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Abstract: We determined the dengue virus (DENV) serotypes and genotypes in archived serum
samples that were collected during the 2014–2016 and 2021 dengue outbreaks in Dire Dawa City
and the Somali region in Ethiopia. DENV serotype 1 (DENV-1) was predominant followed by
DENV serotype 2 (DENV-2). Thirteen of the DENV-1 strains were assigned to Genotype-I, while
the remaining two were found to be Genotype-III. All three DENV-2 strains were assigned the
Cosmopolitan Genotype. The DENV strains responsible for the outbreaks are genetically closely
related to the DENV strains that circulated in neighboring and Asian countries. The findings also
showed continued local transmission of a monophyletic lineage and a co-circulation of DENV-1 and
DENV-2 during the outbreaks. There is a need to strengthen DENV genomic surveillance capacity for
the early detection of circulating serotypes, and prevent devastating consequences of future outbreaks
due to the co-circulation of different serotypes.

Keywords: Ethiopia; dengue virus; outbreak; sequence; capsid/pre-membrane (CprM); serotype;
genotype; phylogenetic analysis

1. Introduction

Dengue virus (DENV), the causative agent of dengue fever, is an arthropod-borne
virus belonging to the genus Flavivirus of the family Flaviviridae. DENV is an enveloped,
single-stranded and positive-sense RNA virus, with a genome size of about 11 kb and a
single open reading frame (ORF). There are four distinct serotypes (DENV 1–4) that are
genetically related, with a sequence homology of 65–70%, but are antigenically different [1].
Each DENV serotype can be further categorized into phylogenetically distinct clusters
called genotypes which vary in their geographical distributions, epidemic potential, fitness,
and virulence [2]. DENV is transmitted to humans mainly by Aedes aegypti mosquitoes, but
other species within the genus Aedes can also transmit the virus [3]. The global incidence
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of dengue has grown dramatically, with about half of the world’s population now at risk
and an estimated 100–400 million infections occurring each year, although over 80% are
generally mild and asymptomatic [3]. A meta-analysis of the papers published between
2010 and 2020 in sub-Saharan Africa estimated a high prevalence of DENV infection, with
an estimated pooled IgG prevalence of 25%, a pooled IgM prevalence of 10%, and a pooled
DENV RNA prevalence of 14% [4].

The first laboratory-confirmed massive outbreak of DENV infection in Ethiopia oc-
curred in Dire Dawa City, Eastern Ethiopia in 2014 [5]. Prior to this outbreak, dengue was
reported in travelers/expatriates returning from Ethiopia to Europe and in a seroprevalence
study [6]. Since 2014, there have been recurrent outbreaks of dengue fever in Dire Dawa
City, as well as the Somali and Afar Regions [5,7–11].

Beyond the essential role of detecting and confirming outbreaks for an epidemic
response, Ethiopia lacks the comprehensive molecular characterization of DENV strains.
Limited information on circulating serotypes and an absence of data on DENV genotypes
pose challenges given the heightened risk of severe dengue with secondary infections of
heterologous DENV serotypes, particularly serotypes 2, 3, and 4 [12].

To address this gap and better prepare for future DENV infections and outbreaks, our
focus is on determining both the serotypes and genotypes of DENV strains responsible for
the documented outbreaks. Our study targeted the capsid/premembrane (CprM) junction
region of DENV, recognized for its utility in serotyping and genotyping [13–15]. This effort
is pivotal in advancing our understanding of the molecular landscape of DENV in Ethiopia,
and enhancing our preparedness and response capabilities.

2. Methods
2.1. Source of Samples

Archived DENV RNA positive serum samples from the 2014, 2015, 2016, and 2021
dengue outbreaks in Dire Dawa City and Somali Region in Eastern and Southeastern Ethiopia
(Figure 1) were obtained from the Ethiopian Public Health Institute (EPHI). The CDC Tri-
oplex Real-Time RT-PCR Assay was used for the detection of DENV RNA [https://www.
cdc.gov/zika/pdfs/trioplex-real-time-rt-pcr-assay-instructions-for-use.pdf] (accessed on 5
January 2014).

2.2. Dengue RNA Amplification

Viral RNA was extracted from archived serum samples using the QIAamp Viral
RNA Mini kit (QIAGEN, Hilden, Germany). Complementary DNA (cDNA) was syn-
thesized using the superscript IV Reverse Transcriptase enzyme (Invitrogen, Carlsbad,
CA, USA)) with a DENV-specific reverse primer (5′-GCGCCTTCNGNNGACATCCA-3′,
target genome position 764–783 of DENV-1). A nested PCR was performed to amplify the
CprM junction. The first round of PCR amplified a 652 bp product using the following
forward primer: 5′-TCAATATGCTGAAACGCGCGAGAAACCG-3′ and reverse primer: 5′-
GCGCCTTCNGNNGACATCCA-3′, targeting positions 132–153 and 764–783 of the DENV-
1, respectively, as described by Alm et al. [16]. For the second round PCR, a 511 bp fragment
was amplified using the primer pairs of 5′-TCAATATGCTGAAACGCGCGAGAAACCG-3′

and 5′-TTGCACCAACAGTCAATGTCTTCAGGTTC-3′, as reported previously [17], target-
ing positions of 132–159 and 614–642 of DENV-1. Primer positions are based on the NCBI
reference sequence (GenBank acc. no. NC_001477.1). PCR reactions were run based on the
following cycling conditions for the first round of PCR: initial denaturation at 95 ◦C for
2 min, and 50 cycles of denaturation at 95 ◦C for 20 s; annealing at 50 ◦C for 30 s; extension
at 70 ◦C for 30 s and a final extension at 70 ◦C for 10 min with a final PCR reaction volume of
50 microliter. For the nested PCR, the cycling conditions were similar, except the annealing
temperature was increased to 54 ◦C, in accordance with the melting temperature of the
primers. Post-amplification products were visualized on a 1.5% agarose gel. A band of
the expected size was excised from the gel and purified using the Pure Link® Quick Gel
Extraction Kit (Invitrogen, Carlsbad, CA, USA), according to the manufacturer’s protocol.

https://www.cdc.gov/zika/pdfs/trioplex-real-time-rt-pcr-assay-instructions-for-use.pdf
https://www.cdc.gov/zika/pdfs/trioplex-real-time-rt-pcr-assay-instructions-for-use.pdf
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2.3. Sequencing

Cleaned PCR products were cycle-sequenced using BDT V3.1 (Big Dye Terminator cycle
sequencing kit (Applied Biosystems, Foster City, CA, USA)), using the forward and reverse
amplification primers of the nested PCR. The cycle-sequenced product was purified using
(QIAGEN DyeEx Spin Kit (QIAGEN, Hilden, Germany)) and dried in a vacuum centrifuge. The
purified DNA pellet was re-suspended in 10 µL formamide for 30 min and then loaded to the
ABI 3500XL automated DNA sequencer (Applied Biosystems, USA) for capillary sequencing.

Sequences from both the forward and reverse primers were trimmed, edited and
assembled, and a consensus sequence was generated using Geneious prime ® v.2022.2.1
(https://www.geneious.com/academic/) (accessed on 6 June 2023). Each successful DENV
sequence was uploaded to the GenBank database and the accession numbers were acquired
(OR227059–OR227076) (Table).

2.4. Serotyping and Genotyping, and Phylogenetic Analysis

A nucleotide BLAST search was performed on NCBI to confirm that all the sequences
from this study belong to DENV. Then, serotyping and genotyping of the DENV sequences
were carried out using the Dengue Virus Typing Tool (version 3.83) of the Genome Detective
web-based software (https://www.genomedetective.com/app/typingtool/dengue) (accessed
on 15 June 2023) [18,19] and Flavivirus Genotyping Tool (Version 0.1) developed by the
National Institute for Public Health and the Environment of the Netherlands, and Emweb,
Belgium (https://www.rivm.nl/mpf/typingtool/flavivirus/) (accessed on 20 June 2023). For
serotype-specific phylogenetic analysis of the DENV-1 and DENV-2 sequences from this study,
a BLAST search was performed for each serotype in the NCBI database, and all sequences of

https://www.geneious.com/academic/
https://www.genomedetective.com/app/typingtool/dengue
https://www.rivm.nl/mpf/typingtool/flavivirus/
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the dengue viruses with top hit sequences in BLAST were selected. Sequences were aligned
using the MAFFT sequence alignment program. Short and poor-quality sequences were
removed, and sequences were re-aligned using MEGA (version 11.0.13) before phylogenetic
tree construction. Serotype-specific trees were constructed using 2442 sequences for DENV-1
and 1911 sequences for DENV-2 using SYM+R5 and SYM+R4 best-fit substitution models,
respectively. Genotype-specific smaller trees were constructed using sequences from clusters
containing our sequences. All phylogenetic trees were constructed using the maximum-
likelihood phylogenies implemented in IQ-TREE v.1.6.12 [20] with bootstrapping of 1000
times, using the best-fit substitution models. All trees were visualized in FigTree v.1.4.4.4 [21]
and edited using Adobe illustrator software v. 28.0.

3. Result
3.1. PCR Detection and Sequencing

A total of 39 RT-PCR-confirmed DENV serum samples were considered for amplifica-
tion and subsequent serotyping/genotyping. Twenty-one samples had a detectable RNA
and were processed further for sequencing. Eighteen samples yielded a good-quality CprM
region sequence.

3.2. Serotyping and Genotyping

The Flavivirus Genotyping Tool assigned 15 of the 18 sequences from this study a
DENV serotype 1 (DENV-1) and the remaining sequences a DENV serotype 2 (DENV-2)
(Table). Thirteen of the 15 DENV-1 strains were found to be Genotype-I, while the rest
two were Genotype-III (Table). All three DENV-2 viruses were assigned a Cosmopolitan
Genotype (Table 1).

Table 1. Result of the serotyping and genotyping of the sequences from this study.

Accession No. Year of Outbreak District/Region Affected Serotype/Genotype *

OR227059 2014 Gode/Somali DENV-2/Cosmopolitan

OR227060 2015 Dire Dawa City DENV-1/Genotype-I

OR227061 2015 Dire Dawa City DENV-1/Genotype-I

OR227062 2015 Dire Dawa City DENV-1/Genotype-I

OR227063 2015 Dire Dawa City DENV-1/Genotype-I

OR227064 2015 Dire Dawa City DENV-1/Genotype-I

OR227065 2015 Gode/Somali DENV-1/Genotype-I

OR227066 2015 Gode/Somali DENV-1/Genotype-I

OR227067 2015 Gode/Somali DENV-2/Cosmopolitan

OR227068 2015 Gode/Somali DENV-1/Genotype-I

OR227069 2015 Gode/Somali DENV-1/Genotype-I

OR227070 2015 Gode/Somali DENV-1/Genotype-I

OR227071 2015 Gode/Somali DENV-1/Genotype-I

OR227072 2016 Dollo Ado/Somali DENV-1/Genotype-I

OR227073 2016 Dollo Ado/Somali DENV-2/Cosmopolitan

OR227074 2021 Gode/Somali DENV-1/Genotype-III

OR227075 2021 Gode/Somali DENV-1/Genotype-III

OR227076 2021 Dire Dawa City DENV-1/Genotype-I
* Analysis performed using the Flavivirus Genotyping Tool.

Regarding the agreement of the two genotyping tools we employed, 13 of the 15 DENV-
1 sequences from this study were concordantly assigned Genotype-I by both genotyping
tools, while the other two DENV-1 sequences [OR227074 and OR227075], and none of the
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three DENV-2 strains [OR227059, OR227067, and OR227073] were not assigned to a specific
genotype by the Dengue Virus Typing (Figures 2 and 3).
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3.3. Phylogenetic Analysis

The DENV-1 sequences from this study are clustered into two distinct genotype-specific
clusters, as seen in the topology of the DENV-1 tree (Figures 4A and S1A). Eleven of the 13
DENV-1 Genotype-I sequences from this study clustered together in a monophyletic lineage,
representing samples from Dire Dawa in 2015 and the Somali Region in 2015 and 2016, as well
as one sequence from Dire Dawa in 2021 (Figures 4B and S1B). This lineage also contained
a sequence from Saudi Arabia in 2016. The other two DENV-1 Genotype-I sequences from
our study formed a related cluster just outside of this lineage (Figures 4B and S1B). The most
closely related non-Ethiopian sequences sharing a common ancestor with these DENV-I,
Genotype-I sequences are from neighboring countries of Eritrea and Kenya, in 2010 and 2013,
respectively. All these sequences were most closely related to the cluster formed by sequences
from Southeast Asian countries (Figure 4B). The Ethiopian DENV-1 Genotype-I sequences
and the sequences from Kenya, Eritrea, and Saudi Arabia fell into an isolated cluster in the
DENV-1 serotype-specific phylogenetic tree, distinctly located in the tree topology (Figure 4A).
Two DENV-1 Genotype-III sequences from the 2021 Gode outbreak clustered with sequences
almost exclusively from India between 2010 to 2019, with only one sequence from China in
2014 in the cluster (Figures 4C and S1C).
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Figure 4. Phylogenetic analysis of DENV-1 sequences from outbreaks in Eastern and Southeastern
Ethiopia. Evolutionary history was inferred by using the maximum-likelihood phylogenies. (A) Phy-
logenetic tree topology of DENV-1 sequences (N = 2442), classified by genotypes. The Genotype-I and
Genotype-III sequences from this study are shown in red and blue branches, respectively. (B) Phylogenetic
tree of the selected DENV-1 Genotype-I sequences is indicated by the blue rectangle in the light-green-
shaded section of the panel (A). The sequences from this study are shown in red. (C) Phylogenetic tree of
the selected DENV-1 Genotype-III sequences is indicated by the red rectangle in the light-pink-shaded
section of the panel (A). The sequences from this study are shown in blue. Panel (B,C): sequences in
the trees are shown by their country of origin and year of sample collection. The scale bar indicates the
genetic distance. Only bootstrap values greater than 70% are shown in the phylogenic trees.



Viruses 2024, 16, 1334 7 of 11

The three DENV-2 sequences from the current study belonged to the Cosmopolitan
Genotype (Figures 5A and S2A). Two of these, from the 2014 and 2015 outbreaks in Gode,
formed a monophyletic lineage and clustered together with sequences exclusively from
India in 2015 and 2018, while one associated with the 2016 outbreak in Dollo Ado, clustered
with sequences from Kenya and others from India (Figures 5B and S2B).
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4. Discussion

The present study is the first attempt to serotype, genotype, and phylogenetically
analyze the DENV strains responsible for dengue outbreaks in Ethiopia. Our results showed
that at least two serotypes, DENV-1 and DENV-2, were responsible for the documented
dengue outbreaks, with a predominance of DENV-1 (15 out of the 18 sequences serotyped).
This finding is in agreement with a recent systematic review and meta-analysis of dengue
outbreaks in Africa, where DENV-1 and DENV-2 were the most commonly identified
serotypes in outbreaks that occurred between 1964 and 2020, with a predominance of DENV-
1 (4). From our results, it appears that DENV-2 co-circulated along with the predominant
DENV-1 during the outbreaks in Gode in 2015 and Dollo Ado in 2016. The co-circulation of
different DENV serotypes can be considered a warning sign that a heterologous infection
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could occur and be a risk factor for severe dengue. This finding also emphasizes the need
for the routine monitoring of circulating serotypes and genotypes. The fact that DENV-1
is the dominant serotype identified in the samples collected during the dengue outbreaks
included in the current study, characterized as less severe, is in line with some correlational
studies where DENV-1 was found to cause milder illness during epidemics [16,22,23].

Our eleven DENV-1 Genotype-I sequences clustered together, though they were col-
lected from different locations: Dire Dawa, Gode and Dollo Ado; and at different years:
2015–2021. This demonstrates that closely related DENV-1 strains circulated in these areas
for years, suggesting continued local transmission with minimal genetic divergence, at
least with respect to the CprM gene sequenced in this study. These DENV-1 Genotype-I
sequences also clustered closely with the sequences from Eritrea and Kenya, suggest-
ing regional transmission among these border-sharing neighboring countries. DENV-1
Genotype-I has been frequently reported by East African countries such as in Djibouti
in 1998, Eritrea in 2010, Somalia in 2011, and Kenya in 2013 [24], and in our attempt to
genotype all the DENV-1 sequences from the African region available as of 20 March 2024
in the NCBI Virus database (with 72.4% of the sequences from Tanzania, Table S1), we
found that the majority of the sequences (79.1%) were assigned Genotype-III (Table S2).
However, when sequences from Tanzania were excluded, the genotyping data from East
Africa showed the majority (61.5%) of the sequences to be Genotype-I (Table S3). A recent
time-scaled phylogenetic analysis of DENV in Africa showed two geographically distinct
clusters of DENV-1 in Eastern Africa, with cluster I restricted to the northern countries of
Eastern Africa, including Eritrea and Kenya, estimated to be of relatively recent origin [25].
The monophyletic clustering of a sequence from Saudi Arabia with the Ethiopian DENV-1
Genotype-I sequences is also interesting and shows the possible DENV transmissions
between the two countries

The detection of the two DENV-1 Genotype-III strains in the outbreak in 2021 in Gode
is important and likely a new introduction, as strains that circulated previously and were
sequenced in this study were Genotype-I. Despite the circulation of Genotype-III in Eastern
Africa (Table S1), no African Genotype-III sequences clustered with the sequences from
this study. Interestingly, nearly all of the sequences that clustered with our Genotype-III
sequences were from India, collected between 2010 and 2019; one additional sequence was
from China (Figure 4C). Therefore, it may be likely that the DENV-1 Genotype-III strains
were imported to Ethiopia from India.

Since there was no linking of clinical data with the circulated genotypes in our study,
it was not possible to compare the clinical outcomes and severity of infections by the two
DENV-1 genotypes.

All three DENV-2 genotypes in our study were found to be the Cosmopolitan Geno-
type, which is consistent with a report of a phylogenetic study of circulating DENV
in Africa [26]. This also complemented finding of the our genotyping effort of DENV-
2 sequences from the African region available as of 7 April 2024 in the NCBI Virus
Database, where we found 78.8% of the sequences to be the Cosmopolitan Genotype
(Tables S4 and S5). The monophyletic nature of the two strains that circulated in the Gode
outbreaks in 2014 and 2015 indicates a continued and local transmission of these strains. In-
terestingly, these sequences cluster with sequences solely from India, and this corroborates
with previous reports of circulation of the Indian sub-continent lineage, particularly in East
Africa [27]. It was noted that another Cosmopolitan sequence from Dollo Ado (a town
close to the Ethiopian–Kenyan border in Southeastern Ethiopia) in 2016 clustered with
the sequences from Kenya in 2013. The movement of people across the border between
these two countries may be responsible for the importation of the strain to Ethiopia given
that the strain circulated earlier in Kenya. Studies to correlate the severity of dengue with
dengue serotypes have found that infection with DENV-2 has a higher risk of increased
severity [16,28,29]. Even though DENV-2 strains (n = 3) were too few to make a correlation
with dengue severity, they circulated during outbreaks in which no death or dengue shock
syndrome was reported [30].
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It is to be acknowledged that the current study is not without limitations. First,
there are limited clinical and meta-data of cases to correlate disease severity with dengue
serotypes/genotypes. Second, the number of sequenced DENV strains is low. Even among
the 39 serum samples that were collected during the 2014–2016 and 2021 dengue outbreaks
in Eastern and Southeastern Ethiopia and were confirmed to harbor DENV RNA by RT-
PCR previously, the redetection of the RNA was possible for only 21 of them. Long-term
storage of the samples or sub-optimal storage conditions could be implicated for RNA
degradation and un-detection in 18 of the samples. In addition, this discrepancy may
be due to the differences in sensitivity and specificity of the PCR test used during the
previous outbreak confirmation and redetection in our study. Therefore, all the DENV
serotypes and genotypes that circulated during the outbreaks may not be fully represented
in the findings of our study. Finally, in our study, we sequenced the CprM gene for the
serotyping and genotyping of the dengue viruses from this study. The sequencing of other
regions of the genome, such as non-structural genes, the 5′ and 3′ untranslated envelope
gene or whole-genome sequencing, could have provided more detailed characteristics and
epidemiology of the DENV strains that circulated during the outbreaks.

5. Conclusions

Our study showed that the 2014–2016 and 2021 dengue outbreaks that occurred in
Eastern and Southeastern parts Ethiopia were predominately due to DENV-1 Genotype-I
infections. Our finding also showed that both DENV-1 and DENV-2 co-circulated during
the 2015 outbreak in Gode and the 2016 outbreak in Dollo Ado. All three DENV-2 serotypes
were genotyped as Cosmopolitan. The phylogenetic analyses revealed that the DENV
strains that were responsible for the outbreaks are related to the DENV strains circulating in
neighboring countries such as Kenya and Eritrea, as well as Asian countries such as India
and China, with the possibility of introductions and exportations of DENV to and from
Ethiopia. The formation of a monophyletic lineage by the majority of DENV-1 sequences
from the strains that circulated in the outbreaks of 2015, 2016, and 2021 in Dire Dawa City
and affected areas in the Somali Region also indicated the continued local transmission
of dengue viruses after the initial introduction, calling for enhanced efforts for breaking
the circulation cycle of dengue and the related vector-borne pathogens in the recurrently
affected regions. Both DENV-1 and DENV-2 were found co-circulating during the 2015
outbreak in Gode and the 2016 outbreak in Dollo Ado. As infections with heterologous
DENV serotypes can be a risk factor for developing severe dengue, it is important to
monitor and detect DENV serotypes and genotypes. There is a strong need to strengthen
DENV molecular surveillance capacity at central and regional levels, especially in the areas
where recurrent dengue outbreaks occur.
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