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In this study, we investigated the use of recombinant antigens thioredoxin peroxidase-1

(rSjTPx-1) and tandem repeat rSj1TR in evaluating the antibody positivity rates of

Schistosoma japonicum infection among water buffaloes from four endemic areas in the

Philippines, two municipalities with high endemicity (Calatrava, Negros Occidental and

Catarman, Northern Samar) and two municipalities nearing elimination with no cases of

human schistosomiasis (Talibon and Trinidad, Bohol). These recombinant antigen ELISA

assays were compared with other diagnostic tests including SEA-ELISA, FECT, and

fecal-based PCR. Results showed that rSj1TR-ELISA has the highest agreement with

PCR in all study areas. Furthermore, significant positivity rates among water buffaloes

were seen in Talibon and Trinidad, indicating that water buffaloes are maintaining

the schistosome parasites in transmission areas even in the absence of human

infection. Hence, serological assay using a more sensitive and specific rSj1TR-ELISA

can be used for animal surveillance to prevent emergence and re-emergence of

human schistosomiasis.
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INTRODUCTION

Water buffaloes are an important reservoir for Schistosoma japonicum in schistosomiasis-endemic
countries including China and the Philippines. Because of their continuous exposure to the parasite
in transmission areas, it was suggested that water buffaloes should be considered as the sentinel
animal in the surveillance of zoonotic schistosomiasis (1). Interruption of transmission can be
confirmed and will help achieve possible elimination of schistosomiasis in many areas where
the prevalence has been reduced to near elimination levels. However, there are still no available
standard tests on detecting the schistosome infection in these animals.

Molecular diagnostic tests such as real-time polymerase chain reaction (qPCR) have been used
in several researches to determine prevalence of this parasitic disease in water buffaloes and showed
high sensitivity and specificity (2). In our previous study, we have used a conventional PCR
targeting the NAD 1 gene of S. japonicum for water buffaloes as a reference standard for the
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serological evaluation of recombinant antigens (3). Using fecal
samples spiked with S. japonicum eggs, it has a detection limit
of one schistosome egg proving its high sensitivity (unpublished
data). However, these tests require expertise, costly reagents and
equipment that may not be available in remote, endemic areas.
On the other hand, a tedious parasitological technique called
Danish Bilharziasis Laboratory method (DBL) employing several
sieves in catching the schistosome eggs has been recommended as
an alternative means of diagnosis in animals (4). This method is
time-consuming, laborious and cannot be used in large surveys.

Zoonotic schistosomiasis is a chronic parasitic disease and
in water buffaloes where exposure to the schistosome parasite
in transmission sites is constant and continuous, antibody
detection seems to be the most appropriate diagnostic means.
However, serological tests using crude antigens cause cross-
reactions that might lead to false-positives and misdiagnosis,
especially in regions where more than one trematode parasite
is endemic. The use of parasite specific recombinant proteins
therefore will increase the precision and accuracy of serological
diagnosis. Moreover, several recombinant antigens detecting
anti-schistosome antibodies have shown promising results in
previous studies (3, 5). Prior to this study, we have already
identified recombinant thioredoxin peroxidase-1 (rSjTPx-1) and
the tandem repeat protein rSj1TR as antigens with good
diagnostic potentials for water buffaloes in S. japonicum infection
as compared to the crude soluble egg antigen (SEA) using
the enzyme-linked immunosorbent assay (ELISA) (3). SjTPx-1
and Sj1TR also showed no cross-reaction when tested against
samples from goats infected with Fasciola hepatica (3). Field
evaluation of these recombinant antigen ELISA assays is needed
to know the potential diagnostic applicability in the surveillance
of zoonotic schistosomiasis among water buffaloes. In this study,
we compared the ELISA utilizing rSjTPx-1 and rSj1TR with
the parasitological formol-ether concentration technique (FECT)
and fecal sample-based PCR in evaluating positivity rates of S.
japonicum infection among water buffaloes in several endemic
municipalities in the Philippines.

MATERIALS AND METHODS

Study Area and Sampling
Serum and fecal samples were collected in the period of March
2012 to April 2014 from water buffaloes in schistosomiasis-
endemic provinces in the Philippines namely Calatrava, Negros
Occidental (n = 59), Talibon (n = 28) and Trinidad (n =

32), Bohol and Catarman, Northern Samar (n = 49). Human
prevalence were recorded in Calatrava to be at least 5% according
to a focal survey (6) and in Northern Samar with 2.5% based
on a nationwide survey (7) using Kato-Katz technique. No
cases of human schistosomiasis have been reported in Talibon
and Trinidad since 2012 based on municipal health records
(unpublished data).

Fecal Sample Analysis
Fecal samples were collected through intrarectal means from
the water buffaloes, placed in code-labeled cups and stored with
10% neutralized formalin until use. FECT was performed on

the fecal samples based on previous protocols (8). Each fecal
sediment from FECT was divided for microscopy and DNA
extraction. Three fecal smears were examinedmicroscopically for
parasite eggs per sample. On the other hand, DNA extraction was
processed using QIAamp DNA Stool Mini Kit (QIAGEN Inc.,
Valencia, CA, USA) based on the manufacturer’s protocol.

Fecal sample-based PCR amplifying a 242 bp mitochondrial
marker from a region at position 4,961 within the cox2 gene
to position 7,180 within the nad6 gene was used on the water
buffalo fecal samples (9). The primer set 5′-GCCGTTACGC
TTAGAGCG-3′ forward primer and 5′-CATCCAAGCCGATTA
CCC-3′ reverse primer was utilized. A 20 µl reaction contained 2
µl of 10× PCR buffer, 0.6 µl of 1.5mMMgCl2, 1.6 µl of 2.5mM
dNTP, 0.4 µl of each 20 pmol/µl primer, 0.2 µl of 5 U/µl Taq
DNA polymerase (Takara, Otsu, Japan) and 2 µl of template
from the fecal DNA isolation. The cycling program used was as
follows: initial denaturation at 95

◦

C for 15min, followed by 45
cycles of 94

◦

C for 30 s denaturation, 63
◦

C for 1min annealing,
72

◦

C for 90 s extension, and a final extension of 72
◦

C for 10min.
After performing the PCR using Veriti 96 Well Thermal Cycler
(Applied Biosystems, Carlsbad, CA, USA), the PCR products
were separated by electrophoresis in 1.5% agarose gel and sizes
were resolved using a 100 bp DNA ladder (Invitrogen, Tokyo,
Japan). The bands were then visualized by ethidium bromide
staining. PCR reactions were performed in triplicates for every
fecal sample and a sample is regarded as positive when at least one
reaction showed the 242 bp band in the visualized gel (Figure 1).

ELISA
For the ELISA, SEA and the recombinant proteins rSjTPx-1
and rSj1TR were prepared and used according to our previous
paper (4). In brief, 96-well microplates (Nunc Maxisorp, Thermo
Fisher, Rockland, IL) were sensitized separately with SEA (1
µg/well) or each of the recombinant proteins (200 ng/well). The
test sera (0.1ml) were diluted 200-fold in Tween 20-phosphate
buffered solution with 1% bovine serum albumin whereas
the secondary antibody (0.1ml) was diluted in 10,000-fold.
Secondary antibody horseradish peroxidase-conjugated Protein
G (Rockland Inc., Gilbertsville, PA, USA) and the substrate
3,3’,5,5’-tetramethylbenzidine (KPL, Gaithersburg, MD, USA)
were used. Optical density (OD) at 450 nm was measured using a
microplate reader (MTP-500, Corona Electric, Tokyo, Japan). All
the tests were done in triplicates and data represent mean values.
A sample was considered positive when the mean absorbance
value of each sample was higher than the cut-off value. The cut-
off values were calculated as mean plus three standard deviation
of the absorbance values from negative samples collected from
municipalities in the Philippines known to be non-endemic for
schistosomiasis (3).

Statistical Analysis
Diagnostic parameters including the sensitivity, specificity,
positive predictive values, negative predictive values, and
accuracy were calculated using the field samples. Kappa statistics
was used to qualitativelymeasure themagnitude of the agreement
between the tests with fecal sample-based PCR as the reference
test (10). A kappa value near 1 was interpreted as having a perfect

Frontiers in Veterinary Science | www.frontiersin.org 2 October 2020 | Volume 7 | Article 592783

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Angeles et al. ELISA for Water Buffalo Schistosomiasis

FIGURE 1 | Gel electrophoresis of the stool PCR for water buffaloes targeting the S. japonicum mitochondrial cox2-nad6 gene. M, marker. N, negative control (stool

DNA from non-endemic cattle). P, positive control (S. japonicum adult DNA template). Lanes 1-12, Water buffalo samples. A 242 bp band was seen in positive

samples while none in negative.

agreement whereas a value near 0 as just having a less than chance
agreement (11). All the statistical analyses done were calculated
using the statistics software GraphPad (San Diego, CA, USA).

Study Ethics
All the owners of the water buffaloes were informed about the
background of this study and signed consent forms for the
use of their water buffaloes in this study. This study was done
according to ethical guidelines for the epidemiological use of
animal samples provided by Obihiro University of Agriculture
and Veterinary Medicine (Permit No. 23-153 and No. 26-31).

RESULTS

As shown inTable 1, positivity rates for schistosome infection are
high in the highly endemic areas of Calatrava (x = 27.46) and
Catarman (x = 45.72). However, there are marked differences
in positivity rates in these two municipalities using the sensitive
fecal sample-based PCR (49.15, 40.82%) and microscopy (6.78,
20.41%). Furthermore, microscopy detected the lowest number
of positive samples among the tests in all the endemic areas
examined. While all the microscopy positive samples tested
positive for PCR, not all those which tested positive for the PCR
were positive by microscopy showing that agreements between
the two tests are very low in all these areas except in Talibon.
Also, marked positivity rates were seen in Talibon (x= 15.71) and
Trinidad (x = 20.63) where no human cases of schistosomiasis
were reported for 2 years prior to the collection.

rSjTPx-1 and rSj1TR were proven to have good diagnostic
potentials in our previous studies for water buffalo diagnosis (3).
rSjTPx-1 also showed remarkable sensitivity and specificity in
humans (12) and dogs (13). These recombinant antigens were
used in this study in the ELISA format together with the crude

SEA for comparison. The positivity rate on all the tested antigens
showed correlation with the infection prevalence in different
geographical areas; in the highly endemic municipalities, the
antigens showed high positivity rates and vice versa (Table 1). In
terms of serological reactivity, SEA detected the higher number of
positive samples than the other two defined antigens in all these
endemic areas except in Calatrava (Figure 2).

In our previous evaluation of recombinant diagnostic antigens
for water buffaloes, rSjTPx-1 and rSj1TR showed 82.61%
sensitivity, 96.67% specificity, and 78.26% sensitivity, 93.33%
specificity, respectively as compared to SEA having 97.14%
sensitivity and 71.76% specificity (3). However, field sensitivity
and specificity of rSj1TR-ELISA were shown to be lower in this
study with 68.52 and 87.61%, respectively (Table 2). The highest
among the ELISA was shown in rSj1TR-ELISA with 83.33%
sensitivity and 97.35% specificity. Accuracy was also calculated
with 92.81% for rSj1TR and 81.44% for rSjTPx-1.

Furthermore, rSj1TR showed the highest agreement with fecal
sample-based PCR in all the examined municipalities giving an
overall kappa value of 0.818, with a clear contrast to SEA having
the lowest agreement with PCR with an overall kappa value of
0.292 (Table 3).

DISCUSSION

In this study, we have compared rSjTPx-1 ELISA and rSj1TR
ELISA with SEA-ELISA, FECT and PCR in determining the
positivity rates of the water buffaloes in four endemic areas
in the Philippines. The highest positivity rate was seen in
SEA-ELISA, but it was known that crude antigens like SEA
have low specificity and could cause cross-reaction with other
parasitic diseases in both humans (12) and animals (3, 13).
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TABLE 1 | Positivity rate of schistosome infection among the water buffaloes in selected endemic municipalities using different diagnostic tests.

Diagnostic tests Calatrava n = 59 Catarman n = 49 Talibon n = 28 Trinidad n = 32

No. of

positives

Positivity rate

(%)

No. of

positives

Positivity rate

(%)

No. of

positives

Positivity rate

(%)

No. of

positives

Positivity rate

(%)

Microscopy 4 6.78 10 20.41 2 7.14 2 6.25

SEA-ELISA 15 25.42 34 69.39 11 39.29 14 43.75

Sj1TR-ELISA 21 35.59 19 38.78 3 10.71 6 18.75

SjTPx-1-ELISA 12 20.34 29 59.18 4 14.29 7 21.88

Stool PCR 29 49.15 20 40.82 2 7.14 4 12.50

Mean positivity

rates (x)

27.46 45.72 15.71 20.63

FIGURE 2 | ELISA results of the water buffaloes from selected schistosomiasis-endemic areas. Cut-off values were shown as dotted lines whereas mean OD values

as solid lines.

In addition, SEA-ELISA cannot distinguish past and present
infection. This is a clear contrast with rSjTPx-1 and rSj1TR which
brought negative results in human sera collected 1 year after

praziquantel treatment in our previous study (12) suggesting that
these recombinant antigens are useful in detecting active human
schistosomiasis. However, this may not be the case in water
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TABLE 2 | Statistical analysis of the diagnostic potentials of ELISA using SEA and

recombinant antigens rSjTPx-1 and rSj1TR*.

SEA-ELISA rSj1TR-ELISA rSjTPx-1-ELISA

Sensitivity (%) 70.37 83.33 68.52

Specificity (%) 69.03 97.35 87.61

Positive predictive value (%) 52.05 93.75 72.55

Negative predictive value (%) 82.98 92.44 85.34

Accuracy (%) 69.46 92.81 81.44

*All the diagnostic parameters used were calculated using the statistics software

GraphPad. Stool PCR served as the reference test.

TABLE 3 | Statistical agreement of the diagnostic tests in selected

schistosomiasis-endemic municipalities.

Endemic

municipalities

Kappa values*

Microscopy SEA-ELISA Sj1TR-ELISA SjTPx-1-ELISA

Catarman 0.542 0.314 0.914 0.645

Calatrava 0.140 0.316 0.727 0.281

Talibon 1.000 0.213 0.781 0.632

Trinidad 0.636 0.310 0.765 0.676

Total 0.396 0.292 0.818 0.520

*Kappa values were calculated using the statistics software GraphPad. Stool PCR served

as the reference test.

buffaloes that are known to experience the self-cure phenomenon
(14) as well as a steady exposure to the parasite that might greatly
affect their immunological profile. Amore intensive study should
therefore be done to clearly validate the use of these recombinant
antigens in detecting active cases of schistosome infection in
water buffaloes.

Our results showed microscopy to have the lowest positivity
rates among the water buffaloes in the study areas. On the other
hand, all the schistosome egg positive samples were also positive
with fecal sample-based PCR thus verifying the sensitivity of the
PCR in detecting schistosomiasis even in areas where infection
intensity is low. Among the recombinant antigens, rSj1TR
showed the highest field sensitivity, specificity and agreement
with the PCR suggesting its better suitability as a diagnostic
antigen in the water buffalo surveillance than the other antigens
used. Interestingly, there were samples tested positive for the
recombinant antigen ELISA but not in PCR. This could be
explained by individuals who are not excreting eggs seen at the
early stages of the disease or those with very low egg burden (15)
and with the large day-to-day variation in the egg output (16, 17).
This has emphasized the advantage of antibody testing over
molecular techniques in the diagnosis of schistosome infection.
For ease of use, rSj1TR should be tested in future studies in lateral
flow format to develop a sensitive and specific rapid diagnostic
test for zoonotic schistosomiasis.

Our results indicate a marked positivity among the water
buffaloes tested in near elimination areas of Talibon and Trinidad
where no human cases have been recorded since 2012. Presence

of the schistosome parasite in the bovine hosts poses a threat in
the human schistosomiasis elimination. As seen in the previously
controlled areas of Anhui and Sichuan provinces of China,
re-emergence of schistosomiasis in humans was significantly
attributed to the high prevalence of schistosome infection among
cows and water buffaloes (18, 19). This threat can possibly be
avoided by setting up a sensitive animal surveillance system that
can detect infection in animals for prompt intervention. Hence,
animals serving as sources of infection can be treated properly
preventing any further contamination of the environment with
the schistosome eggs that can start transmission anew.

Also, the presence of the parasites in the water buffaloes
suggest the underestimation of the human prevalence in the
surveys done using the less sensitive Kato-Katz technique (20).
The intensive mass drug administration done in the endemic
areas have resulted to infected individuals to manifest low
intensity of infection (21). This greatly affects the diagnostic
performance of stool based diagnostic assays such as Kato-Katz
and indicate the need for more sensitive diagnostic tests to be
used in such conditions. In addition, our results showed that
the positivity rates in the rSj1TR-ELISA is directly proportional
with the level of human prevalence in the four municipalities.
This is also true for rSjTPx-1-ELISA except for the samples
from Calatrava, Negros Occidental. As SjTPx-1 is only one of
the detoxifying agents against hydrogen peroxide in helminths
(22), its expression levels for each geographical isolate should
be analyzed. This might affect its antigenicity and results to low
antibody levels in some groups of water buffaloes as seen in the
Calatrava samples.

The possibility of genetic and strain differences between
human and animal schistosomes cannot be discounted
and should be further explored through molecular means.
Nonetheless, our results showing positivity for schistosome
parasites among the examined water buffaloes in Talibon and
Trinidad still prove that in near elimination areas, human cases
may be zero but animal infections may constantly persist, and
continue to perpetuate the transmission of schistosomiasis.
Hence, animal surveillance using a more sensitive and specific
test should be done as means of regularly monitoring animal
infection. And in such cases should the water buffaloes be
found positive with the schistosome parasites as seen in
the municipalities of Talibon and Trinidad in this study,
investigation of the transmission sites including the examination
of the snail intermediate hosts must be done to see the entire
epidemiological picture of the disease in the area. Based on this
information, the local health and veterinary agencies can come
up with the appropriate control measures to be pursued such
as selective bovine chemotherapy (23, 24) and isolation of the
infected water buffaloes to possibly stop transmission.

CONCLUSION

rSj1TR has shown to be a better ELISA antigen than rSjTPx-
1 in the field evaluation for schistosomiasis detection among
water buffaloes. Results showed that rSjTPx-1 ELISA has higher
agreement with fecal sample-based PCR than microscopy.
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Serological tests therefore using recombinant antigens may
be useful for the detection of schistosome infection in water
buffaloes, if fecal sample-based PCR will not be feasible and
available. They should be included in the animal surveillance
of the national schistosomiasis control program to ensure
elimination and prevent emergence and re-emergence of this
parasitic disease.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The animal study was reviewed and approved by Obihiro
University of Agriculture and Veterinary Medicine. Written
informed consent was obtained from the owners for the
participation of their animals in this study.

AUTHOR CONTRIBUTIONS

JA, YG, and S-iK conceived and designed the study. JA, EV, KM,
PR, and S-iK collected the samples. JA performed the antigen
evaluation and analysis. YG, MK, and YC contributed in the data
analysis. JA and S-iK prepared the initial draft of the manuscript.
All authors read and approved the final manuscript.

FUNDING

This study was supported in part by a grant from Global COE
Program from the Japanese Ministry of Education, Science,
Sports, Culture and Technology; Grant H23-Shinkosaiko-
014 for research on emerging and re-emerging infectious
diseases from the Ministry of Health, Labour and Welfare
of Japan; a Grant-in-Aid for Scientific Research (24405044
to S-iK and 23689024 to YG) from the Japan Society for
the Promotion of Science (JSPS) and JSPS Postdoctoral
Fellowship for Foreign Researchers (P14088 to JA); and A-
STEP Grant (AS232Z00111F to YG) from the Japan Science and
Technology Agency.

ACKNOWLEDGMENTS

We are deeply grateful to the farmers, veterinary and
health officials, the provincial and local governments of the
municipalities of Calatrava, Negros Occidental, Talibon and
Trinidad, Bohol and Catarman, Northern Samar, Philippines for
accommodating and providing us the water buffaloes examined
in this study; Dr. Lydia R. Leonardo, Imelda Pates, Gregorio
Leano, Alvin Karl Leonardo, Raymund Solitario, Ian Kim Tabios
and Pebbles Grayle Tamayo of the Department of Parasitology,
College of Public Health, University of the Philippines, Manila,
Philippines for assisting in the sampling and experiments done
in the Philippines.

REFERENCES

1. Angeles JM, Leonardo LR, Goto Y, Kirinoki M, Villacorte EA, Hakimi H, et al.

Water buffalo as sentinel animals for schistosomiasis surveillance. Bull World

Health Organ. (2015) 93:511–2. doi: 10.2471/BLT.14.143065

2. Wu HW, Qin YF, Chu K, Meng R, Liu Y, McGarvey ST, et al. High prevalence

of Schistosoma japonicum infection in water buffaloes in the Philippines

assessed by real-time polymerase chain reaction. Am J Trop Med Hyg. (2010)

82:646–52. doi: 10.4269/ajtmh.2010.09-0638

3. Angeles JM, Goto Y, Kirinoki M, Asada M, Leonardo LR, Rivera

PT, et al. Utilization of ELISA using thioredoxin peroxidase-1 and

tandem repeat proteins for diagnosis of Schistosoma japonicum

infection among water buffaloes. PLoS Negl Trop Dis. (2012)

6:e1800. doi: 10.1371/journal.pntd.0001800

4. Fernandez TJ, Jr, Tarafder MR, Balolong E, Jr, Joseph L, Willingham AL, III,

Bélisle P, et al. Prevalence of Schistosoma japonicum infection among animals

in fifty villages of Samar province, the Philippines. Vector Borne Zoonotic Dis.

(2007) 7:147–55. doi: 10.1089/vbz.2006.0565

5. Cheng PC, Tsaihong JC, Lee KM. Application of recombinant Sjc26GST

for serodiagnosis of Schistosoma japonicum infection in water buffalo

(Bos buffelus). Vet Parasitol. (2007) 150:314–20. doi: 10.1016/j.vetpar.2007.

09.022

6. Leonardo L, Rivera P, Saniel O, Solon JA, Chigusa Y, Villacorte E, et al.

New endemic foci of schistosomiasis infections in the Philippines. Acta Trop.

(2015) 141(Pt B):354–60. doi: 10.1016/j.actatropica.2013.03.015

7. Leonardo LR, Rivera P, Saniel O, Villacorte E, Crisostomo B, Hernandez L,

et al. Prevalence survey of schistosomiasis in Mindanao and the Visayas, The

Philippines. Parasitol Int. (2008) 57:246–51. doi: 10.1016/j.parint.2008.04.006

8. Allen AVH, Ridley DS. Further observations on the formol-ether

concentration technique for faecal parasites. J Clin Pathol. (1970)

23:545–46. doi: 10.1136/jcp.23.6.545

9. Gobert GN, Chai M, Duke M, McManus DP. Copro-PCR based detection of

Schistosoma eggs using mitochondrial DNA markers. Mol Cell Probes. (2010)

19:250–4. doi: 10.1016/j.mcp.2005.01.006

10. Cohen J. A coefficient of agreement for nominal scales. Educ Psych

Measurement. (1960) 20:37–46. doi: 10.1177/001316446002000104

11. Viera AJ, Garrett JM. Understanding interobserver agreement; the kappa

statistic. Fam Med. (2005) 37:360–3. Available online at: https://famme

darchives.blob.core.windows.net/imagesandpdfs/fmhub/fm2005/May/Antho

ny360.pdf

12. Angeles JM, Goto Y, Kirinoki M, Leonardo L, Tongol-Rivera P, Villacorte

E, et al. Human antibody response to thioredoxin peroxidase-1 and

tandem repeat proteins as immunodiagnostic antigen candidates for

Schistosoma japonicum infection. Am J Trop Med Hyg. (2011) 85:674–

9. doi: 10.4269/ajtmh.2011.11-0245

13. Angeles JM, Goto Y, Kirinoki M, Leonardo LR, Moendeg KJ, Ybañez AP,

et al. Detection of canine Schistosoma japonicum infection using recombinant

thioredoxin peroxidase-1 and tandem repeat proteins. J Vet Med Sci. (2019)

81:1413–8. doi: 10.1292/jvms.19-0126

14. Li YS, McManus DP, Lin DD, Williams GM, Harn DA, Ross AG, et al. The

Schistosoma japonicum self-cure phenomenon in water buffaloes: potential

impact on the control and elimination of schistosomiasis in China. Int J

Parasitol. (2014) 44:167–71. doi: 10.1016/j.ijpara.2013.10.007

15. Gray DJ, Ross AG, Li YS, McManus DP. Diagnosis and management of

schistosomiasis. BMJ. (2011) 342:d2651. doi: 10.1136/bmj.d2651

16. Cheever AW, Macedonia JG, Mosimann JE, Cheever EA. Kinetics of egg

production and egg excretion by Schistosoma mansoni and S. japonicum in

mice infected with a single pair of worms. Am J Trop Med Hyg. (1994)

50:281–95. doi: 10.4269/ajtmh.1994.50.281

17. Engels D, Sinzinkayo E, Gryseels B. Day-to-day egg count fluctuation in

Schistosoma mansoni infection and its operational implications. Am J Trop

Med Hyg. (1996) 54:319–24. doi: 10.4269/ajtmh.1996.54.319

Frontiers in Veterinary Science | www.frontiersin.org 6 October 2020 | Volume 7 | Article 592783

https://doi.org/10.2471/BLT.14.143065
https://doi.org/10.4269/ajtmh.2010.09-0638
https://doi.org/10.1371/journal.pntd.0001800
https://doi.org/10.1089/vbz.2006.0565
https://doi.org/10.1016/j.vetpar.2007.09.022
https://doi.org/10.1016/j.actatropica.2013.03.015
https://doi.org/10.1016/j.parint.2008.04.006
https://doi.org/10.1136/jcp.23.6.545
https://doi.org/10.1016/j.mcp.2005.01.006
https://doi.org/10.1177/001316446002000104
https://fammedarchives.blob.core.windows.net/imagesandpdfs/fmhub/fm2005/May/Anthony360.pdf
https://fammedarchives.blob.core.windows.net/imagesandpdfs/fmhub/fm2005/May/Anthony360.pdf
https://fammedarchives.blob.core.windows.net/imagesandpdfs/fmhub/fm2005/May/Anthony360.pdf
https://doi.org/10.4269/ajtmh.2011.11-0245
https://doi.org/10.1292/jvms.19-0126
https://doi.org/10.1016/j.ijpara.2013.10.007
https://doi.org/10.1136/bmj.d2651
https://doi.org/10.4269/ajtmh.1994.50.281
https://doi.org/10.4269/ajtmh.1996.54.319
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Angeles et al. ELISA for Water Buffalo Schistosomiasis

18. Lu DB,Wang TP, Rudge JW, Donnelly CA, Fang GR,Webster JP. Contrasting

reservoirs for Schistosoma japonicum between marshland and hilly regions

in Anhui, China–a two-year longitudinal parasitological survey. Parasitology.

(2010) 137:99–110. doi: 10.1017/S003118200999103X

19. Carlton EJ, Bates MN, Zhong B, Seto EY, Spear RC. Evaluation of

mammalian and intermediate host surveillance methods for detecting

schistosomiasis reemergence in southwest China. PLoS Negl Trop Dis. (2011)

5:e987. doi: 10.1371/journal.pntd.0000987

20. Olveda RM, Tallo V, Olveda DU, Inobaya MT, Chau TN, Ross AG.

National survey data for zoonotic schistosomiasis in the Philippines

grossly underestimates the true burden of disease within endemic

zones: implications for future control. Int J Infect Dis. (2016)

45:13–7. doi: 10.1016/j.ijid.2016.01.011

21. Secor WE. Early lessons from schistosomiasis mass drug administration

programs. F1000Res. (2015) 4:F1000. doi: 10.12688/f1000research.

6826.1

22. Kumagai T, Osada Y, Kanazawa T. 2-Cys peroxiredoxins from Schistosoma

japonicum: the expression profile and localization in the life cycle.

Mol Biochem Parasitol. (2006) 149:135–43. doi: 10.1016/j.molbiopara.2006.

05.004

23. Gray DJ, Williams GM, Li Y, Chen H, Li RS, Forsyth SJ, et al. A cluster-

randomized bovine intervention trial against Schistosoma japonicum in the

People’s Republic of China: design and baseline results. Am J Trop Med Hyg.

(2007) 77:866–74. doi: 10.4269/ajtmh.2007.77.866

24. Gray DJ, Williams GM, Li Y, Chen H, Forsyth SJ, Li RS, et al. A cluster-

randomised intervention trial against Schistosoma japonicum in the Peoples’

Republic of China: bovine and human transmission. PLoS ONE. (2009)

4:e5900. doi: 10.1371/journal.pone.0005900

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Angeles, Goto, Kirinoki, Villacorte, Moendeg, Rivera, Chigusa and

Kawazu. This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction in

other forums is permitted, provided the original author(s) and the copyright owner(s)

are credited and that the original publication in this journal is cited, in accordance

with accepted academic practice. No use, distribution or reproduction is permitted

which does not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org 7 October 2020 | Volume 7 | Article 592783

https://doi.org/10.1017/S003118200999103X
https://doi.org/10.1371/journal.pntd.0000987
https://doi.org/10.1016/j.ijid.2016.01.011
https://doi.org/10.12688/f1000research.6826.1
https://doi.org/10.1016/j.molbiopara.2006.05.004
https://doi.org/10.4269/ajtmh.2007.77.866
https://doi.org/10.1371/journal.pone.0005900~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Field Evaluation of Recombinant Antigen ELISA in Detecting Zoonotic Schistosome Infection Among Water Buffaloes in Endemic Municipalities in the Philippines
	Introduction
	Materials and Methods
	Study Area and Sampling
	Fecal Sample Analysis
	ELISA
	Statistical Analysis
	Study Ethics

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


