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Abstract

Background: Recombinant fusion proteins are now commonly used to detect circulating antibodies for the
serodiagnoss of visceral leishmaniasis (V1) in Asia, Africa and the Americas. Although simple, these tests still require
blood collection and their use in remote settings can be limited due to the need of collection devices, serum
fractionation instrument and generation of biohazardous waste. The development of an accurate and non-invasive
diagnostic algorithm for VI, such as could be achieved with uring, is desirable.

Methods: We enrolled 87 VL patients and 81 nonVL individuals, including 33 healthy endemic controls, 16 healthy
non-endemic contols, 16 disease controls and 16 tuberculosis (TB) patients. We compared the efficacy of recombinant
antigens rk28, rk39 and rkRP42 for the diagnaosis of VL when either serum or urine were used to develop
antibody-detection ELISA.

Results: As expected, each of the antigens readily detected antibodies in the serum of VL patients k28
ELISA showed the highest senstivity (38.9 %), folbwed by %39 and rkRP42 ELISA (97.7 and 94.4 %, respectively); overall
spedficty was > 96 % When urine was used as the test analyte, only a marginal drop in sensitivity was obsened, with
K28 ELISA again demonstrating the greatest sensitivity (%5.4 %), ©ollowed by ri39 and rKRP42 ELISA respectively. Again,
the ovemll spedficty was> 96 %

Conclusions: Our data indicate the potential for using urine in the diagnosis of V1. Detection of antibodies against
k28 demonstrated the greatest sensitivity. Together, our results indicate that rk28-based antibody detection tests

using urine could provide a completely non-invasive tool amenable for diagnosis of VL in remote locations

Keywords: Visceral leishmaniasis, Diagnasis, k28 K39, rkRP42, ELISA, Serum, Urine, Bangladesh

Table 4 Sensitivity and spedficity of rK28 B I5A performed using serum and urine samples from VL patients and non-VL individuals

for diagnossof VL

Serum Udine
Group Subects Fostive Sensitivity N Specificily n 95 % CI Pasitve 1)  Senstivity n 98) Specifictyn 98) 95%C

) ) (% %)
W 87 8 86 (Sa85) ra 93765957 & &3 (9540) na 8864-9873
Al COMros a1 3 na 78 (9630) 89565923 3 na 78 (5630) 8956-99213
ECH+NEC+ 0+ 18
& i3 1 na 32 (9657) 84245952 1 na 32 84S0 8424-9552
NEC 16 0 na 16 {100) 7941-100 1 na 15 8375) 697 7-99584
DC 16 1 na 15 (83.75) 69775984 0 na 16 (100) 7941-100
18 16 1 3 15(53.75) 697759984 1 na 15 8375) 697 7-99584

Abbreviatbn s na, not apphable; 95 % Q, senstvity or specficty at 95 % confdence nerval
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Abstract Acute visceral leishmaniasis (VL) is caused by
infection with parasites of the Leishmania donovani complex
and may be fatal if not treated. Early diagnosis and efficacious
treatment are the keys to effective VL management and con-
trol. Novel regimens are being developed to overcome limi-
tations in VL treatment options, which are currently restricted
by high costs, severe systemic side effects, and unresponsive-
ness. Although simple and accurate serological tests are avail-
able to help confirm VL, none are suitable to monitor treat-
ment efficacy and cure. Here, we confirm that serum antibody
responses to the diagnostic antigens rK39 and rK28 are unal-
tered by treatment, but demonstrate that antibodies produced
against two antigens, rK26 and rK18, can be used as an
indirect measure of parasite clearance. The levels of anti-
rK18 and -rK26 antibodies were high in patients at initial
diagnosis but declined in patients treated with either SSG
(Ethiopia) or AmBisome™ (Bangladesh). Taken together,
we propose that serological tests which measure antibodies
to rK26 and rK18 merit consideration as potential markers of
treatment success and cure.

Fig. 2 Antigenspecific antibody
responses of Bangladeshi VL
patients. Antigen-specific IgG
binding of matched sera from
before and after the initiation of
SDA reatment of Bangladeshi
VL patients was measured by
ELISA against fK39, K18, and
1K26. In the kft panels, each
point represents the OD of an
individual serum and the median
is represented by the horéontal
line. ****p < 0.001 versus day 0
samples, a5 measured by paired
one-way ANOVA. In the nght
panels, 10 objectively contmst the
changes in each antigen-specific
response, we normalized against
the intake OD (day 0) and then
expressed results as the
proportion of patients
demonstrating responses that
were <25 %, 25-50 %, 50-75 %,
or >75 % at each time point
relative to day 0 (initiation of
treatment)
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Fig3. HighIL-6 lewvels inserum is associsted with disease severity. Secumlevelsol IL6 and IL-27
measumd befom eatment by Lumninex assay were compared in VL paserts. (A) IL-6 levals in paSents wih
dassicd VL (n= 25)and SVL {n =« 12). (B) IL-6€ bvs in paSerts with dasscd VL (n« 25) and SVL that
survived (n « 7) and SVL hat dind (n «5). {C) IL-27 bvels in paents with dasscal VL (n« 25)and SVL
(n=12).
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Abstract 10
Background: Visceral leishmaniass (W) can be fatal without tmely diagnoss and reament. Treamment eficacies
vaty due 10 dug Bastance, dag 1oxicity and comarbidities. It is Imponant 10 MONITYr TRAIMENT BSPONSVENEss 10
confiem cure and cunal mlapse. Cumently, micioscogy of spleen, bone manow o lymph node bicpsies is the only 0+ T T
definitive method 10 evaluate cue. A less invasive 1851 for reatment success is a high priodty for VI management 00 05 10 15
Methods In this study, we desaibe the development of a capture ELISA based on detecting Leishmania donowani 0D (450nm)
antigens in uine samples and comparnison with the Leishmania Antigen ELISA_ as0 developad for the same purpose.
Both wes developad & polype Kis and 1estad on patient uine sampes fom Sudan, Bthiopa, Bandadesh and
Badl, dong with appropride conrol sampes from endemic and nan-endemic Bgions Sersitvity and specfiaty were
sessad hased on acawrae detection of paients compaed 10 contrd samples. One- Way ANOVA was usad © a5ess
e dsctmination capacty of the 1ess and Cohen's kapna was wed 10 asess their corelaton. ) )
Results: The Leihmania Antigen Detect™ ELISA demonstated 30 % sensifvity on VL patient samges fiom Sudan, Fg. 3 Perfoemance of leshmania Antgen ELISA. a Standaxd cunve regrewnting means of the Sgnals abtaned in the Leashmania Antigen BLEA
Bangladesh and Ethiopia and 88 % on samples fiom Brazil The Leishmania Antigen ELISA was compabie in wing the calbasted standards peovicded with the K. b Perfosmance of leshmania Anigen ELISA on usne samples fom W patients n Ethiopia
parformance except for lower sensitivity on Sudanese samples. Both were highly speacific. To confien utlity in n=46), Sudan (n=64), Banglade h (1= 13) and Braal (n = 43) compassd 1 NEC (n = 49), EC bom Bangladesh (1= 10) and OD {0 =301 OD

MONITONNgG réatment, uine samples were coliectad fiom W patents at days 0, 30 and 180 post- teatment. For
he Lashmania Antgen Detect™ ELSA, postivity was high at day 0 at 95 9% @ling 10 21 % at day 30 At day 180, 3
SAMPIES Were Nagative, Comes ponding well with Cinical cure A Smilar tend was 350 seen for the Lddhmania Antoen
ELSA abel; with lower positvity of 91 % at Day 0 and mare patents, remaning postive at Days 30 and 180

Discussion: The lgshmania Antgen Detact™ and the leishmania Antoen HLISAS a= standadized, user- Tendy,

onsst of samgies Fom patents with HAT (0= 10), £ kparan malass (0= 10) and ubexculoss (1= 10) in UALmML Lines régrevant meadian

quantitative and drect 1ess 10 detect Leishmania dudng acute WL as well 35 10 monior parasite dearance during A C
vastment They a8 3 dear IMpIOVemeEnt over £x5Tng oplons 1.0
Conclusion: The ELEAS pronide 3 non-invasive mehod 10 Ge1act paGEsle anticens dudng acue infaction and monior 100
15 ceamnce upon cus Ting @ unmet read in VL management Funhar mfrement of e 255 with mae samples
Siom endeamic regions will define ther utiity in monitodng teatment 0.8+
Keywords Diagnosis, Leishmania, Articen, Treatment, Antbody, Kala azr, Infaction 'g 80+
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Fg. 4 Perfosmnance of leshmania Anigen Derea™ ELEA and Lleidvnano Antigen ELISA on teeatment follow- up udne samgies fom Ethiopa

a Mean ELISA sgnals of 42 VL patients undergoing SSG, MEG or L-AmB8 reatnent in Ethiopa at inltigion (Dey 0) and post intiaton [Days 30 and
180) of treatment as meassusd by he Leshmania Anigen Derea™ BELEA Dotted ne indicares cut-off value for positivity as calaulared bom he
mean of negatve antras added 3 standard devigions b UALVmL for 42 VL patents undergang SSG, MEG o L-AmB reatment n Bhiopias a1
nitation (Dey 0) and post intigion ([Days 30 and 180) of 1eament & messred by the Ladironia Amtigen ELISA ¢ Positavity pexcentage of the
leidhynann Antgen Detect™ BLISA Black ban) and Ladvnania Artigen ELEA ([dak gay ban) compared 1o KAtex light gray bas) on W patient
wine samples foom Ethopa at intigion Dy 0) and post intiaton [Days 30 and 180) of reatment
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Accurate Serodetection of Asymptomatic Leishmania donovani
Infection by Use of Defined Antigens

Aarthy C. Vallur,? Caroline Reinhart, Raodoh Mohamath,® Yasuyuki Goto,* Prakash Ghosh,” Dinesh Mondal,® Malcolm S. Duthie,?
Steven G. Reed®
Infectious Disease Research Institute, Seattle, Washington, USA®; International Center for Diarthoeal Diseases Research, Laboratory Sciences Division, Dhaka, Bangladesh®

Infection with Leishmania donovani is typically asymptomatic, but a significant number of individuals may progress to visceral
leishmaniasis (VL), a deadly disease that threatens 200 million people in areas where it is endemic. While diagnosis of acute VL
has been simplified by the use of cost-effective confirmatory serological tests, similar standardized tools are not widely available
for detecting asymptomatic infection, which can be 4 to 20 times more prevalent than active disease. A simple and accurate sero-
logical test that is capable of detecting asymptomatic L. donovani infection will be useful for surveillance programs targeting VL
control and elimination. To address this unmet need, we evaluated recombinant antigens for their ability to detect serum anti-
bodies in 104 asymptomatic L. donovani-infected individuals (qualified as positive for L. donovani-specific antibodies by direct
agglutination test [DAT]) from the Mymensingh district of Bangladesh where VL is hyperendemic. The novel proteins rKR95
and rTR18 possessed the greatest potential and detected 69% of DAT-positive individuals, with rKR95 being more robust in re-
activity. Agreement in results for individuals with high DAT responses, who are more likely to progress to VL disease, was 74%.
When considered along with rK39, a gold standard antigen that is used to confirm clinical diagnosis of VL but that is now be-
coming widely used for surveillance, rKR95 and rTR18 conferred a sensitivity of 84% based on a theoretical combined estimate.
Our data indicate that incorporating rKR95 and rTR18 with rK39 in serological tests amenable to rapid or high-throughput
screening may enable simple and accurate detection of asymptomatic infection. Such tests will be important tools to measure L.
donovani infection rates, a primary goal in surveillance and a critical measurement with which to assess elimination programs.
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FIG 1 Assessment of the ability of a serological test comprising recombinant
proteins to detect antibodies in the serum of asymptomatic infected individu-
als. Asymptomatic infected individuals were defined as DAT positive, and
serum antibodies against the indicated antigens were measured by ELISA. The
optical density of each serum sample from asymptomatic individuals (Asymp)
(circles), VL patients (VL) (squares), healthy nonendemic controls (NEC)
(triangles), DAT-negative healthy endemic controls (EC) (inverted triangles),
and controls with other diseases (OD) (diamonds) is plotted. Median optical
density is indicated for each group (black bars). The black line intersecting
each plot identifies the cutoff above which samples were considered positive.
wx¥x, Pvalue of <0.0001; * and **, Pvalue of <<0.05 and <0.01, respectively, as
measured by one way ANOVA.
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From mouse to man: safety, immunogenicity and
efficacy of a candidate leishmaniasis vaccine
LEISH-F3+GLA-SE
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Key antigens of Leishmania species identified in the context of host responses in Leishmanis-exposed individuals from disease-
endemic areas were prioritized for the development of a subunit vaccine against visceral leishmaniasis (VL), the most deadly 00 - 00 -
form of leishmaniasis. Two Leishmania proteins—nucleoside hydrolase and a sterol 24-c-methyltransferase, each of which are BALBC CSTELS
protective in animal models of VL when properly adjuvanted— were produced as a single recombinant fusion protein NS (LEISH-
F3) for ease of antigen production and broad coverage of a heterogeneous major histocompatibility complex population. When
formulated with glucopyranosyl lipid A-stable oil-in-water nancemulsion (GLA-SE), a Toll-like receptor 4 Ty 1 (T helper 1)
promoting nancemulsion adjuvant, the LEISH-F3 polyprotein induced potent protection against both L. donowani and

L. infantum in mice, measured as significant reductions in liver parasite burdens. A robust immune response to each component pr—d
of the vaccine with polyfunctional CD4 Tx1 cell responses characterized by production of antigen-specific interferon-y, tumor 3.‘10‘ -
necrosis factor and interleukin-2 (IL-2), and low levels of IL-5 and IL-10 was induced in immunized mice. We also demonstrate '
that CD4 T cells, but not CD8 T cells, are sufficient for protection against L. donowani infection in immun ized mice. Based on
the sum of preclinical data, we prepared GMP materals and performed a phase 1 clinical study with LEISH-F3+GLA-SE in
healthy, uninfected adults in the United States. The vaccine candidate was shown to be safe and induced a strong antigen-
specific immune response, as evidenced by cytokine and immunogiobulin subclass data. These data provide a strong rationale
for additional trials in Leishmanis-endemic countries in populations vulnerable to VL.

Chnical & Translational Immunolagy (2015) 4, 00; doi:10.1038/cti.2015.6; published online xx o 2015
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Figue 4 CDS memory T cells generated by wacciration with LEISHF 34GLA SE protect aganst epamental VL infection. @ and ¢) BALBC and b and d)
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parasite burden. @@ and b) Stistics by Tukey's multiple comparson test *P<0.05 and ***P<0.005. € and d) Sttstics by unpared fest Detween
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intravenous injection of Leishmania promastigotes. Livers were removed g 8.0x10%; s
one month after inoculation and parasite burdens were determined by S ° S 5 0xige
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gPCR. In (A) and (B), C57BL/6 and BALB/c mice, respectively, were infected ~40x154 O °
with L. donovani. In the lower panels, C57BL/6 and BALB/c mice were ° ° g °
infected with L. infantum. Each point represents the burden of each 0 ;%; 2 0 - ?’
individual mouse, with the bars indicating the mean and SE for each group % f % = 2
with 7-10 mice per group. Data are representative of results obtained with ” o o <§
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Challenge by sand fly 0,000,

p=0.02
p = 0.07
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Immunization with NSAC reduces parasite burden in hamsters infected with @ o
L. infantum during sandfly bloodmeals. = ® —:— — @ ®
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CONCLUSIONS - | o
a. F3+ candidate provides more robust, | t
statistically significant reduction in parasite
burden. s S uw 2 o
e < 3 = 3
b. GLA-SE adjuvanted F3+ promotes protective 2 o & 2
(1 ™
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response.




Elimination challenges PO

rK39 RDT —>
(biomarkers/ Ag/ Ag/ PCR)

Ab/ Ag/ PCR —>

Screening — high-throughput lab —
based/ portable, field-applicable

Intervention — IRS, vaccine
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