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ing and analyzing data on its occurrence and applying laboratory confirmation. ublished: Mareh 25

Materials and Methods: During 2010-2022, data on the occurrence of rabies in camels, reported

outbreaks, the number affected, seasonal occurrence, and outbreak management were collected By

and statistically analyzed. Data was collected from the Ministry of Animal Resources and Fisheries © The authors. This is an Open Access article
in Sudan. distributed under the terms of the Creative

Commons Attribution 4.0 License (http://

Results: During the study period, 11 outbreaks resulted in 24 clinically suspected cases of rabies creativecommons.org/licenses/by/4.0)

in camels. The highest percentage (29.2%) was in 2021. Within localities, the highest occurrence

rate (58.3%) was observed in Darfur State in Western Sudan. The majority of rabies outbreaks How to cite this article A

(62 S'V) o] Gl ulh=Sarmg b The logisti . del g 25.1% Saeed IK, Ali YH, Mohieddeen TAG, Abdellatif
.5%) were reported during July—September. The logistic regression model revealed a 25.1% MM, Mohammed BAAA, Eleragi AMA,

annual decline in rabies infection risk, with a notable increase in 2021, while increases of 137.4% Ataalfadeel HMA, Elsheikh SYS. Epidemiology

linked to seasonal effects and 69% linked to geographical location were observed. Most of the ‘;;('i;ffzsl'f;;;‘“els'JAdV"etA”'m Res 2026;

affected camels (71%) died, the rest were destroyed, and vaccination covered the vast majority of ' '

in-contact animals. doi

Conclusions: Rabies in camels was found to occur across different localities, with the highest 10.5455/javar.2026.m1025

figures in 2021 and peaks during July—September.
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1. Introduction

The dromedary camel (Camelus dromedarius) is a species of significant economic impact; it is mainly raised in desert
and semi-arid regions of Northern and Eastern Africa, Asia, and South America [1]. The estimated worldwide camel popu-
lation was about 35 million; it was recently estimated at 40 million, with the majority in Africa and the Middle East [2].
Camels are used for milk, meat production, and riding [3]. Camels, like other livestock species, are known to be susceptible
to infectious diseases with relative resistance to some infections [4].

Rabies is caused by a single-stranded, enveloped RNA virus classified in the Lyssavirus genus of the family Rhabdoviridae
[5]- Rabies has been reported in camels in several African countries, including Ethiopia [6, 7], Tunisia [8], Niger [9], and
Sudan [10-13]. A recent review highlighted camel rabies in Sudan, Mauritania, Morocco, Nigeria, and Niger [14]. The
disease in camels has been reported in various Asian countries, including China [15, 16], Mongolia [17], India [18], Oman
[19-21], Saudi Arabia [22], Jordan [10], Iran [23], and the Arabian Peninsula [24]. Khalafalla [14] reviewed camel rabies
cases reported in Saudi Arabia, the UAE, Qatar, Oman, India, China, Iran, and Kazakhstan. The disease was also reported
in camelids in South America [25].

In Sudan, the estimated camel population in 2019 was 4,895,000, most of which are kept in Western, Eastern, and
Central Sudan [26]. The nomadic nature of most camel breeders and their continuous movement with their animals
increased contact with other animal species, thereby spreading infectious diseases, including rabies. In this study, the
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epidemiology of rabies in camels in Sudan was investigated through the collection and analysis of data on reported rabies
cases, as well as through laboratory testing of collected brain samples to identify the virus.

2. Materials and Methods

2.1. Ethical approval

This is an epidemiological study based on the collection and analysis of data on rabies occurrences. Brain samples
were collected from camels that died of the disease and sent for routine laboratory diagnosis; no contact with live animals
was adopted. The study was approved by the Local Committee of Bioethics (CVRL/2010/03) at the Veterinary Research
Laboratory in Khartoum, Sudan.

2.2. Data collection

This work was conducted in the Rabies Unit, Central Veterinary Research Laboratory, Khartoum, Sudan. This unit is
concerned with the laboratory diagnosis and research on rabies, including the collection of samples and data on rabies
occurrence from the monthly and annual reports of the Animal Health Sector. Data concerning camel rabies outbreaks in
Sudan between 2010 and 2022 were provided during January 2023 by the Animal Health Sector of the Ministry of Animal
Resources and Fisheries. The details include the number of reported suspected rabid camels based on a history of animal
bites preceding the obvious clinical signs, mostly nervous signs. Data also included year, season, state, vaccination, and the
decisions made by owners and veterinary authorities.

2.3. Statistical analysis
The variables were noted, categorized, and documented in Microsoft Excel. It was opened with IBM’s SPSS® Version 27.
Descriptive and analytical statistics were utilized to describe data.

2.4. Logistic regression analysis
Binary logistic regression was employed to identify the best-fitting model for estimating the association between
suspected rabid camels and the variables under investigation.

2.5. Model coefficients

The Omnibus test was employed to evaluate the model’s fitness; the likelihood ratio, which follows a chi-square dis-
tribution, was used. The null hypothesis, that the model’s predictions precisely match observed group membership, was
tested using the Hosmer-Lemeshow test. By contrasting the observed frequencies with those predicted by the linear
model, a chi-square statistic was generated. p < 0.05 was the threshold for statistical significance, and the analyses had a
95% confidence level.

2.6. Laboratory diagnosis
2.6.1. Collection of samples

Following standard precautions, brain tissues were collected aseptically from clinically suspected camels (n = 4) and
transported on ice to the Rabies Unit at the Central Veterinary Research Laboratory, Khartoum, for virus identification.
Unfortunately, most of the reported cases were in remote areas where it was not possible to collect and send samples for
laboratory confirmation.

2.6.2. Fluorescent antibody technique (FAT)
Brain samples (n = 4) were examined for rabies antigen detection using the fluorescent antibody test (FAT), as
described previously [27].

2.7. RT-PCR
2.7.1. Viral RNA extraction

Total RNA was extracted from brain tissues of clinically suspected camels and healthy, non-infected mice as a nega-
tive control. TRIzol kits were used according to the manufacturer’s instructions (Thermo Fisher Scientific Inc., 81 Wyman
Street, Waltham, MA 02451).

2.7.2. Synthesis of cDNA
Using the Transcriptor First Strand cDNA Synthesis Kit (Roche, Inc.) and the provided protocol, the cDNA was pro-
duced. Briefly, 5 ul of RNA was mixed with 1 pl random hexanucleotide primers (600 pmol/pl), 0.5 pl RNase inhibitor
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(40 U/ul), 4 pl 5x reaction buffer (8 mM MgCl,), 5 ul reverse transcriptase (20 U/pl), 2 pl 10 Mm dNTP mix, and 7 pl
nuclease-free water.

2.7.3. cDNA Amplification

The amplification of cDNA (5 ul) was done as described by Heaton et al. [28]. In brief, the reaction mix (50 ul) was
prepared as follows: PCR buffer containing 200 mM dNTP, 1.5 mM MgCl,, 0.5 U of Taq polymerase (Invitrogen), and 2.5
pmol of each primer (JW10; GTC ATT AGA GTA TGG TGT TC and JW12; ATG TAA CAC CCC TAC AAT TG). Cycling was run as
follows: heating at 95°C for 10 min, cycling for five times at 95°C for 90 sec, 45°C for 90 sec, 50°C for 20 sec, and 72°C for
90 sec, then 25 times at 95°C for 30 sec, 45°C for 60 sec, 50°C for 20 sec, and 72°C for 60 sec. A final cycle of 95°C for 30
sec, 45°C for 90 sec, and 50°C for 20 sec, with a final extension at 72°C for 10 min. Ethidium bromide-stained gel electro-
phoresis was performed to visualize the expected bands (~586 bp).

3. Results

3.1. Occurrence of camel rabies

A total of 24 suspected rabies cases in camels were reported in 11 outbreaks between 2010 and 2022. The highest
occurrence rate (58.3%) was observed in Darfur State in Western Sudan. Over the study period, the highest overall occur-
rence rate (29.2%) was observed in 2021 (Tables 1-3 and Figures 1, 2).

3.2. Seasonal occurrence of rabies
Most of the overall rabies outbreaks (62.5%) during the study period were reported during July-September, then
during April-June (20.8%); similar findings were noted in the three states (Tables 1-3 and Figures 1, 2).

3.3. Multivariate analysis

The p-value is 0.047, and the chi-square value is 24.252, indicating the significance of the model as confirmed by the
Omnibus test. Hosmer-Lemeshow tests the null hypothesis that the model’s predictions match exactly the observed group
memberships, comparing the observed frequencies with those predicted by the linear model.

3.3.1. Logistic regression model
The analysis showed that we can fit the logistic regression model as:
In(odds)=574.720 + 0.525 x state + 0.865 x season —0.288 x year

Wald statistics indicate that season (p-value = 0.016), state (p-value = 0.009), and year (p-value = 0.003) are signifi-
cant variables. Logistic regression analysis demonstrated a 25.1% annual reduction in the probability of rabies infection,
despite an increase in 2021. The risk of contracting rabies rises by 137.4% by season and by 69% by state (Table 4).

Table 1. Cross-tabulations of camels showing signs of rabies according to year.

Year 2010 2012 2013 2014 2019 2021 2022 Total

Count 6 3 1 4 2 7 1 24
% 25.0 12.5 4.2 16.7 8.3 29.2 4.2 100

Table 2. Cross-tabulations of camels showing signs of rabies according to season.

Season January — March April = June July — September Total
Count 4 5 15 24
% 16.7 20.8 62.5 100

Table 3. Cross-tabulations of camels showing signs of rabies according to state.

State River Nile Kordofan Darfur Total
Count 7 3 14 24
% 29.2 12.5 58.3 100.0
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Figure 1. Camels showing signs of rabies (A), according to year (B), Season (C), and state (D).
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Figure 2. Rabies suspected camels according to state per year (A), and season (B).

Table 4. Statistical significance of variables included in the fitted model for the
prevalence of camel rabies.

Variable B S.E. Wald d/ Sig. Exp(B) 95% C.l. for EXP(B)

Lower Upper
Year —-0.288 0.097 8.873 1 0.003 0.749 0.620  0.906
Season 0.865 0.359 5793 1 0.016 2374 1.174  4.801
State 0.525 0.201 6.805 1 0.009 1.690 1.139 2.507
Constant  574.720 194.007 8.776 1 0.003  3.960E + 249

S.E., standard error; d.

'

degree of freedom; Sig., significance; C.1., confidence interval.

Table 5. Cross tabulations of destruction and vaccination taken by authorities.

Parameters Died/ Destroyed Vaccination
Died Destroyed Vaccinated Not vaccinated

In-contact Count 537 0 530 7

% 100.0 0.0 98.7 1.3
Rabid Count 17 7 0 24

% 70.8 29.2 0 100.0
Total Count 554 7 530 31

% 98.8 1.2 94.5 5.5

3.4. Management of rabies outbreaks

After exhibiting serious clinical signs of rabies, 70.8% of camels died naturally, while 29.2% of those that were still
alive were condemned by their owners or veterinary authorities. Throughout the study period, 576 camels received
rabies vaccinations, with the majority (436) administered in River Nile State. Contact animals received rabies vaccina-
tions at varying coverage rates. All animals in contact with the disease were vaccinated from 2010 to 2014 in all reported
outbreaks, except one in River Nile State. However, no camels received vaccinations between 2015 and 2022 (Table 5).

3.5. Laboratory diagnosis
3.5.1. Fat

All samples tested (n = 4) were positive for rabies virus antigen using FAT.
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Figure 3. Ethidium bromide-stained agarose gel, Lane M: 100bp DNA
ladder, Lane 1 to 4: camel brain samples, Lane 5: negative control.
The amplicon is 586 bp.

3.5.2. RT-PCR
All brain tissue examined (n = 4) produced amplicons of the expected size (~ 586 bp). Using negative control as a
template, no amplification product was visualized (Figure 3).

4. Discussion

Rabies in camels has been reported in different countries, including China [16], Niger [9], and Mongolia [17, 29].
In the current investigation, between 2010 and 2022, 24 camels were reported as rabies suspects based on a history of
animal bites and obvious rabies clinical signs in Sudan during 11 outbreaks. The Wald test indicated a significant associa-
tion between the year and rabies infection, most likely linked to the control measures adopted. This is considered low
compared to previously reported figures, where during 1996-2003, a total of 43 rabies-suspected camels were reported:
5 in Khartoum, 3 in Kordofan, 21 in River Nile, and 14 in Darfur [30]. In other reports, 79 cases were reported between
1992 and 2002 [11], 60 camel rabies suspects between 2003 and 2007 [12], and 11 cases between 2007 and 2010 [21,
31]. These considerably low reported cases most likely do not reflect the actual situation due to under-reporting, as noted
in most published works in Sudan [32]. Within states, as noted in previous reports [11, 12, 30], most cases were reported
in River Nile, Darfur, and Kordofan states, as expected. Darfur and Kordofan are the main areas of camel rearing, and the
River Nile is a considerably smaller area where veterinary services are more accessible, facilitating the reporting of animal
diseases. State was found to be a significant factor in the occurrence of rabies. The occurrence of camel rabies reported
in this study is lower than previous reports in Sudan and Saudi Arabia, where, during 2010-2017, 34 cases (85%) were
confirmed in camels [33]. However, our results are much higher than those reported in different countries. In Morocco,
during 1951-2015, camel rabies cases accounted for only 0.3% of the total reported cases [34]. During 2012-2018, only 2
rabies cases were reported in Tunisia [8]. This could be attributed to the much higher camel population in Sudan. In Saudi
Arabia, in Qasim, a questionnaire among 48 camel herdsmen with about 4000 animals found a camel rabies incidence of
about 0.2% [22]. During 2005-2010, only 5 camel rabies cases have been recorded [35]. In Ethiopia, during 2018-2022,
only 14 cases with 5 deaths were reported [6]. In Latin America, during 2009-2018, 11 rabies cases were reported in
South American camelids [25].

The present study revealed a significant relationship between season and rabies outbreaks. Rabies in camels showed
some seasonality; most cases were reported during July-September, which coincides with the association of rabies out-
breaks with the mating seasons of dogs, which are usually reared with camel herds. The same observation was noticed
recently in Sudan [32]. This observation was highlighted in different countries. In South Africa, the peak of rabies cases
occurred during July-September [36]. A higher incidence of rabies cases was observed in spring and summer in China
[16] and in Ethiopia [37]. Meanwhile, it was noticed to peak in spring and autumn in Morocco [34]. In Oman, during
2017-2019, rabies incidence peaked in April, with the lowest positivity in October [19].

In this study, only 4 camel brain samples were examined, all of which yielded positive results (100%). This is most
likely due to the sending of brain samples from animals showing obvious rabies clinical signs. Most reported outbreaks
were in remote areas, which explains the small number of samples tested. This underscores the need for either the avail-
ability of laboratory diagnosis in these areas or for improved tools for collecting and dispatching samples. Similarly, the
high percentage of positivity noticed in this work was reported in Iran and China [15, 38]; however, in China also, camels
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accounted for 4% of laboratory-confirmed cases during 2010-2020 [16], and in Oman 49% of tested camel brains were
rabies positive [21]; during 2006-2013, it was 60% [39]. However, higher positivity (86%) was reported more recently
[19]. In Mongolia, 39% of tested camel brain samples were positive [17]. These variable results may be due to the stage of
the disease and/or the variable sensitivity of the used techniques.

In response to rabies outbreaks in camels, it was noted that most camels (71%) that showed clinical signs died; the
rest were destroyed by owners and/or veterinary authorities. The same management system was practiced in different
countries; in Saudi Arabia, rabid camels were either isolated from the herd in the desert and left to die or destroyed [22].

Vaccination of in-contact camels was practiced in the vast majority of reported outbreaks during the study period,
most of which were in River Nile State. During 2010-2014, in all reported outbreaks but one in River Nile State, vaccina-
tion coverage exceeded that of all in-contact animals. Between 2015 and 2022, this explains the spread of infection during
this period. Administration of rabies vaccine to camels is not widely practiced; recently, trials to improve its vaccination
are ongoing [40, 41].

5. Conclusions

Based on the results of this study, it was concluded that rabies is present in camels. The analysis revealed that year,
season, and locality are significant determinants of rabies occurrence. Rabies occurrence was reported at a lower rate
than previously reported; nonetheless, a comprehensive and detailed follow-up for the disease is needed.

List of abbreviations: FAT, fluorescent antibody technique; RNA, ribonucleic acid; cDNA, complementary deoxyribonu-
cleic acid; RT-PCR, reverse transcriptase polymerase chain reaction; bp, base pair; sec, seconds; pul, microliter; pmol/pl,
picomoles per microliter; U/pl, units per microliter; min, minutes.

Data availability: The data presented in this study are available from the corresponding author upon reasonable request.

Recommendations: Due to the under-reporting of animal diseases generally and rabies in particular, thorough inves-
tigations, including surveillance, epidemiology, and molecular studies, are highly recommended. Massive annual rabies
vaccination programs for dogs, cats, and animals in contact in different areas of Sudan are highly recommended to control
this serious disease.

Acknowledgment: The authors extend their appreciation to the Deanship of Scientific Research at Northern Border
University, Arar, KSA, for funding this research work through the project number “NBU-FFR-2026-102-01.

Conflicts of interest: The authors declare that they have no financial or personal conflicts of interest that could have
influenced the outcomes of this study.

Author contributions: All authors contributed to the study design, data collection, and data analysis. TAG, BAAM, IKS,
and AYSE conducted sample testing. MMA and HMAA performed the statistical analysis. YHA supervised the study and
prepared the manuscript. All authors read and approved the final version of the manuscript.

References

[1] Gharban HA. Skin diseases in dromedary camels. Journal La Lifesci 2024; 5(3):206-17. [Crossref]

[2] Faye B. How many large camelids in the world? A synthetic analysis of the world camel demographic changes. Pastoralism 2020; 10:25. [Crossref]
[3] Ghazali MH, Bakhsh M, Zainab U, Faraz A, Munir MU, Channo A, et al. Camel meat production, consumption and nutritive value: Present status

and future prospects. Int ] Camel Sci 2023; 5:123-36.

[4] Eckstein S, Ehmann R, Gritli A, Rhaiem MB, Yahia HB, Diehl M, et al. Viral and bacterial zoonotic agents in dromedary camels from Southern
Tunisia: A seroprevalence study. Microorganisms 2022; 10(4):727. [Crossref]

[5] Kumar A, Bhatt S, Kumar A, Rana T. Canine rabies: An epidemiological significance, pathogenesis, diagnosis, prevention, and public health issues.
Comp Immunol Microbiol Infect Dis 2023; 97:101992. [Crossref]

[6] Asfaw GB, Abagero A, Addissie A, Yalew AW, Watere SH, Desta GB, et al. Epidemiology of suspected rabies cases in Ethiopia: 2018-2022. One
Health Adv 2024; 2:3. [Crossref]

[7] Regassa BT, Tosisa W, Eshetu D, Mulu A, Hundie GB. Incidence, risk factors, and control of Rabies in Ethiopia: A systematic review and meta-
analysis. PLoS Negl Trop Dis 2025; 19(3):e0012874. [Crossref]
[8] Kalthoum S, Guesmi K, Gharbi R, Baccar MN, Seghaier C, Zrelli M, et al. Temporal and spatial distributions of animal and human rabies cases

during 2012 and 2018, in Tunisia. Vet Med Sci 2021; 7(3):686-96. [Crossref]
[9] Bloch N, Diallo I. A probable outbreak of rabies in a group of camels in Niger. Vet Microbiol 1995; 46(1-3):281-3. [Crossref]
[10]  Abbas B, Omer O. Review of infectious diseases of the camel. Vet Bull 2005; 75(8):1-16.
[11]  AliY, Intisar K, Wegdan H, Ali E. Epidemiology of rabies in Sudan. ] Anim Vet Adv 2006; 5(3):266-70.
[12]  AliY, Intisar K. Epidemiology of rabies in Sudan (2003-2007). ] Vet Sci Anim Husb 2009; 48:104-11.

www.bdvets.org/javar Saeed et al. J Adv Vet Anim Res, 13(1): 226-227, March 2026 226


http://www.bdvets.org/javar
https://doi.org/10.37899/journallalifesci.v5i3.1256
https://doi.org/10.1186/s13570-020-00176-z
https://doi.org/10.3390/microorganisms10040727
https://doi.org/10.1016/j.cimid.2023.101992
https://doi.org/10.1186/s44280-023-00036-6
https://doi.org/10.1371/journal.pntd.0012874
https://doi.org/10.1002/vms3.438
https://doi.org/10.1016/0378-1135(95)00092-o

[13]

[14]
[15]

[16]
[17]
(18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]

[35]
[36]

[37]
(38]
[39]
[40]

[41]

Ahmed BA, Ali YH, Ahmed O, Elmagboul S, Ballal A. Detection of rabies in camel, goat and cattle in Sudan using Fluorescent antibody test (FAT)
and hemi nested Polymerase Chain Reaction (hnRT-PCR). ] Adv Vet Anim Res 2016; 3(3):274-7. [Crossref]

Khalafalla A. Camel papillomatosis. In: Infectious Diseases of Dromedary Camels. Springer, Cham, Switzerland, pp. 43-52, 2021. [Crossref]

Liu Y, Zhang HP, Zhang SF, Wang JX, Zhou HN, Zhang F, et al. Rabies outbreaks and vaccination in domestic camels and cattle in Northwest China.
PLoS Negl Trop Dis 2016; 10(9):e0004890. [Crossref]

Feng Y, Ma ], Sun S, Chi L, Kou Z, Tu C. Epidemiology of animal rabies—China, 2010-2020. China CDC Wkly 2021; 3(39):815. [Crossref]
Odontsetseg N, Uuganbayar D, Tserendorj S, Adiyasuren Z. Animal and human rabies in Mongolia. Sci Tech Rev 2005; 28(3):995-1003. [Crossref]
Mishra R, Chander V, Nandi S, Sharma GK, Mahajan S, Singh KP, et al. Phylogenetic analysis of rabies virus strain of camel origin revealed
cosmopolitan cluster in India. Pharma Innovation 2023; 12:945-9. [Crossref]

El-Neweshy MS, Al Mayahi N, Al Mamari W, Al Rashdi Z, Al Mawly JH. Animal rabies situation in Sultanate of Oman (2017-2019). Trop Anim
Health Prod 2020; 52:3069-76. [Crossref]

Ali H, Ali A, Al Mawly ], Tohamy HG, El-Neweshy MS. Molecular characterization of rabies virus from wild and domestic animals in the Sultanate
of Oman. Zoonoses Public Health 2024; 71(7):836-43. [Crossref]

Ahmed MS, Body MH, El-Neweshy MS, Alrawahi AH, Al-Abdawani M, Eltahir HA, et al. Molecular characterization and diagnostic investigations
of rabies encephalitis in camels (Camelus dromedaries) in Oman: A retrospective study. Trop Anim Health Prod 2020; 52:2163-8. [Crossref]
Al-Dubaib M. Rabies in camels at Qassim region of central Saudi Arabia. ] Camel Pract Res 2007; 14(2):101-3.

Mohammadpour R, Champour M, Tuteja F, Mostafavi E. Zoonotic implications of camel diseases in Iran. Vet Med Sci 2020; 6(3):359-81. [Crossref]
Islam MM, Naeem A, Mshelbwala PP, Dutta P, Hassan MM, K. Elfadl A, et al. Epidemiology, transmission dynamics, risk factors, and future
directions of rabies in the Arabian Peninsula using one health approach: A review. Eur ] Public Health 2025; 35(5S1):i114-22. [Crossref]

Meske M, Fanelli A, Rocha F, Awada L, Soto PC, Mapitse N, et al. Evolution of rabies in South America and inter-species dynamics (2009-2018).
Trop Med Infect Dis 2021; 6(2):98. [Crossref]

ANON. Annual reports of Ministry of Animal Resources and Fisheries, Khartoum, Sudan. Ministry of Animal Resources and Fisheries, Khartoum,
Sudan. 2020.

Dean DJ, Abelseth MK. Laboratory techniques in rabies. 3rd ed. In: Kaplan MM, Koprowski H, editors. World Health Organization, Geneva,
Switzerland, pp.73-8, 1973.

Heaton PR, Johnstone P, McElhinney LM, Cowley R, O’Sullivan E, Whitby JE. Heminested PCR assay for detection of six genotypes of rabies and
rabies-related viruses. ] Clin Microbiol 1997; 35(11):2762-6. [Crossref]

Nurumal SR, Mansor |, Ghazali M, Pakhurdin NAM, Atil A, Jeffree MS, et al. Animal rabies: A systematic review. Mal ] Public Health Med 2022;
22(3):145-52. [Crossref]

Ali YH, Saeed IK, Zakia A. Camel rabies in Sudan. Sudan J Vet Sci Anim Husb 2004; 43:231-4.

Baraa A, Ali Y, Balal A, ElImagboul S. Assessment of rabies situation in Sudan during 2007-2010. Sudan ] Vet Sci Anim Husb 2012; 51:19-31.

Ali YH, Mohieddeen TA, Abdellatif MM, Ahmed BM, Saeed IK, Attaalfadeel HM, et al. Rabies in equids in Sudan. Onderstepoort ] Vet Res 2024;
91(1):2181. [Crossref]

Kasem S, Hussein R, Al-Doweriej A, Qasim I, Abu-Obeida A, Almulhim I, et al. Rabies among animals in Saudi Arabia. ] Infect Public Health 2019;
12(3):445-7. [Crossref]

Darkaoui S, Cliquet F, Wasniewski M, Robardet E, Aboulfidaa N, Bouslikhane M, et al. A century spent combating rabies in Morocco (1911-2015):
How much longer? Front Vet Sci 2017; 4:78. [Crossref]

Memish ZA, Assiri AM, Gautret P. Rabies in Saudi Arabia: A need for epidemiological data. Int ] Infect Dis 2015; 34:99-101. [Crossref]

Mogano K, Sabeta CT, Suzuki T, Makita K, Chirima GJ. Patterns of animal rabies prevalence in Northern South Africa between 1998 and 2022.
Trop Med Infect Dis 2024; 9(1):27. [Crossref]

Wakgari M, Getachew G, Van't Klooster G, Tewolde N, Kivaria F, Bebay C. Participatory epidemiological study on the burden of rabies in animals
and humans in three districts of Buno Bedele Zone, West Ethiopia. Ethiop Vet ] 2022; 26(2):93-106. [Crossref]

Kavoosian S, Behzadi R, Asouri M, Ahmadi AA, Nasirikenari M, Salehi A. Comparison of rabies cases received by the Shomal Pasteur Institute in
Northern Iran: A 2-year study. Glob Health Epidemiol Genom 2023; 2023(1):3492601. [Crossref]

Al Abaidani I, Al Abri S, Prakash K, Hussain MH, Hussain MH, Al Rawahi AH. Epidemiology of rabies in Oman: A retrospective study (1991-2013).
East Mediterr Health ] 2015; 21(8):591-7. [Crossref]

Chi H, Wang Y, Li E, Wang X, Wang H, Jin H, et al. Inactivated rabies virus vectored MERS-coronavirus vaccine induces protective immunity in
mice, camels, and alpacas. Front Immunol 2022; 13:823949. [Crossref]

LiY, Zhou H, Li Q, Duan X, Liu F. Rabies virus as vector for development of vaccine: Pros and cons. Front Vet Sci 2024; 11:1475431. [Crossref]

Disclaimer/Publisher’s Note: The views and data expressed are solely those of the author(s) and contributor(s) and not of the publisher or editor(s).

The publisher and editor(s) are not responsible for any injury or damage arising from the ideas, methods, instructions, or products mentioned.

www.bdvets.org/javar Saeed et al. / J Adv Vet Anim Res, 13(1): 227-227, March 2026 227


http://www.bdvets.org/javar
https://doi.org/10.5455/javar.2016.c162
https://doi.org/10.1007/978-3-030-79389-0_4
https://doi.org/10.1371/journal.pntd.0004890
https://doi.org/10.46234/ccdcw2021.202
https://doi.org/10.20506/rst.28.3.1942
https://doi.org/10.22271/tpi.2023.v12.i1j.18108
https://doi.org/10.1007/s11250-020-02328-0
https://doi.org/10.1111/zph.13164
https://doi.org/10.1007/s11250-020-02239-0
https://doi.org/10.1002/vms3.239
https://doi.org/10.1093/eurpub/ckae164
https://doi.org/10.3390/tropicalmed6020098
https://doi.org/10.1128/jcm.35.11.2762-2766.1997
https://doi.org/10.37268/mjphm/vol.22/no.3/art.1258
https://doi.org/10.4102/ojvr.v91i1.2181
https://doi.org/10.1016/j.jiph.2018.10.005
https://doi.org/10.3389/fvets.2017.00078
https://doi.org/10.1016/j.ijid.2015.03.016
https://doi.org/10.3390/tropicalmed9010027
https://doi.org/10.4314/evj.v26i2.6
https://doi.org/10.1155/2023/3492601
https://doi.org/10.26719/2015.21.8.591
https://doi.org/10.3389/fimmu.2022.823949
https://doi.org/10.3389/fvets.2024.1475431

