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Achieving zero human deaths from dog-mediated rabies has been set as a global target for 2030. However, the COVID-19 pandemic has disrupted essential health services across the world, with disproportionate impacts on Neglected Tropical Diseases. Through a mixed-method study using stakeholder questionnaires and in-depth interviews, we examined the scale and nature of disruption from the first year of the pandemic to rabies control programs, and reflected on lessons for the future. Study participants included practitioners and policymakers working in government, academia, international organizations, and the pharmaceutical industry across 48 countries, mainly in Africa and Asia. Mass dog vaccination, essential to rabies control, was most heavily impacted and in 2020, was carried out as planned in just 5% of surveyed countries. Access to post-exposure prophylaxis (PEP) also decreased due to fear of COVID-19 infection and difficulties in reaching health care centers. Dog vaccination and PEP delivery suffered from disruptions to the importation and distribution of vaccines. School closures affected rabies awareness activities and, when public events moved online, they could not reach the most disadvantaged groups. Surveillance, already weak, was severely disrupted by movement restrictions which, together with reduced demand for PEP, exacerbated under-reporting. Participants reported growing complaints around free-roaming dogs, with numbers likely to have increased in some settings. In some countries, dog rabies outbreaks and human rabies cases were already ascribed to the pandemic, but further impacts are likely still to be realized. Meanwhile, decreased demand for PEP from COVID-19 constraints could lead to reduced procurement in future. In the wake of post-COVID-19 demands on health services, there is an opportunity for veterinary services to show leadership in progressing the Zero by 30 agenda, particularly in scaling up mass dog vaccination within and across countries, as well as potential to make better use of community-based vaccinators. Countries must further secure stable procurement of dog and human vaccines, classifying them as essential goods prioritized for import and where needed, through sharing of stocks. Dedicated telemedicine services also show promise, for example through fostering participatory disease surveillance, including Integrated Bite Case Management, and delivering up-to-date instructions on the closest sources of PEP.
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1 Introduction

Rabies is one of the oldest human diseases of animal origin known to humankind (1). All mammals can be infected with the rabies virus but, domestic dogs – because of their widespread presence in most areas of the world and their proximity to humans – are usually the main source of human infections. Worldwide, nearly all human rabies cases are caused by a bite or scratch from a rabid dog (2).

In 1885, the history of rabies reached a turning point when the vaccine developed by Louis Pasteur saved the life of the young Joseph Meister, the first person known to have survived this incurable and fatal disease. More than a century of progress in laboratory research, field epidemiology, studies in the socio-ecology of rabies, and applied research to improve the delivery of human and dog vaccination has led to the elimination of dog-mediated rabies in many areas of the world, mainly in the Global North (3) but also in Central and South America (4). At present, an estimated 59,000 people still die of rabies every year, especially in Asia and Africa (5).

In 2015, the World Health Organization (WHO), the World Organisation for Animal Health (OIE), the Food and Agriculture Organization of the United Nations (FAO), and the Global Alliance for Rabies Control (GARC) developed the first comprehensive global strategic plan for the elimination of dog-mediated human rabies deaths by 2030 (“Zero by 30”) (6). This strategy applies the One Health approach, which acknowledges the interlinkages between human, animal, and environmental health and aims at developing integrated strategies for efficient use of resources and, ultimately, shared benefits. It aims at supporting countries in the development of national and regional plans for rabies elimination that include the following key areas of action: expanding and consolidating mass dog vaccination, increasing access to affordable post-exposure prophylaxis for exposed individuals, and closely engaging with local communities to ensure their uptake. Collecting reliable data through effective surveillance is fundamental to assessing the burden of rabies, targeting high-risk populations, and monitoring progress towards elimination (7). In 2018, these institutions further joined forces in leading the United Against Rabies Forum, a platform for global, regional, national and local stakeholders to coordinate and accelerate responses to dog-mediated rabies (8).

As a Neglected Tropical Disease (NTD), rabies also falls within the scope of the WHO’s 2021-2030 roadmap for the elimination of 20 too-long ignored, yet fully preventable, diseases of poverty that disproportionately affect remote, rural, or underserved communities in the Global South (9). In such a crucial moment – the beginning of a decade-long, intense effort – the emergence of SARS-CoV-2 has swamped societies and put national health systems under immense pressure (10). As NTD interventions are implemented at the community level, these control programs have been particularly affected. According to a model-based assessment of the impact on the achievement of the 2030 goals for seven NTDs (not including rabies), most programs are expected to be able to recover from a 1-year interruption. However, longer delays as we are witnessing, will inevitably necessitate more intensive remedial strategies and will increase their burden (11). Of all NTD interventions, programs that relied on mass treatment/preventive chemotherapy were reportedly the most frequent and severely affected by the pandemic (12).

With regards to rabies, there is limited literature on the effect of the pandemic. In the Peruvian city of Arequipa where transboundary spread led to the re-emergence of rabies in 2015, modeling suggested that reduced dog vaccinations and decreased surveillance during the pandemic lead to an observed rise in cases and spread to a nearby city (13). Modelling from Haiti suggested that restarting dog vaccination in 2021 compared to 2022 would avert almost 300 human rabies deaths and prevent over 6,000 human rabies exposures over the next five years (14). Concerns were reported about chronic shortages of human rabies vaccines in Pakistan being exacerbated by the pandemic (15). While in November 2020, the first rabies death was recorded in Bhutan since 2016 (a 3-year-old girl) - stressing the need for timely post-exposure vaccination, even during these exceptional times (16).

Drawing from the observations and experiences of people directly engaged in rabies control programs around the world, this study provides a global, cross-sectoral assessment of the scale and nature of COVID-19 disruptions to current and planned efforts to eliminate dog-mediated human rabies.



2 Materials and Methods


2.1 Study Design

This mixed-method study consists of a quantitative and qualitative survey, and qualitative interviews.

The survey questionnaire, in English, comprised 26 closed-ended questions (1 Likert scale, 7 single-choice, 8 yes/no, and 10 multi-choice) and 35 open-ended questions (25 calls to expand and comment on the previous close-ended question and 10 independent questions). The questionnaire was drafted by DN, an anthropologist, reviewed for content and intelligibility by the rest of the team, and prepared in Google Forms. The topics covered were mass dog vaccination and veterinary services, access and delivery of post-exposure prophylaxis, surveillance, awareness activities, and issues intersecting human and veterinary health. Because of the range of respondents and varied progress in rabies control across settings, the questions were intentionally generic. For comparison of the early COVID-19 scenario with the pre-pandemic situation, a precise timeline (the past 5 years) was given only for the three questions about the number of animal cases, animal bite patients, and human rabies deaths in 2020 surveillance data. For other events and activities which may have occurred irregularly and at different times, the responses were taken to refer to the last time(s) these occurred before being affected by the pandemic. The full completion of the questionnaire took 20 to 40 minutes, depending on the detail provided in answer to open-ended questions.

Respondents were further invited to a subsequent, in-depth interview aimed at 1) clarifying and expanding on the survey answers, 2) exploring the nuances from each local context, and 3) allowing the interviewee to bring up unaddressed issues.



2.2 Data Collection

Using convenience sampling, the invitation to the survey was emailed to a list of global, regional, national, and local rabies stakeholders from the network of the United Against Rabies Forum and rabies practitioners known by the study authors. No exclusion criteria were applied. Recipients were asked to forward the invitation to colleagues in their sector and/or country. Responses were accepted for five weeks, from early February to early March 2021. The only personal information requested was the work sector and the email address.

Respondents who expressed interest in being interviewed were contacted, in chronological order, to schedule online, one-to-one meetings. The criteria used to schedule interviews were 1) availability within the first week of March 2021, 2) being at ease discussing in English, and 3) diversity of countries and sectors (although we do not claim country and sector representativeness). Upon permission, all the interviews were audio-recorded. Interviews lasted from 45 to 120 minutes.



2.3 Analysis

All the received questionnaires were included in the analysis, with some adjustments. Four questionnaires were not country-based, but provided a broader international perspective (e.g. from the United Nations Children’s Fund and the pharmaceutical sector). We excluded these from the country-based analyses, instead of using their inputs for qualitative analysis. Second, Taiwan (Province of People’s Republic of China) was evaluated separately from mainland China, given major epidemiological differences. Third, Bhutan, Brunei Darussalam, and Taiwan all provided high numbers of questionnaires relative to their populations (respectively, 13, 5, and 2). We therefore aggregated quantitative responses from these states while keeping qualitative responses disaggregated for further analysis.

Surveyed countries were divided into categories based on the presence of dog-mediated rabies (9) and country investment in dog rabies control (Figure 1A). Countries with routine national dog vaccination programs maintained for at least five years were classified as having rabies control in progress, but dog-mediated rabies not yet eliminated.




Figure 1 | Survey responses and interviews across different countries and sectors. (A) Map of survey responses received from countries with endemic dog-mediated rabies (red), with rabies control programs in-progress (orange) and that are free from dog-mediated rabies (blue). Countries not visible on the map at this scale include Brunei Darussalam, Israel, Kuwait, and Singapore. Interviews were carried out with respondents from countries indicated by the circles. (B) Survey responses by sector, with shading as per the map.



The harmonized data was consolidated and cleaned for comparison across the responses. Figures and maps were created using the R computing language (v4.0.02). The interviews were initially transcribed with Amberscript®, an online software for automatic transcription, then checked manually, anonymized, and edited into verbatim transcripts.

The qualitative answers from the questionnaires and transcripts were analyzed with Nvivo12®. Codes were created (and defined) inductively, applied, and adjusted iteratively during several rounds of data reading. Several rounds were necessary to maximize reflection, minimize errors (because only one author, DN, conducted the qualitative analysis), and develop themes across both qualitative data sources (qualitative survey answers and interview transcripts).



2.4 Ethics

This study was deemed to constitute routine public health surveillance that did not require independent ethics review, but followed ethical standards and guidelines as outlined by WHO (17). Participants were informed prior to starting the questionnaire as to the purpose of the survey and that data would be used for a scientific publication. Respondents agreed to participate in this study when undertaking the questionnaire and consent was collected for scheduling and starting interviews. Informed consent was obtained for the collection and analysis of audio-recorded information. Recordings were retained by WHO.




3 Results


3.1 Overall Impact on Rabies Activities

We received and accepted 103 questionnaires and, at the end of the data analysis process described in 2.3, we worked on 82 questionnaires from 48 countries. Most responses came from endemic countries (n=62, 76%) across Africa and Asia (n=65 altogether, 79%) (Figure 1A), and people working in the national government, academia, international organizations, and the animal health frontline (n=72 altogether, 88%) (Figure 1B). Nineteen people were interviewed; 15 interviewees talked about individual countries, while four provided comparative information about two to four countries.

According to the study participants, the pandemic hit rabies control activities hard both in endemic and in-progress countries, but two main differences were observed. First, the impacts were easier to assess in the in-progress countries than in the endemic countries where surveillance systems were frailer. Second, in endemic countries which were just beginning their journey to the Zero by 30 goal, “the momentum that was gaining was lost,” while in-progress countries experienced an unfortunate step back.

The question on whether funds for rabies control were reduced or diverted to COVID-19 response divided respondents; 42 (51%) replied negatively and 39 (48%) positively. While respondents in endemic countries and in-progress countries were roughly equally distributed, seven out of the eight respondents from rabies-free countries observed no disruption to their national rabies budget. Respondents across the three country categories estimated a 25% to 50% reduction in funding. Five of those who reported no budget cuts specified that the financial resources allocated to rabies control were so low and unpredictable even before COVID-19, that no visible change occurred because of the pandemic. One respondent noted that, besides being intentionally moved to COVID-19 control, rabies funds also declined because of the government’s decision to suspend the garbage collection tax (which local authorities usually use for dog vaccination, among other purposes) to reduce pressure on families during the pandemic.

In most interviews, respondents from all sectors reported that the first resources to be cut or re-directed to the management of COVID-19 – or of other co-occurring emergencies – were those for the procurement of animal rabies vaccines and the implementation of dog vaccination campaigns. Dog vaccination campaigns often rely on unpredictable financial support from external donors or civil society, and these suffered from a sudden shift in priorities when the pandemic started. Where rabies control relies on government support, funding was often concentrated only upon delivering post-exposure prophylaxis to bitten individuals, with other rabies control activities neglected. In some countries, participants observed that, both in the human and the animal health sectors, the rabies budget was not intentionally cut, but rather remained unspent due to the impossibility of performing rabies control activities because of lockdowns and movement restrictions. It was unclear whether these savings would remain available for rabies activities in the future. One participant from the pharmaceutical sector claimed that all energies and funds were focused on the manufacturing of the COVID-19 vaccine. From a global perspective, many countries reduced the quantity of human and dog vaccines they procured during 2020, as well as their forecast for 2021 and beyond.

The return to a pre-COVID-19 situation was not expected to happen before 2022, assuming that rabies would receive at least the same amount of political and financial commitment as prior to the pandemic. The recovery will also depend on other co-occurring disease outbreaks reported by respondents (e.g. African swine fever in the Philippines, screw-worm fly disease in Yemen), food security issues, the production and distribution of COVID-19 vaccines, and the strategic planning of all the human and animal vaccination campaigns interrupted by the pandemic. The effectiveness of post-COVID-19 rabies control efforts will also depend on how much countries truly adopt a One Health approach. One respondent observed that the pandemic had neither a positive nor a negative impact on the discussion about One Health at the policymaking level, because “it’s just COVID era.”



3.2 Disruption to Rabies Activities

Each of the three pillars of the integrated strategy for dog-mediated human rabies elimination was affected by the pandemic, although to differing extents.

In the first year of the pandemic, dog vaccinations were carried out as planned in just two countries (4%) (Figure 2A). Disruptions included delays of at least six months, prolonged duration, increased costs and failure to reach targets, with the cancellation of vaccination in some areas that were planned for. Several respondents pointed out that vaccination campaigns can be planned only at specific times of the year (mainly depending on school holidays and season), causing further delays should they restart. One rabies-free country decided not to perform the usual targeted vaccination of dogs in areas at risk of incursions.




Figure 2 | Impacts of COVID-19 on rabies control activities. Respondent perceptions regarding impacts on (A) mass dog vaccination, (B) post-exposure prophylaxis, and (C) awareness activities targeting children. Bars are shaded according to responses by country, with endemic countries in red, countries with rabies control in-progress in orange, and countries that are free from dog-mediated rabies in blue. If multiple responses were available for a country, these were aggregated, and in the rare cases where there was no consensus, information was considered not available.



In the few countries that have mass dog vaccination campaigns along their borders (i.e., India and Bhutan; Thailand, Lao PDR, and Cambodia), this activity was completely cancelled due to pandemic travel restrictions, mandatory quarantines, and increased costs. In Eastern Africa, an important meeting on cross-border rabies control coordination planned for April 2020, in preparation for countries applying to Gavi’s vaccine investment strategy, was cancelled. In South Asia, the international cooperation program to be launched by FAO was suspended.

Access to post-exposure prophylaxis was impacted by the pandemic in 79% of the surveyed countries (Figure 2B). According to one respondent, vaccine demand halved in South Asia. In an endemic country with chronic shortages of post-exposure vaccines where bite victims must travel to the neighboring country for access, the closure of borders reportedly had a dramatic effect. Nevertheless, other endemic countries – 6 out of 32 (19%) – reported no negative changes compared to pre-COVID-19.

Awareness activities for children, mainly carried out at schools, survived the first year of the pandemic in only two countries (4%), both of which were endemic (Figure 2C). In the experience of a large NGO that runs rabies control programs in several Asian and African countries, the worst impact of the pandemic was on education.



3.3 Reasons for Disruption


3.3.1 Mass Dog Vaccination

About a quarter (n=13/59) of respondents who detailed the reasons for disruption to dog vaccinations observed only one cause, while most reported multiple; two (n=12, 20%), three (n=11, 19%), four (n=13, 22%), or five (n=9, 15%).

Most respondents (n=46, 56%) – across all country categories – claimed that restrictions on the movement of personnel were the main hindrance, especially when high-risk COVID-19 areas coincided with endemic rabies areas (Figure 3A). Additionally, it was difficult to organize vaccination campaigns in adherence to local COVID-19 safety guidelines (n=30, 37%), particularly campaigns usually carried out by Non-Governmental Organizations (NGOs) rather than the government. Other reasons for disruption included dog owners being afraid of gathering for dog vaccinations (28, 34%) and, especially in in-progress countries, dog vaccines being limited or unavailable (n=24, 29%) and vaccinators being quarantined or reassigned to COVID-19 response (n=21, 26%). Other issues mentioned by respondents included: budget constraints; animal officers losing their contracts due to staff cuts; government veterinarians moving to the private sector due to a lack of budget for salaries; children – those who often bring dogs for vaccination – being forbidden to leave their house; and, people being afraid of dogs spreading COVID-19 at vaccination points. Indeed, one respondent talked about the new challenge of respecting “double distancing; human-human and animal-human.” Interestingly, some participants observed that at the beginning of the pandemic, people’s fear of dogs’ vulnerability to COVID-19 increased the demand for vaccination, including rabies. Finally, the need for mobile phone applications to record dog vaccination participants, personal protective equipment, hand sanitizers, extra personnel to manage queues, and, in one example, isolation cabins, all increased the cost of dog vaccinations.




Figure 3 | Reasons for disruptions to rabies control and prevention activities. Respondents’ stated reasons affecting (A) mass dog vaccination, (B) health-seeking behavio, (C) provisioning of post-exposure prophylaxis, and (D) rabies surveillance. Bars are shaded according to responses by country, with endemic countries in red, countries with rabies control in-progress in orange, and countries that are free from dog-mediated rabies in blue. Results are presented individually (by study participant) rather than aggregated by country. As indicated by the asterisks in the figure, “COVID-19 safety” refers to the difficulty for organizers in adhering to pandemic control guidelines, while “Fears” refers to concerns about leaving home and crowding.



Dog vaccination was affected differently in rural versus urban settings. Some respondents said that, especially early in the pandemic, concerns about the impact of COVID-19 were higher in urban than in rural communities. Echoing this view, another participant observed that “COVID-19 may be bad, but rabies is far scarier.” So, in rabies-aware communities, rural dog owners were willing to participate in dog vaccinations, also thanks to persuasion from community leaders. Yet, vaccinators – often travelling from towns – were reluctant to work in rural areas fearing poor social distancing. Besides these concerns, the main challenge was the difficulty or costs for urban vaccinators to reach rural communities due to travel bans, towns being quarantined, and safety risks when travelling to remote areas. In one endemic country, because of the risk of hijackings, central static points replaced mobile clinics. Several participants shared their enthusiasm for dog vaccination programs based on local, lay animal vaccinators – meaning trained community animal health workers – instead of external professionals. It was argued that this would reduce transport-related challenges and costs and, in the current situation, COVID-19 spread, while increasing sustainable community engagement. Only one respondent said that, despite the challenges, rural areas were prioritized anyway, because of the high numbers of cases.

In urban settings, vaccinators were easily available and rabies awareness remained as high as usual, but people’s fear of coronavirus eroded community support and COVID-19-related logistical issues made dog vaccination challenging. For example, central static points were difficult to organize in towns due to the lack of large spaces where social distancing could be guaranteed. Moreover, stay-at-home orders and limits on gatherings were often strict in cities, reducing the number of dogs that could be vaccinated each day. Nevertheless, some positive aspects were reported. For example, as people spent more time at home, they had the time to bring their dogs for vaccination and, one respondent noted, they even took advantage of dog vaccinations to have a reason to go out. In the most affluent neighborhoods, static drive-through clinics were set up to vaccinate dogs without owners leaving the car and respecting social distancing. Additionally, vaccination services in private animal clinics – where available – were strengthened in some instances, even though only well-off dog owners could afford them. Finally, catch-vaccinate-release – which is used in some countries with many unowned dogs and where people have issues handling these dogs – was easier to perform than before the pandemic, because of reduced traffic and pedestrians.

The pandemic affected the production and supply of animal rabies vaccines. One-third of respondents reported delays (n=28, 34%) and reductions (n=25, 30%) in import, both caused by the slowdown of international trade and delays at customs, which impacted procurement orders by governments (also through the OIE Vaccine Bank), private suppliers and NGOs. In-progress countries especially reported issues with in-country vaccine distribution (n=25, 30%). Seven respondents (9%) from endemic countries observed a decrease in vaccine production, mainly because of budget constraints. Rabies-free countries faced less severe delays in vaccine importation. As a lesson for future emergencies, one respondent stressed the importance of classifying human and dog vaccines as essential goods when prioritizing import. Several participants also emphasized the need for the government, private distributors, and NGOs to coordinate and share their stocks nationally and internationally, to ensure doses do not go unused or expire – as two participants reported happening during the pandemic. One respondent lamented that, before and during the pandemic, dog vaccines in urban areas remained unused, because only people in rural areas care about dog vaccination.



3.3.2 Post-Exposure Prophylaxis

One-third (n=15/50) of respondents reported changes in health-seeking behavior for post-exposure prophylaxis, attributing only one reason for this, while most respondents identified two (n=12, 24%), three (n=13, 25%), or four (n=7, 14%) coinciding causes.

People’s fear of attending clinics because of the risk of COVID-19 infection was the most reported cause (n=34, 41%), in endemic and in-progress countries (Figure 3B). Other obstacles included difficulties in reaching clinics because of reduced public transportation – and reluctance to share private transportation – (n=22, 27%) and reduced financial means (n=15, 18%) and, in parallel, ease of access to local remedies (n=9, 11%). According to, respectively, 24 (29%) and 14 (17%) of the participants, bite victims delayed going to clinics and interrupted their vaccination schedules.

For urban residents, strict stay-at-home orders and sudden clinic closures hampered access to PEP, but bite victims in rural areas were disproportionately affected by the pandemic. In some countries, even before COVID-19, post-exposure vaccines were available only in major towns, which became harder and more expensive to reach during lockdowns and under movement restrictions. In one endemic country with an ongoing refugee crisis, where people in refugee camps often need airlifting to find a clinic with post-exposure vaccines, the pandemic exacerbated inequalities in access to care. When lockdowns started and public transportation decreased, access to healthcare worsened for rural migrants who got stuck in the cities where they were working, but where they could not benefit from Universal Health Care schemes. Additionally, respondents reported that a lower awareness about the need for medical assistance among people in rural areas was a factor contributing to bite neglect and the use of traditional healing during the pandemic.

From the perspective of the health provider, there were disruptions in the delivery of post-exposure prophylaxis. One-third (n=17/59) of respondents reported one reason for this, while most observed two (n=14, 24%), three (n=15, 26%), four (n=4, 7%), or five (n=6, 10%) reasons for disruption to the provision of health care to bitten individuals.

Shortage of human vaccines – both because of supply issues and financial constraints, in almost equal measure – was identified as the main obstacle to the provisioning of post-exposure prophylaxis by 54% (n=44) of respondents, mainly in endemic countries (Figure 3C). Postponement of Gavi’s planned vaccine investment strategy for rabies was a major concern for some respondents, worried about the need to address chronic shortages in the poorest countries. The second reason, mentioned by 49% (n=40) of respondents, was staff shortages – both because of quarantine and illness and, to a lesser extent, redeployment – and was mostly reported from in-progress countries. Other obstacles were closure or conversion of clinics (n=21, 26%), especially in in-progress countries – in one of which, all primary health care services were closed for five months – and, mainly in endemic countries, the availability of post-exposure vaccines only in the private sector (n=16, 20%). In a war-torn, endemic country, where post-exposure vaccines used to be available in private clinics, none could be found during the pandemic.

In two in-progress countries, toll-free numbers and telemedicine were implemented to assist people at home, preventing them from visiting hospitals when unnecessary. In some endemic countries, media reported on stories of bite victims who delayed seeking medical assistance, to increase public awareness about adequate bite management and denounce the lack of vaccines in health care facilities. Especially during lockdowns, it was difficult for people to know where to find open clinics and to travel to them, especially because, due to the fear of COVID-19, people tended to avoid big hospitals, preferring smaller clinics that were either closed, had no vaccines in stock, or could not administer cost-saving intradermal regimens. One interviewee stressed the value of a hotline through which bite victims, especially from rural areas, can be directed towards the most convenient health care facility with vaccines in stock.



3.3.3 Awareness Activities

Figure 2C showed the impact of the pandemic on awareness activities for children, resulting from prolonged school closures and stay-at-home orders. In one endemic country, the usual sponsorship for in-school rabies education was cut. In another, where rabies prevention is part of the national curricula, online lessons were organized, but were usually accessible only to urban children with a computer at home and a good internet connection. Whether through online or in-person lessons, one respondent observed that the experience acquired in teaching COVID-19 prevention to school children may be useful for rabies as well.

The 2020 World Rabies Day events for the general public were also affected. Half (n=41) of survey respondents reported disruption. According to 21 people (26%), in-person activities were held but with lower attendance, while 11 (13%) said that in-person activities were completely cancelled. One-third (n=26) shared a more positive experience, with new or re-organized online events. According to one respondent, the fact that events were online improved attendance by health workers. Another maintained that “the COVID-19 lockdown resulted in many – especially veterinarians – looking for a reason to do something meaningful” and this became evident on World Rabies Day 2020.

A respondent from the Philippines, recalling the strong vaccination hesitancy that started after a problematic dengue vaccine campaign in 2017, stressed the importance of investing adequate resources in the design of health communication campaigns, both for COVID-19 and human and dog rabies.




3.4 Surveillance


3.4.1 Disruption to Surveillance

One-quarter (n=14/61) of respondents who detailed the reasons for disruption to surveillance mentioned only one reason. Most people observed two (n=16, 26%) and three (n=16, 26%) co-occurring causes, while some reported four (n=11, 18%) or five (n=4, 7%).

The main hindrance – across all country categories – were restrictions on the movement of the field surveillance staff (n=43, 52%), which led to cases being missed or investigated late (Figure 3D). Other reasons, especially in in-progress countries, were lack of staff (n=35, 43%) and the difficulty of carrying out surveillance in adherence to COVID-19 safety guidelines (n=24, 29%). Other issues were budget cuts (n=21, 26%) and scarcity of equipment for sample collection and testing (n=20, 24%).

Qualitative data offered additional insights. The rabies surveillance workforce decreased because of staff cuts, salary reductions, and personnel being moved to food security tasks. Several respondents described a vicious cycle: as access to and delivery of post-exposure prophylaxis declined, so fewer dog bite cases were reported, bite reports were not sent to investigators, who could not perform diagnostics or investigations, resulting in incidents remaining unaddressed. Furthermore, the transport of samples from remote areas was slower than usual. As observed by one participant, this apparent drop in animal bites and demand for post-exposure prophylaxis could lead to a downward adjustment in the procurement of human rabies vaccines for the next few years.

Most respondents (n=45, 55%) claimed that laboratory capacity was not reduced or diverted, especially in either endemic or rabies-free countries. In contrast, this was a much-lamented issue by respondents from in-progress countries. A few respondents noticed the positive impact of the pandemic in building and expanding laboratory capacity – in terms of equipment and staff skills – that had the potential to provide future benefits for rabies diagnostics.



3.4.2 Trends in Animal Cases, Animal Bite Patients, and Human Rabies Deaths

One-third of respondents did not express their opinion about trends in animal cases, bites to humans, and human rabies deaths during the first year of the pandemic. Those who responded often highlighted the weakness of the surveillance system even before the pandemic, and the high risk of declining trends not being genuine. Additionally, one participant noted that the effects of the pandemic on these trends would be felt only in 2022 and beyond, because drops in dog herd immunity (arising from disruptions in dog vaccination campaigns) would take time to become evident.

The question on animal rabies cases depicted a very fragmented scenario, with 21 (26%) respondents reporting a decrease, 18 (22%) an increase, and 17 (21%) a stable situation. In contrast, animal bites to humans and human rabies cases seemed to have decreased according, respectively, to 27 (33%) and 26 (32%) of the respondents. It was observed that this may be caused either by an actual reduction in contact between people and free-roaming dogs during lockdowns, or reduced presentations by bite victims to health facilities. Importantly, one participant pointed out that, if stay-at-home orders really protected people from exposure to bites, this hardly applied to rural and impoverished urban areas, where a fully indoor lockdown was not always possible. Another mentioned the risk of rabies misdiagnosis due to health providers being under excessive stress. Eighteen (22%) and 19 (23%) participants claimed that, respectively, animal bites to humans and human rabies cases remained stable and only nine (11%) and eight (10%) respondents reported increases from surveillance data.

That said, from two in-progress and one endemic country, we collected accounts of human rabies cases directly linked to the pandemic. In Bhutan, a young girl bitten in her village by an unknown dog, was not brought to the hospital by her parents as her wound was minor and strict movement restrictions were in place. Her village on the border with India was both rabies endemic and had high COVID-19 transmission. Cross-border mass dog vaccination campaigns routinely performed pre-pandemic were interrupted when the border was closed in Spring 2020. In the Philippines, a man gave up his search for an open bite clinic in the town he travelled to and went back to his village, where he subsequently developed rabies and died. In Uganda, “the lack of resources [for dog vaccination] has always been a problem, but nothing has contributed to the escalation of the rabies problem like COVID-19” and the doubling of the cost of dog vaccines that followed. Since December 2020, a human fatality and recurrent canine rabies outbreaks have been ascribed to suspended dog vaccinations. Similar reports came from Tanzania, where no dog vaccines were available to respond to a sudden rise in dog rabies cases.




3.5 Changes in the Dog Population and Human-Dog Interactions

About one-third of respondents – across all country categories – reported increased numbers in dogs (n=32, 39%) and a worsening in dogs’ health (n=29, 35%) (Figure 4A). Several added that, due to the shortage of food from eateries and people who feed dogs in the community staying at home, some community dogs had become feral, formed packs, and expanded their range. Another third (n=24, 29%) observed no changes. Some respondents reported a decrease in the dog population (n=16, 20%) – particularly in in-progress countries – and increased dog aggressiveness (n=13, 16%). This trend was explained as a result of starvation, lower reproductive rates, and dog owners restraining their free-roaming dogs at home during lockdowns.




Figure 4 | Changes in dog populations during the pandemic. Respondent perceptions regarding changes to (A) free-roaming dog populations and behavior, (B) human-dog interactions, and (C) media reporting on dogs (comparing the pre- and during- COVID-19 scenario). Bars are shaded according to responses by country, with endemic countries in red, countries with rabies control in-progress in orange, and countries that are free from dog-mediated rabies in blue.



Regarding people’s interactions with dogs, most respondents (n=48, 59%) noticed an increase in dog abandonment that they considered to be due to financial constraints caused by pandemic-driven job loss and fear of animals spreading COVID-19, in equal measure (Figure 4B). Other reasons for abandonment were natural calamities affecting dog owners (e.g. typhoons and floods) and behavioral changes in pet dogs during lockdowns. No matter the reason, increased abandonment was observed especially in endemic countries. One-third (n=27, 33%) of participants reported a rise in complaints about the presence of free-roaming dogs and subsequent requests for interventions (e.g. sterilization, removal, culling, etc.) to local authorities. Another third (n=20, 24%) noticed, on the contrary, an increase in people feeding free-roaming dogs, out of personal initiative or persuasion from the government, religious organizations, or animal welfare associations, especially in urban areas of South Asia. Nevertheless, one respondent commented that “dogs are worshipped, so people feed them, but that’s all they do.” Several respondents, across all country categories, observed increased dog adoption and some expressed their concern about the possibility of this resulting in high abandonment in future. In one European rabies-free country, the illegal import of dogs was particularly high in 2020, probably because of the increased demand for dogs to buy or adopt. While in one endemic country, a respondent mentioned an increase in dog meat consumption.

The question about how the media reported free-roaming dogs during the pandemic revealed divergent responses (Figure 4C). Half (n=41) of respondents noticed no changes. The other half observed, in almost equal measure, more cases of cruelty towards dogs (n=14, 17%), more attacks by dogs on humans (n=12, 15%), and on livestock (n=10, 12%), and a more caring attitude towards dogs (n=10, 12%). Attacks on humans and livestock occasionally triggered frustration and retaliatory measures against dogs. One respondent remarked on the key role played in their country by the media in keeping public attention to rabies high, but also pointed out the importance, and the struggle, of maintaining engagement despite emerging issues, such as anti-microbial resistance.




4 Discussion

This study explored how the first year of the COVID-19 pandemic affected canine rabies control and dog-mediated human rabies elimination efforts in 48 countries, mostly in Asia and Africa. Given the broad range of issues, and the descriptive nature of the data, we summarize and discuss our key findings through the exposition of three overarching themes identified during data analysis. Our aim is to reflect and share ideas as to how the experience of the pandemic can support rabies stakeholders in improving their strategy to be more efficient, resilient, and sustainable in the future (18).


4.1 Rabies Does Not Circulate in a Bubble

The different impacts of the pandemic across different components of rabies control illustrate how an integrated One Health approach is needed for effective control and prevention of rabies. Yet, it also shows how this can make the strategy vulnerable to social, political, economic, and ecological disruptions.

The first indicator of this interconnectedness is the fact that – especially with regards to dog vaccination and surveillance – multiple co-occurring reasons caused their disruption during the first year of the pandemic. This demonstrates how crucial an integrated, whole-of-society approach to rabies is, needing active engagement with all relevant stakeholders.

The way COVID-19 has influenced the human-dog relationship (not only in the surveyed countries, but around the world) (19) and the possible short- and medium-term consequences of this on rabies transmission and control provide a further example. During the first year of the pandemic, free-roaming dogs likely increased, mainly due to abandonment because of decreased family income, misconceptions about animal transmission (widely documented early in the pandemic) (20), behavioral issues in “lockdown dogs” (mainly studied in the Global North) (21, 22), and natural calamities affecting dog owners.

Surveillance data indicate an apparent decline in animal bites and human rabies cases in many countries during the first year of the pandemic, although this did not occur everywhere (see the case of South Africa in Box 1). This decline may be explained by decreased contact between people and free-roaming dogs during lockdowns and school closures. Nevertheless, an alternative explanation is provided by under-reporting, which would be consistent with literature reporting increased dog bites – especially in children – since the beginning of the pandemic and especially during lockdowns (27–29). If this is the case, bites not captured by surveillance in 2020 are likely to have mainly occurred among those who could not spend lockdown periods indoors (e.g. people living in the streets, in informal settlements, in itinerant pastoralist communities) or who live in remote or rural areas with poorer access to health care. If, as feared by some (30–32), dog abandonment increases post-COVID-19, there may be increased risks of bites and, particularly where dog vaccinations have been discontinued, increased rabies exposures.


Box 1 One Health Teams with Strong Veterinary Capacity Made the Difference in South Africa | 

In South Africa, a rabies endemic country, a significant increase in the number of confirmed dog and human rabies cases was reported in 2020 and 2021 (23–25). The uneven geographic distribution of these cases demonstrates the reach that veterinary-led rabies programs need to have into communities (26). In the areas where close-knit One Health teams existed in pre-pandemic times and veterinary services remained in place despite COVID-19 and pressures from other animal disease outbreaks, surveillance and response mechanisms were quickly activated: mass dog vaccinations were strengthened, availability of post-exposure vaccines was ensured, and targeted awareness campaigns were promptly organized. This allowed rabies outbreaks to be quelled. In the areas where mass dog vaccination had been patchy, “veterinary services fell apart during COVID-19” (26) and dog rabies outbreaks were much harder to control, despite the considerable resources invested. Together with the changes in people’s health-seeking behaviors that occurred during the pandemic, this resulted in human losses. South Africa shows that countries can cope with a 2-year reduction, or even interruption, of rabies control activities if they have a functioning One Health system and routine mass dog vaccination in place.



The growing dog population trend mainly observed in endemic countries has worrying implications for the near future. In a post-COVID-19 scenario, when countries will have competing priorities and limited financial resources, it is to be expected that dog vaccination will not receive the necessary attention. The gap in implementation may also lead to other approaches being adopted, for example dog culling, which is sometimes perceived as a rapid and accessible form of rabies control. However, indiscriminate dog culling is known to be ineffective because vaccinated dogs may be killed, people may hide or move their unvaccinated dogs to protect them, and community trust and engagement can be severely affected. In some endemic countries, dog culling was already being undertaken (routinely or sporadically) before COVID-19 and, during the pandemic, further requests were reported. Increasing numbers of hard-to-catch unowned dogs will only make vaccination efforts more time-consuming and expensive. Many communities in rabies endemic areas also depend on livestock for their livelihoods. If dog attacks on livestock have increased during the pandemic, people’s perception of dogs and dog-related issues, including rabies control, may also be affected.

As exemplified by the transboundary movement of rabid dogs across the Bhutanese-Indian border and the increased illegal import of dogs in Sweden in early 2020, countries cannot work alone towards dog rabies control and elimination. Key areas for future collaboration that emerged from this study are cross-border dog vaccination programs (33) – acknowledging rabies as a border security issue – and sharing of dog and human vaccines between neighboring states during emergencies.



4.2 Communities Need Local Solutions

Movement restrictions were the primary reason for disruptions to dog vaccination, surveillance, and rabies awareness campaigns in 2020 and were the second most reported challenge for health-seeking by bite victims. Even though other factors co-occurred, the distance between vaccinators and dogs, investigators and bite incidents, educators and communities, and bite patients and life-saving vaccines proved harmful and, in some cases, lethal.

With dog vaccination, the possibility of entrusting properly trained community vaccinators (34) and the use of thermotolerant vaccines and locally-made passive cooling devices (35) emerged as potentially game-changing strategies for future rabies control. These strategies were recommended by the participants in this study not only to address pandemic disruptions, but to overcome broader challenges, such as the limited workforce. In many endemic countries, with insufficient veterinarians and weak cold chains, local vaccinators are an essential resource and can increase capacity and reach into communities, while reducing staff and transport costs, engaging communities and ensuring timely vaccination of new dogs.

The pandemic also highlighted the dependence of most rabies endemic countries on the import of both dog and human vaccines. Centralized vaccine production allows for stricter adherence to international quality standards, but there are major benefits to regional or national self-reliance for vaccine production if quality assurance, safety, and effectiveness can be achieved (36). In-country distribution challenges could, again, be minimized by the distribution of thermostable vaccines and shared supplies between countries in emergencies. Meanwhile, support from the OIE Vaccine Bank (37) and Gavi, the Vaccine Alliance (38), remains essential. Moreover, actions that are being taken to improve the inequities in vaccine supplies highlighted by COVID-19 should be co-opted in the longer term to benefit rabies control and prevention as well.

Participatory disease surveillance (39), which involves close collaboration between at-risk communities and human and animal health surveillance authorities, can also potentially alleviate the obstacle of centralized surveillance staff being unavailable or unable to quickly reach communities. Research on rapid, efficient but cheap diagnostic tests to be used directly in the field, to bypass the problem of sample shipment to central laboratories, is progressing (40–42).

In-person rabies awareness activities, both for the general population and schoolchildren, were disrupted by stay-at-home orders and school closures. Online events were organized to replace them and, in some countries, proved more successful than in-person activities in engaging with human and animal health workers. Yet, online activities could not reach children with limited computer or internet access, especially in rural areas but also in impoverished urban neighborhoods. Paper-based materials may be more reliable – for use both in schools and at home – and a better investment to simultaneously reach children with fun activities, and their relatives, with basic information on both dog vaccination and post-exposure prophylaxis. Adding key hotline numbers could enhance these materials for communities and be displayed in key locations (e.g. schools, health care centers, meeting halls, etc.).



4.3 Rural and Urban Settings Require Different Approaches

Rabies control and prevention were impacted by the pandemic in different ways depending on their rural or urban location. Despite variation among countries and the impossibility of drawing generalizable conclusions, the differences are worth discussing.

In rural communities where rabies awareness and engagement with local leaders tend to be high, dog vaccination was most severely affected by travel bans and COVID-19 safety standards. This supports the inclusion of community-based vaccinators in rabies control plans, and the continuation of strategies that ensure sustained community engagement and empowerment. In urban areas, the lack of large spaces was the main impediment, but innovative vaccination methods were piloted. Furthermore, the catch-vaccinate-release method worked particularly well because of quieter roads and, whenever possible, private vaccination was often strengthened. It seems that cities are well suited for (and perhaps require) multi-method vaccination strategies, with methods adapted to suit particular groups where they are most effective (e.g. catch-vaccinate-release out of peak hours, fixed and roaming static points during the day – 43, etc.) and – when available - with engagement with the private veterinary sector.

In relation to post-exposure prophylaxis, urban residents mainly faced the problem of finding open clinics, whilst rural residents also had to deal with travel restrictions, limited public transportation, and reduced financial resources, leading to underestimation of risk, delays in access to care, and use of ineffective remedies. Not only in exceptional times like the pandemic, but also in normal circumstances, the set-up of dedicated animal bite and rabies hotlines seems advantageous on several fronts. First, phone calls are a fast and cheap way for bite victims to receive immediate and standardized risk assessment (assuming network services/coverage), and up-to-date instructions on their nearest source of post-exposure prophylaxis. Second, hotlines work as a starting point for Integrated Bite Case Management, with immediate benefits of increasing detection of animal and human rabies cases, and targeted distribution of post-exposure vaccines. Third, hotlines provide an additional communication channel for participatory disease surveillance. Fourth, they can potentially strengthen the One Health approach to rabies, if jointly managed by staff from both the human and animal health sectors. However, further research is necessary to explore the feasibility and costs of this promising intervention (44).



4.4 Limitations

This study has several limitations. First, it was based on a convenience sample of known stakeholders engaged in rabies control efforts. Even though we received a relatively high number of responses that were quite well distributed across countries and work sectors, our convenience sample is not representative and does not allow for reliable generalization. Second, the fact that the questionnaire was only in English limited the participation of non-English speakers. Third, for most countries (n=33, 69%) only one opinion was collected, while for the others we had several questionnaires and interviews available. Fourth, in the questions that asked respondents to compare pre- and during- COVID-19 scenarios, the recall bias is to be considered. Fifth, due to chronically poor rabies surveillance and variable levels of dog vaccination in most rabies endemic countries, the 3-tier classification system that we used is intended as tentative. Sixth, even though the manual cleaning of the survey answers was carried out systematically and the entire process was repeated twice to minimize error, it involved some subjectivity. Similarly, coding was done by only one person, and reflexivity and subjectivity were an integral part of the process.




5 Conclusions

Although difficult to quantify, the impact of the first year of the COVID-19 pandemic on rabies and rabies control efforts appears significant. All the components of the current One Health-grounded strategy to eliminate dog-mediated human rabies were affected, but dog vaccination was the most severely disrupted. Considering the number of years necessary for dog vaccination programs to mature and scale up, it is recommended that, as soon as possible, efforts should be reinstated and intensified. Areas of particular attention, and possible innovation, include:

	- Mobilization of political will and resources towards achieving the Zero by 30 goal, especially in the animal health sector;

	- Creation of a rabies-specific budget that can be dedicated to long-term animal and human vaccine procurement;

	- Classification of animal and human vaccines as essential goods

	- Design of mechanisms to support national and international animal and human vaccine sharing among rabies stakeholders;

	- Identification of the most cost-effective, local, and sustainable methods of meeting the needs and challenges of different communities, particularly in having their dogs vaccinated, for example through the use of community-based vaccinators;

	- Implementation of cross-border dog vaccination campaigns;

	- Development of telemedicine systems such as hotlines to increase fast and hassle-free access to PEP, support Integrated Bite Case Management, and build participatory disease surveillance;

	- Design of practical rabies awareness packages that target children and their parents.
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