
1© The Author(s) 2020. Published by Oxford University Press on behalf of Entomological Society of America.
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.

Morphology, Systematics, Evolution

Identification of Lice Stored in Alcohol Using 
MALDI-TOF MS

Hanene Benyahia,1,2 Basma Ouarti,1,2 Adama Zan Diarra,1,2,  Mehdi Boucheikhchoukh,3,  
Mohamed Nadir Meguini,4 Makhlouf Behidji,4 Ahmed Benakhla,3 Philippe Parola,1,2 and 
Lionel Almeras1,2,5,6

1Aix Marseille Univ, IRD, SSA, AP-HM, VITROME, Marseille, France, 2IHU-Méditerranée Infection, Marseille, France, 3Department 
of Veterinary Sciences, Chadli Bendjedid University, El-Tarf, 36000, Algeria, 4Institute of Veterinary and Agronomic Sciences, 
Mohamed Cherif Messaadia University, Souk-Ahras, Algeria, 5Unité Parasitologie et Entomologie, Département Microbiologie et 
Maladies Infectieuses, Institut de Recherche Biomédicale des Armées, 19-21 Boulevard Jean Moulin, 13005 Marseille, France,  
6Corresponding author, e-mail: almeras.lionel@gmail.com

Subject Editor: David Severson 

Received 16 July 2020; Editorial decision 27 October 2020

Abstract

Lice pose major public and veterinary health problems with economic consequences. Their identification is 
essential and requires the development of an innovative strategy. MALDI-TOF MS has recently been proposed 
as a quick, inexpensive, and accurate tool for the identification of arthropods. Alcohol is one of the most fre-
quently used storage methods and makes it possible to store samples for long periods at room temperature. 
Several recent studies have reported that alcohol alters protein profiles resulting from MS analysis. After pre-
liminary studies on frozen lice, the purpose of this research was to evaluate the influence of alcohol preser-
vation on the accuracy of lice identification by MALDI-TOF MS. To this end, lice stored in alcohol for variable 
periods were submitted for MS analysis and sample preparation protocols were optimized. The reproducibility 
and specificity of the MS spectra obtained on both these arthropod families allowed us to implement the refer-
ence MS spectra database (DB) with protein profiles of seven lice species stored in alcohol. Blind tests revealed 
a correct identification of 93.9% of Pediculus humanus corporis (Linnaeus, 1758) and 98.4% of the other lice 
species collected in the field. This study demonstrated that MALDI-TOF MS could be successfully used for the 
identification of lice stored in alcohol for different lengths of time.
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Résumé

Les poux posent des problèmes majeurs de santé publique et vétérinaire, avec des conséquences économiques. 
Leur identification est essentielle et nécessite le développement d’une stratégie innovante. Le MALDI-TOF MS 
a récemment été proposé comme un outil rapide, peu coûteux et précis pour l’identification des arthropodes. 
L’alcool est l’une des méthodes de stockage les plus fréquemment utilisées et permet de conserver les 
échantillons pendant de longues périodes à température ambiante. Plusieurs études récentes ont rapporté que 
l’alcool modifie les profils protéiques résultant de l’analyse de la SEP. Après des études préliminaires sur les 
poux congelés, le but de cette recherche était d’évaluer l’influence de la conservation de l’alcool sur la précision 
de l’identification des poux par la SEP MALDI-TOF. À cette fin, des poux conservés dans l’alcool pendant des 
périodes variables ont été soumis à l’analyse de la SEP et les protocoles de préparation des échantillons ont été 
optimisés. La reproductibilité et la spécificité des spectres de MS obtenus sur ces arthropodes nous ont permis 
de mettre en œuvre la base de données des spectres de MS de référence (DB) avec les profils protéiques de 
sept espèces de poux stockés dans l’alcool. Des tests en aveugle ont révélé une identification correcte de 93,9% 
de Pediculus humanus corporis (Linnaeus, 1758) et de 98,4% des autres espèces de poux collectées sur le ter-
rain. Cette étude a démontré que le MALDI-TOF MS pouvait être utilisé avec succès pour l’identification des 
poux stockés dans l’alcool pendant différentes durées.

Mots-clés: Poux, MALDI-TOF MS, méthode de stockage, identification.
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Graphical abstract

Lice are apterous insects that belong to theorder of Phtiraptera. They 
are mandatory ectoparasites of mammals and birds. More than 4,900 
species of lice have been described in the literature (Johnson et al. 
2004). Lice are separated into two suborders: Anoplura (sucking lice) 
and Mallophaga (chewing lice). Two genera are recognized within 
the human sucking lice order (Phthiraptera: Anoplura), Pthirus and 
Pediculus. Each genus is presented by one species, Phtirius pubis 
(Linnaeus, 1758) and Pediculus humanus (Linnaeus, 1758)  (Louni 
et al. 2018, Amanzougaghene et al. 2020). Both louse species are ob-
ligate blood-feeding parasites that have gorged on human blood for 
thousands of years (Amanzougaghene et al. 2020). The sucking lice 
feed exclusively on the blood of mammals (Boyd and Reed 2012). 
Chewing lice infest birds, mammals and feed mainly on epidermal 
debris from their hosts (Shao et al. 2015).

Lice such as the body louse (Pediculus humanus humanus) and 
head louse (Pediculus humanus capitis) (Linnaeus, 1758), which live 
in clothing and on the human scalp, respectively, are ectoparasites 
of great concern to public health (Louni et al. 2018). Lice have also 
been reported to be a veterinary problem, inducing economic loss, 
notably for livestock (Titchener 1985). These consequences can be 
summarized in some countries around the world by blood spoliation, 
anemia, stress, hair loss, severe pruritus, decreased appetite and milk 
production, focal necrosis, and scarring on the skin of heavily in-
fested animals (Domínguez-Peñafiel et al. 2011, Álvarez-Ortega and 
Peña-Santiago 2013). Body lice are very common in people living in 
unstable and impoverished conditions (Brouqui 2011), unlike head 
lice, which infest school children, regardless of the level of hygiene 
(Izri et al. 2010). Outside of their biotopes, the two species of lice 
are morphologically indistinguishable (Drali et al. 2013). Body lice 
transmitted infections form are part of the epidemics that have been 
described during wars throughout history (Raoult and Roux 1999). 
They are known to be vectors of human disease including Bartonella 
quintana, the agent of trench fever, Borrelia recurrentis, the agent 
of louse-borne relapsing fever, Rickettsia prowazekii, the agent of 
epidemic typhus (Raoult et al. 1998, Amanzougaghene et al. 2020), 
Yersinia pestis, the causal agent of plague and are also responsible 
for phtiriosis, otherwise known as pediculosis (McNair 2015). The 
potential of head lice as a disease vector has not yet been clearly 

established, despite the detection of the DNA of several pathogens in 
head lice (Mana et al. 2017, Amanzougaghene et al. 2020).

Morphological identification requires entomological expertise 
and accurate identification is sometimes not possible, notably for 
damaged or immature specimens, due to the lack of crucial criteria 
or identification keys (Dupuis et al. 2018). To overcome these draw-
backs, molecular approaches, such as sequencing the 18SrRNA 
gene, have been developed for lice identification (Whiting 2002). 
The sequencing of cytochrome c oxidase subunit I  (COI) gene of 
lice has also been used for their identification (Johnson et al. 2003). 
Recently, matrix-assisted laser desorption/ionization time of flight 
mass spectrometry (MALDI-TOF/MS) has been evaluated as a rapid 
tool for the identification of arthropods, including ticks (Boyer et al. 
2017), mosquitoes (Vega-Rúa et al. 2018), culicoides (Sambou et al. 
2015), and phlebotomine sand flies (Lafri et al. 2016). MALDI-TOF 
MS has also been successfully applied for the identification of frozen 
lice (Ouarti et al. 2020). The large majority of the arthropod fam-
ilies submitted to MALDI-TOF MS for identification have been per-
formed on fresh or frozen specimens (Yssouf et al. 2016). However, 
arthropod collection sites are often far from laboratories, which re-
quire the use of storage methods other than freezing, methods which 
are less restrictive for sample preservation. Alcohol at 70% or 90% 
(v/v) is one of the storage methods frequently used, preserving sam-
ples for long periods at room temperature (Song et al. 2016). Recent 
studies have reported a modification of MS profiles between fresh 
or frozen specimens compared to counter specimens preserved in 
alcohol buffer (Nebbak et  al. 2016, 2017). However, the stability 
over time of MS profiles from some tick and flea species stored in 
alcohol underline that MALDI-TOF MS could also be used for the 
identification of arthropods stored in this buffer (Diarra et al. 2017, 
Zurita et al. 2019).

The purpose of this study was to assess the influence of alcohol 
preservation on the accuracy of identification of lice by MALDI-
TOF MS. For this purpose, one laboratory-reared louse species, 
P. humanus corporis, was preserved in alcohol for periods ranging 
from 2 mo to 1 yr to assess the efficacy of MALDI-TOF MS for 
the correct identification of these arthropods. In addition, seven lice 
species from field, stored in alcohol from between a few months to 
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several years, and which had been morphologically identified, were 
submitted to MALDI-TOF MS to assess the intraspecies reproduci-
bility and interspecies specificity of resulting MS spectra.

Materials and Methods

Arthropod Rearing and Storing
Adult P. humanus corporis lice were reared in a climatic chamber 
(25°C, relative humidity 80–90%) and successive generations were 
obtained by allowing the lice to feed on rabbits, as previously de-
scribed (Mana et al. 2017). Two hundred adult specimens were sed-
ated at −20°C prior to being stored in 70% (v/v) alcohol at room 
temperature. Fifteen specimens stored in alcohol were collected 
every month for MS analysis between months 2 and 12.

Field Collection of Arthropods
Seven lice species (Bovicola caprae (Gurlt, 1843), Goniocotes 
gallinae (Geer, 1778), Goniodes gigas (Taschenberg, 1879), Goniodes 
dissimilis (Denny, 1842), Haematopinus eurysternus (Nitzsch, 1818), 
Menacanthus stramineus (Nitzsch, 1818), and Menopon gallinae 
(Linnaeus, 1758), collected from animals from the ‘El-Taref’ area 
(Algeria) were identified using morphological keys (Meguini et  al. 
2018). Between 9 and 15 specimens per species were included, rep-
resenting a total of 75 specimens. All lice collected were immediately 
stored in 70% (v/v) alcohol prior to morphological identification 
and being sorting by species. Details about number of specimens per 
species, storage duration, and mammal host origin are available in 
Table 1.

Sample Preparation for MALDI-TOF Analysis
The cephalo-thorax for some specimens was retained for MALDI-
TOF MS tests (Yssouf et  al. 2013). The abdomens of each spec-
imen were frozen at −20°C for later molecular biology analysis. 
The cephalo-thorax was placed in an oven at 37°C overnight, to 
evaporate organic solvents (Diarra et al. 2017). The cephalo-thorax 
of each louse specimen were then homogenized using TissueLyser 
(Qiagen) with a pinch of glass powder (Sigma, Lyon, France) as dis-
ruptor. The parameters selected for sample homogenization were 
six cycles of 60  s at a frequency of 30 Hertz. Then microliters of 
homogenization buffer were used for the lice conserved in alcohol 
(70%v/v). The homogenization buffer was composed of a 50/50 
(v/v) mix of formic acid (70%v/v) (Sigma) plus acetonitrile (50% 
v/v) (Fluka, Buchs, Switzerland). Two fresh P. humanus corporis spe-
cimens were homogenized using the same automated conditions, and 
used as positive controls.

Molecular Identification of Lice
The two specimens per species definitely identified by morphological 
criteria and selected for MS DB creation, were selected (Table 1). 
The abdomen was used for DNA extraction using a Qiagen kit 
(Qiamp DNA mini kit, Hildesheim, Germany) according to the 
manufacturer’s instructions, after mechanical homogenization. 
Species-level molecular identification attempts of the lice were per-
formed by sequencing a fragment of the 18SrRNA gene (Ouarti et al. 
2020). Primers SAIDG: (5′-TCTGGTTGATCCTGCCAGTA-3′) and 
SBIDG: (5′-ATTCCGATTGCAGAGCCTCG-3′) were used to am-
plify the 18SrRNA gene and LCO1490: 5′-GGTCAACAAATCAT
AAAGATATTGG-3′; HC02198: 5′-TAAACTTCAGGGTGACCAA
AAAATCA-3′) (Folmer et al. 1994) for molecular identification of 
lice in this study. Abdomens of two P. humanus corporis specimens 
freshly collected or stored in alcohol during 6–12 mo were used as 
extraction and PCR controls.

Sample Loading on MALDI-TOF Target Plates
After sample homogenization, centrifugation at 200  g was per-
formed for 1 min to pellet debris, and 1 µl of supernatant from each 
sample was loaded on the MALDI-TOF MS target plate in quadru-
plicate (Bruker Daltonics, Wissembourg, France) and covered with 
1 µl of CHCA matrix solution, composed of saturated alpha-cyano-
4-hydroxycynnamic acid (Sigma, Lyon, France), 50% acetonitrile 
(v/v), 2.5% trifluoroacetic acid (v/v) (Aldrich, Dorset, UK), and 
HPLC-grade water. After drying for several minutes at room temper-
ature, the target was placed in the Microflex LT MALDI-TOF Mass 
Spectrometer (Bruker Daltonics) for analysis. To control the matrix 
quality, sample loading, and MALDI-TOF apparatus performance, 
the matrix solution was loaded in duplicate on to each MALDI-TOF 
plate, with and without two fresh lice prepared under the same con-
ditions, which served as grinding controls.

MALDI-TOF MS Parameters
Protein mass profiles were generated using a Microflex LT MALDI-
TOF Mass Spectrometer (Bruker Daltonics, Germany), with detec-
tion in the linear positive-ion mode at a laser frequency of 50 Hz 
within a mass range of 2–20  kDa. The acceleration voltage was 
20  kV, and the extraction delay time was 200 ns. Each spectrum 
corresponded to ions obtained from 240 laser shots performed in six 
regions of the same spot, and automatically acquired using the Auto 
Xecute method of the flex Control v2.4 software (Bruker Daltonics). 
The spectrum profiles were visualized with flex Analysis v3.3 soft-
ware and were exported to ClinPro Tools v2.2 and MALDI-Biotyper 
v3.0 (Bruker Daltonics, Germany) for data processing (smoothing, 

Table 1. Overview of lice origins, subgroup selected for MALDI-TOF MS reference database creation a priori blind tests for MS 
identification and Log-score values for each species

Species Host Storage time 
(years)a

Total number 
of specimens

Number of specimens  
included in the database 
and sequenced

Species identified by 
MALDI-TOF MS

LSVs

Bovicola caprae Goats  (2014) 5 10 2 B. caprae [2.18–2.43]
Goniocotes gallinae Poultry  (2014) 5 9 2 G. gallinae [2.01–2.25]
Goniodes gigas Poultry  (2015) 4 9 2 G. gigas [2.03–2.35]
Goniodes dissimilis Poultry  (2015) 4 15 2 G. dissimilis [1.77–2.30]
Haematopinus eurysternus Cattle  (2014) 5 11 2 H. eurysternus [2.00–2.24]
Menacanthus stramineus Mammals  (2015) 4 10 2 M. stramineus [1.82–2.13]
Menopon gallinae Poultry  (2016) 3 11 2 M. gallinae [1.91–2.39]
Total   75 14   

aAll specimens were stored in 70% (v/v) alcohol.
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baseline subtraction, and peak picking) and evaluation with cluster 
analysis.

Spectral Analysis and Reference Database 
Upgrading
Intraspecies reproducibility and interspecies specificity of MS spectra 
were visually compared using the average spectra (main spectrum 
profile [MSP]) obtained from the four spectra of each sample tested 
using the flex Analysis v3.3 and ClinPro Tools v2.2 software (Bruker 
Daltonics). To create a database specific to lice samples preserved 
in alcohol, reference spectra (MSP) were created by combining the 
spectra replicate results from each selected specimen using the au-
tomated function of the MALDI-Biotyper software v3.0. (Bruker 
Daltonics). At least two specimens per species were used. MSPs were 
created on the basis of an unbiased algorithm using information 
on the peak position, intensity and frequency data. For P. humanus 
corporis, MS spectra from two specimens that had been freshly col-
lected or stored in alcohol for 2, 4, and 6 mo were selected to create 
reference MS spectra. A  total of eight P.  humanus corporis speci-
mens were then included in the database. Concerning the seven lice 
species collected in the field and stored in alcohol, MS spectra from 
two specimens per species were included in the reference MS spectra 
database, representing a total of 14 specimens. These 14 specimens 
were subjected to standard PCR using 18SrRNA and mCOI genes as 
previously described (Folmer et al. 1994, Ouarti et al. 2020). The MS 
spectra from the specimens included in the database were used for 
clustering analysis and to increment our homemade database using 
MALDI-Biotyper v.3.0. Software (Bruker Daltonics, Germany). 
Cluster analyses (MSP dendrogram) were performed to determine 
how organisms are related to one another. The setting parameters 
were as follows: distance measure by correlation, linkage by average, 
the score threshold value for a single organism was 300 (arbitrary 
unit), and for related organisms was 0 (arbitrary unit).

Blind Test for Study Validation
Blind tests were performed with new louse specimens which were 
either laboratory reared or collected in the field. Total spectra of 
226 specimens encompassing eight lice species were tested against 
the upgraded homemade MS reference spectra database. The level of 
identification significance was determined using the log score values 
(LSVs) given by the MALDI-Biotyper software v.3.3, corresponding 
to a matched degree of signal intensities of mass spectra of the query 
and the reference spectra. LSVs ranging from 0 to 3 were obtained 
for each spectrum of the samples tested. Based on previous studies 
(Yssouf et  al. 2013, Dieme et  al. 2014), an LSV greater than 1.8 
was considered as the cut-off for species identification. Data were 
analyzed using GraphPad Prism software version 5.01 (GraphPad, 
San Diego, CA).

Results

Assessment of Lice Preservation Modes and Duration 
Compatibilities With MALDI-TOF MS Analyses
Fifteen lice specimens from P. humanus corporis species, stored in 
alcohol from between 2 and 12 mo were submitted for MS anal-
ysis. MS spectra from fresh P.  humanus corporis specimens were 
particularly different from those of counter species stored in alcohol 
(Fig. 1(i)). MS spectra from lice stored for the same length of time in 
alcohol and between different time points presented visually similar 
MS spectra. To verify the reproducibility of MS spectra whatever 

the length of time they spent in alcohol, an MSP dendrogram was 
performed using two specimens per storage condition and duration 
(Fig. 1(ii)). Specimens stored in alcohol were grouped in a distinct 
branch from those freshly submitted to MS from the same species 
(i.e., P.  humanus corporis). Moreover, no ordination of the MS 
spectra was noted according to the length of time the sample was 
stored in alcohol. The mixing of the samples revealed that these MS 
profiles appeared to be stable, independently of the length of time 
they were stored in the alcohol buffer.

To confirm these results, MS spectra from 15 specimens per 
time point were queried against the homemade MS spectra ref-
erence database upgraded with MS profiles from six P. humanus 
corporis samples stored in alcohol for 2, 4, and 6 mo (two spe-
cimens per time point). Of the 165 MS spectra queried against 
the database, 97.6% (n = 161/165) of them were correctly identi-
fied at species level, matching with MS spectra from P. humanus 
corporis stored in alcohol (Fig. 1(iii)). The four MS spectra which 
were not identified came from specimens stored for three and 10 
mo, and were of very low quality (low MS peak intensity and di-
versity), explaining why they were not correctly identified (LSVs 
< 1.2). The LSVs of the remaining samples which were correctly 
identified (n = 161) ranged from 1.34 to 2.65. To consider the 
identification as reliable, LSVs should reach the threshold of 1.8. 
Here, 93.9% (n = 155/165) of MS spectra succeeded in reaching 
this threshold (LSVs > 1.8). Although the LSV threshold of 1.8 is 
considered for identification relevant of arthropods, for micro-
organism identification LSVs upper or equal to 1.7 and 2.0 were 
established for genus and species identification, respectively. The 
application of these thresholds revealed that 96.4% (159/165) 
of P. humanus corporis were identified at least at the genus level 
and 63.0% (104/165) at the species level. It is interesting to note 
that high LSVs were also obtained for MS spectra corresponding 
to specimens stored in alcohol for which respective time points 
were not included in the database. These results underlined the 
reproducibility of the MS spectra between these specimens, in-
dependently of the length of time the specimens were preserved 
in ethanol.

MS Database Creation and Blind Tests for Lice 
Identification by MALDI-TOF MS
To assess whether species-specific MS profiles could be obtained for 
lice preserved in alcohol for long periods, 75 specimens from seven 
lice species stored in alcohol for between 3 and 5 yr, were included 
in this study (Table 1). A subgroup of 14 lice which had been mor-
phologically identified, including two specimens per species, were 
selected for evaluating intraspecies reproducibility and interspecies 
specificity of MS spectra (Table 1). To confirm their morphological 
identification, molecular assays were done. Unfortunately, neither 
18SrRNA nor mCOI target gene sequences were successfully amp-
lified using DNA extract from 14 lice stored long time in alcohol. 
Conversely, PCR products were obtained from DNA extracts of 
P. humanus corporis specimens freshly collected or stored in alcohol 
during 6–12 mo, for both gene targets. The sequencing and BLAST 
of these gene products matched at 99% of identity and 100% cov-
erage with P. humanus corporis (18S RNA: FJ267398.1 and COI: 
KP143370). A visual analysis of the MS profiles from the cephalo-
thorax of lice using the Flex Analysis software indicated that they 
seem to be reproducible between specimens from the same species 
(Fig.  2(i)). Moreover, the MS profiles appeared to be distinct be-
tween lice species. The intraspecies reproducibility and interspecies 
specificity of MS profiles was objectified by cluster analysis. Cluster 
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analysis revealed clustering around distinct branches of lice ac-
cording to species (Fig.  2(ii)). However, lice from the same genus 
(e.g., Goniodes) were not all clustered on the same branch of the MSP 
dendrogram. Interestingly, MS spectra from P.  humanus corporis, 
stored in alcohol for 6 mo, were separated on the MSP dendrogram 
from the other lice species, underlining the specificity of their MS 
spectra. Based on these results, the spectra of these 14 specimens 
from these seven new species were used to increment the homemade 
MS reference spectra database. The 61 remaining lice were submitted 
for MS analysis. Resulting MS profiles were then used to query the 
homemade MS reference spectra database (Fig. 2(iii)). Overall, the 

query against the upgraded MS reference spectra database revealed 
LSVs ranging from 1.77 to 2.43 with 100% classification, corrob-
orating the morphological classification. An LSV threshold for con-
sidering an identification as relevant was established at 1.8 (Yssouf 
et al. 2013), and only one G. dissimilis specimen did not reach this 
threshold and could not be validated. The rate of relevant identifica-
tion was ultimately established at 98.4% (n = 60/61). If the thresh-
olds established for micro-organisms identification were taken into 
account for the lice, 100% (61/61) and 78.69% (48/61) reached the 
1.7 and 2.0 cut-off LSVs corresponding to genus and species classi-
fication, respectively.

Fig. 1. Consequences of storage mode and duration on mass spectrometry (MS) spectra of lice cephalo-thorax and their reliable identification. (i) Representative 
MS spectra of cephalo-thorax of adult Pediculus humanus corporis fresh (A, B) or stored for 2 (C, D), 3 (E, F), 4 (G, H), 5 (I, J), 6 (K, L), 7 (M, N), 8 (O, P), 9 (Q, R), 10 
(S, T), 11 (U, V), or 12 (W, X) months in alcohol 70% v/v. (ii) Reproducibility and specificity of MALDI-TOF MS spectra from P. humanus corporis lice. Two specimens 
per storing mode (fresh vs alcohol) and time of storing (from 2 to 12 mo in alcohol) were used to construct the MSP dendrogram. #: specimens number. The 
dendrogram was created using Biotyper v3.0 software and distance units correspond to the relative similarity of MS spectra. (iii) Comparison of LSVs obtained 
for 15 P. humanus corporis specimens stored in alcohol tested monthly against the upgraded homemade MS reference database. Dashed line represents the 
threshold value for reliable identification (LSV > 1.8). a.u., arbitrary units; m/z, mass-to-charge ratio.
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Discussion

For several years, the MALDI-TOF MS technique has been es-
tablished for the routine diagnosis of micro-organisms such as 
the identification of bacteria (Seng et al. 2009, Bizzini and Greub 
2010), archaea (Dridi et  al. 2012), yeasts, and filamentous fungi 
(Seng et al. 2009, Dridi et al. 2012). This innovative proteomic tool 
was also successfully applied for the detection of other pathogens 
such as helminths and intestinal protozoa of medical and veteri-
nary importance (Feucherolles et al. 2019). Most of these studies 
were based primarily on the identification of specific proteins 
rather than entire pathogens. However, others works reported the 
use of MALDI-TOF MS for species-specific identification of nema-
tode species, Trichinella spp. and Entamoeba spp. (Calderaro et al. 
2015, Mayer-Scholl et al. 2016, Bredtmann et al. 2017). Since then, 
the MALDI-TOF MS process has been successfully tested in med-
ical entomology to identify different arthropod families including 
culicoides biting midges (Dieme et al. 2014), mosquitoes (Müller 
et al. 2013, Yssouf et al. 2013, Yssouf et al. 2014), phlebotomines 
sand flies (Mathis et  al. 2015, Lafri et  al. 2016), fleas (Yssouf, 
et al. 2014), Tsetse flies (Hoppenheit et al. 2013, 2014), and ticks 
(Yssouf et  al. 2013a). These studies concerned mainly fresh or 
frozen stored arthropods. However, due to the location of the place 
of collection (far from the laboratory, lack of infrastructure, and 
transport time), the resources available in the field mean that other 
means of sample conservation are required. One of the most fre-
quently method used for arthropods is storage in alcohol (Zurita 
et al. 2019). Previous work has shown that storing arthropods in 
alcohol modifies MS profiles compared to fresh specimens of the 
same species, hampering direct identification by MALDI-TOF MS 
against the reference MS spectra database which only includes 
counter species from fresh or frozen specimens (Kumsa et al. 2016, 
Diarra et al. 2017).

This study revealed that the MALDI-TOF MS profiles of 
P. humanus corporis stored in alcohol were different from the fresh 
ones of the same species. The differences in MS profiles according to 
storage for specimens from the same species have already been re-
ported (Diarra et al. 2017, Zurita et al. 2019). Nevertheless, despite 
the variation of MS profiles due to storage in alcohol, it was under-
lined that the MS spectra remained reproducible for specimens of the 
same species stored for varying periods in alcohol. The intraspecies 
stability of the MS spectra is a key factor for suitable specimen iden-
tification using the MALDI-TOF MS tool (Diarra et al. 2017). The 
inclusion of MS spectra from specimens stored in alcohol is therefore 
essential for the reliable identification of counter species stored in the 
same organic buffer (Nebbak et al. 2017).

This strategy was successfully applied to Ixodid ticks from 
Ethiopia which were conserved in alcohol 70% (v/v) (Kumsa et al. 
2016). It was shown that, despite storing the ticks for a long time 
(2 yr or more), the MS spectra were reproducible for specimens of 
the same species. These results were confirmed more recently, under-
lining the reproducibility and stability of tick and flea MS spectra 
from specimens stored in alcohol for periods of time (Nebbak 
et  al. 2017). In addition, the sample preparation for MS analysis 
was standardized, which should facilitate sharing and exchanging 
results between research teams (Nebbak et al. 2017). Here, the ho-
mogeneity and specificity of the MS spectra from specimens stored 
in alcohol were validated by the clustering and intertwining of the 
MS spectra from P. humanus corporis lice samples stored in 70% 
alcohol whatever the period of conservation compared to the fresh 
one. The query against the upgraded MS spectra reference database 

Fig. 2. Specific MALDI-TOF MS spectra of eigth lice species stored in alcohol 
and assessment of their MS identification. (i) Representative lice MS spectra 
of cephalo-thorax from P. humanus corporis (A, B), B. caprae (C, D), G. gallinae 
(E, F), H. eurysternus (G, H), G. dissimilis (I, J), M. gallinae (K, L), M. stramineus 
(M, N), and G. gigas (O, P) stored in alcohol. (ii) MSP dendrogram constructed 
using two representative MS spectra from the eight distinct lice species stored 
in alcohol. (iii) Comparison of LSVs obtained for 7 to 13 specimens per lice spe-
cies stored in alcohol against the upgraded homemade MS reference database 
with MS spectra from respective species stored in alcohol. Dashed lines rep-
resent the threshold value for reliable identification (LSV > 1.8). a.u., arbitrary 
units; m/z, mass-to-charge ratio.

D
ow

nloaded from
 https://academ

ic.oup.com
/jm

e/advance-article/doi/10.1093/jm
e/tjaa266/6042599 by guest on 21 D

ecem
ber 2020



7Journal of Medical Entomology, 2020, Vol. XX, No. XX

with P. humanus corporis samples stored in alcohol enabled relevant 
identification (LSV > 1.8) for nearly 94% of them.

A recent study reported on the application of MALDI-TOF MS 
profiling for the identification of 13 lice species of veterinary impor-
tance (Ouarti et al. 2020). In this previous study, the cephalo thorax 
appeared as the best body part for MS submission. All these speci-
mens, collected from three distinct Algerian sites, Souk-Ahras, Guelma, 
and El-Taref, were stored at −20°C prior to MS analysis. Although 
six lice species (Bovicola caprae, Goniocotes gallinae, Goniodes gigas, 
Haematopinus eurysternus, Menacanthus stramineus, and Menopon 
gallinae) were shared with the present study, the MS spectra are not 
super imposable due to the different storage method. Here, the con-
servation of the lice in 70% ethanol buffer generated modifications to 
MS profiles compared to fresh or frozen stored counterpart species, as 
observed for P. humanus corporis. This phenomenon was previously 
repeatedly reported for ticks (Diarra et al. 2017, Nebbak et al. 2017), 
culicoides (Sambou et al. 2015), and fleas (Zurita et al. 2019).

It is interesting to note that 18S RNA and COI target gene 
sequences were successfully amplified using DNA extracts from 
P. humanus corporis specimens freshly collected or stored in alcohol 
during 6–12 mo. The failing of gene amplifications in the samples 
from the seven other lice species was not attributed to impairments 
of DNA extract or PCR experiments but rather likely to an inap-
propriate storing of lice samples. All the lice were stored in 70% 
ethanol during 4–6 yr at room temperature. Previous works reported 
that the preservation of sample in 70% ethanol is less efficient than 
96–100% ethanol notably concerning DNA integrity (Barnes et al. 
2000, Doorenweerd and Beentjes 2012). Effectively, 70% ethanol 
could induce incomplete fixation of the sample responsible for the 
degradation of the DNA, but also it low quality could participate to 
DNA hydrolysis (Spigelman et al. 2001).

The body part selected for MS analysis was the cephalo-thorax, 
which presented reproducible and specific MS profiles. The volume 
of homogenization buffer was adjusted to optimize the quality of 
the MALDI-TOF MS profiles. The main limitations are the small 
size of the lice, generating low protein quantities and MS spectra 
of lower intensity, but also the difficulty of sample grinding which 
made it necessary to increase the number of homogenization cycles. 
Compared to the standardized protocols on ticks (Diarra et  al. 
2017) and mosquitoes (Yssouf et  al. 2013b), the grinding time 
was doubled and the homogenization buffer was decreased. These 
modifications made it possible to obtain reproducible and specific 
profiles for lice but different from fresh counter species, as men-
tioned previously for other arthropod families (Yssouf et al. 2013a). 
Despite these optimizations, the MS profiles continue to be low in 
intensity. This low intensity is mainly linked to the small size of the 
cephalo-thorax of lice. MS profiles with low intensity had already 
been reported, for instance when the early developmental stages of 
mosquito larvae were analyzed by MALDI-TOF MS (Dieme et al. 
2014), and confirmed in a larger study aiming to monitor mosquito 
larvae in Marseille (Nebbak et al. 2018). Nevertheless, in this study, 
repeatable and specific MS spectra were obtained between seven 
species of lice kept in alcohol for several years. The query of the 
upgraded MS reference database with MS profiles from lice species 
stored in alcohol showed that 100% of the specimens were rele-
vantly identified, regardless of the length of time they were stored in 
alcohol, confirming the use of this proteomic tool for the identifica-
tion of lice stored in alcohol. The intraspecies reproducibility of the 
MS spectra from specimens stored in alcohol is a key factor for their 
reliable identification with this proteomic tool. The preservation of 
lice in alcohol is less restrictive than the freezing method and also 
makes it easier to transport or transfer samples. The enrichment of 

the MS spectra DB in the near future with additional lice species 
stored in alcohol will be essential if this tool is to be used for lice 
identification.

This innovative tool is to propose to physicians, researchers, or lab 
technicians an alternative strategy to morphological identification which 
requires entomologist competence or to molecular assays for which the 
price remains relatively high compared to MS analysis for entomological 
studies. The high throughput, low cost, rapidity, and accuracy of this ap-
proach could become a new tool to monitor arthropod vectors collected 
in the field or on mammalian hosts including humans. A rapid identifi-
cation of arthropods collected on human could be helpful for physician 
to propose preventive treatment of pathogenic agents. We are convinced 
of the high potential of the MALDI-TOF MS profiling for entomological 
diagnosis and more globally for medical entomology.

Acknowledgments
We are grateful to the Algerian veterinary doctors who collected and sent 
the samples of ground lice which were used in this project. Our thanks go 
to our laboratory colleagues for their help and generous support with this 
study. This study was supported by the Institut Hospitalo-Universitaire 
(IHU) Méditerranée Infection, the National Research Agency under the 
“Investissements d’avenir” programme, reference ANR-10-IAHU-03, the 
Région Provence Alpes Côte d’Azur and European funding ERDFPRIMI. This 
work has been supported by the Délégation Générale pour l’Armement (DGA, 
MoSIS project, Grant no PDH-2-NRBC-2-B-2113).

References Cited
Álvarez-Ortega,  S., and R.  Peña-Santiago. 2013. Taxonomy of the genus 

Aporcelaimellus Heyns, 1965 (Nematoda, Dorylaimida, Aporcelaimidae). 
Zootaxa 3669: 243–260.

Amanzougaghene,  N., F.  Fenollar, D.  Raoult, and O.  Mediannikov. 2020. 
Where are we with human lice? A review of the current state of know-
ledge. Front. Cell. Infect. Microbiol. 9: 474.

Barnes, I., J. Holton, D. Vaira, M. Spigelman, and M. G. Thomas. 2000. An as-
sessment of the long-term preservation of the DNA of a bacterial pathogen 
in ethanol-preserved archival material. J. Pathol. 192: 554–559.

Bizzini, A., and G. Greub. 2010. Matrix-assisted laser desorption ionization 
time-of-flight mass spectrometry, a revolution in clinical microbial identi-
fication. Clin. Microbiol. Infect. 16: 1614–1619.

Boyd, B. M., and D. L. Reed. 2012. Taxonomy of lice and their endosym-
biotic bacteria in the post-genomic era. Clin. Microbiol. Infect. 18: 
324–331.

Boyer, P. H., N. Boulanger, A. Nebbak, E. Collin, B. Jaulhac, and L. Almeras. 
2017. Assessment of MALDI-TOF MS biotyping for Borrelia burgdorferi 
sl detection in Ixodes ricinus. PLoS One 12: e0185430.

Bredtmann, C. M., J. Krücken, J. Murugaiyan, T. Kuzmina, and G. von Samson-
Himmelstjerna. 2017. Nematode species identification current status, 
challenges and future perspectives for cyathostomins. Front. Cell. Infect. 
Microbiol. 7: 283.

Brouqui, P. 2011. Arthropod-borne diseases associated with political and so-
cial disorder. Annu. Rev. Entomol. 56: 357–374.

Calderaro,  A., M.  Piergianni, M.  Buttrini, S.  Montecchini, G.  Piccolo, 
C. Gorrini, S. Rossi, C. Chezzi, M. C. Arcangeletti, M. C. Medici, et al. 
2015. MALDI-TOF mass spectrometry for the detection and differen-
tiation of Entamoeba histolytica and Entamoeba dispar. PLoS One 10: 
e0122448.

Diarra, A. Z., L. Almeras, M. Laroche, J. M. Berenger, A. K. Koné, Z. Bocoum, 
A.  Dabo, O.  Doumbo, D.  Raoult, and P.  Parola. 2017. Molecular and 
MALDI-TOF identification of ticks and tick-associated bacteria in Mali. 
PLoS Negl. Trop. Dis. 11: e0005762.

Dieme, C., A. Yssouf, A. Vega-Rúa, J. M. Berenger, A. B. Failloux, D. Raoult, 
P. Parola, and L. Almeras. 2014. Accurate identification of Culicidae at 
aquatic developmental stages by MALDI-TOF MS profiling. Parasit. 
Vectors 7: 544.

D
ow

nloaded from
 https://academ

ic.oup.com
/jm

e/advance-article/doi/10.1093/jm
e/tjaa266/6042599 by guest on 21 D

ecem
ber 2020



8 Journal of Medical Entomology, 2020, Vol. XX, No. XX

Doorenweerd,  C., and K.  Beentjes. 2012. Extensive guilines for 
preserving specimen or tissue for later DNA work. yumpu.com. 
(https://www.yumpu.com/en/document/view/51104633/extensive- 
guidelines-for-preserving-specimen-or-tissue-for-later-dna-).

Domínguez-Peñafiel,  G., C.  Giménez-Pardo, M.  Gegúndez, and L.  Lledó. 
2011. Prevalence of ectoparasitic arthropods on wild animals and cattle in 
the Las Merindades area (Burgos, Spain). Parasite 18: 251–260.

Drali,  R., A.  Boutellis, D.  Raoult, J.  M.  Rolain, and P.  Brouqui. 2013. 
Distinguishing body lice from head lice by multiplex real-time PCR anal-
ysis of the Phum_PHUM540560 gene. PLoS One 8: e58088.

Dridi,  B., D.  Raoult, and M.  Drancourt. 2012. Matrix-assisted laser desorp-
tion/ionization time-of-flight mass spectrometry identification of Archaea: 
towards the universal identification of living organisms. Apmis 120: 85–91.

Dupuis, J. R., F. D. Guerrero, S. R. Skoda, P. L. Phillips, J. B. Welch, J. L. Schlater, 
A.  M.  L.  Azeredo-Espin, A.  A.  Pérez  de  León, and S.  M.  Geib. 2018. 
Molecular characterization of the 2016 New World Screwworm (Diptera: 
Calliphoridae) outbreak in the Florida keys. J. Med. Entomol. 55: 938–946.

Feucherolles, M., S. Poppert, J. Utzinger, and S. L. Becker. 2019. MALDI-TOF 
mass spectrometry as a diagnostic tool in human and veterinary helmin-
thology: a systematic review. Parasit. Vectors 12: 245.

Folmer, O., M. Black, W. Hoeh, R. Lutz, and R. Vrijenhoek. 1994. DNA primers 
for amplification of mitochondrial cytochrome c oxidase subunit I from di-
verse metazoan invertebrates. Mol. Mar. Biol. Biotechnol. 3: 294–299.

Hoppenheit,  A., J.  Murugaiyan, B.  Bauer, S.  Steuber, P.-H.  Clausen, and 
U.  Roesler. 2013. Identification ofTsetse (Glossina spp.) using matrix-
assisted laser desorption/ionisation time of flight mass spectrometry. PLoS 
Negl. Trop. Dis. 7: e2305.

Hoppenheit, A., J. Murugaiyan, B. Bauer, P. H. Clausen, and U. Roesler. 2014. 
Analysis of Glossina palpalis gambiensis and Glossina tachinoides from two 
distant locations in Burkina Faso using MALDI TOF MS. Parasitol. Res. 113: 
723–726.

Izri, A., B. Uzzan, M. Maigret, M. S. Gordon, and C. Bouges-Michel. 2010. 
Clinical efficacy and safety in head lice infection by Pediculus humanis 
capitis De Geer (Anoplura: Pediculidae) of a capillary spray containing a 
silicon-oil complex. Parasite 17: 329–335.

Johnson, K. P., R. H. Cruickshank, R. J. Adams, V. S. Smith, R. D. Page, and 
D. H. Clayton. 2003. Dramatically elevated rate of mitochondrial substi-
tution in lice (Insecta: Phthiraptera). Mol. Phylogenet. Evol. 26: 231–242.

Johnson, K. P., K. Yoshizawa, and S. Smith Vincent. 2004. Multiple origins of 
parasitism in lice. Proc. R. Soc. Lond. B Biol. Sci. 271: 1771–1776.

Kumsa, B., M. Laroche, L. Almeras, O. Mediannikov, D. Raoult, and P. Parola. 
2016. Morphological, molecular and MALDI-TOF mass spectrom-
etry identification of ixodid tick species collected in Oromia, Ethiopia. 
Parasitol. Res. 115: 4199–4210.

Lafri, I., L. Almeras, I. Bitam, A. Caputo, A. Yssouf, C. L. Forestier, A. Izri, D. Raoult, 
and P. Parola. 2016. Identification of algerian field-caught phlebotomine sand 
fly vectors by MALDI-TOF MS. PLoS Negl. Trop. Dis. 10: e0004351.

Louni, M., N. Mana, I. Bitam, M. Dahmani, P. Parola, F. Fenollar, D. Raoult, 
and O. Mediannikov. 2018. Body lice of homeless people reveal the pres-
ence of several emerging bacterial pathogens in northern Algeria. PLoS 
Negl. Trop. Dis. 12: e0006397.

Mana, N., M. Louni, P. Parola, and I. Bitam. 2017. Human head lice and pubic 
lice reveal the presence of several Acinetobacter species in Algiers, Algeria. 
Comp. Immunol. Microbiol. Infect. Dis. 53: 33–39.

Mathis,  A., J.  Depaquit, V.  Dvořák, H.  Tuten, A.  L.  Bañuls, P.  Halada, 
S.  Zapata, V.  Lehrter, K.  Hlavačková, J.  Prudhomme, et  al. 2015. 
Identification of phlebotomine sand flies using one MALDI-TOF MS refer-
ence database and two mass spectrometer systems. Parasit. Vectors 8: 266.

Mayer-Scholl,  A., J.  Murugaiyan, J.  Neumann, P.  Bahn, S.  Reckinger, and 
K.  Nöckler. 2016. Rapid identification of the foodborne pathogen 
Trichinella spp. by matrix-assisted laser desorption/ionization mass spec-
trometry. PLoS One 11: e0152062.

McNair,  C.  M. 2015. Ectoparasites of medical and veterinary importance: 
drug resistance and the need for alternative control methods. J. Pharm. 
Pharmacol. 67: 351–363.

Meguini,  M.  N., S.  Righi, F.  Zeroual, K.  Saidani, and A.  Benakhla. 2018. 
Inventory of lice of mammals and farmyard chicken in North-eastern 
Algeria. Vet. World 11: 386–396.

Müller,  P., V.  Pflüger, M.  Wittwer, D.  Ziegler, F.  Chandre, F.  Simard, and 
C. Lengeler. 2013. Identification of cryptic Anopheles mosquito species by 
molecular protein profiling. PLoS One 8: e57486.

Nebbak, A., A. C. Willcox, I. Bitam, D. Raoult, P. Parola, and L. Almeras. 
2016. Standardization of sample homogenization for mosquito identi-
fication using an innovative proteomic tool based on protein profiling. 
Proteomics 16: 3148–3160.

Nebbak, A., B. El Hamzaoui, J. M. Berenger, I. Bitam, D. Raoult, L. Almeras, 
and P.  Parola. 2017. Comparative analysis of storage conditions and 
homogenization methods for tick and flea species for identification by 
MALDI-TOF MS. Med. Vet. Entomol. 31: 438–448.

Nebbak, A., S. Koumare, A. C. Willcox, J. M. Berenger, D. Raoult, L. Almeras, 
and P. Parola. 2018. Field application of MALDI-TOF MS on mosquito 
larvae identification. Parasitology 145: 677–687.

Ouarti, B., M. Laroche, S. Righi, M. N. Meguini, A. Benakhla, D. Raoult, and 
P. Parola. 2020. Development of MALDI-TOF mass spectrometry for the 
identification of lice isolated from farm animals. Parasite 27: 28.

Raoult,  D., and V.  Roux. 1999. The body louse as a vector of reemerging 
human diseases. Clin. Infect. Dis. 29: 888–911.

Raoult,  D., J.  B.  Ndihokubwayo, H.  Tissot-Dupont, V.  Roux, B.  Faugere, 
R. Abegbinni, and R. J. Birtles. 1998. Outbreak of epidemic typhus associ-
ated with trench fever in Burundi. Lancet 352: 353–358.

Sambou, M., M. Aubadie-Ladrix, F. Fenollar, B. Fall, H. Bassene, L. Almeras, 
B. Sambe-Ba, N. Perrot, S. Chatellier, N. Faye, et al. 2015. Comparison 
of matrix-assisted laser desorption ionization-time of flight mass spec-
trometry and molecular biology techniques for identification of Culicoides 
(Diptera: ceratopogonidae) biting midges in Senegal. J. Clin. Microbiol. 
53: 410–418.

Seng, P., M. Drancourt, F. Gouriet, B. La Scola, P. E. Fournier, J. M. Rolain, 
and D. Raoult. 2009. Ongoing revolution in bacteriology: routine identi-
fication of bacteria by matrix-assisted laser desorption ionization time-of-
flight mass spectrometry. Clin. Infect. Dis. 49: 543–551.

Shao,  R., S.  C.  Barker, H.  Li, S.  Song, S.  Poudel, and Y.  Su. 2015. 
Fragmented mitochondrial genomes in two suborders of parasitic lice 
of Eutherian mammals (Anoplura and Rhynchophthirina, Insecta). 
Sci. Rep. 5: 17389.

Song, S. J., A. Amir, J. L. Metcalf, K. R. Amato, Z. Z. Xu, G. Humphrey, and 
R. Knight. 2016. Preservation methods differ in fecal microbiome stability, 
affecting suitability for field studies. mSystems 1: e00021-16.

Spigelman, M., I. Barnes, J. Holton, D. Vaira, and M. G. Thomas. 2001. Long-
term DNA survival in ethanol-preserved archival material. Ann. R. Coll. 
Surg. Engl. 83: 283–284.

Titchener, R. N. 1985. The control of lice on domestic livestock. Vet. Parasitol. 
18: 281–288.

Vega-Rúa,  A., N.  Pagès, A.  Fontaine, C.  Nuccio, L.  Hery, D.  Goindin, 
J. Gustave, and L. Almeras. 2018. Improvement of mosquito identification 
by MALDI-TOF MS biotyping using protein signatures from two body 
parts. Parasit. Vectors 11: 574.

Whiting, M. F. 2002. Phylogeny of the holometabolous insect orders based 
on 18S ribosomal DNA: when bad things happen to good data. EXS. 92: 
69–83.

Yssouf, A., C. Flaudrops, R. Drali, T. Kernif, C. Socolovschi, J. M. Berenger, 
D.  Raoult, and P.  Parola. 2013a. Matrix-assisted laser desorption 
ionization-time of flight mass spectrometry for rapid identification of tick 
vectors. J. Clin. Microbiol. 51: 522–528.

Yssouf,  A., C.  Socolovschi, C.  Flaudrops, M.  O.  Ndiath, S.  Sougoufara, 
J. S. Dehecq, G. Lacour, J. M. Berenger, C. S. Sokhna, D. Raoult, et al. 
2013b. Matrix-assisted laser desorption ionization–time of flight mass 
spectrometry: an emerging tool for the rapid identification of mosquito 
vectors. PLoS One 8: e72380.

Yssouf, A., P. Parola, A. Lindström, T. Lilja, G. L’Ambert, U. Bondesson, 
J.  M.  Berenger, D.  Raoult, and L.  Almeras. 2014. Identification of 
European mosquito species by MALDI-TOF MS. Parasitol. Res. 113: 
2375–2378.

Yssouf,  A., C.  Socolovschi, H.  Leulmi, T.  Kernif, I.  Bitam, G.  Audoly, 
L. Almeras, D. Raoult, and P. Parola. 2014. Identification of flea spe-
cies using MALDI-TOF/MS. Comp. Immunol. Microbiol. Infect. Dis. 
37: 153–157.

Yssouf, A., L. Almeras, D. Raoult, and P. Parola. 2016. Emerging tools for 
identification of arthropod vectors. Future Microbiol. 11: 549–566.

Zurita, A., R. Djeghar, R. Callejón, C. Cutillas, P. Parola, and M. Laroche. 
2019. Matrix-assisted laser desorption/ionization time-of-flight mass spec-
trometry as a useful tool for the rapid identification of wild flea vectors 
preserved in alcohol. Med. Vet. Entomol. 33: 185–194.

D
ow

nloaded from
 https://academ

ic.oup.com
/jm

e/advance-article/doi/10.1093/jm
e/tjaa266/6042599 by guest on 21 D

ecem
ber 2020

http://yumpu.com
https://www.yumpu.com/en/document/view/51104633/extensive-guidelines-for-preserving-specimen-or-tissue-for-later-dna-
https://www.yumpu.com/en/document/view/51104633/extensive-guidelines-for-preserving-specimen-or-tissue-for-later-dna-

