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1. Introduction

Loiasis is endemic in Central and West Africa, where it is estimated that up to 13
million people are infected [1]. Loa loa is a nematode transmitted by the infected
Chrysops spp. [2] [3]. Adult female worms are viviparous and produce Loa loa
microfilariae that are usually detectable in the blood [4] [5]. Clinical manifesta-
tions include pruritus, subcutaneous swelling (calabar swelling), and migration of
the adult parasite (eye worm) [6]. In fact, coinfection between Loa loa and On-
chocerca volvulus (responsible for onchocerciasis) or between Loa loa and Wu-
chereria bancroftiand/or Brugia malayi (responsible for lymphatic filariasis) may
lead to complications such as meningoencephalitis [7] [8]. Complications occur
in patients with high Z. Joa microfilarial loads (>30,000 microfilariae/ml of blood)
[9] [10]. Therefore, the quantification and differentiation of microfilariae are es-
sential prior to treatment with anthelminthic drugs, whether for individual man-
agement or control efforts. In endemic areas, the diagnosis of loiasis relies on mi-
croscopic observation of Loa Joa microfilaria in the blood. But microscopy is as-
sociated with limited diagnostic accuracy. For better analysis, serological tech-
niques [11] and molecular methods [12]-[14] have been evaluated for the diagno-
sis of L. Joa infection. However, both of these methods are time intensive and rel-
atively expensive (QPCR) [15]. Matrix-assisted laser desorption ionization-time
of flight mass spectrometry (MALDI-TOF MS) is based on the detection of spe-
cific proteins released from microbial cells [16] [17]. It was demonstrated that
different bacterial species exhibit specific protein mass spectra, which can be used
for rapid identification [17]. MALDI-TOF MS-based identification of microor-
ganisms involves the generation of mass spectra from whole-cell material or ex-
tracted intracellular content, which are subsequently matched to known database
references [18]-[20]. An available spectral database containing reference spectra,
also called main spectral profiles (MSPs), which are generated from well-charac-
terized specimens, is needed [21] [22]. A key aspect of whole-cell MALDI-TOF
MS is the rapid generation and comparison of mass spectra [23]. This analytic
technique can analyse the mass-to-charge ratio of numerous biomolecules, such
as peptides and proteins [24]. The peaks in these mass spectra represent abundant
cellular proteins [21] [25] [26]. In fact, this technique has been used for identifying
bacteria [27], fungi [28], and viruses [29] and for entomology [30] [31]. Although
the development of MALDI-TOF MS in clinical parasitology has been much more
limited compared to that observed in bacteriology or mycology, it is a promising
tool for the identification of parasites and has gained popularity because it is a fast,
easy-to-use, and cost-effective approach that permits a high-throughput analysis
by simultaneous processing of multiple samples [32]. Several attempts have been
made to identify parasites [33]-[35]. However, the successful identification of
Trichinella species by MALDI-TOF MS has been reported by Mayer-Scholl et al.
[36], after the construction of a reference database with mass spectra from the
nine described species of the genus. Recently, for the first time, MALDI-TOF MS

was applied for the differentiation of Entameeba histolytica and E. dispar strains
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isolated from clinical samples [34]. However, only a few attempts have been made
to apply the technique in clinical parasitology, particularly regarding helminth
identification [25]. This tool presents an interesting alternative for laboratory
identification of Loa loa microfilaria, because of its rapid execution and pathogen
identification accuracy, especially in cases of co-infection between filarial. This
study reports on the possibility of using the MALDI-TOF-MS technique to iden-

tify purified microfilariae of L. Joa.

2. Methods
2.1. Study Site and Population

Samples were collected from March to April 2020 in three loiasis endemic villages
in southeastern Gabon: Venez Voir, Mbouma-Ondama and Mvengue. These vil-
lages are located in the province of Haut-Ogooué, where the prevalence of L. Joa
microfilaremia infection is 18.1% [37]. The individuals who agreed to participate
were assigned a code number and were interviewed during the interview. We col-
lected demographic data (age, sex) and medical history (ocular passage of the
worm [eye worm], calabar swelling, pruritus, etc.). Each participant signed an in-
dividual informed consent form. The study was approved by the National Ethics
Committee of the country (PROT N00001/20/6/3/SG/CNE).

2.2. Blood Collection and Parasitological Analyses

Intravenous blood was collected in 4 ml EDTA (VWR International, France) tubes
between 9 am and 2 pm. The collected blood was used for direct conventional
parasitological diagnosis via the visualization of microfilariae in 10 pl of fresh
blood under an optical microscope (x100 magnification). Parasites were identi-
fied by key morphological features, including the presence of a sheath, size (250 -
300 pm in length and 6 - 7 um in width) and mobility (fast, snake-like movement)
[38] [39].

2.3. Microfilarial Isolation and Purification

The purification and isolation of microfilaria were performed by using the proto-
col of Van Hoegaerden 1986 [40]. Briefly, the Iso-Osmotic Percoll Stock (SIP) was
prepared by adding 9 volumes of Percoll and 1 volume of RPMI 1640. Gradient
solutions containing 40%, 50% and 65% SIP were prepared and diluted with RPMI
1640 at 1x in 15 ml polystyrene tubes. Then, 2 ml of 65% gradient, 2 ml of the 50%
gradient, and 2 ml of the 40% gradient were added. Over the gradient layers. A
volume of 2 ml of whole blood from infected people was added. The 15 ml poly-
styrene tubes were centrifuged at 1000 x g for 20 minutes. After centrifugation,
seven different layers appeared. Loa Loa microfilaria were located in the 3rd and
4th layers. These two microfilarial layers were introduced into a device consisting
of a 5 um pore filter and a syringe. Pressure was applied to the syringe so that the
solution passed through the filter. The device was then disassembled, and the fil-

ters were incubated for 5 minutes in Petri dishes containing RPMI 1x to allow the
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removal of the microfilariae. The microfilariae were then concentrated by centrif-

ugation at 1000 x g for 3 minutes.

2.4. Protein Extraction Procedure

The microfilariae obtained from our samples were separated into 1, 10, 30, 40, 50,
100, 200, 300, 400, and 500 microfilariae per sample to test which concentration
of parasite yielded the best protein spectra. The manipulation was performed un-
der an inverted microscope [41] [42], and subsamples were placed into 1.5 ml
Eppendorf tubes. Four procedures were compared to assess which procedure was
the most effective for MALDI-TOF MS analyses. In procedure 1, the microfilaria
was washed in alcohol, and after 10 minutes of centrifugation at 13000 rpm, the
supernatant was removed, and the tube was air-dried. After drying, 10 ul of 70%
formic acid (Sigma, France) was added to the tube, which was subsequently ho-
mogenized. The tube was air-dried for 5 min. After the incubation, 10 pl of 100%
acetonitrile (Fluka, Buchs, Switzerland) was added to the tube, after which the
tube was air-dried for another 5 min. The whole content of the tube was homog-
enized by quick centrifugation at 13,000 rpm. In procedure 2, the washing step
was omitted, but the rest of the steps were unchanged. In protocol 3, the washing
of samples was omitted, and the quantity of formic acid and acetonitrile was dou-
bled (20 pl each). Finally, in protocol 4, the washing step was removed and the
quantity of formic acid and acetonitrile was reduced by half; 5 pl was used instead

of 10 ul of formic acid and acetonitrile (Figure 1).

| Extracted and purified microfilaria |

9

| Protocol 1 |

'

| Washing in alcohol

'

| Protocol 2

| Protocol 3 |
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'

'
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Addition of 5 pl of
100% acetonitrile +

5 min of air-dried

supernatant was used for MALDI-TOF MS analysis

The whole content of the tube was homogenized by quick centrifugation at 13000 rpm, 1 ul of each sample

Figure 1. Flowchart of the extraction procedures for Loa Joa microfilaria proteins.
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2.5. MALDI-TOF MS Analysis

After protein extraction, 1 pl of each sample supernatant was deposited onto a
MALDI-TOF MS target plate (Bruker Daltonics, Wissembourg, France). Ten rep-
licates of each sample were spotted on the plate and air-dried. A negative extrac-
tion control was spotted on each run to detect contamination. After drying, the
samples were covered with 1 pl of matrix solution composed of saturated alpha-
cyano-4-hydroxycinnamic acid (Sigma), 50% acetonitrile, 2.5% trifluoroacetic acid
(Aldrich, Dorset, UK) and high-performance liquid chromatography (HPLC)-
grade water and air-dried. After drying, the target plate was placed in a Microflex

LT™ spectrometer (Bruker Daltonics, Wissembourg, France) for analysis.

2.6. Mass Spectra Acquisition

Protein mass profiles were obtained using a Microflex LT™ MALDI-TOF mass

1™ software (Bruker Daltonics).

spectrometer (Bruker Daltonics) and Flex Contro
The spectra were acquired after 240 shots in linear mode in ion-positive mode
with a 337-nm nitrogen laser. The data were automatically acquired by the Au-
toXecute™ package of the FlexControl™ v2.4 software and exported into MALDI
Biotyper™ v2.1 software. Only peaks with a signal/noise ratio of =3 were consid-
ered. The profiles of the spectra obtained were viewed using FlexAnalysis™ v.3.3
software and MALDI-Biotyper™ v.3.0 software (Bruker Daltonics) for data pro-
cessing (smoothing, basic subtraction and peak selection) and cluster analysis.
The quality of the obtained spectral profiles depends on the number of ribosomal
marker peaks detected, the median relative intensity of ribosomal marker peaks,
the sum of the intensity of all detected peaks, a high measurement precision, and
reproducibility of peaks. Those criteria act as good proxies of spectral quality. The
quality of the obtained spectral profiles depends on the number of ribosomal
marker peaks detected, the median relative intensity of ribosomal marker peaks,
the sum of the intensity of all detected peaks, a high measurement precision, and

reproducibility of peaks. Those criteria act as good proxies of spectral quality [43].

2.7. Reference Spectral Library Construction

The spectra of each of the ten spots obtained for each L. Joa sample were identified
via comparison with the existing mass spectra library (MSL) via the “Start iden-
tification” function of the MaldiBiotyper™ software. For each reference sample,
a main spectrum profile (MSP) was created using the automated function of
MALDI-Biotyper™ software v.3.3. (Bruker Daltonics). The MSPs were included
in a dedicated MSP database.

2.8. Mass Spectra Library (MSL)

To assess the technical reproducibility of the spectra obtained from the same bio-
logical sample, the log score values of each raw spectrum composing a main spec-

trum profile (MSP) were obtained by comparing each raw spectrum with its
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proper MSP via the “Start identification” function of the MALDI Biotyper™ soft-
ware. Moreover, to assess the biological reproducibility of the spectra obtained,
the ten raw spectra obtained from each of the 8 Loa loa samples were queried
against the MSL using the “Start identification” function of Maldi Biotyper™ soft-
ware. The identification result showing the best log score value (LSV) among the

10 spots was recorded.

3. Results
3.1. Optical Microscopy Analysis

The Loa loa parasite was the only species found in the samples. After extraction and
purification of L. Joa worms. The microfilarial load in each blood sample varied

from 5000 microfilariae to 25,000 microfilariae per microliter of blood (Table 1).

Table 1. Origin and Loa Joa microfilarial load.

Sample Origin microfilarial load (mf/ml)

Loal Venez-voir village 5000

Loa2 Mbouma-Ondama village 14,250
Loa3 Mvengue village 6460

Loa 4 Mvengue village 15,000
Loa5 Mvengue village 25,000
Loa6 Mvengue village 11,510
Loa7 Mvengue village 12,500
Loa 8 Venez-voir village 10,000

3.2. Extraction Procedure Validation

Avoid Procedure 4 was used for protein extraction. The protocol efficiency was
assessed by reading the extracted proteins on plates. The procedure validated was
the one that produced interference-free spectra. The accuracy of the procedure

was determined by reading 10 sample replicates on the spectrometer.

3.3. Mass Spectra Quality

The samples were divided into 1, 10, 30, 40, 50, 100, 200, 300, 400, and 500 micro-
filarial subsamples. Good resolution spectra and relatively high (>4000 a.u.) peak
intensities were obtained from 400 microfilariae (Figure 2).

Comparison between the spectra obtained using protein extracts. Purified Loa
loa microfilaria were counted and separated into 20, 30, 200, 400 microfilariae.

The spectra were visualized using FlexAnalysis software (Figure 2).

3.4. MSP Database Validation

Technical reproducibility was assessed by analysing the LSVs obtained by com-
paring each of the ten spectra that were used to construct an MSP with this MSP.
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We found that the technical reproducibility of the LSV ranged from 1.86 to 2.9,
with a mean of 2.398 + 0.046. Biological reproducibility was assessed by compar-
ing distinct spectra acquired from a sample with the highest LSV acquired from a
different sample best matched with their proper MSP for the reference isolates,
with LSV ranging from 1.17 to 2.55 and a mean of 2.13 + 0.03.
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Figure 2. Mass spectra of the isolates of Loa Joa microfilaria.

3.5. Blind Test and Cluster Analysis

In this study, we obtained 8 samples with good quality spectra from 80 spectra,
which were subsequently used to create a database. The 80 spectra were subjected
to a blind test, yielding an average log score value (LSV) of 2.13 according to the
use of MALDI-Biotyper software v.3.3. To visualize MALDI-TOF MS profile sim-
ilarities and distances, hierarchical clustering of the mass spectra of all tested spe-
cies was performed using the dendrogram function of MALDI-Biotyper software
v.3.3. Dendrogram analysis revealed specific clustering on distinct branches of L.
loa according to species. Loa loabelonging to the same genus were grouped in the

MSP dendrogram, but Loa 3 and Loa 8 were on a different branch (Figure 3).
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Figure 3. Dendrogram constructed using MALDI-Biotyper software v.3.3 illustrating the clear discrimina-

tion between the spectra acquired from 8 different samples of L. Joa microfilaria and those acquired from

proglottids and eggs of Taenia saginata.

4. Discussion

The diagnostic of Loa Joa infection relies on conventional identification of para-
sites by microscopy. However, microscopy has a number of limitations; for exam-
ple, the sensitivity of microscopy is affected by the low intensity of the infection.
Over the past decade, matrix-assisted laser desorption-time-of-flight mass spec-
trometry (MALDI-TOF MS) has demonstrated its efficiency and accuracy in the
identification of various microorganisms in clinical laboratories [18] [23] [28]
[30] [35] [44]-[46]. Here, for the first time, we have used MALDI-TOF mass spec-
trometry for the identification of microfilariae isolated from L. Joa. This is a pilot
study; preliminary results are encouraging for the use of MALDI-TOF for the
identification of microfilaria Loa Joa microfilaria. Protein spectra were generated
on the basis of repeatability and reproducibility in order to create species-specific
MSPs for an internal database. The LSV's obtained had good technical reproduci-
bility ranging from 1.86 to 2.9, with an average of 2.398 + 0.046. Good biological
reproducibility was also recorded, with a mean of 2.13 [1.17 - 2.55].

The experiments started with the validation of the protocol for extracting pro-
teins from L. Joa microfilaria. To achieve this goal, the quantities of formic acid
and acetonitrile used to disrupt the cells were reduced compared to the standard
protocol for extracting proteins from bacteria, which enabled us to have suffi-
ciently concentrated proteins to observe signals after MALDI-TOF-MS analysis
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[19] [44] [47]. The drying process enabled the crystallization of the sample. At this
step, the mixture (sample + matrix) is subjected to a laser beam. The ions are sep-
arated during the migration according to their mass-to-charge ratio (time-of-
flight). Once they reach a detector, a specific spectra profile is generated. Adequate
spectral profiles were obtained from 400 Loa loa microfilaria (Figure 2). The un-
stable MS profiles obtained from 1 to around 400 microfilariae may be due to the
body of the microfilaria, which comprises a fairly rigid cuticle that may be difficult
to destroy. This was observed by Nebbak et a/, where the sturdiness of the cuticle
for homogenization and the quick degradation of the filariae were factors that
could decrease the abundance of proteins and peptides for the resulting MS spec-
tra [48]. Also, Wendel et al. have assessed the potential effects of different storage
conditions on the subsequent MALDI-TOF MS-based identification of helminths
[49]. They concluded that samples can be reliably identified after prolonged stor-
age in LC-MS-grade water, sodium chloride solution, and ethanol. For the identi-
fication of Fasciola spp. [50] and lice [51] 70% (v/v) ethanol was used as a storage
solution, while studies on Anisakis spp. [52], Dirofilaria spp. and Ascaris spp. [53]
employed a sodium chloride solution, which was sometimes even supplemented
with antibiotics to prevent bacterial contamination [49]. Samples from our study
were stored in distilled water, which probably damaged the worms present. We
suggest that the higher the number of microfilariae, the more likely it was to find
worms that were not damaged to extract good quality proteins to have high quality
spectra. Nevertheless, the generated spectra were compared to an available refer-
ence spectra database available in our in-house database. We could identify all of
our microfilaria samples by using our in-house mass spectra library. In our study,
the database a spectrum that we had for Helminths were proglottids and eggs of
Taenia saginata. In fact, in a previous study, spectral database for the identification
of Taenia saginata proglottids was created [49]. Log score values range from zero
to three and allow a good evaluation of the reproducibility between a queried spec-
trum and a reference spectrum [54]. This enables a good assessment of the repro-
ducibility between an interrogated spectrum and a reference spectrum [47]. We
obtained adequate (mean = 2.39, range [1.7 - 2.55]) log score values for matching
between reference isolates and the proper MSP. The blind test resulted in the cor-
rect identification of L. Joa microfilaria. Good biological reproducibility was rec-
orded for 2.13% of the patients (mean 2,130 + 0.03). Moreover, the technical re-
producibility was good, with a score of 2.39 [1.86 to 2.9].

A dendrogram was constructed and showed a clear difference between the hel-
minth species whose reference spectrum was included in our library of helminth
mass spectra (Figure 3). The species Loa loa and Taenia saginata are well distin-
guished in the dendrogram. However, Loa loa microfilariae were classified into
two distinct groups, with the main spectra profiles (MPS) of the microfilariae sam-
pled in individuals 3 (Loa 3) and 8 (Loa 8) separated from the MPS of the other
microfilariae. Individuals 3 and 8 are from the villages of Mvengue and Venez-
voir. This finding led to the hypothesis that these patients were infected with a

clone distinct from Loa Joa microfilaria.
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5. Limitations

This study showed that MALDI-TOF MS is a promising tool for the identification
of Loa loa. In areas endemic to filarial species, it will help differentiate between
worms that are morphologically relatively similar. Once the Loa-specific database
is installed, new samples can be identified very quickly using a simple procedure.
However, our study had several limitations, including the small sample size that
likely affected the results. In addition, microfilariae of L. Joa were counted manu-
ally by the investigator using reverse microscopy, which is tedious and takes time.
In addition, the storage of the sample before analysis was not carefully monitored,
which certainly resulted in the presence of damaged biological material, especially
in small ones (1 to 100 microfilariae). The study was also limited by t independent
samples independent set of samples to confirm its accuracy, reproducibility, and

generalizability.

6. Conclusion

Our results position the MALDI-TOF MS technique as an innovative tool for
identifying Loa loa microfilaria. MALDI-TOF MS technology has many advantages,
including low consumption costs, easy sample preparation procedures, fast turn-
around times and identification accuracy. Preliminary results are encouraging de-
spite the limitations observed in the study. Interestingly, we observed phenotypic
heterogeneity in the spectral profiles of Loa /oa microfilarial proteins collected
from individuals living in distinct regions. In perspective, the cohort needs to be

broader, and further research is needed to identify the causes of this heterogeneity.
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MALDI-TOF MS: Matrix-assisted Laser Desorption Ionization-Time of Flight
mass spectrometry

MSL: Mass Spectra Library

MSP: Main Spectra Profile
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LSV: Log score value
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