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On 10th September 2018, the Syndromic Sentinel Surveillance network that monitors febrile illnesses in all 14 regions of Senegal detected a peak of fever in the Fatick region. On 13 September 2018, 10 samples were sent to the WHO Collaborating Centre for Arboviruses and Viral Haemorrhagic Fevers at the Institut Pasteur de Dakar (IPD). Laboratory investigations revealed an epidemic of dengue 1 genotype V and dengue 3 genotype III. Fatick neighbors the Holy City of Touba where 3.5 million people from all over the word gather every year for the Grand Magal pilgrimage. This article discusses the impact of mass gatherings and their role in the recent introduction of dengue serotypes in Senegal. Dengue is now endemic in Senegal and across many countries in Africa, highlighting the need for early detection, control measures and prevention of severe dengue cases in highly connected urban settings.
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Introduction

Dengue virus (DENV) is responsible for the majority of arthropod-borne viral infections globally (1) and is transmitted between humans by the Aedes mosquito species (2). DENV is comprised of four distinct serotypes (DENV1-4) belonging to the Flavivirus genus. Although most dengue cases are asymptomatic, severe illness accompanied with fever, muscles spasms and joint pains or death may occur. Individuals with a prior exposure to another flavivirus or a different dengue serotype may have a greater risk of developing Dengue haemorrhagic fever (DHF) or Dengue shock syndrome (DSS) when DHF progresses to a critical state of associated with multi-organ failure (3). Dengue was first isolated in Senegal in 1970 from a febrile young girl at Bandia village (4). A dengue urban epidemic was later detected in Dakar in 2009 with DHF and DSS cases (5).



Ethical consideration

In this study, we used samples collected as part of approved ongoing surveillance conducted by the Institut Pasteur de Dakar (a World Health Organization Collaborating Centre for Arboviruses and Haemorrhagic Fever Reference and Research). The Senegalese national ethical committee approved the protocol as a less than minimal risk research, and written consent forms were not required. All samples from humans were de-identified before we performed virus characterization and analysis.



Results and discussions

On 13th September 2018, IPD’s reference laboratory confirmed a case of dengue to the sentinel surveillance site of Ndiaye Ndiaye in Fatick, Senegal, that notified a suspect case. A taskforce from IPD composed of a rapid response team was deployed with a RT-PCR mobile laboratory in the regional hospital for widespread testing. Results were delivered to physicians within two hours of sampling. Patients presenting acute febrile illness with two or more of the following clinical signs and symptoms (arthralgia, myalgia, headache, vomiting, asthenia, retro-orbital pain, rash and haemorrhagic manifestations) were defined as suspected cases and tested onsite for DENV serotypes 1-4 virus using the LightMix® Modular DENV RT-PCR kit (TIBMOLBIOL-Germany) and the SmartCycler® II (Cepheid-USA) powered by the mobile laboratory. Samples were also sent to IPD for further investigations for differential arbovirus and viral haemorrhagic fever viruses by MAC-ELISA and Plaque Reduction Neutralization tests (PRNT). 1,267 patients coming from Diofior (20), Fatick (1224), Foundiougne (2), Gossas (10), Niakhar (9), Sokone (2) were tested and among them, 55 patients (4.3%) were found to be infected with DENV. A total of 34 patients were dengue RT-PCR positive (33 confirmed cases in Fatick district and 1 confirmed case in Gossas) and 21 patients were serologically positive by IgM (PCR negative) in Fatick district. The M:F sex ratio for the case-patients was 0.62 (13 male, 20 female) and the median age was 26 years old (see Table 1). All dengue IgM positive samples were confirmed by PRNT.


Table 1 | Characteristics of suspected and confirmed dengue cases in Fatick, Senegal, 2018.



Of the 34 RT-PCR positive samples, 20 with pre-defined serotypes using a Dengue typing kit (Cat-No. 40-0700-24) (TIBMOLBIOL-Germany) were randomly selected to attempt viral isolation using mosquito C6/36 continuous cell lines at IPD according to a previously described protocol (6). 14 DENV isolates were successfully recovered. Full DENV-E gene coding regions were amplified by RT-PCR with serotype specific E gene primers, amplicons of expected size were purified after excision from agarose gels after electrophoresis using QIAquick Spin PCR Purification kit (Qiagen-Germany), and Sanger sequenced for dengue serotypes identification and phylogenetic analyses. Results based on the E gene sequencing followed by Maximum Likelihood phylogenetic analysis revealed that two distinct serotypes co-circulated during this outbreak: DENV-1 genotype V closely related to isolates having circulated in Singapore in 2013 and in the Thies region of Senegal in 2018 with 98.91% and 99.73% sequence similarity respectively (Figure 1 coloured in green). In addition, the DENV-3 sequences belonged to genotype III and were closely related to isolates obtained during the dengue outbreak in Burkina Faso in 2017 (MT2611979) and Thies region in Senegal during an outbreak in 2018 (MW288031) (Figure 1 coloured in red) with 99.31% and 99.68% sequence similarity, respectively. Interestingly, all sequences from Senegal (Fatick and Thies outbreaks) are closely related and fall on a monophyletic cluster suggesting a link between both epidemics.




Figure 1 | Maximum Likelihood (ML) tree based on DENV full E gene of DENV strains detected in Fatick, multiple sequence alignment was obtained by using Mafft (7) and the phylogenetic tree was constructed using the maximum likelihood method implemented in IQ-TREE (8). 1,000 replicates of the sequences data were used for the robustness. The tree shows relationship between isolated virus in this study label names colored respectively in Red (DENV-3) and in Green (DENV-1) and indicated by (*) sign with 62 global sequences of Dengue virus belonging to described serotypes (DENV1-4), TIM2+F+I+G4 nucleotide substitution model were used based on BIC criterion. It show that Strains from Fatick belong to DENV-1 and DENV-3 serotypes.



This study highlighted an additional co-circulation of at least two different serotypes in a single outbreak in Senegal during the Louga region dengue outbreak in 2017 with the co-circulation of DENV-1 and DENV-2 (7), Thies region dengue outbreak in 2018 which reveals co-circulation of 3 serotypes (DENV 1-3) (8). The co-circulation of many DENVserotypes in the same area is known to be a risk factor for the emergence of severe dengue infections (9). Based on published data, severe dengue cases are not very common in Africa. Published studies suggest that individuals of African descent are less susceptible to severe dengue compared to other ancestral groups. However, the dengue situation in Africa is likely underestimated due to poor access to healthcare, underreporting and misdiagnosis (10).

Beyond diagnostic testing, the rapid response team localized and monitored suspect and confirmed cases and investigated their contacts through detailed surveys. Vector investigation was conducted between 22nd - 30th September 2018 after the second human case was reported on September 10th, 2018. Investigations were initiated at the geographic location of confirmed cases and their contacts. Next, investigations were carried out step by step around the foci of confirmed cases over a radius of 200 meters, and folowing the testimonies of people who had knowledge of suspected cases at the community level during the two months preceding the investigation. Active case finding was also performed in primary health care centre records. Epidemiological and clinical information from all these cases were obtained using structured questionnaires.

The IPD entomology team looked for mosquitos and larvae presence in the contacts’ environment in order to deliver effective vector control strategies. Single methods of vector control are insufficient for all mosquitoes, therefore a combination of methods was used. Sampling methods for the adult mosquito population included the use of a backpack aspirator (BioQuip Products-Inc), pyrethrum spray catches, Biogent sentinel Traps and Biogent Gravid Adult Traps. A total of 16 mosquito species belonging to four genera were caught over the investigation period. The species previously found to be associated with DENV in Senegal (Aedes aegypti, Aedes metallicus, Aedes luteocephalus and Aedes vittatus) represented 8.5% of the 5,449 female mosquitoes collected. The epidemic risk indices from the investigated localities were over the risk threshold (23.4 ≤ BI ≤ 77.1 et 26.6 ≤ RI ≤ 53.2), suggesting that sampled places at Fatick area were at risk of DENV transmission. The heavy precipitation may promote the formation of aquatic habitats favourable to vector breeding which increases vector population density as well as transmission risk. However, dengue cases reported to the surveillance system represent a small proportion of true infections, with numerous infections are unrecognized due to both asymptomatic infections as well as symptomatic cases not being reported or misdiagnosis with other malaria like illnesses.



Conclusions

On 13 September 2018, a dengue case was detected in Fatick regions in Senegal. Full DENV E sequencing revealed a co-circulation of DENV-1 genotype V and DENV-3 genotype III. Based on the phylogeny trees, we believe these strains have been introduced in Senegal by travellers from Asia, Australia, America or Western Africa. In Fact, Fatick region is located 50 km far from Diourbel region and the Holy City of Touba. Every year, around 3.5 million people coming from Senegal and the different continent gathers in Touba for the Grand Magal pilgrimage. This important mass gathering may contribute to the introduction of dengue serotypes in Touba and its vicinity (11).

The burden of dengue is underestimated in Africa due to the misdiagnosis related to a high number of causes of fever and the limited access to health care (12). To date, increasingly regular dengue outbreaks have been reported in Senegal and evidence of active co-circulation with malaria have been documented in Kedougou (southeastern Senegal) between 2009 and 2013 (5, 11, 13, 14). Even if the introduction of mobile laboratories allows rapid dengue case management during epidemics, we believe scalable and cost-effective resources such as rapid diagnostic tests alongside the already existing data management and reporting system should be implemented in the different health centres in order to 1) efficiently deal with dengue as an endemic disease in Senegal through a robust surveillance system and 2) better understand the epidemiology and dissemination of the virus. Improving the understanding of dengue in Africa is critically important, especially in the context of co-circulating serotypes to minimise the risk of severe dengue in settings with poor access to the necessary healthcare facilities to manage the disease.
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Diofior Fatick Foundiougne Gossas Niakhar Sokone Total

Suspected cases 20 1224 2 10 9 2 1267
female 7 617 1 6 3 2 707
male 13 492 1 3 6 0 556
Age 23 20 28.05 13 12 3.5 20
(min - max) (2-70) (0 - 90) (2.1-54) (15-37) (2 -36) (3-4) (0 - 90)
PCR pos' 0 33 0 1 0 0 34
female 0 20 0 1 0 0 0
male 0 13 0 0 0 0 0
Age NA 26 NA 25 NA NA NA
(min - max) (8- 64)

IgM pos' & 0 21 0 0 0 0 21
PCR neg®

female 0 15 0 0 0 0 0
male 0 6 0 0 0 0 0
Age NA 17 NA NA NA NA NA
(min - max) (1-61)

Total infected 0 54 0 1 0 0 55

patients (IgM pos and/or PCR pos)

'positive “negative.
NA, Not Applicable.





