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Abstract  
Despite global initiatives to eliminate dog-mediated human rabies by 2030, the Arabian Peninsula faces challenges 
due to insufficient data. This review addresses the current rabies situation and knowledge gaps in the region and 
proposes One Health interventions. Employing a mixed-method approach combining scoping and systematic review, 
the study commenced with a Delphi discussion to identify knowledge gaps and set objectives. The literature search 
encompassed published articles and grey literature. The spatial and temporal distribution of rabies was analysed, 
alongside quantitative meta-analyses to assess prevalence. Rabies virus gene sequences from the NCBI database were 
examined for reservoir hosts and evolutionary patterns. The final Delphi discussion with experts focused on address-
ing knowledge gaps and formulating One Health interventions. The first reported human rabies case in this region 
occurred in Saudi Arabia in 1980. Yemen reported the highest number of cases (439), followed by Iraq (249), Saudi 
Arabia (91), Jordan (14), and Oman (9). Fox bites accounted for the most cases (47.4%), followed by dog (36.8%) and 
wild animal (15.8%) bites. The virus was detected in at least 21 animal species. Phylogenetic analysis detected a single 
strain with two clades, with foxes being the primary virus reservoir. However, the experts expressed scepticism about 
the accuracy of rabies reports in scientific literature. To achieve the 2030 goal of eliminating dog-mediated human 
rabies, a stepwise approach towards rabies elimination assessment is crucial in the region. Enhanced surveillance, 
awareness campaigns, and access to post exposure prophylaxis are essential to address the disease burden.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Introduction

R
abies, an ancient and deadly zoonotic disease, has documented 
instances dating back to Babylon in the 23rd century BC [1]. It 

claims over 59 000 lives annually [2], predominantly affecting chil-
dren in impoverished communities in Africa and Asia. As a 
neglected tropical disease, rabies poses a significant public health 
concern in the Arab world [3, 4].

The causative agent is the rabies virus (RABV), which belongs to 
the lyssavirus genus within the Rhabdoviridae family [1]. The lyssa-
virus genus comprises at least 17 species, but only RABV causes 
neurotrophic symptoms in all warm-blooded mammals [5]. 
Typically, rabies symptoms develop within one to three months after 
the virus enters the body, although extended incubation periods 
have been reported [1]. Once symptoms appear, infected individuals 
or animals generally succumb within two weeks. While New World 
bats are considered the ancestors of the virus, bats primarily act as 
rabies reservoirs in the American region [6]. In contrast, dogs are 
the main reservoir and cause over 95% of human deaths in over 150 
countries, predominantly in Asia and Africa [7].

The Arabian Peninsula, comprising Bahrain, Kuwait, Oman, Qatar, 
Saudi Arabia (KSA), the United Arab Emirates (UAE), Yemen, and the 

southern parts of Iraq and Jordan, holds global significance due to its 
robust economy, vast oil and gas reserves, diverse population, and 
cultural similarities [8]. Although global health agencies, including 
the World Health Organization (WHO), the Food and Agriculture 
Organization (FAO), the World Organization for Animal Health 
(WOAH), and the Global Alliance for Rabies Control (GARC), aim 
to eliminate dog-mediated human rabies deaths by 2030 [9], significant 
knowledge gaps remain in this region, particularly in epidemiology, 
transmission dynamics, risk factors, and prevention and control strat-
egies. These gaps hinder evidence-based policy decisions. In this review, 
we compile and analyse data on the rabies situation at the human— 
animal interface in the Arabian Peninsula and propose One Health 
intervention approaches towards effective prevention and control in 
the region, aligning with the ‘Zero by 30’ global strategic plan to elim-
inate dog-mediated human rabies deaths by 2030.

Methods
The review followed a mixed-method approach, incorporating ele-
ments of both scoping and systematic review methodologies. It 
began with a Delphi discussion to identify knowledge gaps and 
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define study objectives, followed by systematic data search, extrac-
tion, and analysis. The study concluded with a final 
Delphi discussion.

Initial Delphi discussion
On 24 March 2022, we discussed our knowledge of rabies, focusing 
on potential risk factors, transmission dynamics, and prevention and 
control measures. We also planned the data search strategy and 
defined the inclusion and exclusion criteria for the manuscript. In 
the second meeting on 05 September 2023, we reviewed updated 
rabies knowledge and identified key knowledge gaps. Finally, on 
19 October 2023, we finalized the core knowledge gaps to discuss 
with regional and international experts.

Literature search
Following PRISMA guidelines [10], the systematic data search cov-
ered PubMed, Embase, Web of Science, and Scopus for published 
articles on rabies in the Arabian Peninsula, without a specific time-
frame. Grey literature was explored, focusing on governmental 
documents from these countries and non-governmental sources 
such as WHO, FAO, WOAH, GARC, and ProMED-mail. 
Additionally, manual searches covered the reference lists of included 
articles, Arabic journals, citizen science documents in blog posts or 
social media, and newspaper articles. The EndNote citation manager 
and Rayyan systematic review database facilitated the systematic 
screening for relevant articles (Supplementary Fig. S1). Finally, we 
searched the NCBI GenBank database for RABV gene sequences in 
the Arabian Peninsula.

Data extraction and analysis
Data extraction included country name, sampling and publication 
year, host and reservoir information, and details about animal bites 
(Supplementary Table S1). We used R software (version 4.1.2) to 
perform descriptive statistical analyses on the included articles. We 
conducted quantitative meta-analyses employing a random-effects 
model to estimate the pooled prevalence of rabies among suspected 
non-human hosts with 95% confidence intervals (CI). Studies were 
weighted based on the inverse of their variance. The degree of het-
erogeneity among studies was evaluated using the Inconsistency 
Index (I2) and the ‘Tau-squared’ (τ2) test to estimate between- 
study variance. All meta-analysis results were presented using forest 
plots. Spatial variations in rabies cases were visualized through a 
choropleth map created in ArcMap 10.8, and temporal distribution 
was calculated using Microsoft Excel 2016. The RABV evolutionary 
pattern was analysed using the viral sequences by the Maximum 
Likelihood method and Tamura-Nei model in MEGA11.

Expert panel discussion
An expert panel was hosted on 9 November 2023 by the Ministry of 
Public Health, Qatar. It included seven experts from the United 
States Centers for Disease Control and Prevention, Erasmus 
Medical College of the Netherlands, WHO, and WOAH, along 
with the authors. The panel discussed the 2030 global goal of 
eliminating human deaths from dog-mediated rabies in the region, 
prioritizing the elimination of fox-mediated rabies, the cost- 
effectiveness of oral rabies vaccination (ORV) for wildlife, gaps in 
rabies data reporting, priority research areas for public health policy 
decisions, and resource sustainability through the One Health 
approach. Expert opinions were used to address the knowledge 
gaps and develop further recommendations.

Results
The initial Delphi discussions indicated that rabies is a significant 
but often overlooked health concern in the region. There appears to 

be a lack of publicly accessible information on rabies from countries 
in this area, and even international organizations such as the FAO, 
WHO, OIE, and GARC provide relatively limited data on the dis-
ease. Following a systematic data search, we identified 41 research 
articles, most of which were basic research (n¼ 17, 41.46%, 95% CI: 
26.71–57.80), along with case reports (n¼ 10, 24.39%, 95% CI: 
12.91–40.64), reviews (n¼ 8, 19.51%, 95% CI: 9.37–35.37), confer-
ence abstracts (n¼ 2, 4.88%, 95% CI: 0.85–17.81), short communi-
cations (n¼ 3, 7.32%, 95% CI: 0.91–21.01), and a letter to the editor 
(n¼ 1, 2.44%, 95% CI: 0.13–14.41) (Supplementary Table S2). 
Additionally, six web documents [2, 9, 11–14] contributed to under-
standing the disease in this region.

Iraq, Jordan, Qatar, and Yemen are GARC members [9]. FAO and 
GARC devised the Stepwise Approach towards Rabies Elimination 
(SARE), a tool for planning, monitoring, and evaluating rabies con-
trol efforts [9]. However, the member countries may not have 
undertaken a SARE assessment, and their SARE scores are unavail-
able on the GARC website. According to GARC, dog rabies is en-
demic in Iraq, Jordan, and Yemen, with approximately 18.5% 
vaccination coverage. The average annual human rabies deaths are 
24, 1, 0, and 148 in Iraq, Jordan, Qatar, and Yemen, respectively, 
with corresponding rabies control costs of $9 207 391, $1 224 152, 
$2 072 383, and $17 110 158. Notably, Qatar has endorsed a national 
framework for rabies control, although the report is not publicly 
available [9].

Human rabies
Bahrain is the only country free from both human and animal ra-
bies. Kuwait, Qatar, and the UAE have not reported natural human 
rabies cases, while Yemen, KSA, and Iraq are considered endemic 
for human rabies (Fig. 1) [2]. Historically, Yemen has reported the 
highest number of human rabies cases (n¼ 439), followed by Iraq 
(n¼ 249), KSA (n¼ 91), Jordan (n¼ 14), and Oman (n¼ 9), with 
Jordan averaging two cases annually [9].

The temporal distribution of human rabies in the region began 
with KSA reporting the first case in 1980, followed by Oman in 1990 
(Fig. 1) [3, 15]. Our analysis revealed that 47.4% (95% CI: 25.2–70.5) 
of the cases resulted from fox bites, followed by bites from dogs 
(36.8%, 95% CI: 17.2–61.4) and wild animals (15.8%, 95% CI: 
4.2–40.5). Yemen, particularly among males and young individuals, 
exhibits high exposure to animal bites [16]. From 2007 to 2009, KSA 
recorded 11 069 animal bites, mainly from dogs and cats, followed 
by foxes and wolves [17]. Oman documented 22 778 animal bites 
from 1991 to 2013, primarily from foxes, followed by wolves, dogs, 
and wild cats, with a decline noted after 2005 [18]. Iraq reported 
approximately 12 358 animal bites from 2012 to 2016, predominant-
ly in rural areas [19, 20].

Furthermore, KSA, Kuwait, Qatar, Oman, and the UAE have 
reported imported human rabies cases (Supplementary Fig. S2). 
One case each was imported to KSA from Morocco in 2016, 
Kuwait from India in 2015, Oman from Bangladesh in 1995, and 
the UAE from India in 2009 [21]. Qatar had three imported cases 
originating from India in 1995 [21] and Nepal in 2018 and 2019 
[22]. Yemen exported one case to Russia in 1991 [23].

Rabies in animals
At least 21 animal species, including carnivores, herbivores, and 
omnivores, have tested positive for rabies (Fig. 1). KSA showed 
the highest prevalence (84.6%, 95% CI: 68.6–93.2) among the sus-
pected animals, followed by Oman (58.7%, 95% CI: 54.5–62.8), 
Yemen (58.4%, 95% CI: 29.0–82.8), and Jordan (52.7%, 95% CI: 
10.2–91.6) (Fig. 2). Jordan is considered endemic for dog rabies 
[2]. Among carnivores, wild species exhibited a higher rabies preva-
lence. However, dogs were frequently tested, with the highest num-
ber of positive cases (n¼ 502), followed by foxes (n¼ 476) and 
cats (n¼ 44).
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The virus in the Arabian Peninsula
We analysed 191 RABV sequences spanning from 1987 to 2019 from 
Qatar, KSA, the UAE, Yemen, Oman, Iraq, and Jordan (Supplementary 
Table S3). Our analysis of full-length sequences revealed two prominent 
clades in this region: A well-supported clade ‘a’ and a smaller clade ‘b’ 
(Fig. 3). These clades contain strains that are not widely distributed 
across the region. Clade ‘a’ includes of strains from the UAE, KSA, 
Qatar, and Oman. The strain from Qatar [22], closely linked to strains 

from KSA, originated from foxes within clade “a”. Subclade ‘b’ includes 
strains from Iraq and Oman. Host analyses confirm that dog-derived 
viruses dominate in Iraq, while strains from Oman, with some intro-
ductions from the UAE, show a broad host range, including sheep, 
dogs, cats, cows, and camels (Fig. 3 and Supplementary Fig. S3A). 
Clade ‘a’ likely originated in Turkey, Israel, or Iran [24], with wolves, 
foxes, and dogs as predominant hosts, except for one instance in horses 
(KSA) and one in cattle (Israel) (Supplementary Fig. S3B).

Figure 1. Spatial (top) and temporal (bottom) distribution of natural rabies cases at the human–animal interface in the history of Arabian 
Peninsula. Animal species icons in the top figure represent species previously reported in this region.
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Possible transmission dynamics
The review revealed that foxes are the primary rabies reservoir in the 
Arabian Peninsula. This virus persists naturally in foxes and other 
wild carnivores and is transmitted to humans, dogs, cats, captive 
wild and domestic animals, and other mammals (Fig. 4).

Risk factors

High-risk locations
Figure 1 shows an estimate of the historical spatial and temporal 
distribution of rabies cases in the Arabian Peninsula. In Iraq, rabies 
was reported in almost all provinces except Dahuk and Arbil, with 

Figure 2. Forest plots showing the factor-wise estimated pooled prevalence of rabies among suspected non-human animals in the Arabian 
Peninsula. (A) Distribution of the disease by country, (B) distribution by animal type, (C) distribution among different carnivores, and (D) 
distribution among different herbivores.
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frequent reports in Babil, Baghdad, Wasit, Diyala, Basrah, and Salah 
al-Din, followed by Kirkuk, Al-Muthanna, and Maysan [19, 20]. 
Regularly reported areas in Jordan include Irbid, Mafraq, Amman, 
and Madaba [25]. In Oman, all provinces except Musandam have 
reported rabies [26], with Al Dakhiliyah, Al Batinah North, Al 
Batinah South, Ash Sharqiyah North, Ash Sharqiyah South, 
Muscat, and Dhofar showing a high number of cases [18]. 
Significant rabies locations in Qatar include Shahaniyah [22], 
Eastern and Qassim provinces in KSA [3, 4], and Al Ain and 
Dubai in the UAE [12]. In Yemen, key locations include Amanat 
Al Asimaha, Ibb, and Dhamar [27].

Animal bites
Dog bites are the most common in the region, followed by bites 
from other animals, such as foxes, wolves, and camels. However, 
carnivore bites or scratches carry a higher rabies risk [15, 17, 18]. 
Any animal showing neurological dysfunction should be considered 
a potential rabies threat. Bites are mostly reported on the upper and 
lower extremities, followed by the body, head, and neck [16, 18].

Organ transplantation
Organ transplantation has been identified as a risk for rabies 
transmission in the region, as two recipients in Kuwait and 

KSA suspected of contracting the infection from an 
Indian donor [28].

Human age, sex, and occupation
Adolescents often provoke animals and may lack awareness of how 
to prevent dog bites [9]. Men, especially the young, are more likely 
to encounter rabid animals [16, 18, 20, 27]. Animal caregivers face a 
higher rabies transmission risk due to exposure to scratches, bites, or 
saliva from rabid animals.

Knowledge and attitude regarding rabies
Knowledge and attitudes significantly influence rabies prevalence. 
Following an animal bite, prompt first aid, observing the animal, 
and post exposure vaccination are crucial. Neglecting these meas-
ures increases the risk, as observed in KSA and Oman [29].

Vaccination and its coverage
Rabies preexposure prophylaxis (PrEP) is crucial for pet carnivores 
in the prevention of rabies, while postexposure prophylaxis (PEP) is 
essential for effective rabies protection. Although GCC countries 
mandate rabies vaccination, coverage is low (18.5%), increasing out-
break risk [9, 11]. PEP strategies exist across the region, but 

Figure 3. Phylogenetic tree showing the molecular relationship of the rabies virus sequences isolated from different animals in the 
Arabian Peninsula.
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availability can vary, as seen in Oman in 1997 when vaccine short-
ages led to rabies cases [29].

Stray animals
Stray animals are widespread and gradually increasing in the region 
[13], heightening the risk of rabies. However, Qatar is addressing 
this issue by trapping and sheltering stray dogs [12].

Risks related to livestock and farm animals
Livestock and farm animals are at risk of attack by stray and wild 
animals in the desert farming system, as seen in Qatar [22]. Poor 
monitoring and evaluation, along with limited PEP, heighten this 
threat [30].

Residence
Rural areas pose a higher rabies risk [21] due to inadequate health-
care facilities, negligence, lack of knowledge, and a higher presence 
of stray dogs and wild carnivores.

Season
Open or unsafe camping, common cultural practice in the desert 
during the winter, increases the risk of wild carnivore attacks, po-
tentially spreading rabies, as seen in Oman [29].

War and famine
Civil unrest results in an increase in exiled and stray animals, inten-
sifying human–wildlife interactions. Conflict-affected nations, grap-
pling with financial strain and compromised health systems, struggle 
to implement regular rabies control measures, as seen in Iraq and 
Yemen [14].

Animal ownership
Pet ownership can elevate the rabies prevalence, if there is inad-
equate animal care and vaccination [31], as contact with stray and 
wild animals heightens the risk.

The expert opinion
Experts agree on the significant public health impact of rabies in the 
Arabian Peninsula but express scepticism about the reliability of 
published data on rabies cases. They believe that, in addition to 
regular reports, many cases go unreported. Insufficient details on 
reported cases, surveillance systems, tested animals, sampling meth-
ods, and representativeness pose challenges for decision-making in 
rabies control. Emphasizing robust diagnostic surveillance, experts 
stress the importance of confirming the presence or absence of ra-
bies in a country and advocated for molecular assessment to identify 
reservoirs, particularly regarding fox species. Clarity in reservoir 
identification is also crucial before proceeding with wildlife vaccin-
ation. Concerns about the cost of wildlife vaccination prompted 
suggestions for risk assessments to guide effective interventions. 
Effective management of stray and free-roaming dogs is essential 
for controlling rabies, focusing on gathering data on bite incidents, 
ensuring accessibility to PEP, and monitoring the neurological out-
comes of affected individuals.

Regional cooperation among the countries of the Arabian 
Peninsula was recommended to prevent and control rabies collect-
ively and addressing cross-border virus spread. Despite reporting 
gaps and delays, experts highlighted the importance of assessing 
rabies burden and investing in surveillance and mass dog vaccin-
ation to confidently declare areas rabies-free. A comprehensive, col-
laborative, and data-driven approach to rabies control is urged, 
focusing on improving the reliability of prevalence data, accurately 
identifying reservoir animals, conducting risk assessments, and fos-
tering regional cooperation to address cross-border disease spread.

Discussion
The global goal is to eliminate human deaths from dog-mediated 
rabies by 2030. However, particular emphasis is needed in the 
Arabian Peninsula to eliminate human rabies caused by foxes. 
Achieving zero human deaths requires an integrated One Health 
approach to control rabies transmission at the human–animal inter-
face through the implementation of the following activities:

Surveillance
Multi-sectoral surveillance is pivotal for rabies prevention and con-
trol. It ensures the management of rabies cases, monitoring of 

Figure 4. Possible transmission dynamics of rabies at the human–animal interface in the Arabian Peninsula.
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interventions, handling of animal bite cases, and estimation of dis-
ease burden. Surveillance is critical in endemic countries like Oman, 
Yemen, Jordan, and Iraq. It is also essential in countries such as 
Qatar, Kuwait, and KSA, where sporadic rabies cases occur. 
Surveillance should include systematic sample collection, investiga-
tion of sudden neurological signs in humans and animals, laboratory 
analysis, and data interpretation [32].

Human prophylaxis
The safety, efficacy, and administration of rabies vaccines and rabies 
immunoglobulins (RIG) are well-established. Rabies vaccines are 
believed to provide lifetime immunity, remaining effective even if 
neutralizing antibody titres decline [33]. The rabies vaccine is rec-
ommended for both PrEP and PEP, while RIG is highly recom-
mended for PEP [34]. Administration strategies and dosage 
depend on the intended use, adhering to guidelines from producers, 
the CDC, WHO, and local recommendations [35].

Several licensed inactivated virus vaccines are available for rabies, 
including human diploid cell vaccine (HDCV; Imovax Rabies and 
Rabivac), purified chick embryo cell vaccine (PCECV; RabAvert and 
Rabipur), purified vero cell rabies vaccine (PVRV; Verorab, Imovax- 
Rabies Vero, Rabivax-S, TRC Verorab), and purified duck embryo 
vaccine (Lyssavac N). PVRV and PCECV are commonly used in 
resource-limited countries due to their cost-effectiveness and similar 
safety and effectiveness to HDCV [36]. Rabies messenger RNA vac-
cines are currently being studied and have shown promise in early 
clinical trials [37].

Establishing an effective rabies vaccination strategy is of utmost 
importance in this region. This involves developing a comprehen-
sive national strategic plan with dedicated focal points and commit-
tees for overseeing vaccination preparation, implementation, 
monitoring, and evaluation. Individuals handling the virus or rabid 
animals are at high risk and should receive PrEP. PEP should be 
administered upon confirming rabies exposure [32]. If previously 
vaccinated individuals are exposed to rabies, a shortened course of 
PEP is recommended [35].

RIG, obtained from hyperimmunized human or equine donors, is 
a crucial component of the PEP regimen for rabies [38]. The rec-
ommended dose of hyperimmunized immunoglobulin is 20 inter-
national units per kilogram of body weight for individuals of all 
ages. Although PEP failures are extremely rare, deviations from 
the protocol, such as delays or improper administration, can lead 
to fatal outcomes [39]. It is noted that the PEP strategy is imple-
mented across the region, however, affordability challenges in coun-
tries like Yemen result in several human rabies cases each year.

Canine vaccination
Mass canine vaccination, using killed or attenuated vaccines, is es-
sential for wild and domestic carnivores in Oman, KSA, Iraq, and 
Jordan. However, success relies on a thorough understanding of 
local carnivore population and ecology. To maintain necessary 
herd immunity, it is recommended to schedule one to two vaccin-
ation campaigns annually, achieving at least 70% coverage. While 
parental vaccination remains the primary method, ORV has success-
fully controlled rabies, especially in wildlife and difficult-to-restrain 
stray dogs. ORV is vital for preventing disease spread and eliminat-
ing rabies when wildlife is the primary host [40]. Recombinant ra-
bies vaccines are available for veterinary use [1], but further research 
is necessary to compare their effectiveness with existing vaccines.

A successful ORV strategy necessitates consideration of species- 
specific factors, including total population, local ecosystem, rabies 
transmission dynamics, baiting methods, spatial distribution, tim-
ing, frequency, and bait abundance. However, ORV may not con-
sistently achieve high seroconversion rates due to challenges in 
delivery and immunology. This method relies on carnivores being 
attracted to the bait, consuming it, and properly depositing the vac-
cine onto their oral mucosa. As an alternative to ORV, a ‘trap- 

vaccinate-release’ approach using the parenteral route may be con-
sidered [32].

Carnivore population management
Eliminating rabies in this region requires addressing all carnivores, 
with population management through birth control, particularly 
sterilization, when conditions such as high vaccination coverage, 
cost-effectiveness, and ecological requirements are met. However, 
killing or depopulating carnivores is not recommended [32].

Control of cross-border movement
The international movement of animals poses a public health risk, 
facilitating the potential introduction, emergence, or re-emergence 
of rabies in new areas like Qatar, Bahrain, and Kuwait. Import 
regulations for mammals must adhere to WOAH standards, requir-
ing a valid international veterinary certificate of rabies vaccin-
ation [32].

Community education and practice
Successful vaccination and canine population management cam-
paigns depend on community education, awareness, engagement, 
and mobilization. In endemic areas, educating children about safe 
animal bite care is crucial. Public awareness is essential, particularly 
in emphasizing the high risk of rabies transmission from slaughter-
ing or consuming rabid or suspected animals [32].

Political willingness
Accurate and current data are pivotal for a comprehensive under-
standing and developing effective intervention strategies for rabies. 
Unfortunately, there is a noticeable dearth of data on rabies in 
countries in the region. Publishing governmental rabies records or 
reporting to WHO and WOAH may present sensitivities and require 
cross-ministerial approval, necessitating political commitment. 
Reporting human and animal rabies data as well as information 
on animal bites is critical for the WHO and WOAH. Without base-
line data, it is challenging to declare a country free of rabies 
definitively.

Multidisciplinary approach
Effectively controlling rabies at the human–animal interface neces-
sitates a multidisciplinary team. Standardized procedures for rabies 
surveillance and outbreak investigations, adherence to recom-
mended diagnostic protocols, and collaboration with national public 
health and animal health departments, as well as international 
organizations, like WOAH and WHO are essential [32].

Conclusion
This comprehensive review and expert opinion analyse the historical 
rabies landscape in the Arabian Peninsula. Though rabies is preva-
lent in Iraq, Jordan, Oman, and Yemen, documented cases suggest 
significant underreporting. The findings emphasize the urgent need 
for One Health surveillance using the SARE concept in the region, 
aiming for zero dog-related deaths by 2030 and improved public 
health outcomes. The Gulf-CDC and its partners should initiate a 
targeted project on risk assessment and rabies transmission dynam-
ics at the human–animal interface, particularly focusing on the 
human–fox interface.

Acknowledgements
The authors are thankful to the Qatar National Library for providing 
several inaccessible articles. The authors also acknowledge the 
experts, who provided their valuable inputs in this work.

i20 Islam et al. 
D

ow
nloaded from

 https://academ
ic.oup.com

/eurpub/article/35/Supplem
ent_1/i14/7951899 by Q

atar U
niversity user on 03 M

arch 2025



Authors contributions
M.M.I. and M.M.H: Conceptualization. M.M.I., P.D., D.B. and E.F.: 
methodology. M.M.I. and A.N.: formal analysis. M.M.I., A.N., and S. 
Z.: writing—original draft preparation. M.M.I., A.N., D.B., P.P.M., 
P.D., M.M.H., A.K., S.K., S.Z., and E.F.: writing—review and editing. 
M.M.I., D.B., M.M.H, A.N., S.Z., and P.P.M.: visualization. All 
authors have read and agreed to the final draft of the manuscript.

Supplementary data
Supplementary data are available at EURPUB online.

Conflict of interest: None declared.

Funding
None declared.

Data availability
All data were derived from publicly available sources and are 
included in the online supplementary material.

References
10 Singh R, Singh KP, Cherian S et al. Rabies—epidemiology, pathogenesis, public 

health concerns and advances in diagnosis and control: A comprehensive review. 
Vet Q 2017;37:212–51.

20 World Health Organization. Rabies. 2021. https://apps.who.int/neglected_diseases/ 
ntddata/rabies/rabies.html (2 October 2023, date last accessed).

30 Bales JD, Jr, Choudury AA, Oertley RE. Rabies in Eastern Saudi Arabia. Saudi 
Medical Journal 1982;3:195–201.

40 Kasem S, Hussein R, Al-Doweriej A et al. Rabies among animals in Saudi Arabia. 
J Infect Public Health 2019;12:445–7.

50 International Committee on Taxonomy of Viruses. Virus Taxonomy: 
Rhabdoviridae. Available online: https://ictv.global/report/chapter/rhabdoviridae/ 
rhabdoviridae/lyssavirus (21 October 2023, date last accessed).

60 Horta M, Ledesma L, Moura W et al. From dogs to bats: concerns regarding 
vampire bat-borne rabies in Brazil. PLoS Negl Trop Dis 2022;16:e0010160.

70 World Health Organization. Rabies in the South-East Asia Region. 2023. https://www. 
who.int/southeastasia/health-topics/rabies (11 October 2023, date last accessed).

80 Lumen. World Regional Geography. Chapter 8: North Africa and Southwest Asia. 
2023. https://courses.lumenlearning.com/atd-herkimer-worldgeography/chapter/8- 
5-arabs-islam-and-oil/ (20 January 2024, date last accessed).

90 Global Alliance for Rabies Control. Networks. 2023. https://rabiesalliance.org/net 
works#partners-for-rabies-prevention (8 October 2023, date last accessed).

10 Moher D, Liberati A, Tetzlaff J, PRISMA Group et al. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med 2009; 
6:e1000097.

11 Arab News. Rabies Expected to be Totally Under Control by 2030 in Saudi Arabia. 
2017. https://www.arabnews.com/node/1171346/saudi-arabia (15 January 2024, 
date last accessed).

12 Kovessy P. Ministry of Environment Revives Plans for Qatar Animal Rescue Shelter: 
Doha News. 2015. https://dohanews.co/ministry-of-environment-revives-plans-for- 
qatar-animal-rescue-shelter/ (15 January 2024, date last accessed).

13 Saudi Gazette. Stray Dogs Unleash a Reign of Terror in Neighborhoods. 2016. https:// 
saudigazette.com.sa/article/162068 (28 December 2023, date last accessed).

14 World Veterinary Association. Fear of Mass Rabies Outbreak in Europe due to War 
in Ukraine. 2023. https://worldvet.org/news/fear-of-mass-rabies-outbreak-in-eur 
ope-due-to-war-in-ukraine/ (8 October 2023, date last accessed).

15 Novelli VM, Malankar P. Epizootic of fox rabies in the Sultanate of Oman. Trans R 
Soc Trop Med Hyg 1991;85:543.

16 Al-Shamahy HA, Sunhope A, Al-Moyed KA. Prevalence of rabies in various species 
in Yemen and risk factors contributing to the spread of the disease. Sultan Qaboos 
Univ Med J 2013;13:404–10.

17 Memish ZA, Assiri AM, Gautret P. Rabies in Saudi Arabia: a need for epidemio-
logical data. Int J Infect Dis 2015;34:e99–101.

18 Al Abaidani I, Al Abri S, Prakash KP et al. Epidemiology of rabies in Oman: a 
retrospective study (1991–2013). Easter Mediterr Health J 2015;21:591–7.

19 Horton DL, Ismail MZ, Siryan ES et al. Rabies in Iraq: trends in human cases 2001- 
2010 and characterisation of animal rabies strains from Baghdad. PLoS Negl Trop 
Dis 2013;7:E2075.

20 Ismail MZ, AL- Hamdi NK, AL- Amery AN et al. Quantifying and mapping the 
burden of human and animal rabies in Iraq. PLoS Negl Trop Dis 2020;14:E0008622.

21 Gautret P, Al-Abri S, Al-Rawahi B et al. Human rabies importation to the Middle 
East: an emerging threat? Int J Infect Dis 2021;102:335–6.

22 Oude Munnink BB, Farag EABA, GeurtsvanKessel C et al. First molecular analysis 
of rabies virus in Qatar and clinical cases imported into Qatar, a case report. 
International Journal of Infectious Diseases 2020;96:323–6.

23 Carrara P, Parola P, Brouqui P et al. Imported human rabies cases worldwide, 1990- 
2012. PLoS Negl Trop Dis 2013;7:e2209.

24 Horton DL, McElhinney LM, Freuling CM et al. Complex epidemiology of a zoo-
notic disease in a culturally diverse region: phylogeography of rabies virus in the 
Middle East. PLoS Negl Trop Dis 2015;9:e0003569.

25 Al-Qudah KM, Al-Rawashdeh OF, Abdul-Majeed M et al. An epidemiological in-
vestigation of rabies in Jordan. Acta Veterinaria 1997;47:129–34.

26 World Health Organization. Wildlife rabies in Oman and the United Arab 
Emirates. Relev�e �Epid�emiologique Hebdomadaire/Section D’hygi�ene du Secr�etariat de 
la Soci�et�e Des Nations ¼ Weekly Epidemiological Record/Health Section of the 
Secretariat of the League of Nations 1992;67:65–8.

27 Abdulmoghni RT, Al-Ward AH, Al-Moayed KA et al. Incidence, trend, and mor-
tality of human exposure to rabies in Yemen, 2011-2017: observational study. JMIR 
Public Health Surveill 2021;7:E27623.

28 Saeed B, Al-Mousawi M. Rabies acquired through kidney transplantation in a child: 
a case report. Exp Clin Transplant 2017;15:355–7.

29 Scrimgeour EM, Mehta FR. Rabies in Oman: failed postexposure vaccination in a 
lactating woman bitten by a fox. Int J Infect Dis 2001;5:160–2.

30 Shite A, Guadu T, Admassu B. Challenges of Rabies. International Journal of Basic 
and Applied Virology 2015;4:41–52.

31 Astorga F, Escobar LE, Poo-Mu~noz DA et al. Dog ownership, abundance and po-
tential for bat-borne rabies spillover in Chile. Prev Vet Med 2015;118:397–405.

32 World Health Organization. WHO Expert Consultation on Rabies: Third Report. 
Geneva: World Health Organization; 2018.

33 Brown D, Featherstone JJ, Fooks AR et al. Intradermal pre-exposure rabies vaccine 
elicits long lasting immunity. Vaccine 2008;26:3909–12.

34 Yuan F, Iso T, Rizk E et al. Implementation of clinical decision support on emer-
gency department delivery of human rabies immune globulin. JAMA Netw Open 
2022;5: E 2216631.

Key points 

• Significant underreporting of rabies cases in the Arabian 
Peninsula limits the effectiveness of current control efforts. 

• There is scepticism among experts regarding the accuracy of 
rabies reports in journals. 

• To address rabies in the region, it is essential to adopt a One 
Health approach that incorporates the Stepwise Approach 
towards Rabies Elimination. 

• Implementing robust surveillance systems and targeted public 
health interventions is necessary to achieve the 2030 goal of 
zero dog-mediated human rabies deaths. 

• Strengthening cooperation among Gulf-CDC and regional 
partners will facilitate risk assessment and targeted strategies 
at the human–animal interface, across the Arabian Peninsula. 

Epidemiology, transmission dynamics, risk factors, and future directions of rabies i21 
D

ow
nloaded from

 https://academ
ic.oup.com

/eurpub/article/35/Supplem
ent_1/i14/7951899 by Q

atar U
niversity user on 03 M

arch 2025

https://academic.oup.com/eurpub/article-lookup/doi/10.1093/eurpub/ckae164#supplementary-data
https://apps.who.int/neglected_diseases/ntddata/rabies/rabies.html
https://apps.who.int/neglected_diseases/ntddata/rabies/rabies.html
https://ictv.global/report/chapter/rhabdoviridae/rhabdoviridae/lyssavirus
https://ictv.global/report/chapter/rhabdoviridae/rhabdoviridae/lyssavirus
https://www.who.int/southeastasia/health-topics/rabies
https://www.who.int/southeastasia/health-topics/rabies
https://courses.lumenlearning.com/atd-herkimer-worldgeography/chapter/8-5-arabs-islam-and-oil/
https://courses.lumenlearning.com/atd-herkimer-worldgeography/chapter/8-5-arabs-islam-and-oil/
https://rabiesalliance.org/networks#partners-for-rabies-prevention
https://rabiesalliance.org/networks#partners-for-rabies-prevention
https://www.arabnews.com/node/1171346/saudi-arabia
https://dohanews.co/ministry-of-environment-revives-plans-for-qatar-animal-rescue-shelter/
https://dohanews.co/ministry-of-environment-revives-plans-for-qatar-animal-rescue-shelter/
https://saudigazette.com.sa/article/162068
https://saudigazette.com.sa/article/162068
https://worldvet.org/news/fear-of-mass-rabies-outbreak-in-europe-due-to-war-in-ukraine/
https://worldvet.org/news/fear-of-mass-rabies-outbreak-in-europe-due-to-war-in-ukraine/


35 World Health Organization. WHO Guide for Rabies Pre and Post Exposure 
Prophylaxis in Humans. 2014. https://www.who.int/docs/default-source/searo/ 
india/health-topic-pdf/pep-prophylaxis-guideline-15-12-2014.pdf?sfvrsn= 
8619bec3_2 (16 October 2023, date last accessed).

36 Natesan K, Isloor S, Vinayagamurthy B et al. Developments in rabies vaccines: the 
path traversed from pasteur to the modern era of immunization. Vaccines (Basel) 
2023;11:756.

37 Alberer M, Gnad-Vogt U, Hong HS et al. Safety and immunogenicity of a mRNA 
rabies vaccine in healthy adults: an open-label, non-randomised, prospective, first- 
in-human phase 1 clinical trial. Lancet 2017;390:1511–20.

38 Haradanhalli RS, Fotedar N, Kumari N et al. Safety and clinical efficacy of human 
rabies immunoglobulin in post exposure prophylaxis for category III animal 
exposures. Hum Vaccin Immunother 2022;18:2081024.

39 Wilde H. Failures of post-exposure rabies prophylaxis. Vaccine 2007; 
25:7605–9.

40 Bobe K, Ortmann S, Kaiser C et al. Efficacy of oral rabies vaccine baits containing 
SPBN GASGAS in domestic dogs according to international standards. Vaccines 
(Basel) 2023;11:307.

© The Author(s) 2025. Published by Oxford University Press on behalf of the European Public Health Association.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted 
reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
European Journal of Public Health, 2025, 35, 14–22
https://doi.org/10.1093/eurpub/ckae164
Zoonotic Diseases Supplement

i22 Islam et al. 
D

ow
nloaded from

 https://academ
ic.oup.com

/eurpub/article/35/Supplem
ent_1/i14/7951899 by Q

atar U
niversity user on 03 M

arch 2025

https://www.who.int/docs/default-source/searo/india/health-topic-pdf/pep-prophylaxis-guideline-15-12-2014.pdf?sfvrsn=8619bec3_2
https://www.who.int/docs/default-source/searo/india/health-topic-pdf/pep-prophylaxis-guideline-15-12-2014.pdf?sfvrsn=8619bec3_2
https://www.who.int/docs/default-source/searo/india/health-topic-pdf/pep-prophylaxis-guideline-15-12-2014.pdf?sfvrsn=8619bec3_2

	Active Content List
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	Authors contributions
	Supplementary data
	Funding
	Data availability
	References


