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The outbreak of highly contagious transboundary rabbit hemorrhagic disease (RHD) in Nigeria has a severe socio-economic impact on the rabbit industry. We present the outbreak investigation and spatial epidemiology of the first confirmed RHD outbreak in Nigeria from a field survey of 28 stochastic outbreaks in Kwara State, north-central Nigeria. A total of 1,639 rabbits died from 2,053 susceptible rabbits. The serotype “RHDV-2” was detected in tissue samples from some of the outbreaks. The case fatality rate of the RHDV-2 outbreak was 79.8%. The source of the outbreak is still unknown. Most (71.4%) of the farmers had introduced new rabbits into their farms 1–2 weeks before the outbreak. Most of the farmers practiced biosecurity measures such as farm fencing (83.1%) and routine disinfection of the farm materials (53.6%). However, only 17.8% of the farmers enforced movement restrictions into their farms. Some of the farmers (42.8%) had restocked their farms after being affected by the RHD outbreak and 75% of all those farmers that have restocked had used the RHD vaccine. There was no statistically significant association between adherence to biosecurity measures and the RHD outbreak in affected farms (p = 0.408). However, the introduction of new rabbits into rabbit farms significantly pre-disposed farms to the RHD outbreak (p < 0.001). There is a need for active surveillance of RHD across the country to ensure efficient and effective tracking, monitoring, and control of the disease. Equally, understanding the genetic diversity of the Lagoviruses in Nigeria that cause RHD to aid vaccine development is of utmost importance to prevent future RHD outbreaks.
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INTRODUCTION

Rabbit hemorrhagic disease (RHD) is a devastating non-zoonotic disease of rabbits caused by the rabbit hemorrhagic disease virus (RHDV), a Lagovirus of the Caliciviridae family, which is a positive-sense single-stranded RNA virus. The first clinical report of rabbit hemorrhagic disease was in the 1980s in China where the disease killed 14 million European Angora rabbits in 9 months (1). In less than a year, RHD killed 140 million domestic rabbits in China and spread over an area of 50,000 km2 (2). Confirmed rabbit hemorrhagic disease virus-2 [RHDV-2 (a variant strain)] outbreak has been reported in domestic rabbits from Benin Republic (3), Egypt (4), Saudi Arabia (5), United Kingdom (6), Portugal (7), and several other countries. However, before 2020, there have been no confirmed cases in Nigeria making it difficult to trace the source of the outbreak, the spatial and temporal spread as well as the socio-economic impact on rabbit farmers. The disease is transmitted by direct contact with infected animals, body fluid, carcasses, fomites, or vectors like flies, fleas, and mosquitoes (8, 9).

The RHDV-2 has 100% morbidity and 60–90% mortality rates (10). Currently, three strains of RHDV have been identified: RHDV, RHDVa, and RHDV-2. Similarly, three clinical forms of the RHD have been identified: the per-acute, acute and sub-acute forms with the incubation period ranging from 3 to 5 days (11). In the per-acute form, infected animals show no signs and die suddenly (10, 12). In acute infections, the rabbits are observed to be inactive, reluctant to move, with bloody discharge from all orifices as well as blood in feces or urine and may develop a fever with temperature up to 42°C (10). Rabbits with the acute form die within 12–36 h from the onset of fever (12). The sub-acute forms present in the same way but with milder symptoms and most rabbits survive. The clinical signs include lethargy, anorexia, weight loss, and jaundice. Death occurs within 1–2 weeks after the onset of symptoms due to liver failure (10). Rabbits infected with RHDV2 are more likely to show sub-acute or chronic signs than those infected with RHDVa (13). Postmortem signs seen in rabbits with RHD are extensive hepatic necrosis, jaundice, multifocal hemorrhages, splenomegaly, bronchopneumonia, pulmonary hemorrhage or edema, and myocardial necrosis (10, 14).

The first laboratory-confirmed RHDV outbreak that was reported to the Office International des Epizooties (OIE) from Nigeria was recorded on the 13th of October 2020 (15). The source of the outbreak is still unknown. The index case of the virus was in Kwara State, Nigeria, where over 300 rabbits were affected on the farm. Subsequently, confirmed outbreaks have been reported in Oyo and Ogun states (15). A national response was instituted by the federal government to stop the further spread of the disease and to enlighten farmers on biosecurity measures which they should adopt on their farms. As of November 30th, 2020, a total of 1,639 self-reported rabbit deaths have been recorded from 2,053 susceptible or infected cases in Nigeria (16). Hence, this study conducted an outbreak investigation and assessed the Spatio-temporal distribution of the RHD among 28 infected farms in Kwara State. Furthermore, the study identified the risk factors and assessed the economic impact of the outbreak in Kwara State.



MATERIALS AND METHODS


Study Settings

Kwara State is one of the states in the Northcentral zone of Nigeria. Crop farming is the major occupation of its people. Of recent, the livestock sector has boomed in the state, and the state has at least 60 known rabbit farms. This study was conducted in 28 RHD-infected farms in the Ilorin metropolis (made up of 4 local government areas), between October and November 2020 based on the pre-existing definitions of a suspected, probable, or confirmed case. The infected farms (Figure 1) were clustered across 4 Local Government Areas (LGAs) of the Kwara Central senatorial zone.


[image: Figure 1]
FIGURE 1. Map of Ilorin showing the index case and geographical spread of the reported outbreak.




Case Definition and Case Finding

A case of RHD was defined as multiple cases of sudden death in rabbits after a short period of fever, lethargy, anorexia, characteristic hepatic necrosis, and multi-organ hemorrhages at necropsy (10). Other non-specific signs include nervous and respiratory signs and disseminated intravascular coagulopathy in the trachea, lungs, and liver.

A confirmed case is any suspected case that has been confirmed in the laboratory. A probable case is one that was not confirmed in the laboratory but has direct epi-linkages with a confirmed case. A suspected case is one in which some of the signs of RHD have been reported but no epi-linkages to a probable or confirmed case have been established. In addition, we conducted a retrospective case search based on the clinical history, case definition, and necropsy findings.



Descriptive Epidemiology

Based on the case definition, the index case was traced back to the necropsy finding of a rabbit that died on the 22nd of June 2020 (Figure 1). The tentative diagnosis was made at the State Veterinary Clinic after the correlation of clinical cases, postmortem findings coupled with high morbidity and mortality rates among rabbits. Blood and tissue samples (liver, kidney, and mesenteric lymph nodes) were collected from 16 rabbits obtained from 4 infected local government areas at postmortem, and laboratory tests confirmed RHDV-2. All other RHD infected farms within these four affected LGAs were linked via direct epi-linkages such as direct animal transactions with an infected farm, direct contact with other RHD infected farm owners, and in certain cases through fomites such as commercial feed bags when an infected and a susceptible farm shared rabbit feed. In addition, most of the affected farms in each LGA were located within a 5 km radius and were linked via major roads and exchange rabbits for mating purposes and sales.



Data Collection Tool

A structured questionnaire was administered in one-on-one interviews with 28 affected rabbit farmers to identify the source of the virus, the spread within the state, possible modes of transmission of the disease within the state, and the economic impact to the farmers. The questionnaire was divided into three segments. Section A focused on the rabbit farmer socio-demographic characteristics whereas sections B and C obtained information on rabbit husbandary practices and the epidemiology of the rabbit hemorrhagic disease, respectively. The questionnaire was pre-tested on 6 rabbit farmers in Ilorin and screened to certify its content and face validity. The reliability of the survey instrument was assessed using the Cronbach's Alpha test (with a score of 0.79).



Data Collection and Analysis

Field data were collected from RHD infected farms between October 19th and November 11th, 2020. The data were collected by veterinarians (from the Ministry of Agriculture and Rural Development, Ilorin-Nigeria) while conducting an outbreak investigation of the 2020 RHD outbreak. The data were summarized using descriptive statistics like frequencies and proportions for qualitative data and quantitative data were expressed as mean. We used Minitab v.17 to compute the descriptive statistics as well as test of association between variables (Chi square). Finally, we used QGIS v3.10.2 to compute the spatial spread of the RHD outbreak in Kwara State.




RESULTS


Clinical Presentation and Gross Findings

The most frequently reported clinical signs by affected farmers were reduced appetite (100%), sudden death with no obvious symptoms (71.4%), mucoid-tinged feces (50%), lacrimal discharge (7.1%), lethargy (75.0%), violent shaking of the rabbits few minutes before death (25.0%), and bleeding via the nasal and oral orifices (42.9%). Postmortem examination was conducted on a total of 79 rabbits (from 14 commercial farms and 9 backyard rabbit farms) at the state veterinary clinic, Ilorin-Nigeria. Most of the carcasses (72.1%) presented for necropsy were exotic breeds (because they are more expensive, and their owners wanted to prevent further mortality) and weighed 4 kg and above. There were severe multifocal petechial hemorrhages of the trachea (51.8%), lungs (77.2%), and liver (81.0%). Other lesions seen at necropsy were frothy exudate in the trachea (34.1%), fused pericardiac sac (8.8%), and localized lymphadenitis (hepatic and mesenteric−13.9%).

A total of 1,639 rabbits died of RHD in 16 reported outbreaks geographically spread across 28 farms within the state. The case fatality rate of the RHDV-2 outbreak in Kwara State was 79.8%.



Laboratory Confirmation of RHDV

The samples were positive for RHDV-2 by quantitative polymerase chain reaction (RT-qPCR) targeting the VP60 gene.



Spatial Epidemiology of the RHD Outbreak

Most of the rabbit farmers were aged between 30 and 49 years (57.2%). Most affected farmers had tertiary education (67.9%) and had received formal training on rabbit production (71.4%) (Table 1). Half of the affected commercial farms had over 100 rabbits each that were mostly exotic breeds. Most rabbit farmers in the study area had both the exotic and local breeds of rabbits. More than half (53.5%) of the farmers reared the Hyla breed (Figure 2).


Table 1. Sociodemographic characteristics of Rabbit Farmers in Kwara State (n = 28).
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FIGURE 2. The breeds of rabbits commonly reared on farms visited (n = 28).


A total of 28 rabbit farms have been affected since the detection of the RHD outbreak in the index farm (Ilorin South LGA). The infected farms were in close proximity, had contact with index farm, bought rabbits from the same source with index farm, or traded with the index case.

Most rabbit farmers (53.6%) also reared poultry and all farmers reared at least one other animal. Most of the farmers had used antibiotics (67.9%), and some had used antiparasitic drugs (35.7%) in the last 30 days before the RHD outbreak in their respective farms. Most of the rabbits (92.3%) were fed with commercially sold feeds. Rabbit farmers had previously recorded coccidiosis (60.7%) and mange (50.0%) as the most commonly diagnosed diseases in their rabbits (Table 2).


Table 2. Characteristics of rabbit farms visited in Kwara state (n = 28).
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Of the 28 affected rabbit farms included in this study, 71.2% of them had recently introduced new rabbits into their farms. Most of the newly introduced rabbits were either mostly exotic bucks (for mating) or does (for production). Only 3 of the RHD infected farms had introduced local rabbit breeds together with the exotic breeds into their farms before the outbreak (<2 weeks).

Although the laboratory confirmation of RHDV-2 was in September 2020, a review of case files based on clinical presentation and postmortem findings revealed that the index case of the RHDV outbreak in Kwara State was in June where the farmer lost all 32 rabbits on the farm. The highest number of reported outbreaks was in July (Figure 3). Older rabbits (>3 months) were mostly affected (71.2%). Three-quarters of the farmers culled their rabbits after the outbreak. Only 25.0% of the affected farmers reported the outbreak to their veterinarian.


[image: Figure 3]
FIGURE 3. Monthly prevalence of suspected and confirmed RHD outbreaks per month in Kwara State as of 31st November 2020.


Most of the farmers practiced biosecurity measures such as fencing of the farm area (83.1%, n = 23) and routine disinfection of the farm materials (53.6%, n = 15). However, only 2 (7.1%) farmers had foot dips at the entrance of their farms and only 17.8% of the farmers enforced movement restrictions into their farms. Some of the farmers (42.8%, n = 12) had restocked their farms after being affected by the RHD outbreak and 75.0% (n = 12) of all those farmers that have restocked had used the RHD vaccine. The use of biosecurity (67.9%, n = 18) and regular disinfection of the hutch (39.3%, n = 11) by farmers were the main preventive measures taken against future outbreaks of RHD on their farms (Table 3).


Table 3. Epidemiology of RHDV in Kwara state (n = 28 farms).
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There was no statistically significant association between adherence to biosecurity measures and the RHD outbreak in affected farms (p = 0.408). Similarly, farmers that restricted movements into their rabbit farms also had outbreaks of RHD. However, the introduction of new rabbits into rabbit farms significantly pre-disposed farms to the RHD outbreak (p < 0.001).

The basic farm biosecurity measures especially the rapid disinfection of hutches and the movement restriction impacted the case fatality rate of rabbits within farms but not the occurrence of the RHD in their farms (p < 0.001).




DISCUSSION

The outbreak of transboundary animal diseases (TADs) such as RHD has a serious socio-economic impact on the livelihood of small-scale farmers. Although several un-investigated reports have described the occurrence of an acute hemorrhagic disease of rabbit that was imported from Benin Republic into Nigeria (17), it was never investigated, diagnosed, monitored, and reported to the OIE. This study shows that RHD is a devastating disease that spreads very fast from farm to farm, possibly as a result of mechanical transmission through the common practice of animal sharing for mating purposes as well as other fomites.

The disease has a very high morbidity (100%) and mortality (79.8%) rates occurring in clusters within affected areas and the effect tends to be less in farms that have considerable distance from other farms signifying the role of fomites in its transmission. Similar to outbreaks in Ghana (18), we observed a seasonal peak of RHD infections in July, which may be attributed to the mating season in wild hares which brings into close contact hares from different areas as observed in the outbreak in Portugal. Similar results were observed in which some rabbit farmers introduced bucks to other farms for mating. The poor veterinary expert-seeking behavior of the farmers could be responsible for the increased incidence of the disease after the initial outbreak as most farmers resulted to self-medication using antibiotics; this may portend a danger of antimicrobial residues in humans who consume such animals.

Kwara state has an international border with Benin Republic. Hence, TADs such as RHD could spread easily into susceptible rabbit populations in Nigeria. Several factors favor the introduction of TADs into Nigeria. These factors include the poor animal disease surveillance system and the lack of animal movement control across the land borders.

Our findings showed that several factors were common among RHD-infected farms. These include: 1. The introduction of a new rabbit(s) into farms was the single most important risk factor for the introduction of the RHDV-2 into susceptible rabbits. 2. There was no difference in sex distribution of affected rabbits as morbidity and mortality cut across both male and female rabbits. 3. Some of these farms had stagnant water, hence the possibility of transmission via vectors such as insects and houseflies. 4. Farmers within clusters (i.e., close proximity) had unrestricted meetings, hence could serve as mechanical fomites. 5. Younger rabbits <2 months old were less affected than older rabbits. In affected farms, rabbits were culled, the environment fumigated, and reported to the veterinarian only in a few cases.

The most common clinical presentation seen among these rabbits and the CFR were similar to reports of OIE (14), and Happi et al. (19).

Although rabbits were kept in cages, domestic and migratory birds could have access to rabbit cages which could serve as sources of infection for rabbits. The training that most of the farmers reported to have received in rabbit production, coupled with their high level of education could be responsible for some of the biosecurity practices noticed in most farms visited. The use of antibiotics by the farmers is similar to an earlier study of Chah et al. (20) who reported high unprescribed use of antibiotics in rabbits in Enugu State. Similarly, Chah et al. (20) also reported that rabbits were mostly affected by sniffles, mange, and diarrhea. The un-prescribed use of antibiotics could result in the emergence of drug-resistant micro-organisms, some of which could pose a public health threat (21).

Although, the official government policy is “no vaccination against RHD,” some of the rabbit farmers have restocked their farms and vaccinated their rabbits using foreign vaccines. This is highly discouraged as the efficacy of such foreign vaccines on local rabbit populations has not been ascertained and might lead to the introduction of novel strains into Nigeria. In addition, the vaccine only confers immunity for 12 months (22) to 14months (23) and it is believed that vaccination could make RHD endemic (24, 25). Hence, several countries including Nigeria discourage the use of vaccines until a comprehensive epidemiology is carried out to determine causative serotypes in order to adequately provide guidance.

Moreover, it may be more helpful to develop in-country vaccines based on circulating strains. Our findings Figure 1 showed the increasing spread of the virus over time in the state from the index case. Hence, it is essential to carry out statewide active surveillance of RHD to know the true prevalence and incidence of the disease. The RHDV-2 outbreak has devastated farmers with economic losses running into millions of Naira. Hence, the affected farmers should be adequately compensated by the government.

The main strength of the study was its novelty as the first confirmed RHD outbreak in Nigeria and the major limitation was the small sample size.



CONCLUSION

This study investigated the first RHD outbreak in Kwara State, Nigeria. The disease has spread to other parts of Nigeria. Hence, a nationwide active surveillance of RHD should be conducted. Nigeria must immediately evaluate the efficacy and immunogenicity of the available RHD vaccines and advise farmers accordingly to prevent the huge economic impact of TADs such as RHD.
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