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BACKGROUND AND OBJECTIVES: Toxoplasmosis, caused by Toxoplasma gondii, is diagnosed mainly by sero-
logical methods that are hindered by insufficient sensitivity. When it fails, it becomes necessary to rely on either
direct detection of the parasite or DNA detection by polymerase chain reaction (PCR). We aimed to establish
molecular tools for toxoplasmosis research in the country by using PCR targeting the B1 gene and compare it with
ELISA results.

DESIGN AND SETTING: Conducted at the College of Science, King Khalid University, Abha, Saudi Arabia be-
tween January 2009 and April 2010 on Saudi pregnant women attending three major hospitals in the Aseer region.
PATIENTS AND METHODS: Peripheral blood samples (n=137) were collected from patients. DNA was extracted
and the B1 T gondii gene was amplified by PCR. The amplicons were visualized and sequenced, and the results
were analyzed. For comparison, sera were tested for anti-T gondii IgG and IgM by enzyme-linked immunosorbent
assay (ELISA).

RESULTS: Of the 137 samples tested, the B1 gene could be amplified in 56 cases (41%) by PCR. DNA sequencing
confirmed these results. IgM-ELISA assay detected 9 (6.5%) of these cases. The results of immunoglobulin G detec-
tion were positive in 53 (38.6%) of the patients.

CONCLUSION: The present study showed the need for PCR as a confirmatory assay in addition to serological

assays to detect recent infection. We recommend national implementation of these molecular diagnostic tools.

bxoplasma gondii is an obligate intracellular

protozoan parasite with a global distribution

in humans and other warm-blooded animals.
It is a coccidian parasite of cats as final hosts, and all
non-feline warm-blooded animals (including hu-
mans) as intermediate hosts.! About one-third of the
wotld’s human population is infected with the parasite.?
Intermediate hosts, including humans, acquire T gondii
by ingesting either tissues of infected animals, food and
drink contaminated with sporulated oocysts from cat
feces or soil, tissue cysts contained in undercooked meat
or meat byproducts containing the cysts.>* Although
Toxoplasma infection is often benign, congenital toxo-
plasmosis can lead to severe sequelae for the fetus and
newborn.>® The infection may cause miscarriage, death
in utero, or severe neurological lesions, whereas fetal in-
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fection occurring later in pregnancy may result in either
congenital disease or subclinical infection.

Globally, the prevalence and incidence of infection
vary with the population group and geographic loca-
tion.” This may be related to several factors, including
culture, nutritional habits, age, and hygiene habits.** In
Saudi Arabia, there is no national systemic serological
screening program for pregnant women. The diagnosis
of a recent infection is determined by serological results
obtained from a single serum sample, in contrast to oth-
er countries (eg, France), where sera for testing are ob-
tained at regular intervals throughout gestation. Several
studies have shown variation in the seroprevalence in
different regions of the country. These studies showed
that the prevalence of IgG was as low as 25% and as
high as 42.1%.1°** Most, if not all, studies on toxoplas-
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mosis in Saudi Arabia have been serology-based stud-
ies.

Serological diagnosis represents the most widely
used approach to define the stage of infection, wheth-
er current, recent, or past.’® However, despite its high
sensitivity, these tests can provide ambiguous results.
In such cases, direct detection of the parasite is neces-
sary for a definitive diagnosis, which can be achieved
classically by intraperitoneal inoculation of laboratory
animals and inoculation of cells in culture.” These
methods, however, are time consuming and expensive.
Where serological assays are unreliable or when the
clinical diagnosis is doubted, PCR-based techniques
can be performed.'® Detection of T gondii DNA using
PCR minimizes the problems faced when using serol-
ogy-based or cultured-based assays. It saves time and
labor, offering the advantages of high sensitivity and
specificity. PCR has been used to demonstrate the pres-
ence of Toxoplasma in various clinical samples: brain,"
whole blood,® amniotic fluid, CSE* aqueous humor,
and lymph nodes.*® PCR is of utmost importance in di-
agnosing Toxoplasma infection in cases of immunosup-
pressive therapy or in patients with AIDS*!

Several approaches based on PCR have been devel-
oped and offer a significant improvement in diagnosis,
especially for congenital toxoplasmosis. The current
Toxoplasma PCR assays essentially targets two main
loci. The first is the 35-repeat B1 gene.”” Several groups
have designed different sets of primers to different loca-
tions on the gene.”** Another widely used target is the
single-copy gene (P30), which codes for the major sut-
face antigen P30.*' Here again, different sets of primers
have been designed.’”? As introduction of molecular
diagnostic techniques is expected to improve the toxo-
plasmosis diagnosis, the present study aimed to deter-
mine the incidence of toxoplasmosis among pregnant
women in the Aseer region by PCR.

TOXOPLASMADETECTION BY PCR

PATIENTS AND METHODS

Aseer is a province in the southwest region of Saudi
Arabia. This study was carried out at Abha General
Hospital, the Maternal and Child Private Hospital and
King Faisal Armed Forces Hospital located in Khamis
Mushayt. This study was approved was by the Ethical
Committee of King Khalid University. All women gave
their written consent. For each patient (n=137), a 1
to 2 mL venous blood sample was collected in EDTA
tubes that were transported to the molecular biol-
ogy laboratory. The positive control was obtained from
the genomic DNA extracted from the brains of mice
experimentally infected with RH strain. The negative
control was a PCR reaction without DNA template
that was always included when performing PCR reac-
tions. Patients were considered acutely infected on the
basis of immunological status like the presence of IgM
antibody titers or a four-fold rise in IgG antibody titers
when 2-fold dilutions of both acute and convalescent
serum were tested simultaneously by enzyme-linked
immunosorbent assay (ELISA) or immune-fluorescent
methods.

DNA isolation and PCR of the T gondii B1 gene

DNA was isolated using a commercial purification
system (Qiagen, Valencia, California, United States),
following the manufacturer’s instructions for DNA
purification from blood. Final DNA pellets were resus-
pended in 30 pL of TBE buffer (10 mM Tris, 1 mM
EDTA, pH 7.2). The PCR method used here was de-
veloped by Burg and colleagues in 1989, using the B1
gene as a target.”” Primers were manufactured by Gibco
BRL Life Technologies (Basel, Switzetland). The fol-
lowing PCR mixtures. For the first and second round
of PCR, the following were assembled: 0.5 uM primers,
200 pM dNTPs, 1.5 mM MgClz, 1.5 units Amplitaq
polymerase, and 10 uL DNA template were used, with
a total volume of 50 uL. 10 pL DNA template from the
from first round were used, with a total volume of 50

Table 1. Primers expected molecular weight of PCR products and PCR conditions for B1 gene.

Primers Sequence (5°-3’) Size (bp) PCR conditions
First round
o o 950°C for 5 mins followed by 40 cycles (950°C
0B1/F SR T SR 200 bp for 30 secs, 560°C for 30 secs, 720°C for 30 secs.
0B1/R 5'-TCTTTAAAGCGTTCGTGGTC-3'
Second round
. ap 950°C for 5 mins followed by 35 cycles (950°C
IBI/F ST ST G T 100 bp for 30 secs, 560°C for 30 secs, 720°C for 30 secs.
IB1/R 5'-GGCGACCAATCTGCGAATACACC-3"
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Figure 1. Amplification of the T gondii B1 gene by PCR. A) First round of PCR using the outer pair of primers targeted to the B1 gene.
B) Second round of PCR using the inner pair of primers targeted to the B1 gene. C) Gel showing a band for the positive control, but
no bands from the DNA samples. Lane 1, molecular size marker; lane 2, positive control with the expected molecular weight; lane 3,
human gDNA; lane 4, Candida albicans DNA; lane 5, Aspergillus fumigatus DNA; lane 6, Staphylococcus epidermidis DNA; lane 7,

Escherichia coliDNA.

pL. The primer sequences, expected size of PCR prod-
ucts, and PCR conditions for amplification of the B1
gene are shown in Table 1.

PCR amplification of genomic DNA from human, fungal,
bacterial, and from pregnant women using T gondii B1-
specific primers

Primer specificity was tested. Outer and nested Bl
amplification reactions were carried out using genomic
DNA from human samples and from different fun-
gal and bacterial samples, including Candida albicans,
Aspergillus fumigatus, Staphylococcus epidermidis, and
Escherichia coli. The positive control consisted of ge-
nomic T gondii DNA. PCR was also carried out with
blood samples (n=137) obtained from study partici-
pants. Gel electrophoresis was performed in 1X Tris-
borate-EDTA running buffer on a 2% agarose gel.
After cooling, ethidium bromide was added to a final
concentration of 0.5 ug/mL. DNA was mixed with 6X
DNA loading buffer and loaded into the submerged gel.
Electrophoresis was carried out in TBE at 80 to 120
volts. Fluorescence from DNA-bound ethidium bro-
mide was visualized by short wavelength UV light and
photographed.

ELISA assay

Anti-Toxoplasma IgM and IgG antibodies were de-
tected in the patients’ sera using commercially available
ELISA kits (Human GMBH, Wiesbaden, Germany),
according to the manufacturer’s instructions. The opti-
cal densities (OD) were measured at dual wavelengths
of 450 nm and 630 nm using an ELISA plate reader
(Humareader, Germany). The quantity of anti-Toxo-
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plasma IgM and IgG in patient sera were calculated
from a standard curve, using the ELISA plate reader
built-in software in the point-to-point mode.

RESULTS

As shown in Figure 1A, the positive control yielded
an expected band of about 200 bp, with no band in
the negative control lane after the first round of PCR.
The second round of PCR yielded the expected band
(about 100 bp), as shown in Figure 1B. Specificity
testing revealed that only the genomic DNA isolated
from Toxoplasma was amplified while DNA from hu-
man, fungal and bacterial sources were not amplified.
Only the positive control (T gondii DNA) was ampli-
fied (Figure 1C). The presence of human DNA in the
sample did not inhibit amplification of the 200 bp B1
PCR product from T gondii DNA.

Detection of Toxoplasma DNA amongst pregnant women
by PCR

Positive samples gave bands of the expected molecular
size (100 bp) after the second round of PCR (Figure 2).
PCR results showed that Toxoplasma DNA was found
in 41% of patient samples (56 of 137). When blasted
against the Toxoplasma database (www.toxodb.org) and
the National Center for Biotechnology Information
(NCBI) database, all sequences were shown to be of
Toxoplasma B1 gene origin. Confirmatory procedures
for PCR-positive cases were performed in King Faisal
Specialist Hospital and Research Center (KFSHRC),
Riyadh, Saudi Arabia. DNA sequencing was also car-
ried out as an additional confirmatory procedure at
the DNA sequencing core facility at the KFSHRC
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Figure 2. Gel showing a band for the positive control (lane 1), but not the negative control (lane 2). Lanes 3 to 22 show representative
samples obtained from pregnant women in the study. Positive samples yielded bands of the expected molecular size (100 bp) after
the second round of PCR. The PCR products (15 L) were resolved on 2% agarose/TBE gels and visualized under UV illumination after

ethidium bromide staining.

Research Center.

PCR, IgM and IgG results

IgM ELISA assay detected 9 (6.5%) of these cases to
be immunoglobulin M positives with 128 (93.5%) to be
negatives. The results of immunoglobulin G detection
were positive in 53 (38.6%) of the patients and negative
in 84 cases (61.4%). The comparisons between PCR
and ELISA assays reveled that 8 and 32 blood samples
were found to be positive for both PCR and IgM and
IgG ELISA with consensus of (91% and 58%, respec-
tively). On the other hand, PCR detected 27 (49%)
positives that could not be detected by ELISA against
IgG (Table 2).

DISCUSSION
Infection with T gondii during pregnancy in humans
can result in abortion, stillbirth, or congenital toxo-
plasmosis.26 In the present study, PCR was compared
with the detection of immunoglobulins M and G to
Toxoplasma by ELISA. Of 137 tested cases, T gon-
dii DNA in blood was found in 56 (41%) cases. IgM
ELISA assay detected 9 (6.5%) of these cases to be
immunoglobulin M positives. The results of immu-
noglobulin G detection were positive in 53 (38.6%) of
the patients. When resent toxoplasmosis is suspected,
the serum should be investigated for IgG and IgM an-
tibodies that are sometimes unreliable. Since severe
immune system dysfunction results in a lack of pro-
duction of antibodies, advanced molecular methods
should be sought. PCR can be performed on amniotic
fluid which can be helpful in determining fetal infec-
tion following acute acquired infection of the mother
(http://www.cdc.gov/parasites/toxoplasmosis).

Few studies have been conducted to study the vari-

ous aspects of toxoplasmosis on pregnant Saudi wom-
en in Saudi Arabia. The vast majority of studies for the
various aspects of toxoplasmosis on pregnant Saudi
women in Saudi Arabia were serology-based and did
not utilize molecular tools for diagnosis. These assays
provide high sensitivity, but the specificity varies de-
pending on the test and kit used. Traditional diagnos-
tic techniques may fail to detect anti-Toxoplasma IgG
or IgM during the acute infection in cases of immuno-
suppressive therapy and in AIDS patients. This failure
could also be attributed to low titers of the antibody in
recently acquired infections, such that the antibody lev-
els are below the level of detection by routine tests. In
these cases, it becomes necessary to rely on direct de-
tection of the parasite by PCR, which has been shown
to be a potentially powerful diagnostic method with
high sensitivity (capable of detecting a single tachyzo-
ite) compared to culture, which is insensitive and time-
consuming,”’

Use of PCR significantly changed the diagnostic
means for prenatal diagnosis.”® In the current study,
positive PCR results were found among 41% (56/137)
of pregnant women in the Aseer region. Previous stud-
ies have documented that PCR can detect the parasite
DNA in blood samples of women before or during
pregnancy.”’ The presence of Toxoplasma DNA in
maternal blood probably indicates a recent infection
or apparent parasitemia, which is likely to be clinically
significant.’® PCR is the only method that can detect
low levels of the T gondii organism and even destroyed
parasites.””

Several PCR-based assays have been developed
for the detection of T gondii DNA with B1 repetitive
sequences, which has been proven to be more sensi-
tive when compared to other targets (eg, P30 and
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tDNA).! This is probably because Bl is a repeated
DNA sequence with a higher copy number than the
single-copy P30 gene.”” Additionally, the short DNA
sequence of the B1 multicopy gene often provides a bet-
ter PCR amplification target than the longer P30 gene.
Recently, the AF146527 sequence (a sequence that has
200-300 copies in the T gondii genome) has been used.
The same gene was then successfully used by other
groups.’”?® This method is considered to be very sen-
sitive and specific. Many authors recommended PCR
over most serologic techniques.’® The primers used in
this study did not produce any PCR amplicons when
the template genomic DNA was derived from human
genomic DNA, or bacterial or fungal DNA, despite the
report by Kompalic-Cristo and colleagues that these
primers can amplify parts of the human genome.**

The high prevalence of Toxoplasma in this region
(Aseer region) of the country could be attributed to sev-
eral factors. This region has a high population of cats
(the final host of the parasite), so there is a high risk
of infection to intermediate hosts (including humans).”
These cats live near human dwellings, businesses, and
restaurants. Living in close contact with host animals
(cats and dogs) and vehicles of oocyst transmission
(flies and ants) are important risk factors for the infec-

tion.36'37

Other intermediate hosts of T  gondii infec-
tions are sheep and chickens, which represent another
important risk factor in toxoplasmosis distribution, as

these are the major meat sources of this region. In a
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recent study in sheep, PCR testing using the B1 gene
was reported to yield positive results in 50% of tested
samples.”® Recent studies have identified water contam-
inated with sporulated oocysts as a potential source of
infection. Consumption of contaminated shellfish can
also lead to infection.” Circumstantial evidence suggests
that oocyst-induced infections in humans are clini-
cally more severe than tissue cyst-acquired infections.’”
Other modes of transmission to humans include
transplacental transmission, and through organ trans-
plantation or blood transfusion. The results presented
by Burg and colleagues showed that a single T gondii
parasite could be detected by PCR.** Another explana-
tion for the high rate of positive test results by PCR
is that the amplification of B1 could represent samples
containing the parasite DNA but no viable pathogens,
as the PCR test does not rely on live parasites to show
a positive result.*®

The results of this study show that the PCR test,
when used as a confirmatory procedure along with rou-
tine serological tests in pregnant women, is of great use-
fulness. This study will contribute to the development
of new strategies for therapeutic intervention against
toxoplasmosis in Saudi Arabia. Our present research is
focused and restricted to the diagnosis of toxoplasmosis
in pregnancy. This was the initial commitment made at
the proposal and approval of the protocol. The future
direction for this research should extend to study neo-
natal outcome in positive PCR pregnant women.
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