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     INTRODUCTION 

 Schistosomiasis is one of the most prevalent parasitic dis-
eases worldwide, with 207 million persons infected in 76 coun-
tries. 1  In contrast to the other major schistosomes infecting 
humans,  Schistosoma japonicum  is a zoonosis with a wide 
spectrum of definitive hosts other than humans, including 
buffaloes, cattle, goats, sheep, rats, dogs, and cats, serving as 
reservoir hosts. 2  Although human infection and disease caused 
by  S. japonicum  can be reduced by treatment of humans with 
praziquantel, control of schistosomiasis japonica remains 
difficult, in part, because of transmission from infected 
animals. 3 , 4  

 The relative importance of specific host species to human 
transmission of  S. japonicum  is likely complex and may be 
influenced by local factors that include the number and abun-
dance of potential host species, heterogeneity in irrigation 
management practices, and potential parasite genetic restric-
tions to infectivity of humans. 5  

 Three recent interventional studies strongly support the 
contribution of water buffaloes to human transmission in the 
lake and marshlands region of China. 6 – 8  In two studies, buffa-
loes and humans were treated with praziquantel in interven-
tion villages, and only humans were treated in control villages. 
After adjusting for baseline prevalence, age, sex, and exposure, 
 S. japonicum  reinfection of humans was 48–89% lower in vil-
lages that received treatment of buffaloes and humans. 6 , 7  In an 
operational research study, removing bovines and improving 
sanitation in intervention villages resulted in an 88% reduc-
tion in human prevalence compared with control villages. 8  
These findings are further supported by mathematical model-
ing of intra-species transmission dynamics across several eco-
logic settings in China, which indicate that buffaloes account 

for 39–99% of the  S. japonicum  transmission to humans. 9  
Based on these results, the Chinese National Schistosomiasis 
Control Program currently targets cattle and water buffaloes 
for zoonotic surveillance. 8 , 10  

 In contrast to the situation in China, in the Philippines, 
there are no published interventional trials examining the 
role of non-human hosts in transmission of  S. japonicum  to 
humans. Several surveys have examined the host range of 
 S. japonicum  in the Philippines by using parasitologic and 
immunologic detection assays and identified dogs, cats, 
rats, pigs, cattle, and water buffaloes as potential hosts. 4 , 11 – 18  
A recent epidemiologic survey using the Danish Bilharziasis 
Laboratory (DBL) technique 19  conducted in 50 villages in 
Samar, Philippines, reported a 2.1% prevalence of  S. japoni-
cum  in 873 water buffaloes, which represented 49.4% of all 
water buffaloes in the villages. 20  Prevalence in water buffaloes 
varied across villages, but in all villages except one, water buf-
faloes had the lowest prevalence of infection compared with 
dogs, cats, pigs, and rats. Mathematical modeling of these prev-
alence data suggested that water buffaloes ( Bubalus bubalis ) 
do not play a significant role in the transmission of  S. japoni-
cum  to humans in Samar, the Philippines. 21  These findings 
have been challenged because of uncertainty in the species-
specific test characteristics of the diagnostic method used in the 
Philippines (DBL technique) compared with China (miracidia 
hatching). 22  

 Traditionally, diagnosis of schistosomiasis in animals has 
been made by direct parasitologic techniques, including copro-
logic assays, such as the Kato-Katz technique and miracidia 
hatching. These are simple, low-cost diagnostic assays useful in 
areas with moderate to high infection intensity but have poor 
sensitivity for light infections. 23  

 Recently, several conventional and real-time polymerase 
chain reaction PCR (quantitative PCR [qPCR]) methods to 
amplify and detect parasite DNA have been developed for all 
three species of schistosomes that commonly infect humans. 24 – 34  
The present study reevaluated the prevalence of  S. japonicum  
infection in water buffaloes in a schistosomiasis-endemic area 
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in the Philippines by using several traditional methods and a 
highly validated qPCR assay. 32 , 33  

   MATERIALS AND METHODS 

  Study site and stool collection.   This cross-sectional study 
was carried out in the village of Macanip, Jaro municipality, 
Leyte, the Philippines, a subsistence rice-farming village that 
has been the focus of schistosomiasis studies for more than 
20 years. In 2001, the village level human prevalence based on 
duplicate Kato-Katz examination of a single stool specimen 
was 54%. 35  

 In May 2008, we conducted a survey of water buffaloes in 
Macanip. All owners of water buffaloes were informed about 
the study and asked to keep their water buffaloes penned to 
facilitate the collection of a stool sample. Samples were col-
lected directly from the rectums of water buffaloes into bar-
code-labeled cups and stored on wet ice until processed. 
All stools were processed within eight hours of collection. 
Exclusion criteria included lack of permission from the farmer 
and failure to pen the animals on the scheduled stool collec-
tion date. 

   Traditional coprologic methods for detection of  
S. japonicum  infection.   Sixty grams of feces was extensively 
homogenized with a plastic spatula prior to sampling for Kato-
Katz technique, DBL technique, and miracidia hatching. For 
the Kato-Katz assay, homogenized stool was measured onto a 
slide using a 50-mg template. Two slides were prepared from 
each sample and were stained and read according to published 
methods. 36  

 The DBL technique was performed as described. 37  Briefly, 
5 grams of homogenized stool together with 100 mL of 1.2% 
saline were added to a 250-mL plastic bottle. The bottle was 
capped and vigorously agitated for 10 minutes. The resulting 
solution was poured through a series of 3 sieves of 400-μm, 
250-μm, and 45-μm mesh size, respectively. The residue remain-
ing in the 45-μm sieve was transferred to a 0.5-liter sedimenta-
tion flask with 200 mL of saline and allowed to sediment for 
20 minutes in the dark. The upper 150-mL layer of saline was 
carefully decanted, and the remainder was poured through a 
45-μm sieve. The residue was transferred from the 45-μm sieve 
to a 0.5-liter sedimentation flask with 200 mL of saline and 
allowed to sediment for 15 minutes in the dark. The upper 
150-mL layer of saline was carefully decanted, and the remain-
der was poured through a 45-μm sieve. The residue remaining 
in the 45-μm sieve was washed into a 15-mL conical tube using 
10 mL of saline. The 15-mL tube was centrifuged for 1 minute 
at 300 ×  g  and the supernatant was discarded. The sediment 
was resuspended in saline to a final volume of 2.25 mL. After 
thoroughly mixing, 150 μL was transferred to a 1-mL micro-
scope chamber and 850 μL of saline was added. The chamber 
slides were carefully mixed and the number of  S. japonicum  
eggs was recorded. Three slides (total of 450 μL of sediment) 
were counted for each sample and the sum of 3 counts indi-
cated the number of eggs per gram (EPG) of feces. 

 For the miracidia hatching assay, 50 grams of homogenized 
stool was transferred into a 250-mL plastic bottle. The fecal 
sample was suspended in 200 mL of dechlorinated water and 
allowed to sediment for 20 minutes. The upper 150-mL layer 
of water was carefully decanted and an additional 150 mL of 
dechlorinated water was added to the sample. The samples 
were resuspended and allowed to sediment for 20 minutes. 

The upper 150-mL layer of water was carefully decanted and 
the sediment was transferred to a 1-liter glass flask. The flask 
was filled with 1 liter of dechlorinated tap water and incubated 
under strong artificial illumination at 25°C. The presence of 
miracidia was assessed one, three, and five hours after incuba-
tion by ocular examination. 38  

   Real-time PCR for detection of  S. japonicum  infection.  
  Sample preparation.   Uninfected water buffalo stools were 
obtained from 11 water buffaloes in a non-schistosomiasis–
endemic area in China. Purified  S. japonicum  eggs prepared 
from infected mouse livers 39  (provided by the Schistosomiasis 
Resource Center, National Institute of Allergy and Infectious 
Diseases, Bethesda, MD) were washed three times with 
phosphate-buffered saline, pH 7.4, and transferred onto glass 
slides for enumeration by microscopy. Enumerated eggs were 
washed off the slide with ASL buffer (stool lysis buffer in the 
QIAmp DNA stool kit; Qiagen, Valencia, CA) into microtubes 
for DNA extraction, followed by verification that no eggs 
remained on the glass slide by microscopy. 

 Spiked stool samples corresponding to 1 and 2 EPG were 
prepared by mixing 1 gram of uninfected buffalo stool with 
1 or 2 eggs, homogenizing extensively with a plastic spatula, 
freezing at –80°C for more than 1 hour, thawing, and trans-
ferring 200 mg of stool to a new microtube. The 200-mg stool 
samples were further homogenized in 1.4 mL of ASL buffer 
and DNA was extracted. Spiked stool samples corresponding 
to 5, 10, 20, 40, and 80 EPG were prepared by mixing 200 mg of 
uninfected water buffalo stool with enumerated  S. japonicum  
eggs and processed as above. Spiked samples in ASL buffer 
were prepared by adding enumerated, purified eggs to 1.4 mL 
of ASL buffer, vortexing, and DNA extraction. 

   Genomic DNA extraction.   Genomic DNA was extracted 
from adult worms, purified eggs, or stool samples using 
QIAamp DNA Stool Mini Kit (Qiagen). The protocol 
“Isolation of DNA from Stool for Pathogen Detection” was 
used with two modifications: 1) samples were incubated at 
95.0°C for 20 minutes with vortexing every 5 minutes (instead 
of an incubation for 5 minutes at 70°C) and 2) washing of the 
purification column with buffer AW1 was increased from once 
to three times. Genomic DNA was eluted with 200 μL AE 
buffer at room temperature for 5 minutes. 

   Quantitative PCR.   We used a previously described qPCR 
specific for  S. japonicum  that amplifies an 82-base-pair 
se quence in the mitochondrial nicotinamide adenine dinu-
cle otide dehydrogenase I gene using SYBR Green for 
detection. 32 , 33  The primer pair SjqPCR-F (5′-TG R  TTT AGA 
TTT GGG TGT GC-3′) and SjqPCR-R (5′-AAC CCC CAC 
AGT CAC TAG CAT AA-3′) was synthesized (Invitrogen, 
Carlsbad, CA) as described. 32  The qPCR was performed in 
TempAssure PCR 8-tube strips (USA-Scientific Inc., Ocala, FL) 
in a total reaction volume of 50 μL that contained 1 × SYBR ®  
GreenER qPCR™ SuperMix Universal (Invitrogen), 200 nM 
of each primer, and 2 μL of extracted DNA as a template plus 
Ultra Pure BSA (Ambion, Austin, TX) to a final concentration 
of 0.1 mg/mL. The PCR program was 95.0°C for 15 minutes; 40 
cycles at 95.0°C for 15 seconds and 60.0°C for 1 minute; and a 
melting point analysis of 60.0–95.0°C over 15 minutes by using a 
Mastercycler ®  ep RealPlex (Eppendorf, Hamburg, Germany). 

 DNA extracted from spiked stool samples with 1, 2, 5, 10, 20, 
40, 80 EPG were amplified in triplicate with each assay to con-
struct a standard curve for quantification of unknown samples. 
The PCRs for all unknown samples were carried out in dupli-
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cate. DNA extracted from the 11 uninfected water buffaloes 
served as negative controls. 

 A qPCR result was considered positive if its cycle threshold 
(Ct) value was less than mean Ct value of the negative con-
trols and its melting point was within ±0.9°C of the expected 
melting temperature of 70.6°C. An unknown sample result 
was regarded positive when at least one of the two duplicate 
samples was positive. The estimated EPG by qPCR was calcu-
lated based on the standard curve for each plate and recorded 
as the average value of the duplicate assays. 

    Statistical analysis.   Results of microscopy and qPCR were 
stored in a Microsoft (Redmond, WA) Excel databases and 
analyzed in JMP v8 (SAS Institute, Cary, NC). Standard curves 
relating log(EPG + 1) and Ct were calculated in JMP by using 
linear regression. Multivariate regression was used to evaluate 
for the presence of PCR inhibitors by fitting a linear model 
with log(EPG + 1) as the outcome and Ct as the predictor. 
The interaction term (sample type × Ct) was added to the 
model and evaluated for significance. Potential sampling bias 
by availability of samples for qPCR analysis was evaluated 
by contingency table analysis. Statistical significance was 
considered at a  P  value < 0.05. 

    RESULTS 

  Study site and sample collection.   In May 2008, there were 
358 households that owned 91 water buffaloes in Macanip. We 
collected stool from 81 buffaloes and performed the Kato-
Katz technique, the DBL technique, and miracidia hatching 
assays in the field. We performed qPCR assays on a subset of 
66 buffaloes whose stool samples were available for genomic 
DNA extraction. In contingency table analysis, the prevalence 
of  S. japonicum  infection by the Kato-Katz technique, the DBL 
technique, and miracidia hatching did not differ between the 66 
buffaloes analyzed by qPCR compared with the 15 buffaloes 
that were not analyzed by qPCR ( P  = not significant). 

   Validation of the qPCR assay—linearity, false-positive 
results, and assessment of inhibitors.   To assess linearity, false-
positive results, and potential impact of stool-derived PCR 
inhibitors, we performed parallel qPCR assays using DNA 
purified from spiked stool samples, uninfected stool samples, 
and DNA obtained from purified eggs. The qPCR assay was 
applied to DNA extracted from 25 independently prepared 
samples of enumerated, purified eggs in buffer, and 25 samples 
of enumerated, purified eggs homogenized in uninfected 
buffalo stool. Samples corresponding to 1, 2, 10, 50 (±2) and 
250 (±5) eggs were evaluated. All samples were positive by the 
qPCR, which indicated a sensitivity of 100%, even for samples 
with only 1 egg. There was an excellent linear relationship 
between Ct and log(egg count + 1) in DNA samples obtained 
from purified eggs and spiked stool samples (R 2  = 0.94 and R 2  = 
0.94, respectively,  Figure 1  ). 

 To assess specificity, we performed qPCR assays on 11 water 
buffalo stools obtained from animals living in non-endemic 
areas. All 11 samples were negative by qPCR, which was in 
agreement with the published specificity of 100% for this 
assay. 32  

 Multivariate regression models showed that the DNA 
source (coded as an interaction term with Ct) was a significant 
predictor of the efficiency of amplification ( P  = 0.02). This 
analysis indicates that the sample matrix influences the slope 
of the regression line relating Ct with egg count ( Figure 1 ). 

Unexpectedly, for low egg counts, DNA extracted from stool 
amplified more efficiently than DNA extracted from buf-
fer, and the opposite trend was observed at high egg counts. 
Although the magnitude of this matrix effect is not likely to be 
of inferential significance, we constructed all standard curves 
using DNA extracted from stool samples spiked with purified, 
enumerated eggs. 

   Validation of the qPCR assay—spike recovery.   Using 
genomic DNA obtained from stool samples spiked with 
defined EPGs as standards, we performed spike-recovery 
experiments on 3–5 independently spiked samples for each 
EPG tested (1, 2, 5, 10, 20, 40, and 80 EPG). The comparison 
of spiked EPG (enumerated by microcopy) with recovered 
EPG (calculated from standard curve) was excellent, with R 2  
ranging from 0.98 to 0.99 ( Table 1      ). 

   Prevalence and intensity of  S. japonicum  infection in water 
buffaloes.   We assessed the prevalence of  S. japonicum  in water 
buffaloes using traditional coprologic and qPCR methods. 
The prevalence (no. positive/no. examined) of  S. japonicum  
infection was 3.7% (3 of 81), 3.7% (3 of 81), and 0% (0 of 81) 
by the DBL technique, the Kato-Katz technique, and miracidia 

 F igure  1.    Amplification efficiency of quantitative polymerase 
chain reaction (qPCR) assay using stool or buffer as matrix. Twenty-
five samples prepared in stool (squares) and 25 samples prepared in 
buffer (triangles) were evaluated in triplicate by qPCR. Samples con-
tained 1, 2, 10, 50, or 250 enumerated, purified  Schistosoma japonicum  
eggs. Regression lines and equations are indicated for each sample 
matrix.    

 T able  1 
  Recovery of  Schistosoma japonicum  eggs spiked into uninfected 

buffalo stool by qPCR *   

EPG † No. samples prepared ‡ 

Measured EPG by qPCR

Mean ± SD Range

1 3 0.9 ± 0.4 0.8–1.3
2 3 2.5 ± 1.0 1.6–3.8
5 5 7.5 ± 1.2 6.2–8.7

10 5 10.0 ± 2.1 7.4−13.0
20 5 20.8 ± 4.6 14.2–26.9
40 5 34.5 ± 3.8 29.0–36.4
80 5 82.2 ± 10.1 70.8–98.2
  *   qPCR = quantitative polymerase chain reaction; EPG = eggs per gram (of feces).  
  †   EPG of purified enumerated  S. japonicum  eggs spiked into uninfected buffalo stool.  
  ‡   Each sample was tested in triplicate.  
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hatching, respectively. We performed qPCR on a subset of 66 
of 81 stool samples and identified a prevalence (no. positive/
no. examined) of 51.5% (34 of 66) ( Figure 2  ). Of the 34 positive 
samples, 30 were positive in both qPCR replicates, and 4 were 
positive in only 1 of the 2 replicates analyzed. 

 The geometric mean intensity of infection measured by 
qPCR was 2.05 EPG in the 34 positive stools with two samples 
exceeding 5 EPG ( Figure 3  ). These two samples were also pos-
itive by the Kato-Katz and DBL techniques. 

    DISCUSSION 

 Despite repeated chemotherapy of humans with praziqu-
antel, intensity, prevalence, and morbidity caused by schisto-
somiasis remain unacceptably high in many disease-endemic 
areas. 1 , 40  Particular difficulty in controlling  S. japonicum  has 
been attributed to the presence of non-human hosts. Recently, 
several interventional trials that used either treatment 6 , 7  or 
removal 8  of water buffaloes from disease-endemic areas have 
convincingly demonstrated the role of this domesticated ani-
mal in contributing to transmission of  S. japonicum  to humans 
in China. These findings have been further supported by math-
ematical modeling approaches, which also identify water buf-
faloes as an important reservoir for transmission to humans. 9  
Together, these results have reinvigorated research to develop 
a vaccine for bovine schistosomiasis based on its direct vet-
erinary application and its human transmission–blocking 
activity. 41 , 42  

 In the Philippines, water buffaloes, dogs, pigs, cattle, and rats 
have been recognized as hosts for  S. japonicum  for decades. 18  
However, no interventional trials on any potential reservoir 
species have been published. Recently, a survey of potential 
host species for  S. japonicum  in Samar, the Philippines, found 
a relatively low prevalence of  S. japonicum  infection in water 
buffaloes (2.1%), and modeling efforts using these data did 
not identify buffaloes as a major source of transmission to 
humans. 21  

 Based on the low prevalence of buffalo schistosomiasis 
reported in Samar, and the choice of diagnostic test for this 
survey (DBL technique), 20  we reexamined the prevalence of 
schistosomiasis in water buffaloes in the Philippines. We found 
a 51.5% prevalence of infection with  S. japonicum  in the 66 

water buffaloes assayed by a highly validated qPCR-based 
diagnostic method. This prevalence was significantly higher 
than the prevalence determined by any of the three traditional 
coprologic detection methods in the same study samples. We 
note that the prevalence (51.5%) and geometric mean inten-
sity of infection (2.05 EPG) in bovines in our study is compa-
rable to that observed in the interventional studies in China 
(prevalence = 11.5–29.3%, 0.53–7.2 geometric mean EPG). 43  
However, this comparison must be made with caution given 
the different detection assays used in the two studies. 

 Traditional coprologic detection techniques are inexpen-
sive, widely available, and have sufficient sensitivity and speci-
ficity for use in disease-endemic areas that are characterized 
by moderate-to-high intensity infections. Recently, their defi-
ciencies for diagnosis in disease-endemic areas characterized 
by low prevalence with low-intensity infections have been 
highlighted. 23  

 The Kato-Katz fecal smear technique is the least expensive 
and most commonly used method for detecting human intes-
tinal schistosomiasis, 36 , 44  but shows low sensitivity in human 
studies. 45 , 46  In a study comparing the Kato-Katz method (dupli-
cate 42-mg fecal smears) and a nylon bag miracidia hatching 
test (using 30 grams of feces) to detect  S. japonicum  infection 
of humans, Yu and others concluded that the Kato-Katz tech-
nique was more sensitive than hatching and was not susceptible 
to the intra-analytic variables such as temperature, water qual-
ity, and dietary factors that influence the hatching method. 47  

 The DBL technique was developed to diagnose  S. japoni-
cum  infection in pigs by the Danish Center for Experimental 
Parasitology. The method is based on filtration, sedimenta-
tion, and centrifugation and therefore enables evaluation of 
a larger fecal specimen than the Kato-Katz method (5 grams 
versus 50 mg, respectively). 19  This assay has been compared 
with the Bell method for stool samples obtained from seven 
experimentally infected pigs and found to be more sensitive. 19  
To date, the linearity, sensitivity, and specificity of the assay 
using laboratory-based spike-recovery approaches have not 
been examined in any host species. This finding is particu-
larly germane given that the method was developed for pigs, a 
host with low cellulose content in its stool. Because the dense 
fibrous capsule surrounding  S. japonicum  eggs renders them 
adherent, 19 , 48 , 49  differential sensitivity of the DBL technique 
across host species, with particularly low sensitivity in rumi-
nants, may be expected because of egg adherence to cellulose 
with variable removal during the filtration steps. 

 F igure  2.    Prevalence of  Schiostosoma japonicum  in water buffa-
loes in Leyte, the Philippines, as assessed by traditional coprologic and 
quantitative polymerase chain reaction detection methods.    

 F igure  3.    Intensity of  Schistosoma japonicum  infection in water 
buffaloes in Leyte, Philippines, quantified by quantitative polymerase 
chain reaction.    
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 In a recent paper, a latent-class statistical approach has 
been used to estimate the sensitivity and specificity of the 
DBL technique in several host species, including water buf-
faloes. 37  The change in prevalence observed in 91 water buf-
faloes was evaluated as the number of stools examined per 
animal increased from one to five. These input data were ana-
lyzed with a Bayesian iterative model to estimate sensitivity 
and specificity. Using this approach, the estimated sensitivity 
of the DBL technique in water buffaloes was 78% and 98.9% 
when one or three stools were examined, respectively. We note 
that these estimates were not confirmed with actual measures 
of sensitivity by spike-recovery studies using purified  S. japoni-
cum  eggs and uninfected buffalo stool. Similarly, the statistical 
method used has not been validated against traditional labora-
tory based assessments 50 , 51  and there are debates regarding the 
utility of such methods with imperfect diagnostic tests. 52 , 53  

 In the present study, we used a highly validated qPCR spe-
cific for  S. japonicum  to detect water buffalo infection in the 
Philippines. This assay was developed for the sensitive and 
specific detection of  S. japonicum  in human stool samples 32  
and was subsequently validated in a pig model of  S. japoni-
cum . 33  This assay does not detect  S. mansoni ,  Ascaris ,  Tricuris , 
hookworms, or  Taenia . 32 , 33  In addition, the assay did not detect 
 Clonorchis sinensis  or  Fasciola hepatica  when 8 ng of genomic 
DNA isolated from adult worms was used as template (data 
not shown). We observed significantly improved linearity of 
the assay compared with published results ( Figure 1 ). 32  We 
attribute this improvement to exhaustive homogenization of 
stools prior to sampling and modifications to the DNA extrac-
tion protocol (see Materials and Methods). 

 In spike-recovery experiments, the qPCR assay showed 
excellent sensitivity, linearity, and recovery ( Table 1 ) in buffalo 
stool samples and buffer as matrix ( Figure 1 ). In these experi-
ments, all samples, including stool samples with only 1 EPG, 
were positive by qPCR, which indicated a sensitivity of 100%, 
even at low infection intensities. We detected an effect of 
matrix on efficiency of amplification, although this effect was 
minor and addressed by using stool as matrix for all standard 
curves. The specificity of the qPCR has been examined by using 
genomic DNA from a variety of helminthes. 32  In addition, we 
extended the assay’s specificity assessment by evaluating stools 
from 11 buffaloes with life histories that excluded habitation in 
 S. japonicum -endemic areas. All 11 buffaloes were negative by 
qPCR assay and no false-positive results were obtained with 
other helminth samples, which indicated a specificity of 100%. 

 Our qPCR results showed a remarkably high (51.5%) prev-
alence of  S. japonicum  infection in comparison with the Kato-
Katz, miricidial hatching, and DBL techniques. Given the low 
sensitivity of the Kato-Katz technique at low intensities of 
infection, 45 , 46  this finding was an expected result. Our inabil-
ity to hatch miricidia from any of the qPCR-positive buffalo 
stool samples, despite extensive efforts, may reflect low sen-
sitivity of miricidial hatching at low infection intensities, 47  
difficulties with water quality or temperature, 47  or a strain-spe-
cific feature differentiating  S. japonicum  from China and the 
Philippines, as observed for cercarial shedding from snails. 54  
Based on the high estimated sensitivity of the DBL technique 
in buffaloes (78% for a single stool), 37  the discordant results 
between the DBL technique and the highly validated qPCR in 
our study were striking. Because the test characteristics of the 
DBL technique based on traditional spike-recovery methods 
remain unknown, this discordance supports the assertion that 

the DBL technique has low sensitivity at low infection inten-
sities in buffaloes. When compared with the qPCR assay as a 
referent, the DBL technique had a sensitivity of 8.8% and a 
specificity of 100% in the 66 buffaloes in our study sample that 
were analyzed by both methods. 

 A limitation of the current study is that the qPCR assay 
detects  S. japonicum  DNA in stool samples. It does not differ-
entiate between viable eggs in stool samples and several other 
possibilities, including non-viable eggs in stool samples and/
or  S. japonicum  DNA in stool samples that are derived from 
adult worms. We note that these possibilities characterize non-
permissive hosts, and long-term survival of  S. japonicum  adult 
worms in naturally infected non-permissive hosts has not been 
described. 55  Importantly, this limitation does not influence the 
interpretation of qPCR-based prevalence data for buffaloes, 
but is critical from a public health perspective because only 
viable eggs in stool samples could contribute to transmission. 

 Although mathematical modeling of epidemiologic data 
suggest that water buffaloes do not play a significant role in 
the transmission of  S. japonicum  in Samar, Philippines, 20 , 21  our 
study demonstrates that the coprologic technique used dra-
matically underestimates the prevalence of  S. japonicum  in 
water buffaloes. Given that buffaloes excrete 200-fold more 
feces than humans (50–60 kg/day versus 250 grams/day), 56  
even the low infection intensities detected in the present study 
constitute significant environmental contamination. 43  Because 
essentially all eggs excreted by buffalo enter the environment, 
only formidable genetic barriers would preclude transmission 
to humans. We therefore conclude that interventional stud-
ies are warranted to quantify the impact of buffalo treatment, 
vaccination, or removal on reducing transmission of  S. japoni-
cum  to humans in the Philippines. 
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