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Schistosomiasis is an endemic disease that affects 
over 200 million people worldwide. Approximately 700 
million people live in an endemic area in 76 countries, 
which has resulted in many economic and public health 
problems (WHO 2008). In Brazil, it is estimated that 
six-eight million people are infected and 26 million are 
at risk in areas of Schistosoma mansoni infection. This 
disease is irregularly distributed in the state of Minas 
Gerais (MG), which has the highest prevalence rate for 
schistosomiasis in Brazil (do Amaral et al. 2006, WHO 
2008, Drummond et al. 2010).

The usefulness of the quantitative Kato-Katz tech-
nique makes the diagnosis of schistosomiasis man-
soni easy, fast and inexpensive through a quantitative  
direct examination of eggs in stool samples. Consid-
ered the gold standard method by the World Health Or-
ganization (WHO 1993), the Kato-Katz technique has  
superior sensitivity in comparison to other parasitologi-
cal techniques for S. mansoni eggs (Chaves et al. 1979, 
Santos et al. 2005, Enk et al. 2008). However, this tech-
nique becomes less efficient when the specimens con-
tain a small amount of eggs, as in post-treatment situ-

ations and low endemicity areas (De Vlas & Gryseels 
1992, Engels et al. 1997, Kongs et al. 2001, Pontes et al. 
2003, Enk et al. 2008).

Piau and Coronel Pacheco are located in MG (IBGE 
2010). A case of schistosomal myeloradiculopathy close 
to these two cities and the presence of the intermediate 
host Biomphalaria sp. were the factors that motivated 
this study of schistosomiasis in this region. Previous 
studies identified the first autochthonous case of schis-
tosomiasis in Piau and other cases in Coronel Pacheco, 
with prevalence rates of 2% and 3.1%, respectively. 
These results made   it possible to classify these regions 
as low endemicity areas (Tibiriçá 2008, Tibiriçá et al. 
2009). Nevertheless, the prevalence might be underes-
timated due to the limitations of the conventional diag-
nostic method used, the Kato-Katz technique (Katz et al. 
1972), in a low-intensity transmission area. 

However, polymerase chain reaction (PCR) has re-
cently been employed in the diagnosis of S. mansoni and 
has demonstrated high specificity and sensitivity in the 
detection of DNA in stool samples from patients in en-
demic areas (Pontes et al. 2003, Allan et al. 2009, Gomes 
et al. 2009). This method of diagnosis has been shown to 
be 10-fold more sensitive than the Kato-Katz technique 
(Pontes et al. 2002, Rabello et al. 2002).

The aim of this study was to evaluate PCR as a diag-
nostic method in the low-intensity transmission areas of 
Piau and Coronel Pacheco.

SUBJECTS, MATERIALS AND METHODS

Study area - This study was performed in the mu-
nicipalities of Piau (S21º30’34’’ W43º19’22’’) and Coro-
nel Pacheco (S21°35’16’’ W43º15’57’’), with areas of 
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This study aimed to evaluate the occurrence of schistosomiasis in areas with low endemicity using polymerase 
chain reaction (PCR) as a diagnostic method. We analysed faecal samples from 219 individuals residing in Piau and 
Coronel Pacheco, state of Minas Gerais, Brazil, using a single faecal sample from each individual and two slides 
of the Kato-Katz technique as a gold standard. Fifteen out of the 219 samples were positive with both methods of 
diagnosis. One sample was diagnosed as positive by the Kato-Katz technique only and 61 were diagnosed only by 
PCR. The positivity rates were 7.3% with the Kato-Katz method and 34.7% with PCR. When both techniques were 
assumed to have 100% specificity and positive individuals were identified by both methods, the sensitivity of the 
Kato-Katz method was 20.8% and the PCR sensitivity was 98.7%. The Kappa index between the two techniques was 
0.234, suggesting weak agreement. The assessment of a single faecal sample by PCR detected more cases of infection 
than the analysis of one sample with two slides using the Kato-Katz technique, suggesting that PCR can be a useful 
diagnostic tool, particularly in areas with low endemicity.
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192 km² and 132 km², respectively. They have 2,457 and 
2,973 thousands inhabitants, respectively (IBGE 2007) 
and both are part of the region known as Zona da Mata 
Mineira (Drummond et al. 2010). All samples were col-
lected from January-April 2007.

Study population - In a previous study (Tibiriçá 
2008), the prevalence of schistosomiasis was determined 
in Piau (807 individuals; 2%) and Coronel Pacheco (809 
individuals; 3.1%). In the present study, 129 and 90 in-
dividuals were selected from Piau and Coronel Pacheco, 
respectively. These areas and areas 1 km further away 
were chosen because they are known to have a higher 
risk of infection due to the presence of snails of the ge-
nus Biomphalaria sp., natural resources (hydric collec-
tions with snails near the populated areas) and individu-
als infected with S. mansoni. 

The study group was composed of 219 inhabitants 
from Piau and Coronel Pacheco; 48.9% were female and 
51.1% were male. The participant ages ranged from one-
90 years (mean age = 38 years). Faecal material was col-
lected by Family Health Program community workers 
from the two municipalities and sent to the Laboratory 
of Parasitology at the Institute of Biological Sciences of 
the Federal University of Juiz de Fora (UFJF), MG, for 
storage and subsequent analysis. Informed consent was 
obtained from all adult participants and the parents or le-
gal guardians of the minors. This work was approved by 
the Ethical Committee in Human Research (CEP) of 
UFJF (case 172/2006). 

Kato-Katz technique - Two slides were prepared 
from each faecal sample using the Kato-Katz method 
(Katz et al. 1972).

DNA extraction - Stool samples were collected and 
stored at -20ºC until use and maintained on ice during 
transportation to the research laboratory. Total DNA was 
extracted from 500 mg of each faecal sample using the 
QIAamp DNA Stool Mini Kit (Qiagen GmbH, Hilden, 
Germany) according to the manufacturer’s recommen-
dations and following the DNA Isolation from Large 
Amounts of Stool and Isolation of DNA from Stool for 
Pathogen Detection protocols. The concentration and pu-
rity of the DNA were determined by absorbance measure-
ments at A260 and A280 using a Nanodrop 2000 spectro-
photometer (NanoDrop Technologies, Wilmington, DE).

DNA amplification from S. mansoni - Primers were 
designed to amplify a highly repetitive 110 bp sequence 
of S. mansoni (Pontes et al. 2002) that composes approx-
imately 10% of the parasite genome. To amplify S. man-
soni DNA, 5 µL of the material extracted from faeces 
was used as a template and all reactions were performed 
with a GenePro TC-E 96G Thermal Cycler (Roches-
ter, NY). PCR was performed in a final volume of 20 
µL containing the following: 20 mM Tris-HCl, pH 8.4,  
50 mM KCl, 1.5 mM MgCl2, 0.6 µM of each primer,  
0.3 µM of the four dNTPs and 0.75 units of Taq DNA 
polymerase (Invitrogen). The cycling conditions were the 
following: 95ºC for 5 min, 35 cycles of 95ºC for 40 sec 
and 63ºC for 30 sec and an extension step at 72ºC for 5 
min. To prevent carryover contamination, the extraction 

and amplification of DNA and the preparation of the PCR 
mixture were conducted in separate environments using 
sterile and disposable laboratory supplies. Contamination 
was monitored using negative controls containing water 
instead of extracted DNA in the amplification reaction 
and DNA from samples diagnosed as negative through 
both Kato-Katz and PCR evaluations. The PCR products 
were subjected to electrophoresis on 6% polyacrylamide 
gels and analysed after silver staining.

Amplification of universal bacterial DNA - A DNA 
extraction kit from Qiagen was used to elute all types of 
genetic material in the faecal samples from a silica col-
umn. Thus, the purpose of the amplification of bacterial 
DNA in the total DNA samples was to evaluate the effi-
ciency of extraction, particularly in samples negative for 
S. mansoni after Kato-Katz and PCR evaluation. To this 
end, 20% of the DNA samples obtained from different cit-
ies were used. Primers were designed to amplify a 1,067 
bp sequence of the 16S rDNA gene of bacteria (Ferreira et 
al. 2010). For amplification, 5 μL of the extracted material 
was used. All reactions were performed with a GenePro 
TC-E 96G Thermal Cycler (Rochester, NY) in a final vol-
ume of 25 µL containing 10 mM Tris-HCl, pH 8.4, 50 mM 
KCl, 2 mM MgCl2, 0.4 μM of each primer, 0.3 μM of each 
dNTP, 0.1 mg of BSA and 2 U of Platinum Taq DNA poly-
merase (Invitrogen). The cycling programme, preceded 
by 5 min at 95ºC, consisted of 35 cycles at 94ºC for 1 min, 
55ºC for 1 min and 72ºC for 2 min. A final elongation step 
at 72ºC for 10 min was added. The PCR products were 
subjected to electrophoresis on 6% polyacrylamide gels 
and analysed after silver staining.

Statistical analysis - SPSS statistical software pack-
age 14.0 (SPSS Inc, Chicago, IL, USA) and Microsoft 
Excel (2010) were used for data analysis and figure as-
sembly. The results were interpreted with the Kappa 
index and the levels of agreement were categorised as 
poor (< 0.20), weak (0.21-0.40), moderate (0.41-0.60), 
good (0.61-0.80) or excellent (0.81-1) according to Lan-
dis and Koch (1977). 

RESULTS

The results of the PCR and Kato-Katz techniques 
showed that 15 out of 219 samples were positive in the 
two cities using both methods of diagnosis for S. mansoni 
infection. The frequency of positive and negative results 
was similar between the cities, regardless of the diagnostic 
technique used. The frequency of Kato-Katz positives was 
(93.8-91.1%) and negatives (6.2-8.9%) while the frequency 
of PCR positives was (63.6-67.8%) and negatives (36.4-
32.2%) in Piau and Coronel Pacheco, respectively. One 
sample was positive only by the Kato-Katz technique and 
61 were positive only by PCR. The positivity rate using 
the Kato-Katz technique was 7.3%, while it was 34.7% us-
ing PCR. The Kappa coefficient was 0.234, showing weak 
agreement between the diagnostic techniques (Table I). 
The amplification of bacterial DNA in both positive and 
negative samples using the PCR and Kato-Katz methods 
demonstrated correct DNA extraction, confirming that 
negative PCR results occurred because of the absence of 
S. mansoni DNA in the tested samples. 
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Two different methods were used to calculate the diag-
nostic parameters. The Kato-Katz technique was initially 
considered as the gold standard, providing a sensitivity 
and specificity of 93.8% and 70%, respectively, for the 
PCR technique. The positive predictive value (PPV) of 
PCR was 19.7% and the negative predictive value (NPV) 
was 99.3%. In the second analytic approach, the specific-
ity values   of the Kato-Katz and PCR methods were both 
considered to be 100%; as such, a person with a positive 
result with both methods was defined as infected. The 
Kato-Katz sensitivity decreased in the second analysis, 
whereas the PCR sensitivity increased by 4.9% to a value 
of 98.7%. The PPV of PCR increased to 100% and the 
NPV remained at 99.3%. Each form of presentation of the 
estimated values   is shown in Table II.

The frequency of positive individuals was assessed 
considering the technique used and the age range in both 
cities, as shown on Figure. The PCR positivity rate was 
higher than for the Kato-Katz method. Considering the 

total number of individuals per age group, individuals 
aged 25-39 and 40-59 years were more frequently posi-
tive when PCR was used for diagnosis. 

This study also made a descriptive association be-
tween the number of positive cases among residents who 
were part of the same family and the diagnostic meth-
od used. In total, out of 74 families analysed, 11 had a 
positive family member using the Kato-Katz technique, 
while 46 had a positive family member using PCR (Ta-
ble III). It is important to note that residents of the same 
family lived in the same household or nearby. 

DISCUSSION

This work analysed PCR as a diagnostic technique 
for schistosomiasis in regions with low endemicity. The 
positivity rates were 7.3% and 34.7% using the Kato-
Katz and PCR techniques, respectively. By showing the 
high sensitivity of this method, these results suggest the 
importance of using this tool for the diagnosis of this 
parasitic disease in low endemicity regions. PCR also de-
tected a higher number of positive cases among residents 
in the same family. Therefore, the number of infected 
individuals in one family may be underestimated.

TABLE I
Comparative evaluation of polymerase chain reaction (PCR)  

and Kato-Katz (1 sample, 2 slides) for the diagnosis of  
Schistosoma mansoni infection in Piau and  

Coronel Pacheco, state of Minas Gerais, Brazil

PCR

Kato-Katz

Total
(n)

Positive
(n)

Negative
(n)

Positive 15 61 76 (34.7)a

Negative 1 142 143

Total 16 (7.3)b 203 219

a, b: the positive rate (in percentage) was calculated on the 
total of 219 samples. Kappa index = 0.234. 

TABLE II
Evaluation of the Kato-Katz (KK) and  

polymerase chain reaction (PCR) techniques  
for diagnosis of Schistosoma mansoni infection

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

A B A B A B A B

KK 100 20.8 100 100 100 100 100 70
PCR 93.8 98.7 70 100 19.7 100 99.3 99.3

A: values   calculated using the KK results as the gold standard 
of diagnosis; B: values   calculated assuming 100% specificity 
for both methods; NPV: negative predictive value; PPV: posi-
tive predictive value. 

TABLE III
Number of positive cases for Schistosoma mansoni infection 
in the same family using the Kato-Katz (KK) methods and 

polymerase chain reaction (PCR)

Method

Negative 
families

(n)

Positive families
(n)

1
Individual

2
Individuals

3
Individuals

KK
PCR

63
28

9
30

1
9

1
7

total number of families: 74.

Number of Schistosoma mansoni infected individuals by pre-estab-
lished age groups in Piau and Coronel Pacheco, state of Minas Gerais, 
Brazil. PCR: polymerase chain reaction.
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Pontes et al. (2003) showed that PCR diagnosed more 
patients using only one faecal sample than the Kato-
Katz technique did using three samples. The detection 
limit for S. mansoni eggs by the Kato-Katz technique is 
20 eggs/gram of faeces (Katz et al. 1972) and the mini-
mum detectable amount of DNA tested by Pontes et al. 
(2002) was 1 fg.

The Kappa index of 0.234 in the two cities dem-
onstrated a weak level of agreement between the two 
methods of diagnosis. Therefore, the two methods do 
not agree with each other in positive or negative results. 
PCR demonstrated a higher rate of positivity (34.7%) 
than the Kato-Katz method with two slides of one fae-
cal sample (7.3%). The low Kappa index is most likely 
related to the gold standard chosen (only 2 Kato-Katz 
slides). Pontes et al. (2003) analysed two slides of three 
samples using the Kato-Katz method and compared the 
results to PCR. They demonstrated a Kappa index of 0.8 
(excellent) for 194 individuals evaluated in Comercinho, 
a city endemic for schistosomiasis in MG. Gomes et al. 
(2009) calculated a rate of 0.51 (moderate) between the 
Kato-Katz and PCR techniques after evaluating 67 resi-
dents in the city of Chonin de Cima, another district with 
endemic schistosomiasis in the same state, by analysing 
six slides of one faecal sample. 

Our data are in accordance with those of Enk et al. 
(2008), which highlighted that scanning two slides from 
a single faecal sample for diagnosis is insufficient to es-
timate the true prevalence. 

Tibiriçá (2008) demonstrated a higher prevalence of 
S. mansoni in young adults of both sexes (25-39 years), 
which was mainly associated with farm work and oblig-
atory passage through water collections, followed by 
recreation, particularly swimming in rivers and streams. 
School children had a lower prevalence, indicating that 
they are not suitable as a screening population in epide-
miological surveys in areas characterised by low ende-
micity. In our work, we found that positive results were 
more frequent in individuals aged 25-39 and 40-59 years 
when PCR was used for diagnosis. Together, these re-
sults question the choice of the use of school children as 
a screening population in low endemicity areas.

The assessment of a single faecal sample by PCR de-
tected more cases of infection than the analysis of one 
sample with two slides using the Kato-Katz technique, 
suggesting that PCR can be a useful diagnostic tool, par-
ticularly in areas with low endemicity.
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