
Pilot and Feasibility Study: Morphological,
Molecular, and matrixassisted laser

desorption/ionisation timeofflight mass
spectrometry (MALDITOF MS) Identification
of Mosquitoes and Ticks and Associated

Bacteria from Côôôte d’Ivoire
Aka Edwige 1, Yannick NgnindjiYoudje 2,3, Claude Aimée DiahaKouamé 1,

Kouassi Lambert Konan 1, Souleymane Cissé 1, Philippe Parola 2,3 and Adama Zan Diarra 3,4,*
1 Institut Pasteur of Côte d’Ivoire, Abidjan 01 BP 490, Côte d’Ivoire

2 Aix Marseille Univ, SSA, RITMES, 13005 Marseille, France
3 IHUMéditerranée Infection, 1921 Boulevard Jean Moulin, 13005 Marseille, France

4 IRD, MINES, Maladies Infectieuses, négligées et Emergentes au Sud, 13005 Marseille, France
* Corresponding author: adamazandiarra@gmail.com; Tel.: +33(0)413732401;

Fax: +33(0)413732402

Submitted: 22 April 2024, accepted: 8 July 2024, published: 16 August 2024

Abstract: Introduction: Mosquitoes and ticks are arthropods and are considered to be the main
vectors of human and animal diseases worldwide. The aim of this study was to use of matrixassisted
laser desorption/ionisation timeofflight mass spectrometry (MALDITOF MS) to identify ticks and
mosquitoes in Côte d’Ivoire. Methods: Ticks were collected from sheep reared at the Institut Pasteur
and mosquitoes from the institute’s courtyard. Specimens were then identified using morphological
and molecular techniques, before MALDI TOF MS identification was attempted, by testing the
obtained spectra against those from an inhouse MS arthropod spectra database. Tickassociated
bacteria were also identified using molecular tools. Results: A total of 16 and 47 mosquito and
tick specimens were used, respectively. Morphologically, mosquitoes were only identified as the
Culex genus and ticks were identified as Amblyomma variegatum (n = 36; 76.60%) and Rhipicephalus
(Boophilus) microplus (n = 11; 23.43%) species. MALDITOF MS combined with molecular biology
showed that 14 of the mosquitoes were Culex quinquefasciatus and the 36 tick specimens were
confirmed to be A. variegatum and 9 were R. (B.) microplus. Tick screening showed the presence
of DNA of Rickettsia africae in A. variegatum, and of Ehrlichia canis and Ehrlichia ruminantium in R.
(B.)microplus. Conclusion: MALDITOF MS is a fast and efficient tool for identifying arthropods. The
transfer of MALDITOF MS technology and staff training should be encouraged in African countries
for use in medical entomology and microbiology. The detection of pathogen DNA in ticks is evidence
of the existence and circulation of tickborne diseases in humans and animals.
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1. Introduction

Mosquitoes and ticks are hematophagous arthropods which are considered to be of major importance
to human and animal public health. These arthropods are currently considered to be the two main
vectors of human and animal diseases worldwide [1–3]. Mosquitoes belong to the Culicidae family,
comprising some 3563 species and subspecies subdivided into 44 genera. Among the mosquito
genera, Anopheles spp., Aedes spp., and Culex spp. are the most important vectors, due to their
role in the transmission of various pathogens, including parasites, viruses, and bacteria [4]. Ticks are
divided into three families: Argasidae (soft ticks), Ixodidae (hard ticks), and Nuttalliellidae, with around
900 recognised species [5]. Around ten percent of known tick species can transmit a wide variety of
pathogens, including bacteria, viruses, protozoa, and helminths [6].

The accurate identification of arthropods and the detection of associated microorganisms are
crucial steps in characterising and mapping competent vectors [7]. The gold standard technique
for identifying arthropods is morphological identification, based mainly on the observation of
morphological features [8]. Morphological identification is, however, limited by a lack of experts
capable of identifying arthropods, a lack available dichotomous keys for developmental stages, and
the impossibility of identifying species complexes or damaged or gorged specimens for ticks [7]. The
limitations of morphological identification can be overcome using molecular biological techniques.
However, this identification technique is timeconsuming, laborious, and costly, preventing its
widespread use [9]. From the 2010s to the present day, several studies have demonstrated the
effectiveness of MALDITOFMS at identifying numerous arthropod species. Today, MALDITOFMS is
presented as an alternative or complementarymethod tomorphological andmolecular identification for
arthropods [9]. MALDITOF MS is a simple, rapid technique, with no need for entomological expertise,
and less expensive reagents, despite the initial high cost of the machine and its maintenance [9].

This study was carried out as part of a partnership aimed at training a visitor in the use of
innovative techniques applied to arthropod identification and to transfer the techniques to Côte d’Ivoire
to perform onsite studies on a large number of specimens.

Our aim was to integrate morphological, proteomic (MALDITOF MS), and molecular methods
to identify ticks and mosquitoes, and to search for tickassociated microorganisms using molecular
biological tools.

2. Methods

2.1. Tick and Mosquito Collection Zones

Ticks were collected from sheep reared at the Institut Pasteur de Côte d’Ivoire in Adiopodoumé (36″42′
2″ N, 8″18″50″ E) in the commune of Yopougon, and mosquitoes were collected in the institute’s
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courtyard. This site is located in the extreme northeast of the country and is characterised by
Mediterranean climatic conditions and an altitude of 400 m. The hot season extends from May to
October, with average temperatures above 20 ◦C, and the cold season extends from November to
April, with average temperatures below 16 ◦C. Average annual precipitation is 556 mm, but rainfall is
irregular, ranging from 23 mm in summer to 221 mm in winter.

2.2. Collection and Morphological Identification of Mosquitoes and Ticks

Mosquitoes were collected using a mouth aspirator on site betweenMarch and April 2022. Mosquitoes
were counted, identified to the genus level, and stored in dry tubes at room temperature. Ticks were
collected from sheep reared at the Institut Pasteur in March 2022. Ticks were identified with a binocular
magnifying glass using identification keys [8], then stored in tubes containing 70% ethanol for one
to two months before MALDITOF MS analysis. Mosquitoes and ticks were transferred to the IHU
Mediterranean infection laboratory (Marseille, France) for analysis. In Marseille, the morphological
identification of tick specimens was verified by two tick specialists using a magnifying glass (Zeiss
Axio Zoom.V16,Zeiss, Marly le Roi, France) using the key developed by Walker et al. [8]. The number
of rows of teeth in the subgenus Rhipicephalus (Boophilus) column was observed using an electron
microscope (SEM Hitachi TM4000 Plus) and photographed for species identification.

2.3. Mosquito and Tick Dissection

Mosquitoes were dissected individually using a sterile surgical blade under a binocular magnifying
glass. For each specimen, the legs and thorax (without wings) were harvested and transferred
separately into 1.5 ml Eppendorf tubes for MALDITOF MS analysis, and the other body parts
(abdomens and heads) were transferred into another 1.5 ml Eppendorf tube used for any molecular
analysis [10].

The four legs on the same side of each tick were cut off using a sterile surgical blade, and the tick
body was cut longitudinally into two halves. All four legs were used for MALDITOF MS analysis, the
half of the tick without legs was selected for molecular analysis, and the second half with the remaining
legs was stored at −20 ◦C [11].

2.4. Sample Homogenisation and MALDITOF MS Analysis

Each dissected mosquito and tick compartment were individually homogenised using a TissueLyser
(Qiagen) and glass powder (SigmaAldrich, Lyon, France) in a homogenisation buffer composed of
a mixture of 70% formic acid (SigmaAldrich, Lyon, France) and 50% acetonitrile (Fluka, Buchs,
Switzerland), as previously described [10,11]. After homogenisation of the sample, rapid centrifugation
was performed and 1 µL of the supernatant from each sample was deposited on the MALDITOF
steel target plate in quadruplicate (Bruker Daltonics, Wissembourg, France). After drying at room
temperature, 1 µL of the matrix solution composed of saturated αcyano4hydroxycinnamic acid
(SigmaAldrich, Lyon, France), 50% (v/v) acetonitrile, 2.5% (v/v) trifluoroacetic acid (SigmaAldrich,
Dorset, UK), and HPLCgrade water was added. To check the quality of the matrix and the
performance of the MALDITOF device, A. variegatum bred in our laboratory were included on each
plate and used as positive controls.

2.5. MALDITOF MS Parameters

Protein mass profiles were obtained using a Microflex LT MALDITOF Mass Spectrometer (Bruker
Daltonics, Bremen, Germany), with detection in the linear positiveion mode at a laser frequency of
50 Hz within a mass range of 2–20 kDa. The setting parameters of the MALDITOF MS apparatus
were identical to those previously used [12]. The spectrum profiles obtained were visualised with
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flexAnalysis v.3.3 software and exported to ClinProTools version v.2.2 and MALDIBiotyper v.3.0
(Bruker Daltonics, Germany) for data processing (smoothing, baseline subtraction, peak picking) and
evaluation with cluster analysis.

2.6. MS Spectral Analysis and Blind Test

MS spectral profiles were visualised with flexAnalysis v.3.3 software (Bruker Daltonics, Bremen,
Germany). The reproducibility of the MS spectra was assessed by comparing the mean spectral
profiles (main spectrum profile, MSP) obtained from the four spots for each specimen with
MALDIBiotyper v.3.0 software (Bruker Daltonics, Bremen, Germany) [10]. Cluster analyses (MS
dendrogram) were performed on the basis of MSP comparisons given by MALDIBiotyper v.3.0
software [10].

MS spectra of mosquito legs and thorax, and tick legs were tested against reference MS spectra
from the inhouse arthropod spectra database containing spectra of several mosquito and tick species
(Supplementary Table S1) [13]. The reliability of species identification was estimated using logscore
values (LSV) obtained from MALDIBiotyper v.3.0 software, ranging from 0 to 3. LSV ≥ 1.7 was
considered reliable for species identification [14,15].

2.7. DNA Extraction and Molecular Identification of Mosquitoes and Ticks

To confirm themorphological andMALDITOFMS identification, six mosquito and eight tick specimens
were selected and submitted for molecular analysis. Of these, 4/6 mosquitoes had been identified
via MALDITOF MS as C. quinquefasciatus with an LSV ≥ 1.7, which was considered a reliable
identification [14]. For the remaining 2/6 mosquitoes, an LSV < 1.7 was obtained. The eight tick
specimens tested using molecular tools were four A. variegatum and four R. (B.) microplus identified
through MALDITOF MS with LSVs > 1.7.

Genomic DNA was extracted from the abdomen and head of these mosquitoes and from
the legless half of these ticks using the EZ1 DNA Tissue Kit (Qiagen), in accordance with
the manufacturer’s instructions. Mosquitoes and ticks were identified via standard PCR using
the cytochrome c oxidase I (COI) gene amplifying approximately 720 bp [4] and the 16S tick
gene amplifying 400 bp [16]. The amplified products were purified and sequenced as described
previously [17]. The obtained sequences were assembled and corrected using Chromas Pro1.77
(Technelysium Pty. Ltd., Tewantin, Australia) and a BLAST query was performed against the NCBI
GenBank database [18] and COI sequences of mosquitoes against the Barcode of Life Data Systems
database (BOLD) [19].

2.8. Molecular Detection of MicroOrganisms in Ticks

Tick and mosquito specimens were qPCRtested for the presence of Rickettsia spp., Bartonella spp.,
Anaplasmataceae, Borrelia spp., Coxiella burnetii, and Piroplasmida using primers and probes, as
previously described [20,21]. qPCR was performed using the CFX96 realtime system (BioRad,
MarnesLaCoquette, France). The qPCR reaction contained DNA from Rickettsia montanensis,
Bartonella elizabethae, Anaplasma phagocytophilum, Coxiella burnetii, Borrelia crocidurae, and
Babesia vogeli from our laboratory cultures as a positive control and DNA from R. sanguineus s.l
reared in our laboratory, which are known to be free of the bacteria cited above, as a negative control.
The samples were considered to be positive when the cycle threshold (Ct) was less than 36 [21].

Positive samples for Rickettsia spp. were then submitted to a qPCR system specifically for
detectingR. africae [21]. Samples positive for Anaplasmataceae spp. were subjected to standard PCR
and sequencing by the amplification of a 520 bp fragment of the 23S rRNA gene to identify bacterial
species [21]. The Anaplasmataceae spp. sequences obtained were assembled and analysed with
ChromasPro software (Version 1.7.7) (Technelysium Pty. Ltd., Tewantin, QL, Australia), and then
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compared with the NCBI reference sequence database, which is available in GenBank (http://blast.
ncbi.nlm.nih.gov/) [18].

3. Results

3.1. Morphological Identification

A total of 16 mosquito specimens and 47 tick specimens were collected. Morphologically, mosquitoes
were all identified as Culex spp. Ticks were identified morphologically as A. variegatum (n = 36;
76.60%) and R. (B.) microplus (n = 11; 23.43%). The number of rows of hypostomal teeth that
we observed under the electron microscope in Rhipicephalus spp. was 4+4 columns, hence the
identification of these ticks as R. (B.) microplus (Figure 1A). Photos of female and male R. (B.)
microplus (Figure 1B,C) and female and male A. variegatum (Figure 1D,E) are presented below.

Figure 1: Electron microscope image of the number of hypostomal rows of teeth of R. (B.) microplus (A). Dorsal view of R. (B.) microplus female
(B), male (C) and A. variegatum female (D), male (E).

3.2. Identification of Mosquitoes and Ticks via MALDITOF MS

Analysis of the MS spectra profiles of tick legs showed that 100% (36/36) and 81.81% (9/11) were
of high intensity (>3000 arbitrary unit (a.u.)) and quality, respectively, for A. variegatum and R.
(B.) microplus (Table 1). Similarly for mosquitoes, 100% (16/16) of thorax spectra and 93.75%
(15/16) of leg spectra were of high intensity (>3000 a.u.) and quality (Table 1). A visual comparison
of the MS profiles of mosquito and tick legs and thoraxes shows that they differed considerably
(Figure 2A). Cluster analyses of MS spectra from mosquito legs and thoraxes, and tick legs, showed
that specimens of the same species were grouped together (Figure 2B). Tick and mosquito spectra

http://blast.ncbi.nlm.nih.gov/
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used for visual comparison and cluster analysis are available at the following link: https://doi.org/10.
35081/17txqm42.

Figure 2: Specific MALDITOF MS spectra of mosquitoes and ticks species. (A) Representation of leg MS spectra from A. variegatum (1, 2),
R. (B.) microplus (3, 4), C. quinquefasciatus (5, 6), thorax of C. quinquefasciatus (7, 8), and the thorax of Culex sp. (9, 10). (B) Dendrogram
constructed using one to two representative MS spectra from mosquito and tick species.

Table 1: The number of mosquito and tick species used for MALDITOF MS analysis and identification percentages.

Arthropods
Species

Number of
Specimens
Tested

GoodQuality
Spectra (%)

MALDITOF MS
Identification
(n)

LSVs Range
(Average ±
Standard
Deviation)

Number with
LSVs ≥ 17
(%)

Culex spp. 16

15L (93.75%)

C.
quinquefasciatus
(n = 14)

1.915 to 2.505
(2.250 ± 0.206) 14 (100%)

Unidentified
(n = 1) 1.345 /

16T (100%)

C.
quinquefasciatus
(n = 14)

1.887 to 2.405
(2.159 ± 0.185) 14 (100%)

Unidentified
(n = 2) 1.315 and 1.687 /

A. variegatum 36 36 (100%) A. variegatum
(n = 36)

1.811 to 2.211
(1.975 ± 0.081) 36 (100%)

R. (B.)
microplus 11 9 (81.81%) R. (B.) microplus

(n = 9)
1.753 to 2.068
(1.924 ± 0.094) 9 (100%)

L = Legs, T = thoraxes.

Quality MS spectra with intensity (>3000 a.u.), i.e., mosquito legs (n = 15) and thorax (n = 16),
and tick legs (n = 47) were compared to our inhouse database of MALDITOF MS arthropod spectra.
Identification scores (LSVs) ranged from 1.315 to 2.505 with amean of 2.056± 0.185 for mosquito legs
and from 1.224 to 2.405 (mean = 2.156 ± 0.206) for mosquito thoraxes. The LSVs ranged from 1.811
to 2.211 (mean = 1.975 ± 0.081) and from 1.753 to 2.068 (mean = 1.924 ± 0.094) for A. variegatum

https://doi.org/10.35081/17tx-qm42
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and R. (B.)microplus legs, respectively (Table 1). The leg spectra of 14/15 mosquitoes were identified
as those of C. quinquefasciatus, of which 100% had LSVs≥ 1.7. Also, 1/15 spectrum was unidentified
(LSV < 1.7) (Table 1). For mosquito thorax spectra, 14/16 were identified as C. quinquefasciatus, of
which all (14/14) had LSV ≥ 1.7, and 2/16 spectra were unidentified. For ticks, 100% (36/36) of the
leg spectra of A. variegatum and 100% (9/9) of R.(B.) microplus were identified through MALDITOF
MS as A. variegatum and R.(B.) microplus with LSV ≥ 1.7 (Table 1).

3.3. Molecular Identification of Mosquitoes and Ticks

Four specimens identified via MALDITOF MS as C. quinquefasciatus specimens and eight tick
specimens (four A. variegatum and four R. (B.) microplus identified via morphology and MS) were
submitted to molecular identification for confirmation. Similarly, the two specimens that had been
considered Culex sp. on the basis of their morphology, but whose leg and/or thorax spectra had not
been identified through MALDITOF MS were also subjected to molecular identification in order to
determine the species.

A comparison of the four specimen sequences identified via MALDITOF MS as C.
quinquefasciatus with LSV > 1.7 with sequences from the NCBI GenBank and BOLD databases
showed that they were 100% identical to the sequence of C. quinquefasciatus (MK575480) contained
in both databases. For the two specimens which were not identified via MALDITOF MS, the
sequence of one of the specimens was 92.26% identical to the sequence ofCoquillettidia maculipennis
(GQ165785) available in the NCBI GenBank and BOLD. The sequence of the other specimen
was 99.69% identical to that which was deposited as an unidentified specimen of Chironomidae
(MZ634079), available in NCBI GenBank and BOLD. The sequences of Am. variegatum and R. (B.)
microplus were 100% identical to the sequences of A. variegatum (JF949794) and R. (B.) microplus
(EU918187).

3.4. Molecular Detection of MicroOrganisms in Ticks

The screening of DNA extracted from ticks revealed the presence of DNA of Rickettsia spp. in 26/36
(72.22%) of A. variegatum and of bacteria of the Anaplasmataceae family in 7/11 (63.63%) of R. (B.)
microplus. DNA of the other microorganisms tested (Bartonella spp., Borrelia spp., Coxiella burnetii
and Piroplasmida) was not found in our ticks. All mosquito specimens were negatives for Rickettsia
spp., Bartonella spp., Anaplasmataceae, Borrelia spp., Coxiella burnetii, and Piroplasmida. All ticks
positive for Rickettsia spp. were identified as R. africae through specific qPCR. Sequencing of seven
specimens positive for bacteria of the Anaplasmataceae family yielded five sequences. The BLAST
of these sequences against the NCBI GenBank database showed that four sequences were 98.54%
identical with the Ehrlichia canis sequence (KY498333) and one was 100% identical with Ehrlichia
ruminantium (CR925677).

4. Discussion

In this study, which focused on mosquitoes and ticks, MALDITOF MS confirmed the morphological
identification of ticks and enabled us to identify all mosquitoes except two specimens which we
considered to be mosquitoes, and which were in fact other insects. The limitations of our study
could be the small number of specimens and the difference between the number of mosquito and
tick specimens. However, the study was conducted to train a visitor in MALDITOF MS techniques,
whose effectiveness in the identification of on hundreds or thousands of mosquito and tick specimens
has been proven [11,13,14,21]. In terms of microorganisms, the presence of DNA from R. africae, E.
canis, and E. ruminantium was found in ticks.

MALDITOF MS is a technique for identifying protein macromolecules through sample ionisation.
The sample to be analysed is coated with a matrix, then struck by a laser beam which induces the
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desorption and ionisation of the sample. The ions are generated separately from each other on the
basis of a masstocharge ratio (m/z) [9]. Measurement of this ratio is determined by the timeofflight
required for an ion to pass through the tube to the detector (timeofflight). This process generates
a spectrum that reveals information about the protein composition of the sample analysed, and may
enable its identification [9].

The MALDITOF MS technique has been used in microbiology since the early 2000s to identify
bacteria, fungi, and yeasts. Recently, the technique has been successfully applied to identify protozoa,
intestinal helminths, and several arthropod species [9]. The speed, costeffectiveness, and reliability
of this approach have largely contributed to its use in clinical microbiology laboratories for routine
diagnosis worldwide. The principle involves comparing MS spectra of unknown microbial organisms
with a database containing reference MS spectra of thousands of microbial species [9].

This study highlights the usefulness of MALDITOF MS in identifying arthropods, particularly for
mosquito specimens that could not be identified morphologically. However, two insect specimens
could not be identified either by MALDITOF MS or by molecular biology, demonstrating that
morphological identification is an essential step in the constitution of molecular and proteomic
databases. This shows that the different identificationmethods, despite the limitations and advantages
of each, are complementary and should be used in an integrative way [16].

In this study, all the mosquitoes had only been identified morphologically to the genus level
(Culex sp.) due to the lack of experts able to differentiate the Culex species, and also because the
specimens were damaged, whichmade the typically distinguishable characteristics poorly visible. This
explains the interest researchers have toward MALDITOF MS, which requires no particular expertise
in entomology [9]. The MALDITOF MS tool enabled us to identify all the mosquitoes at the species
level, with the exception of two specimens.

Most of the mosquitoes had been identified by MALDITOF MS as C. quinquefasciatus. The
MS profiles of the legs and thorax of Culex specimens are different, as shown in the dendrogram.
This difference is linked to the different protein composition of Culex legs and thoraxes. Previous
studies had already shown a difference between the MS profiles of different body parts of the same
arthropod [16,22–24]. This identification was confirmed by molecular biology using randomly selected
specimens. Culex quinquefasciatus is a mosquito which is widespread in tropical urban areas. It
feeds on the blood of humans and animals, and this behaviour enables it to play an important role
in the amplification and transmission of zoonotic diseases [25]. This mosquito is responsible for the
transmission of a wide variety of pathogens, including Wuchereria bancrofti (which is responsible for
lymphatic filariasis), the parasite of avian malaria (Plasmodium relictum), West Nile virus, Japanese
encephalitis, St. Louis fever, and Rift Valley fever [25]. In addition to their role as vectors, C.
quinquefasciatus also cause serious harm to humans by biting them while they are taking their blood
meals [25]. In Côte d’Ivoire, C. quinquefasciatus has been reported in several localities, representing
the most abundant mosquito species [26,27].

Interestingly, the COI gene sequences of two specimens thought to be Culex sp. were closer to
the sequences ofC.maculipennis and an insect of the Chironomidae family, according to themolecular
results. However, given the percent identity of these sequences, the two specimens are undoubtedly
other insects whose species have not yet been identified. Ultimately, these two specimens were not
identified at the species level by either MALDITOF MS or molecular biology.

Chironomids (Diptera: Chironomidae), known as “nonbiting midges”, are the most numerous
family of freshwater insects [28]. The Chironomidae are mosquitolike insects, but lack the wing
scales and elongated mouthparts of the Culicidae; they are distributed worldwide and divided into
eleven subfamilies. More than 5000 species have been described [28]. The genus Coquillettidia
(Culicidae, Diptera) are mosquitoes considered natural vectors of avian malaria in Africa, and adults
of Coquillettidia spp. are easily confused with Aedes and Culex [29].

Two tick species were identified in our study: A. variegatum and R. (B.) microplus. In ticks,
R. (B.) microplus 4+4 columns of hypostomal teeth [8], which is one of the discriminating criteria,
could be clearly observed. The tick A. variegatum is widely distributed in subSaharan Africa, causing
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substantial economic losses in domestic ruminants through exsanguination or physical injury, and also
through the transmission of Ehrlichia ruminantium, the agent of cowdriosis (“heartwater”) [30]. This
tick is also the main vector of R. africae, the agent of African tick bite fever (ATBF) in subSaharan
Africa [31]. TheAmblyomma variegatum tick has been found in several studies in Côte d’Ivoire [31–34]
and used to represent the most predominant species on cattle before the discovery ofR. (B.)microplus
in 2007 [35]. Rhipicephalus (Boophilus) microplus is a Southeast Asian tick, introduced into West
Africa probably through the uncontrolled importation of live cattle from Brazil [36]. This exotic tick was
first discovered in Côte d’Ivoire in 2007 [37] after its introduction, and has since gradually spread
to other West African countries [35]. This tick is an effective vector of Babesia bovis, Babesia
bigemina, and Anaplasma marginale, the pathogens of babesiosis, and anaplasmosis, respectively,
in cattle [35,38].

With regard to tickborne microorganisms, we found the DNA of R. africae in A. variegatum, the
DNA of E. ruminantium, and a bacterium close to E. canis in R. (B.) microplus.

ATBF is a rickettsial disease caused by R. africae, an obligate intracellular Gramnegative
bacterium transmitted by ticks of the genus Amblyomma, mainly A. variegatum in subSaharan
Africa [39]. Although ATBF is an acute febrile illness, it is often undiagnosed or misdiagnosed in
Africa due to the lack of effective laboratory diagnostic tools, but also because the disease is most
often benign, and eschars and mild rashes are more difficult to detect in blackskinned people [39–41].
However, after malaria, ATBF is the most frequently documented fever aetiology in travellers returning
from subSaharan Africa [41].

In Côte d’Ivoire, DNA of R. africae has already been reported in several tick species [31,42],
as well as in ticks from several African countries [39]. Ehrlichia ruminantium, the causative
agent of cowdriosis in wild and domestic ruminants, is transmitted mainly by ticks of the genus
Amblyomma [43]. The disease is present in most of subSaharan Africa, with the exception of the
very dry southwest [43]. In Côte d’Ivoire, E. ruminantium DNA was detected in A. variegatum, the
main vector [31], and R. (B.) microplus. In other West African countries, notably Benin, Burkina Faso,
Gambia, Nigeria, andMali, E. ruminantiumDNA has been detected in Am. variegatum and several tick
species, including R. (B.) microplus [21,44–47]. Ehrlichia canis is an obligate intracellular bacterium
that causes canine monocytotropic ehrlichiosis (CME) in dogs, mainly transmitted by Rhipicephalus
sanguineus, the brown dog tick [48]. The presence of E. canis DNA and antibodies against E. canis
have been reported in R. sanguineus ticks and dog blood, respectively, in previous studies in Côte
d’Ivoire [49–51]. In this study, E. canis DNA was detected in R. (B.) microplus, which is not the main
vector of this bacterium. However, the presence ofEhrlichiaDNA, close toE. canis, inR. (B.)microplus
has been reported in some studies [52,53].

5. Conclusion

This study shows that MALDITOF MS is a powerful tool for arthropod identification. Although this
tool is currently more widely used in developed countries, it remains little used, if at all, in developing
countries, particularly in Africa. This study enabled us to train personnel in the use of the MALDITOF
MS technique and to transfer the MALDITOF MS technology. The use of MALDITOF MS in future
entomology studies on a large number of specimens in Côte d’Ivoire will improve and facilitate the
identification of infectious disease vectors such as mosquitoes and ticks. Limitations to the use of this
technique include the development of the protocol (choice of compartment, sample grinding time),
sample storage conditions, the construction of a reliable database with the spectra of specimens
formally identified morphologically and/or molecularly, and the cost of the device. However, the device
can be used on bacteriology, mycology, and entomology platforms [9]. We believe that theMALDITOF
MS tool could be of substantial benefit of medical interest in terms of cost or added value for the
diagnosis of arthropods such as ticks and mosquitoes, despite the fact that resources are limited
in Africa.
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