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ackground: Pepper (Capsicum annum L.) is a popular spice and vegetable crop belonging to the family 

Solanaceae, grown in a wide range of climates and environments around the world. Pepper is an 

economically important crop playing a key role in the agriculture sector of Saudi Arabia and its 

production is limited by viral diseases.  

Methods: During the growing seasons 2021-2022, a survey was conducted in different regions of Saudi Arabia. 

A total of 319 plant samples were collected showing virus-like symptoms (mottling, mosaic, chlorosis, leaf 

distortion, dwarfing, stunted growth, and necrotic lesions of leaves and fruits). These samples were tested 

against the important pepper viruses using double antibody sandwich enzyme-linked immunosorbent assay 

(DAS-ELISA) kits.  

Results: According to ELISA results, two hundred and forty samples were infected with at least one of the 

tested viruses with a percentage of 75.23%. Infection rates varied significantly by region, with the highest 

prevalence observed in Al-Baha (95%) and Dammam, Al-Jawf, Taif, and Jazan (100%). A total of twenty-one 

viruses were detected, with PMMoV, ChiVMV, and PepMoV being the most widespread.  

Conclusion: This study reports the first detection of twenty-two viruses in pepper in Saudi Arabia. Notably, 

three of these viruses (APLV, PLRV, and PVV) are reported for the first time infecting pepper worldwide. 
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Introduction 

Peppers (Capsicum spp.) of both types pungent and 

non-pungent are importantly increasing vegetable and 

spice crop throughout the world [1]. There are 27 

species in the Capsicum genus, which are native to 

tropical Central and South America, but only five of 

them are domesticated. [2].  

Of these, Capsicum annum is the one that is most 

frequently produced for commercial purposes and has 

plenty of fruit market varieties that are both pungent 

and non-pungent. Pepper fruits are primarily produced 

for food coloring and flavoring, dried spices (paprika, 

chili powder), fresh vegetables (hot and sweet peppers), 

and different compound extraction for industrial or 

medical use. [1].  

According to the FAO production data 

(http://faostat.fao.org/), the annual global fresh pepper 

output rose around four times between 1982 and 2012, 

from around 8.2 to about 31.2 million tons. Pepper 

production has steadily increased in the past 20 years, 

in terms of the amount of growing space and fruit yield. 

Over 35 million tons of fresh peppers were produced 

worldwide in 2017 from over two million hectares. With 

almost 17 million tons production in 2017, China was 

the top producer, with Mexico, Europe, Turkey, and 

Indonesia following closely behind with one to 3.3 

million tons each. 

Viruses are the most important factors threatening 

pepper production throughout the world including 

Australia [3], Africa [4], Asia [5] and Europe [6]. Viral 

diseases not only lower the fruit output and quality but 

also raise the price of taking preventative measures and 

making sanitary planting materials. Additionally, due 

to the enormous genetic diversity of viral strains and 

the accumulation of these strains in propagation 

materials, unaffected areas are easily infected by them 

[1]. The widespread consensus is that viruses tend to 

infect cultivated peppers quite easily [7].  

About 68 virus species have been reported to infect 

pepper [8]. In the Mediterranean Basin region mostly 

pepper infecting viruses include tobamoviruses (TMV, 

ToMV, TMGMV, and PMMoV), the aphid-transmitted 

potyvirus (PVY and TEV), thrips-transmitted 

tospoviruses (TSWV) and cucumovirus (CMV) [9]. 

In Saudi Arabia, during the visits to several farms in 

2021-2022, virus-like symptoms such as mosaic, 

mottling, chlorotic and necrotic lesions, blistering, 

yellowing of leaves and fruits, and plant stunting were 

observed in different Regions of Saudi Arabia. Based on 

observed symptoms, the present study was designed to 

detect viruses infecting pepper crops. 

Methods 

Field Survey and serological detection  

During the growing season of 2021-2022, a total of 319 

symptomatic and asymptomatic plant samples showing 

virus-like symptoms including mottling and mosaic on 

leaves, puckering of leaves, vein thickening, vein 

chlorosis, leaf curling, dwarfing, stunted growth, 

deformed fruits, and leaves upward cupping (Figure 1) 

were collected from the following different regions in 

Saudi Arabia: Qassim (93) Riyadh (82), Tabuk (49), 

Abha (27), Al-Baha (21), Makkah (15), Dammam (9), 6 

samples from each Al-Jawf and Bisha , Hail (4), 3 

samples from each Taif and Jazan, and one sample from  

Arar.  

All the collected samples were tested by double 

antibody sandwich enzyme-linked immunosorbent 

assay (DAS-ELISA) against important viruses infecting 

pepper using specific antibodies for the following 

viruses: pepper mild mottle virus (PMMoV), tomato 

brown rugose fruit virus (ToBRFV), tomato mosaic 

virus (ToMV),  pepper mottle virus (PepMoV), chili 

veinal mottle virus (ChiVMV), pepper veinal mottle 

virus (PVMV), pepino mosaic virus (PepMV), pepper 

yellow mosaic virus (PYMV), tomato black ring virus 

(TBRV), Tomato Chlorotic Spot Virus (TCSV), tomato 

chlorosis virus (ToCV),  Tomato Spotted Wilt Virus 

(TSWV), Potato Virus Y (PVY), Potato Virus A (PVA), 

Potato Virus S (PVS), Potato Virus X (PVX), Potato 

Virus V (PVV), Potato Aucuba Mosaic Virus (PAMV), 

Andean potato latent virus (APLV) and Potato Leaf Roll 

Virus (PLRV) available from the manufacturers 

LOEWE®, Biochemica, Germany, whereas Bell-Pepper 

Mottle Virus (BPeMV) and Capsicum Chlorosis Virus 

(CaCV) were obtained from DSMZ, Germany. The ELISA 

procedure was performed according to the 

manufacturer’s instructions, both companies as 

demonstrated by [10, 11]. 

 Briefly, commercial polyclonal antibodies were 

utilized at the concentrations recommended by their 

producers (LOEWE Biochemica GmbH, and DSMZ, 

Germany). IgG from the original vial was diluted in a 

Coating Buffer and mixed gently. In each well of the 

ELISA plate, 0.2 ml of the IgG working solution was 

added. Plates were covered with sealing tape tightly 

and the plates were kept in the refrigerator overnight. 

To remove the IgG, plates were washed four times 

using a washing buffer. A sample buffer in a ratio of 

1:20 w/v was used to homogenize the samples.  

The sample buffer was used to dissolve positive and 

negative controls. In each well of the ELISA plate, 0.2 

ml sample extract and control solution were added. 

Sealing tape was used to cover the plates tightly. All 

the plates were incubated overnight. A washing buffer 

was used four times to remove the unbound extracted 

samples. IgG from the original vial was diluted in a 

conjugated buffer and mixed gently. A conjugate 

working solution (0.2 ml) was added in each well of the 
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ELISA plate. Sealing tape was used to cover the plates 

then kept at 37 °C for 2- 4 hours or in the refrigerator 

overnight. The washing buffer was used four times to 

remove the conjugate buffer. The substrate solution 

was prepared by mixing para-nitrophenyl- phosphate 

tablets (1mg/ml) into substrate buffer, after that 200 μL 

solution was added in ELISA plates.  

To acquire a clear reaction, plates were covered and 

incubated for 30-60 min at 37 °C in a dark place. BioTek 

Instruments, ELx 808 reader, USA was used to record 

the absorbance at 405 nm. In each microtiter test plate, 

ELISA test samples were deemed positive when their 

absorbance values were more than double the average 

of suitable healthy controls. 

Results 

Field observations and sampling 

Three-hundred and nineteen symptomatic and 

asymptomatic samples were collected from different 

locations in-growing areas in the Qassim, Riyadh, Al-

Baha, Abha, Tabuk, Al-Jawf, Makkah, Dammam, Arar, 

Jazan, Taif, Hail and Bisha of Saudi Arabia. 

Symptomatic leaf samples exhibited complex 

symptoms including clear mottling on the leaf and 

becoming narrow, deformed evidently, intermingled 

dark to light green patches referred to as mosaic with 

mottling, yellow mosaic, vein chlorosis, leaf curling, 

blistering symptoms causing deformation of leaves and 

stunted growth (Figure 1). While the fruit symptoms 

showed blistering and irregular necrotic lesions, 

deformation, and yellowish green spots. (Figure 2). 

Serological detection of important pepper viruses 

ELISA results for the Qassim region showed that 

thirteen tested viruses were present in 59/93 (63.4%) of 

the samples including PMMoV 23 (24.7%), ToBRFV 3 

(3.2%), ToMV 6 (6.4%), PepMoV 12 (12.9%), ChiVMV 20 

(21.5%), PVMV 5 (5.3%), 16 PepMV (17.2%), PYMV 7 

(7.5%), CaCV 3 (3.2%), TBRV 1 (1%), TCSV 3 (3.2%), 

ToCV 2 (2.1%) and PVY 3 (3.2%) samples respectively 

(Table 1). The obtained results showed that 30/59 

samples (50.8%) were found to be singly infected with 

PMMoV (9.6%), PepMoV (4.3%), ChiVMV (7.5%), 

PepMV (6.4%), and 1 % for each PYMV, TCSV, PVY, 

respectively. However, 29/59 samples had mixed 

infections with at least more than one virus in the 

tested samples, while the remaining samples were 

negative (Table 2). For Riyadh region, ELISA results 

showed that 57/82 (69.5%) samples were infected with 

eight viruses including: PMMoV 36 (43.9%), PepMoV 8 

(9.8%), ChiVMV 12 (14.6%), PVMV 9 (11%), PepMV 12 

(14.6), PYMV 4 (4.87%), CaCV 1 (1.2%) and PVY 9 (11%) 

and however the remaining viruses were not detected 

in tested samples (Table 1). The obtained results of 

ELISA revealed that 26 samples were singly infected 

with PMMoV (28%), PepMoV (1.2%), ChiVMV (4.8%), 

and PYMV (3.6%). However, 31 samples had mixed 

infections with at least more than one virus.. Whereas 

the remaining samples were found to be negative 

against any of the viruses tested (Table 2). 

 
Figure 1: Different symptoms including mosaic, mottling, leaf 
narrowing, deformation, blistering, and stunted growth observed 
under field conditions on leaves of infected pepper plants. 

Figure 2: Infected pepper plants exhibiting various symptoms on 
fruits including irregular necrotic lesions, blistering, 
deformation, and yellow-green spots. 

For Tabuk region, according to the ELISA results, 

41/49 (83.6%) samples were infected with 16 viruses 

including: PMMoV 1 (2%), ToBRFV 1 (2%), PepMoV 1 

(2%), ChiVMV 1 (2%), PVMV 1 (2%), PepMV 2 (4%), 

PYMV 29 (59%), CaCV 1 (2%), TBRV 1 (2%), ToCV 1 

(2%), PVA 1 (2%), PVS 1 (2%), PVX 1 (2%), PVV 1 (2%), 

PAMV 2 (4%) and APLV 1  (2%), while BPeMV and 

ToMV was not detected in any tested samples (Table 1). 

The obtained results showed that 31/49 (63%) samples 

were found to be singly infected with PYMV (53%) and 

PAMV (4%), while PMMoV, ToBRFV PepMoV, TBRV, 

ToCV, PVS, PVX, PVA, PVV and APLV had 2% single 

infection for each virus separately. Whereas 11/49 

samples (22%) were detected with mixed infections 

with at least more than one virus, however, the rest of 

the samples were found to be negative (Table 2). 
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For Abha region, ELISA results showed that 23/27 

(85%) samples were infected with the following nine 

viruses including: PMMoV 7 (25.9%), ToBRFV 4 

(14.5%), ToMV 6 (22.2%), PepMoV 15 (55.5%), ChiVMV 

16 (59.2), PVMV 5 (18.5%), PepMV 2 (7.4%), CaCV 1 

(3.7%) and PVY 1 (3.7%) were found in the tested 

samples during the ELISA test (Table 1). Single 

infections with PepMoV and ChiVMV were each 

detected in 2 of the 27 samples (7.4%). Mixed infections 

were found in 4 samples (14.8%), while 4 samples were 

negative for all tested viruses. (Table 2). 

For Al-Baha region, 20/21 (95%) samples were 

positive with four viruses including PMMoV 18 (85.7%), 

CaCV 5 (23.8%), TSWV 6 (28.5%), and 12 PVY (57.1%). 

The results obtained showed that single infection was 

found in 4/21 samples (19%) with only PMMoV. 

However, mixed infection in 16/21 samples of TSWV 

(28.5%), PVY (57.1%), and CaCV (23.8%) were found 

respectively (Table 1, 2). For Makkah region, six viruses 

(PMMoV, ToBRFV, PepMoV, PVMV, PVY, and PVA) 

were found in the tested samples and ten out of fifteen 

(66.6%) samples were positive. Single infection in 

PMMoV 1 (6%), ToBRFV 6 (40%), PepMoV 1 (6%), 

PVMV 4 (26%), PVY 1 (6%), and PVA 1 (6%) were 

detected, while 20% mixed infections were present in 

tested samples with at least more than one virus, 

however, 5 samples were negative during the test with 

any virus (Table 1, 2). Dammam region, all samples 

were positive with five viruses including PMMoV 3 

(33.3%), ToBRFV 1 (11%), PepMoV 7 (77%), PVMV 2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(22.2%), and CaCV 2 (22.2%). Single infection in 

PMMoV (22%) and PepMoV (33%), was detected, and 

100% mixed infections were found in tested samples 

with more than one virus, all samples give positive 

results (Table 1, 2). 

For Al-Jawf region, ELISA results showed that all six 

samples were positive with the following seven viruses 

PMMoV 4 (66%), ToBRFV 1 (16%), ToMV 2 (33%, 

PepMoV 6 (100%), ChiVMV 3 (50%), PVMV 1 (16%), 

and PepMV 3 (50%). Single infection was found only in 

one sample (16%) with PepMoV, while 83% of mixed 

infection was present in tested samples with more than 

one virus (Table 1, 2). 

For Bisha region, four viruses (PMMoV, ToBRFV, 

ToMV, and PepMoV) were found in 4/6 (66%). Single 

infection with PMMoV 2 (33%) while, ToBRFV, ToMV, 

and PepMoV 1 (16%) was detected, and 66% mixed 

infection was present in tested samples with at least 

more than one virus, however, 2 samples were negative 

during the test (Table 1, 2). 

For Hail region, two viruses (PVY and PLRV) were 

found in the tested samples during the serological 

study and two out of four (50%) samples were positive. 

Single infection with PVY 1 (25%), was detected, and 

50% of mixed infections were found in tested samples 

with at least more than one virus, however, 2 samples 

were negative during the test (Table 1, 2). 

For Taif region, five viruses (PMMoV, ToMV, 

PepMoV, ChiVMV and PepMV) were detected in all 3 

tested samples (100%). There was no single infection 

found with any of the tested viruses whereas 100% 
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Tabuk 49 41 1 0 1 0 1 1 1 2 29 1 1 0 1 0 0 1 1 1 1 2 1 0 16 
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Table 1: Twenty-two different viruses were detected using double antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA) in 319 

pepper samples, collected from 13 different geographical regions in Saudi Arabia.  
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Qassim 93 59 9 0 0 0 4 7 0 6 1 1 0 1 0 0 1 0 0 0 0 0 0 0 29 30 

Riyadh 82 57 23 0 0 0 1 4 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 26 31 

Tabuk 49 41 1 0 1 0 1 0 0 0 26 0 1 0 1 0 0 1 1 1 1 2 1 0 4 37 

Abha 27 23 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19 4 

Al Baha 21 21 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 4 

Makkah 15 10 1 0 3 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 3 7 

Dammam 9 9 2 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 5 

AL-Jawf 6 6 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 1 

Bisha 6 4 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 

Hail 4 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 

Taif 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 

Jazan 3 3 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 

Arar 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Total 319 240 42 0 5 0 13 14 1 6 30 1 1 1 1 6 3 1 1 1 1 2 1 0 114 115 

% 75.23 13.1 0  1.5 0  4 4.3 0.3 1.8 9.4 0.3 0.3 0.3 0.3 1.8 0.9 0.3 0.3 0.3 0.3 0.6 0.3 0  35.7 36 

Table 2: Collective analysis of single infection of each twenty-two viruses and mixed infections with more than one detected virus using double 

antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA) in 319 pepper samples, collected from 13 different geographical regions 

in Saudi Arabia. 
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mixed infection with more than one virus was observed 

in all tested samples (Table 1, 2). 

For Jazan region, three viruses PepMoV 3(100%), 

ChiVMV 2 (66%) and PVMV 1 (33%) were found in all 

the tested samples. Single infection in PepMoV (33%), 

was detected, and 100% mixed infection was found in 

tested samples with more than one virus (Tables 1,2). 

For Arar region, only one virus was found in the tested 

sample with ChiVMV 1(100%). Bell pepper mottle virus, 

the only virus which was not found to infect pepper 

crops in all tested samples collected from any of the 

regions. (Table 1, 2).  

Discussion 

Pepper is commercially a significant crop playing a 

major role in the agriculture sector of Saudi Arabia 

because of its usages as well as demand. In the 

Kingdom, viruses pose a threat to this crop and result 

in significant losses in pepper production every year 

[13] as well as throughout the world. There are about 68 

viruses that are known to infect pepper crops globally, 

of which 20 species are the most harmful and cause 

significant losses to pepper crop [9, 14].  

Wetter (1984) [15] used immunodiffusion test to 

detect PMMoV and ToMV from pepper plants, while 

Ayo-John and Odedara (2017) [16] detected PVMV and 

ToMV infecting pepper crop from Nigeria using DAS-

ELISA. Topkaya (2022) [17] detected CMV, TSWV, 

AMV, and PMMoV through DAS-ELISA infecting 

pepper crop in Turkey.  

Damayanti and Kurniawati (2022) [18] detected 

PMMoV infecting naturally pepper plants using dot-

immunobinding assay from Indonesia. Because 

Tobamoviruses are seed transmitted [19] and had been 

detected from many countries PMMoV [20], this is the 

main source of due to which viruses are invading in 

Saudi Arabia through trade of infected seeds and 

propagated planting material. Comparing our results to 

aforementioned studies revealed that our study is more 

comprehensive and detailed, and there is a higher 

number of detected pepper viruses. The highest 

number of viruses identified are 16 in Tabuk region 

followed by Qassim having 12 viruses, while the lowest 

number is one from Arar region. 

Prior to this study, only five viruses had been 

reported, namely Pepper Leafroll Chlorosis Virus 
(PLRCV) [13], Tomato Yellow Leaf Curl Virus (TYLCV) 

[21], Alfalfa Mosaic Virus (AMV) [22], Bean Yellow 

Mosaic Virus (BYMV) [23] and Pepper Mild Mottle Virus 

(PMMoV) [24,25] to infect pepper crop in Saudi Arabia.  

Three hundred and nineteen samples were collected 

from different regions of Saudi Arabia were tested 

using DAS-ELISA and confirmed the presence of 

twenty-two viruses belonging to different virus groups 

including PMMoV, ToBRFV, ToMV, PepMoV, ChiVMV, 

PVMV, PepMV, PYMV, CaCV, TBRV, TCSV, ToCV, 

TSWV, PVY, PVA, PVS, PVX, PVV, PAMV, APLV and 

PLRV in two-hundred and forty samples with total 

infection of 75.2%. Interestingly from these twenty-two 

viruses, three viruses (APLV, PLRV and PVV) had never  

been reported to infect pepper crop before throughout 

the world, while seventeen viruses have been reported 

for the first time in Saudi Arabia to infect pepper crop. 

This work provides a detailed and comprehensive 

survey and diagnosis of important viruses infecting 

pepper crop in Saudi Arabia for the first time. Three 

viruses (APLV, PLRV and PVV) have been reported for 

the first time to infect pepper crop in world while 

seventeen viruses (ToBRFV, ToMV, PepMoV, ChiVMV, 

PVMV, PepMV, PYMV, CaCV, TBRV, TCSV, ToCV, 

TSWV, PVY, PVA, PVS, PVX, PAMV) has been reported 

for the first time to infect pepper crop in Saudi Arabia. 

BPeMV was the only virus from the tested virus which 

wasn’t reported in any of the regions. 
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