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Ocular toxoplasmosis (OT), i.e., the ocular manifestation of Toxoplasma
gondii infection, is one of the leading causes of posterior uveitis. While ocular lesions
are often typical, atypical forms often require biological conﬁrmation of the diagnosis. Our study sought to review the biological OT diagnoses made in our laboratory
to further assess the role of each test in the diagnostic procedure. All ocular samples
sent to our laboratory over the last 9 years for OT diagnosis were included. These
samples were analyzed using T. gondii PCR and antibody detection by means of immunoblotting and Candolﬁ coefﬁcient (CC) determinations, either alone or in combination. Since serum analysis is required to interpret both the CC and immunoblotting, blood serology for T. gondii was also performed in most cases. Of the 249
samples analyzed, 80 (32.1%; 95% conﬁdence interval [95%CI], 26.3 to 37.9) were
positive for OT. Of these 80 cases, 52/80 (65.0%; 54.6 to 74.5) displayed a positive
PCR, 15/80 (18.8%; 10.2 to 27.3) a positive CC, and 33/80 (41.3%; 95%CI, 30.5 to
52.0) a positive immunoblot result. Overall, 63 of the 80 OT diagnoses (78.8%;
95%CI, 69.8 to 87.7) were made on the basis of a single positive test result. Our
study results remind us that current biological diagnostic tools for OT must be
employed in combination to obtain an optimal diagnosis based on the precious
ocular ﬂuids sampled by ophthalmologists. Clinicobiological studies that are focused on correlating the performances of the different tests with clinical features
are critically needed to improve our understanding of the pathophysiology and
diagnosis of OT.

ABSTRACT

IMPORTANCE Ocular toxoplasmosis (OT), a parasitic infection of the eye, is consid-

ered to be the most important infectious cause of posterior uveitis worldwide. Its
prevalence is particularly high in South America, where aggressive Toxoplasma gondii strains are responsible for more-severe presentations. The particular pathophysiology of this infection leads, from recurrence to recurrence, to potentially severe vision impairment. The diagnosis of this infection is usually exclusively based on the
clinical examination. However, the symptoms may be misleading and are not always
sufﬁcient to conﬁrm a diagnosis of OT. In such cases, biological tests performed by
means of several techniques on blood and ocular samples may facilitate the diagnosis. In this study, we analyzed the tests that were performed in our laboratory over a
9-year period every time OT was suspected. Our report highlights that the quality of
ocular sampling by ophthalmologists and combinations of several techniques are
critical for a reliable biological OT diagnosis.
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O

cular toxoplasmosis (OT) is the ocular presentation of the infection caused by the
ubiquitous apicomplexan parasite Toxoplasma gondii. In some parts of the world,
the prevalence of T. gondii infection is estimated at up to 80%, leading OT to represent
one of the primary etiologies of posterior uveitis in regions like South America (1, 2). OT
causes retinochoroiditis, leading to visual impairment from recurrence to recurrence
and, in rare situations, to loss of sight in the infected eye (3, 4). In most cases, retinal
lesions are sufﬁciently characteristic to allow an OT diagnosis to be established by
ophthalmologists relying only on ophthalmic examination (5). However, the clinical
presentation can at times prove to be misleading, requiring biological tests to be either
conﬁrmed or refuted (5–8). Indeed, a recent article showed that, in South America, the
clinical diagnosis could be modiﬁed in a signiﬁcant proportion of uveitis cases when
adding laboratory testing (9). In these cases, physicians have resorted to tests performed on blood and ocular samples, these latter primarily consisting of aqueous
humor (AH) samples collected through anterior chamber puncture (ACP), a fast and safe
procedure (10, 11), but also of vitreous humor (VH) samples collected via vitrectomy, a
far more risky intervention.
Several biological techniques enable clinical parasitologists to optimize these blood
and ocular samples, including the direct detection of parasites through PCR and
antibody detection with titer interpretation from the blood, as well as from ocular
samples, as already reviewed elsewhere (12). By combining these techniques, clinical
parasitologists are now able to achieve sensitivity (Se) and speciﬁcity (Sp) of up to 97%
and 93%, respectively (13, 14). However, biological techniques, particularly PCR, might
have different performances according to whether they are performed on European/
North American or South American patient samples (15).
In the current study, we aimed to review all the OT cases diagnosed in our
laboratory, without any consideration for the underlying clinical situation, so as to
further assess the role of each test employed in positive samples according to the
diagnostic procedure.
RESULTS
From 1 January 2010 to 31 December 2018, 249 ocular samples primarily comprising
AH (240/249) (96.4%; 95% conﬁdence interval [95%CI], 94.1 to 98.7) were sent to our
laboratory for OT diagnosis (see Table S1 in the supplemental material).
Blood serology analysis for diagnosis of toxoplasmosis was performed in our laboratory in 217 cases, of which 148/217 (68.2%; 95%CI, 62.0 to 74.4) were positive with a
chronic infection proﬁle, 7/217 (3.2%; 95%CI, 0.9 to 5.6) had a primary infection proﬁle,
and 1/217 was positive yet doubtful with respect to antibody avidity. PCR was performed in 242 cases, of which 52 (21.5%; 95%CI, 16.3 to 26.7) were positive. PCR was
not performed in seven cases due to either insufﬁcient AH quantity (n ⫽ 3) or for
unknown reasons (n ⫽ 4). Ocular serology testing was conducted by means of
immunoblotting in 117 cases, of which 51/117 (43.6%; 95%CI, 34.6 to 52.6) exhibited
similar immune proﬁles in the blood and AH samples and 33/117 (28.2%; 95%CI, 20.1
to 36.4) different proﬁles, whereas 33/117 (28.2%; 95%CI, 20.1 to 36.4) were negative.
Finally, the Candolﬁ coefﬁcient (CC) was assessed in 83 cases, of which 15/83 (18.1%;
95%CI, 9.8 to 26.4) were positive, 26/83 (31.3%; 95%CI, 21.4 to 41.3) were negative,
32/83 (38.6%; 95%CI, 28.1 to 49.0) were noninterpretable due to blood-ocular barrier
(BOB) permeability, and 10/83 (12.1%; 95%CI:5.0 to 19.0) were doubtful due to intermediate values. Only 74/249 (29.7%; 95%CI, 24.0 to 35.4) of all eye samples were tested
using these three techniques.
Of the 249 samples analyzed, 80 (32.1%; 95%CI, 26.3 to 37.9) produced results in
favor of the OT diagnosis (Fig. 1). The PCR was positive in 52/80 cases (65.0%; 95%CI,
54.6 to 74.5); immunoblotting was positive in 33/80 cases (41.3%; 95%CI, 30.5 to 52.0),
and the CC was positive in 15/80 cases (18.8%; 95%CI, 10.2 to 27.3). Blood serology was
performed in our laboratory in 76/80 of positive cases, of which 74/76 turned out to be
positive (97.4%; 95%CI, 93.8 to 100.0), with a primary infection proﬁle in 5/76 cases
(6.6%; 95%CI, 1.0 to 12.2). Of the two patients with negative blood serology, one
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FIG 1 Results of biological tests in all OT biologically diagnosed at Strasbourg University Hospital from 1 January 2010 to
31 December 2018.

displayed a positive yet noninterpretable CC due to a permeable BOB, whereas the
other one did not undergo the ocular serologic assays. Of note, two of the ﬁve cases
with a primary infection proﬁle had a negative PCR. Of the 52 cases with a positive PCR,
25 were tested using either immunoblotting or CC, with 13 being positive (48.0%;
95%CI, 28.4 to 67.6); similarly, of the 41 cases with a positive CC or immunoblotting, 13
(31.7%; 95%CI, 17.5 to 46.0) were positive using PCR. Overall, 21 of the PCR-negative
samples exhibited immune proﬁles that differed between the blood and eye samples,
allowing the OT diagnosis to be established. This was conﬁrmed by a positive CC in four
cases. A total of 11 samples were analyzed through CC despite a positive PCR; among
the 11 samples, 4 were positive, 6 noninterpretable due to BOB permeability, and 1
doubtful because of intermediate values. Finally, ﬁve samples displayed an interpretable and positive CC, allowing the OT diagnosis to be made. Overall, 63/80 OT diagnoses
(78.8%; 95%CI, 69.8 to 87.7) were made due to a single positive test, whereas only 25/80
(31.2%; 95%CI, 21.1 to 41.4) were tested using the three techniques, of which only 3/25
(12.0%; 95%CI, 0.0 to 24.7) turned out to be positive with the three tests (Fig. 2).
Of these 249 samples, 124 (49.8%; 95%CI, 43.6 to 56.0) were additionally tested for
viral infections (cytomegalovirus [CMV], herpes simplex virus [HSV], or varicella-zoster
virus [VZV]), among which 11 (8.9%; 95%CI, 3.9 to 13.9) were positive (6 for HSV, 4 for
VZV, and 1 for CMV), while 3 revealed the presence of PCR inhibitors. All the samples
that were positive for a viral infection were negative for toxoplasmosis. In addition, 18
(7.3%; 95%CI, 4.0 to 10.5) of the 249 samples were tested for the presence of bacteria
using PCRs (for detection of 16S DNA, Borrelia sp., Bartonella sp., or Chlamydia trachomatis), though all turned out to be negative. Of the 249 samples, 134 (53.8%; IC9%: 47.6
to 60.0) were also tested for other infections. Of the 169 samples that were negative for
OT, 108 (63.9%; 95%CI, 56.7 to 71.2) were tested for other microorganisms, either viral
or bacterial in nature, resulting in 11 additional microbiological diagnoses. Of these 11
subjects, 5 exhibited negative blood T. gondii serology.
DISCUSSION
We performed an observational study over a 9-year period, allowing us to analyze
data regarding a great number of samples. However, this kind of study, without prior
design, did not allow us to access reliable clinical data about the patients whose
September/October 2019 Volume 4 Issue 5 e00636-19
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FIG 2 Euler diagram showing the number of positive tests for each ocular toxoplasmosis sample tested
using PCR, immunoblotting, and Candolﬁ coefﬁcient.

samples were analyzed, and we could not ascertain whether the same set of techniques
was always used for all analyses of the samples.
Over this 9-year period, our laboratory biologically diagnosed 80 OT cases based on
249 samples analyzed. This relatively low ratio highlights the fact that OT diagnosis
primarily relies on ophthalmic examination in most cases. Indeed, in cases where the
lesions found are typical of OT, clinicians often avoid performing an ACP (5, 16).
Considering that most samples analyzed in our laboratory originated from patients
presenting lesions that were compatible with though not typical of a diagnosis of OT,
this ratio would indicate that biological conﬁrmation is an essential diagnostic step in
atypical OT presentations. In addition, when suspecting other ocular diseases, it is
highly probable that clinicians take advantage of the ACP that they perform to assess
the possibility of an atypical OT presentation, even when the suspicion is weak (17). This
is illustrated by the fact that more than half of the samples were also analyzed for other
kinds of microorganisms, either viral or bacterial. That situation artiﬁcially decreases the
ratio of conﬁrmed biological OT diagnoses, since tests are performed in settings where
OT is, in fact, not clinically suspected. Finally, we cannot exclude the possibility that this
low ratio might reﬂect low sensitivity of our diagnosis algorithm.
Of these 80 cases, 52 exhibited a positive PCR. This ratio highlights the relevance of
this particular test in our diagnosis algorithm, since two-thirds of our cases could have
been diagnosed using a single test on ocular samples. In the present study, the PCR was
positive in three patients with an immune proﬁle compatible with a primary infection,
as well as in two patients presenting a negative serology, corresponding to either
immunocompromised subjects or to very early primary infections—two situations in
which PCR is believed to be highly sensitive. However, the PCR results remained
negative in two subjects presenting immune proﬁles compatible with primary infection. The biological diagnosis of these two patients was made because of the CC, since
the immunoblotting proﬁles of the blood and eye samples were similar. This is
consistent with the course of a primary infection acquired through per os contamination, that is, systemically. However, since the CC analyzes the differences in the
intensities of immunoglobulin synthesis in the eye and blood, rather than differences
September/October 2019 Volume 4 Issue 5 e00636-19
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in antibody repertoires, we were able to detect strong intraocular antibody synthesis
corresponding to retinochoroiditis. In this assay, the “mumps” ratio is necessary to
assess the impermeability of the BOB. We have chosen to use the parameter of mumps
virus immunity since, as previously explained, a large proportion of the French population has become immune to this virus following several vaccination campaigns (18).
The same objective could, however, be achieved using virtually any other common
microorganism generating long-lasting immunity and not involved in ocular pathology.
The PCR was negative in 28/80 OT cases. OT was then diagnosed using techniques
based on detection of different anti-T. gondii antibody expression results, either with
respect to the repertoire or the amplitude, between the blood and intraocular ﬂuids.
This could reﬂect the different kinetics of detection of parasites and antibodies by the
tests used, during OT. Indeed, antibodies are expected to be expressed in the eye after
the onset of infection, even in cases of recurrence (19, 28). In immunocompetent
patients at least, under conditions of immune response pressure, given that the parasite
presence in situ is probably at a low level and transient, we would expect patients with
a positive PCR result to exhibit low ratios of positive immunoblotting or CC and patients
with a negative PCR result to exhibit high ratios. Indeed, less than half of the positive
PCR samples tested using antibody detection-based tests were positive for the latter,
and, similarly, less than a third of the positive CC or immunoblot samples were positive
using PCR. Nevertheless, as our analysis relied on real-life data, a small proportion of the
samples underwent all three assays, thereby decreasing our statistics’ power and
allowing for study biases. It may also be possible that these ﬁgures highlight a lack of
sensitivity in the tests that we performed. It is, however, likely that the combination of
these three assays enables the clinical parasitologists to perform the best test for each
step of toxoplasmic retinochoroiditis, resulting in higher overall diagnostic performances, as previously described (13, 14, 20).
In our study, 175/249 of all the ocular samples were not tested using all three
techniques; among those 175 samples, 42 displayed a positive PCR. Of the remaining
133 samples with a negative PCR, 86 were not tested with either immunoblotting or CC,
and 47 were tested using only one of these tests. Most often, because of insufﬁcient
sample volume, these tests were not performed. In regard to the very high speciﬁcity
of PCR, choosing not to perform antibody detection-based assays on samples already
positive by PCR appears understandable, but it remains true that 133/249 (53.4%;
95%CI, 47.2 to 59.6) were not tested with the best of current diagnosis techniques, the
use of which might have facilitated the OT diagnosis. This further highlights the
importance of ensuring the quality of ocular liquid sampling by ophthalmologists in
order to obtain reliable biological test results.
Finally, the performances of the tests that we applied could be compared with the
results of a previous study carried out in the same laboratory and published in 2003. For
instance, analyzing only the ocular samples tested with all three techniques, we
showed a current PCR sensitivity of 40% (10/25) versus 28% PCR sensitivity in the data
from 2003 (20). Moreover, the sensitivities of immunoblotting and CC were 33% and
53% in our previous study versus 60% (15/25) and 56% (14/25) in the current study,
respectively. At that time, the PCR technique differed in that it used primers targeting
a sequence in the B1 gene, with a lower sensitivity (21–23). Thus, these current results
may likewise highlight the improvements made in the PCR technique, resulting in an
increase in this assay’s sensitivity. However, if the hypothesis that PCR exhibits better
performance than antibody detection-based testing at early infection stages proves to
be true, the progression of the test’s performances from the earlier study to the later
study may also reﬂect earlier AH sampling in the present study than in the previous
one. Increased levels of systematic AH sampling in cases of OT suspicion may explain
this sampling being performed at an earlier stage of infection than had previously been
the case, reﬂecting changes in the practice of the ophthalmologists.
In conclusion, our study data remind us that current biological diagnostic tools for
OT must be used in combination in order to make the best of the precious ocular ﬂuids
sampled by ophthalmologists but also that the accuracy of the results also relies on the
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volume of the samples. This need for combining tests probably reﬂects the fact that
clinical OT suspicion might occur at different disease stages, rendering parasites or
antibodies more or less easily detected depending on the progression of the infection.
To gain a better understanding of which parameters are relevant for the performances
of the different diagnostic tests, prospective clinicobiological studies focused on correlating the performances of the different tests with clinical characteristics, such as the
delay between symptom onset and ACP or the presence of a retinal scar, are critically
needed. This would also be an opportunity to assess the performance of the clinical
examination within the diagnostic procedure. Moreover, such studies might shed light
on fundamental aspects of OT pathophysiology and pave the way to improvements in
this infection’s diagnosis and treatment.
MATERIALS AND METHODS
We included all the blood and ocular samples assessed from 1 January 2010 to 31 December 2018
in our laboratory for OT diagnosis without considering the strength of the clinical OT suspicion or the
underlying clinical condition. All information was retrieved from our laboratory records. The samples
originated from several medical centers, all situated in eastern France, including Strasbourg University
hospital, Colmar hospital, Mulhouse hospital, Trévenans hospital, and Belfort hospital. Furthermore, two
samples were sent by private clinical pathology laboratories and three directly by private practitioners.
Blood samples were employed for the serologic assays, which consisted of IgG and IgM titer
determinations performed using the Liaison Toxo IgG and IgM assay (DiaSorin, Saluggia, Italy) (Se, 95.8%;
Sp, 99.5%) (24) from January to March 2010, then starting from April 2010, the Architect Toxo IgG and
IgM assay (Abbott, Rungis, France) (Se, 99.6%; Sp, 99.5%) (24). In cases of positive IgM titers, an avidity
test was performed using an Architect Toxo IgG avidity kit (Abbott, Rungis, France) (Se, 89.3% at the
acute phase and 87.1% at the latent phase) (25) to determine if the seropositivity corresponded to a
primary infection or to a chronic infection. For the Architect Toxo IgG avidity kit, avidity was considered
low for levels below 50%, high for levels above 60%, and doubtful for levels between those limits. Thus,
a patient with positive IgM titers and an avidity result of below 50% was classiﬁed as presenting with a
toxoplasmic primary infection.
Ocular samples were tested using three different techniques. Whenever possible, real-time quantitative PCR (qPCR) allowing the detection of the REP-529 sequence of T. gondii was performed (12). DNA
extraction was carried out on the centrifugation pellet using a minimum of 5 l of AH (12,000 rpm for
3 min) eluted in 100 l of water by the use of a QIAamp DNA minikit (Qiagen, Courtaboeuf, France) until
December 2017; then, after December 2017, the extraction procedure was carried out by the use of an
automated MagNA Pure 96 nucleic acid extractor (Roche, Meyland, France). PCR was conducted using the
Tox-9 and Tox-11 primers and Tox-HP-1 and Tox-HP-2 probes, as previously described (26). Each sample
was tested four times in parallel, among which one of the tests contained an internal control for the
presence of PCR inhibitors. In addition, each batch contained one positive control, one negative control,
and a standardized scale. This protocol, along with external controls (i.e., evaluation by an external
organization of the test performances in our laboratory), allowed performances of 100% Se and 100% Sp
to be achieved at the threshold of 0.1 parasite/ml of liquid sample.
Whenever possible (e.g., if the remaining sample volume was sufﬁcient), two serologic tests were
conducted on each of these samples. We ﬁrst performed an immunoblot assay comparing the IgG
proﬁles of blood and ocular samples. To this end, a Toxoplasma Western blotting (WB) IgG/IgM
(immunoproﬁle comparison) kit (Ldbio Diagnostics, Lyon, France) (Se, 62.8%; Sp, 92.8% [according to the
manufacturer]) was employed. For an OT case, the toxoplasmic antigens detected in the ocular sample
are expected to differ from those retrieved from the blood sample. This test thus remains reliable even
if the blood-ocular barrier (BOB) is permeable to circulating antibodies. If immunoblotting carried out on
the ocular samples demonstrated antigens that differed from those detected in the blood, the test result
was considered positive (Fig. 3). This test was performed according to the manufacturer’s instructions by
diluting a 25-l AH sample or 10-l blood serum sample in 1.2 ml buffer each.
Finally, the Candolﬁ coefﬁcient (CC) was assessed by determination of antitoxoplasmic IgG titers in
ocular and blood samples by the use of the enzyme-linked immunosorbent assay (ELISA)-IgG technique
(12, 20). Thus, if the ratio of serum IgG to ocular IgG was ⬍2, the “toxo” ratio was considered positive;
if this ratio was ⬎3, it was considered negative. The result was considered doubtful when the ratio was
revealed to be between those two limits. The possibility of passive transudation of serum IgG into the
eye through the BOB in cases of inﬂammation was assessed by comparing anti-mumps virus IgG titers
in the serum and eye. If the ratio of serum IgG to ocular IgG was ⬍2, the BOB was considered permeable
to systemic antibodies; it was considered impermeable when ⬎3 and doubtful when the value was
between those limits. Thus, the CC was positive when the toxo ratio was ⬍2 and the mumps ratio ⬎3;
the CC was negative when the toxo ratio was ⬎3; the CC was considered doubtful when either the toxo
or the mumps ratio was between 2 and 3; it was considered noninterpretable when the mumps ratio was
⬍2 (Fig. 3). In any case, seropositivity for the mumps virus was required for the CC to be measured. The
toxo ratio was assessed with a Platelia Toxo IgG kit (Bio-Rad, Marnes-La-Coquette, France), using a
minimum of 20 l AH sample diluted at 1/10 and a blood serum sample diluted at 1/300. The mumps
ratio was assessed using a Captia mumps IgG kit (Trinity Biotech, Bray, Ireland) according to the
instructions of the manufacturer.
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FIG 3 Serological assays in ocular samples. (A) Example of a positive test with different immune proﬁles in aqueous
humor (ah) and serum (s). (B) Diagnostic algorithm using the Candolﬁ coefﬁcient.

Given the high speciﬁcity of each test performed (12), we considered OT to have been diagnosed
correctly for every ocular sample that was positive for at least one of the previously described tests,
including PCR, immunoblotting, and CC. This diagnosis algorithm has already been described in
previously published reviews (12, 27).

SUPPLEMENTAL MATERIAL
Supplemental material for this article may be found at https://doi.org/10.1128/
mSphere.00636-19.
TABLE S1, PDF ﬁle, 0.05 MB.
ACKNOWLEDGMENT
We thank all clinicians from the various ophthalmology departments who indirectly
participated in this study by sending ﬂuid samples for analysis.

REFERENCES
1. Pappas G, Roussos N, Falagas ME. 2009. Toxoplasmosis snapshots: global
status of Toxoplasma gondii seroprevalence and implications for pregnancy and congenital toxoplasmosis. Int J Parasitol 39:1385–1394.
https://doi.org/10.1016/j.ijpara.2009.04.003.
2. Furtado JM, Winthrop KL, Butler NJ, Smith JR. 2013. Ocular toxoplasmosis I: parasitology, epidemiology and public health. Clin Exp Ophthalmol
41:82–94. https://doi.org/10.1111/j.1442-9071.2012.02821.x.
3. Commodaro AG, Belfort RN, Rizzo LV, Muccioli C, Silveira C, Burnier MN,
Belfort R. 2009. Ocular toxoplasmosis: an update and review of the
literature. Mem Inst Oswaldo Cruz 104:345–350. https://doi.org/10.1590/
s0074-02762009000200030.
4. Pleyer U, Schlüter D, Mänz M. 2014. Ocular toxoplasmosis: recent aspects
of pathophysiology and clinical implications. Ophthalmic Res 52:
116 –123. https://doi.org/10.1159/000363141.
5. Stanford MR, Gras L, Wade A, Gilbert RE. 2002. Reliability of expert
interpretation of retinal photographs for the diagnosis of Toxoplasma
retinochoroiditis. Br J Ophthalmol 86:636 – 639. https://doi.org/10.1136/
bjo.86.6.636.
6. Fardeau C, Romand S, Rao NA, Cassoux N, Bettembourg O, Thulliez P,
Lehoang P. 2002. Diagnosis of toxoplasmic retinochoroiditis with atypical clinical features. Am J Ophthalmol 134:196 –203. https://doi.org/10
.1016/s0002-9394(02)01500-3.
7. Johnson MW, Greven CM, Jaffe GJ, Sudhalkar H, Vine AK. 1997. Atypical,
September/October 2019 Volume 4 Issue 5 e00636-19

8.

9.

10.

11.

12.

severe toxoplasmic retinochoroiditis in elderly patients. Ophthalmology
104:48 –57. https://doi.org/10.1016/S0161-6420(97)30362-5.
Al-Zahrani YA, Al-Dhibi HA, Al-Abdullah AA. 2016. Atypical presentation
of ocular toxoplasmosis: a case report of exudative retinal detachment
and choroidal ischemia. Middle East Afr J Ophthalmol 23:150 –152.
https://doi.org/10.4103/0974-9233.164624.
de-la-Torre A, Valdés-Camacho J, de Mesa CL, Uauy-Nazal A, Zuluaga JD,
Ramírez-Páez LM, Durán F, Torres-Morales E, Triviño J, Murillo M, Peñaranda AC, Sepúlveda-Arias JC, Gómez-Marín JE. 2019. Coinfections
and differential diagnosis in immunocompetent patients with uveitis of
infectious origin. BMC Infect Dis 19:91. https://doi.org/10.1186/s12879
-018-3613-8.
Chronopoulos A, Roquelaure D, Souteyrand G, Seebach JD, Schutz JS,
Thumann G. 2016. Aqueous humor polymerase chain reaction in uveitis— utility and safety. BMC Ophthalmol 16:189. https://doi.org/10.1186/
s12886-016-0369-z.
Trivedi D, Denniston AKO, Murray PI. 2011. Safety proﬁle of anterior
chamber paracentesis performed at the slit lamp. Clin Experiment Ophthalmol 39:725–728. https://doi.org/10.1111/j.1442-9071.2011.02565.x.
Greigert V, Foggia ED, Filisetti D, Villard O, Pfaff AW, Sauer A, Candolﬁ E.
14 May 2019, posting date. When biology supports clinical diagnosis:
review of techniques to diagnose ocular toxoplasmosis. Br J Ophthalmol
https://doi.org/10.1136/bjophthalmol-2019-313884.
msphere.asm.org 7

Greigert et al.

13. Fekkar A, Bodaghi B, Touafek F, Le Hoang P, Mazier D, Paris L. 2008.
Comparison of immunoblotting, calculation of the Goldmann-Witmer
coefﬁcient, and real-time PCR using aqueous humor samples for diagnosis of ocular toxoplasmosis. J Clin Microbiol 46:1965–1967. https://doi
.org/10.1128/JCM.01900-07.
14. Talabani H, Asseraf M, Yera H, Delair E, Ancelle T, Thulliez P, Brézin AP,
Dupouy-Camet J. 2009. Contributions of immunoblotting, real-time PCR,
and the Goldmann-Witmer coefﬁcient to diagnosis of atypical toxoplasmic retinochoroiditis. J Clin Microbiol 47:2131–2135. https://doi.org/10
.1128/JCM.00128-09.
15. Okay TS, Yamamoto L, Oliveira LC, Manuli ER, Andrade HF Junior, Del
Negro G. 2009. Signiﬁcant performance variation among PCR systems in
diagnosing congenital toxoplasmosis in São Paulo, Brazil: analysis of 467
amniotic ﬂuid samples. Clinics 64:171–176. https://doi.org/10.1590/
S1807-59322009000300004.
16. Morais FB, Arantes T, Muccioli C. 2018. Current practices in ocular
toxoplasmosis: a survey of Brazilian uveitis specialists. Ocul Immunol
Inﬂamm 26:317–323. https://doi.org/10.1080/09273948.2016.1215471.
17. Rothova A, de Boer JH, Ten Dam-van Loon NH, Postma G, de Visser L,
Zuurveen SJ, Schuller M, Weersink AJL, van Loon AM, de Groot-Mijnes
J. 2008. Usefulness of aqueous humor analysis for the diagnosis of
posterior uveitis. Ophthalmology 115:306 –311. https://doi.org/10
.1016/j.ophtha.2007.05.014.
18. Payeur G, Bijon JC, Pagano N, Kien T, Candolﬁ E, Penner MF. 1988.
Diagnosis of ocular toxoplasmosis by the ELISA method applied to the
determination of immunoglobulins of the aqueous humor. J Fr Ophtalmol 11:75–79. (In French.)
19. Garweg JG, Ventura ACS, Halberstadt M, Silveira C, Muccioli C, Belfort RJ,
Jacquier P. 2005. Speciﬁc antibody levels in the aqueous humor and
serum of two distinct populations of patients with ocular toxoplasmosis.
Int J Med Microbiol 295:287–295. https://doi.org/10.1016/j.ijmm.2005.03
.005.
20. Villard O, Filisetti D, Roch-Deries F, Garweg J, Flament J, Candolﬁ E. 2003.
Comparison of enzyme-linked immunosorbent assay, immunoblotting,
and PCR for diagnosis of toxoplasmic chorioretinitis. J Clin Microbiol
41:3537–3541. https://doi.org/10.1128/jcm.41.8.3537-3541.2003.
21. Fernández C, Jaimes J, Ortiz MC, Ramírez JD. 2016. Host and Toxoplasma

September/October 2019 Volume 4 Issue 5 e00636-19

22.

23.

24.

25.

26.

27.

28.

gondii genetic and non-genetic factors inﬂuencing the development of
ocular toxoplasmosis: a systematic review. Infect Genet Evol 44:199 –209.
https://doi.org/10.1016/j.meegid.2016.06.053.
Steeples LR, Guiver M, Jones NP. 2016. Real-time PCR using the 529 bp
repeat element for the diagnosis of atypical ocular toxoplasmosis.
Br J Ophthalmol 100:200 –203. https://doi.org/10.1136/bjophthalmol
-2015-306801.
Camilo LM, Pereira-Chioccola VL, Gava R, Meira-Strejevitch CDS, Vidal JE,
Brandão de Mattos CC, Frederico FB, De Mattos LC, Spegiorin L, FAMERP
Toxoplasma Research Group. 2017. Molecular diagnosis of symptomatic
toxoplasmosis: a 9-year retrospective and prospective study in a referral
laboratory in São Paulo, Brazil. Braz J Infect Dis 21:638 – 647. https://doi
.org/10.1016/j.bjid.2017.07.003.
Villard O, Cimon B, L’Ollivier C, Fricker-Hidalgo H, Godineau N, Houze S,
Paris L, Pelloux H, Villena I, Candolﬁ E. 2016. Help in the choice of
automated or semiautomated immunoassays for serological diagnosis
of toxoplasmosis: evaluation of nine immunoassays by the French National Reference Center for Toxoplasmosis. J Clin Microbiol 54:
3034 –3042. https://doi.org/10.1128/JCM.01193-16.
Villard O, Breit L, Cimon B, Franck J, Fricker-Hidalgo H, Godineau N,
Houze S, Paris L, Pelloux H, Villena I, Candolﬁ E. 2013. Comparison of four
commercially available avidity tests for Toxoplasma gondii-speciﬁc IgG
antibodies. Clin Vaccine Immunol 20:197–204. https://doi.org/10.1128/
CVI.00356-12.
Reischl U, Bretagne S, Krüger D, Ernault P, Costa J-M. 2003. Comparison
of two DNA targets for the diagnosis of Toxoplasmosis by real-time PCR
using ﬂuorescence resonance energy transfer hybridization probes. BMC
Infect Dis 3:7. https://doi.org/10.1186/1471-2334-3-7.
Villard O, Cimon B, L’Ollivier C, Fricker-Hidalgo H, Godineau N, Houze S,
Paris L, Pelloux H, Villena I, Candolﬁ E. 2016. Serological diagnosis of
Toxoplasma gondii infection: recommendations from the French National Reference Center for Toxoplasmosis. Diagn Microbiol Infect Dis
84:22–33. https://doi.org/10.1016/j.diagmicrobio.2015.09.009.
Garweg JG, Boehnke M. 2006. The antibody response in experimental
ocular toxoplasmosis. Graefes Arch Clin Exp Ophthalmol 244:1668 –1679.
https://doi.org/10.1007/s00417-006-0274-x.

msphere.asm.org 8

