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In order to evaluate the systemicity of BBTV from one plant of the mat to the physically attached shoots,
60 mats both of “Yangambi Km5”, Musa AAA and those of the false horn plantain “Libanga Likale”,
Musa AAB showing severity levels from 0 to 5 were selected in backyards in Kisangani. In addition, 30
sucker corms per genotype were put under macro-propagation and leaf samples of lateral shoots that
had emerged were tested using triple antibody sandwich-enzyme linked immuno sorbent assay (TASELISA). In the backyards, for mats with no visible banana bunchy top disease (BBTD) symptoms, none
of the analyzed mats with a total of 29 plants of “Yangambi Km5” and of 35 plants of “Libanga Likale”
tested ELISA positive, indicating the absence of the BBTV infection. However, for the severity levels of
one to five, 32 to 63.5% of plants in the mats were ELISA positive for “Yangambi Km5”, while 34.9 to
73.2% of plants from “Libanga Likale” tested positive for BBTV. After macro-propagation, 100% of lateral
shoots of both cultivars at BBTD severity levels 4 and 5 tested positive. On the other hand, none of the
lateral shoots at level 0 tested ELISA positive. However, for levels 1 to 3 some ELISA negative plantlets
(40 to 23% for “Yangambi Km5” and 53 to 15% for “Libanga Likale”) were observed. This study indicates
the need for the complete destruction of all mats harbouring plants with BBTD severity levels of 3, 4 and
5. Macro-propagation of suckers with severity level 1 symptoms could produce virus-free plantlets but
ELISA testing of the lateral shoots is essential to pinpoint the virus-free plantlets.
Key words: Banana bunchy top viral infection (BBTV), macro-propagation, mat, systemicity, triple antibody
sandwich-enzyme linked immuno sorbent assay (TAS-ELISA).

INTRODUCTION
Banana bunchy top disease (BBTD) caused by the
banana bunchy top virus (BBTV) is one of the most
damaging banana diseases in affected tropical regions of

Africa, Asia and the Pacific. Potential yield losses of 90 to
100%, especially with ‘Cavendish’ subgroup of the AAA
cultivar group (AAA), have been reported in both
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small-scale farms and in large commercial plantations
(Moffat, 2001). The history of the spread of the disease in
Africa has been described by Blomme et al. (2013).
Currently, the impact of BBTD has been felt in 15
African countries: Egypt (first recorded in 1901), the
Democratic Republic of Congo (DR Congo) (1958),
Eritrea (1964), Gabon, Congo-Brazzaville and Equatorial
Guinea (1982), Burundi and Rwanda (1987), Malawi,
Angola, Cameroon, Central African Republic and Zambia
(1990), Benin (before 2011), and Nigeria (2012) (Fahmy,
1927; Wardlaw, 1961; Saverio, 1964; Fouré and Manser,
1982; Sebasigari and Stover, 1988; Pillay et al., 2005;
Kumar and Hanna, 2008; Kumar et al., 2011; Blomme et
al., 2013; Kumar et al., 2015). In the DR Congo, BBTD
has been reported in all 11 provinces (Kumar et al., 2011;
Ngama et al., 2014). In DR Congo, BBTD was first
identified in the 1950s at the Institut National pour l’Etude
et la Recherche Agronomique du Congo Belge (INEAC),
Yangambi research station (Kumar et al., 2011) and has
since spread to all 11 provinces (Ngama et al., 2014;
Mukwa et al., 2014). Disease severity is however low,
and only a minority of mats (10%) exhibit the severity
levels 4 and 5 characterized by the typical bunchy top
aspect of the plant (Ngama et al., 2014). In eastern DR
Congo and the Congo basin, the disease seems not to
affect mats which includes the fruit-bearing mother plant,
its suckers and the underground rhizome in a rapid and
systemic way, though one lateral shoot after another do
get affected in diseased mats (Walangululu et al., 2010).
Generally, viral diseases are considered systemic,
except in the meristematic apex tissues which can be,
according to species, free of virus (Thomas et al., 1994).
BBTV can be transmitted through the use of vegetative
planting material including suckers and in vitro-derived
plantlets. Generally, when a parent plant is infected, it is
considered that all the physically attached suckers (that
is, lateral shoots) will be infected (Gregory et al., 1995).
The infections result in a range of symptoms, starting with
streaks on the leaf lamina, petioles and midribs,
progressing to partial leaf chlorosis, leaf dwarfing and
necrosis (Caruana, 2003). Precise identification of the
disease at the initial stages (that is, streaks or slight to be
backed up with an immuno-enzymological test triple
discolorations on the leaves) is often difficult and needs
antibody sandwich-enzyme linked immuno sorbent assay
(TAS-ELISA) (Hu et al., 2007). It is therefore
recommended to destroy the entire banana mat when
one plant on it shows BBTD symptoms at any level of
severity (Ferreira et al., 1989; Thomas and Dietzgen,
1991). However, very few scientific papers or reports
describing BBTV systemicity, are currently available.
The aim of this study was to assess the systemicity of
the transmission of BBTV from parent plants to physically
attached lateral shoots, taking into account various initial
disease severity levels of the parent plant, to elucidate
the level of systemicity in banana mats, and to verify if

some of the attached lateral shoots could possibly
escape the virus. The results of these studies could guide
control strategies for fighting BBTD in a region where
people find it difficult to destroy a complete mat (and
often very large mats) when only one or a few plants are
visibly infected.

MATERIALS AND METHODS
This study was conducted in Kisangani, Oriental Province, DR
Congo. The city is located near the Equator and experiences a
continental equatorial climate of Köppen Af classification (Bultot,
1950, 1977). The mean temperature is relatively high (23.5 to
25.3°C) and the mean annual precipitation is about 1,728 mm, with
a minimum of 1,417 mm and a maximum of 1,975 mm. Relative
humidity is about 82% (www.accuweather.com). The studies were
conducted on diseased mats grown in backyards in Kisangani town
and using infected corms which were put into macro propagation.
The city is entirely located in the bioclimatic zone of ombrophile
dense forest. The experimental site was located at an altitude of
409 m above sea level, at latitude 0°30’41.4’’ N and longitude
25°12’24.2’’ E. The study was conducted from September, 2013 to
September, 2014.
Unmanaged mats (that is, a cluster of physically
interconnected/attached plants) can have a very large number of
plants, comprising fruit baring plants, flowering plants and plants at
various stages of vegetative development. For example, from 10 to
20 plants can be counted on un-managed mats of the ‘Yangambi
Km5’ cultivar. Each larger plant in a mat will have one or more
lateral shoots.
To evaluate the systemicity of BBTV from one plant of the mat to
the physically attached shoots, 60 mats (30 mats of ‘Yangambi
Km5’, Musa AAA and 30 mats of the False Horn plantain ‘Libanga
Likale’, Musa AAB cultivars) comprising a total of 530 plants,
showing severity levels from 0 to 5, were selected in backyards in
Kisangani town (Table 1) (level 0: no symptoms, 1: dark green
streaks on the leaf lamina, 2: dark green streaks on the leaf midribs
and petiole, 3: marginal chlorosis of the leaf margin, 4: reduction in
leaf size/dwarfing of leaves and 5: bunchy top appearance). Visual
observations were made on all plants per mat to determine the
highest severity level of the disease in the population of plants on a
mat and the severity level of the other plants in the mat. For
instance, a mat containing a plant with highest severity level 5 could
bear plants with levels 4, 3, 2, 1 and 0, while a mat containing a
plant with highest severity level 4 could bear plants with severity
levels 3, 2, 1 and 0. The immuno-enzymological status of all plants
in a mat was then tested using TAS-ELISA.
In addition, five sucker corms for each of the two cultivars (as
aforementioned) and for each of the BBTD severity levels 0, 1, 2, 3,
4 and 5 were put in macro-propagation in a screen house after
removal of their apical meristem. The screen house was devoid of
aphids. Before screen house establishment, all suckers were tested
using TAS-ELISA and were confirmed as positive, except for the 0
level suckers where ELISA results were negative. A total of 30
suckers were thus used for each genotype. All plants were allowed
to grow until progenies (lateral shoots) had developed at least one
expanded leaf. Samples from the expanded leaf were used to
assess the presence of BBTV in the lateral shoots using the TASELISA AgdiaBioford ELISA reagent kit. A total of 216 leaf samples
were analyzed (Table 3). The TAS-ELISA method used involved
BBTV extraction from the leaves, incubation and addition of
monoclonal antibody and antibody coupled to alkaline phosphatase
B in the presence of positive and negative BBTV controls
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Table 1. Number of plants that tested positive with TAS-ELISA according to the highest severity level observed on a plant in a
mat. Mats were assessed in home gardens in Kisangani town, Oriental province, DR Congo.

‘Yangambi Km5’
(Musa AAA)

0
1
2
3
4
5

Total number
of plants
29
46
55
32
28
52

Number of plants that
tested positive with ELISA
0
15
23
11
17
33

% of ELISA
positive plants
0
32
41.8
34.4
60.7
63.5

‘Libanga
Likale’(Musa AAB)

0
1
2
3
4
5

35
43
37
65
56
52

0
15
24
29
41
32

0
34.9
64.9
44.6
73.2
61.5

Cultivar

Highest severity level
#
observed in a mat

#

: 0: no symptoms, 1: dark green streaks on the leaf lamina, 2: dark green streaks on the leaf midribs and petiole, 3: marginal leaf
chlorosis of the leaf margin, 4: reduction in leaf size/dwarfing of leaves and 5: bunchy top appearance

(Sastry et al., 1980; Soweha, 2005).

RESULTS
For mats assessed in the backyards, none of 29 plants
analyzed of the 242 plants in the 30 mats of ‘Yangambi
Km5’ and 35 plants of the 288 plants from 30 mats of
‘Libanga Likale’ with no visible BBTD symptoms tested
ELISA positive, indicating the absence of BBTV infection
(Table 1). However, for the severity levels one to five, 32
to 63.5% of plants in the mats were ELISA positive for
‘Yangambi Km5’, while 34.9 to 73.2% of plants tested
positive for ‘Libanga Likale’. When looking at plants with
similar severity levels across all assessed mats, for
severity levels one to five, 100% of plants of ‘Yangambi
Km5’ with BBTD symptoms tested positive for BBTV
infection, while none of the 143 plants without BBTD
symptoms tested positive (Table 2). For ‘Libanga Likale’,
the situation was a little different, with some variations
observed for level 1 (54% ELISA positive plants) and
level 3 (86% ELISA positive plants). Plants of other
severity levels (2, 4 and 5) had 100% positive scores,
while none the 100 symptomless plants tested positive.
After macro-propagation 100% of lateral shoots derived
from parent plants of both cultivars, at BBTD severity
levels 4 and 5, tested positive (Table 3). On the other
hand, and for both cultivars, none of the lateral shoots at
level 0 tested ELISA positive. However, for levels one to
three some ELISA negative plantlets (23 to 40% for
‘Yangambi km5’ and 15 to 53% for ‘Libanga Likale’) were

observed. There was a clear positive relationship
between the BBTD severity level of the parent plant and
the proportion of lateral shoots showing positive ELISA
tests (Figure 1).

DISCUSSION
In the home backyard gardens, a tendency for a higher
percentage of BBTV infected plants was observed with
an increase in highest severity level observed within a
mat. These results hint at a systemic transmission in situ,
especially visible at higher BBTD severity levels, although
some transmission could have occurred via aphids.
Concerning macro-propagation, all the lateral shoots of
ELISA positive parent plants of both genotypes at
severity levels four and five were infected, indicating a
truly systemic infection. Few lateral shoots from severity
level 1 to3 (23 to 40% for ‘Yangambi km5’ and 15 to 53%
for ‘Libanga Likale’) were ELISA negative, that is, virus
free. It is however very clear that the infection was
systemic (as the trial was conducted in the absence of
aphids) and the few remaining clean suckers, if left on the
mother plants would possibly also become infected in a
systemic way.
The results presented here have important implications:
the need for the complete destruction of all mats
harbouring plants expressing disease severity levels 3, 4
and 5. However, for mats containing only a few plants
that show severity levels 1 or 2 (mild symptoms that have
not been reported as affecting plant growth or yield), an
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Table 2. Total number of TAS-ELISA positive plants in the mats according to the severity level observed on the plant. Mats were
assessed in home gardens in Kisangani town, Oriental province, DR Congo.

Cultivar

‘Yangambi Km5’ (Musa AAA)

Total

‘Libanga Likale’(Musa AAB)

Severity level observed Total number
Number of plants that
% of ELISA
#
on the plants
of plants
tested positive with ELISA positive plants
0
143
0
0
1
36
36
100
2
17
17
100
3
19
19
100
4
13
13
100
5
14
14
100
242
99
40.9
0
1
2
3
4
5

100
92
36
35
17
8
288
530

Total
Overall total

0
50
36
30
17
8
141
240

0
54.3
100
85.7
100
100
49
45.3

#

: 0: no symptoms, 1: dark green streaks on the leaf lamina, 2: dark green streaks on the leaf midribs and petiole, 3: marginal leaf
chlorosis of the leaf margin, 4: reduction in leaf size/dwarfing of leaves and 5: bunchy top appearance.

Table 3. Number of suckers that tested positive for BBTV according to disease severity level of the parentplant/corm in macro-propagation.

Cultivar

‘Yangambi Km5’
(Musa AAA)

Parent plant
#
severity level
0
1
2
3
4
5

N° of emerged
lateral shoots
16
15
19
13
25
15
103

N° of emerged lateral shoots
that were ELISA positive
0
9
14
10
25
15
73

% of ELISA positive emerged
lateral shoots
0
60
74
77
100
100
70.9

0
1
2
3
4
5

16
17
17
26
24
13
113
216

0
8
13
22
24
13
80
153

0
47
77
85
100
100
70.8
70.8

Total

‘Libanga Likale’
(Musa AAB)

Total
Overall Total
#

: 0: no symptoms, 1: dark green streaks on the leaf lamina, 2: dark green streaks on the leaf midribs and petiole, 3: marginal leaf chlorosis of the leaf
margin, 4: reduction in leaf size/dwarfing of leaves and 5: bunchy top appearance.

option could be to only remove these mats if or when
more advanced symptoms appear. It was observed that
plants with severity levels 1 or 2 still produce harvestable
bunches. Macro-propagation of suckers with severity
level 1 symptoms could be envisaged for the production
of virus-free plantlets as 40 to 50% of lateral shoots on

these corms were temporarily observed to be virus free.
TAS-ELISA testing of the lateral shoots would however
be required to identify the virus-free plantlets.
The results from both the backyard and macropropagation studies strongly hint at a complete systemic
movement of the BBTV and are in accordance with

% of TAS ELISA positive daugher suckers
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y = 18.429x + 22.162
R² = 0.831
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% ELISA +
Trend (% ELISA +)
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5

BBTD Symptom severity of parent suckers
Figure 1. The relationship between the severity level of the parent suckers (source of corms) and the
frequency of ELISA positive laterally emerged shoots after macro-propagation.

reports from Magee (1927), Ferreira et al. (1989),
Thomas and Dietzgen (1991) and Gregory et al. (1995).
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