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Summary: 

Sequential blood  samples collected  from mice  infected  perorally 
with an avirulent strain of T. g o ndii were  analysed  for parasite  
DNA by a  polymerase  chain reaction method  (PCR). Two  pairs of 
primers spec ific  for gene  B1 and  the  repetitive  DNA sequence  
TG R1E were  used  for DNA amplific ation. Amplified  products were  
detected  by means of elec trophoresis with ethidium bromide  stai
ning. Parasitemia  was also  determined  by c ell culture. 
Parasitemia  was never detected  by the  tissue  culture  method, whe
reas parasite  DNA was c ontinously detected  with PCR from day 2 
to  day 2 1 . These  results confirm the  high sensitivity of PCR for 
T. g o ndii DNA in blood, and  show that c irc ulating  DNA is present 
for long  periods in mice  fo llowing  primary infec tion. 

KEY W O RD S : toxoplasmosis. To xo p la sma  g o ndii. PCR. tissue  c ulture, parasi
temia. 
M O TS C LES : to xo p la smo se . Toxoplasma  go ndii. PCR. c ulture  c e llula ire . 

p a ra site mia  

Résumé : DÉTECTION DE TOXOPIASMA GONDII PAR "POLYMERASE CHAIN 

REACTION" (PCR) DANS LE SANG DE SOURIS INFECTÉES PER OS. 

De s p ré lè ve me nts sa ng uins de  so uris infe c té e s p e r o s p a r une  

so uc he  c hro niq ue  de  T. gondii o nt é té  sé q ue ntie lle me nt a na lysé s p a r 

PCR p o ur la  dé te c tio n d'ADN to xo p la smiq ue . De ux c o up le s 

d'a mo rc e s, l'un sp é c ifiq ue  du g è ne  B1, l'a utre  de  la  sé q ue nc e  ré p é 

té e  TGR1E o nt é té  utilisé s p o ur l'a mp lific a tio n g é no miq ue . Le s p ro 

duits d'a mp lific a tio n o nt é té  ré vé lé s p a r é le c tro p ho rè se  sur g e l 

c o lo ré  a u b ro mure  d'é thidium. Pa ra llè le me nt la  p a ra sité mie  é ta it 

re c he rc hé e  p a r c ulture  c e llula ire . Da ns a uc un de s c a s une  p a ra sité 

mie  n'a  p u ê tre  mise  e n é vide nc e  p a r c ulture  a lo rs q ue  la  PCR a  p e r

mis de  me ttre  e n é vide nc e  du DNA to xo p la smiq ue  du 2e  jo ur a u 

21e jo ur q ui o nt suivi l'infe c tio n. Ce s ré sulta ts c o nfirme nt la  g ra nde  

se nsib ilité  de  la  PCR p o ur dé te c te r la  c irc ula tio n sa ng uine  d'ADN 

to xo p la smiq ue  e t me tte nt e n é vide nc e  le  c a ra c tè re  p ro lo ng é  de  la  

duré e  de  c e tte  c irc ula tio n c he z la  so uris e xp é rime nta le me nt infe c té e . 

INTRODUCTION 

In 1910, N ico lle and Manceau d isco v ered 

Toxoplasma gondii by microscopic examination 

o f a blood smear from a rodent (Ctenodoctylus 

gundi). However, direct observation o f the parasite 

in blood is rare, and parasitemia can usually be only 

demonstrated by subinoculation o f blood to mice or 

cell lines. More recently, several studies have shown 

the sensitivity o f the polymerase chain reaction (PCR) 

for toxoplasmic DNA in various biological specimens 

(aqueo us humo r; heart; brain and liver bio psy ; 

cebro sp inal fluid ; bro ncho alv eo lar lavage fluid ; 

amniotic fluid) and blood (Johnson et al, 1990 ; Ho-

Yen et al., 1992; Filice et al., 1993; Dupouy-Camet et 
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al., 1993). However, little is known o f the kinetics of 

parasitemia following primary infection. 

We used a PCR technique to detect T. gondii DNA in 

blood from mice infected perorally with an avirulent 

strain. 

MATERIALS AND METHODS 

TOXOPLASMA STRAIN AND INFECTION OF MICE 

The avirulent C strain of T. gondii was used. It 

was initially isolated from an infected human 

placenta (Beauvais et al., 1982) and is main

tained in mice by 6-monthly passage by intraperito

neal inoculation o f 25 brain cysts. Sixty mice (Swiss 

Webster females, weighing 20-24g, IffaCredo, France) 

were infected by gavage with 0.2 ml of a brain homo-

genate in saline, containing 20 cysts. 

Blood samples were collected from the orbital venous 

sinus into EDTA anticoagulated tubes. Five mice were 

killed 12, 24, 36 and 48 hours and 4, 7, 11, 21 and 30 

days post infection. Blood samples from five mice 

were pooled for detection of T. gondii by PCR and 

cell culture. 
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Primers used for detection of Bl gene 

5' CCGCCTCCTTCGTCCGTCGTA 
5' TGAAGAGAGGAAACAGGTGGTCG 

Primers used for detection of TGR1E DNA sequence 

5' ATGGTCCGGCCGGTGTATGATATGCGAT 
5' TCCCTACGTGGTGCCGCAGTTGCCT 

Fig. 1. - Synthetic oligonucleotide primers 

P O L Y M E R A S E C H A IN R EA C T I O N 

Each pooled blood sample was mixed with an equal 
volume o f sterile 2% Dextran T 500 (Pharmacia) in 
normal saline. After 15 min of bench-top sedimenta
tion, the erythrocyte-free supernatant containing leu
ko cy tes and p latelets w as co llec ted . A fter 
centrifugation at 2000 x g for 10 min, the pellet was 
w ashed tw ice in sterile phosphate-buffered saline 
( P BS) and kept frozen at -20°C. 

PC R was based on the detection o f gene Bl (Burg et 

al., 1988) and the repeated sequence T G R 1 E (Cristina 
et al., 1991); synthetic oligonucleotide primers (Fig. 1) 
were supplied by Genset (Paris). D N A was extracted 
from the frozen cell pellets with phenol (Hermann et 

al., 1987). Strict measures to reduce contamination 
were used (Kwok et al., 1989) ; the four steps o f the 
reaction ( D N A extraction, reagent preparation, ampli
fication and analysis) were carried out in four diffé
rents rooms. We used the GeneAmp® PC R carry-over 
prevention kit (Perkin Elmer Cetus) to avoid false-
positive amplification by the substitution o f dUTP for 
dTTP in the PC R reaction mix and treatment of subse
quent PC R amplification products with uracil N-glyco-
sylase (UNG) (Longo et al., 1990). 

The amplification reactions were induced with Taq 
D N A po lymerase (Cetus) in a Perkin-Elmer Cetus 
thermal cycler. Briefly, 1.25 U o f Taq polymerase was 
added to a 50 ml reaction volume containing 40 ml o f 
reaction buffer (50 mM KC1, 10 mM Tris-HCl [pH 8.31, 
2.5 mM MgC12, 0.01% gelatin), 500 mM each deoxy-
nucleo tide triphosphate (dATP, dCTP, dGTP and 
dUTP), 0.5 mM oligonucleotides, 0.5 U o f UNG and 
10 ml of purified D N A . Mineral oil (50 ml) was added 
to each reaction mix to prevent evaporation. An ini
tial incubation at 50°C for 5 min allowed U N G to des
troy any amplified product containing deoxyuridine 
triphosphate that could have been carried over from 
previous reactions. Then, after an initial cycle consis
ting o f 5 min of denaturation at 94°C, 2 min o f annea
ling at 65°C and 40 s o f extensio n at 72°C, the 
following cycles w ere repeated 35 times : 30 s o f 
denaturation at 94°C, 40 s o f annealing at 65°C and 
40 s o f extension at 72°C. The final step consisted o f 
30 s o f denaturation at 94°C, 40 s o f annealing at 

65°C, and 5 min of extension at 72°C. After the final 
PCR reactions, the temperature was held at 72°C and 
50 ml o f choroform was added to each tube to pre
vent degradation of PCR products by residual or reac
tivated UNG. The amplification products (10 ml) were 
stained with ethidium bromide and submitted to elec-
trophoretic migration in 3% agarose gels. Positive 
controls (DNA extracted from the RH strain o f T. gon

dii) and negative controls (distilled water) were used 
in each set o f experiments and results were conside
red valid only if control results were as expected. 

C EL L C U L T U R E 

Each blood sample was inoculated into MRC5 cell 
cultures prepared in 96-w ell tissue culture plates 
(Derouin el al. 1991). Briefly, 200ml o f blood was 
suspended in 4 ml o f PBS, 0.15 M NaCl, pH 7.2, sup
plemented with penicillin 100 U/ ml, streptomycin 100 
mg/ l and amphotericin B 5 mg/ l. Serial fourfold dilu
tions w ere prepared in minimal essential medium 
(MEM) supplemented with glutamine 290 mg/ l, peni
cillin 50 iu/ ml, streptomycin 50 mg/ 1 and heat-inacti
vated fetal calf serum (Flow Labo rato ries, Paris, 
France). Forty microliters of each dilution was inocu
lated into duplicate wells o f 96-well tissue culture 
plates and incubated for 72 hours at 37°C. Cultures 
were examined for Toxoplasma growth in an indirect 
immunofluorescence assay. 

RESULTS AND DISCUSSION 

Mice showed no physical signs of infection. 
The results of PCR and cell culture are pre
sented in table I. Tissue cultures w ere 

always negative, whereas PCR was positive as early 
as 48 hours post-infection. PCR remained positive on 
days 4 and 7 with Bl gene amplification, and on days 
4, 7, 11, 14 ,21 with TGR1 E sequence amplification. 

The results obtained by tissue culture were in agree
ment with our previous findings using the same strain 
o f T. gondii, in which mice were infected intraperito-
neally or perorally and tested from 12 h to 90 days 
after infection. Parasitemia was positive only once, 14 
days after intraperitoneal inoculation (Derouin el al., 

1991) and never after oral infection (Sumuyen et al., 

1995). 

Both PCR gene amplifications were positive until clay 
7, but only the TGR1E sequence was positive after 
this date. This difference in the results obtained with 
the two targets can be attributed to the probable 
higher repetition of the TGR1E sequence (unknow n) 
compared to the Bl gene (repeated 35-fold). In preli
minary experiments with RH strain tachyzoite DNA 
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Table I. - Detection of Toxoplasma (Coul strain) by PCR (electrophoresis and ethidium bromide staining) and 
cell culture in the blood of perorally infected mice. 
* Each sample was a pool of blood 5 mice tested in parallel by PCR and cell culture. 

d iluted in w ater, serial d ilutio ns w ere amplified . W e 

d etec ted ap p ro xim ately a DNA d ilutio n co rresp o n

d ing to 0,1 o rganism w ith 131 and 0,01 w ith TG R 1 E. 

Wastling et al., 1993 co m p ared B1 and P30 (a single-

c o p y g e n e ) d etec tio n by PCR in she e p ino cu lated 

subcutaneo usly : B1 PCR w as co nsistently mo re sensi

tive than P30 PCR, being po sitive o n peripheral b lo o d 

earlier and fo r significantly lo nger days (6 to 11 after 

infectio n, co m p ared to days 7 and 8) . 

Like o ther repo rts, o ur results ind icate that parasite 

DNA circulatio n in exp erimentally infected animals is 

no t transient. Jo ss et al. 1993 d etected to xo p lasm a 

DNA (Bev erley strain) in b lo o d from Co tto n rats and 

mice by m eans o f Bl PCR fro m d ays 2 to 32 after 

intraperito neal ino culatio n. Hitt et al., 1992 d etected 

to xo p lasma DNA (C 56 strain) in b lo o d by Bl PCR 

from d ays 6 to 32 after subcutaneo us ino culatio n o f 

rabbits. Sc ho o nd e rm ark et al 1993 d etec ted to x o 

p lasma DNA (RH strain) in b lo o d o f pregnant mo n

key s by means o f ribo so mal PCR fo r abo ut 10 days 

after intraveno us ino culatio n. Mied o uge 1994 (p erso 

nal c o m m u nic atio n) d etec ted to xo p lasm a (Bev erley 

strain) in b lo o d 7 to 28 days after intraperito neal ino 

culatio n o f mice. 

No data o n the kinetics o f circulating DNA d uring 

n atu ral l y a c q u i r e d i n f e c t i o n are av a i l ab l e . 

Exp erimental stud ies o f parasitemia in chro nic infec

tio n b y av iru lent strains ( Reg m into n et al., 1961; 

Dubey et al., 1980) o r acute infectio n w ith v irulent 

strains (Ruchman et al., 1951, Jac o b s et al., 1950 and 

1953) hav e b een based o n subino culatio n o f b lo o d ; 

parasitemia w as inco nsistently d etected w ith avirulent 

strains co ntrary to the virulent strains. 

O u r results sho w that d urab le p arasitemia c an b e 

d etected by PCR after infectio n o f mice w ith an aviru

lent strain. Parasitemia w as d etected by PCR until day 

21, but no t at d ay 30, w hen the im m une resp o nse 

p ro bab ly b e c o m e s ef fec tiv e. These results ind icate 

that PCR co uld be useful fo r very early d iagno sis o f 

to xo p lasmo sis, befo re the em erg ence o f sp ecif ic anti

bo d ies. 
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