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Abstract: The aetiological agent of rabies is a member of the Lyssavirus genus (Rhabdoviridae family,
order Mononegavirales). The disease (rabies) is endemic in many parts of Asia and Africa and still
remains an important public and veterinary health threat. In Nigeria, there is a dearth of information
on the natural infection and/or exposure of bat species to lyssaviruses. Therefore, this study was
undertaken to assess the prevalence of rabies virus (RABV) neutralizing antibodies in sera obtained
from bats from the central Plateau and North-East Bauchi States in Nigeria. Two hundred serum
samples were collected from Nigerian fruit bats from six different locations and tested for anti-RABV
antibodies using a commercial blocking ELISA. Of the 200 bat serum samples collected, one batch
consisting of 111 samples did not meet the validation criteria and hence was not included in the final
analysis. Of the remaining 89, only three (3.4%) contained anti-lyssavirus antibodies, demonstrating
a low prevalence of lyssavirus antibodies in the study population. In order to further understand the
exposure of bat species to phylogroup II lyssaviruses (Lagos bat virus and Mokola virus), the same
panel of samples will be tested for neutralizing antibodies to phylogroup II members, viruses that do
not cross-neutralize with members of phylogroup I.
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1. Introduction

Rabies is a fatal zoonotic disease and the aetiologic agent belongs to the genus Lyssavirus
(Rhabdoviridae family) and order Mononegavirales. Despite rabies being a very old disease, it still
commands great global veterinary and public health importance. There are presently fourteen
recognised lyssavirus species in the genus and these include: rabies lyssavirus (RABV), Lagos
bat lyssavirus (LBV), Mokola lyssavirus (MOKV), Duvenhage lyssavirus (DUVV), European bat
1 lyssavirus (EBLV-1), European bat 2 lyssavirus (EBLV-2), Australian bat lyssavirus (ABLV), Aravan
lyssavirus (ARAV), Khujand lyssavirus (KHUV), Irkut lyssavirus (IRKV), West Caucasian bat lyssavirus
(WCBV), Bokeloh bat lyssavirus (BBLV), Shimoni bat lyssavirus (SHIBV), and Ikoma lyssavirus
(IKOV) [1,2]. Furthermore, two putative lyssavirus species, Lleida bat lyssavirus (LLEBV) [3] and
Gannoruwa bat lyssavirus (GBLV) [4], have been identified in bat species and are still awaiting official
classification. The viral species of this genus have been further sub-divided into three phylogroups
based on their genetic distances, serologic cross-reactivity and/or pathogenicity studies in mouse
model [5–7].
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RABLV is found worldwide, and is responsible for the overwhelming majority of reported animal
and human rabies cases [8–10]. Other lyssaviruses appear to have more restricted geographical and
host range, with the majority having been isolated from bats with limited public and animal health
implications. However, all lyssaviruses tested cause clinical disease indistinguishable from RABLV.
In Nigeria, LBV was first isolated from the straw-coloured fruit bat Eidolon helvum in 1956 on Lagos
Island [11]. A seroprevalence of 19% was demonstrated in this species (in Nigeria) by a different
research group [12], whereas almost double that seroprevalence (37%) was observed in the same bat
species in Ghana [13]. In contrast, other studies found an even higher seroprevalence, for instance in
Kenya (40–67%), albeit from different bat colonies [14]. In Nigeria and throughout most of the African
continent where bat populations are found, the natural infection of bat species with lyssaviruses is
either unknown or poorly understood.

2. Materials and Methods

Ethical clearance (AEC/02/04/14) was granted by the Animal Ethical Committee (AEC) of the
National Veterinary Research Institute, Vom, Nigeria, for the collection of blood samples from bats.
Two hundred E. helvum were captured using mist nets from six different roosting sites in the central
Plateau and North East Bauchi states of Nigeria with a view to assess the seroprevalence of RABV
antibodies in this bat species. The bats were restrained manually and anesthetized with ketamine
hydrochloride as described previously [15]. Blood samples were then collected (0.1–1 mL) through the
jugular vein using 2 mL needle and syringe. The blood samples were then transferred into 5 mL sterile
serum separator tubes via cold chain to the laboratory, where all the blood samples were centrifuged at
4000 rpm for 3 minutes, and thereafter serum samples were dispensed into sterile 2 mL screw capped
cryovial tubes and stored at −80 ◦C until required.

This panel of serum samples was tested with an ELISA kit (BioPro rabies ELISA Ab kit, Prague,
Czech Republic), a blocking ELISA for serological diagnostic of rabies lyssavirus antibody in serum
or plasma of domesticated and wild animals [16]. In brief, the serum samples and controls (rabies
positive control serum, rabies control serum 1, rabies control serum 2, rabies control serum 1 and rabies
negative control) were diluted two-fold using sample diluent buffer provided in the kit. At least 100 µL
of each dilution were distributed into the respective well of the plate. Thereafter, the plate was sealed
with plate sealer and incubated at 4–8 ◦C overnight (O/N) with gentle shaking on orbital shaker. The
plate was washed six times with washing solution using automated washer (BioTek, Winooski, VT,
USA) and excess buffer was absorbed on paper towel. The biotinylated anti-rabies antibody was
diluted to a working dilution of 1:100 and 100 µL was distributed into each well. The plate was covered
with a plate sealer and incubated at 37 ± 2 ◦C for 30 minutes with gentle shaking as described before,
then washed four times. Excess buffer was removed by tapping on paper towel. The streptavidin
peroxidase conjugate was diluted 100-fold and 100 µL was dispensed into each well. The plate was
sealed and incubated as previously. The plate was washed four times with washing solution and
excess buffer was removed as before. At least 100 µL of ready-to-use TMB substrate was added to each
well and the plate was incubated at room temperature for 15–30 min, with gently shaking on an orbital
shaker away from direct sunlight. Thereafter, the reaction was stopped with 50 µL of stop solution per
well and the results were read at 450 nm using an ELISA reader. The optical density (OD) values were
expressed as percentage blocking by using the following formula:

PB% = [OD NC − OD SAMPLE/OD NC − OD PC] × 100 (1)

The results were accepted only when the OD of a negative control serum of higher than 1 was
obtained and the difference between the means of OD of negative and positive control serum samples
was equal or higher than 0.8.
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3. Results and Discussion

Using the set cut-off values (of 40% and 70%) for this ELISA antibody kit, with the latter
corresponding to the gold standard method fluorescent antibody virus neutralization test (FAVNT)
cut-off value of 0.5 IU/mL, it could be shown that only two serum samples were on the borderline and
an equal number just above the cut-off value (Figure 1). Of the 200 serum samples analysed, only 89 met
the validation criteria specified by the manufacturer and included for analysis. Three serum samples
(sample numbers 2, 24, and 67), i.e., 3.4% of the study sample, contained lyssavirus-specific antibodies
with percentage blockings (PBs) of 70%, 81% and 75% respectively (Figure 1).
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bat species to phylogroup II lyssaviruses (Lagos bat virus and Mokola virus), the same panel of 
samples (particularly those above 40%) can be tested for neutralizing antibodies to phylogroup II 
members. Data from a study carried out in Ibadan (western Nigeria) in 1990 showed the presence of 
RABV neutralizing antibodies in the sera of fruit bats [18]. However, given Eidolon helvum has been 
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Figure 1. The distribution of percentage blocking values obtained from some of the bat sera obtained
from Eidolon helvum from the central Plateau and North East Bauchi States of Nigeria. The red
bars are the cut-off values (40% and 70%) with the former considered positive for rabies antibodies,
and 70% considered as serum sample with antibody level equal to or higher than 0.5 IU/mL based on
the FAVN test.

The three serum samples were subsequently shown to contain RABV-neutralising antibodies
just below the 0.5 IU/mL cut-off using a laboratory strain of rabies virus (challenge virus standard).
The 70% cut-off value demonstrates adequate seroconversion for international movement of pets
using a fluorescent antibody neutralisation test [17]. In order to further understand the exposure
of bat species to phylogroup II lyssaviruses (Lagos bat virus and Mokola virus), the same panel of
samples (particularly those above 40%) can be tested for neutralizing antibodies to phylogroup II
members. Data from a study carried out in Ibadan (western Nigeria) in 1990 showed the presence
of RABV neutralizing antibodies in the sera of fruit bats [18]. However, given Eidolon helvum has
been associated with a reservoir of LBV, it is crucial that the panel of samples be tested against this
(LBV) lyssavirus [12,13]. These data therefore indicated possible cross-reactivity of antibodies amongst
specific phylogroups within the Lyssavirus genus.

Acknowledgments: This work was funded by the National Veterinary Research Institute (NVRI), Vom-Jos Plateau State,
Nigeria, and the National Assets Project (P10000029) of Agricultural Research Council-Onderstepoort Veterinary
Research (ARC-OVR).

Author Contributions: D.A.T.—collection of samples and performing of experiments; B.B.B.—collection
of samples and writing of manuscript; T.A.W.—collection of samples and performing of experiments;
E.N—performing of experiments and writing of manuscript; C.T.S.—supervising postgraduate student and
writing manuscript.



Trop. Med. Infect. Dis. 2017, 2, 26 4 of 4

Conflicts of Interest: The authors declare no conflict of interest.

References

1. ICTV (International Committee on Taxonomy of Viruses). Available online: http://www.ictvonline.org/
virusTaxonomy.asp?bhcp=1 (accessed on 30 May 2017).

2. Marston, D.A.; Ellis, R.J.; Wise, E.L.; Aréchiga-Ceballos, N.; Freuling, C.M.; Banyard, A.C.; Mcelhinney, L.M.;
De Lamballerie, X.; Müller, T.; Fooks, A.R.; et al. Complete genome sequence of Lleida bat lyssavirus. Genome
Announc. 2017, 5, e01427–16. [CrossRef] [PubMed]

3. Aréchiga, C.N.; Vázquez, M.S.; Berciano, J.M.; Nicolás, O.; Aznar, L.C.; Juste, J.; Rodríguez, N.C.; Aguilar, S.A.;
Echevarría, J.E. Novel lyssavirus in bat, Spain. Emerg. Infect. Dis. 2013, 19, 793–795.

4. Gunawardena, P.S.; Marston, D.A.; Ellis, R.J.; Wise, E.L.; Karawita, A.C.; Breed, A.C.; Mcelhinney, L.M.;
Johnson, N.; Banyard, A.C.; Fooks, A.R. Lyssavirus in Indian flying foxes, Sri Lanka. Emerg. Infect. Dis. 2016,
22, 1456–1459. [CrossRef] [PubMed]

5. Badrane, H.; Bahloul, C.; Perrin, P.; Noel, T. Evidence of two Lyssavirus phylogroups with distinct
pathogenicity and immunogenicity. J. Virol. 2001, 75, 3268–3276. [CrossRef] [PubMed]

6. Hanlon, C.A.; Kuzmin, I.V.; Blanton, J.D.; Weldon, W.C.; Manangan, J.S.; Rupprecht, C.E. Efficacy of rabies
biologics against new lyssaviruses from Eurasia. Virus Res. 2005, 111, 44–54. [CrossRef] [PubMed]

7. Kuzmin, I.V.; Mayer, A.E.; Niezgoda, M.; Markotter, W.; Agwanda, B.; Breiman, R.F.; Rupprecht, C.E. Shimoni
bat virus, a new representative of the Lyssavirus genus. Virus Res. 2010, 149, 197–210. [CrossRef] [PubMed]

8. Hayman, D.T.S.; Fooks, A.R.; Marston, D.A.; Garcia-R, J.C. The Global Phylogeography of
Lyssaviruses—Challenging the ‘Out of Africa’ hypothesis. PLoS Neglect. Trop. Dis. 2016, 10, e0005266.
[CrossRef] [PubMed]

9. Fooks, A.R.; Banyard, A.C.; Horton, D.L.; Johnson, N.; McElhinney, L.M.; Jackson, A.C. Current status of
rabies and prospects for elimination. Lancet 2014, 384, 1389–1399. [CrossRef]

10. Hampson, K.; Coudeville, L.; Lembo, T.; Sambo, M.; Kieffer, A.; Attlan, M.; Barrat, J.; Blanton, J.D.; Briggs, D.J.;
Cleaveland, S.; et al. Estimating the global burden of endemic canine rabies. PLoS Neglect. Trop. Dis. 2015,
9, e0003786. [CrossRef] [PubMed]

11. Boulger, I.R.; Porterfield, J.S. Isolation of a virus from Nigerian fruit bats. Trans. Roy. Soc. Trop. Med. Hyg.
1958, 52, 421–424. [CrossRef]

12. Dzikwi, A.A.; Kuzmin, I.; Umoh, U.J.; Kwage, J.K.P.; Ahmad, A.A.; Rupprecht, C.E. Evidence of Lagos bat
virus circulation among Nigerian fruit bats. J. Wildl. Dis. 2010, 46, 267–271. [CrossRef] [PubMed]

13. Hayman, D.T.S.; Fooks, A.R.; Rowcliffe, J.M.; McCrea, R.; Restif, O.; Baker, K.S.; Horton, D.L.; Suu-Ire, R.;
Cunningham, A.A.; Wood, J.L.N. Endemic Lagos bat virus infection in Eidolon helvum. Epidemiol. Infect. 2012,
140, 2163–2171. [CrossRef] [PubMed]

14. Kuzmin, I.V.; Niezgoda, M.; Franka, R.; Agwanda, B.; Markotter, W.; Beagley, J.C.; Urazova, O.Y.; Breiman, R.F.;
Rupprecht, C.E. Lagos bat virus in Kenya. J. Clin. Microbiol. 2008, 46, 1451–1461. [CrossRef] [PubMed]

15. Fernandes de Almeida, M.; Alves Martorelli, L.F.; Sodré, M.M.; Arruda Geraldes Kataoka, A.P.; da Rosa, A.R.;
de Oliveira, M.L.; Amatuzzi, E. Rabies diagnosis and serology in bats from the State of São Paulo, Brazil.
Rev. Soc. Bras. Med. Trop. 2011, 44, 140–145. [CrossRef]

16. Wasniewski, M.; Almeida, I.; Baur, A.; Bedekovic, T.; Boncea, D.; Chaves, L.B.; David, D.; de Benedictis, P.;
Dobrostana, M.; Giraud, P.; et al. First international collaborative study to evaluate rabies antibody detection
method for use in monitoring the effectiveness of oral vaccination programmes in fox and raccoon dog in
Europe. J. Virol. Methods 2016, 238, 77–85. [CrossRef] [PubMed]

17. Cliquet, F.; Aubert, M.; Sagne, L. Development of a fluorescent antibody virus neutralisation test (FAVN test)
for the quantitation of rabies-neutralising antibody. J. Immunol. Methods 1998, 212, 79–87. [CrossRef]

18. Aghomo, H.O.; Ako-Nai, A.K.; Oduye, O.O.; Tomori, O.; Rupprecht, C.E. Detection of rabies virus antibodies
in fruit bats (Eidolon helvum) from Nigeria. J. Wildl. Dis. 1990, 26, 258–261. [CrossRef] [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://www.ictvonline.org/virusTaxonomy.asp?bhcp=1
http://www.ictvonline.org/virusTaxonomy.asp?bhcp=1
http://dx.doi.org/10.1128/genomeA.01427-16
http://www.ncbi.nlm.nih.gov/pubmed/28082487
http://dx.doi.org/10.3201/eid2208.151986
http://www.ncbi.nlm.nih.gov/pubmed/27434858
http://dx.doi.org/10.1128/JVI.75.7.3268-3276.2001
http://www.ncbi.nlm.nih.gov/pubmed/11238853
http://dx.doi.org/10.1016/j.virusres.2005.03.009
http://www.ncbi.nlm.nih.gov/pubmed/15896401
http://dx.doi.org/10.1016/j.virusres.2010.01.018
http://www.ncbi.nlm.nih.gov/pubmed/20138934
http://dx.doi.org/10.1371/journal.pntd.0005266
http://www.ncbi.nlm.nih.gov/pubmed/28036390
http://dx.doi.org/10.1016/S0140-6736(13)62707-5
http://dx.doi.org/10.1371/journal.pntd.0003786
http://www.ncbi.nlm.nih.gov/pubmed/25961848
http://dx.doi.org/10.1016/0035-9203(58)90127-5
http://dx.doi.org/10.7589/0090-3558-46.1.267
http://www.ncbi.nlm.nih.gov/pubmed/20090042
http://dx.doi.org/10.1017/S0950268812000167
http://www.ncbi.nlm.nih.gov/pubmed/22370126
http://dx.doi.org/10.1128/JCM.00016-08
http://www.ncbi.nlm.nih.gov/pubmed/18305130
http://dx.doi.org/10.1590/S0037-86822011005000011
http://dx.doi.org/10.1016/j.jviromet.2016.10.006
http://www.ncbi.nlm.nih.gov/pubmed/27751949
http://dx.doi.org/10.1016/S0022-1759(97)00212-3
http://dx.doi.org/10.7589/0090-3558-26.2.258
http://www.ncbi.nlm.nih.gov/pubmed/2187101
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results and Discussion 

