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ABSTRACT

The objective of this study was to determine the occurrence, detection, and geographical spread of
viruses that infect pepper (Capsicum spp.) in six towns spanning two local government areas (Yala
and Ogoja) in the northern zone of Cross River State. A total of 348 leaf samples from symptomatic
and asymptomatic pepper plants were randomly collected from farmer's fields during a survey in
2023-2024. The samples were then preliminary tested using an antigen coated plate enzyme-linked
immunosorbent assay (ACP-ELISA) with seven antibodies specific for ToLCV, Cowpea aphid borne
mosaic virus (CABMV), Cucumber mosaic virus (CMV), Potato virus X (PVX), Tobacco mosaic virus
(TMV), and Pepper veinal mottle virus (PVMV). The findings showed that the viruses that infect
pepper in Yala had a high cumulative mean incidence, accounting for 56.9% (198 infected
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samples). Yache in Yala had the highest virus incidence at 90%, while Bansara in Ogoja had the
lowest at 40%. At different rates, ToLCV, CMV, PVY, and PVMV were found in the samples; PVX,
TMV, and CABMV were not found. The CMV virus was the most commonly discovered of them.
Additionally, mixed infections between the viruses—between ToLCV and PVY in Yache and
between CMV and PVMV in Bansara—were found. This is the first report on account of viruses
found in pepper in the northern part of Cross River State. The findings show that the viruses that
cause the infections are common and might potentially be a threat to the production of pepper in

that region.

Keywords: ACP-ELISA, incidence; pepper; virus; Northern Cross River State.

1. INTRODUCTION

Viral infections have been a major threat to
pepper cultivation in Cross River State for
several years. Many farmers have abandoned
pepper farming due to total crop losses as a
result of viruses negatively impacting the quality
and vyield of the pepper fruits (Hu et al., 2023;
Rivera-Toro, Lopez-Lépez, & Vaca-Vaca, 2021).
Ironically, pepper is one of the most cultivated
crops and an integral part of the diet in most
homes in Cross River State.

Pepper belongs to the genus Capsicum and it is
one of the members of the Solanaceae
(Nightshade) family which comprises up to 200
species although there are five major cultivated
species namely C. annuum L., C. frutescens L.,
C. chinense Jacq., C. pubescens L. and C.
baccatum L. (Roy, Regon, & Tanti, 2024).
Capsicum is believed to originate from tropical
Latin America and C annuum is the most widely
grown vegetable crops globally (Basu & De,
2003; Jo, Choi, Lee, Moh, & Cho, 2022).

The capsicum berry ranges in size from large to
little, highly pungent to bland, sweet to sour, and
in form, colour, pungency, and flavour.
Particularly, according to del Rocio Gdémez-
Garcia & Ochoa-Alejo (2013), the colour is
associated with pigments such as red-capsanthin
and capsorubin, green chlorophyll, violet/purple
anthocyanins, yellow/orange - and (-carotene,
zeaxanthin, lutein, and vyellow/orange -
cryptoxanthin.

Peppers are generally consumed fresh or
processed for use as vegetables and spice and
are of great economic value. Kumar et al. (2024)
reports that they are used as spices, as an
ornamental plant, as a source of extracts for use
in various pharmaceutical or cosmetic products,
as food colouring and in traditional medicine.
Dhamodharan, Vengaimaran, & Sankaran (2022)
[9] reports that peppers are a source of vitamins,
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dietary fibre, iron, protein, phosphorus,
potassium, manganese and copper. They have
also been found to be rich in phytochemicals
such as carotenoids, flavonoids and
capsaicinoids.

The plant goes by various common names
depending on locality. In the study communities
such as Okpoma, Yache and Ugaga in Yala it is
called “Ata” and in Ishibori, Bansara and Mbube
in Ogoja local government areas, it is called
“Usura”.

Laprom, Nilthong, & Chukeatirote (2019) reports
that there are 68 viruses that have been
mentioned in connection with pepper out of
which 20 species cause damages to the plants
(Moury & Verdin, 2012). Waweru et al. (2019)
has however reported that in Africa more than 45
viruses have been implicated to infect pepper.

The majority of pepper crops in Nigeria,
especially in Cross River State, show intricate
indications of vein chlorosis, mosaic, mottle, leaf
deformity, and stunting, which result in significant
losses in plant vigour and productivity. According
to Arogundade, Balogun, & Kareem (2012), one
of the biggest obstacles to pepper production is
viral infections.  Preliminary  studies by
Arogundade, Balogun, & Kareem (2012) have
revealed that cucumber mosaic virus (CMV) and
pepper veinal mottle virus (PVMV) were highly
prevalent in Nigeria. Nonetheless, the majority of
viral diseases that were purported to affect
pepper were found based on how their
symptoms manifested.

Determining the particular viral disease which
commonly affect pepper plants will help with
comprehension and knowledge of the best ways
to manage them in order to avoid losses. The
objective of the present study was to determine
the incidence, severity of viruses infecting pepper
plants commonly present in the locations studied
in northern Cross River State.
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2. MATERIALS AND METHODS

2.1 Sample Collection

The survey was carried out in cropping season of
2023/2024 on cultivated pepper crops (C.
annuum, C. frutescens and C. chinense) mostly
small farm holdings and backyard gardens
scattered within the two local government areas
of Yala (Yache, Okpoma and Bansara) and
Ogoja (Mbube, Ishibori and Ugaga). Leaf
samples were taken from plants exhibiting
indications of potential viral origin. Samples were
collected, immediately stored in ziplock bags on
ice, and transported to the lab. Subsequently,
they were stored at 4 °C while dried with calcium
chloride.

Based on twenty (20) plants observed at each
location, the percentage incidence of the virus
was calculated to estimate the incidence of the
virus at each location. The severity score of the
twenty plants that were counted for disease
incidence was calculated using (Kumar, 2009)
scale. To calculate the average severity of virus
disease in the field, the mean of these scores
was expressed.

1=
2=

No obvious symptoms

Few leaves of plant with mild mosaic,
mottling, yellowing, or moderate necrosis
(symptoms covering less than 25% of the
plant); symptom recovery

Moderate vein clearance, numerous
leaves/plants  with  necrosis, mottling,
yellowing and mosaic (symptoms covering
50% of the plant)

Severe mosaic, mottling, yellowing and
necrosis (symptoms affect whole plant)
Severe stunting of whole plant and severe
mosaic, mottling, yellowing and necrosis
Severe stunting (entire plant), deformity,
and mortality of the diseased plants; also
includes severe mosaic, pouting, mottling,
yellowing, and necrosis.

2.2 Antigen Coated Plate-enzyme-linked
Immunosorbent Assay (ACP-ELISA)

Leaf samples were packed separately and stored
on dry ice in the field before being transported to
the laboratory for further examination. Leaf
samples were collected, refrigerated at 4
degrees Celsius, and tested. For the test,
antigen-coated plate enzyme-linked
immunosorbent assay was employed, with
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antibodies specific for the presence of Potato
virus 'Y (PVY), Potato virus X (PVX), Pepper
veinal mottle virus (PVMV), Tobacco mosaic
virus (TMV), Cucumber mosaic virus (CMV),
Cowpea aphid borne mosaic virus (CABMV), and
Tomato leaf curl virus (ToLCV). To prepare the
ELISA plate, 0.1 g of leaf sample was crushed in
1 ml of carbonate coating buffer (0.015 M
Na2CO3 and 0.0349 M NaHCO3). 100 pl was
then dispensed into each well. The plate was
incubated for 1 hour at 37°C before being
washed three times with phosphate buffered
saline (PBS) containing 0.05% (v/v) Tween-20
(PBS-T), with a 3-minute interval between each
wash. Polyclonal antiserum was cross-adsorbed
in healthy pepper leaf sap extract (1:20 wi/v)
diluted in conjugate buffer (PBS-T with 0.02%
(w/v) egg albumin and 0.2% (w/v) PVP-40000).
All antisera were diluted at 1:1000 (v/v) in
conjugate buffer, except for CMV, which was
diluted at 1:3000 (v/v). “For virus detection, 100
pl polyclonal antisera were used. After one hour
of incubation at 37°C, the ELISA plate was
washed three times with PBS-T. The secondary
antibody used was 100 pl of alkaline
phosphatase conjugated anti-rabbit antibody
diluted at 1:15000 (v/v) in conjugation buffer. The
plate was incubated at 37°C for 1 hour.
After washing the plate three times with PBS-T,
100 pl of 0.001 g/ml of p-nitrophenyl phosphate
in 10% (v/v) diethanolamine buffer (pH 9.8) was
added per well and incubated at room
temperature for one hour. Healthy pepper plants
(Capsicum spp.) were employed as the negative
control. After one hour, the absorbance was
measured at 405 nm using a BIO-RAD multiscan
ELISA reader (ELx 800, Universal Microplate
Reader). The samples were deemed viral
positive if the ELISA reading was at least twice
that of the healthy pepper’'s leaf sap control”
(Mondal & Patra, 2021).

Individual virus incidence was expressed as a
percentage of the total number of infected
samples over the total leaf samples analyzed.

3. RESULTS

3.1 Incidence and Severity of Symptoms

The elicited symptoms of the virus were varied
and ranged from vein clearing to leaf
malformation. Others include shoe stringing, fruit
malformation, leaf mosaic, leaf mottling, leaf curl
and in severe cases stunted growth (Fig. 1). The
sampling sites are as illustrated in Fig. 2.
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Fig. 1. Symptoms of diseased peppers observed in this study. (A) severe symptom and mosaic
on stunted plant; (B) Leaf curling on leaves; (C) Normal fruits of Capsicum annuum

SAMPLED COMMUNITIES IN NORTHERN CROSS RIVER STATE
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Fig. 2. Sampling sites in two local governments in northern Cross River State
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Table 1 shows the results on virus incidence and
severity index of some communities in Yala and
Ogoja local government areas. The mean
percentage incidence of the virus in Okpoma,
Bansara and Yache all in Yala was 44 %, 40 %
and 90 % while severity was 2.8, 2.6 and 4.6
respectively. The average disease incidence of
the virus at Yala was 58 % while severity was
3.3.  Furthermore, the mean percentage
incidence of the virus in Mbube, Ishibori and
Ugaga all in Ogoja was 68%, 60% and 54%
while severity was 3.6, 3.2 and 3.0 respectively.
The average disease incidence of the virus at
Ogoja was 60.66 % while severity was 3.26
(Table 1). The highest disease incidence was
recorded in Yache (90 %) while the lowest was in
Bansara (40 %) both in Yala local government
area. The average disease incidence revealed a
slightly higher incidence in Ogoja (60.66 %) as
against 58 % as in Yala. Furthermore, the
highest severity was obtained in Yache (4.6)
while the lowest of 2.6 occurred in Bansara
(Table 1).

The results further revealed that out of the 328
samples collected for the detection of viruses,
four viruses were detected namely ToLCV, CMV,
PVMV, and PVY. The samples showed no
reactivity with TMV, CABMV, or PVX antibodies,
indicating that these viruses were not present in
the peppers examined (Table 2). Data obtained
from the survey revealed that in Yala local
government area, out of the 84 samples

collected in Okpoma, viruses detected included
CMV (8) and PVMV (6). The remaining 70
samples were categorized as negative samples
as they did not react with the antibodies.

In Ugaga, 46 samples were collected from
backyard gardens and small farms, the
viruses detected were PVY (4), CMV (11) and
PVMV (7). 52.2% of the samples returned
negative.

At Yache the last location in Yala, three viruses
were detected out of the 68 samples collected.
The viruses were ToLCV (8), PVY (12) and CMV
(16). In Ogoja local government area, of the 60
samples considered at Ishibori, three viruses
were detected namely ToLCV (9), CMV (7) and
PVMV (12). At Bansara, 30 samples were
examined with a detection of PVY (5), CMV (2)
and PVMV (5). In the last location of Mbube, out
of the 60 samples that were considered, two
viruses were detected namely CMV (20) and
PVMV (8) (Table 2).

Majority of the samples investigated were either
infected by any of the four viruses or none at all.
The current investigation also found mixed viral
infections in the infected pepper plants.
Infections between ToLCV and PVY occurred in
Yache, as well as between PVYMV and CMV in
Bansara. Three (3) samples were evaluated for
double infections in Yache, and two (2) in
Bansara.

Table 1. Prevalence and severity of pepper viruses in Yala and Ogoja local government areas

LGA Location Mean incidence (%) Mean severity
Yala Okpoma 44 (22) 2.8
Bansara 40 (20) 2.6
Yache 90 (45) 4.6
Ogoja Mbube 68 (34) 3.6
Ishibori 60 (30) 3.2
Ugaga 54 (27) 3.0
Table 2. Pepper viruses identified in leaf samples obtained from the six locations
LGA Location ToLCV  PVY CMV PVMV Number of Negative
samples samples
Yala Okpoma X X 8(9.52) 6 (7.14) 84 70 (83.3)
Ugaga X 4(8.7) 11 (23.9) 7(15.2) 46 24 (52.2)
Yache 8(11.8) 12(17.6) 16 (23.5) X 68 32 (53.3)
Ogoja Ishibori 9 (15) X 7(11.7) 12 (20) 60 32 (47.1)
Bansara X 5(16.7) 2 (6.66) 5(16.7) 30 18 (60.0)
Mbube X X 12 (20) 8 (13.3) 60 40 (66.7)

*Detected viruses by ACP-ELISA: 1, virus positive; X, virus negative; PVY, potato virus Y; PVMV, pepper veinal
mottle virus; CMV, cucumber mosaic virus; ToLCV, tomato leaf curl virus
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4. DISCUSSION

This study employed ACP-ELISA for the
detection of viruses in the northern zone of Cross
River State. The findings confirmed the presence
of four viruses in pepper in the six locations.
CMV and PVMV were found to be the most
prevalent plant viruses of pepper in northern
Cross River state, followed by PVY, and ToLCV.
Previous studies by various authors confirmed
the presence of these viruses as infecting pepper
in Nigeria (Olawale et al., 2015; Kayode et al.,
2019; Ayo-John & Odedara, 2017; Kashina &
Chindo, 2023).

Leaf deformity, vein clearing, fruit malformation,
leaf mosaic, leaf mottling, leaf curl, and, in
extreme cases, stunted development were
typical symptoms seen in the pepper crops.
Similar observation has been made on pepper
plants in Nigeria (Kashina & Chindo, 2023; Ayo-
John & Odedara, 2017) and such symptoms on
diseased plants have been attributed to be as a
result of the toxic effect of some component of
the virus (Aliyu, 2014). With Ogoja and Yala local
governments lying on the fringes of the rain
forest and bordering the southern guinea
Savannah, the mean incidence and severity was
highest in Yache (90 % and 4.6) followed by
Mbube (68 % and 3.6). The location from where
the samples were collected and the micro climate
of these local government provides a conducive
environment for the spread of the viruses by
insect vectors and the human factor (Afouda et
al.,, 2013; Owolabi & Ekpiken, 2014). The
occurrence of CMV and PVMV as the most
prevalent of the viruses detected in 5/6 (83 %) of
the locations can be attributed to the unique
nature of both CMV and PVMV which are readily
transmitted by seeds (Appiah et al., 2014;
Arogundade, Balogun, & Kumar, 2019). CMV
and PVMV have been implicated in cultivated
pepper plants in several countries such as Iran,
Afghanistan, Colombia and India (Soleimani,
Hosseini, & Hosseini, 2014) and in Colombia
(Rivera-Toro, Vaca-Vaca, & Lopez-Lopez, 2020).
The higher cumulative occurrence of CMV (94.6
%) over PVMV (77.4 %) is at variance with the
findings of Arogundade, Balogun, & Kareem
(2012) who posited that pepper plants are mostly
infected by PVMV than CMV (Table 2).

A mixed infection of ToLCV and PVY in Yache
and between PVMV and CMV in Bansara was
detected in the study using ACP-ELISA. This
corroborates with the findings of Afouda et al.
(2013) and Olawale et al. (2015) who have
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reported about the prevalent nature of mixed
infections on solanaceous crops.

Frequent surveillance is necessary to prevent
viruses from destroying pepper crops. This is due
to factors such as the seeds of pepper being able
to transmit the disease and unwanted plants the
field serving as the reservoirs for the virus.

5. CONCLUSION

The current study sought to investigate the viral
incidence and severity among pepper plants in
the northern part of Cross River State. Results
showed that four viruses were prevalent with
CMV and PVMV being dominant occurring in five
of the six locations where sampling were made.
Others were PVY and a begomovirus, ToLCV.
Majority of the viruses which infected the plant in
this study occurred as a single infection while a
few occurred as a double infection.

At the risk of a complete loss of harvest which
could be due to seed transmissibility of the virus,
aphid and mechanical transmission, these
viruses can only be controlled by using healthy
seeds, handling pepper plants carefully before
planting them in the field, and sanitation of
infected plants as soon as symptoms appear.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc.) and text-to-image
generators have been used during the writing or
editing of this manuscript.

ACKNOWLEDGEMENT

The authors are grateful to the Tertiary Education
Trust Fund (TETFund) under the Institution
Based - Research (IBR) for providing the grant
for this research.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

Afouda, L. A. C., Kotchofa, R., Sare, R., Zinsou,
V., & Winter, S. (2013). Occurrence and
distribution of viruses infecting tomato and
pepper in Alibori in northern Benin.
Phytoparasitica, 41, 271-276.



Ekpiken and Eyong; Asian J. Biochem. Gen. Mol. Biol., vol. 16, no. 11, pp. 10-17, 2024; Article no.AJBGMB.125598

Aliyu, T. H. (2014). The incidence, severity and
occurrence of four viruses infecting pepper
(Capsicum spp.) in the Southern Guinea
Savannah Agro-ecological Zone of Nigeria.
Agriculturae  Conspectus  Scientificus,
79(4), 233-237.

Appiah, A. S., Quartey, E. K., Amoatey, H. M.,
Nunekpeku, W., Owusu-Ansah, M., &
Ofori, S. (2014). Response of nine cultivars
of pepper (Capsicum spp.) to infection by
four viruses under natural field conditions
in the coastal savanna zone of Ghana.
Research Journal of Applied Sciences,
Engineering and Technology, 7(5), 903—
907.

Arogundade, O., Balogun, O. S., & Kareem, K. T.
(2012). Occurrence and distribution of
pepper veinal mottle virus and cucumber
mosaic virus in pepper in lbadan, Nigeria.
Virology Journal, 9, 79-82.

Arogundade, O., Balogun, O. S., & Kumar, L. P.
(2019). Seed transmissibility of cucumber
mosaic  virus in  Capsicum  spp.
International Journal of Vegetable Science,
25(2), 146-153.

Ayo-John, E. I, & Odedara, O. O. (2017).
Serological detection of viruses infecting
tomato and pepper in Southwest Nigeria
and their distribution. Nigerian Journal of
Biotechnology, 33, 78-82.

Basu, S. K., & De, A. K. (2003). Capsicum:
Historical and botanical perspectives. In
Capsicum (pp. 21-35). CRC Press.

del Rocio Gémez-Garcia, M., & Ochoa-Alejo, N.
(2013). Biochemistry and molecular
biology of carotenoid biosynthesis in chili

peppers (Capsicum spp.). International
Journal of Molecular Sciences, 14(9),
19025-19053.

Dhamodharan, K., Vengaimaran, M., &
Sankaran, M. (2022). Pharmacological
properties and health benefits of Capsicum
species: A comprehensive  review.
Capsicum-Current Trends and
Perspectives.

Hu, Y., Chen, Y., Su, X., Huang, J., Yin, H,,
Zhang, J., & Zheng, K. (2023).

Molecular characterization of wild tomato
mosaic virus and chilli veinal mottle virus
mix-infecting chilli pepper in China. Journal
of Phytopathology, 171(2-3), 110-117.

Jo, Y., Choi, H., Lee, J. H., Moh, S. H., & Cho, W.

K. (2022). Viromes of 15 pepper
(Capsicum annuum L.) cultivars.
International  Journal  of  Molecular

Sciences, 23(18), 10507.

16

Kashina, B. D., & Chindo, A. C. (2023). Molecular
detection and phylogeny of viruses
associated with pepper (Capsicum spp.)
cultivated in some states in northern
Guinea and Sudan Savannah zones of
Nigeria. FUDMA Journal of Agriculture and
Agricultural Technology, 9(1), 63—68.

Kayode, A. B., Odu, B. O., Oke, K. E., Odedara,
0. 0., & Elum, C. G. (2019). Occurrence of
cucumber mosaic virus subgroup IA and IB
isolates in pepper in Nigeria. African
Journal of Microbiology Research, 13(17),
298-308.

Kumar, P. L. (2009). Methods of diagnosis of
plant viruses. A laboratory manual.
International Institute for Tropical
Agriculture, pp. 39-56.

Kumar, S., Sarpras, M., Mushtaq, F., Singh, S.,
Thattantavide, A., & Kumar, A. (2024).
Capsaicin-producing plants: Species
diversity, distribution and botanical details.
In Capsaicinoids: From Natural Sources to
Biosynthesis and Their Clinical
Applications. Springer Nature Singapore.
1-24.

Laprom, A., Nilthong, S., & Chukeatirote, E.
(2019). Incidence of Vviruses infecting
pepper in Thailand. Biomolecular
Concepts, 10(1), 184-193.

Mondal, B., & Patra, P. M. (2021). Abundance of
major sucking insect pests on chili in
relation to weather factors and their
management with newer insecticide
molecules during rabi season under red
and lateritic zone of West Bengal. Journal
of Entomology and Zoology Studies, 9(2),
1294-1301.

Moury, B., & Verdin, E. (2012). Viruses of pepper
crops in the Mediterranean basin: A
remarkable stasis. Advances in Virus
Research, 86, 127-162.

Olawale, A., Samuel, B. O., Solomon, A. S. O., &
Kumar, P. L. (2015). Surveys of virus
diseases on pepper (Capsicum spp.) in

Southwest Nigeria. African Journal of
Biotechnology, 14, 3198-3205.
Owolabi, A. T., & Ekpiken, E. E. (2014).

Transmission efficiency of two strains of
Moroccan watermelon mosaic virus by two
clones of Aphis spiraecola (Patch).
International Journal of Virology, 10(4),
253-262.

Rivera-Toro, D. M., Lépez-Lopez, K., & Vaca-
Vaca, J. C. (2021). First molecular
characterization of pepper severe mottle
virus infecting chili pepper crops in



Ekpiken and Eyong; Asian J. Biochem. Gen. Mol. Biol., vol. 16, no. 11, pp. 10-17, 2024; Article no.AJBGMB.125598

Colombia. Journal of Plant Pathology, 103,
321-325.

Rivera-Toro, D. M., Vaca-Vaca, J. C., & Lépez-

Lopez, K. (2020). Detection and molecular
characterization of the cucumber mosaic
virus in chili pepper (Capsicum spp. L.)
crops. Agronomia Colombiana, 38(2),
218-225.

Soleimani,

P., Hosseini, S., & Hosseini, A.
(2014). Distribution of some viral diseases
on pepper (Capsicum annuum) plants in
Dezful fields from Iran. Bulletin of
Environment, Pharmacology and Life
Sciences BEPLS, 3, 111-114.

Waweru, B. W., Kilalo, D. C., Miano, D. W,,

Kimenju, J. W., & Rukundo, P. (2019).

Roy, S. J., Regon, P., & Tanti, B. (2024). Morpho-
physiochemical responses of Capsicum
chinense Jacq. (Bhut Jolokia) under
different abiotic stresses. Vegetos, 1-16.

Diversity and economic importance of viral
diseases of pepper (Capsicum spp.) in
Eastern Africa. Journal of Applied
Horticulture, 21(1), 70-76.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/125598

17


https://www.sdiarticle5.com/review-history/125598

