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Plain English Summary

This study looked at how common urinary schistosomiasis (a water-borne disease caused by the parasite
Schistosoma haematobium) is in a Nigerian community called Oke-Alafia, and whether certain chemical
markers (called ligands) in urine could help detect the infection faster.
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Out of 400 people tested, nearly 19% had the infection, mostly children under 16. Using urine analysis and
a technology called GC-MS (Gas Chromatography—Mass Spectrometry), the researchers found specific
chemicals in the urine of infected people that were not present in healthy individuals. These include

compounds like Methyl 4-hydroxybutyl and Piperidine.

Interestingly, urine from uninfected people had a different set of chemicals. These findings suggest that
these unique chemicals could serve as future tools for diagnosing the disease without needing a

microscope.

Background:

Schistosomiasis, caused by trematodes of the
genus Schistosoma, is globally ranked the second
most devastating parasitic disease next to malaria
(1, 2), affecting over 240 million people in
developing countries. Nigeria is the most endemic
country in the world for schistosomiasis (2, 3, 4, 5).
Urinary schistosomiasis, caused by Schistosoma
haematobium, is the most common type of
schistosomiasis found in the riverine areas of
Nigeria, and Bulinus species is the intermediate
host (2, 6, 7, 8).

In high-prevalence settings, microscopic detection
of ova in urine is a routine method for diagnosing
urinary schistosomiasis (9). However, this method
is time-consuming and requires expertise;
therefore, rapid diagnostic techniques independent
of microscopic analysis are necessary for both
efficient management of the infection and a timely
diagnosis, particularly in endemic regions.

Several techniques, such as Polymerase chain
reaction-based, have been used to detect the
parasite’s DNA. However, these techniques are
expensive and time-consuming (10, 11, 12).
Biomarkers can serve as indicators to determine
the progression of schistosomiasis (13), while the
Gas chromatography-mass spectrometry method
has previously been used to identify and quantify
the abundance of ligands and metabolites (14).
This study aimed to conduct a survey of
Schistosoma haematobium infection and identify
ligands associated with urinary schistosomiasis in
the Oke-Alafia community  using Gas
Chromatography Mass Spectrometry (GC-MS).

Methods

Sample Collection and Analysis

Participants were between the ages of 5 and 55
years, comprising both genders. Each participant
was provided with a clean, sterile, labelled
universal bottle for urine sample collection. They
were oriented on how to provide up to 10ml of
terminal sterile urine sample to minimise the risk of
missing a scanty infection with Schistosoma
haematobium. The sample bottles containing the
urine sample were closed properly to prevent
leakage or contamination and were transported to

the laboratory in a cold chain as soon as possible
to maintain the integrity of the samples.
Microscopy and culture techniques were
conducted on the samples to identify the ova of the
parasite and rule out bacterial infection. The
samples were cultured on Cysteine-Lactose-
Electrolyte-Deficient Agar (CLED) and MacConkey
to rule out any bacili in the family of
Enterobacteriaceae associated with urinary tract
infection.

The collected urine samples were examined
macroscopically for the presence of haematuria.
The urine samples were centrifuged gently at 3,000
revolutions per minute (rpm) for 5 minutes, after
which the sediments were placed on grease-free
glass slides, covered with cover slips and
examined for ova of Schistosoma haematobium
under a microscope with x10 and x40 objective
lenses to determine the severity of the infection by
conducting egg count.

Sample Preparation for Gas Chromatography
Mass Spectrometry Analysis

Protein from the urine samples was precipitated
using three per cent (3%) Sulpho-Salicylic Acid
(SSA). Precipitation of protein in the urine samples
was carried out by adding one millilitre of each of
the urine samples to one millilitre of 3% SSA,
mixing and allowing to stand for 30 minutes. Each
mixture was the centrifuged at 10,000 g for 15
minutes after which the supernatant was discarded
and the pellet re-suspended in 5ml of 3% SSA,
followed by another centrifugation at 10,0009 for 15
minutes, the supernatant was discarded and
pellets were re-suspended using Trimethylsilyl
derivatization agent to convert amino acids into
volatile derivatives and incubated at 37°C for 1 hour
to allow for complete derivatization of the amino
acids. After derivatisation, the sample was cleaned
up to remove any excess derivatisation reagent or
by-products that could interfere with GC-MS
analysis using Solid-phase extraction.

Gas-Chromatography Mass Spectrometry (GC-
MS) Analysis

Volatile derivatives from each group of samples
were pooled in clean universal bottles and were
injected into the GC-MS system to analyse for the
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presence of ligands. The chromatogram of the
Ligands was analysed using the GC-MS software.
The Ligands were identified and quantified based
on their retention time and relative abundance. The
ligand profile in each group was noted and
compared to other groups to determine the ligands
associated with Urinary Schistosomiasis.

Statistical analysis

The data obtained were expressed in mean *
standard deviation (SD) and subjected to statistical
analysis using SPSS Statistics for Windows,
version 17.0 (SPSS Inc., Chicago, lll., USA). Chi-
square tests were used to compare the association
between the prevalence of Schistosoma

ium infection

Age Group (Years)

haematobium infection. P-values < 0.05 were
statistically significant at a 95% confidence level.

Results

Out of 400 urine samples examined, 75 (18.75%)
were tested positive for Schistosoma haematobium
infection. The highest prevalence of urinary
schistosomiasis (7.0%) by age was recorded
amongst the age below 16 years, while the lowest
prevalence rate of 0.50% was documented among
people above 61 years, as shown in Figure 1 (X2 =
0.806; P>0.05). Assessment by gender, the
findings revealed a statistically insignificant higher
rate of urinary schistosomiasis among females
(9.75%) than their male counterparts, with 9.0% (X?
=0.9091; P>0.05)

......

Figure 1: Prevalence of Schistosoma haematobium infection by age

Table 1 shows the intensity of urinary
schistosomiasis to occupation. Overall, 9.5% of the
infections were mild, 5.8% recorded moderate
infection, while 3.8% revealed heavy density of the

ova of the parasite in urine. Statistically, the
findings revealed insignificant variation in the
intensity of the infection by occupation (X2 = 0.513;
P>0.05)

Table 1: Intensity of Urinary Schistosomiasis by Occupation

Occupation No. examined No. infected Mild Moderate Heavy
Students 208 42 20 (47.5) 13 (30.9) 9(21.4)
Teachers 27 6 3 (50.0) 3 (50.0) 0 (0.0)
Farmers 104 21 11 (52.3) 4 (19.0) 6 (28.6)
Artisans 10 0 0(0.0) 0(0.0) 0 (0.0)
Others 51 7 4 (57.1) 3(42.9) 0 (0.0)
Total 400 76 38 (9.5) 23 (5.8) 15 (3.8)

(X?2=0.513; P>0.05)
Key: Mild= 1-5 (ova / HPF); Moderate= 6-10 (ova/HPF), Heavy= >10 (ova /HPF)

The frequency of ligands in urine samples to
Schistosoma haematobium and bacterial infection
is as shown in Figure 2. The distribution of ligands
was assessed in four groups. The first group
consisted of urine samples that were positive for
Schistosoma haematobium and the bacterial
group. The second group were the samples
positive for Schistosoma haematobium but with no
bacterial growth; the third group was negative urine

samples with no Schistosoma haematobium but
with bacterial growth, while in the last group the
samples were there were no Schistosoma
haematobium and bacterial infections. Out of all the
groups examined, the group with schistosomiasis
but with no bacterial growth recorded the highest
distribution of ligands, while the least was
documented where there is co-infection of
Schistosoma haematobium and bacteria.
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Prevalence of ligands
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Classification of co-infection between the parasite and bacteria

Figure 2: Frequency of ligands in urine samples concerning Schistosoma haematobium and
bacterial infections
KEY: Group 1 = Schistosoma haematobium infection with no bacterial infection;, Group 2 = No Schistosoma
haematobium infection and no bacterial infection;, Group 3 = Schistosoma haematobium infection with bacterial
infection; Group 4 = No Schistosoma haematobium infection but with bacterial infection

Table 2 depicts the relative abundance in Urinary
Schistosomiasis without bacterial co-infection.

Most copious ligands in urinary schistosomiasis
were Methyl 4-hydroxybutyl, Trimethylsilyl,
Thiazole, 2-Pyrrolidinone, 1-methyl and Piperidine
with their relative abundance of 192000, 144000,

116000, 108000 and 104,000, respectively.
Statistical analysis shows an insignificant
difference in the abundance of ligands associated
with only urinary Schistosomiasis (X? = 1.7312;
P>0.05).

Table 2: Ligand abundance in Urinary Schistosomiasis without bacteria co-infection

S/IN Name of ligand Abundance in Retention time(minutes)
the samples
1 Methyl 4-hydroxybutyl 192,000 8.157
2 Trimethylsilyl 144,000 9.868
3 Thiazole 116,000 6.188
4 2-Pyrrolidinone, 1-methyl 108,000 4.054
5 Piperidine 104000 3.980

(X2 = 1.7312; P>0.05)

Ligand abundance in a group with normal urine
samples without Schistosoma haematobium and
bacterial infections are shown in Table 3. The
normal urine (without the parasitic and bacterial
infection) revealed an association with another five
different ligands that were not found in positive
urine samples namely: Hydrazine carbothioamide,
with the highest abundance, followed by

Dihydroartemisinic acid, Silane, Octamethyl-2,4-
Dihydroxyacetophenone and Ethenone  2-
Ethylacridine recording the relative abundance of
304,000, 240,000, 104000,1700000 and 72,000
respectively. Statistically, there was a significant
difference in the abundance of Ligands in normal
urine samples without Schistosoma haematobium
and bacterial infections (X2 = 5.242; P <0.05).

Table 3: Ligand abundance in normal urine samples without Schistosoma haematobium
and bacterial infections

S/N Name of ligand Retention time(minutes) Abundance in the
samples

1. Hydrazine carbothioamide 8.157 304000

2. Dihydroartemisinic acid 9.868 240000

3. Silane 11.390 104000

4 Octamethyl-2,4-Dihydroxy acetophenone 3.408 100,000

5 Ethenone 2-Ethylacridine 3.985 72,000

(X2 = 5.242; P<0.05)

171



Adeniyi et. al. Babcock Univ. Med. J.2025 8(2):168-175

An abundance of ligands in urine samples infected
with both the parasite and bacteria is as shown in
Figure 3, while the distribution in urine samples
without Schistosoma haematobium infection but
with bacterial contamination is as depicted in

Figure 4. The ligands' abundance in both groups is
irregular  and
association  with
infection

lopsided, without
Schistosoma

significant
haematobium

Figure 3: Chromatogram showing the abundance of ligands in urine samples with Schistosoma
Haematobium and bacterial infections

Figure 4: Chromatogram showing abundance of ligands in urine samples without Schistosoma
haematobium infection but with bacterial growth

Discussion

The prevalence rate of S. haematobium (18.75%)
recorded in this study is relatively low according to
the standard rating of the infection in an endemic
region by the WHO (15). The present result is
comparable to the earlier report of Ajakaye (16)
with a prevalence rate of 16.6%; however, our
finding is lower than the report from Gusau in the
Abarama village in the Northern part of Nigeria,
where a 74.0% rate was documented (17).
Assessing this present finding on urinary
schistosomiasis concerning age, a higher infection
rate (7.0%) was recorded within the age group <15
years. This is not surprising because most of the
participants within the age bracket were mostly
school children, and many schools in the study
area were located close to water bodies where
children can swim, play and fish after school hours.
The lowest rate (0.5%) was reported among older
people within the age group =61 years. The finding
is like the trend recorded in previous studies on
urinary schistosomiasis in Nigeria (16, 17).

This study also depicted a slightly higher infection
rate (9.75%) among female than their male
counterparts (9.0%). The difference was, however,
statistically insignificant (P > 0.05), implying that
the distribution of urinary schistosomiasis is
independent of gender (18, 19). This observation
could be attributed to equal chances of having
contact with water bodies in the community
regardless of gender (16, 20).

Analysis of the rate of infection by occupation
depicts artisans as being free from the parasitic
infection; hence zero per cent rate was recorded
among them. Overall, 9.5% of the subjects
recorded mild infection, 5.8% had moderate
infection, while 3.8% had heavy ones. The students
recorded the highest prevalence rates in all three
categories of intensity, namely: mild (47.5%),
Moderate (30.9%) and heavy (21.4%). Statistical
analysis shows no significant difference in the
intensity of the infection according to occupation.
Relatively higher prevalence rates of infection
among students and farmers could be attributed to
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regular contact with the water bodies in the study
area. This could be attributed to the level of
exposure and duration of contact with the source of
infection, the water bodies. Various human
activities in bodies of water could probably lead
people to have intimate contact with water bodies
for longer periods, as earlier reported by Akinneye
et al. (1) and Ajakaye (16).

Findings from this study revealed that Methyl 4-
hydroxybutyl, ~ Trimethyl  Silyl,  Thiazole,2-
Pyrrolidinone, 1-methyl and Piperidine were the
most copious ligands associated with urinary
schistosomiasis, with their relative abundance of
192000, 144000, 116000, 108000 and 104,000,
respectively. while the normal urine (without ova of
the parasite and bacterial infection), recorded an
association with five major ligands that were not
present in positive urine samples namely:
Hydrazine carbothioamide, Dihydroartemisinic
acid, Silane, Octamethyl-2,4-
Dihydroxyacetophenone and  Ethenone  2-
Ethylacridine recording the relative abundance of
304000, 2000, 104000, 100000 and 72,000
respectively. The parasitic infection may probably
enhance the production of Methyl 4-hydroxybutyl
and the four other ligands, while Hydrazine
carbothioamide and the other four were inhibited.
Distribution of ligands in urine samples without
Schistosoma haematobium infection but with
bacterial contamination, as well as urine samples
infected by both the parasite and bacteria, depicted
no associated ligands

Ligand abundance and retention time are essential
parameters in GC-MS technology, providing
valuable information for compound identification
and quantification (21, 22, 23). Ligand abundance
is used to quantify the amount of a specific
compound in a sample and to identify potential
biomarkers in the sample against a particular
infection (24). It also refers to the amount of a
specific molecule that binds to a receptor or protein
present in a sample. Retention time is the time
taken for a compound to pass through the Gas
Chromatography column and reach the detector
(25). An abundance of ligands can influence the
Retention Time since the time is often affected by
the interactions between the Abundant compound
and the stationary phase of the GC-MS.

Ligands play a crucial role in the interaction
between the parasite and its host (26, 27). A high
abundance of some major ligands associated with
urinary schistosomiasis in this study could be
attributed to the severity of the parasitic infection,
which may lead to increased morbidity and
mortality. This is because ligands can facilitate the
attachment of parasites to host cells, promoting the

progression of the disease (28). Studies targeting
the presence of some ligands could provide a novel
approach for the development of therapeutic
interventions against the disease (29). The high
abundance of ligands associated with urinary
schistosomiasis may also have implications for
diagnostic strategy, as Ligands could serve as
potential biomarkers for the diagnosis of urinary
schistosomiasis (12, 30).

Given the moderate prevalence rate of urinary
schistosomiasis across all age groups and genders
within the study area, further research on the
proteins associated with the infection and how they
may contribute to the rapid identification of the
parasite in suspected urine samples is also
advocated.

Conclusion

In conclusion, the prevalence rate of urinary
schistosomiasis in the Oke-alafia community,
Okeigbo, Nigeria was 18.75%, comprising 9.75%
among females and 9.0% among their male
counterparts. Methyl 4-hydroxybutyl, Trimethyl
silyl, Thiazole, 2-Pyrrolidinone, 1-methyl and
Piperidine were the most copious ligands
associated with urinary schistosomiasis, with their
relative abundance 192000, 144000, 116000,
108000 and 104,000, respectively. The normal
urine (without ova of the parasite and bacterial
infection) revealed an association with five different
ligands that were not found in positive, namely:
Hydrazine carbothioamide, Dihydroartemisinic
acid, Silane, Octamethyl-2,4-
Dihydroxyacetophenone and  Ethenone  2-
Ethylacridine, recording the relative abundance of
304,000, 240,000, 104000,100000 and 72,000,
respectively. Further studies to identify proteins
associated with urinary schistosomiasis are
strongly advocated.

Declarations

Ethics approval and consent to participate

This study was a cross-sectional epidemiological
survey conducted between April and October 2024
in Oke-Alafia town, Okeigbo District, Ondo State,
Nigeria. Before sample collection, Ethical approval
with reference number
NHREC/TR/UNIMED/ONDOSt/22/06/22 was
obtained from the UNIMED Ethical Review
Committee. Information on socio-demography,
Knowledge, Attitude and risk factors was obtained
from the participants through the administration of
a questionnaire.

173



Adeniyi et. al. Babcock Univ. Med. J.2025 8(2):168-175

Consent for publication

All authors gave consent for publication of the work
under the Creative Commons Attribution-Non-
Commercial 4.0 license.

Availability of data and materials

All essential data supporting the findings of this
case are available within the article. Additional data
are available upon request from the corresponding
author.

Confflict of Interest
The authors declare no conflict of interest.

Funding

The research project was fully funded by Tertiary
Education Trust Fund (TETFUND), Nigeria, vide a
letter dated 29t May 2024 with reference number
TETF/ES/DR&D/CE/UNI/ONDO/IBR/2023/VOL.1.

Authors’ contributions

ATD: Conceptualisation, project administration,
writing the original draft, methodology. AAA:
Literature search, writing review and editing,
methodology and validation. ALI: data acquisition
and analysis. BS: data acquisition and analysis.

Acknowledgements

The authors acknowledge the contribution of the
Director, Centre for Research and Development
(CORD), Prof. Oyetunde Oyeyemi, University of
Medical Sciences, Ondo.

References

1. Akinneye JO, Fasidi MM, Afolabi OJ, Adesina
FP. Prevalence of urinary schistosomiasis
among secondary school students in Ifedore
local government, Ondo state, Nigeria.
International Journal of Tropical Diseases.
2018;1(004):1-6. https://doi.org/10.23937/ijtd-
2017/1710004

2. Pukuma MS, Qadeer MA, Abubakar S, Inuwa
Y, Umar S. Prevalence of urinary
schistosomiasis among communities residing
along Hadejia Valley, Jigawa State, Nigeria.
Dutse Journal of Pure and Applied Sciences.
2023;9(4b):209-26.

3. Ajakaye OG, Adedeji Ol, Ajayi PO. Modeling the
risk of transmission of schistosomiasis in Akure
North Local Government Area of Ondo State,
Nigeria using satellite derived environmental
data. PLoS Neglected Tropical Diseases. 2017
Jul 12;11(7):e0005733.
https://doi.org/10.1371/journal.pntd.0005733

4. Hotez PJ, Kamath A. Neglected tropical
diseases in sub-Saharan Africa: review of their

prevalence, distribution, and disease burden.
PLoS Neglected Tropical Diseases. 2009 Aug
25;3(8):e412.
https://doi.org/10.1371/journal.pntd.0000412

5. Imalele EE, Braide El, Emanghe UE, Osondu-
Anyanwu C. The burden of schistosomiasis
among school-aged children in Ogoja, Nigeria:
current level of infection years after mass drug
administration with Praziquantel. African Health
Sciences. 2024;24(4):65-76.
https://doi.org/10.4314/ahs.v24i4.9

6. Colley DG, Bustinduy AL, Secor WE, King CH.
Human schistosomiasis. The Lancet. 2014 Jun
28;383(9936):2253-64.
https://doi.org/10.1016/S0140-6736(13)61949-
2

7. Houmsou RS, Agere H, Wama BE, Bingbeng
JB, Amuta EU, Kela SL. Urinary
Schistosomiasis among Children in Murbai and

Surbai Communities of Ardo-Kola Local
Government Area, Taraba State, Nigeria.
Journal of Tropical Medicine.

2016;2016(1):9831265.
https://doi.org/10.1155/2016/9831265

8. Kone KJ, Onifade AK, Dada EO. Occurrence of
urinary  schistosomiasis and associated
bacteria in parts of Ondo State, Nigeria. PLOS
Global Public Health. 2022 Oct
12;2(10):e0001119.
https://doi.org/10.1371/journal.pgph.0001119

9. Hassan AO, Amoo AO, Akinwale OP, Adeleke
MA, Gyang PV. Molecular characterization and
detection of infection in vector snails of urinary
schistosomiasis around Erinle and Eko Ende
Dams in south west Nigeria. British
Microbiology Research Journal. 2016 Jan
1;14(1).
https://doi.org/10.9734/BMRJ/2016/9019

10.Utzinger J, Becker SL, Van Lieshout L, Van
Dam GJ, Knopp S. New diagnostic tools in
schistosomiasis. Clinical Microbiology and
Infection. 2015 Jun 1;21(6):529-42.
https://doi.org/10.1016/j.cmi.2015.03.014

11.Siqueira LM, Fontes W, Castro-Borges W,
Oliveira G, Oliveira SC. Molecular approaches
to studying schistosomes: prospects and
challenges for schistosomiasis control. Acta
Tropica, 2018; 176, 270-282.

12.Abubakar AA, Adeniyi TD, Nurain IO,
Olanrewaju AB, Uthman KE. Chromatographic
and computational studies of ligands
associated with bilharziasis. Journal of Taibah
University Medical Sciences. 2019 Apr
1;14(2):172-8.
https://doi.org/10.1016/j.jtumed.2019.02.003

174


https://doi.org/10.23937/ijtd-2017/1710004
https://doi.org/10.23937/ijtd-2017/1710004
https://doi.org/10.1371/journal.pntd.0005733
https://doi.org/10.1371/journal.pntd.0000412
https://doi.org/10.4314/ahs.v24i4.9
https://doi.org/10.1016/S0140-6736(13)61949-2
https://doi.org/10.1016/S0140-6736(13)61949-2
https://doi.org/10.1155/2016/9831265
https://doi.org/10.1371/journal.pgph.0001119
https://doi.org/10.9734/BMRJ/2016/9019
https://doi.org/10.1016/j.cmi.2015.03.014
https://doi.org/10.1016/j.jtumed.2019.02.003

Adeniyi et. al. Babcock Univ. Med. J.2025 8(2):168-175

13.Wishart DS, Bartok B, Oler E, Liang KY,
Budinski Z, Berjanskii M, Guo A, Cao X, Wilson
M. MarkerDB: an online database of molecular
biomarkers. Nucleic Acids Research. 2021 Jan
8;49(D1):D1259-67.
https://doi.org/10.1093/nar/gkaa1067

14.Noronha V, Patil VM, Joshi A, Menon N,
Chougule A, Mahajan A, Janu A, Purandare N,
Kumar R, More S, Goud S. Gefitinib versus
gefitinib plus pemetrexed and carboplatin
chemotherapy in EGFR-mutated lung cancer.
Journal of Clinical Oncology. 2020 Jan
10;38(2):124-36.
https://doi.org/10.1200/JC0O.19.01154

15.WHO. Ending the neglect to attain the
Sustainable Development Goals: a road map
for neglected tropical diseases 2021-2030.
World Health Organization, Geneva 2020.

16.Ajakaye = OO. Endemicity = of urinary
schistosmiasis in lle Oluji/Oke Igbo Local
Government Area of Ondo State. Dev Country
Stud. 2016;6(5):39-42.

17.Bala AY, Ladan MU, Mainasara M. Prevalence
and intensity of urinary schistosomiasis in
Abarma village, Gusau, Nigeria: a preliminary
investigation. Science World Journal.
2012;7(2):1-4.

18.Bichi AH, Abubakar S. Urinary Schistosomiasis
among residents of wasai dam in Minjibir local
government, Kano state, Nigeria. Biological and
Environmental Sciences Journal for the tropics,
September. 2009;6(3):93-7.

19.Abubakar S, Zakariya M, Ahmad MK, Abdullahi
MK, Yunusa |. Co-hort study of urinary
schistosomiasis among two villages residing
along Hadejia Valley, Jigawa State, Nigeria.
Bayero Journal of Pure and Applied Sciences.
2017;10(1):45-8.
https://doi.org/10.4314/bajopas.v10i1.9S

20.Folahan FF, Edungbola LE, Folahan JT.
Prevalence of urinary Schistosomiasis among
Primary School pupils. Journal of Microbiology
and Infectious Diseases. 2021 Jun 1;11(02):95-
104. https://doi.org/10.5799/jmid.951609

21.Want E, Masson P. Processing and analysis of
GC/LC-MS-based metabolomics data.
InMetabolic profiling: methods and protocols
2010 Dec 17 (pp. 277-298). Totowa, NJ:
Humana Press. https://doi.org/10.1007/978-1-
61737-985-7_17

22.Wang X, Sun H, Zhang A, Wang P, Han Y.
Ultra-performance  liquid  chromatography
coupled to mass spectrometry as a sensitive
and powerful technology for metabolomic
studies. Journal of Separation Science. 2011

Dec;34(24):3451-9.
https://doi.org/10.1002/jssc.201100333

23.Psychogios N, Hau DD, Peng J, Guo AC,
Mandal R, Bouatra S, Sinelnikov |,
Krishnamurthy R, Eisner R, Gautam B, Young
N. The human serum metabolome. PLOS ONE.
2011 Feb 16;6(2):e16957.
https://doi.org/10.1371/journal.pone.0016957

24.Tounta V, Liu Y, Cheyne A, Larrouy-Maumus G.
Metabolomics in infectious diseases and drug
discovery. Molecular Omics. 2021;17(3):376-
93. https://doi.org/10.1039/D1MO00017A

25.Sparkman OD, Penton Z, Kitson FG. Gas
chromatography and mass spectrometry: a
practical guide. Academic Press; 2011 May 17.
https://doi.org/10.1016/B978-0-12-373628-
4.00002-2

26.Patarroyo MA, Molina-Franky J, Gémez M,
Arévalo-Pinzon G, Patarroyo ME. Hotspots in
Plasmodium and RBC receptor-ligand
interactions: key pieces for inhibiting malarial
parasite invasion. International Journal of
Molecular Sciences. 2020 Jul 2;21(13):4729.
https://doi.org/10.3390/ijms21134729

27.Khan S, Patel MP, Patni AD, Cha SJ. Targeting
plasmodium life cycle with novel parasite
ligands as vaccine antigens. Vaccines. 2024
Apr 30;12(5):484.
https://doi.org/10.3390/vaccines12050484

28.Ezema CA, Okagu IU, Ezeorba TP. Escaping
the enemy’s bullets: an update on how malaria
parasites evade host immune response.
Parasitology Research. 2023 Aug;122(8):1715-
31.https://doi.org/10.1007/s00436-023-07868-
6

29.Valente M, Castillo-Acosta VM, Vidal AE,
Gonzalez-Pacanowska D. Overview of the role
of kinetoplastid surface carbohydrates in
infection and host cell invasion: Prospects for
therapeutic intervention. Parasitology. 2019
Dec;146(14):1743-54.
https://doi.org/10.1017/S0031182019001355

30.Mekonnen GG, Tedla BA, Pearson MS, Becker
L, Field M, Amoah AS, van Dam G, Corstjens
PL, Mduluza T, Mutapi F, Loukas A.
Characterisation ~ of  tetraspanins  from
Schistosoma haematobium and evaluation of
their potential as novel diagnostic markers.
PLoS Neglected Tropical Diseases. 2022 Jan
24;16(1):e0010151.
https://doi.org/10.1371/journal.pntd.0010151

175


https://doi.org/10.1093/nar/gkaa1067
https://doi.org/10.1200/JCO.19.01154
https://doi.org/10.4314/bajopas.v10i1.9S
https://doi.org/10.5799/jmid.951609
https://doi.org/10.1007/978-1-61737-985-7_17
https://doi.org/10.1007/978-1-61737-985-7_17
https://doi.org/10.1002/jssc.201100333
https://doi.org/10.1371/journal.pone.0016957
https://doi.org/10.1039/D1MO00017A
https://doi.org/10.1016/B978-0-12-373628-4.00002-2
https://doi.org/10.1016/B978-0-12-373628-4.00002-2
https://doi.org/10.3390/ijms21134729
https://doi.org/10.3390/vaccines12050484
https://doi.org/10.1007/s00436-023-07868-6
https://doi.org/10.1007/s00436-023-07868-6
https://doi.org/10.1017/S0031182019001355
https://doi.org/10.1371/journal.pntd.0010151

