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Introduction:

Kiribati is a Pacific Island neighbour of Aotearoa New Zealand and has one of the highest rates of leprosy in the world.
This stigmatised and neglected Mycobacterial disease can cause major disability and is both treatable and preventable.
Sea level rise is causing an existential threat to Kiribati due to its low-lying geography. Migration of i-Kiribati people to
countries such as Aotearoa New Zealand is likely to increase and thus there is a strong likelihood of reintroduction of

this once-endemic disease to Aotearoa.

Successful treatment of leprosy is hindered by three important factors: 1) lack of widely available, sensitive and
specific diagnostics, 2) a high incidence of reactions to the antimycobacterial drugs used for therapy (and thus
treatment default) and 3) progressive antimicrobial resistance of Mycobacterium leprae strains. Currently, laboratory
testing for leprosy is not available in Kiribati. Preliminary molecular testing of a small number of skin biopsy specimens
using PCR and Sanger sequencing in Christchurch has revealed a prevalence of dapsone resistance in M. leprae
isolates from Kiribati of 11% (one of the standard drugs used in leprosy therapy). This assay does not identify all
genotypic markers of first-line drug resistance and thus the true prevalence of resistance may be substantially greater.
An ongoing mass leprosy chemoprophylaxis campaign using rifampicin will likely provide additional selective pressure
on rifampicin resistant strains. Two heritable factors dramatically increase the risk of dangerous haemolytic and
hypersensitivity reactions to dapsone. These are deficiency of the enzyme glucose-6-phosphate dehydrogenase
(G6PD) and presence of the HLA-B*13:01 gene respectively. These are known to be prevalent in certain neighbouring
pacific countries but their prevalence in Kiribati is unknown.

This study aims to address these deficiencies in knowledge and diagnostic capability by focusing on three key domains
of study:

1. More comprehensively assessing the baseline prevalence of resistance to rifampicin, dapsone and
fluoroquinolones by using the novel multiplex Deeplex Myc-Lep assay for detection of multiple different
resistance markers at multiple loci using M. leprae DNA isolated from skin biopsy specimens.

2. Determining the prevalence of the HLA-B*13:01 genotype and GG6PD deficiency in the Kiribati population using
cross-sectional surveying to establish whether pre-treatment testing is warranted to reduce the risk of
dangerous dapsone reactions

3. Development of a practicable and cheap CRISPR-Cas assay for M. leprae that could be used in-country for
immediate confirmatory testing for leprosy

This project is conducted in partnership with the National Leprosy Unit of Kiribati and the Pacific Leprosy Foundation
and has a strong emphasis on alignment with Kiribati Ministry of Health & Medical Services priorities and accountability
to the people of Kiribati. Work on the project is also strengthening pre-existing collaborations with the University of
Sydney and Centenary Institute, Sydney, Australia. The project and collaborations aim to build research and clinical
capacity in both Aotearoa New Zealand and Kiribati through provision of multiple training and leadership opportunities
for two PhD candidates in Aotearoa New Zealand and one Masters and one postgraduate Public Health diploma student
in Kiribati. Bidirectional knowledge transfer between Kiribati and Aotearoa New Zealand is engrained in study processes
and results are fed back regularly at both local and national levels in Kiribati.

Results:

This Te Niwha-funded study is currently approximately halfway to completion with unequal progress across the three
research domains.

Domain 1: After a lengthy optimisation and trouble-shooting phase, the Deeplex Myc-Lep assay is now working well in
our laboratory workflow. We have just commenced batch testing of stored skin biopsy specimens from patients with
proven leprosy to determine the baseline prevalence of rifampicin, dapsone and fluoroquinolone resistance. Results are
not yet available. Once stored samples have been processed, we will turn our attention to prospectively-collected skin
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biopsies to monitor for development of rifampicin resistance precipitated by mass administration of rifampicin
chemoprophylaxis.

Domain 2: Ethical approval for the G6PD deficiency and HLA-B*13:01 surveys has been granted conditionally by the
University of Otago Ethics Committee and has just been approved formally by the Kiribati Ethics Committee. Whilst
awaiting ethical approval, we have acquired the SD Biosensor bedside G6PD assay kit and have begun quality control
processes. We are also optimising our HLA-B*13:01 assay using purified DNA from an HLA-B*13:01 positive patient
purchased from a commercial provider, as well as negative controls. Sample collection is planned to commence in
Kiribati in June.

Domain 3: Strong progress has been made towards development of a M. leprae CRISPR-Cas assay. PCR primers have
been designed to amplify a conserved and high copy-number region of the genome. A CRISPR-Cas guide RNA has
been designed to detect a target sequence within the amplified region. Sensitivity testing using serial dilutions has
shown very high assay sensitivity for detection of M. leprae. Specificity testing using other non-leprae Mycobacterial
strains is underway.

Two papers related to this project have been published thus far; one describing the performance of retrospective and
prospective rifampicin-based leprosy chemoprophylaxis in Kiribati' and the second summarising the evidence for
effectiveness of rifampicin-based chemoprophylaxis against leprosy?.

Impact

This project is expected to have immediate and longer-term scientific, infrastructure and social impacts. In the short
term, we will be able to provide robust evidence on the prevalence of drug resistance in i-Kiribati M. leprae isolates
which will directly guide national policy on empiric first-line M. leprae treatment as well as individual patient treatment
decisions. Establishing the prevalence of the HLA-B*13:01 genotype and G6PD deficiency will determine whether
pretreatment testing is warranted in this environment. The tools and training required for ongoing bedside G6PD
testing will be provided as part of the project. In the longer term, the work on CRISPR-Cas assay development should
lead to a practicable and cheap assay that can be used in-country for immediate confirmatory leprosy diagnosis.

The project will continue to enhance communication and co-operation with our colleagues in Kiribati as well as with
other research collaborators in Australia, the United States and The Netherlands. At its completion, the project will have
played an important role in postgraduate training and experience for two Aotearoa New Zealand-based PhD students
and one i-Kiribati masters and one i-Kiribati postgraduate Public Health diploma student leading to improved infectious
diseases research and clinical capacity in both countries. The project will also have contributed substantially to a
bigger, ongoing programme of leprosy operational and research work in Kiribati that is having a marked societal impact
through enhancing capacity in the Kiribati Leprosy Unit, raising awareness of leprosy both at population and Ministry
level, and reducing stigma associated with leprosy. Ultimately, it is hoped that the scientific advances and capacity-
building resulting from this study will accelerate leprosy elimination in Kiribati and reduce the likelihood of
reintroduction of this scourge to Aotearoa New Zealand.

Following completion of this Te Niwha-funded project, translational research work in Kiribati will continue, focusing on
the most effective means of reducing the burden of leprosy through enhanced chemoprophylaxis regimens and
strategies. Further product development of the CRISPR-Cas assay will be undertaken to make this as robust and rapid
as possible to maximise suitability for a resource-limited environment such as Kiribati. We plan to seek further funding
for our research endeavours, including from the Leprosy Research Initiative in The Netherlands.
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