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Detection of Toxoplasma gondii in Cerebrospinal Fluid from
AIDS Patients by Polymerase Chain Reaction
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The polymerase chain reaction (PCR) was used to detect Toxoplasma gondii DNA in cerebrospinal fluid
(CSF) from 14 patients with AIDS by amplification of the repetitive B1 gene. Positive PCRs were obtained in
CSF from four of nine patients with toxoplasmic encephalitis. CSF samples from five control patients were
negative for T. gondii DNA by PCR.

Toxoplasmosis is one of the most common opportunistic
infection in patients with AIDS and results in a life-threat-
ening encephalitis (5). A definitive diagnosis is rarely accom-
plished without a brain biopsy. Since serologic tests have not
proven useful for diagnosis of the disease in patients with
AIDS, methods which allow detection of the parasite in
tissue and body fluids are more useful. One method that has
been used successfully for the detection toxoplasma DNA in
clinical specimens is the polymerase chain reaction (PCR)
(1). Toxoplasma infection has been diagnosed correctly by
PCR of amniotic fluid and blood (2, 3, 9). PCR analysis of
cerebrospinal fluid (CSF) has been successful in diagnosing
herpes simplex encephalitis and parasitic treponemes (4, 7)
as well as toxoplasma infection (6, 8). In the study by van de
Ven and colleagues (8), a positive PCR was obtained by
using CSF from an infant congenitally infected with Toxo-
plasma gondii, but not with CSF from an adult patient
diagnosed with toxoplasmic encephalitis (TE) by other
means. In the study by Lebech and colleagues (6), positive
PCRs were observed with CSF from two patients with AIDS
and acute cerebral toxoplasmosis.
We used the PCR assay on the basis of amplification of the

35-fold repetitive Bi gene of T. gondii. In this study, CSF
specimens from 14 patients with AIDS were analyzed by
PCR. Nine of the 14 patients were diagnosed as having TE
on the basis of the results of computed tomography scans,
clinical signs of toxoplasmosis, seropositivity for T. gondii,
and response to antitoxoplasma therapy. CSF samples were
obtained from the remaining five patients for other reasons
and did not show any signs of toxoplasma infection. These
five CSF specimens were used as controls. CSF specimens
from all of the patients were frozen immediately after
collection at the Medical Poliklinik, University of Munich,
Munich, Germany, and were shipped on dry ice to the
Research Institute in Palo Alto, Calif.
To prepare the specimens for amplification, the CSF was

thawed on ice and centrifuged at 10,000 x g at 4°C to pellet
the cells. Cell pellets were resuspended in 150 p.l of sterile
distilled water and were heated to 94°C for 10 min to lyse the
cells. The lysed samples were directly assayed by PCR
amplification of the Bi target gene of T. gondii as described
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previously (3). Briefly, 50 pul of each lysed specimen was
analyzed by PCR in a final volume of 100 p,l containing 10
mM Tris-HCl (pH 8.3); 50 mM KCl; 2.5 mM MgCl2; 0.01%
gelatin; 200 ,uM (each) dATP, dGTP, dCTP, and dTTP; 100
pmol of each Bi oligonucleotide primer 1 and 4 (1); and 2.5
U of Taq DNA polymerase (Perkin-Elmer Cetus). Amplifi-
cation was carried out for 55 cycles in a PTC-100 program-
mable thermal controller (MJ Research). Each cycle con-
sisted of 1 min of denaturation at 94°C, 1 min of annealing at
50°C, and 2 min of extension at 72°C. About 10 p.l of the
amplified DNA samples was analyzed by agarose gel elec-
trophoresis, and the 110-bp products were visualized by
staining with ethidium bromide. About 50 ,ul of the amplified
DNA samples was denatured by treatment with 0.4 N
NaOH, boiled, neutralized, and transferred to nitrocellulose
in a slot blot apparatus (Bethesda Research Laboratories);
and the DNA was covalently bound to the membrane by
baking at 80°C for 1 h. Specific amplification of the Bi target
gene was detected by hybridization of the blots with radio-
actively labeled oligonucleotide 3 as described previously
(1). Positive control PCRs performed on mock specimens
containing approximately five tachyzoites and negative con-
trol reactions with no target DNA were included with each
set of CSF specimens tested. Previous experiments have
shown that the Bi gene amplification procedure is sensitive
enough to detect a single isolated parasite and as few as 10
parasites in a background of 100,000 leukocytes (1). CSF
specimens were analyzed in duplicate. Those specimens that
yielded a positive signal in only one of the two assays were
analyzed a third time by Bi amplification of the remaining 50
,ul of cell lysate. Specimens that yielded a specific positive
signal in at least two assays were considered positive. All
specimens were coded in order to perform the PCR analysis
in a blinded manner. Special care was taken to avoid
cross-contamination of samples, including the use of positive
displacement pipettes. In a separate series of experiments,
PCR amplification with the Bi primers was negative when
performed on numerous other opportunistic pathogens, in-
cluding Aspergillus fumigatus, Candida albicans, Crypto-
coccus neofornans, and Absidia spp. (2a). In addition, PCR
was negative when performed on over 40 CSF specimens
from patients who were seronegative for toxoplasma anti-
bodies (data not shown).
The results of the PCR analysis of the CSF from the 14

patients with AIDS are summarized in Table 1, which also
provides relevant clinical information for each patient. Pa
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tients A to I were diagnosed with TE on the basis of clinical
signs. Two separate CSF samples were obtained from pa-
tients A, B, C, and H at intervals of 5, 13, 3, and 2 months
apart, respectively. Specimens 4, 8, 11, and 13 were positive
by the PCR assay; these were from patients B, E, H, and I,
respectively. The remaining 14 CSF samples did not yield a
positive signal by the PCR assay, including the specimens
from the five control patients and one CSF sample that was
obtained from patient B 13 months prior to the development
of clinical signs of TE. Patients A and B died, and autopsies
revealed disseminated toxoplasma infections in both cases.
In summary, there were no false-positive reactions in the
five control specimens, and four samples from nine patients
with TE were positive by PCR. Thus, PCR detected TE in
44% of our patients.
These results demonstrate that PCR analysis of CSF from

patients with suspect TE is a promising method for diagnos-
ing T. gondii infection by directly detecting parasite DNA.
Although the results were in a relatively small sample of
patients and were not positive in all CSF specimens obtained
from those patients that were confirmed by clinical diagnosis
to have TE, the PCR is at least as sensitive as existing
laboratory methods and the results can be obtained much
more rapidly.

This work was supported by NIH grant A104714; the University
of California's University wide AIDS Research program (grant
R91PAM007), and a grant from the MacArthur Foundation (Univer-
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