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To investigate whether both tissue culture and PCR on a sequence from the repetitive rDNA could contribute
to the diagnosis of toxoplasmosis, blood samples and, if they were available, cerebrospinal fluid (CSF) and
aqueous humor samples from 72 human immunodeficiency virus-seropositive patients with suspected toxo-
plasmosis were prospectively tested. For 10 patients with fever of unknown origin but without confirmed
toxoplasmosis, no Toxoplasma gondii was detected. For two patients with confirmed toxoplasmic uveitis, only
PCR of aqueous humor samples was positive. Of 60 patients (48 with CSF samples) with neurological signs,
25 (from 13 of whom CSF samples were available) had confirmed cerebral toxoplasmosis and 10 had a positive
PCR of CSF and/or blood samples, while for 1 patient culture of the CSF sample was also positive. Unlike
tissue culture, PCR of rDNA is of value for the detection of cerebral toxoplasmosis in human immunodeficiency
virus-seropositive patients, provided that both CSF and blood samples are available (sensitivity, 76.9%;

specificity, 100%).

Among the opportunistic infections of human immunodefi-
ciency virus (HIV)-infected individuals, toxoplasmosis enceph-
alitis (TE) is the leading cause of focal brain disease, despite
chemoprophylaxis. The diagnosis of TE is difficult since no
sensitive and specific noninvasive diagnostic test is available
(41). The practice of presumptive therapy for HIV-infected
patients with clinical signs (referable to central nervous system
[CNS] and/or fever) with characteristic findings on computer-
ized axial tomography (CAT) scan or magnetic resonance im-
aging (MRI) and a positive serology for Toxoplasma gondii is
widely accepted because of a high predictive value (except in
intravenous drug users, in whom other processes are prevalent
in the CNS) (43). Clinical improvement should be clearly ev-
ident within 14 days after the initiation of a specific therapy
(with first-line agents such as sulfadiazine or clindamycin and
pyrimethamine), and a neuroradiographic study performed
within 3 weeks after the initiation of therapy should reveal
improvement (with cautious interpretation for patients who
have received prolonged corticotherapy) (21, 42). Neverthe-
less, abnormalities may be completely absent in patients with
diffuse TE at an early stage, although MRI has a higher sen-
sitivity than CAT scan in detecting lesions (10). TE can be
definitely diagnosed by histology (visualization of tachyzoites)
or by isolation of T. gondii organisms from brain biopsy mate-
rial. Brain biopsy requires a surgical intervention which may be
difficult to achieve because of the location of the lesion and the
large size of the brain specimen needed. It is an aggressive
technique associated with morbidity and is reserved for use in
those with mass lesions occurring during the early stages of
AIDS when there is no response after 2 weeks of specific
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antitoxoplasmosis therapy and because of possible associated
brain disease (5). Isolation of the pathogen in cerebrospinal
fluid (CSF) and fluid from bronchoalveolar lavage (BAL) has
been found to be useful for the diagnosis of TE and toxoplas-
mic pneumonitis, respectively (11, 23, 24). Isolation of T. gondii
from patient blood has also been reported, although this
method is limited by previous specific therapy. It reflects active
infection and thus strongly suggests that even when it is con-
fined, such as in patients with encephalitis or pneumonitis,
toxoplasmosis may be a systemic disease (21, 31). Mouse in-
oculation is the “gold standard” for the isolation of 7. gondii,
but it is cumbersome and time-consuming and requires the use
of animals. Recently, tissue culture systems on MRCS5 fibro-
blasts (3, 22, 23) or THP1 myeloid cells (10, 57) have been
useful for readily identifying by indirect immunofluorescence
assay 7. gondii organisms from clinical specimens within a few
days; moreover, it was found to be as sensitive as mouse inoc-
ulation when purified tachyzoites were added directly to cell
culture or were inoculated into mice (23). More recently, other
possible diagnostic methods have used amplification of nucleic
acid sequences specific to T. gondii, such as B1 (9), p30 (54),
TGR1 genes (18), or the 18S rDNA (12), as targets. The
specificity of the ribosomal target was verified by the absence
of cross-amplification with either human or murine DNA and
with samples containing Plasmodium, Cryptosporidium, Pneu-
moscystis, or Cryptococcus spp. Conversely, amplification of 47
different strains of 7. gondii was obtained (12). Only very
closely related organisms such as Eimeria or Hammondia spp.,
which are other coccidian genera, gave positive amplifications,
but they are not involved in human pathology (16). The direct
sensitivity of the reaction was assessed to be 10 fg (i.e., 0.1
parasite), according to the natural amplification of the target
gene; revelation by Southern blot hybridization increases the
direct sensitivity 100-fold. In another study with different prim-
ers chosen from rDNA sequences, the level of sensitivity ob-
tained from a crude cell lysate allowed the detection of as few
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as one parasite (29). In biological samples overloaded with
quantified T. gondii, the sensitivity was assessed to be less than
five parasites (12, 14). Comparison with amplification of p30 or
B1 genes showed that the sensitivity was at least equivalent or
better (15). Detection of T. gondii rIDNA in 400 amniotic fluid
samples by this technique was useful in the diagnosis of con-
genital toxoplasmosis, with a positive predictive value of 90%
and a negative predictive value of 99% (13). However, partly
because of the limited volume (0.1 to 0.2 ml), the sensitivity of
this technique was limited in the diagnosis of ocular toxoplas-
mosis when it was used to assay more than 300 aqueous humor
samples. A combination with the Witmer-Desmonts coeffi-
cient, which assesses the intraocular production of antitoxo-
plasma antibodies, led to a sensitivity of 73% compared with a
sensitivity of 50% by use of the Witmer-Desmonts coefficient
alone (1, 13). PCR amplification has been used with success in
blood (25, 26), brain biopsy (33, 34), CSF (19, 39, 45, 46, 55),
liver biopsy (19), and BAL (7, 19) samples obtained from
AIDS patients with TE. It has also successfully detected T.
gondii DNA in amniotic fluid samples from congenitally in-
fected fetuses (16, 28) and in the aqueous humors of patients
with ocular toxoplasmosis (1, 2, 8). Toxoplasma gene amplifi-
cation has been found to be more sensitive than cell culture
and to have a high degree of specificity (30).

The aim of the study described here was to evaluate concur-
rently the respective contribution of PCR and tissue culture for
the detection of T. gondii from blood and CSF samples from
HIV-infected patients with suspected toxoplasmosis.

MATERIALS AND METHODS

Subjects (recruitment, monitoring, evaluation). Seventy-two HIV-infected pa-
tients were recruited into the present prospective study from January to Decem-
ber 1993. All patients were hospitalized in three infectious disease departments
of two Bordeaux University hospitals, Bordeaux, France (Pellegrin Hospital and
Haut-Lévéque Hospital).

All had antibodies to HIV type 1, as confirmed by Western blotting (immu-
noblotting), and were classified according to the 1993 AIDS case definition (17).
The absolute lymphocyte count in whole blood was obtained by using an auto-
mated counter (Bayer Diagnostics). The percentage of CD4* cells was deter-
mined by using fluorescein-labelled monoclonal antibodies on whole blood and
flow cytometric analysis (Fac-Scan; Becton-Dickinson). The baseline character-
istics of the 72 HIV-infected patients are described in Table 1.

All patients had baseline and periodic clinical and laboratory evaluations with
a detailed neurological examination in order to detect signs of TE as described
previously (21, 40, 43, 47, 50, 56). CAT or MRI scans were done as soon as
possible (within 48 h of admission into the hospital) and were repeated if the
findings were abnormal. All patients had a fundus eye examination and a retinal
angiography if an abnormality was detected. Clinical and radiological evaluations
of efficacy were assessed according to the semiquantitative rating scale of the
California Collaborative Treatment Group (21). The patients were followed up
for 6 months unless death occurred.

Diagnostic criteria. According to previous studies (21, 35, 43, 56), a presump-
tive diagnosis of TE was made in patients with signs and symptoms of CNS
dysfunction and typical lesions on CAT or MRI scans of the brain. A probable
diagnosis of TE was made in patients with presumptive TE who showed neuro-
logical signs and improvement on CAT or MRI scan after 2 weeks of treatment.
A definite diagnosis required either that 7. gondii be isolated from brain tissue,
blood, or CSF or that tachyzoites be seen on histologic evaluation of a brain
biopsy specimen or at autopsy. A probable diagnosis of ocular toxoplasmosis was
made in patients who complained of decreased visual acuity (i) by observing the
characteristic fundus lesion (i.e., massive coagulation necrosis of the retina with
a granulomatous inflammation of the underlying choroid) with an ophthalmo-
logic examination and angiography, (ii) by excluding other infectious diseases
that might cause necrotizing lesions of the fundus (principally, syphilis, cytomeg-
alovirus infection, herpetic infection, tuberculosis, cryptoccocis, toxocarosis by
thorough history, physical examination, blood count and chemistries, and, if
needed Herpes viridae DNA PCR of a aqueous humor sample), and (iii) after
clinical improvement assessed by ophthalmoscopic examination after appropri-
ate therapy. A definite diagnosis was made by detecting an elevated level of
antibodies against 7. gondii in the aqueous humor or isolating 7. gondii from
blood or an aqueous humor sample (2, 35). A definite diagnosis of disseminated
toxoplasmosis was established if 7. gondii was isolated from blood.

Toxoplasmic serological investigation. Specific anti-7. gondii immunoglobulin
G (IgG) or IgM antibodies were detected by indirect immunofluorescence assays
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TABLE 1. Baseline characteristics of 72 HIV-infected
patients at time of inclusion in the study

Characteristic Value

Mean age (yr [range]) 39 (14-72)
Sex (no.)

Male 56

Female 16
Risk factor for HIV infection (no. [%] of patients)

Homosexuality 26 (36.2)

Intravenous drug abuse 22 (30.5)

Blood product 14 (19.4)

Heterosexual contact 7(9.7)

Not definite 3(42)
Stage of HIV infection (no. [%] of patients)”

A3 6(8.3)

B3 19 (26.4)

C3 47 (65.3)
Mean * SD CD4 count (cells/ul) 5471
Toxoplasma serology (no. [%] of patients)”

IgG positive (all levels) 72 (100.0)

IgG positive (level, =800 Ul/ml) 7(9.7)

IgM positive 3(42)

“ According to the 1993 classification system (17).
? Indirect immunofluorescence assay.

starting at a dilution of 10 TU/ml. For all patients, IgG and IgM levels in serum
were determined, and for some of them, IgG and IgM levels in CSF samples were
determined if CSF samples were available.

All patients had serum IgG antibodies against 7. gondii, with a high level
(=800 IU/ml) found in seven patients, six of whom had a probable diagnosis of
TE. Three of the six patients also had detectable IgM antibodies (Table 1).

Samples. All HIV-infected patients with neurological signs, fever of unknown
origin, or uveitis underwent blood sampling. CSF sampling was done if there was
no contraindication. If a patient with neurological signs was at high risk (mass
lesion syndrome), lumbar puncture was performed with the utmost care to avoid
herniation. Causes of infection other than 7. gondii were screened by cytologic,
microbiologic (bacterial, fungal, viral), and serologic laboratory tests. Samples
were taken before specific anti-7. gondii therapy if possible. Informed consent for
blood and CSF sampling was obtained from the patients or their parents.

Two 5-ml blood samples were drawn from each patient; one was collected in
a sterilized tube with lithium heparinate and was used for tissue culture, and the
other was collected in a sterilized tube with EDTA for amplification by PCR.
‘When lumbar puncture could be performed, one 5-ml CSF sample was collected
in a sterilized tube without additive for tissue culture and PCR amplification. For
patients with uveitis, an anterior chamber puncture was performed, and about 0.1
ml of aqueous humor was taken after a limbic paracentesis. All samples were
immediately stored at 4°C for rapid processing. The buffy coat (the erythrocyte-
free supernatant containing leukocytes and platelets) was collected from blood
samples after centrifugation; one sample was immediately used for tissue culture,
and the other was suspended in 100 wl of conservation Tris-EDTA buffer (pH
7.5; 10 mM Tris-HCI, 1 mM EDTA) and stored at 4°C for later PCR within 6
days. CSF samples were separated into two aliquots; one was used for immediate
tissue culture after centrifugation, and the other was centrifuged, after which the
pellets were suspended in 100 pl of Tris-EDTA buffer for subsequent PCR.
Aqueous humor samples were processed as described above for the CSF ali-
quots, but aqueous humor samples were used only for subsequent PCR.

Preparation of DNA from patient samples. For CSF and aqueous humor
samples, DNA was purified by a previously described procedure (36). Briefly,
after centrifugation the pellets were digested for 1 h at 37°C in 1.5 pl of a buffer
containing 5 mM Tris-HCI (pH 7.5), 3.4 mM sodium dodecyl sulfate (0.01%), 40
mM dithiothreitol, and 50 pg of proteinase K per ml. They were then heated in
boiling water for 10 min.

For blood samples, DNA was obtained by a different purification method.
After centrifugation at 8,000 X g for 5 min, the pellets were resuspended in 900
wl of guanidine isothiocyanate and vortexed. Then, 40 .l of silica marbles (silicon
dioxide) was added, and the specimens were vortexed and incubated for 10 min.
The silica-bound DNA was washed with guanidine isothiocyanate, then twice
with 70% ethanol, and next with acetone before drying under vacuum. Finally,
the DNA was eluted by resuspending the silica-DNA mixture in 60 wl of distilled
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FIG. 1. Detection of T. gondii by IDNA amplification and hybridization. The
ethidium bromide-stained gel (A) and the autoradiograph of the amplicons after
dot blotting (B) are shown. Lanes 1 and 9, PBR322-Haelll molecular weight
standards; lane 2, positive assay; lanes 3 and 4, negative assays; lanes 2’, 3" and
4', inhibition controls (showing an inhibitor in the assay in lane 4’); lane 5,
negative control; lanes 6 to 8, positive controls (using purified 7. gondii DNA
concentrations corresponding to 100, 10, and 1 T. gondii isolate, respectively).

water and centrifuging it. The supernatant was used for PCR: 30 pl was used for
the direct amplification test and 100 fg of 7. gondii DNA was added to 30 .l for
inhibitory control of amplification.

Target and primers for PCR. DNA in CSF or blood was detected by a PCR
amplification in which the target was part of an rDNA repetitive gene, initially
described by RNA sequencing (37) and exactly defined by DNA sequencing, as
described previously (14). An 88-bp segment was amplified with the synthetic
oligonucleotide primers 5'-GGCATTCCTCGTTGAAGATT-3" and 5'-CCTTG
GCCGATAGGTCTAGG-3" (12). The identity of this amplified product was
verified previously by restriction analysis with Nsil and by internal probe hybrid-
ization (20-bp oligonucleotide, 5'-3*P labelled with T4 polynucleotide kinase;
5'-GATAGATTATTGCAATTATT-3") (12).

PCR amplification and revelation. DNA was amplified in a 50-pl reaction

HIV patients 72
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mixture containing 10 mM Tris-HCI (pH 8.3), 16 mM (NH,),SO,, 2.5 mM
MgCl,, 10 mM 2-mercaptoethanol, 1 mg of bovine serum albumin per ml, 200 pl
of each of the four desoxyribonucleoside triphosphates, 1 pM (each) the two
oligonucleotide primers, and 1 U of Tag polymerase (Cetus). Amplification in an
automated thermal cycler (Perkin-Elmer Cetus 9600) consisted of 35 cycles
(denaturation step, 95°C for 30 s; annealing step, 55°C for 10 s; synthesis step,
70°C for 100 s). Ten microliters of each amplification reaction mixture was
analyzed on a 10% polyacrylamide gel, and the DNA fragments were visualized
by staining with ethidium bromide under UV illumination. Dot blot hybridization
was used only to determine the specificity of the PCR product. Each amplifica-
tion run contained several controls (inhibition control with 100 fg of T. gondii
DNA sample; negative controls with extraction mixture and with the amplifica-
tion reaction mixture). The sensitivity of the PCR was examined by using three
semiquantitative categories and three purified 7. gondii DNA concentrations
corresponding to 100, 10, and 1 parasites (Fig. 1). Strict methods to avoid
contamination were used, such as strict spatial partitioning of the different steps
in three separate rooms, the use of pipettes with disposable tips and shielded
pistons, and frequent changes of gloves. All specimens were analyzed in dupli-
cate.

Tissue culture. The human embryonic fibroblast cell line MRC5 (Bio-Merieux,
Marcy I’Etoile, France) was used for tissue culture by a procedure reported by
others (23, 53) and previously used for the prenatal diagnosis of congenital
toxoplasmosis with amniotic fluid samples (4, 22). Leukocyte pellets from blood
samples and cell pellets from CSF or aqueous humor samples were added on
coverslips in shell vials with confluent MRCS5 cell lines, and the vials were
incubated at 37°C in 5% CO,. After 4 to 7 days, the coverslips were examined
microscopically to search for tachyzoites after May-Griinwald-Giemsa staining
and by indirect immunofluorescence with polyclonal rabbit antiserum to 7. gondii
and then to fluorescein-labelled anti-rabbit IgG (Diagnostics Pasteur, Marnes La
Coquette, France).

Statistical methods. The sensitivity and specificity of the PCR were derived
from the use of binomial distribution confidence intervals.

RESULTS

Patient samples. Of the 72 patients, 60 had neurological
signs, 10 had fever of unknown origin, and 2 had uveitis (Fig.
2). Blood and CSF samples were available from all except 12 of
the 60 patients with neurological signs because of lumbar punc-

CSF ; 59
|
v v v
patients with 60 patients with 10 patients with 2
neurological fever of toxoplasmic
signs CSF: 48 Junknown origin| CSF: 10 uveitis CSF: 1
yes aqueous
clinical symptoms 35 o5 humor: 2
suggestive of
toxoplasmic  encephalitis| CSF: 23 CSF: 25
yes no l
clinical and radiological 28 7
signs suggestive of
toxoplasmic encephalitis| CSF: 16 CSF; 7
B
probable diagnosis of 25 3
toxoplasmic  encephalitis
after specific therapy | CSF: 13 CSF:. 3
yesy
definite diagnosis of 5 20
toxoplasmic  encephalitis
after biopsy or necropsy| CSF: 1 CSF: 12

FIG. 2. Classification of the 72 HIV-infected patients according to presenting symptoms, physical findings, brain imaging, outcome with specific antitoxoplasmosis

therapy, and CSF sampling.
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TABLE 2. Correlation between positive results of 7. gondii
PCR amplification and tissue culture

No. of PCR Tissue culture

Category of patients tient
patients gjood4 CSF Ocular Blood CSF Ocular

Patients with accepted 3 + - ND* - = ND
TE (n = 10) 4 -+ ND - = ND

1 -+ ND - ND

2 + o+ ND - - ND

Patients with accepted 1 - ND + — ND ND
TU® (n = 2) 1 - - + - - ND

“ ND, not determined.
> TU, toxoplasmic uveitis.

ture contraindication and except 1 of the 2 patients with uve-
itis. Moreover, three patients with neurological signs received
antitoxoplasma maintenance therapy treatment, and five other
subjects received presumptive treatment (for 48 h in four pa-
tients and 12 days in one patient) with a sulfadiazine-py-
rimethamine combination at the sample time. Of the 10 pa-
tients with fever, a diagnosis of toxoplasmosis was not
established in any of them after evaluation and follow-up.

The two patients with uveitis had a probable diagnosis of
ocular toxoplasmosis and underwent anterior chamber punc-
ture.

Results of PCR and tissue cultures. Among the patients with
neurological signs, 5 of 60 blood samples and 7 of 60 CSF
samples tested by PCR were positive, and an 88-bp amplifica-
tion product was found. All blood cultures were negative and
only one CSF culture was positive. All of these positive results
were for 10 patients with probable TE; correlations are given in
Table 2. It is noteworthy that for three patients only PCR of
blood was positive, for four patients only PCR of CSF was
positive, and for two patients PCRs of both blood and CSF
were positive. For two patients without highly suggestive ra-
diologic signs of TE, positive PCR led to the prompt initiation
of specific antitoxoplasma therapy, with dramatic improvement
(one patient with cerebellar syndrome and fever; one patient
with headache, fever, and pulmonary interstitial syndrome
without abnormal findings on BAL examination).

Fourteen patients underwent cerebral biopsy or necropsy,
and five had a definite diagnosis of TE. Blood and CSF sam-
ples were available for 10 of these 14 patients; there was no
false-positive result, but there was one false-negative result in
a female with definite TE who had been under presumptive
specific therapy for 12 days.

For the two patients with toxoplasma uveitis, only PCR of
the aqueous humor was positive.

Among patients with fever of unknown origin, none had
positive results for blood and CSF samples.

Diagnostic value of PCR. The sensitivity and specificity of
the PCR were calculated (Table 3). The positive and negative
predictive values for an HIV-infected patient to have or not to
have one or more positive PCR results when both CSF and
blood samples were available are also given in Table 3.

DISCUSSION

During HIV infection it is estimated that 25 to 37% of
patients ultimately develop TE (40, 43). In most instances TE
develops when the CD4* count falls below 200 cells per pl,
with a major risk of TE developing when the CD4™ count falls
below 100 cells per pl (40, 47, 50). The mean CD4™" level of 47
+ 65 cells per mm® in our survey is in accordance with such
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data. In France CNS toxoplasmosis was present in 13.8% of
AIDS patients at the time of the official declaration of AIDS
(cumulative data by 30 June 1994) (52). In the Cohorte Aqui-
taine, a regional cohort followed in the main hospitals, we
found that 272 (8.7%) of 3,119 HIV-infected subjects (22% of
AIDS patients) had had a presumptive diagnosis of TE by 11
July 1993 (50, 51). In contrast to patients who are immuno-
compromised because of other diseases, involvement of extra-
CNS tissues has not frequently be reported in HIV-infected
individuals. The risk of extra-CNS toxoplasmosis ranged be-
tween 1.5 and 2% in a French national survey from January
1990 to September 1992 (49).

Presumptive therapy poses some risks. One should consider
that the use of such a response is inherently nonspecific be-
cause other organisms might respond to antitoxoplasma ther-
apy (Babesia spp., for example). Adverse reactions to first-line
drugs in patients with AIDS leads to discontinuation and ham-
pers therapeutic evaluation. An undue delay in pursuing an
alternative diagnosis (43) accessible to specific therapy (tuber-
culosis, cryptococcosis) is also to be feared.

In our study IgG antibodies against T. gondii were present in
the blood of all patients, as detected by immunofluorescence.
This finding is consistent with those of other studies in which
all patients with TE had a positive serology, indicating that
toxoplasmosic cysts were already present in the tissue (45). In
another study, 22% of the patients had undetectable antitoxo-
plasma IgG antibodies by indirect immunofluorescence, while
enzyme-linked immunosorbent assay appeared to be more sen-
sitive (47). The IgG level was increased in only a few people (6
of 27 [22.3%] patients with probable TE or toxoplasmic uve-
itis), and IgM determination did not provide a sufficient con-
tribution (positive in only three patients), as described previ-
ously (60). For diagnosis, compared with blood serologic
testing, measurements of the intrathecal production of anti-
bodies against 7. gondii gave better, although low, sensitivity
(63%) and specificity (68%) in earlier surveys (6, 48). When
assessed in our patients, CSF was positive for antibodies, but
they were present at low levels, and we did not evaluate the
ratio of the level of albumin in CSF to that in serum or the total
IgG level to confirm local antibody synthesis. As shown in a
recent study, the in vitro production of toxoplasma-specific
antibodies could improve the diagnosis of TE in HIV-infected
patients (59).

Until now, studies concerning the detection of 7. gondii by
PCR and tissue culture have been limited, have often been
retrospective, or have been applied to a few samples, and they
have never been conducted with the pragmatic assessment of
sensitivity and specificity and the usefulness of the two tech-
niques.

Tissue culture is technically easier than PCR but requires

TABLE 3. Diagnostic value of 7. gondii PCR amplification in 48
HIV-infected patients with neurological signs who underwent
blood and CSF sampling (contingency table)”

Probable TE (no. of patients)

PCR result
Yes No Total
Positive 10 0 10
Negative 3 35 38
Total 13 35 48

@ Sensitivity, 10 of 13 patients = 76.9% (95% confidence interval, 46.2 to 95.0);
specificity, 35 of 35 patients = 100% (95% confidence interval, 90.0 to 100.0);
positive predictive value, 10 of 10 patients = 100%; negative predictive value, 35
of 38 patients = 92.1%.
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viable cells, and samples must be rapidly processed for inocu-
lation. It allows detection of active infection, while PCR de-
tects DNA from cysts or tachyzoites. However, parasitemia
may be transient, and the specific prophylaxis decreases the
parasite burden. Moreover, the number of parasites used to
inoculate cultures together with inhibitory factors (especially in
the buffy coats of leukocytes and platelets) may interfere with
the infection of the monolayer (25). The latter considerations
explain the low level of sensitivity of blood culture: 14 to 38.7%
for the diagnosis of TE (3, 21, 57) and 10% for patients with
fever and unproven organic infection but improvement after
specific therapy (57). Whereas tissue culture was promising in
a retrospective study (22), it was not contributor to the diag-
nosis in our series and for the surveillance of HIV-infected
patients at risk of TE (despite the use of serial samples, which
should theoretically be more effective for detecting intermit-
tent shedding of T. gondii in blood) (20). The only positive
result that we found was for a CSF sample with a positive PCR
result, while blood culture and PCR were negative. Such a
discrepancy has already been reported (10) and underlines the
usefulness of local fluid samples (CSF for TE, BAL for Toxo-
plasma pneumonia) (19).

Compared with tissue culture, PCR amplification can be
done on frozen erythrocyte-free pellets. With strict measures
taken to avoid contamination, it is interesting that, like others
(32, 44), we found no false-positive results in our series. Al-
though superior to tissue culture, the reported sensitivity of
PCR of CSF is less impressive and has ranged from 35.3 to
100% for HIV-infected patients (27, 44, 45, 46, 55). In a survey
of 29 patients (55), the 95% confidence intervals for specificity
(71 to 100%) and sensitivity (41 to 86%) resulted in positive
predictive value ranges of from 0.38 to 1.00 and negative pre-
dictive value ranges of from 0.74 to 0.94. This was based on an
estimated 30% prevalence of TE among 7. gondii-infected
patients with AIDS and on a negative control group of nine
patients. Our values for specificity (90 to 100%) are higher
because of a high number of negative controls: 35 patients
without false-positive results. The low level of sensitivity of
PCR might be due to inhibitory factors such as porphyrin and
Toxoplasma DNA destruction before amplification, which can
be avoided with adapted measures as described previously (27,
58). PCR amplification with a gene more repetitive than the B1
gene such as rDNA and testing of several sequential samples
could improve the sensitivity, which resulted in a 95% confi-
dence interval of 46.2 to 95.0% in our study with a single
sample (18, 32, 55). In a recent study with B1 gene amplifica-
tion, a higher diagnostic accuracy was achieved when lumbar
puncture was performed in the first week of anti-Toxoplasma
therapy (44). Moreover, CSF is unlikely to be positive for deep
brain lesions. By combining the use of CSF and blood samples,
our study demonstrates a better sensitivity of PCR, especially
in patients with few signs of presumptive TE (3 of 10 patients
had only a positive PCR of blood, compared with 2 of 15
patients with a positive PCR of blood in a recent study with B1
gene amplification [38]).

Of note is the positivity of PCR amplification in two patients
with toxoplasmic uveitis. In former studies, DNA amplification
could be positive while the Witmer-Desmonts coefficient was
negative (1).

The absence of positive results in the group of patients with
unexplained fever may be due to their low numbers.

We conclude that PCR amplification of rDNA is more sen-
sitive than tissue culture on MRCS cells for the diagnosis of TE
in HIV-infected patients. Combined use of CSF and blood
sampling is required for better sensitivity. Serial sampling war-
rants further examination.

T. GONDII PCR AND TISSUE CULTURE IN AIDS 2425

ACKNOWLEDGMENTS

We thank Marie-Claire Paty, Patrick Rispal, Catherine Lasseur, and
Marielle Buisson, without whose help this study could not have been
completed.

REFERENCES

. Aouizerate, F., J. Cazenave, L. Poirier, P. Verin, A. Cheyrou, J. Begueret,
and F. Lagoutte. 1993. Detection of Toxoplasma gondii in aqueous humor by
the polymerase chain reaction. Br. J. Ophthalmol. 77:107-109.

2. Aouizerate, F., J. Cazenave, L. Poirier, P. Verin, C. Gervais, F. Lagoutte, and
J. Begueret. 1991. Détection directe de toxoplasmes dans 'humeur acqueuse
par amplification génique (PCR). J. Fr. Ophtalmol. 14:550-555.

3. Asensi, V., J. A. Carton, J. A. Maradona, M. Ona, and J. M. Arribas. 1993.
Clinical value of blood cultures for detection of Toxoplasma gondii in human
immunodeficiency virus-seropositive patients with and without cerebral le-
sions on computerized tomography. Clin. Infect. Dis. 17:511-512.

4. Bessieres, M. H., C. Roques, A. Berreri, C. Llauro, and J. P. Seguela. 1987.
Dosage des immunoglobulines et isolement du parasite par inoculation a la
souris et culture cellulaire du sang foetal. Intérét comparatif dans le diag-
nostic prénatal de la toxoplasmose congénitale. Bull. Soc. Fr. Parasitol.
5:27-32.

5. Bishburg, E., R. H. K. Eng, J. Slim, G. Perez, and E. Johnson. 1989. Brain
lesions in patients with acquired immunodeficiency syndrome. Arch. Intern.
Med. 149:941-943.

6. Bougnoux, M. E., P. Nicaise, F. Heyer, T. Ancelle, J. L. Pinquier, J. Dupouy-
Camet, and C. Tourte-Schaeffer. 1990. Diagnostic de la toxoplasmose céré-
brale chez les sidéens. Valeur de la recherche d’anticorps dans le liquide
céphalo-rachidien. Presse Med. 19:1751-1753.

7. Bretagne, S., J. M. Costa, M. Vidaud, J. Tran Van Nhieu, and J. Fleury-
Feith. 1993. Detection of Toxoplasma gondii by competitive DNA amplifi-
cation of bronchoalveolar lavage samples. J. Infect. Dis. 168:1585-1588.

8. Brezin, A. P., C. E. Eqwuagu, C. Silveira, P. Thuilliez, M. C. Martins, R. M.
Mahdi, R. Belfort, and R. B. Nussenblat. 1991. Analysis of aqueous humor
in ocular toxoplasmosis. N. Engl. J. Med. 324:699.

9. Burg, J. L., C. M. Grover, P. Pouletty, and J. C. Boothroyd. 1989. Direct and
sensitive detection of a pathogenic protozoan, Toxoplasma gondii, by poly-
merase chain reaction. J. Clin. Microbiol. 27:1787-1792.

10. Caramello, P., B. Forno, A. Lucchini, A. M. Pollono, A. Sinicco, and P.
Gioannini. 1993. Meningoencephalitis caused by Toxoplasma gondii diag-
nosed by isolation from cerebrospinal fluid in an HIV-positive patient.
Scand. J. Infect. Dis. 25:663-666.

11. Catterall, J. R., J. M. Hofflin, and J. S. Remington. 1986. Pulmonary toxo-
plasmosis. Am. Rev. Respir. Dis. 133:704-711.

12. Cazenave, J., M. H. Bessiéres, D. Sourrue, A. Cheyrou, and J. Begueret.
1990. Detection de toxoplasmes par amplification d’ADN. Un exemple
d’application des techniques de biologie moléculaire au diagnostic parasi-
taire. Rev. Fr. Lab. 209:118-126.

13. Cazenave, J., B. Broussin, Ph. Verin, V. Tirard, A. Cheyrou, and J. Begueret.
1994. Apport de 'amplification génique au diagnostic biologique de la toxo-
plasmose. Presse Med. 23:573-575.

14. Cazenave, J., A. Cheyrou, and J. Begueret. 1993. Improvement of rDNA-
based PCR assay to detect Toxoplasma. Prenat. Diagn. 13:543. (Letter to the
editor.)

15. Cazenave, J., A. Cheyrou, P. Blouin, A. M. Johnson, and J. Begueret. 1991.
Use of polymerase chain reaction to detect Toxoplasma. J. Clin. Pathol.
44:1037-1039.

16. Cazenave, J., F. Forestier, M. H. Bessieres, B. Broussin, and J. Begueret.
1992. Contribution of a new PCR assay to the prenatal diagnosis of congen-
ital toxoplasmosis. Prenat. Diagn. 12:1192-1197.

17. Centers for Disease Control and Prevention. 1992. 1993 revised classification
system for HIV infection and expanded surveillance definition for AIDS
among adolescents and adults. Morbid. Mortal. Weekly Rep. 41:1-19.

18. Cristina, N., F. Derouin, H. Pelloux, R. Pierce, M. F. Cesbron-Delauwn, and
P. Ambroise-Thomas. 1992. Détection de Toxoplasma gondii chez des pa-
tients sidéens par la technique de “polymerase chain reaction” (PCR), a
l'aide de la séquence répétée TGRI1E. Pathol. Biol. 40:52-55.

19. Cristina, N., H. Pelloux, C. Goulhot, J. P. Brion, P. Leclercq, and P. Am-
broise-Thomas. 1993. Detection of Toxoplasma gondii in AIDS patients by
the polymerase chain reaction. Infection 3:150-153.

20. Danneman, B. R., D. M. Israelski, D. S. Leoung, T. McGraw, J. Mills, and
J. S. Remington. 1991. Toxoplasma serology parasitemia and antigenemia in
patients at risk for toxoplasma encephalitis. AIDS 5:1363-1365.

21. Danneman, B. R., A. M. McCutchan, D. M. Israerski, D. Antoniskis, C.
Leport, B. Luft, J. Nussbaum, N. Clumeck, P. Morlat, J. Chiu, J. L. Vilde, M.
Orellana, D. Feigal, A. Bartok, P. Heseltine, J. Leedom, J. Remington, and
the California Collaborative Treatment Group. 1992. Treatment of toxo-
plasmic encephalitis in patients with AIDS. A randomized trial comparing
pyrimethamine plus clindamycin to pyrimethamine plus sulfonamides. Ann.
Intern. Med. 116:33-43.

22. Derouin, F., and Y. J. F. Garin. 1992. Isolement de Toxoplasma gondii par

culture cellulaire chez les sujets infectés par le VIH. Presse Méd. 21:1853-1856.

—_



2426

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

DUPON ET AL.

Derouin, F., M. C. Mazeron, and V. J. F. Garin. 1987. Comparative study of
tissue culture and mouse inoculation methods for demonstration of Toxo-
plasma gondii. J. Clin. Microbiol. 25:1597-1600.

Derouin, F., C. Sarfati, B. Beauvais, M. C. Iliou, L. Dehen, and M. Lar-
riviere. 1989. Laboratory diagnosis of pulmonary toxoplasmosis in patients
with AIDS. J. Clin. Microbiol. 27:1661-1663.

Dupouy-Camet, J., S. Lavareda de Souza, C. Maslo, A. Paugam, A. G.
Saimot, R. Benarous, C. Tourte-Schaefer, and F. Derouin. 1993. Detection
of Toxoplasma gondii in venous blood from AIDS patients by polymerase
chain reaction. J. Clin. Microbiol. 31:1866-1869.

Filice, G. A,, J. A. Hitt, C. D. Mitchell, M. Blackstad, and S. W. Sorensen.
1993. Diagnosis of Toxoplasma parasitemia in patients with AIDS by gene
detection after amplification with polymerase chain reaction. J. Clin. Micro-
biol. 31:2327-2324.

Gross, U., A. Roggenkamp, K. Janitschke, and J. Heesemann. 1992. Im-
proved sensitivity of the polymerase chain reaction for detection of Toxo-
plasma gondii in biological and human clinical specimens. Eur. J. Clin.
Microbiol. Infect. Dis. 11:33-39.

Grover, C. M., P. Thulliez, J. Remington, and J. C. Boothroyd. 1990. Rapid
prenatal diagnosis of congenital Toxoplasma infection by using polymerase
chain reaction and amniotic fluid. J. Clin. Microbiol. 28:2297-2301.

Guay, J. M., D. Dubois, M. J. Morency, S. Gagnon, J. Mercier, and R. C.
Levesque. 1993. Detection of the pathogenic parasite Toxoplasma gondii by
specific amplification of ribosomal sequences using comultiplex polymerase
chain reaction. J. Clin. Microbiol. 31:203-207.

Hitt, J. A., and G. A. Filice. 1992. Detection of Toxoplasma gondii para-
sitemia by gene amplification, cell culture, and mouse inoculation. J. Clin.
Microbiol. 30:3181-3184.

Hofflin, J. M., and J. S. Remington. 1985. Tissue culture isolation of Toxo-
plasma gondii from blood of a patient with AIDS. Arch. Intern. Med. 145:
925-926.

Hohfeld, P., F. Daffos, J. M. Costa, P. Thulliez, F. Forestier, and M. Vidaud.
1994. Prenatal diagnosis of congenital toxoplasmosis with a polymerase-
chain reaction test on amniotic fluid. N. Engl. J. Med. 331:695-699.
Holliman, R. E., J. D. Joh S. H. Gillespie, M. A. Joh S. B. Squire,
and D. Savva. 1991. New methods in the diagnosis and management of
cerebral toxoplasmosis associated with the acquired immune deficiency syn-
drome. J. Infect. 22:281-285.

Holliman, R. E., J. D. Johnson, and D. Savva. 1990. Diagnosis of cerebral
toxoplasmosis in association with AIDS using the polymerase chain reaction.
Scand. J. Infect. Dis. 22:243-244.

Israelski, D. M., and J. S. Remington. 1993. Toxoplasmosis in the non-AIDS
immunocompromised host, p. 322-356. In J. S. Remington and M. N.
Schwartz (ed.), Current clinical topics in infectious diseases, vol. 13. Black-
well Scientific Publications, Cambridge, Mass.

Jeffreys, A. J., V. Wilson, R. Neumann, and J. Keyte. 1988. Amplification of
human minisatellites by the PCR: towards DNA fingerprinting of simple
cells. Nucleic Acids Res. 16:10953-10971.

Johnson, A. M., P. J. Murray, S. Illana, and P. J. Baverstock. 1987. Rapid
nucleotide sequence analysis of the subunit ribosomal RNA of Toxoplasma
gondii: evolutionary implications for the Apicomplexa. Mol. Biochem. Para-
sitol. 25:239-246.

Khalifa, K. E., A. Roth, B. Roth, K. N. Arasteh, and K. Janitschke. 1994.
Value of PCR for evaluating occurrence of parasitemia in immunocompro-
mised patients with cerebral and extracerebral toxoplasmosis. J. Clin. Mi-
crobiol. 32:2813-2819.

Lebech, M., A. M. Lebech, S. Nelsing, J. Vuust, L. Mathiesen, and E.
Petersen. 1992. Detection of Toxoplasma gondii DNA by polymerase chain
reaction in cerebrospinal fluid from AIDS patients with cerebral toxoplas-
mosis. J. Infect. Dis. 165:982-983.

Leport, C., and J. S. Remington. 1992. Toxoplasmose au cours du SIDA.
Presse Méd. 21:1165-1171.

Luft, B. J., and J. S. Remington. 1988. Toxoplasmic encephalitis. J. Infect.
Dis. 157:1-6.

Luft, B. J., R. Hafner, A. H. Korzun, C. Leport, D. Antoniskis, E. M. Bosler,

43.

44.

45.

46.

47.

48.

49.

50.

5L

52.

53.

54.

55.

56.

57.

58.

59.

60.

=]

J. CLIN. MICROBIOL.

D. D. Bourland, R. Uttamchandani, J. Fuhrer, J. Jacobson, P. Morlat, J. L.
Vilde, J. S. Remigton, and Members of the ACTG 077p/ANRS 009 Study
Team. 1993. Toxoplasmic encephalitis in patients with the acquired immu-
nodeficiency syndrome. N. Engl. J. Med. 329:995-1000.

Luft, B. J., and J. S. Remington. 1992. Toxoplasmic encephalitis. Clin. Infect.
Dis. 15:211-222.

Novati, R., A. Castagna, G. Morsica, L. Vago, G. Tambussi, S. Ghezzi, C.
Gervasoni, C. Bisson, A. d’Arminio Monforte, and A. Lazzarin. 1994. Poly-
merase chain reaction for Toxoplasma gondii DNA in the cerebrospinal fluid
of AIDS patients with focal brain lesions. AIDS 8:1691-1694.

Ostergaard, L., A. K. Nielsen, and F. T. Black. 1993. DNA amplification on
cerebrospinal fluid for diagnosis of cerebral toxoplasmosis among HIV-
positive patients with signs or symptoms of neurological disease. Scand. J.
Infect. Dis. 25:227-237.

Parmley, S. F., F. D. Goebel, and J. S. Remington. 1992. Detection of
Toxoplasma gondii in cerebrospinal fluid from AIDS patients by polymerase
chain reaction. J. Clin. Microbiol. 30:3000-3002.

Porter, S. B., and M. A. Sande. 1992. Toxoplasmosis of the central nervous
system in the acquired immunodeficiency syndrome. N. Engl. J. Med. 327:
1643-1648.

Potasman, L., L. Resnick, B. J. Luft, and J. S. Remington. 1988. Intrathecal
production of antibodies against Toxoplasma gondii in patients with toxo-
plasmic encephalitis and the acquired immunodeficiency syndrome (AIDS).
Ann. Intern. Med. 108:49-51.

Rabaud, C., T. May, C. Amiel, C. Katlama, C. Leport, P. Ambroise-Thomas,
and P. Canton. 1994. Extracerebral toxoplasmosis in patients infected with
HIV. A French national survey. Medicine (Baltimore) 73:306-314.
Ragnaud, J. M., P. Morlat, M. Dupon, D. Lacoste, J. L. Pellegrin, G. Chene,
and le Groupe d’Epidémiologie Clinique du SIDA en Aquitaine. 1993. Toxo-
plasmose cérébrale au cours du SIDA. 73 observations. Presse Méd. 22:903—
908.

Ragnaud, J. M., P. Morlat, M. Dupon, J. L. Pellegrin, D. Lacoste, D. Mon-
lun, G. Chene, J. Aubertin, and le Groupe d’Epidémiologie Clinique du
SIDA en Aquitaine (GECSA). 1993. Rechutes de toxoplasmose cérébrale au
cours du SIDA. Etude de 25 cas. Méd. Mal. Infect. 23:791-795.

Réseau National de Santé Publique (Direction Générale de la Santé). 1994.
Surveillance du SIDA en France. Bull. Epidémiol. Hebd. 32:143-149.
Roques, C., M. H. Bessi¢res, C. Canut, and J. P. Seguela. 1985. Etude du
comportement en culture cellulaire MRC5 d’une souche kystogene de Tox-
oplasma gondii. Bull. Soc. Fr. Parasitol. 3:159-162.

Savva, D., J. C. Morris, J. D. Johnson, and R. E. Holliman. 1990. Polymerase
chain reaction for detection of Toxoplasma gondii. J. Med. Microbiol. 32:25—
31.

Schoondermark-van de Ven, E., J. Galama, C. Kraaijeveld, J. van Druten, J.
Meuwissen, and W. Melchers. 1993. Value of the polymerase chain reaction
for the detection of Toxoplasma gondii in cerebrospinal fluid from patients
with AIDS. Clin. Infect. Dis. 16:661-666.

Smith, E., C. Pers, C. Aschow, and L. Mathiesen. 1991. Cerebral toxoplas-
mosis in Danish AIDS patients. Scan. J. Infect. 23:7039.

Tirard, V., G. Niel, M. Rosenheim, C. Katlama, L. Ciceron, W. Ogunkolade,
M. Danis, and M. Gentilini. 1991. Diagnosis of toxoplasmosis in patients
with AIDS by isolation of the parasite from the blood. N. Engl. J. Med.
324:634.

Van de Ven, D., W. Melchers, J. Galama, W. Camps, and J. Meuwissen.
1991. Identification of Toxoplasma gondii infections by BI gene amplification.
J. Clin. Microbiol. 29:2120-2124.

Vendrell, J. P., J. Reynes, M. F. Huguet, J. Ngou, C. Michard, N. Atoui, F.
Pratlong, M. Segondy, and A. Serre. 1993. In vitro synthesis of antibodies to
Toxoplasma gondii by lymphocytes from HIV1-infected patients. Lancet 342:
22-23.

Zufferez, J., A. Sugar, P. Rudaz, J. Bille, M. P. Glauser, and J. P. Chave.
1993. Prevalence of latent toxoplasmosis and serological diagnosis of active
infection in HIV-positive patients. Eur. J. Clin. Microbiol. Infect. Dis. 12:
591-595.



