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Abstract 
The Cross-Wellcome Africa Asian Programmes (AAPs) Acceleration of 
Genomics for Escalating Infectious Diseases (CAGED) Consortium is a 
collaboration among six institutions: the Africa Health Research 
Institute, the Center for Infectious Disease Research in Africa, the 
KEMRI-Wellcome Trust Research Programme, the Malawi Liverpool 
Wellcome Programme, the Mahidol Oxford Tropical Medicine 
Research Unit and the Oxford University Clinical Research Unit. The 
consortium focuses on studying pathogens posing major public 
health threats in Africa and Southeast Asia including chikungunya 
virus (CHIKV) dengue virus (DENV), multidrug-resistant (MDR) 
Klebsiella pneumoniae (Kpn), and drug-resistant Mycobacterium 
tuberculosis (Mtb) with climate change considered one of the several 
factors influencing the distribution, transmission or burden of some of 
these pathogens. In this paper, we outline the consortium goals, 
planned activities, discuss challenges and future directions. By 
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leveraging cross-continent expertise, CAGED aims to unravel the 
molecular epidemiology of escalating infectious diseases of public 
health importance in Africa and Southeast Asia, and build sustainable 
local sequencing capacity, helping the region better prepare for future 
emerging infectious disease outbreaks.

Plain Language Summary  
The CAGED consortium seeks to leverage the capability of six 
institutions spread across Africa and South East Asia: the Africa Health 
Research Institute (AHRI) in South Africa, the Center for Infectious 
Disease Research in Africa (CIDRI-Africa) in the University of Cape 
Town in South Africa, KEMRI-Wellcome Trust Research Programme 
(KWTRP) in Kenya; the Malawi Liverpool Wellcome Programme (MLW) 
in Malawi; the Mahidol Oxford Tropical Medicine Research Unit 
(MORU) in Thailand and Laos; the Oxford University Clinical Research 
Unit (OUCRU) in Vietnam and Indonesia. The consortium seeks to 
scale up genomic surveillance for diseases driven by climate change 
and of public health importance in these regions. Specifically, we aim 
to advance multi-pathogen genomic epidemiology for characterizing 
transmission dynamics, tracking the emergence and spread of 
outbreak-associated variants, and assessing their potential to evade 
treatments, host immunity, and vaccines.  
 
We will use a multi-pathogen genomic surveillance approach to study 
the following pathogens: chikungunya (CHIKV), dengue (DENV), 
multidrug-resistant Klebsiella pneumoniae (Kpn), and drug-resistant 
Mycobacterium tuberculosis (Mtb) to bolster pathogen sequences in 
this region and inform improved diagnostics for these pathogens, 
while delineating drug resistance markers. We will share the data 
analysis tools developed from this study with the National Public 
Health Laboratory (NPHL) to improve their genomic surveillance 
capabilities. Additionally, we propose working closely with the 
policymakers to ensure that the results generated feed into policy-
making decisions.

Keywords 
chikungunya virus, dengue virus, Mycobacterium tuberculosis (Mtb), 
multidrug-resistant Klebsiella pneumoniae, genomic surveillance
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Introduction
Genomic surveillance has become a top priority for theWorldHealthOrganization, through their strategy to “focus on the
specialized role of genomics as a cross-cutting capacity within the broader health system from a public health lens”.
Genomics can provide insights into pathogen evolution, transmission, drug resistance, the emergence of clinically
important variants and disease epidemiology. Such insights are critical for the development of intervention strategies and
health policies as demonstrated during the COVID-19 pandemic, and equally relevant to endemic and escalating
infections. Given the heterogeneity in infectious disease epidemiology in Africa and Asia, a multi-site and multi-
pathogen approach across different geographical regions will provide a rich source of clinical and epidemiological data
linked to genomics to enhance public health impact.

TheWellcomeAfrica Asian Programmes (AAPs) (know termed theMajor International Programmes,MIPs) include: the
Africa Health Research Institute (AHRI) in South Africa, the Center for Infectious Disease Research in Africa (CIDRI-
Africa) in the University of Cape Town in South Africa, KEMRI-Wellcome Trust Research Programme (KWTRP) in
Kenya; the Malawi Liverpool Wellcome Programme (MLW) in Malawi; the Mahidol Oxford Tropical Medicine
Research Unit (MORU) in Thailand and Laos; the Oxford University Clinical Research Unit (OUCRU) in Vietnam
and Indonesia. Together, the AAPs/CIDRI-A have a wealth of experience conducting genomic surveillance on multiple
pathogens, through a single researcher led focus, such as Chikungunya (KWTRP),1 Dengue (MORU, OUCRU),2,3 HIV
(AHRI), respiratory syncytial virus (KWTRP),4Klebsiella pneumoniae (MLW,MORU,OUCRU),5–7malaria (KWTRP,
MORU, OUCRU),8 metagenomics (OUCRU)9 andMycobacterium tuberculosis (AHRI, CIDRI-A, OUCRU).10,11 The
sequencing of these pathogens at all the sites is primarily conducted in-house on multiple next-generation sequencing
platforms, such as Illumina andOxfordNanopore Technology (ONT), anchored on strong platforms of infectious disease
epidemiology, detailed surveillance to interrogate the impact of these infections in cohorts, communities and health
facilities, while also examining the biology and immunology of the infections to inform drug and vaccine design.
Furthermore, our rich resource of archived samples linked towell-characterized clinical and epidemiological data informs
the historical context of these infectious diseases. Notably, we have conducted amplicon-based, whole genome and
agnostic metagenomics sequencing, allowing us to overcome technical challenges posed by the diversity of the
pathogens. This is supported by established bespoke pathogen specific bioinformatics workflows. Thus, we can move
rapidly from samples to data analysis and policy impact.

Collectively we used SARS-CoV2 genomic surveillance to determine national and subnational routes of entry and
dispersion12,13 and the drivers of regional transmission, while regularly sharing the data with public health professionals
and policy makers. These are the similar analyses conducted on the single-focus pathogens to define, for example, the
emergence and trends of drug resistance markers locally and regionally, and the outbreak and transmission of new
variants.14 We are proposing to scale up and deploy this expertise to a multi-pathogen genomic surveillance approach to
bolster our research capacity in the four pathogens, while maximizing on our strategic geographic locations to ensure
research uptake into policy. We selected high burden endemic pathogens, Chikungunya virus (CHIKV), dengue virus
(DENV), Klebsiella pneumoniae (Kpn) andMycobacterium tuberculosis (Mtb), with currently limited use of genomics to
support disease surveillance efforts, in Africa and Asia. This is in comparison to over 3 million SARS-CoV-2 genomes
deposited on GISAID since the beginning of the COVID-19 pandemic.15

DENV is ubiquitous in the tropics, causing around 390 million infections globally every year, however only 96 million
are symptomatic.16 Currently, there are 3.9 billion people at risk of contracting DENV, 70% of whom are from the
Western Pacific and South-East Asia regions.17 In Africa, the estimated number of DENV infections exceeds 60 mil-
lion,18 and half a million people require hospitalization as per WHO estimates, with a ~ 2.5% mortality rate.19 CHIKV
which initially caused small outbreaks, has recently expanded beyond the Indian Ocean Islands.20 Since, its initial
description in Tanzania in 195221 one of the largest epidemics, in 2004, resulted from its re-emergence in Coastal Kenya
affecting millions of people and spreading along the Indian Ocean islands, India, Southeast Asia and Europe, with a new
emergent lineage22,23 CHIKVmortality rates are low (~0.1%), however morbidity has a substantial impact on the quality

REVISED Amendments from Version 1

In the introduction, we initially noted that genomic data on the pathogens we are studying are limited, especially
compared to SARS-CoV-2, which had over 3 million genomes available on GISAID. We have since revised this section to
include updated information on the current availability of genomic data for each pathogen, as well as an overview of
surveillance platforms in the countries where our study is being conducted. These additions strengthen the justification
for our study.

Any further responses from the reviewers can be found at the end of the article
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of life as the virus can lead to neurological disease and chronic disability.24,25 CHIKV and DENV symptoms are similar,
and the infections are often confused,26 thusmolecular diagnostics are an imperative. Climate change is a key driver of the
spread and transmission of CHIKV and DENV. Arbovirus distribution is predicted to be strongly affected by climate
change. The distribution of the Aedes mosquito vectors responsible for transmission of CHIKV and DENV have been
extensively studied, investigating the effects of temperature27,28 and humidity29 on habitat suitability and suggesting a
climate-driven expansion into new ranges,30 and a corresponding increased urban population at risk frommosquito-borne
disease.31

Genomic data fromDENV and CHIKV is available for many of the countries in the CAGED consortium, however this is
not evenly distributed by country. We assessed the data used by the Nextstrain real-time tracking of viral evolution32 to
determine the availability of public sequence data for these two viruses. While Thailand and Vietnam have over 2000
available dengue genomes deposited in public databases, the majority were sampled before 2020. For Laos, Nepal, and
Kenya, there are fewer than 150 genomes per country, and for Indonesia there are 555 genomes. For chikungunya, there
are over 150 complete genomes for Thailand, but fewer than 50 for all other countries in this consortium, and no genomes
for Vietnam or Nepal. Although some countries have existing surveillance policies for the pathogens in this consortium,
others do not. Thailand has a national disease surveillance program which includes case reporting for chikungunya and
dengue33 viruses and Extensively Drug-Resistant (XDR) Mtb. Laos has a national surveillance program for dengue
which only includes clinical case reporting. A WHO/TDR survey of 47 African countries reported that although most
countries have adequate capacity for general disease surveillance, arbovirus diagnosis, notification and preparedness for
disease oreaks due to their long experience in the control of malaria and other diseases, they lack integrated, nationwide
dengue–chikungunya surveillance platform https://fctc.who.int/resources/publications/i/item/9789240052918.

Hospital and community acquired Kpn infections in Asia and Africa, predominantly affect neonates, young children and
adults in intensive care units (ICUs).34 The burden of disease is exacerbated by the emergence and spread of multidrug-
resistant (MDR) and hypervirulentKpn strains.35Kpn is the second leading cause of death due to antimicrobial resistance
(AMR), with over 200,000 fatalities attributed to AMR in 2019.36 The accumulation of AMR is primarily due to
horizontal gene transfer aided by plasmids and mobile genetic elements.35,37 These resistance mechanisms can be
interrogated using whole genome data. Existing global surveillance platforms for Klebsiella pneumoniae such as
KlebNET Genomic Surveillance Platfor (KlebNET-GSP) was established in 2018, currently hosting 110,891 Kpn
genomes with associated metadata (https://next.pathogen.watch/genomes/573-klebsiella-pneumoniae, assessed on 16th
March 2026). This global platform also incorporates a set of standardized bioinformatic pipelines and genomic reporting
frameworks, which greatly facilitate data harmonization and the interpretation of AMR genotypes. It further supports
global efforts to develop a genomic risk framework, to assess K (capsule) and O (lipopolysaccharide) antigen
distributions and track the transmission of high-risk lineages associated with neonatal sepsis. However, national policies
on Kpn genomic surveillance remain largely lacking across countries within the AAPs.

For Mtb, the treatment success for rifampicin-resistant TB (RR-TB) is ~63%, however of the ~410,000 patients with
RR-TB in 2022, only 2 in 5 people were enrolled on RR-TB therapy.38 In 2022, the WHO announced that RR-TB could
be treated with a new regimen of bedaquiline (B), pretomanid (Pa), linezolid (L) (BPaL), with or without moxifloxacin
(M).39 The BPaL(M) regimen is up to 50% more effective than the previous standard-of-care, it is fully oral and given
over a shorter (6 months) time period.40 This regimen is prescribed in at least 40 countries, but without an adequate
companion molecular diagnostic to monitor resistance.38 Though in 2023, targeted next-generation sequencing was
recommended byWHO for RR-TB.41 Large WGS datasets for Mtb are now widely available, though no single platform
tracks global totals. Key collections include the CRyPTIC dataset of 12,289 sequenced isolates,42 the Afro-TB dataset
with 17,641 strains (13,753 curated) from 26 African countries,43 and the NIAID TB Portals resource housing genomic-
linked data from over 28,000 TB cases (https://www.niaid.nih.gov/research/tb-portals). Additional raw reads are
deposited across the NCBI SRA https://sra-explorer.info and ENA https://www.ebi.ac.uk/ena/browser/home, the
primary global repositories, although neither provides organism-specific counts. Tools like Pathogenwatch https://
next.pathogen.watch/en, CRyPTIC, and the TB-Resources index https://github.com/a-r-j/TB-Resources help researchers
identify and navigate these distributed datasets. Despite the large volume of data, global coverage is uneven: most
publicly available genomes derive from high-income settings and dominant Eurasian lineages, while many regions -
including much of Africa and parts of Asia and the Pacific - remain under sampled.

All countries hosting AAP-affiliated sites maintain National TB Programmes, but surveillance systems differ substan-
tially in diagnostic reach and laboratory capacity. WHO regional analyses highlight persistent gaps in case detection and
incomplete linkage of diagnostic data to national reporting systems in several high-burden settings https://www.who.int/
publications/i/item/9789240116924. Laboratory assessments similarly report limited access to culture, Drug-
Susceptibility Testing (DST), and advanced molecular diagnostics across many countries,44 despite wide uptake of
Xpert MTB/RIF as the primary test for rifampicin resistance.45 As a result, surveillance in many AAP-region settings
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remains heavily Xpert-based, providing drug-resistance screening but lacking the resolution required for genomic
epidemiology or monitoring emerging resistance.

Moreover, for Mtb, climate change acts primarily through indirect pathways. It has been shown that climate change has
potential to worsen the TB epidemic by among others contributing to population displacement which often leads to
overcrowding living conditions that accelerates TB transmission.46 Healthcare disruption can cause TB treatment
interruption, leading to longer infectious period and ultimately increased risk of development of drug resistance.47

Moreover climate-related and socioeconomic disruptions contribute to food insecurity and malnutrition, which weakens
the immune system and increasing the risk of TB infection and transmission.48

The MIPs will collectively utilise their broad expertise, lessons from the COVID-19 pandemic and their current research
strengths, to provide comprehensive genetic profiles for these four pathogens. More importantly, we will work towards
integrating the genomic surveillance by moving platforms developed and data generated to the National Public Health
Laboratory (NPHL) such that the data is used to accelerate evidence-based policy decision making, for instance,
antimicrobial stewardship. The aim of this consortium is to advance multi-pathogen genomic epidemiology for
characterizing transmission dynamics, tracking the emergence and spread of outbreak-associated variants and assessing
their potential to evade treatments, host immunity and vaccines. This will be done through; coordinating and synergizing
the strengths across AAPs/CIDRI-A and data integration of all 4 pathogens to explore the following objectives;
i) determine the transmission networks of CHIKV and DENV outbreaks and the potential of these rapidly evolving
viruses to escape host immunity and vaccination; ii) map out the emergence and transmission of multidrug-resistant Kpn
in hospital facilities and community settings; and iii) evaluate the emergence of resistance to bedaquiline, pretomanid,
linezolid and moxifloxacin among rifampicin resistant Mtb strains.

Methodology
The project will be delivered through five work packages (WPs), linked by sharing resources, analytical approaches and
governance to ensure the consortium realizes its synergies.Wewill build on existing investments in sample collection and
surveillance to analyse archived and prospective samples that we have established through long-term local partnerships.
Thus, ethical approvals have already been obtained for these studies for future work or for molecular analyses.

All archived samples will form part of the retrospective observational study for each pathogen and will be selected based
on the availability of requisite meta-data to support the genomic epidemiology analyses. All prospective samples from
ongoing studies in these sites will be obtained from consenting participants. A standard data collection tool will be used
across all AAPs/CIDRI-A for each pathogen to support easy access, data sharing and analyses. Table 1 lists details of the
samples to be used for this study.

WP 1 Project management

Overall goal

Provide coordination across the pathogenWPs to ensure timely delivery of the overall project milestones. In addition, the
project management WP will be responsible for planning periodic project meetings to bring together all teams across
AAP/CIDRI-A to ensure alignment on project goals and to provide a forum for sharing site-specific updates.

Governance and management of the consortium

The consortium operates under a transparent governance framework to ensure effective coordination andmanagement of
the programs of work across participating institutions. Overall leadership is shared between two coordinating institutions
KWTRP and OUCRU.

The consortium’s governance is organized across three primary committees to ensure strategic oversight, operational
management, and support for execution of the project activities Figure 1. The Advisory Committee (AC) serves as the
highest decision-making committee. The AC is composed of the Directors of the AAP/CIDRI-A, a selection of
independent external experts, and an observer from the Wellcome Infectious Disease Strategic team. The AC serves
to provide strategic direction, scientific critique and policy guidance on consortium activities.

The project will be managed by the Steering Committee (SC), who are the lead applicants, co-applicants and WP leads
from the AAPs/CIDRI-A. The SC will: oversee and set the priorities and scope of research activities of the consortium,
manage project resources, and coordinate the various Work Packages. The SC will convene for quarterly virtual
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meetings. Its responsibilities also extend to actively engagingwith policymakers and producing reports on project outputs
for dissemination to stakeholders.

The consortium research activities are carried out through Work Packages (WPs). Each WP is led by a designated Lead
and Co-Lead, and relevant members from each AAP/CIDRI-A. These teams are responsible for developing and
implementing detailed work plans, engaging stakeholders and collaborators to implement project activities, reviewing
whole-genome sequencing (WGS) assays and bioinformatics pipelines, conducting country-level and cross AAPs/
CIDRI-A data analysis, and holding monthly coordination meetings to ensure harmonised progress.

Reports will be generated biannually to evaluate project progress at all sites. It will include information on samples,
sources and sequencing, variants detected, expenditure, dissemination activities, publications, health facility reports, and
policy briefs shared and stakeholder engagements.

Table 1. Description of the prospective and retrospective samples to be used for this study across the
different sites.

Work
package

Site Source of sample and sample type Sample type

CHIKV
and
DENV

MORU Hospital samples Blood

KWTRP Archived blood samples in the biobank at KWTRP and
from collaborators such as NPHI and KEMRI CVR

Blood

AHRI National Health Laboratory Service of South Africa and
AHRI-Durban cohort of participants with respiratory
and febrile illness based at Inkosi Albert Luthuli Central
Hospital, King Edward Hospital, Clairwood Hospital,
and KwaDabeka community clinic

Blood

MLW Multiple health facilities and from ongoing studies
under the vector programme

Mainly serum and plasma as
well as NP and CSF,
mosquitoes

Kpn COMRU Angkor Hospital for Children Blood

KWTRP Kilifi County Hospital (neonates and paediatrics
(retrospective and prospective, from HDU and normal
wards) adults (retrospective from wards)), Mbagathi
County Hospital, Nairobi (neonates and paediatrics
from neonate and children wards and the acute room
(not exactly aHDU)), Community health facilities in Kilifi
(3 health centres catering to the community) (children
and adults)

Blood, urine, CSF

CIDRI-A Tertiary referral hospital for Infectious diseases,
tertiary general hospital and community carriage
studies

MLW Queen Elizabeth Central Hospital, Zomba Central
Hospital

Blood, CSF

OUCRU Tertiary referral hospital for Infectious diseases &
tertiary general hospital

Blood, Urine

Mtb SMRU Hospitals and centralised DR-TB clinics Sputum and cultures

KWTRP Kilifi County Hospital, Malindi sub-county Hospital and
Mariakani sub-county hospital

AHRI National Health Laboratory Service of South Africa and
AHRI-Somkhele Demographic Surveillance Site based
in uMkhanyakude district, KwaZulu-Natal province

Sputumand isolated cultures

CIDRI-A Nkqubela Chest Hospital, a public referral hospital in
the Buffalo City Municipality, East London, Eastern
Cape, South Africa

Mahidol Oxford Tropical Medicine Research Unit (MORU); KEMRI-Wellcome Trust Research Programme (KWTRP); Africa Health Research
Institute (AHRI); Malawi (MLW); Center for Infectious Diseases Research in Africa (CIDRI-A); Oxford University Clinical Research Unit
(OUCRU); Cambodia-Oxford Medical Research Unit (COMRU); Shoklo Malaria Research Unit (SMRU).
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Expected outcomes

The terms of reference for theAC and SCwill be developed, strategic directions will be set and revised as appropriate, and
quarterly reports demonstrating the project progress and outputs from SCwill be shared with the AC and funder. We will
develop a list of use cases for each pathogen to develop standard lab and data tools. The advice from the AC will support
the project’s public health impact within the AAPs/CIDRI-A countries and beyond. Successful coordination by the SC
will result in the achievement of the projectmilestones through theWP teams. The quarterly reports will track the progress
of the project.

WP 2 CHIKV and DENV
Overall goal

To characterize the genetic diversity and evolutionary dynamics of CHIKV and DENV across Asia and Africa through
genomic surveillance and phylogenetic analysis, and to assess the implications of this diversity for vaccine efficacy via
neutralization assays, thereby generating critical evidence to inform regional outbreak response and vaccine deployment
strategies.

Methodological approach

Wewill utilise retrospective and prospective confirmed (by Reverse Transcription (RT)-quantitative PCRCHIKV blood
samples. Additional febrile surveillance retrospective and prospective samples, serum or plasma will be screened by
RT-qPCR for CHIKV andDENV. Sequencing and bioinformatics pipelinemethodologies will be standardized across the
sites. WGS of CHIKV and DENV will be done using an amplicon-based approach on the Illumina and ONT platforms,
according to the platforms available in each site. Whole genomes will be amplified by generating between 4 and 8 long
overlapping RT-PCR fragmentsin separate RT-PCRs, or small fragments in two pools of RT-PCRs, according to the
procedures in place on each site. The RT-PCR products will then be pooled and cleaned, and the library will be built using
either Rapid Barcoding or Native Barcoding ONT kits, or Illumina library preparation kits according to the technique
available at each site. The read analysis will be performed using established pipelines such as the artic network amplicon
pipeline https://artic.network/resources/amplicon-nf, which processes both Illumina and ONT data. While sites will not
harmonise sequencing protocols, owing to different platform availability, we will standardize the data QC and metrics to
ensure we use high quality sequences for the downstream analysis, and an internal EQAprocess will allow comparison of
sequences between sites.

Consensus genomes will be generated and both maximum likelihood and Bayesian phylogenetic trees will then be
constructed in the context of global CHIKV and DENV sequences obtained from GenBank, representing the 3 distinct
CHIKV clades from East/Central/South Africa, West Africa and Asia. For DENV, the representative sequences will
include the four distinct serotype strains DENV-1, 2, 3 and 4.We aim to identify distinct CHIKV andDENV lineages, any

Figure 1. The project governance and management structure. The advisory committee will provide strategic
leadership, the steering committee oversees the research activities while the work package leadwill provide the day
to day management of the study activities.
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global transmission trends such as lineage replacements or movement of lineages between continents and detect any new
emerging outbreak strains.

To assess neutralizing antibodies against CHIKV and DENV a minimum of 20 participant samples per group will be
selected to examine strain differences related to immune/vaccine escape. The selection of a minimum of 20 participant
samples per group was based on a formal sample size determination conducted specifically for neutralization assays
comparing responses between viral strains. A bootstrap-based power analysis was performed assuming neutralization
titres (FRNT50) follow a normal distribution with high inter-sera variability (σ ≈ μ), which is typical for neutralization
assays. The analysis further assumed that biologically meaningful differences correspond to approximately a three-fold
difference in neutralization titres between strains. Using 1000 bootstrap iterations and a two-sided t-test with α = 0.05, the
analysis demonstrated that approximately 20 sera samples are sufficient to detect such differences with statistical
power ≥ 0.8. The purpose of this assessment is not to estimate population-level seroprevalence or overall immunity,
but rather to experimentally compare neutralization capacity across viral lineages and assess potential immune escape at
the virological and immunological level.

Representative live virus strains from each location, as informed by phylogenetic analysis, will be isolated and tested
against geography specific sera from convalescent individuals (~3 months following the initial febrile episode). We will
perform multiplexed serological epitope mapping approaches using data from live virus neutralization assays, to discern
correlates of immune protection and escape across strains.49,50 The geometric mean titres per group of sera against each
DENV and CHIKV viral isolate will be determined and the Racmacs package for antigenic cartography will be used to
determine antigenic distance between viral isolates.51,52

Furthermore, the existing Dengue Advanced Readiness Tools consortium (DART) https://www.dartdengue.org, a
separately funded project which is also lead by OUCRU-Vietnam, are integrating climatic factors into dengue outbreak
forecasting, and we will work with them to expand their tools to sites in this consortium and to integrate genetic factors
into their model.

Expected outcomes

TheWGS data will be deposited onGenBank (doubling the number of genomes) andGISAID. The phylogenetic analysis
of historical and contemporary CHIKV and DENV sequences will identify new lineages, the spread of lineages across
Asia and Africa and potential imports within each geographic location. The neutralisation assays will provide a better
understanding of the potential protective effect of DENV and CHIKV vaccines given the DENV and CHIKV genetic
diversity defined in this project and its consequences for immune escape.

WP 3 Kpn

Overall goal

To achieve three complementary objectives: (1) establish accessible genomic data infrastructure through the ACORN
platform and Pathogenwatch to facilitate real-time data sharing with Ministries of Health and research collaborators;
(2) elucidate the temporal emergence, community-hospital linkages, and national and international transmission patterns
of MDR strains through in-depth phylogenetic analysis; and (3) characterize the genetic elements (plasmids, genes,
chromosomal insertions) associated with AMR and virulence and their horizontal transfer dynamics, thereby strength-
ening the evidence base for outbreak detection and antimicrobial resistance containment.

Methodological approach

We will randomly select Kpn positive samples collected from hospital and community carriage surveillance. We will
utilize an equivalent number of Kpn community carriage strains as hospital facilities (HF) strains. We will also leverage
existing surveillance efforts such as the Wellcome-funded A Clinically Oriented Antimicrobial Resistance Network
(ACORN) study53 to collect patient, microbiology and clinical metadata using the available standard protocols to ensure
data harmonization. In addition, we will collect information on any previous and current antibiotics prescribed.

We will use a single whole genome sequencing (WGS) standard operating procedure (SOP) and bioinformatics pipeline.
AllKpn isolates identification from blood andCSF cultures will undergo the routine antimicrobial susceptibility testing to
support clinical care and will subsequently be cultured for DNA for extraction using either the Wizard® Genomic DNA
Purification Kit (Promega, USA) or the DNeasy Blood&Tissue Kit (Qiagen, Germany), depending on local availability.
DNA libraries will be prepared using the Nextera XT DNA Library Preparation Kit or the NEBNext Ultra II FS DNA
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Library Prep Kit for Illumina. WGS will be done on locally established Illumina platform MiSeq (Miseq, Hiseq or
Novaseq), with theOTNplatform used for selected samples. Except for SouthAfricamost sites will do shot-read Illumina
sequencing.

We will use well-established bioinformatics tools such as Kleborate54 for the characterisation of Kpn genomes including
multilocus sequence typing (MLST), delineating the Kpn complex into species, screening for AMR and virulence genes
and the mobile elements (including plasmids) harbouring them.Wewill use Kleborate with Kaptive55 to identify capsule
K and the lipopolysaccharide O antigen loci. Short read sequence typing (SRST2) for bacterial pathogens,56 will
determine the emergence of MDR and/or hypervirulent strains/variants. The genomic and clinical metadata will be
uploaded to Pathogenwatch (https://next.pathogen.watch/en), a comprehensive global platform dedicated to genomic
surveillance of microbial pathogens, including 110,891 Kpn publicly available genomes, and featuring real-time
analytics. Genomic data will be analyzed within the local, regional, and global contexts, including clinical parameters,
enabling visualization and real-time data sharing across the sites.

We will infer transmission of high-risk lineages using phylodynamic modelling and SNP analyses. SNP calling will be
performed using the Snippy pipeline (https://github.com/tseemann/snippy). Maximum likelihood phylogenies will be
inferred from the core SNP alignment, using IQ-TREE v2.2.0.3 with best-fit substitution models and 1,000 ultrafast
bootstraps and these phylogenetic trees will serve as the basic for time-scaled phylodynamic analysis using BEAST X.57

The phylogenetic analyses will identify clinically relevant lineages that emerge within a HF, network of HFs and the
community that could cause a local outbreak. The data across-sites will determine whether a MDR clonal outbreak in SE
Asia seeds MDR outbreaks in Africa and vice versa. We will also define the prevalence of sequence types, serotypes,
AMR genes and virulence factors circulating in the different countries, hospitals and the community. These Kpn
components will then be associated with clinical outcomes and the antimicrobial sensitivity test data, to determine
which components are associated with, for instance, third-generation cephalosporin-resistance to inform treatment
strategies in our populations. Similarly, the prevalence of hypervirulent clones will be defined in SEAsia and particularly
in Africa where this data is limited.

Expected outcomes

WGS data will be on the ACORN platform and Pathogenwatch for easy data sharing with collaborators and the Ministry
of Health (MoH). The archived samples will provide insights into the temporal emergence of variants. The in-depth
phylogenetic analyses will elucidate the links between community carriage and hospital transmission, national and
international transmission patterns of MDR strains between Asia and Africa and characterize potential outbreaks.
Furthermore, we will describe the genetic elements (genes, plasmids, chromosomal insertions) associated with AMR
and virulence and determine the transmission of these elements within and between strains/variants, both at a national and
international scale.

WP 4 Mtb

Overall goal

To characterize the emergence of resistance to bedaquiline, pretomanid, linezolid, and moxifloxacin among rifampicin-
resistant Mtb strains, thereby strengthening predictive capacity for drug resistance in this population.

Methodological approach

Wewill focus on prospective sampling fromMtb clinics within level 3HFs and above. The standard data variables will be
agreed upon across institutions and data on previousMtb episodes andMtb treatments and use of BPaL(M) drugs will be
collected. Sputum will be collected from patients with RR-TB confirmed by Xpert MTB/RIF. Isolates will be cultured to
purity in category 3 laboratory facilities and DNA extracted from pure isolates prior to Illumina/ONT sequencing. We
will use the Illumina and ONT platforms and the bioinformatics analyses will be based on a standardised and validated
pipelines familiar to CIDRI-A and OUCRU.

Consensus genomes will be generated and variants called using an automated pipeline, MTBseq56 or GPAS https://gpas.
global. For historical and wider geographic context, we will select additional publicly available genomes for comparison.
Resistance mutations relevant to fluoroquinolones, bedaquiline, pretomanid, and linezolid will be identified using the
WHO mutation catalogue58 with phenotypic DST performed on isolates with mutations of uncertain significance.
Lineages associated resistance mutations will be determined using an automated pipeline. Similar to Kpn, we will use
Pathogenwatch for the cross-site analysis since it supports easy data sharing.
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A logistic regression analysis will be conducted to assess epidemiological risk factors for the presence of drug resistance
mutations. Time-scaled, Bayesian phylogenetic reconstruction will also be used to estimate the date of emergence of drug
resistance mutations. This will form the basis for the discovery, identification and prevalence of drug resistance variants
to bedaquiline, pretomanid, linezolid, and moxifloxacin.

Expected outcomes

The data will be on Pathogen watch for easy data sharing with our collaborators and theMoH. The in-depth phylogenetic
analyses will elucidate the national and international transmission patterns of MDR strains between Asia and Africa and
characterize potential outbreaks. We will describe the mutations associated with MDR-Mtb and their prevalence.
Expertise in the use of MTBseq will be developed as an additional tool for the bioinformatics analyses of WGS data
from clinical Mtb strains. ThisWPwill advance resistance prediction, provide genomicMDR-Mtb genomic surveillance
data to support the diagnosis of MDR-Mtb infections (those not identified by Xpert MTB/RIF) and minimise treatment
failures. Thus, it will improve the optimal treatment of patients and reduce MDR-TB resistance transmission.

WP 5 Data management
Project goal

To foster integrated data management across sites to carry out unified analyses and enable interoperability between
AAPs/CIDRI-A and national-level surveillance systems.

Methodological approach

We will achieve our goal through roll out and implementation of FAIR data principles.

Findable: We will aim to employ standardised metadata policies and formats for example those developed by the
PHA4GE network. The sequence data will be deposited on additional publicly available repositories such as Nextstrain,
European Nucleotide Archive and GenBank. The standardized bioinformatic pipelines will be made available on Github.

Accessible:We will utilize both paper and digital systems, predominantly REDCap, Open data kit, Kobo Toolbox, and
CommCare, and amix of on-premise and cloud-based servers.Wewill use openly accessible data formats, with licensing
that supports broader usage while respecting personal data privacy.

Interoperable: To harmonize these systems and link the data with the national Mtb, AMR and vector borne diseases
programs dashboards or health information services, we will utilize the HL7 Fast Healthcare Interoperability Resources
(FHIR)59 data standard that is endorsed by WHO to enable data interoperability. The MoH of each country has initiated
transition to the FHIR standard, with most having drafted FHIR implementation guides (IG). We will adopt and expand
these to integrate our genomics and clinical meta-data. Each site will map their current and planned data schemas to their
country-level FHIR IG, and we will jointly agree on harmonization encoding across countries. This process will be
facilitated by engagement with the FHIR HL7 genomics working group and the FHIR GenomeX initiative, and with
specific tools, such as REDCap’s Clinical Data Interoperability Services (CDIS). We will deploy the FHIR HL7 clinical
quality language (CQL) or real time assessment of data quality and completeness.

Reusable: Documentation (data dictionaries, user manuals) will accompany each dataset, making re-analysis or meta-
analysis straightforward for external researchers. Whenever feasible, we aim for a CC-BY 4.0 license, except were
restricted by ethical constraints.

Expected outcome

Ultimately, we hope that our project will produce interoperable data in line with the FHIR standards and establish
mechanisms across the sites for a federated data analysis pipeline.

Opportunities, challenges and future directions
The CAGED study consortium serves as an excellent platform for building local sequencing capacity across its sites and
anchoring additional research. By leveraging the AAPs network the consortium will enhance the surveillance of Kpn,
support national AMR reference laboratories in tracking the spread of carbapenem-resistant Kpn lineages across hospital
surveillance systems (e.g. in Vietnam) or to assist collaborative hospitals in confirming and responding to nosocomial
Kpn outbreaks (e.g. in Kenya). To build sustainable local sequencing capacity, for Mtb, CIDRI-A and OUCRU will

Page 11 of 36

Wellcome Open Research 2026, 11:87 Last updated: 13 JUN 2026



transfer standardized protocols and provide hands-on training to AAPs that do not currently conduct these assays,
including MLW and KWTRP, with SOPs shared across all sites. MORU and OUCRU (DENV) and KWTRP (CHIKV),
based on their existing expertise, will lead the standardization of sequencing and bioinformatic pipeline methodologies
across AAPs. SOPs will be shared and training provided, where needed, to support the deployment of the tools in each
AAP. The consortium has also leveraged on this platform to secure further grant funding including resources to expand
the consortium’s work into Zika virus sequencing. Capacity building efforts have also leveraged on the platform to
support short-term MSc projects and partial PhD projects.

Operating across diverse partner institutions and global regions necessitates navigating country-specific regulations,
including protocol approvals, data and sample sharing mechanisms, and institutional bureaucracies related to Material
Transfer Agreements (MTAs).

While challenging these processes present valuable opportunities to strengthen collaborative frameworks and enhance
our standing in international research. To ensure effective coordination, the consortium has established regular
communication channels and formed an advisory committee. This committee, comprising heads of all partner institutions
and key external stakeholders, secures high-level institutional buy-in and strategic guidance for consortium activities.

Looking beyond the current project cycle, future directions include individual countries’National PublicHealth Institutes
andMinistries of Health. This ongoing collaboration is crucial to ensure the evidence generated directly informs national
policy decisions.

Communication/engagement and dissemination plans
The consortium activities will be implemented across three years for all the pathogen specific activities. The overall aim is
to strengthen national public health institutions by providing enhanced genomic surveillance data on priority pathogens
and improving outbreak response mechanisms. To achieve this, we will engage regularly with national and subnational
policymakers to foster stronger collaboration. At project initiation we will hold engagement meetings with subnational
and national level policy makers to introduce the project objectives, planned activities, expected outputs and potential
policy implications. These initial project engagement meetings will also serve to establish communication channels
between the researchers and the policy makers. Throughout the project, we will regularly share the data and results
obtained. Through WP 5, we will develop data dashboards based on the genomic surveillance and epidemiological data
generated across the AAPs/CIDRI-A. The dashboard will be made freely available to policy makers and the NPHL to
support outbreak preparedness and response planning in addition to evidence-based decision making. The dashboard and
the associated data tools will be handed over to the NPHL for project sustainability. Final project results generated from
the consortium will also be translated into policy brief tailored to national and sub-national decision-makers. The policy
briefs will be disseminated through structured policy engagement meetings, stakeholder workshops and to the relevant
MoHs relevant technical working groups (TWGs). These engagements will provide a forum to discuss policy implica-
tions, foreseeable implementation challenges and recommendations for strengthening the regions outbreak response
strategies. Moreover, partners are committed to promptly publishing results and refining the collaboration’s dissemina-
tion strategy through quarterly steering committee meetings.

Workplan

Table 2. Project timelines and milestones across the three-year implementation period of the study.

Activity Year 1 Year 2 Year 3

Jan-
Jun

Jul-
Dec

Jan-
Jun

Jul-
Dec

Jan-
Jun

Jul-
Dec

Work package 2, CHIKV & DENV

Sub-Aim 2.1 generation of a centralized sample database

Setting up sequencing plan and central database

Sub-Aim 2.2 capacity development and sequencing

Sequencing using Oxford Nanopore or Illumina

Sub-Aim 2.3 sequence analysis and tracking variants

Phylogenetic analysis to define lineages and new variants

Sub-Aim 2.4 characterization of neutralising antibody responses
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climate change, but this is not clearly reflected in the Introduction. Additional detail is needed on 
how climate change affects these pathogens, for example through expansion of mosquito vector 
distributions and increasing environmental suitability for flavivirus transmission. This context 
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from being divided into work packages, with each one outlining the overall goal, methodological 
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types to be collected, how they will be processed in the laboratory, the sequencing methods to be 
used, the bioinformatics pipeline, and the planned downstream analyses. Tables should be 
numbered based on the order they are cited in the text. Expected outcomes should be presented 
in subsections dedicated to each pathogen. The manuscript currently refers to “Real-Time (RT)-
quantitative PC,” but in this context RT should stand for Reverse Transcription. The approach for 
viral sequencing also needs clarification. Viral whole‑genome sequencing can be challenging, so 
the authors should specify which enrichment protocol or strategy will be used. For Klebsiella, it is 
unclear how whole‑genome sequences will be obtained, whether pure culture followed by 
shotgun sequencing will be used, and whether both short‑read and long‑read technologies will be 
combined for assembly. For the bacterial pathogens in general, the manuscript should clarify 
whether they will be cultured, tested for resistance, and then sequenced from pure isolates. The 
section on building sustainable local sequencing capacity should also be expanded to provide 
more detail. 
In Figure 1, WP1 appears to be missing, and captions for all figures require additional information. 
 
 
Is the rationale for the Open Letter provided in sufficient detail?
Partly

Does the article adequately reference differing views and opinions?
Yes

Are all factual statements correct, and are statements and arguments made adequately 
supported by citations?
Yes

Is the Open Letter written in accessible language?
Partly

Where applicable, are recommendations and next steps explained clearly for others to 
follow?
Not applicable
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Competing Interests: No competing interests were disclosed.

Reviewer Expertise: pathogen genomics, molecular biology, epidemiological modelling, disease 
ecology

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 11 May 2026
Patience Kiyuka 

We thank the reviewer for the insightful comments, below is our response to the issues 
raised; 
 
The manuscript would benefit from improvements to its structure to make it easier to 
follow. There is also considerable repetition throughout the manuscript, and it would 
benefit from being more concise. Clearer subheadings are needed, beginning with an 
Introduction that explains why the consortium is needed, defines the problem, and 
outlines the overall goals. This should be followed by distinct sections describing each work 
package with more details. 
 
We have reorganized the manuscript into distinct sections with clear subheadings. In the 
revised version of the manuscript there is the introduction, methodology which has all the 
work packages described followed by the opportunities, challenges and future directions 
and communication/engagement and dissemination plans.     
 
In its current form, the manuscript feels somewhat limited in its discussion of capacity 
building and the anticipated impact on policy decisions. The section stating that the 
consortium will “engage regularly with national and subnational policymakers, fostering 
stronger collaboration and sharing project outcomes” would benefit from elaboration and 
could be expanded into a standalone section.   
 
We have added the following text under communication/engagement and dissemination 
plans; The overall aim is to strengthen national public health institutions by providing 
enhanced genomic surveillance data on priority pathogens and improving outbreak 
response mechanisms. To achieve this, we will engage regularly with national and 
subnational policymakers to foster stronger collaboration. At project initiation we will hold 
engagement meetings with subnational and national level policy makers to introduce the 
project objectives, planned activities, expected outputs and potential policy implications. 
These initial project engagement meetings will also serve to establish communication 
channels between the researchers and the policy makers.  
 
Throughout the project, we will regularly share the data and results obtained.  Through WP 
5, we will develop data dashboards based on the genomic surveillance and epidemiological 
data generated across the AAPs/ CIDRI-A. The dashboard will be made freely available to 
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policy makers and the NPHL to support outbreak preparedness and response planning in 
addition to evidence-based decision making. The dashboard and the associated data tools 
will be handed over to the NPHL for project sustainability. Final project results generated 
from the consortium will also be translated into policy brief tailored to national and sub-
national decision-makers. The policy briefs will be disseminated through structured policy 
engagement meetings, stakeholder workshops and to the relevant MoHs relevant technical 
working groups (TWGs). These engagements will provide a forum to discuss policy 
implications, foreseeable implementation challenges and recommendations for 
strengthening the regions outbreak response strategies. 
 
Abstract: The pathogens discussed in the manuscript are chikungunya virus and dengue 
virus, which cause the diseases chikungunya and dengue, respectively. These names should 
be corrected and used consistently throughout the manuscript. 
We have made this correction.   
 
Introduction: The abstract indicates that one focus of the study is on pathogens 
influenced by climate change, but this is not clearly reflected in the Introduction. 
Additional detail is needed on how climate change affects these pathogens, for example 
through expansion of mosquito vector distributions and increasing environmental 
suitability for flavivirus transmission. This context would strengthen the link between 
climate drivers and pathogen dynamics.   
 
We thank the reviewer for this comment. We have added the following statements to the 
relevant sections;   Arbovirus distribution is predicted to be strongly affected by climate 
change. The distribution of the Aedes mosquito vectors responsible for transmission of 
dengue and chikungunya viruses have been extensively studied, investigating the effects of 
temperature  (Mordecai et al. 2017; Huber et al. 2018) and humidity  (Hales et al. 2002) on 
habitat suitability and suggesting a climate-driven expansion into new ranges (Campbell et 
al. 2015), and a corresponding increased population at risk from mosquito-borne disease 
(Messina et al. 2019).  We will aim to integrate with existing studies looking at the impact of 
climate change on our chosen pathogens. For dengue, the existing Dengue Advanced 
Readiness Tools consortium (DART) https://www.dartdengue.org, a separately funded 
project which is also lead by OUCRU-Vietnam, are integrating climatic factors into dengue 
outbreak forecasting, and we will work with them to expand their tools to sites in this 
consortium and to integrate genetic factors into their model.   For TB, climate change acts 
primarily through indirect pathways. It has been shown that climate change has potential to 
worsen the TB epidemic by among others contributing to population displacement which 
often leads to overcrowding living conditions that accelerates TB transmission (Goscé et al. 
2025). Healthcare disruption can cause TB treatment interruption, leading to longer 
infectious period and ultimately increased risk of development of drug resistance (Saunders 
et al. 2026). Moreover climate-related and socioeconomic disruptions contribute to food 
insecurity and malnutrition, which weakens the immune system and increasing the risk of 
TB infection and transmission (Shadi et al. 2025).         
 
When presenting each pathogen, the authors should provide a brief description of the 
disease it causes and separate the discussion into individual paragraphs for clarity. 
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Information on the current availability of genomic data, as well as existing surveillance 
practices and policies relevant to each pathogen, should also be included.   
 
We have added the following to capture current availability of genomic data, as well as 
existing surveillance practices and policies relevant to each pathogen.   Genomic data from 
dengue is available for many of the countries in the CAGED consortium, however this is not 
evenly distributed by country. We assessed the data used by the Nextstrain real-time 
tracking of viral evolution (Hadfield et al. 2018) to determine the availability of public 
sequence data for dengue and Chikungunya. While Thailand and Vietnam have over 2000 
available dengue genomes deposited in public databases, the majority were sampled 
before 2020. For Laos, Nepal, and Kenya, there are fewer than 150 genomes per country, 
and for Indonesia there are 555 genomes. For Chikungunya, there are over 150 complete 
genomes for Thailand, but fewer than 50 for all other countries in this consortium, and no 
genomes for Vietnam or Nepal. Although some countries have existing surveillance policies 
for the pathogens in this consortium, others don’t. Thailand has a national disease 
surveillance program which includes case reporting for Chikungunya and dengue 
(Thawillarp 2025) viruses and XDR TB. Laos has a national surveillance program for dengue 
which only includes clinical case reporting.   Existing global surveillance platform for 
Klebsiella pneumoniae (KlebNET-GSP) was established in 2018, currently hosting 110,891 Kpn 
genomes with associated metadata (https://next.pathogen.watch/genomes/573-klebsiella-
pneumoniae, assessed on 16th March 2026). This global platform also incorporates a set of 
standardized bioinformatic pipelines and genomic reporting frameworks, which greatly 
facilitate data harmonization and the interpretation of AMR genotypes. It further supports 
global efforts to develop a genomic risk framework, assess K and O antigen distributions 
and track the transmission of high-risk lineages associated with neonatal sepsis. However, 
national policies on Kpn genomic surveillance remain largely lacking across countries within 
the AAPs. For TB, large WGS datasets are now widely available, though no single platform 
tracks global totals. Key collections include the CRyPTIC dataset of 12,289 sequenced 
isolates (The CRyPTIC Consortium 2022), the Afro‑TB dataset with 17,641 strains (13,753 
curated) from 26 African countries (Laamarti et al. 2023), and the NIAID TB Portals resource 
housing genomic‑linked data from over 28,000 TB cases 
https://www.niaid.nih.gov/research/tb-portals. Additional raw reads are deposited across 
the NCBI SRA https://sra-explorer.info and ENA 
https://www.ebi.ac.uk/ena/browser/home, the primary global repositories, although neither 
provides organism‑specific counts. Tools like Pathogenwatch 
https://next.pathogen.watch/en, CRyPTIC, and the TB‑Resources index 
https://github.com/a-r-j/TB-Resources help researchers identify and navigate these 
distributed. Despite the large volume of data, global coverage is uneven: most publicly 
available genomes derive from high‑income settings and dominant Eurasian lineages, while 
many regions - including much of Africa and parts of Asia and the Pacific - remain under 
sampled. All countries hosting AAP‑affiliated sites maintain National TB Programmes, but 
surveillance systems differ substantially in diagnostic reach and laboratory capacity. WHO 
regional analyses highlight persistent gaps in case detection and incomplete linkage of 
diagnostic data to national reporting systems in several high‑burden settings 
https://www.who.int/publications/i/item/9789240116924. Laboratory assessments similarly 
report limited access to culture, Drug-Susceptibility Testing (DST), and advanced molecular 
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diagnostics across many countries (Iragena et al. 2025), despite wide uptake of Xpert 
MTB/RIF as the primary test for rifampicin resistance (Kohli et al. 2021). As a result, 
surveillance in many AAP‑region settings remains heavily Xpert‑based, providing 
drug‑resistance screening but lacking the resolution required for genomic epidemiology or 
monitoring emerging resistance. 
 
The manuscript should maintain consistency in the use of terminology, choosing either 
abbreviations or full pathogen names and applying them uniformly throughout. 
 
Thank you for this comment. We have revised to ensure consistency.   
 
Methodology The section requires clearer organization to improve readability. It would 
benefit from being divided into work packages, with each one outlining the overall goal, 
methodological approach, and expected outcomes.  
 
Thank you for this comment. We have restructured all pathogen work packages to include 
three sections: overall goal, methodological approach, and expected outcome. For the 
project management work package, we renamed "methodological approach" to 
"management and governance of the consortium." This wording reflects the content more 
accurately and makes the section easier for readers to navigate, as a methodological 
approach is more appropriate for the pathogen-specific work packages.   
 
For each pathogen, the manuscript should specify the sample types to be collected, how 
they will be processed in the laboratory, the sequencing methods to be used, the 
bioinformatics pipeline, and the planned downstream analyses. 
 
We have added the following text to provide clarity on the laboratory processing, 
sequencing and the bioinformatics pipeline that will be used.   CHIK and DENV work package 
We will utilize retrospective and prospective confirmed (by Reverse Transcription (RT)-
quantitative PCR CHIKV blood samples. Additional febrile surveillance retrospective and 
prospective samples, serum or plasma, will be screened by RT-qPCR for CHIKV and DENV. 
Sequencing and bioinformatics pipeline methodologies will be standardized across the 
sites. WGS of CHIKV and DENV will be done using amplicon-based approach using the 
Illumina or ONT platforms, according to the technique available on each site. Whole 
genomes will be first amplified by overlapping RT-PCR amplifying 4 to 8 long fragments in 
separated RT-PCRs, or small fragments in two pools of RT-PCRs, according to the 
procedures in place on each site. The RT-PCR products will then be pooled and cleaned, and 
the library will be built using either Rapid Barcoding or Native Barcoding ONT kits, or 
Illumina library preparation kits according to the technique available at each site. The read 
analysis will be performed using established pipelines such as the artic network amplicon 
pipeline https://artic.network/resources/amplicon-nf  which processes both Illumina and 
ONT data. While sites will not harmonise sequencing protocols, owing to different platform 
availability, we will standardize the data QC and metrics to ensure we use high quality 
sequences for the downstream analysis, and an internal EQA process will allow comparison 
of sequences between sites.    Kpn work package We will use a single whole genome 
sequencing (WGS) standard operating procedure (SOP) and bioinformatics pipeline. All Kpn 
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isolates identified from blood and CSF cultures will undergo routine antimicrobial 
susceptibility testing to support clinical care, and will subsequently be cultured for DNA 
extraction, using either the Wizard® Genomic DNA Purification Kit (Promega, USA) or the 
DNeasy Blood & Tissue Kit (Qiagen, Germany), depending on local availability. DNA libraries 
will be prepared using the Nextera XT DNA Library Preparation Kit or the NEBNext Ultra II 
FS DNA Library Prep Kit for Illumina. WGS will be done on a locally established Illumina 
platform (Miseq, Hiseq or Novaseq), with the OTN platform used for selected samples.   We 
will infer transmission of high-risk lineages using phylodynamic modelling and SNP 
analyses. SNP calling will be performed using the Snippy pipeline (
https://github.com/tseemann/snippy). Maximum likelihood phylogenies will be inferred 
from the core SNP alignment, using IQ-TREE v2.2.0.3 with best-fit substitution models and 
1,000 ultrafast bootstraps and these phylogenetic trees will serve as the basic for time-
scaled phylodynamic analysis using BEAST X (Didelot et al. 2018).   Mtb work package Sputum 
will be collected from patients with RR-TB confirmed by Xpert MTB/RIF. Isolates will be 
cultured to purity in category 3 facilities and DNA extracted from pure isolates prior to 
Illumina/ONT sequencing. Consensus genomes and variant calling will use MTBseq (Kohl et 
al. 2018) or GPAS. Resistance mutations relevant to fluoroquinolones, bedaquiline, 
pretomanid, and linezolid will be identified using the WHO mutation catalogue, with 
phenotypic DST performed on isolates with mutations of uncertain significance.     
 
Tables should be numbered based on the order they are cited in the text.  
 
We have made this correction to the revised version of the manuscript.   
 
Expected outcomes should be presented in subsections dedicated to each pathogen. 
 
We have aligned expected outcomes to each pathogen work package in the revised 
manuscript.   
 
The manuscript currently refers to “Real-Time (RT)-quantitative PC,” but in this context RT 
should stand for Reverse Transcription.   
 
We have made this correction to the revised version of the manuscript to read as reverse 
transcription.   
 
The approach for viral sequencing also needs clarification. Viral whole‑genome sequencing 
can be challenging, so the authors should specify which enrichment protocol or strategy 
will be used.  
 
We have made clarifications that WGS of CHIKV and DENV will be done using amplicon-
based approach using the Illumina or ONT platforms according to the technique available 
on each site. Whole genomes will be first amplified by overlapping RT-PCR amplifying 4 to 8 
long fragments in separated RT-PCRs, or small fragments in two pools of RT-PCRs, 
according to the procedures in place on each site. The RT-PCR products will then be pooled 
and cleaned, and the library will be built using either Rapid Barcoding or Native Barcoding 
ONT kits, or Illumina library preparation kits according to the technique available at each 
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site. The read analysis will be performed using established pipelines such as the artic 
network amplicon pipeline https://artic.network/resources/amplicon-nf, which processes 
both Illumina and ONT data. While sites will not harmonise sequencing protocols, owing to 
different platform availability, we will standardize the data QC and metrics to ensure we use 
high quality sequences for the downstream analysis, and an internal EQA process will allow 
comparison of sequences between sites.     
 
For Klebsiella, it is unclear how whole‑genome sequences will be obtained, whether pure 
culture followed by shotgun sequencing will be used, and whether both short‑read and 
long‑read technologies will be combined for assembly.  
 
We have clarified in the text that we will use whole genome sequencing and that Kpn 
isolated obtained from blood or CSF will undergo culture before sequencing. We will not use 
shot-gun sequencing rather it will be whole genome sequencing from pure cultures. Except 
for South Africa, most sites have capacity for shot-read Illumina sequencing     
 
For the bacterial pathogens in general, the manuscript should clarify whether they will be 
cultured, tested for resistance, and then sequenced from pure isolates.  
 
We have clarified that sputum will be collected from patients with RR-TB confirmed by Xpert 
MTB/RIF. Isolates will be cultured to purity in category 3 laboratory facilities and DNA 
extracted from pure isolates prior to Illumina/ONT sequencing. Kpn isolates identification 
from blood and CSF cultures will undergo the routine antimicrobial susceptibility testing to 
support clinical care and will subsequently be cultured for DNA extraction then sequencing 
performed.   
The section on building sustainable local sequencing capacity should also be expanded to 
provide more detail.   
 
We thank the reviewer for this comment. We have added the following information to 
provide more clarity on how we will build sustainable local sequencing capacity under the 
section on opportunities, challenges and future direction.   For the Kpn, we will leverage this 
cross-AAP platform to support national AMR reference laboratories in tracking the spread of 
carbapenem-resistant Kpn lineages across hospital surveillance systems (e.g in Vietnam) or 
to assist collaborative hospitals in confirming and responding to nosocomial Kpn outbreaks 
(e.g in Kenya). To build sustainable local sequencing capacity, for Mtb, CIDRI-A and OUCRU 
will transfer standardized protocols and provide hands-on training to AAPs that do not 
currently conduct these assays, including MLW and KWTRP, with SOPs shared across all 
sites. MORU and OUCRU (DENV) and KWTRP (CHIKV), based in their existing expertise, will 
lead the standardization of sequencing and bioinformatic pipeline methodologies across 
AAPs. SOPs will be shared and training provided, where needed, to support the deployment 
of the tools in each AAP.   
 
In Figure 1, WP1 appears to be missing, and captions for all figures require additional 
information. We have included WP 1 in figure 1 and improved the captions across all the 
figures     
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Author Response 14 May 2026
Patience Kiyuka 

The manuscript would benefit from improvements to its structure to make it easier to 
follow. There is also considerable repetition throughout the manuscript, and it would 
benefit from being more concise. Clearer subheadings are needed, beginning with an 
Introduction that explains why the consortium is needed, defines the problem, and 
outlines the overall goals. This should be followed by distinct sections describing each work 
package with more details. 
We have reorganized the manuscript into distinct sections with clear subheadings. In the 
revised version of the manuscript there is the introduction, methodology which has all the 
work packages described followed by the opportunities, challenges and future directions 
and communication/engagement and dissemination plans.     
 
In its current form, the manuscript feels somewhat limited in its discussion of capacity 
building and the anticipated impact on policy decisions. The section stating that the 
consortium will “engage regularly with national and subnational policymakers, fostering 
stronger collaboration and sharing project outcomes” would benefit from elaboration and 
could be expanded into a standalone section.   
We have added the following text under communication/engagement and dissemination 
plans; The overall aim is to strengthen national public health institutions by providing 
enhanced genomic surveillance data on priority pathogens and improving outbreak 
response mechanisms. To achieve this, we will engage regularly with national and 
subnational policymakers to foster stronger collaboration. At project initiation we will hold 
engagement meetings with subnational and national level policy makers to introduce the 
project objectives, planned activities, expected outputs and potential policy implications. 
These initial project engagement meetings will also serve to establish communication 
channels between the researchers and the policy makers.  Throughout the project, we will 
regularly share the data and results obtained.  Through WP 5, we will develop data 
dashboards based on the genomic surveillance and epidemiological data generated across 
the AAPs/ CIDRI-A. The dashboard will be made freely available to policy makers and the 
NPHL to support outbreak preparedness and response planning in addition to evidence-
based decision making. The dashboard and the associated data tools will be handed over to 
the NPHL for project sustainability. Final project results generated from the consortium will 
also be translated into policy brief tailored to national and sub-national decision-makers. 
The policy briefs will be disseminated through structured policy engagement meetings, 
stakeholder workshops and to the relevant MoHs relevant technical working groups (TWGs). 
These engagements will provide a forum to discuss policy implications, foreseeable 
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implementation challenges and recommendations for strengthening the regions outbreak 
response strategies. 
 
Abstract: The pathogens discussed in the manuscript are chikungunya virus and dengue 
virus, which cause the diseases chikungunya and dengue, respectively. These names should 
be corrected and used consistently throughout the manuscript. 
We have made this correction.   Introduction: The abstract indicates that one focus of the 
study is on pathogens influenced by climate change, but this is not clearly reflected in the 
Introduction. Additional detail is needed on how climate change affects these pathogens, 
for example through expansion of mosquito vector distributions and increasing 
environmental suitability for flavivirus transmission. This context would strengthen the 
link between climate drivers and pathogen dynamics.   
We thank the reviewer for this comment. We have added the following statements to the 
relevant sections;   Arbovirus distribution is predicted to be strongly affected by climate 
change. The distribution of the Aedes mosquito vectors responsible for transmission of 
dengue and chikungunya viruses have been extensively studied, investigating the effects of 
temperature  (Mordecai et al. 2017; Huber et al. 2018) and humidity  (Hales et al. 2002) on 
habitat suitability and suggesting a climate-driven expansion into new ranges (Campbell et 
al. 2015), and a corresponding increased population at risk from mosquito-borne disease 
(Messina et al. 2019).  We will aim to integrate with existing studies looking at the impact of 
climate change on our chosen pathogens. For dengue, the existing Dengue Advanced 
Readiness Tools consortium (DART) https://www.dartdengue.org, a separately funded 
project which is also lead by OUCRU-Vietnam, are integrating climatic factors into dengue 
outbreak forecasting, and we will work with them to expand their tools to sites in this 
consortium and to integrate genetic factors into their model.   For TB, climate change acts 
primarily through indirect pathways. It has been shown that climate change has potential to 
worsen the TB epidemic by among others contributing to population displacement which 
often leads to overcrowding living conditions that accelerates TB transmission (Goscé et al. 
2025). Healthcare disruption can cause TB treatment interruption, leading to longer 
infectious period and ultimately increased risk of development of drug resistance (Saunders 
et al. 2026). Moreover climate-related and socioeconomic disruptions contribute to food 
insecurity and malnutrition, which weakens the immune system and increasing the risk of 
TB infection and transmission (Shadi et al. 2025).         
 
When presenting each pathogen, the authors should provide a brief description of the 
disease it causes and separate the discussion into individual paragraphs for clarity. 
Information on the current availability of genomic data, as well as existing surveillance 
practices and policies relevant to each pathogen, should also be included.   
We have added the following to capture current availability of genomic data, as well as 
existing surveillance practices and policies relevant to each pathogen.   Genomic data from 
dengue is available for many of the countries in the CAGED consortium, however this is not 
evenly distributed by country. We assessed the data used by the Nextstrain real-time 
tracking of viral evolution (Hadfield et al. 2018) to determine the availability of public 
sequence data for dengue and Chikungunya. While Thailand and Vietnam have over 2000 
available dengue genomes deposited in public databases, the majority were sampled 
before 2020. For Laos, Nepal, and Kenya, there are fewer than 150 genomes per country, 
and for Indonesia there are 555 genomes. For Chikungunya, there are over 150 complete 
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genomes for Thailand, but fewer than 50 for all other countries in this consortium, and no 
genomes for Vietnam or Nepal. Although some countries have existing surveillance policies 
for the pathogens in this consortium, others don’t. Thailand has a national disease 
surveillance program which includes case reporting for Chikungunya and dengue 
(Thawillarp 2025) viruses and XDR TB. Laos has a national surveillance program for dengue 
which only includes clinical case reporting.   Existing global surveillance platform for 
Klebsiella pneumoniae (KlebNET-GSP) was established in 2018, currently hosting 110,891 Kpn 
genomes with associated metadata (https://next.pathogen.watch/genomes/573-klebsiella-
pneumoniae, assessed on 16th March 2026). This global platform also incorporates a set of 
standardized bioinformatic pipelines and genomic reporting frameworks, which greatly 
facilitate data harmonization and the interpretation of AMR genotypes. It further supports 
global efforts to develop a genomic risk framework, assess K and O antigen distributions 
and track the transmission of high-risk lineages associated with neonatal sepsis. However, 
national policies on Kpn genomic surveillance remain largely lacking across countries within 
the AAPs. For TB, large WGS datasets are now widely available, though no single platform 
tracks global totals. Key collections include the CRyPTIC dataset of 12,289 sequenced 
isolates (The CRyPTIC Consortium 2022), the Afro‑TB dataset with 17,641 strains (13,753 
curated) from 26 African countries (Laamarti et al. 2023), and the NIAID TB Portals resource 
housing genomic‑linked data from over 28,000 TB cases 
https://www.niaid.nih.gov/research/tb-portals. Additional raw reads are deposited across 
the NCBI SRA https://sra-explorer.info and ENA 
https://www.ebi.ac.uk/ena/browser/home, the primary global repositories, although neither 
provides organism‑specific counts. Tools like Pathogenwatch 
https://next.pathogen.watch/en, CRyPTIC, and the TB‑Resources index 
https://github.com/a-r-j/TB-Resources help researchers identify and navigate these 
distributed. Despite the large volume of data, global coverage is uneven: most publicly 
available genomes derive from high‑income settings and dominant Eurasian lineages, while 
many regions - including much of Africa and parts of Asia and the Pacific - remain under 
sampled. All countries hosting AAP‑affiliated sites maintain National TB Programmes, but 
surveillance systems differ substantially in diagnostic reach and laboratory capacity. WHO 
regional analyses highlight persistent gaps in case detection and incomplete linkage of 
diagnostic data to national reporting systems in several high‑burden settings 
https://www.who.int/publications/i/item/9789240116924. Laboratory assessments similarly 
report limited access to culture, Drug-Susceptibility Testing (DST), and advanced molecular 
diagnostics across many countries (Iragena et al. 2025), despite wide uptake of Xpert 
MTB/RIF as the primary test for rifampicin resistance (Kohli et al. 2021). As a result, 
surveillance in many AAP‑region settings remains heavily Xpert‑based, providing 
drug‑resistance screening but lacking the resolution required for genomic epidemiology or 
monitoring emerging resistance. 
 
The manuscript should maintain consistency in the use of terminology, choosing either 
abbreviations or full pathogen names and applying them uniformly throughout. 
Thank you for this comment. We have revised to ensure consistency.   
 
Methodology The section requires clearer organization to improve readability. It would 
benefit from being divided into work packages, with each one outlining the overall goal, 
methodological approach, and expected outcomes.  
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Thank you for this comment. We have restructured all pathogen work packages to include 
three sections: overall goal, methodological approach, and expected outcome. For the 
project management work package, we renamed "methodological approach" to 
"management and governance of the consortium." This wording reflects the content more 
accurately and makes the section easier for readers to navigate, as a methodological 
approach is more appropriate for the pathogen-specific work packages.   
 
For each pathogen, the manuscript should specify the sample types to be collected, how 
they will be processed in the laboratory, the sequencing methods to be used, the 
bioinformatics pipeline, and the planned downstream analyses. We have added the 
following text to provide clarity on the laboratory processing, sequencing and the 
bioinformatics pipeline that will be used.   CHIK and DENV work package We will utilize 
retrospective and prospective confirmed (by Reverse Transcription (RT)-quantitative PCR 
CHIKV blood samples. Additional febrile surveillance retrospective and prospective samples, 
serum or plasma, will be screened by RT-qPCR for CHIKV and DENV. Sequencing and 
bioinformatics pipeline methodologies will be standardized across the sites. WGS of CHIKV 
and DENV will be done using amplicon-based approach using the Illumina or ONT 
platforms, according to the technique available on each site. Whole genomes will be first 
amplified by overlapping RT-PCR amplifying 4 to 8 long fragments in separated RT-PCRs, or 
small fragments in two pools of RT-PCRs, according to the procedures in place on each site. 
The RT-PCR products will then be pooled and cleaned, and the library will be built using 
either Rapid Barcoding or Native Barcoding ONT kits, or Illumina library preparation kits 
according to the technique available at each site. The read analysis will be performed using 
established pipelines such as the artic network amplicon pipeline 
https://artic.network/resources/amplicon-nf  which processes both Illumina and ONT data. 
While sites will not harmonise sequencing protocols, owing to different platform availability, 
we will standardize the data QC and metrics to ensure we use high quality sequences for 
the downstream analysis, and an internal EQA process will allow comparison of sequences 
between sites.    Kpn work package We will use a single whole genome sequencing (WGS) 
standard operating procedure (SOP) and bioinformatics pipeline. All Kpn isolates identified 
from blood and CSF cultures will undergo routine antimicrobial susceptibility testing to 
support clinical care, and will subsequently be cultured for DNA extraction, using either the 
Wizard® Genomic DNA Purification Kit (Promega, USA) or the DNeasy Blood & Tissue Kit 
(Qiagen, Germany), depending on local availability. DNA libraries will be prepared using the 
Nextera XT DNA Library Preparation Kit or the NEBNext Ultra II FS DNA Library Prep Kit for 
Illumina. WGS will be done on a locally established Illumina platform (Miseq, Hiseq or 
Novaseq), with the OTN platform used for selected samples.   We will infer transmission of 
high-risk lineages using phylodynamic modelling and SNP analyses. SNP calling will be 
performed using the Snippy pipeline (https://github.com/tseemann/snippy). Maximum 
likelihood phylogenies will be inferred from the core SNP alignment, using IQ-TREE v2.2.0.3 
with best-fit substitution models and 1,000 ultrafast bootstraps and these phylogenetic 
trees will serve as the basic for time-scaled phylodynamic analysis using BEAST X (Didelot et 
al. 2018).   Mtb work package Sputum will be collected from patients with RR-TB confirmed by 
Xpert MTB/RIF. Isolates will be cultured to purity in category 3 facilities and DNA extracted 
from pure isolates prior to Illumina/ONT sequencing. Consensus genomes and variant 
calling will use MTBseq (Kohl et al. 2018) or GPAS. Resistance mutations relevant to 
fluoroquinolones, bedaquiline, pretomanid, and linezolid will be identified using the WHO 
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mutation catalogue, with phenotypic DST performed on isolates with mutations of uncertain 
significance.     
 
Tables should be numbered based on the order they are cited in the text.  
We have made this correction to the revised version of the manuscript.   
 
Expected outcomes should be presented in subsections dedicated to each pathogen. We 
have aligned expected outcomes to each pathogen work package in the revised manuscript. 
  
 
The manuscript currently refers to “Real-Time (RT)-quantitative PC,” but in this context RT 
should stand for Reverse Transcription.   
We have made this correction to the revised version of the manuscript to read as reverse 
transcription.   
 
The approach for viral sequencing also needs clarification. Viral whole‑genome sequencing 
can be challenging, so the authors should specify which enrichment protocol or strategy 
will be used.  
We have made clarifications that WGS of CHIKV and DENV will be done using amplicon-
based approach using the Illumina or ONT platforms according to the technique available 
on each site. Whole genomes will be first amplified by overlapping RT-PCR amplifying 4 to 8 
long fragments in separated RT-PCRs, or small fragments in two pools of RT-PCRs, 
according to the procedures in place on each site. The RT-PCR products will then be pooled 
and cleaned, and the library will be built using either Rapid Barcoding or Native Barcoding 
ONT kits, or Illumina library preparation kits according to the technique available at each 
site. The read analysis will be performed using established pipelines such as the artic 
network amplicon pipeline https://artic.network/resources/amplicon-nf, which processes 
both Illumina and ONT data. While sites will not harmonise sequencing protocols, owing to 
different platform availability, we will standardize the data QC and metrics to ensure we use 
high quality sequences for the downstream analysis, and an internal EQA process will allow 
comparison of sequences between sites.     
 
For Klebsiella, it is unclear how whole‑genome sequences will be obtained, whether pure 
culture followed by shotgun sequencing will be used, and whether both short‑read and 
long‑read technologies will be combined for assembly.  
We have clarified in the text that we will use whole genome sequencing and that Kpn 
isolated obtained from blood or CSF will undergo culture before sequencing. We will not use 
shot-gun sequencing rather it will be whole genome sequencing from pure cultures. Except 
for South Africa, most sites have capacity for shot-read Illumina sequencing     
 
For the bacterial pathogens in general, the manuscript should clarify whether they will be 
cultured, tested for resistance, and then sequenced from pure isolates.  
We have clarified that sputum will be collected from patients with RR-TB confirmed by Xpert 
MTB/RIF. Isolates will be cultured to purity in category 3 laboratory facilities and DNA 
extracted from pure isolates prior to Illumina/ONT sequencing. Kpn isolates identification 
from blood and CSF cultures will undergo the routine antimicrobial susceptibility testing to 
support clinical care and will subsequently be cultured for DNA extraction then sequencing 
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performed.   
The section on building sustainable local sequencing capacity should also be expanded to 
provide more detail.   
We thank the reviewer for this comment. We have added the following information to 
provide more clarity on how we will build sustainable local sequencing capacity under the 
section on opportunities, challenges and future direction.   For the Kpn, we will leverage this 
cross-AAP platform to support national AMR reference laboratories in tracking the spread of 
carbapenem-resistant Kpn lineages across hospital surveillance systems (e.g in Vietnam) or 
to assist collaborative hospitals in confirming and responding to nosocomial Kpn outbreaks 
(e.g in Kenya). To build sustainable local sequencing capacity, for Mtb, CIDRI-A and OUCRU 
will transfer standardized protocols and provide hands-on training to AAPs that do not 
currently conduct these assays, including MLW and KWTRP, with SOPs shared across all 
sites. MORU and OUCRU (DENV) and KWTRP (CHIKV), based in their existing expertise, will 
lead the standardization of sequencing and bioinformatic pipeline methodologies across 
AAPs. SOPs will be shared and training provided, where needed, to support the deployment 
of the tools in each AAP.   
 
In Figure 1, WP1 appears to be missing, and captions for all figures require additional 
information. 
We have included WP 1 in figure 1 and improved the captions across all the figures     
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This manuscript details the establishment and operational framework of the Cross-Wellcome 
Africa Asian Programmes (AAPs) Acceleration of Genomics for Escalating Infectious Diseases 
(CAGED) Consortium. The consortium’s strength lies in its ability to leverage expertise across six 
major institutions in Africa and Southeast Asia. This geographic diversity allows for a unique 
"multi-site and multi-pathogen approach" that is essential for understanding the heterogeneous 
nature of infectious diseases in these regions. Furthermore, the focus on chikungunya, dengue, 
multidrug-resistant Klebsiella pneumoniae, and drug-resistant Mtb is highly relevant, particularly as 
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these diseases are increasingly driven by climate change and pose significant public health 
threats. 
The manuscript clearly outlines the use of both Illumina and Oxford Nanopore Technology 
platforms. This dual-platform approach is a robust choice for handling the diverse genomic 
architectures of viruses (CHIKV/DENV) and bacteria (Kpn/Mtb). The reliance on established 
pipelines such as Kleborate for Kpn and MTBseq for Mtb ensures that the data analysis is 
standardized and scientifically rigorous. 
The manuscript emphasizes FAIR (Findable, Accessible, Interoperable, and Reusable) data 
principles. The plan to use the HL7 Fast Healthcare Interoperability Resources (FHIR) standard is a 
particularly forward-thinking approach to ensure data can be integrated with national health 
dashboards. A central goal is the transfer of capacity to National Public Health Laboratories and 
Ministries of Health. This ensures that the research doesn't remain academic but directly informs 
evidence-based policy making. 
Points to be considered: 
The consortium repeatedly states that it focuses on pathogens "driven by climate change". 
However, the provided methodology does not explicitly detail how environmental, meteorological, 
or climate data will be integrated with the genomic data . Without a specific analytical plan to 
correlate genomic shifts with climate variables, the "climate-driven" aspect remains a thematic 
justification rather than a core scientific inquiry. 
For the CHIKV and DENV work package, the plan to select a "minimum of 20 participant samples 
per group" for assessing neutralizing antibodies may lack sufficient statistical power . Given the 
high genetic diversity and the goal of assessing "immune escape" across multiple lineages in both 
Africa and Asia, such a small sample size might not be representative of the broader population 
immunity or the full spectrum of viral variants 
The manuscript justifies the project by noting the "limited use of genomics" for these pathogens 
compared to the 3 million SARS-CoV-2 genomes on GISAID . However, it does not fully address 
how the consortium will overcome the specific biological challenges—such as the low 
symptomatic-to-asymptomatic ratio in Dengue which makes representative genomic surveillance 
significantly more difficult. 
Overall, the manuscript presents a well-coordinated plan to enhance genomic surveillance in 
regions with historically limited resources compared to the global response to SARS-CoV-2. 
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We thank the reviewer for the thoughtful and sightful comments that have improved the 
rigor of our manuscript. Below is our responses to the comments: 
 
The consortium repeatedly states that it focuses on pathogens "driven by climate change". 
However, the provided methodology does not explicitly detail how environmental, 
meteorological, or climate data will be integrated with the genomic data . Without a 
specific analytical plan to correlate genomic shifts with climate variables, the "climate-
driven" aspect remains a thematic justification rather than a core scientific inquiry.   
We sincerely thank the reviewer for pointing it out. We agree that not all the pathogens we 
are studying are directly driven by climate change and because we don’t have a dedicated 
methodological section where we provide details of how climatic variables will be 
incorporated into the genomic data except for DENV and CHIKV, we have changed the 
abstract to reflect that climate change is one of the factors driving transmission of some of 
these pathogens with the statement “with climate change considered one of the several factors 
influencing the distribution, transmission or burden of some of these pathogens.” We have also 
added the following text to the appropriate sections of the manuscript.   Arbovirus 
distribution is predicted to be strongly affected by climate change. The distribution of the 
Aedes mosquito vectors responsible for transmission of dengue and chikungunya viruses 
have been extensively studied, investigating the effects of temperature  (Mordecai et al. 
2017; Huber et al. 2018) and humidity  (Hales et al. 2002) on habitat suitability and 
suggesting a climate-driven expansion into new ranges (Campbell et al. 2015), and a 
corresponding increased population at risk from mosquito-borne disease (Messina et al. 
2019).       We will aim to integrate with existing studies looking at the impact of climate 
change on our chosen pathogens. For dengue, the existing Dengue Advanced Readiness 
Tools consortium (DART) https://www.dartdengue.org, a separately funded project which is 
also lead by OUCRU-Vietnam, are integrating climatic factors into dengue outbreak 
forecasting, and we will work with them to expand their tools to sites in this consortium and 
to integrate genetic factors into their model.   For TB, climate change acts primarily through 
indirect pathways. It has been shown that climate change has potential to worsen the TB 
epidemic by among others contributing to population displacement which often leads to 
overcrowding living conditions that accelerates TB transmission (Goscé et al. 2025). 
Healthcare disruption can cause TB treatment interruption, leading to longer infectious 
period and ultimately increased risk of development of drug resistance (Saunders et al. 
2026). Moreover climate-related and socioeconomic disruptions contribute to food 
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insecurity and malnutrition, which weakens the immune system and increasing the risk of 
TB infection and transmission (Shadi et al. 2025).   
 
For the CHIKV and DENV work package, the plan to select a "minimum of 20 participant 
samples per group" for assessing neutralizing antibodies may lack sufficient statistical 
power. Given the high genetic diversity and the goal of assessing "immune escape" across 
multiple lineages in both Africa and Asia, such a small sample size might not be 
representative of the broader population immunity or the full spectrum of viral variants. 
  Thank you for the thoughtful comment regarding the proposed sample size of 
approximately 20 participants per group for assessing neutralizing antibodies against 
CHIKV and DENV. We carefully considered the concern about statistical power, 
representativeness of population immunity, and viral diversity across African and Asian 
lineages.  We have address this by adding the paragraph below   The selection of a 
minimum of 20 participant samples per group was based on a formal sample size 
determination conducted specifically for neutralization assays comparing responses 
between viral strains. A bootstrap-based power analysis was performed assuming 
neutralization titres (FRNT50) follow a normal distribution with high inter-sera variability (σ 
≈ μ), which is typical for neutralization assays. The analysis further assumed that 
biologically meaningful differences correspond to approximately a three-fold difference in 
neutralization titres between strains. Using 1000 bootstrap iterations and a two-sided t-test 
with α = 0.05, the analysis demonstrated that approximately 20 sera samples are sufficient 
to detect such differences with statistical power ≥ 0.8.    Importantly, the purpose of this 
component is not to estimate population-level seroprevalence or overall immunity, but 
rather to experimentally compare neutralization capacity across viral lineages and assess 
potential immune escape at the virological and immunological level.   
 
The manuscript justifies the project by noting the "limited use of genomics" for these 
pathogens compared to the 3 million SARS-CoV-2 genomes on GISAID. However, it does not 
fully address how the consortium will overcome the specific biological challenges—such as 
the low symptomatic-to-asymptomatic ratio in Dengue which makes representative 
genomic surveillance significantly more difficult. 
We acknowledge the limitation of not including asymptomatic dengue cases; however, this 
study is based on existing surveillance of clinical cases in health facilities across the different 
sites and therefore does not include sequencing of asymptomatic cases. The focal area of 
the project is to expand the use of genomics in these pathogens, once it is routine it can be 
deployed on other samples sets as they become available from community surveys. We 
chose to start with all the pathogens through surveillance in health facilities where it can 
also support diagnostic detection where this is not available.  
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