the rate and risk factors for progression to VL and the utility of the antigen,
molecular, and serological tests as markers for progression to VL in a cohort of PLHIV with ALl in
an elimination setting (Chapter 4).

4. To establish a protocol to determine the clinical utility of the Leishmania antigen ELISA, blood
smear microscopy and gPCR in blood and skin microbiopsies for diagnosis and test of cure for VL
in PLHIV (Chapter 5).

5. To evaluate a panel of thirteen monoclonal antibodies for use in an alternative antigen

detection test for VL and to evaluate other currently available antigen tests for VL (Chapter 6).

The thesis describes the prevalence and determinants of ALI, and the utility and diagnostic accuracy of
the Leishmania antigen ELISA, DAT, LAMP, and qPCR for detecting ALl in a cohort of 720 contacts of VL
and PKDL cases in Bangladesh (chapter 2). We then go on to evaluate the prevalence and determinants

of ALl, and rate and risk factors for progression to VL in a cohort of 1,300 PLHIV in India, and examine
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the use of the Leishmania antigen ELISA, qPCR, rk39 RDT, and rK39 ELISA for detection of ALl and their
utility as prognostic markers (chapters 3 and 4). This is followed by a protocol to explore the potential
use of minimally invasive alternatives for diagnosis and test of cure for VL, such as the Leishmania
antigen ELISA, blood smear microscopy, and gPCR in a cohort of 91 HIV co-infected patients in India
(chapter 5). Finally, we present a screening of thirteen monoclonal antibodies raised against Leishmania
for their potential utility in an alternative antigen detection test and evaluate the kala-azar antigen
detection test (DetectoGen Inc., USA) (chapter 6). All studies presented in this thesis are run in

collaboration with, or form part of larger studies run by MSF, RMRIMS, iccdr,b, WHO-TDR, and FIND.

Page 42 of 257



1042

1043

1044

1045

1046

1047

1048

1049

1050

1051

1052

1053

1054

1055

1056

1057

1058

1059

1060

1061

1062

Chapter 2. Detection of asymptomatic Leishmania infection in
Bangladesh by antibody and antigen diagnostic tools shows

association with post kala-azar dermal leishmaniasis patients
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2.2 Introduction

Bangladesh is currently awaiting validation to confirm the elimination of VL as a public health concern to
<1 case per 10,000 people at upazila level in line with WHO guidelines [33]. Given the anthroponotic
nature of disease reservoirs on the ISC, testing will form a major part of the post-elimination strategy.
Post-elimination testing could detect a potential resurgence in cases in a timely manner in combination
with entomological surveillance to guide appropriate control measures and reduce transmission. A low
prevalence setting such as Bangladesh presents diagnostic challenges, including the detection of

asymptomatic Leishmania infection (ALI).

Definitions of ALl vary by study and involve serological tests, such as the LST and DAT, and/or molecular
tests, such as LAMP and gPCR [55,152]. A systematic review of the literature found that the prevalence
of asymptomatic infection was 4-17 times higher than the prevalence of VL on the ISC, with progression
to symptomatic disease in 1.5% to 23% of cases [153]. Progression to acute infection was found to
correlate with high anti-Leishmania antibody titres [153]. Furthermore, individuals with ALl and PKDL
are estimated to contribute towards transmission in addition to VL cases [153]. The role of
asymptomatic individuals in transmission was not supported by a xenodiagnoses study which found that
184 individuals with serologically confirmed ALl did not infect sand flies when the flies were allowed to
feed on these individuals [154]. It remains to be determined whether contacts of cases and
asymptomatic individuals are infectious to sand flies, but with a proportion of asymptomatic individuals

going on to develop VL, it would concur that these individuals may act as a reservoir of infection.

Individuals with PKDL may act as a reservoir of infection. A small-scale screening of laboratory bred P.
argentipes found that L. donovani DNA was present in a pool of ten flies following feeding on a patient
with PKDL compared to newly emerged laboratory flies [155]. Similarly, a case of PKDL was suggested to
be the source of an outbreak in a village in West Bengal in 1980. This case, along with three other PKDL
cases blood-fed laboratory-bred P. argentipes (n=104), of which 32 flies became infected [156]. A total
of 42 (55%) and 11 (42%) individuals with VL and PKDL, respectively were found to be infective to sand
flies when sand flies were examined for the presence of promastigotes by microscopy following blood-

feeding [154].

In the study presented in this chapter, we conducted serological, antigen, and molecular tests to identify
individuals with ALl in contacts of individuals with VL and PKDL in Bangladesh. The Leishmania antigen
ELISA utilises a non-invasive urine sample in a format compatible with large-scale testing, and therefore

suitable for mass screening and surveillance. To our knowledge, no studies have yet included the
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Leishmania antigen ELISA in evaluations of ALl at the time of publication. The DAT, also presented in this
chapter, has previously been used for large-scale studies of long-term seroprevalence on the ISC
[38,157]. At the secondary and tertiary level, the use of peripheral blood buffy coat smear microscopy
may be able to replace splenic and bone marrow smear microscopy in symptomatic individuals, however
this technique is not suitable for high throughput surveillance in an asymptomatic population [158]. The

use of an antigen tests would complement serology for the detection of active cases.

Chapter two summary

In total, 720 contacts were recruited with ALl detected in 69 (9.6%) individuals. PKDL cases were found
to act as a source of transmission for L. donovani on the ISC, complementing what has been seen in
other studies [159]. Therefore, it is critical to identify PKDL and VL cases in order that acute disease is
recognised and treated early. One (0.1%) participant was positive by all four of the diagnostic tests used,
however the Leishmania antigen ELISA and the DAT in combination captured all individuals who were
positive for more than one test. Therefore, we recommend the follow-up of contacts of PKDL cases as
well as VL cases using the Leishmania antigen ELISA in combination with serology and a clinical history to
detect ALl in contacts. How testing could be used in combination with other disease control strategies is
yet to be determined on the ISC. An antigen test of high diagnostic accuracy in an RDT format would

allow use at the primary healthcare level.
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Abstract

Background: Asymptomatic Leishmania infections outnumber clinical infections on the Indian sub-
continent (ISC), where disease reservoirs are anthroponotic. Diagnostics which detect active
asymptomatic infection, which are suitable for monitoring and surveillance, may be of benefit to the

visceral leishmaniasis (VL) elimination campaign on the ISC.

Methods: Quantitative polymerase chain reaction (QPCR), loop mediated isothermal amplification
(LAMP), and the direct agglutination test (DAT), were carried out on blood samples, and the Leishmania
antigen ELISA was carried out on urine samples collected from 720 household and neighbouring
contacts of 276 VL and post-kala-azar dermal leishmaniasis (PKDL) index cases, with no symptoms or

history of VL or PKDL, in endemic regions of Bangladesh between September 2016 and March 2018.

Results: Of the 720 contacts of index cases, asymptomatic infection was detected in 69 (9.6%)
participants by a combination of gPCR (1.0%), LAMP (2.1%), DAT (3.9%), and Leishmania antigen ELISA
(3.3%). Only one (0.1%) participant was detected positive by all four diagnostic tests. Poor agreement
between tests was calculated using Cohen’s kappa (k) statistics; however, the Leishmania antigen ELISA
and DAT in combination captured all participants as positive by more than one test. We find evidence
for a moderately strong association between the index case being a PKDL case (OR 1.94, p = 0.009),

specifically macular PKDL (OR 2.12, p = 0.004), and being positive for at least one of the four tests.

Conclusions: Leishmania antigen ELISA on urine detects active asymptomatic infection, requires a non-
invasive sample, and therefore may be of benefit for monitoring transmission and surveillance in an
elimination setting in combination with serology. Development of an antigen detection test in rapid

diagnostic test (RDT) format would be of benefit to the elimination campaign.
Keywords

Visceral leishmaniasis, elimination, asymptomatic Leishmania infection, diagnostics, Leishmania antigen

ELISA, gPCR
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Background

Infection with the parasite Leishmania donovani (L. donovani) usually manifests as asymptomatic
infection with a small risk of progression to visceral leishmaniasis (VL), which in the absence of
treatment is considered fatal [1]. Progression from asymptomatic infection to symptomatic disease was
estimated to be between 5.6 and 15.2% in individuals with high anti-Leishmania antibody titers, as
measured by the direct agglutination test (DAT), in India and Nepal [2]. Globally, the ratio of
asymptomatic to symptomatic VL varies [3]. In Bangladesh, the number of asymptomatic cases were

found to outnumber symptomatic cases by 4 to 1 [4].

Asymptomatic infection is of importance to VL endemic regions of the Indian sub-continent (ISC - India,
Nepal, and Bangladesh), where the disease has been the target of an elimination campaign since 2005
[5,6]. The epidemiology of VL is cyclical, and outbreaks occur approximately every 15 years on the ISC
[7]. Asymptomatic carriers may represent a potential source of transmission in a region where parasite
reservoirs are anthroponotic [8]. However, it is yet to be determined whether asymptomatically infected
humans are infective to sand flies. A study in a small number of asymptomatically infected dogs showed
that L. infantum parasites were transmittable to sand flies [9]; however, no human data with L. donovani
have yet been recorded. Sixteen (8.2%) asymptomatic individuals who converted to VL within 2 years in
a study in Bangladesh were found to have significantly higher anti-rk39 antibody titers compared to

their counterparts who did not progress [10].

The rK39 enzyme-linked immunosorbent assay (ELISA), rk39 rapid diagnostic test (RDT) and the DAT
measure the presence of anti-Leishmania antibodies [11-14]. These antibodies have been found to
persist for months or years after infection, with patients in the VL endemic region of Muzaffarpur, India
found positive by rk39 RDT (39.0%) and DAT (53.0%) > 15 years post-treatment [15]. Therefore, a clinical
history is required to determine whether a positive result is due to active or previous infection, or a
previous asymptomatic infection that will not progress to disease. Tests which detect active infection,
such as quantitative real-time polymerase chain reaction (qPCR), loop-mediated isothermal
amplification (LAMP), or Leishmania antigen ELISA, could be used as tools to monitor active

asymptomatic infection and quickly identify areas with increasing active transmission.

Highly sensitive gPCR was shown to be an effective technique for diagnosis of VL and monitoring of
treatment response and could be of value in an elimination setting [16]. LAMP enables the robust, fast,

simple, and highly specific amplification of nucleic acids and does not require a thermocycler or cold
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chain; the Loopamp™ Leishmania Detection Kit (Eiken Chemical Co., Japan) targets both the 18S rDNA
and kinetoplast DNA (kDNA) and was previously demonstrated to have a sensitivity of 92% in patients
with suspected VL in Ethiopia [17]. Similarly high sensitivity of 98% and 100% was seen in a study in
Sudan with the Loopamp™ Leishmania Detection Kit when DNA was extracted from peripheral blood
using boil-and-spin and QlAamp DNA mini kits (Qiagen, Hilden, Germany), respectively [18]. Finally, the
Leishmania antigen ELISA (Clin-Tech, Guilford, UK) detects low-molecular-weight Leishmania
carbohydrates excreted in the urine and therefore detects active infection and uses a non-invasive
sample type. A study found sensitivity to range from 77% (n=13) in Bangladesh to 87% (n=46) in
Ethiopia, although more data are needed to evaluate this assay [19]. The clinical utility of the Leishmania

antigen ELISA is yet to be determined in an asymptomatic population.

To determine the utility of the DAT, kDNA gPCR, Eiken LAMP, and the Leishmania antigen ELISA for
monitoring and surveillance of asymptomatic Leishmania infection in an elimination setting, we tested
samples collected from household or neighbouring contacts of index cases from endemic regions of
Bangladesh. In this study, asymptomatic infection is defined as being positive for at least one of the
aforementioned tests. Risk factors for asymptomatic infection were also investigated. We then compare
the measure of prevalence with that obtained from a latent class analysis, in which the test

characteristics of our four tests are formally synthesised through the use of a probability model.
Methods
Asymptomatic visceral leishmaniasis clinical samples

Blood and urine samples from 720 clinically healthy household and neighbouring contacts in adjacent
households of 276 VL or PKDL index cases (between 1 and 8 contacts per index case), aged 5 to 60 years,
with no symptoms or history of VL and PKDL, were collected between September 2016 and March 2018.
The study was conducted in the VL endemic districts of Mymensingh, Gazipur, Tangail, Narail, Jamalpur,
Pabna, and Brahmanbaria in Bangladesh. Symptoms considered included presence of fever, rash, loss of
appetite, weight loss, lymph node enlargement, abdominal enlargement and pain. Demographic and
clinical parameters were recorded. Blood and urine samples were transported to Dhaka using a cold
chain for processing and laboratory analysis using DAT and LAMP. Urine and DNA samples for
Leishmania antigen ELISA and gPCR, respectively, were transported on ice to the UK from Bangladesh

and stored at -20°C until testing.

DNA extraction
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DNA was extracted in three different ways: (1) DNA was extracted from 100ul whole blood and eluted in
200ul buffer using DNeasy blood and tissue DNA extraction kits (Qiagen, Hilden, Germany) as per the
manufacturer’s instructions. (2) Boil-and-spin extractions were carried out by pretreating whole blood
samples with sodium dodecyl sulphate (SDS). Briefly, 10% SDS solution was mixed with blood to a final
concentration of 5% and stored at -20°C. Once defrosted, samples were inverted 10 times and allowed
to stand at room temperature for 10 minutes. Samples were further inverted, and 400yl of distilled
water was added before incubation at 90°C for 10 minutes. Tubes were then centrifuged at maximum
speed for 3 minutes, and the supernatants stored for testing. (3) DNA was extracted from dried blood
spots (DBS). Whole blood was air-dried onto Whatman filter paper (GE Healthcare Life Sciences,
Buckinghamshire, UK) for 30 minutes at room temperature and stored in individual bags. Discs of 7mm
were punched out of the paper and added to an Eppendorf tube with 50ul of double-distilled water.
Tubes were incubated at 90°C for 10 minutes followed by centrifugation for 3 minutes at maximum

speed. Supernatants were stored at -20°C for testing.
gPCR

Real-time PCR (gPCR) was performed on DNA extracted from whole blood using Qiagen DNeasy kits
(Qiagen, Germany) [17]. An aliquot of 1.25uL DNA was added to 11.25uL amplification mixture
containing 2.5uL QuantiFast master mix (Qiagen, Germany), 0.4uM kDNA forward primer, 0.4uM kDNA
reverse primer, and 0.2uM kDNA FAM probe. Amplification was performed on a Qiagen Rotor-Gene Q
system with following reaction conditions: 5 min at 95°C, followed by 40 cycles of 15 seconds at 95°C
and 30 seconds at 60°C. Data were analysed using the Rotor-Gene Q series software (Qiagen, Germany).
Standard curve analysis was performed using Leishmania donovani DNA (positive control), and the data
were used to set a qPCR threshold. Samples with cycle threshold (Ct) <34 were considered positive to

reduce detection of non-specific amplification.
Loop mediated isothermal amplification (LAMP)

LAMP was run on DNA extracted from whole blood using the DNeasy blood and tissue DNA extraction
kits (Qiagen, Germany), boil-and-spin extraction, and extraction from dried blood spots as described
above. Loopamp™ Leishmania Detection kits (Eiken Chemical Co., Ltd, Tokyo, Japan) were used. Samples
to be tested were made up to total volume of 30ul by adding 3ul DNA sample to 27ul of water. The lids
of the tubes were then closed, and the sample mixed with the master mix contained in the tube cap by

inverting the tubes and leaving them to stand for 2 minutes cap-side down. The tubes were inverted 5
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times, spun down and incubated at 65°C for 40 minutes, then 80°C for 5 minutes. Results were visualised
under blue LED light illumination, using the fluorescence visual check unit of the HumalLoop M incubator
(HUMAN, Wiesbaden, Germany). Results were read by two technicians blinded to each other. A third

technician was consulted in the event of disagreement, and the majority decision used.
Direct agglutination test (DAT)

The DAT was carried out in Bangladesh and performed as previously described [20]. Following a dilution
of sera 1:100, the samples were further diluted in eight twofold serial dilutions. Where samples did not
react in the first dilution, the end titer was read as <1:200. Where samples still reacted at the final

dilution, the end titer was read as >1:25,600. The threshold for a positive DAT result was set at 21:1600

as previously used by Hasker et al. for detection of asymptomatic infection [20].
Leishmania antigen ELISA

The Leishmania antigen ELISA (Clin-Tech, Guilford, UK) was performed on urine samples as per the
manufacturer’s instruction. Briefly, samples were diluted 1 in 20 with assay diluent. One hundred
microlitres of antigen calibrators and diluted samples were added to a pre-coated 96-well plate and
incubated at 37°C for 30 minutes. Following four washes, 100l of working strength tracer was added to
the wells and incubated at 37°C for 30 minutes. Following a further four washes, 100ul of TMB substrate
was added to each well and incubated uncovered between 18° and 25°C for 30 minutes. One hundred
microlitres of stop solution was then added to each well. A standard curve was included on each plate.
The optical densities (OD) were read at 450nm and blanked on air or with the 620nm reading within 30
minutes of addition of stop solution. Four-parameter curve fitting software was used to calculate the
concentration (UAU/ml) of each sample. IBM SPSS Statistics version 24 software was used to generate
receiver-operating characteristic (ROC) curves using 720 asymptomatic cases and 80 VL cases to
determine the threshold in UAU/mI that gave a sensitivity of 98.8% and a specificity of 96.7%. The area

under the curve (AUC) was calculated.
Statistical analysis

Data were analysed in R Studio Version 1.1.456. Discrete variables were summarised as counts and
percentages. Continuous variables were summarised as the median and interquartile range (IQR). The

software package ‘Venny’ was used to create Venn diagrams for comparison of diagnostic tests [21].
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Percentage agreement between diagnostic tests and Cohen’s kappa (k) statistics with p values to
measure agreement between diagnostic tests were calculated with the irr package version 0.84.1 in R.
Logistic regression was used to regress asymptomatic L. donovani infection (defined as positive for at
least one of the four tests) outcome variable onto potential risk factor variables identified in the
literature. Latent class analysis was used to estimate diagnostic accuracy and prevalence [22]. Test
results were assumed to be conditionally dependent, with Bayesian prior distributions on sensitivity,
specificity, and prevalence set using Betabuster 1.0 (https://betabuster.software.informer.com/). The
analysis was implemented in R Studio Version 1.1.456 using the ‘IcaR” model written by Jonathan

Marshall (version 2bc8ca6, 13th November 2015) [23].
Results
Study population

A total of 720 individuals were sampled, with a median age of 27 years (IQR = 25 years), of whom 280
(38.9%) were male (Table 1). The most common occupations were student (34.4%) and housewife
(41.9%) (Table 1). A total of 505 (70.1%) contacts lived within the household of an index case, and 215
(29.9%) lived within a neighbouring household (Table 1).

A total of 69 individuals were positive for at least one diagnostic test, with a median age of 30 (IQR = 25)
(Table 1). Of those, 31 (44.9%) were male (Table 1). The most common occupations within the 69
individuals were student (33.3%) and housewife (37.7%), and 50 (72.5%) lived within the household of
an index case (Table 1). The 69 asymptomatic cases were spread across 59 (21.4%) of the 276 index

cases. Of those 59 index cases, the median percentage positivity of the contacts was 33.3% (IQR = 25).

The 720 contacts were associated with VL cases (66.1%) — made up of new VL cases (90.1%), relapsed VL
(9.5%), VL treatment failure (0.4%) - or PKDL cases (33.9%) (Table 1). Of the 242 PKDL index cases with
known rash type, 230 (95.0%) presented with macular rash, four (1.7%) with macular and papular rash,
six (2.5%) with nodular and macular rash, and two (0.8%) with macular, nodular, and papular rash (Table
1). The 69 asymptomatic cases were associated with new VL cases (49.3%) or PKDL cases (50.7%), with

the majority of such PKDL cases presenting with macular rash (94.3%) (Table 1).
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1341 Table 1. Index cases were classified as new VL cases, relapsed VL cases, VL treatment failure or PKDL.
1342 Of the 720 contacts, 476 (66.1%) were associated with VL cases and 244 (33.9%) were associated with
1343 PKDL cases. Of the 69 participants positive for at least one test, 34 (49.3%) were VL cases and 35 (50.7%)

1344 were PKDL cases.
720 contacts 69 asymptomatics
N (%) N (%)
Median Age (IQR) 27 (25) 30 (25)
Male 280 (38.9) 31 (44.9)
Occupation
Students 248 (34.4) 23 (33.3)
Housewives 301.68 (41.9) 26 (37.7)
Lives within the household of an index case 505 (70.1) 50 (72.5)
VL 476 (66.1) 34 (49.3)
New VL case 429/476 (90.1) 34/34 (100.0)
Relapsed VL case 45/476 (9.5) 0
VL treatment failure 2/476 (0.4) 0
Post kala-azar dermal leishmaniasis (PKDL) 244 (33.9) 35 (50.7)
Macular rash 230/244 (95.0) 33/35 (94.3)
Macular and papular rash 4/244 (1.7) 0
Nodular and macular rash 6/244 (2.5) 0
Macular, nodular and papular rash 2/244 (0.8) 1/35(2.9)
Rash type unknown 2/244 (0.8) 1/35(2.9)
1345
1346
1347
1348
1349
1350
1351
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Estimates of asymptomatic infection in contacts of index cases using tests to detect active infection

Of the 720 participants screened, 69 (9.6%) were positive by at least one test. Of the 720 asymptomatic
DNA samples screened, seven (1.0%) were positive by kDNA gPCR, with a mean Ct value of 31.9 (range
26.7 - 33.9). Urine samples were screened with the Leishmania antigen ELISA, of which 24 (3.3%) were
found to be positive. Samples screened by DAT were considered positive at a titer of 21:1600. A total of
28 (3.9%) samples were found to be DAT positive, 11 (39.3%) of which had a titer 21:12,800. LAMP
detected six (0.8%), eight (1.1%), and three (0.4%) asymptomatic infections when DNA was extracted
using Qiagen kits, boil-and-spin, and from DBS, respectively. For the purposes of further analysis, a
participant with a positive LAMP result from any one of the three extraction techniques was considered

LAMP-positive, of which there were 15 (2.1%).

Leishmania antigen ELISA and the DAT identified the highest proportion of positive subjects. Only one
(0.1%) subject was identified as positive by all four diagnostic methods, two (0.3%) were identified by
two diagnostic methods, and 66 (9.2%) were identified by one diagnostic method only. In the 69
asymptomatic participants, 26 (37.7%) were positive by DAT only, and six (8.7%) were positive by qPCR
only. Of the 24 (34.8%) participants positive by ELISA, three (4.3%) were positive by at least one other
test (Fig. 1). Generally, poor agreement was found between tests. However, antigen and molecular tests
showed better agreement in combination compared to the same tests in combination with serology
(Table 2). In combination, the DAT and Leishmania antigen ELISA capture all participants positive by

more than one of the four tests.
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Fig 1. Asymptomatic infection was detected in 69 (9.6%) contacts by a combination of four diagnostic
tests. DAT was positive in 28 (40.6%) participants, 26 (37.7%) of whom were positive for DAT alone,
11/28 (39.3%) of whom had a titre greater than 1:12,800. gPCR was positive in seven (10.1%)
participants, six (8.7%) of whom were positive for gPCR alone. LAMP was positive in 15 (21.7%)
participants, 13 (18.8%) of whom were positive for LAMP alone. Leishmania antigen ELISA was positive
in 24 (34.8%) participants, of whom 21 (30.4%) were positive for ELISA alone and three (4.3%) were

positive by ELISA and at least one other test.
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Table 2. Kappa scores and agreement for four diagnostic tests in 69 asymptomatic participants

Test combination Agreement Kappa p-value
(%) score
DAT and Leishmania ELISA 304 -0.476  6.8x10°
DAT and gPCR 52.2 -0.126  0.135
DAT and LAMP 40.6 -0.330 0.003
Leishmania ELISA and gqPCR 58.0 -0.110 0.230
Leishmania ELISA and LAMP 49.3 -0.225 0.049
LAMP and gPCR 71.0 -0.055 0.614

Page 57 of 257



1406

1407
1408
1409
1410
1411

1412
1413

1414
1415
1416
1417
1418
1419

1420

1421
1422
1423
1424
1425

1426
1427
1428
1429
1430
1431
1432
1433
1434
1435

Risk factors for asymptomatic VL

Logistic regression was used to confirm risk factors associated with being positive for at least one of the
four diagnostic tests. Age, gender, occupation, and living within the index household compared to
neighbouring household were not found to be associated with asymptomatic infection. The index case
being a PKDL case (OR 1.94, p = 0.009), specifically macular PKDL (OR 2.12, p = 0.004), was found to be

significantly associated with being positive by at least one of the four tests.

Latent class analysis to estimate infection status and diagnostic accuracy in the absence of a gold

standard

In the absence of a single reference standard or a composite reference standard, latent class analysis
(LCA) was used to estimate infection status. LCA estimated qPCR, LAMP, DAT, and Leishmania antigen
ELISA to have sensitivities (2.5 - 97.5 percentiles) of 85.6% (55.1 - 99.5), 99.8% (99.2 - 99.9), 97.5% (90.5
-99.9), and 98.9% (96.2 - 99.9) and specificities of 96.1% (94.7 - 97.5), 96.7% (95.3 —97.8), 99.0% (98.1 -
99.6), and 97.9% (96.7 - 98.9), respectively. The prevalence of L. donovani asymptomatic infection in VL

and PKDL contacts in Bangladesh was estimated to be 0.3% (0.03 - 0.7).
Discussion

In this study, we assessed the utility of the DAT, gPCR, LAMP, and Leishmania antigen ELISA for
detection of asymptomatic Leishmania infection in household or neighbouring contacts of VL and PKDL
index cases in endemic regions of Bangladesh. Both the DAT and Leishmania antigen ELISA capture all
samples which are positive by more than one test, and both utilise sample types that have a relatively

non-invasive sample collection, which can be transported back to a central laboratory for testing.

The DAT detected the highest proportion of positive individuals. The DAT detects anti-Leishmania
antibodies that could be circulating from a previously cleared asymptomatic infection. It is not possible
to ascertain the time of infection in this cohort as it may be in a symptomatic cohort. However, a recent
study found that DAT titers could be a useful tool to monitor transmission in an elimination setting
during repeat surveys [14]. Plate-to-plate variation with the DAT in manufacturing and reading, and the
relatively low-throughput nature have been previously suggested to be a limitation of this assay for
monitoring and surveillance purposes [24]. Our findings are in concordance with previous studies in
Bangladesh and India which used serological methods to detect asymptomatic infection [25,26]. Where
gPCR requires more laboratory infrastructure, the Leishmania antigen ELISA and LAMP are relatively

simple techniques suitable for use in resource poor settings. Furthermore, the Leishmania antigen ELISA
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requires a non-invasive urine sample and is relatively high throughput, which may aid in screening of

high numbers of asymptomatic contacts.

PKDL cases are a potential reservoir of Leishmania infection, with experimental infectivity to sand flies
estimated to be between 32 and 53% [27]. Here, we demonstrate a risk factor for asymptomatic
infection is living close to a PKDL case, specifically macular PKDL. This follows the launch of the World
Health Organization’s Road Map for Neglected Tropical Diseases 2021-2030, which identifies early
detection through methods such as active case detection and development of treatments and
diagnostics for both VL and PKDL, as critical actions for the elimination of VL as a public health concern
[28]. Our data and the road map highlight the importance of diagnosis and follow-up of PKDL cases, in

recognition of their potential role in transmission.

Previous studies have identified risk factors for VL broadly linked to poverty, such as mud walls, with
sleeping off the floor found to reduce the risk [29]. Proximity to a previous VL case was identified as a
risk factor for VL in Bangladesh [30]. No difference based on sex, occupation, or income, among others,
was seen in an analysis of risk factors in the same study [30]. Age trends associated with VL infection
were found to vary between studies; however, the prevalence of seropositivity was generally found to

increase with age [31].

The specificity of all diagnostics falls below 100% for identification of L. donovani asymptomatic
infection, according to the LCA conducted, and thus we may expect some false positives on a cohort of
this size. This is more probable for the antibody detection test DAT rather than for the direct detection
tests LAMP and antigen ELISA. Therefore, we have looked for overlap in tests which were positive. We
acknowledge that sample size may have limited our analysis of risk factors. Additionally, we use latent
class analysis to estimate the probability that a participant is tests positive at a population level,
however, we do not apply this at the individual level for further analysis, given the potential for LCA to
be unstable. A further limitation of the study is the lack of follow-up data, therefore the accuracy of the

tests as predictors of progression to clinical disease is unknown.
Conclusions

In an elimination setting such as Bangladesh, where disease reservoirs are anthroponotic, a relatively
simple test such as the Leishmania antigen ELISA, which requires a non-invasive urine sample and
detects active infection, may be of benefit in combination with serology for surveillance and monitoring

of Leishmania transmission. Since living with or close to a macular PKDL patient is a risk-factor for
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1466  asymptomatic infection, we propose the follow-up of contacts with PKDL patients as an operational
1467  priority. Development of an antigen detection test in RDT format would be of benefit to identify those

1468 contacts in the field.
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Chapter 3. Prevalence and determinants of asymptomatic
Leishmania infection in HIV-infected individuals living within

visceral leishmaniasis endemic areas of Bihar, India
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3.2 Introduction

Following on from work conducted in chapter 2, looking at the prevalence and methods to detect ALl in
Bangladesh, | now focus on ALl in PLHIV in India. Literature shows that the HIV populations have
increased likelihood of VL, poor outcomes associated with VL, and higher parasite loads in some
instances, than an immunocompetent population [3,15,17,99]. HIV infection was previously detected in
5.6% (n=116) of individuals 214 years of age with VL, screened in Bihar between 2011 and 2013, the
same setting as the study presented in this chapter [86]. However, the number of PLHIV with ALl in India

remains to be determined.

Much of the data on the prevalence of ALl in PLHIV come from studies conducted in the Mediterranean,
East Africa, and Brazil. A study in Brazil found that the prevalence of ALI was higher in HIV coinfected
patients than comparative studies in the general population [160]. A longitudinal study of 511
individuals in Ethiopia, using similar serological, molecular, and antigenuria detection methods to those
presented in this chapter, found that the prevalence of ALl in PLHIV was 12.8% and 4.2% in male and
female participants respectively [161]. Most infections were identified by rk39 RDT (7.4%, n=38), and
DAT (4.3%, n=22), with one (0.2%) participant detected by PCR and KAtex [161]. The same study found
that being male, and a concurrent malaria infection, were independent risk factors for ALl with odds

ratios of 3.2 and 6.1, respectively [161].

As mentioned in chapter 2, the number of asymptomatic infections are found to outnumber VL cases
with the ratio of asymptomatic to symptomatic infections in immunocompetent individuals estimated to
be nine to one in a study in the highly endemic regions of Bihar, India, and Nepal between 2006 and
2009 [57]. However, to our knowledge there are no data on the prevalence of and risk factors for ALl in
PLHIV in India, and the best methods to identify this population. Given previous studies of the
prevalence of ALl and pathogenesis of Leishmania-HIV coinfection, we could therefore expect the
prevalence of asymptomatic infections in PLHIV in India to be higher than an immunocompetent

population, however this is yet to be determined.

Methods to detect ALl in PLHIV are yet to be established in India. Current antibody-based diagnostics
are unable to distinguish between past and current infection and therefore would need to be used in
combination with a clinical history of VL or PKDL when screening individuals who may be
asymptomatically infected. Little is known about how long anti-Leishmania antibodies from an
asymptomatic infection may persist in PLHIV. Vogt et al. longitudinal study in Ethiopia found the

probability of losing markers (serological, antigen, and molecular) of ALl in HIV-infected individuals was
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40.1% at one year of follow-up, which did not change when restricted to serological markers only [161].
The KAtex antigen detection assay was evaluated in a cohort with symptomatic VL-HIV coinfection in
Ethiopia with a sensitivity of 84%, and in a cohort of PLHIV with no symptoms or history of VL in Spain,
where no asymptomatic infections were detected by the KAtex, despite 34% being positive by gPCR
[162,163]. In the latter study, only 3.5% of participants had detectable anti-Leishmania antibodies [163].
The KAtex was further developed by Kalon Biological (Guilford, UK) into a sandwich ELISA which detects

low molecular weight carbohydrate excreted in the urine of those infected with Leishmania.

In the cross-sectional study presented in this chapter 3, we determine the prevalence and determinants
of asymptomatic L. donovani infection in a cohort of PLHIV presenting consecutively at ART centres
across the endemic districts of Bihar, India. We use rK39 serology (rK39 RDT and rk39 ELISA) and gPCR

to detect ALI. Additionally, antigenuria was detected by the Leishmania antigen ELISA (Clin-Tech, UK).

Chapter three summary

The prevalence of ALl was found to be 7.4% (n=96), with an additional 20 participants identified as
having antigenuria by Leishmania antigen ELISA in a cohort of 1,296 PLHIV. All positive participants were
identified by rK39 ELISA and Leishmania antigen ELISA when used in combination. Similarly, low CD4
counts, and a larger household size were found to be a risk factor for ALI. This cross-sectional cohort was

monitored longitudinally to better understand progression to VL and is presented in a chapter 4.
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Abstract

People living with HIV (PLHIV) have an increased risk of developing visceral leishmaniasis (VL) and poor
outcomes compared to HIV negative individuals. Here, we aim to establish the prevalence and
determinants of asymptomatic Leishmania infection (ALI) in a cohort of PLHIV in Bihar, India. We hoped
to evaluate optimal diagnostic algorithms to detect ALl in PLHIV. We conducted a cross-sectional survey
of PLHIV 218 years of age with no history or current diagnosis of VL or post kala-azar dermal
leishmaniasis (PKDL) at anti-retroviral therapy centres within VL endemic districts of Bihar. ALI was
defined as a positive rk39 enzyme-linked immunosorbent assay (ELISA), rK39 rapid diagnostic test (RDT)
and/or quantitative polymerase chain reaction (qPCR). Additionally, the urinary Leishmania antigen
ELISA was evaluated. Determinants for ALl were established using logistic regression and agreement
between diagnostic tests calculated using Cohen’s Kappa. A total of 1,296 PLHIV enrolled in HIV care,
694 (53.6%) of whom were female and a median age of 39 years (interquartile range 33—-46), were
included in the analysis. Baseline prevalence of ALl was 7.4% (n=96). All 96 individuals were positive by
rk39 ELISA, while 0.5% (n=6) and 0.4% (n=5) were positive by qPCR and rk39 RDT, respectively.
Negligible or weak agreement was seen between assays. Independent risk factors for ALl were CD4
counts <100 (OR 3.1; 95% ClI 1.2—7.6) and CD4 counts 100-199 (OR=2.1; 95% Cl: 1.1-4.0) compared to
CD4 counts 2300, and a household size 25 (OR=1.9; 95% Cl: 1.1-3.1). A total of 2.2% (n=28) participants
were positive by Leishmania antigen ELISA, detecting 20 additional participants to the asymptomatic
cohort. Prevalence of ALl in PLHIV in VL endemic villages in Bihar was relatively high. Using the
Leishmania antigen ELISA, prevalence increased to 9.0%. Patients with low CD4 counts and a larger

household size were found to have significantly higher risk of ALI.
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Author Summary

People living with HIV (PLHIV) are more likely to develop visceral leishmaniasis (VL) and are more likely
to have poor outcomes associated with VL-HIV coinfection than HIV negative individuals. While an
estimated 3-14% of immunocompetent individuals living in endemic areas show serological evidence of
asymptomatic infection with VL, such data on Leishmania infection in PLHIV in India are lacking. As such
we sought to establish the prevalence and determinants of asymptomatic Leishmania infection (ALI) in
PLHIV in VL endemic districts of Bihar, India using a combination of molecular and serological assays. We
further expand our definition of ALl to include the urinary Leishmania antigen ELISA. The prevalence of
ALl in a population of PLHIV residing in VL endemic districts of Bihar, India was found to be as high as
9.0% (n=116). The majority of individuals were detected by the rk39 enzyme-linked immunosorbent
assay (ELISA) (7.4%, n=96), and very few individuals were detected by quantitative polymerase chain
reaction (qPCR) (0.5%, n=6) or the rk39 rapid diagnostic test (RDT) (0.4%, n=5). In total, 2.2% (n=28)
were positive by urinary Leishmania antigen ELISA. Low CD4 counts and larger household size were
found to be risk factors for ALI. Here, we add to the evidence base for Leishmania-HIV coinfection on the

Indian subcontinent.
Introduction

Human immunodeficiency virus (HIV) and leishmaniasis are found to be co-endemic in several regions
(2). Infection with the protozoa Leishmania donovani (L. donovani) can remain asymptomatic or can lead
to visceral leishmaniasis (VL), with asymptomatic infections outnumbering clinical infections by an
estimated nine times on the Indian subcontinent (ISC) (2). The risk of developing VL in people living with
HIV (PLHIV) is estimated to be far higher compared to HIV negative individuals (3). Furthermore, risk of
poor clinical outcomes from VL-HIV such as treatment failure and relapse are increased, with the virus

and parasite mutually accelerating disease progression (3—6).

In 2019, within the state of Bihar, India, there were estimated to be 134,000 PLHIV representing 0.18%
of the state population and the second highest number of new infections behind the state of
Maharashtra (7). There are limited data on VL-HIV coinfection in India. In 2014, a consecutive HIV
screening of 2,077 people over 13 years of age with VL infection in Bihar, found a 5.6% coinfection rate
(8). The Indian National AIDS Control Organisation (NACO) subsequently recommended screening all

patients presenting with VL for HIV; and inversely recommended screening all HIV patients living in VL
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endemic areas for VL (9). However, there are no optimal screening methods for the latter cohort in this

setting (10).

Furthermore, where asymptomatic Leishmania infection (ALI) may represent an anthroponotic reservoir
on the ISC (11), data on prevalence and determinants for ALl and guidelines on optimal screening
algorithms in PLHIV are absent. This evidence gap is potentially important; the majority of patients
diagnosed with VL-HIV present at a late stage with advanced HIV; assuming a reasonably high
progression from asymptomatic to symptomatic VL infection in PLHIV, the utility of a tool that could
potentially be used to identify the subclinical form earlier could be of major benefit in the early
detection and management of this co-infection. Such screen-and-treat strategies in East Africa have

been conceptionally described elsewhere (12).

As the effort to eliminate VL as a public health problem has progressed substantially in the ISC, the
proportion of patients with VL-HIV has increased both in absolute numbers and as a proportion of all VL
cases. Indeed, more recent analysis of the epidemiological spread and impact of VL-HIV has suggested
that the presence of VL-HIV cases was associated with a greater than two-fold increase in VL incidence
at the village level, with an incidence risk ratio similar to that of post kala-azar dermal leishmaniasis
(PKDL) (13). As such, establishing the scale of asymptomatic infections in HIV patients may contribute

significantly to improved programmatic policy in sustaining elimination targets.

Molecular methods to detect Leishmania kinetoplast DNA (kDNA) such as quantitative polymerase chain
reaction (qPCR) are highly sensitive techniques but require a good laboratory set-up and expertise. The
rk39 enzyme-linked immunosorbent assay (ELISA) and rapid diagnostic test (RDT) detect anti-Leishmania
antibodies and are used in the diagnosis of VL, however they may detect convalescence and have shown
a reduced sensitivity in HIV infection in a study in Ethiopia (14). The Leishmania antigen ELISA detects
Leishmania carbohydrate in a urine sample, making it a non-invasive test which detects active infection
(15); however, the assay remains research use only and there are few data to support use in an

asymptomatic population (16).

The primary objective of this cross-sectional study was to determine the prevalence of ALl in PLHIV
residing in VL endemic areas in Bihar. In doing so, we seek to evaluate and correlate results of different
diagnostic tools to detect ALl in PLHIV on the ISC. Finally, we determined risk factors for asymptomatic

infection in this cohort.
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Methods
Study design, population, and recruitment

Over a period of 12 months commencing in May 2018, PLHIV residing in VL endemic villages presenting
to three anti-retroviral therapy (ART) centres in one of four VL endemic districts (Saran, Siwan,
Muzaffarpur, and Gopalganj) in the state of Bihar, India were screened. Enrolment was open to PLHIV
aged 2 18 years at any stage of illness, on the condition that they resided in a list of pre-specified villages
which had reported at least one VL infection in 2017-18 as per the government kala-azar management
information system (KA-MIS). PLHIV with a history of previous treatment for or current diagnosis of
symptomatic VL or PKDL were excluded, as was any patient presenting in critical condition or with a
severe underlying medical condition whose participation in the study may interfere with immediate

medical intervention.
Sample Size

At the time of design, there were few reliable estimate data available on the prevalence of ALl in PLHIV,
and none from the Indian context. As such, evidence of ALl in non-immunocompromised individuals
living in endemic areas was taken as a point estimate — this ranged from 3.16% to 14% (17-20).
Assuming that PLHIV living within endemic areas would be more likely a priori to have ALl due to the
degree of lessened immunity, we used an upper threshold of 15% as a likely estimate in PLHIV, in
keeping with similar studies in East Africa (21). A total of 784 and 1352 participants were required to
allow for a precision of 2.5% at a confidence level of 95% and 99% respectively. As a lower number of
participants would preclude further planned studies on monitoring progression of ALl patients, we

targeted the higher number.
Recruitment

Over the 12-month recruitment period, the study team rotated between the four ART centres. All
patients presenting to the ART centre on the recruitment day were consecutively screened, with a daily
maximum target of 20 eligible consenting participants to ensure manageable workload and allow
adequate time to transport samples back to the state capital under cold chain. A screening log was
maintained to prevent re-enrolment, and to ensure patients who had previously declined to enrol were
not reapproached. Sociodemographic data were collected from all enrolled patients, followed by a

comprehensive clinical examination.
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Blood and urine were then collected for serological and molecular testing, while an immediate rk39 RDT
(Kala-azar Detect Rapid Test, Inbios International Inc., WA, USA) was performed on all patients. Any
patient meeting the clinical case definition of VL (fever, splenomegaly and a positive rk39 RDT) were
immediately referred to a specialist VL-HIV treatment centre in Patna for further assessment and

excluded from the study.

HIV-related information including duration of diagnosis, World Health Organization (WHO) clinical
staging, and presence of opportunistic infections were collected, as was information on current and past
medical conditions. Routine clinical parameters were documented, while nutritional status was

determined based on the body mass index (BMI).

Blood and urine were used for determining ALl through serological methods (rk39 RDT and ELISA),
molecular methods (qPCR), and the urinary Leishmania antigen ELISA (detailed below). Blood was also
used for CD4 counts, full blood counts, and HIV viral load. Urine was used for those with CD4 counts
<200 cells/mm?3 to test for lipoarabinomannan (LAM) using the Determine TB-LAM point-of-care
tuberculosis assay (Abbott Diagnostics, Lake Bluff, IL, USA). All samples were stored at -80°C and run in
batches over the course of the study, with all remaining samples retained in the biobank repository for

future research.

ALl was defined as a positive rK39 RDT, rk39 ELISA, and/or qPCR in the absence of clinical symptoms and
history of VL or PKDL. A positive urinary Leishmania antigen ELISA was not considered ALl in the primary
analysis as there were no performance data on the Leishmania antigen ELISA in an asymptomatic
population and few data in a symptomatic population at the time of study design but was included as

ALl in a secondary analysis (detailed extensively in supplementary materials).
rk39 RDT and ELISA

rk39 RDTs (Kala-azar Detect Rapid Test, Inbios International Inc., USA) were performed using finger-prick
capillary blood. Venous blood collected in ethylenediaminetetraacetic acid (EDTA)-treated vacutainers
was transported to Patna on ice and stored at 4°C until centrifugation at 3,000rpm for 15 minutes to
separate plasma. For the rK39 ELISA, plates were coated overnight at 4°C with rk39 antigen and blocked
the next day for two hours at 25°Cin 1% bovine serum albumin (BSA) in phosphate-buffered saline
(PBS). Plates were washed five times with wash buffer (0.1% TWEEN-20 in PBS). Following washing,
100ul of each plasma sample, and positive and negative controls diluted 1:400 were incubated on the

plate for 30 minutes at 25°C. Plates were washed as before, followed by addition of 100ul of HRP-
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conjugated secondary antibody for 30 minutes at 25°C. Plates were washed as before and 100ul
3,3',5,5'-tetramethylbenzidine (TMB) substrate added for five minutes in the dark. The reaction was
stopped with 1N sulfuric acid. The optical density (OD) was read at 450nm. Results were expressed as

the percentage positivity of the positive control.
QPCR

DNA was extracted from 100ul peripheral blood using DNeasy Blood and Tissue Kits (Qiagen, Germany)
as per the manufacturer’s instructions. Following extraction, appropriate volumes of Quantifast
mastermix from the Qiagen QuantiFast PCR Kit, nuclease-free water, kDNA forward and reverse primers
and probe were prepared (22). A total of 1.25ul of extracted DNA was added to each well containing
mastermix to a total volume of 12.5ul per well. Samples were loaded onto the BioRad Real-Time PCR
Detection System: C1000 Touch and CFX-96 and run at: 1. 95°C for five minutes for the initial
denaturation; 2. 95°C for 15 seconds at following denaturation steps; 3. 60°C for 30 seconds for
annealing and elongation; 4. repetition of steps 2-3, followed by a further 34 cycles. A pre-specified Ct
value of <35 was considered positive. Although not run in duplicate, PCR was run with negative, positive

and extraction controls.
Leishmania antigen ELISA in urine samples

The Leishmania antigen ELISA (Clin-Tech, Guilford, UK) was carried out on urine transported to the
Rajendra Memorial Research Institute of Medical Science (RMRIMS) in 15ml falcon tubes on ice and
stored at -20°C until testing according to manufacturer’s instructions. Briefly, 10ul of urine was diluted 1
in 20 in assay diluent, applied to a pre-coated plate and incubated at 37°C for 30 minutes. Plates were
then washed three times before addition of a secondary detection antibody conjugated to horseradish
peroxidase. Following incubation at 37°C for 30 minutes plates were washed as before and TMB
substrate added for 30 minutes at room temperature. The reaction was then stopped with addition of a
weak acid solution, the plates read within 30 minutes at 450nm and 620nm and the OD values recorded.
Any samples with an OD value less than or equal to that of the 2UAU/ml calibrator were considered
negative. Concentration of urinary antigen (UAU/ml) was calculated using a standard curve of calibrators

and four-parameter curve fitting software, and dilution factor corrected for.
Statistical analysis

Anonymised data were entered into the database from case report forms by double data entry. The

primary outcome measure was the prevalence of ALl. Numerical variables such as age, household size,
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time to ART, and baseline CD4 counts were grouped into categories as seen in other studies of ALI. A
household was defined as a “group of persons who commonly live together and would take their meals
from a common kitchen unless the exigencies of work prevented any of them from doing so” as per the
Indian census definition of a household. At the time of study design, the latest consensus had found the
average household size in Bihar to be 5.5 people per house, and as such, household size was split into <5
or 25. Socioeconomic status was divided into five categories based on the BG Prasad Scale (23).
Individuals were classified as severely underweight (BMI<16.5 kg/m?), underweight (BMI 16.5-18.5
kg/m?), normal (BMI 18.5-25 kg/m?), and overweight (>25 kg/m?). All continuous variables were
summarised as mean (standard deviation) and median (inter-quartile range). Categorical data were
presented as counts and percentages. The difference in proportion was analysed by the chi-square or
Fisher’s exact test. Student’s t and Wilcoxon rank sum (Mann-Whitney) tests were done to assess
differences in mean and median parameters, respectively. The Association of all covariates and the
outcome were assessed one by one in univariate analyses. Odds ratio calculations and 95% confidence
intervals around proportions in a second step were carried out, and covariates with p-value < 0.2 in the
univariate model were included in a logistic regression model. A backward stepwise selection method
was applied to determine the independent risk factors for asymptomatic Leishmania infection. A p-value
< 0.05 was considered a statistically significant difference. Agreement between two tests was calculated
using Cohen’s Kappa and the level of agreement was interpreted according to Landis and Koch scale
(24). Data analysis was carried out in R Studio (version 1.3.1056) and SPSS (version 23 Armonk, NY: IBM
Corp).

Ethics

Informed written consent was obtained from all participants. Ethical approval for this study was granted
by Médecins Sans Frontiéres (MSF) (Ref: 1763). Rajendra Memorial Research Institute of Medical
Sciences (Ref: 02/RMRI/EC/2017) and the Liverpool School of Tropical Medicine (LSTM) (Ref: 18-087).
The study was prospectively registered at the Clinical Trial Registry India: CTRI/2017/03/008120.

Results
Prevalence and determinants of asymptomatic Leishmania infection in PLHIV

A total of 2,993 individuals were screened, of those, 1,697 individuals did not meet the inclusion criteria

and were excluded from the study (Fig 1).
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Total Screened
N=2993

Not eligible (n=1697)
Did not live in an endemic village (n=1422)
less than 18 years (n=144)
enrolled previously to the study (n=76)
treated for VL or PKDL (n=36)
Refused (n=13)
follow up not possible i.e. moving (n=2)
suspected VL (n=1)
chronic condition (n=2)

blood sample lost (n=1)

Total recruited
n=1296

Asymptomatic VL Not asymptomatic VL
n=96 n=1200

1920

1921 Fig 1. Flow diagram showing recruitment of study participants in Bihar, India between May 2018 and
1922  June 2019.

1923

Page 77 of 257



1924
1925
1926
1927
1928
1929
1930
1931
1932

1933

1934

1935

1936

1937

Of the 1,296 PLHIV enrolled in the study, 7.4% (n=96) met the primary study definition of ALI, detected
by rk39 ELISA, rk39 RDT, and/or qPCR. Of the 96 with ALI, the median age was 41 (interquartile range
(IQR): 33-50), and 46 (47.9%) were female. Of the ALI and non-ALI (PLHIV negative to all three tests)
cohort, 95.8% and 97.8% of patients were on ART respectively, with a median of 32 months on
treatment (IQR 12-63). On enrolment, the median CD4 count was 443 cells/mm3 (IQR: 303-595) with
counts significantly lower in the ALl cohort. Baseline temperature was significantly lower in the non-ALI
cohort, although the mean body temperature was within a normal range in both the ALI and non-ALI
groups. No significant difference on all other baseline vitals and haematology was seen between the

non-asymptomatic and asymptomatic cohort (Table 1).
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1938  Table 1. Comparison of baseline clinical parameters and haematology results in 1,296 people living

1939  with HIV (PLHIV) with and without asymptomatic Leishmania infection (ALI) in Bihar, India.

All ALI (SD) Non-ALI (SD) Mean difference Sig. (2-
(95% Cl) tailed)
Mean (SD) (n=96) (n=1200)
CD4 (cells/mm3) 466 (230) 400 (227) 471 (229) -71 (-119, -24) .003
Total white cell 7.3(2.4) 7.2(2.7) 7.3(2.4) -0.1 (-0.6, 0.4) .689
(count x103/uL)
Total red cell (count 3.9(0.7) 3.9(0.9) 3.9(0.7) 0(-0.1,0.2) .938
x10%/uL)
Haemoglobin (g/dL)  12.2(2.1)  12(2.1) 12.2 (2.1) -0.2 (-0.6, 0.2) 396
Hematocrit (%) 36.2 (5.6) 35.9 (5.5) 36.2 (5.6) -0.3 (-1.5,0.8) .583
Platelet (x103/uL) 209 (89.1) 213 (101.7) 209 (88.1) 4.2(-143,22.8) .654
Lymphocyte (%) 28.1(8.8) 27.4(9.7) 28.1(8.7) -0.7 (-2.5, 1.2) 465
Neutrophil (%) 56.5(12.2) 55.6 (12.9) 56.5(12.1) -0.9 (-3.5, 1.6) 480
Axillary body 97.5(1.1)  97.8(1) 97.5(1.1) 0.3(0.1,0.5) .007
temperature (°F)
Pulse/minute 90.8 (12.2) 92.1(14.2) 90.7 (12) 1.4 (-1.1, 3.9) 274
Systolic blood 113.3(16.1) 113.6(18.1)  113.3(15.9) 0.3 (-3,3.7) 849
pressure (mmHg)
Diastolic blood 72.2(10.4) 71.9 (9.7) 72.2 (10.5) -0.4 (-2.5, 1.8) .738
pressure (mmHg)
Oxygen saturation 98.3(1.5) 98.5 (1.5) 98.3 (1.5) 0.2 (-0.2,0.5) .337

(Sp02) (%)

1940
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Median HIV viral load at baseline in individuals with ALI was found to be 20.0 copies/ml (IQR: 1.0-218.2)
(Table 2). HIV viral load was not run in the non-ALI cohort. Of the 139 PLHIV with CD4 count <200

cells/mm?3, 18 (13%) were positive to TB-LAM test.
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1965  Table 2. Comparison of baseline clinical parameters and haematology results in 1,296 people living

1966  with HIV (PLHIV) with and without asymptomatic Leishmania infection (ALI) in Bihar, India.

Viral Load (copies/ml) N (%)
Undetectable 39 (44.3)
<150 26 (29.5)
150 to 999 6 (6.8)
1,000 to 9,999 1(1.1)
10,000 to 99,999 9(10.2)
100,000 to 1,000,000 6 (6.8)
>1,000,000 1(1.1)
Missing 8(8.3)
Median (IQR) 20 (1.0-218)

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977
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In a univariate analysis, sex, age, socioeconomic status, type of house, proximity to a pond or livestock,
time since last indoor residual spraying (IRS), number of IRS rounds in the last 18 months, contact with a
presumptive VL case, contact with a presumptive PKDL case, contact with a cured VL/PKDL case, and the
use of bed nets were not significant determinants for ALI (Table 3). Having a household size 25 people

was found to be a risk factor for ALI compared to a smaller household OR=1.9 (95% Cl: 1.1-3.1).
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1984
1985

people living with HIV (PLHIV) in Bihar, India.

Table 3. Household-related risk factors for asymptomatic Leishmania infection (ALl) among 1,296

Sex
Female
Male
Age (in years)
18-29
30-44
45-59
> 60
Median (IQR)
Household size
<5
25

Median (IQR)

All

N (%)

694 (53.5)

602 (46.5)

174 (13.4)
731 (56.4)
329 (25.4)
62 (4.8)

39 (33-46)

395 (30.5)
901 (69.5)

6(4-7)

Non- ALI

N (%)

648 (54)

552 (46)

159 (13.3)
686 (57.2)
296 (24.7)
59 (4.9)

39 (33-46)

376 (31.3)
824 (68.7)

6 (4-7)

Socioeconomic status classification

lor2

130 (10.1)
333(25.7)
513 (39.6)

318 (24.6)

122 (10.2)
297 (24.8)
480 (40.1)

299 (25.0)

ALl

N (%)

46 (47.9)

50 (52.1)

15 (15.6)
45 (46.9)
33 (34.4)
3(3.1)

41 (33-50)

19 (19.8)
77 (80.2)

6 (5-7)

8(8.3)
36 (37.5)
33 (34.4)

19 (19.8)
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Odds Ratio (95%
Cl)

Ref

1.3(0.8, 1.9)

Ref
0.7 (0.4, 1.3)
1.2 (0.6, 2.2)

0.5(0.1, 2)

Ref

1.9 (1.1, 3.1)

Ref
1.9 (0.8, 4.1)
1.1 (0.5, 2.3)

1.0(0.4,2.3)

P value

0.250

0.240

0.610

0.420

0.150

0.020

0.271

0.125

0.908

0.942



All
N (%)
Type of house
Brick 619 (47.8)
Thatched 281 (21.7)
Mud 396 (30.6)

Proximity to a pond

No 1,028
(79.3)
Yes 268 (20.7)

Proximity to livestock
No 534 (41.2)
Yes 762 (58.8)

Time of last IRS (months)

<6 998 (77.0)
Never 144 (11.1)
6-12 124 (9.6)
>12 30(2.3)

Number of IRS rounds in the last 18 months

0 140 (10.8)
1 132 (10.2)
2 642 (49.5)
>2 382 (29.5)

Non- ALI

N (%)

571 (47.6)
261 (21.8)

368 (30.7)

945 (78.8)

255 (21.3)

494 (41.2)

706 (58.8)

915 (76.3)
137 (11.4)
118 (9.8)

30 (2.5)

133 (11.1)
128 (10.7)
593 (49.4)

346 (28.8)

ALl

N (%)

48 (50.0)
20(20.8)

28 (29.2)

83 (86.5)

13 (13.5)

40 (41.7)

56 (58.3)

83 (86.5)
7(7.3)
6 (6.3)

0(0)

7(7.3)
4(4.2)
49 (51.0)

36 (37.5)
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Odds Ratio (95%
Cl)

Ref
0.9(0.5,1.6)

0.9 (0.6, 1.5)

Ref

0.6 (0.3, 1.1)

Ref

1.0 (0.6, 1.5)

Ref
0.6 (0.3, 1.2)
0.6 (0.2, 1.3)

0(0, 1.5)

Ref
0.6 (0.1,2.1)
1.6 (0.7, 3.8)

2.0 (0.9, 4.6)

P value

0.738

0.686

0.066

0.924

0.150

0.177

0.154

0.540

0.270

0.100



All Non- ALI ALI Odds Ratio (95% P value
)
N (%) N (%) N (%)
Contact with people with presumptive VL 50 metres around the house
No/Don’t 1,236 1,145 (95.4) 91 (94.8) Ref T
know (95.4) 1990
Yes 60 (4.6) 55 (4.6) 5(5.2) 1.0(0.4,2.8) 0.72991
Contact with people with presumptive PKDL 50 metres around the house
No/ Don’t 1,278 1,184 (98.7) 94 (97.9) Ref 1993
know (98.6) 1994
Yes 18 (1.4) 16 (1.3) 2(2.1) 1.6 (0.2, 6.1) 0.75995
100AR
Contact with people with cured VL/ PKDL 50 metres around the house
No/ Don’t 1,262 1,170 (97.5) 92 (95.8) Ref
1998
know (97.4)
1999
Yes 34 (2.6) 30 (2.5) 4(4.2) 1.7 (0.5, 4.6) 0.4§800
Use of bed nets while sleeping
Mostly 1,177 1,092 (91.0) 85 (88.5) Ref “ube
(90.8) 2003
(>80%)
2004
Never (0%)  30(23)  27(23) 3(3.1) 1.4(0.3,4.8) 048905
Rarely 22 (1.7) 19 (1.6) 3(3.1) 2.0(0.4,7.1) 0.22006
2
(1-49%) 007
2008
Sometimes 67 (5.2) 62 (5.2) 5(5.2) 1.0 (0.4, 2.5) 0.941
2009
(50- 80%) 5010
2011

2012
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2014
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2019
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2033

2034

2035

2036

ART status, WHO stage, concomitant TB infection, ATT status, time since HIV diagnosis, and BMI were
not found to be determinants of ALl (Table 4). A CD4 count <100 (OR=3.1 (95% Cl: 1.2-7.6) and a CD4
count between 100-199 (OR=2.1; 95% Cl: 1.1-4.0) were found to be significant independent risk factors
for ALI compared to a CD4 count 2300 (Table 4).
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2038

Table 4. HIV-related risk factors for asymptomatic Leishmania infection (ALI) in 1,296 people living

with HIV (PLHIV) in Bihar, India.

All Non- ALl ALl Odds Ratio P value
N (%) N (%) N (%) (95%ClI)
Time on ART
212 months 974 (75.2) 904 (75.3) 70(72.9) Ref
6-<12 months 139 (10.7) 127 (10.6) 12 (12.5) 1.2(0.6,2.3)  0.530
<6 months 151 (11.7)  141(11.8) 10 (10.4) 0.9 (0.4,1.8) 0.830
Pre-ART 32 (2.5) 28(2.3) 4(4.2) 1.8 (0.6, 2.3) 0.410
median (IQR)
0.560
(excluding Pre-Art) 33 (14-60) 33 (14-60) 32 (12-63)
WHO clinical Stage
I 1206 (93.1) 1113 (92.8) 93 (96.9) Ref
0.2 (0.004,
I 0.060
69 (5.3) 68 (5.7) 1(1) 1.04)
n 19 (1.5) 17 (1.4) 2(2.1) 1.4 (0.2,5.4) 0.880
v 2(0.2) 2(0.2) 0 (0) 0 (0, 64.8) 1.00
Tuberculosis
treatment status (ATT)
Not on ATT 1144 (88.3) 1057 (88.1) 87 (90.6) Ref
History of ATT 134 (10.3) 128 (10.7) 6 (6.3) 0.6 (0.2,1.3) 0.190
Currently on ATT 18 (1.4) 15 (1.3) 3(3.1) 2.4 (0.4, 8.8) 0.160
Time since HIV diagnosis (years)
>1 1059 (81.7) 984 (82.0) 75 (78.1) Ref
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2039

2040

2041

2042

2043

2044

<1

BMI (kg/m?)
<16.5
16.5<18.5
18.5-<25
225

Median (IQR)

CDA4 (cells/uL)
> 300

<100

100 - 199

200 - 299

Median (IQR)

All
N (%)

237 (18.3)

123 (9.5)
292 (22.5)
761 (58.7)
120 (9.3)
19.8

(18-22.2)

978 (75.5)
35 (12.7)
104 (8.0)
179 (13.8)
443

(303-595)

Non- ALI
N (%)

216 (18.0)

110 (9.2)
272 (22.7)
704 (58.7)
114 (9.5)
19.8

(18-22.2)

916 (76.3)
29 (2.4)
91 (7.6)
164 (13.7)
446

(309-598)

ALl
N (%)

21(21.9)

13 (13.5)
20 (20.8)
57 (59.4)
6(6.3)
203

(17.3-21.5)

62 (64.6)
6(6.3)
13 (13.5)
15 (15.6)
367

(223-544)

0Odds Ratio
(95%Cl)

1.3 (0.8, 2.1)

1.5(0.8, 2.8)
0.9 (0.5, 1.5)
Ref

0.7 (0.3, 1.5)

Ref
3.1(1.2,7.6)
2.1(1.1, 4.0)

1.4 (0.8,2.4)

P value

0.345

0.241

0.721

0.325

0.538

0.012

0.019

0.316

0.002
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In a multivariate analysis, a lower CD4 count, and household size 25 family members were associated
with a significantly higher risk of ALI. Living in proximity of a pond was the only protective factor for ALI.

The final variables in which significance was retained in a multivariable model are shown in table 5.
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2069  Table 5. Multivariable risk factor analysis for asymptomatic Leishmania infection (ALI) in 1,296 people

2070  living with HIV (PLHIV) in Bihar, India.

Variable aOR (95% Cl) P value

Household size
<5 Ref
>5 2.3(1.3, 4) 0.006

CD4 group (cells/pL)

>300 Ref

<100 3.4(1.3,8.8) 0.012
100 - 199 2.4(1.2,47) 0.01
200 - 299 1.3(0.7,2.3) 0.461

Proximity to a pond

No Ref
Yes 0.5(0.3,1) 0.042
2071
2072
2073
2074
2075
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2077
2078
2079
2080
2081

2082
2083
2084
2085
2086
2087
2088

2089

2090
2091
2092
2093
2094
2095

2096

2097

2098

2099

2100

2101

2102

Effect of Urinary Antigen on prevalence and determinants of ALl

Prevalence increased to 9.0% (n=116) when the urinary Leishmania antigen ELISA was included in the
definition of ALI. Again, having a household size 25 was found to be a risk factor for ALI compared to a
smaller household OR=1.8 (95% Cl: 1.1-2.8) when urinary Leishmania antigen ELISA was included (S1
Table). No other household-related risk factors were identified upon inclusion of the urinary Leishmania

antigen ELISA (S1 Table).

A CD4 count <100 was no longer significant when urinary Leishmania antigen ELISA was included
(OR=2.3 (95% Cl: 0.9-5.8, p=0.06) (S2 Table). A CD4 count between 100-199 (OR=1.9; 95% Cl: 1.1-3.4)
remained a significant independent risk factors for ALI compared to a CD4 count 2300 (S2 Table). No
other HIV-related risk factors were identified upon inclusion of the urinary Leishmania antigen ELISA (S2
Table). The final variables in which significance was retained in a multivariable model are shown in S3
Table. There were few differences in characteristics of individuals testing positive by urinary Leishmania

antigen ELISA only in comparison to other individuals (54 Table).
Diagnostic algorithm to detect asymptomatic Leishmania infection in PLHIV

Ninety-six (7.4%) participants were positive by the rkK39 ELISA, five (0.4%) by rK39 RDT, and six (0.5%) by
gPCR, making up the asymptomatic cohort (Table 6). Twenty-eight (2.2%) participants were positive by
Leishmania antigen ELISA, 20 of which were in addition to the asymptomatic cohort (Table 6). Of the 96
participants, 85 (73.3%) were positive for rK39 ELISA only. Two (1.7%) of the 96 participants tested
positive by all four tests. The rK39 ELISA and Leishmania antigen ELISA in combination capture all

positive participants when the Leishmania antigen ELISA is included in the definition of ALI (Fig 2).
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2103  Table 6. Prevalence of asymptomatic Leishmania infection (ALI) in 1,296 people living with HIV (PLHIV)

2104 in Bihar, India by serological, molecular, and antigen detection methods.

N % (95% Cl)
Total recruited 1296
Total positive by Leishmania antigen ELISA 28 2.2(1.5,3.1)
Total ALI (positive by rK39 RDT or rK39 ELISA or gPCR) 96 7.4 (6.1,9.0)
Total positive with rK39 RDT 5 0.4 (0.2,0.9)
Total positive by rk39 ELISA 96 7.4 (6.1,9.0)
Total positive by gPCR 6 0.5(0.2,1.0)

2105
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rK39 RDT rK39 ELISA

85
(73.3%)

0
(0%)

Urine ELISA

2106

2107  Fig 2. Four assays to detect asymptomatic Leishmania infection (ALI) in 1,296 people living with HIV
2108  (PLHIV) in Bihar, India.

2109
2110

2111
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2112
2113
2114

2115

2116

2117

2118

2119

2120

2121

2122

2123

2124

2125

2126

2127

2128

2129

2130

2131

2132

2133

2134

Negligible agreement was seen between the rK39 RDT and rK39 ELISA, rK39 RDT and Leishmania antigen
ELISA, qPCR and rk39 ELISA, and rK39 ELISA and Leishmania antigen ELISA. Weak agreement was seen
between rk39 RDT and qPCR, and gPCR and the Leishmania antigen ELISA (Table 7).
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2135  Table 7. Kappa scores and agreement for the rk39 RDT, rK39 ELISA, qPCR, and Leishmania antigen
2136  ELISA in 96 people living with HIV (PLHIV) with asymptomatic Leishmania infection (ALI) in Bihar,

2137  India.
Test combination Agreement (%) Kappascore p-value
RK39 RDT and gPCR 99.5 0.361 <0.001
RK39 RDT and rKk39 ELISA 93.0 0.092 <0.001
RK39 RDT and Leishmania antigen ELISA 90.6 0.115 <0.001
QPCR and rk39 ELISA 93.1 0.110 <0.001
QPCR and Leishmania antigen ELISA 98.5 0.348 <0.001
RK39 ELISA and Leishmania antigen ELISA  91.7 0.099 <0.001

2138

2139

2140

2141

2142

2143

2144

2145

2146

2147

2148

2149

2150
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2163
2164
2165
2166
2167
2168
2169
2170
2171
2172
2173
2174
2175
2176

2177
2178
2179
2180
2181

Discussion

There has been considerable interest in the role and evolution of ALl over the last decade. No clear
consensus exists on this population’s role in transmission; one recent xenodiagnostic study from India
showed that none of 184 non-HIV infected individuals with ALl were infectious to sand flies; whereas a
recent Spanish study demonstrated that sandflies fed on the blood from one ALI-HIV patient, who had
been under continuous secondary prophylaxis for leishmaniasis, demonstrated the presence of viable
parasites post exposure (25,26). Similarly, there remains no clear consensus on the actual definition of
asymptomatic infection, and as such caution should be taken when comparing results of different

studies reporting prevalence and progression of ALl (27).

Prior to this study the prevalence of ALl in PLHIV residing in VL endemic areas in India was unknown.
Prevalence of ALl in this population was 7.4% when detected by a combination of rK39 ELISA, rK39 RDT,
and/or gPCR. All individuals with ALl were positive by the rk39 ELISA. A smaller proportion were positive
by gPCR (0.5%), and the rk39 RDT (0.4%). All individuals positive by rk39 RDT were also positive by rk39
ELISA. As expected, the rk39 RDT detected a lower number of positive participants compared to the
rk39 ELISA, in keeping with the reduced sensitivity of RDTs compared to their equivalent ELISA, and
reduced performance in PLHIV as seen in studies in East Africa (14). Prevalence of ALl increased to 9.0%
with the addition of Leishmania antigen ELISA, with 20 additional participants identified with the
expanded definition of ALI. A low CD4 count and a household size of five individuals or more were found
to be risk factors for ALI. Similar to our study findings, a larger household size was identified as a risk
factor (OR=4.4) for Leishmania infection in a study by Schenkel et al. in Nepal (28). Household size may
be associated with several other factors that may be linked with increased risk of ALI, such as low
socioeconomic status. It may be that individuals with low CD4 counts are more susceptible to ALI, or
conversely, ALl could lead to lower CD4 counts. A CD4 count <100 was no longer significant when
urinary Leishmania antigen ELISA was included in the definition of ALI, likely due to a change in
proportions of individuals falling within each CD4 count category. As per 2017 estimates of HIV infection

in India, 41.2% of PLHIV in Bihar were female compared to 53.5% in this study (29).

To the best of our knowledge there has been one other study of ALl in PLHIV in an L. donovani endemic
area (21). The study in Ethiopia used the lower sensitivity KAtex to detect antigenuria and the DAT to
detect anti-Leishmania antibodies in addition to PCR and rK39 RDT (21), compared to the Leishmania
antigen ELISA and the rK39 ELISA used in this study. In Ethiopia, prevalence was found to be 12.8% in

males, with being male and a concurrent malaria infection found to be risk factors for ALl (21).
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2206
2207
2208

2209

2210
2211

Furthermore, the population had relatively high median CD4 counts (377 cells/mm3 (IQR: 250-518)) with
generally good overall ART adherence (21). In this study, median CD4 counts were 443 cells/mm3 (IQR:
303-595) with the majority of participants (75.2%) on ART for 12 months or more.

Much of the data on ALl in PLHIV has been collected in areas where Leishmania infantum is endemic
(20,30,31). A study in Brazil used PCR, rK39 ELISA, indirect fluorescent antibody test, and an ELISA based
on a crude L. infantum preparation and found the prevalence of ALl in PLHIV to be 20.2% (30). More
recently, a study in Brazil used the rK39 ELISA, rk39 RDT, DAT, KAtex, and PCR to estimate prevalence of
ALl in PLHIV, and found prevalence to be 9.1% (31). Further, a meta-analysis of studies in PLHIV in L.
infantum endemic areas found the prevalence of ALl to be 11.8% (20). Together these studies provide

vital data to inform programmatic policy in a population at risk of poor disease outcomes.

Two participants tested positive by all four tests in combination. As is seen in previous studies of ALI
(16,30), weak to negligible agreement was seen between tests. Negligible agreement was seen between
the rk39 RDT and Leishmania antigen ELISA, gPCR and rK39 ELISA, and rK39 ELISA and Leishmania
antigen ELISA, which may be expected given the tests in these combinations detect anti-Leishmania
antibodies in comparison to assays which detect active infection (32). Better, albeit weak agreement
was seen between the rk39 RDT and gPCR possibly due a lower sensitivity of the rk39 RDT and a higher
specificity of gPCR. There was similarly better, but weak agreement between gqPCR and the Leishmania
antigen ELISA, in keeping with them both detecting active infection. To the best of our knowledge, this is
the first study to use the Leishmania antigen ELISA to detect ALl in PLHIV. We acknowledge that the

specificity of the tests falls below 100% and as such there will be false positives within the data.

This study is limited by absence of follow-up data, although follow-up data is due to be presented in the
next year. This study was further limited by the lack of data on the Leishmania antigen ELISA in an
asymptomatic population at the time of study conception, and as such was not included in the primary

definition of ALI. Further tests could have included the DAT given its wide use in other studies of ALL.

Here, we provide estimates of prevalence and determinants of ALl in PLHIV in a VL endemic region of
India. Work is ongoing to determine rate and risk factors for progression to VL in this population. Further

longitudinal data are required to estimate incidence of ALl in this population.
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2305 Supplementary Material

2306  S1 Table. Household related risk factors for asymptomatic Leishmania infection (ALI) in PLHIV
2307  including the Leishmania antigen ELISA in addition to qPCR, rK39 ELISA and RDT in the definition of

2308  ALL
All Non- ALl ALI Odds Ratio (95% P value
N (%) N (%) N (%) c
Sex
Female 694 (53.5) 637 (54) 57 (49.1) Ref
Male 602 (46.5) 543 (46) 59 (50.9) 1.2 (0.8, 1.8) 0.32
Age
18-29 174 (13.4) 154 (13.1) 20(17.2) Ref
30-44 731 (56.4) 679 (57.5) 52 (44.8) 0.6 (0.3, 1.02) 0.06
45-59 329 (25.4) 289 (24.5) 40 (34.5) 1.1 (0.6, 1.9) 0.83
260 62 (4.8) 58 (4.9) 4(3.4) 0.5(0.1,1.7) 0.33
Household size
<5 395(30.5) 371(31.4) 24 (20.7) Ref
>5 901 (69.5) 809 (68.6) 92 (79.3) 1.8(1.1,2.8) 0.02

Socioeconomic status

lor2 130 (10.1) 118(10.0) 12 (10.3) Ref

3 333(25.7) 291(24.7) 42 (36.2) 1.4 (0.7, 2.8) 0.31

4 513 (39.6) 473 (40.2) 40 (34.5) 0.8 (0.4, 1.6) 0.59

5 318 (24.6) 296 (25.1) 22 (19) 0.7 (0.4, 1.5) 0.4
Type of house
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All
N (%)
Brick 619 (47.8)
Mud 396 (30.6)
Thatched 281 (21.7)
Proximity to a pond
No 1028
(79.3)
Yes 268 (20.7)

Proximity to livestock
No 534 (41.2)
Yes 762 (58.8)

Time of last IRS (months)

Never 144 (11.1)
<6 998 (77)
6-12 124 (9.6)
>12 30(2.3)

Number of IRS in last 18 months

0 140 (10.8)
1 132 (10.2)
2 642 (49.5)
>2 382 (29.5)

Contact with people with presumptive VL 50 metres around the house

Non- ALI
N (%)

560 (47.5)
363 (30.8)

257 (21.8)

929 (78.7)

251 (21.3)

489 (41.4)

691 (58.6)

133 (11.3)
900 (76.3)
118 (10)

29 (2.5)

129 (10.9)
127 (10.8)
588 (49.8)

336 (28.5)

ALl

N (%)

59 (50.9)
33 (28.4)

24 (20.7)

99 (85.3)

17 (14.7)

45 (38.8)

71 (61.2)

11 (9.5)
98 (84.5)
6(5.2)

1(0.9)

11(9.5)
5(4.3)
54 (46.6)

46 (39.7)
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Odds Ratio (95%
Cl)

Ref

0.9 (0.6, 1.4)

0.9 (0.5,1.5)

Ref

0.6 (0.4,1.1)

Ref

1.1(0.8,1.7)

0.8 (0.4, 1.5)
Ref
0.5(0.2,1.1)

0.3 (0.01, 2.0)

Ref
0.5(0.2, 1.4)
1.1 (0.6, 2.1)

1.6 (0.8, 3.2)

P value

0.52

0.63

0.09

0.58

0.41

0.07

0.35

0.15

0.83

0.17



All
N (%)

No/Don’t know 1236
(95.3)

Yes 60 (4.6)

Non- ALI

N (%)

1125 (95.4)

55 (4.7)

ALl

N (%)

111 (95.7)

5(4.3)

Odds Ratio (95%
)

Ref

0.9 (0.3,2.2)

Contact with people with presumptive PKDL 50 metres around the house

Contact with people with cured VL/ PKDL 50 metres around the house

Use of bed nets while sleeping

No/ Don’t know 1278
(98.6)

Yes 18 (1.4)

No/ Don’t know 1262
(97.4)

Yes 34 (2.6)

Mostly (>80%) 1177
(90.8)

Never (0%) 30 (2.3)
Rarely (1-49%) 22 (1.7)
Sometimes

67 (5.2)
(50- 80%)

1164 (98.7)

16 (1.4)

1151 (97.5)

29 (2.5)

1073 (90.9)

27 (2.3)

18 (1.5)

62 (5.3)

114 (98.2)

2(1.7)

111 (95.7)

5(4.3)

104 (89.7)

3(2.6)

4(3.4)

5(4.3)

Ref

1.3(0.2,4.9)

Ref

1.8 (0.6, 4.5)

Ref

1.2(0.2,3.8)

2.3(0.6,7.1)

0.8 (0.3,2.1)

P value

2311

2312

0.91
2313

2315
2316

0.93317

710

2320

2321

O'29322

2324
2325
2326

0.74

2327

0.13
2328

2332

2333

2334

2335
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2336  S2 Table. HIV related risk factors for asymptomatic Leishmania infection (ALI) in PLHIV including the

2337  Leishmania antigen ELISA in addition to qPCR, rK39 ELISA and RDT in the definition of ALI.

All Non- ALl ALl Odds Ratio P value
N (%) N (%) N (%) (95%Cl)
Time on ART
> 12 months 974 (75.2) 890 (75.4) 84 (72.4) Ref
6-<12 months 139 (10.7) 123 (10.4) 16 (13.8) 1.4(0.8,2.4)  0.27
<6 months 151 (11.7) 140 (11.9) 11 (9.5) 0.8(0.4,1.6) 0.60
Pre-ART 32(2.5) 27 (2.3) 5(4.3) 2.0(0.7,5.0) 0.2
WHO clinical Stage
[ 1206 (93.1) 1093 (92.6) 113 (97.4) Ref 1
Il 69 (5.3) 68 (5.8) 1(0.9) 0.1(.004,0.8) 0.021
I 19 (1.5) 17 (1.4) 2(1.7) 1.1(0.1,4.9) 1
\% 2(0.2) 2(0.2) 0(0) 0(0, 51.8) 1
Anti-tubercular
treatment (ATT)
status
Not on ATT 1144 (88.3) 1038 (88) 106 (91.4) Ref
History of ATT 134 (10.3) 127 (10.8) 7 (6) 0.5(0.3,1.2) 0.12
Currently on ATT 18 (1.4) 15 (1.3) 3(2.6) 2.0(0.4,7.1) 0.24
Time since HIV diagnosis (years)
<1 252 (19.4) 225 (19.1) 27 (23.3) 1.3(0.8,2.1) 0.25
>1 1044 (80.6) 955 (80.9) 89 (76.7) Ref
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2338

2339

2340

2341

2342

2343

2344

2345

2346

Body Mass Index
(kg/m?)

<16.5
16.5-<18.5
18.5-<25

225

CD4 (cells/pL)
<100

100 - 199
200 - 299

=300

All
N (%)

123 (9.5)
292 (22.5)
761 (58.7)

120 (9.3)

35(2.7)
104 (8)
179 (13.8)

978 (75.5)

Non- ALI

N (%)

108 (9.2)
267 (22.6)
695 (58.9)

110 (9.3)

29 (2.4)
89 (7.5)
164 (13.9)

898 (76.1)

ALl
N (%)

15 (12.9)
25 (21.6)
66 (56.9)

10 (8.6)

6(5.2)
15 (12.9)
15 (12.9)

80 (69)

0Odds Ratio
(95%Cl)

1.5(0.8,2.7)
1 (0.6, 1.6)
Ref

1(0.5,1.9)

2.3(0.9, 5.8)
1.9 (1.1, 3.4)
1(0.6,1.8)

Ref

P value

0.21

0.95

0.9

0.06

0.03

0.93
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2347  S3 Table. Multivariable risk factor analysis for ALI in PLHIV including the Leishmania antigen ELISA in
2348 addition to qPCR, rK39 ELISA and RDT in the definition of ALI.

Variable aOR (95% Cl) P value

Household size
<5 Ref
>5 1.7(1.1,2.8) 0.025

CD4 group (cells/pL)

=300 Ref

<100 2.6(1.0,6.9) 0.05
100 - 199 2(1.1,3.7) 0.032
200 - 299 1(0.6, 1.8) 0.933

Proximity to pond

No Ref
Yes 0.6 (0.3, 1) 0.038
2349
2350
2351
2352
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2354

2355

2356

S4 Table. Differences in baseline characteristics of individuals testing positive by urinary Leishmania

antigen ELISA only in comparison other individuals.

All ALl Non-ALI Urine positive  Urine positive

n=1296 n=28 only (n=20

( ) (n=96) (n=1200) (n=28) Y (n=20)
Median Age (IQR) 39 (33-46) 41 (33-50) 39 (33-46) 42 (34-46) 42 (30-47)
Female - N (%) 694 (53.5) 46 (47.9) 648 (54.0) 15 (53.6) 11 (55.0)
Median time in 33 (14-60) 32 (12-63) 33 (14-60) 36 (14-59) 37 (13-53)
months on ART (IQR)
Mean CD4 counts in 466 (230) 400 (227) 471 (229) 442 (263) 524.5 (245)

cells/mm3 (SD)
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4.2 Introduction

In the cross-sectional study presented in chapter 3 we estimated the prevalence of and risk factors for
ALl in PLHIV in India. In this chapter, we followed this cohort longitudinally over an 18-month period to
assess progression of disease, risk factors for progression, and to look at the diagnostic profiles of those
who progressed to VL. Given the lack of data on ALl in PLHIV on the ISC, little is known about the rate of
progression to VL in PLHIV and the risk factors for progression of disease in this population. Similarly,
there are little data for prognostic markers of progression from an asymptomatic infection to VL in
PLHIV on the ISC. Given the reciprocal exacerbation of Leishmania and HIV coinfections, together with
the high rates of treatment failure and relapse seen in patients with VL-HIV coinfection, a better
understanding of disease progression in this population would improve clinical management where

early intervention may improve patient outcomes [164].

A study of 1,606 participants 22 years of age living in endemic villages in Bihar, India looked at
seroconversion using the rk39 ELISA and DAT, with some participants followed up at a six month interval
and some participants followed up at a one year interval [124]. Participants were considered to have
seroconverted if they were negative in the baseline survey but were positive by one or both of the
assays on the second survey [124]. Of the 1,606 participants recruited to the initial two surveys, 17
participants went on to develop VL, with an average follow-up time of 52 months [124]. DAT titers over
>1:25,600 (odds ratio (OR)=19.1; 95% Cl: 4.4-57.1), a high titer rk39 ELISA result (OR=30.3; 95%Cl: 9.6-
95.2), and a qPCR result representing >1 parasite genomes/ml (OR=20.9; 95% Cl: 6.5-66.8), were
strongly associated with progression to VL from seroconversion [124]. Furthermore, recent
seroconversion measured by the DAT was found to be a risk factor for progression of an asymptomatic
infection to VL in a study of 9,034 participants with no history of VL in endemic regions of India and

Nepal [57].

As mentioned previously, much of the data on VL-HIV coinfection comes from studies in the
Mediterranean, East Africa and Brazil. The prevalence of asymptomatic L. infantum infection was found
to be 20.2% (95% Cl: 16.2-24.2) in a cohort of 381 PLHIV in Brazil screened by an L. infantum ELISA, rK39
ELISA, IFAT, and PCR [160]. No progression of disease was seen in this cohort and it was thought to be
because of the high coverage of HAART [160]. However, there are limited data on ALl in PLHIV in areas
where reservoirs of Leishmania are thought to be anthroponotic, including East Africa. A longitudinal
study of 511 PLHIV in Ethiopia found a baseline prevalence of ALl of 12.8% (n=41) and 4.2% (n=8) in

males and females respectively [161]. Over the 12-month follow-up period 36 new asymptomatic
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infections were detected [161]. However, only one case of VL and no deaths occurred over the follow-up

period [161].

In this study, we follow-up a cohort of 1,306 PLHIV living in Leishmania endemic districts of Bihar, India
over an 18-month period. Participants identified as having an ALl by rk39 serology and gPCR in the study
presented in chapter 3 were followed up every 3 months in-person for further samples. The remaining
participants were followed up every 3 months by telephone. At the time of writing the Leishmania
antigen ELISA (Clin-Tech, UK), gPCR, and rk39 ELISA and RDT were run on all follow-up samples, with the
samples collected during the study stored in a biobank for evaluating other assays of interest. Other
assays of interest include the kala-azar antigen detection test (DetectoGen Inc., USA) to detect

Leishmania antigenuria and rk28 serology.

Chapter four summary

In this study, four (3.7%) of the 108 PLHIV with ALI developed VL over 18-months follow-up and no
progression was observed in the non-asymptomatic cohort. Within the same follow-up period, mortality
was found to be higher in PLHIV with ALI, highlighting the reciprocal and complicated nature of
Leishmania-HIV coinfection. The four individuals who progressed to VL could be identified by at least
three of the four tests used, with high levels of antigenuria and high anti-Leishmania antibody titres
detected and could be used to help stratify risk of poor outcomes associated with asymptomatic
Leishmania coinfection and progression to VL. Detection of Leishmania markers at 18-months in a large
proportion of individuals suggests a persistent Leishmania infection that remains asymptomatic in most

individuals.
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Abstract

There are no data on rate and risk factors for progression from asymptomatic Leishmania infection (ALI)
to visceral leishmaniasis (VL) in people living with HIV (PLHIV) on the Indian subcontinent (ISC). Here, we
aim to establish the rate and risk factors for progression of ALl to VL in a cohort of PLHIV in Bihar, India.
We conducted a prospective cohort study of 1,306 PLHIV, of whom 108 were identified as having ALI
(rk39 enzyme-linked immunosorbent assay (ELISA) and/or rK39 rapid diagnostic test (RDT) and/or
guantitative polymerase chain reaction (QPCR)) in a previous cross-sectional survey. Additionally, the
urinary Leishmania antigen ELISA was evaluated. The ALl (n=108) and non-ALI (n=1,198) cohorts were
followed up every three months for 18 months in person and by telephone, respectively. Within the ALI
cohort, four (3.7%) participants developed VL, compared to no progression in the non-ALl cohort. All-
cause mortality was higher in ALI compared to non-ALl (odds ratio (OR)=2.7; 95% confidence intervals
(CI): 1.1-6.1). However, in a multivariate model only low CD4 counts, being clinical stage three for HIV
infection according to the World Health Organization (WHO) system, and not being on anti-retroviral
therapy (ART) at baseline were significantly associated with mortality. All four participants with VL were
positive by a minimum of three of the four tests in combination and had high levels of antigenuria and
anti-Leishmania antibody titers compared to asymptomatic non-progressors. The overall risk of
developing VL in ALl diagnosed by rK39 ELISA, rk39 RDT, gPCR, and Leishmania antigen ELISA was 3.7%
(4/108), 40% (2/5), 57% (4/7) and 50% (4/8), respectively. There is a low rate of progression from ALI to
VL in PLHIV. Individuals with ALI have higher mortality than those without, however, ALl was not a

statistically significant factor for mortality after adjusting for other factors in a multivariate model.
Author summary

People living with HIV (PLHIV) are at higher risk of developing visceral leishmaniasis (VL) and poor
associated outcomes. We conducted a prospective cohort study of 1,306 PLHIV in India to establish the
rate and risk factors for progression of asymptomatic Leishmania infection (ALI) to VL. A prior cross-
sectional survey identified 108 individuals with ALI (defined as positive rk39 enzyme-linked
immunosorbent assay (ELISA) and/or rK39 rapid diagnostic test (RDT) and/or quantitative polymerase
chain reaction (gPCR)) Additionally, we evaluated the urinary Leishmania antigen ELISA. The ALl (n=108)
and non-ALl (n=1,198) cohorts were followed up over 18 months in-person and by telephone,
respectively. Mortality associated with any cause was higher in those with ALI compared to non-ALI.
However, only low CD4 counts, being clinical stage three for HIV infection according to the World Health

Organization (WHO) system (one to four), and not being on anti-retroviral therapy (ART) at baseline
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were significantly associated with mortality. Four (3.7%) individuals with ALl developed VL, compared to
no progression in the non-ALI cohort. The four participants with VL were positive by at least three of the
four tests in combination and had high levels of antigen in the urine and anti-Leishmania antibody titers

compared to asymptomatic non-progressors.
Introduction

People living with HIV (PLHIV) often present with symptoms of visceral leishmaniasis (VL) late in the
course of disease, posing a challenge for clinical management (1). The prevalence of asymptomatic
Leishmania infection (ALI) was found to be 7.4% in a cross-sectional survey of 1,296 PLHIV from endemic
villages of Bihar, India (Mahajan & Owen et al., in press). To the best of our knowledge, there are no
data on the rate and risk factors of progression from ALl to VL in PLHIV in India. Early identification of
PLHIV with ALI, at risk of developing VL, would allow for monitoring and earlier clinical intervention. In
VL-endemic areas, it is estimated that 13% (95% confidence intervals (Cl): 10%-17%) of the general
population may harbour ALl (2), the vast majority of whom will not progress to VL (3). However, similar

data are lacking for PLHIV in South Asia.

A study of 1,606 seroconverters and controls in Bihar found a significant association between high anti-
Leishmania antibody titers measured by the direct agglutination test (DAT) or rk39 enzyme-linked
immunosorbent assay (ELISA), or a positive quantitative PCR (qPCR) result indicating parasitaemia, and
progression from seroconversion to VL, with odds ratios of 19.1 (95% Cl: 4.4-57.1), 30.3 (95% Cl: 9.6-
85.2), and 20.9 (95% Cl: 6.5-66.8), respectively (4). Similarly, a review of 98 studies from the Indian
subcontinent (ISC) found the proportion of those that progressed from ALl to VL was higher in those
with high anti-Leishmania antibody titers (3). A screening of 2,603 individuals in West Bengal, India
identified 79 individuals with ALl detected by the rK39 rapid diagnostic test (RDT), of whom two were
lost to follow-up and eight (10.4%) developed VL within the three-year follow-up period (5). A meta-
analysis of 111 studies conducted globally found being male was a risk factor for progression of ALl to VL

(odds ratio (OR)=1.9; 95% Cl: 1.2-3.0) (2).

A study in Brazil found the prevalence of ALl in 483 PLHIV to be 9.1% (n=44) using the rk39 ELISA (2.5%),
rk39 RDT (1.1%), DAT (3.5%), PCR (2.3%), and the KAtex (0.4%) which measures Leishmania antigen
excreted in the urine and is the predecessor to the Leishmania antigen ELISA used in this study (6).
Higher HIV viral load (up to 100,000 copies/ml) was associated with a higher odds (2.0 (95% CI: 1.0-4.1))

of ALl in PLHIV, but the study lacked follow-up data to monitor progression (6). Data on progression of
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asymptomatic Leishmania donovani infection to VL in PLHIV are limited to a single pilot study in East
Africa (7). A longitudinal study of 511 PLHIV in Ethiopia found a baseline prevalence of 9.6% (n=49) using
the rK39 RDT (7.4%), DAT (4.3%), PCR (0.2%), and KAtex (0.2%), with one participant developing VL

within the median 12-month follow-up period (7).

Here, we follow on from a cross-sectional survey to determine the prevalence and determinants of ALI
in PLHIV in Bihar (Mahajan & Owen et al., in press). In this prospective cohort study, we aim to
determine the rate and risk factors for progression of ALl to VL in a cohort of 1,306 PHIV residing in VL-
endemic areas in Bihar over 18 months of follow-up. Furthermore, we explore the diagnostic profiles of

the asymptomatic participants over time.
Methods
Study-design and population

Participants were enrolled over a 12-month period from May 2018 and followed-up between July 2018
and November 2020. PLHIV were enrolled at anti-retroviral therapy (ART) centres within four districts
(Saran, Siwan, Muzaffarpur, and Gopalganj) endemic for VL in Bihar, India. All participants were 218
years of age, with any stage of HIV infection, and had no current diagnosis or history of VL or post kala-
azar dermal leishmaniasis (PKDL). Participants requiring immediate medical intervention were excluded

from the study.
Sample Size

The sample size calculation has been described in detail elsewhere (Mahajan & Owen et al., in press).
Briefly, it was estimated that the prevalence of ALl in PLHIV would be 15% based on studies of non-
immunocompromised (2,5,8,9) and immunocompromised individuals (7). Given a precision of 2.5% and

a confidence level of 99%, samples size was estimated to be 1,352 participants.
Recruitment

Individuals presenting at ART centres were screened consecutively as detailed previously (Mahajan &
Owen et al., in press). Upon enrolment, all participants underwent a clinical examination and
sociodemographic data were collected. An rK39 RDT (Kalazar Detect Rapid Test, Inbios International Inc.,
WA, USA) was conducted upon enrolment as per manufacturers’ instructions. A peripheral blood sample
was collected for gPCR and rK39 ELISA, and a urine sample was collected for Leishmania antigen ELISA

and the Determine TB-LAM tuberculosis assay (Abbott Diagnostics, Lake Bluff, IL, USA) in individuals with
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CD4 counts <200 cells/mm?3. At enrolment, any participant meeting the clinical case definition of VL
(fever, splenomegaly, and a positive rK39 RDT) were referred for diagnosis and treatment at a VL-HIV

treatment centre in Patna, Bihar and were excluded from the study if VL was confirmed.

Data relating to HIV diagnosis including World Health Organization (WHO) clinical staging (one to four)
for HIV infection and routine clinical information were collected. Individuals were classified according to
body mass index (BMI) as severely underweight (BMI<16.5 kg/m?), underweight (BMI 16.5-18.5 kg/m?),
normal (BMI 18.5-25 kg/m?), and overweight (>25 kg/m?).

Participants testing positive at baseline by rk39 serology and qPCR were followed up for every three
months for 18 months for further blood (rk39 serology, qPCR, full blood counts, CD4 counts, and HIV
viral load) and urine (Leishmania antigen ELISA) samples. An rK39 RDT (Kalazar Detect Rapid Test, Inbios
International Inc., USA) was conducted at each follow-up visit. Samples were batched and stored at -
80°C until testing. Following testing, remaining samples were stored in a biobank repository intended for
future research. Participants testing negative for rkK39 serology and gPCR at baseline were followed up
by telephone every three months for 18 months. At follow-up, participants were asked if they had
received treatment for VL. At the time of study design, data on the urinary Leishmania antigen ELISA

were limited and as such was not considered in the primary definition of ALI.

Any participant meeting the clinical case definition of VL at follow-up were referred for diagnosis and
treatment and excluded from further follow-up if VL was confirmed. Where follow-up of participants
was disrupted due to adverse weather conditions such as flooding events or restrictions related to the
COVID-19 pandemic, a final follow-up telephone call or visit was sought at 18-months with the aim of

reducing loss to follow-up.
Diagnostic assays

Low molecular weight Leishmania antigen was detected in the urine (antigenuria) of participants using
the Leishmania antigen ELISA (Clin-tech, Guildford, UK) according to manufacturer’s instructions.
Leishmania kinetoplast DNA, extracted from whole blood (100ul) using the DNeasy Blood and Tissue Kits
(Qiagen, Hilden, Germany), was detected in peripheral blood by qPCR as previously described (Mahajan
& Owen et al., in press). Anti-Leishmania antibodies were detected using the rkK39 ELISA on plasma
separated from venous blood as previously described (Mahajan & Owen et al., in press) and using the
rk39 RDT (Kalazar Detect Rapid Test, Inbios International Inc., USA) on finger-prick capillary blood

samples according to manufacturer’s instructions.
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2597  Statistical analysis

2598 R Studio (version 1.3.1056) and SPSS (version 23) were used to conduct data analysis. Continuous

2599  variables were summarised as mean (standard deviation) and median (inter-quartile range), and

2600  categorical data were presented as counts and percentages. The software package ‘Venny’ was used to
2601  create Venn diagrams for comparison of diagnostic tests (10). Chi-square or Fisher’s exact test were
2602 used to analyse difference in proportion. Bivariate analysis was used to individually assess the

2603  association of all covariates. Odds ratios with 95% confidence intervals were calculated. Covariates in
2604  the bivariate model with a p-value <0.2 were included in a logistic regression model to determine

2605 independent risk factors for mortality. The cumulative incidence of treatment outcome was estimated
2606 using the Kaplan—Meier method. Comparisons between groups were based on the log-rank test.

2607  Statistical significance was considered with a p-value <0.05.
2608  Ethics

2609  All participants gave written informed consent before participating in the study. Ethical approval for this
2610  study was given by Médecins Sans Frontiéres (MSF) (Ref: 1763), the RMRIMS (Ref: 02/RMRI/EC/2017),
2611  and the Liverpool School of Tropical Medicine (LSTM) (Ref: 18-087). This study was registered

2612  prospectively with the Clinical Trial Registry-India (CTRI/2017/03/008120).

2613  Results
2614  Progression of ALl to VL in PLHIV

2615 In total, 1,589 PLHIV were screened, of whom 1,296 were enrolled in a cross-sectional survey which
2616  found baseline prevalence of ALl to be 7.4% (n=96) (Mahajan & Owen et al., in press). An additional 13
2617 participants were identified as having ALl and followed-up in-person but were excluded from

2618 calculations of baseline prevalence of ALl in the cross-sectional survey as their villages of residence were
2619 later found to have not reported at least one case of VL in 2017-18, as per the criteria for the cross-
2620 sectional survey. Of the 1,309 participants enrolled in the study, three participants withdrew and were

2621 excluded from the analysis.

2622  The 1,306 participants included in the analysis had a median age of 30 years (IQR:33-46) and 697
2623 (53.4%) were female. Within the follow-up period, 37 participants died and four developed VL. Of the
2624 remaining 1,265 participants, 1,245 (98.4%) were available for assessment at 18-months follow-up and

2625 the remaining 20 participants were followed up for a median period of 13 (IQR: 9-15) months.
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Of the 1,306 PLHIV, 108 were identified as having ALl (defined as positive by rk39 ELISA, and/or rk39
RDT, and/or gqPCR). All four (3.7%) participants who developed VL were in the ALI cohort (n=108). There

was no development of VL in the non-ALl cohort (n=1,198).
Mortality over 18-months of follow-up in PLHIV with and without ALI

Over the 18-month follow-up period, seven (6.5%) participants with ALl died. In the non-ALI cohort,
thirty (2.5%) individuals died over the same period. In a univariate analysis, being male, not being on
antiretroviral therapy (ART) at baseline, being on anti-tubercular treatment (ATT) at baseline, low CD4
counts, having a WHO clinical stage three HIV infection, and ALl were significantly associated with high
mortality (S1 Table). However, in multivariate model only low CD4 counts, being pre-ART at baseline,
and having a WHO clinical stage three HIV infection were significantly associated with mortality (Table

1).
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Table 1. Multivariate analysis of risk factors for mortality in PLHIV.

aOR (95% Cl) p-value

Sex

Female Ref

Male 1.2 (0.6, 2.6) 0.573
Age (in years) 1.03 (0.997, 1.063) 0.075
BMI (kg/m?) 0.897 (0.792, 1.016) 0.088
CD4 count (cells/mm?3) 0.997 (0.994, 0.999) 0.003
ART status

On ART Ref

Pre-art 3.9(1.2,12.7) 0.026
ATT status

Never on ATT Ref

History of ATT 1.4 (0.2, 8.9) 0.743

Currently on ATT 1.3 (0.5, 3.6) 0.614
WHO clinical stage

I Ref

I 0.3 (0, 2.4) 0.259

I 6.7 (1.3, 33.8) 0.022

v 0 0.999
ALl

No Ref

Yes 1.8 (0.7,4.7) 0.206
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The cumulative hazard of mortality at 3-, 6-, 9-, 12-, 15-, and 18-months following recruitment was 0.3%,
0.8%, 1.3%, 1.6%, 2.2% and 2.4%, respectively in the non-ALl cohort. Whereas the cumulative hazard of
mortality at 3-, 6-, 9-, 12-, 15-, and 18-months following recruitment was 1.9%, 2.8%, 4.7%, 5.7%, 6.6%
and 6.6%, respectively in the ALl cohort. The survival distribution of patients with ALl was significantly

different from patents without ALI (p=0.02) (Fig 1).
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2672  Figure 1. Kaplan—Meier estimates of cumulative incidence of mortality at different time points
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Diagnostic profiles of individuals with ALI

All four participants who progressed from ALI to VL were positive by three or more tests (Leishmania
antigen ELISA, gPCR, rk39 RDT, and/or rK39 ELISA) in combination (Fig 2). Two progressors were positive
by three tests in combination, the rk39 ELISA, gPCR, and the Leishmania antigen ELISA (Fig 2). The only
two individuals positive by all four tests developed VL within the follow-up period (Fig 2). Median
antigenuria at baseline was 1,932.0 UAU/ml in the four participants who progressed to VL, compared to
12.4 UAU/ml in the asymptomatic non-progressors (n=104). The mean (SD) percentage positivity by
rk39 ELISA at baseline was 65.4% (42.3) in the four participants who progressed to VL compared to
17.4% (17.5) in asymptomatic non-progressors (n=104). The overall risk of developing VL in ALI
diagnosed by rk39 ELISA, rk39 RDT, gqPCR, and Leishmania antigen ELISA was 3.7% (4/108), 40% (2/5),
57% (4/7) and 50% (4/8), respectively (Fig 2).
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2711  Figure 2. Four (3.7%) of the 108 participants found to have ALl (defined as a positive rk39 RDT, and/or
2712 rkK39 ELISA, and/or qPCR) developed VL over the 18-month follow-up period. Of the four individuals
2713  who progressed, two were positive by the rK39 ELISA, gPCR, and the Leishmania antigen ELISA in

2714 combination, and two were positive by rk39 RDT, rk39 ELISA, qPCR, and the Leishmania antigen ELISA in

2715 combination.
2716
2717

2718
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Days from recruitment to parasitological conformation of VL in the four patients with ALl was 6, 93, 110,
and 362 days, respectively. One of the four participants presenting with symptoms of VL at follow-up
and subsequently diagnosed with VL was treated prior study sample collection and another participant

was diagnosed and treated with VL elsewhere prior to a study follow-up visit (Table 2).

All asymptomatic individuals were positive by rK39 ELISA at baseline. Of the 95 participants positive by
rk39 ELISA at baseline with a matched sample at 18-months, 28 (29.5%) remained positive for anti-
Leishmania antibodies. Of the four asymptomatic participants positive by Leishmania antigen ELISA at
baseline with a matched sample at 18-months, three (75.0%) remained positive for the Leishmania
antigen ELISA, with a median antigenuria of 1543.0 UAU/ml and 1568.0 UAU/ml at baseline and 18
months, respectively. Of the three asymptomatic participants positive by gPCR at baseline with a
matched sample at 18-months, two (66.6%) remained positive by gPCR. Of the three asymptomatic
participants positive by rk39 RDT at baseline with a matched sample at 18-months, all three (100%)

remained positive for by rK39 RDT.

No asymptomatic participants negative by Leishmania antigen ELISA or qPCR at baseline and with a
matched sample at 18-months subsequently became positive by Leishmania antigen ELISA or gPCR. Five
asymptomatic participants who were negative by rk39 RDT at baseline subsequently became positive by
rk39 RDT at 18-months. Overall, 32 (34.0%) of the 94 asymptomatic participants with matched samples

at baseline and 18-months remained positive for at least one of the four markers.
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2738  Table 2. Diagnostic characteristics of participants progressing from ALI to VL over the 18-month follow-up period.

Participant Month of | qPCR Leishmania rk39 RDT rK39 ELISA | Splenic aspiration Days of illness Symptoms at
no. follow-up antigen ELISA grading at presentation | presentation
1 0 Positive Positive Positive Positive NA NA NA
3 Positive Positive Negative Positive 6+ 7 Fever, weight loss,
cough,
hepatosplenomegaly,
decreased appetite
2% 0 Positive Positive Positive Positive NA NA NA
3 NA NA Positive NA 5+ 28 Fever, weight loss,
cough,
hepatosplenomegaly
31 0 Positive Positive Positive Positive NA NA NA
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Participant Month of | qPCR Leishmania rk39 RDT rK39 ELISA | Splenic aspiration Days of illness Symptoms at
no. follow-up antigen ELISA grading at presentation | presentation
3 3 NA NA NA NA 5+ NA NA
4 0 Positive Positive Negative Positive NA NA NA
3 Positive Positive Negative Negative NA NA NA
6 Positive Positive Negative Negative NA NA NA
9 Positive Positive Negative Negative NA NA NA
12 NA NA Negative Negative NA 7 Fever and left facial

palsy

2739 * Patient treated before sampling.

2740  Vpatient diagnosed and treated elsewhere.
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Discussion

PLHIV in Leishmania endemic areas are estimated to be at 100-2,320 times greater risk of developing VL
and have poor outcomes (11). To our knowledge there are no data on rate and risk factors for
progression of ALl to VL in PLHIV in India. Data which improve the clinical management of patients with
VL-HIV coinfection on the Indian subcontinent (ISC) are needed to improve patient outcomes in a
population where early intervention could reduce treatment failure and mortality. A better
understanding of the scale of progression and markers to identify those most at risk of developing VL

would aid clinical decision making.

In this prospective cohort study, we followed up 1,306 PLHIV with and without ALI to monitor for
progression to VL over an 18-month period. We identified four individuals who presented with VL within
the follow-up period, all of whom had ALI at baseline. The low rate of disease progression would
indicate administration of prophylaxis would likely not be required to prevent development VL in most
individuals. High viral load was found to be a risk factor for ALl in Brazil (6). Conversely, HAART was
suggested to have a protective role in preventing progression of ALl in another study in Brazil (12). HIV
viral load is low in most participants and adherence to HAART is high in this patient population, including
the four participants who progressed from ALI to VL. Our aim was to assess risk factors for progression
to VL, however, the low number of progressors in this study limits the statistical analysis of risk factors

for progression.

Mortality was higher in individuals with ALI than the non-ALI cohort over the 18-month follow-up
period. Multivariate analysis indicated that there were more severe and complicated HIV infections in
the ALl cohort. The reciprocal acceleration of Leishmania and HIV infections is well documented (13,14).
A high percentage of asymptomatic participants still had markers of Leishmania infection at 18-months,
including parasitaemia detected by gPCR and antigenuria, suggesting persistent asymptomatic infection.
Of the 511 participants identified as having asymptomatic Leishmania-HIV infection at baseline in a
study in Ethiopia, there was estimated to be a reversion to negative markers of 40.1% over one year of
follow-up and an incidence of 36 asymptomatic infections (7). In this study, we are unable to calculate

the incidence of ALl as those testing negative at baseline were not followed up for further tests.

All individuals who progressed were positive by three or more tests (rK39 RDT, rk39 ELISA, gPCR, and/or
Leishmania antigen ELISA). In the study in Ethiopia, the asymptomatic participant who developed VL was

positive by all four of the diagnostic assays used (rK39 RDT, DAT, PCR and KAtex) at baseline, three
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months, six months, and at nine months where fever and hepatosplenomegaly were detected (7). This
individual was the only study participant that tested positive for all four tests used (7). DAT titer and
KAtex score remained stable at each follow-up visit, however PCR Ct value declined from 28.2 at
baseline to 17.2 at nine months indicating an increasing parasite load (7). In this study, asymptomatic
progressors had higher anti-Leishmania antibody titers than asymptomatic non-progressors, in keeping
with what was seen in studies in immunocompetent individuals (3,4). Similarly, we found high
antigenuria in asymptomatic progressors compared to non-progressors, with the Leishmania antigen

ELISA allowing quantification of antigenuria over the KAtex, it’s semi-quantitative predecessor.

All but one of the individuals that progressed developed VL by the three-month follow-up visit, the
remaining participant developed VL by nine-months. One participant who developed VL in a study of
511 participants in Ethiopia was asymptomatically infected at baseline and had developed VL between
the six- and nine-month follow-up visits (7). A study in immunocompetent participants in Bihar found
the median time to progression to VL was five months (4). Of the 79 asymptomatic individuals identified
in a study in West Bengal, seven (9.1%) remained sero-positive after three years and eight (10.4%)

progressed from asymptomatic to symptomatic disease, three doing so after 30 months of follow-up (5).

Here we address the need for data on ALl in PLHIV on the ISC and identify a population at risk of poor
disease outcomes regardless of progression to VL. Further work to calculate the incidence of ALl in
PLHIV in India would provide a more complete picture of ALI-HIV coinfection on the ISC. Furthermore, an
investigation of biomarkers for progression of ALl in PLHIV, such as ADA and IL-10 which have been
found to be high in individuals with ALI and remained elevated in those that progressed to VL, could add

to the spectrum of tools available to identify those most at risk of progression (15).
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2849  Table S1. Univariate analysis of risk factors for mortality in PLHIV.

Died Survived Total OR (95% Cl) p-value
(n=37) (n=1269) (n=1306)
Sex
Female 13 (35.1) 684 (53.9) 697 (53.4) Ref
Male 24 (64.9) 585 (46.1) 609 (46.6) 2.2(1.1,4.4) 0.026
Age group (in years)
18-29 4 (10.8) 171(13.5) 175(13.4) Ref 1
30-44 16 (43.2) 719(56.7) 735(56.3) 1(0.3,3.4) 0.892
45-59 12 (32.4)  321(25.3) 333(25.5) 1.6(0.5,5.8) 0.442
> 60 5(13.5) 58 (4.6) 63 (4.8) 3.7 (0.9, 15.8) 0.07
ART status
On ART 32 (86.5) 1243 (98) 1275 (97.6) Ref
Pre-ART 5 (13.5) 26 (2.1) 29 (2.4) 7.4 (2.4,19.8) 0.002
ATT status
Never on ATT 28(75.7)  1122(88.4) 1150(88.1) Ref
History of ATT 5 (13.5) 133 (10.5) 138(10.6) 1.5(0.5,3.8) 0.407
Currently on ATT 4 (10.8) 14 (1.1) 18 (1.4) 11.4 (2.6, 39.4) 0.002
BMI (kg/m?)
<16.5 7 (18.9) 120 (9.5) 127 (9.7) 2.6(1,6.2) 0.056
16.5-<18.5 11(29.7)  281(22.1) 292(22.4) 0.7(0.8,3.7) 0.178
18.5-<25 17 (45.9) 747 (58.9) 764 (58.5) Ref
225 2 (5.4) 121 (9.5) 123 (9.4) 0.7 (0.1,3.1) 0.993
CD4 count (cells/mm3)
> 300 16 (43.2) 971 (76.5) 987 (75.6) Ref
200 - 299 2(5.4) 178 (14) 180 (13.8) 0.7 (0.1, 2.6) 0.666
100 - 199 11(29.7)  93(7.3) 104 (8) 7.2 (3.1, 15.9) <0.0001
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5.2 Introduction

Following on from chapter 3 and chapter 4, | continue with the topic of Leishmania infection in PLHIV,
this time focussing on symptomatic VL with the aim of improving clinical care in this population. VL-HIV
coinfection presents a challenge to VL elimination efforts on the ISC. Coinfection was shown to be a
predictor of an increase in the incidence of VL at a village level in a study in Bihar, India, the site of the
study presented in this chapter [159]. In 2019, the prevalence of HIV was estimated to be 0.22% (0.17—
0.29%) in India, with the prevalence in Bihar falling just below the national average at 0.18% (0.11-
0.24%) [66]. Bihar had the second highest number of new HIV infections behind the state of

Maharashtra, with approximately 8,000 new infections in 2019 [66].

As mentioned in chapter 3, much of the data on VL-HIV coinfection comes from studies in East Africa,
Brazil, and the Mediterranean. Data on VL-HIV coinfection in India remains limited. In 2014, MSF
conducted a consecutive screening of 2,077 people over 13 years of age with presumptive VL infection
in Bihar, and found 5.6% of participants to be coinfected with HIV [86]. Currently, coinfection with VL is
not classed as a stage four AIDS-defining illness according to World Health Organization (WHO)
guidelines, unless a patient presents with disseminated disease. However, it has been recommended by
clinicians that VL be included in WHO guidelines due to the severity of disease in coinfected individuals

[3,165].

At the MSF treatment centre in Bihar, India, HIV patients presenting with symptoms of VL are screened
with an rk39 RDT in combination with a clinical history, as per the WHO definition of a VL case [86,131].
Due to the poor outcomes associated with VL in PLHIV as mentioned in chapter 3 [3,166], the potential
for atypical presentations of VL [167], and the increased risk of coexisting or differential diagnoses [14],
clinicians are required to be more rigorous before excluding a diagnosis of VL. Where the rk39 RDT is
negative, but VL is still strongly suspected or in incidences of VL relapse, patients are further screened by
parasitological confirmation of splenic biopsy [131]. Bone marrow aspiration is conducted where splenic
biopsy is contraindicated, however, sensitivity is shown to be lower [3,111]. A retrospective analysis of
the use of AmBisome and miltefosine combination therapy for coinfected patients, conducted by MSF in
Bihar, India, found that 61.8% (n=63) of participants were required to have a confirmatory splenic or
bone marrow aspiration [131]. These tissue biopsies are painful, invasive, and require highly trained
clinicians in a suitably equipped hospital environment [111]. Biopsies also require microscopy

technicians trained in the identification of LD bodies within a Giemsa or Leishman stained sample
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[151,168]. In instances where splenic aspiration is carried out in less than suitable conditions, a 1 in

1,000 risk of fatal haemorrhage was previously reported in India [111].

Where VL-HIV coinfection is diagnosed, patients are put on a course of treatment typically lasting
between 14 and 38 days on the ISC depending on the drug regimen used [3]. Treatment regimens for VL-
HIV where L. donovani is the aetiological agent have previously required a 38-day course of LAMB
(maximum total dose 40mg/kg) as per WHO recommendation. However, more recently a shorter 14-day
course combination therapy of LAMB (AmBisome) and miltefosine (Impavido) was used on a
compassionate basis by MSF in VL-HIV patients in India [3,131]. Of the 102 participants recruited to the
study, 15.7% (n=16) of participants died during follow-up and the risk of relapse was estimated to be
13.9% at 18 months [131]. Due to the relatively high rates of treatment failure and relapse in VL-HIV,
test of cure can be used to determine whether first-line treatment worked and to guide administration
of a second-line course of treatment where this cannot be determined clinically [162]. Detection of anti-
Leishmania antibodies by rk39 serology cannot be used as test of cure. Therefore, test of cure is
currently carried out by a second splenic or bone marrow biopsy [15,162]. Alternatives to tissue
aspiration are needed to reduce the number of invasive splenic and bone marrow biopsies carried out in

PLHIV.

Chapter five summary

Here, we present a protocol to evaluate non- and minimally invasive assays to tissue aspiration for the
diagnosis and test of cure for VLin 91 PLHIV attending the RMRIMS in Patna, India. The ethical approval
for this study was granted by LSTM, The Institute of Tropical Medicine in Antwerp, the University of
Antwerp, and the RMRIMS, Patna. This study was unable to go ahead due to a decision by the Health
Ministry's Screening Committee (Indian Council of Medical Research) which approves studies involving
collaboration or funding from international organisations. Tests to be evaluated included gPCR in blood
and skin microbiopsies, microscopy on peripheral blood buffy coat smear, and the Leishmania antigen
ELISA. Should the diagnostic accuracy of these assays be high enough they may provide a replacement
to invasive bone marrow and splenic aspirates for the diagnosis and test of cure for VL in PLHIV. We are

actively engaged to complete this protocol with collaborators at MSF and RMRIMS.
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Abstract

Introduction: HIV coinfection presents a challenge for diagnosis of visceral leishmaniasis (VL). Invasive
splenic or bone marrow aspiration with microscopic visualisation of Leishmania parasites remains the
gold standard for diagnosis of VL in HIV-coinfected patients. Furthermore, a test of cure by splenic or
bone marrow aspiration is required as patients with VL-HIV infection are at a high risk of treatment
failure. However, there remain financial, implementation and safety costs to these invasive techniques

which severely limit their use under field conditions.

Methods and analysis: We aim to evaluate blood and skin qPCR, peripheral blood buffy coat smear
microcopy and urine antigen ELISA as non- or minimally invasive alternatives for diagnosis and post
treatment test-of-cure for visceral leishmaniasis in HIV co-infected patients using a sample of 91

confirmed symptomatic VL-HIV patients.

Ethics and dissemination: Ethical approval for this study has been granted by The Liverpool School of
Tropical Medicine, The Institute of Tropical Medicine in Antwerp, the University of Antwerp, and the
Rajendra Memorial Research Institute of Medical Science in Patna. Any future publications will be

published in open access journals.

Trial registration number: REF/2019/01/023677
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Strengths and limitations of this study

e This study will evaluate non-invasive and minimally invasive alternatives to splenic or bone
marrow aspiration in HIV-infected patients for diagnosis of visceral leishmaniasis (VL) in India.

e If an acceptable alternative diagnostic(s) method is identified as a result of this study, a
reduction in the use of invasive sampling methods for diagnosis and test of cure of VL in HIV-
infected patients could be made.

e The study addresses both issues of initial diagnosis and test of cure.

e This study is limited to HIV-infected patients presenting at hospital who are likely to be
presenting with more advanced disease.

e The use of minimally invasive techniques do not have standardised approach methods.

Introduction

In the absence of treatment, visceral leishmaniasis (VL) caused in India by a parasitic infection of
Leishmania donovani (LD), also known as kala-azar, is usually fatal [1,2]. The state of Bihar in India
remains VL endemic; having failed to meet previous elimination targets, new targets were set for
sustained elimination in India by 2020 [3]. Infection with HIV leads to a loss of immune cells and a
susceptibility to comorbidities. VL is recognised as an opportunistic infection in HIV [4,5]. In 2017,
between 83,806 (0.12%) and 158,675 (0.23%) individuals were estimated to be infected with HIV in
Bihar [6]. Of 2,077 VL patients, aged 214 years, screened in Bihar between 2011 and 2013, 5.6% were
found to be HIV positive, while up to 20% of reported VL patients from highly endemic districts in Bihar
are coinfected with HIV [7,8]. HIV-VL-coinfected patients have much higher rates of treatment failure

and relapse than those without HIV [5].

Current diagnostics for VL are invasive or do not distinguish between past and current infections [9]. VL
in India is currently diagnosed by a combination of clinical presentation, rk39 rapid diagnostic test (RDT)
and parasitological confirmation of tissue aspirates in those presenting with relapse. Splenic aspirates
are the gold standard for diagnosis of VL, with a sensitivity of 93-98%. The procedure is invasive,
requires a significant skill set and carries a small risk of fatal hemorrhage (1 in 1,000). When splenic
aspiration is not possible (i.e., unpalpable spleen, low platelet, or haemoglobin (Hb)), bone marrow

aspirates (BMAs) have a reasonable sensitivity of between 50 and 78% [10]. Although invasive and
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painful, BMA does not carry the haemorrhage risk associated with splenic aspiration [11]. Additionally,

both require the capacity to conduct microscopic confirmation of LD bodies in macrophages [11].

Test of cure (ToC) is a practice whereby following completion of treatment, a repeat comparative
diagnostic test is conducted to ensure effectiveness of treatment. It is necessary in VL-HIV due to the
relatively high incidence of treatment failure in this cohort of patients, and the high mortality risk
associated with incomplete or ineffective treatment of VL-HIV. ToC for VL in HIV-infected patients is
currently carried out by parasitological confirmation at day 29 in splenic aspirates where possible, or
BMAs when splenic aspiration is not possible and remain the only established way to determine
treatment success. Tests which detect antibodies cannot be used due to the persistent circulation of

anti-Leishmania antibodies following infection, whether or not the patient has symptoms of disease.

Diagnostics such as the rk39 enzyme-linked immunosorbent assay (ELISA) and the rkK39 RDT detect
presence of anti-Leishmania antibodies to rK39 Leishmania antigen. rK39 is a routinely used diagnostic
method; however, data on the sensitivity of the rK39 RDT in HIV-coinfected individuals in India do not
exist. Kalon Biological (Guilford, UK) has developed an ELISA which detects Leishmania antigen excreted
in urine, enabling noninvasive detection of current infection [9]. Case-control evaluation of the urine
antigen ELISA carried out by Kalon Biological found a sensitivity of 95.2% (n=105, Bangladesh) and 100%
(n=18, Kenya). 48/48 and 17/17 healthy negative control samples from Bangladesh and Kenya,
respectively, were found to be negative (Kalon Biological). Leishmania antigen excreted in the urine was
previously demonstrated to be effective for measurement of treatment effect in non-HIV-infected
patients with VL in Ethiopia and may provide a noninvasive alternative to tissue aspiration for both

diagnosis and ToC [9].

gPCR is a highly sensitive technique to detect current infection, allowing parasite DNA present in blood
or other tissue to be detected and quantified. In this study, we will use the qPCR assay targeting
Leishmania kinetoplast DNA as previously described by Adams et al. [12]. Animal studies have also
shown that the skin harvests parasites long after the infectious sand fly bite took place [13,14] and the
same is assumed to be the case in humans. Direct comparisons between blood parasite load and skin
parasite load in humans, however, are scarce, since skin biopsies are painful and not suitable for large
clinical studies. Recently, however, a novel device was developed to take virtually painless microbiopsies
from the skin. Finally, the use of peripheral blood buffy coat smear microscopy has been shown to be of

value in immunocompetent patients with VL in Bangladesh, where 92% were found to be positive for LD
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bodies in buffy coat smear microscopy, against splenic aspiration as the gold standard [5]. We can

therefore consider a priori that in VL-HIV-coinfected patients, this may be similar if not higher.

The diagnostic potential of the urine antigen ELISA, peripheral blood and skin gPCR, and peripheral
blood buffy coat smear microscopy for diagnosis of VL in HIV-infected patients in India is yet to be
established, therefore we aim to evaluate the sensitivity and specificity of these tests in this population.
Additionally, we aim to evaluate the urine antigen ELISA, qPCR and peripheral blood buffy coat smear
microscopy as a diagnostic tool for active VL infection and ToC for patients coinfected with HIV on the
Indian subcontinent (ISC) to potentially eliminate the need for repeated and invasive splenic and bone

marrow aspirations.
Study objective(s)
Primary objective(s):

e To evaluate the sensitivity and specificity of the urine antigen ELISA, gPCR (blood and skin
microbiopsies) and peripheral blood buffy coat smear microscopy, singularly or in combination,
as a diagnostic and ToC at day 29 for symptomatic VL in HIV-positive patients compared with the

gold standard parasitological visualisation by splenic aspirate at days 0 and 29, respectively.
Secondary objective(s):

e To evaluate the sensitivity and specificity of the urine antigen ELISA, gPCR (blood and skin
microbiopsies) and peripheral blood buffy coat smear microscopy, singularly or in combination,
as a ToC at day 15 for symptomatic VL in HIV-positive patients compared with the gold standard
of parasitological confirmation of splenic aspirate at day 29.

e To conduct a pilot study to evaluate the sensitivity and specificity of the urine antigen ELISA,
gPCR (blood and skin microbiopsies) and peripheral blood buffy coat smear microscopy,
singularly or in combination, as a diagnostic and ToC at day 29 for symptomatic VL in HIV-
positive patients compared to BMA in a subset of patients contraindicated for splenic aspiration
at days 0 and 29, respectively.

e To investigate the kinetics of LD infection during treatment (days 0, 3, 8, 15 and 29) using urine
antigen ELISA, gPCR (blood and skin microbiopsies) and peripheral blood buffy coat smear

microscopy.
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Methods and Analysis

Participants of the study will be patients admitted at the Rajendra Memorial Research Institute of
Medical Sciences (RMRIMS), Patna, India. Blood, urine and skin microbiopsy samples will be collected
from HIV-positive patients with suspected VL (meeting the WHO definition of an rk39 RDT-positive test
with clinical case definition [15]) at baseline who have undergone parasitological confirmation of VL
(splenic aspiration or bone marrow aspiration where splenic aspiration is contraindicated) as per the

standard of care (Figure 1).

Approximately 15% of patients are contraindicated for splenic aspiration and require bone marrow
aspiration for diagnosis. These patients form a subset of patients with atypical presentation or more
severe disease who would benefit from less invasive and highly sensitive diagnostics. Patients who are
confirmed positive by splenic aspiration will be recruited to the main cohort of the study. Patients who
are confirmed positive by bone marrow aspiration will be recruited to the pilot component. All

parasitologically confirmed patients will undergo treatment for VL as per the standard of care (Figure 1).

Furthermore, blood, urine and skin microbiopsy samples will be collected during treatment and at the
end of treatment. Patients who are negative by splenic or bone marrow aspiration will not receive
treatment as per the standard of care and will not undergo further sampling. gPCR will be conducted on
blood and skin samples, buffy coat smear microscopy on blood samples and urine antigen ELISA on urine
samples. Measurements of CD4 counts, full blood counts and screening of tuberculosis (TB) (GeneXpert

and chest X-ray) will be conducted as standard for these patients.
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Entry point (day 0): rk39 RDT positive + clinical symptoms
(WHO definition of suspected VL), HIV positive

v

Reference test (day 0): Spleen or bone marrow biopsy as per standard of care,
patients contraindicated for spleen will undergo bone marrow biopsy and will
be enrolled in a bone marrow pilot study.

v v v v
*Bone marrow positive | |Sp|een positive | |Sp|een negative | *Bone marrow negative * Pilot study
v v v v
Recruited to diagnostic Recruited to diagnostic
section and follow-up section of the study. Excluded
section of study. from follow up section of
study.
Day 0: Blood, urine, and skin samples taken
4 for urine antigen ELISA, qPCR (blood, and skin
v hd microbiopsy) and peripheral blood buffy coat
Study sampling schedule begins at day 0 before treatment smear microscopy.
commences.
l |
*Treatment begins as per No treatment for VL, patients
standard of care. Sampling remain under care where
continues as per the schedule needed as per standard of
of sampling. care. No further sampling past
day 0.

v

Treatment ends on day 14.

v
Sampling at day 15 as per the
schedule of sampling.

|

Test of cure at day 29 as per
standard practise.

Figure 1. Study workflow.
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Main entry criteria

Inclusion criteria:

WHO definition of a suspected case of VL: rK39 RDT-positive and clinical symptoms.

Has undergone parasitological confirmation (splenic or bone marrow aspiration) as per the
standard of care.

Diagnosis of HIV as per National AIDS control organization guidelines.

Patients found positive by parasitological confirmation (splenic aspiration or bone marrow
aspiration) in the diagnostic section will be continued to follow-up.

18 years of age or above.

Given written consent.

Exclusion criteria:

Medical emergency or any other severe chronic medical condition which makes participation in
the study medically inadvisable.
Participant refusal.

Splenic and bone marrow aspiration contraindicated.

Sample size

The primary objective is to determine the diagnostic accuracy of the urine antigen ELISA, qPCR (blood

and skin microbiopsy samples) and peripheral blood buffy coat smear microscopy for diagnosis of VL in

HIV-positive patients compared to the reference standard (clinical examination and parasitological

confirmation). Splenic aspirates are the current gold standard for diagnosis of VL and have a sensitivity

of between 93 and 98%. Case-control evaluation of the urine antigen ELISA carried out by Kalon

Biological found a sensitivity of 95.2% in a cohort of 105 patients in Bangladesh. We expect the

sensitivity of the urine ELISA, gPCR and buffy coat smear microscopy singularly or in combination to be

95% sensitive. Therefore, we calculated sample size based on an expected proportion of positive

patients using a sensitivity of 95%. The same number of patients will be used to determine the

diagnostic accuracy of the urine antigen ELISA, qPCR (blood and skin microbiopsy samples) and

peripheral blood buffy coat smear microscopy as a ToC for VL in HIV-positive patients compared to the

reference standards (clinical examination and parasitological confirmation tests).

Sample size to estimate a proportion:
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Precision = 5%
95% confidence (z statistic = 1.96)

Z2P(1—P)
"TTar

3.84 x (0.0475)
n=

0.0025
0.1824
n=
0.0025
n=73

An additional four patients (5%) were added to the sample size to account for patients who may default.
n=77

Of the total patients recruited to the study, approximately 15% are expected to be contraindicated for
splenic aspiration and will undergo bone marrow aspiration as per standard practice. To meet the
required precision for the analysis of the main cohort, an additional 15 patients contraindicated for

spleen will be recruited to a pilot study.
n=91
Selection of patients

Patients to be recruited will be patients screened at the RMRIMS, Patna, India. Consecutive patients
with a suspected diagnosis of HIV-VL as per the inclusion criteria will be invited to participate. All
laboratory tests are to be conducted at the RMRIMS, Patna, India or an appropriate quality-assured
laboratory. Informed consent will be taken by study staff who have passed the National Institutes of

Health (NIH) Protecting Human Research Participants Ethics course (https://phrp.nihtraining.com) or

equivalent. A screening and recruitment log will be maintained.

Schedule of events

Suspects will be screened with an rk39 RDT and a clinical examination as per standard practice (WHO
definition of a suspected VL case). Clinical assessment includes temperature (axillary), spleen size (left
costal margin on the anterior axillary line to the tip of the spleen medially), liver size (the mid-clavicular

line for its total span), body weight and height. At this point, consent will be taken. Patients who are
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RDT-positive are confirmed through routine parasitological confirmation by splenic aspiration, and
where splenic aspiration is not contraindicated. Patients are excluded from splenic aspiration based on
an unpalpable spleen, platelet count <40x10°/L or Hb <50g/L, or with significantly prolonged
prothrombin time (PT). Patients contraindicated for splenic aspiration will undergo a bone marrow
aspiration as per standard practice and will be recruited to the pilot study. Patients will participate in the
diagnostic section only, or the diagnostic section and the follow-up section, depending on the result of

the splenic or bone marrow aspiration.

Study clinical information will be obtained by a study nurse or doctor on enrolment case record forms

(CRFs):

e Sociodemographic information (e.g., sex).

e HIV-related information (e.g., diagnosis, WHO staging and opportunistic infections).

e Antiretroviral therapy (ART)-related information (e.g., CD4 counts, ART regimen, opportunistic
infection (Ol) treatment and ART adherence).

e VL/post-kala-azar dermal leishmaniasis (PKDL)-related information (e.g., VL/PKDL history and
VL/PKDL symptoms).

e Past and current medical conditions (e.g., malaria, chronic comorbidities and concomitant
medication).

e VL-focused examination (e.g., vital signs, VL signs and symptoms).

The schedule of sampling is detailed in table 1. The schedule of tests is detailed in table 2. Patients with
confirmed VL-HIV will be given a course of combination treatment for VL and initiated on ART, where
not already on ART, as per standard practice. Further sampling will then be conducted as per the
schedule detailed in table 1, day 0 being day of diagnosis prior to treatment starting. The standard

course of treatment for VL in HIV ends on day 14.

A blood sample will be taken for CD4 count, full blood count, gPCR and peripheral blood buffy coat
smear microscopy as per the schedule of events (tables 1 and 2). Patients on the ward undergo routine
sampling for tests, where possible sampling will be matched with routine sampling to avoid repeated
venepuncture. A urine sample will be taken for urine antigen ELISA. The skin microbiopsy device takes
minimally invasive and virtually painless skin samples, and samples will be taken from the nape of the

neck as well as on the lower arm for gPCR.
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To measure parasitic load by skin gPCR, DNA will be isolated from the microbiopsy device and
kinetoplast DNA will be looked for. This will provide a semiquantitative result in relation to a standard

curve of known concentration of cultured parasites.

Formal ToC will be carried out by parasitological confirmation and clinical examination at day 29 as per

standard practise. Information regarding treatment failure will be noted.
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3246  Table 1. Schedule of sampling.

Day 0 3 8 15 29
Urine X X X X X
Blood* X X X X X
Skin Microbiopsy X X X X X
Spleen? X X*
Bone marrow™? X X

3247 1Routine samples, all other samples will be matched to routine samples where possible.

3248 *In the unlikely event a splenic aspiration is contraindicated on day 29, bone marrow aspirate test of

3249  cure will be conducted as per standard practice.

3250 2In patients who are contraindicated for splenic aspiration, a bone marrow aspirate will be taken for

3251  diagnosis and test of cure as per standard practice. These patients will be recruited to a pilot study.
3252
3253
3254
3255
3256
3257
3258
3259
3260
3261

3262
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3263 Table 2. Schedule of tests.

Day 0 3 |8 15 (29
Clinical examination Xt X (Xt
RK39 RDT (blood)? X

Full blood count! X X
CD4 count (blood)* X X
GeneXpert for TB? X

Chest X-ray for TB! X

Urine antigen ELISA X X X X |X
gPCR on blood and skin microbiopsies X X X X |X
Peripheral blood buffy coat smear X X X |X |X
Spleen parasitological confirmation? X X*
Bone marrow parasitological confirmation®? X X

3264  'Routine tests.

3265  2In patients who are contraindicated for splenic aspiration, a bone marrow aspirate will be taken for

3266 diagnosis and test of cure as per standard practice. These patients will be recruited to a pilot study.

3267 *In the unlikely event a splenic aspiration is contraindicated on day 29, bone marrow aspirate test of

3268  cure will be conducted as per standard practice.
3269
3270
3271
3272

3273
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Laboratory testing and sample storage
Testing procedures

All samples will be stored at -80°C until the study ends. This will allow samples to be tested in batch to
reduce costs. Testing in batch will also allow blinding of laboratory staff to results of previous time

points.

Data analysis and statistical methods

91 consecutive patients meeting the inclusion criteria will be screened for LD infection by gPCR (blood
and skin), peripheral blood buffy coat smear microcopy, and urine antigen ELISA at baseline and at times

previously shown in the schedule of sampling (table 1) and schedule of tests (table 2).
Baseline:

Results of the gPCR, peripheral blood buffy coat smear microcopy, and urine antigen ELISA at baseline

will be compared to the gold standard diagnosis (parasitological confirmation).

Sensitivity and specificity with 95% confidence intervals will be calculated as follows:

Sensitivity = @10 x 100
D
Specificity = m x 100

Where the above values are shown in table 3.
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Table 3. Contingency table to calculate sensitivity and specificity.

Disease No Disease
Positive result A. True positive B. False positive Test positive
Negative result C. False negative D. True negative Test negative
Total disease Total no disease Total

A Kappa coefficient will be used to determine the level of agreement between the evaluation tests and

the gold standard.

The continuous variables of the baseline and demographic characteristics will be summarised using
number of patients (n), mean, SD, median, minimum, maximum and confidence intervals. The

categorical variable gender will be summarized using number of patients (n) and percentage (%).
Test of cure:

Patients who test positive for the gold standard at baseline will continue to be screened for infection by
gPCR (blood and skin), peripheral blood buffy coat smear microcopy, and urine antigen ELISA at times

previously shown in the schedule of sampling (table 1) and schedule of tests (table 2).

Results of the gPCR (blood and skin), peripheral blood buffy coat smear microcopy and urine antigen
ELISA at days 15 and 29 will be compared to the gold standard ToC (parasitological confirmation) at day

29. Sensitivity and specificity with 95% confidence intervals will be calculated as above.

The continuous variables will be summarised using number of patients (n), mean, SD, median, minimum,

maximum and confidence intervals.
Risk/benefit assessment

Potential risks related to this study are minimal. Invasive procedures such as splenic aspirate and BMA
will only be done as per routine clinical workup; no additional aspirates will be done for the purpose of
this study. Urine sampling does not pose any physical risks. Risks during blood or skin sampling are
minimal when adhering to standard hygienic rules and include vasovagal reaction, bleeding or infection.

Risk of breach in confidentiality will be minimised by using unique personal codes on the case report
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forms, with the subject’s enrolment list linking unique personal codes to the names of the participants in

a locked and secured office.

The potential benefit of this study mainly lies in the possibility to identify a diagnostic tool and/or ToC
that makes the current invasive splenic or BMAs no longer necessary in the workup of HIV-VL
coinfection. This would limit the risks associated to these tests (fatal hemorrhage in case of splenic
aspirates of 1/1,000 and painful procedure in the case of BMA) and significantly increase the comfort of
these patients during their treatment process. Additionally, due to the complexities of these invasive
tests, they are only available in specialist centres. If a ToC at day 15 is equally accurate as the current
(parasitological) ToC at day 29, this would decrease the duration of hospitalisation by half for many
patients and eliminate the need to return to the hospital after being released for others, improving

access to care for this vulnerable group of patients.
Discussion

Considering the discomfort, iatrogenic risk and level of technical skill involved in parasitological
confirmation, development of tests which can diagnose current infection and determine ToC that are
safer, better tolerated and less technically demanding are required. HIV-infected patients diagnosed
with VL in India have recently been shown to have better treatment outcomes with a combination
therapy of liposomal amphotericin B and miltefosine over 14 days (CTRI/2015/05/005807) [10]. The
choice of day 29 for ToC is based on older treatment regimens which were traditionally a month long. As
such, evidence for the diagnostic accuracy of a ToC at the end of a shorter treatment (e.g., day 15 in this
case) may allow patients to be discharged without the need to return on day 29 for ToC; however, it is
also possible that the extended time to the day 29 ToC is required to counter ‘slow response’ in the

viscera to treatment.

The sensitivity of the rK39 RDT is well established in immunocompetent patients with sensitivities
identified by systematic review of approximately 97% on the ISC and 85% in east Africa [15,16].The rk39
RDT was found to have a sensitivity of 77% in HIV co-infected individuals compared to 87% in HIV-
negative patients with VL in Ethiopia [17]. As these antibodies remain present even after successful
treatment, they cannot be used either as a diagnostic tool in suspected relapse nor as a ToC following
treatment and therefore need to be used in combination with a clinical history or parasitological proof

to distinguish between past or current infection [11].
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gPCR is considered a proxy for parasite load in an individual but is currently restricted to use for
research purposes. The potential for gPCR on blood for use in monitoring of treatment effect has been
demonstrated in a cohort in Bangladesh [18]. However, measuring parasite load using gPCR on blood
samples might not be the best proxy for measuring parasite load in an individual. A first study in Ethiopia
suggested that gPCR in skin was more sensitive in detecting parasite DNA than qPCR in blood. However,

more data are needed to validate this skin microbiopsy device [19].

Once complete, the results of this study have the potential to inform alternative minimally invasive and
noninvasive tools for diagnosis and ToC in VL patients coinfected with HIV. This would allow clinicians to
move away from tissue aspirations, methods which carry a risk of discomfort to the patient and a risk of
fatal haemorrhage in the case of splenic aspiration. These interventions may also allow diagnosis within

less specialised healthcare facilities.
Ethics and dissemination

This study has been approved by the ethics boards of The Liverpool School of Tropical Medicine, The
Institute of Tropical Medicine in Antwerp, the University of Antwerp, and the RMRIMS in Patna. The
results of the study of this study will be published in an open source, peer-reviewed journal. Results will
also be presented to policy makers at national and international level. In particular, the WHO Guidelines
Review Committee (GRC) who are due to provide global updated management guidelines for VL-HIV
coinfection in 2021. Reporting of results will follow Standards for Reporting of Diagnostic Accuracy

Studies (STARD) guidelines. Data will be made available on request.

Patient and public involvement

There was no patient or public involvement in the development of research questions and the study

design.
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6.2 Abstract

Background: An antigen test in rapid lateral flow assay (LFA) format is yet to be successfully developed
for Leishmania, yet there have been several successful developments of antigen assays in enzyme-linked
immunosorbent assay (ELISA) format. This may be due to a lack of sensitive antibody pairings and a low
antigen load in VL patients, where ELISA tends to have a higher sensitivity to a comparative LFA. Here |
evaluate thirteen monoclonal antibodies (mAb) targeting the Leishmania donovani complex from the
Foundation for Innovative New Diagnostics’ (FIND) archives for their suitability in an LFA. | then go on to
evaluate the kala-azar antigen detection test (DetectoGen Inc., USA) on which there is no published
performance data on the Indian subcontinent.

Methods: Thirteen mAb candidates were screened by dot blot, western blot, and ELISA against a
commercial direct agglutination test (DAT) antigen (50,000,000 promastigotes/ml) (AMC Medical
Research BV, Amsterdam, Netherlands), pooled Leishmania antigen positive urine from individuals with
VL, Leishmania antigen negative urine from an individual with no history of VL, and matched sera from
the FIND biobank. The kala-azar antigen detection test (DetectoGen Inc., USA) was run as per
manufacturer’s instructions on urine samples from the FIND biobank and manufacturer provided
standards.

Results: Weak binding was seen in all thirteen mAbs with the strongest signal seen in mAbs one, five,
and twelve. High cross-reactivity against negative controls was seen with mAb one. MAb five showed
the strongest signal with low background against positive sera. MAb twelve showed signal against
positive urine, positive serum, and DAT, but with high background. Proteins ranging from approximately
30- 250 kDa were identified by all thirteen mAbs in pooled Leishmania antigen positive urine. Optimal
running conditions for the kala-azar antigen detection test (DetectoGen Inc., USA) were identified but
could not be replicated in positive clinical urine samples.

Conclusion(s): No mAbs were identified as suitable candidates for a LFA using the discussed techniques.
The kala-azar antigen detection test (DetectoGen Inc., USA) is a promising ELISA for the detection of
Leishmania antigen, however further work is needed to improve assay robustness and sensitivity in non-

manufacturer laboratories.
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6.3 Introduction

Following on from previous chapters, in this chapter | continue with the subject of antigen tests for
Leishmania, suitable for use in asymptomatic populations and PLHIV in an elimination setting. In chapter
2 | presented data on the potential use of antigen tests in the screening of contacts of VL and PKDL cases

for ALl in Bangladesh. In chapter 3 and chapter 4 | presented data on the use of antigen tests in the

screening of PLHIV for ALl in India. In chapter 5, | presented a protocol to evaluate antigen tests in VL-
HIV coinfection. In this chapter (6), | focus on the early stages of development of an antigen test in
collaboration with FIND, including the evaluation of antigen ELISA tests for Leishmania infection not

evaluated elsewhere.

Existing antigen detection assays, generally detect Leishmania carbohydrates or protein excreted in
urine [112,120]. The kinetics of renal damage following L. donovani infection were studied in hamster
models [169]. Golden hamsters infected with L. donovani amastigotes (n=42) showed changes in the
glomerular of the kidneys followed by a progressive deposition of the protein amyloid, when compared
to uninfected hamsters (n=28) [169]. L. donovani antigen and |g deposited in the renal mesangium was
correlated with glomerulonephritis [169]. L. donovani infection causes an increase in Ig concentration in
the urine, from day 14 post infection, which declines between days 42-49 post infection, and in serum

peaking between days 21-28 post infection [169].

A further study of Ig eluted from the kidneys of hamsters detected the presence of L. donovani 1gG1,
IgG2, IgA, and IgM [170]. A 134kDa protein, recognised by rabbit anti-L. donovani promastigote and
rabbit anti-L. donovani amastigote antisera, was found to be eluted from the kidneys of hamsters
infected with L. donovani compared to kidney eluate from normal hamsters [170]. It was postulated that
this 134KDa protein was L. donovani acid phosphatase [170]. These studies of renal damage as a result
of L. donovani infection in hamster models and the studies presented in section 1.10.4 led to the
development of the kala-azar antigen detection test (DetectoGen Inc., USA) (section 1.10.4). There are
no published data on the performance of the kala-azar antigen detection test (DetectoGen Inc., USA) on

the ISC.

The KAtex (Clin-Tech, UK), Leishmania antigen ELISA (Clin-Tech, UK), Leishmania antigen detect™ (InBios
International Inc., USA), and Kala-azar antigen immunochromatographic test (ICT) (Xinjier Biotechnology

Co., Ltd, China) introduced in sections 1.10.1, 1.10.2, 1.10.3, and 1.10.5 respectively, represent all the

other antigen tests developed for VL at the time of writing. Both the Leishmania antigen ELISA (Clin-
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Tech, UK) and the Leishmania antigen detect™ (InBios International Inc., USA) assays have shown

promising diagnostic accuracy, but are yet to be adapted into LFAs.

Chapter six summary

Here, | evaluate a panel of thirteen mAbs provided by FIND, raised against L. donovani complex. In this
chapter | focus on screening of candidate mAbs in ELISA format with the aim of identifying candidates
suitable for LFA. | then go onto evaluate the kala-azar antigen detection test (DetectoGen Inc., USA),

facilitated by FIND’s sample biobank.
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6.4 Materials and Methods

L. donovani culture

L. donovani strains S-719 from Kenya (IMRT/KE/62/LRC-L57) and DD8 from India (MHOM/IN/80/DD8)
were received from the Instituto de Salud Carlos Ill, Madrid, Spain. Cultures were shipped to Liverpool
from Madrid in Novy-MacNeal-Nicolle medium and incubated immediately upon arrival. Parasites were

cultured as described by Meredith et al. (1995) [100].
Preparation of Leishmania antigen as per the DAT

Leishmania antigen was prepared up to the point at which promastigotes were stained [100,171].
Briefly, promastigote culture was harvested and washed in Locke solution containing 0.9% NaCl, 0.25%
glucose, 0.04% KCl, 0.02% CaCl,, and 0.02% NaHCOs. Parasites were subsequently incubated in Locke
solution with 0.4% trypsin for 45 minutes at 37°C. Parasites were then fixed in Locke solution containing
1% (wt/vol) formaldehyde for 20 hours at 4°C. Parasites were then washed in saline-citrate solution

containing 0.9% NaCl and 1% (wt/vol) sodium citrate.
Protein Assay

The Pierce™ Coomassie (Bradford) Protein Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA) as

used as per manufacturer’s instructions.
Concentration of Leishmania antigen preparation

Leishmania antigen preparation was concentrated by centrifuging parasite preparation through a 3kDa

filter at 4,000 RPM for 20 minutes.
FIND mAbs

Thirteen mouse mAbs against the L. donovani complex were received from FIND, as described in Table 1.
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3564  Table 1. FIND’s mAbs against Leishmania donovani complex.

mAb number Ig Subclass | Immunising Leishmania Strain Further information
1 IgG1, L. chagasi. Strain: ATCC deposit. Promastigotes
Kappa MHOM/BR/00/Edmael and amastigotes.
2 IgG1, L. infantum. Strain:
Kappa MHOM/ET/67/HV3
3 lgG1 L. chagasi. Strain:
MHOM/BR/00/Edmael
4 IgG1 L. donovani promastigotes. Strains:

WR352, LV9, WR168c

5 IgG2b, L. donovani promastigotes. Strains:
Kappa WR352, LV9, WR168c
6 lgG1 L. infantum. Strain: ECACC deposit. Recognises
MHOM/ET/67/HV3 GP63.
7 IgG1 L. donovani promastigotes. Strains:

WR352, LV9, WR168c

8 IgG1 L. donovani promastigotes. Strains:

WR352, LV9, WR168c

9 IgG1 L. donovani promastigotes. Strains:

WR352, LV9, WR168c

10 lgG1l L. chagasi. Strain:
MHOM/BR/00/Edmael
11 IgG1 L. donovani promastigotes. Strains:

WR352, LV9, WR168c

12 lgG1 L. chagasi. Strain:
MHOMY/BR/00/Edmael
13 IgG1 L. donovani promastigotes. Strains:

WR352, LV9, WR168c

3565
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Ethics statement

Ethical approval for the use of biobank samples was given by the Ethical Review Committee (ERC) of the
icddr,b (PR-14093). Written informed consent was given by all adult participants. Informed consent was
provided by the participant’s parent or guardian for participants under 18 years of age. All participants
consented for biobanking anonymized samples for the development and evaluation of diagnostic tests

for Leishmania. Samples were transferred to LSTM under MTAs [172,173].
Biobanking of samples

Sample collection for the biobank is described in chapter 2 and appendix 1. Briefly, serum, peripheral

blood, dry blood spots, and urine samples were collected from September 2016 until March 2018 from
people with clinically confirmed VL (n=80) and clinically healthy household and neighbouring contacts of
people with VL or PKDL (n=720). All participants resided in endemic districts in Bangladesh. Healthy

participants had no symptoms or history of VL and PKDL.
Dot blots

Antigen preparation or sample (5, 10, or 15pl) was applied to Amersham™ Protran™ 0.45um
nitrocellulose blotting membrane (GE Healthcare Life Sciences, Amersham, UK) and allowed to dry for
10 minutes at room temperature. Membranes were blocked for 1 hour at room temperature in blocking
buffer made up of 5% skimmed milk PBS-Tween (0.1%). MAbs diluted 1 to 2,000 or 1 to 1,000 in blocking
buffer were applied to the membranes and incubated at room temperature for 1 hour. Following
addition of mAbs, membranes were washed in PBS-Tween (0.1%), twice for 20 seconds and 3 times for 5
minutes. Secondary antibodies, rat anti-mouse 1gG2b conjugated to alkaline phosphatase (Southern
Biotech, Birmingham, AL, USA) and rat anti-mouse IgG1 conjugated to alkaline phosphatase (Southern
Biotech, USA), or rat anti-mouse kappa light chain conjugated to alkaline phosphatase (Southern
Biotech, USA) were diluted in 2.5% skimmed milk PBS-Tween (0.1%) and incubated on the membranes
for 1 hour at room temperature. Following addition of secondary antibodies, membranes were washed
in PBS-Tween (0.1%) as before. SigmaFAST™ BCIP®/NBT alkaline phosphatase substrate (Merck,
Kenilworth, NJ, USA) was added to the membranes and allowed to develop for 24 hours or until dots

were clearly visible. Membranes were rinsed in distilled water to stop the reaction.
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Indirect ELISA

The antigen preparation or sample were diluted in bicarbonate coating buffer. Invitrogen™ Nunc
Maxisorp™ flat-bottom 96-well ELISA plates (Thermo Fisher Scientific, USA) were coated with 100l per
well of diluted antigen and incubated overnight at 4°C. Plates were washed three times in PBS-Tween
(0.05%), blocked in 5% skimmed milk PBS-Tween (0.1%) for two hours at room temperature, and then
washed three times in PBS-Tween (0.05%). MAbs were diluted in 1% skimmed milk PBS-Tween (0.1%)
and incubated for two hours at 37°C. Plates were washed four times in PBS-Tween (0.05%), and then
incubated with rat anti-mouse kappa conjugated to alkaline phosphatase (Southern Biotech, USA) for
two hours at 37°C. Plates were washed four times in PBS-Tween (0.05%), and then incubated with
SigmaFAST™ p-Nitrophenyl phosphate (Merck, USA) in the dark at room temperature. OD was read

within 30 minutes at 405nm.
Western blots

The sample or antigen preparation (15ul) were mixed with 3ul Laemmli SDS sample buffer (6x) (Alfa
Aesar, MA, USA), heated at 95°C for ten minutes, and loaded onto a 12% Mini-PROTEAN® TGX™ precast
gel (Bio-Rad laboratories, Hercules, CA, USA). This preparation was then fractionated using SDS-PAGE for
40 minutes at 200v and transferred onto a Trans-Blot Turbo Mini 0.2um nitrocellulose membrane (Bio-
Rad laboratories, USA) using the Trans-Blot Turbo system (Bio-Rad laboratories, USA). The membranes
were then blocked in 5% skimmed milk PBS-Tween (0.1%) for one hour at room temperature. Blots were
rinsed once in PBS-Tween (0.1%). MAbs diluted 1:50 in 1% skimmed milk PBS-Tween (0.1%) were
applied to the blots and incubated for one hour at room temperature. Blots were then washed in PBS-
Tween (0.1%) twice for 20 seconds followed by three times for five minutes. Rat anti-mouse kappa
conjugated to alkaline phosphatase (Southern Biotech, USA) diluted 1:1,000 in 1% skimmed milk PBS-
Tween (0.1%) was incubated on the blots for one hour at room temperature and washed as before.
SigmaFAST™ BCIP®/NBT alkaline phosphatase substrate (Merck, USA) was added overnight. Blots were

rinsed in distilled water to stop the reaction and allowed to dry.
Conjugation of mAbs

MADbs were conjugated to a LINKBRIGHT™ using the Conjugated Polymer Nanoparticles (CPN) - Amine
IgG Antibody Conjugation Kit (Stream Bio Ltd., Nether Alderley, UK) according to manufacturer’s
instructions. Briefly, mAbs were purified to remove ammonium ions, primary amines, or sodium azide

preservatives from the buffer. For 10ul of each mAb (1mg/ml), 8ul of IgG Antibody Purification Reagent
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was added and incubated for five minutes at room temperature. Antibodies were then centrifuged at
13,000xg for five minutes and supernatant was discarded. Antibodies were resuspended in 10l of
Solution R. Ten microlitres of antibody was added 150pul of LINKBRIGHT CPN™-Amine and incubated at
room temperature for 30 minutes. Solution SG (6ul) was added and incubated for five minutes at room
temperature. A further 6l of Solution Z (protein stabiliser) was added. CPN™ 610 (Orange) was excited

at 480nm and emitted at 610nm.
Sandwich ELISA

MAbs (1Img/ml) (capture and detection) were diluted in PBS at 0.5, 1, 2, and 5ug/ml and 100pl of
capture antibody at each concentration was added to an Invitrogen™ Nunc Maxisorp™ flat-bottom 96-
well ELISA plate (Thermo Fisher Scientific, USA). Plates were incubated overnight at 4°C, aspirated, and
then 200ul of blocking buffer (1% skimmed milk PBS-Tween (0.1%)) was added to each well and
incubated for one hour at room temperature. Sera were diluted 1:50 and 1:100 in 1% skimmed milk
PBS-Tween (0.1%) and 100ul of diluted sera and 1% skimmed milk PBS-Tween (0.1%) negative control
was added to each well and incubated at room temperature for two and a half hours. Plates were
washed three times with wash buffer (PBS-Tween (0.1%)). LINKBRIGHT CPN™ conjugated detection
antibodies were serially diluted 1:200, 1:1,000, 1:5,000, and 1:25,000 in 1% skimmed milk PBS-Tween
(0.1%) and 100ul per well were added to each plate and incubated for one and a half hours at room
temperature. Plates were washed three times. CPN™ 610 (Orange) was excited at 480nm and emitted

at 610nm.
Kala-azar antigen detection test (DetectoGen Inc., USA)

The kala-azar antigen detection test (DetectoGen Inc., USA) was performed as per manufacturer’s
instructions. Briefly, a pool of six recombinant Leishmania antigens (1ug/ml) provided as a positive
control was diluted 1 in 50 in 1% skimmed milk PBS. Plates pre-coated with a pool of capture mAbs were
coated in 100pul per well of urine, diluted positive control, and 1% skimmed milk PBS used as a negative
control. Plates were covered and incubated overnight at 4°C. Wells were washed six times with PBS-
Tween (0.1%). A pool of biotinylated mAbs were provided. Biotinylated mAbs were diluted in 1%
skimmed milk-PBS and 100pl per well was applied to the plate. Plates were incubated for one hour at
room temperature. Plates were washed as before. Streptavidin-Peroxidase Polymer (catalogue number
Sigma S2438, Merck, USA) was diluted in 1% skimmed milk PBS and 100pl per well was applied to the

plate. Again, plates were incubated for one hour at room temperature. Wells were washed as before.
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Plates were incubated with 100 ul per well ofTMB substrate solution (Merck, USA) in the dark at room
temperature for 10-30 minutes to allow a blue colour to develop. The reaction was stopped with the
addition of 100ul per well of 0.25M hydrochloric acid (HCI) solution and a yellow colour was observed.

The OD of the plates was read within 30 minutes at 450nm.
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6.5 Results

Dot blots

All thirteen mAbs were found to not bind two in-house Leishmania antigen preparations (prepared from
L. donovani strains IMRT/KE/62/LRC-L57 and MHOM/IN/80/DD8) when secondary antibodies rat anti-
mouse IgG; and rat anti-mouse IgG,, were diluted 1:8,000 (as recommended by the manufacturer), and
mAbs were diluted 1:5000. Protein was not detected in the in-house DAT antigen. The DAT preparation

was concentrated through a filter, and the protein assay repeated, however no protein was detected.

Four urine samples from the FIND biobank belonging to individuals with VL, which were highly positive
for urinary antigen by Leishmania antigen ELISA (Clin-Tech, UK, formerly Kalon Biological, UK), were
pooled for further testing. Signals could be seen for all thirteen anti-Leishmania mAbs against this pool
(Figure 1). No signal was seen for a negative urine sample from an individual from an endemic region
with no symptoms of VL and negative for urinary antigen by Leishmania antigen ELISA (Clin-Tech, UK)
(Figure 1). The strongest visual signals were seen with mAbs one, five, six, and eight (Figure 1). However,

signals were slow to develop, and membranes were left overnight before a signal could be visualised.
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Figure 1. MAbs one to thirteen on dot blots Thirteen mAbs against fifteen, ten, and five microlitres of
pooled Leishmania antigen positive urine from four individuals with VL, and ten microlitres of
Leishmania antigen negative urine from an individual with no history of VL, applied to each membrane
from top to bottom. MAbs were diluted 1:2000 and secondary antibodies rat anti-mouse IgGi-alkaline
phosphatase and rat anti-mouse IgGzp-alkaline phosphatase were diluted 1:4000. The substrate was left

overnight to develop a visible signal.
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A commercial preparation of DAT antigen (50,000,000 promastigotes/ml) (AMC Medical Research BV,
Amsterdam, Netherlands) was procured, and the dot blot of mAb number eight was repeated to confirm
a signal with the change in antigen (Figure 2). Additionally, a new secondary antibody, rat anti-mouse
kappa-alkaline phosphatase (Southern Biotech, USA) was tested. Signal could be seen for DAT antigen,
sonicated DAT antigen, and pooled positive urine. As before, no signal was seen for negative urine
(Figure 2). The signal was slow to develop, and the membrane was left overnight before a signal could

be visualised.
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Figure 2. MAb number eight against 15 microlitres of commercial DAT antigen preparation, sonicated
commercial DAT antigen preparation, pooled Leishmania antigen positive urine from four individuals
with VL, and Leishmania antigen negative urine from an individual with no history of VL, applied to
the membrane from top to bottom. MAbs were diluted 1:1000 and secondary antibody rat anti-mouse
kappa light chain-alkaline phosphatase was diluted 1:2000. The substrate was left overnight to develop a

visible signal.
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Western blot

Proteins were detected in pooled positive urine by all thirteen mAbs by western blot (Figure 3).
Antibodies ten and twelve detected proteins in the commercial DAT antigen preparation (Figure 3).
Antibodies, ten, seven, and twelve had faint signals against proteins in pooled negative urine (Figure 3).
Pooled positive serum at a range of dilutions was trialed as a sample type, with a one in ten dilution of
serum giving the cleanest blot but was deemed not necessary to be taken forward with the remaining

mAbs (Figure 4).

Page 172 of 257



mAb 2 mAb 3 mAb 4 mAb 5 mAb 6 mAb 7

I s o i 199 3 2 3 i 2 3 s ik TS
== :

1
- 1 -
= ] \ = !

i o

mAb 8 mAb 9 “mAb 10 mAb 11 mAb 12 mAb 13

% BT 172 3 exty2—3 (igvlas
U N | 1
148kDa —» = - . LRy F——
98kDa —> ' - - ™ —
64kDa —>»
s0kDa —» '\ \ . -
36kDa —» '

| |

6 kDa —
4 kDa —

3741
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3744  history of VL; Lane 3: commercial DAT antigen preparation.
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Figure 4. Trial of serum on western blot with mAb number five. Lane 1: pooled sera from four
individuals with VL; Lane 2: pooled sera from four individuals with no history of VL; Lane 3: sample

buffer. Sera were diluted (A) 1 in 100, (B) 1 in 50, or (C) 1 in 10.

Page 174 of 257



3761

3762
3763
3764
3765
3766
3767

3768
3769
3770
3771
3772
3773
3774
3775
3776
3777
3778
3779

Indirect ELISA

A screening of mAbs using an indirect ELISA method was established to identify optimal concentrations
of antigen and antibody dilutions. Initial dilutions of 1:400, 1:800, and 1:1600 produced negative results,
so dilutions of 1:20, 1:50, 1:100, and 1:200 were tested overnight at 4°C. A visible colour change was
seen only in the 1:50 dilution of mAb eight in wells coated with DAT and pooled positive urine when
SigmaFAST™ p-Nitrophenyl phosphate was left overnight to develop (data not shown). No colour

change was seen in wells containing antigen coating and secondary antibody only (data not shown).

Steps were taken to reduce incubation times and trial serum as an antigen. In addition to the pooled
urine, a further four matched serum samples from individuals with VL were used to make a pooled
serum from the biobank. Plates were coated overnight with DAT, pooled positive urine, and serum. Two
sets of conditions were run in parallel, the first being overnight at 4°C and full day incubations as before,
and the second being incubation for two hours at 37°C. MAb eight was diluted 1:50, 1:100, 1:200, 1:400,
and the secondary antibody rat anti-mouse kappa light chain-alkaline phosphatase was diluted 1:1000.
SigmaFAST™ p-Nitrophenyl phosphate solution was added, and plates incubated in the dark. The
OD405nm was read at five hours and 18 hours. Signal was seen at 1:50 mAb dilution with the shorter
37°Cincubations of primary and secondary antibodies when read at five and 18 hours (Figure 6). A
stronger signal was observed after 18 hours. Serum showed the highest signal with longer incubations of
primary and secondary antibodies, but a longer incubation also resulted in the highest background,

followed by urine, and then DAT. Under all conditions, the signal was slow to develop.
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3780

3781 Figure 6. Optimisation of assay to reduce incubation times. Plates were coated with commercial DAT
3782  antigen preparation, pooled Leishmania antigen positive urine from four individuals with VL, and pooled
3783  sera from four individuals with VL. MAb (1° antibody) number eight was diluted 1:50, 1:100, 1:200 and
3784  1:400 and secondary antibody (2° antibody) rat anti-mouse kappa light chain-alkaline phosphatase was
3785  diluted 1:1000. Shorter two-hour 37°C antibody incubation steps were trialed. SigmaFAST™ p-

3786  Nitrophenyl phosphate was left to develop for (A) 5 hours or (B) 18 hours to develop.
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All antibodies were then run under the shorter 37°C incubation conditions of the primary and secondary
antibodies with the same antibody dilutions as before. SigmaFAST™ p-Nitrophenyl phosphate was
allowed to develop for five or 18 hours. The best signal was seen at 1:50 dilutions of mAbs and when the
substrate was allowed to develop for 18 hours (Figure 7). Overall, sera showed higher signal than and

commercial DAT antigen (Figure 7).
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Figure 7. Plates were coated with (A) commercial DAT antigen, (B) pooled Leishmania antigen positive
urine from four individuals with VL, and (C) pooled sera from four individuals with VL and
SigmaFAST™ p-Nitrophenyl phosphate was allowed to develop for five hours, or plates were coated
with (D) commercial DAT antigen, (E) pooled Leishmania antigen positive urine from four individuals
with VL, and (F) pooled sera from four individuals with VL and SigmaFAST™ p-Nitrophenyl phosphate
was allowed to develop for 18 hours. All mAbs were diluted 1:50 and secondary antibody rat anti-
mouse kappa light chain-alkaline phosphatase was diluted 1:1000. Data were corrected on the

secondary-only reading.
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All mAbs were tested with pooled VL negative urine and serum under the same conditions. Non-specific
binding was observed with mAbs one, ten, and twelve against urine, and one, ten, and twelve against

serum, with higher OD values with the longer incubation times (Figure 8).
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Figure 8. Plates were coated with (A) pooled negative urine and (B) pooled negative sera and
SigmaFAST™ p-Nitrophenyl phosphate was allowed to develop for five hours, or plates were coated
with (C) pooled negative urine and (D) pooled negative sera and SigmaFAST™ p-Nitrophenyl
phosphate was allowed to develop for 18 hours. All mAbs were diluted 1:50 and secondary antibody

rat anti-mouse kappa light chain-alkaline phosphatase was diluted 1:1000.
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Next, all mAbs were run on the same plate with DAT, pooled positive urine and serum, bicarbonate and,
pooled negative urine and serum. The OD405nm was read every 30 minutes from 1 hour post addition
of SigmaFAST™ p-Nitrophenyl phosphate for 18 hours. MAbs two to eight and ten to thirteen showed
low signal against positive serum, with mAb five showing the strongest signal with little background
(Figure 9). MAb twelve was the only antibody to show signal against DAT and positive urine and serum
(Figure 9). MAbs one, five, and twelve showed higher signal read outs than other mAbs, however mAb

one showed high non-specific binding (Figure 9). The signal was slow to develop.
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Figure 9. MAbs one to thirteen diluted 1:50 and secondary antibody diluted 1:1000. The OD405nm was

read every 30 minutes from one hour post addition of substrate until 18 hours.
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Sandwich ELISA

A secondary antibody cannot be used in sandwich ELISA format because the mAbs are all the same
species, therefore selected antibodies were taken forward for conjugation to fluorescent nanoparticles.
Fluorescent nanoparticles were chosen to boost signal given the time taken for signals to develop in
previous experiments. MAbs five and twelve were taken forward for conjugation based on the data
presented in this report. A standard protocol for the method development for a sandwich ELISA was
followed. Both mAbs five and twelve were trialed as the coating and detection antibodies. No signal was

detected.
Kala-azar antigen detection test (DetectoGen Inc., USA)

MADb and streptavidin concentrations were optimised for signal to background ratio against serial
dilutions of the assay positive control (Figure 10). MAb diluted at 1 to 500 and streptavidin diluted 1 to
4000 gave the highest signal to background ratio, but discrepancies between replicates were seen across

the plate particularly at higher antigen concentrations (Figure 10).

3 N A
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Figure 10. Optimisation of conditions for the kala-azar antigen detection test (DetectoGen Inc., USA).
Detectogen Inc. (USA) mAbs were diluted 1:500, 1:1000 and 1:2000, and (A) Streptavidin was 1 to 200 or
(B) Streptavidin 1 to 4000.
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The best conditions were then replicated with negative urine and fifteen positive urine samples, both
centrifuged and uncentrifuged. Only two of the centrifuged samples and one uncentrifuged sample
were positive when the cut-off was calculated as the mean plus three standard deviations. An overall

drop in signal was seen and discrepancies between replicates.

Optimisation plates were then re-run. Overall signal was lower and discrepancies between replicates
were observed. The highest signal was seen with mAb diluted 1 to 500 and streptavidin diluted 1 to 200,

albeit not with the highest signal to background ratio (Figure 11).
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Figure 11. Optimisation of conditions for the DetectoGen ELISA. (A) Streptavidin 1 to 200. (B)
Streptavidin 1 to 4000.

These conditions were then replicated with negative urine samples and eleven positive urine samples
both diluted one in two and neat. No samples were positive when the cut-off was calculated as the

mean plus three standard deviations and an overall drop in signal from the optimisation run was seen.

The optimisation plate was then repeated with new streptavidin and TMB substrate. The signal

improved but the signal to background ratio was poor (Figure 12).
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Figure 12. Optimisation of conditions for the DetectoGen ELISA. (A) Streptavidin 1 to 200. (B)

Streptavidin 1 to 4000.

Plates were then run as before with negative urine and eleven positive urine samples both diluted one
in two and neat, again with mAb diluted 1 to 500 and streptavidin diluted 1 to 200, but with the new
streptavidin and TMB substrate. Three of eleven undiluted samples were positive with a cut-off

calculated as the mean plus three standard deviations. No diluted samples were above the cut-off.

In the final run 30 positive urine samples were run undiluted, with mAb diluted 1 to 500 and streptavidin
diluted 1 to 200. Overall signal was higher, but only two samples were above the cut-off when the cut-

off was calculated as the mean plus three standard deviations.

6.6 Discussion

Antigen tests have been shown to be of benefit in detecting acute Leishmania infection for the detection
of Leishmania infection in PLHIV, monitoring response to treatment, and detection of ALI [112,113,172].
There are several antigen tests in ELISA format [112,117], however, there are no assays with a LFA
format. Development and evaluation of assays or candidate mAbs able to detect Leishmania antigen,
either protein or carbohydrate, in a sample such as urine will aid the development of an LFA and enable

the management and follow-up of patients in primary healthcare settings and the community.

The screening of a panel of thirteen mAbs against the L. donovani complex using a combination of dot
blot, western blot, and ELISAs indicated that none of the mAbs were suitable. Overall, mAbs had weak
bindings with signal slow to develop, and non-specific binding in some instances, with sera showing

particularly high non-specific binding. The techniques employed are commonly used to screen
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antibodies and have been used in the development of RDTs, such as the use of ELISA in the screening of

mAbs for the development of an RDT for Ebola virus infections [174].

Proteins of approximately 30 to 250 kDa were identified in pooled Leishmania antigen positive urine by
all thirteen mAbs compared to negative urine and DAT. Renal injury including glomerulonephritis and
amyloidosis was seen in hamster models of L. donovani infection, with 1gG1, 1gG2, IgA, and IgM detected
in the urine from 21 days post infection [169,170]. Proteins of 134, 82, 52, 31, and 26 kDa were detected
by western blot in the urine of hamster models of L. donovani infection [170]. The 134 kDa protein was
thought to be L. donovani acid phosphatase [170], suggesting relatively large molecular weight antigens
are able to pass through the nephrons and into urine. L. infantum antigens in urine of VL patients were
demonstrated by mass spectrometry to be iron superoxide dismutase (21.5 kDa), tryparedoxin (16.7

kDa), and nuclear transport factor 2 (13.9 kDa) [118].

L. donovani infected rats have circulating immune complexes in sera, and proteins of 45, 47, and 58 kDa
can be detected in urine bound by anti-amastigote Ig [175]. An antigen of low molecular weight (5-20
kDa), the antigen used in the KAtex, was found in the urine of VL patients with Leishmania in Nepal,
Brazil, Sudan, and Spain, but not in patients diagnosed with other parasitic disease such as malaria and
schistosomiasis or non-parasitic diseases, giving it high specificity [176]. Rats infected with L. donovani
were positive by KAtex one week following infection with rapid decline post-treatment [177]. MAbs
were screened with DAT antigen preparation, which uses L. donovani promastigotes [100,171], and
patients’ samples from the ISC, where L. donovani is the aetiological agent. MAbs were raised against
members of the L. donovani complex and did not show specificity for the immunising strain, with
Leishmania spp. immunogens showing better binding than some L. donovani immunogens against L.

donovani samples, highlighting the potential pan-species capabilities of these antibodies.

Currently, there are no antigen tests recommended for specific geographic regions. However, variability
in diagnostic accuracy is well documented across endemic regions for the rk39 RDTs [129]. The
performance of antibodies in ELISA formats do not necessarily correlate with their performance in
lateral flow formats. There are however other methods to screen antibodies, but these methods require
specialist equipment such as the Instrument for Biomolecular Interaction Sensing MultipleX 96 (IBIS-

MX96) Surface Plasmon Resonance (SPR) Imager, which were not available to us.

The kala-azar antigen detection test (DetectoGen Inc., USA) remains in development stages and is yet to

be provided in a commercial kit. Discrepancies were seen between data collected in laboratories at
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DetectoGen Inc. and replicates were highly variable. The assay was sent by cold chain however, there
may have been a loss in sensitivity during transport. There were no other antigen tests available for
evaluation. | was unable to procure the Leishmania antigen detect™ (InBios International Inc., USA), as
the test is not currently being manufactured. Similarly, | was unable to procure the Kala-azar antigen
immunochromatographic test (ICT) (Xinjier Biotechnology Co., Ltd, China) as the company was not

available for contact.

6.7 Conclusion

With no suitable mAb candidates identified and no ELISA yet to be developed into LFA format, further
epitope discovery and screening of candidate antibodies is needed. A major challenge to this evaluation

was the identification of a mAb of high enough sensitivity.
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Chapter 7. General discussion

7.1 Introduction

People with ALI and PLHIV are considered key populations to the VL elimination campaign on the ISC.

Diagnostics that are suitable for the detection of ALl and acute VL, to monitor treatment responses and

relapse, and surveillance are needed to support the efforts of the elimination campaign. Widely used

diagnostic tests, such as rk39 serology and the DAT, do not distinguish between current and previous

infection, presenting challenges in populations without symptoms or where relapse is frequent. There

are several assays that detect current infection and may complement serology, however, data on

performance and utility in these key populations are lacking.

This thesis contributes data on the performance and utility of diagnostic assays in asymptomatic

populations on the ISC and further explores their use in PLHIV. The main objectives were:

To determine the prevalence and determinants of ALl in an elimination setting and to determine
the clinical utility and diagnostic accuracy of antigen, molecular, and serological tests for ALl in
an elimination setting.

To determine the prevalence and determinants of ALl in PLHIV in an elimination setting and to
determine the clinical utility of the antigen, molecular, and serological tests in this population.
To determine the rate and risk factors for progression to VL and the utility of the antigen,
molecular, and serological tests as markers for progression to VL in a cohort of PLHIV with ALl in
an elimination setting.

To establish a protocol to determine the clinical utility of the Leishmania antigen ELISA, blood
smear microscopy and gPCR in blood and skin microbiopsies for diagnosis and test of cure for VL
in PLHIV.

To evaluate a panel of thirteen monoclonal antibodies for use in an alternative antigen

detection test for VL and to evaluate other currently available antigen tests for VL.
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7.2 Discussions of key findings

7.2.1 Prevalence of ALl in an elimination setting including PLHIV

ALl was detected by a combination of antigen, molecular, and serological methods in both an
immunocompromised and immunocompetent population in India and Bangladesh, respectively. The
data suggests there were a small proportion of individuals, residing in VL endemic areas, presenting
asymptomatically with markers of an effective immune response to Leishmania infection and/or
markers of an active infection. This could indicate recent Leishmania transmission at the time of the
studies resulting in asymptomatic infections, although it is not possible to ascertain the exact time of

infection in these individuals.

At a population level, individuals with ALI may represent a source of Leishmania transmission, although
this was found not to be the case in a recent xenodiagnosis study in which asymptomatic individuals
were not infectious to sandflies [23]. Given the poor outcomes associated with VL-HIV coinfection, the
presence of ALl in PLHIV in India is of concern. At an individual level, detection of ALl in PLHIV could be
used to improve clinical management should these individuals develop VL at a higher rate or have a
poorer prognosis than PLHIV with no detectable ALI. It remains to be determined whether PLHIV with
ALl are infectious to sandflies and hence their importance in an epidemiological context is still to be

elucidated.

There remains a lack of consensus on the definition of ALI, making study to study comparisons of
prevalence difficult. Generally, serology, PCR, and/or the LST are used to establish the prevalence of ALI,
however the assays used, and the exact combination vary by study [161,178]. The assays used to detect
ALl are often primarily used in the diagnosis of VL and hence are not developed for use in asymptomatic
individuals. A guideline for defining and detecting ALI would enable researchers to make better
comparisons of ALI between populations and timepoints and enable the evaluation of assays not

previously evaluated in an asymptomatic population.
7.2.2 Determinants of ALl in an elimination setting

In Bangladesh, we found a moderately strong association between having a household or neighbouring
contact with PKDL and being positive by at least one of the four tests used to determine ALI. These data
may suggest that individuals in proximity to an index VL or PKDL case are also exposed to similar factors
that put the individuals with clinical disease at risk for Leishmania infection, however, clinical disease did

not develop in these individuals for reasons not explored in this study. These data could also suggest
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that contacts of individuals with PKDL and VL are at risk of indirect transmission from a household or
neighbouring index case. In an immunocompromised population, low CD4 counts, and a larger
household size were found to be risk factors for ALI. The results might suggest that a lower CD4 count
puts an individual at risk of ALl or conversely having ALl could lower the CD4 count. There could be
several factors linked to household size. These could include an increased likelihood of an individual with
Leishmania infection residing within the same house, which is in keeping with the clustering nature of
Leishmania infections [34]. Alternatively, the number of people per room or household size could be an
indicator of socioeconomic status which has previously been linked to an increased risk of transmission

[34,35].

Studies to measure determinants of ALl give a better understanding of those individuals most at risk of
infection and can inform public health intervention strategies. Furthermore, these data can be used to
update guidelines for the management of PLHIV in VL endemic areas, should ALl be associated with poor
prognosis in PLHIV. The data presented in chapter 2 are in keeping with previous studies which found
that close proximity to a person with VL increases the risk of Leishmania infection, including
asymptomatic infection [34]. Modelling has shown that people with PKDL contribute to transmission
and xenodiagnoses studies have shown that individuals with PKDL are infectious to sand flies [153,179].
Together, these data highlight the need for rapid identification and treatment of individuals with VL and
PKDL to prevent onward transmission. Further, the follow-up of contacts of individuals with PKDL and VL
may help with the early detection of VL cases in India, where time to diagnosis can be delayed by

between 35 and 59 days [180].

Study to study comparisons of risk factors for Leishmania infection can be challenging as risk factors are
not standardised, with the same risk factor described in different ways i.e., household size or people per
room, or stratified differently between studies. The data from our study in PLHIV in which CD4 counts
were a risk for ALl are contradictory to those seen in other studies of PLHIV. A study of PLHIV with L.
infantum infections in Brazil found that the prevalence of asymptomatic infection was distributed
similarly across CD4 count groups [160]. Similarly, a longitudinal study of PLHIV in Ethiopia did not find
CD4 count to be a risk factor for baseline ALI [161]. Both CD4 count and household size could be
confounded by other factors, but both may serve as easy to measure markers for identifying those at

risk of ALl in PLHIV in India.

Page 190 of 257



4056

4057
4058
4059
4060
4061
4062
4063
4064
4065
4066
4067
4068

4069
4070
4071
4072
4073
4074
4075
4076
4077
4078

4079
4080
4081
4082
4083
4084
4085

7.2.3 Clinical utility and diagnostic accuracy of tests for ALl

The studies presented in chapters 2 and 3 show that two tests in combination, the Leishmania antigen
ELISA and DAT, and the Leishmania antigen ELISA and rk39 ELISA, respectively capture all participants
positive by more than one test where four tests were used. As mentioned previously, the optimal
diagnostic algorithm for detecting ALl in immunocompetent and immunocompromised populations has
not yet been established. The majority of studies investigating the prevalence of ALl in a population use
approximately four tests [160,161], but this is time consuming and expensive in a real-world application.
A two-test approach such as a combination of serology with an antigen test e.g., the Leishmania antigen
ELISA could maximise the number of individuals with ALI detected, and reduce costs associated with
running several assays. The Leishmania antigen ELISA and serological assays such as the rK39 ELISA, rk39
RDT, and DAT require minimal laboratory equipment and/or expertise compared to PCR. A further
advantage of the Leishmania antigen ELISA is the use of a non-invasive sample type, making sample

collection straightforward in comparison to invasive techniques.

Studies of asymptomatically infected individuals, including the studies presented in chapters 2 and 3,
have shown moderate to poor agreement between tests [55,123,160,172]. Given that the tests used
have imperfect specificity, it would concur that there are several false positives within the dataset which
could in part account for the poor agreement. The Leishmania antigen ELISA and serology along with a
clinical history may be useful for the follow up of contacts of individuals with VL and PKDL, who are
known to be at an increased risk of Leishmania infection [153,179]. However, there is yet to be a
treatment for Leishmania infection that would be suitable for use in an otherwise healthy individual,
particularly given the lack of concordance between tests. As the prevalence of Leishmania infection
declines in an elimination setting, the positive predictive value of a given assay declines, and as such the

diagnosis of ALl at an individual level and any further intervention would be challenging.

Furthermore, multiple tests are likely needed to capture individuals in different biological stages of
infection [160], and hence antigen or molecular tests may complement serology in detecting current
infection. Repeated surveys of individuals to detect indicators of Leishmania infection can be used in
monitoring and surveillance to give a picture of changes in transmission and inform intervention
strategies. However, there were no repeat surveys in the studies presented in chapters 2 and 3 and
hence the utility of these tests for monitoring and surveillance cannot be fully elucidated. Finally, the

rk39 RDT remains the only field compatible test for Leishmania infection. For all other assays, samples
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need to be transported to the laboratory for testing and hence the development of an antigen test in

RDT format would be of benefit to the elimination campaign.
7.2.4 Progression of ALl to VL in PLHIV

In chapter 4, four (3.7%) of 108 PLHIV progressed from ALI to VL within 18-months of follow-up, two of
whom were positive by three of four tests, and the remaining two of whom were positive by all four
tests. In all four individuals who developed VL, anti-Leishmania antibody titers and Leishmania
antigenuria were higher than in asymptomatic non-progressors at baseline. These data suggest serology
and antigenuria to be quantitative markers of progression to VL. This is in keeping with a study in India
and Nepal which found individuals with high titer DAT and/or rk39 ELISA results were at an increased
risk of progression to VL [61]. In the 94 participants presented in chapter 4 with markers of ALl at
enrolment, Leishmania markers persisted in 32 (34.0%) participants after 18 months. These data suggest
a persistence of Leishmania markers in a substantial proportion of individuals and help us to understand
the dynamics of Leishmania infection over time. Similarly, in Ethiopia,16 (34.8%) of 46 PLHIV with

asymptomatic infections at baseline reverted to negative over the course of follow-up [161].

Furthermore, we saw a three of four (75.0%) of participants remain positive for the Leishmania antigen
ELISA at 18-months where matched samples were available, albeit in a small sample size. Antigenuria
remained high at 18-months follow-up in these individuals with little change from baseline. Two of three
(66.6%) asymptomatic participants remained positive by qPCR at 18-months follow-up. These data
suggest a persistent Leishmania infection. It may be that in an immunocompromised population,
without treatment for Leishmania, infections are not cleared by the immune system and antigenuria and
parasitaemia remain detectable for long periods. Univariate analysis found that all-cause mortality was
higher in PLHIV with ALI among other variables. On further multivariate analysis, ALl was no longer
associated with mortality, and low CD4 counts, having a WHO clinical stage three HIV infection, and not
being on ART at baseline were significantly associated with mortality, suggesting confounding factors for

the severity of HIV infection.

This study represents the first to monitor for progression of ALl to VL in PLHIV on the ISC and could be
used to inform clinical management in a population at risk of poor outcomes associated with VL. As
mentioned previously, xenodiagnoses studies of the infectiousness of asymptomatic individuals to sand
flies do not corroborate modelling studies, which suggest asymptomatic individuals play a role in

transmission [36,154,181]. However, this is yet to be determined in PLHIV. Regardless of whether
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asymptomatic individuals are infectious to sand flies, given the anthroponotic nature of disease
reservoirs on the ISC and that a number of individuals progress to clinical disease, albeit in low numbers
[124,161], they may represent an important population for disease elimination. A study of PLHIV in Italy
found HAART reduced the incidence of VL, associated with a restoration of immune function [182]. The
adherence to HAART was high in the cohort of PLHIV and could account for the low number of

individuals who developed VL in chapter 4.

A positive Leishmania antigen ELISA result at baseline was not included in the criteria for in person
follow-up in the study presented in chapter 4 owing to the lack of data on the assay at the time of the
study design. All asymptomatic participants followed up in person over 18-months had anti-Leishmania
antibodies detected at baseline by rk39 ELISA. As such, we are unable to calculate time to
seroconversion following detection of antigenuria by Leishmania antigen ELISA or parasitaemia by gPCR.
All asymptomatic progressors in chapter 4 were positive by at least three of the four tests used.
However, given the low number of progressors the study lacks the statistical power. The incidence of ALI
could not be calculated as the non-asymptomatic cohort was not followed up for further samples over
the 18-month follow-up. Given the resources required for in person follow-up, only individuals testing
positive for ALI at baseline were followed up in person, and as such may represent a bias in the data.
Measurement of anti-Leishmania antibody titers, Leishmania antigenuria, and Leishmania kDNA could
be a useful way of determining those individuals most at risk of developing VL. However, the limited
number of individuals progressing to VL in this study restricted the analysis of cut-offs for quantitative

markers of infection.

7.2.5 A protocol to determine the clinical utility of the Leishmania antigen ELISA, blood smear

microscopy, and qPCR in blood and skin microbiopsies for diagnosis and test of cure for VL in PLHIV

The study presented in chapter 5 was unable to go ahead and as such the protocol has been published
to allow other groups to conduct the study should they have access to the right patient population and
resources. Here we aimed to establish the clinical utility of the Leishmania antigen ELISA, blood smear
microscopy, and gPCR in blood and skin microbiopsies for diagnosis and test of cure for VL in PLHIV in
India. Given the effectiveness of antigen tests for monitoring response to treatment in an
immunocompetent population [112,173], it would concur that the Leishmania antigen ELISA would
perform well in an immunocompromised population. Furthermore, the KAtex was found to predict
treatment failure and relapse in HIV patients in Ethiopia [113,162]. To the best of our knowledge this

study would be the first to evaluate the Leishmania antigen ELISA in PLHIV. This protocol is limited by

Page 193 of 257



4147
4148

4149

4150
4151
4152
4153
4154
4155
4156
4157

4158
4159
4160
4161
4162
4163

4164
4165
4166
4167
4168
4169
4170
4171

4172
4173
4174
4175
4176

the lack of follow-up visits to monitor for relapse of VL, and this should be considered should this

protocol be taken up.
7.2.6 Potential of mAbs as an alternative antigen detection test for VL and other antigen tests for VL

Further development of Leishmania antigen tests is required, particularly a field compatible RDT. In the
final chapter, we were unable to identify a suitable monoclonal antibody candidate in a panel belonging
to FIND. However, we were limited to assays such as ELISA, western blot, and dot blot in the screening
process. Further antigen discovery studies are needed to identify suitable antigen candidates for
generation of monoclonal antibodies, with strong industry links for the production and screening of
monoclonal antibodies. The kala-azar antigen detection test (DetectoGen Inc., USA) did not perform well
under evaluation and requires further optimisation before validation by external groups. There were no

other antigen tests available at the time of evaluation.

The introduction of the In Vitro Diagnostic Regulation (IVDR) creates a challenge for manufacturers of
diagnostics for VL to viably place or keep tests on the market [183]. The manufacturers of the only
effective rk39 RDT for the diagnosis of VL in East Africa are to discontinue production [184]. Given the
rk39 RDT is a widely established test with a large evidence base, the challenges to keep or place a
Leishmania antigen test on the market are potentially even greater. Viable alternative paths to market

need to be identified for existing and novel VL diagnostics.

7.3 Future work

There are two biobanks available which could support future diagnostic development and evaluation
efforts, including, antigen discovery, and test validation. Further studies are needed to evaluate
prognostic markers for development of VL in PLHIV, including those with asymptomatic Leishmania
infection and those at risk of relapse, such as work to evaluate CD40 ligand and neopterin which have
shown promise [185]. Lastly, we invite teams capable of conducting the protocol presented in chapter 5
to take on the study and provide much needed data on diagnostics and test of cure for VL in PLHIV in

India.

7.4 Final words

Here, we presented several studies on the development and evaluation of diagnostics for Leishmania
infection with a primary focus on asymptomatic populations and PLHIV in an elimination setting. Antigen
tests may still provide a useful tool for detection of Leishmania infection in these populations. We

presented evidence for the follow-up of contacts of individuals with VL and PKDL using a combination of
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serology and antigen testing to monitor for ALl and highlighted the importance of rapid VL and PKDL
case detection (chapter 2). We then show a combination of serology, antigen, and molecular testing to
be useful for detection of ALl and stratification of risk for progression to VL in PLHIV (chapters 3 and 4).
We then presented future work on the diagnosis and test of cure for VL in PLHIV in India (chapter 5).
Lastly, we presented the challenges associated with development and evaluation of novel tests for VL

(chapter 6).
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Appendix 1: Leishmania diagnostic evaluation — further
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1. Hossain F, Picado A, Owen SI, Ghosh P, Chowdhury R, Maruf S, Ashfaq Khan A, Nath R, Baker J,
Rashid U, Ghosh D, Hossain S, Duthie MS, Adams ER, Cruz |, Mondal D. 2021. Evaluation of
Loopamp™ Leishmania Detection Kit and Leishmania Antigen ELISA for Post-Elimination
Detection and Management of Visceral Leishmaniasis in Bangladesh. Front Cell Infect Microbiol
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Consultancy for WHO-TDR

Co-sponsored by United Nations Children’s Fund (UNICEF), the United Nations Development Programme
(UNDP), The World Bank, and the WHO, the Special Programme for Research and Training in Tropical
Diseases (TDR) aims to support research and training in infectious diseases associated with poverty. |
conducted consultancy for WHO-TDR on VL research projects in India and Bangladesh. My role was to
ensure the studies were being properly conducted and documented on behalf of WHO-TDR. During a
site visit in Bangladesh, major tasks included: discussing protocol amendments and protocol compliance;
following up on study enrolment; verifying the procedure for informed consent; checking a subset of
study consent forms; checking a subset of case record forms against source documents and for
completion; trouble-shooting laboratory issues. Pre-visit preparation included writing and sharing
agendas. A post-visit monitoring report was submitted, and interim technical reports submitted for the

duration of the project.
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Appendix 2: Secondment to diagnostic research for SARS-

CoV-2 infection

Summary of experiences and achievements during secondment

During the COVID-19 pandemic, | seconded to the diagnostic evaluation response being carried out in
the Centre for Drugs and Diagnostics at LSTM led by Dr Emily Adams. Over the course of 6 months, |
assisted in multiple studies recruiting within community and healthcare settings including the
diagnostics studies Facilitating A SARS CoV-2 TEst for Rapid triage (FASTER), FALCON, and COVID-LIV, and
drug study AGILE-ACCORD, from which evidence was submitted for three separate diagnostic products
to the World Health Organisations Emergency Use Listing. | led an evaluation of 21 point of care lateral
flow immunoassays as part of an internal evaluation and an international multi-centre evaluation for the
Foundation for Innovative New Diagnostics (FIND). | assisted in multiple matrix equivalency studies to
assess the use of capillary blood on lateral flow immunoassays in comparison to venous whole blood,
plasma or serum. | assisted the set-up of plaque reduction neutralisation assays using live SARS CoV-2 to
better understand the immune response to SARS CoV-2 infection. Over the time period | was trained

and became independent working to biosafety level (BSL) 3 requirements.
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Study Group. 2021. Prospective observational study of SARS-CoV-2 infection, transmission and
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Abstract

Background: Rapid mobilisation from industry and academia following the outbreak of the novel
coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), led to the development
and availability of SARS-CoV-2 lateral flow immunoassays (LFAs). High quality LFAs are urgently needed
at the point of care to add to currently available diagnostic tools. In this study, we provide evaluation

data for ten LFAs suitable for use at the point of care.

Methodology/Principal Findings: COVID-19 positive patients (N=45), confirmed by reverse transcription
— quantitative polymerase chain reaction (RT-qPCR), were recruited through the International Severe
Acute Respiratory and Emerging Infection Consortium - Coronavirus Clinical Characterisation Consortium
(ISARICAC) study. Sera collected from patients with influenza A (N=20), tuberculosis (N=5), individuals
with previous flavivirus exposure (N=21), and healthy sera (N=4), collected pre-pandemic, were used as
negative controls. Ten LFAs manufactured or distributed by ASBT Holdings Ltd, Cellex, Fortress
Diagnostics, Nantong Egens Biotechnology, Mologic, NG Biotech, Nal von Minden and Suzhou Herui
BioMed Co. were evaluated. Compared to RT-qPCR, sensitivity of LFAs ranged from 87.0-95.7%.
Specificity against pre-pandemic controls ranged between 92.0-100%. Compared to IgG ELISA, sensitivity
and specificity ranged between 90.5-100% and 93.2-100%, respectively. Percentage agreement between
LFAs and IgG ELISA ranged from 89.6-92.7%. Inter-test agreement between LFAs and 1gG ELISA ranged
between kappa=0.792-0.854.

Conclusions/Significance: LFAs may serve as a useful tool for rapid confirmation of ongoing or previous
infection in conjunction with clinical suspicion of COVID-19 in patients attending hospital. Impartial

validation prior to commercial sale provides users with data that can inform best use settings.
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Introduction

In December 2019, an outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
emerged in Wuhan, China before spreading globally, with the World Health Organization (WHO)
declaring its pandemic status in March 2020 (WHO, 2020). The reference standard for diagnosis of SARS-
CoV-2 are reverse transcription — quantitative polymerase chain reaction (RT-qPCR) assays. However,
although a successful RT-gPCR amplification confirms an infection, the peak viral load is short lived and
often occurs prior to or in the initial days after symptom onset and therefore the timing of the test is

crucial [187,188].

Patients tested after several days of illness may already have decreasing viral loads and negative RT-
gPCR results and other markers of infection, such as immunoglobulins (lg) could play an adjunct role in
diagnosis, particularly in cases presenting 210 days from onset of symptoms [189]. SARS-CoV-2 IgG and
IgM can be detected in over 90% and 95% of hospitalised patients with confirmed infections
respectively, with Ig presenting with simultaneous or sequential conversion [190,191]. Immunoglobulins
are usually well established after 21 days of infection, but levels can be detectable at earlier timepoints

[192,193].

Global mobilisation in response to the pandemic resulted in the rapid development of lateral flow
immunoassays (LFAs) for SARS-CoV-2. These assays can detect IgG, IgM, and occasionally IgA antibodies,
are relatively simple to use and generate results in 10-15 minutes, making them appropriate for the
point of care. LFAs identify individuals who have formerly experienced infections (with or without
symptoms), to document the prevalence of infection in the population. Moreover, LFAs could also
complement the information generated by RT-qPCR for the diagnosis of patients with presumptive

COVID-19, detecting an early rise of antibodies at the time that viral loads have become undetectable.

Most LFAs are evaluated in-house by the manufacturer. However, the WHO recommends these
evaluations should be complemented by independent evaluations of diagnostic accuracy. Here, we
report an evaluation of ten SARS-COV-2 LFAs in a cohort of patients with RT-gPCR confirmed SARS-CoV-2

infections; in hospitalised patients with other conditions, and in healthy individuals.

Materials and Methods

Ethics statement
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The study was based on samples collected for the International Severe Acute Respiratory and Emerging
Infection Consortium - Coronavirus Clinical Characterisation Consortium (ISARIC4AC) study. ISARIC4C is a
prospective study based in 309 hospitals in England, Scotland, and Wales. The protocols, case report
forms and details of its Independent Data and Material Access Committee are available online. Ethical
approval for ISARICAC was given by the South Central - Oxford C Research Ethics Committee in England
(Ref 13/SC/0149), the Scotland A Research Ethics Committee (Ref 20/55/0028), and the WHO Ethics
Review Committee (RPC571 and RPC572, 25 April 2013). The study protocol is available at
http://isaricdc.net/protocols; study registry https://www.isrctn.com/ISRCTN66726260 and at the
ISARIC4C website (https://isaric4c.net/).

Participants

Forty-five participants with RT-qPCR-confirmed SARS-CoV-2 infections admitted to National Health
Service (NHS) hospitals in the UK, were recruited through the ISARICAC study. RT-qPCRs were run by UK
National Health Service (NHS) accredited laboratories. Patient sera were collected >4 days post-
symptom onset and one patient provided samples at two time points. Serum samples from a further 50
patients with influenza A (N=20), tuberculosis (N=5), documented previous flavivirus exposure through
vaccination or infection (N=21) or healthy sera (N=4) that had been collected pre-pandemic were

included as controls.
1gG enzyme-linked immunosorbent assay (ELISA)

All samples were screened by ELISA for the detection of anti-SARS-CoV-2 IgG (Omega Diagnostics, Alva,

UK), as per the manufacturer’s instructions.
LFAs evaluated

All LFAs were evaluated using patient sera and compared to ELISA results. The LFAs included 1gG/IgM
RDT 1 (ASBT Holdings Ltd, Norfolk, UK), IgG/IgM RDT 2 (ASBT Holdings Ltd, Norfolk, UK), COVID-19 Total
Ab Device (Fortress Diagnostics, Antrim, UK), Rapid COVID-19 IgG/IgM Antibody Test (Suzhou Herui
BioMed Co., Ltd, China), NADAL COVID-19 IgG/IgM rapid test (Nal von Minden, Moers, Germany),
gSARS-CoV-2 IgG/1gM Rapid Test (Cellex, Durham, NC, USA), COVID-19 IgG/IgM Rapid Test (Nantong
Egens Biotechnology, Nantong, China), NG-Test I1gG-IgM COVID-19 (NG Biotech, Guipry, France),
Generation one RDT prototype (Mologic, Bedfordshire, UK), and Triple Antibody RDT (Mologic,
Bedfordshire, UK). All tests detect anti-SARS-CoV-2 IgG and IgM, except the Mologic LFAs which

additionally detect anti-SARS-CoV-2 IgA. Serum samples for the evaluation had been stored at -80°C and
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were thawed to room temperature before use. LFAs were run at room temperature according to the
manufacturer's instructions, as summarised in Table 1. In brief, 5-10ul serum were added to the LFA
well, followed by 70-100pl of the proprietary test diluent in the same or a separate buffer well. Test
lines were scored as positive or negative by two independent readers at the specified reading time. The

readers were blinded to each other's results and discrepant scores were resolved by a third reader.
Statistical analysis

Sensitivity was calculated as the proportion of positive tests in convalescent sera of patients with RT-
gPCR confirmed infections. Specificity was calculated as the proportion of negative tests among SARS-
CoV-2 negative controls collected pre-pandemic. Further calculations of sensitivity and specificity were
made when using the IgG ELISA as the reference standard. The levels of agreement were calculated

using Cohen’s Kappa statistic [194].
Results

The 45 participants with confirmed SARS-CoV-2 infections had a median age of 58 years (IQR: 19) and 25
(56%) were male. Sensitivity of the LFAs ranged from 87% to 96%, with 1gG ranging from 83% to 94%
and IgM between 24% and 96%. Specificity ranged from 92% to 100% for both IgG and IgM (Table 2).
Differences in sensitivity and specificity across the tests were not statistically different. Sensitivity of the
LFAs up to 3 weeks post-symptom onset ranged from 85% to 91% and from 83% to 100% after 3 weeks
post-symptom onset. All tests except Generation one RDT prototype (Mologic, Bedfordshire, UK)

recorded higher sensitivity over 3 weeks post-symptom onset (Table S1).

Forty-two (91%) of the 45 participants with gPCR confirmed SARS-CoV-2 infections were 1gG ELISA
positive and 44 (88%) of the 50 controls were IgG ELISA negative. Using ELISA as the reference, LFA IgG
sensitivity ranged from 91% [95% Cl: 77-97%)] to 100% [95% Cl: 92-100%)] and specificity from 93% [95%
Cl: 81-99%)] to 100% [95% Cl: 92-100%] (Table S2). Differences across the tests were not statistically
different. The percentage agreement between LFAs and ELISA ranged from 90% to 93%, as shown in
Table 3. The greatest agreement between ELISA and a LFA was seen with the IgG/IgM RDT 1 (ASBT
Holdings Ltd), COVID-19 Total Ab Device (Fortress Diagnostics) and Rapid COVID-19 IgG/IgM Antibody

Test (Suzhou Herui BioMed Co., Ltd) (kappa=0.854 for all three, corresponding to very good agreement).

Discussion
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LFAs are potential tools for disease surveillance and the assessment of presence of antibodies to
infection, which are rapid and easily conducted. In this study, we evaluated ten LFAs using sera from RT-
gPCR confirmed SARS-CoV-2 infections and sera collected pre-pandemic. Although differences between
tests were not statistically significant, the Fortress Total Ab Device had the highest overall sensitivity
when compared to RT-qPCR. Across all tests, IgM had the widest sensitivity range (from 26% to 96%)
while IgG LFAs had similar ranges between 83% and 94%. Specificity was high across all assays and four
out of the ten LFAs had specificity > 98%. The IgG ELISA’s sensitivity and specificity (Omega, UK) are 95%
(>7 days) and 97% (=10 days) post-diagnosis, respectively [195] and thus, as expected, the sensitivity
and specificity of the LFAs was higher when ELISA was considered the reference standard. All LFAs had
very high agreement with IgG ELISA. These data suggest LFAs can provide valuable data that is highly
correlated to ELISAs, with an acknowledged small loss in sensitivity. LFAs have the advantage of being
rapid and simple to run with no requirement for a laboratory or trained operators. This makes them
highly suitable for low resource settings, self-testing, surveillance of the prevalence of infection or when

rapid screening is required.

LFAs should have high specificity, especially in settings where infection rates are low, to avoid high
numbers of false positives [196]. COVID-19 clinical presentation may be indistinguishable from other
respiratory illnesses and LFAs could complement the information generated by RT-qPCR assays, with the
tests combined identifying a larger number of individuals with current and previous SARS-CoV-2
infections. Moreover, with seasonal influenza likely coinciding with high COVID-19 incidence, these
assays could play a significant role to differentiate SARS-CoV-2 from other viral infections and facilitate

more targeted strategies for the management and quarantining of symptomatic patients.

We acknowledge this validation has several limitations, as it included a small sample size, without
enough power to find small differences in the performance of the assays, and therefore our findings can
only be shown to be indicative of the likely findings of appropriately powered evaluations. All SARS-CoV-
2 positive samples were obtained from hospitalised patients as a marker of severe COVID-19 who may
be expected to have high levels of antibodies, and our findings need to be replicated in asymptomatic
individuals and in patients presenting with mild symptoms and in community settings. Furthermore, all
testing was run under laboratory conditions by laboratory staff and the results may vary when
conducted at the point of need and self-testing by untrained individuals. Finally, we were constrained to

use serum, and further evaluations are needed to evaluate their performance on whole venous or
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capillary blood. Test performance on capillary blood, including a comparison of self-testing and

laboratory testing, would inform the potential for use of less invasive sample collection methods.

Validation of test performance in people with presumptive SARS-COV-2 infection who are asymptomatic
or are experiencing mild infection is of particular interest as reports indicate a large proportion of
individuals testing positive by RT-PCR have no symptoms on the day of sampling, a week prior and a
week after a positive result [197]. LFAs ease of use and their fast time to results lends them to self-
testing outside a clinical or laboratory environment. However, validation of test performance under
these more challenging and less controlled environments is needed. Further evaluations of LFAs should
include other coronaviruses and respiratory illnesses with overlapping signs and symptoms of COVID-19,
including other causes of pneumonia, upper and lower respiratory infection, rhinoviruses, respiratory

syncytial virus and influenza.

The impartial evaluation of LFAs, as recommended by the WHO, can confirm the evaluations of the
developer’s validation data, and inform best-use settings. LFAs are a valuable tool which could be
applied at the point of need in conjunction with other assays to provide a more holistic diagnosis and to

monitor the prevalence of infection.
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Table 1. Sample and condition requirements for the ten LFAs evaluated.

Test Sample volume | Buffer volume Time to read
serum (pl) (mins)
IgG/IgM RDT 1 (ASBT Holdings Ltd) 10 8ol 10
IgG/1gM RDT 2 (ASBT Holdings Ltd) 10 100l 10
COVID-19 Total Ab Device (Fortress Diagnostics) 5 2 drops 10
Rapid COVID-19 IgG/IgM Antibody Test (Suzhou Herui 10 70ul 10
BioMed Co., Ltd, China)
NADAL® COVID-19 IgG/IgM rapid test (Nal von Minden) | 10 2 drops 10
gSARS-CoV-2 IgG/1gM Rapid Test (Cellex) 10 2 drops 15-20
Covid-19 IgG/IgM Rapid Test (Nantong Egens 10 2 drops 10
Biotechnology)
NG-Test® IgG-IlgM COVID-19 (NG Biotech) 10 2 drops 15
Generation one RDT prototype (Mologic) 5 80yl 10
Triple Antibody RDT (Mologic) 5 80ul 10
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5243  Table 2. Sensitivity and specificity of the LFAs. Sera from RT-qPCR-positive patients and a control

5244  panel of influenza A (N=20), TB (N=5), previous flavivirus exposure through vaccination or infection

5245  (N=21), and healthy sera (N=4), collected pre-pandemic.

Ig RT-qPCR SARS-Cov- | Negative Sensitivity (%) Specificity (%)
2 positive controls (N=50) | [95% ClI]
[95% CI]
(N = 46)

IgG/1gM RDT 1 (ASBT G+M 43 50 94 [82-99] 100 [93-100]
Holdings Ltd)

G 43 50 94 [82-99] 100 [93-100]

M 17 50 37 [23- 53] 100 [93-100]
IgG/IgM RDT 2 (ASBT G+M 43 47 94 [82-99] 94 [84-99]
Holdings Ltd)

G 41 50 89 [76- 96] 100 [93-100]

M 43 47 94 [82-99] 94 [84-99]
COVID-19 Total Ab Device G+M 44 48 96 [85-100] 96 [86-100]
(Fortress Diagnostics)

G 43 50 94 [82-99] 100 [93-100]

M 44 48 96 [85-100] 96 [86-100]
Rapid COVID-19 IgG/IgM G+M 42 49 91 [79-98] 98 [89-100]
Antibody Test (Suzhou Herui

G 42 49 91 [79- 98] 98 [89-100]
BioMed Co., Ltd, China)

M 12 50 26 [14- 41] 100 [93-100]
NADAL® COVID-19 IgG/IgM | G+ M 43 48 94 [82-99] 96 [86-100]
rapid test (Nal von Minden)

G 40 50 87 [74-95] 100 [93-100]

M 43 48 94 [82-99] 96 [86-100]
qSARS-CoV-2 IgG/IgM Rapid | G + M 43 49 94 [82-99] 98 [89-100]
Test (Cellex)

G 43 49 94 [82-99] 98 [89-100]
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M 11 50 24 [13-39] 100 [93- 100]
Covid-19 IgG/1gM Rapid Test | G+ M 43 46 94 [82-99] 92 [81-98]
(Nantong Egens

G 43 46 94 [82-99] 92 [81-98]
Biotechnology)

M 41 46 89 [76- 96] 92 [81-98]
NG-Test® IgG-IgM COVID-19 | G+ M 41 47 89 [76-96] 94 [84-99]
(NG Biotech)

G 41 50 89 [76- 96] 100 [93-100]

M 41 47 89 [76-96] 94 [84-99]
Generation one RDT A+G+M | 40 87 [74-95] 100 [93-100]

rototype (Mologic

P ype ( gic) A 16 50 35 [21- 50] 100 [93-100]

G 24 50 83 [69-92] 100 [93-100]

M 38 50 52 [37- 67] 100 [93-100]
Triple Antibody RDT A+G+M | 42 48 94 [82-99] 96 [86-100]
(Mologic)

A 35 50 78 [63-89] 100 [93-100]

G 28 48 93 [82-99] 96 [86-100]

M 42 48 62 [47-76] 96 [86-100]
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Table 3. Agreement and Cohen’s kappa of LFAs and ELISA IgG.

ELISA Agreement (%) and Kappa [95%
LFA
Positive | Negative ci

Positive | 42 1

IgG/1gM RDT 1 (ASBT Holdings Ltd) 93% and 0.854 [0.751 to 0.958]
Negative | 6 47
Positive | 41 0

1gG/1gM RDT 2 (ASBT Holdings Ltd) 93% and 0.854 [0.751 to 0.958]
Negative | 7 48
Positive | 39 1

COVID-19 Total Ab Device (Fortress Diagnostics) 90% and 0.792 [0.671 to 0.912]
Negative | 9 47

Rapid COVID-19 I1gG/IgM Antibody Test (Suzhou Herui BioMed Co., Ltd, Positive | 42 1

) 93% and 0.854 [0.751 to 0.958]

China) Negative | 6 47
Positive | 39 1

NADAL® COVID-19 IgG/IgM rapid test (Nal von Minden) 90% and 0.792 [0.671 to 0.912]
Negative | 9 47
Positive | 42 2

gSARS-CoV-2 IgG/IgM Rapid Test (Cellex) 92% and 0.833 [0.723 to 0.944]
Negative | 6 46
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Positive | 42 4

Covid-19 IgG/IgM Rapid Test (Nantong Egens Biotechnology) 80% and 0.792 [0.670 to 0.914]
Negative | 6 44
Positive | 41 1

NG-Test® IgG-IgM COVID-19 (NG Biotech) 91% and 0.813 [0.698 to 0.928]
Negative | 8 46
Positive | 38 0

Generation one RDT prototype (Mologic) 90% and 0.792 [0.672 to 0.911]
Negative | 10 48
Positive | 42 2

Triple Antibody RDT (Mologic) 92% and 0.832 [0.721 to 0.943]
Negative | 6 45
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Abstract

Background: There are an abundance of commercially available lateral flow assays (LFAs) that detect
antibodies to SARS-CoV-2, the aetiological agent for COVID-19. Whilst these are usually evaluated by the
manufacturer, externally performed diagnostic accuracy studies to assess their performance are
essential. Herein we present an evaluation of 12 LFAs manufactured by; Beijing Wantai, Bionote Co,
Core Technology, CTK Biotech, Edinburgh Genetics Ltd, GenBody Inc, Jiangsu Bioperfectus Technologies,
PRIME4DIA Co. Ltd., Qingdao Hightop Biotech Co Ltd., Shanghai Kehua Bio-Engineering Co. Ltd.,

Shenzhen Bioeasy Biotechnology Co. Ltd. and Zhuhai Livzon Diagnostics Inc.

Methods: Sera from 100 SARS-CoV-2 reverse-transcriptase polymerase chain reaction (RT-PCR) positive
participants were recruited through the FASTER study. A total of 105 pre-pandemic serum samples (20
influenza A, 10 HIV, 10 TB, 10 TB-HIV, 10 dengue virus, 10 human coronavirus 229E, 2 human
coronavirus OC43, 12 parasitic disease, 20 non-COVID related fever, and 1 quality assurance sample)

were included as negative samples.

Results: Sensitivity against RT-PCR ranged from 37.4-79% for 1gM/1gG, 30.3-74% for IgG alone, and from
21.2-67% for IgM alone. Sensitivity improved over 21 days post symptom onset for 10/12 tests by a
mean of 15% for IgG/IgM, and by a mean of 16.5% for I1gG. For IgM sensitivity was higher before 21 days
post symptom onset for 6 tests, and after 21 days post symptom onset for the other 6 tests. Specificity
ranged from 74.3-99.1% for IgM/1gG, 82.9-100% for IgG alone, and 75.2-98% for IgM alone. Compared
to the Eurolmmun IgG enzyme-linked immunosorbent assay (ELISA), sensitivity ranged from 44.6-95.4%

and specificity ranged from 85.4-100%.

Conclusion: There are many LFAs currently available, with varied sensitivity and specificity.
Understanding the diagnostic accuracy of these tests will be vital as we come to rely more on the
antibody status of a person moving forward, and as such manufacturer-independent evaluations are

crucial.
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Introduction

As of May 2021, there have been over 100,000,000 confirmed cases of COVID-19 worldwide, however
the total number of cases is much higher (1). This is due to, amongst other reasons, the lack of
diagnostic testing worldwide in the first wave of the pandemic, the continued difficulties in testing in
some lower-middle income countries and the number of asymptomatic infections that continue to go
undetected (2,3). Detecting antibody responses to SARS-CoV-2 therefore could prove vital, both for

understanding previous exposure on an individual level, but also at community and regional levels.

During SARS-CoV-2 infection, IgM and IgG titres begin to increase from around 10 days post-symptom
onset with IgM titres generally declining earlier than IgG (4,5). The reference standard for detecting an
antibody response, either IgM, 1gG, or both, to SARS-CoV-2 is the enzyme-linked immunosorbent assay
(ELISA). Many ELISAs have been developed and commercialised for SARS-CoV-2 which are highly
sensitive and specific (6). The process however is time-consuming, expensive and requires specialist

laboratory equipment and trained professionals to perform.

To this end, large numbers of lateral-flow immunoassays (LFAs) have been developed that detect IgM
and IgG responses. These are simple tests which require only a drop of blood and the addition of buffer
to give a result in 10-15 minutes. Results are easy to interpret; if a test line appears the participant is
considered positive, if no test line appears the participant is considered negative. LFAs are easy to mass-
produce and are affordable making them ideal for mass-testing of populations, rapid identification of
antibody response in travel situations, or for home-testing. Those that detect both IgM and IgG are also
able to give an indication of when that person was likely infected, due to the dynamics of the antibody

response.

Many LFAs are commercially available, and externally performed diagnostic accuracy studies,
independent of the manufacturer, are required to generate robust performance data. Here, we present
the evaluation of twelve LFAs and describe their diagnostic accuracy in a cohort of 100 confirmed SARS-
CoV-2 positive participants with varying disease severity and 105 samples from participants confirmed
as negative or collected pre-pandemic. This study forms part of a larger initiative to generate and share

independent performance data on COVID-19 tests coordinated by FIND, the global diagnostics alliance.
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Methods
Ethics statement

Research samples were provided with informed written consent. Participants were recruited through
the Facilitating A SARS CoV-2 TEst for Rapid triage (FASTER) study, approved by the National Health
Service Research Ethics Committee (20/SC/0169) under the Integrated Research Application System no.
282147 and the Flavimmune study (16/NW/0160).

Participants

A total of 142 serum/plasma samples from 125 SARS-CoV-2 RT-qPCR -positive participants were used in
this study to assess the sensitivity of the LFAs. One hundred serum/plasma samples from RT-qPCR -
positive participants were used for each LFA due to the limited quantity of some serum samples. Full
details are given in Table S1. Briefly, 24 patients presenting at the Liverpool University Hospitals NHS
Foundation Trust (Liverpool, UK) were recruited as part of the FASTER study and provided 41 serum
samples collectively at different timepoints (DO, D2, D7, D28 post-admission). Sera from patients with
RT-gPCR confirmed SARS-CoV-2 infection (n=84) were provided by Liverpool Clinical Laboratories (LCL)
as leftover diagnostic samples. Participants with RT-gPCR confirmed SARS-CoV-2 infection who did not
result in hospital attendance (n=12) were also recruited (7). In addition, the NIBSC COVID-19
convalescent plasma panel, human (20/118), as well as NIBSC 20/130 plasma positive control were used
for the evaluation. The COVID-19 convalescent plasma panel (NIBSC 20/118) and NIBSC 20/130 were

obtained from the National Institute for Biological Standards and Control, UK.

A total of 105 SARS-CoV-2 negative serum samples were used to assess specificity of the LFAs. See Table
S2 for full details. These consisted of 84 pre-pandemic sera collected from individuals diagnosed with
influenza A (n=20), tuberculosis (TB) (n=10), human immunodeficiency virus (HIV) (n=10), TB/HIV (n=10),
dengue virus (n=10), parasitic diseases (n=12), human coronavirus 229E (n=10) and human coronavirus
0C43 (n=2). A panel of pre-pandemic plasma from participants with non-COVID-19-related fever (n=20)

were provided by FIND and an additional quality assurance sample (n=1).
Enzyme-linked immunosorbent assay (ELISA) to detect IgG

The Anti-SARS-CoV-2 ELISA (IgG) kit (El 2606-9601 G) (Eurolmmun, Germany) was used to screen all

serum samples for the presence of anti-SARS-CoV-2 IgG, as per the manufacturer’s instructions. Samples
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with an OD value greater than the calibrator were considered positive, samples with OD value lower

than the calibrator were considered negative.
Lateral flow immunoassays

Twelve LFAs (Table 1) were evaluated according to manufacturer's instructions. Briefly, 10-20 pl serum
was required depending on the test, followed by 2-3 drops of buffer. Results were read independently
by two people; if there was any disagreement a third person acted as a tiebreaker. Full details are given
in Table 1. Of the 12 tests, 11 detected IgM and IgG separately, with only Beijing Wantai giving a ‘total

antibody’ result. All tests were CE-IVD marked.
Data analysis

Sensitivity was calculated against RT-gPCR confirmed SARS-CoV-2 infections including sensitivity when
stratified by days post-symptom onset. Specificity was calculated against RT-gPCR confirmed SARS-CoV-
2 negative samples or samples collected pre-pandemic. Sensitivity was then calculated against RT-gPCR
confirmed SARS-CoV-2 infections also positive by IgG ELISA. Specificity was calculated against IgG ELISA
negative samples. Percentage agreement and Cohen’s Kappa statistic against I1gG ELISA were calculated
(8). Data analyses were carried out in MedCalc for Windows, version 19.8 (MedCalc Software, Ostend,

Belgium).
Results
Sensitivity and specificity against RT-qPCR

Sensitivity of the LFAs against RT-gPCR ranged from 37.4-79.0% for 1gM/IgG, 30.3-74.0% for 1gG only,
and 21.2-67.0% for IgM only (Table 2, Figure 1). The sensitivity for an IgM/IgG response increased in 10
out of 12 tests at >21 days post-symptom onset, with a mean increase of 15.0% (Table 2, Figure 1). The
sensitivity for 1gG increased >21 days post-symptom onset, with a mean increase of 16.5% (Table 2,
Figure 1). For IgM, sensitivity was higher <21 days post-symptom onset in six of the LFAs and higher at

>21 days post-symptom onset for five tests (Table 2, Figure 1).

Specificity ranged from 74.3-99.1% for 1IgM/IgG, 82.9-100% for I1gG only, and 75.2-98.0% for IgM only
(Table 2, Figure 1). For all tests, except for Beijing Wantai which is a combined IgM/1gG only, and

Shenzhen Bioeasy where specificity for IgM/I1gG and IgG were identical, IgG alone had a higher specificity
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than I1gM/1gG (Table 2, Figure 1). Four tests reported 100% specificity for IgG (Table 2). Nine LFAs had a

higher IgG specificity than IgM (Table 2, Figure 1).
Diagnostic accuracy of LFAs against IgG ELISA

Of the 142 participants positive by RT-gPCR, 90 (63.4%) were positive by IgG ELISA. Of the 105 pre-
pandemic samples, 85 were tested by IgG ELISA due to sample availability, of which 82 (96.5%) were
negative by IgG ELISA. Compared to IgG ELISA, LFA sensitivity was found to range between 44.6% and
95.4% (Table 3). Shanghai Kehua had the highest sensitivity at 95.4% (Table 3). Compared to IgG ELISA,
LFA specificity was found to range between 85.4% and 100% (Table 3). The highest agreement between

IgG measured by LFA and IgG measured by ELISA was seen with Shanghai Kehua (Table 4).
Discussion

There is a plethora of LFAs available on the market today, all purporting to offer high sensitivity and
specificity, but often without rigorous, manufacturer-independent evaluations. In this study, we
evaluated 12 LFAs on serum samples collected from RT-qPCR -positive individuals and individuals with a
wide range of diagnosed diseases pre-pandemic. We demonstrate the differences in sensitivity and
specificity of the responses of combined IgM/1gG, IgG and IgM against a RT-qPCR and an IgG ELISA, in

patients presenting with both acute and convalescent SARS-CoV-2 infections.

Bionote had the highest overall sensitivity (79.0%), with a sensitivity of 88.2% at >21 days post-symptom
onset for an IgM/1gG response. Genbody Inc. had the lowest sensitivity with an overall sensitivity of
37.4% for an 1IgM/IgG response. Sensitivity of IgM/IgG and IgG improved for the majority of LFAs over 21
days post-symptom onset in agreement with other LFA evaluation studies (9). In this study, no test met
the clinical sensitivity requirements of >98% (95% Cl: 96-100%) on samples collected 220 days post-
symptom onset laid out in the target product profile (TPP) published by the UK government (10).
However, our data are calculated on fewer than 200 confirmed positive cases as specified by the TPP
(10). As expected with an earlier decline in IgM titres, fewer LFAs had improved sensitivity for IgM >21
days post-symptom onset. It is important to note that the samples used in this study were collected

before the roll out of any COVID-19 vaccine.

The large variation in performance in LFAs reported here is in accordance with other evaluations (9). The
variations in diagnostic accuracy may in part be due to the antigen used to detect SARS-CoV-2
antibodies. The two main immunogenic antigens of SARS-CoV-2 are the nucleocapsid and the surface
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spike protein, split into domains S1 and S2, with the receptor-binding domain in S1. S1 is thought to be
the most specific, with low-level cross-reactivity demonstrated for S2 and nucleocapsid (11). It is one or

a combination of these antigens that are used for serological testing.

Not all manufacturers included in this evaluation disclose the antigen(s) used in their test. This
information is key to testing during vaccine-rollout, with two vaccines, Pfizer-BioNTech and Moderna,
containing mRNA encoding spike proteins to elicit an anti-spike immune response. LFAs that detect a
response to spike antigens should prove useful for detecting both prior exposure to SARS-CoV-2, but
also vaccinated individuals. Those that do not detect the relevant spike antigen may not prove as useful
in detecting an immune response within vaccinated individuals but may have a role in identifying
immune responses to breakout infections in vaccinated populations. Further studies should look at the

use of LFAs in vaccinated individuals.

Our pre-pandemic negative panel consisted of serum from individuals diagnosed with a wide range of
diseases, and in general, the false-positive results were found not to be linked to one disease. However,
one sample from a returning traveller with malaria in 2005 gave a false positive result for 7 out of the 12
LFAs, which warrants further study. Of the 20 Influenza A samples, only 3 false positives were reported
across all 12 LFAs. One sample with previous human coronavirus 229E exposure gave a false positive
result for 4/12 LFAs as well as the Eurolmmun 1gG ELISA, and another gave a false positive result in 3/12
LFAs. Seven out of the twelve human coronavirus 229E and OC43 samples reported no false positives for
any LFAs, whist 1 sample reported 2 false positives and the remaining 2 samples reported 1 false
positive. This suggests cross-reactivity with immune responses to other human coronaviruses is possible
but likely to be minimal, additionally pre-pandemic coronavirus patients often presented with other
syndromes and coronavirus diagnosis has only been made due to multiplex molecular panels; this
indicates samples used here may have unusual properties which may initiate cross-reaction as opposed

to the coronaviruses present.

There is still no established ‘gold-standard’ serological test for SARS-CoV-2. The Eurolmmun IgG ELISA
was chosen at the time as it was one of the only CE-marked ELISA assays. Previous studies have reported
false positives with the Eurolmmun IgG ELISA, and we report here 3/105; one from a HIV patient in
Nigeria in 2018, one from a patient with dengue virus in Brazil in 2015 and one with an individual with
human coronavirus 229E in the UK in 2019. These were excluded from the ELISA/LFA specificity analysis.

Cross-reactivity was seen in an evaluation of the Eurolmmun Anti-SARS-CoV-2 NCP ELISA carried out in
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Nigeria in a negative control panel in which 50.2% of participants had the P. falciparum HRP2 antigen

(12). The specificity of the Eurolmmun ELISA in this study was 96.5%.

LFAs can be helpful in measuring exposure of a community to SARS-CoV-2, particularly in areas where
testing of symptomatic individuals was not and is not readily available. Manufacturer-independent
evaluations provide helpful data as to the accuracy of LFAs. Further evaluations are needed following

the commencement of vaccination campaigns to evaluate the use of LFAs in vaccinated individuals.
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Figure 6. Sensitivity (total, < 21 and >21 days post symptom onset) and specificity of the antibody response (IgM/IgG, 1gG, IgM) to each LFA.

Note, sensitivity was calculated against RT-PCR results and specificity was calculated using a pre-pandemic panel.
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Table 1. Details of LFAs evaluated.

Referred to Volume Drops of Time to
Manufacturer Test name (manufacturer) . Product Code Lot Number of sera P result
herein as buffer .
() (minutes)
Beijing Wantai Blo‘loglcal WANTAI SARS-CoV-2 Ab Rapid Beijing Wantai WJ-2750 INB20200408 10 ) 15
Pharmacy Enterprise Co., Ltd Test
Bionote Co., LTD. ?g:CheCk COVID-19 1gM/1gG Bionote RB2901DG 2901D002 10 3 10
Core Technology Co., Ltd COVID-19 IgM/IgG Ab Test Core B290-21 20200406 10 2 10
Technology
CTK Biotech ?:;'te COVID-191gM/lgG Rapid -y piovach  Ro180C FOS07R1C00 10 2 10
Edinburgh Genetics COVID-19 Edinbureh 20 into
Edinburgh Genetics Limited Colloidal Gold Immunoassay Geneticf TIL225AEGCV0055 2000555A 2ml 2-3 10
Testing Kit, IgM/IgG Combined buffer
Covio4o0,
GenBody Inc. COVID-19 IgM/1gG GenBody PQGBO21 (reader) FJF029201 10 3 10
Jiangsu quperfectus Novel Corona \{IFUS (SARS—COV—Z Jlf‘;\ngsu SC30201W 20200401 10 3 10
Technologies Co., Ltd ) 1gM/IgG Rapid Test Kit Bioperfectus
PRIME4DIA Co., Ltd PADETECT COVID-19 IgM/IgG PRIME4DIA CMG200701 10 3 10
Qingdao HIGHTOP Biotech SARS-CoV-2 IgM/IgG Ab Rapid Qingdao
Co., Ltd. Test HIGHTOP H100 COV1252004C 10 2 15
. . Diagnostic Kit for SARS-CoV-2 ,
hanghai Kehua Bio- hangh
shanghai kehua Bio IgM/IgG Antibody (Colloidal Shanghai R-423-20-C-CE 423200334 10 3 15
Engineering Co., Ltd Kehua
Gold)
Shenzhen Bioeasy 2019-Novel Coronavirus (2019- Shenzhen
V) IgM/I ICARapid T YRLG2230102 2 N104 1 2 1
Biotechnology Co., Ltd nFo )} 1gM/IgG GICA Rapid Test Bioeasy 622301025 003N10 0 0

Kit
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Zhuhai Livzon Diagnostics Inc.

Diagnostic Kit for 1IgM/1gG
Antibody to Coronavirus (SARS-
CoV-2) (Lateral Flow)

Zhuhai Livzon

CK2004240410

10

10
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Table 2. Sensitivity and specificity of the 12 LFAs. Sensitivity was calculated using SARS-CoV-2 RT-qPCR positive sera/plasma and specificity

determined on pre-pandemic sera/plasma.

Test

All samples

Sensitivity vs RT-

Specificity vs pre-

< 21 DAYS POST

SYMPTOM ONSET

> 21 DAYS POST

SYMPTOM ONSET

More sensitive >

qPCR (%) [95% Pandemic panel (%) Sensitivity vs RT- Sensitivity vs RT- 21 days?
all [95% Cl] qPCR (%) qPCR (%)
Beijing Wantai IgG + IgM [659977(_32@? TP) ?5418(—1(())%105 ™) 66.7 (38/57) 71.1(27/38) Yes
gorigm  TSOUS/00T) OTOBILOTN g s (aoss ves
Bionote IgG f55 fg(_f;i{ i]o 0TP) [1;3 L(l_lfgélloo ™) 52.5 (32/61) 88.2 (30/34) Yes
lgM [653208‘332/ i]oo TP) [997 1'?5‘;;{ i]oo ™ 672 (a1/61) 61.8 (21/34) No
IgG + IgM [7:6?0(-;(2);/. ;]00 TP) ?966_25(_;2.15]105 ™) 63.2 (36/57) 79.0 (30/38) Yes
Core Technology 18G ?57 6‘?9(_%{ i]o 0TP) [1; g 6(_155’51105 ™) 59.7 (34/57) 76.3 (29/38) Yes
v COQISU0TR) Se2WOAOSTN gy yiagsy) aos (a3 No
IgG + I1gM [756?0(-;2/. ;?0 TP) ?fél(.zsz/_ 3]8 ™) 75.4 (46/61) 64.7 (22/34) No
CTK Biotech IgG f 416?8(—211{ i]o 0TP) [999 4?5(_91(7){)?8 ™) 49.2 (30/61) 55.9 (19/34) Yes
lgM f_: 609‘%/ i]oo TP) f77985(2§/ ;8 ™) 72.1 (44/61) 61.8 (21/34) No
(E;:i::t‘i‘:fh IgG + IgM [5487'(.)7(-23{ ;]0 0TP) [877;4(_22{ 2]7 ™) 50.8 (31/61) 73.5 (25/34) Yes

251



GenBody Inc.

Jiangsu
Bioperfectus

PRIMEA4DIA

Qingdao
HIGHTOP

Shanghai Kehua

IgG

IgM

IgG + IgM

IgG

IgM

IgG + IgM

IgG

IgM

IgG + IgM

IgG

IgM

IgG + IgM

IgG

IgM

IgG + IgM

56.0 (56/100 TP)
[45.7-65.9]

27.0 (27/100 TP)
[18.6-36.8]
37.4(37/99 TP)
[27.9-47.7]

30.3 (30/99 TP)
[21.5-40.4]

21.2 (21/99 TP)
[13.6-30.6]

72.0 (72/100 TP)
[62.1-80.5]

69.0 (69/100 TP)
[59.0-77.9]

61.0 (61/100 TP)
[50.7-70.6]
67.0 (67/100 TP)
[56.9-76.1]
56.0 (56/100 TP)
[45.7-65.9]

60.0 (60/100 TP)
[49.7-69.7]
71.0 (71/100 TP)
[61.1-79.6]
60.0 (60/100 TP)
[49.7-69.7]
67.0 (67/100 TP)
[56.9-76.1]

78.0 (78/100 TP)
[68.6-85.7]

99.0 96/97 TN)
[94.4-100]

88.7 (86/97 TN)
[80.6-94.2]

92.4 (97/105 TN)
[85.5-96.7]

96.2 (101/105 TN)
[90.5-99.0]

94.3 (99/105 TN)
[88.0-97.9]

88.6 (93/105 TN)
[80.9-94.0]

95.2 (100/105 TN)
[89.2-98.4]

91.4 (96/105 TN)
[84.4-96.0]

97.0 (98/101 TN)
[91.6-99.4]

100 (101/101 TN)
[96.4-100]

97.0 (98/101 TN)
[91.6-99.4]

96.0 (97/101 TN)
[90.2-98.9]

98.0 (99/101 TN)
[93.0-99.8]

98.0 (99/101 TN)
[93.0-99.8]

74.3 (78/105 TN)
[64.8-82.3]

49.2 (30/61)
32.8(20/61)
42.1(24/57)
33.3(19/57)
29.8 (17/57)
66.7 (38/57)
61.4 (35/57)
59.7 (34/57)
63.9 (39/61)
52.5 (32/61)
60.7 (37/61)
63.9 (39/61)
60.7 (37/61)
57.4 (35/61)

66.7 (38/57)

70.6 (24/34)
20.6 (7/34)

29.0 (11/38)
23.7(9/38)

10.5 (4/38)

79.0 (30/38)
79.0 (30/38)
63.2 (24/38)
76.5 (26/34)
64.7 (22/34)
64.7 (22/34)
85.3 (29/34)
64.7 (22/34)
85.3 (29/34)

94.7 (36/38)

Yes

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Shenzhen
Bioeasy

Zhuhai Livzon

IgG

IgM

IgG + IgM

IgG

IgM

IgG + IgM

IgG

IgM

74.0 (74/100 TP)
[64.3-82.3]

55.0 (55/100 TP)
[44.7-65.0]

70.0 (70/100 TP)
[60.0-78.8]

65.0 (65/100 TP)
[54.8-74.3]
56.0 (56/100 TP)
[45.7-65.9]
70.0 (70/100 TP)
[60.0-78.8]
52.0 (52/100 TP)
[41.8-62.1]
66.0 (66/100 TP)
[55.9-75.2]

93.3(98/105 TN)
[86.8-97.3]

75.2 (79/105 TN)
[65.9-83.1]

82.9 (87/105 TN)
[74.3-89.5]

82.9 (87/105 TN)
[74.3-89.5]
83.8 (88/105 TN)
[75.4-90.3]
86.0 (86/100 TN)
[77.6-92.1]
100 (100/100 TN)
[96.4-100]
86.0 (86/100 TN)
[77.6-92.1]

64.9 (37/57)

57.9 (33/57)

64.9 (37/57)

59.7 (34/57)
56.1(32/57)
70.5 (43/61)
52.5 (32/61)

60.7 (37/61)

86.8 (33/38)

52.6 (20/38)

79.0 (30/38)

76.3 (29/38)
57.9 (22/38)
76.5 (26/34)
64.7 (22/34)

64.7 (23/34)

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes
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Table 3. Sensitivity and specificity of LFAs against IgG ELISA.

Manufacturer

Sensitivity (%)
[95% CI]

Specificity (%)
[95% CI]

Beijing Wantai

Bionote

Core Technology

CTK Biotech

Edinburgh
Genetics

GenBody

Jiangsu
Bioperfectus

PRIMEA4DIA

Qingdao
HIGHTOP

Shanghai Kehua

Shenzhen
Bioeasy

Zhuhai Livzon

92.3 (60/65 TP)
[83.0-97.5]

90.0 (54/60 TP)
[79.5-96.2]

92.3 (60/65 TP)
[83.0-97.5]

81.7 (49/60 TP)
[69.6-90.5]

80.0 (48/60 TP)
[67.7-89.2]

44.6 (29/65 TP)
[32.3-57.5]

93.9(61/65 TP)
[85.0-98.3]

86.7 (52/60 TP)
[75.4-94.1]
85.0 (51/60 TP)
[73.4-92.9]

95.4 (62/65 TP)
[87.1-99.0]

83.1 (54/65 TP)
[71.7-91.2]

78.3 (47/60 TP)
[65.8-87.9]

98.8 (81/82 TN)
[93.4-100]

100 (78/78 TN)
[95.4-100]

100 (82/82 TN)
[95.6-100]

100 (76/76 TN)
[95.3-100]

100 (75/75 TN)
[95.2-100]

100 (76/76 TN)
[95.6-100]

96.3 (79/82 TN)
[89.7-99.2]

100 (79/79 TN)
[95.4-100]
98.7 (78/79 TN)
[93.2-100]

97.6 (80/82 TN)
[91.5-99.7]

85.4 (70/82 TN)
[75.8-92.2]

100 (78/78 TN)
[95.4-100]
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Table 4. Agreement and Cohen’s Kappa between IgG measured by LFA and IgG ELISA.

ELISA
LFA — - Kappa [95% CI]
Positive Negative
. Positive 60 1
Beijing Wantai - 0.9167 [0.8514-0.982]
Negative |5 81
. Positive 54 0
Bionote - 0.9105 [0.8405-0.9805]
Negative | 6 78
Positive 60 0
Core Technology - 0.9305 [0.8706-0.9904]
Negative |5 82
. Positive 49 0
CTK Biotech - 0.8327 [0.7379-0.9275]
Negative | 11 76
. ) Positive 48 0
Edinburgh Genetics - 0.8163 [0.7171-0.9155]
Negative | 12 75
Positive 29 0
GenBody - 0.4733 [0.3238-0.6228]
Negative | 36 82
. . Positive 61 3
Jiangsu Bioperfectus : 0.9033 [0.8334-0.9732]
Negative | 4 79
Positive 52 0
PRIME4DIA - 0.8808 [0.8006-0.961]
Negative | 8 79
. Positive 51 1
Qingdao HIGHTOP - 0.8510 [0.7620- 0.9400]
Negative |9 78
Positi 62 2
Shanghai Kehua ostive 0.9309 [0.8714-0.9904]
Negative |3 80
Shenzhen Bioeas Positive >4 12 0.6833 [0.5644-0.8022
v Negative | 11 70 : [O. e ]
- Positive 47 0
Zhuhai Livzon . . -0.
Negative | 13 78 0.8034 [0.7017-0.9051]
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Table S1. Positive sera/plasma used to calculate diagnostic accuracy of LFAs.

. . Years Country of . .
N
Confirmed Pathogen/Disease collected Sample Type collection Collection site
RLUTH and Aintree University
SARS-CoV-2/COVID-19 41 2020 Sera UK Hospital recruited through FASTER
RLUTH and Aintree University
SARS-CoV-2/COVID-19 84 2020 Sera UK Hospital provided by LCL
SARS-CoV-2/COVID-19 12 2020 Sera UK Liverpool School of Tropical
Medicine
National Institute for Biological
NIBSC 20/118 4 2020 Plasma UK Standards and Control, UK
NIBSC 20/130 1 2020 Plasma UK National Institute for Biological

Standards and Control, UK
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Table S2. Negative controls used to calculate diagnostic accuracy of LFAs.

Partici D | f
Confirmed Pathogen/Disease N art|C|p?nt ates Sample Countr.y ° Collection site
population collected Type collection
Influenza A 20 ggre'g'zg'ed FeSPIFALONY  Lirst half 2019 Sera UK RLUTH NHS trust
Tuberculosis 10 CPnflrmed respiratory July-October Sera Nigeria Zankli Research Centre, Abuja
disease 2018
HIV 10 Sick Wlth non.- May-June 2018 Sera Nigeria Zankli Research Centre, Abuja
respiratory disease
Tuberculosis/HIV 10 Cf)nflrmed respiratory  June-October Sera Nigeria Zankli Research Centre, Abuja
disease 2018
Dengue virus 10 Sick .W'th non.- Jul-15 Sera Brazil Aracaju
respiratory disease
Human coronavirus 229E 10 Cf)nﬂrmed respiratory - May 2018- Sera UK St Georges NHS trust
disease January 2020
Human coronavirus OC43 2 Cf)nﬂrmed respiratory - May 2018- Sera UK St Georges NHS trust
disease October 2019
Plasmodium falciparum 3 Sick .Wlth non.— 1988-2005 Sera UK RLUTH NHS trust
respiratory disease
schistosoma mansoni, 3. 4 Sick with non- 19992003 Sera UK RLUTH NHS trust
haematobium respiratory disease
. . Sick with non- Shrewsbury NHS, Manchester
Entamoeba histolytica 3 respiratory disease 1992-1996 Sera UK NHS, Stepping Hill NHS
. . Sick with non-
Strongyloides stercoralis 2 . ) 1973-1991 Sera UK RLUTH NHS trust, HTD London
respiratory disease
FIND Fever Panel 20 Sick with non- 2017-2018 Plasma Malawi  NA
respiratory disease
FIND QA PANEL NTC 1 Plasma
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