
1

Supplementary File 1

Viral sequencing to inform the global elimination of dog-mediated rabies - a systematic

review

Gurdeep Jaswant1,2,3,4,#, Criselda T. Bautista2,5,#, Brian Ogoti1,6, Joel Changalucha4,7, Julius

O. Oyugi1,8, Kathryn Campbell2, Mumbua Mutunga1,6, S.M. Thumbi1,6,7,8,9,10,#, Katie

Hampson2,#, Kirstyn Brunker2,#

1Faculty of Health Sciences, Institute of Tropical and Infectious Diseases, University of Nairobi,

Nairobi 00202, Kenya.
2School of Biodiversity, One Health & Veterinary Medicine, College of Medical, Veterinary and

Life Sciences, University of Glasgow, Glasgow G12 8QQ, Scotland, UK.
3Food Biotechnology and Microbiology, Tanzania Industrial Research Development

Organization, Dar es Salaam 14111, Tanzania.
4Environmental Health and Ecological Sciences, Ifakara Health Institute, Dar es Salaam Plot 463,

Tanzania.
5Research Institute for Tropical Medicine, Muntinlupa City, Metro Manila 1781, Philippines.
6Faculty of Health Sciences, Center for Epidemiological Modelling and Analysis, University of

Nairobi, Nairobi 00202, Kenya.
7College of Veterinary Medicine & Biomedical Science, Sokoine University of Agriculture,

Morogoro 67804, Tanzania.
8Department of Medical Microbiology, Faculty of Health Sciences, University of Nairobi,

Nairobi 00202, Kenya.
9Institute of Immunology & Infection Research, School of Biological Sciences, University of

Edinburgh, Edinburgh EH9 3FL, Scotland, UK.
10Paul G Allen School for Global Health, Washington State University, Pullman, WA 99164,

USA.
#Authors contributed equally.

Correspondence to: Dr. Kirstyn Brunker, Graham Kerr building, School of Biodiversity, One

Health & Veterinary Medicine, College of Medical, Veterinary and Life Sciences, University of

Glasgow, Glasgow G12 8QQ, Scotland, UK. E-mail: kirstyn.brunker@glasgow.ac.uk



2

Abstract

Background: Rabies is a deadly yet neglected infectious disease. Present in almost 150

countries around the world, with most deaths reported in Asia and Africa, rabies is a serious

pressing issue worldwide. A global strategy has been initiated with the aim of eliminating human

deaths from rabies spread by domestic dogs by 2030 (‘Zero by 30’). Genomic surveillance is a

tool that can potentially support the ‘Zero by 30’ strategy.

Methods: The databases PubMed, Google Scholar and Web Of Science will be searched to

identify original studies published since the year 2000 with the following search terms ‘Rabies

AND (genom* OR sequenc* OR phylo* OR molecular ) AND (control OR surveillance OR

eliminat*)’. Pre-defined inclusion and exclusion criteria will be used to select relevant studies

and the selection procedure will be shown by a Preferred Reporting Items for Systematic reviews

and Meta-analysis study flow diagram (PRISMA). Data will be extracted including author, year

of publication, location of study, study design, sequencing platform, and coverage of genome

(whole or partial), type and number of samples sequenced, infected host species, analysis

methods, conclusion(s) of the study and any recommendations for control measures or

surveillance derived from the genomic data. Data will be summarized in terms of trends in

published papers, geographical coverage, sequencing platforms, length, and available genomic

data.

Expected output: To get geographical coverage of the country with sequencing data in Africa to

see where gaps are to expand the need of genomic surveillance. To give recommendations on

how to improve genomic surveillance based on sample types, sequencing platforms, and data

management. Key messages from study’s conclusion regarding how genomic surveillance

provides insights to inform Zero by 30 by drawing the unique message from genomic data.

Registration: This protocol will be submitted to the PROSPERO database for registration.

Keywords: Sequencing, phylogenetic, lyssavirus, molecular techniques
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Background

Rabies Virus (RABV) poses the greatest public health threat, causing an estimated 60,000 deaths

annually, almost all of which occur in Low- and Middle-Income Countries (LMICs) [1]. RABV

is most commonly transmitted through bites from infected hosts in the orders Chiroptera and

Carnivora [2]. Domestic dogs are the main source of transmission to humans, but as a multi-host

pathogen, wild carnivores also serve as primary RABV hosts with host-associated variants

recorded in certain geographies [3]. For example, wildlife such as raccoons, skunk, and foxes

each maintain different RABV variants in localities across North America [3]. Generally, RABV

is referred to according to these host-associated variants (sometimes termed biotype, see

definitions introduced in Box 1). Phylogenetic analysis enables further classification of RABV

diversity into clades, subclades, and lineages, usually associated with specific geographic areas

and/or hosts. The RABV genome is 12 kilobases (kb) in length [4], comprising five genes

encoding the nucleoprotein (N), phosphoprotein (P), matrix protein (M), glycoprotein (G) and

the large polymerase protein (L) [5]. Like other RNA viruses, RABV exhibits elevated mutation

rates because of the absence of proofreading activity in the L protein [6]. Viral sequence data is

informative because of these elevated mutation rates, which generate genetic diversity enabling

improved tracking of viral spread and understanding of viral dynamics across space and over

time.

There is no treatment for rabies once clinical signs begin, but post-exposure prophylaxis (PEP)

administered shortly after a rabies exposure is almost 100% effective in preventing the fatal

onset of disease [7]. Canine rabies elimination is possible through mass dog vaccination, as

demonstrated in Europe, North America, parts of Asia and much of Latin America [8]. Several

countries where dog-mediated rabies was previously endemic have now been declared rabies-

free (Western Europe, Canada, the USA, and Japan) or are approaching elimination as a result of

sustained dog vaccination [8]. According to the World Health Organisation (WHO), to eliminate

dog-mediated rabies, vaccination campaigns need to achieve coverage of at least 70% of the dog

population and be conducted annually for at least three years [9]. The incidence of rabies in Latin

America has declined dramatically over recent decades due to coordinated regional elimination

programs underpinned by this approach [8]. In contrast, most LMICs in Asia and Africa have not

allocated sufficient budget to control this neglected disease. In these endemic countries, rabies
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surveillance is typically poor and challenges to rabies control include lack of understanding of

dog ownership patterns, dog population sizes and dog accessibility for vaccination as well as

cultural practices including dog meat consumption [10]. To address these challenges,

international organisations recently joined forces under the United Against Rabies collaboration

to advocate for the global goal of ‘Zero by 30’, to end human deaths from dog-mediated rabies

by 2030 [11].

Surveillance plays a critical role in the control and elimination of infectious diseases [12].

Surveillance entails the continuous, systematic collection, analysis, interpretation, and timely

dissemination of health-related information [13], serving as the foundation for planning,

execution and evaluation of public health strategies. For instance, surveillance aids in producing

data on the effectiveness of interventions, thus offering valuable insights for decision-making

crucial for elimination initiatives like 'Zero by 30' [14]. Increasingly, surveillance involves

genetic data, for pathogen diagnosis, for determining risks associated with a pathogen or its

susceptibility to drugs, as well as to identify the source of outbreaks and to characterise pathogen

spread [12]. Linked with locations, pathogen genetic data have uncovered different aspects of

disease movement, from global migration dynamics to local transmission pathways for

pathogens such as Influenza [15,16], Ebola [17], Zika [18], Yellow fever [19,20], Mpox [21–24]

and SARS-CoV-2 [25]. Sequencing approaches have potential to enhance rabies surveillance and

provide actionable information to inform rabies control programs locally and as part of ‘Zero by

30’. For example, viral sequence data can distinguish continuous undetected local circulation

from incursions and potentially identify their sources [26]. More generally, sequencing could

provide key insights into how rabies circulates within different populations and the processes

responsible for RABV maintenance in specific localities [12,27].

Use of pathogen sequence data within surveillance programmes is, however, not yet routine in

most LMICs. Constraints include lack of local sequencing capacity, trained personnel and

laboratory resources, affected by the costs of and access to reagents and consumables, as well as

power supplies and cold chain [17]. Sequencing technologies have become more affordable, and

efforts are underway to improve their accessibility [28]. Indeed, growth in sequencing capacity

in LMICs during the COVID-19 pandemic provided evidence of the feasibility of scaling up
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molecular diagnostics, but also highlighted operational challenges. For example, public health

laboratories in Nigeria capable of molecular identification of SARS-COV-19 from clinical

specimens increased from four to 72 laboratories in 2020 [29]. In this systematic review, our

goal will be to examine the current extent of the application of genetic approaches to RABV

surveillance globally and how, going forward, these approaches can contribute to the global

strategy to eliminate human deaths from dog-mediated rabies.

Methods

Search strategy

A systematic search will be done on PubMed, Web of Science and Google Scholar electronic

databases to identify original studies that reported genomic surveillance of rabies to support

rabies elimination. Advanced searches with Boolean operators and quotations will be performed

using the following key terms: ‘rabies AND (genom* OR sequenc* OR phylo* OR molecular)

AND (control OR surveillance OR eliminat*)’. Further manual searches will be performed for

additional relevant studies.

Selection of studies

Data will be extracted from any design (prospective/ retrospective). Pre-defined inclusion and

exclusion criteria will be used to select relevant studies and the selection procedure will be

shown by a Preferred Reporting Items for Systematic reviews and Meta-analysis study flow

diagram (PRISMA).

Inclusion and exclusion criteria

To ensure that relevant studies are included the following inclusion criteria will be used for

screening: studies must address either canine rabies, human rabies or terrestrial wildlife rabies

(i.e. not bat rabies), and use molecular techniques with sequencing data either for diagnosis or

surveillance of rabies. We will exclude studies reported as literature reviews without presenting

data, studies that are not published in English language, duplicated papers, that do not focus on

rabies or include genomic/ sequencing data. We will follow PRISMA (Moher et al. 2009)

guidelines to determine the Population, Intervention, Comparison and Outcome of the study

(PICO), which for our study covers:

https://www.zotero.org/google-docs/?Peiw9y
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P (Population) = Rabies virus

I (Intervention) = genomic sequencing approaches

C (Comparison) = Known rabies control and prevention measures such as Mass dog vaccination

and Post Exposure Prophylaxis (PEP)

O (Outcome) = Primary outcome - rabies control guidance; Secondary outcome – Other message

from genomic surveillance

Management of identified articles and Quality assessment

All the articles identified from database searches will be exported for duplicate removal,

screening of titles, abstracts and eligibility assessment according to the specified inclusion and

exclusion criteria. Two independent reviewers will assess the quality of studies to be included in

the systematic review. Any discrepancy observed between reviewers regarding the quality of

selected study (s) will be resolved through discussion.

Data extraction and analysis

Data from eligible studies will be extracted into spreadsheets. with the following information ,

author and year of publication; location of study (country and subnational administrative unit if

reported), study design, platform for sequencing, type of samples used (brain, saliva, vaccine or

other), species of infected animal host (domestic dog, wildlife or other domestic animal,

indicating the species involved), sample size (n), data analysis methods, conclusion(s) of the

study and any control measure derived from the sequencing data.

The extracted data will be used to summarise the number of published papers and trends of time,

the geographical coverage of the article the (richness of the genomic data available from

different areas) , what were the most commonly used sequencing platforms, and implications of

the studies on how genomic data draws insight for rabies control and elimination.

Expected output

To get geographical coverage of the country with sequencing data in Africa so as to see where

gaps are to expand the need of genomic surveillance. To give recommendations on how to

improve genomic surveillance based on sample types, sequencing platforms, and data
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management. Key messages from studies conclusion regarding how genomic surveillance

provides insights to inform Zero by 30 by drawing the unique message from genomic data.
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