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Abstract

ity to develop novel transmission-blocking vaccines.

Human and animal pathogens that are transmitted by arthropods are a global concern, particularly those vectored
by ticks (e.g. Borrelia burgdorferi and tick-borne encephalitis virus) and mosquitoes (e.g. malaria and dengue virus).
Breaking the circulation of pathogens in permanent foci by controlling vectors using acaricide-based approaches is
threatened by the selection of acaricide resistance in vector populations, poor management practices and relaxing
of control measures. Alternative strategies that can reduce vector populations and/or vector-mediated transmission
are encouraged worldwide. In recent years, it has become clear that arthropod-associated microbiota are involved
in many aspects of host physiology and vector competence, prompting research into vector microbiota manipula-
tion. Here, we review how increased knowledge of microbial ecology and vector-host interactions is driving the
emergence of new concepts and tools for vector and pathogen control. We focus on the immune functions of host
antibodies taken in the blood meal as they can target pathogens and microbiota bacteria within hematophagous
arthropods. Anti-microbiota vaccines are presented as a tool to manipulate the vector microbiota and interfere with
the development of pathogens within their vectors. Since the importance of some bacterial taxa for colonization of
vector-borne pathogens is well known, the disruption of the vector microbiota by host antibodies opens the possibil-

Background

Among arthropod vectors, mosquitoes and ticks as well
as sand flies and fleas are vectors of a wide spectrum of
diseases with relevance in public and animal health [1-4].
For example, hard ticks (Ixodidae) transmit human and
animal pathogens including bacteria (e.g. Anaplasma
phagocytophilum and Borrelia burgdorferi), viruses
(e.g. Crimean-Congo hemorrhagic fever virus and tick-
borne encephalitis virus) and protozoa (Babesia spp.
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and Theileria spp.) [1]. Mosquitoes are vectors of major
human diseases such as dengue (caused by dengue virus)
and malaria (caused by Plasmodium spp.) [2]. The mid-
gut is the first organ in which pathogenic microbes
ingested with the host blood can survive and, in most
cases, invade other tick [5] or mosquito [6] tissues. The
midgut is also the optimal microenvironment for the sur-
vival and maintenance of the vector microbiota, likely
composed of bacteria, archaea, fungi and viruses [6—8].
Within the text, “microbiome” refers to the microorgan-
isms and their genes whereas “microbiota” only refers to
the microbes themselves.

Although major emphasis has been placed on the role
of endosymbionts in arthropod metabolism [9, 10] and
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physiology [10], the presence of multiple metabolic path-
ways in the microbiome of vectors such as ticks [11],
mosquitoes [12] and tsetse flies [13] suggests broader
metabolic complementation mediated by microbiota bac-
teria. Recent reports found functional redundancy (i.e.
the presence of the same genes and/or functional catego-
ries in different bacterial species within a microbial com-
munity) as a property of the tick microbiome [14, 15].
Taxonomic and functional composition analyses revealed
that the microbial diversity of the tick microbiome var-
ies according to different factors such as tick species,
sex and environmental conditions among others [8, 15].
The contribution of symbionts to vector fitness has been
demonstrated. For example, the symbiont Wigglesworthia
supplies tsetse flies with B6 vitamin, which, along with
folates and thiamine, is necessary for the physiology and
reproduction of these flies [13]. In Aedes aegypti mos-
quitoes, B vitamins can be provided by Escherichia coli
[12]. The lack of these vitamins has been associated with
developmental atrophies in the larval stages of mosqui-
toes [16]. Of special interest are the interactions between
the vector, its microbiota and transmitted pathogens
since commensal bacteria interact with vector-borne
pathogens [8, 17] and can facilitate [18] or compete [19]
with pathogen colonization and development within
the vector midguts, prompting research into microbiota
manipulation for blocking pathogen transmission [20].
Antibiotics are commonly used in microbiota manipu-
lation studies [21-23]. Using antibiotics for microbiota
manipulation is not a viable alternative to block patho-
gen transmission because of the increase in bacterial
strains with antibiotic resistance that affects human and
animal health. In addition, the effect of antibiotics on the
microbiota is not specific, as several bacterial species can
be depleted by antimicrobial treatment. Despite recent
advances in vector microbiota research, the lack of tools
for the precise and selective manipulation of the vector
microbiome is currently a major limitation to achieving
mechanistic insights into pathogen-microbiome interac-
tions [20, 24]. Recently, our team introduced anti-micro-
biota vaccines [25] as an innovative approach to vector
microbiome manipulation [26] and the development of
novel pathogen transmission-blocking vaccines [27]. Host
immunization with keystone taxa (i.e. highly connected
taxa driving community composition and function) iden-
tified in the tick microbiota elicited bacterial-specific
antibodies that caused high mortality in feeding ticks
[25]. Tick mortality was associated with a host antibody
response against the carbohydrate Galal-3Gal (a-Gal),
a product of galactosyltransferase enzymes with genes
widely present in the tick microbiota [25]. Anti-micro-
biota vaccines [25, 26] can be used as a tool to induce
bacterial-specific antibodies for microbiota manipulation
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and pathogen control. In this context, understanding the
dynamics and activity of host antibodies within the vec-
tor becomes an important research area. Here we review
how increased knowledge about multipartite interactions
among pathogen, vector, microbiota and vertebrate hosts
is driving the emergence of new concepts and tools for
vector-borne pathogen control. We then focus on the
dynamics of host antibodies and their interaction with
pathogens and commensal bacteria within vector arthro-
pods as an alternative for taxon-specific manipulation of
the microbiota. Although the review is mainly focused on
ticks, examples from other vectors are also documented.

Vector-pathogen-microbiota interactions, a source
of new targets for pathogen control

Recent research on vector-pathogen-microbiota inter-
actions shows that microbial communities within
vectors strongly influence pathogen colonization and
transmission [8]. For example, tick microbiota com-
position influences B. burgdorferi colonization within
the tick vector [28], and infection by the obligate
intracellular bacterium A. phagocytophilum modu-
lates the tick microbiota [29, 30]. By rearing Ixodes
scapularis ticks in a sterile environment from egg to
adult tick development, the ticks showed a decrease
in abundance of bacteria of the genera Acinetobacter,
Brevibacterium, Lysinibacillus and Staphylococcus
compared to ticks grown under non-sterile condi-
tions in the laboratory [28]. Ticks raised in sterile
conditions also had a decrease in B. burgdorferi colo-
nization after feeding on an infected mouse, suggest-
ing that the composition of the microbiota alters B.
burgdoferi infection [28]. The presence of A. phago-
cytophilum in the guts of I scapularis induces the
expression of the antifreeze protein IAFGP, which
decreases the occurrence of the polysaccharide bio-
synthesis pathways involved in biofilm formation in
the tick microbiome [15] and inhibits the formation
of biofilms by gram-positive bacteria such as Entero-
rocci [31]. Further studies showed that the presence of
IAFGP facilitates the infection of A. phagocytophilum
in I scapularis ticks [30]. Two recent epidemiological
studies also revealed significant associations between
the persistence of B. burgdorferi and the occurrence of
specific microbial taxa in I scapularis microbiota [32,
33]. These results suggest that B. burgdorferi requires
a specific gut microbial composition for successful
pathogen colonization in the vector. In addition, Gall
et al. [23] demonstrated that microbiota disruption
with antibiotics affects the acquisition of the patho-
gen Anaplasma marginale in the vector Dermacen-
tor andersoni. Furthermore, although the nature of



Maitre et al. Parasites & Vectors (2022) 15:4

the relationship between pathogen co-infection and
vector microbiota composition remains unclear,
empirical work suggests that, for example, A. phagocy-
tophilum and B. burgdorferi interactions can be medi-
ated by the tick vector and its microbiota (revised in
[8]). Tick microbiota is, therefore, very sensitive to the
acquisition of new pathogens, and the direct modula-
tion of microbe-microbe interactions can serve as a
weapon against the pathogen and the effectiveness of
the tick as a vector.

Similar findings in mosquitoes suggest that microbiota
manipulation may cause harm to the vector and interfere
with vector-borne pathogen infectious cycles [20]. The
gut microbiota has been regarded as an important player
in defense mechanisms against pathogens in several mos-
quito species, which are vectors of epidemiologically
important pathogens such as, for example, Anopheles
mosquito vectors of human malaria, Culex species as
vectors of avian malaria and West Nile and Aedes species,
which transmit avian malaria, and the viruses chikungu-
nya, dengue, Zika and yellow fever [34]. Gram-negative
bacteria have been shown to have the most associations
with the Plasmodium parasite while gram-positive bac-
teria had no prominent effect on the development of
malaria infection [35, 36]. Some species of Enterobacter,
Escherichia, Serratia and Pseudomonas, commonly found
in Anopheles mosquitoes, can markedly reduce intensities
and prevalence of human and rodent malaria infection
[36]. The bacterium Asaia bogorensis remodels glucose
metabolism in a way that increases midgut pH, thereby
promoting Plasmodium berghei (the agent of rodent
malaria) gametogenesis within Anopheles stephensi [18],
while Aedes mosquitoes positive for Serratia marcescens
were more permissive to dengue virus infection [37]. The
microbial communities of mosquito midgut have been
shown to activate mosquito immune defense response to
pathogen colonization [38—40]. It was previously thought
that gut bacteria have no direct interactions with Plasmo-
dium parasites and can influence pathogen colonization
only through the immune defense system of mosquitoes.
However, Cirimotich et al’s [36] study showed that Enter-
obacter bacteria can produce a short-lived anti-Plasmo-
dium molecule, like reactive oxygen species (ROS), which
in high concentrations can significantly reduce P. berghei
intensities in vitro.

Mounting evidence suggests that the contributions
of the vector microbiota to vector physiology and
pathogen lifecycle are so relevant that biology and
vectorial capacity cannot be understood without con-
sidering microbial communities within the vectors.
The evidence suggests that microbiome manipula-
tion can be used to disrupt and/or block the pathogen
life cycle within the vector. Indeed, several strategies
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for microbiome manipulation are used as a means for
blocking transmission [20]. Among the most utilized
strategies are the identification of naturally occurring
microorganisms that impair pathogen fitness [19, 41],
the design and development of paratransgenic bacte-
ria [42] and the dissemination of microorganisms such
as Wolbachia that are naturally spread from mother
to offspring and can block the development of some
pathogens [43, 44]. Studies on human malaria showed
that the clearance of microbiota with antibiotic treat-
ment can significantly enhance mosquito susceptibility
to the pathogen [38, 45]. Furthermore, vector microbi-
ota disturbance by exposure to penicillin-streptomycin
reduced Arbovirus infection in Ae. aegypti [37] while
enhancing the susceptibility of Anopheles gambiae mos-
quitoes to Plasmodium falciparum infection [21]. Nota-
bly, the effects of azithromycin and doxycycline on the
mosquito microbiota produced differential alteration in
the vectorial capacity of human malaria mosquitoes, as
azithromycin decreased P. falciparum load and, at high
concentrations, doxycycline increased P falciparum
infection load [22]. Mosquito microbiota can also be
easily disrupted by the introduction of extrinsic bacte-
ria, which influence pathogen development and trans-
mission [35]. For example, experimental transference of
the intracellular bacterial endosymbiont Wolbachia to
Ae. aegypti inhibits the ability of chikungunya and den-
gue viruses and of the avian malaria agent Plasmodium
gallinaceum to infect mosquitoes [46, 47]. In natural
conditions, these bacteria are not frequently found in
Ae. aegypti, but are frequently found in Aedes albopic-
tus [46]. This suggests that introduction of uncommon
members of the microbiome can disrupt potential co-
evolution between pathogens and the microbiota. The
genus Wolbachia is formed by a large group of intracel-
lular bacteria that have been extensively used in several
medical and veterinary applications [48]. An additional
study revealed that resistance to Zika virus infection in
Ae. aegypti mosquitoes was associated with the pres-
ence of Wolbachia in the vectors [49]. Salivary glands
of mosquitoes harboring Wolbachia did not contain
any infectious virus [49]. Wolbachia’s ability to spread
through insect populations and impact vector capac-
ity makes it a good tool to study pathogen transmis-
sion with high potential for the control of vector-borne
diseases [48]. However, the mechanisms underlying the
caused effects are not fully understood [34]. In addi-
tion, strains of S. marcescens were found to impact the
establishment of the parasite Trypanosoma cruzi in the
vector Rhodnius prolixus [41] and the Anopheles mos-
quito’s capacity for Plasmodium transmission [19]. The
R. prolixus symbiont R. rhodnii loaded with anti-micro-
bial peptides as a paratransgenic system effectively
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killed T. cruzi parasites [42]. For a detailed revision of
current strategies used for insect microbiome manipu-
lation and blocking pathogen transmission, the reader
is referred elsewhere [20]. Surprisingly, host antibodies
specific to bacterial microbiota have been barely used
for microbiome manipulation and transmission block-
ing strategies.

Dynamics of host antibodies

within hematophagous ectoparasites

Ticks ingest large amounts of blood from the ver-
tebrate host during feeding. The tick midgut is the
first body organ in contact with host immune com-
ponents present in the blood. After crossing the gut
barrier [50-52], host antibodies [53] and complement
proteins [54] can reach the tick hemolymph [50-52]
and access the tick ovaries and eggs [55] as well as
salivary glands and be secreted back to the host [52]
(Fig. 1). Host immunoglobulin (Ig) G (IgG) persisted
through metamorphosis to the nymphal and adult
stages of Dermacentor variabilis and I scapularis
ticks, although after molting; host IgG levels declined
considerably faster in I scapularis compared with D.
variabilis [56]. In both tick species, the crossing of
host IgG from the midgut into the hemocoel occurred
during the later phases of engorgement [56]. Notably,
the immune functions of antibodies and complement
are retained in the tick tissues [50-52]. For example,
intact host C3 was found in the blood meal, and full-
length and cleaved C3s were observed within 1. scapu-
laris nymphs [54]. The IgG found in the hemolymph
of the soft tick Ornithodoros moubata was shown to
have the same antibody activity as ingested 1gG [57].
Active IgG can last long periods of time within the
tick. The IgG titer and activity reached a maximum
at 7 days post-engorgement and remained high for >
4 months during and after oviposition in O. moubata
[57].

Host antibodies and/or complement proteins have
also been detected in the guts of other hematopha-
gous ectoparasites such as mosquitoes [58, 59], sand-
flies [60, 61] and tsetse flies [62]. For example, mouse
antibodies were found to persist for 2-3 days after
the blood meal in the mosquito Ae. aegypti [58]. After
ingestion, the antibodies were bound to the cytoplasm
and the microvilli of mosquito midgut epithelial cells
[58]. However, rat antibodies were undetectable in
the same mosquito species [63], suggesting that host
species may influence the persistence of antibodies
within mosquitoes. Another study tracked the fate of
host antibodies by feeding An. stephensi mosquitoes
with sheep blood mixed with antibodies specific to
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bovine serum albumin (BSA) [59]. The anti-BSA anti-
body concentration at 24 h was directly related to that
fed to the mosquitoes during artificial feeding, and
homogenates of mosquito bodies excluding the intact
guts were always antibody-positive up to 9 days post-
feeding [59]. Undigested anti-BSA antibodies were
also detected in the mosquito hemolymph [59], sug-
gesting that as in ticks, host antibodies have broad
access to mosquito tissues. Rat complement compo-
nents necessary to initiate the alternative pathway
(factor B, factor D and C3) as well as C5 were also pre-
sent in the mosquito midgut for several hours follow-
ing blood ingestion [64].

When feeding on human blood, the hemolymph of
tsetse flies contains human albumin. Ingestion of albu-
min-specific antibodies was found to deplete the human
albumin, which was associated with damaged osmoregu-
lation and high mortality in these flies [62]. This shows
that host antibodies ingested by tsetse flies remain func-
tional and can affect vector fitness by depleting diet pro-
teins. Host immune proteins such as IgG, IgM and the
fraction C3 of the complement system were found to per-
sist in the sandfly Phlebotomus papatasi for longer than
host albumin, which disappeared rapidly, suggesting that,
within the vectors, host immune proteins are relatively
resistant to proteolytic degradation compared to other
serum proteins [60]. The functionality of host immune
proteins was demonstrated in the vector Lutzomyia lon-
gipalpis in which the midgut epithelium was found to
activate the alternative, classical and lectin pathways of
the human complement system as well as the antibody-
independent C1 deposition mechanism [61].

Once in the vector’s midgut, host antibodies inter-
act not only with tissues and surface proteins [53, 65],
but can also be specifically transported inside the cells
where they can interact with intracellular proteins [66—
68]. Targeting vector proteins with host antibodies is the
rationale behind using vaccines for the control of vec-
tor arthropods such as ticks [53] and mosquitoes [69].
For example, host antibodies against the protective tick
antigen Bm86, a glycoprotein predominantly located in
the membrane of tick gut cells [65], bind to the surface
of epithelial cells in the tick intestine [53] causing cell
lysis and reducing reproductive efficiency of engorged
females [53]. Likewise, purified IgG targeting the extra-
cellular domain of glutamate-gated chloride channel
from A. gambiae, also a transmembrane protein, reduced
the mosquito survival in a dose-dependent manner
[69]. Intracellular proteins such as PO [67, 68], involved
in the assembly of the 60S ribosomal subunit, and the
transcriptional factor Subolesin [70] were shown to be
good targets of anti-tick vaccines. These results indicate
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that host immune components present in the blood not
only access the vector tissues, cellular membranes and
intracellular space, but are also functional after blood
ingestion.

Interaction between host antibodies

and vector-borne pathogens within vectors

Once ingested, host immune components can remain
active from a few hours to months depending on the
species of blood-sucking arthropod, raising the pos-
sibility that vertebrate antibodies could interact with
pathogens and microbiota. Empirical work shows that
host antibodies can target vector-borne pathogens
within ticks [71] and mosquitoes [72-74]. Targeting
pathogen proteins expressed within the arthropod
vectors is the rationale behind transmission-block-
ing vaccines [73-75]. For example, Kumar and col-
leagues [71] identified BBA52 as an outer membrane
surface-exposed protein expressed preferentially by
B. burgdorferi in the feeding tick. Passive transfer of
anti-BBA52 antibodies into the guts of B. burgdorferi-
infected ticks did not affect bacterial burdens within
the guts of unfed or fed nymphs, but blocked spiro-
chete transmission to the murine hosts [71]. The
results suggested that the anti-BBA52 antibody blocks
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spirochete transmission by binding to BBA52 and
interfering with protein function rather than trigger-
ing a bactericidal mechanism [71]. Likewise, it was
shown that the activity of antibodies against OspA,
another transmission-blocking Lyme disease vaccine
target [75], does not require bacterial killing [76].
Further studies showed that host complement did not
contribute to protection from nymph to host trans-
mission because an OspA monoclonal antibody was
equally effective whether infected ticks fed on normal
or complement-deficient mice [54, 76]. Intriguingly,
host complement enhanced the ability of anti-OspA
antibodies to block tick larvae from acquiring spiro-
chetes from mice hyperimmunized with OspA [54].
Several proteins expressed by P falciparum mos-
quito stages have been identified [73, 74]. Three of
them, Pfs48/45, Pfs230 and Pfs25, are currently tar-
geted as lead candidates for transmission-blocking
vaccines [73, 74]. Antibodies to Pfs230-C, Pfs25
and Pfs48/45 proteins elicited by vaccination effec-
tively suppress both oocyst burden and percentage
of mosquitoes infected by P. falciparum gametocytes
in Anopheles mosquitoes [73, 74]. As in tick-borne
pathogens, transmission-blocking vaccines against
mosquito-borne pathogens such as Plasmodium sp.
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Fig. 1 Dynamics of host antibodies within ticks. The tick midgut is the first body organ in contact with host immune components present in the
blood. After crossing the gut barrier, host antibodies and complement proteins can reach the tick hemolymph and access the tick ovaries, eggs and

Tick ingest host antibodies and
complement proteins during
feeding.

Host antibodies and complement
proteins reach gut.

Host antibodies pass to salivary
glands through hemolymph.

Host antibodies pass to ovaries and
eggs through hemolymph.

Host antibodies can be secreted
back to the host.
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are generally accepted to act by inducing antibodies
that interfere with the biological function of acces-
sible parasite surface molecules in the mosquito
midgut [77]. Notably, antibodies against Pfs230C
reduced the number of Plasmodium oocysts > 80%
in the presence of active complement and < 40% in
the absence of complement [72]. These results sug-
gest that a population of antigen-specific antibodies
can have transmission-blocking activity by blocking
the biological function of targeted proteins, such as
blocking the fertilization of gametes, while other anti-
bodies are involved in the complement-mediated lysis
of gametes within the mosquitoes [72]. Neutralizing
antibodies against gametocyte and ookinete surface
proteins could block the parasite fertilization, zygote
transformation and subsequent traversal of the mos-
quito midgut, all critical steps in the Plasmodium life
cycle [78]. In contrast, other studies showed that anti-
bodies against P falciparum, obtained from immu-
nized or naturally exposed hosts and fed to infected
An. stephensi mosquitoes, were detected to bind
sporozoites in the hemolymph, but did not reduce
sporozoite infection in the salivary glands [79, 80].
Proteins expressed by pathogens preferentially dur-
ing transmission to the tick (e.g. OspA and BBA52)
or mosquito (e.g. Pfs25) vectors should not elicit spe-
cific antibodies in the vertebrate hosts. For example,
malaria-exposed individuals do not mount Pfs25-spe-
cific immune responses [81]. The absence of immune
pressure on surface proteins expressed by the patho-
gen during infection in the vector has been associated
with remarkable sequence conservation [78], which
further supports the use of these antigens as vaccine
candidates.

Interactions of host immune components

with symbionts and commensal microbes

within vectors

Functional host antibodies have been shown to interact
with symbionts in R. prolixus [82] and Glossina morsitans
[83] as well as with bacterial microbiota in mosquitoes
[84] and ticks [25, 26]. Rhodnius prolixus fed exclusively
on blood from rabbits immunized against Rhodoccocus
rhodnii have developmental alterations such as prolonged
molting times, incomplete development and malformed
limbs [82]. Feeding of R. prolixus larvae on hosts immu-
nized against their symbiont produces retardation of
the symbiont growth [82]. Developmental alterations
observed in R. prolixus fed on R. rhodnii-immunized
animals were similar to those described in aposymbiotic
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triatomines (sterile-raised and germ-free insects that lack
R. rhodnii) [85]. Interestingly, in addition to R. rhodnii-
specific antibodies, it was observed that recently fed bugs
contained numerous symbiont cells within host mac-
rophages found in R. prolixus guts [85]. Accordingly, cell-
mediated immunity, especially primed macrophages, was
proposed as playing a fundamental role in the reduction
of R. rhodnii levels within R. prolixus. Similar results were
obtained by Nogge [83] who found that tsetse flies fed on
rabbits immunized with symbionts became aposymbi-
otic, and their fecundity decreased drastically while their
longevity was not affected. Furthermore, a significant
number of flies maintained on rabbits immunized with
gut bacteria had permanently laterally extended wings
[86]. The extended wings are probably due to weakness
of thoracic flight muscles. Those wings were paralyzed,
which impaired flying and therefore trypanosomes trans-
mission, and the mortality rate was much higher in flies
that fed on immunized rabbits [86].

Another study addressed the question of whether anti-
bodies against midgut microbiota bacteria could impair
Plasmodium spp. life cycle within A. gambiae mosquitoes
[84]. To this aim, rabbits were immunized against whole
midgut lysates of A. gambiae. Immune sera contained
IgG specific to midgut lysates and two gram-negative
bacterial species, Pseudomonas aeruginosa and Cedecea
lapagei, isolated from the mosquito midguts [84]. A sig-
nificantly higher prevalence of P. falciparum oocysts was
found in mosquitoes fed on gametocyte cultures mixed
with the immune sera, while the same immune sera did
not affect Plasmodium yoelii oocyst development [84].
The differential effect observed in the two Plasmodium
species could be explained by differences in their life
cycle in relation to the expansion of midgut bacterial
populations after blood feeding. The authors suggested
that the midgut microbiota probably exert a greater influ-
ence on the ookinetes of late-developing species such
as P falciparum compared to early-developing species
such as P, yoelii. Notably, despite antibacterial IgG bound
P aeruginosa and C. lapagei, the immune sera did not
inhibit the growth of these bacteria in vitro [84].

More recently, anti-microbiota vaccines were
designed to target specific taxa within tick micro-
biota [25, 26]. The genus Escherichia-Shigella, iden-
tified as central in the tick microbial communities,
was targeted with host antibodies [25]. Immunization
of mice against live E. coli induced high levels of E.
coli-specific IgM and IgG that were negatively cor-
related with the abundance of Escherichia-Shigella
in tick microbiota [26]. The weight of nymph ticks
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that fed on E. coli-immunized mice increased sig-
nificantly compared with ticks fed on mock-immu-
nized mice. Immunization with E. coli was associated
with increased engorgement weight of Ixodes ricinus
nymphs [25, 26]. Strong and specific immune reaction
of mouse IgM against E. coli was confirmed by immu-
nofluorescence, while the reaction of anti-E. coli IgG
against the bacteria was comparatively less intense
[26]. Furthermore, high mortality was observed in
ticks fed on mice with high levels of IgM and IgG tar-
geting the carbohydrate a-Gal, broadly present in the
tick microbiota [25].

Using host antibodies for microbiome
manipulation: the forgotten strategy for blocking
pathogen transmission?

Host antibodies have multiple functionalities within
ticks, as they can target symbionts, commensal bacteria
and tissues (Fig. 2). However, many research questions
remain open such as: Can immunity against microbiota
bacteria modulate the structure and function of micro-
bial communities within the vectors? Can host immu-
nity be used as a tool for microbiome manipulation? Can
immunity against a single bacteria species trigger cascad-
ing ecological effects on the whole microbiome with con-
sequences for vector-pathogen interactions and pathogen
transmission to the host as well as host life history traits?
Answering those questions requires further research into
the impact of host immunity on vector-pathogen-micro-
biome multipartite interactions.

Recently, our team used a live bacteria vaccine as a
tool to manipulate the tick microbiome. Indeed, vac-
cination against the keystone bacteria E. coli reduced
bacterial diversity of the tick microbiome compared
to unfed ticks [26]. Co-occurrence network analysis
showed that the immunization with E. coli reduced
the number of edges and thus the number of interac-
tions among the bacterial taxa of the tick microbiome
compared to the control group. While the proportions
of positive or negative interactions as well as the net-
work diameter and modularity were similar between
the control group and the E. coli group, the number
of modules increased in the microbiome of ticks fed
on E. coli-immunized mice compared to the control
group [26]. Furthermore, local connectivity analysis
showed that the E. coli vaccine drastically reduced the
direct interactions of the taxon Escherichia-Shigella
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with other taxa in the microbiome of ticks fed on E.
coli-immunized mice compared to ticks fed on mock-
immunized mice [26]. The eigenvector centrality
value of Escherichia-Shigella also decreased in the
networks inferred from ticks fed on E. coli-immunized
mice compared to the control group. At the functional
levels, the abundance of several pathways changed
significantly between the control and E. coli group.
Notably, the relative abundance of one of these path-
ways (L-lysine fermentation to acetate and butanoate
pathway) was found exclusively in ticks fed on E.
coli-immunized mice [26]. These results showed that
an anti-microbiota vaccine against a keystone bacte-
rium can modulate the tick microbiome not only at
the taxonomic but also at the bacterial community
level by shifting the structure, interactions and func-
tional profile of microbial communities within the
vector suggesting that anti-microbiota vaccine can be
a suitable tool for specific manipulation of the vector
microbiome.

Conclusions

Hematophagous ectoparasites ingest large amounts of
blood containing host antibodies, complement pro-
teins and immune cells. These immune components
retain their immune functions within the midguts of
arthropod vectors. This offers the unique opportunity
of targeting vector bacterial microbiota with specific
antibodies to disrupt the vector-pathogen-microbiota
homeostasis. Effective chains of infection of vector-
borne pathogens involve competent vectors, infective
pathogens and an infection-compatible microbiome
(Fig. 3a). Mismatch of at least one of the components
(e.g. pathogen genetics, vector genetics or microbiota
composition) can result in an impaired ability of the
vector to transmit pathogens (Fig. 3b). For example,
population replacement (a strategy based on reducing
the vector competence for pathogens by genetically
modifying insects that no longer transmit pathogens)
is one of the strategies used for vector and/or patho-
gen control [20, 87]. As revised here, there is strong
evidence showing that alterations in the vector midgut
microbiomes affect pathogen transmission and infec-
tion. Therefore, deviations from infection-compatible
microbiomes could block transmission and disease
development (Fig. 3c). Anti-microbiota vaccines can
be used as a microbiome manipulation tool for the
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Fig. 2 Multiple functionalities of host antibodies within ticks. Antibodies induced by immunization against specific cells or antigens have multiple
functionalities within ticks. These host molecules can target symbionts, commensal bacteria and tissues. Created with BioRender.com
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induction of infection-refractory states in the vec-
tor microbiome (Fig. 3c). A current limitation of this
approach is that most bacteria in the vector microbiota
are unable to grow in standard laboratory media, which
makes isolating unculturable bacteria a major challenge
in current microbiological research. Shotgun metagen-
omics could be applied to the mapping of antigenic
proteins in the bacterial microbiota of vectors. Identi-
fied antigenic proteins from bacterial candidates could
be used as an alternative to live bacterial vaccines used
in current anti-microbiota vaccination approaches [25,

26]. Understanding specific traits, such as variance in
microbiota dynamics at individual and population lev-
els, and whether that relates to vertebrate host immune
system-microbiota interactions will be of great impor-
tance for future research. Likewise, new protocols
now make it possible to manipulate the microbiota of
arthropod vectors to generate axenic and gnotobiotic
individuals (associated with specific microorganisms
[88]). Such development could help to validate such an
approach based on the use of host antibodies for micro-
biota manipulation.
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