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Introduction: In 2017 infectious bursal disease viruses (IBDVs) were reclassified into 
genogroups based on nature of clustering on a phylogenetic tree constructed using VP2 
gene sequence data rather than according to their pathotype and/or antigenic types. Ethiopian 
IBD viruses were not reclassified according to the proposed genogrouping.
Methods: In order to genogroup the Ethiopian IBDVs, available VP2 gene sequences data 
together with reference strain sequences were retrieved from GenBank and genogrouped as 
recently recommended based on evolutionary tree reconstruction and determination of their 
clustering on the phylogenetic tree.
Results: The Ethiopian IBDVs were grouped into genogroups 1 and 3 that antigenically 
represent classically virulent and very virulent IBDVs, respectively. The genogroup 1 IBDVs 
were clustered with the vaccine strain while the genogroup 3 viruses were clustered with four 
known viruses belonging to sub-genogroup 3a and sub-genogroup 3b. Almost half of the 
Ethiopian IBDVs reported did not cluster with the specific sub-groups of genogroup 3; 
rather, the isolates were clustered differently suggesting they deserve a different sub- 
genogroup tentatively proposed as 3d. The two genogroups observed based on clustering 
on a phylogenetic tree were supported by corresponding deduced amino acid changes in 
similar positions in VP2 sequences. In addition, virulence marker amino acid genes coupled 
with second major hydrophilic region (amino acid positions 314–325) were predicted in 
these sequences that could be responsible for the occurrence of IBD outbreaks.
Conclusion: A new sub-genogroup of IBDVs, 3d, were observed in the sequences that 
could be one of the reasons for the frequent occurrence of IBD outbreaks and questions the 
protective potential of the existing vaccine. To institute disease control in the country, the 
effectiveness of the vaccine in use needs to be assessed in vivo against both genogroups 1 
and 3 viruses and all three sub-genogroup 3 viruses circulating in the country.
Keywords: infectious bursal disease virus, VP2 gene sequence, genogroups, sub-genogroups, 
virulent strains

Introduction
Infectious bursal disease (IBD), also known as Gumboro,1 is a contagious and 
immunosuppressive disease of chickens circulating globally. The disease was 
detected for the first time in Ethiopian domestic chickens in 2002 in which 
45–50% mortality was reported.2 Currently, the disease is the second priority 
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chicken disease in the country next to Newcastle disease 
(NCD). The etiological agent of the disease is IBD virus 
(IBDV) that belongs to the genus Avibirnavirus of the 
family Birnaviridae.3 The virus family has no envelope 
and is icosahedral in shape, with a double- 
stranded and bi-segmented (segments A and B) RNA 
genome.3,4 Segment A contains viral protein (VP) 2, 
VP3, and VP4 genes and has the key region required for 
pathogenicity, antigenicity, and virulence. In addition, seg
ment A has protective antigens while segment B contains 
VP1, which is the RNA-dependent RNA polymerase 
responsible for viral genome replication.

Historically, since 2004, highly pathogenic IBDV 
strains emerged globally via mutation and genetic re- 
assortment5 and during the same time Ethiopia reported 
the first outbreak of the disease.2,6 Unless the chickens get 
protective vaccines during their early life (2 to 6 weeks of 
age), it leads to considerable economic loss. Therefore, 
vaccination is considered an important means of protecting 
domestic chickens during their first weeks of life.7 As 
a result, in Ethiopia, commercial poultry farms vaccinate 
their chickens against IBD regularly using IBDV LC-75 
live vaccine and they have improved biosecurity measures. 
The immune response to the attenuated IBDV LC-75 
vaccine prepared from classically virulent IBDVs against 
very virulent virus is variable, but it is still in use in the 
country. Despite that, IBD outbreaks due to very virulent 
and classically virulent IBDVs were frequently reported 
from different parts of Ethiopia.8–10 The use of live vac
cine for IBD control could lead to the emergence of very 
virulent strains via genome re-assortment and 
recombination.11 The economic consequence of disease 
caused by such virulent strains on poultry health, produc
tion, and the overall economy is substantial. Hence, any 
IBD outbreak needs to be assessed by IBDV full gene 
sequencing of both segments A and B to have clear evi
dence of any genetic changes leading to emergence of new 
strains like gene recombination and gene re-assortment 
coupled with occurrence of mutations.

The possible means of emergence of the IBDV strains are 
mutation, natural gene recombination,11,12 and genome re- 
assortment with vaccine strains.11,13 The IBDV genetic 
changes contributing to these outbreaks and detailed evolu
tionary analysis for the emergence of the viruses were 
assessed via molecular evolutionary analysis and deduced 
amino acid comparisons of the VP2 region of the IBDV 
genome. The VP2 contains exposed projection (P) domain 
that encompasses the hypervariable region (hVP2).14 The 

P domain is composed of four loop structures designated 
PBC, PDE, PFG, and PHI that are exposed on the surface of 
the virion, and this domain is responsible for inducing 
a protective immune response in chickens.15,16 

Experimental evidence indicated that the amino acids in the 
P domain of VP2 play a critical role for the binding of 
neutralizing monoclonal antibodies.16 The partial VP2 region 
that comprises the hVP2 region (amino acid positions 
220–345), in general, is widely used for phylogenetic analy
sis to compare the molecular evolution of the IBDVs.16, 17 

The widely used nomenclature of the virus had been based on 
antigenicity and pathogenicity that is confusing most of the 
time. As a result, recently Jackwood et al.18 revised the 
nomenclature based on phylogenetic analysis and used the 
term genogroups and sub-groups based on the nature of 
clustering on the evolutionary tree. The Ethiopian IBDVs 
were not genogrouped and sub-genogrouped according to the 
proposed nomenclature. Therefore, in this study evidence of 
genogrouping of Ethiopian isolates in known genogroups, 
new sub-genogroups, and key mutations contributing to viru
lence and classification of the virulent viruses are presented. 
In addition, the difficulty of sub-grouping the genogroup 3a 
and 3b viruses is assessed and a new sub-genogrouping (3d?) 
is proposed for Ethiopian vvIBDVs.

Materials and Methods
Data Source for Reference and Ethiopian 
IBDV Sequences Search and Retrieval
Freely available and/or published VP2 nucleotide 
sequence data of IBDVs reported from Ethiopia and 
other reference sequences available in GenBank were 
retrieved (Table 1) and used for this study. A total of 101 
sequences of which 23 were Ethiopian IBDV virus 
sequences were downloaded. In addition, representative 
reference sequences of the seven known genotypes18,19 

were used as a base to compare and contrast the analysis, 
including phylogenetic tree reconstruction, genogrouping, 
and sub-groupings, and for comparison of critical amino 
acid changes/variability per position.

Sequence Data Analysis
The collected IBDV VP2 gene sequences were aligned 
using the Clustal W multiple sequence alignment program 
embedded in MEGA 7 software.22 The maximum likelihood 
statistical method was used for best fit model selection in 
MEGA 7. The selected model was used to reconstruct 
molecular evolution of the viruses using the same software. 
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In addition, the nucleotide sequences were used to deduce 
their amino acid readings using BioEdit23 software to com
pare amino acid changes per site at critical amino acid 
positions. The amino acid positions undergoing changes 
were inferred with reference to the vaccine strain sequence 
data used in the country (reference accession number 
JQ684022). Both phylogenetic tree reconstruction and 
genetic distance calculations were used for subdivision of 
genogroup 3 viruses in MEGA 7 software.22 Hydrophilic 
regions as an indicator of neutralising antigenic sites were 
predicted from deduced amino acid sequence data using the 
method of the Hopp and Woods24 program that is embedded 
in BioEdit software.23 Recombinant gene detection was 
carried out using Recombination Detection Program soft
ware (RDP).25

Results and Discussion
Recombination Detection
IBDVs are believed to emerge via homologous recombi
nation and re-assortant phenomena, besides mutations, 
that occur naturally among different IBDV strains includ
ing vaccine strains. These sequences used for phyloge
netic tree reconstruction were initially screened for 
evidence of recombination using RDP25 before being 
used for further analysis. The sequences showed no evi
dence of recombination. The other method by which 

recombinants are visualized is by difference in nature of 
clustering on a phylogenetic tree upon repeated tree 
reconstruction, which was also not observed in this 
analysis.

The absence of recombination in Ethiopian IBDV 
isolates could be due to use of short nucleotide sequence 
data in the analysis that could not show evidence of 
change in the nature of clustering on a phylogenetic 
tree. Further, investigation using full genome sequence 
data, at least for segment A (and possibly also segment 
B), and reanalysis of the sequences for evidence of 
genetic changes like recombination, re-assortment, and 
mutations in general are very important to arrive at 
conclusive evidence. Such study could give insight into 
the emergence of new strains, the efficacy of existing 
vaccines against these strains, and the need for further 
research for vaccine development.

Model Selection
The molecular evolutionary relationship was assessed via 
phylogenetic tree reconstruction of VP2 sequences of 
IBDV using both known genogroup and ungrouped 
sequences. The ungrouped Ethiopian IBDV sequences 
and reference sequences used for genogrouping were 
included to have the overall phylogenetic tree and demon
strate their evolutionary relationship. For this, model 
selection was first carried out in MEGA721 that resulted 
in selection of a K2 + G (Kimura 2-parameter with gamma 
distribution) model according to Bayesian Information 
Criterion (Supplementary Material 1). The best fit model, 
K2 + G model, was subsequently used for phylogenetic 
tree reconstruction. Model selection is widely applied in 
other viruses, like the Newcastle disease virus.26

Genogrouping Based on Partial VP2 Gene 
Sequence
The Ethiopian IBDVs were genogrouped into two gen
ogroups, namely, genogroup-1 and genogroup-3 (Figure 
1). These genogroups 1 and 3 represent classically viru
lent and very virulent IBDVs according to their viru
lence/pathotype, respectively.9 Interestingly, the 
genogroup 1 IBDVs were always clustered together 
with a bootstrap value of > 50% up on repeated phylo
genetic tree reconstruction in MEGA 7.21 On the phy
logenetic tree, the genogroup 3 viruses were supported 
by a very high bootstrap value of 96% and the Ethiopian 
genogroup 3 IBDVs were found on the tip of the tree. In 

Table 1 Virulence-based Classification of Some IBDV Sequences 
Retrieved from GenBank and Used in the Analysis with Their 
Accession Numbers

Strain Molecular Type Accession 

Number

References

NVI vaccine strain Classical JQ684022 [9]

Faragher 52/70 Classical Y14958 [20]

LC75/P1/2018 Classical, passage 1 MK798159 [21]

LC75/P5/2018 Classical, passage 2 MK798160 [21]

LC75/P10/2018 Classical, passage 3 MK798161 [21]

IBDV 01/10 cv JQ684021 [9]

IBDV 06/10 cv JQ684020 [9]

IBDV 11/10 cv JQ684016 [9]

IBDV 17/10 cv JQ684017 [9]

IBDV 15/10t cv JQ684018 [9]

USA.D78 cv, attenuated 

vaccine, NVI

EU162087 [9]

IBDV-isolate Kombolcha 2017 vv MN422353 [10]

IBDV-isolate Assela 2018 vv MN422354 [10]

IBDV-EIAR Bishoftu 2016 vv MN422352 [10]

IBDV 01/11 vv JQ68401 [9]

IBDV 09/09 vv JQ684019 [9]

Abbreviations: NVI, National Veterinary Institute; EIAR, Ethiopian Institute of 
Agricultural Research; cv, classically virulent; vv, very virulent.
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addition, they did not cluster with any of the proposed 
and/or sub-genogroups of genogroup 3 IBDVs, namely, 
sub-groups 3a, 3b, and 3c, suggesting that they deserve 
different sub-group/s of their own.

Revisiting Previous Sub-grouping of 
Genogroup 3 IBDVs
The subgrouping of genogroup 3 IBDVs reported by 
Jackwood et al.18 used 45 nucleotide sequences of 560 

Figure 1 Evolutionary relationships of IBDVs. The evolutionary history was inferred using the neighbour-joining method.27 The optimal tree with the sum of branch length = 
1.47232579 is shown. The percentages of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches.28 

The evolutionary distances were computed using the Kimura 2-parameter method29 and are in the units of the number of base substitutions per site. The rate variation among sites 
was modelled with a gamma distribution (shape parameter = 1). The analysis involved 100 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All 
ambiguous positions were removed for each sequence pair. There were a total of 413 positions in the final dataset. Evolutionary analyses were conducted in MEGA 7.22 

Note: IBDVs = infectious bursal disease viruses; G = genogroup.
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positions that resulted in forming three sub-groups, 
namely, 3a, 3b, and 3c. References used for the demarca
tion of sub-groupings like genetic distance, other than 
nature of clustering, were not indicated in the publication. 
According to the report, sub-group 3a contains viruses 
mainly from all over the world, sub-group 3b contains 
viruses from the Americas, and sub-group 3c contains 
viruses from Asian and Russian countries. Except sub- 
group 3c, the sub-groups 3a and 3b of genogroup 3 viruses 
were mixed up or scattered here and there on 
a phylogenetic tree. In the current analysis, these sub- 
groups were not fully repeated as reported before.18 The 
unrepeatability of the nature of clustering for sub-grouping 
of genogroup 3 viruses could be due to either use of 
relatively shorter gene sequences data or unrepeatability 
of the clustering when new sub-groups were formed, as 
observed in this analysis.

Sub-grouping of Genogroup 3 Ethiopian 
Isolates Based on Their Molecular 
Evolutionary Analysis
A total of 410 nt sequence data of 51 viruses that included 
sequence data used by Jackwood et al.18 and Michaela and 
Jackwood19 for sub genogrouping were used for phylogenetic 
tree reconstruction using the same software and program 
except use of the K2 + G model rather than the maximum 
composite likelihood method. Molecular evolutionary analysis 
of genogroup 3 viruses are depicted in Figure 2. Unfortunately, 
there is no clear demarcation between the sub-groups reported 
by Jackwood et al.18,19 with or without inclusion of Ethiopian 
isolates when the tree was reconstructed using 410 nucleotide 
sequences by both the neighbour-joining method (Figure 2) 
and minimum evolution analysis (figure not shown) in MEGA 
7.21 From the phylogenetic tree, it is clear that sub-genogroup 
3c always clustered together and the majority, but not all, of the 
reported sub-group 3a were also clustered together. Sub-group 
3b of genogroup 3 viruses are the most diverse of the proposed 
sub-groups of genogroup 3 because they clustered here and 
there on the tree. In this analysis, there is no clear demarcation 
between sub-groups of genogroup 3b IBDVs other than for 
sub-genogroup 3c and almost all sub-genogroup 3a viruses that 
might be determined based on longer and/or full gene sequence 
analysis of segment A (possibly together with full or some 
parts of the segment B genome). Interestingly, the Ethiopian 
genogroup 3 viruses always cluster together and deserve a new 
sub-genogroup proposed to be sub-genogroup 3d (Figure 2).

Demarcation of Sub-genogroups Based 
on Genetic Distance
Phylogeny-based sub-grouping of genogroup 3 viruses illu
strated that the Ethiopian IBDV isolates did not cluster with 
other virus sequences compared, including the sequence used 
for genogrouping and/or sub-grouping,18,19 suggesting they 
emerged differently. The local genogroup 3 IBDVs were 
clustered together with bootstrap values of 96% (Figure 2), 
while it is 97% when all genogroups are included (Figure 1). 
The nature of clustering of Ethiopian isolates was repeatable 
upon repeated phylogenetic tree reconstruction using two 
frequently used methods, namely, neighbour-joining28 and 
minimum evolution analysis (figure not shown). As can be 
evidenced from the phylogenetic tree, sub-groups 3a and 3b 
of genogroup 3 are mixed up on the tree (Figure 2) but almost 
all sub-genogroup 3a viruses cluster together except four 
viruses.

To gain further insight into the evolutionary relation
ship of the genogroup 3 viruses, the genetic distances of 
the viral sequences that could possibly differentiate the 
known genogroup 3 sub-groups and the Ethiopian isolates 
were calculated. A genetic distance of 4.7% was the mini
mum distance that separated sub-genogroups 3a and 3b of 
the IBD virus sequences used by Jackwood et al.18 In this 
analysis, the sub-genogroup 3d of the Ethiopian isolates 
had a minimum genetic distance of 4.9%, which is slightly 
higher than the cut-off point (i.e. 4.7%) estimated. This 
finding further supports the separate nature of clustering 
on a phylogenetic tree (Figure 2) and the need to assign 
into new sub genogroup 3d. Therefore, considering the 
nature of clustering reported by Jackwood et al.,18 

a 4.7% genetic distance could be considered as the mini
mum genetic distance that could separate the sub- 
genogroups. The limitation of this report is that the genetic 
distance was estimated based on the nature of clustering 
reported by Jackwood et al.,18 with the exception that the 
Ethiopian isolates genogroup 3 was taken as it is because 
they always cluster together. The use of genetic distance 
for sub-grouping viruses is widely used in other viruses 
like Newcastle disease virus. Interestingly, a closer value 
of 5% was used as a cut-off value for demarcation of sub- 
groups in the case of Newcastle disease virus.25

Critical Mutation Contributing to 
Antigenicity and Evolution of IBDVs
In the sequences analyzed, the second major hydrophilic 
region was predicted using multiple amino acid sequence 
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data (Figure 3) that represents region 314–325 in peak B15 

of the PHI loop.16 The PHI loop, together with loop PBC, of 
the IBDV VP2 gene contains neutralizing epitopes that 
strongly influence the neutralization reactivity.16 The 
hypervariable region of IBDV is within the two major 
hydrophilic regions that stretch from 206–35014 and is 
responsible for virulence and antigenicity.30 Surprisingly, 
the predicted hydrophilic region is more conserved in the 
sequence aligned except amino acid position 330, a closely 
located amino acid on a linear sequence, for which R to 
S amino acid substitution was observed between gen
ogroup 1 and genogroup 3 viruses, respectively. Details 
of the amino acid changes in partial VP2 sequence per 
position are provided in Supplementary Material 2.

Amino acid changes in the VP2 sequence further 
confirmed the circulation of two groups of IBDVs in 
the country: those which are true field outbreaks and 
those most likely derived from the vaccine strain used in 
the country. The two groups and the vaccine strain have 
different amino acid changes in the VP2 region of the 
virus (Table 2). Of these positions, known virulence 
marker amino acids per positions A222, Q253, I256, 
I294, and S299 were observed as reported before30 

(Table 2).
An amino acid position 222 is located in the first major 

hydrophilic region and the change from a P to an A amino 
acid as observed in genogroup 3 viruses at this position 
could lead to significant antigenic differences.30

Figure 2 Evolutionary relationships of genogroup 3 IBDVs. The evolutionary history was inferred using the neighbour-joining method.27 The optimal tree with the sum of 
branch length = 0.66910707 is shown. The percentages of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown 
next to the branches.28 The evolutionary distances were computed using the selected Kimura 2-parameter method29 and are in the units of the number of base substitutions 
per site. The rate variation among sites was modelled with a gamma distribution (shape parameter = 1). The analysis involved 51 nucleotide sequences. Codon positions 
included were 1st+2nd+3rd+Noncoding. All ambiguous positions were removed for each sequence pair. There were a total of 410 positions in the final dataset. Evolutionary 
analyses were conducted in MEGA 7.21 

Note: G = genogroup.
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In addition, H amino acid was observed in genogroup 1 
viruses at position 253 while it is Q/N in genogroup 3 
viruses. It was already reported that H253Q/N substitution, 
as observed in Ethiopian isolates, increased virulence of 
attenuated IBDV vaccine experimentally. At amino acid 
position 254 (loop PDE), there is S amino acid in gen
ogroup 3 viruses while it is G in most genogroup 1 viruses 
including the vaccine strain except in three viruses (Table 
2). At this amino acid position, when Q is substituted by 
S amino acid, as observed in very virulent field isolates, it 
leads to vaccination failure.31 In addition, the presence of 
S mutation at this position (254) in vaccine strain was 
reported to lead to severe bursal lesions in vaccinated 
chickens.32

The sequence of virulent IBDV strains analyzed had 
amino acids Q253, D279, and A284 in the VP2 gene. 
Experimental evidence indicated that these amino acids 
are involved in the cell tropism, tissue culture infectivity, 
and pathogenicity of virulent strains.33 Among the viru
lence marker genes, the virulence of some amino acid 
positions was verified experimentally; for example, 

a V256I substitution in attenuated vaccine strains 
increased virulence.34

A unique amino acid and position that differentiates the 
vaccine strain from both the field isolates (genogroup 1 
and genogroup 3 viruses) is the presence of M amino acid 
at position 290 (Figure 2). Previously, Pikuła et al.11 

reported that M294, a closely located amino acid on the 
linear amino acid sequence, was observed in re-assortant 
viruses that could not be reckoned out from the small VP2 
sequence analyzed.

Some genogroup 1 viruses like JQ684022, a former 
vaccine strain used in Ethiopia, had Q amino acid at 
position 253 and it could have contributed to some out
breaks in the country because two virus sequences 
(JQ684016 and JQ684021) have almost 100% amino 
acid sequence similarity except at amino acid position 
330. Some amino acid changes observed in the vaccine 
strains and in genogroup 1 viruses in VP2 were reported 
to be due to cell culture adaptation like N279 and 
T28435,36 that was observed in these sequences. At 
both 279 and 284 amino acid positions, the genogroup 

Figure 3 Predicted hydrophilic region from deduced amino acid sequences of IBDVs. The arrow on the right-hand side of the figure indicates region 105–113, 
which represents major hydrophilic region 314–325 of peak B of the PHI loop.30

Table 2 Deduced Amino Acid Differences in VP2 Regions Among Genogroup 1, Genogroup 3 and Current Vaccine Strain in Ethiopia

Genogroup or Vaccine VP2 Amino Acid Position

222 224 253 254 270 279 284 294 299 300 330

Vaccine (MK798159) P S H/Q G A N T L N E R

1 � � H/Q � T � � � � � �

3 A I Q S � D A I S Q S

Note: The dot ( � ) in the table above indicates presence of the same amino acid as in the first row.
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3 viruses had a D and an I amino acids reported in 
vvIBDV, respectively. This suggests that these viruses 
did not emerge from the vaccine used to control the 
disease in domestic chickens. In Nigeria, Adamu et al.37 

reported that N279T substitution was observed in atte
nuated viruses; in Ethiopia, however, N amino acid is 
available in vaccine strains and all genogroup 1 viruses, 
while it is D in genogroup 3 viruses. Experimentally, 
D to N substitution at amino acid position 279 of the 
VP2 gene resulted in loss of virulence,36 suggesting that 
the amino acid position is relevant to virulence.

An R330S mutation was observed in the Ethiopian 
sequences analyzed. This amino acid 330 is located at 
the interface between sub-units in the trimeric spike, 
away from the main antigenic site formed by loops PBC 

and PHI.38 Experimental evidence indicates that amino 
acid position 330 is an epitope in the PHI loop of the 
VP2 gene that was recognized by its reactivity with 
a monoclonal antibody.16 An R330S mutation, for exam
ple, leads to subtle alterations in the conformation of loop 
PBC

16 thereby affecting its antigenicity.
In general, the presence of reported virulence gene 

markers30,39,40 like Q222, Q253, I294, S299, S330, and 
A28434 in Ethiopian IBDV sequences provided strong 
evidence regarding the circulation of virulent (both gen
ogroups 1 and 3) strains in domestic chickens. In general, 
the amino acid substitution that clearly 
differentiates genogroup 1 and genogroup 3 is observed 
at amino acid positions P222A, V242I, L254S, V256I, 
T284A, L294I, N299S, E300Q, and R330S except in the 
old vaccine strain JQ684022.

S amino acid at position 254 of VP2 was observed in 
some sequences, the presence of which was reported to be 
suggestive of vaccine failure and was also accompanied by 
severe bursal lesions in infected chickens.32 In addition, at 
amino acid position 249 both field virus and vaccine 
strains in Ethiopia have Q while two field strains have 
R amino acid. At this position, a change from R to Q in 
VP2 markedly increased the virulence of an attenuated 
IBDV vaccine strain.31

Conclusion
In Ethiopia, two genogroups of IBDVs were circulating so 
far that were clustered separately on a phylogenetic tree 
and supported by amino acid changes at identical posi
tions, including reported virulence marker amino acid per 
positions. The former classification of the viruses based on 
pathotype as classically virulent and very virulent 

corresponded to genogroup 1 and 3 viruses, respectively. 
A minimum genetic distance of 4.7% demarcated the 
reference sub-groups, while the Ethiopian genogroup 3 
viruses had a genetic distance of 4.9%. As a result, the 
Ethiopian genogroup 3 viruses deserve another new sub- 
group tentatively proposed as sub-genogroup 3d. The lim
itations in this sub-grouping were use of relatively short 
sequence for genetic distance analysis and use of 
sequences reported based on the nature of clustering on 
a phylogenetic tree proposed by Jackwood et al.18 together 
with the Ethiopian sequences. Further refining of the sub- 
genogrouping is needed as it is not reliable for sub- 
genogroup 3b viruses.

Typical virulence marker genes reported previously 
were observed in Ethiopian sequences. As the vaccine 
strain clustered with genogroup 1 viruses was linked 
with outbreak cases, any IBD vaccine used to control the 
disease needs to be checked for side effects, efficacy, and 
disease prevention and/or causation in vivo before being 
used for mass vaccination to control the disease.
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