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ABSTRACT

Due to the fact that the rabies virus causes lethal infections in humans and animals, it is still considered a hazardous
disease. Azerbaijan and surrounding territories are described among the endemic regions for rabies. Geographical
conditions allow easy transitions for wild animals from the borders and affect the endemic situations and existence
of the rabies virus genotypes in a defined region. Thus the follow-up studies for the current epidemiological situation
in the field are crucial.

This study aimed to molecular characterization of the recent field strains of the rabies virus circulating in
Azerbaijan between 2018 and 2021. A total of 180 samples out of 238 submitted were found positive for rabies
by immunofluorescence assay and real-time Reverse Transcription Polymerase Chain Reaction (RT-PCR) during
the study period. Brain samples obtained from 13 infected animals (3 cattle, 3 jackals, 3 dogs, 1 cat, 2 horses and
1 fox) were submitted for sequence analysis on the basis of the N gene. Eleven out of 13 sequences were found in
the Central Asian clusters CA4 and CA2 while the remaining 2 sequences were from the genetic cluster Middle
East ME1. Despite a high level but not complete nucleotide identity, a phylogenetic relationship between the rabies
virus spread in Azerbaijan and in the neighbouring countries (Turkey, Georgia, Iran, as well as Kazakhstan) was
demonstrated. The results confirm that the strains spreading in neighbouring countries should be considered in the
epidemiology and prevention of rabies.
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INTRODUCTION kb long, non-fragmented) and five structural proteins namely
Nucleoprotein (N), Phosphoprotein (P), Matrix proteins (M),

Rabies which is a deadly zoonotic disease of huma'n kind and Glycoprotein (G) and RNA polymerase (L) [3]. Helically wrapped
warm-blooded animals, leads to severe neurological disorders and nucleocapsids are surrounded by lipid membrane with glycoprotein
exists in many territories all around the world [1]. The infection
causes about 59000 deaths per year, most are in the developing
countries and the disease control attempts cost about 8.6 billion

USD per year [2].

peplomers. For seven Genotypes (GT) of the rabies virus, full studies
on the genomic diversity of lyssaviruses have been published using
genome sequences (GT1-Rabies Virus, GT2-Lagos bat virus, GT3-
Mokola virus, GT4-Duvenhage virus, GT5-European bat lyssavirus
Rabies viruses consist of one molecule of genomic RNA (11-12  type 1, GT6-European bat lyssavirus type 2, GT7-Australian bat
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lyssavirus) [4]. All genomes have the same structural organization,
despite their varying lengths of 11918 nucleotides (GT7) and 12016
nt. (GT2). The estimated size of the coding regions is similar across

genotypes.

The agent, Rabies virus is classified in the Lyssavirus genus of
the family Rhabdoviridae. Based on delimitation criteria such as
antigenic samples reacting with anti-nucleocapsid monoclonal
antibody panels and genetic distance, lyssaviruses are classified
into to date, 17 species of lyssavirus have been officially recognized
by the International Committee on Taxonomy of Viruses (ICTV)
[5]. Lyssavirus species are divided into two phylogroups. The
antigenic and genetic profile of the virus also allows for separation
within phylogroups [6-8]. Phlyogroup-1 includes Rabies lyssavirus,
Duvenhage lyssavirus, European bat Lyssaviruses types 1 and 2,
Bokeloh bat Lyssavirus and Australian bat Lyssavirus. In addition,
Aravan lyssavirus, Khujand lyssavirus and Irkut lyssavirus are
also members of phylogroup-1. Phylogroup-2 includes Lagos bat
Lyssavirus, Mokola lyssavirus and Shimoni bat Lyssavirus.

Despite conducting various scientific researches on rabies and
vaccination among animals on a large scale, this disease remains
relevant and dangerous in many countries. Asia, Africa, and the
Americas are the most affected regions by rabies among people
around the world. In countries located in Asia, approximately
31,000 people lose their lives due to rabies every year [9]. Among
these countries, India has the highest number (20,000) of human
deaths due to rabies annually [10].

According to a risk potential assessment for rabies, the countries
were divided into 3 groups as risk-free, medium-risk and high-
risk. According to the evaluations, Azerbaijan, Turkey, Armenia,
Georgia, Iran and Russia, as well as many other countries, are
included in the high-risk category [11].

Presence of the infection has long been demonstrated in Azerbaijan
territory where is an endemic area both for urban and wild life
rabies infections [12]. Free-roaming dogs in residential areas are
accepted as the leading cause for the human infection in the country
while the basins for the river Kura and river Araz as well as the
forest massifs in the interior and the border lands are considered
the main risk areas. Due to the geographical circumstances the
control of country borders is extremely difficult in the Caucasian
region, thus allowing free circulation of wild life animals. Despite
the mentioned risk level, few studies have been conducted in the
country, so far.

OPEN aACCESS Freely available online

Control of rabies is one of the main goals for the WHO and
WOAH. In 2015, The international organizations, i.e. the World
Organization for Animal Health (WOAH), the World Health
Organization (WHO), and the Food and Agriculture Organization
of the United Nations (FAO), developed a strategic plan to eliminate
dog mediated human rabies by 2030 [13,14]. One of the valuable
data for control of the infection is to epidemiological follow up for
the field infections and characterization of the circulating strains.
Thus, to point out the current situation and to create additional
data for country strategic plan, the aim of this study was to
molecular characterization of the rabies virus field strains recently
obtained from wild and domestic animals in Azerbaijan.

MATERIALS AND METHODS

Tested population and samples

Studied animal population in the present research is selected
among the samples submitted to Central Veterinary Laboratory,
Azerbaijan Food Safety Institute, Baku during a period of 4 years
(2018-2021). During this four year period samples from total of 238
suspected animals were submitted and 180 animals were tested
positive for rabies (68 in 2018, 63 in 2019, 29 in 2020 and 20 in
2021). Distribution and the characteristics of the tested samples
are summarized (Table 1). Eight of the rabies positive samples were
from wild animals while the remaining originated from domestic
animals including dogs (n=102), cats (n=7), cattle (n=54), sheep
and goats (n=6) and horses (n=3). All the samples were handled
according to biosafety rules and tested by internationally approved
methods including Immunofluorescence Antibody assay (IFAT)
and Reverse Transcription Polymerase Chain Reaction (RT-PCR).
Among the rabies positive samples 13 were selected for sequencing
and phylogeny analyses.

Immunofluorescence assay

In order to carry out this study, brain tissues were dissected
pathologically and tissue samples of at least 2 cm3 were collected
from the cortex, cerebellum and Ammon horn regions of the
brain (5-6 smears). FITC Anti-Rabies Monoclonal Globulin
(Fujirebio Diagnostics, Inc. America) was used to stain brain
samples. By combining fluorochrome-labelled antibodies with
the nucleocapsid of the rabies virus, this method produced green-
emerald illumination during fluorescence microscopy (Figure 1).

Table 1: Distribution of the samples submitted for rabies diagnosis during the period of 2018-2021.

Number of samples

Years Sh d Total Positives (%)
Dog Cat Cattle Horse eep an Wild animals
goats

2018 40 2 21 3 2 78 68 (87.17%)

2019 39 4 14 1 3 80 63 (78.75%)

2020 14 1 10 1 2 49 29 (59.18%)

2021 9 0 9 1 1 31 20 (64.51%)
Total (2018-2021) 102 7 54 6 8 238 180 (75.63%)
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Figure 1: Postmortem diagnosis of rabies in animal brain by IFAT.

Reverse Transcription Polymerase Chain Reaction (RT-

PCR)

The amplification of the full nucleoprotein gene was performed
by a one=step real time RT-PCR (rt RT-PCR) with specific rabies
primers designed to specifically amplify the rabies virus genome,
followed by a second round of PCR with nested primers for
typing. Following the manufacturer’s instructions, using the RT
PCR primers N165-146 and JW12 provided a final master mix
(QuantiTect probe RT-PCR Mater mix, Qiagen, France) prepared
in a single tube per sample. Rt RT-PCR was performed in a final
volume of 25 pL with 2 pL of viral RNA and 23 pL of master mix.
The PCR thermal profile consisted of; one cycle at 500°C for 30
minutes, one cycle of 950°C for 15 minutes followed by 45 cycles of
950°C for 30 sec, 550°C for 30 sec and 720°C for 30 sec.

After getting the positive result in rt RT-PCR, the samples were
subjected to a gel based nested RT-PCR in which the entire N gene
amplification (1353-bp) was performed as follows; 5 uL of extracted
RNA was mixed with 0.6 pl of One Step RT-PCR Enzyme Mix
(Qiagen, France), 0.6 pl of ANTP 10 mM and 10 pmol each of
specific rabies primers JW12 and PVNS8. In the second round
of PCR; 2 pL of PCR products from 1st round was re-amplified
in a final volume of 20 pl using 1.25 U of Platinum Tag DNA
polymerase (Invitrogen, France) and 2.5 pmol each of sequencing
primers M13-JW12 and M13-PVNS8bis. The PCR conditions were
as follows; initial denaturation for 2 minutes at 94°C, followed
by 45 cycles with denaturation for 30 seconds at 94°C, annealing
for 30 seconds at 48°C and extension for 2 minutes at 72°C, and
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a final extension for 7 minutes at 72°C. By nested RT-PCR, the
Nucleoprotein gene of the viral RNA was partially amplified. RT-
PCR and round Polymerase Chain Reactions (nested PCR) were
performed with pan-Lyssavirus primers described by Heaton et al.,

yielding a PCR product of 606 bp.
Phylogeny analysis

Selected 13 samples positive both in IFAT and RT-PCR were
subjected to nucleotide sequencing (Table 2). The selection
of the samples for sequencing was based on several important
considerations. As such, attention was given to their full coverage
of the country by region, as well as their diversity in species and wild
animals (Figure 2). The cDNA samples were prepared from sample
RNAs by a commercial kit (Grisp Xpert One-Step RT-PCR Kit) and
sent for sequence analysis (Letgen Biotechnology Laboratory, Izmir,

Turkiye).

The evolutionary history was inferred using the Neighbor-
Joining method. The optimal tree with the sum of branch
length=1.85082495 is shown. The percentage of replicate trees
in which the associated taxa clustered together in the bootstrap
test (1000 replicates) is shown next to the branches. The tree is
drawn to scale, with branch lengths in the same units as those
of the evolutionary distances used to infer the phylogenetic tree.
The evolutionary distances were computed using the Tamura-Nei
method and are in the units of the number of base substitutions per
site. This analysis involved 13 nucleotide sequences. Evolutionary
analyses were conducted in MEGA X where the reference sequences
were obtained from GenBank databases (Figure 3).
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Table 2: Characteristics of the field samples selected for phylogeny analysis.

Sample ID Species of origin Location Sampling year
Azer 1 Dog Baku 2021
Azer 2 Jackal Agdash 2019
Azer 3 Cattle Agstafa 2020
Azer 4 Jackal Lerik 2019
Azer 5 Jackal Lachin 2020
Azer 6 Dog Astara 2019
Azer 7 Yearling cattle Goychay 2019
Azer 8 Dog Salyan 2021
Azer 9 Horse Fuzuli 2019
Azer 10 Fox Gandja 2021
Aczer 11 Horse Tovuz 2020
Azer 12 Cattle Qakh 2019
Azer 13 Cat Sheki 2021

RUSSIA

GEORGIA

ARMENIA

AZERBAIJAN
RYAN (DISTRICT)

Country Boundary Country Capital
-------- Ryan (District)
Boundary

Figure 2: The Azerbaijani regions for the samples selected for phylogeny analysis.
Note: ( ) Country Boundary, (-~ ) Ryan (District) Boundary, (&) Country Capital
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GenBank records and their accession numbers are submitted in the figure.

# | KT965733.1 Lyssavirus rabies isolate KZ(South)/jackal/5300
LNB879480.1 Rabies virus strain 5989/ib205/12
g4 | [ MTOTE908.1 Lyssavirus rabies isolate A16-3213
MTO79935.1 Lyssavirus rabies isolate A17-2326

KXE86102.1 Lyssawvirus rabies i1solate VIEV RV Cattle 4a-2104/15
— DQ300302 1 Rabies virus isolate Bul 89
KX148157.1 Lyssavirus rabies isolate 93043EST ] Europe (NEE)
KX148159.1 Lyssavirus rabies isolate 86082IRA
JX423815.1 Rabies virus isolate cow-10
JX423818.1 Rabies virus isolate wolf-kras
7 MWO035720.1 Rabies lyssawirus isolate Kras3-18
781 KX148141 1 Lyssavirus rabies isolate 86135P0OL
KX148142.1 Lyssavirus rabies isolate 96177POL
KX148143.1 Lyssavirus rabies isolate 930B0HON
U22474.1 Rabies virus 9147GSFRA
KX148125.1 Lyssavirus rabies isolate 94033BEL
KC197988.1 Rabies virus isolate RS09-25/fox/dec 08/Udine
U22475.1 Rabies virus 9212ALL
99 L U22840.1 Rabies virus 8618POL
_E JQ944708.1 Rabes virus isolate 1564NNO
5 KX148160.1 Lyssavirus rabies isolate 92015HON
MZ391116.1 Lyssavirus rabies isolate TR-Rabies-N-Fox-2013-7B
47 | KYBG0609.1 Lyssavirus rabies isolate RV1142
KX148167.1 Lyssawirus rabies isolate 94005TUR.
DQ837385.1 Rabies virus isolate dog/AZT134/2005
KX148191.1 Lyssavirus rabies isolate 93032ISR
KX148188 1 Lyssavirus rabies isolate 93009IRA
DQ837424 1 Rabies virus isolate cow/J3/1998

DQ837474.1 Rabies virus isolate cow/T1/2000
JX987746.1 Rabies virus isolate 9319IRA
AY352497 1 Rabies virus isolate RV308

EF437215 1 Rabies virus isolate NNV-RAB-H
KX148228.1 Lyssavirus rabies isolate 99001NEP
ABB35373 1 Rabies virus strain H-1413-09
KF1540990.1 Rabies virus isolate RV2417
EU293111 1 Rabies virus isolate 87T64THA
KX148264.1 Lyssavirus rabies isolate 02046CHI
AY5T73950 1 Australian bat lyssavirus isolate 98-105331

AY863407 .1 European bat lyssavirus 2 isolate N9337 SWI
EF547447 1 Lagos bat wirus isolate LBVAFR1999

NC 025377.1 West Caucasian bat virus

Figure 3: An overview of the phylogenetic tree. The sequences reported in this study are marked. The reference sequences are obtained from the
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RESULTS

Screening for rabies infection

Rabies virus screening performed both by IFAT and PCR created
the consistent results (Table 3). According to that results, 180
(75.6%) out of 238 samples found positive for rabies. Positivity
ratios for the years were as 87.17%, 78.75%, 59.18% and 64.51%,

respectively.

Table 3: Rabies screening results for a four years’ period.

Number of samples

Years Positives by  Positives b
ositives by  Positives by o
Tested IFAT PCR Positives (%)
2018 78 68 68 87.17%

Clin Microbiol, Vol.12 Iss.2 No:1000333

2019 80 63 63 78.75%
2020 49 29 29 59.18%
2021 31 20 20 64.51%
Total (2018- o
2021) 238 180 180 75.63%

Phylogeny analysis

Total of 13 rabies virus sequences from Azerbaijan territories were
subjected to phylogeny analysis (Table 4). Those of viral strains were
detected to be originated from 3 different genetic clusters namely
Central Asian CA2, Central Asian CA4 and the Middle Eastern
ME1. Most of the sequences are from the cluster Central Asian
CA4 while there are only 2 sequences from the cluster Middle East
MEL.
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Table 4: Percentile nucleotide identity for selected Azerbaijani rabies virus partial N gene sequences.

The new sequence (this Similar sequence

study) Defined cluster (GenBank Acc. No) Origine Nucleotide identity (%) Collection date
LN879480.1° Azerbaijan 98,98% 2002
MWO055108.1° Georgia 98.98% 2016
Azer-1 CA4
KT965733.1 South Kazakhstan 98.76% 2014
KX148166.1 Turkiye 96.73% 1993
MK760742.1° Iran 99.19% 2014
Azer-3 ME1
KJ081443.1 Turkiye 97.96% 2013
MK760742.1° Iran 99.80% 2014
Azer4 ME1 DQ837466.1 Israel 98.58% 2002
KJ081443.1 Turkiye 98.57% 2013
LN879480.1° Azerbaijan 98,99% 2002
MW177597.1 Azerbaijan 96.15% 2012
Azer5 CA4
OL515137.1 Romania 96.15% 2012
OM542196.1 Poland 96.15% 2001
LN879480.1° Azerbaijan 98,58% 2002
Azer-8 CA4 KT965733.1 South Kazakhstan 98.34% 2014
KX148166.1 Turkiye 95.94% 1993
LN879480.1° Azerbaijan 99.39% 2002
Azer-10 CA4 KT965733.1 South Kazakhstan 99.17% 2014
MW035720.1 Russia 96.35% 2018
MT079950.1° Georgia 99.80% 2016
LN879480.1 Azerbaijan 96.15% 2002
Azer-11 CA2
KY002889.1 Dagestan (Rus) 99.34% 2008
KX148167.1 Turkiye 96.15% 1993

Note: () The highest identity in GenBank nucleotide records.

DISCUSSION

Azerbaijan and the surrounding Caucasian regions are described as
the land of endemic rabies circulation [15]. There are strict border
transitions that allow the roaming of wild animals and of course the
rabies virus field strains among the countries. Thus, the endemicity
of the field strains and genetic clusters in a defined region is based
on a dynamic situation. The main goal of the current study is
to enlighten the current epidemiological situation regarding the
genetic composition of rabies viruses circulated both in the site of
urban and wildlife in Azerbaijan territories.

During the 4 years study total of 238 suspected samples from wild
and domestic animal from different parts of Azerbaijan have been
examined, and of which 180 were found positive for rabies virus
infection (Table 3). All the 180 samples were positive both by RT-
PCR and IF assays confirm the best compatibility of two assays
for routine diagnosis in clinical samples. Although the detected
positivity rates ranged between 59.18% to 87.17% number of
positive samples has been gradually decreased from 68 cases to 20
cases during the years 2018 to 2021. This decrease possibly related
to control measure applied in the country [16].

A total of 13 field sample sequences were examined in the present
study. Of these, nine samples were identified to be from the cluster
Central Asia and found that two different phylogenetic subclades

Clin Microbiol, Vol.12 Iss.2 No:1000333

(CA4 and CA2) are currently circulating in the region. CA2 is
the one previously described by Troupin et al [17]. Troupin et al.
divides the Central Asia clade into three sub-clades. Viruses found
in CAl originated in China, Iran, and Russia; viruses found in
CAZ2 originated in Iraq, Iran, Turkey and Russia; and a cluster of
viruses (called CA3) originated in China, Iran, and Russia. CA4
originated in South Kazakhstan, Turkey, Georgia, Romania, Poland
and Russia. Remaining sequences were identified in the subclades
MEI. Appearance of more than one genetic subclades of rabies
virus in the same region is also case for various territories [18].

The phylogenetic analysis is based on the comparison of the
partial N gene sequences between 13 Azerbaijani sequences of
the study. Thirteen referenced Azerbaijani sequences and 61
referenced Lyssavirus sequences which showed that viruses from
dogs predominate in the lineage CA4. According the obtained data
3 dogs, 2 jackals, 1 fox, and 1 horse constituted the lineage CA4.
The phylogenetic study among seven isolated from Azerbaijan and
referenced Azeri sequences showed the existence of at least two
lineages occurring in the country, with a predominance of dogs in
the subclade CA4. Involvement of the both of samples from wild
and domestic animals in the same clade and 100% homology in
the partial N gene sequences of 2 strains (Azer-1 and Azer-2) may
indicate the active transmission between wild life and domestic
animals.
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CONCLUSION

Based on the genetic analyses conducted within the framework
of these studies, the rabies virus group currently circulating in
Azerbaijan is a cosmopolitan strain related to dogs. Three sequence
results isolated from the Kakheti region of Georgia in 2018 were not
identical to other group results and were independently combined.
Because the Balakan region of Azerbaijan borders the Kakheti
region, the sequence results of the rabies virus spread in those
areas were similar, which may be related to the nomadic lifestyle
of the population living in those regions. This virus can be spread
in the area by animal husbandry animals moving around and wild
animals biting productive animals. It appears that several different
strains of rabies are circulating simultaneously in Azerbaijan due to
its geographical location within the Caucasus region.
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