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Abstract

Background

The World Health Organization’s (WHO) Neglected Tropical Disease (NTD) Road Map for
2021-2030 was recently endorsed by all member states at the World Health Assembly in
November 2020. Although only 3 of the 20 NTDs are endemic in Canada (i.e., echinococco-
sis, rabies, and scabies), the Canadian research community has contributed to advancing
the knowledge base of all 20 NTDs. Previous research comprehensively detailed Canadian
research on 11 NTDs between 1950 and 2010 using a network analysis approach. The spe-
cific objective of the present analysis was to update the publication record over the last
decade (2010-2019) to include all 20 NTDs.

Materials and methods

A bibliometric analysis was conducted in Scopus and Web of Science databases (for
English or French articles published between January 1, 2010 and December 31, 2019)
using appropriate search terms for each of the 20 NTDs and where at least 1 of the authors
had a Canadian institution address. A 21st search was added to include publications includ-
ing multiple NTDs or a discussion of NTDs in general. Following assessment of inclusion
and exclusion criteria, 2 reviewers independently screened all abstracts, with discordant
observations rereviewed to arrive at an agreement. Duplicates were removed.

Results

A total of 1,790 publications were retrieved (1,738 with a disease—specific NTD focus and
52 with a general NTD focus, resulting in 1,659 unique publications), giving an average of
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over 160 articles per year. Over 80% were classified as full-length research articles. The
top 3 journals in terms of frequency were PLOS Neglected Tropical Diseases, PLOS ONE,
and the American Journal of Tropical Medicine and Hygiene. Authors’ institutions were from
all Canadian provinces. While all 20 NTDs were addressed in these publications, the 5 most
commonly studied were leishmaniasis, dengue fever and chikungunya, Chagas disease,
soil-transmitted helminthiases, and rabies.

Conclusions

Canadian researchers across the country have contributed to the evidence base of all 20
NTDs, publishing an average of over 160 publications per year between 2010 and 2019. As
WHO NTD Road Map 2021-2030 rolls out globally, the Canadian research community, in
collaboration with its partners and in solidarity with people living in vulnerable circumstances
in endemic regions worldwide, is well positioned to meet future research challenges so that
the goal of eliminating the disease burden attributable to NTDs can be achieved.

Introduction

Although there are personal accounts dating from the 1880s, the first published record of a
neglected tropical disease (NTD) in humans in Canada is from 1937 [1,2]. It was a case of alve-
olar echinococcosis, presumably acquired in Iceland. Alveolar echinococcosis remains
extremely rare in Canada; however, confirmed local transmission among canid hosts suggests
its potential emergence in the human population, which is a matter of ongoing concern [3,4].
Cystic echinococcosis is much more widespread, being actively transmitted among wild and
domesticated canid definitive hosts and cervid intermediate hosts in all but the Atlantic prov-
inces [5]. While human cases of cystic echinococcosis have been reported from across Canada,
endemicity is highest in northern and indigenous communities [5,6].

The only other NTDs endemic in Canada are rabies and scabies. Rabies is a federally report-
able disease in both humans and animals. Human cases have declined over the years as vacci-
nation programs in animals ramped up and are now extremely rare, with the last reported case
in 2012 and the last death occurring in Alberta in 2007 following exposure to a rabid bat.
Despite the vaccination programs, rabies continues to be transmitted primarily among wildlife
(e.g., racoons, skunks, foxes, and bats), and cases, although rare, have also been reported
among pets (e.g., dogs and cats) [7] and is of particular concern in the northern part of the
country such as in Nunavik, Québec [8]. The epidemiology of scabies is largely unknown in
Canada because it is not a reportable disease. The published literature documents cases in
chronic health care institutions and indigenous communities; however, its importance as a
current public health problem is unknown [9,10].

Researchers in Canada have not limited their investigations to these 3 NTDs. Indeed, Phil-
lips and colleagues document contributions for 13 NTDs between 1950 and 2010 [11]. (These
13 NTDs would now be classified as 11 NTDs as roundworm, hookworm, and whipworm
infections are considered together as 1 NTD [12].) There might be several reasons for a famil-
iarity with all NTDs within the Canadian research community. They range from historical,
and progressively more recent, collaborations with researchers outside of Canada, to increased
travel and study abroad, to being mindful of the concept of the “global village,” a term coined
by the famous Canadian writer, Marshall McLuhan in 1962 [13]. As a new decade in NTD
research begins with the unanimous support of all World Health Assembly member states for
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the NTD Road Map 2021 to 2030 [12]—including Canada—the objective of this review is to
appreciate the magnitude and scope of contributions made by the Canadian research commu-
nity to NTDs over the last decade.

Materials and methods

A total of 20 independent searches, 1 for each NTD, of Scopus and Web of Science were per-
formed to identify peer-reviewed publications authored by at least 1 Canadian researcher
(defined as specifying an institution in Canada as her/his affiliation in the publication) in the
years 2010 to 2019, inclusive. The NTDs were Buruli ulcer, Chagas disease, dengue and chi-
kungunya, dracunculiasis, echinococcosis, foodborne trematodiases, human African trypano-
somiasis, leishmaniasis, leprosy, lymphatic filariasis, mycetoma and chromoblastomycosis and
other deep mycoses, onchocerciasis, rabies, scabies and other ectoparasites, schistosomiasis,
snakebite envenoming, soil-transmitted helminthiases, taeniasis/cysticercosis, trachoma, and
yaws. The search terms included the NTD name, alternative NTD names, the associated patho-
gen, and specific symptoms of the NTD (when appropriate). Records retrieved from the 2
databases for each NTD were merged, and any duplicates were removed. Titles and abstracts
were screened using the inclusion and exclusion criteria with the process managed using Covi-
dence (covidence.org) (Table 1).

Two independent reviewers reviewed the title and abstracts of each of the 20 searches. To
ensure consistency, one of the reviewers was a reviewer for all 20 searches, while the second
reviewer was selected based primarily on NTD subject expertise. In the event of any conflicts,
the screeners discussed the findings and reviewed the full-text publication. Data were extracted
into an Excel datasheet. During the 20 searches, it became clear that a 21st search was required
so that publications having a more general overview of NTDs could be included. Descriptive
statistics were computed using Microsoft Excel. The search strategies for all searches are
shown in S1 Text.

Results

From the 20 independent searches that were conducted for each of the 20 NTDs and of a total
number of 4,166 publications that were screened, a total of 1,738 publications were found after
inclusion and exclusion criteria were met (Fig 1). An additional 52 publications were obtained
from the 21st search where the content focused on NTDs in general rather than on any 1 dis-
ease. After duplicates were removed across individual searches (i.e., 131 publications had an
in-depth focus on more than 1 NTD), the number of unique publications totalled 1,659, an

Table 1. Inclusion and exclusion criteria applied to each search in Scopus and Web of Science.

Inclusion criteria Exclusion criteria

At least 1 author’s affiliation is a Canadian
institution

Publication date between January 1, 2010 and | Nonspecific listing of the NTD within Global Burden of Disease
December 31, 2019 or GeoSentinel or other large databases

Clear focus or subfocus on the NTD Paper was retracted

Lab-based research on animal models, if link to | Conference abstracts, proceedings, book chapters, and books
the human NTD, is clear

Language is English or French

Full-text version is available

NTD, neglected tropical disease.

https://doi.org/10.1371/journal.pntd.0009476.t001
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Records identified in Scopus

Records identified in Web of

(n=3241) Science
(n=2828)
Records identified after
merging databases
(n = 6069)
| Duplicate records excluded
o (n=1903)
Records included for
screening (n = 4166)
Records excluded
s | fOr not meeting inclusion or
exclusion criteria
(n = 2428)
Records included (n = 1738)
Additional General NTD

Records included after

screening and duplicates ~ F———J

removed

(n=52)

(n=1790)

Publications included

Duplicate publications across

= individual searches excluded
(h=131)

review
(n=1659)

Publications included in the final

Included Articles (1346),
Reviews (212), Letters (38),
Editorial (24), Notes (27), Short
Surveys (10) and Data Paper (2)

Fig 1. Combined results for 21 searches (the 20 NTDs independently, plus a search where NTDs were discussed in

a general overarching way). NTD, neglected tropical disease.

https://doi.org/10.1371/journal.pntd.0009476.9001
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Fig 2. Canadian contributions to research on NTDs, 2010-2019 inclusive, by year. NTD, neglected tropical disease.

https:/doi.org/10.1371/journal.pntd.0009476.g002

average of over 165 publications per year (Fig 2). Fewer articles (less than 135) were published
in 2010 and 2011 compared to the other years when more than 175 articles were published
annually.

All Canadian provinces and the Northwest Territories were represented among the affilia-
tions of at least 1 of the authors on the publications. The type of publication was categorized
differently by each journal, but over 80% of the publications were classified as full-length
research articles, 13% were reviews, and the balance included letters, editorials, notes, short
surveys, and data papers (Fig 3).

In terms of cumulative published research over the study decade, leishmaniasis topped the list,
followed by dengue and chikungunya and Chagas disease (Fig 4). Publications on mycetoma,
chromoblastomycosis, and other deep mycoses, an NTD cluster that was only recently added to
the World Health Organization’s (WHO) list of NTDs in 2017, garnered 5 publications.

This decade of Canadian research was published in a wide spectrum of scientific peer-
reviewed journals (Table 2). Among the 549 journals in which this research was published,
PLOS Neglected Tropical Diseases was the most frequently chosen (37%), followed by PLOS
ONE (11%) and the American Journal of Tropical Medicine and Hygiene (10%).

Discussion

This bibliometric analysis provides some insight into the contribution Canadian researchers
have made to advancing the knowledge base on all 20 NTDs over the last decade (2010 to
2019), extending the work of Phillips and colleagues, which summarized Canadian research
on NTDs from 1950 to 2010 [11]. Importantly, it adds to this previous work by including 9
new NTDs, records from Web of Science, and records published in French. It illustrates the
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Fig 3. Canadian contribution to NTD publications by publication type (2010-2019). NTD, neglected tropical
disease.
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Mycetoma, chromoblastomycosis and other deep mycoses | 5
Yaws | 6
Dracunculiasis 1 8
Snakebite envenoming 1 13
Scabies and other ectoparasites § 17
Buruli Ulcer m 23
Taeniasis/Cysticercosis m 37

Onchocerciasis ™ 39
Trachoma m 39
Foodborne trematodiases = 40

Lymphatic Filaraisis m 44
Echinococcosis mmm 74
Leprosy mmm 78
Human African Trypanosomiasis mmmmm 115
Schistosomiasis mmm—— 138
Soil-transmitted helminthiases m— 140
Rabies mmmmmm 146
Chagas disease mmm—m 163
Dengue Fever and Chikungunya = 242
Leishmaniasis me————— 371
General NTDs mm 52

Total Papers (afer duplicates across NTDs searches removecl) | 1659

0 200 400 600 800 1000 1200 1400 1600 1800

Fig 4. Canadian contributions to research on the 20 NTDs (2010-2019). NTD, neglected tropical disease.
https:/doi.org/10.1371/journal.pntd.0009476.g004
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Table 2. Journals where Canadian contributions to NTD research were published between January 1, 2010 and
December 31, 2019.

Journal name Number
PLOS Neglected Tropical Diseases 196
PLOS ONE 62
American Journal of Tropical Medicine and Hygiene 53
PLOS Pathogens 37
Parasites & Vectors 26
Scientific Reports 24
Journal of Immunology 20
Molecular and Biochemical Parasitology 20
BMC Public Health 19
Vaccine 19
Other journals 1,183
TOTAL 1,659

NTD, neglected tropical disease.

https://doi.org/10.1371/journal.pntd.0009476.t002

breadth and depth of this research across Canada. It also uncovers those diseases that have
received the greatest attention (e.g., leishmaniasis). Reasons for this attention include historical
and current links with institutions in endemic countries, interest in using an NTD as a model
to delve into fundamental aspects of host-parasite interactions (especially once animal models
became possible for some diseases (e.g., in leishmaniasis)), the zoonotic nature of some NTDs
making infection in animals of interest to public health, particular interests of international
students studying in Canada, and advocacy initiatives, especially with respect to the advance-
ment of health equity and support for increased research funding [14,15].

There are many institutions in Canada that provide opportunities for research into NTDs.
These include, among others, universities and colleges, specialized centers and institutes, non-
governmental organizations, and government departments. The recently created Canadian
Network for NTDs (https://cnntd.org/) provides NTD-focused opportunities for student
internships and for exchanges among Canadian partners and researchers (e.g., at the annual
Canadian Conference on Global Health). As educational offerings in global health continue to
expand across Canada and as initiatives to meet the Sustainable Development Goals gain
momentum, it is likely that research into NTDs will trend upwards as well [16,17].

The research captured in this review provides some insight into the partnerships and col-
laborations that Canadian researchers have with colleagues in NTD-endemic countries.
Although it was not possible to document the exact number of countries where research was
carried out, it is clear that the reach of Canadian researchers extends from field work in North-
ern Canada to Latin America, Africa, and Asia and includes collaborations with global health
organizations including United Nations organizations such as WHO, the Pan American
Health Organization, WHO Special Programme for Research and Training in Tropical Dis-
eases (WHO-TDR), the Food and Agriculture Organization, and the OIE (the World Organi-
zation for Animal Health), their regional offices, as well as civil society organizations based
both in Canada and around the globe.

This review has several limitations. First, it should be emphasized that the Canadian
research community that has conducted research on NTDs is much larger than that repre-
sented in the number of publications counted in this review. Many publications have more
than 1 author from the same or different institutions in Canada, and many Canadian research-
ers are based in institutions in other countries and so would not be counted here. A more in-
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depth appreciation of the Canadian coauthorship network has been provided by Phillips and
colleagues [11,18]. Updating these networks was beyond the scope of our analysis. Second, it
may be that some potentially eligible publications were removed during screening because of
an unclear title or abstract; the full text of some publications could not be accessed; and some
publications that did include NTDs did so only as part of a much longer disease listing, without
any NTD being a substantial focus (e.g., publications on the burden of disease or publications
on the GeoSentinel database). Third, because of the magnitude of the results from our 21
searches, it was necessary to have several reviewers, and they may not have applied inclusion
and exclusion criteria in a consistent manner. This latter limitation was mitigated to some
extent by always having the same person as one of the reviewers.

It should be appreciated that this review does not include other forms of publication in which
Canadian researchers have contributed to advancing research on NTDs (e.g., book chapters or
books [19,20]; theses [18,21]; guides and reports [22,23]; and countless abstracts in proceedings of
scientific meetings). Therefore, the cumulative research contribution documented here is cer-
tainly an underestimate. It is also important to mention that it was not possible to enumerate all
the sources of funding, or the amount of funding, which supported this research. It may be that
much of this funding has been obtained from external sources as there have been noted efforts to
promote more Canadian funding for NTD research [14]. Additionally, there remain challenges in
accessing data on global health research funding (and specifically on NTD funding) and in identi-
fying the most appropriate metrics for meaningful analyses [11,24-26].

It should be recognized that attention to NTDs, and to the ultimate goal of reducing the
mortality and morbidity associated with these diseases, has an impact much greater than any
benefit accruing from the study of just one disease [27]. There have been important discoveries
in drug development, in diagnostics, in disease burden assessment, and in preventive interven-
tions, to name only a few. In tackling research gaps of NTDs, the Canadian research commu-
nity, together with their global partners, contributes to reducing poverty, improving
socioeconomic and educational status, empowering girls and women, and strengthening
actions to provide universal access to good health for all peoples, globally. These contributions
work to support the remit of the current Canadian overseas development assistance goals as
outlined in the Feminist International Assistance Policy (FIAP). Further recognition in Can-
ada of these research efforts and the intersection of NTDs with the FIAP are warranted, espe-
cially as the global community works toward more intersectoral approaches to health.

Conclusions

Opver the past decade, Canadian researchers have contributed to advancing the knowledge base
of all 20 NTDs. This first bibliometric analysis quantifies this contribution and establishes the
Canadian research community as an active and engaged partner in global actions to reduce the
mortality, morbidity, and incalculable human suffering caused by NTDs, worldwide.

Key learning points

o Canadian researchers conduct research on all 20 neglected tropical diseases (NTDs).

o The most published NTDs are leishmaniasis, dengue and chikungunya, and Chagas
disease.
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o There are 3 NTDs endemic in Canada: echinococcosis, rabies, and scabies.

o The Canadian Network for NTDs brings together Canadians and Canadian organiza-
tions interested in helping reduce the suffering caused by NTDs worldwide.

Top five papers

1. World Health Organization. Ending the neglect to attain the Sustainable Develop-
ment Goals: A road map for neglected tropical diseases 2021-2030. Geneva:
World Health Organization; 2020.
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0002568
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