


 
 

i 

 
 
 
 
 
 
 
 
 
 
 
 

DEDICATION 
 
 
 

To my parents Major (Rtd) and Mrs. 
Joseph Obenefiro, for all their 
Tremendous love and sacrifice 

 
To my brothers and sisters, 
for all the support and for 

believing in me. 
 

To my Husband Dr. Ndudim Isaac Ogo, 
for all you endured during the 

course of this study. 
 

 

 

 

 

 

 

 

 
 
 



 
 

ii 

 

 

 

 

 

 

                                       DECLARATION 

 

I hereby declare that the information presented in this dissertation unless 

otherwise stated is the original work of the author and neither whole nor part of it 

has been submitted elsewhere for a degree. 

 

��������                                           �������� 

Signature                                                               Date 

 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 



 
 

iii 

ACKNOWLEDGEMENTS 
 
To the following individuals, I am most grateful: 

Dr. C. T. Sabeta and Prof. L. H. Nel for their guidance in supervising this 

dissertation. 

Dr. (Mrs.) L. H. Lombin Executive Director National Veterinary Research Institute 

Vom, Nigeria (NVRI) for the approval given to undertake this study. 

Prof. T. Musoke for permission to use the Rabies facility at Onderstepoort 

Veterinary Institute. 

Dr. A. A. Mankinde (NVRI) for the valuable contribution towards this project.  

Drs. Shamaki and  Joannis (NVRI) for assistance rendered in the delivery of my 

samples to South Africa for this project. 

All the staff at the Rabies Diagnostic Unit of NVRI who assisted in the collection 

of the study samples. 

Dr. Thomas Muller for providing viral RNA from his archive. 

All the staff at the Rabies Unit of OVI for making this project worthwhile. 

Gugulethu Zulu and Ernest Ngoepe for all the assistance rendered during the 

course of this study.  

Gabriel Yusuf of the National Center for Remote Sensing Nigeria for assistance 

with co-ordinates. 

Ms. Ingrid Booysen from the Department of Geography, Geoinformatics and 

meteorology University of Pretoria for assisting with the drawing of the maps. 

Dr. Melvyn Quan and Kgomotso Sibeko from Veterinary Tropical Diseases for all 

their help.  

 
 
 



 
 

iv 

Lesego Modibedi and Betty Miyen both of OVI for all the assistance and 

encouragement you gave me. 

Faculty of Veterinary Science and Department Tropical Diseases for all the 

financial support. 

                                          Funding 
 
International Society for Infectious Diseases (ISID) (Small Grant 2007) 
 
Poliomyelitis Research Foundation (PRF) (Grant # 08/59) 
 
National Veterinary Research Institute, Vom Nigeria (NVRI) 
 
University of Pretoria, Faculty of Veterinary Sciences (UP) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



 
 

v 

 
 
 
 

ABSTRACT 
 

Molecular epidemiology of dog rabies in Nigeria: phylogeny: 

based on N and G gene sequences 

 

                                                   by 

 

                                      Mariam Florence Ogo 

 

Supervisor  Dr C. T. Sabeta 
   OIE Rabies Reference Laboratory 
   Onderstepoort Veterinary Institute 
 
 
 
Co-supervisor Prof. L.H. Nel 
      Department of Microbiology and Plant Pathology 
   University of Pretoria 
 
 
 
Degree  M. Sc (Veterinary Science) 
 
 
 
Institution  Department of Veterinary Tropical Diseases 
   University of Pretoria 
 
 
Key words:  Molecular epidemiology, Nigeria, rabies, glycoprotein, nucleoprotein 
 
 
The domestic dog is the principal reservoir of rabies in Nigeria and the source of 

infection for over 99% of human cases that have been documented. The first 
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recorded cases of human and dog rabies were in 1912 and 1928 respectively. 

The disease has been continually diagnosed in the domestic dog until to date. 

One of the control measures practiced in this West African country includes the 

vaccination of domestic dogs with readily available rabies vaccines. However, 

trend analyses show that dog rabies is increasing probably indicating that the 

vaccination programmes are inadequate. 

 

Rabies is a member of the Lyssavirus genus and currently comprises of seven 

genotypes (GT 1-7) namely the classical rabies virus (RABV) GT1, Lagos bat 

virus (LBV) GT2, Mokola virus (MOKV) GT3, Duvenhage (DUVV) GT4, European 

bat lyssavirus type-1 (EBLV-1) GT5, European bat lyssavirus type-2 (EBLV-2) 

GT6 and Australian bat lyssavirus (ABL) GT7. Three of these have been 

identified in Nigeria (classical rabies (RABV) (GT 1), Lagos bat virus (LBV) (GT 

2) and Mokola virus (MOKV) (GT 3). The domestic dog is the major maintenance 

and vector species of rabies in this country and the West Africa sub-region. This 

study was therefore undertaken to further elucidate the epidemiology of dog 

rabies in Nigeria. Secondly, it was the aim of this study to determine the 

phylogenetic relationships of dog rabies viruses and the distribution of the 

respective rabies variants. Finally, to assess the phylogenetic relationships of the 

viruses in the study sample with those of the neighbouring countries (Chad, 

Cameroon, Benin and Niger). 
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A panel of 100 viruses recovered primarily from the domestic dog was included in 

the study. Partial regions of the nucleoprotein gene (n=100) and the cytoplasmic 

domain of the glycoprotein and the G-L intergenic region (n=80) were 

successfully amplified, sequenced and phylogenetically analysed. Nucleotide 

sequences of representative rabies viruses of the partial N gene of the 

neighbouring countries and elsewhere in Africa available in the GenBank were 

also included in the phylogenetic analysis. The phylogenetic analysis 

demonstrated that the rabies viruses from the study sample were closely related 

with a 99% sequence homology for both the N and G regions but despite the 

close homogeneity the viruses segregated into two major clusters. Within the 

major cluster 1, three sub-clades were identified comprising of rabies isolates 

from the northern part of Nigeria whereas cluster 2 was made of viruses from the 

southern part of the country together with an isolate from a stray dog. Further 

analysis of representative viruses from the study sample with viruses from the 

GenBank revealed an evolutionary link with the viruses from Chad, Benin, 

Cameroon and Niger with a �96% sequence homology. 

 

The demonstration of the evolutionary link of rabies viruses in the study sample 

and those from neighbouring countries indicates the transboundary nature of 

rabies and the existence of an active rabies cycle in the region. The study data 

revealed that a single major virus variant is circulating in domestic dogs in Nigeria 

belonging to the Africa 2 dog lineage. These data suggest that control strategies 

including mass vaccination with effective coverage of �70% and the control of 
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stray dogs will contribute to the breaking of the rabies cycle. This will dramatically 

reduce the demand for post-exposure prophylaxis which is costly and not readily 

available in most states of the country. There is also a need to enforce strict 

movement of animals across international borders so as to diminish the spread of 

the infection from one area to another, as rabies still inflicts a considerable public 

health burden in the region and many parts of Africa. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background and justification 

 

Rabies is enzootic in many parts of Asia and Africa including Nigeria, where it 

poses a significant public and veterinary health threat (Cliquet and Picard-Meyer, 

2004). An estimated 55,000 human deaths are recorded annually and 99% of the 

deaths which occur in these two continents are attributed to canine rabies (WHO, 

1998; 2005). Typically most exposures to potentially infected dogs occur in rural 

areas and mainly affect children (under 15) and in addition many others that may 

not seek medical attention hence only a few cases are laboratory confirmed 

(Wilde et al., 2003). There are many instances in Africa where clinical 

presentation may be misdiagnosed with other tropical diseases such as malaria 

(Mallewa et al., 2007). These problems related to rabies diagnosis and 

underreporting often result in underestimation of the true incidence of the 

disease.   

 

The first documented report of human death to rabies in Nigeria was in 1912 from 

Eket and Bonny in the Southern coast of the country (Boulger and Hardy, 1960). 

The disease continues to pose a major public health threat. There is very little 

information available to the public and healthcare professionals about the 

disease and this is attributable to the low priority given to rabies. Surveillance and 

research on the disease have been very limited. This is further shown through 

available records at the National Veterinary Research Institute where an average 
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of a 100 positive dog rabies cases are diagnosed annually in Nigeria. In addition 

to the domestic dog (Canis familiaris), a major maintenance and vector species 

of the disease, there are possibly wildlife reservoirs of infection such wildcats 

(Felis silvestris), jackal species (Canis aureus), hyena (Crocuta crocuta) and 

civets (Civetticus civetta) (Umoh and Belino, 1978). 

 

West Africa is considered as the birthplace of lyssaviruses due to the large 

diversity of members of this genus that have been identified here (Smith, 1928; 

Boulger and Porterfield, 1958 and Shope et al., 1970). The first isolates of Lagos 

bat virus (LBV) and Mokola virus (MOKV) were identified in the late 1950s. In 

particular, LBV was isolated from pooled brains of frugivorous bats (Eidolon 

helvum) (Boulger and Porterfield, 1958) and MOKV from the viscera of shrews 

(Crocidura spp) in Ibadan Nigeria in 1968 (Shope et al., 1970).  There are 

however limited reports on the molecular epidemiology of dog rabies in Nigeria, 

previous studies were focused on antigenic characterization and case 

surveillance issues (Ezeokoli and Umoh, 1987; Ogunkoya et al., 2000). This 

study was therefore undertaken to understand and elucidate the molecular 

epidemiology of dog rabies in Nigeria in order to formulate better control 

strategies of the disease.  
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Historical overview of rabies 

 

Rabies, one of the oldest diseases known to man (Baer, 2007), is generally 

associated with bites of infected animals. In fact, the disease is described in early 

documents and texts of most cultures including Greek, Roman, Indian, Chinese, 

Mesopotamian and Egyptian. The word �rabies� comes from the Sanskrit word 

�rabbah� which means �to do violence�. The Greeks called the disease �lyssa� 

which means "madness�.  The disease was first recognized from the 23rd century 

BC, in the Pre-Mosaic Eshunna code of Babylon. Early writing from Mesopotamia 

and Egypt depicted the god Sirius in the form of a vicious or mad dog (Blaisdell, 

1994). The works of Aristotle in the fourth century B.C.,  Homer and Euripides 

show that the Greeks and Romans were also familiar with the disease. 

 

In the 1st century AD, a Roman medical doctor, Cornelius Celsus studied the 

disease in humans and suggested particular remedies to be implemented once 

hydrophobia became evident (Wilkinson, 2002). The Italian, Girolamo 

Fracastoroin in the 1500s, captured the true nature of rabies and in his treaties 

described the disease as an incurable wound. Despite the minimal progress prior 

to the 1800s, the German scientist Zinke described the transmissible nature of 

rabies from infectious saliva of rabid dogs. Victor Galtier in 1897 adapted the 

 
 
 



 
 

4 

virus to rabbits and this concept and model was used in 1885 in the development 

of the first rabies vaccine (Dietzschold et al., 1996). There have been notable 

advances in rabies research since Pasteur�s era. These include progress that 

was made in the visualization of the rabies virus, taxonomic affiliation, 

pathological confirmation and intervention (Rupprecht et al., 2002). One of these 

advances is the development of effective and safe vaccines such as diploid cell 

vaccines that replaced the brain vaccines that contain neuronal tissues which 

elicit serious adverse reactions (Hemachudha et al., 1987). 

 

2.2 Taxonomic classification of the virus 

 

The causative agent of disease is a highly neurotropic virus that is generally 

transmitted through bites from infected animals to susceptible host species 

including humans (Knobel et al., 2005). RABV belongs to the Lyssavirus genus, 

of the family Rhabdoviridae within the order Mononegavirales (Tordo et al., 

2006). Based on antigenic characterization of panels of lyssaviruses, seven 

genotypes (GTs) are currently recognized (Tordo et al., 2006; WHO, 2005). 

These are classical rabies (RABV) GT1, Lagos bat virus (LBV) GT2, Mokola virus 

(MOKV), GT3, Duvenhage (DUVV) GT4, European bat lyssavirus type-1 (EBLV-

1) GT5, European bat lyssavirus type-2 (EBLV-2) GT6 and Australian bat 

lyssavirus (ABLV) GT7. There are several emerging lyssaviruses recently 

identified in Eurasia and these include Aravan (ARAV), Khujand (KHUV) (Kuzmin 

et al, 2005), Irkut (IRKV) and West Caucasian bat virus (WCBV) (Botvinkin et al., 

2003; Arai et al., 2003). These were incorporated into the genus as putative 
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species including Rochambeau virus (RBUV), but has no phylogenetic 

relatedness to lyssaviruses (Kuzmin et al., 2006). 

 

The Lyssavirus genus is separable into two distinct phylogroups based on 

genetic analysis of the G gene, and sequences of representatives virus isolates, 

immunogenicity and their virulent properties (Badrane et al., 2001). Phylogroup � 

comprises of GT 1, 4, 5, 7, ARAV, KHUV and IRKV, whereas phylogroup II is 

composed of GTs 2 and 3. Recent reports suggest that WCBV does not reside in 

either of the two phylogroups (Kuzmin et al., 2008) and based on genetic 

distances and the absence of serologic cross-reactivity WCBV was proposed to 

be form a new phylogroup ��� (Kuzmin et al., 2008; Hanlon et al., 2005). These 

complexities have been implicated in that the currently available biologicals for 

rabies vaccination only confer protection for viruses in phylogroup I and with 

limited or no protection for phylogroup II. 
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Figure 1 Schematic presentation showing the classification of the order 

Mononegavirales (Tordo et al., 2006). 
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Figure 2 A phylogenetic tree showing all currently recognized genotypes and the 

phylogroups in the Lyssavirus genus (Markotter, 2007). 

 

2.3 The Virus 

 

2.3.1. Morphological features and genome organization 

Rhabdoviruses are enveloped viruses and are characterized by a typical bullet or 

rod-shaped morphology (Matsumoto, 1962), with an average length of 180 nm 

and a diameter of 75 nm (Sokol, 1975). RABV consists of three major 

components, a surface glycoprotein, a membrane-embedded matrix protein and 

a core nucleocapsid. The core contains the non-segmented, single-stranded 

negative sense genomic RNA which is approximately 12 kb in length (Tordo, 

1996a; Conzelmann et al., 1990). The RNA cannot be translated directly into a 

protein but undergoes transcription to produce positive strand mRNA templates 

(Wunner, 2007). The viral genetic information is in the form of a helical 

ribonucleoprotein complex (RNP), in which the linear RNA is tightly associated 
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with viral nucleoprotein (Finke and Conzelmann, 2005). At the 3� end of RABV 

genome is the noncoding leader RNA sequence (Le), consisting of the first 58 

nucleotides of the 11,932 genomic RNA of the rabies virus (PV strain) (Tordo et 

al., 1986a). 

 

The Le serves as a signal promoter for template recognition by viral RNA 

transcriptase (Conzelmann and Schnell, 1994) and initiates genomic RNA 

transcription of the five monocistronic genes. There are 5 viral genes separated 

by intergenic spacers. The RNP is surrounded by lipid bilayer associated with G 

and M protein (Fauquet et al., 2005). The structural proteins are separated from 

each other by intergenic regions (Tordo et al., 1986a, b). The viral genes are the 

nucleoprotein (N), the phosphoprotein (P), the matrix protein (M), the 

glycoprotein (G) and the RNA dependent polymerase (L) (Tordo et al., 1986a) 

with the N, P and  L proteins forming the ribonucleoprotein complex that is 

enclosed  by a lipid bilayer consisting of the G and M proteins (Fauquet et al.,  

2005). 
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Figure 3 The rabies virion depicting the constituents and arrangement of the 

nucleocapsid in relation to the cylindrical structure covered by matrix protein. The 

lipoprotein envelope studded with rabies glycoprotein with trimetric spikes 

(Warrell and Warrell, 2004).  

 

                                                                                      5� 

3� Le N               P       M      G                 L  5�  

 

Figure 4 A schematic presentation of the rabies virus genome showing the 5 

open reading frames (ORF) (CDC, 2003 permission granted to reproduce the 

diagram).  
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2.3.2 Biological properties of the rabies viral proteins 

 

2.3.2.1. Nucleocapsid protein (N) 

 

The N protein, a 57,000 Da polypeptide, completely and tightly encapsulates the 

genomic and antigenomic RNA of the RABV forming ribonucleoprotein 

complexes (Wunner, 2007; He et al., 2006). The (N) protein, well conserved 

amongst lyssaviruses, consists of 1353 nucleotides and encodes a 450 amino 

acid (aa) polypeptide, and is highly phosphorylated compared to other RABV 

proteins (Conzelmann, 1998). The N protein encapsidates the genomic RNA 

rendering it resistant to ribonuclease activity (Tordo and Poch, 1988).  Other 

functions of the N protein include regulating RNA transcription and replication by 

promoting read-through of the termination signal (Yang et al, 1999). It is an 

important antigen with conserved epitopes common to rabies and rabies-related 

viruses which can activate cell immunity (Goto et al., 2000; Ertl et al., 1989). The 

N protein is highly expressed in an infected cell, a property that makes it a good 

target for diagnosis (Yang et al., 1998; Dean et al., 1996). Furthermore, it is also 

useful in the elucidation of the epidemiology and evolutionary relationships of 

rabies and rabies-related viruses (Kissi et al., 1995; Nadin-Davis et al., 1994 and 

Smith et al., 1992). 
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2.3.2.2. Phosphoprotein (P) 

 

RABV P a is structural component of the RNP of 31,000-41,000Da and codes for 

297 aa (Kuzmin et al., 2005). P is found in a variety of modified forms in infected 

cells (Gupta et al., 2000). The P performs numerous functions in RABV life cycle 

that include the formation of viral RNPs, viral particles and viral RNA synthesis 

(Finke et al., 2004). The binding of P to N is thought to chaperone N, enabling it 

to specifically encapsidate viral RNA, thus facilitating the process of RNA 

synthesis by the viral polymerase complex (Green et al., 2000). P also acts as a 

co-factor in transcription and replication of the viral genome (Finke et al., 2003; 

Chenik et al., 1998). Previous studies have shown that P may also be involved in 

interactions with cellular factors important for in vivo infection. For instance, the 

binding of P to dynein light chain (LC8) which is a microtubule-associated motor 

protein complex involved in minus end-directed movement of organelles along 

microtubules suggests that motor proteins are involved in the transportation of 

RNPs (Poisson et al., 2001; Jacob et al., 2000).  

 

The P-LC8 interaction could explain the propagation of the virus from the site of entry, 

such as a bite on the skin to the CNS via long nerve axons (Poisson et al., 2001). 

Recent reports revealed that replication of viruses proceed in the presence of potent 

host defense mechanisms, including the type 1 interferon (IFN) system which has a 

powerful antiviral activity and important adjuvant functions in the adaptive immunity 

(Finke and Conzelmann, 2005). Viral IFN-antagonistic mechanisms are therefore pivotal 
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for successful establishment of infection and RABV is known for its pronounced IFN-

sensitivity and therefore must encode a mechanism that prevents IFN expression, a 

function attributed to the P protein (Brz�zka et al., 2005). 

 

2.3.2.3. Matrix (M) 

 

The M protein, a 202 aa polypeptide and 25000 KDa MW, is the smallest of the 

rabies virion proteins (Tordo et al., 1986a). The M protein is multifunctional, 

located on the inner surface of the viral envelope and participates in assembly 

and budding of the virion progeny (Mebatsion et al., 1999; Finke et al., 2003). 

The compact nature and the characteristic bullet-shaped morphology of RABV is 

derived from the M protein (Lyles et al., 1996; Ito et al., 2005). Some studies 

have shown that the M protein of the rabies virus plays a role in the cytoplasm 

and induces apoptosis (Nakahara et al., 1999; Kassis et al., 2004). 

 

2.3.2.4. Glycoprotein (G) 

 

The RABV G is the only surface protein exposed on the viral envelope and 

contains spike-like projections measuring 8.3 nm (Wunner, 2007). A mature G 

protein codes for a polypeptide 505 aa and 65,000 Da in size (Bourhy et al., 

1993a, b). Studies have shown that attachment of the G protein with a cellular 

receptor contributes to retrograde axonal transport and viral distribution in the 

brain (Etessami et al., 2000; Yan et al., 2002). The G protein is composed of 
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three distinct regions; a 439 aa ecto-domain (ECTO), a 22 aa trans-membrane 

domain (TM), a C-terminal portion of G and the cytoplasmic domain (CYTO) 

(Badrane et al., 2001). The ECTO domain is involved in the induction of both 

virus neutralizing antibody (VNA) production upon RABV infection or post-

exposure vaccination (Perrin et al., 1985; Wiktor, 1973). The TM anchors each G 

spike to the viral envelope whereas the CYTO domain interacts with the M 

protein to complete virion assembly (Gaudin et al., 1992). For example, several 

antigenic sites have been identified on the G protein. The immunodominant 

antigenic site �� is formed by aa residues 34-42 (Prehaud et al., 1988). Antigenic 

site ��� is formed by aa residues 330-338 and a minor site �a� that includes 

residues 341-342 (Benmansour et al., 1991). 

 

The role of a number of specific G protein residues in conferring viral 

pathogenicity has been demonstrated (Faber et al., 2005b; Takayama-Ito et al., 

2006a). It has also been shown that G can assume three different states (Gaudin 

et al., 1993): the native (N) state detected at the viral surface, which is 

responsible for receptor binding, the hydrophobic state (A) which interacts with 

the target membrane as a first step in the fusion process, and the fusion inactive 

conformation (�). There is pH-dependent equilibrium between these states, with 

the equilibrium towards the � state at low pH. 
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2.3.2.5. RNA Polymerase protein (L) 

 

The L protein is the largest of RABV proteins, composed of 2127-2142 aa 

residues and comprising more than 54% of the coding potential of the RABV 

genome (Wunner, 2002). Several enzymatic activities have been assigned to the 

L protein and in conjunction with the P protein they act as a catalytic co-factor 

and in the polymerization of RNA, 5� capping, methylation and 3� polyadenylation 

of viral mRNAs (Banerjee, 1987; Galinski, 1991).  L is the only protein which 

contains sequence motifs (A-D) conserved throughout the non-segmented 

negative strand RNA viruses (Schnell and Conzelmann, 1995). The motifs 

sequence forms part of the polymerase module and are conserved in a collinear 

arrangement in all viral RNA-dependent DNA and RNA polymerases (Poch et al, 

1989). Motif C of the polymerase module contains the sequence GDN (glycine, 

aspartic acid and asparagine). This is conserved in all non-segmented negative-

strand RNA viruses (Poch et al, 1990) which are involved in polymerase activity 

that catalyses the polymerization of nucleotides (Schnell and Conzelmann, 

1995). Others are thought to be involved in binding and utilization of ATPs which 

share similarity with those found in cellular kinases (Canter et al., 1993). 

 

2.3.3   Strategies of replication 

 

A series of events characterizes the replication of RABV as the virion attaches to 

a susceptible cell surface. Subsequent to receptor-binding, the virion is 
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endocytosed (Le Blanc et al., 2005) via a low pH-induced membrane fusion 

process (Albertini et al., 2008). Once internalized, transcription of the viral RNA 

occurs in the cytoplasm of the infected cell (Wunner, 2007). The process is 

initiated at the 3� end of the nucleocapsid, resulting in the production of short 

RNA molecular (leader RNA) that is neither capped nor polyadenylated (Albertini 

et al., 2008). The polymerase restarts with the transcription of the N mRNA which 

is capped and polyadenylated by the viral polymerase (Ogino and Banerjee, 

2007). Thereafter, mRNAs are produced for N, P, M, G and L in a gradient 

manner (Whelan et al., 2004). As the infection progresses, the activity of L 

switches to replication in order to produce full-length positive RNA copies without 

caps or polyadenyl tails (Albertini et al., 2008). These complementary RNAs are 

also encapsidated by N and bind the L-P complex making it ready for the 

production of new negative-strand RNA genomes. These in turn are 

encapsidated by N in order to form new nucleocapsids. Apparently the factor that 

triggers the switch from transcription to replication is presently unknown, but it 

has been suggested that the process occurs once enough newly-produced N is 

available for encapsidation of the replicated genomes (Arnheiter et al., 1985). 
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2.4 The disease 

 

2.4.1 Causative agent and transmission 

 

Rabies is a disease of all warm-blooded vertebrates caused by members of the 

Lyssavirus genus. In endemic areas RABV infection is maintained in two 

interrelated ecological niches (Woldehivet, 2005),   an urban cycle (largely limited 

to domestic dogs and cats) and a sylvatic (wildlife) one although, this varies 

between geographical regions (Kaplan et al., 1986). The dog is the major 

reservoir and vector species attributed to at least 55,000 human deaths each 

year (WHO, 2005). Cats are very effective as vectors of RABV transmission, but 

neither domestic nor wild cats seem to serve as reservoirs (Rupprecht et al., 

2001).  

 

Bats species (Megachiroptera) are primary reservoirs of RABV infection on all 

inhabited continents (Gould et al., 1998). Six of the seven lyssavirus genotypes 

with the exception of GT3 have been isolated from this mammal (Tordo et al., 

1998). Animal species and humans acquire RABV infection following a bite by a 

rabid animal, which is the mode by which at least 99% of the RABV infections are 

acquired. RABV has infrequently occurred through aerosol transmission and via 

the oral and nasal routes (Woldehivet, 2002; Hemachudha et al., 2002). 

Therefore, it is possible that human RABV transmission occurs through 

contamination of skin abrasions, open wounds, the conjunctiva and oral mucosa 
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with infectious saliva (Hemachudha et al., 2002). There have been reports of 

infection occurring through the handling and skinning of rabid animals (Tarig et 

al., 1991) and more recently through solid organ transplantation (Srinivasan et 

al., 2005).  

 

2.4.2 Pathogenesis and immunity 

 

Bites by rabid animals generally introduce the virus through the skin into the 

muscle and subcutaneous tissues (Warrell and Warrel, 2004; Jackson, 2007). 

The glycoprotein spikes on the surface of the virus particles are the major 

determinants for RABV neuropathogenicity because of its role in binding to 

specific cellular receptors. Some early studies showed that the virus may 

replicate in muscle fibers before invading the nervous system (Charlton et al., 

1997), and thus suggesting that this process amplifies the virus for axonal 

transport into the peripheral nerves (Murphy and Bauer, 1974). 

 

 Other studies revealed that the RABV attaches to nerve cells through 

acetylcholine receptors at the neuromuscular junction (Lentz et al., 1982; Lewis 

and Lentz, 2000). Once in peripheral nerves, the virus travels towards the central 

nervous system (CNS) via the motor and sensory axons. Within the CNS, the 

virus infects neurons and dendrites and then neuronal cell surfaces and 

synapses (Woldehiwet, 2002; Warrel and Warrel, 2004). Virus dissemination 
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occurs through retrograde axoplasmic flow, cell to cell transmission via synaptic 

junctions and free passage of virus within intercellular spaces (Iwasaki, 1991).  

 

These processes result in the migration of RABV along peripheral nerves 

towards the CNS (Tsiang, 1993). Centrifugal spread of the virus from CNS in 

somatic and autonomic nerves deposits virus in many tissues including skeletal 

and cardiac muscle, adrenal glands, kidney, retina, cornea, pancreas and nerves 

around hair follicles (Jackson et al, 1999). Productive viral replication with 

budding from plasma membranes takes place predominantly in the salivary 

glands in readiness to infect other mammals (Warrel and Warrel, 2004).  

 

2.4.3 Features of clinical disease  

 

There are no specific pathognomonic clinical features of rabies associated with 

any species susceptible to RABV apart from acute behavioural changes 

(Charlton et al., 1991; Rupprecht et al., 2002). The clinical features are 

characterized by the incubation period, prodrome, the acute neurological phase 

(encephalitic or furious and paralytic or dumb forms), coma and death 

(Hemachudha, 1994). The incubation period of rabies is highly variable, ranging 

from 7 days to several years,  and depends on several factors such as dose of 

rabies virus inoculum, severity of the wound and site of the bite (Smith,1991; 

Hemachudha et al., 1999). The prodrome period begins with non-specific signs 

like fever, anorexia, malaise, irritability and abnormal sensation around the 

wound. This is followed by one of the two basic clinical patterns, the common one 
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being the encephalitic or furious form, characterized by hydrophobia, agitation, 

hypersalivation, aerophobia and convulsions that are result of cerebral and 

autonomic dysfunctions (Plotkin, 2000). Ascending paralysis is mainly seen in the 

paralytic or dumb form. One report suggested that limb weakness may be caused 

by peripheral nerve dysfunction in the axons as a result of the immune response 

mounted against the RABV (Sheikh et al., 1998). A complication involving the 

cardiovascular, central nervous and respiratory systems eventually develops and 

leads to death.  

 

2.4.4 Laboratory diagnosis 

 

 Handling of RABV should be performed with the utmost care and under 

appropriate safety conditions in BSL-2 and BSL-3 facilities for laboratory and 

street viruses respectively (Meslin et al., 1996). Personnel working in rabies 

diagnostic and research laboratories should be vaccinated and their 

immunological status checked 6-monthly according to WHO regulations (Kaplan, 

1996). Rabies based on clinical presentation is unreliable as there are truly no 

pathognomonic symptoms of the disease (Trimarchi and Smith, 2002). Definitive 

diagnosis of rabies in the laboratory usually requires various histological and 

virological techniques (Woldehivet, 2005). 

 

2.4.4.1 Histopathology  

 

In 1903, Adlochi Negri observed the presence of intra-cytoplasmic eosinophilic 

inclusions in rabies-infected tissues now referred to as Negri bodies and 
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considered as the definitive diagnosis of rabies (Woldehivet, 2005). These Negri 

bodies are typically round or oval in shape, eosinophilic with basophilic granules 

(Meslin et al., 1996). They are effectively demonstrated in histological sections or 

fresh bilateral smears of samples from the hippocampus (Ammon�s horn), brain 

stem and the cerebellum after staining with sellers, haematoxylin and eosin or 

Mann. This method however, because of 50%-80% reliability in detecting antigen 

in infected animals (Jogal et al, 2000) has been superseded by other methods  

such as the Fluorescent antibody test (FAT) (Dean et al., 1996). 

 

2.4.4.2 Fluorescent antibody test (FAT) 

 

The FAT is the current OIE and WHO prescribed method for RABV antigen 

detection (WHO, 1992; Dean et al., 1996) simply because of its reliability and 

sensitivity.  This test is quick and a result can be obtained within 2 hours although 

the use of expensive equipment such as a fluorescent microscope, expensive 

anti-rabies conjugate and human capacity are all limitations in many laboratories 

in Africa. 

 

2.4.4.3. Immunohistochemistry 

 

A number of immunochemical methods for detecting rabies antigen in formalin-

fixed sections are also available. In these immunohistochemical tests, rabies 

specific monoclonal or polyclonal antibody as primary antibodies and species-

specific antibodies conjugates with peroxidase or avidin-biotin as secondary 
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antibodies are used (Fekadu et al., 1988). It has been demonstrated in many 

studies that the detection of rabies viral antigen using peroxidase-labelled 

antibodies is indeed more sensitive than the detection of Negri bodies and 

equally sensitive as FAT (Kotwal and Narayan, 1985). Other studies 

demonstrated higher sensitivity using the peroxidase (Bourgeon and Charlton, 

1987). Histochemical methods are easily performed and can be carried out on 

archived materials (Jogai et al., 2000).  

 

The Centers for Disease Control and Prevention (CDC, U.S.A.) recently 

developed a direct rapid immunohistochemical test (dRIT) for the detection of 

rabies virus using an immunoperoxidase technique (Niezgoda and Rupprecht, 

2006). The test uses highly concentrated and purified biotinylated anti-

nucleocapsid monoclonal antibodies to rabies virus. The antibody reagent is 

made visible with 3-amino-9-ethycabazole after incubation with a streptavidin-

peroxidase complex. The results can be read with a light microscope in less than 

an hour and recognizes all representatives of lyssaviruses identified to date, and 

therefore is appealing for field use. 

 

2.4.4.4. Mouse Inoculation Test (MIT) and Tissue Culture system 

 

The WHO Expert Committee on rabies recommends that following human 

exposure all brain samples that are negative on FAT must be confirmed by a 

back-up test such as MIT (WHO, 1992) or rabies tissue-culture inoculation test 

(RTCIT). The MIT was first widely used as early as 1935 for confirmatory 
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diagnosis of rabies infection and for protection assays of rabies vaccines 

(Webster and Dawson, 1935). More recently cell culture systems have replaced 

the MIT in many of the developed countries. However, in many developing 

countries the MIT still remains an important and probably the only confirmatory 

method. RTCIT is now widely used to isolate RABV from brain tissues and 

salivary glands. This cell-culture based test is relatively sensitive, less expensive, 

easily undertaken and performed in (4 days) compared to 30 days for MIT a 

relatively short is required to obtain results from 30 days in MIT to 4 days 

(Webster and Casey, 1996). The murine neuroblastoma (C-1300) cell line has 

been shown to be the most susceptible for the isolation of either fixed or street 

RABV (Crick and King, 1988; Rudd and Trimarchi, 1987) and also to be equally 

sensitive as the MIT. 

 

2.4.4.5. Serological Tests 

 

The Rapid Fluorescent Focus Inhibition Test (RFFIT) and Fluorescent Antibody 

Virus Neutralization Test (FAVNT) are currently well established and utilized in 

many diagnostic and research laboratories for the detection and titration of 

antibodies against rabies (Cliquet et al., 1998). However, these methods require 

laboratories capable of handling live RABV. The demonstration of antirabies 

antibodies in the serum and cerebro-spinal  fluid (CSF) of humans during 

clinical phase of rabies can be a useful indicator but it is too insensitive and 

unreliable to be used as a diagnostic test (Crepin et al., 1998; McColl et al., 

1993), as seroconversion occurs late in the course of the disease (Smith, 1991). 
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It is not significant as a confirmatory antemortem test in humans since only very 

few patients have detectable antibodies in their circulating blood (Hemachudha 

et al., 2002). A computer-automated detection of fluorescence to reduce the 

time required to perform RFFIT and FAVNT are new innovations for the rapid 

and efficient monitoring of antirabies antibodies in the immunized host 

(Peharpre, 1999). Flow cytometry has also been used to estimate rabies virus 

neutralizing antibody titres (Bordingnon et al., 2002) and results were 

comparable with those obtained by the RFFIT and FAVNT.  

 

2.4.4.6 Reverse-transcription Polymerase Chain Reaction (RT-PCR) 

 

When further characterization of RABV is necessary or in situations with highly 

putrefied specimens, fluid samples such as saliva and CSF which are unsuitable 

for FAT, virus isolation and  histology, the RT-PCR is utilized (David et al., 2002). 

RT-PCR has also been useful in confirming rabies infection in humans where 

other tests could not be readily applied (Hughes et al., 2004).  

 

2.4.5 Rabies control strategies 

 

It is now clear that prevention of human rabies through control and elimination of 

dog rabies rather than reliance on human post-exposure treatment is likely to be 

most effective in the long term (Bögel and Meslin, 1990), as it is probably 

cheaper to control the disease at the animal source. Different control strategies 

have been employed in the past e.g. habitat destruction, trapping, shooting, 
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gassing of dens and distribution of poisons (Hanlon et al., 1999). Population 

reduction has been advocated as a sole technique in disease abatement but it is 

difficult to justify due to ethical, economical and ecological issues (Rupprecht et 

al., 2002).  

 

The proper use of rabies prevention biologicals in susceptible animal populations 

has to be done in conjunction with other approaches. These include the humane 

removal of strays, institution of laws and ensuring its implementation on control of 

animals, early spaying with neutering programmes and the promotion of 

responsible pet ownership by education is useful in the elimination of dog rabies 

(Rupprecht et al., 2002). This is particularly common in most parts of Africa 

where dog rabies is endemic. The failure of rabies control programs in Africa has 

been attributed to both economic and human resources. One being inability to 

reach target vaccination levels of 70%, application of strategies inappropriate to 

the ecology of dog populations and socio-political factors affecting vaccine 

delivery (Cleaveland, 1998). Generally, the lack of accurate statistics on the true 

impact of rabies on public health could partly be responsible for failures seen in 

some control programs (Knobel et al., 2005). 

 

2.4.5.1 Mass dog vaccination campaigns  

 

Many countries have demonstrated that mass dog vaccination campaigns are a 

classic means of eliminating and breaking the transmission cycles of dog rabies 

from their territories as in Japan in 1954 (Shimada, 1971) and  most countries in 
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North America and Western Europe (Beran, 1991). An outbreak of dog rabies in 

Malaga, Spain in 1982 was equally controlled by this method (Diaz et al., 1982). 

Clearly, the sustained and effective vaccination coverage of 70% in the dog 

population is sufficient to prevent outbreaks of dog rabies (Coleman and Dye, 

1996).  However, the exact level of coverage required can vary according to the 

demographic, behavioral and spatial characteristics of the dog population (WHO, 

1992). Various methods can be adopted in achieving the overall goal and this 

includes house to house visits, designated vaccination areas within a community 

and mobile teams with temporary vaccination posts (WHO, 1992).  

 

2.4.5.2   Human rabies vaccines 

 

The history of rabies vaccinology all started over a century ago, when Louis 

Pasteur and his colleagues developed the first crude desiccated nerve vaccine 

from a rabbit, for post-exposure prophylaxis (Geison, 1990). Since then, various 

modifications such as serial dilution to sterilization and chemical treatment to 

partially inactivate the virus have been employed (Dreesen, 1997). Further 

advances include growing the virus in various animal tissues followed by 

inactivation with UV light or phenol. Vaccines obtained by the latter method 

include sheep or goat brain (Semple) and the suckling mouse brain vaccines. 

These groups of vaccines cause neurological problems and other adverse 

allergic reactions, but they are still used in certain parts of the world (Plotkin, 

2000).   
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Currently, the benchmark for rabies vaccines is one that cell-culture based 

because they are highly purified thus elicit less allergic reactions compared to 

nerve tissues vaccines. Also there is improve potency and the dosage regimen 

for this group of vaccines is quite economical and convenient especially for 

situations in Africa and Asia. The first commercially available vaccine is the 

human diploid cell culture vaccine (HDCV) (Wiktor et al., 1969). The HDCV is an 

inactivated vaccine free from heterologous protein, and induces high level of 

immunogenicity that permits rational dosing schedule. The only drawback with 

HDCV is the high cost of production and this makes it beyond the reach of many 

people in developing countries (Plotkin et al., 1999). Today, cheaper cell-culture 

based vaccines like the purified chick embryo cell rabies vaccine (PCECV) are 

available and are considered equivalent in terms efficacy and freedom from 

allergenic reactions (Barth et al., 1984). 

 

2.5 Geographical distribution of rabies 

 

2.5.1 Rabies-free countries 

 

At present, there are a few countries in the world reported to be free of rabies. 

These are mainly islands and peninsulas which include Japan, Hawaii, 

Singapore, France, Sweden, Italy, Belgium, Netherlands (Woldehiwet, 2005). 

Australia has always been free from classical rabies (GT 1). However, GT 7 was 

recently isolated in 1996 from fruit and insectivorous bats (Field et al., 1999) and 
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also responsible for two fatal human infections in Australia (Allworth et al, 1996; 

Hanna et al, 2000). 

 

2.5.2 Developed countries 

 

Animal control programs and vaccination campaigns implemented in the early 

1940s eliminated the domestic dog as a reservoir for rabies in North America 

(Finnegan et al., 2002). As a result most of the rabies cases today in the 

Americas are found in wild carnivore species such as raccoons, skunks, bats and 

foxes in (Krebs et al., 2000). In addition, bat species have been implicated in 

human rabies in regions with large populations of bats. The bat viruses are 

distinct from terrestrial rabies strains suggesting that they have evolved and now 

adapted within their host (Brass, 1994; Rupprecht et al., 1991). The use of 

molecular techniques in monitoring rabies transmission patterns between species 

has been made much easier though control of sylvatic rabies remains 

problematic. This is largely due to the variety of host species involved in the 

epidemiology of rabies and the occasional spill-over of infections to humans 

making such exposures a major threat to public health. 

 

In Europe, canine rabies was predominant before the twentieth century but was 

gradually eliminated in the majority of the European countries (Bourhy et al., 

2005). The success was largely due to restricted animal movement and 

extensive vaccinations (Cliquet and Aubert, 2004). The main epidemiologic cycle 

in wildlife in Europe are maintained by the red fox (Vulpes vulpes) and the 
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raccoon dog to a lesser extent (Finnegan et al., 2002). The epizootic that led to 

the adaptation of the dog rabies variant to the red fox occurred between the 

1930s and 1940s at the Russian-Polish border (Blancou, 1988). This variant 

spread rapidly throughout Europe at an average progression of 20 km to 60 km 

per year (Toma and Andral, 1970; Atanasiu et al., 1968) before it was controlled. 

 

Bat rabies is common throughout Europe with first isolates obtained in the 1950s.  

The insectivorous bats (Eptesicus serotinus) and (Myotis spp.) are important 

reservoirs for GTs 5 and 6 respectively. Spill-over infections to human and 

terrestrial animals are not uncommon, though mechanisms remain largely 

unclear (Muller, 2000). 

 

2.5.3 Asia 

 

Rabies, a major threat to public health, is enzootic in most parts of Asia and 

occurs as urban and sylvatic cycles. The domestic dog is the major vector 

species for transmission of the disease to both humans and other domestic 

animals (Nagarajan et al., 2006). Rapid urbanization in most parts of Asia has 

had a major impact on the epidemiology of rabies on this continent as it has 

contributed to the spread of rabies into these areas. Despite the establishment of 

vaccination and control programs in some Asian countries (Thailand, Pakistan, 

Indonesia, Vietnam and India), at least 18,500 human deaths still occur in India 

annually (Association of the Prevention and Control of Rabies in India, 2003). In 

Thailand, over 220,000 patients receive post-exposure treatment annually 
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(Susetya et al., 2003). This  result in over 10,000,000 US dollars being expended  

on PET project per year by the Thai public and private sectors (Wilde et al., 

1999) and this contributes to the economic burden of the disease.  

 

2.5.4   Africa 

 

Rabies remains a public health concern in much of Africa. The epidemiology of 

the disease has been elucidated in very few countries such as South Africa and 

Namibia (von Teichman et al., 1995), Zimbabwe (Sabeta et al., 2003), the Sudan 

(Johnson et al., 2004a), Botswana (Johnson et al., 2004b) and Tanzania (Lembo 

et al., 2007). Poor and limited diagnostic facilities have contributed to poor 

surveillance. The disease remains low on priority in relation to other diseases 

such as malaria and acquired immunodeficiency syndrome (AIDS) and recently 

in Nigeria the avian influenza. 

 

The first documented report of canine rabies in the continent was in 1892 at Port 

Elizabeth, South Africa, as a result of a dog imported from England (Hutcheon, 

1894). Today, the domestic dog is the primary vector species responsible for the 

maintenance and transmission of rabies with the exception of southern Africa 

where jackal species (Canis adustus (side-striped) and Canis mesomelas (black-

backed jackal) and members of the Herpestidae family, mainly the yellow 

mongoose (Cynictis penicillata) are important reservoirs and vectors of rabies 

(Bingham, 2005). The extent of wildlife and the role it plays in the epidemiology of 
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rabies in other parts of Africa remains largely unknown. Phylogenetic studies 

carried out on a panel of African rabies viruses revealed the existence of two 

lineages (Africa 1 and 2) of the cosmopolitan variants with two sub-groups 

identified in lineage 1 (Africa 1a and 1b) Bourhy et al., 1993b).  It appears that 1a 

circulates in North Africa, whereas 1b in East and Southern Africa and Africa 2 is 

restricted to Western Africa. 

 

2.5.5 Latin America 

 

The Pan American Health Organization (PAHO) was established in the 1980s 

and mandated (amongst others) to eliminate dog-transmitted human rabies. The 

disease was significantly reduced in humans in some countries in this region in 

countries such as Ecuador, Peru, Bolivia and Brazil (Boletin, 2000). 

Unfortunately, cases of human rabies due to the hematophagous and 

insectivorous bats have substantially increased (Schneider et al., 2005). The 

vampire bat (Desmodus rotundus) feeds on mammalian blood and it is the only 

bat species of epidemiological importance in the region (Mayen, 2003), although 

other terrestrial wildlife reservoirs including skunks, foxes, mongooses and 

raccoons that make contact with man are a positive risk . 

 

Bat rabies is also transmitted to herbivores such as cattle and this has impacted 

negatively on livestock production in Latin America (Belotto et al., 2005). 

Although, it has been suggested that the magnitude of the economic impact is 
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difficult to assess, direct and indirect losses to livestock production over a 9-year 

period are thought to be in excess of US$50 million (Belotto, 2001). The majority 

of the Latin American countries have made great strides towards control and 

prevention of rabies transmitted by different species. This has been necessitated 

through improved epidemiological surveillance, mass vaccination of dogs and 

post-exposure treatment of humans. The political commitment for implementing 

rabies control programs (PAHO, 2003) has been encouraging however, both 

urban and sylvatic rabies still remain a major challenge in the region. 

 

2.5.6 Nigeria 

 

In the West African sub-region, human rabies was first diagnosed in Nigeria in 

1912 (Boulger and Hardy, 1960; Owolodun, 1969; Banerjee and Elegbe, 1970). 

Most of the documented reports from the region as with other parts of Africa have 

established that the domestic dog as being responsible for the transmission of 

rabies to humans and other domestic animals (Fagbami et al., 1981).  Dog rabies 

was first reported in Nigeria in 1928 (Smith, 1928). An annual estimate of human 

rabies cases in Nigeria is about 10,000 (Nawathe, 1980) Unlike Europe, 

Americas and some parts of Africa where wildlife play an important role in the 

epidemiology of rabies, the involvement and the ability of wildlife to serve as 

reservoir of RABV is poorly understood (Umoh and Belino, 1978).  A few rabies 

cases though have been detected in wildlife incidentally during routine 

histopathological examination of carcasses such as chimpanzee (Pan 

troglodytes) (Oboegbulum et al., 1981), civet (Vivera civetta) (Kasali, 1977), and 

 
 
 



 
 

32 

caracal lynx (Felix caracal) (Okoh, 1976). These may have been exposed by 

contact with infected dogs but there is no firm evidence in support of this 

speculation. The general belief common among many Nigerians is that bites from 

some wildlife species such as bats, shrews and squirrels end in "madness" 

preceding death. Moreover, the finding of rabies antibodies in the sera of some 

fruits bats in Nigeria (Aghomo et al., 1990) presents an ancient recognition of 

sylvatic rabies among native people in this country. This probably suggests an 

active role by some wildlife in the epidemiology of rabies. 

 

 The common method for rabies control in Nigeria is parenteral vaccination of 

domestic dogs and cats. This service is provided for a fee at the expense of the 

owner with (LEP, HEP) Flury strain rabies vaccines for dogs and cats 

respectively. The vaccines have been produced by the National Veterinary 

Research institute (NVRI) since 1956 (Nawathe et al., 1981). There is however 

limited progress made in the control of rabies in Nigeria and the region largely 

attributed to many factors e.g. presence of many ownerless and stray dogs and  

low priority given to  rabies (Dürr et al., 2008b).  

 

An average fee of US $ 5 per dose is charged for rabies vaccine in Nigeria and 

most rural households cannot afford this payment. This contributes to poor 

compliance in the mandatory vaccination of pets. Poor accessibility to main 

diagnostic laboratories results in reduced submissions thus affecting the number 
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of confirmed rabies cases which ultimately undermines the actual burden of the 

disease in the region. 

 

Another major constraint in the control of rabies in Nigeria and the region is the 

scarcity of modern vaccines and immunoglobulins and recognized infrastructure 

for the management of rabies. Poor surveillance for the disease and limited 

molecular epidemiological studies (Kissi et al., 1995, Dürr et al., 2008a) have also 

contributed to slow overall progress made in the control of rabies in Nigeria and 

the West Africa sub-region where many preventable deaths from this disease still 

exist. 
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Figure 5 Laboratory confirmed cases of rabies in Nigeria from 1996-2006 from 

samples submitted for routine rabies diagnosis (Records of National Veterinary 

Research Institute, Vom Nigeria, 2007).  
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2.6 Molecular epidemiological approaches 

 

Molecular epidemiological methods have revolutionized the way research is 

conducted as it has enabled the establishment of durable global framework for 

the classification of infectious pathogens based on genetic relationships including 

rabies (Smith, 2002). Its role is also very significant in situations where accurate 

and timely diagnostic tools are required for critical decision-making regarding 

treatment. Generally, molecular epidemiology deals with the role of genetic and 

environmental risk factors elucidated at the molecular level to the mechanisms of 

etiology, distribution, and control of diseases in a population or group of related 

pathogens (Hungnes et al., 2000). Furthermore, this branch of science improves 

the understanding of pathogenesis of infectious diseases by identifying specific 

pathways, molecules and genes that influence their spread (Murray et al., 1999).  

 

2.6.1 Tools and methodologies 

 

2.6.1.1 Polymerase Chain Reaction (PCR) 

 

PCR is an in vitro technique for exponentially producing unlimited quantities of 

precise genetic material in a short period of time. It was developed in the 1980s 

by Kary B. Mullis (Barlett and Stirling, 2003). The method was designed to allow 

selective amplification of a specific target DNA sequence(s) e.g. from total 

genomic DNA or cDNA. Some prior DNA sequence information from the target 

sequences is required for the design of two oligonucleotide primers specific for 

the targeted region. In the presence of a DNA thermostable polymerase and DNA 
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precursors (four deoxynucleotide triphosphates in an in vitro enzymatic 

replication a complementary DNA strand is synthesized). PCR profoundly 

transformed the capacity to identify and manipulate genetic material for 

experimentation and other research purposes. 

 

One of the major limitations of this technique is contamination that can result 

from exogenous sources of DNA (Fredricks and Relman, 2000). This is due to 

the robust power of PCR and small amounts of carry over products of earlier 

PCR reactions which are harboured and transmitted through PCR reagents, 

tubes, pipettes and laboratory surfaces. This may then serve as a substrate for 

amplification which may result in false positives (Yang and Rothman, 2004). PCR 

is more expensive than conventional approaches due to cost of reagents, 

equipment, dedicated space and personnel training (Louie et al., 2000). This may 

limit its use as routine diagnostic or surveillance tool particularly in countries with 

limited resources. The advantages of this technology are that the results are 

more reproducible and readily quantified (Smith, 2002) and especially with the 

development and application of real-time PCR (Nagaraj et al., 2006). 

 

2.6.1.2 Nucleotide sequencing 

 

A process of determining the precise order of nucleotide bases along a DNA 

sample. Two separate methods were originally developed for sequencing, the 

Allan Maxam and Walter Gilbert and Frederick Sanger methods. The former, a 

chemical degradation method uses radioactive labels for the detection of reaction 
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products but has limited application. On the other hand, the Sanger method is 

based on chain termination method or dideoxynucleotide termination method 

which is the gold standard for determining nucleotide sequences (Sanger et al., 

1977). In the latter method, new strands of DNA complementary to a single 

stranded DNA which serves as the template, together with primers, four 

nucleotides (fluorescently labelled), DNA polymerase (Enzyme) the elongation 

proceeds but the incorporation of a nucleotide analog (2�, 3� -dideoxy analog) 

which lacks the 3�-OH group needed to form a phosphodiester bond with the next 

nucleotide acts as the chain terminating inhibitor. This results in chains of 

different lengths which are analysed by polyacrylamide gel electrophoresis. 

Different modifications of this method have now been automated. For instance, in 

cycle sequencing dideoxynucleotides are tagged with different coloured 

fluorescent dyes enabling all four reactions to occur in the same tube. The 

sequence is analysed by a detector reconstructed from the pattern of colours 

representing each nucleotide in the sequence.  

 Nucleotide sequencing has been conducted on panels of lyssaviruses utilising 

the N gene, for taxonomic classification and immunogenetic studies (Tordo and 

Kouknetzoff, 1993; Smith et al., 1992) and the G-L for evolutionary events of the 

lyssaviruses (Sacramento et al., 1991; Tordo et al., 1992; Bourhy et al., 1992). 

Overall, the studies have contributed to elucidating molecular epidemiological 

relationships of lyssaviruses in various parts of the continent. For example, in 

Africa (Nel et al., 1993; Von Teichman et al., 1995; Sabeta et al., 2003), Europe 
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(Bourhy et al., 1992), Americas (Smith et al., 1992) and Middle East (David et al., 

2000). 

2.6.2 Molecular Phylogenetics 

The idea of using trees to define genetic relationships probably dates back to the 

Charles Darwin era. Reports with numerical calculation of trees using quantitative 

methods is relatively recent though (Sneath and Sokal, 1973) with its application 

to molecular data being even more recent (Zuckerkandl and Pauling, 1965). As 

such the versatility of its application in various fields of modern science has made 

it an essential tool in the study of molecular epidemiology of infectious agents. It 

is mainly concerned with establishing the genetic and evolutionary relationships 

amongst various groups of organisms (Du et al., 2005). This is usually depicted 

as a tree constructed using aligned nucleotide or protein sequence data. 

A phylogenetic tree is actually a mathematical or graphic structure that is used to 

model or illustrate patterns of historical relationships among groups of sequences 

or organisms (Page and Holmes, 1998). A constructed phylogenetic tree can 

reveal useful information in a molecular epidemiological investigation such as the 

branching order (topology) indicating how the sequences are related to each 

other (the sequences that share most recent common ancestor) (Strimmer and 

Moulton, 2000). The source of an outbreak of a particular disease can also be 

traced, the rate of spread through a population can be monitored and strains 

often associated with outbreaks assessed. A phylogenetic analysis is therefore a 
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powerful tool for interpreting molecular data because all the valuable information 

that can be obtained using it (Baldauf, 2003). 

2.6.3 Phylogenetic Approaches 

Nucleotide data sequences are subjected to multiple sequence alignment, which 

is central to reconstruction of phylogenetic trees using available software such as 

Clustal X (Thompson et al., 1997). This is achieved through progressive 

sequence alignment (Feng and Doolittle, 1987; Higgins and Sharp, 1988) in a 

stepwise manner, starting with the most similar sequences and then 

progressively adding the more divergent ones. 

Most commonly used methods for inferring phylogeny fall into two categories 

(Page and Holmes, 1998), the distance (also called clustering or algorithmic 

method and character-based method. In the former numerical values are 

assigned as a pairwise combinations of sequences and a tree is then 

reconstructed based entirely on these values. For example, Unweighted pair-

group method using arithmetic averages (UPGMA) (Sokal and Michener, 1958) 

whereas the  neighbour-joining (NJ) method of (Saitou and Nei, 1987), produces 

a tree under the principle of minimum evolution and the NJ algorithm converts 

DNA or protein sequences into distance matrix which is the estimation of the 

evolutionary distance between sequences (the evolutionary distance is defined 

as the number of changes that have occurred along the branches between two 

sequences).  
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The NJ method is relatively fast and can be applied to a large dataset but its 

major limitation is that the observed differences between the sequences are not 

accurate reflections of the evolutionary distances between them (Holder and 

Lewis 2003; Du et al., 2005). Secondly, multiple substitutions at the same site 

obscure the true distance and makes sequences seem artificially close to each 

other although, this can be corrected with the of application of appropriate 

mathematical models. The basic models of sequence evolution that are 

commonly used include Jukes-Cantor (JC) (Jukes and Cantor, 1969) and Kimura 

two- parameter model (K2P) (Kimura, 1980). The JC model assumes that all the 

four nucleotide are in equilibrium (equal frequency) with all base substitutions 

equally likely, whereas K2P model assumes different rates of substitution per site 

for transition and transversion.  

The other method for inferring phylogeny is the discrete or character-based 

method and is also known as the tree searching method which uses the 

optimality criterion (e.g. Maximum parsimomy (MP), Maximum likelihood (ML) 

and Bayesian methods). In the discrete method, individual substitutions among 

the sequences are used to determine the most likely ancestral relationship that is 

the history of the gene sequences is mapped onto a tree (Holder and Lewis, 

2003). This is carried out by assessing the plausibility of the mutations that a 

particular tree would require to explain a data and a score is then assigned to 

each tree. 
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 In MP (Camin and Sokal, 1965) the score is the minimum number of mutations 

that could possibly produce a tree that has the least number of evolutionary 

steps.  One major drawback for MP is its susceptibility to long branch attraction, a 

situation where two long branches that are not adjacent on the true tree are 

inferred to be the closest relatives of each by parsimony (Felsenstein, 1978; 

Gribaldo and Philippe, 2002). 

 In ML (Felsenstein, 1981), the tree that has the highest probability of producing 

the observed sequence is preferred under a model of sequence evolution 

(Whelan et al, 2001). ML is powerful and efficient because it uses all data in its 

analysis (Foster, 2003). The main obstacle to the widespread use of ML is the 

computational burden involved.  

 

The application of Bayesian methods in phylogenetics is relatively recent (Yang 

and Rannala, 1997; Huelsenbeck et al., 2001). The result (in Bayesian analysis) 

is expressed as the probability of the hypothesis in relation to the data. It is 

closely related to ML but a further set of assumptions termed priors are inputted 

into original model and the branch swapping algorithms differ. Bayesian methods 

are used to achieve the aims that are difficult with ML (Zwickl and Holder, 2004).  

 

2.6.4 Study Objectives  

 

The main objective of this study was to elucidate the molecular epidemiology of 

dog rabies in Nigeria, through the determination of nucleotide sequences of 
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rabies viruses recovered from dogs, from different geographical areas in Nigeria. 

The phylogenetic relationships of the viruses from Nigeria were assessed with 

those from neighbouring Chad, Benin, Cameroon and Niger, being neighbours of 

Nigeria.  

 

2.6.5 Benefits arising from the study 

 

Phylogenetic analyses of the nucleotide sequences obtained in this investigation 

clarified the genetic relationships and geographical distribution of a panel of dog 

rabies viruses in the study sample. Such information will be added to the global 

data on the nucleotide sequences of lyssaviruses. Knowledge of the genetic 

distribution of the rabies variants will provide a framework for the development of 

an effective rabies control programs which will contribute the control of the 

disease in this West African country. 
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CHAPTER 3 

MATERIALS AND METHODS 

 

3.1 Virus isolates 

 

One hundred brain tissues, 98 recovered from the domestic dog (Canis 

familiaris), one each from a domestic cat (Felis catus) and a domestic goat 

(Capra spp). These brain samples were submitted for routine diagnosis between 

1989 and 2008 from different geographical regions of Nigeria at the Rabies 

Diagnostic Unit of the National Veterinary Research Institute Vom, Nigeria 

(NVRI). These samples were selected for this study because they were the only 

available samples in the diagnostic archive. The brain samples were stored 

frozen and transported to the Rabies Diagnostic Unit at the Onderstepoort 

Veterinary Institute (OVI) (Pretoria, South Africa), by courier for genetic 

characterisation. The entire panel of virus isolates included in this investigation 

and their epidemiological information are shown in Table 1 
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Table 1 Epidemiological information of rabies viruses obtained from Nigeria 

included in the investigation 

 

Isolate 

# 

Lab. # Species     

of origin 

Year of 

isolation 

Locality 

of origin 

            Lat-Long Reference GenBank #    

N 

GenBank # 

    GL 

1. 13133/89 Dog 1989 Zaria 11°04� - 7°42�     This study FJ435705 ND 

2. 13136/89 Dog 1989 Zaria 11°04� - 7°42�     This study EU888729 EU888803 

3. 13138/89 Dog 1989 Zaria 11°04� - 7°42�     This study FJ435703 ND 

4. RD60/05 Dog 2005 Mangu 9°18�09� - 9°11�34�               This study EU888666 EU888748 

5. RD52/05 Dog 2005 Jos  9°54� - 8°53�       This study EU888664 EU888746 

6. RD38/05 Dog 2005 Riyom 9°37� - 8°45�     This study EU888658 EU888742 

7. RD72/05 Dog 2005 Kuru 9°42� - 8°50�       This study EU888676 ND 

8. RD101/05 Dog 2005 Jos 9°54� - 8°53�       This study FJ435704 FJ435708 

9. RD142 Dog 2006 Jos 9°54� - 8°53�       This study FJ4357068 EU888781 

10. RD194/06 Dog 2006 Kaduna 10°30� - 7°26�      This study EU888728 EU888802 

11. RD193/06 Dog 2006 Jos 9°54� - 8°53�       This study EU888727 EU888801 

12. RD188/06 Dog 2006 Quaanpan 9°26� - 8°54� This study EU888726 EU888800 

13. RD187/06 Dog 2006 Kaduna 10°30� - 7°26�      This study EU888725 EU888799 

14. RD185/06 Dog 2006 Panshin 9°18� - 9°26�         This study EU888724 EU888798 

15. RD183/06 Dog 2006 Mangu 9°18�09�-9°11�34�               This study EU888723 EU888797 

16. RD182/06 Dog 2006 Mangu 9°18�09� - 9°11�34�               This study EU888722 EU888796 

17. RD181/06 Dog 2006 Bokkos 9°18� -  9°00�         This study EU888721 EU888795 

18. RD177/06 Dog 2006 Bauchi 10°30� - 9°50�        This study FJ435700 EU888793 

19. RD175/06 Dog 2006 Riyom 9°37�- 8°45�     This study EU888719 EU888792 

20. RD174/06 Dog 2006 Jos 9°54� -  8°53�       This study EU888718 EU888791 

21. RD173/06 Dog 2006 Jos 9°54� - 8°53�       This study EU888717 EU888790 

22. RD172/06 Dog 2006 Kastina 12°59� - 7°36�        This study EU888716 EU888789 

23. RD168/06 Dog 2006 Bauchi 10°30� - 9°50�        This study EU888714 EU888788 

24. RD166/06 Dog 2006 Mangu 9°18�09�-9°11�34�               This study EU888713 EU888787 

25. RD164/06 Dog 2006 Kaduna 10°30� - 7°26�      This study EU888711 EU888786 

26. RD163/06 Dog 2006 Bokkos 9°18� - 9°00�         This study EU888710 EU888785 

27. RD162/06 Dog 2006 Jos 9°54� -  8°53�       This study EU888709 EU888784 

28. RD159/06 Dog 2006 Jos 9°54�  - 8°53�       This study EU888707 EU888783 
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29. RD158/06 Dog 2006 Jos 9°54� - 8°53�       This study FJ435701 EU888782 

30. RD138/06 Dog 2006 Stray Unknown This study EU888703 EU888778 

31. RD33/06 Dog 2006 Bukuru 9°47� - 8°51�        This study EU888657 EU888741 

32. RD156/06 Dog 2006 Ganawuri 9°41�60�-8°41�60� This study EU888706 FJ435712 

33. RD171/06 Dog 2006 Bokkos 9°18� - 9°00�         This study EU888715 ND 

34. RD131/06 Dog 2006 Markurdi 7°43� - 8°32� This study EU888701 ND 

35. RD165/06 Dog 2006 Jos 9°54� -  8°53�       This study EU888712 ND 

36. RD161/06 Dog 2006 Mangu 9°18�09� - 9°11�34�               This study EU888708 ND 

37. RD133/06 Dog 2006 Riyom 9°37�- 8°45�     This study EU888702 ND 

38. RD146/06 Dog 2006 Jos 9°54� - 8°53�       This study EU888704 ND 

39. RD58/06 Dog 2006 Lagos 6°29� - 3°21� This study EU888665 EU888747 

40. RD147/06 Dog 2006 Jos 9°54� - 8°53�       This study FJ435697 ND 

41. RD176/06 Dog 2006 B.Ladi 9°32� - 3°53� This study FJ435699 FJ435711 

42. RD99/06 Goat 2006 Abeokuta 7°09� - 3°20� This study EU888689 ND 

43. ** RD132/06 Dog 2006 Vom 9°39� - 8°48�             This study 
 

EU038082 EU888775 

44. ** RD137/06 Dog 2006 Jos 9°54� - 8°53�       This study 
 

EU038096 EU888777 

45. ** RD139/06 Dog 2006 Mangu 9°18�09� - 9°11�34�               This study 
 

EU038092 EU888779 

46. ** RD141/06 Dog 2006 Jos 9°54� -  8°53�       This study EU038109 EU888780 

47. ** RD135/06 Dog 2006 Kuru 9°42�- 8°50�        This study EU038086 EU888776 

48. ** RD111/06 Dog 2006 Bokkos 9°18� - 9°00�         This study EU038105 FJ435707 

49.  RD16/07 Dog 2007 F. Karshe 9°47� - 8°17� This study EU888650 EU888736 

50. RD17/07 Dog 2007 Jos 9°54� -  8°53�       This study EU888651 EU888737 

51. RD18/07 Dog 2007 Riyom 9°40� - 8°31� This study EU888652 ND 

52. RD20/07 Dog 2007 Jos 9°54� -  8°53�       This study EU888653 EU888738 

53. RD21/07 Dog 2007 Stray Unknown This study EU888654 FJ435710 

54. RD29/07 Dog 2007 Kaduna 10°30� - 7°26�      This study EU888655 EU888739 

55. RD30/07 Dog 2007 Manchok 9°40� - 8°31� This study EU888656 EU888740 

56. RD43/07 Dog 2007 Turu 9°40� - 8°45� This study EU888659 ND 

57. RD44/07 Dog 2007 Stray Unknown This study EU888660 EU888743 

58. RD46/07 Dog 2007 Abuja 9°10� - 7°10� This study EU888661 ND 

59. RD47/07 Cat 2007 Jos 9°54� -  8°53�       This study EU888662 EU888744 

60. RD48/07 Dog 2007 Lafia 9°28�-8°53� This study EU888663 EU888745 

61. RD61/07 Dog 2007 Panshin 9°18� - 9°26� This study EU888667 ND 

62. RD62/07 Dog 2007 Jos 9°54� -  8°53�       This study EU888668 EU888749 
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63. RD63/07 Dog 2007 Manchok 9°40� - 8°31� This study EU888669 EU888750 

64. RD65/07 Dog 2007 Jos 9°54� -  8°53�       This study EU888671 EU888751 

65. RD68/07 Dog 2007 Bokkos 9°18� - 9°00�         This study EU888672 EU888752 

66. RD69/07 Dog 2007 Jos 9°54� -  8°53�       This study EU888673 FJ435709 

67. RD70/07 Dog 2007 B.Ladi 9°32� - 3°53� This study EU888674 EU888753 

68 RD71/07 Dog 2007 Kagoro 9°34�60�- 8°30� This study EU888675 EU888754 

69. RD76/07 Dog 2007 Jos 9°54� -  8°53�       This study EU888678 EU888756 

70. RD77/07 Dog 2007 Vom 9°39� - 8°48�             This study EU888679 EU888757 

71. RD78/07 Dog 2007 Jos 9°54� -  8°53�       This study EU888680 EU888758 

73. RD79/07 Dog 2007 Mangu 9°18�09�-9°11�34�               This study EU888681 EU888759 

74. RD80/07 Dog 2007 Jos 9°54� -  8°53�       This study EU888682 EU888760 

75. RD89/07 Dog 2007 Zawan 9°45�-8°52� This study EU888683 ND 

76. RD90/07 Dog 2007 Jos 9°54� -  8°53�       This study EU888684 EU888761 

77. RD91/07 Dog 2007 Vom 9°39� - 8°48�             This study EU888685 EU888762 

78. RD92/07 Dog 2007 Vom 9°39� - 8°48�             This study EU888686 EU888763 

79.  RD94/07 Dog 2007 Foron 9°41� - 8°56� This study EU888687 EU888764 

80. RD95/07 Dog 2007 Du 9°45�65� -8°53�30� This study EU888688 ND 

81. RD101/07 Dog 2007 B.Ladi 9°32� - 3°53� This study EU888690 EU888765 

82. RD105/07 Dog 2007 Foron 9°41� - 8°56� This study EU888691 ND 

83. RD107/07 Dog 2007 Jos 9°54� -  8°53�       This study EU888692 ND 

84. RD109/07 Dog 2007 Mangu 9°18�09�-9°11�34�               This study EU888693 EU888767 

85. RD116/07 Dog 2007 Gindiri 9°35� - 9°13� This study EU888694 EU888768 

86. RD122/07 Dog 2007 Mangu 9°18�09�-9°11�34�              This study EU888695 EU888769 

87. RD123/07 Dog 2007 Markurdi 7°43�-8°32� This study EU888696 EU888770 

88. RD124/07 Dog 2007 Mangu 9°18�09�-9°11�34� This study EU888697 EU888771 

89. RD125/07 Dog 2007 Jos 9°54� -  8°53�       This study EU888698 ND 

90. RD126/07 Dog 2007 Bukuru 9°47� - 8°51�        This study FJ435695 EU888772 

91. RD3/08 Dog 2008 Lafia 9°28�-8°53� This study EU888645 EU888731 

92. RD128/07 Dog 2007 Bauchi 10°30� - 9°50�        This study FJ435696 EU888774 

93. RD2/08 Dog 2007 Mangu 9°18�09�-9°11�34� This study EU888643 EU888730 

94. RD7/07 Dog 2007 Jos 9°54� -  8°53�       This study EU888646 EU888732 

95. RD10/07 Dog 2007 Ibadan 7°22� - 3°53� This study EU888647 EU888733 

96. RD11/07 Dog 2007 Ibadan 7°22� - 3°53� This study EU888648 EU888734 

97. RD14/07 Dog 2007 B.Ladi 9°32� - 8°53� This study EU888649 EU888735 

98. RD74/07 Dog 2007 Jos 9°54� -  8°53�       This study EU888677 EU888755 
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99. RD2/07 Dog 2007 Jos 9°54� -  8°53�       This study EU888644 ND 

100. RD1/08 Dog 2008 Riyom 9°37�- 8°45�     This study EU888642 ND 
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Table 2 Epidemiological information of other rabies viruses obtained from the  

GenBank included in the study 

 

Isolate 

# 

Laboratory #      Species 

of origin 

Year of 

isolation 

 Country of  

  origin            

Reference         GenBank #  

1.  Chad2006_68    Dog* 2006        Chad         Dürr et al., 2008        EU718787        

2. Chad2006_69    Dog* 2006                   Chad         Dürr et al., 2008       EU718768   

3. Chad2006_60          Dog* 2006        Chad        Dürr et al., 2008       EU718771   

4. Chad_20_177         Dog* ?                                 Chad         Dürr et al., 2008       EU718748   

5. Chad_35_192          Dog* ?        Chad        Dürr et al., 2008       EU718741   

6. Chad_12_169        Dog* ?        Chad         Dürr et al., 2008       EU718751   

7. Chad_3_160            Dog* ?        Chad         Dürr et al., 2008       EU718757   

8. Chad_39_196          Dog* ?        Chad         Dürr et al., 2008       EU718738   

9. Chad_26_183        Dog* ?        Chad        Dürr et al., 2008       EU718747   

10. 

11.  

12.  

13.  

14.   

15. 

16. 

17. 

18.    

19. 

20. 

21 

22. 

23. 

24. 

25. 

26.                               

         

Chad_27_184 

RV629  

8697BEN 

9012NIG  

 8718NIG 

8804CAM 

8805CAM   

9106MAR    

9107MAR  

9137ALG   

8693GAB 

8698GAB 

9222TAN 

9227NAM 

8631MOZ 

8915ZAI 

RV1937 

 

 

   Dog* 
 
  Human 
 
  Cat 
 
  Dog   
 
  Dog  
 
  Cat 
 
? 
 
Human 
 
Human  
 
 Dog    
 
 Dog 
 
 Dog 
 
 Cow 
 
Jackal 
 
 Dog 
 
 Dog 
 
 Dog 
 

? 

2001  

1986 

1990   

1975  

1988         

1988 

1990 

1990   

1982  

1986 

1986  

1992 

1992 

1986 

1989 

2003                       

       Chad         Dürr et al., 2008       EU718746 
 
       Nigeria    Johnson et al., 2002   AY103008 
 
       Benin         Kissi et al., 1995       U22485 
 
       Niger          Kissi et al., 1995        U22640 
 
       Niger          Kissi et al., 1995        U22863 
 
      Cameroon   Kissi et al., 1995        U22635 
 
      Cameroon   Kissi et al., 1995        U22636 
 
      Morocco      Kissi et al., 1995        U22642 
 
      Morocco      Kissi et al., 1995        U22852 
 
      Algeria         Kissi et al., 1995        U22643 
 
     Gabon          Kissi et al., 1995        U22629 
 
     Gabon          Kissi et al., 1995        U22630 
 
     Tanzania      Kissi et al., 1995        U22647 
 
     Namibia        Kissi et al., 1995        U22648 
 
     Mozambique  Kissi et al., 1995        U22484 
 
     Zaire              Kissi et al., 1995        U22638 
 
 South Africa Sabeta et al., 2007      DQ489887 
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Key (Table1 and 2) 

**-   Partial N gene nucleotide sequences retrieved from the GenBank 

ND -   Nucleotide sequence not determined 

NA-    Not applicable to analysis  

Dog* - Host specificity not determined but said to be from domestic dog 

?  -     Information not provide 

 

3.1.1 The fluorescent antibody test (FAT) 

 

Prior of the viral RNA extractions, the FAT test (Dean et al., 1996) was performed 

on approximately 10% of randomly selected study samples to confirm and 

demonstrate the presence of lyssavirus antigen. In brief, impression smears on 

glass slides were acetone-fixed for 15 minutes and stained with 150 µL of freshly 

diluted anti-rabies polyclonal isothiocyanate (FITC) conjugate (Rabies Unit, 

Onderstepoort Veterinary Institute). The slides were then incubated in a 

humidified incubator at 370C for 30 minutes and washed three times with PBS. 

The slides were blot dried and a drop of mounting fluid placed on each smear 

and covered with a cover slip and read under a fluorescent microscope.  
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3.1.2   Primers 

 

A combination of oligonucleotide primers were used based on the comparison of 

the Pasteur virus sequence (PV) and MOKV, the most divergent of the rabies 

genotypes (Sacramento et al., 1991). The G (+) and L (-) primer set was selected 

for the region flanking the cytoplasmic domain of the glycoprotein and 

pseudogene. Two further internal primers P1 (+) and P5 (-) annealing at positions 

(4997-5018) and (5131-5154) respectively were used. The second set of primers 

targeted the nucleoprotein gene and these included Lys0011-15 (+), 550B647-666 (-) 

and 3041514-1533 (-) (Markotter, et al., 2006). The annealing positions and 

numbering are based on PV genome (Tordo et al., 1986b). The   oligonucleotide 

primers were synthesized by Integrated DNA Technologies (IDT, U.S.A), 

reconstituted with TE buffer (Promega, U.S.A) and stored frozen. No further 

purification was undertaken before utilization. The table (2) below shows a 

summary of the primers used in the study.  
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Table 2 The Oligonucleotides primers utilised in the study showing the annealing 

positions and their nucleotide sequences (Sacramento et al, 1991; Markotter et 

al, 2006).  

 

Oligonucleotide Nucleotide sequence 5� - 3�  Uses 

Lys0011-15 (+) ACGCTTAACGAMAAA cDNA, PCR 
and 
sequencing 

550B647-666 (-) GTRCTCCARTTAGCRCACAT PCR and 
sequencing 

3041514-1533 (-) TTGACAAAGATCTTGCTCAT PCR and 
sequencing 

G4665-4687 (+) GACTTGGGTCTCCCGAACTGGGG cDNA, PCR 
and 
sequencing 

L5543-5520 (-) CAAAGGAGAGTTGAGATTGTAGTC PCR and 
Sequencing 

P14997-5018 (+) CAACTGGGTAGATTGAAGAGTC PCR 

P55131-5154 (-) TTTGTCTACAACTGTTGGTGTCAG PCR 

 

 

3.1.3   Total Viral RNA extractions 

 

Total viral RNA was extracted from original brain tissues using Tri Reagent 

according to the supplier�s instructions (Sigma, U.S.A). Approximately 100 ng of 

the original brain tissue was homogenized in 1 ml of Tri Reagent and incubated 

at room temperature (RT) for 5 minutes, allowing for complete dissociation of the 

nucleoprotein complex. Two hundred microlitres of chloroform was added to the 

homogenate, vortex mixed and kept for 3 minutes at RT and then centrifuged at 
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13000 g for 10 minutes to separate the phases. Five hundred microliters of the 

aqueous phase was transferred to a fresh sterile eppendorf tube and an equal 

volume of isopropyl alcohol added, gently mixed and kept at RT for 10 minutes to 

enhance precipitation of the RNA. The RNA pellet was recovered by 

centrifugation at 13000 g for 10 minutes, washed with 1 ml of 75% ethanol (In 

DEPC) and air-dried. The RNA pellet was then solubilised in 50 µl of RNA 

suspension solution (RNAsecure suspension solution Ambion, U.S.A.) in an 

Accublock Digital Dry Bath (Labnet International Inc, U.S.A.). RNA was quantified 

with a NanoDrop and stored at -70°C until required for RT-PCR.  

 

3.1.4   Reverse transcription (RT) 

 

Approximately 1 µg of the total viral RNA was heat-denatured and annealed with 

either G (+) or Lys001 (+) and then immediately ice cooled. This was immediately 

followed by reverse transcription performed at 42°C for 60 minutes in a 20 µl 

reaction containing 200 units of Murine Moloney Leukemia Virus Reverse 

Transcriptase (M-MLV, USB�), 20 units of RNasinfi ribonuclease inhibitor 

(Promega), 20 mM of dNTP mixture, 0.2M DTT and  5X M-MLV reaction buffers. 

At the end of the reverse transcription reaction, the cDNA mixture was inactivated 

at 70°C for 10 minutes, diluted two-fold with sterile nuclease free water and 

stored at -20oC until further use. 
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3.1.5   Polymerase Chain Reaction (PCR) 

 

For amplification of the N gene, an initial first round PCR was carried out for the 

entire N gene. In brief, a 50 µl reaction mixture containing 5 µl of the cDNA, 0.25 

µl (1.25 units) of Takara Taq DNA polymerase (Takara Biotechnology, Japan), 3 

µl of 25 mM MgCl2, 4 µl of 10 mM dNTP mixture, 4 µl each of 10 pmol Lys001 (+) 

and 304 (-), 5 µl of 10X Taq polymerase reaction buffer and made up to 50 µl 

with nuclease free water. The amplification was carried out with an ABI 9700 

thermocycler with an initial denaturation at 940C for 1 minute, followed by 40 

cycles of [94°C for 30 s, 37°C for 30 s, 72°C for 90 s] and a final extension at 

72°C for 7 minutes. A second round PCR was achieved by using the same 

conditions as described above except that a 1:500 dilution of first round PCR was 

used as the template, 4 µl of 10 pmol of 550B (-) as the reverse primer. 

 

 In the case of the G gene, cDNA was added to a reaction mixture consisting of 

0.25 µl (1.25 units) of Takara Taq DNa polymerase (Takara Biotechnology, 

Japan), 3 µl of 25 mM MgCl2, 4µl of 10mM dNTP mixture, 4 µl of 10 pmol each of 

the primer G (+), L (-), 5 µl of 10X Taq polymerase reaction buffer and made up 

to 50 µl with nuclease-free water. The cycling parameters included an initial 

denaturation at 94°C for 2 minutes  followed by 30 cycles of [94°C for 50 s, 42 °C 

for 90 s, 72 °C for 2 minutes] and a final extension at 72°C for 7 minutes. The 

amplified DNA products were visualized under UV transillumination after 

electrophoresis through 1% ethidium bromide stained agarose gels (Labnet, 
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Power Station 300) with a 100 bp DNA ladder as the molecular weight marker 

(Promega). 

 

3.1.6 Purification of amplified DNA products, nucleotide sequencing and 

phylogenetic analysis 

 

The desired amplicons were gel purified using spin columns (Wizard PCR 

purification system, Promega, Madison, WI, USA) according to the supplier�s 

protocol. After separation in 1% agarose gels, the expected product was excised 

from the agarose gel under UV light with minimum exposure time to prevent 

nicking of the DNA. Thereafter, the excised gel was dissolved in membrane 

binding solution (10 µl for every 10 mg of gel) until molten. The mixture was 

transferred to a labelled minicolumn DNA and centrifuged for I minute at 14000 g.  

This was washed three times with membrane wash solution. The DNA was 

eluted into 50 µl of nuclease-free water, quantified on a NanoDrop and stored at -

20°C  

 

The purified amplicons were cycle sequenced in both forward and reverse 

directions with the  same primer set as in the amplification steps using supplier�s 

instructions (ABI PRISM Big Dye Terminator V 3.1 sequencing kit  Applied 

Biosystems , USA). A 20 µl reaction was set up consisting of approximately 100 

ng of the purified amplicon, 4 µl of Big Dye Terminator Ready reaction mix, 4 µl 

of 5X Big Dye sequencing buffer, 3.2 pmol of primer (either forward or reverse) 

and nuclease-free sterile water. The reaction mixture was cycle sequenced in a 
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programmable thermocycler (Gene AMP PCR System 9700, Applied Biosystems 

USA) as follows; 96°C for 1 minute (denaturation), 50°C for 50 s (annealing) and 

60°C for 4 minutes (extension) for 25 cycles. Precipitation of the sequenced 

products was done immediately after by addition of 60 µl of molecular biology 

grade 100% ethanol and 5 µl of 125 mM of EDTA, gently mixed and incubated 

for 15 minutes, centrifuged at 13000 g for 30 minutes, washed with 60 µl of 70% 

ethanol and air-dried for 5 minutes. Analysis of the sequencing products was 

performed on an automated ABI 3100 DNA analyzer.  

 

The electrophoretograms were edited Using program in MEGA 4.1 (Tamura et 

al., 2007). A consensus sequence was obtained after the alignment of the 

forward and reverse sequences. The G-L region consensus sequences were 

trimmed to 592 bp representing the cytoplasmic domain of the glycoprotein and 

the G-L intergenic region and 400 bp for the N region. Multiple sequence 

alignment of the nucleotide sequences (appendixes 1 and 2) were performed 

using Clustal X version 1.82 package (Thompson et al, 1997). The Kimura�s two-

parameter model was used to calculate the genetic distances between pairs of 

sequences (Tamura et al., 2007).  This was then used to construct a neighbour-

joining tree as described previously (Saitou and Nei, 1987). Bootstrapping of a 

1000 replicates was used to statistically evaluate the branching order of the 

phylogenetic tree. Bootstrap support of 70% is considered significant and as 

evidence for phylogenetic grouping (Hills and Bull, 1993). Maximum likelihood, 

Maximum parsimony and Bayesian analyses were used to validate the results 

obtained with NJ. A graphic output of the tree was constructed with MEGA 4.1 
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program. For the  MP, ML, and Bayesian methods,  MP analysis was carried out 

in PAUP 4.0 (Swofford, 2002) with a 1000 bootstrap replicates implemented to 

statistically evaluate the phylogenetic clustering (Felsenstein, 1985). ML was also 

carried in PAUP 4.0 using the GTR+1 model of evolution determined by 

Modeltest (base frequency = 0.2808, 0.2206, 0.2373; nucleotide substitution rate 

of the GTR rate matrix = 0.9967, 8.0584, 0.7131, 0.1197 8.0584). MrBayes was 

used for the Bayesian analysis under the Markov Chain Monte Carlo method with 

one million generation run. 

 

Partial N regions of representative rabies viruses from Nigeria from the study 

sample were analysed with those from neighbouring countries (Chad, Benin, 

Niger and Cameroon) from GenBank and those of other parts of Africa. The NJ 

phylogenetic tree (Figure 14) was constructed with nucleotide sequences of a 

partial N gene (Appendix 3) of 32 representatives viruses of cluster 1 and 2 

(Figure 9) including a virus recovered from a human (GenBank number 

AY103008) (Johnson et al., 2002) and others from Chad (GenBank numbers 

EU718787, EU718768, EU718771, EU718748, EU718741, EU718751, 

EU718757, EU718738, EU718747 and EU718746) (Durr et al., 2007), Benin 

(Genbank number U22485), Cameroon (GenBank numbers, U22635 and  

U22636), Niger (GenBank numbers,  U22640 and U22863) (Kissi et al., 1995). 

Five representatives from Africa 1a (GenBank numbers U22642, U22852, 

U22643, U22629 and U22630) (Kissi et al., 1995) and Africa 1b (GenBank 
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numbers U22647, U22648, U22484, U22638 (Kissi et al., 1995), and DQ489887 

(Sabeta et al., 2007).  
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CHAPTER 4 

RESULTS 

 

4.1 Virus isolates 

 

FAT was performed on 10% of randomly selected brain tissues as described in 

3.2.2. to confirm the presence of lyssavirus antigen and to check the integrity of 

the brain tissues.  A number of oval-shaped, apple-green fluorescing Negri 

bodies were observed in nine out of the ten brain tissues tested. Although one of 

the samples did not show lyssavirus antigen on FAT, it was positive with PCR. 

The reason for this could probably be due to the poor and putrefied state of that 

particular sample but the high sensitivity of PCR even with putrefied sample we 

were able to demonstrate the positivity of the said sample. This effectively shows 

that to correctly and reliably diagnose rabies in the laboratory, it is important to 

provide fresh and properly stored brain tissue samples as the wrong diagnosis 

could have serious public health implications.   

 

4.1.1 RNA extractions and RT-PCR  

 

Amplification of 100 samples was obtained with Lys001+/550B- primer set for the 

N gene yielding 650 bp products as expected. The G+/L- primer set successfully 

amplified eighty rabies samples yielding products of expected size 850 bp (Figure 

6). 
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Figure 6 A 1% agarose gel stained with ethidium bromide and visualized with UV 

light showing amplification products of the G-L intergenic region, in lanes 1-7 for 

samples RD194/06, RD124/07, RD3/08, 13136, RD33/06, RD20/07 and RD60/05 

and a partial N gene in lanes 8-14 for same samples. A 100bp DNA ladder was 

used as the molecular weight marker (M) in lane 1. 

 

4.1.2 Purified amplified products and sequencing 

 

An average of 820-850 bases for the G-L intergenic region and 600-650 base for 

N gene were obtained. The MEGA software was used to trim the sequence data 

to 592 bp encompassing the cytoplasmic domain and the G-L intergenic region 

and 400 bp for the N gene. Sequence alignments generated from these data are 

shown in appendices 1 and 2. 
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4.1.3 Phylogenetic analysis 

 

In assessing the genetic variation and phylogenetic relationships of the Nigerian 

viruses, the NJ trees were constructed (Figures 8 and 9) using nucleotide 

sequence alignments (Appendices 1 and 2) based on the Kimura two-parameter 

model. The viruses segregated into two clusters (1 and 2) and within the major 

cluster (1), 3 subclades (1a, 1b and 1c) were identified with bootstrap support of 

93%, 97% and 82% respectively.  The branch supporting viruses in Cluster 2 had 

a bootstrap support value of 85%.The trees generated with the G-L and the N 

sequences showed similar topology, except that a single taxon (RD30/07) for the 

N region was found in 1b instead of 1a for the G-L region but the branching 

support for both clusters were low 56% and 47% respectively.  

 

Overall, despite the similarity in topology for both regions, a better resolution was 

obtained with G-L sequences when compared to the N data set.  The G-L data 

set and therefore were used for analysis of the MP, ML, and Bayesian methods.  

The viruses from cluster 1 (n=77), all originated from the northern part of the 

country comprising states in the north central, north east and north west, 

whereas cluster 2 (n=3)  from the south western part of Nigeria with a single 

isolate in that cluster RD44/07 obtained from a stray dog of unknown 

geographical location (Figure 8). Despite that the viruses clustered according to 

locality of origin, the isolates were closely related with a mean sequence 

homology of 99% (for both G-L intergenic region and N gene) [calculated with 

Kimura-2 model] and on average the viruses in the study sample showed 13.2% 
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sequence divergence from the PV. Phylogenetic data from the NJ (figure 8) was 

validated with other algorithms including MP (Figure 11), ML (Figure 12) and 

Bayesian analysis (Figure 13) using nucleotide sequences of the G-L intergenic 

region. 

 

Notably in all the analyses, all algorithms used resulted in similar topologies with 

equivalent clades and matching geographical distribution. However, the topology 

in Bayesian analysis was well resolved with 100% posterior probabilities support 

for both clusters (Figure 13) and the subclade confidence were high (100%, 99% 

and 100% respectively). 

 

The data demonstrated a single epidemiologic rabies cycle in the region involving 

clades of related isolates (�96% sequence homology between the viruses) and 

strong influence of virus origin on the clustering. It was observed that the viruses 

included in the study from Nigeria all grouped into Africa 2 dog lineage and were 

distinct from those of North and Central Africa (Africa 1a dog lineage), East and 

South African countries (Africa 1b dog lineage) confirming previous reports 

(Bourhy et al., 1999). 
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Figure 7 Map of Nigeria showing the 36 states and the Federal capital territory 

(Abuja) shaded green and the red oval symbol representing states of origin of the 

samples used in the study.   
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Figure 8 A neighbour-joining tree showing the two major clusters (1, 2) and 

(subclades 1a, 1b and 1c) constructed based on 592 bp nucleotide sequences 

encompassing the cytoplasmic domain and the G-L intergenic region with the 

K2P model, and 1000 bootstrap replicate values of 80 rabies viruses obtained 

from domestic dogs different geographical areas in Nigeria with the exception of 

(RD47/07) from a domestic cat. Each taxon is represented by its respective 

laboratory identity number with the prefix RD (rabies diagnosis). The horizontal 

branch length indicates the phylogenetic distance between different viruses and 

vertical branches are set for clarity only. The scale bar shows the nucleotide 

substitutions per site.  PV was used to root the tree. 
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Figure 9 A comparative neighbour-joining phylogenetic tree based on partial N 

gene sequences (400 bp) of same 80 rabies viruses obtained from domestic 

dogs except (RD47/07) obtained  from a domestic cat using the K2P model and 

1000 bootstrap replicate values. The genetic distance is shown by the horizontal 

branch lengths and vertical branches are non-informative and were used for 

clarity purposes only. The tree was rooted with PV. 
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Figure 10 A map of Nigeria and neighbouring countries (Chad, Cameroon, Benin 

and Niger) illustrating the geographic distribution of the representatives of the 

virus isolates in the  clusters obtained in the study. 
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Figure 11 Maximum Parsimony tree based on 592 bp nucleotide sequences of 

80 rabies viruses of the cytoplasmic domain of the glycoprotein and the 

pseudogene. The branch lengths are drawn to scale with bootstrap values shown 

on the nodes. PV was used as outgroup and origin of the each taxon is indicated 

in parenthesis. 
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Figure 12 Maximum likelihood tree of the  80 rabies virus isolates encompassing 

the cytoplasmic domain of the glycoprotein and the G-L intergenic region under 

the GTR+1 model of evolution, (base frequency = 0.2808, 0.2206, 0.2373; 

nucleotide substitution rate of the GTR rate matrix = 0.9967, 8.0584, 0.7131, 

0.1197 8.0584). The tree was rooted with PV defined as outgroup. The horizontal 

branch lengths are drawn to scale and bootstrap values are shown on the nodes. 

Each taxon is identified by laboratory number prefix with RD (rabies diagnosis) 

and their geographical area of isolation indicated in parenthesis. 

 

 
 
 




























































































































