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Abstract

Background: Toxoplasma gondii (T. gondii) is the most common parasite that can lead to a disease called toxoplasmosis. In this
study, serological and molecular complementary tests have been conducted to detect or diagnose this parasite.

Methods: A total of 71 patients with clinical symptoms of ocular toxoplasmosis and 20 patients with other ocular infections were
evaluated. Serum and buffy coat samples were collected and tested using enzyme-linked immunosorbent assay (ELISA) and nested
polymerase chain reaction (nPCR) assessments. Superficial 7. gondii B1 gene was evaluated in PCR. The ocular toxoplasmosis
patients were followed-up 2 weeks after the first sampling and 4 weeks following the first laboratory testing. The main outcome
measures were the efficiency of the diagnostic procedure and positive and negative predictive values (PPV and NPV).

Results: Overall, of the samples, 69% were PCR+, IgG+, and IgM-, and 4.2% showed PCR+, 1gG+, and IgM+. In the first follow-
up, after 2 weeks, from the 41 referred patients, 29 (70%) showed PCR+, IgG+, and IgM-, which confirmed the results of the first
sampling. In the second follow-up, 9 (47%) patients were PCR+, IgG+, and IgM-. A correlation was observed between the first referral
and the follow-ups. Also, from 71 patients, diagnosed clinically as ocular toxoplasmosis, the disease was confirmed in 73.2% and
26.8% of those suffering from other ocular infections. Of the 20 control group samples, 55% showed PCR-, IgG+, and IgM-. The
sensitivity, specificity, negative and positive predictive values, and negative and positive likelihoods were analyzed for IgG and IgM
antibodies and for PCR using ELISA method.

Conclusion: As the ophthalmologic signs of 7. gondii may be mimicked by other infections, clinical methods may be complemented
by laboratory approaches for a definite diagnosis. This would assist clinicians to achieve timely diagnosis and successful therapy and
to control the infection.
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Introduction
Toxoplasmosis, as one of the most common infectious  fects a wide variety of its host’s organs (1). Clinical spec-
diseases, results from a parasite named 7. gondii that in-  trum of the infection in acquired form is not clinically
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symptoms using the PCR method. The recognition of specific
antibodies(IgG) in sera by ELISA method
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significant; however, in the congenital form, it varies from
asymptomatic latent infection to a fatal disease (2).
Through the circulation, 7. gondii can enter the visual
system and cause irreversible optic nerve damage in neu-
ral parts of the eyes, such as choroid and retina (3).

Infection can be active or remain passive for a long time
(4 months to several years). In most cases, the involve-
ment of posterior segment of the eye or adjacent areas
indicates more acute infection. Lesions of the posterior
pole pose serious threats to vision throughout life. Other
symptoms consist of blurred vision, photophobia, inflam-
mation of the vitreous, formation of active and passive
scars, and other clinical symptoms. In some cases, macu-
lar injury and retinal hemorrhage are observed in active
and passive forms of ocular toxoplasmosis. Presence of
active and inactive scars with an area of the focal necrotiz-
ing retinochoroidal lesion and focal retinochoroidal necro-
sis, appearing as a white-yellowish and blurred margin
area with or without the old lesion, are the most obvious
symptoms in ocular toxoplasmosis patients. These symp-
toms differ from those of other ocular diseases, which
mimic some similar symptoms rather than active and pas-
sive scars. In the course of time, the lesions turn to white
plaques with dark spots and distinct margins, originated
from retinal pigment epithelium (RPE) (4).

The overall seroprevalence rate of toxoplasmosis among
the general Iranian population has been shown to be
39.3% (95% CI = 33.0%45.7%) in a recent systematic
and meta-analysis review (5). There was no significant
gender difference in the seroprevalence rates. Neverthe-
less, a significant linear trend of an increase in the overall
prevalence by age was noted (4).

Diagnosis of toxoplasmosis in laboratory can be con-
ducted by various tests (6), including molecular methods,
histological examinations, parasite isolation following
inoculation, and several serological methods. However,
using only one method is not enough to distinguish ocular
toxoplasmosis, particularly in the fetus and immunosup-
pressed patients (7) During the last years, IgG avidity test
with serum, PCR with body fluids, and the immunoelec-
trophoresis of the umbilical cord serum have been consid-
ered as new valuable methods (8). Moreover, PCR has
been used as an alternative to serology by amplification of
toxoplasma DNA sequences, which are present in differ-
ent clinical samples, such as amniotic fluid (9), cerebro-
spinal fluid (CSF) (10), tissues (11), aqueous humor (12),
and human blood (13). Despite its great diagnostic power,
this molecular technique is not widely employed in a clin-
ical setting for routine diagnosis or therapeutic manage-
ment of patients with toxoplasma infection (14).

The diagnosis of ocular toxoplasmosis mostly relies on
clinical evaluations in Iran. However, in this study, it was
aimed to demonstrate that laboratory techniques, such as
ELISA and nPCR, can be used as complementary ap-
proaches, along with a clinical evaluation, to achieve a
definite and precise diagnosis.

Methods
Population and sampling: A total of 71 patients (39 men
and 32 women), with a mean age of 36 years (16 to 58
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years), were clinically diagnosed with ocular toxoplasmo-
sis. Moreover, 20 patients with other ocular infections and
some with identical symptoms to toxoplasmosis (11 men
and 9 women), with an age range of 23-41 years and aver-
age of 32 years, underwent clinical examination as a non-
toxoplasma control group. For this investigation, patients
from some ophthalmology centers in Tehran (Farabi,
Labafinejad, and Imam Hossein Hospitals) were included.
This study was approved by the review board/ethics
committee of Shahid Beheshti University of Medical Sci-
ences, Tehran, Iran (Sbmu.Rec.1392.254). An informed
consent was obtained from each patient.

Moreover, the referred toxoplasmosis patients were fol-
lowed-up in a 4-week period. There were 2 follow-up ses-
sions for the patients: 2 and 4 weeks following the first
laboratory evaluation. Nevertheless, the control group was
not followed- up. During the course of the study, blood
samples were collected 3 times and each time 5 mL blood
was drawn from each patient and kept in 2 distinct tubes,
with and without EDTA (anticoagulant).

Clinical evaluations: All patients were evaluated using
direct and indirect ophthalmoscopy and funduscopy, angi-
ography, magnetic resonance imaging (MRI) (Siemens
3T), and computed tomography (CT).

The serological and molecular test: Serological tests for
IgG and IgM evaluation were performed using 2 commer-
cial toxoplasmosis kits from Acon Company. For all pa-
tients in the first, second, and third stages, and those with
other ocular diseases, the index value > 1.1 was consid-
ered as a positive response for each IgG and IgM toxo-
plasma (15). The first and the second follow-ups for a
group of patients with high IgM and IgG antibody titers
were done within 2 weeks and 4 weeks after the first sam-
pling, respectively.

DNA were extracted from buffy coat samples of all the
ocular toxoplasmosis patients in the first referral and the
first and the second follow-ups using DNG plus kit (Cin-
naGen Co., Iran). All samples were stored at -20°C for
further assessments.

Bl gene from tachyzoite surface antigen (35-fold-
repetitive) was used (access no. AFyV01002650). Two
pairs of internal or external primers with 579 bp fragments
and secondary or internal primer with 529 bp fragments
from the first PCR product were amplified.

Nucleotide sequences of external primers are Pm1Sl1:
Fl: (5-TGTTCTGTCCTATCGCAACG-3’) and Pml/
AS1: RIl: (5-ACGGATGCAGTTCCTTTCTG-3’), and
those of internal primers are Pm1/S2:F2 :(5’-TCTTCCCA
GACGTGGATTTC-3’) and Pm1/AS2: R2: (5’-CTCGA
CAATACGCTGCTTGA-3’). PCR and Nested PCR —
were performed employing Taq DNA Polymerase Master
Mix 2x Red (Ampliqon, Denmark kit). To perform the
procedure in each reaction, 7.5 uL Master Mix, 5 uL dis-
tilled water, 15 picomol (Pmol) BI primer, and 50 ng
DNA (total reaction volume of 15 uL) were used. The
main mixture was prepared and divided according to the
number of samples. PCR was performed in 35 cycles: the
initial and secondary denaturation were done at 94°C for 7
minutes and 30 seconds, respectively. Annealing was per-
formed at 60°C for 30 seconds. Extension and final exten-
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sion were done at 72°C for 30 seconds and 7 minutes, re-
spectively (16, 17).

Principal outcome measure: The principal outcome
measure was the efficiency of diagnostic procedure
(EDP). The EDP of a test is defined as true positive tests
plus true negative tests divided by the total number of
tests performed. PPV and NPV were also calculated for
serological and molecular evaluations. PPV is defined as
true positive tests divided by all true and false positive
tests. The NPV is defined as true negative tests divided by
all true and false negative tests (18). For EDP, PPV, and
NPV analyses, the patients were grouped according to the
final diagnosis. A true positive or true negative result was
considered as a test or set of tests that agreed with the fi-
nal laboratory diagnosis. On the other hand, a false posi-
tive test was defined as a test that detected DNA which
disagreed with the final clinical diagnosis, and a false
negative was defined as a test that failed to detect DNA
from the predicted etiologic agent that is detectable in the
final clinical diagnosis.

Results

Various symptoms identified in the patients with ocular
toxoplasmosis and other ocular problems are presented in
Table 1. Most of the symptoms were observed in the optic
nerve tissue, specifically in the retina, then, choroid and
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vitreous inflammation also occurred. In most cases, active
and inactive scars and vitreous damage, in addition to oth-
er symptoms, were dominant and there were specific signs
in the definite diagnosis of the infection from other ocular
diseases. Posterior uveitis was observed in a large number
of ocular toxoplasmosis patients. In patients with other
ocular diseases (ophthalmic), as with the control group,
specific symptoms were seen.

In the second stage of the disease or the first follow-up,
which was done 2 weeks after the first visit, the patients
had similar results in the first stage. Therefore, there was a
consistent relationship between the results of the first and
second stages. The third stage of the disease or the second
follow-up was 4 weeks after the first stage, where the pa-
tients had the same results in the first and second stages.
In this respect, there was a continuous relationship be-
tween the results of the first, second, and third stages.

Also, 2 and 4 weeks after the initial treatment, the clini-
cal symptoms of the patients who took the prescribed
drugs were still observed and the doses of the medica-
tions, drug resistance, or misdiagnosis of the cases were
considered. However, a 6-week treatment period should
be considered for ocular toxoplasmosis in most clinical
treatments.

The serological and molecular results of the ocular tox-
oplasmosis patients are presented in Tables 2 and 3. As

Table 1. Various identified symptoms of ocular toxoplasmosis and control groups

Identified symptoms

Ocular toxoplasmosis, n= 71 (%)

Control group, n=20 (%)

blurred vision 71 (100) 11 (55)
intermediate uveitis 7(9) 14 (70)
ophthalmia 67 (94) 20 (100)
posterior uveitis 64 (90) -
inactive and old scars 59 (83) -
chorioretinitis 57 (80) -
Vitreous inflammation 22 (30) -
Active scars 12 (16) -
anterior uveitis 8(11) -
photophobia 69 (97) -
cataracts - 9 (45)
retinitis - 8 (40)
ocular vasculitis - 5(25)

Table 2. Total serological and molecular results of the bufty coat and serum samples in ocular toxoplasmosis patients

Groups (number)

Results

Control group(First step, n=20)

Toxoplasmosis patients
(First step, n="71)

Toxoplasmosis patients
(First follow-up, n = 41)
29 (70%) IgG+, IgM-, PCR+

Toxoplasmosis patients (Second follow-up, n = 19)
9 (47%) 1gG', IgM", PCR"

11(55%) 1gG", IgM", PCR"

Group 1: 49 (69%) 1gG", IgM, PCR"
Group 2: 3 (4%) IgG™, IgM", PCR"
Group 3: 19 (26%) 1gG", IgM", PCR"

Group 1: 4 (13%) decreased Ab titer
Group 2: 6 (14%) increased Ab titer
Group 3: 19 (46%) steady Ab titer

Group 1: 2 (33%) increased Ab titer
Group 2: 2 (22%) decreased Ab titer
Group 3: 4 (44%) steady Ab titer

Table 3. Evaluation of diagnostic tests for the ELISA detection of IgM and IgG anti-T. gondii and DNA for PCR

Diagnostic tests Sensitivity Specificity Positive predictive Negative Positive likeli- Negative
(%) (%) value (%) predictive hood , Ratio likelihood, Ratio

value (%) (LRY) (LR)

ELISA-IgG 73 45 82 32 1.32 0.6
ELISA-IgM 42 100 100 222 - 0.9
n-PCR 47 100 100 35 - 0.53
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1000 bp ==
500bp m—

Ladder Weight ~ 250bp ==

Fig. 1. Results of Nested PCR product. DNA extracted from the
blood samples of the ocular toxsoplasmosis patients.
No. 1: Ladder weight (1kb ), No. 2-4: positive samples with 529bp.

demonstrated, in the ocular toxoplasmosis group in the
first (second step) and the second follow-up (third step),
the antibody titers of IgG became higher or remained un-
changed; however, the patients used prescribed medica-
tions.

PCR products on 12% agarose gel showed that band of
529bp belonged to 7. gondii B1 gene (Fig. 1). All PCR-
positive samples of patients had positive anti-7. gondii
IgM or IgG antibodies or both.

Discussion

The present study demonstrated that clinical diagnostic
methods are the gold standard in identifying ocular toxo-
plasmosis; however, the ophthalmologic signs of T. gondii
may be mimicked by other infections, or the symptoms
may be atypical. Consequently, the possibility of false
diagnosis should not be neglected.

To diagnose ocular toxoplasmosis more accurately and
control the infection, other new diagnostic approaches,
such as serological and molecular methods that are uni-
versally employed, should also be considered. These ap-
proaches should be used for those patients who are prone
to infections (autoimmune disorders; some viruses, espe-
cially immunodeficiency virus; organ transplantation;
gestation; and some medications). Antibody titers against
human 7. gondii in northern and southern areas of Iran are
almost 55% and 50%, respectively (5). However, a variety
of less common atypical symptoms may be unfamiliar to
clinicians and may cause a delay in both diagnosis and
treatment, leading to a more severe form of the disease
and complete blindness.

Virtually consistent with this study, in a 2-year prospec-
tive study of the patients with ocular toxoplasmosis symp-
toms, the relative diagnostic sensitivity and specificity of
PCR, ELISA, and immunoblotting were compared. The
results of this study indicated that combining PCR and
ELISA for the diagnosis of toxoplasmic chorioretinitis has
more precision. Performing PCR on DNA of 7' gondii and
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performing both ELISA and immunoblotting to detect the
production of local specific antibodies confirmed the tox-
oplasmic origin of retinal lesions in almost 83% of pa-
tients. Immunoblotting sensitivity in this series was less
than ELISA; nevertheless, it may be definite when the
blood-retina barrier is impaired. The relative sensitivity
and specificity of the aforementioned techniques were
100% for PCR and 89% for ELISA and immunoblotting
(19).

Almost similar to the present study, in most laborato-
ries, PCR is preferred to other deficient techniques and
has consistently been used to detect T. gondii DNA in
different biological samples, especially in cases of immu-
nosuppressed and immune-impaired individuals (7, 20,
21). The diagnostic value of PCR to detect 7. gondii in
blood samples has been evaluated from both immune-
competent and compromised patients (12). The serological
follow-up demonstrated an increase in toxoplasma-IgG,
negative toxoplasma-IgM, and constantly rising I1gG, indi-
cating a reactivation before the second transplantation.
Donors were seronegative about toxoplasma. Performing
PCR on the blood and the liver of the recipient demon-
strated toxoplasma-DNA before death (22). Applying the
combination of serological tests, culture-based tests, and
PCR technique for toxoplasmosis patients results in high
diagnostic performance at large (22). Employing laborato-
ry methods, this study demonstrated that out of 71 patients
diagnosed with ocular toxoplasmosis in clinical evalua-
tions, 52 (73.2%) had the disease and 18 (26.8%) suffered
from other ocular diseases. Although the clinical approach
is considered as the gold standard of diagnostic methods,
the ophthalmologic signs of 7. gondii may be mimicked
by other infections or the symptoms can be atypical. As a
consequence, clinical diagnostic methods may be com-
bined by laboratory approaches for definite and accurate
diagnosis of ocular toxoplasmosis. In addition, in this
study, PCR showed a significantly higher specificity and
sensitivity and a relative diagnostic sensitivity compared
to serological evaluation.

Due to the absence of accurate and modern techniques
in detection of toxoplasmosis in laboratories, it seems that
new diagnosis techniques should be developed. This study
aimed to propose some reliable, high-sensitive, and high-
specific tests for a correct diagnosis of ocular toxoplasmo-
sis in Iran to prevent unwanted drawbacks and irrecovera-
ble consequences.

Conclusion

This study benefited from laboratory testing as well as
clinical evaluation to reach a reliable and accurate diagno-
sis of toxoplasmosis. This study also increased the chance
of diagnosing 7. gondii accurately from other mimicked
ophthalmologic infections or infections with atypical
symptoms. However, this study had some limitations, in-
cluding the absence of a similar study in different regions
of Iran. To deal with this limitation, it is favorable to test
ocular liquids, such as aqueous humor, for sampling.
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