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ABSTRACT  
Field surveys were conducted in 2015 wet and 2016 dry seasons 
to determine the occurrence of alternative hosts of cassava 
viruses in Kaduna and Sokoto States, Nigeria. Eighteen farms 
from six local Government Areas namely; Lere, Chikun, Kajuru 
(Kaduna State), Tureta, Shagari and Tambuwal (Sokoto State) 
were surveyed. Fifty- four weed samples within and around the 
farms were collected; Eighteen weeds were identified in wet 
season while 19 weeds were collected and 18 were identified 
during dry season. Three viruses were tested; African cassava 
mosaic virus (ACMV), East African cassava mosaic virus 
(EACMV) were detected using Triple Antibody Sandwich ELISA 
and Cassava Congo sequivirus using Double Antibody Sandwich 
ELISA. In Kaduna State, seven samples were positive to ACMV 
(38.8%) and four samples were positive to ACMV (22.22%) in wet 
and dry seasons respectively. One sample was positive to 
EACMV (5.56%) and mixed infection of ACMV + EACMV (5.56%). 
Cassava Congo sequivirus was negative in all the samples. In 
Sokoto State, seven weeds were positive to ACMV (38.89%) and 
three weeds were positive to ACMV (16.69%) in both wet and dry 
seasons respectively. Weeds that were identified in both wet and 
dry seasons were Combretum hispidum (L.) and Euphorbia hirta. 
Euphorbia hirta (L) was found to be an alternative host to ACMV, 
EACMV and their co-infection. The identification of Euphorbia 
hirta as new alternative host has widen the knowledge on viral 
inoculum. This will help to narrow the gap in spread of the 
disease.  
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INTRODUCTION 
Cassava viruses: African cassava mosaic virus and East African 
cassava mosaic virus are transmitted by whitefly Bemisia tabaci 
and propagation of infected stem cuttings (Geddes, 1990; Legg et 
al., 1992 and Thresh et al., 1994). In addition, alternative hosts 
serve as source of inocula for new infections to susceptible 
cultivars even if cassava virus-free planting materials were used 
(Hillocks, 2003). They play important roles in the ecology and 
epidemiology of viruses (Kazinczi et al., 2007). Wild cassava plant 
Manihot glaziovii Mull was identified as the only alternative host of 
Cassava mosaic virus CaMV in Mozambique (Hillocks, 2003). No 
alarm was raised because the species is a close relative of 
cassava. With the increase of alternative hosts including the non-
cassava host plants became great concern among epidemiologist 
and the disease management experts. This is probably due to 
wide host range of whitefly which is the vector of CaMV (Mware et 
al., 2010).  B. tabaci being the most important, transmitting about 
111 virus species (Brown et al., 1995) including cassava mosaic 

Gemini-viruses (CMGs) (Legg et al., 1992) and they transmit at 
least 21 viruses in Nigeria (Alegbejo, 2000). In Nigeria, natural 
host and weed hosts of CaMV have been reported with 
occurrence of Cassava mosaic disease (CMD) on originally 
healthy cassava crop associated with weed hosts has been 
reported (Hillocks, 2003). No weed host(s) for Cassava Congo 
Sequivirus was reported. However, Secundina plant was used as 
an experimental host for members of family Sequiviridae (Wilmer 
et al., 2015). Therefore, the needs to detect the presence of 
ACMV, EACMV and Cassava Congo sequivirus on non-cassava 
plants is necessary in order to fill the gap that exist. 
 
MATERIALS AND METHODS 
 
Surveys for Alternative Host of Cassava Viruses. 
Alternative hosts were surveyed in 2015 wet and 2016 dry 
seasons in Lere, Chikun, Kajuru Local Government Areas 
(Kaduna State) and Tureta, Shagari and Tambuwal Local 
Government Areas (Sokoto State). Both broad and narrow leaves 
species within and around the farms were randomly collected and 
labeled. The weed plants were identified to species level in the 
Herbarium (Plant Collection) Botany Unit, Faculty of Science, 
A.B.U. Zaria, Samples collected were stored in the refrigerator at 
4° C for later use. 
 
Samples collected 
Fifty- four weed samples were collected from the farms in wet 
season and only18 weed samples were identified. Nineteen 
weeds were collected in dry season and 18 weeds were also 
identified. 
 
Detection of Viruses in Weed Hosts Using Triple Antibody 
Sandwich and Double Antibody Sandwich ELISA. 
Triple antibody sandwich and Double Antibody sandwich source 
of Elisa kits were basically conducted as described by (Thomas et 
al., 1989) with minor modifications using polyclonal antisera (AS-
0421/2) and (AS-041/4) raised against particles of ACMV and 
EACMV respectively for coating and monoclonal antibodies that 
are specific for each virus. Polyclonal antiserum (AS-0896) raised 
against particles of Cassava Congo sequivirus was used for 
coating the plate. Reference virus isolates were sourced from 
Duetsche Sammlung von Microorganismen und Zelikultuern 
(DSMZ), Braunschweig, Germany. 
ELISA plates were coated with two hundred microlitre of 
polyclonal antibody diluted at 1:1000 in carbonate buffer. The 
plates were covered and incubated at 37 °C for 2 h and washed 
by flooding three times with PBS-Tween 20 (PBS-T), drained and 
tapped dry. Two hundred microlitre of 2 % skimmed milk in PBS 
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Tween was added into each well to block the uncoated sites. The 
plates were covered and incubated at 37 °C for 30 min. The 
blocking solution was then removed and tapped dry. Weed 
samples were extracted in extraction buffer by grinding samples 
in extraction buffer (1: 20 w/v). Two hundred microlitre aliquots of 
the test samples were added to duplicate wells. The plates were 
covered and incubated at 37 °C for 2 h, then the plates were 
washed three times with PBS-T by flooding three times, drained 
and tapped dry. Two hundred microlitre of the monoclonal 
antibody (MAb) diluted in conjugate buffer was then added to 
each test well. The plates were covered, incubated at 37 °C for 2 
h and washed as described earlier. For TAS ELISA an additional 
antibody rabbit anti-mouse alkaline phosphatase (RAM-AP) was 
diluted at 1:1000 in conjugate buffer and added into the plates. 
The plates were covered and incubated at 37 °C for 2 h and 
washed times with PBS-Tween by flooding washed times, drained 
and tapped dry. Two hundred microlitre of p-nitrophenyl 
phosphate substrate was added per well and incubated at room 
temperature in the dark for 1 h. The plates were read after 1 h 
using spectrophotometric measurement of absorbance at A405 
nm (Clark and Adams, 1977). ELISA values at least twice that of 
the negative control (check) were rated positive according to 
Kumar (2009). 
 
Data Analysis 
Data obtained were subjected to inferential statistical analysis: 
percentages and pie charts. 
 
RESULTS 
 
Incidence of ACMV, EACMV and Cassava Congo sequivirus 
on Alternative Hosts 
Seven weed samples out of eighteen (38.89%) were infected by 
ACMV. One out of eighteen (5.56%) was infected by EACMV. 
Cassava Congo sequivirus was not detected and only mixed 
infection of ACMV+ EACMV was detected in one out of eighteen 
weed samples in Kaduna State (Figure 1). ACMV was detected in 
four out of eighteen weed sample (22.22%). EACMV was 
detected in one out of eighteen (5.55%) and Cassava Congo 
sequivirus was not detected in any of the samples (Figure 1). In 
Sokoto State, ACMV was the only virus detected. Seven out of 
eighteen (38.89%) tested positive in wet season and three weed 
samples detected positive to ACMV (16.67%) (Figure 2). 
 

 
Figure 1: Incidence of cassava viruses on alternative hosts for 
two seasons in Kaduna State 

 
Key:  
ACMV, African cassava mosaic virus 
EACMV, East African cassava mosaic virus 
CCS, Cassava Congo sequivirus 

 
 
Figure 2: Incidence of cassava viruses on alternative hosts for 
two seasons in Sokoto 
 
Key:  
ACMV, African cassava mosaic virus 
EACMV, East African cassava mosaic virus 
CCS, Cassava Congo sequivirus    
 
Occurrence of ACMV, EACMV and Cassava Congo 
sequivirus on Alternative Hosts 
In the 2015 wet season, Combretum hispidum L., Aneilima 
beniniense L., Mitracarpus villosus L., Ageratum conyzoides L., 
Ficus exasperate L., Euphorbia hirta L., Laportea aestuans 
L.were detected positive to ACMV antigen while Euphorbia hirta L 
and Ageratum conyzoides L were positive to EACMV antigen. 
Cassava Congo sequivirus and mixed infections were not 
observed in any weeds in Kaduna State (Table1). For the 2016 
dry season, the four weeds identified were Laportea aestuans L., 
Combretum hispidum L., Ageratum conyzoides L. and Euphorbia 
hirta L. Euphorbia hirta L was the only weed host positive to 
EACMV antigen and no any weed hosts were found positive to 
Cassava Congo sequivirus antigen and mixed infections of the 
viruses. 
In Sokoto State, ACMV antigen was detected in the following 
weeds: Aneilima beniniense L., Mitracarpus villosus L., Ageratum 
conyzoides L., Ficus exasperate L., Euphorbia hirta L., Solanum 
nigrum L. EACMV antigen was detected in Ageratum conyzoides 
L. while Cassava Congo sequivirus and mixed infections were not 
observed in any of the weeds tested (Table 2). In the dry season, 
ACMV antigen was detected in Laportea aestuans L., Ageratum 
conyzoides L. and Euphorbia hirta L. only (Table 2). 
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Table 1: Distribution of ACMV, EACMV and Cassava Congo sequivirus on Alternative Hosts in Kaduna State 

 
ACMV= African cassava mosaic virus Red, EACMV = East African cassava mosaic virus Green, + = detection, - = no detection. 
 
Table 2: Distribution of ACMV, EACMV and Cassava Congo sequivirus on Alternative Hosts in Sokoto State 

 
ACMV= African cassava mosaic virus Red, EACMV = East African cassava mosaic virus Green, + = detection, - = no detection
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DISCUSSION 
This study revealed two newly identified weed hosts; Combretum 
hispidum L., and Euphorbia hirta L. Earlier, Shoyinka et al. (2001) 
reported that castor oil plant (Ricinus communis L.) as a natural 
host of ACMV and EACMV in Nigeria. In a similar study, Ogbe 
(2001) reported Senna occidentalis (L.) as new natural host of 
ACMV. Briddon et al. (2008) also reported Ageratum conyzoides 
L. and Laportea aestuans L. as alternative weed hosts of ACMV 
in Southern Africa. Mixed-infections of ACMV +EACMV were 
detected in Euphorbia hirta L in this study. This is line with several 
reports that there exist mixed infection of ACMV+ EACMV in 
Senna occidentalis (L.) and Combretum confertum (L.) Ogbe, 
(2001) and Alabi et al. (2008) also reported that Senna 
occidentalis, Leucana leucocephala, Glycine max, Ricinus 
communis, Combretum confertum and Manihot glaziovii.  Ramkat 
et al. (2011) also reported  co-infection of ACMV and East African 
cassava mosaic virus- Ugandan variant (EACMV-UG) on 
Jatropha carcus in Kenya. This shows the existence of more than 
one virus either singly or in mixed culture in a sample. Alternative 
hosts play an important role in virus disease epidemiology. 
Studies by Kashina et al. (2002) and Alegbejo (2015) revealed 
that most weeds and other cultivated crops around served as 
reservoir hosts to plant viruses. Therefore, weed hosts identified 
in this study could act as source of inoculum to cassava viruses 
that were identified. The perennial nature of C. hispidum and E. 
hirta that were widely found on the farms could provide a constant 
reservoir for effective transmission by vectors. Similar findings 
were reported by Alabi et al. (2008) that Senna occidentalis and 
C. confertum widely present in cassava-growing regions would 
provide a reservoir for cassava mosaic begomoviruses (CMBs) 
year round. Ibrahim et al. (2017) reported that Euphorbia hirta L 
was not only a reservoir host of ACMV, EACMV and co- infection 
but to other important plant viruses. Cassava Congo sequivirus 
and other mixed infections were not detected in any of the weed. 
The newly identified natural hosts of ACMV and EACMV in this 
study could help limit the epidemiological gap that exist in 
predicting the occurrence and spread of the viruses. 
 
Conclusion 
The newly identified natural hosts of ACMV namely: C. hispidum 
and E. hirta and EACMV and mixed infection ACMV+ EACMV 
identified on E. hirta in this study could go a long way in linking 
the epidemiological knowledge gap that play vital role in virus 
transmission. However, no any weed host of Cassava Congo 
sequivirus was found. 
 
Recommendations 
Farmers should employ regular weeding mechanisms to avoid 
weeds build up that harbor cassava viruses in both dry and wet 
seasons. Further studies should be conducted to identify more 
alternative hosts of cassava viruses in other cassava growing 
areas so as to link the gap that exist in epidemiological 
knowledge. 
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