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Introduction typically depend on gestational age, virulence of the
organism and immune status of the mother [2].

. . i Association of Toxoplasma infection with

~ Toxoplasma gondii (T. gondii) is a worldwide  gpontaneous abortion is frequently studied with
zoonotic protozoal parasite that causes harmless griaple approaches. Toxoplasma infection among
infection in a huge number of human population, \exjcan was recorded in women suffered from
yet it causes serious illness in merely gpontaneous abortion by detecting either specific
immunocompromised  hosts.  Also, ~Toxoplasma  antihodies or circulating parasitic DNA among 55%
troph.ozones_ may cross the placental barriers, of their study group [3]. The authors recommended
causing variable degrees of damage to fetuses fyrther studies to ascertain diagnostic policies to be
resulting in stillbirth or spontaneous abortion [1]. trailed, to prevent congenital toxoplasmosis in the
Critical ocular and neurological signs plus other populations at risk. Toxoplasmosis was reported in
congenital manifestations may also arise as a result of 15 204 women with spontaneous abortion as well,
congenital infection. These dangerous sequels using serological methods [4]. Based on the

genomic detection of circulating Toxoplasma DNA
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up to 14.7% positive results were recorded regarding
abortion in association with Toxoplasma gondii
infection [5].

Based on serological methods, Saki et al., [6]
detected IgM antibody in women who had an abortion
and advised not to neglect the role of Toxoplasma
gondii in the occurrence of abortion as a result of
primary infection. However, the result of serological
assays should be interpreted with caution, IgM
antibodies may persist up to 1 vyear after
Toxoplasma infection, so it is not appropriate to
diagnose recent infection. Hence, to improve the
diagnosis of primary infection with T. gondii during
pregnancy, other techniques are suggested as anti-
Toxoplasma IgG avidity and molecular detection by
the nucleic acid polymerisation techniques to
discriminate between recent and prior infection [7].

In fact, Toxoplasma can circulate at low
concentrations, or intermittently, thus might be
detected in earlier phases of infection as circulating
genomic materials which need a sensitive and
specific technique to confirm infection in such
critical time. Molecular methods are reported to be
effective enough to detect low concentrations of
circulating genomic materials as low as 10
tachyzoites/ml which was reported in about 40% of
cases in a study applied in France [8].

Real-time visualisation in addition to the
precise digital quantitation of the amplified DNA
products without risk of contamination, greatly direct
scientists to replace the traditional PCR multi-
instruments by a single quantitative PCR machine.
However, the relatively high cost and the need for
highly equipped laboratories still limit the wide use of
such advanced technologies for diagnostic purposes
of some infectious agents including Toxoplasma
parasite [7]. Consequently, it is appropriate to
develop simple, rapid, sensitive, cost-effective and
less time- consuming diagnostic molecular method to
complement the limitations of conventional and real-
time PCR to diagnose such infection, especially in
vulnerable groups [9].

At present, variable isothermal approaches
targeting nucleic acid augmentation have been

established, possibly terminating the need of
expensive, sophisticated devices and complex
laboratories especially in developing countries

where inappropriate infrastructure is still the usual
situation. One of the most verified isothermal DNA
amplification methods is a LAMP (Loop-mediated
isothermal amplification) which was originally
described by Notomi et al., [10].

In the present study, a trial was made to
apply LAMP technique in comparison to quantitative
real-time PCR (qPCR) to detect primary
toxoplasmosis in women suffered from spontaneous
abortion for more feasible molecular implementation in
our relatively low equipped laboratory.

Patients and Methods

Concerning ethical considerations that were
approved by the local ethical committee, Faculty of
Medicine, Cairo University, this cross- sectional
study was conducted from January 2014 to
December 2016. Women included in the study were
from the outpatient's clinic of Obstetrics and
Gynecology Department, Kasr Alainy Hospital and
suffered from spontaneous abortion during the first
trimester of the first pregnancy. The total enrolled
number was 139 cases; their age range was within
21 to 34 with no major demographic variability. They
were almost of the same educational and
socioeconomic level being attending governmental,
free of charge hospital. Diagnosis of spontaneous
abortion was performed following history taking and
clinical examination plus findings of ultrasonography
to exclude medical causes of abortion, women with
Rh-incompatibility, threatened abortion, incompetent
cervix, fibroid or any uterine abnormalities. Blood
samples were collected from included cases
immediately after abortion and sera were separated
and were tested for anti-Toxoplasma IgG and IgM
antibodies using a commercial ELISA Kit (Cal biotech
Inc., CA). Serological tests were performed according
to the manufacturer's instructions. Samples showed
positive 1gG results were excluded from the study.
Cases were advised to return in follow up visits for
normal checking and to inform them about their
results. Positive cases were managed according to
the currently approved protocols in the Obstetrics
and Gynecology Department, Faculty of Medicine,
Cairo University. The women who did not show any
positive results were at risk of primary Toxoplasma
infection at any time and were instructed to take care
of their next preghancy to avoid such serious infection.

Genomic DNA from peripheral blood
samples was extracted using the DNeasy® Blood
and Tissue Kits (Qiagen, CA, USA). Quality control
and computing procedure were applied to rule out
false positives in molecular techniques.

Four Toxoplasma-specific primer sets were
used for LAMP technique to detect B1 gene of 35-
fold repeats; B3: ACGTGACAGTGAAGAGAGGA, F3:

CAGATGTGCTAAAGGCGTCA, BIP:
TGTTCGCTGTCTGTCTAGGGCAGGTGGTCGACTT
CATGGGA and FIP

AGGCGGAACCAACGGAAATCCTTGCTGTTCTGTC
CTATCGC. Twenty five pl LAMP mixture was
prepared containing 2 ul of the extracted nucleic acid
template, 40 pmol for each of FIP and BIP primers, 5
pmol for the other primers B3 and F3, 1 pl of Bst
DNA polymerase (NEB) in 2.5 yl of buffer [20 mM
Tris-HCI (pH 8.8), 8 MM MgSO4, 10 mM (NH4)2S04,
0.1% Tween 20], 10 mM KCI, 0.8 M betaine, in
addition to 1.4 mM (dNTP). Using a heater block, the
reaction of the isothermal technique LAMP was
applied for 30 min at 65°C and then was
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inactivated for 2 min at 80°C. The positive amplification
results were visually detected by adding 2uL of 1:10
diluted 10,000 x concentration fluorescent dye SYBR
Green | (Invitrogen) to the reaction tubes. Green
fluorescence was observed in a successful LAMP
reaction, whereas it remained the original pinkish-
orange in the negative one [11].

Light Cycler ® instrument (Roche
Diagnostics, Hoffmann-La Roche Ltd, USA) was
used, applying SYBR Green technology. Primers from
bases (5-CCG TTGGTT CCG CCT CCT TC- 3") and
(5"-GCAAAA CAG CGG CAG CGT CT-3") were used
to amplify Toxoplasma B1 gene. The resulting PCR
fragment of T. gondii was analysed using the
Light Cycler® Red 640 (detected in channel 640).
The reaction mixture (20 ul; Master SYBR Green Kit;
Roche Diagnostic) contained 0.5 yM of each primer,
5 mM MgCl, and 5 pl template DNA. Amplification
was performed for 50 cycles: 5s denaturation at 95°C,
10s annealing at 61°C and 15s extensions at 72°C,
with an overall ramp rate of 20°C/s [12].

Positive and negative control: To assess
the analytical sensitivity of the molecular
techniques, cloned and purified Toxoplasma
genomic materials (Roche Diagnostics), with serial
dilutions were used as control positive samples.
Also, the standard curve created by these cloned
DNA samples were used to allow the absolute
guantification of the unknown samples. The
concentrations of the standard samé)les were
prepared to be from 10° to 10° genomic
equivalents/reaction of T. gondii DNA. Data analysis

was done as described in the Light Cycler®
instrument operator's manual. Specificity was
approved by defining their melting curves and
melting temperatures (Tm) (95°C, 4.40°C/s ramp
rate; 40°C, 2.20°C/s ramp rate; 65°C, 4.40°C/s ramp
rate; 95°C, 0.02°C/s ramp rate continuous
measurement). In addition to 10 pooled DNA samples
extracted from other parasitic stages; Giardia,
Cryptosporidium, Blastocystis, Leishmania spp. And
Plasmodium spp. To confirm the specificity of the
molecular techniques, a negative control was applied
by replacing the template DNA with ultrapure water.
The standard row originated from variable
Toxoplasma  genomic  concentrations  showed
Crossing Points (CPs) were automatically recorded.

Results

To confirm primary recent Toxoplasma
infection, detection of Toxoplasma Bl gene in the
peripheral blood samples was done by both qPCRs
applying SYBR Green technology and LAMP. Initial
serological screening demonstrated positive 1gG
results in 62 out of the 139 cases (44.6%). Therefore,

the subsequent molecular investigation was done
for the remaining 77 samples. IgM was detected in 4
serum samples out of the 77 cases. Concerning the
sensitivity of LAMP technique and gPCR, both
techniques equally succeeded to polymerise all
positive control samples denoting equal analytic
sensitivity for the 2 molecular techniques. Whereas,

control negative samples did not show any
amplification signs. Turbidities resulted by the
positive reaction due to the accumulation of

magnesium pyrophosphate as a by-product of the
LAMP reactions were easily observed visually.
Positive reactions in LAMP turned green on the
addition of SYBR Green | to the PCR tubes. A
standard curve was generated by gPCR using the
cloned positive samples to enable absolute
guantitation of the possible positive samples within
the 77 samples related to the immunologically negative
IgG women.

To diagnose recent Toxoplasma infection in
the 77 samples cases included in the present work,
DNA was extracted from the collected samples and
tested using both LAMP and Quantitative real-time

PCR (gPCR), applying SYBR® Green detection
protocol and different primer sets which targeted T.
gondii B1 gene. Green fluorescence was observed in
8 samples out of the 77 samples. The same samples
generated fluorescence signals (positive results)
when analysed by SYBR® Green qPCR. For qPCR,
as the amount of accumulated DNA in the PCR
reactions increases, the amount of fluorescence from
the dye increases consistently. Quantitative genomic
estimation of these 8 positive samples in gPCR
ranged from 1.2 x 10' to 6 x 10’ genomic
equivalents. Crossing points (Cps) showed different
values ranging from 16.94 to 31.02 reflecting the
different DNA quantities in the 8 samples (Figure 1).
To confirm specificity and true positivity of these 8
samples, gene scanning option and high resolution
melting curve analysis were applied using the
software of the programmed Light Cycler®
1.x/2.0/480 instrument. Positive samples showed
almost the same values of Tm (84.2 + 2.43)
confirming their specific amplification. The mean
value of melting temperature related to the
positive control was 85.55 £ 0.53 SD. No significant
difference was found between the 8 positive
samples and the control positive samples.
Moreover, no significant difference was reported
between the 4 IgM positive samples and the other
4 samples which proved positive only by molecular
techniques, putting in mind that all the 8 samples
did not suffer from any manifestations related to
acute toxoplasmosis. Nucleic acid amplification and
visualization of the amplicons were completed within
less than %2 an hour in the LAMP and in one hour
using the real-time PCR assays, in addition to extra
Y2 an hour to confirm specificity by high resolution
melting curve analysis. Clinically, these 8 women did
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not suffer from acute

toxoplasmosis.

any manifestations of
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Figure 1: Samples in the upper photo show positive isothermal
amplification for 8 samples (from 1 to 8) the sample number 9 is
the negative control. The lower photo represents the real-time
quantitative curves for the 8 positive samples with different
crossing point at different cycles according to their genomic
equivalent

Discussion

Diagnosis of primary toxoplasmosis in
pregnancy is vital for the early management of this

serious infection either by medical treatment or
additional  intervention to inhibit  congenital
transmission to the fetuses or unnecessary

termination of the pregnancy [13]. The main target of
the present study was to assess the usefulness of
isothermal molecular technique that can be practised
simply in our relatively low equipped laboratory. Also,
to spotlight on primary toxoplasmosis about
spontaneous abortion among our study group. In
general, the risk of silent maternal Toxoplasma
infection which may be transmitted to the fetuses is
usually high [14]. And the risk of morbidity and
mortality of the developing fetuses increases when
primary Toxoplasma infection happens during the
first trimester. While late transmission (last
trimester), can cause ocular or neurological signs
during the first 2 decades of life [15].

Commonly, diagnosis of acute primary
infection is extremely difficult. A residual IgM antibody
limits its use to detect early acute infection. The IgG
avidity assay is now used to distinguish between
acute and chronic toxoplasmosis, yet necessitates
the presence of IgG antibodies. Low avidity means
that the infection was acquired within the last 3
months [16]. However, the previous author criticized
the method being not suitable for
immunocompromised patients, plus the vital need of

another assay as IgM ELISA to confirm the exact
phases of infection. This certainly will raise the cost
of the investigations. Specific Toxoplasma IgM
typically develops in the early phase of the primary
infection, within 1 to 2 weeks and reaches the
highest level from 4 to 8 weeks after infection. The
factors affecting immune response and antibody
production depends on variable influences including
the virulence of the organisms, inoculum volume,
infective form plus the analytical sensitivity of the
diagnostic method used to confirm the infection [17].
This may explain the negative results of IgM ELISA
among 4 out of the 8 cases proved positive by
molecular assays. These 8 cases possibly got the
infection recently after pregnancy and not in the
prenatal period. Possibly, the circulating parasitic
stages that affected the placenta were enough to
cause the evidenced damage and resulting in
termination of the pregnancy.

Concerning the molecular techniques, using
a simple heater, LAMP technique was completed
within less than half an hour and successfully
obtained the same results achieved by gPCR that
was performed on a highly advanced instrument.
Both obtained positive results for the same 8
samples, in addition to the equal analytical
sensitivity which was proved following screening for
serially purified cloned specific genomic materials
(from 10" to 10°). Such sensitivity of LAMP may be
explained by the nature of the technique which is
based on using a larger number of primers, (4
primers in this study) instead of 2 in gPCR to target
different internal regions on the same target DNA
[18]. A higher sensitivity of isothermal amplification
techniqgue than the ordinary multi-thermal PCR
assays was also reported with other parasitic
infections as Babesia spp., Trypanosoma spp. and
Theileria spp [19] [20] [21]. The amplified products
can be easily visualised in LAMP technique using
simple UV light or even by direct turbidity inspection of
the end product in the tubes. Hence, these give
the technique an additional benefit and eliminate
the necessity for gel electrophoresis and minimise the
hazard of contamination. However, further work
should be continued to apply a simple quantitative
method for the amplified products.

Blood samples were used in the present
study to detect the circulating Toxoplasma parasites
in the peripheral blood. Molecular diagnosis of ocular
toxoplasmosis was done using blood samples as well
and produced the same results obtained with
aqueous humor samples [22]. The authors
recommended the use of blood samples to avoid
invasive techniques. Thus, in this study, we evaluate
the clinical sensitivities and specificities of a LAMP
assay based on blood samples and compare the
results with those of real-time gPCR. The specificity
of the molecular technique in this study was
confirmed by the highly advanced melting curve
analysis, resulting in 100% specificity for both of them.
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Moreover, no positive results were initiated from the
10 pooled samples extracted from other protozoal
infections. Indeed to comment on the sensitivity,
more studies are recommended using larger
standardized samples, better to be performed on
experimentally infected animals with different
intensities of infection. Hence, the apparently 100%
sensitivity of LAMP achieved in the present study in
relation to (qQPCR) should be further assessed to
calculate the definite sensitivity. In other studies,
sensitivity ranged between 80 to 87.5% was reported
using LAMP to detect Toxoplasma infection in blood
samples positive for IgM [11]. However, such
reported sensitivity perhaps was undervalued by
the previous authors due to its direct connection with
the results of IgM. It seems unfair to link the results
of a molecular technique necessitated the presence of
circulating DNA to diagnose recent Toxoplasma
infection to IgM antibodies which may be residual for
years after infection. In fact, spontaneous abortion
was not the target group in the previous study.

On the other hand, the quantitative real-time
PCR assay has been successfully used to detect and
accurately quantify Toxoplasma DNA in human body
fluids including blood. With the use of B1 gene, the
technique is considered as the best-performing
technique for the diagnosis of congenital
toxoplasmosis, compared with conventional PCR and
nested-PCR [23]. The real-time PCR is also used to
evaluate toxoplasmosis progression and treatment
efficacy since it can estimate the intensity of T.
gondii infection [24]. For this reason, gPCR was
used in a comparative approach in this study to
assess sensitivity and specificity of LAMP assay
for simple, cost-effective diagnosis of primary
toxoplasmosis.

In conclusion, molecular assays seem to
be able to diagnose initial phases of Toxoplasma
infection in earlier stages of gestation when the fetus
is not yet immunocompetent. LAMP assay is a
simple, cost- effective molecular technique with a
detection limit of 10 specific genomic equivalents
and can be completed in less than half an hour to
diagnose primary Toxoplasma infection using
peripheral blood samples. The ability to apply the
technique in a minimally equipped laboratory by
ordinary workers gives the technique great potential
to be wused in developing countries where
toxoplasmosis is endemic, specifically for high-risk
groups.
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