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Identification of sympatric cryptic species
of Aedes albopictus subgroup in Vietnam:
new perspectives in phylosymbiosis of
insect vector
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Lisa Katharina Koch6,7, Khanh Ly Huynh Kim8, Trang Huynh Thi Thuy8, Huu Tran Ngoc8, Patrick Potier1,2,3,4,
Patrick Mavingui1,2,3,4,9 and Claire Valiente Moro1,2,3,4

Abstract

Background: The Aedes (Stegomyia) albopictus subgroup includes 11 cryptic species of which Ae. albopictus is the
most widely distributed. Its global expansion associated with a documented vector competence for several
emerging arboviruses raise obvious concerns in the recently colonized regions. While several studies have provided
important insights regarding medical importance of Ae. albopicus, the investigations of the other sibling species are
scarce. In Asia, indigenous populations within the Ae. albopictus subgroup can be found in sympatry. In the present
study, we aimed to describe and compare molecular, morphological and bacterial symbionts composition among
sympatric individuals from the Ae. albopictus subgroup inhabiting a Vietnamese protected area.
Results: Based on morphological structure of the cibarial armarture, we identified a cryptic species in the forest
park at Bù Gia M�p in the south-eastern region of Vietnam. Analysis of nuclear (ITS1-5.8S-ITS2) and mitochondrial
(cox1, nad5) markers confirmed the divergence between the cryptic species and Ae. albopictus. Analysis of midgut
bacterial microbiota revealed a strong similarity among the two species with a notable difference; contrary to Ae.
albopictus, the cryptic species did not harbour any Wolbachia infection.
Conclusions: These results could reflect either a recent invasion of Wolbachia in Ae. albopictus or alternatively a loss
of this symbiont in the cryptic species. We argue that neglected species of the Ae. albopictus subgroup are of main
importance in order to estimate variation of host-symbionts interactions across evolution.
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Background
The Aedes subgenus Stegomyia contains currently 128
species [1]. Among them, Aedes aegypti and Ae. albopictus
are of main public health concern. They are considered as
main vectors for dengue and chikungunya (DENV,
CHIKV) as well as Zika fever viruses, all infectious to
humans. These mosquito species have also been evidenced

as potential vectors under laboratory conditions for a wide
range of other arboviruses including Japanese encephalitis
virus, West Nile virus, eastern equine encephalitis virus
and La Crosse virus. Nevertheless, the involvement of
these mosquito species in the transmission of these viruses
remains to be demonstrated in the field.

Identification of species within the subgenus Stegomyia
is often based on morphological features and in particular,
for adults, on patterns on the thorax (especially the
scutum) and tarsi [2�5]. However, these morphological
characters are not sufficient to distinguish some species,
which may lead to misidentification of individuals
collected in the field. This is significant for Ae. albopictus
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sibling species, combined in the literature as members of
the Scutellaris group and Ae. albopictus subgroup. These
species have very similar morphological characteristics
especially at the larval and adult (females) stages [2�4, 6].
Furthermore, although some of the species of this
subgroup have different ecological niches, some of them
are found in sympatry [3, 7�9]. In Asia, indigenous popu-
lations of Ae. albopictus coexist with populations of Ae.
flavopictus, Ae. pseudalbopictus, Ae. subalbopictus, Ae.
patricae, Ae. seatoi and Ae. novalbopictus [3, 7]. In Greece,
invasive populations of Ae. albopictus occur in sympatry
with indigenous populations of Ae. cretinus [9]. The im-
portance of the species of the subgroup Ae. albopictus in
disease transmission has been poorly studied so far. This
can be explained by low contact levels of these species
with human populations as well as by their high resem-
blance to the Asian tiger mosquito, potentially leading to
misidentification.

Sympatric cryptic species with recent divergences
constitutes a privilege system for the understanding of
symbiosis evolution. The study of symbiotic interactions
is a complex and dynamic system and previous experi-
ments have revealed strong variations in symbionts
composition when comparing laboratory-reared vs field-
caught mosquitoes but also among individuals caught in
different ecosystems [10�13]. These modifications can
be explained by host or symbiont population dynamics
(genetic drift, bottleneck effect, expansion), modification
of symbionts transmission-acquisition probability but
also by modification of nutrients quality or abiotic fac-
tors that could suggest a local adaptation of one or both
partners and local variation of their interaction [14�16].
The bacterial microbiota of Ae. albopictus presents a
relative homogenous structure among populations and
studies on whole body from field-caught individuals
highlighted a dominance of Wolbachia pipientis wAlbA
and wAlbB which often co-occur at a prevalence of
~100% [17�22]. These intracellular symbionts are in-
volved in a control of the reproduction of Ae. albopictus
through cytoplasmic incompatibility [23]. This process
results from aberrant offspring production between in-
fected males and uninfected females, or between hosts
carrying incompatible Wolbachia strains. In insects, this
control of reproductive process has been proposed to be
the cause of reproductive isolation between populations
[24]. Moreover, long term infections with Wolbachia
and prevalence variation among populations could par-
ticipate in speciation events. Similarly, reproductive iso-
lation can be a barrier to the invasion of Wolbachia [25].
Studies conducted among parasitoid wasps Nasonia gir-
aulti and N. vitripennis also showed that bacterial
microbiota could be involved in speciation resulting
from reproductive isolations [26]. Such events are more
susceptible to occur in species complexes that have

recently diverged and therefore lead to asymmetric sym-
bionts composition regardless of their relative genetic
similarity. Microbial community divergences occurring
in the midgut of mosquitoes could directly impact the
ecophysiology of this organ, and to a large extent the
vectorial capacities of mosquitoes. Indeed, the replica-
tion of virus pathogens through the midgut consti-
tutes the first bottleneck affecting the diversity and
density of the particles [27, 28]. Furthermore, recent
advances demonstrated that bacterial symbionts par-
ticipate to these bottlenecks by: (i) immune priming,
(ii) resource competition, and (iii) secondary metabo-
lites production [29].

In the Nature Reserve of Bù Gia M�p in south-eastern
Vietnam, we found a cryptic species living in sympatry
with Ae. albopictus. Description of cryptic species that
have recently diverged is important to decipher the recent
evolution of traits in medically important vectors. We
were especially interested in describing the symbiotic
associations among sympatric cryptic species as variations
in those associations might help to disentangle the history
of symbiotic invasions as well as loss of interactions
between host and symbionts. To assess its proximity to
the tiger mosquito, we genotyped individuals using
mitochondrial and nuclear markers and analysed their
associated bacterial microbiota.

Results
Morphological and molecular features reveal differences
among Ae. albopictus living in sympatry
Adult female mosquitoes collected in the field were all
identified as members of the Ae. albopictus subgroup
using various morphological characters, especially the
line of pale scale in the posterior scutum, a broad patch
of white scales across lateral face of scutellum (Fig. 1).
Since such morphological identification is notoriously
insufficient to separate adult females within the Ae.
albopictus subgroup [2, 3, 7], we completed the
identification using molecular markers. The phylogenetic
distances between individuals were estimated through
two mitochondrial (cox1, nad5) and three nuclear
(ITS1-5.8S-ITS2 rRNA) barcodes over 43 individuals
(Table 1). For technical reason 48 individuals have
been haplotyped with the cox1 marker, 44 of those
were also haplotyped with the ND5 marker, and 25 of
them were genotyped with ITS1-5.8S-ITS2 marker.
Individuals displaying genetically close barcodes were
clustered under a unique reference haplotype number
(Table 2), leading to a total of 21, 7 and 25 different
reference haplotypes using cox1, nad5 and ITS1-5.8S-
ITS2 markers, respectively. Distances among reference
haplotypes estimated with Kimura 2-parameter (K2P)
were highly correlated between the different barcodes
(cox1 - ITS1-5.8S-ITS2, r(274) = 0.99, P < 2.2.10-16; cox 1 -
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nad5, r(701) = 0.99, P < 2.2.10-16; nad5 - ITS1-5.8S-ITS2,
r(204) = 0.99, P < 2.2.10-16) (Additional file 1: Figure S1).
Two congruent monophyletic groups were identified sub-
sequently and assigned to two different species (Table 2,
Figs. 2, 3 and 4). The two clades were called �A� and �C� and
corresponded respectively to the species Ae. albopictus
and to a non-characterized cryptic species hereafter re-
ferred as Aedes sp. Both taxa could be discriminated using
polymorphism at ITS1-5.8S-ITS2 locus. The individuals
associated to clade A had an amplicon size > 1150 bp
whereas those associated with clade C had an approximate
amplicon size < 1050 bp, allowing easy and accurate iden-
tification of both clades through 1% agarose gel electro-
phoresis (Additional file 1: Figure S2). It is however
important to mention that this PCR could lead to an
additional band of < 560 bp in Ae. albopictus depending
on the presence of the symbiotic protist Ascogregarina
taiwannensis, which did not interfere with the ITS-based
identification of A and C. Among those three markers, in-
dividuals from the clade C presented an equivalent or
slightly higher haplotype diversity (Hdcox1 = 0.74;
Hdnad5 = 0.23; HdITS1-5.8S-ITS2 = 1) than the individ-
uals from the clade A (Hdcox1 = 0.70; Hdnad5 = 0.20;
HdITS1-5.8S-ITS2 = 1). Two cox1 sequences annotated as

Ae. albopictus but close the the clade C were found in the
public databases (Additional file 1: Supplementary infor-
mations). In order to improve detection methods for
Aedes sp., observation of cibarial armarture through
scanning electron microscopy was used to highlight any
morphological difference between members of clades A
and C. Three morphological differences were character-
ized for both species: (i) a structural difference in the ven-
tral papillae; (ii) a difference in the angle of the lateral
flange; and (iii) the cibarial teeth. While all ventral papillae
in Ae. albopictus become continuously slimmer from the
base to tip, the ones in Aedes sp. from Bù Gia M�p show a
bulbous thickening before the tip; the angle of the lateral
flanges is wider in the cibarium of Aedes sp. from Bù Gia
M�p than in the one of Ae. albopictus; cibarial teeth are
absent in Aedes sp. from Bù Gia M p, while Ae. albopic-
tus has four short cibarial teeth (Fig. 1). Therefore, those
morphological keys can be used to differentiate the two
species.

Wolbachia are naturally present in Ae. albopictus but
absent in the cryptic species
Among all individuals from clade A, assigned to Ae.
albopictus, all tested individuals (17/17) were diagnosed
positive for Wolbachia infection via amplification of the
wsp gene (Additional file 1: Table S1). On the contrary,
no Wolbachia (0/26) were detected in the individuals
from clade C (cryptic Aedes sp.).

Midgut bacterial microbiota are similar between Ae.
albopictus and the cryptic species
b-ARISA analysis of mosquito midgut microbiota was
performed on a total of 24 individuals. Using ITS1-5.8S-

a b

c d

e f

g h

Fig. 1 Composite figure of morphological comparison of the cryptic species Aedes sp. and Ae. albopictus from Bù Gia M�p National Park. Cryptic
species Aedes sp.: a Lateral view. b Scutum. c Scanning electron microscopy of the ventral papillae. Cibarial teeth are absent (arrow). d Scanning
electron microscopy of the cibarial armature including the lateral flange. Aedes albopictus: e Lateral view. f Scutum. g Scanning electron microscopy of
the ventral papillae and four short cibarial teeth (arrow). h Scanning electron microscopy of the cibarial armature including the lateral fringe

Table 1 Samples information
Number of tested individuals
(Ae. albopictus/cryptic Aedes sp.)

Barcoding and Wolbachia detection 43 (17/26)

b-ARISA 24 (9/15)

16SrDNA MiSeq sequencing 5 (3/2)

Total 72 (29/43)
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Table 2 Individual’s haplotypes and Wolbachia infection status
Sample reference cox1 clade (Haplotype) nad5 ITS1-5.8S-ITS2 Wolbachia - wsp

1 Clade A (Hap_2) Clade A (Hap_1) – positive

2 Clade A (Hap_2) Clade A (Hap_1) – positive

3 Clade A (Hap_2) Clade A (Hap_1) Clade A (Hap_1) positive

4 Clade C (Hap_1) Clade C (Hap_3) Clade C (Hap_12) negative

5 Clade C (Hap_5) Clade C (Hap_3) Clade C (Hap_14) negative

6 Clade A (Hap_2) – Clade A (Hap_4) positive

7 Clade C (Hap_9) Clade C (Hap_3) Clade C (Hap_17) negative

8 Clade C (Hap_5) Clade C (Hap_3) Clade C (Hap_21) negative

9 Clade A (Hap_7) Clade A (Hap_1) Clade A (Hap_5) positive

10 Clade A (Hap_8) Clade A (Hap_2) – positive

11 Clade A (Hap_2) Clade A (Hap_1) – positive

12 Clade A (Hap_2) Clade A (Hap_1) Clade A (Hap_3) positive

13 Clade A (Hap_2) Clade A (Hap_5) – positive

14 Clade A (Hap_7) Clade A (Hap_1) – positive

15 Clade C (Hap_6) Clade C (Hap_3) – negative

16 Clade C (Hap_5) Clade C (Hap_3) Clade C (Hap_10) negative

17 Clade A (Hap_2) Clade A (Hap_1) – positive

18 Clade C (Hap_5) Clade C (Hap_3) Clade C (Hap_25) negative

19 Clade C (Hap_5) Clade C (Hap_3) Clade C (Hap_7) negative

20 Clade C (Hap_10) Clade C (Hap_6) Clade C (Hap_9) negative

21 Clade A (Hap_3) Clade A (Hap_1) – positive

22 Clade C (Hap_4) – Clade C (Hap_13) negative

23 Clade A (Hap_12) Clade A (Hap_1) – positive

24 Clade C (Hap_5) Clade C (Hap_3) – negative

25 Clade C (Hap_5) Clade C (Hap_3) Clade C (Hap_6) negative

26 Clade C (Hap_5) Clade C (Hap_3) Clade C (Hap_8) negative

27 Clade C (Hap_5) Clade C (Hap_3) – negative

28 Clade A (Hap_18) Clade A (Hap_1) Clade A (Hap_2) positive

29 Clade A (Hap_19) Clade A (Hap_1) – positive

30 Clade C (Hap_20) – Clade C (Hap_19) negative

31 Clade C (Hap_5) Clade C (Hap_3) Clade C (Hap_23) negative

32 Clade C (Hap_21) Clade C (Hap_7) – negative

33 Clade C (Hap_13) Clade C (Hap_3) Clade C (Hap_18) negative

34 Clade C (Hap_13) Clade C (Hap_3) Clade C (Hap_22) negative

35 Clade C (Hap_13) Clade C (Hap_3) – negative

36 Clade C (Hap_14) Clade C (Hap_3) – negative

37 Clade C (Hap_13) – Clade C (Hap_11) negative

38 Clade C (Hap_5) Clade C (Hap_3) Clade C (Hap_26) negative

39 Clade A (Hap_2) Clade A (Hap_1) – positive

40 Clade C (Hap_15) Clade C (Hap_3) Clade C (Hap_16) negative

41 Clade C (Hap_5) Clade C (Hap_3) Clade C (Hap_20) negative

42 Clade C (Hap_16) Clade C (Hap_4) Clade C (Hap_24) negative

43 Clade A (Hap_17) Clade A (Hap_1) – positive
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Table 2 Individual’s haplotypes and Wolbachia infection status (Continued)

BGM1a Clade A (Hap_2) Clade A (Hap_1) – –

BGM3a Clade A (Hap_2) Clade A (Hap_1) – –

BGM4a Clade A (Hap_11) Clade A (Hap_1) – –

BGM5a Clade C (Hap_5) Clade C (Hap_3) – –

BGM6a Clade C (Hap_5) Clade C (Hap_3) – –
aSamples used for microbiota analysis

Fig. 2 Phylogenetic tree based on cox1 sequences for species of the Culicidae. Bayesian consensus tree is represented. Phylogeny was built using
the GTR + I + � evolution model. Branches are coloured according to their posterior probability (prob). Clade ‘A’ associated with Ae. albopictus (s.s.)
is coloured in red. Clade ‘C’ associated with cryptic species of Ae. albopictus subgroup is coloured in green
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ITS2 polymorphism presented above, a total of 9 indi-
viduals were assigned to the A clade of Ae. albopictus
species and 15 individuals to the cryptic Aedes sp.
species (i.e. clade C). The Shannon �-diversity index was
equivalent between both species (Mann-Whitney-
Wilcoxon, U(34) = 102, Z = -0.04, P = 0.7) (Fig. 5a).
Computing Bray-Curtis dissimilarity distance, no di-
vergence in bacterial community structure was ob-
served between the two species (adonisANOVA,
F(1,32) = 1.02, P = 0.37) (Fig. 5b). In order to assess
the taxonomic composition of bacterial community
between the two species, a metabarcoding analysis
was performed on a set of 5 additional individuals.
The seventeen dominant operational taxonomic units
(OTUs), which represented more than 1% of the
overall rarefied sequences were represented (Fig. 6).
Interestingly, the dominant taxa were similar between
cryptic specimens and Ae. albopictus specimens.

Dysgonomas sp., as well as members of the family Sphin-
gomonadaceae (Sphingobium, Novosphingobium, Sphingo-
monas) represented more than 35% of the sequences
among the individuals (Additional file 1: Table S2).

Discussion
To the best of our knowledge, in this study we report
for the first time the presence of a phylogenetically
divergent cryptic species living in sympatry with Ae.
albopictus in a protected forest of the Binh Phuoc
Province in Vietnam. For convenience, no name has
been given to this species. Since no mating experiments
have been performed, further investigations would be re-
quired to confirm the reproductive isolation of the two
species. We used several markers (barcodes, amplicon
length, cibarial armature morphology) that could be
used later to discriminate the cryptic species from Ae.
albopictus (sensu stricto). These markers constitute a

Fig. 3 Phylogenetic tree based on nad5 sequences for species of the Culicidae. Bayesian consensus tree is represented. Phylogeny was built
using the HKY + I + � evolution model. Node labels refer to posterior probability of the separation. Branches are coloured according to their
posterior probability (prob). Clade ‘A’ associated with Ae. albopictus (s.s.) is coloured in red. Clade ‘C’ associated with cryptic species of Ae.
albopictus subgroup is coloured in green
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Fig. 4 Phylogenetic tree based on ITS1-5.8S-ITS2 sequences for species of the Culicidae. Bayesian consensus tree is represented. Phylogeny was
built using the HKY + I + � evolution model. Node labels refer to posterior probability of the separation. Branches are coloured according to their
posterior probability (prob). Clade ‘A’ associated with Ae. albopictus (s.s.) is coloured in red. Clade ‘C’ associated with cryptic species of Ae. albopictus
subgroup is coloured in green

Fig. 5 Comparison of bacterial diversity between individuals of the two Ae. albopictus cryptic species. a Boxplot representation of Shannon
� -diversity within individuals associated to the ‘A’ clade (Ae. albopictus) and the ‘C’ clade (cryptic species). b 2D non-metric multidimensional
sequence scaling representing dissimilarity distances among individuals of the ‘A’ clade in green and the ‘C’ clade in red
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