RESEARCH

Retrospective Genomic
Characterization of a 2017 Dengue
Virus Outbreak, Burkina Faso
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Knowledge of contemporary genetic composition of den-
gue virus (DENV) in Africa is lacking. By using next-gen-
eration sequencing of samples from the 2017 DENV out-
break in Burkina Faso, we isolated 29 DENV genomes
(5 serotype 1, 16 serotype 2 [DENV-2], and 8 serotype
3). Phylogenetic analysis demonstrated the endemic na-
ture of DENV-2 in Burkina Faso. We noted discordant
diagnostic results, probably related to genetic diver-
gence between these genomes and the Trioplex PCR.
Forward and reverse1 primers had a single mismatch
when mapped to the DENV-2 genomes, probably ex-
plaining the insensitivity of the molecular test. Although
we observed considerable homogeneity between the
Dengvaxia and TetraVax-DV-TV003 vaccine strains as
well as B cell epitopes compared with these genomes,
we noted unique divergence. Continual surveillance of
dengue virus in Africa is needed to clarify the ongoing
novel evolutionary dynamics of circulating virus popula-
tions and support the development of effective diagnos-
tic, therapeutic, and preventive countermeasures.

Dengue virus (DENV), the causative agent of den-
gue fever, is a mosquitoborne single-stranded
RNA virus from the genus Flavivirus, often defined as
4 related serotypes (DENV-1, DENV-2, DENV-3, and
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DENV-4) (1). Globally, ~4 billion persons in 128 coun-
tries are at risk for dengue fever (2). An estimated 390
million infections occur annually, of which 96 million
are symptomatic (3), making DENV the most preva-
lent and rapidly spreading mosquitoborne viral dis-
ease of human beings (4). Clinical manifestations vary
from a self-limited, potentially debilitating illness to
hypovolemic shock; the mortality rate can be as high
as 20% if left untreated (4).

An estimated 750 million persons are at risk for
acquiring DENV in Africa, and the disease burden is
estimated to be nearly equivalent to that of the Ameri-
cas (3,5). Many countries in Africa lack a national sur-
veillance system and reporting mechanism (6), caus-
ing dengue fever cases to be misdiagnosed as malaria
(7), which might explain why among the 34 countries
in Africa to report dengue fever, 12 were not report-
ed by the country where it occurred but by travelers
returning to their country of origin (8). Travel, par-
ticularly to Africa, is emerging as a well-recognized
mechanism of intercontinental DENV spread (9,10).

Less than 1% of all global DENV envelope se-
quence data, key information for vaccine targets,
come from isolates from Africa (11). A need exists
for additional DENV sequencing, especially in Af-
rica (12,13). The lack of genomic DENV data from
Africa combined with complex transmission dy-
namics involving urban and sylvatic cycles impairs
our understanding of DENV’s evolutionary history,
transmission and spread (13), molecular diagnostics
(14), antiviral targets (15), vector susceptibility (16),
human immune response (17), vaccine development
(17), and DENV spillover events (18). Determining
which contemporary genotypes are in circulation is
crucial to ensuring effective diagnostics and develop-
ing preventive and therapeutic countermeasures (19).
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Burkina Faso, a country in West Africa with a
population of =21 million persons, has had docu-
mented dengue fever outbreaks since 1925; known
subsequent outbreaks occurred in 1982 and 2013 (20).
In 2016, the World Health Organization declared an
outbreak identifying 1,061 probable cases, primar-
ily in the capital of Ouagadougou, population 2.5
million persons, in a setting of minimal surveillance
and limited diagnostic ability (21). A larger outbreak,
primarily in the central region that includes Ouaga-
dougou, but involving all 13 health regions, occurred
during August-November 2017, when Burkina Faso
reported 9,029 suspected cases (22). Previous serotyp-
ing was conducted on 72 samples and demonstrated
DENV-2 (58 cases), DENV-3 (12 cases), and DENV-1
(2 cases) (23); co-circulation of 3 serotypes occurred in
Ouagadougou. The only published DENV genomes
from either of these outbreaks were serotype 2, geno-
type Cosmopolitan, occurring after exposure during
the 2016 outbreak among travelers returning to Japan
and France (24,25).

By using in silico analyses, we determined wheth-
er unique DENV molecular divergence is occurring in
Burkina Faso and assessed its impact on diagnostic
assays and potential efficacy of vaccines and thera-
peutics. We sequenced DENV genomes from the 2017
outbreak in Burkina Faso to determine the molecular
epidemiology of DENV and assess the homogeneity
with targets for the US Centers for Disease Control
and Prevention (CDC) Trioplex real-time reverse
transcription PCR (RT-PCR), Dengvaxia (Sanofi Pas-
teur (https://www.sanofi.com) and TetraVax-DV-
TV003 (Butantan Institute (http://butantan.gov.br)
vaccine strains, and DENV antiviral epitopes.

Methods

Sample Processing and Sequencing

We obtained 791 deidentified human serum samples
from patients with illness meeting the World Health
Organization’s clinical case definition of dengue fe-
ver during the 2017 DENV outbreak in Burkina Faso
(Appendix Table 1, https://wwwnc.cdc.gov/EID/
article/28/6/21-2491-Appl.pdf). Samples were pro-
vided by the Institut de Recherche en Sciences de la
Santé (IRSS) in Bobo-Dioulasso and Centre Hospital-
ier Universitaire Yalgado Ouédraogo in Ouagadou-
gou. We processed the samples at Noguchi Memorial
Institute of Medical Research in Accra, Ghana.

We tested each sample by using molecular and
serologic techniques, and if any test consistent with
acute infection was positive, we selected that sample
for genome sequencing (Appendix Figure 1). We
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conducted molecular-based evaluation for DENV by
using the CDC Trioplex assay after extraction with
QIAamp viral RNA mini kits (QIAGEN, https://
www.qiagen.com) according to the manufacturer’s
instructions. Serologic analyses included the detec-
tion of nonstructural protein 1 (NS1) antigen, DENV
IgM, and DENV IgG (SD Bioline Dengue Duo; Ab-
bott, https://www.globalpointofcare.abbott). We
sequenced samples on an lllumina MiSeq (https://
www.illumina.com) by using an enrichment-based
method, as previously described, with modifications
to enrich DENV (Appendix).

Phylogenetics and Molecular Clock Analysis

To determine specific DENV genotypes, we aligned
the Burkina Faso genomes with all complete ge-
nomes obtained from the US National Institutes of
Health National Institute of Allergy and Infectious
Diseases Virus Pathogen Database and Analysis Re-
source (http:/ /www.viprbrc.org) and inferred a phy-
logenetic tree by using FastTree 2.1 (https://bioweb.
pasteur.fr/ packages/pack@FastTree@2.1.10). For
our large-scale phylodynamics analysis, we retained
all genomes from Africa and randomly subsampled
~10% of the remaining genomes. We estimated time-
calibrated phylogenies with the Markov chain Monte
Carlo method implemented in BEAST 1.10.4 (https://
beast.community) (Appendix).

Evaluation of PCR Diagnostics

We mapped primers and probe for the CDC Trioplex
assay (patent no. WO2018169550A1), CDC DENV-1-
4 RT-PCR (26), and Johnson et al. DENV RT-PCR (27)
to the 29 Burkina Faso genomes in Geneious Prime
2021.0.3 (https:/ /www.geneious.com). We then cal-
culated mismatches within the primer-probe bind-
ing sites.

We further mapped the Trioplex forward primer,
reversel primer, and probe sequences to an alignment
of all available DENV genomes. We trimmed align-
ments to each primer-probe region and calculated the
number of mismatches. We retained sequences with
country information and calculated the proportion of
genomes from each country with >1 mismatches. We
represented these proportions in a chloropleth map
by using ArcGIS Pro 2.8.0 (https:/ /pro.arcgis.com).

Vaccine and Epitope Analysis

We compared our Burkina Faso genomes to the
Dengvaxia and TetraVax-DV-TV003 vaccine strains
through sequence alignment in Geneious Prime
2021.0.3 by using MAFFT 7.427 (https://mafft.cbrc.
jp/alignment/software). We were unable to obtain
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genome sequences of the TAK-003 dengue vaccine
(Takeda, https://www.takeda.com). For the con-
tinental comparison, we downloaded all available
DENV genomes from the Virus Pathogen Database
and Analysis Resource and grouped them by sero-
type. We aligned the downloaded genomes to the
vaccine strains with MAFFT and trimmed them to the
membrane precursor (prM) and envelope (E) gene re-
gions; we then retained and translated all genomes
with country of origin. We assigned each represented
country to a continent and calculated the proportion
of sequences with divergent amino acids compared
with the vaccines within each continental alignment.

We performed epitope mapping to compare the
amino acid diversity of DENV strains from the 2017
outbreak in Burkina Faso to relevant epitopes that
could serve as targets for antiviral human monoclo-
nal antibodies. Appropriate epitopes for DENV-1-3
serotypes have been identified previously; we used
an approach previously described comparing those
amino acid targets and vaccine components to ge-
nomes from Burkina Faso (28) (Appendix).

Data Availability

We submitted the consensus sequences that we gen-
erated from our Burkina Faso samples to GenBank
(accession nos. MT261951-79). Probe sequences used
during sequencing, nucleotide and amino acid align-
ments, and the .xml files are available online (https://
github.com/cathrnbp/ paper-dengue-2021).

Ethics Considerations

The study protocol was approved by the Naval Medi-
cal Research Center’s Institutional Review Board
(project no. NAMRU3.2018.0001). The study was in
compliance with all applicable federal regulations
governing the protection of human subjects.

Results

Dengue Virus Diversity in Burkina Faso
Only 31 of the 791 samples had a measurable cycle
threshold (Ct), and 20 of these met the criteria to be
considered positive for the Trioplex assay (Appendix
Table 1). Subsequent serologic tests detected NS1 an-
tigen in 44 samples, DENV IgM in 18 samples, and
DENV IgG in 27 samples, resulting in a total of 86
samples positive by PCR, NS1 antigen test, IgM test,
or all 3 tests; many samples were positive by >1 test
(Appendix Table, Figure 1).

We excluded samples positive only for DENV
IgG. In total, we describe 29 DENV genomes with
>85% coverage from 65 sequenced samples (Table).
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Genomic analysis confirmed the presence of sero-
types 1-3; we identified no mixed serotype infections.
To place these 29 genomes in context, we inferred
maximum-likelihood and molecular-clock phylog-
enies for each serotype. Phylogenetic analysis of the
genomes classified them into a single genotype for
each serotype (Figure 1).

We sequenced 5 DENV-1 genotype V, 16
DENV-2 Cosmopolitan, and 8 DENV-3 genotype II1
genomes. The DENV-1 genomes grouped closely
with a traveler from France returning from Benin
in 2019 (GenBank accession no. MN600714) (29)
and the DENV-2 genomes with a traveler return-
ing to France from Burkina Faso in 2016 (GenBank
accession nos. KY627762/3). The DENV-1 genomes
have a most recent common ancestor (MRCA) from
July 2016 (95% highest posterior density [HPD]
2016.1-2016.9) (Figure 2) and form a monophyletic
clade with other genomes from West Africa sam-
pled during 2015-2019, having a common ancestor
from September 2014 (95% HPD 2014.0-2015.3).
Our analysis of all complete Africa DENV-1 ge-
nomes indicates multiple separate introductions
into Africa, followed by localized spread (Figure
2). DENV-1 may have been introduced into West
Africa as early as 2010 (95% HPD 2009.9-2011.4),
probably from Asia. The phylogenetic tree inferred
from all E gene sequences corroborates this conclu-
sion (Appendix Figure 2).

Our DENV-2 genomes form several clusters
across a monophyletic Africa clade with a MRCA
from May 2015 (95% HPD 2014.8-2015.9) (Figure 3).
DENV-2 genomes in this clade have been sequenced
from countries across West Africa, and available data
suggest the 2017 Burkina Faso variant was prob-
ably exported to China (Figure 3), demonstrating the
movement of DENV from Africa to Asia. In contrast to
DENV-1, DENV-2 genomes share a common ancestor
with other genomes from Burkina Faso collected as
far back as 1983. The MRCA of the entire monophy-
letic Africa clade, including 2 outlying genomes from
Kenya, was from May 1978 (95% HPD 1975.3-1981.1).
The long branch from the early 1980s to 2015 is prob-
ably the result of undersampling rather than the ab-
sence of human DENV-2 cases. To ensure this long
branch was not a result of excluded sequencing data
in our complete genome analysis, we inferred phy-
logenetic trees from all E gene sequences from par-
tial and complete genomes (Appendix Figure 3). We
identified partial genomes from an additional 9 Af-
rica countries that clustered within the same clade as
these Burkina Faso genomes; only genomes sampled
from Indonesia in the 1970s were antecedent. These

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 28, No. 6, June 2022



data demonstrate that DENV-2 has been circulating
across Africa since the late 1970s, when it was prob-
ably introduced from Southeast Asia.

The molecular-clock phylogeny for DENV-3
genomes from Burkina Faso cluster into 2 distinct
clades within a monophyletic Africa clade (Figure 4).
The MRCA for the DENV-3 Burkina Faso clade was
from January 2013 (95% HPD 2010.8-2014.9) and the
MRCA of all Africa genomes from March 2006 (95%
HPD 2004.0-2008.1); these genomes were probably
introduced from Asia. When including all E gene
genomes in a phylogenetic analysis, we see introduc-
tions to 8 additional countries in Africa (Appendix
Figure 4). These results provide evidence of wide-
spread dengue virus circulation within Africa with

Dengue Virus Outbreak, Burkina Faso

DENV-1 existing for >7 years, DENV-2 for >39 years,
and DENV-3 for >11 years.

Trioplex Assay in Africa

Although only 31 of the 791 samples we tested were
positive by the Trioplex assay, after sequencing we
unexpectedly gained complete genomes from 3 sam-
ples that were negative by PCR, indicating concerns
with PCR sensitivity. The median Trioplex assay Ct
value for DENV-1 genomes was 29.5, for DENV-2 was
37.9, and DENV-3 25.3 (Appendix Figure 5), suggest-
ing that the Trioplex assay was less sensitive against
DENV-2 than DENV-1 and DENV-3. This finding is
corroborated by the limits of detection reported in the
Trioplex package insert, which are stated as 5.82 x 10*
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A IP242 Burkina Faso 2017 B IP270 Burkina Faso 2017
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1000 KM403584 Singapore 2013 Vv 1P012 Burkina Faso 2017
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Figure 1. Phylogenetic trees of dengue virus (DENV) serotypes 1 (A), 2 (B), and 3 (C), inferred from an alignment of the 2017 Burkina
Faso dengue virus outbreak genomes (boldface) and all other complete genomes from US National Institutes of Health National

Institute of Allergy and Infectious Diseases Virus Pathogen Database

and Analysis Resource (http://www.viprbrc.org) and pruned

to representative genotypes. The Burkina Faso genomes were DENV-1 genotype V, DENV-2 genotype Cosmopolitan, and DENV-3
genotype lll. GenBank accession numbers are provided for reference genomes.
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Table. Suspected dengue virus—positive samples from the 2017 Burkina Faso dengue virus outbreak, found to be positive by CDC
Trioplex real-time RT-PCR or serologic testing, and sequencing results for samples that generated genomes with >85% coverage*

Sequencing results

NMIMR laboratory ~ Specimen collection PCR results, Serologic results Genome GenBank
ID date, 2017 Ct NS1Ag IgM 1gG Serotype  coverage, % _accession no.
IP-002 Oct 16 UND + - - DENV-2 99.6 MT261956
IP-008 Oct 16 355 + - - DENV-3 99.1 MT261972
IP-009 Oct 16 37.1 + - - DENV-2 99.7 MT261957
IP-012 Oct 16 40.6 + - - DENV-2 87.6 MT261958
1P-029 Oct 17 375 + - - DENV-2 98.8 MT261959
IP-036 Oct 17 40.6 + - - DENV-2 99.5 MT261960
1P-091 Oct 26 36 + - - DENV-2 99.8 MT261961
1P-099 Oct 25 40.3 + - - DENV-2 99.6 MT261962
IP-103 Oct 25 34.6 + - - DENV-2 99.7 MT261963
IP-112 Oct 24 39.5 + - - DENV-2 99.7 MT261964
1P-121 Oct 23 29 + - - DENV-1 99.7 MT261951
1P-127 Oct 23 38.2 - - - DENV-2 994 MT261965
IP-153 Nov 8 33.7 + - - DENV-2 99.8 MT261966
IP-159 Nov 9 32 + - - DENV-1 99.3 MT261952
IP-171 Nov 9 33.8 + + + DENV-3 94.3 MT261973
IP-179 Nov 13 22.5 + - - DENV-3 94.4 MT261974
IP-194 Nov 17 25.2 - - - DENV-3 99.7 MT261975
1P-226 Oct 4 254 - - - DENV-3 99.8 MT261976
1P-242 Oct 9 29.5 - - - DENV-1 99.6 MT261953
IP-246 Oct 9 31.1 - - - DENV-2 99.8 MT261967
IP-267 Oct 12 19.3 - - - DENV-3 99.8 MT261977
IP-270 Oct 12 371 - - - DENV-2 99.5 MT261968
IP-304 Oct 27 241 + - - DENV-3 99.7 MT261978
1P-307 Oct 30 37.3 - - - DENV-2 99.7 MT261969
IP-310 Nov 2 30.3 + - + DENV-3 95.7 MT261979
IP-314 Nov 2 23.8 + - - DENV-1 99.7 MT261954
IP 387 Dec 12 UND + - - DENV-1 88.4 MT261955
IP 494 Nov 3 41.2 + - - DENV-2 99.6 MT261970
IP 666 Nov 6 UND + - - DENV-2 99.6 MT261971

*CDC, US Centers for Disease Control Prevention; Ct, cycle threshold; NMIMR, Noguchi Memorial Institute for Medical Research; NS1 Ag, nonstructural
protein 1 antigen; RT-PCR, reverse transcription PCR; UND, undetected; +, positive; —, negative.

genome copies/mL for DENV-1, 8.25 x 10* genome
copies/mL for DENV-2, and 4.36 x 10* genome cop-
ies/mL for DENV-3.

In addition, we performed an in silico analysis
of these assays by mapping the primers and probe to
the Burkina Faso genomes and comparing nucleotide
homogeneity. The Trioplex primers and probe were
identical to the DENV-1 and DENV-3 Burkina Faso
genomes, but both the forward and reversel primers
had a single mismatch when mapped to the DENV-
2 genomes. We also investigated the CDC DENV-
1-4 RT-PCR (26), which had 5 mismatches across the
primers and probe for the DENV-1, DENV-2, and
DENV-3, and the Johnson et al. RT-PCR (27), which
had 8 mismatches (Appendix Figure 6).

To determine if these mismatches were specific to
Burkina Faso or indicated a more global problem, we
mapped the Trioplex primers and probe to all avail-
able DENV genomes and calculated the proportion of
genomes from each country that exhibited <100% ho-
mogeneity to the primers and probe (i.e., had >1 mis-
match) (Figure 5). Because the Trioplex assay targets
the 5’ untranslated region and many genomes lacked
coverage in this region, especially for the forward
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primer, they could not be included. For DENV-1 and
DENV-3, we observed almost complete homogene-
ity between the probe and reversel primer within all
countries. The forward primer was similarly identi-
cal, except for some divergence in Asia and North
America. Conversely, for DENV-2, although the
probe sequence was almost completely identical to
the DENV-2 genomes at its binding site, the forward
primer exhibited a single mismatch in every genome
included in our analysis. This mismatch is likely the
cause of the lowered limit of detection for DENV-2
compared with DENV-1 and DENV- 3, as noted pre-
viously. Approximately 95% of genomes from Afri-
ca had >1 mismatches in the reversel primer (and a
mismatch in the forward primer) compared with 6%
of genomes from South America, 20% from Oceania,
and 50% from Asia (Figure 5).

Dengue Vaccines and African Variants

The 29 full genomes from the Burkina Faso 2017 out-
break were compared with the Dengvaxia and Tet-
raVax-DV-TV003 vaccine strains for each serotype
(Figure 6). Dengvaxia is based on an immunopro-
tective serotype-specific prM and E gene region in a
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background of yellow fever virus while TetraVax-DV-
TV003 uses a different dengue virus serotype. There-
fore, the comparison with the full genome sequences

Dengue Virus Outbreak, Burkina Faso

focused on the prM and E proteins. Divergent amino
acids occurred throughout the prM and E proteins be-
tween the vaccine strain and Burkina Faso wild types,

1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

@ Asia
@© Americas
(O Oceania

@ Africa

Sep 2010

Sep 2014

AY732481|ThD10081/82|Thailand|1982
AY713474|D1.Myanmar.194/01|Myanmar|2001
JN638337|KD90 157|Thailand|1990

KU509258|DENV1 2522|Eritreal2010
MN650594|2012/SO/CNR/14126|Somalia2012-05-11
MF033231|9076|Singapore|2015-03
KT827364|GZ/215/D1/2002|China|2002
KU509261|DENV1/3746|Indonesial2010
KY926849|PF08/080108 88|French Polynesia|2008-01-08
DQ672562|HawM2540|USA|2001
DQ285561|Seychelles/1480/04|Seychelles|2004
DQ285558|Reunion/185/04|Reunion|2004
DQ285560|Reunion/257/04|Reunion|2004
MG877557|Gabon/2012|Gabon|2012
KF184975|Angola/2013|Angola|2013-04
MN577472|INMI1/DRC 2019|ltaly|2019-07
MW243006|2016/CG/CNR38640|Republic of the Congo|2016-06-19

DQ285559|Reunion/191/04|Reunion|2004
JX669464|13671/BR/PE/10|Brazil|2010
KC692511|HNRG24827|Argentinal2010-02-10
KC692513|HNRG27213|Argentina|2010-04-26
AY732474|ThD1/0673/80| Thailand| 1980
DQ285562|Comoros/04.329/93|Comoros|1993
JN544409|SGEHI/D1/09106Y 11|Singapore|2011-03
MF033253|19492|Singapore|2016-05
MG721060|R1/J47|Indial2016
MF033256|31460|Singapore|2016-08
MH822959|T28 S69|India|2012
MT006151|S153|Sri Lanka|2018-06-08
KR779783|SGEHI/D1/44614Y 11|Singapore|2011
KM403585|SGEHI/D1/14150Y13|Singapore|2013
MGB840568|D1/China/GDcz/D16152/2016|China|2016

KM403634|SGEHI/D1/22176Y13|Singapore|2013
KX620452|Sz/1/M/SZ/2014/DEV1|China|2014
MN933658|2015XN13986|China|2015-04-10
MG560268|P1257/China/GD/CZ/2014|China|2014-10-20
MG840536|D1/China/GDmm/D14088/2014|China|2014
MG840540|D1/China/GDfs/D14173/2014|China|2014
KX225483|GZ8/2/S/Yuexiu/2014/DEV1|China|2015
MN886870|GZ8H/2019069/2014/1|China|2014-11-30
MW243063|2015/MR/CNR30078|Mauritania|2015-10-22
MW288032|SHC0513/DENV1/2018|Senegal|2018-11

- MW288036|SHC0521/DENV1/2018|Senegal|2018-11
MW243052|2019/CI/CNR51766|Cote d'lvoire|2019-06-16

7 MW243050|2017/BF/CNR46141|Burkina Faso|2017-10-30

P

KX380805|D1/SG/CT48/2013|Singapore|2013
KX380804|D1/SG/CT47/2013|Singapore|2013
KM403587|SGEHI/D1/09119Y13|Singapore|2013
KM403601|SGEHI/D1/26957Y13|Singapore|2013

MW243062|2019/SN/CNR52748|Senegal|2019-09-18
MW243051|2019/CI/CNR50802|Cote d'Ivoire|2019-03-30

Jul 2016 MT261955|IP387|Burkina Faso|2017-12-12

MT261954|IP314|Burkina Faso|2017-11-02
MN600714|2019/BJ/9943|Benin|2019-02-28
MW243053|2019/CI/CNR51782|Cote d'Ivoire|2019-07-13
MT261951|IP121|Burkina Faso|2017-10-23
MT261952|IP159|Burkina Faso|2017-11-09
MT261953|IP242|Burkina Faso|2017-10-09

Figure 2. Time-calibrated phylogenetic trees of a subset of global dengue virus 1 genomes and 2017 Burkina Faso dengue virus
outbreak genomes (boldface). Colored circles indicate geographic origin. Dates indicate the most recent common ancestor for the
2017 Burkina Faso dengue virus outbreak and all genomes from Africa. Posterior probabilities are indicated at major nodes. GenBank

accession numbers are provided for reference genomes.
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Figure 3. Time-calibrated phylogenetic trees of a subset of global dengue virus 2 genomes and 2017 Burkina Faso dengue virus
outbreak genomes (boldface). Colored circles indicate geographic origin. Dates indicate the most recent common ancestor for the
2017 Burkina Faso dengue virus outbreak and all genomes from Africa. Posterior probabilities are indicated at major nodes. GenBank
accession numbers are provided for reference genomes.
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including 20 substitutions for DENV-1 sequences, 18 None of the discordant amino acids clustered to any
for DENV-2, and 17 for DENV-3 when compared particular structural domain.

with the Dengvaxia vaccine and 18 substitutions for We compared the Burkina Faso wild type virus
DENV-1, 25 for DENV-2, and 19 for DENV-3 when sequences with the vaccine strains at 8 B cell epitopes
compared with the TetraVax-DV-TV003 vaccine. (Figure 7). The noted divergence is similar to that
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Figure 4. Time-calibrated phylogenetic trees of a subset of global dengue virus 3 genomes and 2017 Burkina Faso dengue virus
outbreak genomes indicated (boldface). Colored circles indicate geographic origin. Dates indicate the most recent common ancestor
for the 2017 Burkina Faso dengue virus outbreak and all genomes from Africa. Posterior probabilities are indicated at major nodes.
GenBank accession numbers are provided for reference genomes.
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Figure 5. Nucleotide identity between dengue virus molecular diagnostics and all sequenced DENV genomes from the 2017 Burkina
Faso dengue outbreak. The map indicates the proportion of genomes from each country with >1 mismatches against the Trioplex
PCR forward primer (A), probe (B), and reverse1 primer (C). Countries in gray have no data. DENV-1 and DENV-3 have concordant
nucleotide identity to the primers and probe, but most DENV-2 forward primer and reverse1 primer in sequences from Africa have a
high proportion of genomes with >1 mismatches to the Trioplex PCR’s primers and probe. DENV-1, dengue virus serotype 1; DENV-2,

dengue virus serotype 2; DENV-3, dengue virus serotype 3

seen in Southeast Asia and the Americas and has been
previously described at E protein sites 155, 161, and
171 for DENV-1; sites 71 and 149 for DENV-2; and site
124 for DENV-3 (28).

Because of the paucity of genomic data from
Burkina Faso, we expanded our analysis to the con-
tinental scale. We calculated the proportion of ge-
nomes within each continental alighment diverging
from the vaccine sequence at each amino acid posi-
tion. Amino acid positions with >5% divergence from
the Dengvaxia (Appendix Figure 7) and TetraVax-
DV-TV003 (Appendix Figure 8) vaccine strains were
retained. In a minimum of 12 amino acid positions
across each serotype and vaccine comparison, DENV
genomes from Africa had the greatest proportion of
genomes divergent from the vaccine strains. DENV
genomes circulating in Africa exhibit their own ge-
nomic diversity, impairing the potential effectiveness
of a DENV vaccine on that continent.

Discussion

We sequenced 29 full DENV genomes from the 2017
outbreak in Burkina Faso, confirming cocirculation
of DENV-1, DENV-2, and DENV-3 serotypes. Phy-
logenetic analysis of DENV-2 genomes show the
most similar genomes to those from the DENV 2017
outbreak are also from Burkina Faso, dating from
1983 through 1986. The genetic similarities between
DENV-2 strains from 2017 and those from >30 years
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ago suggest local circulation of DENV-2 genotype
Cosmopolitan both within Burkina Faso and in other
countries in West Africa and that DENV-2 is endemic
to this area. All the genomes from the 2017 outbreak
in Burkina Faso were most closely related to strains
from Africa or Asia and not those from the Americas.
This finding could be attributable to greater trade,
travel, and economic-based contact between Burkina
Faso and other countries of Africa with Asia as op-
posed to countries in the Americas.

We obtained 2 complete genomes and 1 partial
genome from PCR-negative samples, and the Ct for
DENV-2 samples was consistently higher than that
for DENV-1 and DENV-3, suggesting a drop in assay
sensitivity against DENV-2 genomes. This decrease is
probably because of mismatches between the prim-
ers and probe and target sequences, or because the
samples were too degraded for PCR but not for hy-
brid capture sequencing, which seems unlikely. An
in silico analysis identified mismatches between the
primers and probe for the Trioplex assay and DENV-
2 genomes, both in our Burkina Faso genomes and
across Africa. The Trioplex assay was designed dur-
ing the 2015-2016 Zika virus epidemic to differentiate
between Zika, chikungunya, and DENV infections
and has also been made available to international
laboratories in a lyophilized format at no charge (30).
This altruism means that it is a commonly used assay
in low-resource laboratories, such as those in many
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countries in Africa. The Trioplex assay was validat-
ed by using samples collected in Puerto Rico (30). In
our analyses, genomes from the Americas were most
congruent with the Trioplex primers and probe and
those from Africa were the least congruent. Further,
the target of the Trioplex assay is near the 5' untrans-
lated region and vulnerable to degradation, which is
more likely to occur in low-resource countries, where
samples are often transported to a central laboratory
under less than ideal conditions for RNA preserva-
tion. The CDC developed another PCR with serotype-
specific primers and probe, the CDC-DENV-1-4 RT-
PCR (26), based on the Johnson et al. RT-PCR (27), but
both of these assays exhibited even less nucleotide
homogeneity in silico than the Trioplex assay. The
observed genomic divergence, discordance between
sequencing and PCR results, and existence of mul-
tiple mismatches in the primer binding site within

Dengue Virus Outbreak, Burkina Faso

samples from Africa suggest that Africa-specific virus
evolution is occurring, probably leading to an under-
reporting of dengue cases because of insensitive diag-
nostics. This probability necessitates the development
of diagnostics that account for the unique molecular
divergence occurring in Africa to have an accurate
assessment of the disease burden of DENV and im-
prove patient care.

Because of the threat that DENV poses to Africa,
the number of outbreaks, and the lack of counter-
measures, it is not too early to consider preventive
measures. The Burkina Faso genomes enabled us
to perform in silico analyses of DENV vaccine effi-
cacy and assess divergence from known important
epitopes. In general, the 3 DENV serotypes circu-
lating during the 2017 outbreak in Burkina Faso
were very similar to the vaccine strains used in the
CYD- Dengvaxia and TetraVax-DV-TV003 vaccines.

prM E

1-166 167-661
DENV-1 155072 118122 203254 280 321 327 368-70 391 438 463 503-505 517 535 546 563 584 602 604 627 650 660
KX239894/CYD1 T AD KR D A M S T KER T T M FsT ¥ A M T T V W I ©
DENV-1|TV003 S TE K K B T W 7T T EKK s S M Fss L A M s T W m®m I ™M Q
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Figure 6. Dengue virus prM and E protein sequence alignments of Dengvaxia and TetraVax-DV-TV003 vaccine strains (boldface) and

2017 Burkina Faso dengue virus outbreak genomes for serotypes 1

, 2, and 3. Only amino acid positions with disagreements are shown;

single-point disagreements are highlighted. For clarity, prM protein sequences are shaded in red. Numerals represent the prM and E
protein amino acid position. CYD, Dengvaxia vaccine; DENV-1, dengue virus serotype 1; DENV-2, dengue virus serotype 2; DENV-3,
dengue virus serotype 3; E, envelope; prM, premembrane; TV003, TetraVax-DV-TV003 vaccine.
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Figure 7. Amino acid mismatch comparison between 2017
Burkina Faso dengue virus outbreak genomes and virus
neutralizing human mAbs for the 3 dengue virus serotypes.
The amino acid changes presented are expected to disrupt
binding between the envelope protein and heavy chain of the
monoclonal antibodies. Dengvaxia vaccine amino acid included
for comparison. Asterisk indicates all of the 2017 Burkina Faso
dengue virus outbreak genomes share the same amino acid

at that position. Numerals represent the E protein amino acid
position. CYD, Dengvaxia vaccine; DENV-1, dengue virus
serotype 1; DENV-2, dengue virus serotype 2; DENV-3, dengue
virus serotype 3; E, envelope; mAb, monoclonal antibody.

Although the Dengvaxia vaccine was noted to have
decreased efficacy against DENV-2 compared with
other serotypes (31), it appears to have been more
efficacious against the DENV-2 Cosmopolitan geno-
type than against the Asian 1 genotype (28). How-
ever, there were key positions in the Dengvaxia
and TetraVax-DV-TV003 vaccine sequences where
genomes from Africa diverged more often than ge-
nomes from other continents, indicating the devel-
opment of unique diversity within Africa. Further
research is needed to understand how various geno-
types and subtle differences at the amino acid level
of prM and E proteins affect clinical immunity. Ad-
ditional in vivo testing is necessary to determine if a
dengue vaccine could be used in West Africa.

The amino acid prM and E protein sequences
from the Burkina Faso DENV outbreak were also
very similar to known targets for B cell epitopes. The
differences noted have been previously reported in
DENV strains from the Americas and Southeast Asia
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(28). However, we observed 2 mismatches at impor-
tant epitope sites E71 and E149 among all DENV-2
Cosmopolitan samples. Although this discordance
is documented in other DENV-2 genotypes, includ-
ing American, American-Asian, Asian 1, and Asian II
genotypes, it is not as well defined in the Cosmopoli-
tan genotype.

A limitation of our study is that >1 year had
passed since the initial collection of the samples
before next-generation sequencing was performed,
introducing multiple factors that could have con-
tributed to this low percentage of positive results:
sample degradation over time, less than ideal stor-
age, low viremia, poor coverage of the assay, or a
combination of these factors. Using further molecu-
lar diagnostics may have revealed more DENV-pos-
itive samples but were not available in the country
at the time of the study. Additional genomes could
have increased the probability of detecting unusual
genomes or amino acid changes. Assessing the evo-
lutionary patterns of DENV is difficult because so
few whole DENV genomes from Africa are avail-
able on GenBank to compare with the genomes
from Burkina Faso. Finally, donor virus strains oth-
er than Dengvaxia and TetraVax-DV-TV003 were
not assessed.

Our assessment of DENV whole genomes from
Burkina Faso provide information on the molecular
epidemiology of this virus and divergence from di-
agnostics, vaccine strains, and B cell epitopes. Further
surveillance of contemporary DENV genotypes in Af-
rica is needed to address the contemporary antigenic
and genetic variations within a region. The endemic-
ity of DENV and increasing number of outbreaks in
countries like Burkina Faso suggest the need for the
development of diagnostics that account for ongoing
viral evolution in Africa and consideration for adding
countries in Africa to DENV clinical trials to address
the emerging public health threat.
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