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Abstract 

Rabies is a fatal acute viral zoonosis, causing 62,000 human deaths every year. The oral rabies vaccination (ORV) programs 
of foxes, the main reservoir of rabies in Europe, are the most effective tools to control and finally to eradicate the disease. In 
order to characterize by in vivo and in vitro assays a vaccine rabies strain isolated from a rabid cattle following the ORV 
program, it has been used BHK21, N2a cell line and mice inoculation test. The results showed that the vaccine strain is able 
to grow on BHK21 cells, like an attenuated live vaccine, as well as on N2a cell line, usually used for diagnosis, while wild 
rabies strains from naturally infection were isolated on N2a cells only. The intra-cerebrally inoculated mice with vaccine 
strain developed disease signs and died in 12 days, one day later than inoculated mice with a local strain virus from natural 
infection. 
 
Rezumat 

Rabia este o boală virală acută și fatală ce produce anual 62.000 de morți în rândul populației umane. Programele de 
vaccinare antirabică a vulpilor, rezervorul de rabie în Europa,  sunt cele mai eficiente instrumente în controlul și eradicarea 
bolii. Pentru a caracteriza in vivo și in vitro o tulpină vaccinală de virus rabic izolată de la o vacă turbată în urma programului 
de vaccinare orală a vulpilor au fost folosite liniile celulare BHK21 și N2a, precum și testul de izolare al virusului rabic prin 
inoculare intracerebrală a șoarecilor. Rezultatele au arătat că tulpina vaccinală iși păstrează proprietatea de a cultiva pe linia 
BHK21, specific tuturor vaccinurilor vii atenuate de virus rabic, dar se izolează și pe linia celulară N2a, linie celulară folosită 
uzual în diagnosticul de laborator al bolii. Șoarecii inoculați intracerebral cu tulpina vaccinală au dezvoltat boala și au murit 
la 12 zile, o zi mai târziu decât șoarecii inoculați cu tulpini locale de virus rabic izolate în urma infecției naturale. 
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Introduction 

Rabies is a Central Nervous System zoonotic 
disease, with the causative agent rabies virus, the 
negative-sense single stranded RNA viruses of the 
genus Lyssavirus within the family Rhabdoviridae, 
which causes between 37,000 and 87,000 human 
deaths annually, worldwide [4, 5]. This seems to be 
an acute underestimation, since a study in Tanzania 
has been suggested that only 3% of human cases of 
rabies virus are recorded by central authorities [11, 
16]. In Europe, canine rabies has been eradicated 
from developed  countries by control measures, such 
as dog movement restriction and mass vaccination 
and now the major reservoir of rabies was replaced 
by wild animals, especially red fox (Vulpes vulpes) 
[6]. Extensive oral vaccination programs (ORV) 
with baits for red foxes have reduced the incidence 
of rabies in many Western European countries. 
Therefore, for this purpose there have been 

developed attenuated live vaccines in suitable cell 
culture lines [1]. The attenuated live vaccines may have 
a low residual pathogenicity and could occasionally 
induce rabies in target or non-target species such as 
foxes, raccoons, cattle, dogs and cats [7, 8, 18]. 
In this paper we aimed to investigate in vivo and in 
vitro a vaccine rabies virus strain isolated from a 
rabid cattle, following the oral vaccination program 
of foxes. 
 
Materials and Methods 

For this study there have been used 11 brain samples, 
3 negative as negative controls and 9 positive, of which 
8 wild strains and one vaccine strain, diagnosed using 
standard methods including the fluorescent anti-
body test (FAT), the rabies tissue culture infection 
test (RTCIT), PCR and sequencing [10, 17]. As 
positive control, we used viral suspension from the 
vaccine, used during the oral vaccination program. 
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Cell lines. Murine neuroblastoma (N2a) and baby 
hamster kidney (BHK21) cell lines have been used for 
incubation with centrifuged 10% brain suspensions 
diluted 1:5 in cell culture medium for 24 - 72 hours 
as previously described [11,12]. 
Animals. The mouse inoculation test was performed 
according to the Romanian law 205/2004 and 
directive number 2010/63/EU. Rabies virus was 
isolated after its intracerebral inoculation into 2 
weeks old mice as previously described [3, 15]. 
Mice were euthanized at the appearance of disease 
signs, and infection was confirmed by FAT. 

FAT results for RTCIT was estimated based on the 
percentage of positive (fluorescent) cells. 
Tissue culture slides and smears of mouse brain 
slides were examined at a magnification of200x - 
400x by Leica UV microscope. The captures were 
performed by Nikon D40. 
 
Results and Discussion 

Virus isolation on cell culture results are shown in 
Table I. 

Table I 
Comparative RTCIT results on BHK21 and N2a cell lines to different time points (24, 48 and 72 hours) 

 BHK21 
% cells positive 

N2a 
% cells positive 

 Negative 
control 

Positive 
control 

Vaccine 
strain 

Wild 
strains 

Negative 
control 

Positive 
control 

Vaccine 
strain 

Wild 
strains 

24 hours - + (83) + (2) - - + (86) + (8) - 
48 hours - + (92) + (29) - - + (96) + (50) - 
72 hours - + (100) + (83) - - + (100) + (88) + (1) 

 
Rabies virus from vaccine strain isolated from the 
field was identified on BHK cell after 24 hours of 
inoculation. After 72 hours approximately 83% of cells 
were infected. There were no fluorescence cells on 
negative controls and on wild rabies virus strains. 
The percentage of the infected cells was almost 
100% after 24 hours of incubation on positive 
control. This demonstrates that our vaccine strain 
isolated from a rabid animal is adapted on cell 
culture like most animal rabies vaccines. The BHK21 
cell line is used for obtaining biological products, 
because its origin is very well documented and it 
has been proven to be safe and efficacious over 
decades [9]. 
Virus isolation on murine neuroblastoma cells showed 
approximately the same results with BHK21 cells. 
The difference was that after 72 hours all wild strains 

infected N2a cells (Figure 1) and on the other hand the 
percentages of the N2a fluorescent cells inoculated 
with vaccine strain were consistently higher, compared 
with BHK infected cells. After 24 hours of 
incubation on N2a cells, there were 4 times more 
infected cells than on BHK21 inoculated with vaccine 
strain. After 48 hours, the positive cells doubled and 
after 72 hours there were at the same level (Figure 2, 
Figure 3). This vaccine strain finding suggested that 
even for strain adapted to grow on BHK21 cell line, 
neuronal cell lines like N2a proved more susceptible 
for rabies routine virus isolation methods [14, 15]. 
According to previous research, Rudd and co-
workers explained these features based on the 
similarity of the mouse neuroblastoma cell surface 
receptors, identical to that in normal central nervous 
system [13]. 

 

 
Figure 1. 

Comparative RTCIT results on BHK21 and N2a after 72 hours incubation: a, e - negative control; b, f - positive 
control; c, g - vaccine strain; d, h -  wild local strain. Green fluorescence means rabies viral particles stain with 

commercial fluorescence antibodies against rabies. Blue fluorescence - nucleus stein with DAPI. Magnification 400x. 
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Figure 2. 

Percentages of BHK21 positive cells according to 
incubation time 

 

 
Figure 3. 

Percentages of N2a positive cells according to 
incubation time 

 
Mice intra-cerebrally inoculated with vaccine and 
wild strains developed rabies signs, and died in 11, 
respectively 12 days and they were FAT positive. 
Intracerebral mouse inoculation test showed that 
the vaccine strain isolated from field had similar 
pathogenicity with wild local strains, and might be 
possible to produce diseases at the certain 
conditions as it has been previously shown [7, 18]. 
In European countries, rabies vaccines for 
veterinary use are approved by the competent state 
authorities and should be in line with international 
standards for vaccines [1, 3, 5]. Since April 2013, 
the target animal batch safety test is no longer 
required. Relevant requirements adopted among 
different countries [2] foresee adequate quality 
assurance systems (good manufacturer practices-
GMP), seed lot systems to control consistent batch 
production (hence increasing vaccine quality and 
safety) and pharmacovigilance, based on post-
marketing surveillance of immunological products 
in order to detect and report  safety problems in the 
field. Nowadays, WHO [5] recommends the use of 
rabies vaccines that induce no adverse signs in 
target or non-target species. 
 
Conclusions 

According to the study results we concluded that, 
on one hand, the vaccine strain isolated from rabid 

cattle still kept the properties in order to be 
cultivated on BHK 21 cell line, like all animal 
vaccines against rabies. On the other hand, the 
isolated vaccine strain is as photogenic as a wild 
strain, mice which were intra-cerebrally inoculated 
developed rabies signs as fast as the mice 
inoculated with the wild strain. 
 
References 

1. *** European Pharmacopoeia 5th edition, 2005. 
2. *** European Medicines Agency. VICH GL55 on 

Harmonisation of criteria to waive target animal 
batch safety testing for live vaccines for veterinary 
use, 2016. 

3. *** OIE Manual, 7th edition, 2015; 2.1.13. 
4. *** Virus Taxonomy 9th report, 2012. 
5. *** WHO Expert Consultation on Rabies, second 

report, 2013. 
6. Cliquet F., Picard-Meyer E., Mojzis M., Dirbakova Z., 

Muizniece Z., Jaceviciene I., Mutinelli F., Matulova 
M., Frolichova J., Rychlik I., Celer V., In-Depth 
Characterization of Live Vaccines Used in Europe 
for Oral Rabies Vaccination of Wildlife. PLOS One, 
2015; 10(10): 1-8. 

7. Gradiner-Fehlner C., Nadin-Davis S., Armstrong J., 
Muldoon F., Bachmann P., Wandeler A., Era 
vaccine-derived cases of rabies in wildlife and 
domestic animals in Ontario, Canada, 1989-2004. 
Journal of Wildlife Diseases, 2008; 44(1): 71-85. 

8. Hostnik P., Picard-Meyer E., Rihtaric D., Toplak I., 
Cliquet F., Vaccine-induced Rabies in a Red Fox 
(Vulpes vulpes): Isolation of Vaccine Virus in Brain 
Tissue and Salivary Glands. Journal of Wildlife 
Diseases, 2014; 50(2): 397-401. 

9. Jackson A.C., Rabies: Scientific Basis of the Disease 
and its Management. Elsevier Inc., 2013; 503-504. 

10. Meslin F.X., Kaplan M.M., Koprowski, Laboratory 
techniques in rabies. WHO Geneva, 1996; 80-103. 

11. Negreş S., Dinu M., Ancuceanu R.V., Olaru T.O., 
Ghica M.V., Şeremet O.C., Zbârcea C.E., Velescu 
B.Ş., Ştefănescu E., Chiriţă C., Correlations in 
silico/in vitro/in vivo regarding determinating acute 
toxicity in non-clinical experimental trial, according 
to bioethics regulations inforced by the European 
Union. Farmacia, 2015; 63(6): 877-885. 

12. Rudd J.R., Trimarchi V.C., Abelseth K.M., Tissue 
Culture Technique for Routine Isolation of Street 
Strain Rabies Virus. Journal of Clinical Microbiology, 
1980; 12(4): 590-593. 

13. Rudd J.R., Trimarchi V.C., Comparison of Sensitivity 
of BHK-21 and Murine Neuroblastoma Cells in the 
Isolation of a Street Strain Rabies Virus. Journal of 
Clinical Microbiology, 1987; 25(8): 1456-1458. 

14. Rudd J.R., Trimarchi V.C., Rudd J.R., Development 
and Evaluation of an In Vitro Virus Isolation 
Procedure as a Replacement for the Mouse Inoculation 
Test in Rabies Diagnosis. Journal of Clinical 
Microbiology, 1989; 27(11): 2522-2528. 

15. Rupprecht C., Nagarajan T., Current laboratory 
techniques in rabies diagnosis, research, and 
prevention. Elsevier Inc., 2015; 25. 



FARMACIA, 2016, Vol. 64, 3 

 381 

16. Rusu G., Lupusoru C.E., Mititelu Tartau L., Popa G., 
Bibire N., Lupusoru R.V., Cristofor A.C., Nechifor 
M., Effects of two imidazoline receptor antagonists 
in spontaneous behaviour in rats. Farmacia, 2015; 
63(2): 206-210. 

17. Turcitu M.A., Barboi G., Vuta V., Mihai I., Boncea 
D., Dumitrescu F., Codreanu M.D., Johnson N., 
Fooks A.R., Müller T., Freuling C.M., Molecular 
epidemiology of rabies virus in Romania provides 

evidence for a high degree of heterogeneity and 
virus diversity. Virus Research, 2010; 150: 28-33. 

18. Vos A., Neubert A., Aylan O., Schuster P., Pommerening 
E., Mueller T., Chivatsi C.D., An update on safety 
studies of SAD B19 rabies virus vaccine in target 
and non-target species. Epidemiol. Infect., 1999; 
123: 165-175. 

 

 
 
 


