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Abstract. Peripheral blood mononuclear cells (PBMC) from patients with ocular toxoplasmosis were challenged with
total antigens fromToxoplasmagondii lysate (TATL) in a cytokine release assay (CRA), run during the inactive periodof the
disease. Increased interferon gamma (IFN-γ) levels were detected after PBMC stimulation with either ME49 reference
strain (P = 0.0015) or local TgCkAr-11-9 isolate (P = 0.0012), as compared with those recorded under basal conditions.
TATL from TgCkAr11-9 isolate induced a higher release of IFN-γ than ME49 strain in CRA from all tested patients (P =
0.02). The median value of IFN-γ release on TgCkAr-11-9 stimulation (26.03 pg/mL) allowed the classification of patients
into high– or low–/non–IFN-γ releasers. Clinical correlations were established with both groups. The results obtained in
this study suggest the need to include local strains when performing CRA with TATL.

INTRODUCTION

Ocular toxoplasmosis (OT) is the main cause of posterior
uveitis worldwide and is a consequence of infection by the
zoonotic Apicomplexan protozoan Toxoplasma gondii. In
South America, OT is extremely frequent in the Eastern region
(ER) of the 27°S parallel (Southern Brazil and Misiones in the
northeast of Argentina)1,2 as well as in Colombia.3 Severe
atypical OT presentations such as bilateral active ocular reti-
nochoroiditis in young immunocompetent patients and verti-
cal transmission of the disease during OT reactivation were
described in the ER of the 27°S parallel.4,5

One of the potential reasons believed to be related to the
high frequency and severity of OT in South America is the
genetic divergence of T. gondii strains isolated in the afore-
mentioned regions. A phylogenetic analysis of T. gondii pop-
ulation structure in Argentina demonstrated a differential
genotype pattern between the center (Buenos Aires Province)
and the northeast of the country (MisionesProvince).Whereas
T. gondii isolates from the center of Argentina were closely
related to a type III reference strain, the isolates fromMisiones
were grouped between type I and type III reference strains,
being associated with isolates from Brazil.6,7 In Southern
Brazil, a rate of OT five times higher than in Europe has been
reported and is suggested to be associated with atypical ge-
notype infection.8

Approximately 80% of OT patients living in Misiones will
seek ophthalmic consultation when they already have toxo-
plasmic ocular scars associated with an area of active reti-
nochoroiditis (reactivation of toxoplasmic retinochoroiditis
[RTR]). Primary toxoplasmic retinochoroiditis is less frequently
detected. Persistent inflammation of the vitreous humor (vit-
ritis) despite an appropriatemedical treatment is a complication
observed in patients with RTR in South America. Persistent

vitritis (PV) has been previously associated with low intraocular
interferon gamma (IFN-γ) production, an IFN-γ/interleukin-10
(IL-10) ratio lower than 1 in aqueous humor (AH), as well as with
severe ocular complications such as retinal detachment (RT).9

The development of a noninvasive methodology capable of
the identification of patients with low intraocular IFN-γ pro-
duction is crucially important because it may allow the identi-
fication of OT patients at risk during RTR. The release of IFN-γ
by peripheral blood mononuclear cells (PBMC) has been used
to confirm tuberculosis and congenital toxoplasmosis infection
of newborn suspected patients.10 In France, the IFN-γ release
assay test was used for the diagnosis of congenital toxoplas-
mosis, exhibiting 94%of sensitivity and 98%of specificity.11,12

We decided to explore the possible association between
IFN-γ and IL-10 levels obtained in a cytokine release assay
(CRA)13 performed during the inactive period of OT disease
and clinical signs from the same patients during their last RTR.
Furthermore, in a subset of these patients, we compared their
previously knownAH IFN-γ levels analyzed duringRTR versus
IFN-γ levels released in the CRA.

PATIENTS, MATERIALS, AND METHODS

All patients suffering uveitis were examined by a single
ophthalmologist, specialized in such disease (M. R.), in a pri-
vate secondary care eye clinic in Oberá, Misiones Province,
Argentina. M. R. performed complete ophthalmological ex-
aminations, including visual acuity, anterior biomicroscopy,
tonometry, and indirect ophthalmoscopy.Reactivation ofRTR
was defined as a white yellowish elevated area of the retina
near or at the border of a pigmented retinochoroidal scar with
vitritis and vasculitis in patients with reactive serology against
T. gondii. Ocular hypertension (OH) was defined as intraocular
pressure higher than 21 mm of Hg. Control individuals (CI)
proved negative for anti–T. gondii antibodies in the absence of
ocular signs of toxoplasmosis. Results from 14 OT patients
were analyzed, includingninepatientswhoseAH IFN-γand IL-
10 results were previously known.Cytokine release assaywas
performed in the Research Center of the Universidad Católica
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de las Misiones. Blood samples for the CRA were drawn from
the patients during the inactive cicatricial scar period of the
disease (elapsed time after RTR ranged between 38 and
164 weeks, average time was 102.71 ± 39.85 weeks, and
median time was 97 weeks). Peripheral blood mononuclear
cells were purified using Histopaque-1077 following the
manufacturer’s instructions (Sigma-Aldrich [currently Merck
KGaA, Darmstadt, Germany]). The cells were washed three
times with Roswell Park Memorial Institute (RPMI) 1640 Me-
dium (Sigma-Aldrich) supplemented media. Then, cells (0.4 ×
106) were plated in 300μL/well onto a 96-well plate. Peripheral
blood mononuclear cells were stimulated with either 1 μg/mL
of phytohemagglutinin (PHA) or the total antigens from T.
gondii lysates (TATL). The TATL from two dissimilar
strains—clonal type II ME49 reference strain and non-clonal
TgCkAr-11-9 local isolate—was tested.6,7 Cells were in-
cubated at 37°C in a 5% CO2 atmosphere. The supernatants
were obtained after 24 hours of incubation. The number of
cells plated onto each well, the concentration of the TATL or
PHA (0.5–3 μg), and the incubation period (12, 24, or 48 hours:
second being the most appropriate) were settled after ex-
perimental optimization. Interferon gamma and IL-10 levels
released in the CRA supernatant were measured by ELISA
(ThermoFisher, Pierce Biotechnology, Rockford, IL). The cut-
off value for ELISA was calculated by adding three SDs to the
average of basal control conditions. Therefore, the IFN-γ
cutoff value was determined at 6.7 pg/mL.
The Wilcoxon signed-rank test was used to compare the

values of IFN-γ released by PBMC under basal conditions, as
compared with those recorded on stimulation with the TATL
from ME49 or TgCkAr-11-9. The same test was used to com-
pare IFN-γ results obtained by ME49 or TgCkAr-11-9 stimula-
tion. The median of IFN-γ results obtained after PBMC
stimulation with TgCkAr-11-9 (26.03 pg/mL) was used as a
cutoff value to allocate patientswithin one of twogroups: those
with IFN-γ results above the median were considered as high
IFN-γ releasers, whereas those below the median were regar-
ded as low IFN-γ releasers, including a subgroup of non–IFN-γ
releasers. The Mann–Whitney test was used to analyze differ-
ences in IFN-γ/IL-10 ratio observed between the aforemen-
tioned IFN-γ release groups. Fisher’s testwas used to compare
proportions of patients with specific clinical ophthalmological
signs, such as OH, between IFN-γ release groups. The Spear-
man coefficient was used to analyze correlations between IFN-
γ results released by PBMC upon TgCkAR-11-9 stimulation
with ocular tension and with AH IFN-γ levels measured during
the last RTR episode. A P-value < 0.05 was considered statis-
tically significant. Analysis was performed using IBM SPSS
Statistics for Windows, Version 25.0 (IBM Corp., Armonk, NY).

RESULTS

Basal levels of IFN-γ released by PBMC in the CRA ranged
from 3.23 to 6.19 pg/mL (median = 4.92 pg/mL) in patients and
from3.31 to5.23 (median=4.21pg/mL) inCI (seeTable 1).When
comparedwithbasalPBMCIFN-γ levels, a significant increase in
the release of IFN-γ was observed upon PBMC stimulation with
either TATL from ME49 (P = 0.0015) or TATL from TgCkAr-11-9
(P = 0.0012) in patients (see Figure 1). TATL from TgCkAr11-9
local isolate induced the release of higher IFN-γ levels (median =
26.03pg/mL) thandidME49 referencestrain (median=12.88pg/
mL) by PBMC in the CRA from all tested patients (P = 0.02).

The group of high IFN-γ releasers after PBMC stimulation
with TgCkAr-11-9 (patients #1–3, #7, #9, #12, and #13)
exhibited an IFN-γ/IL-10 ratio higher than 1. By contrast, low
IFN-γ releasers (patients #4–6, #10, and #11) and non–IFN-γ
releasers (with IFN-γ values below the ELISA cutoff level, e.g.,
patients #8 and #14) exhibited a score ratio < 1. The difference
between both groups (high and low IFN-γ releasers) was
statistically significant (P= 0.0017). Five of seven patientswith
high IFN-γ release levels in the CRA and none of seven with
lowor non–IFN-γ release exhibitedOHduring RTR (P= 0.010).
A positive correlation between released IFN-γ in the CRA and
intraocular pressure was observed (r = 0.943; P < 0.001). Fur-
thermore, another correlation between IFN-γ released upon
PBMC stimulation with TgCkAr-11-9 and AH IFN-γ levels an-
alyzed during the last RTR episode was observed, although it
failed to reach statistical significance (r = 0.66; P = 0.0525).
Patients #8 and #14 had experienced a congenital T. gondii

infection andhadno IFN-γ release upon stimulationwith either
ME49 or TgCkAr-11-9. Patients #6 and #8 corresponded to a
very low IFN-γ releaser and to a non–IFN-γ releaser, re-
spectively. Both patients experienced an evolution period
longer than 10 weeks to resolve their RTR.

DISCUSSION

The production of IFN-γ by human’s PBMC against in-
tracellular pathogens such as T. gondii is not only genetically
determined by polymorphisms of the IFN-γ gene14,15 but also
by the gene polymorphisms of molecules capable to inhibit
IFN-γ synthesis, such as IL-10.15,16 Interferon gamma pro-
duction is also altered by DNA methylation and post-
transcriptional mechanisms, such as miRNAs modification of
IFN-γ mRNA.17 In addition, the release of IFN-γ by human
PBMCafter the challengewithT. gondiimaybeaffectedby the
type of infection (either congenital or acquired)18 and by the
presence or absence of ocular or cerebral lesions.19

In the current study, we performed a CRA to quantify the
release of IFN-γ and IL-10 upon the challenge of patient’s
PBMCwith TATL from twodissimilar T. gondii strains.We also
compared the levels of released IFN-γ in the CRA by patients
in the inactive cicatricial period against the clinical ophthalmic
signs and values of IFN-γ obtained during RTR. Although the
number of patients fromwhom theCRAcould be carried out is
still limited (n = 14), we were able to draw some interesting
initial conclusions, as follows:
First, higher IFN-γ levels were released in the CRA when

using TATL from TgCkAr-11-9 local isolate than from ME49
reference strain as antigenic stimuli for all OT patients residing
in Misiones Province, a result that might reflect the pre-
dominant circulation of the former strain in this area, thus
possibly influencing the course of the infection.
Second, the corroboration that patients with high intraocular

IFN-γ during RTR also release high levels of IFN-γ in the CRA
during the inactive period of the ocular disease. As we have
previously shown,9 this group of patients experienced high in-
traocular pressure during RTR. We observed a positive corre-
lationbetween IFN-γ released in theCRAandsuchclinical sign.
Third, CRA was a useful diagnostic tool to show either the

absence or very low levels of released IFN-γ. This group in-
cluded patients who exhibited either a congenital17 or an ac-
quired T. gondii disease, both of them with PV and a longer
elapsed time to RTR resolution.

2240 RUDZINSKI AND OTHERS



TA
B
LE

1
C
lin
ic
al
d
at
a,

se
ru
m

an
ti–

T.
go

nd
ii
Ig
G
an

tib
od

ie
s,

IF
N
-γ
,I
L-
10

le
ve

ls
in

ad
d
iti
on

to
IF
N
-γ
/IL

-1
0
ra
tio

ob
ta
in
ed

fr
om

th
e
su

p
er
na

ta
nt

of
a
C
R
A
,a

nd
in
tr
ao

cu
la
rI
FN

-γ
va

lu
es

ob
ta
in
ed

d
ur
in
g
R
TR

In
d
iv
id
ua

l
G
en

d
er

A
ge

(y
ea

rs
)

To
xo

p
la
sm

os
is

To
xo

Ig
G
IU
/m

L

In
ac

tiv
e
d
is
ea

se
A
ct
iv
e
d
is
ea

se

C
R
A

In
tr
ao

cu
la
ra

q
ue

ou
s

hu
m
or

IF
N
-γ

p
g/
m
L
(d
ur
in
g
R
TR

)
C
lin
ic
al

si
gn

s
M
ac

ul
ar

in
vo

lv
em

en
t

R
TR

d
ur
at
io
n

(w
ee

ks
)

C
om

p
lic
at
io
ns

A
ct
iv
e

le
si
on

si
ze

(p
ap

ill
ar
y

d
ia
m
et
er
)

IF
N
-γ

(p
g/
m
L)

fr
om

P
B
M
C

IF
N
-γ

(p
g/
m
L)

fr
om

P
B
M
C
+
M
E
49

*
IF
N
-γ

(p
g/
m
L)

fr
om

P
B
M
C
+
Tg

C
kA

r-
11

-9
**
**
*

IF
N
-γ
/IL

-1
0

ra
tio

#

P
1

F
66

A
cq

ui
re
d

80
.9
9

4.
75

25
.0
7

12
2.
3

4.
42

13
5

O
H
,s

ev
en

R
TR

ep
is
od

es
N
o

6
E
M

1.
5

P
2

M
42

A
cq

ui
re
d

13
5.
54

5.
95

17
.8
1

42
.5
8

2.
07

10
5.
6

O
H
,R

V
N
o

6
C
at
ar
ac

t
2

P
3

M
29

A
cq

ui
re
d

15
6.
49

6.
07

13
2.
40

29
1.
57

3.
54

64
O
H
,R

V
Y
es

6
–

2.
5

P
7

M
20

A
cq

ui
re
d

13
4.
72

6.
19

87
.3
6

23
3.
9

8.
98

15
S
F

Y
es

8
–

1
P
9

M
27

A
cq

ui
re
d

13
8.
24

5.
27

83
3

1,
00

0
8.
4

73
2.
23

O
H
,R

V
N
o

7
–

–

P
12

F
46

A
cq

ui
re
d

14
1.
3

4.
25

68
2

1,
00

0
9.
6

–
O
H

Y
es

7
–

–

P
13

M
37

A
cq

ui
re
d

1,
02

4†
4.
68

26
.3

37
.6

1.
2

–
R
V

N
o

6
E
M

–

P
4

M
39

U
nk

no
w
n

17
8.
96

4.
27

4.
99

12
.0
6

0.
19

17
.9

–
Y
es

9
N
eu

tr
op

en
ia

2
P
5

M
16

C
on

ge
ni
ta
l

21
1.
01

7
5.
32

6.
78

13
.4
9

0.
17

17
.9

C
on

co
m
ita

nt
b
ila
te
ra
l

in
fl
am

m
at
io
n

Y
es

8
–

3

P
6

M
60

A
cq

ui
re
d

16
1.
76

4.
75

6.
19

7.
6

0.
13

17
.7

S
uc

ce
ss

iv
e
b
ila
te
ra
l

in
fl
am

m
at
io
n,

P
V

N
o

>
10

R
D

–

P
10

F
38

A
cq

ui
re
d

12
5.
84

3.
23

7.
95

14
.4
7

0.
6

–
Y
ux

ta
p
ap

ila
r
le
si
on

N
o

7
–

2.
5

P
11

M
30

A
cq

ui
re
d

13
8.
5

3.
93

6.
72

10
.4
4

0.
87

–
–

Y
es

8
–

1.
5

P
8

M
24

C
on

ge
ni
ta
l

51
2†

5.
71

4.
99

5.
23

0.
08

2
M
R
L,

P
V

N
o

>
10

C
at
ar
ac

t
2

P
14

F
39

C
on

ge
ni
ta
l

12
5.
33

5.
1

5.
9

6.
24

0.
1

–
M
R
L

Y
es

8
–

2
C
I1

F
35

–
N
eg

5.
23

3.
31

4.
51

0.
11

–
–

–
–

–
–

C
I2

F
38

–
N
eg

4.
51

5.
2

4.
27

0.
05

–
–

–
–

–
–

C
I3

M
48

–
N
eg

3.
7

4.
26

4.
07

5
0.
09

–
–

–
–

–
–

C
I4

F
21

–
N
eg

3.
31

–
3.
02

–
–

–
–

–
–

–

C
I=

co
nt
ro
li
nd

iv
id
ua

l;
C
R
A
=
cy

to
ki
ne

re
le
as

e
as

sa
y;
E
M

=
ep

ire
tin

al
m
em

b
ra
ne

;F
=
fe
m
al
e;
IF
N
-γ

=
in
te
rf
er
on

ga
m
m
a;
M

=
m
al
e;
M
R
L
=
m
ul
tip

le
re
tin

al
le
si
on

;O
H
=
oc

ul
ar

hy
p
er
te
ns

io
n;

P
B
M
C
=
p
er
ip
he

ra
lb
lo
od

m
on

on
uc

le
ar

ce
lls
;P

V
=
p
er
si
st
en

tv
itr
iti
s;
R
TR

=
re
ac

tiv
at
io
n
of

to
xo

p
la
sm

ic
re
tin

oc
ho

ro
id
iti
s;

R
V
=
re
tin

al
va

sc
ul
iti
s;

S
F
=
su

b
re
tin

al
fi
b
ro
si
s;

R
D

=
re
tin

al
d
et
ac

hm
en

t;
T.

go
nd

ii
=
To

xo
pl
as
m
a
go

nd
ii;

N
eg

=
ne

ga
tiv

e.
C
yt
ok

in
e
re
le
as

e
as

sa
y
w
as

p
er
fo
rm

ed
d
ur
in
g
th
e
in
ac

tiv
e
sc

ar
p
er
io
d
.
P
er
ip
he

ra
lb

lo
od

m
on

on
uc

le
ar

ce
lls

fr
om

b
lo
od

of
fo
ur

an
ti–

T.
go

nd
ii
se

ro
ne

ga
tiv

e
su

b
je
ct
s
w
er
e
us

ed
as

C
Is

fo
r
C
R
A
.A

si
gn

ifi
ca

nt
in
cr
ea

se
in

th
e
re
le
as

e
of

IF
N
-γ

w
as

ob
se

rv
ed

up
on

p
at
ie
nt
s’

P
B
M
C
st
im

ul
at
io
n
w
ith

to
ta
la

nt
ig
en

s
fr
om

To
xo

pl
as
m
a
go

nd
ii
ly
sa

te
(T
A
TL

)f
ro
m

M
E
49

re
fe
re
nc

e
st
ra
in
(*
P
=
0.
00

15
)o

rf
ro
m

Tg
C
kA

r-
11

-9
(*
*P

=
0.
00

12
)l
oc

al
is
ol
at
e.
TA

TL
fr
om

Tg
C
kA

r1
1-
9
in
d
uc

ed
th
e
P
B
M
C
re
le
as

e
of

hi
gh

er
IF
N
-γ

le
ve

ls
(m

ed
ia
n
=
26

.0
3
p
g/
m
L)
th
an

M
E
49

(m
ed

ia
n
=
12

.8
8)
in
C
R
A
fr
om

al
lt
es

te
d
p
at
ie
nt
s
(*
**
P
=
0.
02

).
P
at
ie
nt
s

w
ith

IF
N
-γ

re
su

lts
ab

ov
e
th
e
m
ed

ia
n
w
er
e
co

ns
id
er
ed

hi
gh

IF
N
-γ

re
le
as

er
s
an

d
ha

ve
an

IF
N
-γ
/IL

-1
0
ra
tio

>
1.

A
si
gn

ifi
ca

nt
d
iff
er
en

ce
w
as

ob
se

rv
ed

b
et
w
ee

n
p
at
ie
nt
s
w
ith

IF
N
-γ
/IL

-1
0
ra
tio

s
>
1
vs
.p

at
ie
nt
s
w
ith

su
ch

ra
tio

<
1
(#
P
=
0.
00

17
).

†
=
an

tib
od

y
tit
er

ob
ta
in
ed

b
y
an

in
d
ire

ct
he

m
ag

gl
ut
in
at
io
n
te
st
.

CRA IN OCULAR TOXOPLASMOSIS 2241



In conclusion, patients with OH producing high intraocular
IFN-γ levels during RTR can be identified as high releasers of
IFN-γbyPBMC inCRA.Cytokine releaseassay is a simple and
useful test that may allow the identification of patients with
acquired OT, exhibiting low release of IFN-γ. The latter group
of patients is associated with an increased probability to ex-
perience a longer time of evolution and severe complications.
The results obtained in this study suggest the need to include
local strains when performing CRA with TATL.
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Universidad Católica de las Misiones, Posadas, Argentina, E-mails:
marcelor1@hotmail.com, carolina.d.szyszko@gmail.com, and reina-
investigacion@ucami.edu.ar. Lais Pardini, Mariana Bernstein, and
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