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Abstract: Zika virus (ZIKV) and dengue virus (DENV) are two closely related members of the
Flaviviridae family, both transmitted by mosquitoes of the genus Aedes, and are among the arboviruses
most at risk to human health. Burkina Faso has been facing an upsurge in DENV outbreaks since
2013. Unlike DENV, there is no serological evidence of ZIKV circulation in humans in Burkina Faso.
The main objective of our study was to determine the seroprevalence of ZIKV and DENV in blood
donors in Burkina Faso. A total of 501 donor samples collected in the two major cities of the country
in 2020 were first tested by a competitive enzyme-linked immunosorbent assay to detect flavivirus
antibodies. Positive sera were then tested using Luminex to detect ZIKV and DENV antibodies and
virus-specific microneutralization tests against ZIKV were performed. The ZIKV seroprevalence
was 22.75% in the donor samples and we found seropositivity for all DENV-serotypes ranging from
19.56% for DENV-1 to 48.86% for DENV-2. Molecular analyses performed on samples from febrile
patients and Aedes aegypti mosquitoes between 2019 and 2021 were negative. Our study showed
the important circulation of ZIKV and DENV detected by serology although molecular evidence of
the circulation of ZIKV could not be demonstrated. It is essential to strengthen existing arbovirus
surveillance in Burkina Faso and more broadly in West Africa by focusing on fevers of unknown
origin and integrating vector surveillance to assess the extent of ZIKV circulation and identify the
circulating strain. Further studies are needed to better understand the epidemiology of this virus in
order to define appropriate prevention and response methods.

Keywords: Zika virus; dengue virus; flavivirus; arbovirus; seroprevalence; Burkina Faso

1. Introduction

Zika (ZIKV) and dengue (DENV) viruses are arthropod-borne viruses (arboviruses)
belonging to the Flaviviridae family of the Flavivirus genus. These viruses are transmitted
to humans through the bite of infected mosquitoes from the Aedes genus, mainly Aedes
egypti and Aedes albopictus [1,2]. There are also cases of non-vectorial transmission by
blood transfusion, accidental exposure to biological fluids among healthcare personnel
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or nosocomial transmission, mother-to-child transmission (vertical transmission), and
sexual transmission, in particular with ZIKV [1,2]. Importantly, the clinical diagnosis of
these viruses is difficult in areas endemic to malaria because the symptoms may appear
similar [3].

ZIKV is endemic in all tropical regions of the world: Africa, the Americas, and
Southeast Asia [4]. The virus was first identified in 1947 in a rhesus monkey in the Zika
forest in Uganda and the first human case was reported in 1954 in Nigeria [5]. Only
14 human cases were reported before 2007 [6]. Similar to many arboviruses, the majority of
ZIKV-infected patients are asymptomatic [7]. The clinical picture of ZIKV infection was
correctly established after the epidemic in Yap in 2007, with fever, rash, arthralgia, and
conjunctivitis as the most common symptoms [8]. The same clinical picture was observed
during the outbreaks in French Polynesia and Brazil, in 2013 and 2015, respectively [9,10].
During the later epidemics, numerous cases of neurological complications such as Guillain-
Barre and neurodevelopmental deficits, (e.g., microcephaly) in children born to infected
mothers as well as other neurological syndromes such as meningitis or meningoencephalitis
have been observed [11].

DENV is endemic in more than 100 countries, mostly in urban and semi-urban areas,
in Africa, Asia, and America. These last two continents are the most affected. The global
incidence of dengue has grown dramatically with about half of the world’s population now
at risk. Circulation of the virus in West Africa was first reported in Nigeria in the 1960s [12].
Dengue fever is the most common arboviral disease in the world and is due to four
different serotypes: DENV-1, DENV-2, DENV-3, and DENV-4 [13]. Infection with one of the
serotypes does not confer long-term cross-protection [2]. The disease is asymptomatic in
the majority of cases. However, some patients experience symptoms such as fever, myalgia,
arthralgia, anorexia, retro-orbital pain, nausea and vomiting, sore throat, headache, and
rash. Neurological and bleeding complications may occur in some cases [14]. There is
no specific treatment for dengue/severe dengue. Early detection of disease progression
associated with severe dengue, and access to proper medical care lowers fatality rates of
severe dengue to below 1%. Studies have shown that sequential infection with different
DENV serotypes increases the risk of complications that can lead to death [15]. This
phenomenon called antibody-dependent enhancement (ADE) is also observed in patients
who have been exposed to ZIKV and subsequently contracted dengue [16].

In Burkina Faso, there has been an upsurge in dengue fever epidemics since 2013 [2].
All four DENV serotypes have already been identified in the country since the first sus-
pected case was reported in 1925 [2]. Unlike DENV, there is no molecular and serological
evidence of ZIKV circulation in humans in this country. The objective of our study was to
determine the seroprevalence in Burkina Faso of ZIKV and DENV in blood donors and
to carry out a molecular screening of ZIKV on samples of febrile patients and mosquitoes
(Aedes aegypti).

2. Results
2.1. Serological Screening for ZIKV and DENV in Blood Donor

To assess the circulation of ZIKV and the different DENV serotypes in Burkina Faso,
we analyzed blood donor samples from two regional blood transfusion centers for the
year 2020, including 114 (22.75%) women (median age: 28 years; interquartile range (IQR):
24–35.75 years) and 387 (77.25%) men (median age: 28 years; IQR 24–35 years). From
those 501 serum samples screened by competitive enzyme-linked immunoabsorbent assay
(cELISA) to detect prior flavivirus infection, we identified antibodies against flaviviruses
in 400 samples (79.84%, 95% CI: 76.10–83.12). These cELISA-positive samples were then
tested with Luminex-based serological assay using the NS1 antigens of ZIKV and for the
four DENV serotypes (DENV-1, DENV-2, DENV-3, and DENV-4). We found 229 sam-
ples positive for ZIKV (representing 45.70% of the total samples, CI 95%: 41.39–50.08),
98 positives for DENV-1 (19.56%, 95% CI: 16.32–23.26), 280 positives for DENV-2 (48.86%,
95% CI: 44.79–51.13), 204 DENV-3 positive (40.71%, 95% CI: 36.50–45.07) and 199 DENV-4
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positive (39.72%, 95% CI: 35.53–44.06) (Table 1). Ninety-four (18.76%) people carried an-
tibodies against the four DENV serotypes. Since ZIKV is not described as circulating in
Burkina Faso, unlike dengue virus, to confirm the presence of anti-ZIKV antibodies in blood
donor samples, all ZIKV Luminex-positive samples were tested by microneutralization
tests (MNT). We found 114 positives (22.75%, 95% CI: 19.29–26.62) with high neutralizing
antibody titer (Table 2).

Table 1. Luminex and MNT results in blood donor samples tested positive for flaviviruses by Elisa.
2021. N = 501.

Luminex Positive N (%)
MNT ZIKV

Positive N (%)
DENV1
NS1 Ab

(%)

DENV2 NS1
Ab (%)

DENV3 NS1
Ab (%)

DENV4 NS1
Ab (%)

ZIKV NS1 Ab
(%)

Total 98 (19.56) 280 (55.88) 204 (40.71) 199 (39.77) 229 (45.39) 114 (22.75)
Origin

Ouagadougou 63 (24.60) 164 (64.06) 126 (49.21) 122 (47.65) 127 (49.60) 71 (27.73)
Bobo-Dioulasso 35 (14.28) 116 (47.34) 78 (31.83) 77 (31.42) 102 (41.63) 43 (17.55)

Gender
Male 69 (17.82) 223 (57.62) 158 (40.82) 159 (41.08) 187 (48.32) 90 (23.25)

Female 29 (25.43) 57 (50.0) 46 (40.34) 40 (35.08) 42 (36.84) 24 (21.05)
Age

18–24 28 (16.47) 81 (47.64) 53 (31.17) 56 (32.94) 63 (37.05) 27 (15.88)
25–34 37 (18.78) 106 (53.80) 79 (40.10) 70 (35.53) 92 (46.70) 45 (22.84)
35–44 25 (26.31) 67 (70.52) 55 (57.89) 55 (57.89) 54 (56.84) 31 (32.63)
45–59 8 (20.51) 26 (66.66) 17 (43.58) 18 (46.15) 20 (51.28) 11 (28.20)

DENV: Dengue virus; ZIKV: Zika virus; NS: non-structural protein; Ab: antibody; MNT: microneutralization test;
N: number.

Table 2. Anti-ZIKV antibody titer in blood donor samples after MNT tests.

ZIKV Antibody Titer Number of Sample N (%)

15 11 (9.64)
22.5 28 (24.56)
45 21 (18.42)

67.5 18 (15.78)
135 14 (12.28)
202 1 (0.87)

202.5 3 (2.63)
405 7 (6.14)

607.5 6 (5.26)
1215 2 (1.75)

1837.5 2 (1.75)
3675 1 (0.87)
Total 114 (100)

We did not find a significant association between the sex of blood donors and ZIKV
seroprevalence while there was a statistically significant difference between origin and age
and ZIKV seroprevalence. Blood donors from Ouagadougou city were the most affected
and ZIKV seroprevalence increased with age (Table 3).
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Table 3. ZIKV seroprevalence according to the socio-demographic characteristics of the blood donors.

Variable Positive N (%) Odds Ratio IC95% p-Value

Origin 0.0076 *
Ouagadougou 71 (27.73) 1

Bobo-Dioulasso 43 (17.55) 0.55 [0.36–0.84]
Gender 0.7034

Male 90 (23.25) 1
Female 24 (21.05) 0.88 [0.53–1.46]

Age 0.0148 *
18–24 27 (15.88) 1
25–34 45 (22.84) 1.57 [0.93–2.66]
35–44 31 (32.63) 2.57 [1.42–4.66]
45–59 11 (28.20) 2.08 [0.93–4.67]

* p < 0.05.

2.2. Molecular Screening for ZIKV and DENV in Samples from Febrile Patients and Aedes aegypti
Mosquitoes

With RT-qPCR, we analyzed ZIKV RNA in samples from febrile patients collected
in 2019 as part of the national surveillance of dengue and yellow fever in Burkina Faso.
About 26% of samples collected in Burkina Faso in 2019 were positive for DENV PCR. We,
therefore, selected 340 samples among the negative DENV samples that we analyzed by RT-
PCR for ZIKV. No ZIKV-positive samples were detected in this specific cohort. Additionally,
a total of 1356 Aedes aegypti no-blood-engorged females were collected in the Hauts-Bassins
and southwest region of Burkina Faso, in both rural and urban areas, in 2019 (147 females),
2020 (863 females), and 2021 (346 females). We did not identify the presence of ZIKV or
DENV in mosquitoes. It should be noted that the national arbovirus surveillance program
reported a few sporadic cases of DENV in 2020 and 2021 without noticing major outbreaks.

3. Discussion

DENV has become endemic in Burkina Faso with recurrent outbreaks since 2013 [2].
After the dengue epidemics that the country has experienced, there have been no studies
to estimate the level of immunity of the population according to the different serotypes.
To be fully immune to new dengue infections, it is necessary to have antibodies against
all four serotypes. In our study we identified all four DENV serotypes in the blood
donor cohort with a predominance of serotype 2 (48.86%); serotype 1 being the least
represented (19.56%). Our results are consistent with those obtained in previous studies
that reported the presence of the four serotypes, with a predominance of serotype 2, in
previous epidemics in the country [17–19]. In our study, only 94 people had antibodies
against all four serotypes, representing 18.4% of the cohort, which means that the vast
majority of people are likely to be infected with different dengue serotypes against which
they do not have effective antibodies. For example, an introduction of serotype 1, for
which the Burkinabe population has the least antibodies, could lead to new epidemics
and potentially severe clinical cases as sequential infections are known to increase the risk
of severe dengue [20]. Therefore, monitoring serotypes would be important to anticipate
future epidemics in the country. Other studies carried out in the general population in
neighboring countries have identified DENV serotypes 2 and 3 in Côte d’Ivoire [21], and
DENV serotype 2 in Ghana and Mali [22,23]. All four DENV serotypes have also been
identified in Nigeria and Senegal [2,24,25].

Unlike DENV, the circulation of ZIKV has never been clearly established in Burkina
Faso despite the surveillance of arboviruses implemented since 2016 [26]. A serological
survey of the general population carried out from 1963 to 1964 showed serological evidence
of the circulation of the ZIKV in the present-day Republic of Haute-Volta (now Burkina
Faso) [27]. Our study is the first to be carried out since the major epidemics of ZIKV the
world experienced in 2007, 2013, and 2015 [8,9]. We found a high seroprevalence (22.6%) of
ZIKV among blood donors in Burkina Faso. This percentage is close to the 21.9% and 22.7%
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seroprevalence obtained in Senegal in 2007 and 2011/2012, respectively [28]. Our results
are higher than in Mali, a country bordering Burkina Faso, which detected 12% of positives
between 2013 and 2016 [29]. We found statistically significant associations between ZIKV
seroprevalence and the location of blood donors. Donors from Ouagadougou had a higher
seroprevalence (27.73%) compared to those from Bobo-Dioulasso (17.55%). Ouagadougou
has a higher population density than Bobo-Dioulasso and also has problems with access
to water and sanitation. These factors could increase the risk of vector proliferation and
therefore arbovirus transmission. The ZIKV seroprevalence increased with age with a
peak in the 35 to 44 age group with a seroprevalence of 32.63%. In Burkina Faso, this age
group represents the most active part of the population and therefore spends more time
outdoors compared to the younger and older age groups and are likely to be more exposed
to mosquito bites. Our results are comparable to those of Diarra et al. who found in a study
carried out in Mali that ZIKV seroprevalence increased with age [29]. We did not observe
any statistically significant difference between seroprevalence and sex. Men and women
seem to be exposed to the same degree as previously reported in Mali [29].

Despite a high seroprevalence, we did not obtain positive results for ZIKV in the
RT-qPCR performed on the human fever cohort or mosquito samples. This result implies
that either the virus may have been in circulation at low levels during the study period,
causing mainly asymptomatic cases within the population, or that the virus may have
been transmitted in previous years. Indeed the detection of arbovirus RNA is difficult
and rare outside of epidemic periods. Added to this is the short viremia observed during
infection with arbovirus including ZIKV [30]. Furthermore, in the literature, we have not
encountered any cases of microcephaly in newborns or Guillain-Barre reported in Burkina
Faso, even though these two neurological symptoms are typical of complications due to
infection with ZIKV. However, these neurological disorders are relatively rare outcomes and
African and Asian lineages may have differential virulence [31]. Moreover, it is not clear
if the African lineage of ZIKV has the capacity to cause microcephaly or not. In addition,
health care systems in some regions are limited and one cannot exclude un-reported cases.
It is important to note that RT-PCR testing for DENV in Aedes aegypti mosquitoes was
negative despite the existence of molecular evidence of DENV circulation in humans in
Burkina Faso [18,32]. This result could be due to the low number of mosquitoes tested. In
general, the detection of arboviruses in natural mosquito populations is not very sensitive
unless mosquito collections are carried out during a major circulation of the virus or during
an epidemic [33]. As a reminder, surveillance of arboviruses was initiated in Burkina Faso
in 2016, some ten years after the emergence of the first major ZIKV epidemics in Yap and
French Polynesia. It is possible that human cases of ZIKV may have gone unnoticed in
Burkina Faso or in Africa in general due to the low diagnostic and surveillance capacity
of most African countries [34]. Studies showed differential transmission efficiency of the
African strain of ZIKV compared to the Asian strain by Aedes Aegypti [35,36].

Given that prior exposure to ZIKV could potentially cause an ADE effect in the event of
a subsequent dengue virus infection, the circulation of ZIKV could increase the number of
severe cases in future dengue fever epidemics in Burkina Faso. The circulation of different
dengue serotypes could also be a factor favoring the occurrence of severe forms of the
disease [37].

It should be noted that we observed differences between Luminex and MNT tests.
This makes sense because the NS1 protein, used for Luminex, is an internal protein, which
is not the target of neutralizing antibodies. Furthermore, even for surface proteins, not all
specific antibodies are neutralizing. It is therefore logical that we observed higher results
with an NS1-based test compared to a test detecting neutralizing antibodies.

Our study has shown a high level of DENV and ZIKV seroprevalence in Burkina
Faso although molecular evidence of the circulation of ZIKV could not be demonstrated.
It is therefore essential to strengthen the existing arbovirus surveillance by focusing on
fevers of unknown origin and by integrating vector surveillance. Our results also show the
importance of setting up a good program for the prevention and expanded management
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of the main arboviruses circulating in Burkina Faso. A retrospective study of newborn
cohorts covering the last 10 years would be interesting to identify whether there have
been undocumented cases of congenital malformations such as microcephaly that could be
attributable to ZIKV.

4. Materials and Methods
4.1. Samples
4.1.1. Blood Donors

The blood donor samples included in our study came from regional blood transfusion
centers in the cities of Ouagadougou and Bobo-Dioulasso. A total of 501 serum samples
(256 in Ouagadougou and 245 in Bobo Dioulasso) were collected from June to July 2020. At
least 600 µL of serum were taken from each participant and sent to the National Reference
Laboratory for Viral Hemorrhagic Fevers at the Centre MURAZ Center in Bobo-Dioulasso
to be stored at −80 ◦C before the serological tests.

4.1.2. Febrile Patients

Three hundred and forty fever samples collected as part of arbovirus surveillance
in Burkina Faso in 2019 and stored at −80 ◦C in the biobank at the Centre MURAZ were
included in our study. In the present study, we selected 340 samples that had already been
tested with dengue fever RT-PCR and were negative. These samples were then screened
with ZIKV RT-PCR in our study.

4.1.3. Mosquito Sampling

Mosquito collection was carried out in August, September 2019; June, July, and October
2020, and May, June 2021. Mosquitoes were collected in several areas from the Hauts-
Bassins and southwest region of Burkina Faso. In the Hauts-Bassins region, the sampling
was carried out in seven localities: Bobo-Dioulasso, Banakeledaga, Sourkoudougou, Badara,
Vallée du Kou 3 (VK3), Nasso and Dinderesso. In the southwest region, sampling was
carried out in six sites: Diébougou, Gaoua, Bapla, Tiankoura, Banlo and Bouroum-bouroum.

Sampling was carried out over two successive days in each locality. Two methods were
used: the BG-Sentinel traps and the Prokopack aspiration. The various specimens (living)
were identified morphologically to the species level using the identification keys [38–40].
Non-blood-engorged females of Aedes aegypti were sorted and stored at −80 ◦C for subse-
quent analyses.

Mosquitoes were pooled in groups of 6 to 37 individuals per site and collection
date. Pools were homogenized in 500 µL ice-cold 1X-PBS (Phosphate Buffered Saline)
buffer with two ice-cold steel bearing balls (3 mm diameter, LOUDET) using a TissueL-
yser II (Qiagen). After homogenization and clarification, total RNA was extracted from
homogenate supernatants with the NucleoMagVet kit (Macherey Nagel) using a Kingfisher
Flex (Thermo Scientific).

4.2. Competitive Enzyme-Linked Immunosorbent Assay

All blood donor samples were screened using a competitive ELISA test: the ID Screen®

West Nile Competition Multi-species from Innovative Diagnostics (Grabel, France). This
test was originally developed for the detection of antibodies directed against the envelope
protein pr-E of the West Nile virus but it is found to give cross reactions with other
flaviviruses including the ZIKV and DENV and can therefore be used for the screening of
these viruses [41]. The test was performed according to the manufacturer’s protocol.

4.3. Luminex

All cELISA-positive samples were screened in Luminex using the NS1 antigens of
ZIKV and DENV (DENV-1, DENV-2, DENV-3, and DENV-4) according to the procedures
described by Raulino et al. [42].
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Recombinant NS1 proteins for ZIKV and for the four DENV serotypes were coupled
to Luminex beads to detect Immunoglobulin G (IgG) directed against these antigens. The
samples, diluted to 1/200th, are placed in the presence of the beads and incubated overnight
at 4 ◦C. The fluorescence intensities of the antigen-antibody reactions are then read with the
Bioplex 200 device. A blank is used to measure only the fluorescence intensity of the beads
and remove this “background noise” from the other results obtained. The NS1 antigen used
for ZIKV has a sensitivity of 100% and a specificity of 98.48%; for DENV-1, a sensitivity
of 91.3% and a specificity of 98.48%; for DENV-2, a sensitivity of 100% and a specificity
of 96.97%; for DENV-3, a sensitivity of 100% and a specificity of 96.97%, for DENV-1, a
sensitivity of 82.61% and a specificity of 98.48%.

4.4. Seroneutralization Assays

Viral microneutralization tests (MNT) were performed on cELISA-positive sera to
confirm ZIKV infection. The sera were serially diluted in duplicate in 50 µL of Dulbecco’s
Modified Eagle Medium (DMEM) of ThermoFisher supplemented by heat-inactivated fetal
bovine serum 2% and hepes 40X in a 96 plate, then with a dilution factor of 3 starting
with 1/5th to 1/3645th. ZIKV suspension (ArB41644 ZIKV of African lineage) at 107.14
tissue culture infectious dose 50 (TCID50) was then added to each well. After incubation
for 90 min at 37 ◦C with 5% CO2, we added 100 µL of DMEM 2% containing 2000 Vero
cells E6 per well. The plates were incubated at 37 ◦C with 5% CO2 for 7 days. Antibody
titers were calculated by doing the reciprocal of the last dilution at which there are no
cytopathic effects.

4.5. RT-PCR ZIKV and DENV

Nucleic acids from fever samples were extracted using Qiagen RNA extraction kit (QI-
Aamp Viral RNA Mini Kit, Qiagen, Hilden, Germany). Amplification was performed with
the QuantStudio® Real-Time PCR from ThermoFisher Scientific (Waltham, Massachusetts,
USA) according to the procedures described by Liu et al. [43]. For mosquitoes, total
RNA extraction was performed using the Biomek-FX machine (Beckman-Coulter) and
the Nucleospin RNA virus extraction kit (Macherey-Nagel), following the manufacturer’s
instructions. Control of the quantity and quality of the RNA was measured by spectropho-
tometry (Nanodrop, Thermo Fisher Scientific) and by capillary electrophoresis (Bioanalyser,
Agilent Technologies). The detection of ZIKV and PAN-DENV by real-time RT-PCR was
carried out following the protocol described previously by Liu et al. and Gray et al. [43,44].
We use the following primers and probes:

ZIKV:
Forward: CGCAGGATCATAGGTGATGAAG
Reverse: CCTGACAACACTAAAATTGGTGC
Probe: VIC-ACAGCACTCCAGGTGTAGACCCTTC-BHQ1

DENV:
Forward: GGATAGACCAGAGATCCTGCTGT
Reverse R1: CATTCCATTTTCTGGCGTTC
Reverse R2: CAATCCATCTTGCGGCGCTC
Probe: FAM-CAGCATCATTCCAGGCACAG-TAMRA

4.6. Statistical Analysis

The seroprevalence of ZIKV and DENV was calculated by dividing the number of
positive samples by the total number of samples tested, using two-sided exact binomial
95% confidence intervals (95%CI). The correlation between seroprevalence of ZIKV and
independent variables such as origin, sex, and age were analyzed using a Pearson chi-
square test and/or Fisher’s exact test and odds ratio.
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