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Abstract

The diagnosis of active schistosomiasis and the subsequent therapeutic regimen based on Kato-Katz test (KK) are highly compromised in the low-endemic 
area (LEA).  Recognition of individuals with decreased or no egg-excretion and assessment of drug response became impaired. Therefore, the appropriate 
assessment of surveillance strategies like chemotherapy use is inaccurate. To overcome these limitations, we describe results of the diagnosis of active 
schistosomiasis by using, in addition to microscopy and serology, DNA-detection assay pre and post-chemotherapy. In 108 individuals, KK, serology, and real-
time PCR were performed for diagnosis of schistosomiasis. In 32 out of 108 individuals, had schistosomiasis based on laboratorial diagnosis, and 14 individuals 
who accepted treatment with praziquantel were followed up to 2 years post-chemotherapy. Positive egg excretion and DNA fragments were demonstrated in 
8/108 (7.4%) individuals. IgE levels were detectable in 8/8 egg-excretors, although IgG1 was reactive in 7/8 egg-excretors. DNA amplification was able to 
demonstrate active infection in 24 individuals even without egg-excretion and/or IgG1 reactivity. Post-chemotherapy, lack of amplified DNA correlated with 
a therapeutic response in 7 out of 14 individuals after 6 months. Follow up showed that 2 years later all but one presented DNA amplification. Furthermore, 
a significant decrease in IgG1 and IgE reactivity also correlated with drug responses at 2 years post-therapy. This proof-of-concept study suggests that DNA 
detection might become an essential tool to diagnosis schistosomiasis in LEA where light infection with low parasite burden predominates. Real-time PCR is a 
robust approach for revealing schistosomiasis active infection despite no detection of egg excretion and /or immunoreactivity. Also, results highly suggested 
that real-time PCR can be reliably used to assess therapeutic responses and permit monitoring strategies for schistosomiasis surveillance in LEAs.

ABBREVIATIONS
KK: Kato-Katz Test; LEA: Low-Endemic Area; NPSC: National 

Programs for Schistosomiasis Control; ELISA: Enzyme-Linked 
Immunosorbent Assays; PCR: Polymerase Chain Reaction; A.U.: 
Arbitrary Units; COX: Cytochrome C Oxidase Subunit 1; PZQ: 
Praziquantel

INTRODUCTION
Schistosomiasis presents with a broad array of clinical 

manifestations during both acute and chronic phases of infection. 
In general, its manifestations are unspecific, and asymptomatic 

infections are far more common. Additionally, when based on 
clinical findings, the outcomes and response to chemotherapy are 
quite imprecise, thereby undermining its clinical management. 
Thus, the diagnosis of an active Schistosoma infection in 
individuals with a history of exposure (living in endemic areas, 
travelers, migrants) with or without clinical signs or symptoms 
is primarily dependent on diagnostic tests. The laboratory 
investigation of Schistosoma infection consists of different 
techniques including parasitology, immunology and molecular 
biology [1-3]. 

The conventional diagnosis of Schistosoma infection relies 
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on egg detection by parasitological methods such as Kato-Katz 
test (KK). KK is an affordable quantitative method for diagnosis 
of other soil-transmitted helminthes as well as Schistosoma spp. 
Albeit low cost and easy-to-do, KK sensitivity reduces drastically 
with low parasite loads which results in misdiagnosis of light 
infections characterized by nil or low egg counts.  Also, KK method 
uses a few fecal samples that might contribute to KK lower 
diagnostic accuracy in light infection [4]. Other parasitological 
methods such as formol-ether sedimentation, salt flotation 
and centrifugation, and Helmintex, improve egg detection in 
stool samples and they have been valuable for diagnosis in low 
endemic areas. Although these methods improved the diagnostic 
sensitivity, the pitfalls of the direct visualization of eggs by 
microscopy remain. In addition, all modified methods are time-
consuming and laborious being less suitable for routine or large-
scale screening [2]. 

An infection with Schistosoma mansoni is quite difficult to 
detect in individuals living in non-endemic and low endemic 
areas when based solely on parasitological tests. The lack of egg 
shedding interferes directly with the sensitivity of microscopic 
examination of stool samples, thus compromising the detection 
of low-intensity infections in low endemic areas (LEAs). 
Furthermore, coproscopy is an unreliable test to monitor response 
to therapy. “True” cured status cannot be assessed because egg 
excretion is erratic and may be absent despite the presence of 
an active infection [5]. Because establishment of Schistosoma 
infection based on egg-count became limited, other methods 
were investigated.  In contrast to parasitological methods, 
immunological tests demonstrated to be a suitable choice in 
LEAs as a complementary test [6]. Also, immunodiagnosis have 
become useful for showing active infections in recently exposed 
individuals, such as travelers or chronically infected immigrants 
residing in non-endemic areas [7,8]. Despite its infrequent use in 
National Programs for Schistosomiasis Control (NPSC), serology 
is a potent auxiliary diagnostic approach in LEA that permits the 
diagnosis of non-egg excretors. However, the presence of active 
infection may be undermined by persistent reactivity despite 
successful treatment [1,6]. 

DNA detection has proven to be a feasible strategy for 
diagnosing S. mansoni infection in both experimental settings and 
in individuals living in high endemic areas whether carrying high 
or low parasitic loads. In experimentally induced schistosomiasis, 
an absence of DNA amplification correlates highly with the 
response to chemotherapy. However, the role of DNA detection 
in monitoring treatment response in individuals living in LEA has 
not been well established.

In Brazil, schistosomiasis morbidity has declined significantly 
since the introduction by the NPSC in the 1970s of mass 
chemotherapy in highly prevalent areas [1]. However, the 
successful reduction in severe forms paralleled a decrease in 
parasite burden, and assays based on the direct detection of 
eggs by parasitological methods, such as KK test, became less 
sensitive. Also, the lack of egg-shedding during the pre-patent 
phase in acute infections is easily missed.  In travelers, recent 
infection is often missed after exposure in transmission areas [8]. 
Both situations pose an important obstacle to the diagnosis of 
schistosomiasis inside and outside endemic areas. For diagnostic 

purposes, as an alternative when stool specimens are negative, 
biopsy specimens from the rectum, liver, and other sites may 
be obtained in tertiary health care facilities. For instance, rectal 
snips may be examined for the presence and viability of trapped 
eggs. However, the sensitivity of tissue examination may also 
decline as the infection evolves to a chronic form. Persistent ova 
passage leads to submucosal fibrosis, itself leading to a lack of egg 
elimination and/or tissue deposition [10]. Additionally, disease 
severity does not always correlate with high egg-shedding 
rates, for example, ectopic clinical presentations including 
gynecological, and neuroschistosomiasis may show negative 
results. Other drawbacks related to biopsies may include tissue 
access, which may require a highly invasive sampling, such as in 
central nervous system [10]. In contrast, the indirect detection 
of Schistosoma infections based on immunological assays is 
non-invasive and cost-effective. Immunodiagnostic tests have 
already been proven to be reliable in confirming infection in 
naïve populations, such as travelers [11]. In contrast, a lack of 
reactivity can almost rule out schistosomiasis in suspected cases 
of acute or chronic infection. However, these tests are unable 
to differentiate between active and past infection. Even in the 
presence of progressive moderate-to-severe forms of the disease, 
such as hepatosplenomegaly with ongoing portal hypertension, 
these assays are not used routinely in laboratory tests or for 
clinical management. 

Currently, DNA detection assays have been drawing attention 
due to their robustness, making them applicable to both 
community and individual diagnoses. PCR-based methods are 
specific and sensitive in detecting Schistosoma DNA in the stool, 
urine, blood, plasma, serum and genital specimens obtained from 
Schistosoma-infected individuals. DNA detection approach is a 
promising strategy. Most clinical laboratories have now started 
to standardize PCR-based assays [5,12-14]. Also, DNA detection 
assays accurately diagnose both egg-positive and egg-negative 
individuals pre-treatment. Also, DNA assays have a potential 
role as a marker of treatment responses as shown in some 
studies [15]. Nevertheless, large-scale study series and long-term 
follow-ups are still lacking. Thus, DNA detection assays have 
not been used extensively in either routine diagnoses or clinical 
management strategies [8,12,13]. In this proof-of- concept 
study we evaluated a real-time PCR combined with coproscopy 
and immunodiagnostic assay as a diagnostic tool for S. mansoni 
active infection in LEA both pre and post chemotherapy.  The 
use of combined strategies showed potential applicability in 
surveillance by monitoring programs for the control and/ or 
eradication of Schistosoma infection post-chemotherapeutic 
intervention in a low endemic area.

MATERIALS AND METHODS

Ethical statement

The study population was informed of the protocol and 
written informed consent was obtained from each participant 
and in the case of minors from legal guardians.  Individuals 
enrolled in the study approved by the Hospital Clementino Fraga 
Filho, Universidade Federal do Rio de Janeiro (HUCFF/UFRJ) 
Ethics Committee (n°058/09) subsequently provided fecal and 
blood samples prior to and after chemotherapy. 
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Study sites and population 

The study was performed in two rural areas of Sumidouro, 
a small municipality known as a low endemic area for 
schistosomiasis that is located in Rio de Janeiro State (22°02” 
59’S, 42°40” 29’W), Brazil. In Sumidouro, rural areas occupy 
valleys with several small streams and irrigation channels that 
are tributaries of the Paquequer II river (Paraiba do Sul River 
tributary). These areas have been occupied by both permanent 
and fluctuant population involved in agriculture and livestock 
activities. The study population comprised 108 individuals 
including permanent residents and immigrants, newly arrived 
and returning individuals, with or without the history of previous 
treatment (2003 and 2006). Criteria used to diagnose active 
infections, treatment response, and follow-up are:  S. mansoni 
DNA detected in at least one fecal sample in the presence and/
or absence of KK and/or IgG1 and/or IgE positivity. If positive, 
individuals were treated with praziquantel (40 to 60 mg/kg, 
single dose). Additionally, individuals positive for other helminth 
infections were treated with albendazole (400 mg, single dose) 
as recommended by the Brazilian Ministry of Health and the 
World Health Organization [16]. The criteria for the absence of 
active infection after chemotherapy (response to therapy) were 
no excretion of eggs (KK in two independent samples) and/or no 
DNA amplification.

Parasitological and immunological diagnoses

S. mansoni infection was determined based on Kato-Katz 
tests on two independent samples/individual (two slides/stool 
sample, KK). Determination of the mean egg count resulted 
from the sum of eggs counted in each slide prepared by the 
parasitological method and divided by the total number of slides 
examined (4 slides/in 2 samples/individual). The result was 
multiplied by 24 [17]. Any value found was considered including 
zero. The mean egg count of the quadruplicate KK slides was 
calculated to determine infection intensity. Specific IgG1 and 
IgE anti-adult worm membrane soluble antigen (SMMA) was 
measured using an ELISA (SMMA-ELISA) as described previously 
[6]. The results are expressed in arbitrary units (A.U.) that were 
calculated by dividing the sample OD by the daily cut-off OD 
value. Values above 1.0 were considered positive. 

DNA detection

Real-time PCR was used for DNA detection in fecal samples. 
S. mansoni probes and primers targeting the cytochrome c 
oxidase subunit 1 (COX) gene in the mitochondrial genome were 
designed as described previously [14]. DNA was extracted from 
fecal samples by using the Fast Prep DNA kit (MP Biomedicals, 
CA, USA) according to the manufacturer’s instructions and 
purified using the QIAquick PCR purification kit (QIAGEN, Hilden, 
Germany). The reaction was prepared using 5 µL of eluted 
DNA as a template and mixed with 2.0 pmoles/µL of each S. 
mansoni primer (SMCYT748F and SMCY847R), 2.5 pmoles/µL of 
SMCY785T detection probe, 11.0 µL of Platinum qPCR SuperMix 
Rox-UDG (Invitrogen) and 2.3 µL of deionized water to make a 
final volume of 20 µL. The amplification conditions were 15 min 
at 95°C followed by 40 cycles of 15 s at 95°C and 1 min at 60°C. 
Amplification, detection, and data analyzes were performed using 
the 7500 Real-Time PCR System (Applied Biosystems, CA, USA). 

DNA amplification was positive when Ct values were < 38.  All 
methods, molecular and parasitological, were performed on stool 
specimens collected in the same conditions, and immunological 
tests were performed on serum samples, obtained in the very 
same day pre and post-treatment. 

Statistical analyses

Descriptive statistics (and normality tests) were performed 
by using Stata version 13 (College Station, Texas). Data analyses 
such as sensitivity, specificity, positive predictive value (PPV), 
negative predictive value  (NPV) of the tests were done only when 
the individuals enrolled in the study provided serum for IgG1 and 
IgE levels determinations and fecal samples (two independent 
samples over different days) for KK and DNA detection. The 
sensitivity, specificity, PPV, and NPV were calculated with Kato-
Katz test used as a reference test. The correlation between 
coproscopy and ELISA-IgG1/IgE or real-time PCR prior to 
treatment was assessed using the kappa statistic (k). The k index 
was interpreted as following:  excellent agreement defined as 
being between 1.00 and 0.81, good was between 0.80 and 0.61, 
moderate was between 0.60 and 0.41, weak was between 0.40 
and 0.21 and negligible was between 0.20 and 0.00. Pre- and 
post-treatment IgG1 and IgE responses, respectively, were 
compared using Wilcoxon test.   Samples from individuals who 
did not comply with study requirements were excluded from the 
final analysis.

RESULTS
Demographic characteristics, as well as a laboratorial 

determination of S. mansoni infection in the study population, are 
depicted in Table (1). Based on Schistosoma egg-patent infection 
determined by Kato-Katz test (KK-positive), active infections 
were diagnosed in eight (8/108) individuals. The intensity of 
infection expressed by parasite loads varied from 6 to 72 epg /
individual (Table 1). Levels of IgG and IgE determined by SMMA-
ELISA revealed reactivity in 64 and 59 out of 108 individuals, 
respectively. Since eight individuals failed to provide sufficient 
fecal samples for DNA extraction, only 100 individuals were 
included for analysis.  Results showed DNA amplification in 32 
out of 100 individuals tested by real-time PCR (Table 1). When 
immunoreactivity assessed in the egg-excretor group, IgG1 and 
IgE confirmed active infection in 7 and 8 out of 8 egg- excretors, 
respectively. S. mansoni DNA amplification was also demonstrated 
in all egg-patent infections (8/8).   Ct values ranged from 23 to 36 
(mean 29.0). In 100 individuals without egg-patent infection (KK-
negative), 41% (41/100) individuals presented both IgG1 and 
IgE reactive (IgG+IgE+) while 16% (16/100) were IgG positive 
IgE negative (IgG+IgE-), 10% (10/100) IgG negative IgE positive 
(IgG-IgE+) and 33% (33/100) IgG negative IgE negative (IgG-
IgE-).  Real-time PCR   showed Schistosoma DNA amplification 
in 24 % (24/100) in the total egg-negative population, and Ct 
values varied from 24 to 37.5 (mean 30.1). In KK negative and 
immunoreactive population, 20 out of 67 (29.85%) individuals 
had S. mansoni DNA  in fecal samples being 14 IgG+IgE+, 2 IgG+IgE- 
and 4 IgG-IgE+.  Also, DNA was also detected in 4 individuals 
without egg and immunoreactivity (KK negative and IgG and IgE 
negative).  When diagnostic parameters were calculated by using 
quadruplicate KK (four slides) as a reference, duplicate KK (two 
slides) sensitivity was 75% (95% CI = 34.91 – 96.81). A single 
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real-time PCR presented sensitivity of 100% (95% CI = 63.06 – 
100). Moreover, real-time PCR combined with KK and/or ELISA-
SMMA presented the same sensitivity as single.  Duplicate KK had 
100 % specificity (95%CI = 96.38 - 100). However, single real-
time PCR presented 73.91% (95% CI = 63.71 - 82.52) specificity 
that was superior to serology or KK and /or immunodiagnosis 
and PCR all combined.  Real-time PCR presented positive and 
negative predictive values of 25% (95% CI= 11.46 - 43.41) and 
100% (95% CI = 94.72 - 100), respectively. As a single approach, 
real-time PCR positive predictive value was superior compared 
to immunodiagnosis alone or the combination of KK and/or IgG 
and/or IgE and real-time PCR. Further statistical analysis showed 
a k index of 0.312, indicating a fair agreement between real – time 
PCR and quadruplicate KK used as reference test.

Individuals with egg-patent infection (8) and /or PCR 
positive (24) were candidates for treatment. From 32 actively 
infected individuals, 14 accepted treatment and agreed with 
follow-up visits at 6 and 24 months post-treatment. Seven out of 
14 individuals had the egg-patent infection. After a single dose of 
praziquantel, seven individuals (6 KK + PCR+ and 1 KK -PCR+) 
responded to chemotherapy.   Both egg and DNA amplification 
were absent in stool samples after six months post-PZQ use (Table 
2).  However, DNA amplification was still detected in 7 individuals 
(1 KK+ and 6 KK-) after six months post-chemotherapy. Thus, 
those individuals were resubmitted to another round of PZQ. 
After re-treatment, all seven individuals presented with no DNA 
amplification. A 2-year post-treatment follow-up showed that 
two individuals presented active infection which one being KK 
positive PCR negative (KK+PCR-) and the other, KK negative 
PCR positive (KK-PCR+). Cure rate calculated by using Kato-
Katz negative as criteria of cure was 100 % and 92.3 % after six 
months and two years post-treatment, respectively (Table 2).  
When an absence of DNA amplification was used as sole criteria 
of cure, the rate was 50% in 6 months and 92.3 % in 24 months 
post therapy. The non-response to therapy rate was 7.14% and 
14.29% for KK and PCR, respectively, in the two year follow-up 
period (Table 2).  

Treatment with PZQ can be followed by changes in reactivity 
(less than 6 months post-treatment) which can be used as an 
indirect marker of drug response. Also, PZQ seems to affect 
susceptibility to new infection after re-exposure [25].  So, post 
treatment response based on IgG1 and IgE reactivity was also 
evaluated (Table 2).   After 6 months post treatment, IgG1 levels 
pre and post treatment presented no significant difference (p > 
0.05; mean 1.92 ± 0.80; 95% CI= 1.511- 2.433 and 1.72 ± 0.84; 
95% CI= 1.238 – 2.203, respectively (Figure 1A). In contrast, IgE 
pre-treatment levels had significant increase when compared to 
post treatment levels (p < 0.01; mean 1.63 ± 0.54, 95%CI= 1.309 
– 1.958 versus 2.34 ± 0.61, 95% CI= 1.98 – 2.69) (Figure 2 A). A 
2 year follow-up showed that pre-treatment IgG1 levels (mean 
1.72 ± 0.84; 95% CI= 1.238-2.203) compared with post treatment 
levels (1.34 ± 0.61, 95% CI= 0.973 - 1.706) had a significant decay 
(p < 0.05; Figure 1 B). IgG1 reactivity was absent after PZQ use 
in 21.43% (3/14).  In the same period, IgE levels pre-treatment 
also had a significant decrease when compared to post-treatment 
levels (p < 0.01; mean: 2.34 ± 0.61, 95% CI=1.984 to 2.686 
versus 1.33 ± 0.39, 95% CI=1.098 to 1.564; Figure 2B). Lack of 
IgE reactivity was observed two years post-treatment in 3 out 14 
individuals.

Table 1: Demographic, Proportion of Positive, Immunoparasitological 
and Molecular Baseline Characteristics of the Study Population.

Characteristics Absolute numbers and 
Percentages

Number and 
Proportion

Male 59 (54.63%)
Female 49 (45.37%)
Sex Ratio 1:2

Age (years)
Mean 36.12
Range 8 – 76

Coproscopy 
(K-K)

Number of positive 
individuals 8

Proportion of positive* 7.4%
Arithmetic mean of epg 32.3
Range of number of epg 6-72

ELISA-IgG1

Number of positive 
individuals 64

Proportion of positive* 59.26%
number of excretors + 
non excretors 7 KK pos+57 KK neg

Mean ± S.D. A.U.* 1.97 ± 0.68 A.U.
Range of A.U.* 1.00 -  3.52  A.U.

ELISA-IgE
Proportion of 
positive*

Number of positive 
individuals 59

Proportion of positive* 54.63%
number of excretors + 
non excretors 8  KK pos + 51 KK neg

Mean ± S.D. A.U.* 1.76 ± 0.73 A.U.
Range of A.U.* 1.00 – 2.59  A.U.

Real-time PCR

Number of positive 
individuals 32

Proportion of positive* 32%
number of excretors + 
non excretors 8  KK pos+24 KK neg

Mean of Ct values* 29.6
Range of Ct values* 23 to 37.5

Abbreviations: (%): Percentages are presented in parenthesis. KK: 
Kato-Katz test; K-K po= Kato-Katz positive; K-K neg: Kato-Katz negative; 
A.U.: arbitrary units.ELISA-IgG1: ELISA for detection of specific isotype 
response to S. mansoni antigen SMMA; ELISA-IgE: ELISA for detection 
of specific isotype response to S. mansoni antigen SMMA.ELISA-IgG1 
and ELISA-IgE were considered positive ≥ 1.00 A.U. Real-time PCR POS: 
detection of  amplified products (Ct ≤ 38) and NEG, no amplification (Ct 
> 38). *Inclusion of both egg-excretors and non-excretors.

DISCUSSION
Coproscopy is still considered central to the diagnosis of S. 

mansoni infection diagnosis. 

Active Schistosoma infection in LEA has been minimized 
when based solely on a single microscopy test. Usually, 
individuals infected in LEA present low parasite loads that may 
remain undetectable. Despite KK high specificity and sensitivity 
improvement by increasing the number of slides, microscopy 
results in underestimation of the number of actively infected 
individuals by excluding non-egg patent infections. Alternative 
methods have been applied to diagnosis in light infections such 
as immunodiagnosis and DNA-based assays [6,19]. Our findings 
demonstrated that all individuals with egg-patent infection 
presented with IgG and/or IgE reactivity and positive DNA 
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Table 2: Therapy response and long-term (2 years) follow up of individuals living in low endemic area for schistosomiasis. 

ID Pre-Treatment Post-Treatment              (6 months) Follow up
(24 months)

KK PCR
(Ct)

IgG1
(A.U.)

IgE
(A.U.) KK PCR

(Ct)
IgG1

(A.U.))
IgE

(A.U.) KK PCR
(Ct)

IgG1
(A.U.)

IgE
(A.U.)

Sm48 POS 28.0 2.09 1.12 NEG NA 2.60 3.10 NEG NA 1.30 1.60

Sm52 POS 27.0 2.29 1.03 NEG NA 1.35 1.35 NEG 35 1.00 1.00

Sm53 POS 35.0 2.04 2.59 NEG NA 0.94 2.50 NEG NA 0.51 1.50

Sm56 POS 23.0 1.77 1.19 NEG NA 1.20 2.60 NEG NA 1.00 0.90

Sm77 POS 24.2 1.72 1.15 NEG NA 1.46 1.53 ND ND ND ND

Sm83 POS 30.0 0.40 1.02 NEG 37.3 1.64 1.60 NEG NA 1.90 1.70

Sm102 POS 31.0 2.80 1.70 NEG NA 2.41 2.70 NEG NA 2.40 1.20

Sm01 NEG 30.5 2.41 1.76 NEG 24.8 2.28 2.11 NEG NA 1.30 0.90

Sm23 NEG 31.0 1.54 ND NEG 29.3 0.97 1.60 NEG NA 0.60 0.70

Sm41 NEG 28.0 2.22 2.04 NEG 31.6 1.40 2.20 NEG NA 1.20 1.50

Sm61 NEG 29.0 3.06 2.46 NEG 26.0 1.90 3.00 POS NA 1.40 1.10

Sm70 NEG 26.0 3.11 1.90 NEG NA 3.7 2.60 NEG NA 2.40 1.50

Sm80 NEG 30.2 0.63 1.93 NEG 34.3 0.38 3.10 NEG NA 0.80 1.80

Sm93 NEG 30.2 1.53 1.35 NEG 30.8 1.86 2.70 NEG NA 1.60 1.90

Abbreviations: KK: Kato-Katz Test; Post-Treatment Corresponds to a Period of 6 Months Post PZQ Intake; Follow up Relates to 24 Month Period Post 
Treatment; KK POS: Positive; KK NEG: Negative; IgG1: A.U.: Arbitrary Units, ELISA for Detection of Specific Isotype Response to S. mansoni Antigen 
SMMA (Reactive > 1.00 A.U.); PCR: Real-Time PCR; PCR positive: (Ct ≤ 38); PCR Negative or NA: No Amplification (Ct > 38); ND: Not Done.

amplification that supports the high sensitivity of ELISA-IgG and 
IgE and real-time PCR. 

Both serology and DNA-based assays have been used in some 
areas as an auxiliary tool for diagnosis of schistosomiasis in non-
egg patent infections [6,19]. Among the non-egg excretors, 33% 
had no IgG and/or IgE reactivity. The result suggested an absence 
of active infection in the third part of the study population.  In 
contrast, over 60% had IgG and/or IgE positive which might 
include both active and past infection. In populations living 
in LEAs submitted to rounds of successive treatments, some 
immunoreactive individuals may not be presently infected. 
Despite its high sensitivity (100%), immunodiagnosis showed 
very low specificity (33%) which might be the result of persistent 
serum reactivity in individuals previously treated.  At least 30% 
of the study population had a history of praziquantel intake, 3 to 
7 years before the enrollment in the present study. 

The results showed that it is essential to discriminate between 
active and past infection, when immunoreactivity is present in 
non-egg excrector individuals. In a previous work, the authors 
demonstrated that conventional PCR successfully detected 
active infection in both egg-positive and egg-negative cases 
with serology positive in LEA [19]. In agreement with others, 
data suggest that real-time PCR could be used as a sensitive 
method to detect active infection in LEA [20]. Furthermore, use 
of DNA-based assays might avoid overestimation of Schistosoma 
infection based on serum reactivity in low endemic areas. In the 
present study, results showed that almost 30 % of non-egg patent 
infections with IgG and/or IgE positive had DNA fragments 
detectable in fecal samples and confirmed active Schistosoma 
infection. Also, since the negative predictive value of real-time 

Figure 1 Determination of IgG1 levels before and after chemotherapy 
use. In A and B, the response to therapy was measured by IgG1 after six 
and 24 months, respectively. Statistical analysis was performed by the 
Wilcoxon rank test (two-tailed in A and B, one-tailed in C; see text for 
results) (Stata 13, Texas). The difference was considered significant 
when p < 0.05. The interrupted line indicates the level of IgG1 that is 
considered reactive (> 1.00). AU: arbitrary units. Individuals positive 
for DNA amplification are identified by open circles. Individuals 
without DNA amplification are represented by closed circles.
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PCR is high (100%), the absence of DNA detection in non-egg 
excretors with or without immunoreactivity safely excludes S. 
mansoni infection.

In LEAs, not only low parasite load is present but also egg 
shed may not be detected. DNA – based assay was able to detect 
DNA fragments in both egg-excretors and non-egg excretors. 
Usually, Ct values are inversely correlated to parasite load. 
However, results showed no correlation with egg counts since 
low, medium and high Ct values ranged from 0 to < 50/epg.  
Lack of the correlation between egg counts and presence of DNA 
amplification might result from a low excretion of eggs viable and 
not viable as well as parasites at any stage [5]. Moreover, DNA 
degradation might also occur or the presence of Taq polymerase 
inhibitors that might interfere with the real amount of detectable 
DNA in the samples [21]. 

DNA-based detection assays proved to be a valuable tool for 
both diagnosing schistosomiasis and monitoring therapeutic 
response [15,22-24]. In the present study, real-time PCR 
targeting cox-1 gene sequence showed prevalence, sensitivity 
and specificity of 32%, 100 %, and 73.91%, respectively. Studies 
in LEAs, applying conventional PCR, PCR-ELISA targeting 121 
bp sequence showed prevalence of 23.4 to 38.1%. In addition, 
sensitivity ranged from 83.3 % to 96.7% and   specificity from 
38.5% to 88% [24-26].  Moreover, gene target sequence used and 
other test intrinsic variables may play a role in different study 
results [14,27,28]. From 2 to 8 weeks after PZQ use, no signal 
amplification is detected by real-time PCR in different clinical 
samples suggesting response to therapy [15,23]. Data showed 
that 50% of the treated individuals had no detectable DNA 

in fecal samples after six months. The cure rate in a six month 
period after therapy was 50% in contrast to KK cure rate of 
100%.    In the present study, data showed a lack of correlation 
between drug response and no egg excretion. Microscopy failed 
to detect all non-drug responders that presented signal for 
DNA amplification. Discrepancies between the absence of egg 
excretion and persistence of DNA detection after treatment 
imply that the sensitivity of microscopy fairly differs from real-
time PCR [23]. As a consequence, microscopy overestimates 
cure rates after PZQ use that characterizes inadequacy of the 
method to determine response to chemotherapy. In contrast, 
real-time PCR seems to be a reliable tool to estimate cure rates 
and detect failures in treatment response [15,23]. Nonetheless, 
differences in cure rates may also be seen among DNA assays.   
Data on studies using conventional and PCR-ELISA, targeting a 
121 – bp repetitive sequence of S. mansoni, achieved cure rates of  
87.8%  and 96.5%,  respectively  [24].  Discrepancies in cure rates 
might result from differences in DNA assay methods and target 
sequences.  Also, individual drug responses, age groups included 
in the study, infection intensity as well as reinfection rates might 
produce differences among studies [29].  Further studies must be 
done to clarify the differences found.

In response to anti-helminthic therapy, three outcomes are 
expected: absence of egg excretion, egg reduction or maintenance 
of egg detection. Nonetheless, the introduction of higher sensitive 
tests like DNA assays is changing the meaning of drug response. 
For instance, no DNA amplification seems to be associated with 
interruption of egg excretion in response to therapy.  However, 
the persistence of DNA amplification appears to correlate with 
poor or non-response to chemotherapy [15,23]. DNA persistence 
post-therapy might be a result of an inability of PZQ to affect 
young, immature forms of Schistosoma. As a result, Schistosoma 
progress to more mature forms and sustain a residual infection 
that might contribute to the persistence of DNA amplification 
[30]. Also, delayed DNA shedding from dead parasites and/
or inactive eggs might contribute to DNA amplification post-
treatment. Individuals living in a transmission area are 
susceptible tore-infection.  Continuous re-exposure may play 
an important role in persistent DNA detection [5,23,30].  After 
a second round of treatment, five individuals had no detectable 
eggs or DNA.   Nonetheless, one individual presented eggs at the 
microscopy and another one, responsive to the previous therapy, 
had detectable DNA after two years post therapy. Results strongly 
suggest that continuous exposure and/or reinfection might be 
implicated in the persistence of detectable DNA. However, even 
during the long term follow up, residual infections might also 
contribute to the persistence of DNA fragment elimination in the 
stools.  Nonetheless, individuals residing in areas of transmission 
are at risk of continuous re-exposure. Praziquantel use does 
not preclude reinfections despite previous rounds of effective 
treatment [30].  

The introduction of a “new parameter” of drug response 
such as DNA detection may have an impact on the determination 
of drug effectiveness, response to therapy and disease 
progression. Evolvement to more severe schistosomiasis clinical 
presentations may occur in the absence of egg excretion after use 
of anti-helminthic therapy. Inflammatory responses seem mainly 
implicated in chronic progressive tissue damage.  Moreover, 

Figure 2 Detection of IgE levels pre- and post-chemotherapy. In A 
and B, the response to therapy was measured by IgE after six and 
24 months, respectively. Statistical analysis was performed by the 
Wilcoxon rank test (two-tailed in A and B; one-tailed in C; see text for 
results) (Stata 13, Texas). The difference was considered significant 
when p < 0.05. The interrupted line indicates the level of IgE that is 
considered reactive (> 1.00). AU: arbitrary units. Individuals positive 
for DNA amplification are identified by open circles. Individuals 
without DNA amplification are represented by closed circles.
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evolvement to severe schistosomiasis forms after “parasitic cure” 
occurs suggesting that reduction or elimination of egg excretion 
may not be sufficient to interrupt schistosomiasis pathological 
progression [31]. However, no data are available on persistent 
DNA shedding and risk of disease progression after therapy. 

DNA assays have been showing promising results in 
schistosomiasis diagnosis and assessment of therapy response. 
However, DNA–based methods may have different performances. 
Conventional PCR could be used in schistosomiasis LEAs. 
However, low sensitivity, infection rates, and high numbers of 
misdiagnosed true positive cases may limit its use [26].  Future 
work must be done by analyzing different target sequences 
from Schistosoma genome in the same samples from LEAs.  
Amplification of distinct target gene may produce different 
sensitivities in samples from individuals with nil or very low 
egg counts [6,32].  Also, development of DNA based assays by 
using different biological samples such as urine may improve 
even further schistosomiasis diagnsosis. Ease sample collection 
and highly sensitive and specific DNA based assays optimized to 
detect Schistosoma DNA detection in urine samples show exciting 
results [33,34]. Larger studies must be done in LEAs.

Data showed the potential use of real-time PCR in 
schistosomiasis with nil or low egg counts as well as a monitoring 
marker of drug response. Despite the usefulness of real-time PCR 
in LEAs, there is an extensive discussion of its final cost. Final cost 
can range from US$ 4 to 10 in contrast to US$ 0.3 of Kato-Katz test 
[1,33]. Nonetheless, great numbers of low income countries have 
real-time PCR technology available for HIV viral load detection 
in reference laboratories [19,26]. The larger use of molecular 
technologies for multiple diagnostic purposes may rapidly 
decrease the costs of single tests. At last, due lack of information, 
the cost-effectiveness of different real-time PCR assays in 
developing countries must be assessed in future studies.

The use of PZQ also results in changes in immunoreactivity 
[35,36]. Findings here demonstrated that both IgG1 and IgE 
levels had increased levels until six months post-chemotherapy, 
followed by reduced levels after two years in most of the treated 
individuals.  In community settings, specific isotypic immune 
response detection combined with real-time PCR might be a 
powerful instrument to monitor interventions like chemotherapy 
use in transmission areas. Also, combined strategy could be 
useful to detect emerging and re-emerging infections, resulting 
in more efficient support of national surveillance systems aimed 
at controlling and/or eliminating schistosomiasis [1].

CONCLUSION
The results strongly suggest that real-time PCR in LEAs is 

a reliable approach when diagnosing schistosomiasis in the 
presence or absence of egg excretion.  Also, PCR-assay seems 
to overcome the coproscopy lack of sensitivity after PZQ use. 
Therefore, PCR-assay could become a new marker of therapy 
response.  Overall, real-time PCR may redefine active infection 
in individuals with no or low parasite burden and become 
a potentially reliable tool to determine the effectiveness of 
chemotherapeutic interventions in surveillance settings when 
combined with immunodiagnostic assays.

ACKNOWLEDGEMENTS
This work was sponsored by the Brazilian National Council 

for Scientific and Technological Development (Grant CNPq/
PROEP 400107/2011-2) and Fundação de Amparo a Pesquisa 
Carlos Chagas Filho, Rio de Janeiro, for part of financial support. 
We would like to thank Heliete S. Valente, Coordenação Vigilância 
Sanitária, Sumidouro, Rio de Janeiro, for providing anti-helminthic 
drugs and logistic support during the field study. We are grateful 
to Jacilene S. Mesquista for invaluable technical assistance.

REFERENCES
1. Cavalcanti MG, Silva LF, Peralta RH, Barreto MG, Peralta JM. 

Schistosomiasis in areas of low endemicity: a new era in diagnosis. 
Trends Parasitol. 2013; 29: 75-82.

2. McManus DP, Gray DJ, Li Y, Feng Z, Williams GM, Stewart D, et al. 
Schistosomiasis in the People’s Republic of China: the era of the Three 
Gorges Dam. Clin Microbiol Rev. 2010; 23: 442-466.

3. Weerakoon KG, Gobert GN, Cai P, McManus DP. Advances in the 
Diagnosis of Human Schistosomiasis. Clin Microbiol Rev. 2015; 28: 
939-967.

4. Enk MJ, Lima AC, Drummond SC, Schall VT, Coelho PM. The effect of 
the number of stool samples on the prevalence, the infection intensity 
and the distribution of the infection with Schistosoma mansoni among 
a population in an area of low transmission. Acta Trop. 2008; 108: 
222-228.

5. Wichmann D, Panning M, Quack T, Kramme S, Burchard GD, Grevelding 
C, et al. Diagnosing schistosomiasis by detection of cell-free parasite 
DNA in human plasma. PLoS Negl Trop Dis. 2009; 3: e422. 

6. Gonçalves MM, Barreto MG, Peralta RH, Gargioni C, Gonçalves T, Igreja 
RP, et al. Immunoassays as an auxiliary tool for the serodiagnosis of 
Schistosoma mansoni infection in individuals with low intensity of egg 
elimination. Acta Trop. 2006; 100: 24-30.

7. Cnops L, Tannich E, Polman K, Clerinx J, Van Esbroeck M. Schistosoma 
real-time PCR as diagnostic tool for international travellers and 
migrants. Trop Med Int Health. 2012; 17: 1208-1216.

8. Wichmann D, Poppert S, Von Thien H, Clerinx J, Dieckmann S, 
Jensenius M, et al. Prospective European-wide multicentre study on a 
blood based real-time PCR for the diagnosis of acute schistosomiasis. 
BMC Infect Dis. 2013; 13: 55.

9. Turner JA. Diagnosis of Schistosoma mansoni infection by rectal 
scraping: a comparison with rectal biopsy and fecal examination. Am J 
Trop Med Hyg. 1962; 11: 620-624.

10. Nascimento-Carvalho CM, Moreno-Carvalho AO. Neuroschistosomiasis 
due to Schistosoma mansoni: a review of pathogenesis, clinical 
syndromes, and diagnostic approaches. Rev Inst Med trop S. Paulo. 
2005; 47: 179-184.

11. Bierman WF1, Wetsteyn JC, van Gool T. Presentation and diagnosis of 
imported schistosomiasis: relevance of eosinophilia, microscopy for 
ova, and serology. J Travel Med. 2005; 12: 9-13.

12. Cnops L, Soentjens P, Clerinx J, Van Esbroeck M. A Schistosoma 
haematobium-specific real-time PCR for diagnosis of urogenital 
schistosomiasis in serum samples of international travelers and 
migrants. PloS Negl Trop Dis. 2013; 7: e2413.

13. Kjetland EF, Hove RJ, Gomo E, Midzi N, Gwanzura L, Mason P, et al. 
Schistosomiasis PCR in vaginal lavage as an indicator of genital 
Schistosoma haematobium infection in rural Zimbabwean women. Am 
J Trop Med Hy. 2009; 81: 1050-1055.

14. ten Hove RJ, Verweij JJ, Vereecken K, Polman K, Dieye L, van Lieshout 

http://www.ncbi.nlm.nih.gov/pubmed/23290589
http://www.ncbi.nlm.nih.gov/pubmed/23290589
http://www.ncbi.nlm.nih.gov/pubmed/23290589
http://www.ncbi.nlm.nih.gov/pubmed/20375361
http://www.ncbi.nlm.nih.gov/pubmed/20375361
http://www.ncbi.nlm.nih.gov/pubmed/20375361
http://www.ncbi.nlm.nih.gov/pubmed/26224883
http://www.ncbi.nlm.nih.gov/pubmed/26224883
http://www.ncbi.nlm.nih.gov/pubmed/26224883
https://www.ncbi.nlm.nih.gov/pubmed/18973744
https://www.ncbi.nlm.nih.gov/pubmed/18973744
https://www.ncbi.nlm.nih.gov/pubmed/18973744
https://www.ncbi.nlm.nih.gov/pubmed/18973744
https://www.ncbi.nlm.nih.gov/pubmed/18973744
http://www.ncbi.nlm.nih.gov/pubmed/19381285
http://www.ncbi.nlm.nih.gov/pubmed/19381285
http://www.ncbi.nlm.nih.gov/pubmed/19381285
http://www.ncbi.nlm.nih.gov/pubmed/17069742
http://www.ncbi.nlm.nih.gov/pubmed/17069742
http://www.ncbi.nlm.nih.gov/pubmed/17069742
http://www.ncbi.nlm.nih.gov/pubmed/17069742
http://www.ncbi.nlm.nih.gov/pubmed/22882536
http://www.ncbi.nlm.nih.gov/pubmed/22882536
http://www.ncbi.nlm.nih.gov/pubmed/22882536
https://www.ncbi.nlm.nih.gov/pubmed/23363565
https://www.ncbi.nlm.nih.gov/pubmed/23363565
https://www.ncbi.nlm.nih.gov/pubmed/23363565
https://www.ncbi.nlm.nih.gov/pubmed/23363565
http://www.ncbi.nlm.nih.gov/pubmed/13994896
http://www.ncbi.nlm.nih.gov/pubmed/13994896
http://www.ncbi.nlm.nih.gov/pubmed/13994896
https://www.ncbi.nlm.nih.gov/pubmed/16138195
https://www.ncbi.nlm.nih.gov/pubmed/16138195
https://www.ncbi.nlm.nih.gov/pubmed/16138195
https://www.ncbi.nlm.nih.gov/pubmed/16138195
http://www.ncbi.nlm.nih.gov/pubmed/15996461
http://www.ncbi.nlm.nih.gov/pubmed/15996461
http://www.ncbi.nlm.nih.gov/pubmed/15996461
https://www.ncbi.nlm.nih.gov/pubmed/24009791
https://www.ncbi.nlm.nih.gov/pubmed/24009791
https://www.ncbi.nlm.nih.gov/pubmed/24009791
https://www.ncbi.nlm.nih.gov/pubmed/24009791
https://www.ncbi.nlm.nih.gov/pubmed/19996436
https://www.ncbi.nlm.nih.gov/pubmed/19996436
https://www.ncbi.nlm.nih.gov/pubmed/19996436
https://www.ncbi.nlm.nih.gov/pubmed/19996436
http://www.ncbi.nlm.nih.gov/pubmed/18177680


Peralta et al. (2016)
Email:  

Ann Clin Pathol 4(7): 1092 (2016) 8/8

Central
Bringing Excellence in Open Access





L. Multiplex real-time PCR for the detection and quantification of 
Schistosoma mansoni and S. haematobium infection in stool samples 
collected in northern Senegal. Trans R Soc Trop Med Hyg. 2008; 102: 
179-185.

15. Downs JA, Kabangila R, Verweij JJ, Jaka H, Peck RN, Kalluvya SE, et al. 
Detectable urogenital schistosome DNA and cervical abnormalities 
six months after single-dose praziquantel in women with Schistosoma 
haematobium infection. Trop Med Int Health. 2013; 18: 1090-1096.

16. WHO. Preventive chemotherapy in human helminthiasis. Coordinated 
use of anthelmintic drugs in control interventions: A manual for 
health professionals and programme managers. Geneva: World Health 
Organization. 2006. 

17. Katz N, Chaves A, Pellegrino J. A simple device for quantitative stool 
thick-smear technique in Schistosomiasis mansoni. Rev Inst Med Trop 
Sao Paulo. 1972; 14: 397-400.

18. Wilson MS, Cheever AW, White SD, Thompson RW, Wynn TA. IL-10 
blocks the development of resistance to re-infection with Schistosoma 
mansoni. PLoS Pathog. 2011; 7: e1002171. 

19. Oliveira LM, Santos HL, Gonçalves MM, Barreto MG, Peralta JM. 
Evaluation of polymerase chain reaction as an additional tool for 
the diagnosis of low-intensity Schistosoma mansoni infection. Diagn 
Microbiol Infect Dis. 2010; 68: 416-421.

20. Espírito-Santo MC, Alvarado-Mora MV, Dias-Neto E, Botelho-Lima 
LS, Moreira JP, Amorim M, et al. Evaluation of real-time PCR assay to 
detect Schistosoma mansoni infections in a low endemic setting. BMC 
Infect Dis. 2014; 14: 558. 

21. Gomes LI, Marques LH, Enk MJ, Coelho PM, Rabello A. Further 
evaluation of an updated PCR assay for the detection of Schistosoma 
mansoni DNA in human stool samples. Mem Inst Oswaldo Cruz. 2009; 
104: 1194-1196.

22. Gentile R, Gonçalves MM, da Costa Neto SF, da Costa MM, Peralta 
RH, Peralta JM. Evaluation of immunological, parasitological and 
molecular methods for the diagnosis of Schistosoma mansoni infection 
before and after chemotherapy treatment with praziquantel in 
experimentally infected Nectomys squamipes. Vet Parasitol. 2011; 
180: 243-249.

23. Vinkeles Melchers NV, van Dam GJ, Shaproski D, Kahama AI, Brienen 
EA, Vennervald BJ, et al. Diagnostic performance of Schistosoma 
real-time PCR in urine samples from Kenyan children infected with 
Schistosoma haematobium: day-to-day variation and follow-up after 
praziquantel treatment. PLoS Negl Trop Dis. 2014; 8: e2807.

24. Siqueira LM, Gomes LI, Oliveira E, Oliveira ER, Oliveira ÁA, Enk MJ, 
et al. Evaluation of parasitological and molecular techniques for the 
diagnosis and assessment of cure of Schistosomiasis mansoni in a low 
transmission area. Mem Inst Oswaldo Cruz. 2015; 110: 209-214.

25. Pontes LA, Oliveira MC, Katz N, Dias-Neto E, Rabello A. Comparison 
of a polymerase chain reaction and the Kato-Katz technique for 
diagnosing infection with Schistosoma mansoni. Am J Trop Med Hyg. 

2003; 68: 652-656.

26. Carneiro TR, Peralta RH, Pinheiro MC, Oliveira SM, Peralta JM, Bezerra 
FS. A conventional polymerase chain reaction-based method for the 
diagnosis of human schistosomiasis in stool samples from individuals 
in a low-endemicity area. Mem Inst Oswaldo Cruz. 2013; 108: 1037-
1044.

27. Verweij JJ, Stensvold CR. Molecular testing for clinical diagnosis and 
epidemiological investigations of intestinal parasitic infections. Clin 
Microbiol Rev. 2014; 27: 371-418.

28. Sady H, Al-Mekhlafi HM, Ngui R, Atroosh WM, Al-Delaimy AK, Nasr NA, 
et al. Detection of Schistosoma mansoni and Schistosoma haematobium 
by Real-Time PCR with High Resolution Melting Analysis. Int J Mol Sci. 
2015; 16:16085-160103.

29. Erko B, Degarege A, Tadesse K, Mathiwos A, Legesse M. Efficacy and 
side effects of praziquantel in the treatment of Schistosomiasis mansoni 
in school children in Shesha Kekele Elementary School, Wondo Genet, 
Southern Ethiopia. Asian Pac J Trop Biomed. 2012; 2: 235-239.

30. Webster BL, Diaw OT, Seye MM, Faye DS, Stothard JR, Sousa-Figueiredo 
JC, et al. Praziquantel treatment of school children from single and 
mixed infection foci of intestinal and urogenital schistosomiasis 
along the Senegal River Basin: monitoring treatment success and re-
infection patterns. Acta Trop. 2013; 128: 292-302.

31. Rahoud SA, Mergani A, Khamis AH, Saeed OK, Mohamed-Ali Q, Dessein 
AJ, et al. Factors controlling the effect of praziquantel on liver fibrosis 
in Schistosoma mansoni-infected patients. FEMS Immunol Med 
Microbiol. 2010; 58: 106-112.

32. Guo JJ, Zheng HJ, Xu J, Zhu XQ, Wang SY, Xia CM. Sensitive and specific 
target sequences selected from retrotransposons of Schistosoma 
japonicum for the diagnosis of schistosomiasis. PLoS Negl Trop Dis. 
2012; 6: e1579.

33. Enk MJ, Oliveira e Silva G, Rodrigues NB. Diagnostic accuracy and 
applicability of a PCR system for the detection of Schistosoma mansoni 
DNA in human urine samples from an endemic area. PLoS One. 2012; 
7: e38947. 

34. Lodh N, Naples JM, Bosompem KM, Quartey J, Shiff CJ. Detection 
of parasite-specific DNA in urine sediment obtained by filtration 
differentiates between single and mixed infections of Schistosoma 
mansoni and S. haematobium from endemic areas in Ghana. PLoS One. 
2014; 9: e91144.

35. Mutapi F1, Ndhlovu PD, Hagan P, Spicer JT, Mduluza T, Turner CM, et 
al. Chemotherapy accelerates the development of acquired immune 
responses to Schistosoma haematobium infection. J Infect Dis. 1998; 
178: 289-93.

36. Rujeni N, Nausch N, Midzi N, Cowan GJ, Burchmore R, et al. 
Immunological consequences of antihelminthic treatment in 
preschool children exposed to urogenital schistosome infection. J 
Trop Med. 2013; 2013: 283-319.

Cavalcanti MG, Silva LF, Macedo HW, Peralta RHS, Igreja RP, et al. (2016) Real-Time PCR Improves Detection of Active Infection in Human Feces and Treatment 
Failure Following Multiple Chemotherapeutic Rounds in Schistosoma mansoni Low-Endemic Area. Ann Clin Pathol 4(7): 1092.

Cite this article

http://www.ncbi.nlm.nih.gov/pubmed/18177680
http://www.ncbi.nlm.nih.gov/pubmed/18177680
http://www.ncbi.nlm.nih.gov/pubmed/18177680
http://www.ncbi.nlm.nih.gov/pubmed/18177680
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4014060/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4014060/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4014060/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4014060/
http://apps.who.int/iris/bitstream/10665/43545/1/9241547103_eng.pdf
http://apps.who.int/iris/bitstream/10665/43545/1/9241547103_eng.pdf
http://apps.who.int/iris/bitstream/10665/43545/1/9241547103_eng.pdf
http://apps.who.int/iris/bitstream/10665/43545/1/9241547103_eng.pdf
http://www.ncbi.nlm.nih.gov/pubmed/4675644
http://www.ncbi.nlm.nih.gov/pubmed/4675644
http://www.ncbi.nlm.nih.gov/pubmed/4675644
http://www.ncbi.nlm.nih.gov/pubmed/21829367
http://www.ncbi.nlm.nih.gov/pubmed/21829367
http://www.ncbi.nlm.nih.gov/pubmed/21829367
https://www.ncbi.nlm.nih.gov/pubmed/20884153
https://www.ncbi.nlm.nih.gov/pubmed/20884153
https://www.ncbi.nlm.nih.gov/pubmed/20884153
https://www.ncbi.nlm.nih.gov/pubmed/20884153
http://www.ncbi.nlm.nih.gov/pubmed/25338651
http://www.ncbi.nlm.nih.gov/pubmed/25338651
http://www.ncbi.nlm.nih.gov/pubmed/25338651
http://www.ncbi.nlm.nih.gov/pubmed/25338651
http://www.ncbi.nlm.nih.gov/pubmed/20140385
http://www.ncbi.nlm.nih.gov/pubmed/20140385
http://www.ncbi.nlm.nih.gov/pubmed/20140385
http://www.ncbi.nlm.nih.gov/pubmed/20140385
https://www.ncbi.nlm.nih.gov/pubmed/21458922
https://www.ncbi.nlm.nih.gov/pubmed/21458922
https://www.ncbi.nlm.nih.gov/pubmed/21458922
https://www.ncbi.nlm.nih.gov/pubmed/21458922
https://www.ncbi.nlm.nih.gov/pubmed/21458922
https://www.ncbi.nlm.nih.gov/pubmed/21458922
https://www.ncbi.nlm.nih.gov/pubmed/24743389
https://www.ncbi.nlm.nih.gov/pubmed/24743389
https://www.ncbi.nlm.nih.gov/pubmed/24743389
https://www.ncbi.nlm.nih.gov/pubmed/24743389
https://www.ncbi.nlm.nih.gov/pubmed/24743389
http://www.ncbi.nlm.nih.gov/pubmed/25946244
http://www.ncbi.nlm.nih.gov/pubmed/25946244
http://www.ncbi.nlm.nih.gov/pubmed/25946244
http://www.ncbi.nlm.nih.gov/pubmed/25946244
http://www.ncbi.nlm.nih.gov/pubmed/12887022
http://www.ncbi.nlm.nih.gov/pubmed/12887022
http://www.ncbi.nlm.nih.gov/pubmed/12887022
http://www.ncbi.nlm.nih.gov/pubmed/12887022
https://www.ncbi.nlm.nih.gov/pubmed/24402156
https://www.ncbi.nlm.nih.gov/pubmed/24402156
https://www.ncbi.nlm.nih.gov/pubmed/24402156
https://www.ncbi.nlm.nih.gov/pubmed/24402156
https://www.ncbi.nlm.nih.gov/pubmed/24402156
https://www.ncbi.nlm.nih.gov/pubmed/24696439
https://www.ncbi.nlm.nih.gov/pubmed/24696439
https://www.ncbi.nlm.nih.gov/pubmed/24696439
http://www.ncbi.nlm.nih.gov/pubmed/26193254
http://www.ncbi.nlm.nih.gov/pubmed/26193254
http://www.ncbi.nlm.nih.gov/pubmed/26193254
http://www.ncbi.nlm.nih.gov/pubmed/26193254
https://www.ncbi.nlm.nih.gov/pubmed/23569905
https://www.ncbi.nlm.nih.gov/pubmed/23569905
https://www.ncbi.nlm.nih.gov/pubmed/23569905
https://www.ncbi.nlm.nih.gov/pubmed/23569905
https://www.ncbi.nlm.nih.gov/pubmed/23022016
https://www.ncbi.nlm.nih.gov/pubmed/23022016
https://www.ncbi.nlm.nih.gov/pubmed/23022016
https://www.ncbi.nlm.nih.gov/pubmed/23022016
https://www.ncbi.nlm.nih.gov/pubmed/23022016
http://www.ncbi.nlm.nih.gov/pubmed/20030714
http://www.ncbi.nlm.nih.gov/pubmed/20030714
http://www.ncbi.nlm.nih.gov/pubmed/20030714
http://www.ncbi.nlm.nih.gov/pubmed/20030714
http://www.ncbi.nlm.nih.gov/pubmed/22479661
http://www.ncbi.nlm.nih.gov/pubmed/22479661
http://www.ncbi.nlm.nih.gov/pubmed/22479661
http://www.ncbi.nlm.nih.gov/pubmed/22479661
http://www.ncbi.nlm.nih.gov/pubmed/22701733
http://www.ncbi.nlm.nih.gov/pubmed/22701733
http://www.ncbi.nlm.nih.gov/pubmed/22701733
http://www.ncbi.nlm.nih.gov/pubmed/22701733
https://www.ncbi.nlm.nih.gov/pubmed/24632992
https://www.ncbi.nlm.nih.gov/pubmed/24632992
https://www.ncbi.nlm.nih.gov/pubmed/24632992
https://www.ncbi.nlm.nih.gov/pubmed/24632992
https://www.ncbi.nlm.nih.gov/pubmed/24632992
http://www.ncbi.nlm.nih.gov/pubmed/9652458
http://www.ncbi.nlm.nih.gov/pubmed/9652458
http://www.ncbi.nlm.nih.gov/pubmed/9652458
http://www.ncbi.nlm.nih.gov/pubmed/9652458
https://www.hindawi.com/journals/jtm/2013/283619/
https://www.hindawi.com/journals/jtm/2013/283619/
https://www.hindawi.com/journals/jtm/2013/283619/
https://www.hindawi.com/journals/jtm/2013/283619/

	Real-Time PCR Improves Detection of Active Infection in Human Feces and Treatment Failure Following 
	Abstract
	Abbreviations
	Introduction 
	Materials and Methods 
	Ethical statement 
	Study sites and population  
	Parasitological and immunological diagnoses 
	DNA detection
	Statistical analyses 

	Results
	Discussion
	Conclusion
	Acknowledgements
	References
	Table 1
	Table 2
	Figure 1
	Figure 2

