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Unlike any other human infection, encephalitis caused by dog rabies virus is always fatal. Rabies and other lyssaviruses have been found in unexpected places, and human disease, especially paralytic rabies, has gone unrecognized. Evidence is emerging that rabies-related bat lyssaviruses are enzootic across Europe, Africa, Asia and Australia, but none has been detected in the Americas. The epidemiology and origins of African lyssaviruses are discussed. Ideal rabies prophylaxis (pre-exposure immunization followed by post-exposure booster vaccination) has proved 100% effective; hence all human deaths result from failure of prevention. Rabies vaccines of known quality are unaffordable for the majority in Africa. Although intradermal regimens requiring <40% of the usual vaccine dose are economical and are recommended by the World Health Organization, several problems have inhibited their use. A new, simplified, economical post-exposure vaccine regimen that uses an initial dose of intradermal injections at four sites overcomes many of the difficulties of the previous methods: it is at least as immunogenic as the standard intramuscular course of tissue-culture vaccine; is safer in inexperienced hands; requires fewer than two ampoules of vaccine and only three instead of five clinic visits. Recent data should increase the confidence of physicians to use the World Health Organization-accredited rabies vaccines more efficiently and at lower cost.

Incidence and epidemiology of human rabies

The true incidence of human rabies throughout the world is unknown. Official figures are underestimates because this is not a notifiable infection in many countries and patients do not always die in hospitals. For example, human rabies occurs in Egypt, where it is a notifiable disease, but no cases are reported to the World Health Organization (WHO). An estimate of the annual rabies mortality in Asia and Africa is 55 270 (90% CI: 24 000-93 000). Among these, the 23 705 reported deaths in Africa may represent only 3% of cases [START_REF] Knobel | Re-evaluating the burden of rabies in Africa and Asia[END_REF].

Rabies is a widespread zoonosis of certain mammal species in all continents except Antarctica. Genotype 1, classical rabies, infects terrestrial mammalian reservoir species and, in the Americas, bats. In the rest of the world, bat rabies is caused by rabies-related lyssaviruses (see below). A few places, usually islands and peninsulas, are claimed to be rabies-free, but imported rabies is possible anywhere. The epizootiology is constantly changing and local advice should be sought for detailed information. Domestic dogs (Canis familiaris) are the principal reservoir species overall, the cause of more than 99% of human deaths [START_REF]WHO expert consultation on rabies[END_REF]. They are the dominant reservoir in Asia, Africa and a few areas of Latin America. Although a rabid dog may appear wild and furious, it more often shows paralysis, with drooling of saliva, but dogs do not have hydrophobia. Dogs may transmit the virus to other mammals, commonly cats (which may become vectors), or man. Some wild animals are reservoirs. This sylvatic rabies occurs within a single species in a separate ecological compartment. The genetic characteristics of a virus isolate indicate its geographical origin and host species. 

. Terrestrial mammal rabies in Africa

African dog rabies was introduced by trade from Europe or Eurasia into North and West Africa over a century ago. Other carnivores were infected and some became reservoir species [START_REF] Nel | Emergence of lyssaviruses in the Old World: the case of Africa[END_REF]. In North Africa, rabies is mainly an urban disease in dogs but there is sylvatic rabies in foxes (Vulpes spp.) and jackals [START_REF] Matter | Historical perspective of rabies in Europe and the Mediterranean basin[END_REF], probably golden jackals (Canis aureus), and 1.2% of lesser Egyptian gerbils (Gerbillus gerbillus) in the Egyptian desert were found to be rabid [START_REF] Botros | Rabies in the Arab Republic of Egypt: III. Enzootic rabies in wildlife[END_REF].

In East Africa, outbreaks of rabies occur in Ethiopian wolves (Canis simensis), and in African wild dogs (Lycaon pictus) in Tanzania and Kenya.

In sub-Saharan Africa, dog rabies spread south, infecting other mammals such as the herbivorous kudu antelope (Tragelaphus strepsiceros), killing up to 20% of the population in Namibia. Jackals, predominantly black-backed jackals (Canis mesomelas), have become established reservoir species in Namibia, Botswana, Zimbabwe and northern South Africa, as have bat-eared foxes (Otocyon megalotis) in South Africa [START_REF] Nel | Emergence of lyssaviruses in the Old World: the case of Africa[END_REF].

Canine rabies spread south, reaching South Africa after World War II. However, recent evidence indicates that mongoose rabies is genetically distinct and was indigenous in the region a few hundred years before that.

The infection is caused by different viral lineages found in several mongoose species (family: Herpestidae) including the yellow mongoose (Cynictis penicillata) and the slender mongoose (Galerella sanguinea).

A rise in human rabies mortality has often followed an increased incidence of canine infection, especially associated with wars or the movement of refugees. The AIDS epidemic has indirectly increased the risk of rabies 

Rabies-related lyssaviruses

Rabies in these terrestrial mammals is the classical genotype 1 virus, but there are seven members of the Lyssavirus genus in the Rhabdoviridae family (Table 1) -rabies and six genotypes of rabies-related virus, including European bat lyssavirus (EBLV) (genotypes 5 and 6); Australian Bat lyssavirus (ABLV) (genotype 7); and African genotypes 2 (Lagos bat virus), 3 (Mokola) and 4 (Duvenhage). Two of the African viruses are serologically and genetically distant and so are classed in the separate phylogroup II, while the rest are phylogroup I. All the rabies-related viruses have caused fatal infection in man, except for genotype 2 (Lagos bat virus), and all are bat viruses except genotype 3 (Mokola).

[Table 1 here]

African rabies-related lyssaviruses

The distribution of the three African rabies-related viruses is shown in Fig. 1. Genotype 2, Lagos bat virus (LBV), a phylogroup II virus, is not known to infect man. It was first identified in fruit bats in Lagos, Nigeria [START_REF] Boulger | Isolation of a virus from Nigerian fruit bats[END_REF], then in South African bats and more recently in Kenya. LBV was isolated from an Egyptian fruit bat (Rousettus aegyptiacus) imported into France from an uncertain source, probably either Egypt or Togo [START_REF] Nel | Lyssaviruses[END_REF]. Data on bat infections are scarce, but a search for rabies in 436 bats in Egypt, published in 1969, included an unknown number of fruit bats and nine species of insectivorous bat. Seller's stain failed to reveal any Negri bodies in brain smears; however, mouse inoculation of pooled bat-brain samples yielded at least six A c c e p t e d M a n u s c r i p t 7 transmissible agents that were not neutralized by antibody to viruses of rabies genotype 1 [START_REF] El Sabban | Bats and their relation to rabies in the United Arab Republic[END_REF]. The species of origin and other details of interest are lacking, but since genotype 1 does not cross-protect against LBV it is possible that the group had isolated LBV but were unable to identify it.

[Fig. 1. here] Genotype 3, Mokola virus, the other phylogroup II virus, is less pathogenic than rabies and is the only rabies-related virus not found in bats; it is present in shrews and other rodents, which may infect cats and dogs. Mokola has been isolated from rabies-vaccinated animals, which is to be expected because it does not cross-react serologically with rabies. Two human infections, which were not typical of clinical rabies, have been reported in children in Nigeria and there is uncertainty about the diagnoses (Mokola virus was being handled in the laboratory at the time) [START_REF] Nel | Lyssaviruses[END_REF]. A vaccinated laboratory worker had a very mild clinical infection [START_REF] Crick | Virus diseases of food animals[END_REF]. Genotype 4, Duvenhage virus, has occasionally been found in insectivorous and fruit bats in South Africa, and caused fatal rabies-like encephalitis in three patients [START_REF] Nel | Lyssaviruses[END_REF][START_REF] Van Thiel | Fatal human rabies due to Duvenhage virus from a bat in Kenya: Failure of treatment with coma-induction, ketamine, and antiviral drugs[END_REF].

Rabies is a hidden disease

There is increasing evidence that lyssavirus infections are under-recognized, and that the diagnosis is missed in bats and in man. There have been 14

reported human cases of rabies-related lyssavirus infection, including six with EBLV and two with ABLV. However, these infections may easily be missed since the illness is indistinguishable from rabies encephalitis, which is almost always diagnosed clinically in Africa and Asia. The immunofluorescent antibody test (FAT) usually used for rabies diagnosis might be weakly positive [START_REF] Srinivasan | Transmission of rabies virus from an organ donor to four transplant recipients[END_REF][START_REF] Burton | Rabies encephalomyelitis: clinical, neuroradiological, and pathological findings in four transplant recipients[END_REF]. Three similar patients died a few months later in Germany [START_REF]Rabies infections in organ donor and transplant recipients in Germany (2005)[END_REF]. The infection was transmitted from the two young organ donors, one infected by an American bat, the other by a dog in India. They had died of neurological disease thought to be associated with toxicity from drug abuse or subarachnoid haemorrhage.

In a study of children in Malawi with neurological infections, rabies antigen was unexpectedly identified post mortem in 3 (11%) of 26 patients who were thought to have died of cerebral malaria, and in a child with suspected meningitis. Three of the four children gave no history of contact with an animal [START_REF] Mallewa | Rabies encephalitis in malaria-endemic area, Malawi, Africa[END_REF]. Plasmodium falciparum parasitaemia was common in this population.

Diagnosis -is it necessary and possible?

The vast majority of human rabies is diagnosed clinically. Confirmation is not considered important and in many countries, especially in Africa, there is no laboratory equipped to detect lyssaviruses. Rapid rabies diagnosis is useful for three reasons: 1) to investigate patients with predominantly paralytic signs and avoid missed diagnoses, 2) to test the brains of potentially rabid biting mammals which, if negative, would reduce the need for expensive vaccine and 3) as surveillance among neurological patients and dogs.

A definitive diagnosis in man can be made within 1 day by viral antigen detection by FAT or PCR testing of a skin biopsy. The PCR analysis of saliva has become popular, but it is not easy to evaluate as each laboratory tends to have its own techniques and primers. The ideal test is viral culture, either in mice or more rapidly in mouse neuroblastoma cells. Antibody is not usually detectable until the second week of illness in unvaccinated patients. Post-A c c e p t e d M a n u s c r i p t 10 mortem diagnosis can be made on brain tissue via a needle necropsy through the superior orbital fissure or the foramen magnum, leaving no external marks. This technique is also useful for diagnosing other encephalitides and cerebral malaria. Alternatively, a study in Madagascar and Cambodia showed that three saliva samples collected on admission and on subsequent days can be stored frozen to be tested retrospectively by PCR at a distant reference laboratory [START_REF] Dacheux | A reliable diagnosis of human rabies based on analysis of skin biopsy specimens[END_REF]. Clinicians should contact a laboratory, preferably in advance, for advice on sampling methods.

Recovery from rabies

As an unvaccinated teenager has survived clinical rabies in the USA, physicians need to make a decision on the management of newly diagnosed patients. Before this, rabies was considered 100% fatal in unvaccinated patients, and if a patient had previously been vaccinated there was a remote chance of survival with severe neurological sequelae.

Six cases of recovery have now been claimed; five had received vaccine before the onset of symptoms. No virus or antigen was identified and the diagnosis was made serologically in all. Two patients received a nervoustissue rabies vaccine before 1972, and the possibility of post-vaccination encephalitis is difficult to exclude. Three cases had severe neurological sequelae [START_REF] Warrell | Rabies and other lyssavirus diseases[END_REF].

The surprising patient was a 15-year-old girl, who had no rabies prophylaxis, bitten on a finger by a bat in Milwaukee, USA in 2004 [START_REF] Willoughby | Survival after treatment of rabies with induction of coma[END_REF]. A month later she developed tingling and numbness of the bitten hand and features of paralytic rabies, including progressive cranial nerve paralysis, slurred speech, nystagmus and tremors, lethargy and leg weakness, with fever and Accumulated experimental data show that recovery from rabies is associated with the appearance of neutralizing antibody in the brain at an early stage of the disease, before neuronal damage is severe. In this case, the symptoms were of paralytic rabies with an unusually early immune response. The prescribed antivirals have little if any specific activity and although ketamine was thought to have an anti-rabies action, treatment was ineffective in a mouse model [START_REF] Weli | Rabies virus infection of primary neuronal cultures and adult mice: failure to demonstrate evidence of excitotoxicity[END_REF]. The concentrations of these drugs achieved in her brain tissue are unknown. She had no life-threatening hydrophobic spasms. Sedation and expert intensive care may have maintained the girl's vital functions and controlled the autonomic complications of infection until her spontaneous specific immunity had cleared the rabies virus from the brain, probably by eliminating infected neurons. This patient is reminiscent of a boy from Ohio bitten by a bat in 1970 [START_REF] Hattwick | Recovery from rabies. A case report[END_REF]. He had received duck-embryo vaccine starting 4 days after the bite. This delay in prophylaxis may account for the failure of the vaccine treatment, but it is likely that rabies antibody was already present 20 days later, at the onset of A c c e p t e d M a n u s c r i p t 12 encephalitis. He was given intensive care without specific treatment and completely recovered. Both patients were infected by American bat rabies viruses, which differ experimentally from canine rabies: an alternative viral route to the brain is possible [START_REF] Preuss | Intravenous inoculation of a bat-associated rabies virus causes lethal encephalopathy in mice through invasion of the brain via neurosecretory hypothalamic fibers[END_REF]; the infection is slower to evolve and progress; virus replication is not restricted to neurons; histopathological changes are milder, with little apoptosis, and there is different protein expression in infected cells [START_REF] Yan | Silver-haired bat rabies virus variant does not induce apoptosis in the brain of experimentally infected mice[END_REF][START_REF] Prosniak | Differential expression of growth factors at the cellular level in virusinfected brain[END_REF]. This suggests that the rabies genotype 1 bat viruses are less pathogenic and immunosuppressive, which could explain the earlier induction of immunity.

Management of rabies encephalitis

Having confirmed the diagnosis of rabies, is it wise to give intensive care? The intensive care given to the survivor in the USA has not been effective in at least 17 other patients with bat or dog rabies encephalitis in America, Europe, Asia and Africa. Infection with a dog rabies virus is a more aggressive disease and remains universally fatal. There is no effective antiviral or other experimental treatment for rabies. New approaches to therapy under investigation include molecular interventions and genetically modified virus inoculation. However, until such methods have proved efficacious in animals it is generally best to palliate the illness and offer post-exposure prophylaxis to contacts [START_REF] Jackson | Management of rabies in humans[END_REF]. This is recommended particularly in dog rabies-enzootic areas with scarce medical resources and probably no facilities for laboratory diagnosis. Intensive care might be appropriate for selected patients who present very early in the illness and who have detectable rabies antibody or have received some rabies vaccine in the past, especially if infected by American bat rabies virus. If aggressive treatment is requested the family 

Pre-exposure prophylaxis

The best prophylaxis against rabies is pre-exposure, and it can be 100% effective, since no deaths have been reported in anyone given pre-exposure vaccination followed by post-exposure boosters when needed. A course is A c c e p t e d M a n u s c r i p t 14 three vaccine doses intramuscularly (IM), or 0.1 ml intradermally (ID), on days 0, 7 and 28 (Table 2). This is recommended for people at risk of exposure to infection, including residents of canine rabies-enzootic regions, especially children, who are at greater risk of exposure and have more severe lesions. Mass childhood immunization is being attempted but is unlikely to be economically feasible [START_REF] Dodet | Report of the Fifth AREB Meeting Ho Chi Minh City, Vietnam, 17-20[END_REF]. The importance of an immediate booster dose of vaccine after exposure to rabies must be emphasized.

[Table 2 here] Sharing an ampoule of vaccine by giving smaller doses ID has been recommended by the WHO for 25 years. It is ideal for families, groups of students, travellers or military personnel who would not otherwise be treated.

It has been sanctioned by the US Food and Drug Administration and has been used in the USA in the past [START_REF]Rabies prevention-United States, 1984[END_REF]. However, the vaccines do not contain preservatives, so an opened vial must be used within 8 h [START_REF]Rabies vaccines. WHO position paper[END_REF]. Such use is offlabel, because the vials are not registered as multidose products, but is sanctioned by governments in some countries. Elsewhere it is given on the doctor's responsibility.

Since there have been no recorded failures of the combined pre-and postexposure vaccination, subsequent post-exposure treatment is more effective. If later bitten by a rabid animal the patient requires a shorter vaccine course (see below) and there is no need for immunoglobulin. This is cheaper, easier, less painful and gives the vaccinee peace of mind.

Post-exposure prophylaxis

After a rabid animal bite, post-exposure treatment is presumed to kill or neutralize the virus in the wound [START_REF]Rabies vaccines. WHO position paper[END_REF]. Once inside a neuron, the virus is A c c e p t e d M a n u s c r i p t 15 thought to be hidden from immune surveillance and it is therefore urgent to immunize every victim of an attack by a rabid animal. The untreated mortality from proven rabid dog bites is 15-57%. Current prophylaxis is very successful in previously unvaccinated people, but failure of prompt ideal post-exposure prophylaxis does rarely occur. The best treatment consists of three parts: wound care, passive and active immunization.

Wound care is often neglected, but public education could improve awareness of the importance of thorough scrubbing with generous quantities of soap or detergent and water.

Passive immunization with human or equine rabies immunoglobulin (RIG)

should accompany every primary course of post-exposure vaccine because neutralizing antibody will not be detectable for the first week. It is vital for severe bites (on the head, neck or hands, or multiple lesions), but widespread use of vaccine without RIG indicates that it is less essential for minor bites. As much of the dose as possible should be infiltrated around the wound, depending on the anatomical site, and any remainder given IM, remote from the vaccination site and avoiding the buttock, especially in adults and the obese. Skin sensitivity tests to equine RIG are unnecessary and no longer recommended. Adrenaline should always be available for very rare cases of anaphylaxis [START_REF] Suwansrinon | Sex-and age-related differences in rabies immunoglobulin hypersensitivity[END_REF], which is not predicted by skin testing.

In practice, RIG is rarely affordable or available in developing countries. Overall, 2% of post-exposure prophylaxis vaccinees in Asia receive RIG. It is not available in several African countries, including Nigeria, Mali, Republic of Congo, Tanzania, Chad and Malawi. Where it is available, supplies are often unreliable. Ten million people annually are estimated to receive post-exposure rabies vaccine. The IM gold standard regimen is five doses in the deltoid areas on days 0, 3, 7, 14 and 28 (Table 2). The cost of a vaccine course in Africa is about $US 40, making it unaffordable for the majority. To reduce the amount of vaccine needed, two multiple-site ID post-exposure vaccine regimens that use 60% less vaccine were developed. The distribution of sites is designed to stimulate many different groups of lymph nodes to contribute to the induction of immunity. An eight-site [START_REF] Warrell | Economical multiple-site intradermal immunisation with human diploid-cell-strain vaccine is effective for postexposure rabies prophylaxis[END_REF] and a two-site [START_REF] Chutivongse | Postexposure prophylaxis for rabies with antiserum and intradermal vaccination[END_REF] regimen have been recommended by the WHO for 12 years for use where money and/or vaccines are in short supply [START_REF] Who | WHO recommendations on rabies post-exposure treatment and the correct technique of intradermal immunization against rabies[END_REF]. The two-site ID regimen is ID doses at two sites on days 0, 3, 7 and 28 [START_REF] Who | WHO recommendations on rabies post-exposure treatment and the correct technique of intradermal immunization against rabies[END_REF]. However, widespread implementation has been hindered by lack of confidence in low-dose regimens, pharmaceutical problems, being considered inconvenient to use, being inappropriate for rural areas and because ID regimens have not been promoted. As a result, they are used in a few places in Asia but the approach is practically unknown in Africa.

Several of the difficulties with ID methods could be overcome by modifying the eight-site regimen to four sites. Hence a simplified four-site ID regimen was tested in a randomized controlled comparison with the other ID regimens and the standard IM regimen. The results demonstrated that the four-site method is immunogenic and the antibody levels induced are not inferior to those of the IM gold standard [START_REF] Warrell | A simplified 4-site economical intradermal post-exposure rabies vaccine A c c e p t e d M a n u s c r i p t 25 regimen: a randomised controlled comparison with standard methods[END_REF].

The four-site ID regimen consists of: Day 0 -four ID injections using a whole vial (1.0 or 0.5 ml depending on the vaccine) divided between the deltoid and A c c e p t e d M a n u s c r i p t 17 thigh or suprascapular areas; Day 7 -two doses ID (0.1 or 0.2 ml depending on whether the vial contains 0.5 or 1.0 ml) over the deltoids; and Day 28 -one dose ID (0.1 or 0.2 ml) over the deltoid (Table 2). If two or more patients are treated the same day, with a vaccine of 1 ml per vial, the dose can be reduced to 0.1 ml per ID site to enable further economy (see point 2 below) [START_REF] Ambrozaitis | Rabies post-exposure prophylaxis vaccination with purified chick embryo cell vaccine (PCECV) and purified Vero cell rabies vaccine (PVRV) in a four-site intradermal schedule (4-0-2-0-1-1): an immunogenic, cost-effective and practical regimen[END_REF]. If injecting 0.2 ml ID at one site is difficult, the remainder can be given ID at an adjacent site.

The timing of the last dose may be adjusted to enable economy by sharing vials. For example a clinic might assign just 2 or 3 days a week for the final treatment.

The four-site method has advantages:

1) [JP1]Giving a whole ampoule on the crucial first day provides a large immune stimulus immediately. The method increases the chance of survival for patients who fail to complete the vaccine course. As there is no sharing of vaccine, the regimen can be started in a small clinic or rural area without vaccine wastage.

2) Accidental subcutaneous instead of ID injection should not impair the immunogenicity because a whole ampoule is used. Furthermore, adequate antibody levels have been obtained by injecting half the dose (as 0.1 ml per ID site with PCECV 1 ml per vial) [START_REF] Ambrozaitis | Rabies post-exposure prophylaxis vaccination with purified chick embryo cell vaccine (PCECV) and purified Vero cell rabies vaccine (PVRV) in a four-site intradermal schedule (4-0-2-0-1-1): an immunogenic, cost-effective and practical regimen[END_REF][START_REF] Suntharasamai | Purified chick embryo cell rabies vaccine: economical multisite intradermal regimen for post-exposure prophylaxis[END_REF]. This gives a wide margin of safety in inexperienced hands.

3) Only three visits to the clinic are needed, on the same days as the routine pre-exposure course (0, 7 and 28), but the four-site regimen uses at least 33% less vaccine.

A c c e p t e d M a n u s c r i p t 18 4) The method is most economical if two or more patients are treated together, but there still is a saving of vaccine if only one patient is treated (using three vials). Any leftover vaccine can be used as ID preexposure vaccination for others, but with a new syringe and needle for each patient, and remaining vaccine must be kept cool and discarded at the end of the day. This four-site ID regimen has the potential for wide global implementation, but disseminating practical knowledge of economical methods within Africa is a challenge.

Post-exposure prophylaxis in previously immunized patients

Thorough wound cleaning is still essential for those who have already had a complete pre-or post-exposure course of vaccine. Although no RIG is needed, booster doses of vaccine are essential -an IM dose on days 0 and 3.

Alternatively, a new single-day treatment of 0.1 ml of either vaccine is injected ID at four sites (on the deltoid and thigh or suprascapular regions) (Table 2).

This has proved at least as immunogenic as the IM method [START_REF] Tantawichien | Antibody response after a four-site intradermal booster vaccination with cell-culture rabies vaccine[END_REF][START_REF] Khawplod | Four-site intradermal postexposure boosters in previously rabies-vaccinated subjects[END_REF] and has been used in thousands of patients in Thailand. If using a 1 ml vial for only one patient, vaccine wastage can be avoided by using the whole ampoule divided between four ID sites.

The future?

The way to prevent >99% of human rabies is to eliminate the infection in dogs. There is an international attempt in areas of Tanzania, Kwa-Zulu Natal and the Philippines to demonstrate the feasibility of eradicating canine infection, which has previously been achieved in smaller studies [START_REF] Reece | Control of rabies in Jaipur, India, by the sterilisation and vaccination of neighbourhood dogs[END_REF][START_REF] Lembo | The feasibility of canine rabies elimination in Africa: dispelling doubts with data[END_REF]. If In the short term, improved prophylaxis will prevent human rabies deaths. The economic barrier to pre-exposure immunization can be reduced by the promotion of ID treatment, especially important where there is no RIG available. A new simplified post-exposure regimen, with in-built safety features, is at least as immunogenic as the standard IM method. It has the advantages of both previous ID regimens -the same economy of vaccine, the fewest visits and suitability for global use, including in small clinics or rural areas where either vaccine supply or funding is restricted. A novel approach to post-exposure prophylaxis is inoculating a replication-deficient rabies virus, which was effective in preliminary animal experiments [START_REF] Cenna | Replication-deficient rabies virus-based vaccines are safe and immunogenic in mice and nonhuman primates[END_REF].

With knowledge of the epizootiology of rabies, medical staff can be alert to the possible diagnosis of rabies encephalitis in patients with unusual neurological or psychiatric signs. Improved rabies diagnostic techniques permit rapid and, if necessary, remote confirmation of the infection. Perhaps a new molecular or genetically modified virus therapy will prove curative in animals and, eventually, in man. a ID doses are 0.2 ml per site of injection for 1.0 ml/ampoule purified chick embryo cell vaccine, or the equivalent dose is 0.1 ml/site for 0.5 ml/ampoule purified VERO cell vaccine (see text for full details).

b Whole ampoule used (see text for alternative dosage with 1.0 ml vaccine).

c If no sharing of vaccine, maximum of three ampoules used.

d ID dose is 0.1 ml/site, but to prevent vaccine wastage a whole ampoule may be used.
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  Natal by expanding the number of ownerless dogs, which form roving feral packs[START_REF] Nel | Emergence of lyssaviruses in the Old World: the case of Africa[END_REF].

  with rabies-related viruses. Only a few specialized laboratories are able to distinguish between the genotypes and so they are only recognized by chance.An example of this occurred in an unvaccinated doctor on holiday in Kenya, who was scratched on the cheek by a bat in 2007. The wound was washed with soap and alcohol. No lyssavirus had been reported in East African bats and no rabies post-exposure prophylaxis was advised. Three weeks later, back in the Netherlands, she developed neurological symptoms: dizziness, nausea, malaise, fever, dysarthria, hyperaesthesia of cheeks, unsteady gait and diplopia. A neurological diagnosis of hysterical conversion syndrome was made and she was treated with tranquillizers. After 4 days a generalized convulsion, incontinence, aspiration and hypoxia occurred. Brain stem encephalomyelitis was revealed by an MRI scan. Rabies was diagnosed by polymerase chain reaction (PCR) on a nuchal skin biopsy, which was also faintly positive by FAT. A saliva sample became PCR-positive at a later date.Despite intensive care the patient died of this rabies-like encephalitis 6 weeks after the incident[START_REF] Van Thiel | Fatal human rabies due to Duvenhage virus from a bat in Kenya: Failure of treatment with coma-induction, ketamine, and antiviral drugs[END_REF]. The infecting virus proved to be Duvenhage genotype 4 lyssavirus, previously only found in southern Africa in bats and two patients with typical rabies encephalitis.Although bat lyssavirus infection had been seen for 50 years in continental Europe, it was not identified in Britain until 2002. ABLV was discovered in 1996, only isolated in Australia, but there is serological evidence of bat infection in the Philippines and emerging serological data on widespread enzootic bat lyssaviruses across Asia, from Bangladesh to China.

A c c e p t e d M a n u s c r i p t 9 Failure

 9 to recognize human rabies emerged when four organ graft recipients died of a mysterious encephalitis in Dallas, Texas in 2004

  resonance imaging and and magnetic resonance angiography brain scans were normal, but she had a mild lymphocytic pleocytosis. Six days after the onset of symptoms the history of a bat bite was elicited and the diagnosis confirmed by the presence of rabies antibody in serum and cerebrospinal fluid, but no virus or antigen was detected. Her treatment included antiviral agents and a ketamine-induced coma lasting 1 month. The neutralizing antibody rose to high levels. She made a gradual recovery over 5 years, returned to an independent normal life and has become a college student, but mild dysarthria and ataxia persist.

  severe neurological deficits are the most probable outcome in survivors.7. Rabies vaccinesPrevention is the only effective means of tackling rabies infection. Tissueculture rabies vaccines have almost replaced the obsolete nervous-tissue products; however, partially inactivated sheep-brain Fermi vaccine is still used in Ethiopia, and suckling mouse brain vaccine in Algeria.The highly immunogenic vaccines accredited by the WHO are 1) the original human diploid cell vaccine (HDCV), which is now little used; 2) purified VERO cell vaccine (PVRV) Verorab (Sanofi Pasteur -Lyon, France); 3) purified chick embryo cell vaccine (PCECV) RabAvert (Novartis -Marburg, Germany) and Rabipur (Novartis -Marburg, Germany and Ankleshwar, India) and 4) duck embryo vaccine (DEV) Vaxirab (Zydus Cadila -Ahmedabad, India). Several other vaccines, mainly produced in China, India and Brazil, have yet to satisfy the WHO criteria of immunogenicity. If a country decides to permit the use of a vaccine, the national regulatory authority should ensure that adequate clinical trials have been performed.There has been an intermittent shortage of the European vaccines in recent years, causing the US Centers for Disease Control and Prevention to temporally withhold pre-exposure vaccination to travellers[START_REF]Rabies, canine, human -Indonesia (04): Bali, RFI[END_REF].

A

  c c e p t e d M a n u s c r i p t 19 successful there is a prospect of tremendous progress, not only in reducing human deaths but also the need for rabies vaccines.
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 1 Fig. 1. Known distribution of African rabies-related lyssaviruses. Adapted from Nel

  ; IM, intramuscular; RIG, rabies immune globulin.