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A B S T R A C T 

Background and Aim: Rabies remains one of the most lethal zoonotic diseases worldwide, causing substantial public health 

and economic burdens, particularly in low- and middle-income countries. Effective rabies control requires integrated 

surveillance systems that capture both animal and human health events within a One Health framework. The Emergency 

Prevention System for Animal Health (EMPRES-i Plus) is a global event-based surveillance platform that compiles rabies 

reports from multiple official sources. This study aimed to describe global spatiotemporal patterns of confirmed rabies 

reports recorded in EMPRES-i Plus between 2014 and 2024 and to evaluate their relevance within a One Health surveillance 

context. 

Materials and Methods: A retrospective descriptive surveillance study was conducted using confirmed rabies records 

retrieved from the EMPRES-i Plus Global Animal Disease Information System. Data covering the period from January 1, 2014, 

to December 31, 2024, were extracted and cleaned before analysis. Reports were categorized according to geographic region, 

host type, and source of confirmation. Animal entries were analyzed at the report level, whereas human records were 

evaluated on an individual case basis. Descriptive statistics were used to summarize temporal trends, regional distributions, 

host categories, and geographic patterns. 

Results: A total of 1,510 confirmed rabies reports were identified across Africa, the Americas, Asia, and Europe. Asia 

contributed the highest number of reports (n = 1,056), followed by the Americas (n = 319), Europe (n = 91), and Africa (n = 

44). Annual reporting fluctuated considerably, with the highest number recorded in 2014 (n = 302). Most reports (74%) 

originated from the World Organization for Animal Health reporting system. Domestic animals accounted for the majority of 

reports (n = 1,326), whereas wild animals accounted for 176 reports and captive animals for only 2 reports. Human rabies 

cases were limited within the database, with 27 reported cases and 20 associated deaths, all occurring in Africa and Asia. 

Spatial visualization revealed a widespread geographic distribution of reported rabies events, although reporting intensity 

varied across regions. 

Conclusion: Global rabies reporting within EMPRES-i Plus demonstrates marked regional and host-category variation, with 

domestic animals representing the principal reported reservoir and Asia contributing most reports. The findings emphasize 

the importance of strengthening harmonized One Health surveillance systems, improving cross-sectoral data integration, and 

enhancing reporting consistency to support progress toward global rabies elimination goals. 

Keywords: animal–human interface, EMPRES-i Plus, event-based surveillance, global surveillance, One Health, rabies, 

spatiotemporal analysis, zoonotic disease surveillance. 

INTRODUCTION 

Rabies is a fatal viral zoonotic disease caused by Lyssavirus, a ribonucleic acid virus belonging to the family 

Rhabdoviridae [1]. Rabies is primarily transmitted through the bites of infected dogs and other mammals, 

including cats, foxes, and bats. The principal reservoir and transmission hosts vary geographically. In the Americas 

and Europe, wildlife species such as red foxes and bats constitute important reservoirs, whereas domestic animals 

remain the predominant source of transmission in many parts of Asia and Africa. Brazil has recently reported an 

increase in feline rabies cases, resulting in the loss of its 28-year rabies-free status [2, 3]. Clinically, rabies occurs 

in two major forms. Furious rabies is characterized by hyperactivity, hallucinations, hydrophobia, and impaired 

https://orcid.org/0009-0007-6424-4759
https://orcid.org/0000-0002-3974-5371
https://orcid.org/0009-0001-2334-7547
https://crossmark.crossref.org/dialog/?doi=10.14202/IJOH.2026.205-216&domain=pdf


doi: 10.14202/IJOH.2026.205-216 

 

 
206 

coordination, whereas paralytic rabies is associated with progressive muscle paralysis and the gradual 

development of coma [4]. Owing to its severe neurological manifestations, rabies remains almost universally fatal 

once clinical signs appear, with death typically occurring within days to weeks after symptom onset [4]. 

Estimates of the global rabies burden vary considerably. The Global Burden of Disease (GBD) study estimated 

approximately 10,000 rabies-related deaths in 2021, whereas Hampson et al. [6] reported that rabies causes 

approximately 59,000 human deaths annually worldwide [5, 6]. Children aged 0–14 years represent a 

disproportionately affected population, contributing substantially to the overall burden of disease and loss of 

productive life years [5]. The highest burdens have been reported in Asia and Africa, with countries such as Nepal, 

Myanmar, and Niger ranking among those most affected in 2019 [5]. 

Because rabies is predominantly transmitted through animal bites, several preventive measures have been 
implemented to reduce disease incidence. These include increasing public awareness, conducting mass dog 
vaccination programs to eliminate the disease at its source, providing pre-exposure prophylaxis (PEP) for 
individuals at increased occupational risk, such as veterinarians, and ensuring prompt PEP following animal bites 
or scratches. These interventions are consistent with the One Health approach, which recognizes the 
interconnectedness of human, animal, and environmental health and promotes multisectoral collaboration to 
prevent and control zoonotic diseases [7]. In support of this framework, the World Health Organization (WHO), 
World Organization for Animal Health (WOAH), and Food and Agriculture Organization of the United Nations 
(FAO) launched the United Against Rabies initiative to achieve the “Zero by 30” target, which aims to eliminate 
human deaths caused by dog-mediated rabies by 2030 [8, 9]. A key component of this strategy is the collection 
and integration of surveillance data through the Emergency Prevention System for Animal Health Information 
System Plus (EMPRES-i Plus), a publicly accessible platform that aggregates official reports of transboundary 
animal diseases, including rabies [10]. 

Despite substantial global efforts toward rabies elimination, important gaps remain in understanding the 
long-term spatiotemporal distribution of rabies events reported through integrated surveillance platforms. Most 
previous studies have focused on national or regional epidemiology, burden estimation, vaccination strategies, or 
modeling approaches, whereas comprehensive evaluations of global rabies reporting patterns using EMPRES-i 
Plus remain limited. Furthermore, few studies have examined the distribution of rabies reports across geographic 
regions, host categories, and reporting sources within a One Health surveillance framework. The coexistence of 
animal and human rabies records within EMPRES-i Plus provides a unique opportunity to explore the animal–
human interface of rabies surveillance; however, this resource has been underutilized for global descriptive 
assessments. Consequently, there remains a need for a comprehensive analysis of worldwide rabies reporting 
patterns to identify regional variations, host-associated trends, and reporting characteristics that may inform 
future surveillance and control strategies. 

Therefore, this study aimed to describe the global spatiotemporal patterns of confirmed rabies reports 
recorded in EMPRES-i Plus from 2014 to 2024. Specifically, the study evaluated the temporal distribution of 

reported rabies events, regional reporting patterns, host-category distributions, sources of report confirmation, 
and the geographic occurrence of human rabies cases within a One Health surveillance framework. By providing 
a decade-long overview of global rabies reporting, this study seeks to provide evidence to support the 
strengthening of integrated surveillance systems, improve cross-sectoral data utilization, and facilitate progress 
toward global rabies elimination goals. Surveillance performance, intervention effectiveness, and causal 
determinants of rabies incidence were beyond the scope of the present investigation. 

MATERIALS AND METHODS 

Ethical approval 

This study used publicly available surveillance data from EMPRES-i Plus and therefore did not require review 

or approval by an institutional ethics committee [10]. The database is maintained and disseminated by FAO in 

accordance with its data-sharing, privacy, and citation policies. Human rabies records available in the database 

were reported in anonymized, non-identifiable form at the case level, and no personal identifiers were accessible 

to the investigators. Furthermore, the study did not involve direct interaction with human participants or animals, 

the collection of biological samples, or intervention procedures. 

Study period and location 

This study was conducted from August to October 2025 using confirmed rabies reports recorded in EMPRES-
i Plus from January 1, 2014, to December 31, 2024. The study population comprised animal and human rabies 
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reports submitted by reporting countries worldwide and available through the EMPRES-i Plus database. 

Within EMPRES-i Plus, animal rabies is documented at the report level, whereas human rabies is recorded at 
the case level. Accordingly, animal rabies was analyzed using report-based records, whereas human rabies was 

analyzed using individual case records. Available variables included report identification number, reporting date, 
host species, host category (human, domestic animal, wild animal, or captive animal), locality, country, region, 
source of confirmation, and report status. 

Study design and data collection 

This study employed an observational, retrospective, descriptive surveillance design using secondary data 
obtained from EMPRES-i Plus, an open-access surveillance platform managed by FAO. The database aggregates 
animal disease reports from multiple official contributors and serves as a global repository for transboundary 
animal disease information. All data analyzed in this study were extracted exclusively from the EMPRES-i Plus 
interface. The investigation was descriptive and hypothesis-generating in nature and did not involve causal 

inference or inferential statistical modeling. 
Data extraction was performed on August 8, 2025, using the EMPRES-i Plus web-based interface. Records 

were accessed through the Table panel and filtered using the following criteria: disease (“rabies”), diagnosis status 
(“all”), animal type (“all”), start observation date (January 1, 2014), and end observation date (December 31, 
2024). No free-text keyword searches were performed. Only officially confirmed rabies reports recorded within 
the study period were included in the analysis. Suspected or unconfirmed records, reports outside the study 

period, withdrawn reports, duplicate entries identified during data processing, and records lacking essential 

variables required for classification were excluded when necessary. 

EMPRES-i Plus reports officially confirmed rabies events submitted by national authorities; however, the 
database does not consistently differentiate laboratory-confirmed diagnoses from epidemiologically linked cases 

and does not systematically capture information on specific diagnostic methods, such as polymerase chain 
reaction or fluorescent antibody testing. Each record was treated as an independent reported event because 

unique outbreak-level identifiers are not consistently available across reporting countries. Host classification 

followed the standardized categories used within EMPRES-i Plus, including humans, domestic animals, wild 

animals, and captive animals, without further reclassification. 
The EMPRES-i Plus database does not systematically record individual-level demographic information, such 

as age and sex, exposure pathways, or PEP data for human rabies cases. Consequently, stratified analyses based 

on these variables could not be performed. As a passive, event-based surveillance system, EMPRES-i Plus may also 
be affected by reporting bias, variability in national surveillance capacity, and differences in diagnostic 

confirmation practices across countries. 

Data processing and analysis 

The dataset was cleaned and organized using Microsoft Excel for Microsoft 365 (Microsoft Corporation, 
Redmond, WA, USA). Only officially confirmed rabies reports recorded during the study period were retained for 
analysis. EMPRES-i Plus was used solely as a data source and visualization platform; no analytical or statistical 

tools embedded within the database were used. 

All numerical summaries were calculated offline using the exported dataset. Analyses were restricted to 
descriptive statistics, including frequencies and proportions, to summarize annual reporting trends, regional 
distributions, host-category distributions, sources of report confirmation, and the geographic distribution of 
reported human rabies cases. Inferential statistical analyses, confidence interval estimation, and formal trend 

modeling were not performed. Therefore, all temporal patterns presented in this study should be interpreted as 
descriptive observations rather than statistically validated trends. Because the analysis was based on complete 

enumeration of all confirmed rabies reports and human rabies cases available during the study period, rather than 

sampled data or population-based estimates, confidence intervals were not calculated. 

Data presentation 

The global spatial distribution map of rabies reports was generated directly using the built-in mapping 
function available within EMPRES-i Plus and reproduced without modification. Map projection, scale, and spatial 

resolution are predefined by the platform and cannot be modified by users. 

Additional descriptive figures were generated in Microsoft Word (Microsoft Corporation, Redmond, WA, 
USA) from the cleaned dataset. These visualizations were used exclusively to present aggregated frequencies and 
proportions and did not involve additional spatial analyses or statistical modeling. 
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RESULTS 

Regional distribution of confirmed rabies reports 

Over the study period, a total of 1,510 confirmed rabies reports were recorded across four major regions 
(Figure 1). Asia contributed the highest number of reports (n = 1,056), followed by the Americas (n = 319), Europe 

(n = 91), and Africa (n = 44). These findings represent absolute counts of reports and were not adjusted for 
population size, surveillance capacity, or reporting intensity. Therefore, regional differences should be interpreted 
cautiously because they may reflect variations in surveillance and reporting systems rather than actual differences 

in rabies burden. 

  

Figure 1: Regional distribution of confirmed rabies reports (2014–2024). Absolute numbers of reports by region. 

Spatial distribution of confirmed rabies reports 

The global spatial distribution of confirmed rabies reports is presented in Figure 2. Reported events were 

widely distributed across Africa, the Americas, Asia, and Europe. The map provides a descriptive overview of the 

geographic locations of reported rabies events generated directly from EMPRES-i Plus. No formal spatial 
clustering, hotspot analysis, or geospatial modeling was performed; therefore, the observed patterns should be 

interpreted qualitatively. 

 

Figure 2: Global map of confirmed rabies reports, 2014–2024. Red markers indicate reported locations. 

Temporal distribution of confirmed rabies reports 

The annual number of confirmed rabies reports fluctuated considerably during the study period (2014–2024) 

(Figure 3). The highest annual number of reports was recorded in 2014 (n = 302), followed by secondary peaks in 
2018 (n = 256) and 2019 (n = 233). In contrast, the fewest reports were observed in 2016 (n = 8). Overall, the data 
demonstrated substantial year-to-year variation without a consistent upward or downward trend over the study 
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period. The unusually low number of reports recorded in 2016 may reflect reporting variability or incomplete data 

within EMPRES-i Plus, rather than a true decline in rabies occurrence. No stratified analyses based on policy 
implementation periods or the coronavirus disease 2019 pandemic were conducted. 

Sources of rabies report confirmation 

During 2014–2024, confirmed rabies reports originated from three principal reporting sources: WOAH, 
national authorities, and FAO field officers (Figure 4). Most reports were confirmed by WOAH, accounting for 

approximately 74% of all reports. 

 

Figure 3: Temporal trend of confirmed rabies reports within the study period (2014–2024). A decline was observed from 2014 

to 2016, followed by fluctuating annual reporting thereafter, with notable peaks in 2018 and 2019. 

Within EMPRES-i Plus, reports attributed to WOAH may include notifications initially submitted by national 

authorities and subsequently validated through WOAH reporting mechanisms. Because the platform does not 

provide sufficient metadata to distinguish between overlapping submissions, reports were categorized by the 

primary confirmation source recorded in the database. Consequently, the predominance of WOAH-confirmed 

reports likely reflects the reporting hierarchy within the surveillance system rather than differences in surveillance 

activity among reporting sources. 

 

Figure 4: Proportion of confirmed rabies reports by source of confirmation. The majority of reports (74%) were confirmed 

through WOAH, followed by national authorities and FAO field officers. 

Distribution of confirmed rabies reports by host-category and region 

Confirmed rabies reports included both human and animal hosts across all four major regions (Table 1). 

Domestic animals constituted the predominant host category globally, accounting for 1,326 reports, followed by 

wild animals with 176 reports. This distribution pattern was generally consistent across regions. Captive animals 

were reported only twice and were recorded exclusively in Asia. 

Table 1: Distribution of confirmed rabies reports by host-category and region, 2014–2024. 

Region Human Captive animal Domestic animal Wild animal Total reports 

Africa 1 0 29 14 44 

Americas 0 0 310 9 319 

Asia 5 2 942 107 1,056 

Europe 0 0 45 46 91 

Total 6 2 1,326 176 1,510 
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Host classification followed the EMPRES-i Plus reporting taxonomy, which categorizes reports into human, 

domestic animal, wild animal, and captive animal groups. Species-level information, including dog-specific records 

and wildlife species such as bats and foxes, was not consistently available across reports and therefore could not 

be analyzed reliably. Consequently, domestic animal reports were evaluated as an aggregated category rather 

than specifically as dog-mediated rabies. The captive animal category represented animals maintained under 

human management outside conventional domestic settings and contributed minimally to the overall dataset. 

Geographical distribution of human rabies cases 

A total of 27 human rabies cases were recorded in EMPRES-i Plus during the study period, resulting in 20 

reported deaths. This corresponded to an overall case fatality rate of approximately 74.1%. All reported fatalities 

occurred in Africa and Asia. 

Individual-level demographic characteristics, including age and sex, as well as exposure pathways and PEP 

status, were not systematically available within EMPRES-i Plus. Consequently, detailed demographic analyses 

could not be performed. The reported human rabies cases should therefore be interpreted as surveillance records 

captured within an animal-centered reporting system rather than as comprehensive descriptions of the global 

human rabies burden. 

Table 2: Reported human rabies cases recorded in EMPRES-i Plus during 2014–2024 

Locality Country Region Report date Humans affected Human deaths 

Luanda Angola Africa 24/02/2015 18 18 

Serian Malaysia Asia 12/07/2017 4 2 

Phu Tuc commune, Chau Thanh district Vietnam Asia 23/05/2022 1 0 

Hoa Nghia commune, Cho Lach district Vietnam Asia 23/05/2022 1 0 

Mo Cay town, Mo Cay Nam district Vietnam Asia 23/05/2022 2 0 

An Hoi ward, Ben Tre district Vietnam Asia 23/05/2022 1 0 

Total 
   

27 20 

EMPRES-i Plus = Emergency Prevention System for Animal Health Information System Plus. 

DISCUSSION 

Temporal patterns of rabies reporting 

Rabies is considered a neglected tropical disease, and many countries have not yet succeeded in eliminating 
it. To achieve the Zero by 30 goal, which aims for zero human deaths caused by dog-mediated rabies by 2030, 
multidisciplinary preventive measures and reliable surveillance data are essential. 

One Health programs for vaccination and surveillance have been implemented in several rural communities 

and have successfully reduced human rabies incidence, highlighting the importance of integrated approaches 

endorsed within the global Zero by 30 strategy [11, 12]. Recent analyses have further demonstrated that regions 

implementing coordinated One Health strategies, such as Rwanda and the Philippines, experienced reductions in 
rabies transmission events, supporting the premise that interdisciplinary collaboration enhances disease control 
[13]. Mass canine vaccination programs in several endemic countries have reduced human rabies mortality by 
more than 80%, underscoring the pivotal role of coordinated One Health interventions [14]. Moreover, field-level 
evidence from Moshi, Tanzania, demonstrated that district-based One Health approaches can effectively address 

local cultural factors influencing rabies control. When combined with routine canine vaccination programs, these 
interventions can reduce the propagation of outbreaks and animal rabies cases [15]. In Indonesia, the One Health 
approach has also contributed to rabies control. A study conducted in Ketapang District, West Kalimantan, 
reported a reduction in disability-adjusted life years associated with rabies, indicating the effectiveness of 
integrated One Health interventions [16]. 

The temporal patterns observed in the present study may align with broader global efforts to strengthen 

rabies control under the Zero by 30 initiative, although causal relationships cannot be inferred due to the study's 

descriptive design. This interpretation is supported by reports from several countries. For example, 

implementation of the Stepwise Approach Towards Rabies Elimination (SARE) tool and integration of One Health 

principles into national rabies control programs in Ethiopia have been associated with improved vaccination 

coverage and surveillance reporting [17]. However, challenges remain. A study conducted in Indonesia reported 

that the One Health approach for rabies prevention and control in West Kalimantan was difficult to sustain 

without continuous training of animal health personnel [18]. Other studies have similarly demonstrated that 
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cultural beliefs, inadequate awareness, and delays in seeking appropriate medical care after animal bites continue 

to hinder rabies control efforts. In some settings, individuals preferentially seek traditional healers rather than 

healthcare facilities after dog bites, underscoring the importance of multisectoral approaches that engage local 

community leaders and other stakeholders [11, 17]. 

In the present time series, reporting increased after 2022. Although the dataset's descriptive nature does 

not permit causal attribution, this pattern may reflect disruptions to rabies surveillance and control activities 

during the coronavirus disease 2019 pandemic in the preceding years. This interpretation is supported by reports 

from several countries in the Americas that documented increases in rabies cases following the pandemic period 

[19]. Future rabies control efforts should therefore address potential setbacks associated with the pandemic while 

maintaining mass canine vaccination programs in low- and middle-income countries, strengthening systematic 

wildlife surveillance in regions with predominant wildlife reservoirs, and promoting broader ecosystem-based One 

Health frameworks. Investment in real-time cross-sectoral data integration is also necessary to facilitate early 

outbreak detection and improve monitoring and evaluation of One Health interventions. Persistent gaps in cross-

sectoral data sharing and limited resources in low-income settings remain barriers to achieving the Zero by 30 

targets, highlighting the need for strengthened One Health governance and sustained financial investment [20]. 

Furthermore, incorporation of wildlife reservoirs and ecological risk mapping into One Health initiatives may 

facilitate a more comprehensive and holistic framework for rabies control [7, 21]. 

Regional and host-associated patterns of rabies reporting 

The regional analysis of the EMPRES-i Plus dataset demonstrated that domestic animal reports 

predominated in Asia and the Americas, whereas wildlife-associated reports represented a larger proportion of 

records in Europe and Africa. These findings should be interpreted cautiously because surveillance intensity, 

reporting infrastructure, diagnostic capacity, and animal population density may substantially influence observed 

reporting patterns. The regional differences observed in the present study may also reflect surveillance visibility 

bias. Regions with established canine vaccination and rabies control programs, particularly in Europe and the 

Americas, may report relatively greater numbers of wildlife-associated cases because wildlife surveillance systems 

become more prominent following successful reductions in dog-mediated rabies [22]. Conversely, regions with 

weaker surveillance systems may experience a substantial but largely undocumented rabies burden because many 

cases remain outside formal reporting structures [22]. Recognition of these factors is essential when interpreting 

event-based surveillance databases such as EMPRES-i Plus. 

In the Americas, the Pan American Health Organization has coordinated the Regional Program for the 

Elimination of Dog-Mediated Human Rabies since 1983, achieving reductions exceeding 95% in canine-

transmitted human rabies cases through mass dog vaccination and expanded access to PEP [23, 24]. Similarly, the 

Animal and Plant Health Inspection Service of the United States Department of Agriculture has implemented 

national wildlife rabies management programs targeting raccoons, skunks, foxes, and bats through oral 

vaccination bait strategies [25]. In Europe, rabies control efforts have increasingly focused on wildlife reservoirs 

through oral rabies vaccination programs supported by the European Commission. These programs have 

successfully eliminated fox-mediated rabies from most Western and Central European countries through aerial 

distribution of vaccine baits [26, 27]. 

In contrast, higher densities of free-roaming dogs and variable surveillance capacities may contribute to the 

predominance of reports of domestic animal-associated cases in Asia and Africa [28]. Regional rabies control 
networks, including the Pan-African Rabies Control Network and the Middle East, Eastern Europe, Central Asia, 
and North Africa Rabies Control Network, were established to support rabies elimination efforts in endemic 
countries. These initiatives utilize tools such as SARE to facilitate the transition from endemic rabies to zero human 

deaths and are frequently supported by the Global Alliance for Rabies Control and the Zero by 30 Global Strategic 

Plan [29, 30]. These coordinated programs emphasize large-scale dog vaccination and community-based 
surveillance to bridge the gap between resource-limited settings and global rabies elimination targets [31, 32]. 

Therefore, the regional patterns observed in the present study likely reflect both underlying epidemiological 
conditions and differences in surveillance capacity, highlighting the importance of integrated animal surveillance 
systems within region-specific rabies control frameworks. 

Human rabies cases within a One Health surveillance framework 

High vaccine costs, inadequate surveillance infrastructure, limited intersectoral collaboration, and 

insufficient public awareness remain major obstacles to rabies control worldwide [19, 21]. Inadequate prevention 
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measures and poor post-exposure management continue to result in human rabies deaths, particularly in 

countries facing financial constraints and competing public health priorities. 
EMPRES-i Plus recorded 20 human rabies deaths during 2014–2024. These deaths should be interpreted as 

sentinel indicators of failures in upstream prevention rather than as comprehensive estimates of the global human 

rabies burden. The number of deaths identified in EMPRES-i Plus is substantially lower than estimates reported 

by WHO and GBD. WHO reported 1,141 human rabies deaths globally in 2021, with 46.1% of these deaths 

occurring in the Western Pacific Region (n = 527). GBD estimated approximately 10,100 human rabies deaths 

during the same year [5]. The discrepancy between EMPRES-i Plus and WHO estimates may be explained by 

differences in surveillance objectives and data sources. During the study period, EMPRES-i Plus primarily compiled 

reports from WOAH, national authorities, and FAO field officers, and was designed primarily for animal disease 

surveillance rather than for comprehensive human disease surveillance. Human rabies cases reported within 

EMPRES-i Plus generally represented events that could be linked to animal outbreaks, whereas WHO datasets 

may include human cases that cannot be directly traced to specific animal sources. Furthermore, GBD estimates 

are derived from multiple sources, including surveillance databases, systematic reviews, and additional 

epidemiological datasets [5]. 

The coexistence of report-level animal data and case-level human data within EMPRES-i Plus illustrates a 

broader methodological challenge in the integration of One Health surveillance. Consequently, the human rabies 

cases identified in the present study may not fully represent the global burden of human rabies, as cases in remote 

or under-resourced regions may remain undetected or unreported. 

Through its integration of animal and human health information, EMPRES-i Plus provides a unique 

opportunity to evaluate failures occurring at the animal–human interface. Unlike burden-estimation studies that 

focus primarily on total mortality, EMPRES-i Plus documents actual disease events occurring across animal and 

human populations. This capability enables identification of host-specific and regional variations, including the 

predominance of domestic animal-associated reports in Asia and the higher proportion of wildlife-associated 

reports observed in Europe. Because the platform prioritizes reports originating from animal health authorities 

and WOAH, human rabies entries can be interpreted as sentinel indicators of upstream prevention failures, 

including deficiencies in canine vaccination programs and wildlife rabies management. Consequently, EMPRES-i 

Plus provides a distinctive One Health perspective by documenting the operational interface of zoonotic 

transmission rather than solely estimating disease burden. 

This concept is illustrated by the 2015 Luanda outbreak, which accounted for approximately 90% (n = 18) of 

human rabies deaths reported in EMPRES-i Plus during the study period. Although local epidemiological 

information remains limited, the Luanda outbreak may serve as an example of a breakdown in One Health 

prevention systems. Approximately 92% of fatalities reported between January and March occurred among 

children younger than 10 years of age, highlighting the severe consequences of inadequate rabies control 

measures. In response to the outbreak, Angolan authorities initiated a multisectoral campaign involving 

vaccination of dogs, cats, and monkeys. During the same period, WHO reported 151 human rabies deaths in 

Angola and 2,792 deaths globally. These observations further demonstrate the consequences of inadequate 

surveillance and fragmented control programs, and reinforce the need for robust One Health frameworks that 

integrate multiple sectors to prevent and control zoonotic diseases [33]. Reframing human rabies cases reported 

in EMPRES-i Plus as sentinel indicators of prevention failures underscores the importance of strengthening the 

animal–human surveillance interface to prevent spillover events and subsequent human deaths. 

Policy implications for One Health surveillance 

From a policy perspective, the findings of this study highlight the importance of strengthening harmonized 

surveillance frameworks across animal and human health sectors within a One Health governance structure. The 

relatively low number of human rabies cases captured within EMPRES-i Plus, which is primarily an animal-

centered, event-based surveillance platform, underscores the need for improved cross-sectoral integration with 

human health surveillance systems, such as those maintained by WHO. Reducing reporting variability and 

enhancing global comparability of rabies surveillance data require standardized reporting procedures, 

interoperable metadata structures, and consistent data submission by national authorities. Strengthening 

surveillance systems in low- and middle-income countries, particularly in regions with high numbers of domestic 

animal-associated reports, may facilitate earlier detection and reporting of zoonotic transmission events. 

Conceptually, rabies control within a One Health framework may be viewed as a Surveillance–Response–



doi: 10.14202/IJOH.2026.205-216 

 

 
213 

Outcome cycle. Event-based platforms such as EMPRES-i Plus provide the surveillance component by 

documenting rabies events and potential zoonotic transmission interfaces. These observations should trigger 

appropriate public health responses, including mass vaccination programs and access to PEP. Human rabies 

deaths may subsequently function as outcome indicators reflecting the effectiveness of prevention measures. 

Furthermore, improved alignment among FAO, WOAH, and WHO surveillance systems through integrated 

reporting pathways could support more accurate monitoring of progress toward the Zero by 30 rabies elimination 

targets. 

Strengths and limitations 

This study has several strengths. First, it utilized EMPRES-i Plus, a widely recognized FAO surveillance 

platform that compiles standardized animal health reports from WOAH, national authorities, and partner 

organizations, thereby enabling broad geographic coverage and facilitating cross-regional comparisons. Second, 

the 10-year study period (2014–2024) reduced the influence of short-term fluctuations in surveillance data and 

allowed evaluation of long-term reporting patterns. Third, by focusing on animal rabies reports and using WHO 

data as contextual information rather than formally integrating multiple databases, the analysis remained 

consistent with the structure and intended use of the EMPRES-i Plus platform. Additionally, rigorous data 

verification procedures, including manual review and spreadsheet-based cross-checking with temporal filtering, 

were implemented to ensure record consistency throughout the study period. However, because the analysis 

relied exclusively on EMPRES-i Plus without formal multi-database harmonization, the findings primarily reflect 

reporting patterns and surveillance capacity rather than actual epidemiological burden. 

This study also has several methodological limitations. First, although EMPRES-i Plus aggregates animal 

health reports from multiple sources, including WOAH, national authorities, and FAO field officers, the analysis 

did not incorporate complementary human health surveillance datasets such as WHO databases [34]. 

Consequently, a comprehensive evaluation of global rabies trends across animal and human populations was not 

possible. Second, despite the use of standardized reporting procedures within EMPRES-i Plus, heterogeneity may 

still arise from differences in national reporting practices, diagnostic capabilities, and reporting formats [35]. 

Third, the patterns observed in this study likely reflect reporting practices, surveillance capacity, and submission 

behaviors, as well as underlying epidemiological conditions, particularly in regions with variable surveillance 

infrastructure. Therefore, these limitations should be interpreted as constraints of the study design and data 

source rather than inherent weaknesses of the EMPRES-i Plus platform itself. 

CONCLUSION 

This study provides a comprehensive overview of global rabies reporting patterns recorded in EMPRES-i Plus 

between 2014 and 2024 from a One Health perspective. A total of 1,510 confirmed rabies reports were identified, 

with Asia accounting for the highest number, followed by the Americas, Europe, and Africa. Domestic animals 

represented the predominant host category, whereas wildlife-associated reports were more prominent in certain 

regions. Temporal analysis demonstrated substantial year-to-year fluctuations in reporting, with the highest 

number of reports recorded in 2014 and additional peaks observed in 2018 and 2019. Human rabies cases 

captured within EMPRES-i Plus were limited, comprising 27 reported cases and 20 associated deaths, all occurring 

in Africa and Asia. 

The findings highlight the continuing importance of integrated rabies surveillance systems for monitoring 

disease occurrence at the animal–human interface. The predominance of reports on domestic animal-associated 

cases reinforces the critical role of sustained canine vaccination programs, whereas regional differences in host 

categories emphasize the need for surveillance strategies tailored to local epidemiological conditions. The study 

further demonstrates the value of EMPRES-i Plus as a One Health surveillance platform capable of identifying 

temporal, regional, and host-associated reporting patterns that may support rabies prevention and control 

efforts. 

A major strength of this study is the use of a globally accessible surveillance platform that compiles 

standardized reports from multiple official sources across a 10-year period, enabling broad geographic coverage 

and cross-regional comparisons. However, several limitations should be considered. The analysis relied exclusively 

on EMPRES-i Plus and did not incorporate complementary human health surveillance databases. In addition, 

variations in national surveillance capacity, reporting practices, and diagnostic confirmation may have influenced 

reporting patterns. Consequently, the observed trends should be interpreted as surveillance-based reporting 
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patterns rather than direct measures of the true epidemiological burden of rabies. 

Future studies should focus on harmonizing animal and human health surveillance databases, improving 

metadata completeness, and incorporating advanced analytical approaches, including spatial analyses, predictive 

modeling, and machine learning-assisted surveillance systems. Enhanced integration among FAO, WOAH, WHO, 

and national surveillance networks would strengthen global rabies monitoring and facilitate more accurate 

assessment of progress toward elimination targets. 

Overall, the present findings underscore the need for strengthened One Health surveillance, improved cross-

sectoral data integration, and sustained investment in rabies prevention and control programs. Such efforts will 

be essential for supporting evidence-based decision-making and accelerating progress toward the global Zero by 

30 goal of eliminating human deaths caused by dog-mediated rabies. 
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