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Introduction

A disease of cotton associated with multiple alternative names [cotton blue disease;
(CBD), cotton vein mosaic disease (CVMD), and cotton leafroll dwarf disease (CLRDD)]
has been reported from countries throughout Africa, South America, North America and
Asia. CBD is believed to have originated from central Africa in 1949 (1-3). The disease has
been variably characterized throughout the aforementioned regions. However, the same
etiological agent, cotton leafroll dwarf virus (CLRDV), has been associated with all of these
diseases reported in different continents, even in the cases where only symptomology has
been reported. In many, if not all, recent writings on the subject, the assumption is made
that the CBD reported in Africa shares the same etiological agent as the CVMD, later
renamed to CBD, reported from South America or CLRDD reported from the United
States (US) (1-3). South American CBD and CLRDD from the US have been confirmed
biologically and at the molecular level to have the same etiological agent based on
numerous independent confirmations from multiple sequence reports (2). Additionally,
while CLRDV sequences have been reported from a variety of hosts in different countries,
there has not been a reported viral sequence of CLRDV associated with CBD in cotton from
Africa, especially from the Central African Republic, where CBD was first documented
(Table 1) (2). The main purpose of this article is to highlight these discrepancies among the
etiological agents of CBD in cotton reported worldwide to ensure more accurate
information is cited in future publications by researchers engaged in research of viral
diseases of cotton.
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TABLE 1 All available sequence reports of cotton leafroll dwarf virus (CLRDV) from different countries as of 2022.

Continent = Country Year ldentified = Host Host Common Name  Sequence Report  Citation
Africa Sudan 2015 Cicer arietinum Chickpea Partial (4)
India 2011 Gossypium hirsutum L* Upland Cotton Complete (5)
Thailand 2011 Gossypium hirsutum L. Upland Cotton Partial (6)
Timor-Leste 2013 Gossypium barbadense Pima Cotton Partial (7)
e China 2017 Malvaviscus arboreus* Sleeping Hibiscus Complete (8)
South Korea 2019 Hibiscus syriacus Shrub Althea Complete 9)
Uzbekistan 2013 Cicer arietinum Chickpea Partial (10)
North America United States 2017 Gossypium hirsutum L.* Upland Cotton Complete (2)
Argentina 2005 Gossypium hirsutum L. Upland Cotton Complete (1)
South America
Brazil 2006 Gossypium hirsutum L* Upland Cotton Complete (11)

*Other hosts reported aside from G. hirsutum L.

Cotton blue disease from Africa

Cotton blue disease (CBD), or “maladie bleue,” was first
reported in the Central African Republic in 1949 before spreading
to neighboring countries such as Sudan, Chad, and Cameroon (3,
12). The disease was characterized by a downward arch of leaves,
blistered leaves, shortened terminal internodes, and a typical
generalized dark green color causing the coloration to appear
blueish (3). The aphid Aphis gossypii Glover was experimentally
demonstrated to be a vector associated with the disease (12).
However, since the initial studies in the 1970s, further
characterization with serological or nucleic acid-based techniques
have not been conducted and no etiological agent has been isolated
for African CBD in cotton so far.

Report of CLRDV in chickpea in Africa

The only recent report of a single CLRDV sequence from the
African continent, SuCp31-15 (MK411565), isolated from chickpea
in Sudan, is a partial coat protein sequence (4). When percent identity
was determined against the NCBI GenBank (nr) database, the closest
related sequence, CLRDV-Pir6 isolate (EU871539) from Brazil, had
89.72% nucleotide identity (13). The amino acid identity of the partial
sequence against the highest percent identity match was 87.10% with
GA_67 (QWJ75384) from Georgia, US. This 281-nucleotide partial
sequence would not be enough criteria for species demarcation for
Polerovirus which is defined as below 90% amino acid identity for a
whole gene product (14). Additionally, this sequence was not isolated
from cotton so, it could represent a new, closely related Polerovirus
from Chickpea; however, further genetic information would be
required to make that determination (14). The high nucleotide
identity with CLRDV-Pir6, a Brazilian CLRDV sequence from
2005, would lend some support with the African CBD and South
American CBD possessing a common ancestor. It may also be that
the African CLRDV genetic identity has shifted over the decades
since its purported initial spread out of Africa.
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Cotton vein mosaic disease
in South America

Cotton vein mosaic disease (CMVD), or “mosaic das nervuras”
was first described in South America in Brazil in 1938 with mild
mosaic symptoms, and a seemingly more severe form of the disease
was observed in 1962 (15, 16). The vector was not identified to be A.
gossypii until 1997 (17). The more severe form of CVMD was later
termed CBD in 2005 based on the apparent similarities in
symptomology as CBD from Africa (I, 15). This more severe
form of CVMD was determined to be caused by the virus
CLRDV (1). However, this determination raises the issue of the
less severe form of CVMD being identified nearly a decade earlier
than CBD in Africa (3, 15). Again, the lack of genetic evidence
precludes this earlier outbreak from having the same causative
agent as the 1962 report of CVMD, especially with the more severe
symptoms (16). Nevertheless, CLRDV isolates classified as typical
and atypical variants reported in South America have previously
demonstrated different symptoms in cotton varieties (18).
Therefore, the earlier incidence of CVMD cannot be definitively
associated as a precursor to the 1960s incidence (15, 16).

Symptomology and
transmission of CBD

The transmission by the aphid A. gossypii Glover (cotton aphid) in
unison with the CBD symptoms are the main factors supporting the
hypothesis of the two CBD types possessing the same causative agent.
The similarity of symptoms between the African CBD and South
American CBD does not preclude different causative agents. This can
be exemplified with the issue of diagnosing cotton leaf roll dwarf
disease (CLRDD) in the US, which is caused by a variant of CLRDV,
due to the symptom similarity with bronze wilt disease (19).
Furthermore, the cotton aphid is a known vector of a multitude of
other viruses in Polerovirus and other viral genera such as Potyvirus
and Mandarivirus (20-22). Therefore, even with the matching broad
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symptomology and aphid transmission, these factors alone are not
definitive in concluding on the shared etiological agent. On a further
note, CLRDD and CBD symptomology differs even though the
etiological agent has been clearly demonstrated to be CLRDV (19).
Therefore, it would be prudent for authors to classify further reports of
CLRDV in the US with CLRDD or CBD depending on the
symptomology demonstrated by their isolates.

Phylogenetics analysis of CLRDV

Phylogenetic analysis based on the reported CLRDV PO gene
and complete genome sequences indicates support for CLRDD and
South American CBD sharing the same etiological agent as CLRDV
(2). However, the same conclusion cannot be reached for African
CBD due to lack of genetic information available. The reported
CLRDV partial sequence from chickpea in Sudan does not provide
enough data to classify the Sudanese isolate as a potential novel
species or as the causative agent of African CBD (4).

Edula et al. (2023) reported a BEAST analysis to estimate the age
of the CLRDV population using available PO sequences. Their
analysis indicated 1945 to be the most likely origin year with 1938
t01962 being the interval (2). Even without considering the posterior
probability spanning 1914 to 1971, the interval range also includes
the 1938 CVMD original outbreak (2). Again, while the evidence does
lean towards the conclusion of African CBD sharing CLRDV as its
etiological agent, there is still a lack of direct evidence to support that
conclusion as well as confounding variables.

Discussion

CLRDYV research has grown at a rapid rate due in part to the
spread of the virus to new regions including the US; however, the base
assumption on the causative agent of CBD in Africa being CLRDV
needs to be addressed (19). The lack of genetic evidence from CBD
presenting cotton samples from Africa as well as potential conflicting
reports concerning the origin between South America and Brazil
raises reasonable doubt on the etiological connection between South
American and African CBD (3, 4, 12, 15). Furthermore, while the
broad symptomology and aphid transmission similarities support the
idea of a shared causative agent, these factors alone are not definitive
for classifying the etiological agent (1).

In order to better support or entirely validate the assumption
that is the premise of this work, cotton samples from Africa with
symptoms of CBD must be tested for CLRDV. Additionally, given
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