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Abstract  

Background: Dengue fever (DF) is an arthropod-borne disease caused by dengue virus which is 

a member of the genus Flavivirus in the family Flaviviridae. Recently, DF virus (DFV) has been 

reported as an important emerging infectious viral pathogen in Sudan. Multiple outbreaks and 

sporadic cases of DF had been frequently reported in the eastern region of Sudan. The present 

study was conducted to confirm DFV outbreak in 2020 at Port Sudan State, eastern of Sudan. 

and to provide some information on the molecular characterization of the DFV associated with 

this outbreak.                                                                                                                                             

Materials and methods: In the year 2020, 380 serum samples were collected from residents of 

Port Sudan City (Sudan). Enzyme-linked immunosorbent assay (ELISA) was used to detect DFV 

during the acute phase of infection. Real-time polymerase chain reaction assay (RT-PCR) was 

used to amplify the fragment of the viral polyprotein gene. The PCR products of the amplified 

the viral polyprotein gene were purified and partial sequences were generated and used to 

confirm the specificity of DFV sequences and to identify the virus serotype.                                       

Results: DFV infection was confirmed in 27.9% of sera collected. Detection of DFV-RNA was 

made possible using the group-specific RT-PCR assay. The virus was serotyped as serotype 3, 

using DFV serotype-specific RT-PCR assay.                                                                          

Conclusion: This  study confirmed the association of DFV serotype 3 with Port Sudan City 

outbreak   
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Introduction                                                                                                               
DFV is vector borne infective agent of 21st century and is considered a threat to public health 

leading to a significant socio-economic encumbrance on an oversized range of tropical, semi-

tropical and temperate regions of the world1, 2. Presently it is estimated that 50% of the world 

population living in dengue fever prone areas and those living in dengue fever indigenous 

countries are in danger of this dengue fever arboviral disease2, 3. Approximately 100 million of  

dengue fever cases are reported and over 390 million people with probability of infection 

worldwide every year4. The causal agent of dengue virus belongs to the family Flaviviridae and 

the genus Flavivirus. It has four anti-genetically distinct serotypes, namely DFV1, DFV2, DFV3,  
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and DFV4). Also it has DFV serotype (DFV5) which can be characterized by neutralization 

assays5, 6. This virus is transmitted by the female Aedes mosquito (Diptera: Culicidae) 

particularly Aedes aegypti (Linnaeus) and to a lesser extent Aedes albopictus (Skuse) that sucks 

the human blood both inside and outdoors areas throughout dawn and nightfall's. It may be found 

in tropical and semi-tropical regions and significantly dominant in urban surroundings and 

spreading out to rural areas. These mosquitoes may also transfer chikungunya infection, Zika 

infection, and yellow fever infection7, 8.                                                                                                       

Dengue is a complex, complicated, ancient clinical sickness starting as a mild to severe disease 

leading to the undifferentiated DF, dengue haemorrhagic fever (DHF), dengue fever shock 

syndrome (DSS), and extended dengue fever syndrome. DF may be a terrible, flu-like disease 

that distresses babies, young kids, adults, and rarely causes death. Dengue fever may present 

with high fever (40°C), followed by severe headache, joint and muscle discomfort, swollen 

glands, nausea, pain behind the eyes, and vomiting. Symptoms usually appear after 4-10 days 

from the mosquito bite and last for 2-7 days. However, DHF and DSS are more severe and 

presumably deadly, with symptoms such as plasma leakage, respiratory distress, and severe 

abdominal pain.                                                                                                                                                   

The fast transmission of dengue fever throughout the world is due to spread of its principal 

vector. The origin of DFV vector is the genus Aedes mosquito, probably spreading from Asia or 

Africa. Dengue fever has spread across the urban region of the world via shipping watercraft; 

and had a marketable growth in 1800 BC. The shipping watercraft support transformation of 

breeding sites together with humans to complete the diffusion cycle and allow to spread of virus 

and mosquito across the coastal region of the world. Outbreaks of dengue fever may occur at 

intervals of 10-40 years through shipping transportation9, 10. The spread of dengue fever across 

the world was mainly due to migration, travel to intra- and inter- countries, and ensuing of two 

desolation world wars, shipping, and fast development may enhance transmission of dengue 

fever in nearly South East Asian countries with subsequent spread of the severe style of dengue 

fever which ended in an additional more than 30-fold increase in dengue fever rate all across the 

world throughout the years 1960 to 20101.                                                                                                   

There are some necessary factors that are responsible for the endemic threat of dengue fever 

which incorporates deforestation, increasing growth, accidental urbanization, traveling by air, 

inadequate public health care facilities, insufficient people knowledge, poor disease surveillance, 

difficult vector management, and global warming11. Presently over 3.9 billion people of 128 

countries live in tropical and subtropical areas where dengue fever virus is being transmitted12. 

Investigations of DFV incidence rate in Sudan have created variable results, presumptively 

because of geographic, temporal, and methods of variations13. 

Materials and methods                                                                                                                   
In the present study, a wide range of symptoms were observed among the residents investigated 

in Port-Sudan State. The symptoms include high-grade fever, headache, and joint pain, with or 

without Back pain. Approximately 0.3% of the infected patients showed hemorrhagic 

manifestations. The public health response measures have been implemented. A task force 

committee has been activated at federal level. Outbreak investigation teams at state and local  
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levels have been reactivated, and all the reported cases have been investigated. Application of 

insecticides for control of the mosquito vector has been conducted in the State.                                           
Blood samples were collected from a total of 380 suspected DF patients. Blood samples were 

allowed to clot, and serum was separated for serologic diagnostic screening using RT-PCR 

amplification technique.                                                                                                                          
Viral nucleic acid extraction: RNA was extracted from the infected patient' sera as per 

manufacturer’s instructions. Briefly, 140 μl of serum were added to 560 μl AVL buffer 

containing the RNA carrier into a 1.5 ml micro-centrifuge tube and mixed by pulse vortexing for 

15 s. The mixture was incubated at room temperature for 10 min. 560 μl of absolute ethanol were 

added and mixed by pulse-vortexing for 15 s. 630 μl of the mixture were transferred to QIAamp 

spin column mounted on 2 ml collection tube and centrifuged at 5000×g for 1 min. The column 

was then transferred to another collection tube and the remaining 630 μl of the mixture was again 

spin at the same speed. The column was then washed twice by 500 μl WB1 andWB2 washing 

buffers respectively. Finally, the dsRNA was carefully eluted by 60 μl AVE buffer equilibrated 

to room temperature. RNA was quantified using a spectrophotometer at 260 nm wavelength. The 

samples were quantified to make sure that they contain adequate RNA prior to performing RT-

PCR and subsequent sequencing. RNA extracts were then kept at - 20°C until used later for PCR 

amplification. Five μl of the nucleic acid were used for the RT-PCR amplification. 

Results                                                                                                                                  
380 serum samples were tested by ELISA to detect DFV infection. The samples were tested by 

RT-PCR to detect the viral RNA. 23 patients (27.9%) were found positive. Five serum samples 

were confirmed positive for DFV by the conventional RT-PCR technique. A pair of the universal 

primers (D1 and D2) was designed from the viral polyprotein gene and employed in PCR assay. 

The RT-PCR assay amplified the DFV-specific 511 bp PCR product from five (5.0%) of the 

cases. The detection of DFV serotype was made possible using the serotype-specific RT-PCR 

assay. A second pair of primers consisting of the same forward primer D1 and a reverse primer 

T3 was used to amplify a 290 bp PCR product in a semi-nested format. The virus was serotyped 

as DFV serotype 3 (DENV-3) using the primers (D1 and T3), which were amplified to the 

expected 290 bp PCR product as described by Lanciotti et al (1992)14.                                                                

The primer set used was:                                                                                                                               

Forward: (GGTCAACAAATCATAAAGATATTGG)                                                                                      

Reverse: (TAAACTTCAGGGTGACCAAAAAATCA)                                                                                             

In a 10 µL PCR reaction volume, the PCR mix consisted of 2 µL 1× Hot Firepot® Eva Green 

mix, 6 µL of nuclease-free water, 0.5 picomol of each primer and 1 µL of the DNA template. 

The fragments were amplified using applied biosystems thermocycler under the following 

cycling parameters:                                                                                                                                         

Initial denaturation for 15 min at 95°C, followed by 35 cycles of denaturation at 95°C for 30 sec, 

annealing at 50°C (Anopheles, Aedes, Culex) for 30 sec, and extension at 72°C for 30 sec, and a 

final extension at 72°C for 7 min. The PCR products of the mitochondrial cytochrome oxidase 

(1) region of the mosquito were purified and amplified using the gel extraction kit.                                
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Primer, sequence, PCR products: 

D1 5′-TCAATATGCTGAAACGCGCGAGAAACCG-3′ 511 bp 

D2 5′-TTGCACCAACAGTCAATGTCTTCAGGTTC-3′ 

TS1 5′-CGTCTCAGTGATCCGGGGG-3′ 482 (Dl and TS1) DENV-1 

TS2 5′-CGCCACAAGGGCCATGAACAG-3′ 119 (Dl and TS2) DENV-2 

TS3 5′-TAACATCATCATGAGACAGAGC-3′ 290 (Dl and TS3) DENV-3 

TS4 5′-CTCTGTTGTCTTAAACAAGAGA-3′ 392 (Dl and TS4) DENV-4 

Discussion                                                                                                                             
Despite the fact that DFV is endemic in Africa, information documenting active circulation of 

DFV in Sudan is very scanty. DFV transmission among human population in Sudan was first 

reported in 1986 when an outbreak of the disease occurred in the Red Sea State (eastern 

Sudan)15. Currently, DFV is spreading widely to the western and central regions of Sudan; yet 

the eastern part of Sudan is endemic with DF disease16, 17, 18. The lack of rapid and accurate 

diagnosis and unavailability of detailed statistics of DFV outbreaks in most African countries 

had resulted in limited information related to the true disease burden and the economic impact19. 

In Sudan, very little information is available as regard the circulating serotypes and associated 

genotypes of DFV. The serological surveys constituted the bulk of the research conducted on the 

epidemiology of the disease16. The virological and molecular characterization studies had not 

been investigated sufficiently enough to describe the serotypes and associated genotypes of DFV 

circulating in Sudan.                                                                                                                                       

DFV infection usually causes mild fever proceeded by an acute febrile illness leading to high 

morbidity. In some cases, the disease may be complicated by dengue hemorrhagic fever (DHF) 

or dengue shock syndrome (DSS) leading to death. In areas of endemicity at eastern Sudan, 

concurrent or previous infection with hetrologous DFV serotype may result in complicated 

hemorrhagic manifestation leading to significant mortality among the infected patients20, 21. All 

four serotypes of DFV are actively circulating in African. However, only three dengue virus 

serotypes (DFV-1, 2, 3) had been reported in Sudan15, 17.                                                                            
In 2017 DFV serotype 2 (DFV-2) was reported as an etiological agent of outbreak in Kassala 

State (Sudan). Phylogenetic analysis revealed that the isolated virus sequences belong to the 

cosmopolitan genotype of DFV-222. DFV-1 and DFV-3 had been reported in Red Sea State and 

in Darfur State (Sudan). However, no information is available regarding the molecular 

characterization of the isolated DFV cases. The eastern part of Sudan is bordered by the Red Sea, 

a major sea connecting Asian and African countries. The incursion of DFV to Sudan is likely due 

to occur through the sea port that facilitates the international trade and the essential commodities 

from the Asian countries. The movement of the infected travelers between endemic and DFV 

areas would also play an important role in transmission and significant spread of the disease23. 

Clinical outcomes of dengue cases may be influenced by the circulation of multiple DFV 

serotypes and is considered a factor in the reemergence of dengue hemorrhagic fever. The 

previous report of the circulation of DFV-2 and the present report of DFV-3 in Kassala State 

would probably suggests co-circulation of both DFV-1 and DFV- 2, which results in increased 

severity of the disease. The environmental changes such as global warming, changes in land use  
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and water management can have an important influence on the observed changes in disease 

caused by hemorrhagic fever viruses and DF is not an exception. It is documented that DF is 

endemic in Africa with outbreaks occurring as a result of favorable environmental conditions.                                                                                                                                      
In the present study, a high risk of contracting DF in elder age group may be explained by the 

continuous exposure to flaviviruses. The presence and abundance of Aedes mosquito vectors are 

known to increase the risk of dengue exposure24, 25. Evidence reported by some studies showed 

that there is an association of high risk dengue fever among people living in areas surrounded by 

waste dump sites, open windows at night, presence of indoor and outdoor stagnant water, houses 

with indoor bathrooms, and houses with open water containers. Other potential risk factors may 

include other factors such as occupation, lack of education, low income, and known diabetes 

mellitus status26. These findings disclose gaps in individual and environmental practices that 

could limit Aedes mosquito abundance and spread in African settings.  

Conclusion and recommendation                                                                                           
The frequent occurrence of sporadic cases and multiple DFV outbreaks necessitates the need for 

improved surveillance programs and prevention measures to control DF infection in Sudan. 
There is need to establish on-going dengue surveillance to continuously detect outbreaks, 

serotypes circulating, and determine dengue fever disease burden in the region. Seasonal 

variation should also be established to identify high risk times and facilitate appropriate public 

health responses. Circulation of multiple serotypes may also lead to increased cases of severe 

form of dengue. It is important to implement effective mosquito surveillance to identify hotspots, 

and control through the promotion of education on individual behaviors and environmental 

management practices that can limit the spread of dengue infection in Africa. Further studies on 

co-circulation of multiple DFV serotypes and associated genotypes in this area of endemicity 

would be necessary to confirm this assumption. 
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