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Abstract – Cases of newly developed advanced schistosomiasis (NDAS) have occurred in areas where schistosomi-
asis transmission has been blocked for more than 25 years. The causes and pathogenesis of NDAS are still unknown.
Diagnosis of NDAS relies on historical investigation and clinical symptoms, such as liver fibrosis, hepatic ascites and
abnormal biochemical indexes in serum. It is important but difficult at this stage to develop a new tool for early screen-
ing and rapid diagnosis. In this study, serum peptides from thirty patients with NDAS and thirty healthy controls were
captured with weak cation exchange magnetic beads, and subjected to MALDI-TOF mass spectrometry and ClinPro-
Tools analysis. Eleven peaks with m/z 924, 2661, 2953, 2991, 3241, 3884, 5337, 5905, 5943, 7766 and 9289 were
decreased and three peaks with m/z 1945, 2082 and 4282 were increased in the NDAS group. The proteomic detection
pattern (PDP) was established with 14 different peptide peaks, and its sensitivity and specificity were investigated with
a blind test. The peptide mass fingerprints of sera from 50 NDAS patients and 100 healthy controls were double-blind
subjected to the PDP method, and 50 patients and 92 healthy controls were classified as NDAS and healthy separately,
which showed 100% sensitivity and 92% specificity. Our results showed that the PDP could be a new and useful meth-
od to detect NDAS.

Key words: newly developed advanced schistosomiasis, MALDI-TOF mass spectrometry, ClinProTools, proteomic
detection pattern.

Résumé – Identification de la schistosomiase avancée récemment développée par spectrométrie de masse
MALDI-TOF et analyse par ClinProTools. Des cas de schistosomiase avancée récemment développée (SARD)
se sont produits dans des zones où la transmission de la schistosomiase est bloquée depuis plus de 25 ans. Les
causes et la pathogenèse de la SARD sont encore inconnues. Le diagnostic de la SARD repose sur des recherches
historiques et des symptômes cliniques, tels que la fibrose hépatique, l’ascite hépatique et des indices biochimiques
anormaux dans le sérum. Il est important, mais difficile à ce stade, de développer un nouvel outil de dépistage
précoce et de diagnostic rapide. Dans cette étude, les peptides sériques de 50 patients atteints de SARD et de 30
témoins sains ont été capturés avec des billes magnétiques à échange de cations faibles, soumis à une spectrométrie
de masse MALDI-TOF et à une analyse par ClinProTools. Onze pics avec m/z 924, 2661, 2953, 2991, 3241, 3884,
5337, 5905, 5943, 7766 et 9289 étaient diminués et trois pics avec m/z 1945, 2082 et 4282 étaient augmentés dans
le groupe SARD. Le modèle de détection protéomique (PDP) a été établi avec 14 pics de peptide différents, et sa
sensibilité et sa spécificité ont été étudiées avec un test à l’aveugle. Les empreintes peptidiques des sérums de 50
patients atteints de SARD et de 100 témoins sains ont été soumises à la méthode du PDP à double insu. Cinquante
patients atteints et 92 témoins sains ont été classés séparément en tant que SARD et sains, ce qui démontre une
sensibilité de 100 % et une spécificité de 92 %. Nos résultats ont montré que le PDP pourrait être une méthode
nouvelle et utile pour détecter la SARD.
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Introduction

Schistosomiasis is one of the most important and severe
parasitic diseases in tropical and subtropical areas [7, 19].
Worldwide, it affects >200 million people, with 779 million
at risk of infection, and causes the loss of an estimated 4.5 mil-
lion disability-adjusted life years [20, 28]. The final outcome of
schistosomiasis is advanced schistosomiasis [6], which can lead
to a serious life-threatening condition. Control of transmission
of endemic schistosomiasis has been achieved in many areas
in China, especially in Jiangsu province from 2011 [2]. Simul-
taneous treatment and relief of advanced schistosomiasis is well
documented [25]. Some cases have occurred in areas where
schistosomiasis transmission has been blocked for >25 years
[3, 24]. These new cases were named newly developed
advanced schistosomiasis (NDAS) by an expert group meeting
on schistosomiasis in 2013 and the pathogenesis of NDAS
needs further study [5]. Previously, we investigated biochemi-
cal indexes and serum proteomic profiles of NDAS, which
showed liver fibrosis and some differences in serum [26].

Mass spectrometry can be used to search for biomarkers in
the body fluids [8, 9] of patients with diseases such as Chagas
disease (Trypanosoma cruzi) [16] and Entamoeba histolytica
infection [15], as well as in rheumatoid arthritis screening
[12] and cancer research [1, 9, 12, 27]. Mass spectrometry
has many advantages, including high sensitivity, short duration
from sample collection to diagnosis, potential for high-through-
put screening, and a requirement for only small biological
samples [10]. We have previously used ClinProTools with
matrix-assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF-MS) and magnetic-beads-based
weak cation exchange chromatography for enrichment and
purification of peptides and proteins [4, 6]. Serum peptides dif-
fer as early as nine days post-infection in rabbits with Schisto-
soma japonicum infection, and ClinProTools has also been
used for early detection of schistosomiasis in sentinel mice.

In the present study, we designed a laboratory assay to
measure differentially expressed peptides in serum from NDAS
and healthy controls using MALDI-TOF MS and ClinProTools,
as shown in Figure 1. The selected peaks were applied to
generate proteomic detection pattern (PDP) for NDAS
identification.

Materials and methods

Patient identification and healthy controls

We enrolled patients infected with S. japonicum from the
Jiangsu provincial census record for detection and treatment,
which was compiled in 1977 and checked four times in
1987, 1997, 2008 and 2012. Patients were diagnosed with
NDAS according to the sera biochemical index, clinical symp-
toms and medical history as follows: the serological criterion
with hyaluronic acid (HA) > 100 ng/mL and c-glutamyl trans-
ferase (GGT) > 50 U/L; network-like changes in the liver and
portal vein widening with B-ultrasound scan (Table 1); and his-
torical investigation in patients infected with S. japonicum
before the 1970s and treated with antimony or hexa-chloro-
p-xylol four times, with pyquiton at the last chemotherapy.
All patients underwent fecal examination 11–45 times from
1976 to 1985 and all results were negative. According to the
patients’ self-report, their symptoms including pain in the liver
appeared and gradually increased from 2008. Thirty NDAS
patients aged 55–75 years were selected with the diagnostic cri-
teria, and the healthy control group of thirty age-matched indi-
viduals was set as a negative control. A group of an additional
fifty NDAS patients and one hundred health controls, following
the reporting guideline STARD (Sup. 1 and Sup. 2), were col-
lected for PDP evaluation. All the healthy controls and NDAS
patients were evaluated by physical examination at hospital;
other diseases including fatty liver, alcohol-induced liver injury,
and hepatitis B and C virus infection were excluded.

Figure 1. The study design, including sample collection and preparation, MALDI-TOF MS and blind test.
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Sample collection, HA and GGT detection

Blood was collected from the arm vein of thirty NDAS
patients, left to clot for 30 min at room temperature, and cen-
trifuged at 3000�g for 10 min at 4 �C to obtain the serum. Sera
from thirty healthy controls were used as negative controls. The
serological concentration of HA was measured with sandwich
ELISA (Elabscience Biotechnology Co. Ltd., Wuhan, China).
The standard andunknown sampleswereadded to theplatewells,
where theHA-specific antibodywas pre-coated.After incubation
andwashing, biotinylated detection antibody specific for HA and
avidin–horseradishperoxidase-conjugatewas added to eachwell.
The optical density (OD) was measured immediately at 450 nm
after the stop solution was added. The standard curve was drawn
with the concentrationof standard samples andODvalues and the
concentrations of HA in the unknown samples were calculated
according to the standard curve. GGTwas detected with an auto-
matic biochemical analyzer (COBASC501; Roche). Serum sam-
ples from fifty NDAS patients and one hundred healthy controls
were collected from a local community health service center in
Changshu County, Jiangsu Province, China.

MALDI-TOF MS

The study design is shown in Figure 1. The MB-WCX Pro-
filing Kit (Bruker Daltonics, Bremen, Germany) was used for
serum peptide enrichment, as described previously [4]. Mag-
netic beads and serum were mixed in a binding solution, fol-
lowed by 2 min incubation at room temperature in a standard
thin-walled polymerase chain reaction tube. After thorough
mixing, washing and elution, the treated sample was transferred
to a fresh tube containing 5 lL stabilization buffer. After com-
bination with the matrix of a-cyano-4-hydroxycinnamic acid
(Sigma, St. Louis, MO, USA), the mixture was spotted on
the polished target (Bruker Daltonics) and detected with
MALDI-TOF MS (Autoflex III; Bruker Daltonics). Four
MALDI spots of each sample were measured with FlexControl
software (Bruker Daltonics). For each spot, 1000 spectra were
acquired (200 laser shots at five different spot positions) and
all spectra with a signal-to-noise ratio > 3 were recorded for
peptide mass fingerprinting. Mass accuracy was calibrated
before measurements, and the detection parameters were set
according to the manufacturer’s instructions.

Table 2. Fourteen differential peaks were detected in sera from newly developed advanced schistosomiasis (NDAS) cases when compared to
sera from healthy controls using MALDI-TOF-MS and ClinProTools analysis.

m/z Peak amplitude p

Control group NDAS group

5905 775.00 ± 425.26 265.1 ± 205.1 0.00317
5943 70.98 ± 44.01 22.14 ± 6.53 0.00317
2953 62.49 ± 31.99 28.06 ± 10.8 0.00317
2082 51.67 ± 37.16 173.00 ± 120.97 0.0054
3884 51.28 ± 29.95 28.85 ± 13.22 0.024
1945 93.94 ± 73.26 205.9 ± 142.84 0.0249
4282 52.79 ± 90.67 235.4 ± 245.63 0.0254
924 98.45 ± 85.43 40.57 ± 17.4 0.0276
5337 116.8 ± 83.75 60.43 ± 46.13 0.0423
3241 108.7 ± 52.58 76.59 ± 27.40 0.0496
9289 165.82 ± 124.86 90.63 ± 63.89 0.0495
7766 297.88 ± 192.94 178.61 ± 121.2 0.0494
2661 119.30 ± 129.47 69.27 ± 37.72 0.0493
2991 76.9 ± 79.66 42.4 ± 55.15 0.0490

Note. Data are expressed as mean ± SD.

Table 1. Newly developed advanced schistosomiasis (NDAS) patients identified by historical survey, liver B-ultrasound scan and serological
examination, 30 healthy people were selected as negative controls.

Case Number Age HA (ng/mL) GGT (U/L) B-ultrasound Time interval between the
last chemotherapy and

advanced Schistosomiasis
determined (years)

NDAS 30 68.49 ± 7.10 484.97 ± 458.07 168.07 ± 130.35 Network-like changes in
liver and portal vein

widening

35.6 ± 5.04

Healthy control 30 68.79 ± 4.10 50.67 ± 16.46 32.53 ± 7.69 No obvious abnormality in
the liver

–
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Data processing and analysis

ClinProTools was used to facilitate the processing and com-
parison of multiple spectra by automatically defining peak val-
ues, normalizing data, subtracting baseline values, and
recalibrating the data. Our previous study gave more details
[4]. The PDP was established with the differential peaks ampli-
tude to distinguish NDAS and healthy controls with ClinPro-
Tools software, as described previously [4, 6]. The peak
amplitude was shown as mean ± SD, and statistical analysis
relied on Welch’s t-test. A p value < 0.05 was considered sig-
nificant and p < 0.01 highly significant.

Blind test with PDP

Once the proteomic pattern had been established, the output
value for healthy controls was set as 0, that for patients as 1.
The additional samples of healthy control and NDAS collected
were scored “0” or “1” by the technician without prior knowl-
edge of their true status. The serum samples of fifty NDAS
patients and one hundred healthy humans who lived in the same
villages were collected and treated with the MB-WCX Profiling
Kit, as described above. All spectra captured by MALDI-TOF
MS were imported into ClinProTools software for spectrum
classification and post-processing, and PDP was used for sam-
ple identification. Fifty NDAS patients for the blind test were
compared with the thirty NDAS patients for PDP, showing
no significant difference (p > 0.05) (Table 3).

Sensitivity, specificity and reproducibility assay

Sensitivity and specificity were assessed for all the spectra
of fifty NDAS patients and one hundred healthy humans with
the established PDP. Species specificity was also investigated
with twenty sera from Toxoplasma gondii infections. The repro-
ducibility and efficiency of MB-WCX bead fractionation were
estimated by measuring all samples three times. Each sample
was an aliquot stored at �80 �C and was used only once.

Results

Serological detection

HA and GGT were measured in all the patients’ sera. The
concentrations of HA and GGT were 115.19–1327.8 ng/mL

and 53–586 U/L, respectively, and 29–80 ng/mL and 22–
48 U/L in healthy controls; the data for the groups is shown
in Table 1. The reference values of HA and GTT in the sera
of healthy controls were 0–100 ng/mL and 0–50 U/L,
respectively.

PDP

Sera from NDAS patients and healthy controls were col-
lected and treated with an MB-WCX Profiling Kit, followed
by detection with MALDI-TOF MS and analysis by FlexCon-
trol and FlexAnalysis software. The two groups were separated
into two clusters with two-dimensional peak distribution analy-
sis, as shown in Figure 2. ClinProTool analysis revealed that 11
peaks with m/z 924, 2661, 2953, 2991, 3241, 3884, 5337,
5905, 5943, 7766 and 9289 were decreased and three peaks
with m/z 1945, 2082 and 4282 were increased in the NDAS
group, with a significant difference (p < 0.05, p < 0.01) in
the amplitudes and peak resolution ratios, as shown in Table 2,
and which were chosen for PDP establishment. The increased
and decreased peaks are shown in Figures 3 and 4 with the
average altitude.

Table 3. Comparison of newly developed advanced schistosomiasis (NDAS) patients between the training group and the verification group.

Characteristics No. of cases p

NADS for PDP NADS for blind-test

Total cases 30 50
Gender 0.525
Male 16 23
Female 14 27

Age 0.262
HA (0–100 ng/mL) 484.97 ± 458.07 541.52 ± 482.56 0.576
GGT (3–50 U/L) 168.07 ± 130.35 142.98 ± 109.19 0.358

Figure 2. Two-dimensional peak distribution with the peptide mass
fingerprint from the newly developed advanced schistosomiasis
(NDAS) and control groups. The red cross indicates healthy controls
and the green circle indicates newly developed advanced schistoso-
miasis (NDAS) patients.
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Sensitivity, specificity and reproducibility of PDP

The spectra from the other 50 NDAS patients were sub-
jected to PDP and all were successfully verified, which showed
100% sensitivity. One hundred healthy humans who lived in
the same villages were also blind tested with PDP for specificity
investigation, and 92 were verified correctly. The sera from the
patients infected with T. gondii were also checked; all sera from
patients with T. gondii infection were classified “0” (= not
infected) using the criteria for NDAS detection established by
MS and none of the cases could be diagnosed as NDAS, which
indicated 100% species specificity. For the evaluation of repro-
ducibility and efficiency, MB-WCX fractionation was assessed
by measuring all samples in triplicate, and all the spectra
showed the uniformity for the same sample.

Discussion

Hyaluronic acid (HA) is a high molecular weight gly-
cosaminoglycan produced by fibroblasts throughout the body
and plays a structural role in the connective tissue matrix.
HA is recognized as a non-invasive marker and gold standard
of liver fibrosis in chronic liver diseases [17]. According to
the census records, all patients infected with S. japonicum in
Kunshan County received chemotherapy in 1976 [3]. General
investigation of the whole population in 1977 and 1983 and
physical re-examination in 1979, 1987, 1992 and 1997 revealed
that several patients were cured of schistosomiasis, and others
were diagnosed with advanced schistosomiasis. The latter had
many clinical symptoms such as liver pain, network-like
changes in the liver, portal vein widening upon B-ultrasound

Figure 4. Peptide peaks with features of down-regulation. Compared with the healthy controls (red line), the down-regulated peaks of the
newly developed advanced schistosomiasis (NDAS) group are shown as a green line, including 11 peaks with m/z 924, 2661, 2953, 2991,
3241, 3884, 5337, 5905, 5943, 7766 and 9289.

Figure 3. Peptide peaks with features of up-regulation. Compared with the healthy controls (red line), the increased peaks of the newly
developed advanced schistosomiasis (NDAS) group are shown as a green line, including three peaks with m/z 1945, 2082 and 4282.
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scanning, and liver fibrosis, which sometimes required surgical
treatment. However, some of the patients with apparently cured
schistosomiasis reported aggravation of symptoms and they met
the criteria for advance schistosomiasis. This indicates that the
disease has a longer time of progression and a complicated
mechanism of occurrence, and development of the disease is
unclear. This new type of schistosomiasis was named NDAS
by an expert group [5].

A report on endemic schistosomiasis revealed that the last
Oncomelania hupensis snail was found in 1983 and eradication
of schistosomiasis was achieved in 1989 in Kunshan County
[26]. There was no opportunity for re-infection of humans
and livestock [7]. Investigation of life history showed that
NDAS patients lived in the local area from the 1980s and
had no re-exposure to water contaminated with Schistosoma
larvae. Hence, NDAS seems not to be related to S. japonicum
and may be attributed to a different pathogenesis.

Some studies have shown that praziquantel, the primary
drug in schistosomiasis treatment [13, 18], can only kill adult
worms and has no effect on the eggs of S. japonicum, which
results in pathological damage from the eggs that persist in
the liver after insecticidal treatment [11, 14]. The soluble egg
antigen that is released by the eggs induces liver granuloma
and fibrosis, which are the main symptoms in advanced schis-
tosomiasis [22]. However, the eggs could only survive in the
mammalian body for about 21 days. The question is how the
pathological process can last for the next 10–30 years? The
pathogenesis of liver fibrosis without living parasite eggs is still
unclear, as is the function of dead eggs in the process.

China has set 2020 as a date for elimination of schistosomi-
asis [21]. ELISA for antibody detection in serum and micro-
scopy in fecal examination are the main methods to detect
S. japonicum infection [23]. However, ELISA showed positive
results even in treated patients with no eggs found by fecal
examination for many years, which led to difficulty in the iden-
tification of patients. Fecal examination is a gold standard
method for schistosomiasis detection, which can be confirmed
once eggs are found in the feces by microscopic detection
However, the method has low sensitivity and may lead to
false-negative diagnosis, especially with the low infectivity dur-
ing schistosomiasis elimination.

The PDP established in this study represents a new method
to distinguish between NDAS and healthy controls. The results
showed that the method worked well with our selected samples,
and separate clusters indicated that there were different peak
distributions in the two groups. In this study, the fourteen peaks
with m/z 924, 2661, 2953, 2991, 3241, 3884, 5337, 5905,
5943, 7766, 9289, 1945, 2082 and 4282 were found in sera
with MALDI-TOF MS technology, and were different from
the peaks in sera of infected mice from our previous study
[6]. Part of the reason could be attributed to the different species
and host-parasite interactions. The different peaks in this study
could hopefully be used as diagnostic biomarkers, especially
m/z 5905, 5943, 2953 and 2082 with p < 0.01 by t-tests.
Although the unknown origin of the peaks was a technical lim-
itation in our study, the PDP established with these peaks was
useful to distinguish the selected samples. The blind test
showed 100% sensitivity (50/50), 92% (92/100) specificity
and accuracy in detection of the unknown samples, and

100% species specificity using sera associated with T. gondii
infection. However, it is suggested that the PDP could not be
directly used for classification of NDAS and healthy controls
on a larger scale at this stage and more samples are needed
for further verification. The limitations of our study were the
absence of specific biomarkers, and the small sample size,
and we should collect more cases in future research. In patients
with NDAS, regardless of the pathological and etiological
mechanism, the emergence of NDAS also suggested that treat-
ment of liver fibrosis cannot be ignored after chemotherapy.

Ethics statement

All experiments described here fully complied with current
national and institutional regulations and with those of the Min-
istry of Science and Technology of the People’s Republic of
China.

Author contributions

YH and HH conceived and designed the experiments; YH,
NH and YX performed the experiments; YH, HH, NH and LS
analyzed the data; YH, FS, HT and YH collected the samples;
all authors read and approved the final manuscript.

Funding

This study was supported by the Natural Science Founda-
tion of China (Grant Nos. 81673673, 31201893), the Special
Program of Jiangsu Clinical Medicine (Grant No.
BL2014020), Jiangsu Province’s Key Medical Center (Grant
No. 201108), the Natural Science Foundation of Jiangsu Pro-
vince (Grant No. BK2011164), the Jiangsu Health Science Pro-
ject (Grant Nos. X201416, X201110 and X201505), a project of
the Public Health Research Center of Jiangnan University
(Grant Nos. JUPH201811 and JUPH201802), Jiangsu Health
International Exchange Program to Y Huang, and by the Project
of Invigorating Health Care through Science, Technology and
Education. The funders had no role in study design, data collec-
tion, management, analysis and interpretation, decision to pub-
lish, or in the preparation, review or approval of this manuscript.

Competing interests

The authors declare that they have no competing interests.

Supplementary materials

Supplementary material is available at https://www.
parasite-journal.org/10.1051/parasite/2019032/olm.
Supplement 1. Flow diagram of the patient population and
reasons for exclusion. NDAS, newly developed advanced
schistosomiasis.
Supplement 2. Flow diagram of the healthy control population
and reasons for exclusion.

6 Y. Huang et al.: Parasite 2019, 26, 33

https://www.parasite-journal.org/10.1051/parasite/2019032/olm
https://www.parasite-journal.org/10.1051/parasite/2019032/olm


References

1. Bregeon F, Brioude G, De Dominicis F, Atieh T, D’Journo XB,
Flaudrops C, Rolain JM, Raoult D, Thomas PA. 2014. MALDI-
ToF mass spectrometry for the rapid diagnosis of cancerous
lung nodules. PLoS One, 9(5), e97511.

2. Dang H, Xu J, Li SZ, Cao ZG, Huang YX, Wu CG, Tu ZW,
Zhou XN. 2014. Monitoring the transmission of Schistosoma
japonicum in potential risk regions of China, 2008–2012.
International Journal of Environmental Research and Public
Health, 11(2), 2278–2287.

3. Hua H, Yin A, Xu M, Zhou Z, You L, Guo H. 2015. Advanced
schistosomiasis reappeared after curing seemingly being cured
for over 20 years and without known history of reexposure to
Schistosoma japonicum. Parasitology Research, 114(9), 3535–
3538.

4. Huang Y, Yang G, Kurian D, Xu M, Dai Y, Zhou Y, Xu Y,
Wang J, Zhang Y, Gao Q. 2011. Proteomic patterns as
biomarkers for the early detection of Schistosomiasis japonica
in a rabbit model. International Journal of Mass Spectrometry,
299(2–3), 191–195.

5. Huang Y, Hua H, Yin A, Xu M, Zhou Z, You L. 2015. Peptides
analysis from sera of newly-developed advanced schistosomi-
asis patients. Journal of Nanjing Medical University, 35(4),
576–579.

6. Huang Y, Li W, Liu K, Xiong C, Cao P, Tao J. 2016. New
detection method in experimental mice for schistosomiasis:
ClinProTool and matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry. Parasitology Research, 115
(11), 4173–4181.

7. Huang Y, Li W, Lu W, Xiong C, Yang Y, Yan H, Liu KC, Cao
P. 2016. Cloning and in vitro characterization of a Schistosoma
japonicum aquaglyceroporin that functions in osmoregulation.
Scientific Reports, 6, 35030.

8. Huguenin A, Depaquit J, Villena I, Ferté H. 2019. MALDI-TOF
mass spectrometry: a new tool for rapid identification of
cercariae (Trematoda, Digenea). Parasite, 26, 11.

9. Karpova MA, Moshkovskii SA, Toropygin IY, Archakov AI.
2010. Cancer-specific MALDI-TOF profiles of blood serum and
plasma: biological meaning and perspectives. Journal of
Proteomics, 73(3), 537–551.

10. Ketterlinus R, Hsieh SY, Teng SH, Lee H, Pusch W. 2005.
Fishing for biomarkers: analyzing mass spectrometry data with
the new ClinProTools software. Biotechniques, Suppl, 37–40.

11. Liang YJ, Luo J, Yuan Q, Zheng D, Liu YP, Shi L, Zhou Y,
Chen AL, Ren YY, Sun KY, Sun Y, Wang Y, Zhang ZS. 2011.
New insight into the antifibrotic effects of praziquantel on mice
in infection with Schistosoma japonicum. PLoS One, 6(5),
e20247.

12. Long L, Li R, Li Y, Hu C, Li Z. 2011. Pattern-based diagnosis
and screening of differentially expressed serum proteins for
rheumatoid arthritis by proteomic fingerprinting. Rheumatology
International, 31(8), 1069–1074.

13. Lothe A, Zulu N, Oyhus AO, Kjetland EF, Taylor M. 2018.
Treating schistosomiasis among South African high school
pupils in an endemic area, a qualitative study. BMC Infectious
Diseases, 18(1), 239.

14. Luo J, Liang Y, Kong F, Qiu J, Liu X, Chen A, Luxon BA, Wu
HW, Wang Y. 2017. Vascular endothelial growth factor

promotes the activation of hepatic stellate cells in chronic
schistosomiasis. Immunology and Cell Biology, 95(4), 399–
407.

15. Makioka A, Kumagai M, Kobayashi S, Takeuchi T. 2007.
Differences in protein profiles of the isolates of Entamoeba
histolytica and E. dispar by surface-enhanced laser desorption
ionization time-of-flight mass spectrometry (SELDI-TOF MS)
ProteinChip assays. Parasitology Research, 102(1), 103–110.

16. Ndao M, Spithill TW, Caffrey R, Li H, Podust VN, Perichon R,
Santamaria C, Ache A, Duncan M, Powell MR, Ward BJ. 2010.
Identification of novel diagnostic serum biomarkers for Chagas’
disease in asymptomatic subjects by mass spectrometric profil-
ing. Journal of Clinical Microbiology, 48(4), 1139–1149.

17. Orasan OH, Ciulei G, Cozma A, Sava M, Dumitrascu DL. 2016.
Hyaluronic acid as a biomarker of fibrosis in chronic liver
diseases of different etiologies. Clujul Medical, 89(1), 24–31.

18. Shehata MA, Chama MF, Funjika E. 2018. Prevalence and
intensity of Schistosoma haematobium infection among
schoolchildren in central Zambia before and after mass treat-
ment with a single dose of praziquantel. Tropical Parasitology, 8
(1), 12–17.

19. Singh R, Yadav BS, Singh S, Pandey PN, Mani A. 2016. In-
silico screening of Schistosoma mansoni Sirtuin1 inhibitors for
prioritization of drug candidates. Springerplus, 5, 286.

20. Steinmann P, Keiser J, Bos R, Tanner M, Utzinger J. 2006.
Schistosomiasis and water resources development: systematic
review, meta-analysis, and estimates of people at risk. Lancet
Infectious Disease, 6(7), 411–425.

21. Sun LP, Wang W, Zuo YP, Zhang ZQ, Hong QB, Yang GJ,
Zhu HR, Liang YS, Yang HT. 2017. An integrated environ-
mental improvement of marshlands: impact on control and
elimination of schistosomiasis in marshland regions along the
Yangtze River, China. Infectious Diseases of Poverty, 6(1), 72.

22. Wang Y. 2015. Post-transmission Schistosomiasis: the problem
of hepatic fibrosis. Chinese Journal of Parasitology and Parasitic
Disease, 33(6), 404–406.

23. Wang SP, He X, Zhou YF. 2015. Demand for and the
development of detection techniques for source of schistosome
infection in China. Chinese Journal of Parasitology and Parasitic
Disease, 33(6), 456–460.

24. Wu W, Feng A, Huang Y. 2015. Research and control of
advanced Schistosomiasis japonica in China. Parasitology
Research, 114(1), 17–27.

25. Wu S, Tseng Y, Xu N, Yin X, Xie X, Zhang L, Wu W, Zhu W,
Wu W, Yao J, Wu Y. 2018. Evaluation of transient elastography
in assessing liver fibrosis in patients with advanced Schistoso-
miasis japonica. Parasitology International, 67(3), 302–308.

26. Yin AH, Hua HY, Sun GX, Xu MG, Zhou WE, Zhu WC, Feng
JY, You L, Tang F, Liang YS. 2013. Survey on newly-
developed advanced schistosomiasis patients in schistosomiasis
transmission-interrupted areas. Chinese Journal of Schistosomi-
asis Control, 25(5), 477–480, 484.

27. Zapico-Muniz E, Farre-Viladrich A, Rico-Santana N, Gonzalez-
Sastre F, Mora-Brugues J. 2010. Standardized peptidome
profiling of human serum for the detection of pancreatic cancer.
Pancreas, 39(8), 1293–1298.

28. Zou L, Ruan S. 2015. Schistosomiasis transmission and control
in China. Acta Tropica, 143C, 51–57.

Cite this article as: Huang Y, Xu Y, Huang Y, Sun F, Tian H, Hu N, Shi L & Hua H. 2019. Identification of newly developed advanced
schistosomiasis with MALDI-TOF mass spectrometry and ClinProTools analysis. Parasite 26, 33.

Y. Huang et al.: Parasite 2019, 26, 33 7



An international open-access, peer-reviewed, online journal publishing high quality papers
on all aspects of human and animal parasitology

Reviews, articles and short notes may be submitted. Fields include, but are not limited to: general, medical and veterinary parasitology;
morphology, including ultrastructure; parasite systematics, including entomology, acarology, helminthology and protistology, andmolecular
analyses; molecular biology and biochemistry; immunology of parasitic diseases; host-parasite relationships; ecology and life history of
parasites; epidemiology; therapeutics; new diagnostic tools.
All papers in Parasite are published in English. Manuscripts should have a broad interest and must not have been published or submitted
elsewhere. No limit is imposed on the length of manuscripts.

Parasite (open-access) continues Parasite (print and online editions, 1994-2012) and Annales de Parasitologie Humaine et Comparée
(1923-1993) and is the official journal of the Société Française de Parasitologie.

Editor-in-Chief: Submit your manuscript at
Jean-Lou Justine, Paris http://parasite.edmgr.com/

8 Y. Huang et al.: Parasite 2019, 26, 33

http://parasite.edmgr.com/

	Introduction
	Materials and methods
	Patient identification and healthy controls
	Sample collection, HA and GGT detection
	MALDI-TOF MS
	Data processing and analysis
	Blind test with PDP
	Sensitivity, specificity and reproducibility assay

	Results
	Serological detection
	PDP
	Sensitivity, specificity and reproducibility of PDP

	Discussion
	Ethics statement
	Author contributions
	Funding
	Competing interests
	Supplementary materials
	References

