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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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AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  This study was per for med to eva lu a te and com pa re the sen si ti vity of Poly-
merase Chain Reaction (PCR) tar ge ting the 529 ba se pa ir (bp) ge ne and B1 ge ne to de tect To xop -
las ma gon di i DNA. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  A to tal of 49 mi ce (Mus do mes ti cus do mes ti cus) we re
di vi ded in to 4 gro ups and they  we re in fec ted with tach yzo i tes of T. gon di i RH stra in. Bra in, li ver,
sple en and blo od samp les we re ob ta i ned from in fec ted mi ce at 24, 48, 72 and 96 ho urs fol lo wing the
on set of the in fec ti on. The ex trac ted DNAs we re amp li fi ed by using pri mers de sig ned for the 529
bp ge ne and the B1 ge ne. RRee  ssuullttss:: Both PCR as says suc ce e ded to de tect T. gon di i DNA in most mi -
ce af ter 24 ho urs of in fec ti on. For each samp le type, 529 bp ge ne PCR was mo re sen si ti ve than B1
ge ne PCR in de tec ting T. gon di i DNA (McNe mar p< 0.05). The smal lest num ber of tach yzo i tes,
that To xo DNA co uld be de tec ted by B1 and 529 bp re pe at ge ne PCR as says was 1 x 104 tach yzo i -
tes/mL and 1 x 102 tac hi zo i tes/mL res pec ti vely, by using DNAs from se ri al tac hi zo i te di lu ti ons. CCoonn--
cc  lluu  ssii  oonn::  For the di ag no sis of to xop las mo sis in mi ce, 529 bp PCR was mo re sen si ti ve than B1 PCR
to de tect T. gon di i DNA. 

KKeeyy  WWoorrddss::  To xop las ma; poly me ra se cha in re ac ti on

ÖÖZZEETT  AAmmaaçç::  Bu ça lış ma da To xop las ma gon di i DNA’ sı nın sap tan ma sın da 529 baz çif ti (bç) gen böl -
ge si ne ve B1 gen böl ge si ne yö ne lik Po li me raz Zin cir Re ak si yo nu (PZR) uy gu la ma la rı nın du yar lı -
lık la rı kar şı laş tı rıl mış tır. GGee  rreeçç  vvee  YYöönn  tteemmlleerr::  Dört grup fa re (Mus do mes ti cus do mes ti cus) T. gon di i
RH su şu nun ta ki zo it le ri ile en fek te edil di. En fek si yo nun 24, 48, 72 ve 96. sa at le rin de fa re le rin be -
yin, ka ra ci ğer, da lak ve kan ör nek le ri alın dı. İzo le edi len DNA, 529 bç tek rar la yan gen böl ge si ve
B1 ge ni ne spe si fik pri mer le ri kul la nı la rak PZR ile ço ğal tıl dı. BBuull  gguu  llaarr::  En fek si yo nun 24. sa a tin den
iti ba ren fa re le rin tüm do ku la rın da hem 529 bç hem  de B1 ge ni ne ait PZR ürün le ri sap tan dı. Her ör -
nek ti pi için, T. gon di i DNA’ sı nın be lir len me sin de, 529 bç PZR’nin B1 ge ni PZR’den da ha du yar lı
ol du ğu be lir len di (McNe mar p< 0.05). Ta ki zo it le rin se ri di lüs yo nun dan el de edi len DNA kul la nı -
la rak 529 bç PZR ile sı nır de ğe ri 1 x 102 ta ki zo it/mL ola rak be lir le nir ken, B1 ge ni için bu de ğer 1 x
104 ta ki zo it/mL ola rak sap tan mış tır. SSoo  nnuuçç::  Fa re tok sop laz mo zun da, 529 bç ge ni nin, B1 ge ni ne gö -
re T. gon di i DNA’ sı nın be lir len me sin de da ha du yar lı ol du ğu ka na a ti ne va rıl mış tır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: To xop las ma gon di i; po li me raz zin cir re ak si yo nu

TTuurrkkiiyyee  KKlliinniikklleerrii  JJ  MMeedd  SSccii  22000099;;2299((11))::4488--5566

Muhammad Yavuz NORAL, MD,a

Funda DOĞRUMAN-AL, MD,b

Evren Doruk ENGİN, MD,b

Semra KUSTİMUR, MD,b

Cahit BABUR, MD,c

Aylar POYRAZ, MDd

aInstitute of Health Sciences, 
Gazi University, 
Departments of 
bMedical Microbiology, dPathology, 
Gazi University, Faculty of Medicine, 
cParasitology Laboratory of 
Communicable Diseases Research,
Department of Refik Saydam National
Hygiene Center, Ankara

Ge liş Ta ri hi/Re ce i ved: 12.05.2008 
Ka bul Ta ri hi/Ac cep ted: 27.10.2008

Presented at XV. National Congress of
Parasitology, 18-23 November 2007,
Kayseri/Ürgüp-Turkey, Poster No: 197.

Ya zış ma Ad re si/Cor res pon den ce:
Funda DOĞRUMAN-AL, MD
Gazi University Faculty of Medicine,
Department of Medical Microbiology,
Ankara, 
TÜRKİYE/TURKEY
alfunda@gazi.edu.tr

Cop yright © 2009 by Tür ki ye Kli nik le ri

ORİJİNAL ARAŞTIRMA   



Medical Parasitology Noral et al

Turkiye Klinikleri J Med Sci 2009;29(1) 49

host.1,2 This zo o no tic na tu re of T. gon di i ac co unts
for its worl dwi de dis tri bu ti on. It is es ti ma ted that
one third of the world po pu la ti on is in fec ted by this
pa ra si te.2 T. gon di i has be en de tec ted in 30% of
adults in USA. In So ut hern Eu ro pe 54% se rop re va -
len ce ra te was re por ted.1,3 In Tur key, se rop re va -
lan ce of an ti-To xop las ma IgG an ti body ti ter va ri es
bet we en 23.1-48.6% ac cor ding to va ri o us stu di -
es.4-8

Pri mary to xop las mo sis is ma inly asym pto ma -
tic; only 10% of the in di vi du als disp lay a self li mi -
ting mild fe ver and lympha de no pathy.1,2,9

Ho we ver, re ac ti va ti on of the la tent in fec ti on in im-
mu no com pro mi sed hosts can le ad to en cep ha li tis
or ocu lar to xop las mo sis.10-13 Ma ter nal to xop las mo -
sis cre a tes a risk for the de ve lop ment of a num ber
of fe tal ab nor ma li ti es, such as cho ri o re ti ni tis, ce re-
b ral cal ci fi ca ti ons and hydro cep ha lus.9,14-16

The la bo ra tory di ag no sis of to xop las mo sis is
ge ne rally ba sed on the de mons tra ti on of the pa ra -
si te in cli ni cal samp les and se ro logy. Sa bin Feld-
man dye test which re li es on li ve pa ra si tes,
in di rect flu o res cent an ti body (IFA), in di rect he -
magg lu ti na ti on, la tex agg lu ti na ti on and enz yme
lin ked im mu no sor bent as say (ELI SA) are the most
com monly used di ag nos tic tests.9,17,18 The ma jor
draw back of the se se ro lo gi cal met hods is that, the
re sults can be dif fi cult to in ter pret in the di ag no -
sis of to xop las mo sis in im mu no com pro mi sed hosts
and in preg nant wo men. Mo le cu lar di ag nos tic
met hods of fer a pro mi sing al ter na ti ve in the di ag -
no sis of to xop las mo sis, re gard less of the im mu no -
lo gi cal sta tus of the pa ti ent.9,19,20 Ho we ver,
cur rently only a few po ten ti al DNA tar gets are
ava i lab le, du e to the gap in the ba sic mo le cu lar bi-
o logy of the or ga nism. The first and cur rently the
most wi dely used tar get is the 35-fold re pe te ti ve
ge ne B1.21 Anot her po pu lar tar get is the sing le
copy ge ne p30 which en co des ma jor sur fa ce an ti -
gen P30.22 Pri mers di rec ted to 110-fold re pe te ti ve
small su bu nit ri bo so mal ri bo nuc le ic acid (rRNA)
ge ne, sing le copy alp ha tu bu lin, be ta tu bu lin ge -
nes, ap pe a rently non-co ding re pe ti ti ve TGR1E,
ha ve al so be en des cri bed and used by se ve ral gro -
ups.23-28 Ho man et al. des cri bed 200-300 fold re pe -
ti ti ve 529 bp tan dem re pe at re gi on, which they

re por ted to be mo re sen si ti ve in the di ag no sis of
to xop las mo sis by PCR.29

In this study, pri mers di rec ted to B1 ge ne and
529 bp re pe at ge ne re gi on we re used to de tect T.
gon di i DNA in li ver, sple en, bra in and blo od sam-
p les of mi ce in fec ted by T. gon di i RH stra in and the
sen si ti vity of both PCR met hods we re analy sed.

MA TE RI AL AND MET HODS

Ani mal To xop las mo sis Mo del

Ma le mi ce Mus do mes ti cus do mes ti cus 4-6 we eks
of age and we ig hing bet we en 18-21 g we re se lec ted
for this study. The ani mals we re ma in ta i ned at Ga -
zi Uni ver sity un der con ven ti o nal con di ti ons. All
ex pe ri men tal pro ce du res on mi ce we re con sis tent
with the In ter na ti o nal Gu i ding Prin cip le for Bi o -
me di cal Re se arch In vol ving Ani mals and our re se -
arch plan was ap pro ved by the Lo cal Et hics
Com mit te e For Ex pe ri ments on Ani mals in Ga zi
Uni ver sity. A to tal of 49 mi ce we re dis tri bu ted in 4
gro ups in ad di ti on to a con trol gro up. Gro up 1, 2, 3
and 4 inc lu ded 10, 10, 13 and 10 mi ce res pec ti vely.
Six ani mals we re as sig ned in the con trol gro up. The
ani mals in the con trol gro up we re ino cu la ted in-
tra pe ri to ne ally (IP) with T. gon di i RH stra in at a
do se of 50.000 tach yzo i tes in 0.1 mL. From each
study gro up one mo u se was sac ri fi ced at 24, 48, 72
and 96 ho urs fol lo wing the ino cu la ti on con se cu ti -
vely. Blo od, bra in, li ver and sple en samp les we re
col lec ted from each ani mal. Gi em sa sta i ned thin
blo od films we re pre pa red. Tis su e samp les we re
sta i ned with he ma toxy le ne eo sin for his to pat ho lo -
gi cal exa mi na ti on. 

Ex trac ti on of T. gon di i DNA

The de tec ti on of T. gon dii DNA in blo od and tis-
su es was per for med on mi ce in fec ted IP with vi r-
u lent T. gon di i RH stra in. Blo od samp les we re
col lec ted in Va cu ta i ner tu bes con ta i ning ED TA
(Bec ton Dic kin son, Frank lin La kes, NJ, USA).
DNA ex trac ti on from blo od samp les was per for -
med by using cell lysis buf fer (10 mM Tris-Cl pH
8.0, 1 mM ED TA pH 8.0, 0.1% SDS), po tas si um ac-
e ta te so lu ti on (5 M po tas si um ace ta te), red blo od
cell lysis buf fer (20 mM Tris-Cl pH 7.6) and pro-
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te i na se K (400 µg/mL).30 DNA ex trac ti on from tis-
su e samp les was ma de by SNET lysis buf fer (20
mM Tris-Cl pH 8.0, 5mM ED TA pH 8.0, 400 mM
NaCl, 1%SDS) inc lu ding 400 µg/mL pro te i na se K
in each mLl of SNET. DNA was dis sol ved in 200
µL 10 mM Tris-Cl, 1mM ED TA, pH 8.0.31 In or -
der to me a su re the sen si ti vi ti es of 529 bp re pe at
ge ne PCR and B1 ge ne PCR, se ri al tac hi zo i te di lu-
ti ons of RH stra in ran ging from 1 x 100 to 1 x 107

we re pre pa red. Fol lo wing DNA ex trac ti on, each
di lu ti on was amp li fi ed by using pri mers di rec ted
to 529 bp and B1 ge nes.  

529 bp and B1 PCR:

The 529 bp PCR as say was per for med as des cri bed
by Ho man et al For ward pri mer TO XO4 (5’-
CGCTGCAGG GAG GA A GAC GA A AGTTG-3’) and
re ver se pri mer TO XO5 (5’-CGCTGCA GA CA -
CAGT GCATCT GGATT-3’) (Tib Mol Bi ol, Ger many)
we re used.29 Each re ac ti on tu be con ta i ned 50 µL of
a mix tu re con ta i ning 0.5 µM of each pri mer, 100 µM
dNTP, 10 µM Tris-HCl (pH 8.8), 50 µM KCl, 0.08%
NP-40, 2 µM MgCl2, 1U Taq DNA poly me ra se (Fer-
men tas, USA). Amp li fi ca ti on pro to col con sis ted 3
mi nu tes of ini ti al de na tu ra ti on at 940C, fol lo wed by
35 cycles of de na tu ra ti on for 1 mi nu te at 940C, an ne -
a ling for 1 mi nu te at 550C, ex ten si on for 1 mi nu te at
720C and a fi nal ex ten si on for 10 mi nu tes in cu ba ti -
on at 720C. The B1 nes ted-PCR as say was per for med
as des cri bed by Burg et al with buf fer con di ti ons as
des cri bed for the 529 bp PCR at both runs. For B1
PCR ou ter for ward (5’-TGTTCTGTCCTATC GCA -
ACG-3’), B2 ou ter re ver se (5’-ACG GATG -
CAGTTCCTTTCTG-3’), B3 in ner for ward
(5’-TCTTCCCA GACGT GGATTTC-3’), B4 in ner re-

ver se (5’CTCGA CA A TACGCTG CTTGA3’) (Tib-
Mol Bi ol, Ger many) we re used as des cri bed by Grigg
et al (Tab le 1).21,32 Both runs of amp li fi ca ti on con sis -
ted of 3 mi nu tes of ini ti al de na tu ra ti on at 940C, fol-
lo wed by 35 cycles of de na tu ra ti on for 30 se conds at
940C, an ne a ling for 30 se conds at 600C, ex ten si on for
30 se conds at 720C and a fi nal 5 mi nu tes in cu ba ti on
at 720C. Fi nally the amp li fi ca ti on pro ducts we re vi-
su a li zed on an et hi di um-sta i ned 2% aga ro se gel.

Statistical Analysis

The McNe mar and Wil co xon Sig ned Ranks tests
we re used for sta tis ti cal analy sis in SPSS (13.0 ver-
si on) soft wa re prog ram, and the 95% con fi den ce
in ter val (CI) was cal cu la ted. A P va lu e less than
0.05 was con si de red sta tis ti cally sig ni fi cant.

RE SULTS

At 96 ho urs of in fec ti on, he morr ha ge fo ci in bra in
samp les and in or ga no me ga li a, he morr ha ge and
nec ro sis fo ci in sple en samp les we re ob ser ved mac -
ros co pi cally. His to pat ho lo gi cal eva lu a ti on re ve a led
gra nu lo ma to us for ma ti ons in the sple en and li vers
but no cystic for ma ti on. T. gon di i tach yzo i tes we -
re ob ser ved in blo od sme ars sta i ned by Gi em sa un -
der mic ros copy. 

In or der to de ter mi ne the sen si ti vity of the
PCR as says in de tec ting T. gon di i DNA, ex tracts
from 10-fold di lu ti ons of tach yzo i tes we re tes ted
by using TO XO-4  and TO XO-5 pri mer pa irs di rec -
ted to the 529 bp re pe at ge ne, and B1-B2, B3-B4
nes ted pri mer pa irs di rec ted to the B1 ge ne. Whi -
le 529 bp PCR de tec ted down to 1 x 102 tach yzo i -
tes/mL, B1 nes ted-PCR was not ab le to de tect less
than 1 x 104 tach yzo i tes/mL (Fi gu re 1). 

Primer Primer sequence Target region Amplicon size

B1 5’-TGTTCTGTCCTATCGCAACG-3’ 128..147a 579

B2 5’-ACGGATGCAGTTCCTTTCTG-3’ 688..707a

B3 5’-TCTTCCCAGACGTGGATTTC-3’ 152..171a 530

B4 5’-CTCGACAATACGCTGCTTGA-3’ 663..682a

TOXO4 5’-CGCTGCAGGGAGGAAGACGAAAGTTG-3’ -2..24b 533

TOXO5 5’-CGCTGCAGACACAGTGCATCTGGATT-3’ 504..529 + 2b

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

a:  B1 gene, GenBank accession no. AF179871.
b:  529 bp repeat gene region, GenBank accession no. AF146527.
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Com bi ning the as say re sults of all fo ur tis su -
e/blo od samp les of in di vi du al mi ce, fa i lu re to di ag -
no se to xop las mo sis oc cu red in one mo u se with 529
bp PCR and in fo ur mi ce with B1  PCR. Ove rall
sen si ti vi ti es of the PCR as says we re 97.67% and
88.37% res pec ti vely (McNe mar p= 0.125) (Fi gu re
2). Al to ugh the sen si ti vi ti es of the two as says with
com bi ned samp les we re si mi lar, 529 bp  PCR was
po si ti ve in 2, 3, 3 and 4 out of fo ur samp le types at
24, 48, 72 and 96 ho urs of in fec ti on res pec ti vely.
Ho we ver, B1 ge ne PCR was po si ti ve in 1, 2, 2 and
3 out of fo ur samp le types at the res pec ti ve ti me
po ints (Con se cu ti ve Wil co xon Sig ned Ranks Test p
va lu es of 0.059, 0.024, 0.031 and 0.004) (Tab le 2).
Eit her PCR as say fa i led to amp li fiy to xop las ma
DNA in one ani mal at 24 ho urs gro up. Results re-
vealed that 529 bp PCR had a higher sensitivy com-
pared to B1 PCR (Table 3). The suc cess of DNA
ex trac ti on was con fir med by using mo u se IL-1 ge -
ne spe ci fic PCR pri mers (da ta not shown).

DIS CUS SI ON

De tec ti on of IgG and IgM class an ti bo di es aga inst T.
gon di i of fers a sen si ti ve, spe ci fic and cost-ef fec ti ve to -
ol for the di ag no sis of to xop las mo sis. Re cently, IgA,
IgE le vels and IgG avi dity ha ve ga i ned im por tan ce in
ac cu ra te di ag no sis of to xop las mo sis.9,18 Ho we ver, the
se ro di ag no sis of to xop las mo sis can be qu i te comp li -

ca ted sin ce IgM an ti bo di es may per sist for up to 2 ye -
ars af ter acu te in fec ti on and the pre sen ce of rhe u ma -
to id fac tor in se rum samp les and ele va ted an ti nuc le ar
an ti bo di es may ca u se fal se po si ti ve re sults. In such ca -
ses, se ro con ver si on of IgA and IgE an ti bo di es may be
help ful in the di ag no sis of acu te in fec ti on. Anot her
pit fall in the se ro di ag no sis of to xop las mo sis is the
win dow pe ri od of se ve ral we eks bet we en pa ra si te -
mi a and de tec tab le le vels of an ti bo di es. This de lay in
the di ag no sis of acu te in fec ti on may cre a te a risk for
the fe tus. Avi dity of IgG an ti bo di es to dis cri mi na te
acu te and chro nic in fec ti on may be dif fi cult to in ter -
pret be ca u se of the de la yed IgG avi dity res pon -
ses.9,18,19,33 In tan dem use of spe ci fic se ro lo gi cal tests
and PCR met hod has be en sug ges ted par ti cu larly in
preg nant wo men with to xop las mo sis. Ho we ver, be-
ca u se the di ag no sis of in fec ti on is ba sed on in cre a sed
an ti body tit ra ti on, se ro po si ti vity alo ne is not suf fi ci -
ent to sug gest in fec ti on.18,34

The dif fi cul ti es in se ro di ag no sis of to xop las -
mo sis such as in suf fi ci ent an ti body res pon se in im-
mu no com pro mi sed pa ti ents, pro lon ged an ti body
res pon se in con ge ni tal to xop las mo sis ca ses, and in-
a bi lity to dif fe ren ti a te acu te and chro nic in fec ti ons
ha ve in cre a sed the im por tan ce of well-de sig ned
mo le cu lar di ag nos tic met hods.20

Com pa red to con ven ti o nal met hods (se ro lo gi -
cal tests, cell cul tu re and ani mal ino cu la ti on) PCR
pro vi des a much mo re sen si ti ve and ear li er di ag -
no sis in con ge ni tal to xop las mo sis star ting from the
18th we ek of ges ta ti on.9,19 Pa ti ents with to xop las -
mic en cep ha li tis - re ve a led by bra in bi opsy - and
im mu no com pro mi sed pa ti ents with ocu lar to xop -
las mo sis, ha ve be en suc cess fully di ag no sed by
PCR.11,19,35-37 The sen si ti vity of PCR met hods we re
re por ted as 65%-80% in the am ni o tic flu id, 60% in
pla cen ta samp les, 17%-100% in ce reb ros pi nal flu -
id (CSF), 15%-53% in aqu e o us hu mor and in bron-
c ho al ve o lar la va ge flu id.19

Lack of a stan dard mo le cu lar met hod hin ders
com pa ri sons of the sen si ti vity and spe ci fi city of
mo le cu lar tests by con ven ti o nal met hods.19,20 On
the ot her hand, the re sults of PCR met hods used in
de ter mi ning T. gon di i we re re por ted to be con sis -
tent with the re sults of ani mal ino cu la ti on ex pe ri -
ments.14,17,38

FI GU RE 1: Sen si ti vity de ter mi na ti ons of 529bp (A) and B1 nes ted-PCR (B).
DNA was ex trac ted from di lu ti ons of tach yzo i tes as des cri bed in ma te ri al and
met hods. M: 100 bp mo le cu lar we ight mar ker (Gib co, BRL), la nes 1-7: of tach -
yzo i tes di lu ti ons (1 x 101-1 x 107), N: Ne ga ti ve con trol, P: Po si ti ve con trol.

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.
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Blood Brain Liver Spleen Combined

Group 529bp B1 529bp B1 529bp B1 529bp B1 529bp B1

24 hours - - - - + - - - + -

- - + + + + - - + +

- - - - - - - - - -

+ - + + + - - - + +

- - - - - - + + + +

+ + + - + + + + + +

- - - - + + - - + +

+ + - - + + + + + +

+ + + + - - - - + +

- - - - + - - - + -

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

+ + + + + + + + + +

+ - + + - - + - + +

+ - + + + + + + + +

+ - + + + + - - + +

+ + - - + + + + + +

+ - + + + + + + + +

+ + + + + + + + + +

+ + - - - - + + + +

+ - - - + + + - + +

72 hours - - - - + + + - + +

+ + - - + + + + + +

+ - + + + - + + + +

+ + + + + + + + + +

+ + + - + - + + + +

+ - + + + + + + + +

- - + - + - + + + +

+ + - - + - + + + +

+ + + - + - + + + +

+ + + + - - + + + +

+ + - - + + + - + +

+ - - - - - - - + -

+ + - - + + - - + +

96 hours + - + - + - + - + -

+ + + - + + + + + +

+ + + + + - + + + +

+ + - - + - + + + +

+ + + - + + + + + +

+ + + + + - + + + +

+ + + + + + + - + +

+ + + - + + + + + +

+ - + + + + + + + +

+ + + + + + + + + +

42/43 38/43

Sensitivity (%) 97.67 88.37

*McNemar p 0.125

TABLE 2: 529 bp repeat gene PCR and B1 gene PCR results of blood, brain, liver, spleen and all four samples 
types combined.  

529bp: 529 bp PCR; PCR, B1: B1 gene PCR, *CI: 95%.
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In stu di es by va ri o us study gro ups, dif fe rent
pri mers we re draf ted for dif fe rent ge ne re gi ons and
the re fo re un com pa rab le re sults we re ob ta i ned.19,20

Re al-ti me PCR using 529 bp re pe at ge ne re gi on was
re por ted to be ten ti mes mo re sen si ti ve than PCR
di rec ted to amp lify B1 ge ne, which has a copy
num ber of 200 per ge no me, com pa red to 20 of the
for mer.39 

In ani mal mo dels, his to lo gi cal di ag no sis was
ne ga ti ve par ti cu larly in mi ce in fec ted with few pa -
ra si tes. To ob ser ve the cysts in mi ce bra ins, a 40-
day pe ri od is re qu i red.  Ho we ver, tach yzo i tes can
be iden ti fi ed 3-4 days af ter IP ino cu la ti on of the
pa ra si te.17,40 In our study, the pat ho lo gi cal le si ons
in va ri o us or gans of the mi ce we re ob ser ved mac -
ros co pi cally at 96 ho urs of in fec ti on. He morr ha gic
fo ci we re ob ser ved in bra in spe ci mens; ho we ver,
pa ra si tic pro li fe ra ti on along with he morr ha gic and
nec ro tic fo ci was pre sent in sple en samp les of mi -
ce. The his to pat ho lo gi cal eva lu a ti on al so re ve a led
tach yzo i tes in the li ver and gra nu lo ma to us for ma -
ti ons in the sple en at 96 ho urs of in fec ti on. In all
gro ups, tach yzo i tes we re ob ser ved in Gi em sa sta i -
ned blo od sme ars.

Va ri a bi lity of the sen si ti vity of B1 ge ne spe ci -
fic PCR de pen ding on samp le type was pre vi o usly
re por ted. In blo od samp les of dogs and cats, a pa ra -
si te lo ad of at le ast 100 tac hi zo i tes/mL was re qu i red
for suc cess ful amp li fi ca ti on, which is qu i te in sen si -
ti ve com pa red to 10 tac hi zo i tes/mL in aqu e o us hu -
mor, CSF and se rum samp les. In the pla cen tal
tis su es of abor ting she ep, PCR was as sen si ti ve as
to de tect 10 pa ra si tes/mL, and re sults we re con fir -

med by mo u se ino cu la ti on stu di es.17 Our re sults
sho wed that 529 bp PCR co uld de tect down to 1 x
102 tach yzo its, whi le B1 spe ci fic nes ted-PCR  de-
tec ted a mi ni mum of 1 x 104 tach yzo i tes/mL.

PCR with B1 ge ne was shown to be a fast and
sen si ti ve met hod. Ho we ver, for re li ab le and rep ro -
du cib le re sults, a suf fi ci ent amo unt of samp le - at
le ast 2 mL of the flu id and 10 mg of the tis su e - is
re qu i red.41 In de ter mi ning T. gon di i in aqu e o us hu -
mor samp les by PCR, B1 (nes ted-PCR) was 20 ti -
mes mo re sen si ti ve than P30 (nes ted-PCR), and 18S
rDNA re gi ons.42 

Mi ce we re in fec ted IP with 5 x 103 tach yzo i tes
and in the se rum samp les of the ani mals, no tra ce of
in fec ti on was no ted at 3-15 ho urs by all thre e met -
hods. PCR de tec ted the in fec ti ve agent in thre e mi -
ce out of fi ve, at 18 ho urs and in all ani mals on 1-7
days of in fec ti on, whi le using ot her met hods the
in fec ti ve agent was de ter mi ned only 24 ho urs af -
ter the in fec ti on.43 Pa u gam et al used B1 and TGR
1E ge nes in mi ce in fec ted orally and in blo od sam-
p les, To xop las ma DNA was de ter mi ned on 2-21
days of in fec ti on. No growth was de tec ted in the
cell cul tu res, at this pe ri od.44 We iss et al, in the ir
acu te in fec ti on mo del of mi ce, de mons tra ted pa ra -
si te DNA in the tis su e samp les of the ani mals on
the se cond day of in fec ti on and from the blo od
samp les on the 5th day using P30 ge ne spe ci fic PCR.
Thus, they re por ted that P30 PCR co uld de ter mi ne
as few as 10 pa ra si tes.45 In our study, using both the
B1 ge ne and the 529 bp PCR, T. gon di i DNA was
de tec ted in the blo od and tis su e samp les star ting
from the 1st day of in fec ti on. 

Sample type Blood Brain Liver Spleen

B1 PCR Neg. Pos. Neg. Pos. Neg. Pos. Neg. Pos.

529 bp PCR Negative 8 0 16 0 7 0 10 0

Positive 11 24 9 18 12 24 7 26

Total 19 24 25 18 19 24 17 26

Sensitivity* (%) B1 gene 55.81 41.86 55.81 60.47

529bp gene 81.40 62.79 83.72 76.74

**McNemar p 0.001 0.004 0.000 0.016

TABLE 3: The sensitivity comparison of B1 and 529bp repeat gene PCR assays. 

Neg.: Negative, Pos.: Positive, *Sensitivities were calculated as (the number of PCR positives for a given sample type/total number of animals) x 100.43, **CI: 95%.
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Wast ling et al in fec ted she ep by in jec ting T.
gon di i S48 stra in sub cu ta ne o usly and used pri mers
di rec ted to B1 and P30 ge ne re gi ons in blo od and
lymph flu id samp les. They fo und that, si mi lar to
the mo u se to xop las mo sis mo del, the B1 ge ne was
mo re sen si ti ve than the P30 ge ne. Mo re o ver, the
fal se po si ti vity of P30 PCR was twi ce hig her than
that of B1 PCR. The lack of fal se po si ti vity in the
mo u se mo del was at tri bu ted to ina bi lity to de tect
non-li ving tach yzo i tes in mo u se tis su es.46

T. gon di i DNA was de tec ted in uri ne and blo -
od samp les but not in bra in samp les of mi ce in fec -
ted with the RH stra in bet we en 24 and 96 ho urs of
in fec ti on using P30 spe ci fic PCR. The se re sults we -
re in con cor dan ce with the cell cul tu re stu di es with
MRC5 fib rob lasts, in di ca ting that, the PCR met hod
was al so si mi larly sen si ti ve.47

Gar ci a et al used a pig mo del of T. gon di i with
the VEG stra in. On the 60th day of in fec ti on, bra in,
he art, ton gu e, and di ap hragm tis su es of the ani mals
we re eva lu a ted with the 529 bp re pe at ge ne re gi on
PCR in com pa ri son to mo u se ino cu la ti on and his -
to pat ho lo gi cal eva lu a ti on. His to pat ho lo gi cally, all
the tis su es we re ne ga ti ve, whi le mo u se ino cu la ti -
on was mo re sen si ti ve than PCR. This was at tri bu -
ted to the he te ro ge no us dis tri bu ti on of tach yzo i tes
in the tis su es.48

In a study by Fi li set ti et al, on um bi li cal cord
blo od and am ni o tic flu id samp les of the new born
with sus pec ted con ge ni tal to xop las mo sis,
18SrDNA, B1, and 529 bp PCRs and mo u se ino cu -
la ti on met hod we re com pa red. No tably, 529 bp re-
pe at ge ne re gi on PCR was in comp le te
con cor dan ce with mo u se ino cu la ti on. The sen si ti -
vity and spe ci fi city of 529 bp ge ne we re com pa -
rab le to mo u se ino cu la ti on and hig her than that of
the B1 ge ne.14 Com pa ri sons of Re al-Ti me PCR ba -
sed B1 and 529 bp PCRs in the blo od samp les of 30
or gan do nors with re ac ti ve to xop las mo sis sho wed
that the 529 bp re pe at ge ne re gi on was ab le to
iden tify down to one ge no mic copy of the pa ra si -
te (80 fg DNA), whi le B1 ge ne iden ti fi ed ten pa ra -
si te ge no mes (800 fg DNA).49 Si mi larly, Cas sa ing
et al used Re al-Ti me PCR met hod and com pa red
the sen si ti vity of B1 and 529 bp PCR in de ter mi -
ning the in fec ti on in am ni o tic flu id, pla cen ta, aqu -

e o us hu mor, blo od, CSF and bronc ho al ve o lar flu -
id samp les. They fo und that 529 bp PCR was mo -
re sen si ti ve than the ot her met hods in all samp les,
par ti cu larly in the am ni o tic samp les.50 Co lom bo et
al de ter mi ned a sen si ti vity of 80% and spe ci fi city
of 98% for PCR app li ed on the blo od samp les of
pa ti ents with AIDS.11 In stu di es on CSF samp les,
the sen si ti vity of the PCR met hod was 11.5%-
100%, and the spe ci fi city was 96%-100%.35,51,52

Stud ying with CSF samp les, ho we ver, was con si -
de red di sad van ta ge o us be ca u se of the in va si ve na-
tu re of the pro cess and com pa rab le re sults
ob ta i ned from blo od samp les.11

In our study, 529 bp PCR was 100 ti mes mo -
re sen si ti ve than B1 PCR. A mi ni mum of 1 x 104

tach yzo i tes/mL was de tec ted by B1 PCR, com pa -
red to 1 x 102 tach yzo i tes/mL de tec ted by 529 bp
PCR. Com bi ning all fo ur samp le types, T. gon di -
i DNA was de ter mi ned as early as the 1st day of
in fec ti on by using 529 bp PCR in all but one mi -
ce, In con trast, B1 PCR fa i led to di ag no se to xop -
las mo sis in thre e mi ce wit hin the 1st 24 ho urs of
in fec ti on. Ne vert he less, both 529 bp PCR and B1
PCR per form equ ally well in a mo le cu lar di ag -
nos tic pro to col ba sed on con cur rent blo od, bra in,
li ver and sple en samp ling. Ho we ver, in ro u ti ne, it
is not re a lis tic and fe a sib le to ob ta in such a va ri -
ety of samp les from the vast ma jo rity of the pa ti -
ents. Prac ti cally, it is mo re de si rab le to ob ta in
only one samp le per pa ti ent, and pre fe rably the
le ast in va si ve met hod is the cho i ce. In this as pect,
529 bp and B1 PCR we re per for med for each sam-
p le type.

In the di ag no sis of to xop las mo sis, mo le cu lar
tests are mo re ad van ta ge o us than se ro lo gi cal, his to -
pat ho lo gi cal tests and cell cul tu re/ani mal ino cu la -
ti on be ca u se they pro vi de re sults in re la ti vely
shor ter ti me, ha ve hig her sen si ti vity, can be eva lu -
a ted in de pen dently from the im mu ne system, and
aid con ven ti o nal met hods.
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