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Abstract
Purpose of Review Review building of programs to elimi-
nate Toxoplasma infections.
Recent Findings Morbidity and mortality from toxoplas-
mosis led to programs in USA, Panama, and Colombia to 
facilitate understanding, treatment, prevention, and regional 
resources, incorporating student work.
Summary Studies foundational for building recent, regional 
approaches/programs are reviewed. Introduction provides an 
overview/review of programs in Panamá, the United States, 
and other countries. High prevalence/risk of exposure led to 
laws mandating testing in gestation, reporting, and develop-
ment of broad-based teaching materials about Toxoplasma. 
These were tested for efficacy as learning tools for high-
school students, pregnant women, medical students, physi-
cians, scientists, public health officials and general public. 
Digitized, free, smart phone application effectively taught 
pregnant women about toxoplasmosis prevention. Perinatal 
infection care programs, identifying true regional risk fac-
tors, and point-of-care gestational screening facilitate pre-
vention and care. When implemented fully across all demo-
graphics, such programs present opportunities to save lives, 
sight, and cognition with considerable spillover benefits for 
individuals and societies.

Keywords review · foundational work · toxoplasmosis · 
congenital toxoplasmosis · Panama · Colombia · United 
States · France · Brazil · Morocco · medical care · 
pyrimethamine · sulfadiazine · public health · student 
research

Introduction

Herein, we present an introduction to, and an overview and 
review of work [1••, 2, 3••, 4••, 5••, 6••, 7••, 8••, 9••, 
10••, 11••, 12, 13, 14••, 15••, 16••, 17••, 18•, 19•, 20•, 
21•, 22•, 23, 24••, 25, 26, 27•, 28•, 29, 30, 31•, 32•, 33••, 
34•, 35•, 36, 37•, 38•, 39••, 40•, 41•, 42••, 43••, 44••, 45, 
46•, 47••, 48••, 49, 50•, 51•, 52•, 53••, 54, 55••, 56••, 57•, 
58••, 59•, 60••, 61, 62••, 63•, 64••, 65, 66••, 67••, 68••, 
69, 70, 71••, 72••, 73••, 74••, 75••, 76–78, 79••, 80••, 

81••, 82, 83, 84••, 85••, 86••, 87–98, 99••, 100••, 101–119, 
120••, 121••, 122••, 123••, 124••, 125••, 126••, 127••, 
128••, 129••, 130, 131, 132••, 133••, 134–137, 138••, 139, 
140••, 141, 142••, 143–151] to provide a basis for public 
health programs addressing toxoplasmosis. Students began 
by reviewing pertinent, available literature which is sum-
marized in part in Tables 1, 2, 3 and references [1••, 2, 3••, 
4••, 5••, 6••, 7••, 8••, 9••, 10••, 11••, 12, 13, 14••, 15••, 
16••, 17••, 18•, 19•, 20•, 21•, 22•, 23, 24••, 25, 26, 27•, 
28•, 29, 30, 31•, 32•, 33••, 34•, 35•, 36, 37•, 38•, 39••, 
40•, 41•, 42••, 43••, 44••, 45, 46•, 47••, 48••, 49, 50•, 
51•, 52•, 53••, 54, 55••, 56••, 57•, 58••, 59•, 60••, 61, 
62••, 63•, 64••, 65, 66••, 67••, 68••, 69, 70, 71••, 72••, 
73••, 74••, 75••, 76–78, 79••, 80••, 81••, 82, 83, 84••, 
85••, 86••, 87–98, 99••, 100••, 101–119, 120••, 121••, 
122••, 123••, 124••, 125••, 126••, 127••, 128••, 129••, 
130, 131, 132••, 133••, 134–137, 138••, 139, 140••, 141, 
142••, 143–151] with commentary about each manuscript 
for this Review. This initially was focused, as reviewed here, 
on work in France, Austria, the USA, Brazil, and Colom-
bia (Fig. 1). Student-generated research then contributed to 
this initiative, which encompassed three different countries 
including Panama, Colombia and the USA, seven different 
educational levels (high school, university, medical school, 
residency, graduate school, post-graduate, practicing physi-
cians and scientists), patients of all educational backgrounds, 
and more than a dozen institutions. Each individual research 
project generated useful data and discussions at poster ses-
sions and presentations that utilized and then updated our 
body of research. In addition, each student’s work provided 
original information concerning a certain aspect of toxoplas-
mosis and its prevention and treatment, which could then be 
expanded upon by other groups in the USA, Panama, Colom-
bia, and other countries (e.g., Brazil, France, Morocco). For 
example, there were six groups of US students and addi-
tional in-country students, scientists, and practitioners who, 
over the course of eight years, devised and updated spatial 
epidemiologic analyses of Toxoplasma seroprevalence and 
risk factors in Panama and Colombia. Some of this work 
provided a foundation for and part was incorporated into 
now published, relevant work [41•, 42••, 43••, 44••, 45, 
46•, 47••, 48••, 49, 50•, 52•, 53••, 54, 55••, 56••, 57•, 
59•, 62••, 63•, 65]. As a fundamental part of our global 
initiative, students have established new routes of communi-
cation between multiple academic and medical institutions. 
Together, we have created a tradition of, and paradigm for, 
research contributions that can be passed down and modified 
by new generations who take an interest in our expanding 
toxoplasmosis initiative. This introduction is the first in a 
series of four papers, which describe work begun in Panama 
in 2014 to build a comprehensive public health program 
(Fig. 1). This initiative is structured to provide education, 
information, and improvements meant to benefit healthcare 

http://orcid.org/0000-0002-1130-9631


Current Pediatrics Reports (2022) 10:57–92 59

1 3

Ta
bl

e 
1 

 C
hr

on
ol

og
y 

of
 F

in
di

ng
s 

fro
m

 th
e 

N
at

io
na

l C
ol

la
bo

ra
tiv

e 
C

hi
ca

go
-b

as
ed

 C
on

ge
ni

ta
l T

ox
op

la
sm

os
is

 S
tu

dy
, (

N
C

C
C

TS
) 

Pr
og

ra
m

 (
19

81
–2

02
2)

, w
ith

 M
en

tio
n 

of
 P

re
ce

de
nt

 U
S 

St
ud

ie
s 

an
d 

A
cc

om
pl

is
hm

en
ts

 o
f O

th
er

s, 
C

rit
ic

al
 fo

r D
ev

el
op

m
en

t o
f A

pp
ro

ac
he

s t
o 

Tr
ea

tin
g 

an
d 

U
nd

er
st

an
di

ng
 th

is
 D

is
ea

se

St
ud

y 
Fi

rs
t a

ut
ho

r (
da

te
) [

re
fe

re
nc

e]
D

et
ai

ls
M

aj
or

 F
in

di
ng

s

Sa
bi

n,
 1

94
5 

[c
on

si
de

re
d 

in
 4

••
, 1

6•
• ,

 
19

• ,
 2

0•
, 3

3•
• ]

C
hi

ld
 fr

om
 w

ho
m

 th
e 

R
H

 ty
pe

 I 
str

ai
n 

w
as

 is
ol

at
ed

.
To

xo
pl

as
m

a 
ca

us
es

 a
 se

ve
re

 d
is

ea
se

 in
 in

fa
nt

s;
 R

H
 st

ra
in

 o
f T

ox
op

la
sm

a 
w

as
 

is
ol

at
ed

.
Ei

ch
en

w
al

d,
 1

95
9 

[c
on

si
de

re
d 

in
 4

••
, 

16
••

, 1
9•

, 2
0•

, 3
3•

• ;
88

]
In

fa
nt

s w
ho

 p
re

se
nt

ed
 w

ith
 g

en
er

al
iz

ed
 o

r n
eu

ro
lo

gi
c 

di
se

as
e 

at
 b

irt
h 

ha
d 

se
ve

re
 se

qu
al

ae
 b

y 
fo

ur
 y

ea
rs

 o
f a

ge
 w

he
n 

ei
th

er
 u

nt
re

at
ed

 o
r t

re
at

ed
 fo

r 
on

e 
m

on
th

 a
t b

irt
h.

C
on

ge
ni

ta
l t

ox
op

la
sm

os
is

 p
re

se
nt

s w
ith

 g
en

er
al

iz
ed

 o
r n

eu
ro

lo
gi

c 
m

an
i-

fe
st

at
io

ns
 o

r b
ot

h.
 T

hi
s u

su
al

ly
 re

su
lts

 in
 si

gn
ifi

ca
nt

 h
ar

m
fu

l e
ffe

ct
s o

n 
br

ai
n 

an
d 

ey
es

 b
y 

th
e 

ag
e 

of
 4

 y
ea

rs
 w

he
n 

un
tre

at
ed

 o
r t

re
at

ed
 o

nl
y 

fo
r o

ne
 

m
on

th
.

W
ils

on
, R

em
in

gt
on

, S
ta

gn
o,

Re
yn

ol
ds

, 1
98

0 
[c

on
si

de
re

d 
in

 4
••

, 
16

••
, 1

9•
, 2

0•
, 3

3•
• ;

90
]

In
fa

nt
s w

ho
 a

pp
ea

re
d 

to
 b

e 
as

ym
pt

om
at

ic
 o

r h
av

e 
m

ild
 in

vo
lv

em
en

t a
fte

r 
bi

rth
, w

he
n 

un
tre

at
ed

, a
lm

os
t a

ll 
ha

d 
si

gn
ifi

ca
nt

 re
tin

al
 d

is
ea

se
 a

nd
 fa

ll 
in

 
IQ

 b
y 

th
e 

tim
e 

th
ey

 w
er

e 
te

en
ag

er
s.

La
te

 m
an

ife
st

at
io

ns
 o

f c
on

ge
ni

ta
l T

ox
op

la
sm

a 
in

fe
ct

io
n 

oc
cu

rr
ed

 in
 th

e 
ey

e 
an

d 
br

ai
n 

by
 te

en
ag

e 
ye

ar
s e

ve
n 

in
 c

hi
ld

re
n 

w
ho

 w
er

e 
as

ym
pt

om
at

ic
 

at
 b

irt
h.

M
cl

eo
d 

R
, 1

99
0

[1
••

]
In

fa
nt

 w
ith

 c
on

ge
ni

ta
l t

ox
op

la
sm

os
is

 h
ad

 ly
m

ph
oc

yt
es

 u
nr

es
po

ns
iv

e 
to

 
To

xo
pl

as
m

a 
an

tig
en

s.
Se

le
ct

iv
e 

un
re

sp
on

si
ve

ne
ss

 o
f a

 c
on

ge
ni

ta
lly

 in
fe

ct
ed

 in
fa

nt
 to

 T
ox

op
la

sm
a 

an
tig

en
s.

M
cG

ee
 T

, 1
99

2
[2

]
A

bs
en

ce
 o

f s
en

so
rin

eu
ra

l h
ea

rin
g 

lo
ss

 in
 tr

ea
te

d 
in

fa
nt

s a
nd

 c
hi

ld
re

n 
w

ith
 

co
ng

en
ita

l t
ox

op
la

sm
os

is
.

Se
ns

or
in

eu
ra

l h
ea

rin
g 

lo
ss

 is
 v

er
y 

ra
re

 in
 th

e 
U

SA
 in

 h
um

an
s w

ith
 c

on
ge

ni
-

ta
l t

ox
op

la
sm

os
is

.
M

cl
eo

d 
R

, 1
99

2
[3

••
]

Le
ve

ls
 o

f p
yr

im
et

ha
m

in
e 

in
 se

ra
 a

nd
 c

er
eb

ro
sp

in
al

 a
nd

 v
en

tri
cu

la
r fl

ui
ds

 
fro

m
 in

fa
nt

s t
re

at
ed

 fo
r c

on
ge

ni
ta

l t
ox

op
la

sm
os

is
. I

t i
s a

 p
ha

se
 1

 c
lin

ic
al

 
tri

al
 o

f t
re

at
m

en
t o

f c
on

ge
ni

ta
l t

ox
op

la
sm

os
is

 a
nd

 fi
nd

s t
he

ra
pe

ut
ic

 le
ve

ls
 

of
 p

yr
im

et
ha

m
in

e 
an

d 
sa

fe
ty

 w
ith

 o
ne

 y
ea

r o
f t

re
at

m
en

t.

C
on

ge
ni

ta
l t

ox
op

la
sm

os
is

 c
an

 b
e 

tre
at

ed
 w

ith
 p

yr
im

et
ha

m
in

e 
an

d 
su

lfa
di

a-
zi

ne
 in

 in
fa

nc
y 

fo
r o

ne
 y

ea
r s

af
el

y,
 d

em
on

str
at

ed
 in

 a
 p

ha
se

 1
 c

lin
ic

al
 

tri
al

. T
w

o 
ch

ild
re

n 
re

ce
iv

ed
 a

 h
ig

he
r d

os
e 

th
an

 p
la

nn
ed

 w
hi

ch
 fo

rm
ed

 th
e 

ba
se

s f
or

 a
 p

ha
se

 2
 c

lin
ic

al
 tr

ia
l. 

Po
te

nt
ia

lly
 th

er
ap

eu
tic

 se
ru

m
 le

ve
ls

 o
f 

py
rim

et
ha

m
in

e 
in

 th
e 

in
fa

nt
s d

efi
ne

d.
M

cA
ul

ey
 J,

 1
99

4
[4

••
]

Ea
rly

 a
nd

 lo
ng

itu
di

na
l e

va
lu

at
io

ns
 o

f t
re

at
ed

 in
fa

nt
s a

nd
 c

hi
ld

re
n 

an
d 

un
tre

at
ed

 h
ist

or
ic

al
 p

at
ie

nt
s w

ith
 c

on
ge

ni
ta

l t
ox

op
la

sm
os

is
.

Fa
vo

ra
bl

e 
ou

tc
om

es
 o

f t
re

at
ed

 c
on

ge
ni

ta
l t

ox
op

la
sm

os
is

 id
en

tifi
ed

, m
an

i-
fe

st
at

io
ns

 a
nd

 n
at

ur
al

 h
ist

or
y 

de
sc

rib
ed

, T
re

at
ed

 c
on

ge
ni

ta
l t

ox
op

la
sm

os
is

 
ca

n 
ha

ve
 fa

vo
ra

bl
e 

ou
tc

om
es

.
Sw

is
he

r C
N

, 1
99

4 
[5

••
]

D
es

cr
ib

es
 n

eu
ro

lo
gi

c 
fin

di
ng

s o
f c

on
ge

ni
ta

l t
ox

op
la

sm
os

is
 in

 th
e 

U
SA

.
Th

is
 d

es
cr

ib
es

 g
oo

d 
ou

tc
om

es
 e

ve
n 

w
ith

 si
gn

ifi
ca

nt
 n

eu
ro

lo
gi

c 
di

se
as

e 
an

d 
so

m
e 

pr
og

no
sti

c 
fa

ct
or

s a
ss

oc
ia

te
d 

w
ith

 le
ss

 fa
vo

ra
bl

e 
ou

tc
om

es
.

Ro
iz

en
 N

, 1
99

5
[6

••
]

N
eu

ro
lo

gi
c 

an
d 

de
ve

lo
pm

en
ta

l o
ut

co
m

e 
in

 tr
ea

te
d 

co
ng

en
ita

l t
ox

op
la

sm
o-

si
s. 

Th
is

 d
em

on
str

at
es

 b
et

te
r n

eu
ro

lo
gi

c 
ou

tc
om

es
 a

nd
 th

e 
im

po
rta

nc
e 

of
 re

co
gn

iz
in

g 
th

at
 w

ha
t m

ay
 b

e 
in

te
rp

re
te

d 
as

 d
ev

el
op

m
en

ta
l d

el
ay

s a
re

 
re

al
ly

 re
la

te
d 

to
 v

is
ua

l i
m

pa
irm

en
t. 

Th
is

 e
m

ph
as

iz
es

 th
e 

im
po

rta
nc

e 
of

 
co

m
pe

ns
at

or
y 

ed
uc

at
io

na
l s

tra
te

gi
es

.

V
is

ua
l i

m
pa

irm
en

t c
an

 b
e 

m
is

in
te

rp
re

te
d 

as
 d

ev
el

op
m

en
ta

l d
el

ay
s, 

sh
ow

in
g 

a 
ne

ce
ss

ity
 fo

r c
om

pe
ns

at
or

y 
ed

uc
at

io
na

l s
tra

te
gi

es
 to

 o
ve

rc
om

e 
vi

su
al

 
im

pa
irm

en
ts

.

Pa
te

l D
V,

 1
99

6
[7

••
]

Re
so

lu
tio

n 
of

 in
tra

cr
an

ia
l c

al
ci

fic
at

io
ns

 in
 in

fa
nt

s w
ith

 tr
ea

te
d 

co
ng

en
ita

l 
to

xo
pl

as
m

os
is

.
C

al
ci

fic
at

io
ns

 o
fte

n 
di

m
in

is
h 

in
 si

ze
 o

r r
es

ol
ve

 d
ur

in
g 

on
e 

ye
ar

 o
f t

re
at

m
en

t 
in

 in
fa

nc
y.

Vo
ge

l N
, 1

99
6

[8
••

]
C

on
ge

ni
ta

l t
ox

op
la

sm
os

is
 tr

an
sm

itt
ed

 fr
om

 a
n 

im
m

un
ol

og
ic

al
ly

 c
om

pe
te

nt
 

m
ot

he
r i

nf
ec

te
d 

be
fo

re
 c

on
ce

pt
io

n.
Ve

ry
 ra

re
ly

 a
 m

ot
he

r i
nf

ec
te

d 
be

fo
re

 c
on

ce
pt

io
n 

ca
n 

tra
ns

m
it 

to
 th

e 
fe

tu
s 

du
rin

g 
ge

st
at

io
n.

M
et

s M
B

, 1
99

6
[9

••
]

Ey
e 

m
an

ife
st

at
io

ns
 o

f c
on

ge
ni

ta
l t

ox
op

la
sm

os
is

.
La

rg
e 

oc
ul

ar
 sc

ar
s c

an
 o

cc
ur

 w
ith

 n
or

m
al

 o
r n

ea
r n

or
m

al
 v

is
io

n.
 T

re
at

m
en

t 
w

ith
 p

yr
im

et
ha

m
in

e 
an

d 
su

lfa
di

az
in

e 
re

su
lts

 in
 p

ro
m

pt
 re

so
lu

tio
n 

of
 a

ct
iv

e 
ey

e 
di

se
as

e 
in

 in
fa

nt
s a

nd
 c

hi
ld

re
n.

 E
ye

 le
si

on
s c

an
oc

cu
r l

at
er

 in
 tr

ea
te

d 
ch

ild
re

n 
an

d 
m

or
e 

co
m

m
on

ly
 in

 th
os

e 
w

ho
 m

is
s t

re
at

-
m

en
t i

n 
ut

er
o 

an
d 

in
 th

e 
fir

st 
ye

ar
 o

f l
ife

.
Ro

be
rts

 F
, 1

99
9

[1
0•

• ]
Pa

th
og

en
es

is
 o

f t
ox

op
la

sm
ic

 re
tin

oc
ho

ro
id

iti
s s

ec
on

da
ry

 to
 to

xo
pl

as
m

os
is

. 
Pa

th
ol

og
y 

in
 fe

ta
l/i

nf
an

t e
ye

s d
es

cr
ib

ed
.

Pa
th

ol
og

y 
in

vo
lv

es
 d

es
tru

ct
io

n 
of

 re
tin

al
 ti

ss
ue

 a
nd

 in
fla

m
m

at
io

n 
w

ith
 so

m
e 

pa
ra

si
te

s p
re

se
nt

 in
 th

e 
ey

e.



60 Current Pediatrics Reports (2022) 10:57–92

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y 
Fi

rs
t a

ut
ho

r (
da

te
) [

re
fe

re
nc

e]
D

et
ai

ls
M

aj
or

 F
in

di
ng

s

M
ac

k 
D

G
, 1

99
9

[1
1•

• ]
H

LA
-c

la
ss

 II
 g

en
es

 m
od

ify
 o

ut
co

m
e 

of
 T

ox
op

la
sm

a 
go

nd
ii 

in
fe

ct
io

n.
H

LA
D

Q
3 

su
sc

ep
tib

ili
ty

, D
Q

1 
pr

ot
ec

tiv
e 

al
le

le
 in

 H
LA

 tr
an

sg
en

ic
 m

ic
e.

 
Pa

th
ol

og
y:

 c
ys

ts
, p

er
iv

as
cu

la
r c

uffi
ng

, l
ep

to
m

en
in

ge
al

 in
fla

m
m

at
io

n 
an

d 
m

ic
ro

gl
ia

l n
od

ul
es

 in
 b

ra
in

 p
ar

en
ch

ym
a.

 In
 N

C
C

C
TS

, H
LA

D
Q

3
as

so
ci

at
ed

 w
ith

 d
ev

el
op

m
en

t o
f h

yd
ro

ce
ph

al
us

.
B

re
zi

n 
A

P,
 2

00
3

[1
2]

O
ph

th
al

m
ic

 o
ut

co
m

es
 a

fte
r p

re
na

ta
l a

nd
 p

os
tn

at
al

 tr
ea

tm
en

t o
f c

on
ge

ni
ta

l 
to

xo
pl

as
m

os
is

. D
es

cr
ip

tio
n 

of
 re

tin
al

 le
si

on
s i

n 
ch

ild
re

n 
in

 F
ra

nc
e 

by
 

N
C

C
C

TS
 a

nd
 fr

en
ch

 o
ph

th
al

m
ol

og
ist

s.

C
ha

ra
ct

er
iz

at
io

n 
of

 e
ye

 le
si

on
s a

nd
 to

xo
pl

as
m

os
is

 la
te

r i
n 

lif
e.

B
oy

er
 K

M
, 2

00
5

[1
3•

• ]
R

is
k 

fa
ct

or
s f

or
 T

ox
op

la
sm

a 
go

nd
ii 

in
fe

ct
io

n 
in

 m
ot

he
rs

 o
f i

nf
an

ts
 w

ith
 

co
ng

en
ita

l t
ox

op
la

sm
os

is
. I

m
pl

ic
at

io
ns

 fo
r p

re
na

ta
l m

an
ag

em
en

t a
nd

 
sc

re
en

in
g.

Th
er

e 
is

 so
m

e 
as

so
ci

at
io

n 
w

ith
 c

on
ta

ct
 w

ith
 c

at
 e

xc
re

m
en

t o
r e

at
in

g 
m

ea
t 

th
at

 is
 n

ot
 w

el
l c

oo
ke

d.
 B

ut
 th

e 
m

aj
or

ity
 o

f m
ot

he
rs

 h
ad

 n
o 

re
co

gn
iz

ed
 

ris
k 

fa
ct

or
s, 

su
gg

es
tin

g 
un

re
co

gn
iz

ed
 e

nv
iro

nm
en

ta
l c

on
ta

m
in

at
io

n.
 

G
es

ta
tio

na
l s

cr
ee

ni
ng

 fo
r p

re
gn

an
t w

om
en

 a
nd

 v
ac

ci
ne

s l
ik

el
y 

ne
ed

ed
 to

 
el

im
in

at
e 

th
e 

di
se

as
e 

be
ca

us
e 

m
uc

h 
ex

po
su

re
 is

 u
nr

ec
og

ni
ze

d.
M

cL
eo

d 
R

, 2
00

6
[1

4•
• ]

Se
ve

re
 su

lfa
di

az
in

e 
hy

pe
rs

en
si

tiv
ity

 in
 a

 c
hi

ld
 w

ith
 re

ac
tiv

at
ed

 c
on

ge
ni

ta
l 

to
xo

pl
as

m
ic

 c
ho

rio
re

tin
iti

s.
D

re
ss

 sy
nd

ro
m

e 
(r

as
h,

 e
os

in
op

hi
lia

, m
on

oc
yt

os
is

, a
nd

 a
 fe

ve
r)

 o
cc

ur
re

d 
in

 
a 

ch
ild

 in
 a

ss
oc

ia
tio

n 
w

ith
 su

lfa
di

az
in

e.
 T

hi
s c

an
 o

cc
ur

 in
 tr

ea
te

d 
ch

ild
re

n 
an

d 
is

 le
th

al
 1

0%
 o

f t
he

 ti
m

e.
Ro

iz
en

 N
, 2

00
6

[1
5•

• ]
V

is
ua

l i
m

pa
irm

en
t i

m
pa

ct
s m

ea
su

re
s o

f c
og

ni
tiv

e 
fu

nc
tio

n 
in

 c
hi

ld
re

n 
w

ith
 

co
ng

en
ita

l t
ox

op
la

sm
os

is
, s

ho
w

in
g 

a 
ne

ed
 fo

r c
om

pe
ns

at
or

y 
in

te
rv

en
tio

n 
str

at
eg

ie
s.

A
dd

re
ss

in
g 

vi
su

al
 im

pa
irm

en
t i

s c
rit

ic
al

 fo
r d

et
er

m
in

in
g 

th
e 

m
ea

ni
ng

 o
f 

co
gn

iti
ve

 te
st 

pe
rfo

rm
an

ce
 a

nd
 d

es
ig

ni
ng

 c
om

pe
ns

at
or

y 
str

at
eg

ie
s f

or
 

vi
su

al
 im

pa
irm

en
ts

.
M

cL
eo

d 
R

, 2
00

6
[1

6•
• ]

O
ut

co
m

e 
of

 c
on

ge
ni

ta
l t

ox
op

la
sm

os
is

 tr
ea

tm
en

t s
ee

n 
in

 th
e 

N
C

C
C

TS
. 

Im
pr

ov
ed

 o
ut

co
m

es
 in

 a
 p

ha
se

 1
 a

nd
 2

 c
lin

ic
al

 tr
ia

l w
ith

 tr
ea

tm
en

t w
ith

 
fiv

e 
pr

es
pe

ci
fie

d 
en

dp
oi

nt
s. 

B
es

t o
ut

co
m

es
 w

ith
 p

re
na

ta
l t

re
at

m
en

t.

B
en

efi
t o

f p
re

na
ta

l a
nd

 p
os

tn
at

al
 tr

ea
tm

en
t i

n 
ra

nd
om

iz
ed

 c
on

tro
l t

ria
l w

ith
 

ra
nd

om
iz

ed
 d

os
es

 o
f p

yr
im

et
ha

m
in

e 
w

ith
 p

ar
tic

ip
an

ts
 ra

nd
om

iz
ed

 to
 a

 
lo

w
er

 o
r h

ig
he

r d
os

e 
of

 p
yr

im
et

ha
m

in
e.

 D
os

es
 w

er
e 

ch
os

en
 to

 h
av

e 
le

ve
ls

 
th

at
 w

er
e 

th
er

ap
eu

tic
 fo

r e
qu

ip
oi

se
. T

re
at

m
en

t c
an

 re
su

lt 
in

 fa
vo

ra
bl

e 
ou

t-
co

m
es

 w
ith

 n
o 

su
bs

ta
nt

ia
l i

rr
ev

er
si

bl
e 

to
xi

ci
ty

, t
ra

ns
ie

nt
 lo

w
er

 n
eu

tro
ph

il 
co

un
ts

 d
ur

in
g 

tre
at

m
en

t. 
Tr

ea
tm

en
t i

s s
af

e,
 lo

ng
-te

rm
 lo

ng
itu

di
na

l f
ol

lo
w

-
up

 is
 o

n-
go

in
g,

 w
ith

ou
t l

at
er

 to
xi

ci
tie

s n
ot

ed
.

A
ru

n 
V,

 2
00

7
[1

7•
• ]

Tr
ea

tm
en

t a
nd

 ty
pe

s o
f c

at
ar

ac
ts

 in
 c

on
ge

ni
ta

l t
ox

op
la

sm
os

is
.

Pa
tte

rn
s o

f c
at

ar
ac

ts
 in

 in
fa

nt
s w

ith
 to

xo
pl

as
m

os
is

 a
nd

 su
cc

es
sf

ul
 su

rg
ic

al
 

tre
at

m
en

t.
B

en
ev

en
to

 JD
, 2

00
8 

[1
8•

]
Tr

ea
tm

en
t w

ith
 ra

ni
bi

zu
m

ab
 a

nd
 a

nt
ip

ar
as

iti
c 

th
er

ap
y 

fo
r t

ox
op

la
sm

os
is

-
as

so
ci

at
ed

 n
eo

va
sc

ul
ar

 le
si

on
s.

C
N

V
M

 d
ue

 to
 to

xo
pl

as
m

os
is

 a
re

 su
cc

es
sf

ul
ly

 tr
ea

te
d 

by
 m

ed
ic

in
es

 p
lu

s 
an

tib
od

y 
to

 V
EG

F.
Ph

an
 L

, 2
00

8
[1

9•
]

Lo
ng

itu
di

na
l s

tu
dy

 o
f n

ew
 e

ye
 le

si
on

s i
n 

tre
at

ed
 c

on
ge

ni
ta

l t
ox

op
la

sm
os

is
.

Th
er

e 
is

 so
m

e 
re

cu
rr

en
ce

 o
f d

is
ea

se
. T

he
 re

cu
rr

en
ce

 ra
te

 is
 m

uc
h 

le
ss

 th
an

 
in

 u
nt

re
at

ed
 c

hi
ld

re
n.

 It
 is

 a
 re

la
ps

in
g 

pr
og

re
ss

iv
e 

di
se

as
e.

 T
he

 p
ea

ks
 o

f 
ag

e 
fo

r r
ec

ur
re

nc
e 

ar
e 

ar
ou

nd
 6

-7
 y

ea
rs

, a
do

le
sc

en
ce

, a
nd

 st
re

ss
fu

l t
im

es
.

Ph
an

 L
, 2

00
8

[2
0•

]
Lo

ng
itu

di
na

l s
tu

dy
 o

f n
ew

 e
ye

 le
si

on
s i

n 
ch

ild
re

n 
w

ith
 to

xo
pl

as
m

os
is

 w
ho

 
w

er
e 

no
t t

re
at

ed
 d

ur
in

g 
th

e 
fir

st 
ye

ar
 o

f l
ife

.
O

cc
ur

re
nc

e 
of

 n
ew

 e
ye

 le
si

on
 is

 m
uc

h 
hi

gh
er

 in
 th

e 
ch

ild
re

n 
w

ho
 w

er
e 

no
t 

tre
at

ed
.

Ja
m

ie
so

n 
SE

, 2
00

8 
[2

1•
]

G
en

et
ic

 a
nd

 e
pi

ge
ne

tic
 fa

ct
or

s a
t C

O
L2

A
1 

an
d 

A
B

CA
4 

in
flu

en
ce

 d
ev

el
op

-
m

en
t o

f c
on

ge
ni

ta
l t

ox
op

la
sm

os
is

.
A

B
C

4 
an

d 
CO

L2
A

 a
re

 su
sc

ep
tib

ili
ty

 g
en

es
 fo

r t
ox

op
la

sm
os

is
. P

ar
en

t o
f 

or
ig

in
 e

ffe
ct

 d
em

on
str

at
es

 e
ffe

ct
 o

f i
m

pr
in

tin
g.

Ja
m

ie
so

n 
SE

, 2
00

9 
[2

2•
]

G
en

et
ic

 a
nd

 e
pi

ge
ne

tic
 fa

ct
or

s a
nd

 su
sc

ep
tib

ili
ty

 g
en

es
 in

 to
xo

pl
as

m
os

is
.

O
ve

rv
ie

w
 o

f g
en

et
ic

 su
sc

ep
tib

ili
ty

 a
nd

 e
pi

ge
ne

tic
 m

ec
ha

ni
sm

s f
or

 se
ve

rit
y 

an
d 

en
d 

or
ga

n 
da

m
ag

e 
to

 b
ra

in
 a

nd
 e

ye
 in

 c
on

ge
ni

ta
l t

ox
op

la
sm

os
is

.
Ta

n 
T,

 2
01

0 
[2

3•
• ]

Id
en

tifi
ca

tio
n 

of
 p

ro
te

ct
iv

e 
T.

 g
on

di
i e

pi
to

pe
s, 

ad
ju

va
nt

s, 
an

d 
ho

st 
ge

ne
tic

 
fa

ct
or

s i
n 

bo
th

 m
ic

e 
an

d 
hu

m
an

s.
Pa

rt 
of

 a
 m

ul
tis

te
p 

pr
og

ra
m

 to
 c

re
at

e 
a 

va
cc

in
e 

to
 p

re
ve

nt
 to

xo
pl

as
m

os
is

 in
 

hu
m

an
s.



Current Pediatrics Reports (2022) 10:57–92 61

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y 
Fi

rs
t a

ut
ho

r (
da

te
) [

re
fe

re
nc

e]
D

et
ai

ls
M

aj
or

 F
in

di
ng

s

Le
es

 M
P,

 2
01

0
[2

4•
• ]

P2
X

7 
re

ce
pt

or
-m

ed
ia

te
d 

ki
lli

ng
 o

f a
n 

in
tra

ce
llu

la
r p

ar
as

ite
, T

ox
op

la
sm

a 
go

nd
ii.

P2
X

7R
 is

 a
 su

sc
ep

tib
ili

ty
 g

en
e 

fo
r c

on
ge

ni
ta

l t
ox

op
la

sm
os

is
 a

nd
 a

ffe
ct

s 
cy

to
ki

ne
 p

ro
du

ct
io

n.
 D

em
on

str
at

io
n 

w
ith

 m
on

oc
yt

es
 in

 c
ul

tu
re

 a
nd

 
in

 m
ic

e.
Ja

m
ie

so
n 

SE
, 2

01
0 

[2
5]

A
ss

oc
ia

tio
ns

 b
et

w
ee

n 
th

e 
pu

rin
er

gi
c 

re
ce

pt
or

 P
2X

(7
) (

P2
R

X
7)

 a
nd

 to
xo

-
pl

as
m

os
is

.
P2

X
7R

 is
 a

 su
sc

ep
tib

ili
ty

 g
en

e 
fo

r c
on

ge
ni

ta
l t

ox
op

la
sm

os
is

 a
nd

 a
ffe

ct
s 

cy
to

ki
ne

 p
ro

du
ct

io
n.

 T
hi

s i
s a

 st
ud

y 
of

 tw
o 

co
ho

rts
 d

em
on

str
at

in
g 

su
sc

ep
-

tib
ili

ty
 g

en
e 

th
ro

ug
h 

Tr
an

sm
is

si
on

 D
is

eq
ui

lib
riu

m
 T

es
tin

g 
(T

D
T)

 in
 th

e 
U

SA
 a

nd
 a

 c
as

e 
co

nt
ro

l s
tu

dy
 in

 E
ur

op
e.

N
ob

le
 G

, 2
01

0
[2

6•
• ]

M
ot

he
rs

 o
f c

hi
ld

re
n 

w
ith

 c
on

ge
ni

ta
l t

ox
op

la
sm

os
is

 th
at

 h
av

e 
ch

or
io

re
tin

al
 

le
si

on
s i

n 
th

e 
N

C
C

C
TS

.
10

%
 o

f m
ot

he
rs

 h
ad

 e
ye

 le
si

on
s i

n 
th

e 
N

C
C

C
TS

. F
am

ily
 m

em
be

rs
 sh

ou
ld

 
be

 e
va

lu
at

ed
.

M
cL

eo
d 

R
, 2

01
0

[2
7•

]
Re

ga
rd

in
g:

 P
re

na
ta

l a
nd

 N
eo

na
ta

l C
on

ge
ni

ta
l T

ox
op

la
sm

os
is

 P
re

ve
nt

io
n 

an
d 

Tr
ea

tm
en

t A
ct

, S
B

36
67

 in
 th

e 
co

nt
ex

t o
f t

he
 N

at
io

na
l C

ol
la

bo
ra

tiv
e 

C
hi

ca
go

 B
as

ed
 C

on
ge

ni
ta

l T
ox

op
la

sm
os

is
 S

tu
dy

.

Pr
es

en
ta

tio
n 

to
 Il

lin
oi

s S
en

at
e 

em
ph

as
iz

in
g 

th
e 

im
po

rta
nc

e 
of

 e
du

ca
tio

n 
an

d 
sc

re
en

in
g 

to
 p

re
ve

nt
 c

on
ge

ni
ta

l t
ox

op
la

sm
os

is
 in

 th
e 

U
SA

.

W
ito

la
 W

H
, 2

01
1

[2
8•

]
N

A
LP

1 
an

d 
its

 in
flu

en
ce

 o
n 

su
sc

ep
tib

ili
ty

, p
ro

in
fla

m
m

at
or

y 
cy

to
ki

ne
 

re
sp

on
se

, a
nd

 fa
te

 o
f T

ox
op

la
sm

a 
go

nd
ii-

in
fe

ct
ed

 m
on

oc
yt

ic
 c

el
ls

.
N

A
LP

1 
in

fla
m

m
as

om
e 

en
co

de
s a

 su
sc

ep
tib

ili
ty

 g
en

e 
fo

r T
ox

op
la

sm
a.

 It
s 

eff
ec

to
r f

un
ct

io
n 

is
 th

ro
ug

h 
cy

to
ki

ne
s t

hr
ou

gh
 c

el
l d

ea
th

 d
ur

in
g 

in
fe

ct
io

n 
w

ith
 T

ox
op

la
sm

a.
D

el
ai

r E
 2

01
1

[2
9]

O
ve

rv
ie

w
 o

f i
m

po
rta

nt
 e

ye
 m

an
ife

st
at

io
ns

 o
f t

ox
op

la
sm

os
is

 in
 U

SA
 a

nd
 

Fr
an

ce
.

Ey
e 

m
an

ife
st

at
io

ns
 o

f T
ox

op
la

sm
a 

in
 U

SA
 a

nd
 F

ra
nc

e.

H
ill

 D
, 2

01
1 

[3
0]

Id
en

tifi
ca

tio
n 

of
 a

nt
ig

en
 in

 o
oc

ys
ts

 th
at

 tr
ig

ge
r a

nt
ib

od
y 

re
sp

on
se

 in
 T

ox
o-

pl
as

m
os

is
.

A
nt

ib
od

y 
to

 sp
or

oz
oi

te
s i

de
nt

ifi
ed

 in
 se

ra
.

St
ill

w
ag

go
n 

E,
 2

01
1 

[3
1•

]
M

at
er

na
l s

er
ol

og
ic

 sc
re

en
in

g 
to

 p
re

ve
nt

 c
on

ge
ni

ta
l t

ox
op

la
sm

os
is

: a
 

de
ci

si
on

-a
na

ly
tic

 e
co

no
m

ic
 m

od
el

.
Pa

ra
m

et
er

s f
or

 c
os

t e
ffi

ca
cy

 o
f p

re
-n

at
al

 tr
ea

tm
en

t d
efi

ne
d.

 A
pp

lie
d 

to
 U

SA
.

B
oy

er
 K

, 2
01

1
[3

2•
]

U
nr

ec
og

ni
ze

d 
in

ge
sti

on
 o

f T
ox

op
la

sm
a 

go
nd

ii 
oo

cy
sts

 le
ad

s t
o 

co
ng

en
ita

l 
to

xo
pl

as
m

os
is

 a
nd

 c
au

se
s e

pi
de

m
ic

s i
n 

N
or

th
 A

m
er

ic
a.

Ep
id

em
ic

s o
f T

ox
op

la
sm

a 
in

 th
e 

U
SA

 d
ue

 to
 o

oc
ys

ts
 id

en
tifi

ed
. M

os
t 

in
fe

ct
io

ns
 in

 m
ot

he
rs

 o
f i

nf
an

ts
 w

ith
 c

on
ge

ni
ta

l t
ox

op
la

sm
os

is
 in

 N
or

th
 

A
m

er
ic

a 
w

er
e 

du
e 

to
 u

nr
ec

og
ni

ze
d 

in
ge

sti
on

 o
f o

oc
ys

ts
, i

nc
lu

di
ng

 in
 th

e 
V

ic
to

ria
 e

pi
de

m
ic

.
O

la
rio

 R
, 2

01
1

Se
ve

re
 c

on
ge

ni
ta

l t
ox

op
la

sm
os

is
 in

 th
e 

U
SA

: c
lin

ic
al

 a
nd

 se
ro

lo
gi

c 
fin

d-
in

gs
 in

 u
nt

re
at

ed
 in

fa
nt

s.
Se

ve
re

 to
xo

pl
as

m
os

is
 in

 th
e 

U
SA

 in
cl

ud
in

g 
th

e 
N

C
C

C
TS

 p
at

ie
nt

s a
nd

 o
th

-
er

s i
n 

th
e 

Re
m

in
gt

on
 S

er
ol

og
y 

la
bo

ra
to

ry
.

M
cL

eo
d 

R
, 2

01
2

[3
3•

• ]
Pr

em
at

ur
ity

 a
nd

 se
ve

rit
y 

A
ss

oc
ia

te
d 

w
ith

 T
. g

on
di

i a
lle

le
s.

D
es

cr
ib

es
 g

en
et

ic
 se

ro
ty

pe
s o

f i
nf

ec
tio

n 
in

 th
e 

U
SA

 a
nd

 sh
ow

s t
ha

t c
er

ta
in

 
se

ro
ty

pe
s a

re
 a

ss
oc

ia
te

d 
w

ith
 le

ss
 fa

vo
ra

bl
e 

in
iti

al
 m

an
ife

st
at

io
ns

. H
ow

-
ev

er
, i

n 
tre

at
ed

 in
fa

nt
s l

at
er

 o
ut

co
m

es
 a

re
 n

ot
 a

ss
oc

ia
te

d 
w

ith
 se

ro
ty

pe
 

in
di

ca
tin

g 
th

at
 a

ll 
se

ro
ty

pe
s o

f i
nf

ec
tio

ns
 c

an
 b

e 
tre

at
ed

 e
ffe

ct
iv

el
y.

La
i B

S,
 2

01
2

[3
4•

]
M

ol
ec

ul
ar

 ta
rg

et
 v

al
id

at
io

n,
 a

nt
im

ic
ro

bi
al

 d
el

iv
er

y,
 a

nd
 p

ot
en

tia
l t

re
at

m
en

t 
of

 T
ox

op
la

sm
a 

go
nd

ii 
in

fe
ct

io
ns

.
A

nt
i-s

en
se

 tr
ea

tm
en

t o
f v

al
id

at
ed

 m
ol

ec
ul

ar
 ta

rg
et

s d
em

on
str

at
es

 a
 w

ay
 

to
w

ar
d 

a 
no

ve
l a

pp
ro

ac
h 

to
 tr

ea
tm

en
t.

B
ur

ro
w

es
 D

, 2
01

2 
[3

5•
]

Sp
in

al
 c

or
d 

le
si

on
s i

n 
co

ng
en

ita
l t

ox
op

la
sm

os
is

 d
em

on
str

at
ed

 w
ith

 n
eu

ro
-

im
ag

in
g,

 in
cl

ud
in

g 
th

ei
r s

uc
ce

ss
fu

l t
re

at
m

en
t i

n 
an

 a
du

lt.
C

hr
on

ic
 T

ox
op

la
sm

a 
ca

n 
le

ad
 to

 le
si

on
s t

ha
t a

re
 sy

m
pt

om
at

ic
 su

gg
es

tin
g 

th
at

 th
er

e 
is

 c
hr

on
ic

, a
ct

iv
e 

di
se

as
e 

in
 p

eo
pl

e.
B

el
a 

SR
, 2

01
2

[3
6]

Im
pa

ire
d 

in
na

te
 im

m
un

ity
 in

 m
ic

e 
de

fic
ie

nt
 in

 In
te

rle
uk

in
-1

 R
ec

ep
to

r-
A

ss
oc

ia
te

d 
K

in
as

e 
4 

le
ad

s t
o 

de
fe

ct
iv

e 
ty

pe
 1

 T
 c

el
l r

es
po

ns
es

, B
 c

el
l 

ex
pa

ns
io

n,
 a

nd
 e

nh
an

ce
d 

su
sc

ep
tib

ili
ty

 to
 in

fe
ct

io
n 

w
ith

 T
ox

op
la

sm
a 

go
nd

ii.

IR
A

K
4 

is
 a

 su
sc

ep
tib

ili
ty

 g
en

e 
fo

r t
ox

op
la

sm
os

is
.

W
ito

la
 W

, 2
01

4
[3

7•
]

Su
sc

ep
tib

ili
ty

 g
en

es
 a

nd
 th

ei
r m

ec
ha

ni
sm

s i
n 

co
ng

en
ita

l t
ox

op
la

sm
os

is
.

A
LO

X
12

 is
 a

 su
sc

ep
tib

ili
ty

 g
en

e 
fo

r h
um

an
 to

xo
pl

as
m

os
is

.



62 Current Pediatrics Reports (2022) 10:57–92

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y 
Fi

rs
t a

ut
ho

r (
da

te
) [

re
fe

re
nc

e]
D

et
ai

ls
M

aj
or

 F
in

di
ng

s

La
go

 e
t a

l(2
01

4)
 C

om
m

en
t b

y 
M

cL
eo

d 
R

, 2
01

4 
[3

8•
]

U
til

ity
 a

nd
 li

m
ita

tio
ns

 o
f T

. g
on

di
i-s

pe
ci

fic
 Ig

M
 se

ru
m

 a
nt

ib
od

ie
s i

n 
th

e 
di

ag
no

si
s o

f c
on

ge
ni

ta
l t

ox
op

la
sm

os
is

 in
 P

or
to

 A
le

gr
e.

M
an

y 
in

fa
nt

s w
ith

 c
on

ge
ni

ta
l t

ox
op

la
sm

os
is

 h
av

e 
ne

ga
tiv

e 
an

ti-
To

xo
pl

as
m

a 
Ig

M
 a

t b
irt

h.
 W

he
n 

pr
es

en
t i

n 
th

e 
ne

on
at

e,
 Ig

M
 u

su
al

ly
 b

ec
om

es
 n

eg
at

iv
e 

ve
ry

 e
ar

ly
.

M
cL

eo
d 

R
, 2

01
4

[3
9•

• ]
M

an
ag

em
en

t o
f c

on
ge

ni
ta

l t
ox

op
la

sm
os

is
.

G
ui

de
lin

es
 fo

r m
an

ag
em

en
t o

f t
ox

op
la

sm
os

is
 a

nd
 it

s t
re

at
m

en
t.

H
ut

so
n 

SL
, 2

01
5

[4
0•

]
Pa

tte
rn

s o
f h

yd
ro

ce
ph

al
us

 c
au

se
d 

by
 c

on
ge

ni
ta

l T
ox

op
la

sm
a 

go
nd

ii 
in

fe
c-

tio
n 

an
d 

as
so

ci
at

io
n 

w
ith

 p
ar

as
ite

 st
ra

in
.

H
yd

ro
ce

ph
al

us
 in

 C
T 

m
ay

 b
e 

du
e 

to
 o

bs
tru

ct
io

n 
of

 a
qu

ed
uc

t a
nd

/o
r f

or
am

en
 

of
 m

on
ro

e 
or

 v
en

tri
cu

la
r w

al
l a

bn
or

m
al

iti
es

 w
ith

 n
or

m
al

 p
re

ss
ur

e.
 T

yp
e 

II
 p

ar
as

ite
s a

re
 m

or
e 

of
te

n 
as

so
ci

at
ed

 w
ith

 a
qu

ed
uc

ta
l o

bs
tru

ct
io

n.
 T

hi
s 

is
 n

ot
 a

n 
al

l o
r n

on
e 

as
so

ci
at

io
n,

 b
ut

 su
gg

es
ts

 th
at

 c
er

ta
in

 p
ar

as
ite

 a
lle

le
s 

m
ay

 b
e 

re
sp

on
si

bl
e 

fo
r t

he
se

 p
at

te
rn

s.
C

on
to

po
ul

os
- I

oa
nn

id
is

 D
, 2

01
5 

[4
1•

]
C

lu
ste

rin
g 

of
 T

ox
op

la
sm

a 
go

nd
ii 

in
fe

ct
io

ns
 w

ith
in

 fa
m

ili
es

 o
f c

on
ge

ni
ta

lly
 

in
fe

ct
ed

 in
fa

nt
s.

To
xo

pl
as

m
a 

oc
cu

rs
 in

 fa
m

ili
es

 a
nd

 in
 th

os
e 

liv
in

g 
in

 re
si

de
nt

ia
l c

lu
ste

rs
.

M
cL

eo
d 

R
, 2

01
6

[4
2•

• ]
G

en
et

ic
 ty

pe
 o

f p
ar

as
ite

 in
 re

fe
re

nc
e 

[4
0•

] l
ed

 to
 q

ue
sti

on
 w

he
th

er
 c

ha
ng

e 
in

 o
ut

co
m

es
 c

ou
ld

 b
e 

du
e 

to
 so

m
et

hi
ng

 o
th

er
 th

an
 tr

ea
tm

en
t, 

bu
t a

pp
ea

rs
 

to
 b

e 
du

e 
to

 tr
ea

tm
en

t.

G
en

et
ic

 ty
pe

s o
f p

ar
as

ite
s a

ss
oc

ia
te

 w
ith

 p
ar

tic
ul

ar
 p

at
te

rn
s o

f h
yd

ro
ce

ph
a-

lo
us

. T
yp

e 
II

 w
ith

 a
qu

ed
uc

ta
l o

bs
tru

ct
io

n,
 n

on
 II

 w
ith

 o
bs

tru
ct

io
n 

of
 fo

ra
-

m
en

 o
f m

on
ro

e 
an

d 
ve

nt
ric

ul
ar

 w
al

l a
bn

or
m

al
iti

es
 w

ith
 n

or
m

al
 p

re
ss

ur
e,

 
bu

t d
oe

s n
ot

 e
xp

la
in

 fa
vo

ra
bl

e 
re

sp
on

se
 to

 tr
ea

tm
en

t.
Ly

ki
ns

 J,
 2

01
6

[4
3•

• ]
U

nd
er

st
an

di
ng

 T
ox

op
la

sm
os

is
 in

 th
e 

U
SA

 th
ro

ug
h 

“L
ar

ge
 D

at
a”

 A
na

ly
se

s.
B

as
ed

 o
n 

m
ill

io
ns

 o
f m

ed
ic

al
 re

co
rd

s r
eg

ar
di

ng
 a

re
as

 o
f t

he
 c

ou
nt

ry
 w

he
re

 
to

xo
pl

as
m

os
is

 m
an

ife
sts

 a
nd

 w
ha

t m
ed

ic
at

io
ns

 a
re

 u
til

iz
ed

. A
ss

oc
ia

tio
ns

 
w

ith
 il

ln
es

s.
B

eg
em

an
 IJ

, 2
01

7 
[4

4•
• ]

Po
in

t-o
f-

ca
re

 te
sti

ng
 fo

r T
ox

op
la

sm
a 

go
nd

ii 
Ig

G
/Ig

M
 u

si
ng

 T
ox

op
la

sm
a 

IC
T 

Ig
G

-I
gM

 te
st 

w
ith

 se
ra

 fr
om

 th
e 

U
SA

 a
nd

 im
pl

ic
at

io
ns

 fo
r d

ev
el

op
-

in
g 

co
un

tri
es

.

Th
is

 is
 a

 1
00

%
 se

ns
iti

ve
 a

nd
 sp

ec
ifi

c 
te

st 
fo

r a
ll 

ty
pe

s o
f p

ar
as

ite
s i

n 
th

e 
U

SA
 fr

om
 th

e 
N

C
C

C
TS

 fo
r e

ve
ry

 m
ot

he
r-b

ab
y 

dy
ad

 w
he

re
 c

on
ge

ni
ta

l 
to

xo
pl

as
m

os
is

 w
as

 p
re

se
nt

 in
 th

e 
ba

by
. I

f a
da

pt
ed

 in
 a

re
as

 o
f h

ig
h 

pr
ev

a-
le

nc
e,

 a
nd

 re
gu

la
r o

bs
te

tri
ca

l c
ar

e 
fo

r o
th

er
 m

ed
ic

al
 p

ro
bl

em
s, 

th
er

e 
w

ou
ld

 
be

 im
m

en
se

 sp
ill

ov
er

 b
en

efi
t.

Pe
yr

on
, 2

01
7

[4
5]

C
on

ge
ni

ta
l t

ox
op

la
sm

os
is

 in
 F

ra
nc

e 
an

d 
th

e 
U

SA
: o

ne
 p

ar
as

ite
, t

w
o 

di
ve

rg
in

g 
ap

pr
oa

ch
es

.
Em

ph
as

iz
es

 o
ng

oi
ng

 sc
re

en
in

g 
fo

r a
ll 

pr
eg

na
nt

 w
om

en
 b

y 
la

w
 in

 F
ra

nc
e 

an
d 

be
ne

fit
s f

or
 p

at
ie

nt
s.

N
go

 H
M

, 2
01

7
[4

6•
]

To
xo

pl
as

m
a 

m
od

ul
at

es
 si

gn
at

ur
e 

pa
th

w
ay

s o
f h

um
an

 e
pi

le
ps

y,
 n

eu
ro

de
-

ge
ne

ra
tio

n 
&

 c
an

ce
r.

In
flu

en
ce

 o
f T

ox
op

la
sm

a 
on

 p
at

hw
ay

s f
or

 n
eu

ro
de

ge
ne

ra
tio

n,
 e

pi
le

ps
y,

 
an

d 
ca

nc
er

. T
hi

s d
em

on
str

at
ed

 b
io

m
ar

ke
rs

 a
nd

 su
gg

es
ts

 th
er

e 
m

ay
 b

e 
si

gn
ifi

ca
nt

 e
ffe

ct
s o

n 
di

se
as

es
 th

at
 a

re
 c

on
si

de
re

d 
ch

ro
ni

c 
di

se
as

es
 o

f o
th

er
 

ca
us

es
.

To
xo

pl
as

m
a 

m
ay

 b
e 

a 
tri

gg
er

 a
nd

 p
ro

gr
es

so
r o

f t
ho

se
 d

is
ea

se
s. 

Re
ce

nt
 m

et
a-

an
al

ys
is

 st
ud

ie
s d

em
on

str
at

e 
th

at
 th

is
 m

ay
 o

cc
ur

. C
au

sa
l m

ec
ha

ni
sm

s a
re

 
cu

rr
en

tly
 u

nd
er

 st
ud

y 
an

d 
bi

om
ar

ke
rs

 th
at

 o
ve

rla
p 

w
ith

 n
eu

ro
de

ge
ne

ra
tiv

e
di

se
as

es
 h

av
e 

be
en

 id
en

tifi
ed

.
D

el
 V

al
le

 e
t a

l, 
20

21
 [4

7•
• ]

C
on

ge
ni

ta
l t

ox
op

la
sm

os
is

 in
 d

iz
yg

ot
ic

 tw
in

s w
ith

 la
te

 d
ia

gn
os

is
.

D
iff

er
en

t m
an

ife
st

at
io

ns
 in

 tw
in

s d
ia

gn
os

ed
 la

te
 w

ith
 o

ne
 w

ith
 su

gg
es

tio
n 

of
 

on
go

in
g 

di
se

as
e.

G
om

ez
 C

A
, 2

01
8 

[4
8•

• ]
Ev

al
ua

tio
n 

of
 th

re
e 

po
in

t-o
f-

ca
re

 (P
O

C
) t

es
ts

 fo
r d

et
ec

tio
n 

of
 T

ox
op

la
sm

a 
im

m
un

og
lo

bu
lin

 Ig
G

 a
nd

 Ig
M

 in
 th

e 
U

SA
: p

ro
of

 o
f c

on
ce

pt
 a

nd
 c

ha
l-

le
ng

es
.

Th
e 

la
te

ra
l i

m
m

un
oc

hr
om

at
og

ra
ph

y 
Ig

G
/Ig

M
 te

st 
LD

 B
iO

 Ig
G

/Ig
M

 L
at

er
al

 
C

hr
om

at
og

ra
ph

y 
te

st 
w

as
 su

pe
rio

r t
o 

an
 Ir

is
h 

an
d 

U
S 

te
st.



Current Pediatrics Reports (2022) 10:57–92 63

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y 
Fi

rs
t a

ut
ho

r (
da

te
) [

re
fe

re
nc

e]
D

et
ai

ls
M

aj
or

 F
in

di
ng

s

Ly
ki

ns
 J,

 2
01

8
[4

9]
R

ap
id

, i
ne

xp
en

si
ve

, fi
ng

er
sti

ck
, w

ho
le

-b
lo

od
, s

en
si

tiv
e,

 sp
ec

ifi
c,

 p
oi

nt
-o

f-
ca

re
 te

st 
fo

r a
nt

i- 
To

xo
pl

as
m

a 
an

tib
od

ie
s.

La
te

ra
l i

m
m

un
oc

hr
om

at
og

ra
ph

ic
 te

st 
is

 1
00

%
 se

ns
iti

ve
 a

nd
 sp

ec
ifi

c 
w

he
n 

bl
oo

d 
fro

m
 fi

ng
er

sti
ck

 is
 u

se
d.

 It
 m

ak
es

 a
n 

in
ex

pe
ns

iv
e 

W
H

O
 A

SS
U

R
ED

 
te

st 
to

 ra
pi

dl
y 

di
ag

no
se

 se
ro

co
nv

er
si

on
 d

ur
in

g 
ge

st
at

io
n 

to
 e

lim
in

at
e 

co
ng

en
ita

l t
ox

op
la

sm
os

is
 w

ith
 tr

ea
tm

en
t o

f s
er

oc
on

ve
rti

ng
 w

om
en

 a
nd

 in
 

ot
he

r c
lin

ic
al

 se
tti

ng
s w

he
re

 e
st

ab
lis

hi
ng

 th
e 

di
ag

no
si

s i
s c

rit
ic

al
.

El
 B

is
sa

ti 
K

, 2
01

8 
[5

0•
]

G
lo

ba
l i

ni
tia

tiv
e 

fo
r c

on
ge

ni
ta

l t
ox

op
la

sm
os

is
: a

n 
ob

se
rv

at
io

na
l a

nd
 in

te
r-

na
tio

na
l c

om
pa

ra
tiv

e 
cl

in
ic

al
 a

na
ly

si
s.

D
es

cr
ip

tio
n 

of
 o

ng
oi

ng
 g

lo
ba

l i
ni

tia
tiv

e 
to

 e
lim

in
at

e 
co

ng
en

ita
l t

ox
op

la
s-

m
os

is
 th

ro
ug

h 
pr

om
pt

 d
ia

gn
os

is
 a

nd
 in

iti
at

io
n 

of
 tr

ea
tm

en
t. 

D
iff

er
en

ce
s 

be
tw

ee
n 

Fr
an

ce
, t

he
 U

SA
, C

ol
om

bi
a,

 a
nd

 M
or

oc
co

 a
re

 e
m

ph
as

iz
ed

. 
Ex

am
pl

e 
of

 a
n 

eff
ec

te
d 

ch
ild

 w
ith

 b
ra

in
 a

nd
 re

tin
al

 d
is

ea
se

 is
 ta

ke
n 

fro
m

 
Fi

gu
re

 2
 o

f t
hi

s p
ap

er
 to

 e
m

ph
as

iz
e 

th
e 

se
rio

us
 c

on
se

qu
en

ce
s o

f t
hi

s i
nf

ec
-

tio
n 

ac
ro

ss
 a

ll 
de

m
og

ra
ph

ic
s.

A
gu

irr
e 

A
A

, 2
01

9 
[5

1•
]

Th
e 

on
e 

he
al

th
 a

pp
ro

ac
h 

to
 to

xo
pl

as
m

os
is

: e
pi

de
m

io
lo

gy
, c

on
tro

l, 
an

d 
pr

ev
en

tio
n 

str
at

eg
ie

s.
El

im
in

at
in

g 
To

xo
pl

as
m

a 
w

ill
 re

qu
ire

 a
 n

um
be

r o
f a

pp
ro

ac
he

s i
nc

lu
di

ng
 

fo
cu

si
ng

 o
n 

cl
in

ic
al

 c
ar

e,
 o

n 
el

im
in

at
io

n 
of

 o
oc

ys
t e

xc
re

tio
n 

fro
m

 th
e 

ca
t 

ve
ct

or
, e

du
ca

tio
n 

ab
ou

t f
oo

d 
pr

ep
ar

at
io

n,
 a

nd
 w

at
er

 p
ur

ifi
ca

tio
n.

M
cL

on
e 

D
, 2

01
9

[5
2•

]
O

ut
co

m
es

 o
f h

yd
ro

ce
ph

al
us

 se
co

nd
ar

y 
to

 c
on

ge
ni

ta
l t

ox
op

la
sm

os
is

.
Pr

om
pt

 c
or

re
ct

io
n 

of
 h

yd
ro

ce
ph

al
us

 b
y 

ve
nt

ric
ul

op
er

ito
ne

al
 sh

un
t r

es
ul

ts
 in

 
be

st 
de

ve
lo

pm
en

ta
l c

og
ni

tiv
e 

an
d 

m
ot

or
 o

ut
co

m
es

 in
 c

on
ge

ni
ta

l t
ox

op
la

s-
m

os
is

 a
s d

em
on

str
at

ed
 in

 N
C

C
C

TS
 p

ar
tic

ip
an

ts
.

El
 M

an
so

ur
i B

, 2
02

1 
[5

3•
• ]

Pe
rfo

rm
an

ce
 o

f a
 n

ov
el

 p
oi

nt
-o

f-
ca

re
 b

lo
od

 te
st 

fo
r T

ox
op

la
sm

a 
in

fe
ct

io
n 

in
 w

om
en

 fr
om

 d
iv

er
se

 re
gi

on
s o

f M
or

oc
co

.
Th

is
 d

em
on

str
at

es
 h

ig
h 

fu
nc

tio
ni

ng
 o

f p
oi

nt
-o

f-
ca

re
 te

st 
an

d 
hi

gh
er

 p
re

va
-

le
nc

e 
in

 a
 ru

ra
l, 

ag
ra

ria
n 

ar
ea

 in
 M

or
oc

co
 in

 a
ss

oc
ia

tio
n 

w
ith

 w
el

l w
at

er
.

G
ro

se
 A

, 2
02

2
[5

4]
El

im
in

at
in

g 
co

nf
ou

nd
in

g 
fa

ls
e 

po
si

tiv
e 

Ig
M

 te
sts

 b
y 

us
in

g 
a 

la
te

ra
l 

im
m

un
oc

hr
om

at
og

ra
ph

y 
te

st 
th

at
 m

ee
ts

 W
H

O
 A

SS
U

R
ED

 c
rit

er
ia

. I
n 

su
bm

is
si

on
.

Th
is

 im
pr

ov
es

 a
bi

lit
y 

to
 d

ia
gn

os
e 

se
ro

co
nv

er
si

on
, e

lim
in

at
in

g 
th

e 
po

ss
ib

ili
ty

 
of

 fa
ls

e 
po

si
tiv

e 
Ig

M
s i

n 
th

os
e 

w
ith

ou
t T

ox
op

la
sm

a 
sp

ec
ifi

c 
Ig

G
.

Th
er

e 
ar

e 
m

an
y 

ad
di

tio
na

l i
m

po
rt

an
t s

tu
di

es
 a

nd
 fi

nd
in

gs
 fr

om
 F

ra
nc

e,
 A

us
tr

ia
, C

ol
om

bi
a,

 B
ra

zi
l, 

th
e 

U
SA

, a
nd

 e
ls

ew
he

re
 n

ot
 li

ste
d 

in
 th

is
 ta

bl
e.

 T
he

se
 a

dd
 c

on
si

de
ra

bl
e 

da
ta

 to
 a

nd
 c

om
pl

e-
m

en
t t

he
 s

tu
di

es
 in

 th
is

 ta
bl

e 
co

nc
er

ni
ng

 d
at

a 
fro

m
 th

e 
N

C
C

C
TS

. E
sp

ec
ia

lly
 im

po
rt

an
t i

s 
th

e 
wo

rk
 o

f K
ie

ffe
r, 

W
al

lo
n,

 P
ey

ro
n,

 D
es

m
on

ts
, a

nd
 M

an
de

lb
ro

t. 
Al

l o
f t

he
se

 c
on

tr
ib

ut
e 

to
 th

e 
gu

id
e-

lin
es

 th
at

 w
e 

pr
op

os
e 

th
at

 a
re

 in
 th

e 
su

pp
le

m
en

t. 
Th

ey
 a

re
 in

 re
fe

re
nc

es
 1

2,
 5

1,
 5

3,
 5

4,
 a

nd
 6

0.
 C

on
si

de
ra

bl
e 

pr
og

no
st

ic
, e

pi
de

m
io

lo
gi

c,
 a

nd
 m

ec
ha

ni
st

ic
 st

ud
ie

s a
nd

 w
or

k 
co

nt
ri

bu
tin

g 
to

 u
nd

er
-

st
an

di
ng

 p
ar

as
ite

 g
en

et
ic

 ty
pe

 a
re

 e
m

ph
as

iz
ed

 in
 th

es
e 

re
fe

re
nc

es
. N

ew
bo

rn
 s

cr
ee

ni
ng

 p
ro

gr
am

s 
es

ta
bl

is
he

d 
in

 M
as

sa
ch

us
et

ts
 a

nd
 N

ew
 H

am
ps

hi
re

 d
em

on
st

ra
te

 s
uc

ce
ss

fu
l i

m
pl

em
en

ta
tio

n 
of

 
su

ch
 p

ro
gr

am
s a

t l
ar

ge
 sc

al
e 

an
d 

be
ne

fit
 c

on
fe

rr
ed

 fo
r c

hi
ld

re
n.

 B
ul

le
ts

 in
di

ca
te

 p
ap

er
s t

ha
t h

av
e 

da
ta

 th
at

 a
re

 p
ar

tic
ul

ar
ly

 im
po

rt
an

t f
or

 tr
ea

tm
en

t..



64 Current Pediatrics Reports (2022) 10:57–92

1 3

Ta
bl

e 
2 

 G
ui

de
lin

es
 fr

om
 E

du
ca

tio
na

l B
oo

k 
C

ha
pt

er
s B

as
ed

 o
n 

N
C

C
C

TS
, T

ox
op

la
sm

os
is

 R
es

ea
rc

h 
In

sti
tu

te
 a

nd
 C

en
te

r F
irs

t- 
H

an
d 

Ex
pe

rie
nc

e 
an

d 
Re

vi
ew

 o
f L

ite
ra

tu
re

 a
s a

n 
Ed

uc
at

io
na

l T
oo

l, 
A

lo
ng

 w
ith

 P
re

se
nt

at
io

ns
 a

nd
 P

re
ss

 R
el

ea
se

s w
hi

ch
 L

ed
 to

 N
ew

s M
ed

ia
 P

ub
lic

 S
er

vi
ce

 P
re

se
nt

at
io

ns
 b

y 
O

th
er

s

N
C

C
C

TS
=

N
at

io
na

l 
C

ol
la

bo
ra

tiv
e 

C
on

ge
ni

ta
l 

To
xo

pl
as

m
os

is
 S

tu
dy

, 
P=

Py
rim

et
ha

m
in

e,
 S

=
Su

lfa
di

az
in

e,
 L

=
Le

uc
ov

or
in

, 
A

=
A

zi
th

ro
m

yc
in

, 
C

N
V

M
=

C
ho

ro
id

al
 N

eo
va

sc
ul

ar
 M

em
br

an
e,

 
Ve

gF
=

Va
sc

ul
ar

 e
nd

ot
he

lia
l g

ro
w

th
 fa

ct
or

C
lin

ic
al

 G
ui

de
lin

es
D

ia
gn

os
is

M
ed

ic
in

es
Tr

ea
tm

en
t D

ur
at

io
n

En
dp

oi
nt

 o
f t

re
at

m
en

t

Pr
eg

na
nc

y
Pr

om
pt

 d
ia

gn
os

is
 a

nd
 in

iti
at

e 
tre

at
m

en
t.

Se
ro

lo
gi

c 
sc

re
en

in
g 

m
on

th
ly

 
fo

r s
er

on
eg

at
iv

e 
in

di
vi

du
-

al
s;

 id
ea

lly
 fi

rs
t t

es
t b

ef
or

e 
co

nc
ep

tio
n;

 tr
ea

t s
er

oc
on

ve
r-

si
on

.

PS
L;

 P
A

L 
if

hy
pe

rs
en

si
tiv

ity
; S

pi
ra

m
yc

in
 

be
fo

re
 fi

rs
t fi

fte
en

 w
ee

ks
; 

am
ni

oc
en

te
si

s a
t fi

fte
en

 
w

ee
ks

 p
os

t-a
m

en
or

rh
ea

.

U
nt

il 
te

rm
; t

re
at

m
en

t o
f 

in
fe

ct
ed

 b
ab

y 
to

 o
ne

 y
ea

r 
of

 a
ge

.

In
fa

nt
 is

 o
ne

 y
ea

r o
ld

 o
r h

as
 

re
ce

iv
ed

 1
2 

m
on

th
s o

f t
re

at
-

m
en

t u
p 

to
 1

4.
5 

m
on

th
s o

f 
ag

e.
 G

oa
l i

s t
o 

el
im

in
at

e 
or

 
su

cc
es

sf
ul

ly
 tr

ea
t a

ct
iv

e 
in

fe
c-

tio
n 

in
 th

e 
fe

tu
s a

nd
 n

ew
bo

rn
 

in
fa

nt
.

In
fa

nc
y

D
ia

gn
os

e 
pr

om
pt

ly
 a

t b
irt

h.
C

lin
ic

al
 fi

nd
in

gs
; s

er
ol

og
y 

in
 

m
ot

he
r a

nd
 in

fa
nt

; i
so

la
-

tio
n 

PC
R

 o
f p

la
ce

nt
a 

as
 

in
di

ca
te

d.

PS
L 

pe
r g

ui
de

lin
es

.
O

ne
 y

ea
r.

El
im

in
at

io
n 

of
 a

ll 
m

an
ife

st
a-

tio
ns

 if
 p

os
si

bl
e 

or
 su

bs
ta

n-
tia

lly
 re

du
ce

 a
ct

iv
e 

m
an

ife
st

a-
tio

ns
.

Re
cu

rr
en

t E
ye

 D
is

ea
se

D
ia

gn
os

e 
an

d 
tre

at
 p

ro
m

pt
ly

.
C

lin
ic

al
 st

at
us

 a
nd

 se
ro

lo
gy

PS
L 

pe
r g

ui
de

lin
es

; P
A

L 
if 

hy
pe

rs
en

si
tiv

ity
; f

or
 

C
N

V
M

 a
nt

i-V
EG

F 
is

 g
iv

en
 

in
tra

oc
ul

ar
ly

.

B
ey

on
d 

th
at

 o
f a

ct
iv

e 
fin

d-
in

gs
; s

up
pr

es
si

on
 w

ith
 

A
zi

th
ro

m
yc

in
.

Re
so

lu
tio

n 
of

 a
ct

iv
ity

 o
f e

ye
 

di
se

as
e.

Se
ve

re
 M

an
ife

st
at

io
ns

 in
 

Pr
im

ar
y 

In
fe

ct
io

n
D

ia
gn

os
e 

an
d 

tre
at

 p
ro

m
pt

ly
.

C
lin

ic
al

 st
at

us
 a

nd
 se

ro
lo

gy
.

PS
L 

pe
r g

ui
de

lin
es

; P
A

L 
if 

hy
pe

rs
en

si
tiv

ity
.

B
ey

on
d 

th
at

 o
f a

ct
iv

e 
fin

d-
in

gs
; s

up
pr

es
si

on
 w

ith
 

A
zi

th
ro

m
yc

in
.

Re
so

lu
tio

n 
of

 a
ct

iv
ity

 a
nd

 
se

ve
ra

l m
on

th
s b

ey
on

d.

Im
m

un
oc

om
pr

om
is

ed
 P

er
so

n
D

ia
gn

os
e 

an
d 

tre
at

 p
ro

m
pt

ly
.

C
lin

ic
al

 st
at

us
 a

nd
 se

ro
lo

gy
.

PS
L 

pe
r g

ui
de

lin
es

; P
A

L 
if 

hy
pe

rs
en

si
tiv

ity
.

B
ey

on
d 

th
at

 o
f a

ct
iv

e 
fin

d-
in

gs
; s

up
pr

es
si

on
 w

ith
 

A
zi

th
ro

m
yc

in
.

Tr
ea

tm
en

t m
ay

 b
e 

ne
ed

ed
 to

 
co

nt
in

ue
 u

nt
il 

re
so

lu
tio

n 
of

 
im

m
un

oc
om

pr
om

is
e.



Current Pediatrics Reports (2022) 10:57–92 65

1 3

centered around eliminating toxoplasmosis. The importance 
of exposure to oocyst contaminated water sources and soil 
became apparent from this and other work (Fig. 2) [57•, 
62••, 63•, 64••, 65, 77, 99••].

“Toxoplasmosis” refers to the disease caused by the pro-
tozoan parasite Toxoplasma gondii [138••]. The parasite can 
be acquired through a variety of pathways; while a common 
way of acquisition is ingestion of tissue cysts found in raw or 

undercooked meat, Figure 2 demonstrates how oocysts can also 
be transmitted via feces from cats, which are T. gondii’s natural 
host, as well as through water and soil cycles [64••, 138••].

Toxoplasma

is acquired congenitally when a pregnant woman con-
tracts the parasite for the first time, which is marked by 

Table 3  Treatment Guidelines

A
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seroconversion including IgM and IgG antibodies. About 
8 weeks after infection, serum IgM antibody levels usu-
ally decrease, while IgG levels become high and stable, 
as measured by the Sabin Feldman dye test. This pat-
tern of test results signals subacute/chronic infection, 
indicating that the individual is now partially immune to 
subsequent infection. With established maternal seroposi-
tivity prior to pregnancy, the fetus usually is not at risk 
for congenital toxoplasmosis (CT). IgG antibodies persist 

for life, so their presence in serum is a marker of either 
acute or chronic infection with the parasite. Meanwhile, 
IgM antibodies might signify a case of recent infection, 
in which parasite tachyzoites may be vertically transmit-
ted to the fetus. This can result in ocular and neurologic 
damage—such as chorioretinitis, loss of sight, psychomotor 
impediments, seizures, microcephaly, hydrocephalus, and 
intracranial calcifications, among other manifestations—as 
well as prematurity and pregnancy loss [71••, 79••, 137]. 

Table 3  (continued)

Abbrevia�ons: wks=weeks, g=grams, U=units, mg=milligrams, PCR=Polymerase Chain Reac�on, h=hour, kg=kilograms, 
AM=morning, PM=evening; *adjust for neutropenia if neutrophil count <900 neutrophils.

B
Infection Type Duration of 

Treatment
Dosage Comments

Maternal Infection 
(Unconfirmed Fetal 
Infection)

Maternal Dx

at <22 weeks 

Treatment until 

transmission is 

documented or if 

documented not to be

present until birth.

See Mandelbrot 

alternative below

Spiramycin:
1 g (3 million U) every 8 h 

(for a total of 3 g or 9 

million U/day)

-Not teratogenic.

-Does not treat infection in the fetus.

-Spiramycin treatment should be

continued until delivery in women with

low suspicion of fetal infection or those

with documented negative results of

amniotic fluid PCR and negative findings

on ultrasounds at follow-up.

-Available in the United States only through the

investigational New Drug process at the FDA.

Maternal Dx ≥18 wks

Continued

until birth

Pyrimethamine:
50 mg every 12h for 2 days 

followed by 50 mg daily 

Sulfadiazine*:

initial dose of 75 mg/kg, 

followed by 50 mg/kg every 

12h (maximum, 4 g/day) 

Leucovorin:
10-20 mg daily

-Pyrimethamine is teratogenic.

-Also indicated for women suspected of

having acquired infection at 14-18* weeks of 

gestation and with unknown fetal infection status.

-Combination is used to both prevent transmission 

of infection to fetus and treat infection.

-Leucovorin should be continued for 1 week after 

completion of pyrimethamine therapy.

Confirmed Fetal 
Infection
(in utero)

Confirmed Fetal Dx

<=12 wks

Sulfadiazine*:
initial dose of 75 mg/kg, 

followed by 50 mg/kg every 

12h (maximum 4 g/day)

13 wks gestational age 

until Birth
Pyrimethamine:
50 mg every 12h for 2 days 

followed by 50 mg daily 

Sulfadiazine*:

initial dose of 75 mg/kg, 

followed by 50 mg/kg every 

12h (maximum, 4 g/day)
Leucovorin: 10-20 mg
daily

-Leucovorin should be continued for 1 week after 

completion of pyrimethamine therapy.

Congenital Infection 
(Newborn Period)

Birth until 1year of age Pyrimethamine:
Half baby's current weight

(in kg) = number of mLs 

[2mg/ml] once daily

Sulfadiazine*:
Half baby's current weight

(in kg) = number of ml

(100mg/ml) each 12 hrs

Leucovorin:
10 mg (2 tablets) on

Monday,Wednesday,

and Friday*.

Example of Dosages: If baby weighs 5 kg, give 

2.5 mL of pyrimethamine every day, 2.5 mL of 

sulfadiazine every 12 hours, and 10 mg (2 

tablets) of Leucovorin 3 times a week (Monday, 

Wednesday, Friday).

-Leucovorin should be crushed and given with 

milk, formula or dilute apple juice in one dosage.

-Leucovorin should be continued for 1 week after 

completion of pyrimethamine therapy.

Y=Yes, N=No, COVID refers to SARS CoVi 2 pandemic
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As multiple studies have observed, the best way to prevent 
these adverse effects is through prompt diagnosis and treat-
ment of acutely infected mothers; this can greatly decrease 
risk of mother-to-child transmission and overall damage the 
parasite can do if it manages to cross the placenta [4••, 6••, 
14••, 71••].

The devastating effects of toxoplasmosis—especially 
the congenital form—are well documented. However, 
despite decades of estimates of disease burden—such as a 
2013 World Health Organization report on CT—the actual 
prevalence of toxoplasmosis is generally not well defined, 
even in countries with some of the highest estimated rates 
of infection [141]. The starting point for the present study 
described herein is Panama, one of many tropical and sub-
tropical countries where high prevalence and severe overall 
disease burden have been noted. While there are few cur-
rent published results on the seroprevalence of T. gondii in 
Panama, a previous study estimated that this country has 
one of the highest rates of Toxoplasma infection in Latin 
America, with a seroprevalence of 50% in 10-year-olds and 
90% in 60-year-olds [142••]. Additionally, the neighboring 
countries of Colombia and Costa Rica have estimated sero-
prevalences of 43–67% and 49-61%, respectively [143–147]. 
When it comes to the congenital form of toxoplasmosis in 
Panama, estimated annual incidence is 1.8 cases per 1000 
live births, and the estimated number of disability-adjusted 
life-years (DALYs), i.e., loss of the equivalent of one year 
of full health, resulting from congenital infection is 840 
[141]. With this high seroprevalence and significant bur-
den, Panama would be expected to have a significant risk 
for the development of congenital and ocular toxoplasmosis.
Toxoplasmosis has traditionally been a neglected disease 
in Panama, despite significant morbidity and mortality. 
Given this need, a team of scientists, physicians, and stu-
dents from Panama, Colombia, and the USA —known as 
“Team Panama” —made an effort to establish a healthcare 
program in Panama that could reduce the adverse impacts of 
this infection. In this paper, we describe the multiple facets 
of our public health project: building educational programs 
and understanding regional prevalence of toxoplasmosis, 
evaluating the efficacy of a mandate to screen for and report 
CT, studying risk factors for toxoplasmosis, building spatial 
epidemiology maps, creating mathematical models to pre-
dict risk, and improving availability of care for symptomatic 
illness, among other items. We also describe some of our 
parallel projects in neighboring Colombia, a country that 
has a more robust mandatory gestational screening program 
for CT, and in the United States, where a large part of our 
research is based. We conclude with an evaluation of our 
research and initiatives and comments on the next steps to 
take to improve care for toxoplasmosis (especially the con-
genital form) in all three countries.

Review of Foundational Studies and Updates 
Concerning Clinical Manifestations 
of Congenitally Infected Children 
and Treatment in Programs in France, 
Austria, the USA, Brazil, Colombia 
and Morocco

France, Austria

The important work from France [46•, 51•, 52•, 56••, 60••, 
62••, 66••, 67••] and Austria [53••] with some data from 
the USA [1••, 2, 3••, 4••, 5••, 6••, 7••, 8••, 9••, 10••, 
11••, 12, 13, 14••, 15••, 16••, 17••, 18•, 19•, 20•, 21•, 22•, 
23, 24••, 25, 26, 27•, 28•, 29, 30, 31•, 32•, 33••, 34•, 35•, 
36, 37•, 38•, 39••, 40•, 41•, 42••, 43••, 44••, 45, 46•, 47••, 
48••, 49, 50•, 51•, 52•, 53••, 54, 55••, 56••, 57•, 58••, 59•] 
has demonstrated that congenital toxoplasmosis is a treatable 
and preventable disease. Like other infectious diseases the 
sooner treatment is initiated the better the outcome.

The cost benefit analyses emphasize that treatment brings 
not only reduction in individual suffering but also brings 
substantial cost savings for countries (e.g., 14 fold in Aus-
tria [53••]). The major role France has had in developing 
this improved approach that saves life, sight, and cognition 
is represented also in Fig. 3. As this has been addressed in 
earlier publications [46•, 51•, 52•, 53••, 56••, 60••, 62••, 
66••, 67••], it is not considered in more depth here. Many 
of the problems faced in the USA are avoided in France and 
Austria where prices for medicines are mandated by the gov-
ernment, social systems support medical care evenly for all 
those in the countries, and prenatal screening and reporting 
for toxoplasmosis are required by law.

United States

In the United States, an ongoing longitudinal study called 
the National Collaborative Chicago-based Congenital 
Toxoplasmosis Study (NCCCTS) was initiated in 1981 
and continues into the present time. Methodology has been 
presented in ongoing reports throughout that time. Method-
ology has included obtaining information about this infec-
tion, its epidemiology, diagnosis, treatment and outcomes 
(Tables 1, 2 and 3) [1••, 2, 3••, 4••, 5••, 6••, 7••, 8••, 9••, 
10••, 11••, 12, 13, 14••, 15••, 16••, 17••, 18•, 19•, 20•, 
21•, 22•, 23, 24••, 25, 26, 27•, 28•, 29, 30, 31•, 32•, 33••, 
34•, 35•, 36, 37•, 38•, 39••, 40•, 41•, 42••, 43••, 44••, 45, 
46•, 47••, 48••, 49, 50•, 51•, 52•, 53••, 54, 55••, 56••, 
57•, 58••, 59•]. Results are compared with earlier studies 
[70, 71••]. Initially treatment dosing for infants were estab-
lished in a phase 1 clinical trial, then with feasibility and 
safety and favorable outcomes identified, a randomized con-
trolled trial compared higher and lower doses. In this context 
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and with participants who missed treatment during the first 
year of life, all these families were then observed, carefully 
documenting outcomes across lifetimes. Methodology for 
treatment beginning in gestation also has been established 
with and extended by French colleagues making a model 
paradigm for care and prevention of sequalae by promptly 
treating the seroconverting pregnant woman and the fetus 
followed by treatment in the first year of life [33••].

Results from work in the United States have been pub-
lished in individual manuscripts [1••, 2, 3••, 4••, 5••, 
6••, 7••, 8••, 9••, 10••, 11••, 12, 13, 14••, 15••, 16••, 
17••, 18•, 19•, 20•, 21•, 22•, 23, 24••, 25, 26, 27•, 28•, 
29, 30, 31•, 32•, 33••, 34•, 35•, 36, 37•, 38•, 39••, 40•, 
41•, 42••, 43••, 44••, 45, 46•, 47••, 48••, 49, 50•, 52•, 
55••, 56••] but not with a composite overview in some 
time. This data set is included herein in a not previously 
published composite form in a table with comments that 
summarize some of the major earlier and more recently 
updated findings in the context of others’ work (Tables 1, 
2 and 3; Figs. 3-5, Part I Supplement) [1••, 2, 3••, 4••, 
5••, 6••, 7••, 8••, 9••, 10••, 11••, 12, 13, 14••, 15••, 
16••, 17••, 18•, 19•, 20•, 21•, 22•, 23, 24••, 25, 26, 
27•, 28•, 29, 30, 31•, 32•, 33••, 34•, 35•, 36, 37•, 38•, 
39••, 40•, 41•, 42••, 43••, 44••, 45, 46•, 47••, 48••, 49, 
50•, 51•]. Pyrimethamine, sulfadiazine, leucovorin, and 
spiramycin are essential for the treatment and prevention 
of congenital toxoplasmosis (CT) [17••, 33••, 46•, 48••, 
53••, 60••, 65]. Through ongoing programs for care, the 
personal experience of the authors informed observations 
of availability of medicines in Panama and the United 
States. These observations were made in the context of 
building programs in each of these countries.

These studies demonstrate that in the United States most 
diagnoses are made at birth, or later, when significant clini-
cal manifestations have already occurred (e.g., reference 
33). Nonetheless, findings which should be sentinel mark-
ers of this disease often go unattributed to this infection 
resulting in unnecessary delays in diagnosis and treatment. 
As in the child in part B of Fig. 5, and others, prematurity, 
thrombocytopenia, small for gestational age, rule out sepsis, 
hepatocellular abnormalities, and meningitis often go undi-
agnosed as being caused by toxoplasmosis and the diagnosis 
is missed. This results in needed treatment not being given 
for months. This has resulted in irreparable damage that 
could have been prevented.

Prompt prenatal treatment in the United States, as 
in France and Austria, results in the best outcomes 
[17••, 33••, 46•, 48••, 53••, 60••, 65]. Outcomes with 
treatment postnatally also results in markedly better 
outcomes than earlier without treatment. Those data 
and analyses include an early phase 1 clinical trial 
(1981–1990), and later randomized trial (1990–present). 
Kaplan Meier analyses of the randomized trial with pre-
specified endpoints in which a lower and a higher dos-
age of pyrimethamine were compared. Both treatments 
were predicted/selected to likely be efficacious based on 
the Phase 1 clinical study. Doses expected to be effective 
were utilized for equipoise, with the assumption that if 
differences from all past experience were found, efficacy 
would be proven, and perhaps a small dose response 
effect might be evident. There was not a significant dif-
ference in those outcomes for the higher and lower dose, 
but pre-specified outcomes for both were considerably 
better than prior studies where children were untreated 
or treated only for a month [88–90].

In infants who had not been treated in utero. there 
was greater severity at birth and more prematurity 
in those infected with non II parasite  serotypes.  In 
contrast, for infants who were treated in utero those 
differences associated with parasite strain (genetics) 
were not present at birth [33••]. Later outcomes were 
not different for those treated children with differing 
serotypes of parasites reflecting infection with differ-
ent strain in these treated children [33••]. A comment 
prepared for a grant application by one of the NCCCTS 
neurologists and R. McLeod is included as follows, as 
it describes, in a different format, observations in the 
NCCCTS during these past 4 decades:

“My goal as a contributor to this study is to under-
stand the consequences of Toxoplasma infection 
across life, particularly as this infection affects the 
brain. I am an expert in Pediatrics, Child Neurol-
ogy and Developmental Pediatrics. I have served as 
[one of] the primary neurologist [s] in this study for 
the evaluation of the neurologic status of the study 
patients since the inception of this study in 1981. I 
have evaluated most of the families involved in this 
study and I have enjoyed this work immensely. I have 
watched this symptomatic newborn disease transi-
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tion from one that was assumed to always have a 
bleak prognosis at birth to one that many times is 
associated with good outcomes. It has also been fas-
cinating to watch the development of understanding 
better management and pathogenesis of the infection. 
The many contributions our work has made to this 
understanding, and to define the next frontiers for 
both treatment and deciphering pathogenesis of this 
disease has been gratifying. It has been extremely 
rewarding to observe such children move on to Uni-
versity, to productive work and to beginning their 
own families, all unexpected outcomes at the outset 
of this work in 1981. (CNS)”

Examples of physician resistance to considering pos-
sible benefit from shunt placement and potential good 
outcomes are in Fig. 4 and in the Box). In some cases, 
the need for a ventriculoperitoneal shunt is clear with 
anatomy indicative of obstruction of the Aqueduct of Syl-
vius with a dilated third ventricle and lateral ventricles, 
head circumference crossing percentiles and a full anterior 
fontanelle, and even then there sometimes is resistance to 
shunt placement. Drainage made through creating a small 
orifice at lower surface of the third entricle so it drains in 
the basilar cistern called a third ventriculostomy work less 
well with risk from inflammatory cerebrospinal fluid after 
anti-parasitic medicines are discontinued. In some cases 
where there is less obvious, clear potential benefit, and 
anatomy associated with an inflammatory, fibrotic patho-
genesis without aqueductal obstruction, the approach we 
have used is summarized in this paraphrased comment by 
one of the NCCCTS neurosurgeons. This experience is also 
presented in the manuscript by McLone et al [50•] and in 
Fig. 4 [50•] with permission:

“The shunt may help your child and one can only 
know by placing it and seeing if it does. No one can 
predict that and there are no guarantees but it is 
a hope that it will help him/her and we will all be 
fortunate if that happens. There are always risks but 
these are not uniquely worse for your child and not 
inevitable. Without the shunt your child will not have 
that chance. (DMc. DF, RP, RMc and more recently 
P. Das and J Ruge)”

Box Update: Some strengths, benefits, and problems in access 
to, implementation, and understanding of the importance of 
various treatment options identified and exemplified in the 
following recent patient experiences/cases below:

Case 1: Infants who received treatment from large bottles of 
pyrimethamine and sulfadiazine stored for longer than one week 
developed severe and prolonged neutropenia. These are suspen-
sions rather than solutions. They sediment and congeal resulting 
in under and overdosing. Medicines should be in 25ml bottles and 
made fresh each week adjusting dosages for the child’s weight.

Case 2: Patient in USA was exposed to Toxoplasma in utero. The 
patient was treated in the first year of life and has done well. At 
the age of 16 years she developed a peripapillary lesion medial 
and superior to the optic disc with considerable fluid, cells and 
loss of visual acuity. Treatment with pyrimethamine and sulfadia-
zine with leucovorin led to resolution. Duration of treatment was 
for many months. Treatment is continued until lesions become 
quiet and resolve and then for several more weeks. It is not a 
disease where duration can be specified as a consistent, uniform 
length of time but rather depends on the patient’s clinical status. 
See Figure 5e and also Supplemental Figure 5. Azithromycin is 
used for suppression after complete resolution of active disease 
when frequent recurrences are in areas that are vision threaten-
ing, especially for patients whose vision is significantly impaired 
in one or both eyes. Azithromycin obviates the problem of 
hypersensitivity to sulfonamides that occurs from less effective 
trimethoprim/sulfamethoxazole. Failures of treatment of active 
disease with trimethoprim/sulfamethoxazole are not infrequent. 
Trimethoprim/sulfamethoxazole plus clindamycin has been used a 
few times when pyrimethamine was unavailable. Sulfadiazine has 
now been made available in Canada after a prolonged time when 
it could not be obtained there.

Case 3: Patient from US developed congenital toxoplasmosis in 
utero. The disease advanced and resulted in significant cerebral 
edema. Neurosurgery was consulted for placement of a shunt but 
did not intervene until the disease was advanced. This case high-
lights that the problems in toxoplasmosis treatment are solvable. 
Greater interdisciplinary collaboration is needed across pediatri-
cians, infectious disease providers, and neurosurgeons in order to 
improve patient care outcomes. A photo of the patient years after 
successful surgical intervention can be seen in Fig. 5.

Case 4: 40-year-old body builder, took corticosteroids, presented 
with extensive encephalitis. He had steroid treatment and was 
found to have very low or no IgG, IgM, or IgA with this immuno-
deficiency a contributing cause. He developed sulfadiazine hyper-
sensitivity, He initially responded to de-sensitization. But then 
developed a marked increase in liver function tests, some biliary 
sludge on ERCP, liver functions returned to near normal but then 
became elevated again. He was experiencing a slow neurologic 
rehabilitation when he developed inanition, and seizures and a 
cardiac arrest with unsuccessful attempts at resuscitation... Some 
severe illness due to Toxoplasma is associated with not previ-
ously recognized immune deficiency, genetic mutations or allelic 
variations in genes which confer susceptibility [47••, 117, 123••, 
124••, 125••].
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Examples of resolution of a large symptomatic retinal 
lesion in a teenager in the United States are shown in Figure 
5. Treatment was continued beyond the time the lesion was 
fully resolved. The approach to treatment of recurrences is 
to promptly utilize pyrimethamine, sulfadiazine and leuco-
vorin (PSL) (or with azithromycin instead of sulfadiazine if 
there is hypersensitivity to sulfonamides). These medicines 
(PSL) have demonstrated better efficacy in animal models, a 
correct ratio of constituents for synergy and a higher trough 
level of the anti-Dihydrofolate reductase component of the 
combination than trimethoprim sulfamethoxazole which has 
resulted in treatment failures.

If there is monocular vision and lesions in the better see-
ing eye near to the fovea, or with multiple recurrences, after 
complete resolution of activity, suppression with azithromy-
cin has been used without further recurrences. Duration for 
such suppression is not established.

Azithromycin is used only when QT interval is normal, 
i.e., not prolonged. Trimethoprim sulfamethoxazole is not 
used for suppression because of the high frequency of hyper-
sensitivity to sulfonamides which then precludes further use 
of the better sulfadiazine with pyrimethamine combination 
if there is another recurrence (please see above). A school 
aged child responded to clindamycin TMP/SMx but an older 
patient relapsed quickly [McLeod et al unpublished obser-
vations, 2022]. These medicines were used because of dif-
ficulty in obtaining pyrimethamine initially and are not the 
treatment of first choice.

Additional examples of ocular manifestations of Toxo-
plasmosis are presented in Supplement to Part 1 (Fatima 
Clouser Atlas, Part I, Supplemental) and at Toxop lasmo sis. 
org. Others were presented earlier in other manuscripts and 
Atlases and book chapters [1••, 2, 3••, 4••, 5••, 6••, 7••, 
8••, 9••, 10••, 11••, 12, 13, 14••, 15••, 16••, 17••, 18•, 
19•, 20•, 21•, 22•, 23, 24••, 25, 26, 27•, 28•, 29, 30, 31•, 
32•, 33••, 34•, 35•, 36, 37•, 38•, 39••, 40•, 41•, 42••, 43••, 
44••, 45, 46•, 47••, 48••, 49, 50•].

Brazil and Colombia

The extensive well-organized work in Brazil and Colom-
bia has been summarized recently [57•, 74••] and follows 
the same pattern of markedly improved outcomes in those 
who are treated. There have been comprehensive scholarly 
summaries of the programs for Brazil, that were completed 
earlier and recently [62••, 74••, 77, 151]. Brazil has played 
an important role both in clinical care on a large scale and 
in understanding parasite genetics as well as in basic and 
translational studies. Education programs in Brazil have 
included physician/scientists from Brazil, Europe, the United 
States, and Colombia with government sponsorship of pro-
grams for care. Collaborative work particularly in genetics 

and immunology/vaccines is included among the references 
herein and addressed in more depth in Part IV.

Morocco

Morocco has utilized gestational screening for decades 
according to the French model but not with monthly testing. 
A robust program to eliminate congenital toxoplasmosis has 
also been initiated with more frequent serologic screening 
[57•]. A thousand women have now been tested. Educational 
programs have been initiated. Epidemiologic studies like 
those described for Panama and Colombia have also been 
performed recently. There is an ongoing study of screening 
of thousands of pregnant women in two practice settings and 
a program to screen twenty thousand women in the poorer, 
high prevalence agricultural areas are under consideration 
as part of a government initiative.

Anti‑parasitic treatments using medicines 
currently available in clinical practice: What 
is working and where are there problems?

As mentioned above, in France, Austria, and Brazil medi-
cines are easily available and price is not an issue because of 
the countries’ policies on pricing and availability of medi-
cines. In all the United States currently accessing medicines 
presents challenges. The recent history concerning the avail-
ability of medicines has influenced care for toxoplasmosis 
in the United States. In the United States in 2015, Turing 
Pharmaceuticals (now rebranded as Vyera Pharmaceuti-
cals) acquired Daraprim (pyrimethamine), a medicine used 
to treat toxoplasmosis, and hiked the price by over 5000%, 
from $13.50 a pill to $750 for commercially insured patients. 
This caused substantial concern with broad criticism from 
the press and in senate hearings. The company defended the 
increase by stating that only a small percentage of patients 
had commercial insurance and for those uninsured medicine 
would have no charge (“penny pricing”), and that the profits 
gained from the price hike would be used to develop better 
treatments for toxoplasmosis and that patient co-pay would 
not be affected. Six years later, the cost of Daraprim has 
remained at $750 per pill with no public news of Vyera’s 
alternative toxoplasmosis medicine(s) since its approval to 
initiate a phase 1 study of a DHFR inhibitor in 2018. There 
are two candidate molecules with earlier phase studies but 
no public news as yet of their advancing for clinical use. The 
current pace of progressing medicines into clinical use for 
SARS-CoV-2 provides a stark contrast.

The history of pyrimethamine as a medicine is rele-
vant: Pyrimethamine was discovered in the 1950s and has 
remained a major component of the treatment for toxoplas-
mosis throughout the subsequent decades. However, with 

http://toxoplasmosis.org
http://toxoplasmosis.org
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only about 2000–8000 Americans recognized to be in need 
of this treatment annually, there was little incentive for other 
pharmaceutical companies to develop generic versions. As 
such, despite costing pennies to manufacture, companies like 
Turing/Vyera were able to increase the price by also enact-
ing anti-competitive practices including tightly controlled 
distribution. As of October 2020, there are two additional 
generic versions of pyrimethamine, but the pricing has not 
been lowered significantly. Without insurance, this medicine 
is provided without charge. Only a relatively small percent-
age of the pyrimethamine is paid for by indemnity insur-
ance and pre-approval can now involve substantial delays. 

Initially insurance coverage seemed to occur with relatively 
little difficulty and there was a robust assistance program 
and prompt distribution of medicines was possible. More 
recently, insurance company delays and refusals have made 
obtaining this medicine challenging for physicians, this has 
presented considerable difficulties in promptly providing 
emergent medicines for those who do not have 340B phar-
macies. Such 340B pharmacies that can provide medicine 
at nominal or no cost while waiting for insurance coverage 
to be clarified (bridging the provision of medicines while 
waiting for medicines to be delivered) and for uninsured 
patients with no delays. These delays and difficulties can be 

Fig. 1  Timeline of the projects 
and areas of research in which 
“Team Panama” has partici-
pated since 2014

Fig. 2  A. Model of Toxoplasma gondii transmission between domes-
tic and wild felids, freshwater runoff, livestock, predatory and scav-
enger animals, marine mammals, bivalves and other invertebrates, 
and humans. This model is subject to change depending on the set-
ting, but it presents a general overview of how Toxoplasma circulates 

through an ecosystem and suggests ways in which transmission to 
humans can be stopped or limited. Adapted from Van Wormer et al. 
B. Relationship of Toxoplasma transmission patterns to water and 
soil; designed by Jorge Gómez-Marin and Lilian Bahia Oliveira, also 
in McLeod et al. 2022.
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harmful for patients. Bridging programs may help to remedy 
this in some instances. Hospitals with pharmacies that can 
provide medicines at low costs to patients who are medi-
cally indigent (340B pharmacies) can help with bridging 
when patients are registered there and some of these have 
obtained approvals to ship to patients in other states. For 
example, The University of Chicago is authorized to ship 
to California, New York, Georgia and Florida for patients 

registered at the University which can be accomplished 
following a telehealth appointment. Thus, they can assist 
patients in those locations. There are also pharmacy assis-
tance phone numbers physicians can contact for assistance 
with obtaining medicines for the different companies with 
affiliated pharmacies. There is a charity that can assist 
patients also (phone numbers are available from Vyera 
“Daraprim Direct”). Unfortunately, as the charity provides 

Where did we come from, who are we and where now, and where are we going?
Consequences of Infection and Disease, Pathogenesis and Pathology:
Neurologic and retinal disease:NCCCTS,France/other places in Europe;Brazil

Clinical manifestations of active infection identified and are treatable. Treatment prevents adverse consequences in all forms of disease. Earliest
treatment leads to best outcomes. Not yet curable
.Challenges=>Early, affordable diagnosis. Should all acute infection be treated? Less toxicity from nedicines? Definitive cure especially for encysted
bradyzoites;Scars? What can be done in the US and Panama’to futher improve outcomes?
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support for many medicines, it is often depleted and runs 
out of resources early in each year. Therefore, it does not 
fulfill the desired goal throughout the year. Thus, obtaining 
medicines is feasible, even if substantial extra work for phy-
sicians, but has elements that currently do not function well. 
This information can allow patients and their physicians to 
know that proven treatments can be available to them, but 
it can be cumbersome, time consuming and result in delays 
or denials with insurance pre-approvals. There has been a 
recent anti-monopoly settlement with the FCC for multiple 
states and a patient class action lawsuit is pending.

While Vyera Pharmaceuticals has introduced programs, 
called “Daraprim Direct,” to help patients with financing 
their treatment plans, the price hike has clearly inflicted 
delays in obtaining medicines in urgent circumstances and 
suffering for Americans with toxoplasmosis. As described 
above, Daraprim Direct currently offers free medication to 
those uninsured and under 500 percent of the federal pov-
erty level. Company coupons providing $10 monthly treat-
ment regimens are also available for commercially insured 
patients whose insurance continues to deny coverage for 
this medicine when an appeal for a pre-authorization is sub-
mitted, as long as physicians continue the time-consuming 
appeal process. The limited distribution of Daraprim due 
to its cost creates other problems for patients, namely the 
lengthy wait times as physicians negotiate with insurance 

providers. Where treatment of emergent infection requires 
immediate attention, these delays can cause irremediable 
damage, such as loss of sight and death due to difficulty 
from diminished access. 340B pharmacies have provided 
medicines in emergencies, to be replenished when insurance 
allows so no patient suffers.

Finally, those under Medicare Part D face 31% copay due 
to Daraprim’s placement as a Tier V drug based on cost. 
Such patients, often under standard triple therapies such as 
prescriptions of Daraprim, Leucovorin, and sulfadiazine, 
face monthly fees of over $4000 for multi-month regimens 
that must often be repeated for reemergence of toxoplasmo-
sis symptoms. Without the price hike, monthly fees would 
be merely $80 due to the comparatively lower prices of Leu-
covorin and sulfadiazine. As a result of these issues facing 
Daraprim prescription, some physicians choose to fall back 
to cheaper and less effective alternatives such as trimetho-
prim sulfamethoxazole or clindamycin, with two physicians 
recently trying the two together without any data to support 
this.

More recently, two additional companies gained approval 
for generic pyrimethamine but for a longwhile had chosen to 
continue to list the drug at prices nearly as high as the initial 
high price by Vyera Pharmaceuticals, rather than offering an 
affordable alternative. This has made access more complex 
with prior approvals, taking time and substantial delays.

As above at the University of Chicago, a system that per-
mits prompt access for 340B pharmacies while providing 
bridge medicines, obviates some of these problems but it 
remains cumbersome and difficult to deal with pharmaceu-
tical company preapprovals. Further problems with access 
and delays have become more pronounced with limitations 
in access to care during the SARS-CoV-2 pandemic (see 
representative cases, tabulated data in Tab 4, Box 1).

Very recently a pharmaceutical company called Oakrum 
began to sell pyrimethamine at ~$0.30 per 25 mg tablet 
which could mean that this resolves the problems associ-
ated with cost in the United States. It has not been possible 
at present to learn where this is manufactured or if there 
is any problem with quality or safety, or where the start-
ing material (API) originates. If this is really a low-price 
tablet of high quality from a reliable source it could mean 
the treatment of this disease with optimal medicines will 
be feasible, straightforward and convenient again. It could 
lead competitor company prices to become comparable, and 
easily affordable

In Tables 4, 5, Box and Figs. 4, 5, we present approaches 
that have worked effectively where problems have arisen. 
These problems include loss of sight, inadequate access to 
neurosurgical shunt procedures, lack of recognition of well-
known presenting manifestations of CT in neonatal Inten-
sive Care Units, complications with laboratory access, and 

Fig. 3  Early studies in France, the United States, and Brazil demon-
strated efficacy of treatment and shaped understanding of this disease. 
The images from France, those in the NCCCTS in the USA, and in 
Brazil represent the early chronology of this work, and show some 
of the investigators who worked on some of these studies. Special 
accomplishments of colleagues are noteworthy and have not been 
mentioned specifically. Since a number of those working on this 
study in the early years have died in the past two years with some 
posthumous authors they are mentioned specifically as follows: Paul 
Meier designed the first Toxoplasma RCT for congenital toxoplas-
mosis with colleagues in the NCCCTS. Michael Gottlieb’s guidance 
as a Program officer at NIAID was instrumental in the establishment 
of the NCCCTS and many aspects of development of treatments 
and vaccines to prevent this disease along with others continuing in 
this in the NIAID DMID program. Jean Hickman worked with them 
within NIAID. Eileen Stillwaggon worked on cost benefit analyses 
demonstrating predicted cost savings when there was diagnosis and 
treatment of congenital toxoplasmosis in the United States. In Austria 
she found fourteen-fold cost savings occurred. In France, early treat-
ment in gestation has been found to be superior to treatment started 
after delays (Wallon, Stillwaggon, Sawyer et al 2022, In submission). 
Charles N Swisher was one of the primary neurologists in the NCC-
CTS working with this study from 1981 until his passing in 2020. 
Jack S Remington and his laboratory performed the serologic tests 
for this study and included findings from the NCCCTS in co-authored 
book chapters, with the work of his laboratory continuing with the 
study. Lazlo Stein developed the hearing testing protocols. The con-
tributions of others either as authors or acknowledged are substantial 
as well. Each of these scientists, physicians, and others had an impor-
tant role in the understanding and improvement in outcomes for this 
disease.

◂
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Fig. 4  Restoration of anatomy 
and clinical improvement can 
occur with prompt treatment 
and placement of VP shunt. 
Third ventriculostomies often 
fail in this infection. A. Shows a 
recent photo (with permission) 
of a child whose first neurosur-
geon was adamant about not 
shunting this child when he was 
an infant. The family sought 
care elsewhere had a ventriculo-
peritoneal shunt placed quickly 
and the child has done well. In 
just the first months of 2021 
this scenario has repeated itself 
5 times. Each time, except one 
infant in Guam, the children 
were shunted and all improved. 
B. Another example of an infant 
with a delay in shunting with a 
good response shown when an 
entricular peritoneal shunt was 
placed. His spinal cord lesions 
and associated signs are also 
resolving slowly although with 
developmental delays. C Figures 
from McLone et al reproduced 
with permission show the res-
toration of anatomy and better 
outcomes when needed shunts 
are placed without delay. Each 
aspect of care for this disease is 
urgent and emergent and should 
be treated as expectant for 
favorable outcome, recognizing 
this does not always occur but 
can and does on many occa-
sions. Images reproduced with 
permission.

A

B ii

Bi1 2/ 2020-present. Infant born by side of
the road to homeless parents. In the newborn 
ICU with thrombocytopenia, R/0 sepsis, 
serologies for CMV but not toxoplasmosis. 
2021. Immobility of leg, irritability, spinal cord 
lesions, refusal of two neurosurgeons to shunt 
hydrocephalous. Even with head 
circumference crossing percen�les Ul�mately 
a third neurosurgeon performed Images 
below. Irritability resolved, Le� leg more 
mobile. Interacts in a posi�ve way with 
adop�ve family. He con�nues making 
developmental progress a�er medical 
treatment and ventriculo

peritoneal shunt. (with permission)

C
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limited availability of prenatal care during the COVID-19 
pandemic further complicating healthcare.

Spiramycin, used in the first trimester to prevent infec-
tions of the fetus, has been provided since the 1990s at 
no charge in the United States when it was cleared by Dr. 
McLeod, or the Remington Specialty Laboratory, and then 
the FDA. IRB approval is needed after the first emergency 
use for a practitioner. Benefit from this medicine particu-
larly in the first 14 weeks of gestation recently was noted 
in a meta-analysis [68••]. This medicine has been available 
in Panama and Colombia commercially, as it is in Europe, 
Brazil, Argentina, and Guyana.

The National Collaborative Toxoplasmosis Study (NCC-
CTS) and other published materials provide guidelines for 
treatment which also are outlined in the manuscripts and 
book chapters on Management of congenital toxoplasmosis 
[60••, 65, 70, 71••, 72••, 73••] and updated and summa-
rized herein (Fig. 1). The work of Mandelbrot et al [60••] 
indicates that prompt use of pyrimethamine and sulfadiazine 
can result in better outcomes after 15-weeks’ gestation for a 
small subset of infected fetuses [60••].

There is an important distinction that is often over-
looked in comparing data concerning prevention of CT in 
the literature in studies from France and work in the United 
States. In the United States, conception is dated from two 
weeks after the last menstrual period. Whereas in France, 
gestational week is counted from the onset of amenorrhea. 
Thus, in the literature from France, gestational age at which 
amniocentesis is performed is written as 17 weeks amen-
orrhea, this would be 15-weeks gestation in the United 
States. When dating of gestational age is considered the 
date of conception would be 2 weeks later than the onset 
of amenorrhea.

Parasite and Host Genetics

Serotyping assays have previously allowed us to distin-
guish infections caused by Type 2 strains from all other 
strains, collectively referred to as NE-II within the NCC-
CTS cohort [33••]. A new assay utilizing additional poly-
morphic peptides expands the utility of the earlier assay, 
and now resolves infection caused by Type 1, 2, 3, hap-
logroup 12 and non-archetypal parasites [148, 149]. This 
expands the utility of the earlier methodology used in the 
NCCCTS cohort and makes it possible to determine the 

strains causing infections in regions of the world where 
Toxoplasma genotypes are more heterogenous, as found 
in Colombia and Panama. Furthermore, limited genotyp-
ing studies performed on a few clinical samples within 
the USA by Pomares et al [150] suggest that type 1, 2, 3, 
and haplogroup 12 parasites dominate and cause illness 
in patients in the United States, providing the impetus to 
re-serotype the NCCCTS cohort with the new assay. Addi-
tional host susceptibility genes have also been identified 
(Tables 1, 2 and 3) [47••, 123••, 124••].

Conclusions

As reviewed herein, a great deal has been learned about 
optimal diagnosis and management from work in France, 
Austria and the USA Work in Brazil [152, 153••, 154], 
Colombia, and Morocco added substantially to this in 
recent decades (as also reviewed elsewhere comprehen-
sively recently [57•,65, 74••]. In some cases, the need for 
a ventriculoperitoneal shunt is clear with anatomy indic-
ative of obstruction of the Aqueduct of Sylvius with a 
dilated third ventricle and lateral ventricles, head circum-
ference crossing percentiles and a full anterior fontanelle, 
and even then there sometimes is resistance to shunt place-
ment. However, benefits of ventriculoperitoneal shunt to 
treat ventricular dilatation are considerable, as are benefits 
from using available medicines promptly to treat active 
disease for pregnant women, those immunocompromised, 
and for those with ocular disease.

Recent data and updated clinical experiences dem-
onstrate that treatment for this disease when it is active 
should be considered to be emergent with outcomes 
expectant to be favorable at the outset. Recent progress to 
make screening easier and less expensive in France, Aus-
tria, and the United States, to detect Toxoplasma infection 
acquired in gestation and to facilitate prompt emergent 
treatment, is considered in depth in part IV of this series 
of manuscripts. Some solutions concerning costs and cur-
rent conditions concerning medicines are also considered. 
Parts II, III, and IV of this series address individual topics 
in building these programs, the role of contamination of 
water sources and the environment. They provide detail 
concerning educational interventions (II), risk factors (III), 
and public health (IV).
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Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40124- 022- 00269-w.
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Fig. 5  Retinal photographs and Optical Coherence Tomographic 
studies showing large active lesion with substantial edema (top) and 
then gradual near complete resolution with treatment with pyrimeth-
amine, sulfadiazine and leucovorin and initially prednisone eye drops. 
This demonstrates that treatment should be initiated promptly, treat-
ment should continue beyond resolution of the lesion, even large 
lesions can resolve almost entirely leaving only a small area of pig-
ment, and no permanent detrimental change in visual acuity. An Atlas 
of retinal lesions is in the Supplemental, and also at toxop lasmo sis. 
org, included herein with permission. The examples in the Atlas show 
the variability in appearance of lesions of toxoplasmic chorioretinitis.
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were markedly better than for comparable children in prior 
literature.

 4.•• McAuley J, Boyer KM, Patel D, Mets M, Swisher C, Roizen N, 
Wolters C, Stein L, Stein M, Schey W, Remington J, Meier P, 
Johnson D, Heydemann P, Holfels E, Withers S, Mack D, Brown 
C, Patton D, McLeod R. Early and longitudinal evaluations of 
treated infants and children and untreated historical patients with 
congenital toxoplasmosis: the Chicago Collaborative Treatment 
Trial. Clin Infect Dis. 1994;18(1):38–72 Systematic diagno-
sis and follow up of treated and untreated children and the 
beginning of a randomized treatment study.

 5.•• Swisher CN, Boyer K, McLeod R. Congenital toxoplasmosis. 
In JB Bodensteiner, Ed. Semin Pediatr Neurol. 1994;1:4–25 
Describes neurologic findings of congenital toxoplasmosis 
in the United States.

 6.•• Roizen N, Swisher CN, Stein MA, Hopkins J, Boyer KM, Holfels 
E, Mets MB, Stein L, Patel D, Meier P, Withers S, Remington 
J, Mack D, Heydemann P, Patton D, McLeod R. Neurologic 
and developmental outcome in treated congenital toxoplasmosis. 
Pediatrics. 1995;95(1):11–20 Demonstrates better neurologic 
outcomes and the importance of recognizing that what may 
be interpreted as developmental delays may really be related 
to visual impairment. This emphasizes the importance of 
compensatory educational strategies.

 7.•• Patel DV, Holfels EM, Vogel NP, Boyer KM, Mets MB, Swisher 
CN, Roizen NJ, Stein LK, Stein MA, Hopkins J, Withers SE, 
Mack DG, Luciano RA, Meier P, Remington JS, McLeod RL. 
Resolution of intracranial calcifications in infants with treated 
congenital toxoplasmosis. Radiology. 1996;199(2):433–40 Iden-
tifies that intracranial calcifications in infants with congeni-
tal toxoplasmosis resolve or diminish in size with treatment.

 8.•• Vogel N, Kirisits M, Michael E, Bach H, Hostetter M, Boyer K, 
Simpson R, Holfels E, Hopkins J, Mack D, Mets MB, Swisher 
CN, Patel D, Roizen N, Stein L, Stein M, Withers S, Mui E, 
Egwuagu C, et al. Congenital toxoplasmosis transmitted from 
an immunologically competent mother infected before concep-
tion. Clin Infect Dis. 1996;23:1055–60 Identifies that occa-
sionally preconception infection can be transmitted to a 
fetus even when the pregnant women did not have known 
immunocompromise.

 9.•• Mets MB, Holfels E, Boyer KM, Swisher CN, Roizen N, Stein 
L, Stein M, Hopkins J, Withers S, Mack D, Luciano R, Patel 
D, Remington JS, Meier P, McLeod R. Eye manifestations of 
congenital toxoplasmosis. Am J Ophthalmol. 1996;122:309–24 
Characterizes ocular toxoplasmosis with congenital infec-
tion, that it can be treated effectively without loss of vision 
in recurrences, and the timing of recurrences especially at 
school age entry, adolescence, and with significant stress.

 10.•• Roberts F, McLeod R. Pathogenesis of toxoplasmic retinocho-
roiditis. Parasitol Today. 1999;15:51–7 Identifies pathogenic 
mechanisms in toxoplasmic retinochoroiditis.

 11.•• Mack DG, Johnson JJ, Roberts F, Roberts CW, Estes RG, David 
C, Grumet FC, Mcleod R. HLA-class II genes modify outcome 
of Toxoplasma gondii infection. Int J Parasitol. 1999;29:1351–8 
Identifies HLA Class II susceptibility alleles.

 12. Lyons RE, Lyons K, McLeod R, Roberts CW. Construction and 
validation of a polycompetitor construct (SWITCH) for use in 
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competitive RT-PCR to assess tachyzoite-bradyzoite interconver-
sion in Toxoplasma gondii. Parasitology. 2001;123:433–9 Quan-
titating parasite tachyzoite and bradyzoite burden by PCR.

 13. Brezin AP, Thulliez P, Couvreur J, Nobre R, McLeod R, Mets 
MB. Ophthalmic outcomes after prenatal and postnatal treatment 
of congenital toxoplasmosis. Am J Ophthalmol. 2003;135:779–
84 Contrasts retinal disease in French and US children.

 14.•• Boyer KM, Holfels E, Roizen N, Swisher C, Mack D, Remington 
J, Withers S, Meier P, McLeod R. Risk factors for Toxoplasma 
gondii infection in mothers of infants with congenital toxoplas-
mosis: Implications for prenatal management and screening. Am 
J Obstet Gynecol. 2005;192:564–71 Identifies risk factors and 
lack of recognition of these factors by mothers with infants 
with congenital toxoplasmosis in the US.

 15.•• McLeod R, Khan AR, Noble GA, Latkany P, Jalbrzikowski J, 
Boyer K. Severe sulfadiazine hypersensitivity in a child with 
reactivated congenital toxoplasmic chorioretinitis. Pediatr Infect 
Dis J. 2006;25:270–2 Emphasizes that severe hypersensitivity 
with sulfonamides can occur with treatment of ocular toxo-
plasmosis, in this case DRESS syndrome which can be lethal.

 16.•• Roizen N, Kasza K, Karrison T, Mets M, Noble AG, Boyer K, 
Swisher C, Meier P, Remington J, Jalbrzikowski J, McLeod R, 
Kipp M, Rabiah P, Chamot D, Estes R, Cezar S, Mack D, Pfiffner 
L, Stein M, et al. Impact of visual impairment on measures of 
cognitive function for children with congenital toxoplasmosis: 
implications for compensatory intervention strategies. Pediatrics. 
2006;118:e379–90 Emphasizes the effect of visual impairment 
on the measurement of cognition in congenital toxoplasmosis 
and the importance of compensatory strategies.

 17.•• McLeod R, Boyer K, Karrison T, Kasza K, Swisher C, Roizen 
N, Jalbrzikowski J, Remington J, Heydemann P, Noble AG, Mets 
M, Holfels E, Withers S, Latkany P, Meier P. Outcome of treat-
ment for congenital toxoplasmosis, 1981-2004: The National Col-
laborative Chicago-Based, Congenital Toxoplasmosis Study. Clin 
Infect Dis. 2006;42:1383–94 Presents data for the National Col-
laborative Toxoplasmosis study over 23 years considering pre-
specified endpoints, comparing the results with two doses of 
pyrimethamine following randomization, calculating Kaplan 
Meier analyses of endpoints, and documenting substantially 
better outcomes than in earlier literature.

 18.• Arun V, Noble AG, Latkany P, Troia RN, Jalbrzikowski J, Kasza 
K, Karrison T, Cezar S, Sautter M, Greenwald MJ, Mieler W, 
Mets MB, Alam A, Boyer K, Swisher CN, Roizen N, Rabiah P, 
Del Monte MA, McLeod R. Cataracts in congenital toxoplasmo-
sis. J AAPOS. 2007;11:551–4 Identifies types of cataracts and 
their treatment in congenital toxoplasmosis.

 19.• Benevento JD, Jager RD, Noble AG, Latkany P, Mieler WF, 
Sautter M, Meyers S, Mets M, Grassi MA, Rabiah P, Boyer K, 
Swisher C, McLeod R. Toxoplasmosis-associated neovascular 
lesions treated successfully with ranibizumab and antiparasitic 
therapy. Arch Ophthalmol. 2008;126:1152–6 Identifies toxo-
plasmosis as a cause of choroidal neovascular membranes 
and their successful treatment with ranibizumab and 
antiparasitic treatment.

 20.• Phan L, Kasza K, Jalbrzikowski J, Noble AG, Latkany P, Kuo 
A, Mieler W, Meyers S, Rabiah P, Boyer K, Swisher C, Mets M, 
Roizen N, Cezar S, Remington J, Meier P, McLeod R. Longitu-
dinal study of new eye lesions in treated congenital toxoplasmo-
sis. Ophthalmology. 2008;115:553–59 e8 Follows longitudinal 
outcomes of ocular disease in congenital toxoplasmosis with 
less recurrence of retinal disease in treated children.

 21.• Phan L, Kasza K, Jalbrzikowski J, Noble AG, Latkany P, Kuo 
A, Mieler W, Meyers S, Rabiah P, Boyer K, Swisher C, Mets M, 
Roizen N, Cezar S, Sautter M, Remington J, Meier P, McLeod 
R. Longitudinal study of new eye lesions in children with toxo-
plasmosis who were not treated during the first year of life. Am J 

Ophthalmol. 2008;146:375–84 Follows longitudinal outcomes 
of ocular disease in congenital. There were more recurrences 
in children who missed treatment in the first year of life.

 22.• Jamieson SE, de Roubaix LA, Cortina-Borja M, Tan HK, Mui 
EJ, Cordell HJ, Kirisits MJ, Miller EN, Peacock CS, Hargrave 
AC, Coyne JJ, Boyer K, Bessieres MH, Buffolano W, Ferret N, 
Franck J, Kieffer F, Meier P, Nowakowska DE, et al. Genetic and 
epigenetic factors at COL2A1 and ABCA4 influence clinical 
outcome in congenital toxoplasmosis. PLoS One. 2008;3:e2285 
Discusses epigenetic influences on the development of con-
genital toxoplasmosis.

 23. Jamieson SE, Cordell H, Petersen E, McLeod R, Gilbert RE, 
Blackwell JM. Host genetic and epigenetic factors in toxoplas-
mosis. Mem Inst Oswaldo Cruz. 2009;104:162–9 Discusses dis-
covery of susceptibility genes that indicate imprinting and 
epigenetic influences.

 24.•• Tan T, Mui E, Cong H, Witola W, Montpetit A, Muench S, Sid-
ney J, Alexander J, Sette A, Grigg M, Reed S, Maewal A, Kim 
S, Boothroyd J, McLeod R. Identification of T. gondii epitopes, 
adjuvants, & host genetic factors that influence protection of 
mice & humans. Vaccine. 2010;28:3977–89 Identification of 
susceptibility gene in NCCCTS cohort, establishing MHC 
Class I pathway processing by ERAAP. Parts of the initial 
steps in development of a vaccine to prevent toxoplasmosis in 
humans which is ongoing with expanded approaches. Dem-
onstration of powerful adjuvant effects of GLA-SE in HLA 
transgenic mice.

 25.•• Lees MP, Fuller SJ, McLeod R, Boulter NR, Miller CM, Zakrze-
wski AM, Mui EJ, Witola WH, Coyne JJ, Hargrave AC, Jamieson 
SE, Blackwell JM, Wiley JS, Smith NC. P2X7 receptor-mediated 
killing of an intracellular parasite, Toxoplasma gondii, by human 
and murine macrophages. J Immunol. 2010;184:7040–6 Suscep-
tibility gene for congenital toxoplasmosis which influences 
outcomes, affecting cytokines and cell death.

 26. Jamieson SE, Peixoto-Rangel AL,Hargrave AC,Roubaix LA,Mui 
EJ,Boulter NR,Miller EN,Fuller SJ,Wiley JS,Castellucci L, Boyer 
K, Peixe RG,Kirisits MJ,Elias Lde S,Coyne JJ,Correa-Oliveira 
R,Sautter M,Smith NC,Lees MP,Swisher CN,Heydemann 
P,Noble AG,Patel D,Bardo D,Burrowes D,McLone D,Roizen 
N,Withers S,Bahia-Oliveira LM, McLeod R,Blackwell JM. Evi-
dence for associations between the purinergic receptor P2X(7) 
(P2RX7) and toxoplasmosis. Genes Immun. 2010;11:374-383. 
Susceptibility gene for congenital toxoplasmosis which influ-
ences outcomes, affecting cytokines and cell death.

 27.•• Noble G, Latkany P, Kusmierczyk J, Mets M, Rabiah P, Boyer K, 
Jalbrzikowski J, Wroblewski K, Karrison T, Swisher C, Mieler W, 
Meier P, McLeod R. Chorioretinal lesions in mothers of children 
with congenital toxoplasmosis in the National Collaborative Chi-
cago-based, Congenital Toxoplasmosis Study. Scientia Medica. 
2010;20:20–6 Finds that ten percent of mothers of infants in 
the US who have congenital toxoplasmosis have retinal lesions, 
emphasizing the importance of performing eye examinations 
of mothers of children with congenital toxoplasmosis.

 28.•• Witola WH, Mui E, Hargrave A, Liu S, Hypolite M, Montpetit 
A, Cavailles P, Bisanz C, Cesbron-Delauw MF, Fournié GJ, 
McLeod R. NALP1 influences susceptibility to human congeni-
tal toxoplasmosis, proinflammatory cytokine response, and fate 
of Toxoplasma gondii-infected monocytic cells. Infect Immun. 
2011;79:756–66 Identifies susceptibility gene to congenital 
toxoplasmosis determining functioning of the inflammasome.

 29. Delair E, Latkany P, Noble AG, Rabiah R, McLeod R, Brezin A. 
Clinical Manifestations of Ocular Toxoplasmosis. Ocul Immunol 
Inflamm. 2011;2:91–102 Collates and presents clinical mani-
festations of ocular toxoplasmosis in a pictorial collection.

 30. Hill D, Coss C, Dubey JP, Wroblewski K, Sautter M, Hosten T, 
Munoz-Zanzi C, Mui E, Withers S, Boyer K, Hermes G, Coyne J, 
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Jagdis F, Burnett A, McLeod P, Morton H, Robinson D, McLeod 
R, Toxoplasmosis Study Group. Identification of a sporozoite-spe-
cific antigen from Toxoplasma gondii. J Parasitol. 2011;97:328-37 
Identifies antigens in sporozoites in oocysts that elicit an anti-
body response present for about 8 months following exposure 
consistent with the half-life of that antibody, allowing expo-
sure. Also identifies high prevalence of Toxoplasma infection 
in Lancaster Pennsylvania Amish persons.

 31.•• Stillwaggon E, Carrier CS, Sautter M, McLeod R. Maternal sero-
logic screening to prevent congenital toxoplasmosis: a decision-
analytic economic model. PLoS Negl Trop Dis. 2011:5–e1333 
Demonstrates parameters that lead to cost effective screening 
for Toxoplasma infection acquired in gestation. This sug-
gests strategies important in this model for lowering costs for 
diagnosis and treatment to facilitate programs for screening.

 32.•• Boyer K, Hill D, Mui E, Wroblewski K, Karrison T, Dubey JP, 
Sautter M, Noble AG, Withers S, Swisher C, Heydemann P, 
Hosten T, Babiarz J, Lee D, Meier P, McLeod R. Toxoplasmo-
sis Study Group. Unrecognized ingestion of Toxoplasma gondii 
oocysts leads to congenital toxoplasmosis and causes epidemics 
in North America. Clin Infect Dis. 2011;53:1081–9 Identifies 
epidemics of acute acquired Toxoplasma infection in North 
America and that ingestion of oocysts may go unrecognized.

 33.•• McLeod R, Boyer K, Lee D, Mui E, Wroblewski K, Karrison T, 
Noble AG, Withers S, Swisher CN, Heydemann PT, Sautter M, 
Babiarz J, Rabiah P, Meier P, Grigg M. Prematurity & Severity 
Associate with T. gondii Alleles (NCCCTS, 1981-2009). Clin 
Infect Dis. 2012;54:1595–605 Defines serotypes of T .gondii 
and their distribution in the United States, and associations 
of Toxoplasma genotypes with phenotypes of illness includ-
ing prematurity and severity of illness.

 34.•• Lai BS, Witola WH, El Bissati K, Zhou Y, Mui E, Fomovska A, 
McLeod R. Molecular target validation, antimicrobial delivery, 
and potential treatment of Toxoplasma gondii infections. Proc 
Natl Acad Sci U S A. 2012;109:14182–7 Identification or vali-
dation of molecular targets in Toxoplasma and that they can 
be targeted with antisense as an approach to medicines.

 35.•• Burrowes D, Boyer K, Swisher CN, Noble AG, Sautter M, Hey-
demann P, Rabiah P, Lee D, McLeod R. Toxoplasmosis Study 
Group. Spinal Cord Lesions in Congenital Toxoplasmosis Dem-
onstrated with Neuroimaging, Including Their Successful Treat-
ment in an Adult. J Neuroparasitology. 2012;3:1–8 Chronic 
active toxoplasmosis in an adult and its effective treatment 
proves that this can occur in the brain and spinal cord, not 
only the eye, and that it can resolve with treatment.

 36.•• Béla SR, Dutra MS, Mui E, Montpetit A, Oliveira FS, Oliveira 
SC, Arantes RM, Antonelli LR, McLeod R, Gazzinelli RT. 
Impaired Innate Immunity in Mice Deficient in Interleukin-1 
Receptor-Associated Kinase 4 Leads to Defective Type 1 T Cell 
Responses, B Cell Expansion, and Enhanced Susceptibility to 
Infection with Toxoplasma gondii. Infect Immun. 2012;80:4298–
308 Susceptibility gene and its mechanism in congenital 
toxoplasmosis.

 37.•• Witola W, Liu S, Montpetit A, Hypolite M, Zhou Y, Mui E, 
Cesbron-Delauw MF, Fournie G, Cavailles P, Bisanz C, Boyer 
K, Withers S, Noble AG, Swisher C, Heydemann P, Rabiah P, 
McLeod R. ALOX12 In Human Toxoplasmosis. Infect Immun. 
2014;82(7):2670–9 Susceptibility genes and their mechanisms 
in congenital toxoplasmosis.

 38.• McLeod R. Utility and limitations of T. gondii-specific IgM 
serum antibodies in the diagnosis of congenital toxoplasmosis 
in Porto Alegre. J Pediatr. 2014;90(4):329–31 Emphasizes util-
ity and limitation of testing for T.gondii specific IgM serum 
antibodies in infants.

 39.•• McLeod R, Lykins J, Noble AG, Rabiah P, Swisher C, Heyde-
mann P, McLone D, Frim D, Withers S, Clouser F, Boyer K. 

Management of Congenital Toxoplasmosis. Current Pediatrics 
Reports. 2014;2(3):166–94 Provides guidelines and an over-
view of the supporting evidence for the management of con-
genital toxoplasmosis based on the US experience.

 40.•• Hutson SL, Wheeler KM, McLone D, Frim D, Penn R, Swisher 
CN, Heydemann PT, Boyer KM, Noble AG, Rabiah P, Withers 
S, Montoya JG, Wroblewski K, Karrison T, Grigg ME, McLeod 
R. Patterns of Hydrocephalus Caused by Congenital Toxoplasma 
gondii Infection and Association with Parasite Strain. Cli48, 
58,61n Infect Dis. 2015. Pattern of hydrocephalus associated 
with parasite serotype suggesting different epitopes may be 
critical or that there may be multifactorial influences.

 41.•• Contopoulos-Ioannidis D, Wheeler KM, Ramirez R, Press C, Mui 
E, Zhou Y, Van Tubbergen C, Prasad S, Maldonado Y, Withers 
S, Boyer KM, Noble AG, Rabiah P, Swisher CN, Heydemann P, 
Wroblewski K, Karrison T, Grigg ME, Montoya JG, McLeod R. 
Clustering of Toxoplasma gondii Infections Within Families of 
Congenitally Infected Infants. Clin Infect Dis. 2015;61(12):1815–
24 Emphasizes that toxoplasmosis occurs in families, living 
groups likely exposed to the same risk factors.

 42.•• McLeod R, Wheeler KM, Boyer K. Reply to Wallon and Peyron. 
Clin Infect Dis. 2016;62(6):812–4 Emphasizes that favorable 
outcomes in treated toxoplasmosis are due to treatment.

 43.•• Begeman IJ, Lykins J, Zhou Y, Lai BS, Levigne P, El Bissati K, 
Boyer K, Withers S, Clouser F, Noble AG, Rabiah P, Swisher 
CN, Heydemann PT, Contopoulos-Ioannidis DG, Montoya JG, 
Maldonado Y, Ramirez R, Press C, Stillwaggon E, et al. Point-
of-care testing for Toxoplasma gondii IgG/IgM using Toxo-
plasma ICT IgG-IgM test with sera from the United States and 
implications for developing countries. PLoS Negl Trop Dis. 
2017;11:e0005670 All sera from persons in the NCCCTS 
including all serotypes and acute, subacute and chronic, could 
be detected with 100% sensitivity and specificity. A considera-
tion of spillover benefit and clinical benefit is included.

 44.•• Lykins J, Li X, Levigne P, Zhou Y, El Bissati K, Clouser F, Wal-
lon M, Morel F, Leahy K, El Mansouri B, Siddiqui M, Leong 
N, Michalowski M, Irwin E, Goodall P, Ismail M, Christmas M, 
Adlaoui EB, Rhajaoui M, et al. Rapid, inexpensive, fingerstick, 
whole-blood, sensitive, specific, point-of-care test for antiToxo-
plasma antibodies. PLoS Negl Trop Dis. 2018;12(8):e0006536 
Whole blood obtained by fingerstick is an efficient and accu-
rate way to screen for Toxoplasma seropositivity with 100% 
sensitivity and specificity.

 45. Lykins J, Wang K, Wheeler K, Clouser F, Dixon A, El Bissati K, 
Zhou Y, Lyttle C, Rzhetsky A, McLeod R. Understanding Toxo-
plasmosis in the United States through “Large Data” Analyses. 
Clin Infect Dis. 2016;63(4):468–75 Initial effort to understand 
the magnitude and implications of Toxoplasma infection of 
humans in the United States. Editors choice and Editorial.

 46.• Soberon-Felin M, Grose A, Castro C, Moreira A, AShi K, Li 
X, McLeod et al. Building Programs to Eliminate Toxoplas-
mosis: Part II Education. Current Pediatrics Reports 2022. In 
Press Considers and presents many aspects of contrasts in 
gestational screening in France facilitating early treatment 
with delays that are the norm in the United States inxlusing 
Peyron (2017 see Ref 52).

 47.•• Ngô HM, Zhou Y, Lorenzi H, Wang K, Kim TK, Zhou Y, El 
Bissati K, Mui E, Fraczek L, Rajagopala SV, Roberts CW, Hen-
riquez FL, Montpetit A, Blackwell JM, Jamieson SE, Wheeler 
K, Begeman IJ, Naranjo-Galvis C, Alliey-Rodriguez N, Davis 
RG, Soroceanu L, Cobbs C, Steindler DA, Boyer K, Noble AG, 
Swisher CN, Heydemann PT, Rabiah P, Withers S, Soteropou-
los P, Hood L, Mcleod R. Toxoplasma Modulates Signature 
Pathways of Human Epilepsy, Neurodegeneration & Cancer. 
Sci Rep (Nature). 2017;7(1):11496. https://doi.org/10.1038/
s41598-017-10675-6.Using a systems biology analysis of 
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genetics, transcriptomics, proteomics, serum and miR bio-
markers, upstream regulators, protein association string, 
immunohistochemistry, and human MM6 (myeloid) and pri-
mary human brain neuronal stem cells, disease association 
analyses, it was found that Toxoplasma modulates signature 
pathways of human epilepsy, neurodegeneration and cancer. 
This has important implications for the 2 billion people who 
have this parasite in their brains across lifetimes, includ-
ing in Panama, Colombia and the United States, making the 
seroprevalence of 85% in Panama adults over the age of 65 
years potentially of considerable significance for those later 
in life.

 48.•• El Bissati K, Levigne P, Lykins J, Adlaoui EB, Barkat A, Berraho 
A, Laboudi M, El Mansouri B, Ibrahimi A, Rhajaoui M, Quinn 
F, Murugesan M, Seghrouchni F, Gómez Marín JE, Peyron F, 
and McLeod R. Global initiative for congenital toxoplasmosis: 
an observational and international comparative clinical analysis. 
Emerging Microbes & Infections (2018) 7:165 Emerging Microbes 
& Infections 10.1038/s41426-018-0164-4. Introduces the concept 
of the ongoing global initiative to eliminate toxoplasmosis.

 49. Aguirre AA,Longcore T, Barbieri M, Dabritz H, Hill D, Klein 
PN,Lepczyk C, Lilly EL, McLeod R, Milcarsky J, Murphy CE, 
Su C, VanWormer E, Yolken R,Sizemore GC. The One Health 
Approach to Toxoplasmosis: Epidemiology, Control, and Pre-
vention Strategies. Ecohealth. 2019 10.1007/s10393-019-01405-
7. [Epub ahead of print]. Considers Toxoplasma as part of a 
“One Health” initiative including cat excrement exposure 
and what could be done to improve water systems and elimi-
nate contamination due to oocysts.

 50.• McLone D, Frim D, Penn R, Swisher CN, Heydemann P, 
Boyer K, Noble AG, Rabiah P, Withers S, Wroblewski K, Kar-
rison T, Hutson S, Wheeler K, Cohen W, Lykins J, McLeod 
R. Outcomes of hydrocephalus secondary to congenital toxo-
plasmosis. J Pediatric Neurosurgery, I doi: 10.3171/2019.6. 
PEDS18684. 2019. Documents that prompt treatment 
including needed neurosurgery placement of ventriculo-
peritoneal shunts can result in favorable outcomes.

 51.• Wallon M, Peyron F, Cornu C, Vinault S, Abrahamowicz 
M, Kopp CB, Binquet C. Congenital toxoplasma infection: 
monthly prenatal screening decreases transmission rate and 
improves clinical outcome at age 3 years. Clin Infect Dis. 
2013;56(9):1223–31 Improved outcomes with screening 
and treatment in utero.

 52.• Peyron F, McLeod R, Ajzenberg D, Contopoulos-Ioannidis 
DG, Kieffer F, Mandelbrot L, Sibley LD, Pelloux H, Villena I, 
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