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Abstract The diagnostic techniques based on polymerase
chain reaction (PCR) for the detection of Schistosoma spp.
DNA in stool, serum, plasma and urine has shown high
sensitivity and specificity solving the problems for the low
worm burdens and low transmission rates facing the routine
microscopic diagnosis. Since PCR assays require efficient
unbiased procedures of extraction and purification of
nucleic acids. This study compared the efficiencies of
simple, manual and feasible DNA extraction methods; a
salting out and resin method, phenol/chloroform method to
a commercial extraction kit through PCR analysis of
human urine and serum samples spiked with known
amounts of adult Schistosoma mansoni DNA confirmed by
the application on real samples from patients. In artificially
spiked urine gradient, the best mean diagnostic perfor-
mance was that of salting out and resin then phenol/chlo-
roform and last for the commercial kit. All three methods
gave positive results in all tested urine samples which
insures comparable high efficiency for DNA detection. In
artificially spiked serum gradient, the highest mean diag-
nostic performance was obtained by the kit then salting out
and resin and last by phenol chloroform. In patients’ urine
samples the phenol/chloroform method showed the highest
mean diagnostic performance followed by the resin and
then the kit. Using patients’ serum samples the resin
method showed equal mean diagnostic performance with
the phenol/chloroform method which was higher compared
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to the kit. As regards sensitivity from urine samples the
resin and phenol/chloroform showed equal results using
artificial gradients and patients’ samples. In serum samples
the resin and phenol/chloroform showed equal results using
artificial gradients while the resin showed better results in
patients’ samples. It is recommended to extract DNA from
urine samples and to use the salting out and resin as a
manual DNA extraction method from patients’ samples for
the molecular diagnosis of Schistosoma mansoni infection.
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Introduction

Schistosomiasis is from a global public health perspective
one of the most important water-borne parasitosis and a
major neglected tropical disease, with more than 200 mil-
lion people infected and close to 800 million at risk
(Steinmann et al. 2006). Schistosoma mansoni is endemic
in 54 countries and territories in South America, the
Caribbean, Africa and the Eastern Mediterranean regions
including Egypt (Chitsulo et al. 2000). Although sub-
stantial progress has been made in the control of schisto-
somiasis mansoni in Egypt and Latin America by reducing
morbidity and prevalence, transmission continues, and the
disease has spread to previously non-endemic areas (Hotez
et al. 2008). Although the Kato-Katz parasitological tech-
nique is currently the recommended method for diagnosis
because it is a quantitative, relatively inexpensive and
simple one (Katz et al. 1972; Doenhoff et al. 1993), it lacks
the sensitivity to identify reliably positive cases (Kongs
et al. 2001). Consequently, the prevalence is significantly

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12639-013-0385-3&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12639-013-0385-3&amp;domain=pdf

500

J Parasit Dis (July-Sept 2015) 39(3):499-507

underestimated hampering further progress of the control
efforts (Enk et al. 2008).

As an alternative, serological tests can be applied
together with or without coproscopic techniques (Doenhoff
et al. 2004). Antibody detection assays are more sensitive
than parasitological examination but available tests present
either low sensitivity, cross-reactivity with other helminth
infections or cannot distinguish between active and past
infections, which are particularly important in endemic
areas (Gryseels et al. 2006; Bergquist et al. 2009). The
detection of circulating antigens is highly specific, but is
not more sensitive than detection of eggs in areas of low
endemicity (Van Lieshout et al. 1994; Dias Neto et al.
1996). New candidates for serological diagnosis of schis-
tosomiasis are still required (Bligh et al. 2010; Zhong et al.
2010). Moreover, taking into consideration the yearly ris-
ing numbers of schistosomiasis infected travelers, who in
general show very low infection intensity in its early stage,
more sensitive methods for diagnosis are urgently needed
(Rabello and Enk 2005; Bergquist et al. 2009).

The diagnostic techniques based on polymerase chain
reaction (PCR) for the detection of Schistosoma spp. DNA in
stool, serum (Pontes et al. 2002, 2003; Ten Hove et al. 2008;
Gomes et al. 2009, 2010), plasma (Wichmann et al. 2009) and
urine samples (Sandoval et al. 2006a) has shown high sensi-
tivity and specificity giving a promising solution. PCR
methods are used to improve the direct detection of Schisto-
soma. These tests involve the extraction of DNA from eggs
prior to PCR amplification. Unfortunately, only a small vol-
ume of sample can be processed for DNA extraction, and is
dependent on chance whether the processed sample contains
eggs or not (Sandoval et al. 2006b; Pontes et al. 2003). In
schistosomiasis, there is a huge parasite turnover, liberating
DNA from decaying parasites which would reach the blood
and be partially excreted into urine (Umansky and Tomei
2006). These nucleic acids could be used for development of
clinical diagnostic PCR-based assays (Melkonyan et al. 2008).

Multicellular parasites like Schistosoma contain DNA
copies in excess over parasite count. So, it might be pos-
sible to find cell-free DNA circulating in the blood which
can be used to diagnose schistosomiasis. In contrast to eggs
in stool or urine, the circulating DNA would be equally
distributed throughout blood of the patient, resolving the
issue of random sampling that spoils clinical sensitivity of
classical detection methods (Wichmann et al. 2009).
Hamburger et al. (1991) described a 121-base pair (bp)
tandem repeat DNA sequence present in 12 % of S. man-
soni genome. This sequence has been successfully used in
the diagnosis of human infection using fecal (Pontes et al.
2002), serum (Sadek et al. 2008), plasma (Wichmann et al.
2009) and urine samples (Enk et al. 2010, 2012).

An efficient unbiased method of DNA extraction that
yields pure, high quality DNA is crucial for the success of
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PCR and sequencing reactions, and the subsequent treat-
ment of disease (McOrist et al. 2002). Many DNA
extraction methods have been described in literature. The
salting out and resin method for DNA extraction from urine
samples is a simple and inexpensive method (Enk et al.
2010, 2012). Also, the phenol/chloroform extraction pro-
cedure for DNA which minimizes the inhibition of nucleic
acid amplification by PCR in clinical samples (Bergallo
et al. 2006), has been traditionally used to obtain nucleic
acids from cells and microorganisms in addition to sepa-
ration and purification from contaminating materials
(Wiedbrauk et al. 1995).

These extraction methods utilize easily urine and serum
samples as DNA source, in combination with the high
sensitivity of PCR technique, constituting a promising
diagnostic tool to overcome the difficulties of detecting
schistosomiasis in areas of low transmission or in indi-
vidual cases with low worm burden (Bergallo et al. 2006).

In Egypt there is an urge for evaluating the different
DNA extraction procedures not only because there are
limited economic and diagnostic resources, but also the use
of non toxic materials during the extraction process and its
easy handling, may, in future, make these techniques easily
applicable in survey of poor areas in comparison to the
expensive Kkits.

The aim of this study was to compare simple, manual
and feasible DNA extraction methods; a salting out and
resin method versus a phenol/chloroform extraction com-
pared to a commercial extraction kit through PCR analysis
of urine and serum samples spiked with known amounts of
adult S. mansoni DNA and to compare the applicability on
real samples from patients.

Materials and methods
DNA extraction from adult Schistosoma mansoni

Adult worms (obtained from Tudor Bilharz Research Insti-
tute, Giza, Egypt) were individually vacuum-dried for 15 min
in a Speedvac evaporator. Next, 20 pl of NaOH (250 mM)
was added. After a 15 min incubation period at 25 °C, the
tubes were heated at 99 °C for 2 min. Then, 10 pl HCI
(250 mM), 5 pl of Tris—HCI (500 mM) and 5 pl Triton X-100
(2 %) were added and a second heat shock at 99 °C for 2 min
was performed. The products were stored at —20 °C (Beltran
etal. 2008). Commercial DNA extraction was done using Pure
link genomic DNA extraction kit for purification of genomic
DNA (Invitrogen life technologies—Germany) according to
the manufacturer’s instructions. Briefly, cells were resus-
pended in 180 pl Pure Link Genomic digestion buffer, 20 pl
proteinase K was added, mixed well by brief vortexing then
incubated at 55 °C for 45 min. 20 pul RNAse was added to the
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lysate, mixed well by brief vortexing and incubated at room
temperature for 2 min, then 200 pl Pure Link Genomic lysis/
binding buffer was added and briefly vortexed to obtain
homogenous solution. 200 pl of absolute ethanol was added to
the lysate and vortexed for 5 s. About 640 pl lysate was added
to the Pure Link Spin column and centrifuged for 1 min at
room temperature. Washing was done twice to eliminate
unwanted materials. The DNA was eluted with 100 pl Pure
Link Genomic elution buffer and stored at —20 °C till use.

Preparation of artificially spiked urine and serum
samples

Fifty milliliters of fresh urine from a healthy individual
were treated with EDTA to a final concentration of 40 mM
(Milde et al. 1999). Serum samples negative for schisto-
somiasis by indirect haemagglutination test (IHAT) were
obtained from healthy volunteers and each 1 ml of serum
was diluted in 1 ml of PBS. 30 ml of the urine sample and
diluted serum samples were artificially spiked with 120 ng
of adult S. mansoni DNA (Enk et al. 2010, 2012). Artifi-
cially spiked samples were adjusted to six consecutive
DNA dilutions to form a gradient of; 4, 800, 160, 32, 6.40
and 1.28 pg/ml to have a final of six artificially infected
urine samples and six artificially infected serum samples
which were processed to evaluate each extraction method’s
efficiency by conventional PCR.

Collection of samples from patients

Twenty patients were selected from the Internal Medicine
Department, Ain Shams University hospitals with given
history of infection with S. mansoni. They were subjected to:
stool examination by Kato-Katz method (Katz et al. 1972);
urine examination; antibody detection in serum for schisto-
somiasis by the IHAT (Bilharzios Fumouze Diagnostics/
SERFIB, France). All patients were suffering active intes-
tinal schistosomiasis showing S. mansoni eggs in their stools.
Informed consent was obtained from the study subjects using
standard guidelines. The study protocol was approved by the
Scientific-Ethics Committee of Faculty of Medicine Ain
Shams University. All participants provided one morning
fresh urine sample. 5 ml of blood were collected from each
subject and centrifuged at 760x g at 4 °C for 10 min and the
obtained serum samples were stored at —70 °C until use.

Methods of DNA extraction from artificially spiked
and patients’ urine and serum samples

Salting out and resin method

All aliquots (the gradients and patients samples) were
heated at 100 °C, in a water bath for 10 min. After that,

5 M Na(l, in a volume of 1/10 of the sample volume was
added to each tube. The tubes were shaken vigorously for
15 s, placed on ice for 1 h and centrifuged for 10 min at
4,000 rpm. The supernatant was transferred to another
tube, shaken vigorously for 15s and centrifuged for
10 min at 4,000 rpm. Again the supernatant was trans-
ferred to another clean tube, and twice the sample volume
of absolute ethanol was added. The DNA was then pre-
cipitated at —20 °C for at least 2 h. The DNA strand was
removed with a pipette, transferred to a 0.5 mL micro-
centrifuge tube and washed in 200 pl 70 % ethanol. The
tubes were centrifuged again for 20 min at 14,000 rpm.
The pellets were dried and resuspended in 100 pl of
DNAse free water and 100 pl of InstaGene matrix® resin
(BioRad). Samples were incubated at 56 °C for 30 min
then at 100 °C for 8 min, vortexed at high speed for 10 s,
and centrifuged at 14,000 rpm for 3 min. The supernatant
transferred to a new tube and used as template in PCR
reactions (Enk et al. 2010, 2012).

Phenol/chloroform method

A home-made procedure based on the classical phenol/
chloroform extraction method was applied (Bergallo et al.
2006). A total of 250 pl of each sample was added to
250 Wl of buffer-saturated phenol/chloroform/isoamilalcool
(pH 7.5-7.8) and 25 pl of 3 M sodium acetate pH 35, vor-
texed for 1 min, incubated in ice for 15 min, and centri-
fuged for 10 min at 12,000 rpm at room temperature. The
aqueous layer was transferred to a 1.5 ml screw-cap plastic
tube containing 250 pl of isopropanol and incubated at
—20 °C for 5 min. The sample was centrifuged (5 min,
12000 rpm at 4 °C) in order to precipitate DNA. The
supernatant was removed, and the pellet resuspended in
500 wl of 70 % ethanol, vortexed and centrifuged for 2 min
at 13,000 rpm at room temperature. The supernatant was
removed again and the remaining ethanol eliminated by a
quick centrifuge spin. The pellet was air-dried in a half-
open tube for at least 30 min, suspended in 20 pl of TE
(10 mM TrisCl, 1 mM EDTA pH 8) by vortexing, and
stored at —20 °C prior to use.

Commercial DNA extraction

DNA extraction was done using Pure link genomic DNA
extraction kit for purification of genomic DNA (Invitrogen
life technologies—Germany).

Polymerase chain reaction

PCR was applied on all the samples from the gradients and

patients. PCR was carried out using a pair of primers,
directed to a 121 bp repetitive fragment designed by Pontes
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Table 1 The diagnostic performance of the three methods of extraction using urine versus serum artificially spiked gradients

Parameter Resin Phenol chloroform Kit
Urine Serum Urine Serum Urine Serum

Mean density of PCR product + SD 149.8 + 53.9 74.7 + 58 142.8 + 42.6 55.2 + 60.5 132 + 249 933 +17.2
Samples (n = 6)

Positive 6 5 6 5 6 6

Negative 0 1 0 1 0 0
% of positivity among samples 100 83.4 100 83.4 100 100
P value *0.042 *0.018 *0.011

Paired ¢ test
* P < 0.05 Significant (S)

et al. (2002), GoTaq DNA polymerase and STR 10x buffer
(Promega). Into each reaction tube were added 1 pl of 10x
buffer, 0.1 pg/ul of 1x BSA, 0.8 U of Taq DNA poly-
merase, 0.5 pmol of each forward and reverse primers, 4 pl
of DNA template and enough water to a final volume of
10 pl. As PCR positive controls of 1 ng of S. mansoni adult
worm DNA was used as template. PCR negative control
containing all elements of the reaction mixture and water
instead of DNA were also included in each PCR assay as
surveillance for contamination. A total of 40 cycles of
amplification were conducted using a 30 s denaturing step
at 95 °C, 30 s annealing at 65 °C and 30 s extension at
72 °C. A 20 pl sample of each amplification product was
electrophoresed on 8 % PAGE. The amplification products
were quantified using a digital imaging system (Quantity
One 1-D Analysis Software; BIO-RAD, USA). Each of the
three DNA extraction methods and PCR was applied twice
for each sample.

Statistical analysis

All results are presented as mean and standard deviation
(SD) values. Categorical results are presented as numbers
of cases and percentages. Continuous variables were
compared between independent groups using Mann/Whit-
ney U/— test, depending on the distribution of raw data. In
cases in which the data was paired, the Wilcoxon signed
rank or paired ¢ test was used. Categorical variables were
compared using the fisher exact test. Significance level of
P < 0.05 was used in all tests. All statistical procedures
were carried out using SPSS version15 for Windows (SPSS
Inc, Chicago, IL, USA).

Results
In artificial urine gradient, the mean diagnostic perfor-

mance of salting out and resin was 149.8 £ 53.9, for
phenol/chloroform was 142.8 + 42.6 and for commercial
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kit was 132 £ 24.9. All three methods gave positive results
in all tested urine samples (Table 1).

In artificial serum gradient, the mean diagnostic per-
formance of salting out and resin was 74.7 + 58.0, for
phenol chloroform was 55.2 &+ 60.5 and for commercial kit
was 93.3 £ 17.2. Results showed that salting out and resin
and phenol chloroform were positive in 83.4 % of serum
samples, while commercial kit showed 100 % positivity
(Table 1).

Paired ¢ test showed that there was a significant differ-
ence (P < 0.05) between artificial urine and serum gradient
by the three methods as regards the mean diagnostic per-
formance. In each of the three tested methods of extraction,
the mean diagnostic performance of urine samples was
significantly higher compared to that of serum samples
(Table 1).

In patients’ urine samples the phenol chloroform method
showed the highest mean diagnostic performance results
(128.1 £ 68.4) in comparison to the resin (105.3 & 54.3)
and the kit (100.9 4 45.4) (Table 2). Using Wilcoxon
signed rank, the urine samples showed a highly significant
difference (P < 0.01) between the resin and phenol chlo-
roform while a non significant difference was found
between each of the resin and the kit, and the phenol
chloroform and the kit (Table 3).

Table 2 The diagnostic performance among the three methods of
extraction in patients’ urine versus serum samples

Extraction method Sample P value
Urine (No = 20) Serum (No = 20)
Mean £+ SD Mean + SD
Resin 105.3 + 54.3 61.1 +£51.2 *#0.0001
Phenol chloroform 128.1 £ 68.4 61.0 £ 51.2 *#0.0001
Kit 1009 + 454 58.4 +£49.2 *#0.003

Mann—Whitney test
** P < 0.01 Highly significant (HS)



J Parasit Dis (July-Sept 2015) 39(3):499-507

503

Table 3 Comparison between the three extraction methods on
patients’ urine samples

Table 5 Comparison between patients’ urine and serum among the
three extraction methods

Extraction method Mean £+ SD (No = 20) P value
Resin 105.3 + 54.3 *%0.001
Phenol chloroform 128.1 + 68.4

Resin 105.3 + 54.3 1.00
Kit 1009 £ 45.4

Phenol chloroform 128.1 + 68.4 0.108
Kit 1009 £ 454

Wilcoxon signed rank. P > 0.05 Non significant (NS)
** P < 0.01 Highly significant (HS)

Table 4 Comparison between the three extraction methods on
patients’ serum samples

Extraction method Mean £+ SD (No = 20) P value
Resin 61.1 £51.2 0.541
Phenol chloroform 61.00 £ 51.2

Resin 61.1 £ 51.2 0.054
Kit 58.4 + 49.2

Phenol chloroform 61.00 £ 51.2 *0.046
Kit 58.4 £ 49.2

Wilcoxon signed rank. P > 0.05 Non significant (NS)
* P < 0.05 Significant (S)

Using patients ‘serum samples the resin method showed
equal mean diagnostic performance with the phenol chlo-
roform method (61.1 4+ 51.2) while the kit showed lower
mean diagnostic performance (58.4 £ 49.2) (Table 4).
Using Wilcoxon signed rank, there was a significant dif-
ference (P < 0.05) between phenol chloroform and the kit
while a non significant difference was obtained in com-
paring resin and phenol chloroform (Table 4).

Fisher exact test revealed a significant difference
between urine and serum samples using resin method and a
highly significant difference using phenol chloroform
method as regard positivity (Table 5). In each of the three
tested methods, patient’s urine samples gave significantly
higher results compared to serum samples as regards mean
diagnostic performance (Table 2).

Applying the 3 methods of extraction on artificially
spiked gradients, the sensitivity among urine samples was
100 % while among serum samples it was 83.4 % for resin
and phenol chloroform methods and 100 % for the kit
(Table 1). Using patients’ urine samples the sensitivity was
also 100 % from the three methods while serum samples
showed highest outcome from the kit (100 %), then the
resin method (75 %) and last the phenol chloroform (60 %)
(Table 5, Fig. 2). The reproducibility of results was con-
firmed by repeating the three methods of extraction twice
giving same outcome. Concerning the artificially spiked
serum samples the resin showed good results at low

Extraction method Sample P value
Urine (No = 20) Serum (No = 20)
No % No %
Resin
Negative 0 0 5 25 *0.047
Positive 20 100 15 75
Phenol chloroform
Negative 0 0 8 40 *%0.003
Positive 20 100 12 60
Kit
Negative 0 0 0 0
Positive 20 100 20 100

Fisher exact test
* P < 0.05 Significant (S)
** P < 0.01 Highly significant (HS)

concentrations only starting from 800 pg/ml but no results
were obtained at the higher concentration of 4 ng/ml. Also,
no outcome was obtained from the phenol/chloroform
extraction method at the least (1.28 pg) concentration of
the samples (Fig. 1).

Discussion

schistosomiasis mansoni in low
transmission areas, emphasizes the urgent need of an
accurate diagnostic tool capable of detecting infections in
the early phase which would be of great value in permitting
early treatment that could prevent the pathology associated
with chronic infections. S. mansoni DNA in urine of mice
had been detected by PCR very early after infection
(Sandoval et al. 2006a, Oliveira et al. 2010).

Given these findings, it is probable that the PCR can
detect infection in humans during the larval stage or at least
before parasite eggs can be found in the stool. Pontes et al.
(2002) reported high sensitivity of PCR in the detection of
free circulating S. mansoni DNA in serum of two infected
patients with active intestinal schistosomiasis. Moreover,
Sadek et al. (2008), Xia et al. (2009) and Kato-Hayashi
et al. (2010) proved that PCR was highly valuable in the
diagnosis of early experimentally active intestinal schis-
tosomiasis with increase in the density of the specific band
as the infection progressed.

DNA fragments from cells that have died throughout the
body appear in the urine, presenting relatively low
molecular size fragments (100-200 bp) which should be
considered when deciding methods of DNA extraction and
PCR design. When PCR is used for amplification and

The underestimated
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Urine
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300
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B
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300
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C

100

Fig. 1 PCR product from urine and serum gradients. MW molecular weight marker, lanes 1-6 six consecutive DNA dilutions of; 4, 800, 160, 32,
6.40 and 1.28 pg/ml. PC positive control, NC negative control, A salting out and resin method, B phenol/chloroform method and C kit

Urine
MW 1 2 3 4 5

300
200
100

300
200
100

300
200
100

6 PC NC

Serum

Mw 1 2 3 4 5 6 PCNC

200
100

300

200
100

Fig. 2 PCR product from urine and serum samples of six patients (lanes 1-6), PC positive control, NC negative control, A salting out and resin

method, B phenol/chloroform method and C kit

detection of DNA sequences, as in our case of S. mansoni,
the application of a small sized amplicon significantly
enhances sensitivity. Therefore, a pair of primers targeting
a sequence of 121 bp, which has been previously applied
extensively in S. mansoni diagnostics (Pontes et al. 2002;
Gomes et al. 2009, 2010), was used in the present study.
The method for detection of S. mansoni in human feces
and serum (Pontes et al. 2002) was based on amplification
of a highly repeated DNA sequence (Hamburger et al.
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1998). The high sensitivity of this assay is certainly due to
an unusual high copy number (600,000/cell) of target
sequence, which comprises at least 12 % of S. mansoni
genome (Hamburger et al. 1991). This enables the detec-
tion of fractions of a single S. mansoni individual cell,
instead of the egg needed for microscopic identification.
In our study we aim to detect the DNA regardless to the
amount of eggs shed from the patient as the bigger future
goal of the work is to detect the early prepatent infection
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using the best simple extraction method were no eggs may
be present in endemic area of low prevalence. Gradients
were used to control the amount of DNA in the sample and
assess the extraction efficiency and sensitivity. Patients
were chosen to pass eggs here to ensure the presence of
DNA for the mere qualification of the three methods of
extraction.

Although many different extraction methods for PCR
have been described, there have been relatively few studies
comparing them. In our study, three methods of extraction
were chosen on basis of being sensitive, specific, repro-
ducible, rapid, and simple allowing nucleic acids purifica-
tion from urine and serum samples in a routine setting. A
technique recently described based on a salting-out and
resin procedure, was applied for its high analytical sensi-
tivity, simplicity and low cost. It proved to be sufficient for
following molecular analysis of urine samples from an
endemic area (Enk et al. 2010, 2012). Also, the phenol/
chloroform method was chosen based on being the tradi-
tional extraction procedure of DNA from plasmids or
clinical samples and widely used in many research and
diagnostic laboratories (Sambrook et al. 1989).

The reagent cost for both methods is much lower com-
pared to commercial nucleic acid extraction kits. Also,
these methods are expected to reduce the concentration of
residual proteins and membrane components potentially
inhibiting the enzymatic activity of Taq polymerase in
comparison to other manual extraction procedures (Ber-
gallo et al. 2006; Enk et al. 2010, 2012). In our study, the
commercially available kit was included as a reliable
reference.

The artificially spiked samples were used to qualify the
sensitivity of each extraction method used, which may later
on be applied in endemic areas where the diagnosis should
cover any stage of infection and the DNA appears from the
turnover and tegument shedding from the dwelling adults.
The application of the methods on samples from patients
well known to suffer infection and shedding eggs was
applied to qualify the methods on a real basis of infection.

Using artificial urine gradient, PCR results showed that
the commercial kit was able to detect the DNA in all the
different concentrations and that was used as reference
method for extraction. Also an outcome yield of DNA
covering the whole gradient concentrations was obtained
from the other two extraction methods, thus revealing
comparable levels of efficiency. The resin extraction pro-
cedure showed the highest diagnostic performance in
detecting the maximal DNA content from the different
gradient concentrations, considering the mean density of
the PCR product, followed by the phenol/chloroform then
the kit. Our results goes with Enk et al. (2008) who proved
that the salting out and resin extraction procedure to be
reproducible up to 100 % and sensitive in detection up to a

concentration of 1.28 pg DNA/ml in artificially spiked
urine samples. A different outcome was obtained from
urine samples of the patients; the phenol/chloroform
showed the highest diagnostic performance then the resin
and the kit. This goes with Bergallo et al. (2006) who
demonstrated that the phenol/chloroform extraction
method was the most efficient one compared to many other
extraction methods used from human urine samples.
Comparing the three methods of extraction; the resin,
phenol chloroform and kit showed no difference as regards
positivity in urine samples of the patients.

Concerning the artificially spiked serum samples, the kit
showed the highest diagnostic performance followed by the
resin then the phenol chloroform. The kit showed the
highest efficiency compared to the other two extraction
methods in covering the whole gradients. The resin showed
good results at low concentrations only starting from
800 pg/ml but no results were obtained at the higher con-
centrations of 4 ng/ml. The resin beads if resembled like a
sieve may be hindered by the high concentration of DNA
which may actually cause its blockage (Klein et al. 1997).
Also, no outcome was obtained from the phenol/chloro-
form extraction method at the least (1.28 pg) concentration
of the samples which may highlight its lesser efficiency.
Again a different outcome was obtained using serum
samples of the patients, the resin and phenol/chloroform
methods showed equal diagnostic performance compared
to a lower diagnostic performance from the kit. This may
add a value for the two methods in diagnosis using serum
samples from patients. The different outcome from serum
samples as regard sensitivity obtained by the two manual
methods may be attributed to the different DNA content in
the patients’ serum.

Presence of inhibitory factors in patients’ serum may
hinder the PCR outcome which may explain the different
results obtained in comparison to the gradient as regard
sensitivity. The artificial gradients are considered a pre-
paratory step for showing the role and efficacy of extrac-
tion methods in diagnosis. Also, it can be used to quantify
DNA level in a patient which may reflect the stage of
infection if spotted on artificial gradients standard curves.

In the three tested extraction methods using artificially
spiked and real samples from patients, urine outstand serum
as regards diagnostic performance and positivity. This fact
was supported by Enk et al. (2012) who approved the
operational advantage of urine sample to be a promising
alternative for the diagnosis of schistosomiasis mansoni .

It is recommended to extract DNA from urine samples
and to use the salting out and resin as a manual DNA
extraction method from patients’ samples for the molecular
diagnosis of S. mansoni infection. There is still room for
cost reduction by optimizing the extraction and amplifi-
cation procedures of the system for poor endemic areas.
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Further studies are needed to verify the diagnosis of early
schistosomiasis mansoni infection using the resin as a
manual method of extraction.
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