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Laboratory-confirmed dengue virus (DENV) infections in Africa are rarely reported. In this study, we report 18 DENV serotype 1 (DENV-1) infections, diagnosed by the French National Reference Center for Arboviruses, in patients who had histories of recent travel in Africa. Our analyses revealed two cases, one from Niger in 2018 and one from the Republic of the Congo in 2016, where dengue fever had not been previously reported, and one case from Mauritania in 2015, where DENV-1 had not been previously reported. These cases support the reported spread of DENV outside its well-established tropical and subtropical environment toward the arid deserts of the Sahel. Phylogenetic analyses suggest that a single monophyletic DENV-1 lineage is currently in circulation in West Africa, having spread from East Africa after its original importation from Asia. Our study provides an improved understanding of DENV dynamics in Africa and underlines the importance of surveillance of travel-acquired infections.
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1 Introduction

Dengue fever is a high-burden mosquito-borne disease endemic in tropical and subtropical regions of the world. It is caused by four antigenically distinct dengue viruses (DENV-1 to DENV-4) that are transmitted to humans by bites from mosquitoes belonging to the genus Aedes. Dengue virus (DENV) infections can be asymptomatic or manifest as flu-like symptoms, but occasionally develop into a severe, hemorrhagic form that can lead to severe shock syndrome. DENV is an 11-kb, positive-sense, single-stranded RNA virus belonging to the Flavivirus genus. The four distinct serotypes share around 65% nucleotide identity and do not induce cross-protective immunity (1). Within each serotype, multiple genotype lineages exist, with differing global distributions, as classified by Weaver and Vasilakis in 2009 (2).

Laboratory-confirmed DENV outbreaks have been reported in Africa since 1968 (3), predominantly caused by DENV-1 and DENV-2. Despite major improvements in the diagnosis and surveillance of infectious diseases in Africa during the last decade, dengue fever is widely considered to be underdiagnosed (4, 5), and laboratory-confirmed cases remain rare.

DENV-1 was first isolated in Africa from a febrile patient in Nigeria in 1968 (3). Of the five recognized DENV-1 genotypes (2), two have been reported to circulate in Africa, with distinct geographic distributions. The African lineage of genotype I (GI) has been reported solely in East Africa: in Djibouti in 1998, in Eritrea in 2010, and in Somalia in 2011 (6–8). The African lineage of genotype V (GV) was originally identified in West Africa, specifically in Nigeria in 1968 and in Côte d’Ivoire in 1985 and 1998 (3, 9, 10). However, recent observations from Gabon in 2012 and Angola in 2013 indicate that the GV African lineage is also present in Central Africa (11, 12). In addition to these DENV-1 lineages endemic in Africa, strains phylogenetically related to the Asian lineage of GV have recently been detected in travel-acquired infections from East and West Africa (13–16) and in outbreaks in West Africa (17, 18).

In the present study, we report laboratory-confirmed human DENV-1 infections thought to have been acquired by French patients during a stay in West and Central Africa between 2013 and 2019. We provide molecular characterization of the detected strains in aid of an improved understanding of DENV-1 distribution and circulation in Africa.




2 Materials and methods



2.1 DENV-1 infections associated with recent travel history to Africa

This retrospective study was conducted on samples collected by the French National Reference Center for Arboviruses (NRC). The NRC’s missions include surveillance, delivery of expertise, and confirmatory diagnosis of arbovirus infections. Various French facilities (e.g., hospitals, private laboratories, and medical teams temporarily based in Africa) may request confirmatory diagnosis for suspected arboviral cases from the NRC by submitting blood samples in the form of sera, plasma, or dried whole blood spots (DBS). An analysis request form, completed by the medical examiner, provides detailed clinical and travel information, as well as patient consent for medical research. Data from patient records collected and anonymously presented in this report were data used in routine diagnosis by the NRC.

Criteria for selection of DENV-1 cases from the NRC records were as follows: (i) symptoms developed during a stay in Africa or during the week following return to mainland France, according to the travel data provided by medical staff in a mandatory information form supplied with each sample, and (ii) a laboratory-confirmed DENV-1 diagnosis by reverse transcription quantitative polymerase chain reaction (RT-qPCR). All cases were tested with pan-DENV RT-qPCR and serotype was confirmed via DENV-1-specific RT-qPCR in accordance with previously described protocols (19). Exclusion criteria were as follows: (i) serotyping diagnosis based on high qPCR titers (Ct value > 36), (ii) insufficient sample volume, (iii) incomplete travel details, (iv) multi-country travel, and (v) cases submitted by facilities in French overseas territories where DENV is endemic. Samples were selected from the period 2013 to 2019. Sera and plasma were stored at –20°C and DBS samples at 4°C after initial diagnostic analysis by the NRC.




2.2 Virus isolation

DENV PCR-positive plasma and sera samples were inoculated on Vero (ATCC® CCL-81™) and C6/36 (ATCC CRL-1660™) standard cell lines for virus isolation and amplification. Viral amplification was detected by RT-qPCR (19).




2.3 Dengue virus genome sequencing

Viral RNA from cell culture supernatant or primary sample was extracted using the EZ1 Advanced XL instrument (Qiagen, Hilden, Germany) and the EZ1 Virus mini kit, in accordance with the manufacturer’s recommendations. Two sets of primers were used for full-genome amplification (20, 21). Next-generation sequencing was attempted as previously described (20). All complete coding sequences (CDSs) obtained in this study were deposited in GenBank under accession numbers listed in Table 1.


Table 1 | Characteristics of DENV-1 cases analyzed in this study.






2.4 Phylogenetic analysis



2.4.1 Complete CDS dataset

A total of 105 strains representing the major DENV-1 clades from various locations and years were selected and complete CDSs with dates and locations of isolation were retrieved from GenBank. In addition, all sequences available in GenBank (containing data on isolation year and origin) that met one of the following criteria were selected: (i) DENV-1 sequence from an African country; or (ii) DENV-1 sequence sharing over 95% nucleotide identity with sequences obtained in this study. All partial (length < 10,100 bases), ambiguous (presence of continuous N; >0.2% single ambiguous sites), and redundant sequences (sharing >99.5% nucleotide identity, with identical epidemiological characteristics, i.e., identical country and year of isolation) were excluded. The final complete CDS dataset contained 110 sequences (Supplementary Table 1).




2.4.2 Envelope gene dataset

Approximately 40% of DENV-1 strains from Africa retrieved from GenBank were excluded from the complete CDS dataset due to insufficient length. Consequently, a partial genome dataset focusing on the Envelope (E) gene was constructed. All sequences from the complete CDS dataset were included, and additional E-gene sequences were retrieved from GenBank using identical selection criteria. All partial (length < 1,460 bases), ambiguous (presence of continuous N; >0.2% single ambiguous sites), and redundant sequences (sharing >99.5% nucleotide identity, with identical epidemiological characteristics) were excluded. The final E-gene dataset contained 123 sequences (including 13 additional E-gene sequences) (Supplementary Table 1).




2.4.3 Bioinformatics analysis

Sequences obtained in this study were added to both the complete CDS and the E-gene datasets and were aligned using the online version of MAFFT (v7.182) (22). All regions containing free-end gaps were trimmed manually from the nucleotide MAFFT output, leaving a final complete CDS alignment length of 10,102 bases and a final E-gene alignment length of 1,464 bases. Using the Galaxy web platform (usegalaxy.org) (23), maximum-likelihood phylogenetic trees were constructed with the online version of IQ-Tree (v2.1.2) (24). In terms of model parameters, ModelFinder indicated that substitution model GTR+F+I+G4 (i.e., a general time reversible model with empirical base frequencies and a rate heterogeneity model allowing discrete γ distribution, with four categories and evolutionarily invariant sites) was the best fit for both the E-gene and complete CDS alignments based on the Bayesian information criterion (–merit BIC) (25). One thousand bootstrap replicates were performed by UFBoot using the recommended optimized parameters (–ufboot 1,000; –bnni) (26). Final trees were midpoint-rooted and annotated with the online version of iTol (version 6.6; itol.embl.de) (Figures 1, 2).




Figure 1 | ML phylogenetic tree based on 117 complete CDSs of DENV-1 strains (10,102-nucleotide-long sequences after trimming). DENV-1 strains from African countries are indicated in bold and strains from our dataset are in red text. Each strain is identified by its GenBank accession number, country of origin, and year of sample collection. The tree was rooted at the mid-point and bootstrap values equal to 100% are indicated by a black circle on the branch. The scale bar indicates genetic distance (nucleotide substitutions per site). The color strip indicates location of infection. DENV, dengue virus; DR Congo, Democratic Republic of the Congo.








3 Results



3.1 DENV-1 infections associated with recent travel history to Africa

A total of 18 PCR-confirmed DENV-1 infections met the inclusion criteria for this study, as detailed in Table 1 and Figure 3. Of these 18 cases, 13 had been imported to mainland France and the patients had developed symptoms within 1 week of return from their stay in to Africa (Table 1). In the other five cases, onset of symptoms had occurred during the patient’s stay in Africa: medical consultation and sample collection were performed by French medical teams based locally (Table 1). Overall, 12 infections were acquired in West Africa: in Burkina Faso (n=3), Côte d’Ivoire (n=5), and Senegal (n=4). Four were acquired in Central Africa: in Angola (n=1), Cameroon (n=1), Gabon (n=1), and the Republic of the Congo (n=1). Two were acquired in the Sahel: in Niger (n=1) and Mauritania (n=1).

Interestingly, we have found two DENV-1 infections acquired in areas where dengue fever had not been previously reported, one in Niger in 2018 and one in the Republic of the Congo in 2016, and one infection acquired in Mauritania in 2015, where DENV-1 had not previously been reported (to our knowledge). Burkina Faso, Senegal, and Côte d’Ivoire accounted for the majority (12/18) of cases of DENV-1 infection in our study.




3.2 Virus isolation and genome sequencing

Five DENV-1 isolates were successfully cultured (Table 1). Three were isolated from patients who had visited Senegal (n=1; isolate 2019/SN/CNR52748) or Côte d’Ivoire (n=2; isolates 2019/CI/CNR51766 and 2019/CI/CNR51782) in 2019. Isolates 2016/CG/CNR38640 and 2017/BF/CNR46147 were obtained from individuals who had visited the Republic of the Congo in 2016 and Burkina Faso in 2017, respectively.

Full-genome sequences were obtained from all five isolates. In addition, two full-genome sequences were obtained from primary blood samples: one from Mauritania (2015/MR/CNR30078) and one from Côte d’Ivoire (2019/CI/CNR50802). Overall, seven full-genome sequences of DENV from West Africa (n=5), Central Africa (n=1), and the Sahel (n=1) were obtained (Table 1).




3.3 Phylogenetic analysis

Phylogenetic tree reconstruction of the complete CDSs showed that the DENV-1 strains of our sample set belonged to genotype V (Figure 1). Strain 2016/CG/CNR38640 (MW243006) from the Republic of the Congo (Central Africa) belonged to the previously described endemic African lineage and clustered with other Central African strains. Phylogenetic analysis of available E-gene sequences from the GV African lineage showed that strains currently circulating in Central Africa (i.e., detected from 2012 to 2021) were phylogenetically distinct from an older West African cluster from that same lineage (Figure 2). In addition, E-gene sequence KX270806 identified in a traveler returning to China in 2013 (without further travel information available) belonged to this Central African cluster (identical E-gene sequence with the Angolan 2013 KM277610 and DRC 2015 LC360648 strains) (Figure 2).




Figure 2 | ML phylogenetic tree based on 130 E-gene sequences of DENV-1 strains (1,464-nucleotide-long sequences after trimming). DENV-1 strains from African countries are indicated in bold and strains from our dataset are in red text. Each strain is identified by its GenBank accession number, country of origin, and year of sample collection. The tree was rooted at the mid-point and bootstrap values equal to 100% are indicated by a black circle on the branch. The scale bar indicates genetic distance (nucleotide substitutions per site). The color strip indicates location of infection. DENV, dengue virus; DR Congo, Democratic Republic of the Congo.



All West African and Sahelian strains (i.e., those from Burkina Faso, Côte d’Ivoire, Senegal, and Mauritania) from our sample set formed a distinct cluster within the GV Asian lineage, in both complete CDS and E-gene phylogenies (Figures 1, 2). They clustered with recently described strains from East Africa (i.e., Kenya OK040059 and Eritrea MZ857216) and West Africa (i.e., Côte d’Ivoire LC462951, Burkina Faso MT261951, Senegal MW288036, and Benin MN600714). The most closely related sequences were from Singaporean and Chinese strains sampled from 2012 to 2016 (i.e., MF033205, MF033227, KT827378, and MF033243), which shared up to 99.2% complete CDS nucleotide pairwise identity with this African cluster within the GV Asian lineage. In addition, the E-gene phylogeny revealed the presence of strains reported in Oceania and Asia that clustered with this African lineage (Figure 2). Several strains were detected during an outbreak in Malaysia in 2013 (e.g., KJ806860–62) without any reported travel in Africa. Two strains were imported to China by travelers in 2016 and 2019, with no travel details available.





4 Discussion

Cases from our dataset of travelers have revealed the presence of DENV-1 in countries where the serotype and/or virus had yet to be reported (Figure 3).




Figure 3 | Distribution of confirmed human DENV cases in Africa prior to our study (at least one PCR-diagnosed case acquired in the country mentioned in a published report, as of December 2022) and location of DENV-1 cases in our study (black dots). Dark blue represents DENV-1 presence specifically, and light blue represents DENV presence in general (other serotype or unserotyped). Gray represents absence of reported confirmed DENV human cases, as defined by the World Health Organization (27). White represents bodies of water. Map generated using mapchart.net©.



We report two cases of DENV-1 acquired in the Sahel, a region where DENV circulation is rarely documented. The Sahelian climate is characterized by an absence of rainfall for several months of the year, with no natural water surfaces for mosquito breeding. However, Aedes species have been reported across the entire Sahel region (28–31). Indeed, anthropophilic mosquitoes such as Aedes species can thrive in anthropogenic water sources, especially during the moderate rainy season, from July to September. Interestingly, some laboratory-confirmed DENV infections have been detected in Sahelian countries, such as Chad, Sudan, Mali, and Mauritania, since 1986 (6, 32–37) (Figure 3). In Niger, Aedes vectors are established in dwellings from the south to the central regions (28). The first reported case of dengue fever was an imported case from Cuba in August 2022 of unknown serotype (38); however, our observation in case number 47248 suggests that DENV was present in the country prior to this, at least as early as 2018. Whether it resulted from a recent viral introduction or had been in undetected circulation for years remains unknown. The infection occurred in March during the 8-month-long dry season (i.e., the period of no rainfall from October to April), suggesting the presence of competent vectors outside the rainy season. Among other Sahelian countries, DENV-1 had previously been found in travelers returning from Eritrea (7, 15), Chad (35), and Sudan (39), and it caused an outbreak in Bamako, the capital city of Mali, in 2006 (32) (Figure 3). The DENV-1 infection of case number 30078 also places this serotype in Mauritania, 1 year after the description of the establishment of Ae. aegypti in the capital city, Nouakchott (40).

In West and Central Africa, substantial rainfall all year round, the tropical climate, and forests provide a suitable environment for annual vector proliferation, with sylvatic and urban Aedes species, including Ae. aegypti and Ae. albopictus, being broadly established (40). Consequently, DENV (and DENV-1 in particular) has been reported in most countries of the region since 1968, mostly in travelers returning from the region and in the form of localized outbreaks (3, 6, 9, 10, 13–15, 18, 33, 39, 41–54). However, no official reports of DENV in the Republic of the Congo have been published, despite the presence of abundant competent vectors and known recurrent arboviral outbreaks (55, 56). The DENV-1 infection of case number 38640 was acquired during a stay to the Republic of the Congo, indicating that DENV was present in the country at least as early as 2016, and its occurrence at several time points in all neighboring countries (51, 53, 54, 57) suggests that it has probably been in undetected circulation for years.

Available genomic data from DENV-1 in Africa, supplemented with our sequences, reveal the current circulation of several distinct lineages.

All known Central African DENV-1 strains cluster within the GV African lineage. The oldest strains of this lineage were isolated in Nigeria in 1968 (AF425625) and in Côte d’Ivoire in 1985 (AF425620), indicating endemic circulation in sub-Saharan Africa (Figure 2). The GV African lineage was implicated in a major urban outbreak in Angola in 2013 (11, 33, 58–60), thus demonstrating its epidemic potential on the continent. Viruses from this cluster have already been exported from Africa by travelers returning to Asia (53, 61), Europe (54, 59), and Israel (57).

DENV-1 strains currently detected in West Africa (including Mauritania) cluster in the GV Asian lineage, in a monophyletic group composed of strains detected in Africa since 2015. An introduction from Southeast Asia to Africa, probably through East African countries, could have occurred around 2012, as suggested by a recent Swedish study (15). This lineage was found to be responsible for sporadic cases in Senegal and Mali since 2015 and for significant outbreaks in the following years in Senegal (43). Genomic data from this study were not available at the time of writing and are therefore not included in our analysis. This Senegalese study suggested that DENV-1 was introduced to Senegal via Mali around 2014 (43), which is consistent with the timeline reported by Alfsnes et al. (15). Since its introduction to Africa, the GV Asian lineage has been detected in multiple countries throughout the continent, revealing rapid geographical spread: Eritrea in 2015 (15), Mauritania in 2015, Senegal from 2015 to 2019 (43), Kenya in 2016 (15), Mali in 2017 (43), Burkina Faso in 2017 (17), Benin in 2019 (13), and Côte d’Ivoire in 2019 (16). It is important to note that during this period no other DENV genotype was reported in West Africa. Based on current knowledge, it could be hypothesized that the GV Asian lineage of DENV-1 has replaced the historical African lineage that was last detected in West Africa in 1998 in Côte d’Ivoire (AF298807). However, the disparity in publicly available data limits our understanding of the DENV-1 dynamic within the continent. Outside Africa, viruses belonging to this monophyletic group according to the E-gene phylogenetic tree have been identified in travelers in China in 2016 and 2019 (KX372686 and MN921591, respectively), in Australia and Thailand in 2015, and in an outbreak in Malaysia in 2013 (Figure 2). Due to the high nucleotide identity of the E-gene sequences within this group and the lack of full-genome sequences, care should be taken in the interpretation of phylogenetic trajectories. Nevertheless, these observations reveal the exchange of highly similar viruses on multiple continents over the last 10 years.

Increasing economic exchanges between Asia and Africa over the past decades have resulted in an influx of Asian workers and freight shipping through African ports, thus creating putative importation routes for infectious diseases from Asia to Africa and vice versa (62). Considering the presence of local competent vectors in sub-Saharan Africa and the endemicity of DENV in Asia, more introduction events are to be expected in the future.




5 Conclusion

Our findings from molecular analyses indicated active circulation of two distinct DENV-1 genetic lineages in Africa: (i) the African group of GV Asian lineage, imported from Asia probably around 2012, which is currently spreading in the Sahel and West Africa; and (ii) the historical GV African lineage detected in Central Africa. Our cases found in the Sahel suggest that DENV, alongside its anthropophilic vectors, is spreading outside its well-established tropical and subtropical environments into the arid deserts of the Sahel. Moreover, this study underlines the importance of surveillance of travel-acquired infections, as publicly shared epidemiological surveillance data can only improve our overall understanding of disease circulation, in this instance in remote locations with limited access to molecular analysis.
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