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ABSTRACT
The two main Zika virus (ZIKV) vectors, Aedes albopictus and Aedes aegypti (invasive and native species, respectively), are
present in Gabon (Central Africa). The aim of this study was to determine the entomological ZIKV risk associated with
these mosquito species in Gabon by evaluating their vector competence for an African (i.e. representative of the
endemic strains circulating in sub-Saharan Africa) and two Asian (i.e. representatives of exogenous epidemic strains
that could be introduced) ZIKV strains. The transmission efficiency of one Ae. aegypti and two Ae. albopictus field-
collected populations from Libreville and Franceville was assayed at day 7, 14 and 21 after experimental oral
infection. The two mosquito species could transmit all three ZIKV strains already at day 7 post-infection, but
transmission efficiency was higher for the African strain than the non-African strains (>60% versus <14%; incubation
period of 14–21 days). The two mosquito species exhibited comparable vector competence for ZIKV, although the
amount of viral particles (African strain) in saliva was significantly higher in Ae. albopictus than Ae. aegypti at day 14
post-infection. These findings suggest that overall, ZIKV risk in Gabon is mainly related to virus strains that circulate
endemically across sub-Saharan Africa, although the transmission of non-African strains remain possible in case of
introduction. Due to its high infestation indexes and ecological/geographical ranges, this risk appears mainly
associated with Ae. albopictus. Vector surveillance and control methods against this invasive mosquito must be
strengthened in the region to limit the risk of future outbreaks.
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Introduction

The mosquito-borne Zika virus (ZIKV, Flavivirus
genus) was first isolated in 1947 from a sentinel Rhe-
sus monkey stationed in the Zika forest in Uganda
(East Africa) and one year later from an Aedes africa-
nusmosquito pool [1]. In this part of the world, ZIKV
primarily circulates in enzootic cycles that involve
wild vertebrates and sylvatic mosquitoes [2] through-
out sub-Saharan Africa [3].

Phylogenetic studies suggested that independent
secondary introductions have occurred from its geo-
graphic origin into West Africa and Asia during the
first half of the twentieth century, leading to the sub-
sequent differentiation of African and Asian lineages
[4,5]. In 2007, ZIKV spread from Asia to the Western
Pacific Islands of Yap, Federated States of Micronesia,
where it caused the first notable human epidemic [6],
and later to several South Pacific islands, including
French Polynesia in 2013 [7]. The virus reached Brazil

between 2013 and 2015 and then spread across the
Americas and Caribbean [8]. The recent spread of
the Asian ZIKV has caused a major epidemic with
millions of infections (more than 130 million in the
Americas) [9], and neurological complications in
adults [10] and neonates (particularly microcephaly,
due to congenital infection) [11].

Despite multiple serological evidences of ZIKV
infection in humans throughout tropical Africa
(reviewed in [3]), the viral circulation remained glob-
ally silent on the continent until 2015 when sporadic
human ZIKV infections were reported [12]. However,
recent retrospective serological studies suggested that
unidentified outbreaks occurred in West Africa, for
instance in semi-arid regions of Mali in the late
1990s [13] and in Senegal and Nigeria where ZIKV
has been silently circulating between 1996 and 2015
[14]. The single major noticeable ZIKV African out-
break was recorded in 2015–2016 in the Cape Verde
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archipelago (7580 cases with the first description of
ZIKV-associated microcephaly in Africa) [15], follow-
ing the secondary introduction of the Asian genotype
from Brazil [16]. ZIKV introduction from the Ameri-
cas, followed by autochthonous transmission of the
Asian ZIKV lineage, was also recorded in Angola in
2015–2016 where cases of ZIKV-associated microce-
phaly have been reported [17]. ZIKV-associated
microcephaly has also been suspected in Guinea-Bis-
sau, but the virus origin (African or Asian lineage)
could not be determined [18]. Indeed, despite an
increasing number of studies suggesting intrinsic
differences in the pathogenicity/virulence between
African and Asian ZIKV lineages, it is still complex
to predict whether an African epidemic due to an Afri-
can ZIKV strain might result in similar or more severe
neurological symptoms compared with what observed
in South America [19–22]. As both lineages might
now circulate in Africa, it is crucial to determine
whether they can cause major epidemics in urban set-
tings by assessing their transmissibility by urban local
Aedes mosquito vectors. Indeed, African populations
of Aedes aegypti display a lower ZIKV transmission
potential than out-of-Africa populations, and this
could have hindered ZIKV emergence on the African
continent [23].

In Central Africa, ZIKV circulation was suggested
by several serological studies carried out in Cameroon,
Central African Republic and Gabon between the
1960s and 1980s (reviewed in [3]), and the virus is
considered to be endemic in all sub-Saharan Africa.
This was recently confirmed by serological findings
from Cameroon [24]. However, this study suggested
low circulation levels in urban settings and the prob-
able existence of a (peri-)sylvatic cycle of ZIKV trans-
mission rather than an urban “dengue-like”
transmission. Together with other data from Demo-
cratic Republic of Congo [25], these findings suggest
that overall, the immunity against ZIKV is low in Cen-
tral African human populations, particularly in urban
settings, thus highlighting the potential risk of epi-
demic spread. An active circulation of the African
ZIKV genotype was detected in humans in Gabon in
2007, but remained restricted to Libreville and Coco-
beach, two coastal cities [26]. Moreover, the virus
was found in Aedes albopictus pools collected in Libre-
ville, suggesting that this invasive mosquito species
may be the primary epidemic vector, especially
because ZIKV was not recovered in pools of the Afri-
can native mosquito Ae. aegypti [26].

Aedes aegypti, which is considered the main ZIKV
vector worldwide [3], is a native species in cities of
Central Africa, but has been quickly declining follow-
ing Ae. albopictus introduction in the 2000s [27].
Except in the drier northern parts of the region and
in highly structured urban habitats, Ae. albopictus
has widely outnumbered Ae. aegypti to became the

dominant species in cities [27–29] and in remote
forested locations [30]. Although Ae. albopictus is con-
sidered a less efficient laboratory ZIKV vector com-
pared with Ae. aegypti in Asia [31] and Americas
[32], it is mandatory to evaluate the vector compe-
tence (VC) for ZIKV of both species in Central Africa
to better estimate their epidemical threat. It was
recently reported that Ae. aegypti and Ae. albopictus
(to a lower extent) populations from Cameroon and
Republic of Congo can transmit African ZIKV strains
[33]. Here, to better take into account the diversity of
ZIKV strains that could be imported into urban areas
in Central Africa, we assessed the VC of Ae. aegypti
and Ae. albopictus sampled in Gabon for three ZIKV
strains (African and Asian lineages).

Material and methods

Ethical statement

Mosquitoes were collected in Gabon under the research
authorization AR0013/17/MESRS/CENAREST/CG/
CST/CSAR delivered by CENASREST. IRD is accredited
by the French Ministry of Higher Education and
Research and Innovation to perform experiments on
live animals in compliance with the French and European
regulations on the care and protection of laboratory ani-
mals (agreement number: E34172221).

Mosquito populations

Wild eggs (i.e. F0 generation) of Aedes mosquitoes
were collected using ovitraps deployed in five sites of
Franceville and in three sites of Libreville, Gabon
(see supplemental data details). Dried eggs were
shipped to IRD, Montpellier for hatching and mos-
quito rearing in controlled insectary conditions (28°C,
80% relative humidity, 14:10 hour light-dark cycle).
Emerged adults were then mixed to establish three com-
posite populations: Ae. albopictus from Franceville
(FCV), Ae. aegypti from Franceville and Ae. albopictus
from Libreville (LBV). Adult females were fed with rab-
bit blood to obtain eggs (i.e. F1 generation) used for
experimental infections of Ae. albopictus colonies
(-FCV and -LBV). The Ae. aegypti-FCV population
was amplified over one additional generation and exper-
iments were done on F2. A previous genetic analysis
established that Ae. aegypti in Franceville fit with the
“Aaf” form that encompasses most of the sub-Sahara
African populations and is genetically distinct from the
cosmopolitan “Aaa” form [34].

ZIKV strains

The three mosquito populations were orally infected
with three ZIKV strains provided by EVAg (https://
www.european-virus-archive.com/) (see Tables S1
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and S2 that summarizes the viral non-structural
protein 1, NS1, with variations identified in the three
strains). The Senegal strain (African, DAK84: Ae. tay-
lori-tc/SEN/1984/41662-DAK) was isolated from an
Aedes taylorimosquito pool collected in Senegal (Gen-
Bank accession number: KU955592) in December
1984. The Martinique strain (Asian, MARTI: MRS_O-
PY_Martinique_PaRi_2015) was isolated from a
human serum in La Martinique (GenBank accession
number: KU647676) in December 2015. The Malaysia
strain (Asian, MAS66: ZIKV/Aedes aegypti/MYS/P6-
740/1966) was isolated from an Ae. aegypti mosquito
pool in Malaysia (GenBank accession number:
KX694533.2) in January 1966.

Experimental infections

All experimental infections were done in a BSL3 lab-
oratory (IRD Vectopôle, Montpellier, France). Before
infection, eggs were hatched synchronously by pla-
cing them at low pressure for 1 hour. Larvae were
reared with a standard diet of yeast (Gayelord Hau-
ser, France) in 24 × 34 × 9 cm plastic trays at a density
of about 200 larvae per tray in 2 L of osmotic water.
Adult mosquitoes (7-day-old females) were deprived
of sucrose solution for 24 hours before experimental
infection in which females were allowed to take an
infectious blood meal (i.e. two volumes of washed
rabbit erythrocytes and one volume of viral suspen-
sion at the final concentration of 1 × 106 PFU/mL)
through a section of desalted porcine intestine placed
on a 37°C blood heater system (Hemotek) for 15 min.
The viral concentration (1 × 106 PFU/mL) is lower
than what usually employed for dengue experimental
infections (i.e. 1 × 107 FFU/mL), but better fits with
the ZIKV loads observed in human blood samples
(i.e. about 100-fold lower than in viraemic blood
samples from patients with dengue) [8,35,36]. Ade-
nosine triphosphate was added to the blood meal as
phagostimulant at the final concentration of
10 mM. Rabbit erythrocytes were obtained from
arterial blood collected and washed the day before
the experimental infection. Fully engorged females
were sorted on ice and incubated in groups of
about 30 females in controlled conditions (28 ± 1°C,
80% relative humidity, 14:10 hour light-dark cycle).
At 7, 14 and 21 days post-infection (dpi), females
were anesthetized on ice to remove wings and legs
and to collect saliva by inserting the proboscis in a
20 µL tip containing 5 µL of FBS. After 30 min, saliva
was transferred in a well of a 96-well plate with 45 µL
DMEM (Dulbecco’s Modified Eagle Medium). Then,
mosquito heads and bodies were separated on ice and
put individually in 2 mL tubes containing glass beads
and 300 µL of DMEM/2% FBS (Fetal Bovine Serum).
Tubes and plates containing samples were stored at
−80°C until processing. For each viral strain, 30

females of each mosquito population were examined
at 7, 14 and 21 dpi.

Virus detection/quantification

A plaque assay technique with Vero cells was used to
determine ZIKV presence in bodies and heads (see
supplemental data for a detailed protocol). ZIKV pres-
ence in saliva was determined by inoculating 25 µL of
saliva in 6-well plates, and by counting foci by the
naked eye and converting them into PFU/saliva.
These data were then used to estimate the following
parameters to characterize the VC. Infection rate
(IR) is the proportion of mosquitoes with infected
body (abdomen and thorax) among the initial number
of females tested (INFT). Dissemination efficiency
(DE) and transmission efficiency (TE) are the pro-
portion of mosquitoes with infected head and with
infectious saliva among all INTF, respectively [37].
Finally, the saliva viral titre for each mosquito was esti-
mated to determine the number of excreted viral
particles.

Statistical analysis

All statistical analyses were performed with the R soft-
ware, version 4.0.0 [38]. The percentages of infected
mosquitoes, of infected mosquitoes with disseminated
infection, and of infected mosquitoes with a dissemi-
nated infection and positive saliva were assessed by
logistic regression analysis using the bias-reduction
method and the “brglm” package [39]. Tuckey pair-
wise comparisons were done with the “emmeans”
package [40]. Quantitative variables were expressed
by means and compared using the Kruskal-Wallis
non-parametric test. Multiple pairwise comparisons
were done with the Dunn test and p-values were
adjusted with the Benjamini-Hochberg method. A P
value < 0.05 was considered significant.

Results

The African ZIKV strain is better transmitted by Ae.
aegypti and Ae. albopictus from Gabon compared
with the strains from Malaysia and Martinique

The VC of one Ae. aegypti and two Ae. albopictus
populations from Gabon (Figure 1) for ZIKV strains
of the African (DAK84) and Asian (MAS66 and
MARTI) genotypes was assessed by quantifying sev-
eral parameters at 7, 14 and 21 dpi. The IR values of
the DAK84 strain were significantly higher than
those of the two Asian ZIKV strains in all mosquito
populations and at all-time points (Figure 2, Tables
1 and S3). At 7, 14 and 21 dpi, the IR values for the
DAK84 strain were [73.3–86.7], [83.3–90.0], and
[60.0–93.3] for Ae. albopictus-LBV, Ae. albopictus-
FCV, and Ae. aegypti-FCV, respectively (Table 1),

1246 D. Jiolle et al.



[0.0–36.7], [0.0–16.7] and [13.3–30.0] for the MARTI,
and [0.0–20.0], [6.7–23.3] and [10.0–16.7] for the
MAS66 strain, without difference between the Asian
genotypes.

With two exceptions (i.e. the DAK84-MARTI pair,
for which no statistical difference was detected in Ae.
albopictus-FCV at 7 and 21 dpi), the DE values also
were significantly higher after infections with the
DAK84 than with the MARTI and MAS66 strains
(Figure 2, Table S3). The DE values were [13.3–
53.3], [73.3–83.3] and [46.7–93.3] for DAK84 at 7,
14 and 21 dpi, [0.0–13.3] and [13.3–30.0] for
MARTI at 14 and 21 dpi (no detectable viral dissemi-
nation at 7 dpi), and [0.0–6.7], [3.3–10.0] and [0.0–
10.0] for MAS66 (Table 1). No statistical difference
was detected between the DE values of the two
Asian ZIKV genotypes at all-time points and with all
mosquito populations.

Finally, the TE values for the DAK84 strain were
[3.3–20.0], [60.0–76.7], and [43.3–83.3] at 7, 14, 21
dpi, respectively (Table 1) and were significantly
higher than for MARTI and MAS66 strains (Table
S3). No transmission was detected before 14 dpi for
the Asian ZIKV strains whatever the mosquito popu-
lation tested, with very low TE values (3.3% in Ae.

albopictus-LBV infected with the MARTI and
MAS66 strains, and in Ae. aegypti-FCV infected with
the MARTI strain). At 21 dpi, the TE values for all
mosquito populations remained very low after infec-
tion with the MARTI (6.7 to 13.3) and MAS66 (0 to
3.3) strains. No statistical difference was detected
between the Asian ZIKV strains (Table S3).

When all time points and mosquito populations
were grouped, the mean ZIKV viral loads (expressed
in log10 pfu/saliva extract) estimated in individual sal-
iva samples were 1.15 ± 0.06 for the MAS66, 1.76 ±
1.40 for the MARTI, and 2.69 ± 2.00 for the DAK84
strain (Figure 3(A)). Although the global test (Krus-
kal-Wallis, P = 0.041) indicated a significant difference
of mean viral loads in function of the ZIKV strain,
pairwise comparisons of the mean viral loads (Dunn
test) did not confirm this difference. Considering
each mosquito population independently (Figure 3
(B–D)), no statistical difference was detected among
ZIKV strains.

These results clearly indicate that compared with
the two Asian strains, the ZIKV strain of the African
genotype displayed higher replication and trans-
mission efficiency in Ae. aegypti and Ae. albopictus,
two epidemic vector species in Gabon.

Figure 1. Ae. albopictus and Ae. aegypti sampling sites in Gabon, Central Africa.
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Figure 2. Infection rate (±95% CI) (A), dissemination efficiency (±95% CI) (B), and transmission efficiency (±95% CI) (C) at day 7, 14
and 21 post-infection (dpi) with three ZIKV strains (MARTI, DAK84 and MASS66) in Ae. albopictus and Ae. aegypti from Libreville
(LBV) and Franceville (FCV). For each modality, a batch of 30 mosquitoes was analyzed (see Table S1 for the statistical tests).
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Ae. albopictus and Ae. aegypti from Gabon
exhibit comparable vector competence for ZIKV

After experimental infections with the MARTI and
MAS66 ZIKV strains, all VC parameters (i.e. IR, DE
and TE, Tables 1 and S3, Figure 2) and viral loads in

saliva (Figure S1) were similar among mosquito popu-
lations and time points. After experimental infection
with the DAK84 strain, DE at 7 dpi, and IR, DE and
TE at 21 dpi, were significantly lower in Ae. albopic-
tus-FCV than in Ae. albopictus-LBV and Ae. aegypti-
FCV. Although all these parameters were similar

Table 1. Infection rate, dissemination and transmission efficiency for Aedes albopictus (Franceville and Libreville) and Aedes aegypti
(Franceville) populations from Gabon at day 7, 14 and 21 post-infection with three different ZIKV strains.

Infection rates (%) Dissemination efficiency (%) Transmission efficiency (%)

Day post-infection Day post-infection Day post-infection

Mosquito population ZIKV strain 7 14 21 7 14 21 7 14 21
Ae. albopictus-LBV MARTI 13.3

(30)
16.7
(30)

13.3
(30)

0
(30)

10
(30)

13.3
(30)

0
(30)

3.3
(30)

13.3
(30)

MAS66 20
(30)

20
(30)

16.7
(30)

0
(30)

10
(30)

10
(30)

0
(30)

3.3
(30)

3.3
(30)

DAK84 80
(30)

83.3
(30)

93.3
(30)

53.3
(30)

83.3
(30)

93.3
(30)

20
(30)

73.3
(30)

83
(30)

Ae. albopictus-FCV MARTI 0
(30)

0
(30)

26.7
(30)

0
(30)

0
(30)

20
(30)

0
(30)

0
(30)

6.7
(30)

MAS66 0
(30)

23.3
(30)

13.3
(30)

0
(30)

3.3
(30)

0
(30)

0
(30)

0
(30)

0
(30)

DAK84 73.3
(30)

90
(30)

60
(30)

13.3
(30)

73.3
(30)

46.7
(30)

3,3
(30)

60
(30)

43.3
(30)

Ae. aegypti-FCV MARTI 36.7
(30)

13.3
(30)

30
(30)

0
(30)

13.3
(30)

30
(30)

0
(30)

3.3
(30)

13.3
(30)

MAS66 16.7
(30)

6.7
(30)

10
(30)

6.7
(30)

3.3
(30)

6.7
(30)

0
(30)

0
(30)

3.3
(30)

DAK84 86.7
(30)

83.3
(30)

83.3
(30)

43.3
(30)

80
(30)

83.3
(30)

16.7
(30)

76.7
(30)

76.7
(30)

Note: Numbers in parentheses correspond to the number of analyzed mosquitoes.

Figure 3. Viral loads in the saliva of mosquitoes infected with ZIKV strains from Malaysia (MAS66), Martinique (MARTI), and Sene-
gal (DAK84), all days post-infection combined. Each coloured dot represents the titre of one saliva sample. Black dots and vertical
bars represent the mean (±SEM). Viral loads are shown for all mosquito combined (A) and for the three populations (B), (C) and (D);
p: probability associated with the global test (Kruskal-Wallis) to compare the mean viral loads obtained with the different ZIKV
strains (in bold when <0.05). Horizontal bars and the associated annotation (“NS”, not significant) correspond to pairwise com-
parisons of the mean viral loads (Dunn test) when the global test was significant.
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among mosquito strains at 14 dpi, these results
suggest a lower ability of Ae. albopictus-FCV to trans-
mit the African ZIKV strain at 21 dpi. Quantification
of the viral loads in saliva after DAK84 infection
(Figure S1) showed that viral load was lower in Ae.
aegypti-FCV than in Ae. albopictus-FCV and -LBV
at 14 dpi, and Ae. albopictus-LBV at 21 dpi. Despite
some minor differences at 14 and 21 dpi, these results
suggest that in our experimental conditions, the two
mosquito species from Gabon show similar ability to
transmit ZIKV: very efficiently for the African ZIKV
and moderately efficiently for non-African ZIKV
lineages.

Discussion

Using a standardized protocol for oral experimental
infections, we evaluated the infectiousness of three
ZIKV strains (i.e. the African DAK84, and the Asian
MARTI and MAS66) in the two main urban Aedes
vectors species in Gabon. Our data indicate that Ae.
aegypti and Ae. albopictus very efficiently transmitted
the African ZIKV strain, already at 7 dpi, confirming
previous observations made in mosquito populations
from Cameroon and Republic of Congo artificially
infected with DAK84 [33]. Moreover, compared with
the two non-African ZIKV strains tested, DAK84 dis-
played a greater ability to infect and disseminate and
to be transmitted by both vector species. This is in
agreement with previous studies on Ae. aegypti
[37,41,42] and Ae. albopictus [43–46] populations
from the Americas, Europe and Pacific Ocean Islands
[37,44–46]. Although DAK84 strong infectiousness
and transmissibility are a general trend that does not
depend on the vector species (Ae. aegypti vs. Ae. albo-
pictus) or geographical origin (LBV vs. FCV), our
findings highlight the strong adaptation of this African
ZIKV strain to both Ae. aegypti and Ae. albopictus
populations in Gabon. A recent study on different
African Ae. aegypti populations (including one from
Gabon) and several ZIKV strains also found higher
infectiousness of an African ZIKV strain (isolated in
Senegal in 2011) compared with non-African strains
[23]. Moreover, it has been shown that some amino
acid substitutions in NS1 significantly affect ZIKV
infectiousness for Ae. aegypti and Ae. albopictus in a
species-specific manner [47,48]. The comparison of
the polyprotein amino acid sequences of the DAK84,
MAS66 and MARTI strains indicated that three resi-
dues in NS1 (positions 988, 1007 and 1030; Table S2;
Figure S2) differ in the African ZIKV strain compared
with the two Asian strains. More investigation is
needed to determine whether these differences might
explain the stronger infectiousness of DAK84 for
both Aedes mosquito species. Additional studies to
cover the extent of the African ZIKV lineage diversity
are needed to determine whether this observation can

be generalized to other ZIKV African strains, and also
to better assess the risk of emergence for the strains
that are currently circulating silently in enzootic cycles
or in African human populations. It was recently
suggested that epidemics caused by African ZIKV
strains might be less easily detected than those caused
by Asian strains due to their propensity to cause foetal
loss rather than birth defects [49].

We found that Ae. aegypti and Ae. albopictus popu-
lations from Gabon are competent for both ZIKV
strains of the Asian lineage (MARTI and MAS66),
but with lower VC parameters and TE values of
3.3% at 14 dpi and 13.3% at 21 dpi. This could be
interpreted as a sign of poor adaptation of recent
ZIKV epidemic strains from America and Asia to
urban Gabonese Aedes populations, and consequently
as a limited epidemic risk in Gabon. However, this
might not fully correspond to the field conditions.
Indeed, the viral load used to infect mosquitoes (1 ×
106 PFU/mL) was within the lower limit of those
used in similar studies. We chose this load because it
better fits with the viraemia observed in humans
[50], but several studies demonstrated a positive
relationship between viral dose and mosquito suscep-
tibility to infection, with significant differences even
for limited viral load increases [23,50,51]. Further-
more, it is worth emphasizing that membrane feeding
systems significantly underestimate VC compared
with in vivo models, as recently suggested by data
obtained in ZIKV-infected mice [23,51]. Second,
some mosquito populations, with similar or lower lab-
oratory TE levels, allowed the rapid ZIKV spread,
notably across American territories from 2015 to
2017. For example, Ae. aegypti populations in Guade-
loupe and Cuba readily spread the “American strain”
(represented by the MARTI in the present study)
locally, although they display low laboratory TE for
this viral strain [37,42]. Indeed other key parameters
that modulate the vector capacity (e.g. vector density
and longevity, aggressiveness for humans) may coun-
terbalance a low VC to result in a very efficient epi-
demic transmission in field conditions [52].

As observed in neighbouring countries, Ae. aegypti
has become uncommon in most urban environments
of Gabon where it has been replaced by Ae. albopictus
[53]. Although the native species remains dominant in
the densely crowed central urban habitats of Libreville,
its current geographic range and densities across the
country have drastically reduced its possibility of con-
tact with humans and therefore the risk for arbovirus
transmission. Consequently, the potential role of Ae.
aegypti as epidemic vector of ZIKV in Gabon appears
limited for the African ZIKV lineage, and very limited
for the Asian/American lineages because the vector
density is too low to offset the limited VC observed
with MARTI, MASS66 and other ZIKV strains [23].
Conversely, Ae. albopictus role as epidemic vector of
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ZIKV in Gabon might be more important because it is
present in all human settings countrywide (and in
forested regions of the bordering countries) with
high human biting rates [30,53].

Overall, our results indicated similar TE levels for
Ae. aegypti and Ae. albopictus populations from
Gabon whatever the ZIKV lineage. In Gabon, like in
most Central African countries, Ae. aegypti belongs
to the native “Aaf” form that transmits ZIKV less
efficient than the cosmopolitan invasive “Aaa” form
from which is genetically distinct [23,34]. Therefore,
the comparison between Ae. aegypti and Ae. albopictus
made in the present study cannot be transposed to
countries where the two species co-occurs in sympa-
try, because only the “Aaa” form exists outside Africa.
Our results are globally consistent with recent VC data
obtained for mosquito populations from Cameroon
and Republic of Congo with the DAK84 ZIKV strain
using a higher infectious titre, although the authors
found a slight advantage for Ae. aegypti populations,
while noting a significant geographic variability for
this species and not for Ae. albopictus [33]. In our
study, the amount of DAK84 ZIKV particles excreted
in saliva was significantly higher for Ae. albopictus
than for Ae. aegypti at 14 dpi. Although this parameter
might vary in function of the geography, this differ-
ence between mosquito species could be related to
the amount of viral particles accumulated in salivary
glands, to the quantity of excreted saliva, or at equal
saliva excretion volumes, to differences in the number
of viral particles excreted in the saliva due to a stronger
salivary gland escape barrier, as recently highlighted in
Ae. aegypti (“Aaa” form from Mexico) infected with
ZIKV [54]. How these differences in the quantity of
viral particles delivered in saliva can be interpreted
in terms of TE is not clear, but it was recently pro-
posed the inoculum dose could influence ZIKV
dynamics in non-human primates [55].

We observed significant VC differences (DE at 7
and 21 dpi, and TE at 21 dpi) between Ae. albopic-
tus-LBV and -FCV after experimental infection
with the African ZIKV strain, in agreement with
the variations observed at the population level at
different local geographical scales [33,44,45]. Never-
theless, our results clearly indicated that Ae. albopic-
tus from Gabon can efficiently transmit an African
ZIKV strain, corroborating previous field obser-
vations and viral detections in mosquito pools col-
lected in 2007 during a ZIKV epidemic [26]. The
TE levels at 14 or 21 dpi, the number of viral par-
ticles delivered in saliva, and the very high infesta-
tion indexes and anthropophilia [53] confirm that
Ae. albopictus might establish a sustainable epi-
demic transmission of African ZIKV strains in
Gabon and in Central Africa. Conversely, it is
unclear how Ae. albopictus might support the epi-
demic activity by Asian ZIKV strains, although it

could mediate their sporadic autochthonous trans-
mission with similar VC in the South of France [56].

In conclusion, Ae. aegypti and Ae. albopictus from
Gabon can transmit African and Asian ZIKV strains.
Nevertheless, the higher VC and shorter extrinsic incu-
bation period in both mosquito species for the strain
belonging to the African lineage suggest a particularly
high transmission risk and epidemic potential in Central
Africa related to autochthonous rather than to non-native
ZIKV. Due to its high infestation indexes and its current
ecological and geographical ranges in the region, this risk
appears mainly associated with Ae. albopictus. Therefore,
vector surveillance and control methods against this inva-
sive mosquito must be amplified in the region to mitigate
the risk of future outbreaks.

Acknowledgments

The authors thank Marie Vazeille for standardizing the
experimental protocols, Catherine Dauga for her help in
viral sequence alignments and the EVAg© initiative for pro-
viding the viral strains. This work was supported by H2020
Research Infrastructures [grant number Infravec2, no.
731060]; Horizon 2020 Framework Programme [grant
number ZIKAlliance, no.734548]; and Agence Nationale
de la Recherche [grant number TIGERBRIDGE, no. ANR-
16-CE35-0010-01]. DJ, ABF and CP conceived the study
and designed the methodology. PY, JON, PK, DA and CP
collected mosquitoes. DJ and BS bred mosquitoes. DJ,
IMC performed the virus production/titration, experimen-
tal infections and mosquito analyses. DJ and AP did the stat-
istical analyses. DJ and CP analyzed the results and wrote
the manuscript. All authors edited, commented, and
accepted the final version of the manuscript.

Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

Davy Jiolle http://orcid.org/0000-0002-7420-5768
Isabelle Moltini-Conclois http://orcid.org/0000-0002-
1975-713X
Judicaël Obame-Nkoghe http://orcid.org/0000-0003-
4301-7745
Angélique Porciani http://orcid.org/0000-0003-2816-
1212
Bethsabée Scheid http://orcid.org/0000-0003-1447-9350
Pierre Kengne http://orcid.org/0000-0002-3069-3202
Diego Ayala http://orcid.org/0000-0003-4726-580X
Anna-Bella Failloux http://orcid.org/0000-0001-6890-
0820
Christophe Paupy http://orcid.org/0000-0002-7122-2079

References

[1] Dick GW, Kitchen SF, Haddow AJ. Zika
virus. I. Isolations and serological specificity. Trans
R Soc Trop Med Hyg. 1952 Sep;46(5):509–520.

Emerging Microbes & Infections 1251

http://orcid.org/0000-0002-7420-5768
http://orcid.org/0000-0002-1975-713X
http://orcid.org/0000-0002-1975-713X
http://orcid.org/0000-0003-4301-7745
http://orcid.org/0000-0003-4301-7745
http://orcid.org/0000-0003-2816-1212
http://orcid.org/0000-0003-2816-1212
http://orcid.org/0000-0003-1447-9350
http://orcid.org/0000-0002-3069-3202
http://orcid.org/0000-0003-4726-580X
http://orcid.org/0000-0001-6890-0820
http://orcid.org/0000-0001-6890-0820
http://orcid.org/0000-0002-7122-2079


[2] Gutierrez-Bugallo G, Piedra LA, Rodriguez M, et al.
Vector-borne transmission and evolution of Zika
virus. Nat Ecol Evol. 2019 Apr;3(4):561–569.

[3] Boyer S, Calvez E, Chouin-Carneiro T, et al. An over-
view of mosquito vectors of Zika virus. Microbes
Infect. 2018 Dec;20(11-12):646–660.

[4] Haddow AD, Schuh AJ, Yasuda CY, et al. Genetic
characterization of Zika virus strains: geographic
expansion of the Asian lineage. PLoS Negl Trop Dis.
2012;6(2):e1477, 1–7.

[5] Faye O, Freire CC, Iamarino A, et al. Molecular evol-
ution of Zika virus during its emergence in the 20(th)
century. PLoS Negl Trop Dis. 2014;8(1):e2636, 1–10.

[6] DuffyMR, ChenTH,HancockWT, et al. Zika virus out-
break on Yap island, Federated States of Micronesia. N
Engl J Med. 2009 Jun 11;360(24):2536–2543.

[7] Cao-Lormeau VM, Roche C, Teissier A, et al. Zika
virus, French Polynesia, South pacific, 2013. Emerg
Infect Dis. 2014 Jun;20(6):1085–1086.

[8] Baud D, Gubler DJ, Schaub B, et al. An update on Zika
virus infection. The Lancet. 2017;390(10107):2099–
2109.

[9] Moore SM, Oidtman RJ, Soda KJ, et al. Leveraging
multiple data types to estimate the size of the Zika epi-
demic in the americas. PLoS Negl Trop Dis. 2020
Sep;14(9):e0008640, 1–25.

[10] Cao-Lormeau V-M, Blake A, Mons S, et al. Guillain-
Barré syndrome outbreak associated with Zika virus
infection in French Polynesia: a case-control study.
The Lancet. 2016;387(10027):1531–1539.

[11] de Araújo TVB, Ximenes RAA, DdB M-F, et al.
Association betweenmicrocephaly, Zika virus infection,
and other risk factors in Brazil: final report of a case-
control study. Lancet Infect Dis. 2018;18(3):328–336.

[12] Musso D, Gubler DJ. Zika virus. Clin Microbiol Rev.
2016 Jul;29(3):487–524.

[13] Diarra I, Nurtop E, Sangare AK, et al. Zika virus circu-
lation in Mali. Emerg Infect Dis. 2020 May;26(5):945–
952.

[14] Herrera BB, Chang CA, Hamel DJ, et al. Continued
transmission of Zika virus in humans in West
Africa, 1992-2016. J Infect Dis. 2017 May 15;215
(10):1546–1550.

[15] Lourenco J, de Lourdes Monteiro M, Valdez T, et al.
Epidemiology of the Zika Virus Outbreak in the
cabo Verde islands, West Africa. PLoS Curr. 2018
Mar 15;10. doi:10.1371/currents.outbreaks.
19433b1e4d007451c691f138e1e67e8c

[16] Faye O, de Lourdes Monteiro M, Vrancken B, et al.
Genomic epidemiology of 2015-2016 Zika Virus
Outbreak in Cape Verde. Emerg Infect Dis. 2020
Jun;26(6):1084–1090.

[17] Hill SC, Vasconcelos J, Neto Z, et al. Emergence of the
Asian lineage of Zika virus in Angola: an outbreak
investigation. Lancet Infect Dis. 2019;19(10):1138–
1147.

[18] Rosenstierne MW, Schaltz-Buchholzer F, Bruzadelli F,
et al. Zika virus IgG in infants with microcephaly,
Guinea-Bissau, 2016. Emerg Infect Dis. 2018 May;24
(5):948–950.

[19] Shao Q, Herrlinger S, Zhu YN, et al. The African Zika
virus MR-766 is more virulent and causes more severe
brain damage than current Asian lineage and dengue
virus. Development. 2017 Nov 15;144(22):4114–4124.

[20] Anfasa F, Siegers JY, van der Kroeg M, et al.
Phenotypic differences between Asian and African
lineage Zika viruses in human neural progenitor

cells. mSphere. 2017 Jul-Aug;2(4). doi:10.1128/
mSphere.00292-17

[21] Simonin Y, van Riel D, Van de Perre P, et al.
Differential virulence between Asian and African
lineages of Zika virus. PLoS Negl Trop Dis. 2017
Sep;11(9):e0005821, 1–8.

[22] Nutt C, Adams P. Zika in Africa—the invisible epi-
demic? The Lancet. 2017;389(10079):1595–1596.

[23] Aubry F, Dabo S, Manet C, et al. Enhanced Zika virus
susceptibility of globally invasive Aedes aegypti popu-
lations. Science. 2020 Nov 20;370(6519):991–996.

[24] Gake B, Vernet MA, Leparc-Goffart I, et al. Low sero-
prevalence of Zika virus in Cameroonian blood
donors. Braz J Infect Dis. 2017 Jul-Aug;21(4):481–483.

[25] Mbanzulu KM, Mboera LEG, Luzolo FK, et al.
Mosquito-borne viral diseases in the Democratic
Republic of the Congo: a review. Parasit Vectors. 2020
Feb 27;13(1):103. doi:10.1186/s13071-020-3985-7

[26] Grard G, Caron M, Mombo IM, et al. Zika virus in
Gabon (Central Africa)–2007: a new threat from
Aedes albopictus? PLoS Negl Trop Dis. 2014 Feb;8
(2):e2681, 1–6.

[27] Paupy C, Delatte H, Bagny L, et al. Aedes albopictus,
an arbovirus vector: from the darkness to the light.
Microbes Infect. 2009 Dec;11(14-15):1177–1185.

[28] Ngoagouni C, Kamgang B, Nakoune E, et al. Invasion
of Aedes albopictus (diptera: Culicidae) into Central
Africa: what consequences for emerging diseases?
Parasit Vectors. 2015 Mar 31;8(191). doi:10.1186/
s13071-015-0808-3

[29] Kamgang B, Happi JY, Boisier P, et al. Geographic and
ecological distribution of the dengue and chikungunya
virus vectors Aedes aegypti and Aedes albopictus in
three major Cameroonian towns. Med Vet Entomol.
2010 Jun;24(2):132–141.

[30] Paupy C, Kassa Kassa F, Caron M, et al. A chikungu-
nya outbreak associated with the vector Aedes albopic-
tus in remote villages of Gabon. Vector Borne
Zoonotic Dis. 2012 Feb;12(2):167–169.

[31] Pompon J, Morales-Vargas R, Manuel M, et al. A Zika
virus from America is more efficiently transmitted
than an Asian virus by Aedes aegypti mosquitoes
from Asia. Sci Rep. 2017 Apr 27;7(1):1215. doi:10.
1038/s41598-017-01282-6

[32] Chouin-Carneiro T, David MR, de Bruycker Nogueira
F, et al. Zika virus transmission by Brazilian Aedes
aegypti and Aedes albopictus is virus dose and temp-
erature-dependent. PLoS Negl Trop Dis. 2020 Sep;14
(9):e0008527, 1–14.

[33] Kamgang B, Vazeille M, Tedjou A, et al. Different
populations of Aedes aegypti and Aedes albopictus
(diptera: Culicidae) from Central Africa are suscep-
tible to Zika virus infection. PLoS Negl Trop Dis.
2020 Mar;14(3):e0008163, 1–12.

[34] Kotsakiozi P, Evans BR, Gloria-Soria A, et al.
Population structure of a vector of human diseases:
Aedes aegypti in its ancestral range, Africa. Ecol
Evol. 2018 Aug;8(16):7835–7848.

[35] Corman VM, Rasche A, Baronti C, et al. Assay optim-
ization for molecular detection of Zika virus. Bull
World Health Organ. 2016 Dec 1;94(12):880–892.

[36] Musso D, Rouault E, Teissier A, et al. Molecular detec-
tion of Zika virus in blood and RNA load determi-
nation during the French Polynesian outbreak. J
Med Virol. 2017 Sep;89(9):1505–1510.

[37] Hery L, Boullis A, Delannay C, et al. Transmission
potential of african, Asian and American Zika virus

1252 D. Jiolle et al.

https://doi.org/10.1371/currents.outbreaks.19433b1e4d007451c691f138e1e67e8c
https://doi.org/10.1371/currents.outbreaks.19433b1e4d007451c691f138e1e67e8c
https://doi.org/10.1128/mSphere.00292-17
https://doi.org/10.1128/mSphere.00292-17
https://doi.org/10.1186/s13071-020-3985-7
https://doi.org/10.1186/s13071-015-0808-3
https://doi.org/10.1186/s13071-015-0808-3
https://doi.org/10.1038/s41598-017-01282-6
https://doi.org/10.1038/s41598-017-01282-6


strains by Aedes aegypti and Culex quinquefasciatus
from Guadeloupe (French West indies). Emerg
Microbes Infect. 2019;8(1):699–706.

[38] R Core Team. R: A language and environment for stat-
istical computing. Vienna: R Foundation for Statistical
Computing; 2020.

[39] Kosmidis I. brglm: bias reduction in binary-response
generalized linear models. 2020.

[40] Lenth R. emmeans: estimated marginal means, aka
least-squares mean. 2020.

[41] Roundy CM, Azar SR, Rossi SL, et al. Variation in Aedes
aegypti mosquito competence for Zika virus trans-
mission. Emerg Infect Dis. 2017 Apr;23(4):625–632.

[42] Gutierrez-Bugallo G, Boullis A, Martinez Y, et al.
Vector competence of Aedes aegypti from Havana,
Cuba, for dengue virus type 1, chikungunya, and
Zika viruses. PLoS Negl Trop Dis. 2020 Dec;14(12):
e0008941, 1–9.

[43] Azar SR, Roundy CM, Rossi SL, et al. Differential vec-
tor competency of Aedes albopictus populations from
the Americas for Zika virus. Am J Trop Med Hyg.
2017 Aug;97(2):330–339.

[44] Nunez AI, Talavera S, Birnberg L, et al. Evidence of
Zika virus horizontal and vertical transmission in
Aedes albopictus from Spain but not infectious virus
in saliva of the progeny. Emerg Microbes Infect.
2020 Dec;9(1):2236–2244.

[45] Fernandes RS, O’Connor O, Bersot MIL, et al. Vector
competence of Aedes aegypti, Aedes albopictus and
Culex quinquefasciatus from Brazil and New
Caledonia for three Zika virus lineages. Pathogens.
2020 Jul 16;9(7):575. doi:10.3390/pathogens9070575

[46] Vazeille M, Madec Y, Mousson L, et al. Zika virus
threshold determines transmission by European
Aedes albopictus mosquitoes. Emerg Microbes
Infect. 2019;8(1):1668–1678.

[47] Kuo L, Jaeger AS, Banker EM, et al. Reversion to
ancestral Zika virus NS1 residues increases

competence of Aedes albopictus. PLoS Pathog. 2020
Oct;16(10):e1008951, 1–16.

[48] Liu Y, Liu J, Du S, et al. Evolutionary enhancement of
Zika virus infectivity in Aedes aegypti mosquitoes.
Nature. 2017 May 25;545(7655):482–486.

[49] Aubry F, Jacobs S, Darmuzey M, et al. Recent African
strains of Zika virus display higher transmissibility
and fetal pathogenicity than Asian strains. Nat
Commun. 2021 Feb 10;12(1):916. doi:10.1038/
s41467-021-21199-z

[50] Lequime S, Dehecq JS, Matheus S, et al. Modeling intra-
mosquito dynamics of Zika virus and its dose-depen-
dence confirms the low epidemic potential of Aedes
albopictus. PLoS Pathog. 2020 Dec;16(12):e1009068,
1–25.

[51] Ciota AT, Bialosuknia SM, Zink SD, et al. Effects of
Zika virus strain and Aedes mosquito species on vec-
tor competence. Emerg Infect Dis. 2017 Jul;23
(7):1110–1117.

[52] Lounibos LP, Kramer LD. Invasiveness of Aedes
aegypti and Aedes albopictus and vectorial capacity
for chikungunya virus. J Infect Dis. 2016 Dec 15;214
(suppl 5):S453–S458.

[53] Paupy C, Ollomo B, Kamgang B, et al. Comparative role
of Aedes albopictus and Aedes aegypti in the emergence
of dengue and chikungunya in Central Africa. Vector
Borne Zoonotic Dis. 2010 Apr;10(3):259–266.

[54] Sanchez-Vargas I, Olson KE, Black WC. The genetic
basis for salivary gland barriers to arboviral trans-
mission. Insects. 2021 Jan 15;12(1).

[55] Best K, Barouch DH, Guedj J, et al. Zika virus
dynamics: Effects of inoculum dose, the innate
immune response and viral interference. PLoS
Comput Biol. 2021 Jan;17(1):e1008564, 1–26.

[56] Durand GA, Piorkowski G, Thirion L, et al. Vector-
Borne transmission of the Zika virus Asian genotype
in Europe. Viruses. 2020 Mar 9;12(3):296. doi:10.
3390/v12030296

Emerging Microbes & Infections 1253

https://doi.org/10.3390/pathogens9070575
https://doi.org/10.1038/s41467-021-21199-z
https://doi.org/10.1038/s41467-021-21199-z
https://doi.org/10.3390/v12030296
https://doi.org/10.3390/v12030296

	Abstract
	Introduction
	Material and methods
	Ethical statement
	Mosquito populations
	ZIKV strains
	Experimental infections
	Virus detection/quantification
	Statistical analysis

	Results
	Ae. albopictus and Ae. aegypti from Gabon exhibit comparable vector competence for ZIKV

	Discussion
	Acknowledgments
	Disclosure statement
	ORCID
	References

