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The Comparison of Polymerase Chain
Reaction Directed to the 529 bp Gene and
the B1 Gene in the Detection of
Experimental Mouse Toxoplasmosis

Deneysel Fare Toksoplazmozu Tanisinda
529 b¢ Gen Bolgesi ve Bl Geninin
Polimeraz Zincir Reaksiyonu ile Belirlenmesi

ABSTRACT Objective: This study was performed to evaluate and compare the sensitivity of Poly-
merase Chain Reaction (PCR) targeting the 529 base pair (bp) gene and B1 gene to detect Toxop-
lasma gondii DNA. Material and Methods: A total of 49 mice (Mus domesticus domesticus) were
divided into 4 groups and they were infected with tachyzoites of T. gondii RH strain. Brain, liver,
spleen and blood samples were obtained from infected mice at 24, 48, 72 and 96 hours following the
onset of the infection. The extracted DNAs were amplified by using primers designed for the 529
bp gene and the B1 gene. Results: Both PCR assays succeeded to detect T. gondii DNA in most mi-
ce after 24 hours of infection. For each sample type, 529 bp gene PCR was more sensitive than Bl
gene PCR in detecting T. gondii DNA (McNemar p< 0.05). The smallest number of tachyzoites,
that Toxo DNA could be detected by B1 and 529 bp repeat gene PCR assays was 1 x 10* tachyzoi-
tes/mL and 1 x 10* tachizoites/mL respectively, by using DNAs from serial tachizoite dilutions. Con-
clusion: For the diagnosis of toxoplasmosis in mice, 529 bp PCR was more sensitive than B1 PCR
to detect T. gondii DNA.

Key Words: Toxoplasma; polymerase chain reaction

OZET Amag: Bu calismada Toxoplasma gondii DNA’siin saptanmasinda 529 baz cifti (b¢) gen bol-
gesine ve Bl gen bolgesine yonelik Polimeraz Zincir Reaksiyonu (PZR) uygulamalarinin duyarli-
Iiklar: kargilagtirilmigtir. Gereg ve Yontemler: Dort grup fare (Mus domesticus domesticus) T. gondii
RH susunun takizoitleri ile enfekte edildi. Enfeksiyonun 24, 48, 72 ve 96. saatlerinde farelerin be-
yin, karaciger, dalak ve kan 6rnekleri alindi. Izole edilen DNA, 529 bg tekrarlayan gen bolgesi ve
B1 genine spesifik primerleri kullanilarak PZR ile ¢ogaltildi. Bulgular: Enfeksiyonun 24. saatinden
itibaren farelerin tiim dokularinda hem 529 b¢ hem de B1 genine ait PZR iiriinleri saptandi. Her 6r-
nek tipi i¢in, T. gondii DNA’sinin belirlenmesinde, 529 b¢ PZR’nin B1 geni PZR’den daha duyarh
oldugu belirlendi (McNemar p< 0.05). Takizoitlerin seri diliisyonundan elde edilen DNA kullani-
larak 529 bg¢ PZR ile simir degeri 1 x 10? takizoit/mL olarak belirlenirken, B1 geni i¢in bu deger 1 x
10* takizoit/mL olarak saptanmistir. Sonug: Fare toksoplazmozunda, 529 b¢ geninin, B1 genine gé-
re T. gondii DNA’sinin belirlenmesinde daha duyarh oldugu kanaatine varilmistir.

Anahtar Kelimeler: Toxoplasma gondii; polimeraz zincir reaksiyonu
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icolle and Manceaux first identified Toxoplasma gondii in 1908
from Ctenodactylus gundi, a rodent living in North Africa. The api-
complexan T. gondii is the sole member of genus Toxoplasma that
is pathogenic to mammals and avian species. The life cycle of the parasite
consists of asexual reproduction in mammalian intermediate hosts and se-
xual and asexual reproduction in the intestinal mucosa of feline definitive
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host."? This zoonotic nature of T. gondii accounts
for its worldwide distribution. It is estimated that
one third of the world population is infected by this
parasite.” T. gondii has been detected in 30% of
adults in USA. In Southern Europe 54% seropreva-
lence rate was reported."® In Turkey, seropreva-
lance of anti-Toxoplasma IgG antibody titer varies
between 23.1-48.6% according to various studi-
es.*®

Primary toxoplasmosis is mainly asymptoma-
tic; only 10% of the individuals display a self limi-

ting mild fever and 1,29

lymphadenopathy.
However, reactivation of the latent infection in im-
munocompromised hosts can lead to encephalitis
or ocular toxoplasmosis.'®!* Maternal toxoplasmo-
sis creates a risk for the development of a number
of fetal abnormalities, such as chorioretinitis, cere-

bral calcifications and hydrocephalus.®*1

The laboratory diagnosis of toxoplasmosis is
generally based on the demonstration of the para-
site in clinical samples and serology. Sabin Feld-
man dye test which relies on live parasites,
indirect fluorescent antibody (IFA), indirect he-
magglutination, latex agglutination and enzyme
linked immunosorbent assay (ELISA) are the most
commonly used diagnostic tests.”'”'® The major
drawback of these serological methods is that, the
results can be difficult to interpret in the diagno-
sis of toxoplasmosis in immunocompromised hosts
and in pregnant women. Molecular diagnostic
methods offer a promising alternative in the diag-
nosis of toxoplasmosis, regardless of the immuno-
logical status of the patient.”'"?° However,
currently only a few potential DNA targets are
available, due to the gap in the basic molecular bi-
ology of the organism. The first and currently the
most widely used target is the 35-fold repetetive
gene B1.2! Another popular target is the single
copy gene p30 which encodes major surface anti-
gen P30.22 Primers directed to 110-fold repetetive
small subunit ribosomal ribonucleic acid (rRNA)
gene, single copy alpha tubulin, beta tubulin ge-
nes, appearently non-coding repetitive TGR1g,
have also been described and used by several gro-
ups.?2 Homan et al. described 200-300 fold repe-
titive 529 bp tandem repeat region, which they
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reported to be more sensitive in the diagnosis of
toxoplasmosis by PCR.%

In this study, primers directed to B1 gene and
529 bp repeat gene region were used to detect T.
gondii DNA 1in liver, spleen, brain and blood sam-
ples of mice infected by T. gondii RH strain and the
sensitivity of both PCR methods were analysed.

I MATERIAL AND METHODS

Animal Toxoplasmosis Model

Male mice Mus domesticus domesticus 4-6 weeks
of age and weighing between 18-21 g were selected
for this study. The animals were maintained at Ga-
zi University under conventional conditions. All
experimental procedures on mice were consistent
with the International Guiding Principle for Bio-
medical Research Involving Animals and our rese-
arch plan was approved by the Local Ethics
Committee For Experiments on Animals in Gazi
University. A total of 49 mice were distributed in 4
groups in addition to a control group. Group 1, 2, 3
and 4 included 10, 10, 13 and 10 mice respectively.
Six animals were assigned in the control group. The
animals in the control group were inoculated in-
traperitoneally (IP) with T. gondii RH strain at a
dose of 50.000 tachyzoites in 0.1 mL. From each
study group one mouse was sacrificed at 24, 48, 72
and 96 hours following the inoculation consecuti-
vely. Blood, brain, liver and spleen samples were
collected from each animal. Giemsa stained thin
blood films were prepared. Tissue samples were
stained with hematoxylene eosin for histopatholo-
gical examination.

Extraction of 7. gondii DNA

The detection of T. gondii DNA in blood and tis-
sues was performed on mice infected IP with vir-
ulent T. gondii RH strain. Blood samples were
collected in Vacutainer tubes containing EDTA
(Becton Dickinson, Franklin Lakes, NJ, USA).
DNA extraction from blood samples was perfor-
med by using cell lysis buffer (10 mM Tris-Cl pH
8.0, 1 mM EDTA pH 8.0, 0.1% SDS), potassium ac-
etate solution (5 M potassium acetate), red blood
cell lysis buffer (20 mM Tris-Cl pH 7.6) and pro-
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teinase K (400 pg/mL).>* DNA extraction from tis-
sue samples was made by SNET lysis buffer (20
mM Tris-Cl pH 8.0, 5mM EDTA pH 8.0, 400 mM
NaCl, 1%SDS) including 400 pg/mL proteinase K
in each mLl of SNET. DNA was dissolved in 200
pL 10 mM Tris-Cl, ImM EDTA, pH 8.0.3! In or-
der to measure the sensitivities of 529 bp repeat
gene PCR and B1 gene PCR, serial tachizoite dilu-
tions of RH strain ranging from 1 x 10° to 1 x 107
were prepared. Following DNA extraction, each
dilution was amplified by using primers directed
to 529 bp and B1 genes.

529 bp and B1 PCR:

The 529 bp PCR assay was performed as described
by Homan et al Forward primer TOXO4 (5’-
CGCTGCAGGGAGGAAGACGAAAGTTG-3’) and
reverse primer TOXO5 (5-CGCTGCAGACA-
CAGTGCATCTGGATT-3) (TibMolBiol, Germany)
were used.” Each reaction tube contained 50 pL of
a mixture containing 0.5 uM of each primer, 100 uM
dNTP, 10 pM Tris-HCI (pH 8.8), 50 pM KCI, 0.08%
NP-40, 2 uM MgCly 1U Taq DNA polymerase (Fer-
mentas, USA). Amplification protocol consisted 3
minutes of initial denaturation at 94°C, followed by
35 cycles of denaturation for 1 minute at 94°C, anne-
aling for 1 minute at 55°C, extension for 1 minute at
72°C and a final extension for 10 minutes incubati-
on at 72°C. The B1 nested-PCR assay was performed
as described by Burg et al with buffer conditions as
described for the 529 bp PCR at both runs. For Bl
PCR outer forward (5-TGTTCTGTCCTATCGCA-
ACG-3), B2 outer reverse (5-ACGGATG-
CAGTTCCTTTCTG-3’), B3 inner forward
(5-TCTTCCCAGACGTGGATTTC-3’), B4 inner re-

verse (5’CTCGACAATACGCTGCTTGA3) (Tib-
MolBiol, Germany) were used as described by Grigg
et al (Table 1).2132 Both runs of amplification consis-
ted of 3 minutes of initial denaturation at 94°C, fol-
lowed by 35 cycles of denaturation for 30 seconds at
94°C, annealing for 30 seconds at 60°C, extension for
30 seconds at 72°C and a final 5 minutes incubation
at 72°C. Finally the amplification products were vi-
sualized on an ethidium-stained 2% agarose gel.

Statistical Analysis

The McNemar and Wilcoxon Signed Ranks tests
were used for statistical analysis in SPSS (13.0 ver-
sion) software program, and the 95% confidence
interval (CI) was calculated. A P value less than
0.05 was considered statistically significant.

I RESULTS

At 96 hours of infection, hemorrhage foci in brain
samples and in organomegalia, hemorrhage and
necrosis foci in spleen samples were observed mac-
roscopically. Histopathological evaluation revealed
granulomatous formations in the spleen and livers
but no cystic formation. T. gondii tachyzoites we-
re observed in blood smears stained by Giemsa un-
der microscopy.

In order to determine the sensitivity of the
PCR assays in detecting T. gondii DNA, extracts
from 10-fold dilutions of tachyzoites were tested
by using TOXO-4 and TOXO-5 primer pairs direc-
ted to the 529 bp repeat gene, and B1-B2, B3-B4
nested primer pairs directed to the B1 gene. Whi-
le 529 bp PCR detected down to 1 x 10? tachyzoi-
tes/mL, B1 nested-PCR was not able to detect less
than 1 x 10* tachyzoites/mL (Figure 1).

TABLE 1: Oligonucleotide primers, target regions and amplicon sizes were used in this study.

Primer Primer sequence

B1 5-TGTTCTGTCCTATCGCAACG-3

B2 5-ACGGATGCAGTTCCTTTCTG-3

B3 5-TCTTCCCAGACGTGGATTTC-3'

B4 5-CTCGACAATACGCTGCTTGA-3'

TOX04 5-CGCTGCAGGGAGGAAGACGAAAGTTG-3
TOXO05 5-CGCTGCAGACACAGTGCATCTGGATT-3

Target region Amplicon size
128..147# 579

688..707°

152..1712 530

663..682°

-2.24° 533

504..529 + 2°

»

: B1 gene, GenBank accession no. AF179871.
. 529 bp repeat gene region, GenBank accession no. AF146527.

o
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FIGURE 1: Sensitivity determinations of 529bp (A) and B1 nested-PCR (B).
DNA was extracted from dilutions of tachyzoites as described in material and
methods. M: 100 bp molecular weight marker (Gibco, BRL), lanes 1-7: of tach-
yzoites dilutions (1 x 101-1 x 107), N: Negative control, P: Positive control.

Combining the assay results of all four tissu-
e/blood samples of individual mice, failure to diag-
nose toxoplasmosis occured in one mouse with 529
bp PCR and in four mice with Bl PCR. Overall
sensitivities of the PCR assays were 97.67% and
88.37% respectively (McNemar p= 0.125) (Figure
2). Altough the sensitivities of the two assays with
combined samples were similar, 529 bp PCR was
positive in 2, 3, 3 and 4 out of four sample types at
24, 48, 72 and 96 hours of infection respectively.
However, Bl gene PCR was positive in 1, 2, 2 and
3 out of four sample types at the respective time
points (Consecutive Wilcoxon Signed Ranks Test p
values of 0.059, 0.024, 0.031 and 0.004) (Table 2).
Either PCR assay failed to amplifiy toxoplasma
DNA in one animal at 24 hours group. Results re-
vealed that 529 bp PCR had a higher sensitivy com-
pared to B1 PCR (Table 3). The success of DNA
extraction was confirmed by using mouse IL-1 ge-
ne specific PCR primers (data not shown).

I DISCUSSION

Detection of IgG and IgM class antibodies against 7.
gondii offers a sensitive, specific and cost-effective to-
ol for the diagnosis of toxoplasmosis. Recently, IgA,
IgE levels and IgG avidity have gained importance in
accurate diagnosis of toxoplasmosis.”!® However, the
serodiagnosis of toxoplasmosis can be quite compli-

500+
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FIGURE 2: Amplification products of various tissue and blood samples. (A)
533 bp products were amplified by using TOXO4-TOXO5 primer pairs. (B)
530 bp products were amplified by using B1-B2 and B3-B4 primer pairs. M:
100 bp molecular weight marker (Gibco, BRL), lanes 1-9: Mouse tissue and
blood samples N: Negative control, P: Positive control.

Turkiye Klinikleri ] Med Sci 2009;29(1)

cated since IgM antibodies may persist for up to 2 ye-
ars after acute infection and the presence of rheuma-
toid factor in serum samples and elevated antinuclear
antibodies may cause false positive results. In such ca-
ses, seroconversion of IgA and IgE antibodies may be
helpful in the diagnosis of acute infection. Another
pitfall in the serodiagnosis of toxoplasmosis is the
window period of several weeks between parasite-
mia and detectable levels of antibodies. This delay in
the diagnosis of acute infection may create a risk for
the fetus. Avidity of IgG antibodies to discriminate
acute and chronic infection may be difficult to inter-
pret because of the delayed IgG avidity respon-
ses.?181933 Tn tandem use of specific serological tests
and PCR method has been suggested particularly in
pregnant women with toxoplasmosis. However, be-
cause the diagnosis of infection is based on increased
antibody titration, seropositivity alone is not suffici-

ent to suggest infection.'®3*

The difficulties in serodiagnosis of toxoplas-
mosis such as insufficient antibody response in im-
munocompromised patients, prolonged antibody
response in congenital toxoplasmosis cases, and in-
ability to differentiate acute and chronic infections
have increased the importance of well-designed
molecular diagnostic methods.?

Compared to conventional methods (serologi-
cal tests, cell culture and animal inoculation) PCR
provides a much more sensitive and earlier diag-
nosis in congenital toxoplasmosis starting from the
18™ week of gestation.”!” Patients with toxoplas-
mic encephalitis - revealed by brain biopsy - and
immunocompromised patients with ocular toxop-
lasmosis, have been successfully diagnosed by
PCR.!11193537 The sensitivity of PCR methods were
reported as 65%-80% in the amniotic fluid, 60% in
placenta samples, 17%-100% in cerebrospinal flu-
id (CSF), 15%-53% in aqueous humor and in bron-
choalveolar lavage fluid."

Lack of a standard molecular method hinders
comparisons of the sensitivity and specificity of
molecular tests by conventional methods.”* On
the other hand, the results of PCR methods used in
determining T. gondii were reported to be consis-
tent with the results of animal inoculation experi-
ments.14’17’38
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TABLE 2: 529 bp repeat gene PCR and B1 gene PCR results of blood, brain, liver, spleen and all four samples
types combined.
Blood Brain Liver Spleen Combined
Group 529bp B1 529bp B1 529bp B1 529bp B1 529bp B1

48 hours + + + + + + + +
+ + + + + + + + + +
+ + + - - + + +
+ + + + + + + + +
+ + + + + + +
+ + + + + + + +
+ + + + + + +
+ + + + + + + + + +
+ + - - + + + +
+ + + + + +

96 hours + + + - + +

+ + + + + + + + +

+ + + + + - + + + +

+ + + - + + + +

+ + + + + + + + +

+ + + + + - + + + +

+ + + + + + + + +

+ + + + + + + + +

+ + + + + + + + +

+ + + + + + + + + +

42/43 38/43

Sensitivity (%) 97.67 88.37
*McNemar p 0.125

529bp: 529 bp PCR; PCR, B1: B1 gene PCR, *Cl: 95%.
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TABLE 3: The sensitivity comparison of B1 and 529bp repeat gene PCR assays.

Sample type Blood
B1PCR Neg. Pos.
529 bp PCR Negative 8 0
Positive 11 24
Total 19 24
Sensitivity* (%) B1 gene 55.81
529bp gene 81.40
**McNemar p 0.001 0.004

Brain Liver Spleen
Neg. Pos. Neg. Pos. Neg. Pos.
186 0 7 0 10 0
9 18 12 24 7 26
25 18 19 24 17 26
41.86 55.81 60.47
62.79 83.72 76.74
0.000 0.016

Neg.: Negative, Pos.: Positive, *Sensitivities were calculated as (the number of PCR positives for a given sample type/total number of animals) x 100.%, **C: 95%.

In studies by various study groups, different
primers were drafted for different gene regions and
therefore uncomparable results were obtained.!**
Real-time PCR using 529 bp repeat gene region was
reported to be ten times more sensitive than PCR
directed to amplify Bl gene, which has a copy
number of 200 per genome, compared to 20 of the
former.*

In animal models, histological diagnosis was
negative particularly in mice infected with few pa-
rasites. To observe the cysts in mice brains, a 40-
day period is required. However, tachyzoites can
be identified 3-4 days after IP inoculation of the
parasite.'”*" In our study, the pathological lesions
in various organs of the mice were observed mac-
roscopically at 96 hours of infection. Hemorrhagic
foci were observed in brain specimens; however,
parasitic proliferation along with hemorrhagic and
necrotic foci was present in spleen samples of mi-
ce. The histopathological evaluation also revealed
tachyzoites in the liver and granulomatous forma-
tions in the spleen at 96 hours of infection. In all
groups, tachyzoites were observed in Giemsa stai-
ned blood smears.

Variability of the sensitivity of Bl gene speci-
fic PCR depending on sample type was previously
reported. In blood samples of dogs and cats, a para-
site load of at least 100 tachizoites/mL was required
for successful amplification, which is quite insensi-
tive compared to 10 tachizoites/mL in aqueous hu-
mor, CSF and serum samples. In the placental
tissues of aborting sheep, PCR was as sensitive as
to detect 10 parasites/mL, and results were confir-

Turkiye Klinikleri ] Med Sci 2009;29(1)

med by mouse inoculation studies.'”” Our results
showed that 529 bp PCR could detect down to 1 x
10* tachyzoits, while B1 specific nested-PCR de-
tected a minimum of 1 x 10* tachyzoites/mL.

PCR with B1 gene was shown to be a fast and
sensitive method. However, for reliable and repro-
ducible results, a sufficient amount of sample - at
least 2 mL of the fluid and 10 mg of the tissue - is
required.*! In determining T. gondii in aqueous hu-
mor samples by PCR, Bl (nested-PCR) was 20 ti-
mes more sensitive than P30 (nested-PCR), and 18S
rDNA regions.*

Mice were infected IP with 5 x 103 tachyzoites
and in the serum samples of the animals, no trace of
infection was noted at 3-15 hours by all three met-
hods. PCR detected the infective agent in three mi-
ce out of five, at 18 hours and in all animals on 1-7
days of infection, while using other methods the
infective agent was determined only 24 hours af-
ter the infection.®® Paugam et al used B1 and TGR
1 genes in mice infected orally and in blood sam-
ples, Toxoplasma DNA was determined on 2-21
days of infection. No growth was detected in the
cell cultures, at this period.* Weiss et al, in their
acute infection model of mice, demonstrated para-
site DNA in the tissue samples of the animals on
the second day of infection and from the blood
samples on the 5" day using P30 gene specific PCR.
Thus, they reported that P30 PCR could determine
as few as 10 parasites.” In our study, using both the
B1 gene and the 529 bp PCR, T. gondii DNA was
detected in the blood and tissue samples starting
from the 1% day of infection.
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Wastling et al infected sheep by injecting T.
gondii S48 strain subcutaneously and used primers
directed to B1 and P30 gene regions in blood and
lymph fluid samples. They found that, similar to
the mouse toxoplasmosis model, the B1 gene was
more sensitive than the P30 gene. Moreover, the
false positivity of P30 PCR was twice higher than
that of B1 PCR. The lack of false positivity in the
mouse model was attributed to inability to detect
non-living tachyzoites in mouse tissues.*

T. gondii DNA was detected in urine and blo-
od samples but not in brain samples of mice infec-
ted with the RH strain between 24 and 96 hours of
infection using P30 specific PCR. These results we-
re in concordance with the cell culture studies with
MRCS5 fibroblasts, indicating that, the PCR method
was also similarly sensitive.?

Garcia et al used a pig model of T. gondii with
the VEG strain. On the 60* day of infection, brain,
heart, tongue, and diaphragm tissues of the animals
were evaluated with the 529 bp repeat gene region
PCR in comparison to mouse inoculation and his-
topathological evaluation. Histopathologically, all
the tissues were negative, while mouse inoculati-
on was more sensitive than PCR. This was attribu-
ted to the heterogenous distribution of tachyzoites
in the tissues.*®

In a study by Filisetti et al, on umbilical cord
blood and amniotic fluid samples of the newborn
with  suspected congenital toxoplasmosis,
18SrDNA, B1, and 529 bp PCRs and mouse inocu-
lation method were compared. Notably, 529 bp re-
peat gene region PCR was in complete
concordance with mouse inoculation. The sensiti-
vity and specificity of 529 bp gene were compa-
rable to mouse inoculation and higher than that of
the B1 gene.!* Comparisons of Real-Time PCR ba-
sed B1 and 529 bp PCRs in the blood samples of 30
organ donors with reactive toxoplasmosis showed
that the 529 bp repeat gene region was able to
identify down to one genomic copy of the parasi-
te (80 fg DNA), while B1 gene identified ten para-
site genomes (800 fg DNA).* Similarly, Cassaing
et al used Real-Time PCR method and compared
the sensitivity of Bl and 529 bp PCR in determi-
ning the infection in amniotic fluid, placenta, aqu-

54

eous humor, blood, CSF and bronchoalveolar flu-
id samples. They found that 529 bp PCR was mo-
re sensitive than the other methods in all samples,
particularly in the amniotic samples.>® Colombo et
al determined a sensitivity of 80% and specificity
of 98% for PCR applied on the blood samples of
patients with AIDS.! In studies on CSF samples,
the sensitivity of the PCR method was 11.5%-
100%, and the specificity was 96%-100%.3>1>2
Studying with CSF samples, however, was consi-
dered disadvantageous because of the invasive na-
ture of the process and comparable results
obtained from blood samples.!!

In our study, 529 bp PCR was 100 times mo-
re sensitive than Bl PCR. A minimum of 1 x 10*
tachyzoites/mL was detected by B1 PCR, compa-
red to 1 x 102 tachyzoites/mL detected by 529 bp
PCR. Combining all four sample types, T. gondi-
i1 DNA was determined as early as the 1% day of
infection by using 529 bp PCR in all but one mi-
ce, In contrast, Bl PCR failed to diagnose toxop-
lasmosis in three mice within the 1% 24 hours of
infection. Nevertheless, both 529 bp PCR and B1
PCR perform equally well in a molecular diag-
nostic protocol based on concurrent blood, brain,
liver and spleen sampling. However, in routine, it
is not realistic and feasible to obtain such a vari-
ety of samples from the vast majority of the pati-
ents. Practically, it is more desirable to obtain
only one sample per patient, and preferably the
least invasive method is the choice. In this aspect,
529 bp and B1 PCR were performed for each sam-

ple type.

In the diagnosis of toxoplasmosis, molecular
tests are more advantageous than serological, histo-
pathological tests and cell culture/animal inocula-
tion because they provide results in relatively
shorter time, have higher sensitivity, can be evalu-
ated independently from the immune system, and
aid conventional methods.
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