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EXECUTIVE SUMMARY

Congenital toxoplasmosis (CT) is a parasitic disease that can cause 

significant fetal and neonatal harm. Coordinated efforts by pregnant 

women, researchers, physicians, and health policy makers regarding 

potential primary and secondary preventive measures for CT and their 

implementation may lead to a lower incidence of CT as well as lower 

morbidity and mortality rates associated with CT. In the United States, 

the age-adjusted seroprevalence of Toxoplasma gondii among women 

of childbearing age (15–44 years) has declined over time (15%, 11%, 

and 9% in 1988–1994, 1999–2004, and 2009–2010, respectively; 

among US-born women only, the seroprevalence rates during these 

time periods were 13%, 8%, and 6%, respectively). Thus, approximately 

91% of women of childbearing age in the United States are susceptible 

to Toxoplasma infection. Should these women become infected during 

pregnancy and remain undiagnosed and untreated, they could deliver an 

infant with CT. However, the incidence of acute primary infection is likely 

very low in the current era and is probably much lower than the 1.1 in 

1000 pregnant women originally reported in 1960s.

There are 3 ways CT can occur. First, CT can develop through 

transmission of T gondii to the fetus from a previously seronegative, 

immunocompetent mother who acquired acute primary infection during 

pregnancy or within 3 months before conception. Second, CT can occur 

through reactivation of toxoplasmosis in a previously T gondii–immune 

pregnant woman who was severely immunocompromised during 

pregnancy. Third, CT can result after reinfection of a previously immune 

pregnant mother with a new, more virulent strain (eg, after international 

travel or after eating undercooked meat from areas where more virulent 

atypical strains predominate).
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In cohorts of women who have been 

screened routinely during pregnancy 

and treated accordingly once 

primary infection was diagnosed, 

the mother-to-child transmission 

(MTCT) rate was <5% after an 

acute primary maternal infection 

very early in pregnancy, but MTCT 

rates were much higher with acute 

maternal infections acquired later in 

pregnancy (15%, 44%, and 71% after 

maternal seroconversions [acute 

primary infections] at 13, 26, and 37 

weeks of gestation, respectively). 1 

The risk of MTCT in untreated 

women may be higher. Factors 

(any or a combination) associated 

with an increased risk of MTCT 

are as follows: (1) acute T gondii 
infection during pregnancy, (2) 

immunocompromising conditions, 

(3) lack of antepartum treatment, (4) 

high T gondii strain virulence, and (5) 

high parasite load.

The incidence of CT, according to 

early cumulative published data 

from the New England Newborn 

Screening Program over a 12-year 

period (1988–1999), was 0.91 

cases per 10 000 live births, which 

would have translated to the birth 

of approximately 365 infants with 

CT in the United States each year. 

The incidence of CT decreased after 

1999 and, over the past 9 years 

(2006–2014), was approximately 

0.23 cases per 10 000 live births. The 

true incidence of CT in the United 

States might be higher, because the 

sensitivity of the newborn screening 

test (blot-spot immunoglobulin [Ig] 

M test) is approximately 50% to 75%, 

and fetal losses attributable to severe 

CT were not counted.

Recent data from the National 

Reference Laboratory for 

Toxoplasmosis in the United States 

showed that 85% of 164 infants 

with CT identified over a period of 

15 years were severely affected: 

92% had chorioretinitis, 80% had 

intracranial calcifications, 68% had 

hydrocephalus, and 62% had all of 

these manifestations. These data 

were based on cases referred to 

reference toxoplasmosis centers 

in the United States, and they 

were not population based. The 

generalizability of these findings at 

a population level may be limited. 

The rate of symptomatic CT among 

infants diagnosed via the New 

England Newborn Screening program 

(1986–1992) was 40% (25% with 

eye disease at birth or follow-up and 

29% with central nervous system 

[CNS] disease). However, in neonatal 

screening programs, spontaneous 

abortion, fetal demise, and pregnancy 

terminations attributable to severe 

CT are not captured. The rates of 

symptomatic CT in European cohorts 

are much lower than in the United 

States. Possible reasons for those 

disparities include differences in 

T gondii strains and the absence of 

antepartum screening and treatment 

of CT in the United States. In addition, 

differences between population-

based, prospectively identified CT 

cases versus more selected cases 

referred to reference centers may 

bias reporting estimates.

Evidence in favor of antepartum 

treatment benefits to decrease 

the risk of MTCT of CT is variable 

and accumulated from several 

observational studies. No 

randomized therapeutic trials 

have been conducted in pregnancy. 

European data from the Systematic 

Review on Congenital Toxoplasmosis 

(SYROCOT) international consortium, 

which performed a meta-analysis 

of individual patient data published 

in 2007,  1 suggested that the odds 

of MTCT were 52% lower (odds 

ratio [OR]: 0.48; 95% confidence 

interval [CI]: 0.28–0.80) when 

antepartum treatment was 

promptly initiated within 3 weeks 

after maternal seroconversion 

as compared with ≥8 weeks. The 

overall risk of transmission among 

women with primary infection in 

France decreased from 29% to 

24% (P = .022) after 1992, when 

monthly antepartum screening 

became mandatory. These rates 

do not represent rates of MTCT 

without compared with prenatal 

treatment, because the majority 

of the women in France diagnosed 

with acute Toxoplasma infection, 

even in the earlier period when the 

frequency of prenatal screening 

was less intense, were prenatally 

treated. These rates may call into 

question the efficacy of treatment in 

preventing MTCT, because women 

in the postimplementation era 

were more likely to be identified by 

serologic testing alone rather than 

by ultrasonographic abnormalities in 

the setting of established infection. 

An alternative explanation for this 

paradoxical phenomenon is that early 

prenatal screening and treatment led 

to a decrease in fetal deaths, and thus 

the effect on the risk of MTCT was 

not very prominent. In other words, 

with prompt initiation of prenatal 

treatment, children who would 

have otherwise died of CT survive, 

making the decrease in MTCT less 

impressive. Evidence that supports 

this hypothesis includes data from 

the same prospective cohort study 

from Lyon, France, by Wallon et al,  2 

published in 2013, which showed a 

significant reduction in symptomatic 

disease among infected pregnant 

women when comparing cases 

reported before 1995 with those 

after 1995, when amniotic fluid (AF) 

testing by polymerase chain reaction 

(PCR) was initiated (from 11% before 

1995 to 4% after 1995; P < .001). In 

Austria, where there is a nationwide 

antepartum screening program (the 

Austrian Toxoplasmosis Register), 

Prusa et al 3 reported a sixfold lower 

risk of MTCT in women who received 

antepartum treatment compared 

with untreated women (9% [87 of 

1007] vs 51% [32 of 63]), but this 

finding may have also been related 

to the timing of identification during 

gestation. In a recently published 

retrospective cohort study by 

Hotop et al 4 from Germany, where 

spiramycin is given until the 16th 

week of pregnancy, followed by at 
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least 4 weeks of combination therapy 

with pyrimethamine, sulfadiazine, 

and folinic acid (independently of 

the infection status of the fetus, with 

subsequent treatment determined 

according to the infection status of 

the fetus), very low rates of MTCT of 

CT (4.8% [33 CT cases infants/685 

pregnant women]) were reported. 

An early Cochrane systematic review 

by Peyron et al5 published in 2000 

evaluated the effect of treatment 

in pregnancy and concluded that, 

despite more than 3200 articles, 

only 9 studies had evaluated the 

effectiveness of prenatal treatment 

on the risk of MTCT, and these 

results were conflicting, resulting in 

insufficient evidence to evaluate the 

efficacy of treatment.

Some observational studies 

have evaluated the association 

of antepartum treatment and 

symptomatic infant disease. Recent 

reanalysis of data from 14 European 

centers 6 suggested that antepartum 

treatment was associated with lower 

odds of severe neurologic sequelae 

in infants with CT (OR: 0.24; 95% 

CI: 0.07–0.71) (the authors advised 

caution in interpretation because 

the study included only 23 such very 

severely affected cases of CT and, of 

these, there were 9 terminations). In 

the Wallon et al 2 prospective cohort 

study mentioned previously, the risk 

of symptomatic CT among infected 

mothers in France decreased from 

11% to 4% (P < .001) after 1995 when 

T gondii testing with AF PCR assay 

was initiated, but the increase in the 

mild maternal infections included 

in the latter group may have played 

a role as well. Recent data from 

Germany by Hotop et al 4 also showed 

a lower risk of symptomatic disease 

with early versus late initiation 

of maternal treatment (19% with 

early therapy versus 70% with late 

antepartum therapy; P = .006).

One cost-effectiveness model was 

recently developed by Stillwaggon 

et al 7 to evaluate the implementation 

of universal antepartum screening 

after the French protocol of monthly 

serologic screening during pregnancy 

(including confirmatory testing 

at a reference laboratory of any 

positive results) with antepartum 

treatment, fetal ultrasonography/

AF PCR assay, and infant follow-up/

treatment. 7 This decision analysis 

made a number of assumptions, 

including a cost of $12 per test, an 

estimated cost of fetal death of over 

$6 million, and an incidence of acute 

primary maternal infection during 

pregnancy of 1 in 1000 (including 

additional sensitivity analyses). It 

also assumed that treatment was 

highly efficacious and inexpensive. 

Although the study concluded that 

screening in the United States would 

be cost-effective, it remains unclear 

whether these conclusions would be 

reached if data were used assuming 

higher costs of screening, lower costs 

of loss, and less efficacy of treatment. 

A previous decision analysis did not 

arrive at the same conclusion. 8 An 

early Cochrane systematic review 

on treatments for toxoplasmosis 

during pregnancy published in 2000 

suggested that in countries where 

screening or treatment is not routine, 

these technologies should not be 

introduced outside the context of a 

carefully controlled trial. 5

Infants with suspected/proven 

CT may need to be managed in 

consultation with toxoplasmosis 

reference centers in the United 

States. The diagnostic criteria for 

CT include any of the following: (1) 

persistence of positive Toxoplasma 

IgG antibodies beyond 12 months 

of age (gold standard); (2) positive 

Toxoplasma IgG antibodies and 

positive Toxoplasma IgM antibodies 

and/or positive Toxoplasma IgA 

antibodies; (3) positive Toxoplasma 

PCR assay results from amniotic fluid, 

peripheral blood, cerebrospinal fluid 

(CSF), urine, or other body fluids; and 

(4) positive neonatal Toxoplasma IgG 

antibodies (but negative Toxoplasma 

IgM and IgA antibodies) and serologic 

evidence of acute maternal T gondii 

infection during pregnancy and 

evidence of clinical manifestations 

suggestive of CT.

At the National Reference Laboratory 

for Toxoplasmosis (Palo Alto, CA) and 

the Toxoplasmosis Center (Chicago, 

IL), clinical evaluation of infants 

with suspected CT includes detailed 

physical examination, neurologic 

evaluation, ophthalmologic 

examination (preferably by a 

retinal specialist), and brainstem 

auditory evoked responses. Imaging 

evaluation includes the following: (1) 

computed tomography of the head 

(or head ultrasonography) and (2) 

abdominal ultrasonography. If CT has 

not been confirmed but also has not 

been ruled out, an infant’s workup 

includes complete clinical evaluation 

and serial IgG antibody titers every 4 

to 6 weeks after birth until complete 

disappearance of Toxoplasma IgG 

antibodies.

At the National Reference 

Laboratory for Toxoplasmosis 

and the Toxoplasmosis Center, 

treatment of infants with suspected 

CT is continued for 12 months 

and includes pyrimethamine plus 

sulfadiazine plus folinic acid. 

1. Pyrimethamine: 2 mg/kg per day, 

orally, divided twice per day for 

the first 2 days; then from day 

3 to 2 months (or to 6 months 

[considered for symptomatic CT]), 

1 mg/kg per day, orally, every day; 

and after that, 1 mg/kg per day, 

orally, 3 times per week

2. Sulfadiazine: 100 mg/kg per day, 

orally, divided twice per day

3. Folinic acid (leucovorin): 10 mg, 3 

times per week 

In cases of severe chorioretinitis or 

elevated CSF protein concentration 

≥1 g/dL, corticosteroids may be 

considered (after 72 hours of anti-

Toxoplasma therapy).

INTRODUCTION

CT is a parasitic disease that can 

cause significant fetal and neonatal 
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harm. Coordinated efforts by 

pregnant women, researchers, 

physicians, and health policy makers 

regarding potential primary and 

secondary preventive measures 

for CT and their implementation 

may lead to a lower incidence of 

CT as well as lower morbidity and 

mortality rates associated with 

CT. The purpose of this technical 

report is to summarize available 

information regarding the 

diagnosis, treatment, and 

prevention of CT.

Clinical Areas Targeted

The following clinical areas were 

targeted:

 • evidence regarding the risk of 

maternal infection and MTCT and 

the risk of symptomatic disease in 

the United States and Europe;

 • important differences between 

the North American and European 

literature that may need to be 

taken into consideration by 

practicing physicians and health 

care professionals in the United 

States;

 • significant differences in the 

clinical spectrum and severity 

of CT seen in North America and 

Europe;

 • diagnostic considerations in the 

mother, fetus, and infant;

 • evidence from observational 

studies regarding the effectiveness 

of antepartum treatment to 

decrease MTCT and to prevent 

severe CT;

 • prenatal and postnatal treatment 

protocols; and

 • feasibility of routine antepartum 

screening and treatment of T gondii 
infections in the United States.

Search Strategy

First, a PubMed search for 

publications in English language 

with the use of the following search 

strategies was performed: (1) 

(congenital toxoplasmosis) AND 

(mother to child transmission OR 

mother to fetus transmission OR 

mother to infant transmission) 

(up to September 15, 2014), (2) 

(congenital toxoplasmosis [ti]) 

AND (outcome OR follow-up OR 

chorioretinitis OR eye disease OR 

ocular disease OR intracranial 

calcifications OR ventriculomegaly 

OR hydrocephalus) (up to August 

31, 2014), and (3) (toxoplasmosis 

[TI] AND United States) (January 1, 

2004, to September 15, 2014) (see 

Supplemental Table 14). Second, the 

reference lists of key publications 

were screened to identify additional 

pertinent articles. Third, the evidence 

from some early key publications 

from cohorts of infants with CT whose 

mothers had not received antepartum 

treatment was also reviewed, because 

such older cohorts are more similar 

to the cohorts of children with 

CT still seen in the United States, 

where the majority of infants with 

CT are born to mothers without 

antepartum treatment. Fourth, we 

perused the systematic reviews 

already performed by the European 

Toxoprevention Study (EUROTOXO) 

group, the European Initiative for 

the study of CT on the following 

topics: (1) burden of disease from 

CT,  9 (2) evaluation of diagnostic 

performance of diagnostic tests for 

CT,  10 (3) assessment of postnatal 

treatment effects,  11 (4) strategies for 

the prevention of CT,  12 and (5) 

evaluation of adverse effects from 

antepartum and postnatal treatment 

of CT.13 

Search Strategy Results

A total of 457 articles were screened; 

403 articles were identified with 

PubMed searches (288 with the 

first 2 searches and 130 with the 

third search strategy), 50 additional 

articles were identified by hand-

screening the reference lists of key 

publications, and 225 articles were 

finally considered to be pertinent 

to this technical report and were 

included.

Grading of the Quality of Evidence

The identified evidence consisted 

of observational studies. Currently, 

there are no randomized controlled 

trials (RCTs) performed for the 

evaluation of different therapeutic 

approaches for CT, according to an 

early systematic review from the 

Cochrane Pregnancy and Childbirth 

Group (up to date as of February 

2006) by Peyron et al. 5

The Grading of Recommendations 

Assessment, Development, and 

Evaluation (GRADE) system 14,  15 

was used to assess the quality of 

evidence. The GRADE system is a step 

toward recognition that evidence 

from observational studies might 

become the vehicle for generating 

evidence for policy makers, 

especially in situations in which 

RCTs are considered unethical and 

large treatment effects have been 

documented in observational studies. 

According to the GRADE system 

( Fig 1), the quality of evidence for 

the effectiveness of antepartum 

screening and treatment would be 

considered of high quality on the 

basis of the following 2 criteria: 

“exceptionally strong evidence from 

unbiased observational studies” 

and “further research is unlikely 

to change our confidence in our 

estimates.” The quality of evidence 

for the effectiveness of postnatal 

treatment would be considered 

of moderate quality on the basis 

of the criterion “exceptionally 

strong evidence from unbiased 

observational studies”; however, 

“further research, if performed, is 

likely to affect our confidence in the 

estimate of efficacy and may change 

our estimate.”

BACKGROUND

The organism and Epidemiology

Toxoplasma gondii

T gondii is an obligate intracellular 

parasite with worldwide distribution 

that infects approximately one-third 
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of the human population and a wide 

range of animals and birds. Infection 

with T gondii in humans can have 

devastating consequences for fetuses, 

children, immunocompromised 

patients, and immunocompetent 

individuals infected with virulent 

strains. Although members of the 

Felidae family are the definitive 

hosts, cat ownership per se is not 

correlated with the prevalence of 

human infection in most studies. 16   – 21 

The parasite has 3 infectious 

stages: (1) tachyzoites, which are 

responsible for rapid spread of the 

parasite between cells and tissues 

and for the clinical manifestations 

of toxoplasmosis; (2) bradyzoites, 

which are within tissue cysts and 

stay dormant for the life of the 

host unless the individual becomes 

severely immunocompromised; and 

(3) sporozoites, which are within 

oocysts, are shed by members of the 

felid family, and widely disseminate 

the agent in the environment. 22 

Approximately half of infected 

individuals do not exhibit the 

conventional risk factors for acute 

infection or report clinical symptoms 

suggestive of acute toxoplasmosis at 

the time of their primary infection. 23,  24 

A survey of 76 women who gave 

birth to infants with CT indicated 

that 61% of these women had no 

exposure to cat litter or raw meat, 

52% had no acute toxoplasmosis-like 

febrile illness during pregnancy, 

and 52% had neither of the 2.23,  24 

Serologic testing is the only method 

that can reliably establish whether 

an individual has ever been 

e5

 FIGURE 1
Grading system. 14 (Reprinted with permission from Chow AW, Benninger MS, Brook I, et al. IDSA clinical practice guideline for acute bacterial rhinosinusitis 
in children and adults. Clin Infect Dis. 2012;54:1043.)
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infected, is chronically infected, or is 

experiencing an acute infection.

Genotyping studies have allowed 

the identification of 3 main clonal 

lineages of T gondii (types 1, 2, and 3) 

in Europe, North America, and South 

America. 25,  26 Atypical strains that do 

not fall within these 3 clonal lineages 

have been frequently reported in 

North America and South America. 

In Western Europe, the predominant 

T gondii strain implicated in human 

disease was type 2,  27 in North 

America all 3 main clonal lineages 

strains were implicated in human 

disease (types 1, 2, and 3), and an 

additional new fourth clonal lineage 

(type 12) was recently identified. 28 

In South America, mainly types 1 

and 3 and atypical strains were 

identified27,  29,  30; and in Africa, mainly 

type 3 and recombinant types 1/3, 

1/2, and 1 were detected. 31 In North 

and South America, atypical and 

more virulent strains have been 

implicated in more aggressive clinical 

manifestations in immunocompetent 

individuals. 32 – 35

It has been suggested that differences 

in T gondii strains may at least 

partially explain the observed 

differences in the clinical spectrum 

of CT in different parts of the world 

and particularly in Europe, North 

America, and South America. In the 

United States, more severe disease, 

and even preterm birth, has been 

associated with infections with 

non–type 2 strains 36; and in South 

America, more severe ocular disease 

has been reported in children with 

CT as compared with that reported in 

Western European countries. 37

Atypical T gondii strains have 

been reported from several areas 

of the world,  38       – 48 including, but 

not limited to, Central and South 

America, Australia, and Africa. This 

distribution of strains may need to be 

considered when clinical syndromes 

consistent with severe toxoplasmosis 

are encountered in individuals 

returning from these areas.

Routes of Transmission and Risk 
Factors for T gondii Infection

Humans are incidental hosts and 

become infected primarily by the oral 

route, that is, by ingestion of oocysts 

present in contaminated food, water, 

or soil or by ingestion of tissue cysts 

contained in infected meat 22 

( Table 1). They also can become 

infected in utero by transplacental 

transmission of the parasite from an 

acutely infected mother to the fetus, 

from an infected organ donor in the 

setting of organ transplantation,  49 – 52 

and rarely, by blood transfusion 

or laboratory accidents. 53 Recent 

studies suggested that oocysts 

were the predominant route of 

transmission of T gondii infections in 

the United States; 78% (59 of 76) of 

pregnant women with acute primary 

T gondii infections during pregnancy 

who gave birth to infants with CT 

had serologic evidence suggestive of 

being infected by oocysts. 23,  54

Different types of locally produced 

meat from retail meat stores in the 

United States (eg, pork, lamb, 

goat, wild game meat) have been 

found to be contaminated with 

T gondii. 39,  46,  56 – 59 Moreover, with 

the globalization of the food market, 

imported meats from other countries 

(that could be infected even with 

atypical, more virulent T gondii 
strains) also can be found in the 

United States and Europe. Freezing 

(below –20°C [–4°F] for at least 48 

hours) 60 and thorough cooking to at 

least 63°C (145°F) for whole cut meat 

(excluding poultry), 71°C (160°F) 

for ground meat (excluding poultry), 

and 74°C (165°F) for poultry (whole 

cut or ground) 61,  62 have been shown 

to inactivate T gondii tissue cysts. 

Neither microwave cooking nor 

chilling at 5°C for 5 days is sufficient 

to kill tissue cysts (microwave 

cooking may not generate a 

homogenous temperature of 67°C 

[153°F]).60,  63

The following risk factors for acute 

T gondii infection were reported in a 

US study 19: eating raw ground beef, 

rare lamb, or locally produced cured, 

dried, or smoked meat; working with 

meat; eating raw oysters, clams, or 

mussels; drinking unpasteurized raw 

goat milk; or having ≥3 kittens in 

the household. Eating raw oysters, 

clams, or mussels is a novel risk 

factor that was recently identified; 

however, in selected populations in 

the United States or in other parts of 

the world,  64,  65 additional/different 

risk factors (eg, contact with cat 

feces or drinking untreated water) 

also have been implicated. Untreated 

water has been found to be a source 

of major community outbreaks of 

acute toxoplasmosis in Canada and 

Brazil. 66, 67

In up to 50% of individuals in whom 

an acute T gondii infection was 

confirmed, it was not possible to 

identify a known risk factor for their 

infection. 23 Thus, toxoplasmosis 

should be considered in the 

e6

TABLE 1  Routes of Toxoplasma gondii Infection

1. Contact with soil contaminated with T gondii from cat feces

 Touching mouth with hands after gardening

 Cleaning a cat’s litter box

 Touching anything that has come into contact with cat feces

 Eating unwashed fruit or vegetables contaminated with soil

2. Contact with contaminated meat:

 Eating undercooked meat from infected animals, especially pork, lamb, or venison

 Touching mouth after handling raw contaminated meat

 Using kitchen utensils or chopping boards that have been in contact with raw contaminated meat

3. Other

 Drinking unpasteurized raw milk 55

 Drinking contaminated water

 Receiving an infected organ transplant or blood transfusion (rare)

Adapted from ref  22.
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differential diagnosis of ill patients 

with symptoms suggestive of 

toxoplasmosis, even in the absence 

of known risk factors for T gondii 
infection.

Outbreaks of Acute Toxoplasmosis

Community outbreaks of acute 

toxoplasmosis have been described 

in several parts of the world,  33,  48,  68   – 73 

including North America. 66 

Outbreaks of acute Toxoplasma 

infection within families (ie, with 

more than 1 family member being 

infected) have been documented 

in the United States, 73 and the 

prevalence of within-family clusters 

of acute Toxoplasma infections in the 

United States has also been studied. 74 

Although a cost-benefit analysis 

of routine screening of additional 

family members of index cases with 

acute toxoplasmosis might be useful, 

until such a study is completed, it is 

important for physicians to be aware 

of this phenomenon and consider 

screening additional family members 

of index cases diagnosed with acute 

toxoplasmosis, especially if pregnant 

women, immunocompromised 

patients, or young children live in 

such households. 73 Young children 

living in such households who 

acquire acute T gondii infection 

might not be able to appropriately 

communicate problems with 

their vision if acute toxoplasmic 

chorioretinitis occurs.

Seasonal Variation in Acute 
Toxoplasmosis

A seasonal pattern for acute 

toxoplasmosis has been recently 

identified in Europe 75 and the United 

States. 76 In France, the first highest 

peak of acute Toxoplasma infections 

during pregnancy was observed 

between August and September, 

and the second highest peak was 

observed between October and 

December. 75 In the United States, 

a similar peak during December 

was observed for cases of acute 

toxoplasmic lymphadenopathy 

referred to the Palo Alto Medical 

Foundation Toxoplasma Serology 

Laboratory (PAMF-TSL),  76 the 

National Reference Laboratory for 

the Centers for Disease Control and 

Prevention and the US Food and Drug 

Administration (FDA).

Seroprevalence of T gondii 
Infections

United States

In the United States, the rates of T 
gondii IgG-seropositive individuals 

has decreased over the past 2 

decades. Data from the most 

recent NHANES for 2009–2010 77 

showed an overall age-adjusted 

seroprevalence in people older 

than 6 years of 12.4% (95% CI: 

11.1–13.7%) (The respective 

unadjusted seroprevalence rate was 

13.2% [95% CI: 11.8–14.5%].) The 

age-adjusted seroprevalence among 

women of childbearing age (15–44 

years) in the whole US population 

was 9.1% (95% CI: 7.2–11.1%) in 

2009–2010 compared with 11% in 

1999–2004 and 15% in 1988–1994. 

For US-born women of childbearing 

age, the respective seroprevalence 

rates were 6%, 8%, and 13% in 

2009–2010, 1999–2004, and 1988–

1994, respectively. Most US women 

of childbearing age are susceptible 

to Toxoplasma infection. If women 

become infected during pregnancy, 

they could give birth to an infant with 

CT. People born outside the United 

States were significantly more likely 

to be seropositive than people born 

in the United States (25.1% vs 9.6%, 

respectively). 77 Seroprevalence rates 

were also higher in persons with 

a Hispanic versus a non-Hispanic 

white racial background (15.8% vs 

10.2%, respectively). 77 In addition, 

seroprevalence rates in children 

living on farms in Wisconsin have 

been reported to be fivefold higher 

than rates in children not living in 

farms (18% [29 of 159] vs 4% [8 of 

184], respectively). 78

In the United States, toxoplasmosis 

was found to be the second leading 

cause of death and the fourth leading 

cause of hospitalizations attributable 

to foodborne illnesses. 79,  80 Recent 

cumulative US data over an 11-year 

study period (2000–2010) identified 

789 toxoplasmosis-associated deaths, 

with a cumulative productivity 

loss attributable to toxoplasmosis 

of $815 million. 81 Black and 

Hispanic persons had the highest 

toxoplasmosis-associated mortality. 

HIV infection, lymphoma, leukemia, 

and connective tissue diseases were 

associated with increased risks of 

toxoplasmosis-associated deaths. 81 

Population-based data estimated 

that T gondii infects approximately 

1.1 million people each year in 

the United States82; toxoplasmic 

chorioretinitis is estimated to occur 

in approximately 2% of T gondii–
infected individuals (approximately 

21 000 people in the United 

States per year), and symptomatic 

chorioretinitis in approximately 

0.2% to 0.7% of T gondii–infected 

individuals (approximately 4800 

people in the United States per 

year). 82

According to the 2010 report by 

the Council of State and Territorial 

Epidemiologists, reporting of 

toxoplasmosis is not mandatory in 

most of the United States. 83 As of 

2010, toxoplasmosis was a reportable 

disease only in 19 states; in an 

additional 9 states, toxoplasmosis 

was previously a reportable disease, 

but not as of 2010.

Other Areas of the World

T gondii seroprevalence rates vary in 

different parts of the world 84 and can 

range from <10% in some northern 

European countries 85 to as high as 

60% to 80% (eg, in Mexico 86 and 

Brazil 87, 88).

Incidence of Maternal Primary 
Infection During Pregnancy

The incidence of acute primary T 
gondii infections during pregnancy 

in the United States, according 

to the National Institutes of 
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Health–sponsored Collaborative 

Perinatal Project in 22 845 women 

(1959–1966) who were screened 

every 2 months during pregnancy, 

at birth, and at 6 weeks postpartum, 

was estimated to be 1.1 cases per 

1000 pregnant women. 89 However, 

that is likely to be an overestimate 

of the true incidence of acute T 
gondii infections during pregnancy 

in the current era, with the overall 

decrease in T gondii seroprevalence. 

Extrapolating from recent data 

from the New England Newborn 

Screening Program of the incidence 

of CT of approximately 0.23 per 

10 000 live births, and after taking 

into account that this value might 

underestimate the true incidence of 

CT by approximately 50%, the true 

incidence of CT could be as high as 

double that value (approximately 0.5 

CT cases per 10 000 live births). The 

incidence of CT may also be higher 

in areas and in subpopulations in the 

United States with higher overall T 
gondii seroprevalence rates. 65,  77 

Then, assuming an overall MTCT 

rate of 25% (consistent with more 

recent data), the estimated incidence 

of acute primary infection during 

pregnancy in the United States 

would have been approximately 

0.2 per 1000 pregnant women. If 

these numbers (0.2–1.1 acute cases 

per 1000 pregnant women) are 

extrapolated to the approximately 

4 million pregnancies per year in 

the United States,  90 approximately 

800 to 4400 women per year in the 

United States acquire acute T gondii 
infections during pregnancy.

Of note, when France first 

began antepartum screening for 

toxoplasmosis in the early 1980s, 

the incidence rate of acute primary 

T gondii infections during pregnancy 

at that time was 4 to 5 per 1000 

(the population seropositivity rate 

at that time was very high, and the 

percentage of nonimmune, susceptible 

pregnant women was low). 91

Recently reported rates of acute 

primary infections during pregnancy 

in other countries ranged from 0.5 in 

1000 pregnancies in Sweden 92 to 2.1 

in 1000 pregnancies in France (95% 

CI: 1.3–3.1). 93 However, chronologic 

and methodologic differences 

between such studies preclude 

accurate direct comparisons.

Risk of MTCT of T gondii Infection

Data regarding the risk of MTCT of 

T gondii infection come from studies 

in which almost all women were 

routinely screened during pregnancy 

and therefore received antepartum 

treatment once primary infection was 

diagnosed. 1,  2,  94 The SYROCOT meta-

analysis of individual patient data 

from an international consortium, 

provided important information 

from 26 countries participating in 

the consortium. However, data for 

the effect of antepartum treatment 

on the MTCT risk were based only 

on European cohorts that had 

antepartum screening/treatment 

programs; neonatal cohorts from the 

United States, Brazil, and Colombia 

were excluded. Across the 26 cohorts, 

the overall risk of MTCT was <5% 

after seroconversion (maternal 

acute primary infection) early in 

pregnancy, 15% (13%–17%) after 

seroconversion at 13 weeks, 44% 

(40%–47%) after seroconversion 

at 26 weeks, and 71% (66%–76%) 

after seroconversion at 37 weeks 

( Fig 2).1 Consistent rates for the 

MTCT risk were published from 

the Lyon, France, cohort for the 

past 2 decades (1987–2008). 2 

For maternal seroconversion 

before 8 weeks of gestation, the 

MTCT risk was <8%. For maternal 

seroconversion between 8 and 10 

weeks of gestation, the MTCT risk 

was <10% 2 ( Fig 3). Other factors 

associated with an increased 

risk of MTCT included acute 

T gondii infection during pregnancy, 

immunocompromising conditions, 

lack of antepartum treatment, 

and T gondii strain virulence, 

higher parasite load, and parasite 

source (oocyst/sporozoite-related 

infections from contact with cat 

feces versus tissue cyst/bradyzoite-

related infections from ingestion of 

undercooked meat).
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 FIGURE 2
Risk of MTCT of T gondii, according to gestational age at seroconversion. Data are from 26 international 
cohorts participating in the international SYROCOT study. The vast majority of these mothers (94%) 
had received antepartum anti-Toxoplasma treatment. (Reprinted with permission from Thiebaut 
R, Leproust S, Chene G, Gilbert R; SYROCOT Study Group. Effectiveness of prenatal treatment of 
congenital toxoplasmosis: a meta-analysis of individual patients’ data. Lancet. 2007;369:118.)
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Effect of Antepartum Treatment on 
the Risk of MTCT

RCTs to assess the efficacy of 

toxoplasmosis antepartum screening 

and treatment programs for the 

reduction in MTCT risk have not 

been conducted, although data 

from prospective and retrospective 

observational studies provide 

information on the association of 

prenatal treatment and MTCT as well 

as symptomatic congenital disease. 

Observational studies have led to 

the uptake of routine screening in 

many countries for the purpose of 

providing treatment, making the 

conduct of needed RCTs difficult. 6

The individual patient-data meta-

analysis of the European data 

from the SYROCOT international 

consortium published in 2007 1 

revealed that when antepartum 

treatment was promptly initiated 

within 3 weeks after maternal 

seroconversion, the odds of MTCT 

were 52% lower when compared 

with delayed treatment (≥8 weeks 

after seroconversion; adjusted OR: 

0.48; 95% CI: 0.28–0.80). Decreases 

of similar magnitude in MTCT risk 

were observed when antepartum 

treatment was initiated between 3 

and 5 weeks and between 6 and 8 

weeks after seroconversion, when 

compared with delayed treatment 

(ORs [95% CIs]: 0.64 [0.40–1.02] 

and 0.60 [0.36–1.01], respectively). 

These analyses might have also 

underestimated the true effectiveness 

of antepartum treatment, because 

some of the women who received 

antepartum treatment who would 

have otherwise lost their fetuses 

because of T gondii infection might 

have eventually delivered infants 

with only mild CT. Of note, the 

overall risk of MTCT among women 

with primary infection in France 

decreased from 29% (125 CT cases 

per 424 infected pregnant women) 

before 1992 to 24% (388 CT cases 

per 1624 infected pregnant women) 

after 1992 (P = .022) when monthly 

antepartum screening became 

mandatory (as opposed to simply 

“recommended” without a specified 

frequency of screening before 1992). 

These rates may call into question 

the efficacy of prenatal treatment to 

prevent MTCT, because the women 

in the postimplementation era 

were more likely to be identified by 

serologic testing alone rather than 

by ultrasonographic abnormalities in 

the setting of established infection. 

An alternative explanation for this 

paradoxical phenomenon is that early 

prenatal screening and treatment led 

to a decrease in fetal deaths, and thus 

the effect on the risk of MTCT was 

not very prominent. In other words, 

with prompt initiation of prenatal 

treatment, children who would have 

otherwise died of CT survive, making 

the decrease in MTCT risk less 

impressive. Evidence that supports 

this hypothesis includes data from 

the same prospective cohort study 

from Lyon, France, by Wallon et al,  2 

published in 2013, which showed a 

reduction in symptomatic disease 

among infected pregnant women 

when comparing cases reported 

before 1995 with those after 1995 

when AF testing with PCR was 

initiated (from 11% [87 symptomatic 

CT cases per 794 infected mothers] 

before 1995 to 4% [46 symptomatic 

CT cases per 1150 infected mothers] 

after 1995; P < .001). With the 

routine use of AF PCR, fetal infections 

were properly diagnosed, and 

the initiation of treatment with 

pyrimethamine/sulfadiazine (P/S) 

was promptly instituted. Poor 

adherence to monthly screening by 

pregnant women might have also 

contributed to this phenomenon. 

A recent study by Cornu et al reported 

that only 40% of seronegative 

pregnant women in France had all 

≥7 screening tests according to the 

French scheme. 95 However, this 

study was based on only a small 

sample of pregnant women in France.

Prusa et al 3 reported in 2015 that, in 

Austria, where there is a nationwide 

antepartum screening program (the 

Austrian Toxoplasmosis Register), 

a sixfold lower risk of MTCT was 

observed in women who received 
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 FIGURE 3
Probability of fetal infection according to gestational age at time of maternal infection before and 
after mid-1992, when the universal antepartum screening for toxoplasmosis in France in mid-
1992 became mandatory. Shown are data from the Lyon cohort (1987–2008) from 451 mothers 
before mid-1992 and 1624 mothers after mid-1992. The vast majority of these women were treated 
during pregnancy. (Reprinted with permission from Wallon M, Peyron F, Cornu C, et al. Congenital 
toxoplasmosis infection: monthly prenatal screening decreases transmission rate and improves 
clinical outcome at age 3 years. Clin Infect Dis. 2013;56:1229.)
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antepartum treatment compared 

with untreated women, after also 

taking into account the gestational 

age at maternal infection (9% [87 

CT cases per 1007 infected pregnant 

women] versus 51% [32 CT cases 

per 63 infected pregnant women]). 

However, their findings may 

have been related to the timing of 

identification during pregnancy.

Hotop et al 4 reported in 2012 that, 

in Germany, where spiramycin 

is given until the 16th week of 

pregnancy, followed by at least 4 

weeks of combination therapy with 

pyrimethamine/sulfadiazine/folinic 

acid (independently of the infection 

status of the fetus, with subsequent 

treatment determined according to 

the infection status of the fetus), very 

low rates of MTCT of CT were seen 

(4.8% [33 CT cases per 685 infected 

pregnant women]).

An early Cochrane systematic review 

by Peyron et al 5 published in 2000 

evaluated prenatal treatment in 

pregnancy and concluded that, 

despite more than 3200 articles, 

only 9 studies were identified by 

that time that had evaluated prenatal 

treatment and the risk of MTCT, 

and these results were conflicting, 

resulting in insufficient evidence to 

evaluate the efficacy of treatment.

Effect of Antepartum Treatment on 
the Risk of Symptomatic CT

Some observational prospective and 

retrospective cohort studies have 

shown the association of antepartum 

treatment (and particularly of 

prompt initiation of prenatal 

treatment as soon as possible after 

acute maternal infection) with the 

prevention of symptomatic infant's 

disease. Cortina-Borja et al,  6 in a 

recent analysis of data from 293 

infants with CT from 14 European 

centers in 6 countries, suggested 

that antepartum treatment was 

associated with lower odds of 

severe neurologic sequelae or death 

(SNSD; OR adjusted for gestational 

age at maternal seroconversion: 

0.24; 95% CI: 0.07–0.71; 10 cases 

of SNSD per 104 untreated CT cases 

versus 13 SNSD per 189 treated 

CT cases). (The authors advised 

caution in interpretation, because 

the study included only 23 such very 

severely affected cases of CT, and 

of these, there were 9 pregnancy 

terminations.) This composite 

outcome of SNSD included the 

following outcomes: pediatric 

report at any age of microcephaly; 

insertion of intraventricular 

shunt, an abnormal or suspicious 

neurodevelopmental examination 

that resulted in referral to a 

specialist, or seizures during infancy 

or at an older age that required 

anticonvulsant therapy; severe 

bilateral visual impairment in both 

eyes assessed after 3 years; cerebral 

palsy; or death from any cause before 

2 years of age, including termination 

of pregnancy ( Fig 4).

Wallon et al,  2 in their prospective 

cohort study from France (published 

in 2013), showed that the risk 

of symptomatic CT decreased in 

France after 1995, when testing 

for T gondii in AF by AF PCR was 

initiated, from 11% (95% CI: 9–13% 

[87 symptomatic CT cases per 794 

infected mothers]) before 1995 to 

4% (95% CI: 3–5% [46 symptomatic 

CT cases per 1150 infected mothers]) 

after 1995 (P < .001), but the increase 

in the mild maternal infections 

included in the latter group may have 

played a role as well. AF PCR testing 

allowed for the prompt initiation 

of effective antepartum treatment 

(P/S) for a greater number of women 

with infected fetuses. Earlier reports 
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 FIGURE 4
Risk of severe neurologic disease or death (SNDD) in children with CT according to antepartum 
treatment. Probability of SNDD according to imputed gestational age at seroconversion and 95% 
Bayesian credible limits. Dotted lines denote treated pregnancies; solid lines denote untreated 
pregnancies. (SNDD is a composite outcome comprising a pediatric report at any age of microcephaly; 
insertion of an intraventricular shunt; an abnormal or suspicious neurodevelopmental examination 
that resulted in referral to a specialist; seizures during infancy or at an older age that required 
anticonvulsant therapy; severe bilateral visual impairment [visual acuity of Snellen 6/60 or less in 
both eyes assessed after 3 years]; cerebral palsy; or death from any cause before 2 years of age 
including termination of pregnancy [the consistency of SSND fi ndings was checked through multiple 
assessments].) Severe neurologic sequelae were assessed at a median of 4-year follow-up, death was 
assessed by 2 years of age, and severe bilateral visual impairment was included in the composite 
outcome of severe neurologic sequelae. SNDD, severe neurologic disease or death. (Reprinted under 
a Creative Commons License from Cortina-Borja M, Tan HK, Wallon M, et al. Prenatal treatment of 
serious neurologic sequelae of congenital toxoplasmosis: an observational prospective cohort study. 
PLoS Med. 2010;7:e1000351.)
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from France also had shown that the 

severity of clinical manifestations 

dramatically decreased after the 

introduction of antepartum 

screening and treatment (29% 

[68 of 234 CT cases] of CT cases 

were symptomatic between 

1984 and 1992 versus 99% of 

147 CT cases between 1949 and 

the 1960s). 96

A recent retrospective cohort study 

in 685 infected pregnant women 

from Germany by Hotop et al,  4 

published in 2012, also showed a 

lower risk of symptomatic disease 

with early versus late initiation of 

maternal treatment (fewer than 4 

weeks versus more than 8 weeks 

after seroconversion; 19% with early 

antepartum therapy versus 70% with 

late antepartum therapy; P = .006). 

In this study,  4 after the diagnosis of 

acute primary maternal infection, 

spiramycin was initiated in all 

women up to week 16 of gestation, 

at which time treatment was 

changed in all women to P/S for at 

least 4 weeks. P/S was continued 

until further AF PCR and fetal 

ultrasonographic testing excluded 

or confirmed fetal infection; in 

the former situation, antepartum 

treatment was changed back to 

spiramycin until delivery, whereas 

in the latter situation, P/S was 

continued until delivery.

Kieffer et al,  97 in their prospective 

cohort study published in 2008 

in 335 infants with CT from the 

Lyon, Paris, and Marseille cohorts, 

found that a delay of more than 8 

weeks from the time of maternal 

seroconversion to initiation 

of maternal treatment was 

associated with an increased risk of 

chorioretinitis in the first 2 years of 

life (hazard ratio [HR]: 2.54; 95% CI: 

1.14–5.65).

A previous report from the European 

Multicenter Study of Congenital 

Toxoplasmosis (EMSCOT) study by 

Gras et al 98 from 2005 also showed 

72% lower odds of intracranial 

lesions in infants whose mothers 

initiated treatment less than 4 

weeks after seroconversion (OR: 

0.28; 95% CI: 0.08–0.75). However, 

the treatment benefit was lost 

when antepartum treatment was 

initiated more than 4 weeks after 

seroconversion. 98

It should be noted here that the 

analysis of data from the European 

cohorts participating in the SYROCOT 

international consortium (550 

infants with CT per 1745 women), 

published in 2007,  1 failed to show 

that prenatal treatment reduced 

the risk of clinical manifestations 

(adjusted OR for treated versus not 

treated: 1.11; 95% CI: 0.61–2.02). 

However, a characteristic of the 

SYROCOT analysis could explain this 

finding. Specifically, the 4 cohorts 

with the highest burden of disease 

from North and South America were 

excluded from their analysis 

(2 cohorts from Brazil, 1 from 

Colombia, and 1 from the United 

States [Massachusetts]). The 

justifications for this exclusion were 

as follows: (1) differences in the 

burden of the disease compared 

with the remaining cohort (eye 

disease was more frequent and 

more severe in South American 

than in European cohorts), (2) 

differences in the T gondii strains, 

and (3) differences in the methods 

used for the diagnosis of intracranial 

calcifications (computed tomography 

versus head ultrasonography in 

Europe). It is not surprising that 

epidemiologic studies that excluded 

severe cases and attempted to 

estimate the risk of symptomatic 

disease in groups of treated infants 

with CT reported only a weak 

effect for antepartum treatment. 

Moreover, in the analyzed European 

cohorts, only 18% of the pregnant 

women (307 of 1745) across the 

26 cohorts were untreated, and 

only one-third (164 of 550) of the 

infants with CT were born to mothers 

who had not received antepartum 

treatment. This finding might have 

limited the study power to detect 

statistically significant differences 

between prenatal treatment and no 

treatment on clinical manifestations 

of CT. Additional discussion 

on the relationship between 

prenatal treatment and the risk of 

symptomatic CT can be found in the 

Supplemental Information.
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 FIGURE 5
Risk of eye disease in infants with CT according to gestational age at maternal seroconversion. 
Data shown are from 526 infants with CT. The vast majority of these infants’ mothers had received 
antepartum anti-Toxoplasma treatment. (Reprinted with permission from Thiebaut R, Leproust S, 
Chene G, Gilbert R; SYROCOT Group. Effectiveness of prenatal treatment of congenital toxoplasmosis: 
a meta-analysis of individual patients’ data. Lancet. 2007;369:120.)
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Incidence of CT

United States

Data regarding the disease burden 

of CT in the United States are 

limited, although this information 

is crucial for policy makers and 

public health decisions for routine 

antepartum screening. 99 At the time 

of this report, only Massachusetts 

and New Hampshire offer routine 

newborn screening for CT. 100 The 

New England Regional Toxoplasma 

Working Group, during an early 6.5-

year period of neonatal screening 

in Massachusetts (1986–1992) and 

a 4-year period in New Hampshire 

(1988–1992), identified 52 cases 

of CT among 635 000 screened 

infants, and the estimated incidence 

of CT was 0.82 cases per 10 000 

live births. 101 –103 This estimated 

incidence translates (if extrapolated 

to the approximately 4 million 

infants born each year in the United 

States) to approximately 330 

infants being born each year in the 

United States with CT. Subsequent 

cumulative published data from the 

New England Newborn Screening 

Program 104 over the 12-year period 

of 1988–1999 identified 93 cases 

of CT among 1 019 904 screened 

infants, and the estimated incidence 

of CT was 0.91 cases per 10 000 

live births, which would translate 

to ∼365 children being born each 

year in the United States with CT. 

The respective incidence among 

US-born pregnant women was 

0.82 cases per 10 000 live births 

(H. W. Hsu, MD, Massachusetts 

Department of Public Health, 

personal communication, 2015). 

The incidence of CT has decreased 

since 1999 and, over the past 9 years 

(2006–2014), was approximately 

0.23 cases per 10 000 live births 

(H. W. Hsu, MD, Massachusetts 

Department of Public Health, 

personal communication, 2015). 

This decrease of approximately 

50% appears to be in line with the 

decrease in seroprevalence in adults 

in the United States since early 

2000. 77 Older prospective studies, 

even before the 1970s, had estimated 

an incidence of CT of up to 10 cases 

per 10 000 live births. 101

The true incidence of CT in the United 

States might be even higher, because 

the sensitivity of the newborn 

screening test (filter paper blot spot 

Toxoplasma-IgM) used in the New 

England Neonatal Screening Program 

is approximately 50% to 75%. 77,  102,  105 

The incidence of CT may also be 

higher in areas of the United States 

where the seroprevalence of T gondii 
infections is higher. Moreover, 

neonatal screening programs 

might also underestimate the true 

incidence of CT, because fetal losses 

attributable to severe CT were not 

counted.

Neonatal screenings also exist in 

the United States for several inborn 

errors of metabolism, even though 

the numbers of affected infants 

are very small (annual incidence 

of phenylketonuria, which is the 

most common of these diseases, is 

1 per 15 000 live births 106), because 

treatment markedly alters the 

outcome in those infants. The role of 

antepartum screening and treatment 

of CT in the United States may need 

reevaluation in the light of recently 

accumulated evidence from several 

observational studies that showed 

that prompt initiation of treatment 

can alter the clinical course of the 

disease. 107  –110

France and Other European Countries

In France, the first National 

Surveillance System for CT was 

established in 2007, approximately 

30 years after the initiation of the 

national antepartum screening 

programs. The prevalence of CT 

according to this system was 

estimated to be 3.3 per 10 000 live 

births (95% CI: 2.9–3.7; 272 CT 

cases per 818 700 births),  111 and the 

prevalence of symptomatic CT was 

0.34 per 10 000 live births (95% CI: 

0.2–0.5; 28 symptomatic CT cases 

per 818 700 births). 111 Moreover, 

among the 272 CT cases, there were 

11 pregnancy terminations (4%) 

(6 abortions and 5 cases of fetal 

demise). The overall seroprevalence 

rates in the French population also 

decreased by nearly 50% (from 

84% to 44%) between the 1960s 

and 2003, which could have also 

explained, in part, the observed 

low rates of CT in France. However, 

over the same time period, strong 

evidence has accumulated indicating 
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 FIGURE 6
Age at fi rst diagnosis of chorioretinitis during the fi rst 2 years of life among 300 children with CT 
(Paris, Lyon, Marseille). The cumulative incidence of eye disease at 2 years of age was 12% [36 of 300 
children]). The vast majority of these women were treated during pregnancy, and the vast majority 
of the infected children were also treated. (Reprinted with permission from Kieffer F, Wallon M, 
Garcia P, et al. Risk factors for retinochoroiditis during the fi rst 2 years of life in infants with treated 
congenital toxoplasmosis. Pediatr Infect Dis J. 2008;27:28.)
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that the universal antepartum 

screening/treatment program 

dramatically affected the clinical 

severity of the disease. 1,  2, 97,  112

Cumulative data from a recent 

13-year period (1996–2008) from 

the Rhones-Alpes area of France 

revealed that approximately 

80% of infants with CT are now 

asymptomatic at birth (161 

asymptomatic infants per 207 CT 

cases 2). For comparison, only 60% 

(95% CI: 45–74% [29 of 48]) of US 

infants with CT were asymptomatic 

at birth, according to an early report 

from the New England Newborn 

Screening Program. 102 However, 

because the screening methods used 

in France (antepartum screening and 

treatment) and in the New England 

Newborn Screening Program (only 

postnatal screening and treatment as 

indicated) were different, the utility 

of such a comparison is limited.

According to the 2006 EUROTOXO 

study report,  9 reported rates of 

CT vary across different European 

countries (ie, 0.7 in 10 000 in 

Sweden,  92 0.8 in 10 000 in the United 

Kingdom,  113 1 in 10 000 in Austria,  3 

1.6 in 10 000 in Denmark, 114 5 in 

10 000 in Switzerland, 11 in 10 000 

in Poland,  115 and 13 in 10 000 in 

Germany 9). However, the differences 

in those rates should be interpreted 

cautiously because of chronologic 

and methodologic differences.

Global Burden of CT

A systematic review of the global 

burden of CT,  116   –120 which was 

part of a larger study of the global 

burden of foodborne toxoplasmosis 

coordinated by the World Health 

Organization, has been published. 120 

Nine major databases from published 

and unpublished sources were 

systematically reviewed, and their 

authors were also directly contacted. 

The global yearly number of CT cases 

was estimated to be 190 100 (95% 

CI: 179 300–206 300). Cumulative 

incidence rates of CT were reported 

according to geographic region: 

Africa, 20 to 24 in 10 000 births; 

North America, 6 in 10 000 births; 

South America, 18 to 34 in 10 000 

births; European countries, 5 in 

10 000 births; Eastern European 

countries, 15 to 16 in 10 000 births; 

Southeast Asia, 8 to 13 in 10 000 

births; and West Pacific regions 

(Australia and New Zealand), 

12 to 14 in 10 000 births. 120 The 

highest incidence rates were 

reported in South America and were 

considered to be driven by the more 

virulent genotypes circulating in 

that region. 28,  120 In addition, the 

global burden of disease from CT 

was estimated to be equivalent 

to 1.2 million disability-adjusted 

life-years.120

Clinical Manifestations of CT

Significant differences in the 

prevalence and severity of major 

manifestations (eg, chorioretinitis, 

brain calcifications, and 

hydrocephalus) have been observed 

in the United States, France, other 

Western European countries, and 

South America. A compendium 

of ocular, neurologic, and other 

manifestations reported in the 

literature to be associated with CT is 

shown in Table 2.

The US Experience: Clinical 
Manifestations

In the United States, CT is notable 

for its severity in presentation,  122 

but CT is not on the list of nationally 

notifiable diseases. 123 Over a 

period of 15 years (1991–2005) at 

the PAMF-TSL,  122 84% of infants 

diagnosed with CT were severely 

affected (116 of 138 CT cases with 

clinical information, with their 

clinical findings confirmed at the 

NCCCT study center) 122; 92% had 

chorioretinitis (119 of 129 CT cases 

with this information), 80% had 

intracranial calcifications (94 of 

118 CT cases with this information), 

68% had hydrocephalus (67 of 99 

CT cases with this information), and 

62% had all 3 manifestations (53 of 

86 CT cases with this information).122 

Accurate estimates of additional 

clinical manifestations, such as 

microcephaly, cerebral atrophy, 

hepatomegaly, splenomegaly, skin 

rashes, including purpura, jaundice, 

thrombocytopenia, elevated CSF 

protein, and CSF pleocytosis, were 
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 FIGURE 7
Risk of intracranial lesions in infants with CT according to gestational age at maternal seroconversion. 
Data shown are from 473 infants with CT. For the vast majority of these infants, their mothers 
had received antepartum anti-Toxoplasma treatment. (Reprinted with permission from Thiebaut 
R, Leproust S, Chene G, Gilbert R; SYROCOT Study Group. Effectiveness of prenatal treatment of 
congenital toxoplasmosis: a meta-analysis of individual patients’ data. Lancet. 2007;369:120.)
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TABLE 2  Compendium of Clinical Manifestations/Signs Reported in the Literature to Be Associated With CT

Ocular signs96,107,108,110

 1. Amblyopia*

 2. Cataract*

 3. Chorioretinitis* (bilateral or unilateral, posterior pole macular lesions or peripheral lesions; yellowish-white cotton-like patches in the fundus; solitary or 

small clusters; lesions of various ages; sharp borders in older lesions)

 4. Chorioretinal scars* (macular, peripheral, juxtapapillary)

 5. Chorioretinal edema

 6. Choroidal neovascular membranes (vision-threatening)

 7. Detachment of posterior hyaloid membrane

 8. Iritis (if associated with posterior pole lesions)

 9. Leukocoria

 10. Macular edema

 11. Microphthalmia-microcornea

 12. Nystagmus*

 13. Necrotizing retinitis

 14. Optic nerve atrophy*

 15. Papilledema

 16. Retinal detachment

 17. Strabismus* (convergent or divergent)

 18. Visual impairment*

 19. Vitritis (active; exudation of cells in overlying vitreous)

CNS signs96

 1. Brain masses

 2. CSF pleocytosis, elevated protein, eosinophilia, hypoglycorrhachia*

 3. Delay in developmental milestones* (psychomotor retardation)

 4. Hypotonia* (or abnormal muscle tone)

 5. Intracranial calcifi cations* (1–3 mm; scattered in white matter, in periventricular areas of occipitoparietal and temporal regions, curvilinear streaks in 

basal ganglia, nodular calcifi cations, linear calcifi cations)

 6. Macrocephaly or microcephaly*

 7. Obstructive hydrocephalus*

 8. Palsies*

 9. SNHL*

 10. Seizures*

 11. Spasticity*

 12. Wide spectrum of manifestations from massive acute encephalopathy to subtle neurologic signs

Additional signs96

 1. Anemia*

 2. Disseminated intravascular coagulation

 3. Hepatitis*

 4. Hepatic calcifi cations*

 5. Hepatomegaly or hepatosplenomegaly*

 6. Jaundice

 7. Lymphadenopathy

 8. Myocarditis*

 9. Pneumonitis

 10. Preterm birth* (associated with certain non–type II T gondii strains in the United States36)

 11. Rash* (petechial, blueberry muffi n rash, purpura, maculopapular)

 12. Sepsis-like illness* (disseminated disease with multiple organ failure, acute respiratory distress syndrome, disseminated intravascular coagulation) (rare)

 13. Splenomegaly*

 14. Temperature instability (hypothermia or hyperthermia/fever)

 15. Thrombocytopenia*

Fetal ultrasonographic fi ndings121

 1. Ascites*

 2. Echogenic bowel*

 3. Fetal demise*

 4. Hydrocephalus*

 5. Hydrops fetalis

 6. Hepatosplenomegaly*

 7. Intracranial densities/calcifi cations*

 8. Intrahepatic densities/calcifi cations*

 9. Intrauterine growth retardation*

 10. Pericardial and/or pleural effusions

 11. Placenta hyperdensities, placenta increased thickness*

Clinical manifestations/signs are listed alphabetically. Signs considered to be encountered more frequently according to the PAMF-TSL are indicated by an asterisk (*). Accurate estimates 

of the frequency of all of these clinical signs are not available.
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not possible, because information 

regarding whether all infants had 

been evaluated/tested for these 

outcomes was not available.

It is possible that children who were 

eventually referred to the PAMF-

TSL for laboratory confirmation of 

their diagnosis were a select group 

of infants and not representative of 

the true spectrum of CT in the United 

States. On the other hand, these rates 

could also possibly underestimate the 

severity of CT in the United States, 

because they did not capture the CT 

cases that resulted in spontaneous 

abortion, fetal deaths, or pregnancy 

termination because of severe disease.

Similar high rates of severe CT were 

reported by the National Chicago-

Based Collaborative Study on 

Congenital Toxoplasmosis (NCCCT) 

in its cumulative report from 1981 

to 2004 (85% with chorioretinitis, 

85% with intracranial calcifications, 

and 50% with hydrocephalus). 110 

These reported rates pertained only 

to the 96 children with CT in the 

“severe disease stratum” and not all 

of the 120 children with CT in the 

cohort (including 24 CT cases who 

were asymptomatic or with only 

mild clinical manifestations). For 

the vast majority of infants in the 

NCCCT study, their mothers have 

not received antepartum treatment. 

These high rates are also similar 

to those reported in the 1950s by 

Eichenwald 124 from an early Danish 

cohort of untreated infants (94% of 

CT cases had chorioretinitis, 50% 

had intracranial calcifications, and 

28% had hydrocephalus). Additional 

clinical manifestations reported 

in the NCCCT study 110 included 

microcephaly (15%), seizures 

(20%), microphthalmia (20%), 

hepatosplenomegaly (30%–35%), 

thrombocytopenia (40%), anemia 

(20%) skin rashes (25%), and 

jaundice (60%).

For newborn infants with CT 

diagnosed by the New England 

Newborn Screening Program (1986–

1992),  102 40% (19 of 48 CT cases) 

had either chorioretinitis or CNS 

abnormalities. More specifically, 19% 

(9 of 48) had eye disease diagnosed 

at birth (4% [2 of 48] had active 

chorioretinitis at birth and 15% [7 

of 48 CT cases] had retinal scars at 

birth without active inflammation). 

Another 3 infants, among the 30 

infants with CT without eye disease 

at birth, had eye disease diagnosed 

during the follow-up at ≥1 year. 

Overall, 25% (12 of 48) of infants 

with CT had eye disease at birth or 

during follow-up and 29% (14 of 

48 CT cases) had CNS abnormalities 

(elevated CSF protein: 25% [8 of 32 

CT cases]; intracranial calcifications: 

20% [9 of 46 CT cases]; enlarged 

ventricles identified on computed 

tomography or ultrasonography: 2% 

[1 of 47 CT cases]). According to the 

New England Newborn Screening 

Program, only 60% of infants were 

asymptomatic at birth, compared with 

80% of infants with CT who were 

reported as asymptomatic in Europe. 2 

As noted previously, spontaneous 

abortion, fetal demise, or pregnancy 

terminations because of severe CT 

were not captured in the New England 

Newborn Screening Program.

There are possible explanations 

for the observed differences in 

the reported rates of severe CT 

between the European Union and 

United States. The lower rates of 

severe CT in the European Union 

cohorts might reflect the following: 

(1) differences in the spectrum of 

CT observed in population-based, 

prospectively identified consecutive 

CT cases versus more selected cases 

referred to reference centers such 

as the PAMF-TSL and the University 

of Chicago Toxoplasmosis Center; 

(2) differences in the implicated 

T gondii strains; or (3) differences 

in the use of antepartum treatment 

of CT (mothers of infants in the US 

cohorts did not receive antepartum 

treatment). Approximately 61% of 

T gondii strains implicated in CT in the 

United States are non–type 2 strains,  36 

whereas in France, 95% of cases are 

caused by type 2 strains. 27,  125 It is 

possible that the non–type 2 strains 

found in the United States are more 

pathogenic than the type 2 strains 

commonly found in Europe. 126, 127

Effect of Postnatal Treatment on Eye 
Disease

In 1 report, only 31% (34 of 108 CT 

cases; 95% CI: 23%–41%) of infants 

with CT in the United States who 

e15

 FIGURE 8
The probability of giving birth to an infant with CT according to gestational age at maternal infection 
and according to AF PCR assay results. The bold curved line shows the prevalence of CT (pretest 
risk) according to gestational age at the time of maternal infection. The solid triangles show the 
posttest probability of CT given a positive AF PCR result (PPV). The solid diamonds show the posttest 
probability of CT given a negative AF PCR result (NPV). For example, for a maternal infection at 25 
weeks’ gestational age, a negative AF PCR result allowed estimation of a posttest probability of CT 
of 5% instead of a pretest risk estimate of 33%. (The vast majority of these women were treated 
during pregnancy.) (Modifi ed with permission from Sterkers Y, Pratlong F, Albaba S, et al. Novel 
interpretation of molecular diagnosis of congenital toxoplasmosis according to gestational age at 
the time of maternal infection. J Clin Microbiol. 2012;50:3948.)
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were treated during their first year 

of life developed new chorioretinal 

lesions during long-term 

follow-up. 108 However, in another 

report, 72% (18 of 25 CT cases; 

95% CI: 51%–89%) of US children 

with CT who were diagnosed after 

infancy (and did not receive any 

postnatal treatment during infancy) 

developed new chorioretinal lesions 

during follow-up. 107 When postnatal 

treatment was started at ≤2.5 

months of age and continued for 

12 months, recurrent eye disease 

developed in 9% of children without 

substantial neurologic disease at 

birth and in 36% of children with 

moderate to severe neurologic 

disease at birth. 110

Effect of Postnatal Treatment on CNS 
Disease

Initial studies in untreated children 

with CT revealed unfavorable 

long-term neurologic outcomes in 

approximately ∼50% of children. 96 

Subsequently, cumulative reports 

from the NCCCT study (1981–2004) 

with data on 120 children with CT 

(24 of whom were asymptomatic 

or had only mild findings and 96 of 

whom had severe clinical findings) 

reported relatively favorable 

neurologic outcomes after 1 year 

of postnatal treatment 110 (Table 3). 

However, long-term follow-up was 

not reported for all of the children 

in the 2 groups. More analytically, 

treatment of the 24 children without 

substantial neurologic disease at 

birth resulted in the following: (1) 

abnormal cognitive and neurologic 

outcomes in all but 1 child (4%), 

(2) interval decrease in IQ (≥15 

points) in 4% of children (1 of 24), 

(3) abnormal auditory outcomes in 

no children, (4) vision impairment 

in 15% of children (2 of 13), and 

(5) recurrences of eye diseases 

in 9% of children (1 of 11). For 

comparison, treatment of the 96 

children with severe CT at birth 

resulted in (1) abnormal neurologic 

and/or cognitive outcomes in 27% 

of children (18 of 66), (b) interval 

decrease in IQ (≥15 points) in 16% 

of children (9 of 55), (3) abnormal 

auditory outcomes in no children, 

(4) vision impairment in 85% of 

children (47 of 55 [with the retinal 

lesion causing the visual impairment 

already present at birth]), and (5) 

recurrence of eye disease in 36% 

of children (17 of 47). In the above 

estimates of clinical outcomes, 

11 additional children who died 

between 3 months and 7 years of age 

were not considered. The majority 

of these children already had severe 

neurologic manifestations at birth. 

Although in this cohort there were 

children with severe and likely 

irreversible brain and eye disease, 

overall, these treated children 

had substantially better outcomes 

than did children from historical 

cohorts in the 1960s–1980s who 

were untreated or treated for only 1 

month.

Earlier reports from the NCCCT 

study in 36 postnatally treated CT 

cases (1981–1991) also provided 

evidence for reversible disease 

or later neurologic adaptation. 128 

Several of those infants had CNS 

abnormalities attributable to T 
gondii infection (including CSF 

pleocytosis, hypoglycorrhachia, and 

CSF protein elevation) that resolved 

during postnatal therapy. Some 

additional favorable neurologic 

outcomes reported in this earlier 

report included the following: 

(1) resolution of seizures in 50% 

(4 of 8 children) within the first 

months of life (however, there were 

2 other children who developed 

new seizures between 3 and 5 
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 FIGURE 9
Therapeutic algorithm for the pregnant woman with suspected acute T gondii infection acquired 
during pregnancy. aThis gestational age refers to the time at which the T gondii infection was most 
likely acquired and not the time the amniocentesis was performed. (Reprinted with permission from 
Montoya, JG, Remington JS. Management of Toxoplasma gondii infection during pregnancy. Clin 
Infect Dis. 2008;47:558.)
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years of age), (2) resolution of 

tone and motor abnormalities by 

1 year of age in 60% (12 of 20 

children), (3) IQ improvement in 

79% (23 of 29 children [normal 

Mental Developmental Index] 

at 1 year of age; however, 21% 

[6 of 29 children] had a Mental 

Developmental Index <50 but 

without significant deterioration 

over time), and (4) normal/near-

normal neurodevelopmental 

outcome in 94% (17 of 18 children) 

without hydrocephalus and in 75% 

(6 of 8 children) with obstructive 

hydrocephalus with shunt. However, 

because of the small numbers, 

there was large uncertainty around 

those estimates for the long-term 

prognosis of these infants. Moreover, 

in children with hydrocephalus ex 

vacuo and elevated CSF protein, the 

outcome was poor. 128

A small case series from the 

United States described resolution 

of intracranial calcifications in 

postnatally treated infants with CT. 109 

In 75% (30 of 40) of cases, brain 

lesions resolved or diminished in 

size by 1 year of age, but in 25% (10 

of 40) of cases, lesions remained the 

same. The diminution or resolution 

of intracranial calcifications was also 

associated with improved neurologic 

functioning. 109 However, an increase 

in the size and/or number of 

calcifications has also been reported 

during months to years after the 

initial infection, but this finding might 

reflect healing. 96

The European Experience

In Europe, the vast majority of 

pregnant women undergo routine 

Toxoplasma antepartum screening 

and treatment if needed. Thus, the 

rates of clinical manifestations and 

the severity of CT reported over the 

past 30 years from Europe pertain 

primarily to children whose mothers 

received antepartum treatment 

and who also received postnatal 

treatment. Data on the effect of 

postnatal treatment are more limited 

in European cohorts, because this 

effect is more difficult to separate 

from the effect of antepartum 

treatment.

Clinical Manifestations

The overall risk for “any” clinical 

manifestations in the European 

cohorts of the SYROCOT study group 

report was 19% (105 of 550 CT 

cases) in infants followed up to 1 

year of age. (The SYROCOT study 

also included non-European cohorts 

from the United States, Brazil, and 

Colombia, but these were excluded 

from the analysis of the effect of 

prenatal treatment on clinical 

manifestations.) For comparison, 

the overall risk for “any” clinical 

manifestations across the 26 cohorts 

was 24%, and in the 2 Brazilian and 

the 1 Colombian cohorts the overall 

risk was 38% to 77% (3 of 8 CT 

cases, 17 of 22 CT cases, and 3 of 8 

CT cases, respectively). 1 Reported 

rates in the SYROCOT study might 

have underestimated the true 

rates of clinical manifestations 

because of the relatively short 

period of follow-up (up to 1 year 

of age).

In Lyon, France, only approximately 

20% of infants with CT were 

symptomatic at birth (46 of 207 

CT cases) during the study period 

1996–2008. 2 These results were 

consistent with earlier reports from 

European cohorts. Berrebi et al,  129 

in their 20-year prospective study 

from Toulouse, France (1985–2005), 

reported that only 27% (29 of 107) 

of infants with CT were found to 

be symptomatic during a median 

follow-up of 8 years (range: 1–20 

years).

The reported rates of eye disease 

and intracranial calcifications during 

the first year of life in 22 European 

cohorts of SYROCOT were low (14% 

and 9%, respectively). 1,  122 (The eye 

disease and neurologic outcomes 

of CT are discussed separately.) 

Other severe manifestations, such 

as hydrocephalus, splenomegaly, 

and pneumonia, have rarely been 

reported. 130
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TABLE 3  Outcomes of Postnatal Treatment of CT According to the NCCCT Study

Treatment Outcome for Infants With 

CT With No/Mild Findings at Birth 
(n = 24), % (n/n)

Treatment Outcome for Infants With CT With Severe Findings 

at Birth (n = 96),a % (n/n)

Normal motor-neurologic outcomes 100 (13/13) 80 (44/55)

Normal cognitive outcome (IQ >70) 100 (13/13) 73 (48/66)

No decreased IQ of ≥15 points between 

any 2 consecutive evaluations

92 (12/13) 84 (46/55)

Normal auditory outcome 100 (13/13) 100 (55/55)

No vision impairment 85 (11/13) 15 (8/55) (in the remaining 85% with vision impairment, the responsible 

 lesion was already present at birth)

No recurrence of eye disease 91 (10/11) 64 (30/47)

Adapted from ref 110. Follow-up outcome ascertainment was not available for all children in each of the 2 groups. (Different outcomes were ascertained at different time points: for 

example, the endpoint of IQ <70 was evaluated at ≥3.5 y of age; the new eye lesions endpoint was evaluated at ≥7.5 y of age; all other endpoints were evaluated at ≥5 y of age.)
a  Infants were classifi ed in the severe stratum if there were ≥3 punctate focal calcifi cations or abnormal density of white matter in initial CT scan fi ndings, seizures, motor abnormalities, 

hydrocephalus, microcephalus, elevated CSF protein, hypoglycorrhachia, macular scarring, optic nerve atrophy, visual impairment, microphthalmia, a CSF T gondii–specifi c antibody 

production ratio >1, or hearing loss.
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The odds of developing “any” clinical 

manifestation (chorioretinitis and/or 

intracranial lesions) in the SYROCOT 

study decreased by 4% per additional 

week of gestation at seroconversion 

(OR: 0.96; 95% CI: 0.93–0.99 per 

week). The decrease in the incidence 

of eye disease and intracranial 

calcifications according to gestational 

age at seroconversion is shown in 

 Figs 5,  6, and  7.

In the Dunn et al 94 study from Lyon, 

France, the risk of symptomatic CT 

decreased with increasing gestational 

age at maternal seroconversion (at 

13 weeks: 61%; 95% CI: 34%–85%; 

at 26 weeks: 25%; 95% CI: 18%–

33%; at 36 weeks: 9%; 95% CI: 

4%–17%). If the gestational age at 

the time of acute primary maternal 

infection was known, then the risk 

of delivering a symptomatic infant 

could be calculated by multiplying 

the risk of MTCT for that gestational 

age by the risk of symptomatic 

disease for that gestational age. For 

example, for acute primary maternal 

infections (seroconversion) at 26 

weeks of gestation, there would 

be a 40% risk of MTCT and a 25% 

risk of symptomatic disease in 

the infant, which would translate 

to a 10% risk (0.40 × 0.25) of 

symptomatic CT in the infant. 94 In 

this study,  94 the maximum risk of 

delivering a symptomatic infant was 

considered to be 10% (8%–14%), 

which occurred at approximately 

24 to 30 weeks of gestation. It is 

important to note that all of these 

estimates of MTCT risks and risk 

of symptomatic CT in the infant 

were based on a maternal cohort in 

which approximately 95% of women 

received antepartum anti-Toxoplasma 

treatment during pregnancy, so 

these numbers would presumably 

underestimate the true risks in the 

United States.

A recent analysis of earlier data 

from France focusing on infants 

whose mothers were infected in the 

first trimester revealed favorable 

outcomes for infants whose 

mothers had routine antepartum 

screening and treatment. 131 Among 

36 such infants with normal 

fetal ultrasonography and with 

antepartum and postnatal treatment, 

97% were asymptomatic or mildly 

symptomatic (without major vision 

loss) at up to 4 years of age (range of 

follow-up: 1–12 years). 131

Eye Disease

Risk of eye disease and of visual 
impairment

For European cohorts participating 

in the SYROCOT international 

consortium, the risk of eye disease 

diagnosed in the first year of life 

was 14% (79 of 550 CT cases). 1 For 

comparison, across the 26 cohorts, 

the risk was 18% (125 of 524), and 

for the South American cohorts, the 

risk was 47% (18 of 38 CT cases). 1

Data from the EMSCOT 132 revealed 

that 12% of children with CT (33 of 

281) had their eye disease diagnosed 

during infancy, and by 3 years of age 

17% (49 of 281) of children with CT 

had at least 1 chorioretinal lesion. 

Two-thirds of children with eye 

disease had a lesion at the posterior 

pole, and almost 50% of children 

with posterior pole lesions had visual 

impairment in the affected eye; this 

condition occurred in only 17% of 

those with peripheral lesions.

Visual impairment in the most 

affected eye has been reported to 

occur in 29% (20 of 69) of children 

with CT who have chorioretinitis,  37 

but severe bilateral impairment 

was rare and occurred in only 9% 

of children with CT. 132,  133 However, 

according to the EMSCOT, more than 

90% of children with chorioretinitis 

had normal vision in their best eye. 132

Data from the long-term follow-up 

cohort study from Toulouse 129 

indicated that chorioretinitis 

occurred in 26% of CT cases (28 of 

107) when follow-up was extended to 

20 years (median follow-up: 8 years; 

range: 1–20 years). The location of 

the lesions was unilateral peripheral 

in 71%, bilateral peripheral in 7%, 

and unilateral macular in 21%. 

Results were similar in an earlier 

report by the same team. 131

Another recent cumulative report 

from the Marseille cohort (1995–

2010), with a median follow-up 

of 4 years (maximum follow-up: 

12 years), revealed a cumulative 

prevalence of eye disease of 19% 

(24 of 127 CT cases); visual 

impairment occurred in only 6% 

(8 of 127) of CT cases. 134

Age at diagnosis of the fi rst eye lesion

A French CT cohort from Lyon 

and Marseille 97 with 335 CT 

cases (1996–2002) revealed that 

chorioretinitis was diagnosed at 

birth in approximately 2% of CT 

cases, at 6 months in approximately 

5% of CT cases, at 12 months in 

approximately 10% of CT cases, and 

at 24 months in approximately 12% 

of CT cases ( Fig 6). A delay of more 

than 8 weeks between maternal 

seroconversion and initiation of 

antepartum treatment and the 

presence of intracranial calcifications 

was significantly associated with an 

increased risk of a chorioretinitis 

before 2 years of age. 97 Freeman 

et al,  135 in the EMSCOT, found that 

nearly 50% of children with only eye 

disease (22 of 50) had their first eye 

lesion detected before 4 months of 

age, and nearly 80% of children with 

additional clinical manifestations of 

CT had their eye disease diagnosed 

before 4 months of age.

Long-term risk of eye disease

The risk of eye disease increases 

from 10% early in infancy, to 16% 

by 4 years of age,  133,  135,  136 to 20% 

by school age,  135 and to 30% by 12 

years of age.97,  133 In a large French 

cohort study by Berrebi et al 129 with 

up to 20 years of follow-up, 39% 

of children with chorioretinitis (11 

of 28 chorioretinitis cases among 

107 CT cases) had their eye disease 
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diagnosed at birth, 85% (24 of 28) 

had eye disease diagnosed before 

5 years of age, and 96% (27 of 28) 

had eye disease diagnosed before 10 

years of age. 129

Risk of recurrence in the Lyon cohort

Wallon et al 137 described the long-

term follow-up of 477 infants with CT 

from the Lyon cohort (1987–2008), 

with 81.5% of infants having mothers 

who received antepartum treatment. 

Almost all infants (99.8%) received 

postnatal treatment for 12 months. 

Over a period of 12 years, 

approximately 30% of treated 

children experienced at least 

1 recurrence of eye disease or 

developed a new chorioretinal 

lesion. 137 This proportion increased 

to almost 50% when the follow-up 

was extended to 18 years of age. 

The eye lesions were first seen at 

a median age of 3 years (range: 

0.0–20.7 years). Lesions were mainly 

unilateral in 69% of cases and did 

not cause visual loss in 81% of cases. 

This promising long-term prognosis 

for ocular disease in children with CT 

might not apply to children with CT 

in the United States, where different 

T gondii strains are implicated and 

there is no routine antepartum 

screening/treatment.

The probability of recurrent 

chorioretinitis by 4 years of age 

increased significantly when the 

first episode of chorioretinitis was 

diagnosed before 4 months of age 

(probability: 30%; 95% CI: 0%–66%) 

and when additional clinical 

manifestations also were present 

before 4 months of age (probability: 

70%; 95% CI: 31%–98%). 135

Although chorioretinitis could occur 

at any time in the child’s life, children 

who did not have chorioretinitis 

before 4 months of age were at low 

risk of developing eye lesions by 

4 years of age. 135 In children with 

CT without chorioretinitis before 

4 months of age, the probability of 

developing chorioretinitis by age 4 

years was low (8%) whether or not 

additional clinical manifestations 

were present during early infancy. 

Most children with CT (92% [230 of 

249]) in the EMSCOT cohort did not 

have eye disease diagnosed before 4 

months of age. 135

Predictors of chorioretinitis

The risk of chorioretinitis decreased 

by 3% for any additional week of 

gestation when maternal primary 

infection occurred (OR: 0.97; 95% 

CI: 0.93–1.00 per week; P = .04). 1 

One study estimated that the risk of 

chorioretinitis was 2.1 times higher 

if the maternal primary infection 

occurred before compared with 

after 20 weeks of gestation. 135 

Delay in maternal treatment of 

more than 8 weeks after maternal 

seroconversion and the presence 

of intracranial calcifications at 

birth were independent predictors 

of chorioretinitis (HRs [95% CIs]: 

2.54 [1.14–5.65] and 4.3 [1.9–10], 

respectively). 97 The risk of 

chorioretinitis was 3.6 times higher 

if the infant with CT had additional 

clinical manifestations of CT at 

birth (ie, head ultrasonographic 

abnormalities, serious neurologic 

findings, lymphadenopathy, or 

hepatosplenomegaly). 135

Long-term consequences of eye disease

Long-term follow-up by survey 

questionnaire of 126 adults with 

CT from the Lyon cohort (follow-up 

range: 18–31 years) revealed that 

treated CT had little effect on quality 

of life and visual function. 138

Effect of postnatal therapy on eye 
disease (the European experience)

There are limited data from European 

cohorts on the incremental benefit 

of postnatal treatment on the risk of 

eye disease. The EMSCOT study 135 

did not find an increased risk of 

eye disease with delayed initiation 

of infant treatment. However, the 

study was underpowered to detect 

such a difference, and moreover, 

all infants had already received 

the benefit of maternal treatment 

during pregnancy. The early 2005 

EUROTOXO systematic review 

of studies evaluating postnatal 

treatment effect did not identify 

good-quality published studies to 

address this question. 11

Neurologic Disease

The overall risk of intracranial 

lesions diagnosed during the first 

year of life for the European cohorts 

in the SYROCOT study was only 9% 

(49 of 550). 1 For comparison, across 

the 26 cohorts in the SYROCOT 

study, the risk of intracranial lesions 

diagnosed during the first year of 

life was 13% (88 of 691), and for 

the Brazil/Colombian cohorts the 

risk was 53% (20 of 38). For the 

European SYROCOT cohort, the risk 

of intracranial lesions decreased 

by 9% for any additional week 

of gestation at maternal primary 

infection (OR: 0.91; 95% CI: 0.87–

0.95 1;  Fig 7).

Possible Reasons for Differences in the 
Clinical Spectrum of CT Between the 
United States and South American and 
European Countries

First, the most important difference 

is likely the fact that there were 

no routine antepartum screening/

treatment programs in the United 

States and South America, so 

infants did not receive the benefit 

of antepartum therapy. Initiation 

of postnatal therapy could also be 

delayed for weeks to months. The 

use of routine antepartum screening/

treatment programs best explains 

the decrease in clinical severity in 

European cohorts over time. Second, 

in Western Europe, the predominant 

strain was type 2,  27 which seems 

to be the least virulent,  126,  139,  140 

whereas in North America, all of 

the 3 main types (1, 2, and 3) were 

encountered, in addition to the 

newly identified more virulent type 

12 strains.28,  141 In South America, 

type 1 and type 3 strains were the 

predominant strains, type 2 strains 

were rarely found, and atypical, more 
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TABLE 4  Case Defi nitions of Maternal, Fetal, and Infant T gondii Infection, According to the PAMF-TSL

Patient Group and Infection Status Case Defi nition

Maternal infection status

 Not infected Seronegative mother (negative Toxoplasma IgG and negative Toxoplasma IgMa) (provided 

that the mother is capable of producing immunoglobulins)

 Chronically infected Serologic test results suggestive of a maternal T gondii infection acquired in the distant 

past, before pregnancy (>12 mo before testing).b

 Recently infected (defi nite/probable acute primary T gondii 

infection acquired during pregnancy or close to conceptionc)

Serologic evidence of a recently acquired T gondii infection, likely to have occurred 

during pregnancy or very close to conceptionc,d

 Unclear infection status (cannot rule out an acute primary 

  T gondii infection acquired during pregnancy or close to 

conceptionc)

Mother was T gondii infected, but the estimation of the exact time of infection (whether 

it occurred during pregnancy or before pregnancy) was not possible and complete 

exclusion of a primary infection acquired during gestation or close to conception 

also was not possible. For mothers tested very late in pregnancy or at delivery, the 

characterization of the infection status can occasionally be unclear (unless the 

maternal serologic test results were either clearly suggestive of an “acute recent 

infection” or clearly suggestive of a “chronic infection,” acquired >12 months before 

the time of testing). In such cases, and without having any additional serologic results 

from early pregnancy, acute maternal primary infections early in pregnancy or close 

to conceptionc cannot be excluded. (Maternal serologic profi les at the time of testing 

might have been signifi cantly changed from the early serologic responses, which 

could have been indicative of an acute primary infection.) Moreover, in cases in which 

the serologic test results do not exclude a maternal infection acquired within 6 to 12 

mo before the date of testing (eg, if the woman was tested for the fi rst time during 

the late second or third trimester of pregnancy), an accurate estimate of whether the 

patient acquired the infection before or during pregnancy might not be possible. In 

those cases, testing of a saved serum sample that might have been obtained during 

the fi rst 16 weeks of pregnancy would be helpful to determine the timing of infection.

 Additional rare scenarios

  Reactivation of T gondii infection in a chronically infected 

   pregnant woman because of an immunocompromising 

condition152,c,e

Laboratory confi rmation of local or systemic reactivation is diffi cult with testing at a 

single time point.

  Reinfection with a new, more virulent strain in a previously 

  chronically infected woman149,153

The currently available serologic tests cannot differentiate between infections from 

typical versus atypical or more virulent T gondii strains.

Fetal infection status

 Not infected Seronegative mother (negative maternal Toxoplasma IgG and Toxoplasma IgM [provided 

that the mother was able to produce immunoglobulins])

 Unlikely CT Mother with evidence of chronic T gondii infection acquired in the distant past and 

before pregnancy (in the absence of any immunocompromising condition or 

immunosuppressive medicationsb)

or

AF PCR negative (with acute maternal infections estimated to have occurred in the fi rst 

or second trimester)

and

normal fetal ultrasonograph.

However, if the acute maternal infection is estimated to have occurred in the third 

trimester, even a negative AF PCR and a normal fetal ultrasonograph cannot exclude 

CT. For infections acquired in the third trimester, the NPV of AF PCR has been shown to 

be lower than the NPV for infections acquired earlier in gestation.

 Infected; defi nite/probable CT AF PCR positive

and/or

fetal ultrasonographic fi ndings highly suggestive of CT (ventriculomegaly/

hydrocephalus, intracranial calcifi cations, intrauterine growth retardation, etc)

and

serologic evidence of acute maternal T gondii infection acquired during gestation or 

near the time of conception.c

Infant’s infection status

 Not infected Negative Toxoplasma IgG dye test

and

negative Toxoplasma IgM ISAGA

and

negative Toxoplasma IgA ELISA (provided that the infant is able to produce 

immunoglobulins)

and

mother also negative for Toxoplasma IgG dye test antibodies and Toxoplasma IgM and 

IgA ELISA (provided that the mother is capable of producing immunoglobulins).
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 CT could not be completely ruled out (in infant without postnatal 

  treatment)

Positive Toxoplasma IgG dye test (with titers equal or lower to the maternal titers)

and

negative Toxoplasma IgM ISAGA

and

negative Toxoplasma IgA ELISA

and

no evidence of CT after complete clinical, radiologic, and laboratory evaluation.

Even with the above scenario, if maternal serology was suggestive of a recently acquired 

primary infection during gestation and suspicion for CT was high, the initially negative 

Toxoplasma IgM ISAGA and IgA ELISA results at birth may not completely exclude CT. 

Repeat testing 2 to 4 weeks after birth and every 4 weeks thereafter until 3 months 

of age could be considered in such cases to rule out the delayed appearance of 

IgM or IgA antibodies. In these infants, monthly IgG screening should be continued 

(until complete disappearance of IgG antibodies) according to the PAMF-TSL. Of 

note: disappearance of Toxoplasma IgG antibodies in an infant with suspected CT, 

in the presence of anti-Toxoplasma treatment, does not rule out CT. In postnatally 

treated infants, repeat serologic testing 1–3 months after neonatal seroconversion 

from positive Toxoplasma IgG to negative Toxoplasma IgG and after treatment was 

discontinued, might be needed to rule out CT.f

 CT ruled out (in infant without postnatal treatment) Infants with initially positive Toxoplasma IgG dye test (with titers equal or lower to the 

maternal titers)

and

negative Toxoplasma IgM ISAGA and Toxoplasma IgA ELISA

and

no evidence of CT after complete clinical, radiologic, and laboratory evaluation

and

in whom monthly serial serologic follow-up (approximately every 4-6 wk after birth; 

with serial Toxoplasma IgG dye tests tested in parallel with most recent previous 

test) documented a decrease in the Toxoplasma IgG dye test antibodies by ≥50% 

every 30 days and eventual disappearance of Toxoplasma IgG antibodies (confi rming 

that previous positive Toxoplasma IgG dye test antibodies were transplacentally 

transferred maternal antibodies).

 Defi nite CT; asymptomatic at birth Positive Toxoplasma IgG dye test

and

positive Toxoplasma IgM ISAGA (after 5 d of life) or positive Toxoplasma IgA ELISA (after 

10 d of life)

but

without any clinical fi ndings of CT after complete clinical, radiologic, and laboratory 

evaluation (as described in Table 9). (The role of T gondii DNA PCR in CSF, blood, and 

urine in the diagnosis is discussed separately in Table 9.)

 Defi nite CT; symptomatic at birth Positive Toxoplasma IgG dye test

and

positive Toxoplasma IgM ISAGA or Toxoplasma IgA ELISA

and

clinical fi ndings consistent with CT, after a complete clinical, radiologic, and laboratory 

evaluation (as described in Table 9). (The role of T gondii DNA PCR in CSF, blood, and 

urine in the diagnosis is discussed separately in Table 9.)

a  According to the PAMF-TSL, all pregnant women should be screened for both Toxoplasma IgG and IgM. This approach will help capture cases of early seroconversion in which the 

Toxoplasma IgG might be negative (Toxoplasma IgG did not have the time to increase at the time of testing) and only the Toxoplasma IgM might be positive. In those cases, serial maternal 

serologic testing within 2–4 weeks from the fi rst testing could help differentiate whether the positive Toxoplasma IgM in the absence of a positive Toxoplasma IgG was attributable to a 

very early infection (IgG would be expected to increase in the follow-up sample) versus a false-positive Toxoplasma IgM.
b  Unless the woman is immunocompromised or taking immunosuppressive medications, the risk of reactivation of a chronic infection during pregnancy is close to zero.
c  Within 2–3 months from conception.154

d  Serologic testing at the PAMF-TSL with the appropriate panel of tests and interpretation of serologic test results by the medical consultants at PAMF-TSL help in the estimation of the 

most likely time that the acute primary maternal infection had occurred. Serologic evidence of acute infection: Criteria for the diagnosis of recently acquired T gondii infections, within 6 

months from sample collection dates, have been previously published by investigators at PAMF-TSL.73,155–158 Those criteria (see following) have been used mainly for research purposes. 

In routine clinical practice, slightly less strict criteria may be used. (A) Toxoplasma IgG dye test titer ≥1:1024 and Toxoplasma IgM ELISA ≥5.0 and acute pattern in the AC/HS test; (B) 

Toxoplasma IgG dye test titer ≥1:1024 and Toxoplasma IgM ELISA ≥3.0 and acute pattern in the AC/HS test and either Toxoplasma IgA ELISA ≥5.0 or a low Toxoplasma IgG avidity (<10); 

(C) Toxoplasma IgG dye test titer ≤1:512 and Toxoplasma IgM ELISA ≥5.0 and acute pattern in the AC/HS test and either Toxoplasma IgA ELISA ≥5.0 or low Toxoplasma IgG avidity (<10).
e  Recent data from a survey in The Netherlands showed that, contrary to previous beliefs, the incidence rates of recurrent eye disease in pregnant women were not higher than in 

nonpregnant women (incidence rate ratio: 0.54; 95% CI: 0.22–1.29).159

f  Postnatal treatment can affect the kinetics of Toxoplasma IgG antibodies. There are reports of infants with CT who seroconverted to Toxoplasma IgG negative during treatment but 

eventually had a rebound after the discontinuation of the anti-Toxoplasma therapy.96

TABLE 4  Continued

Patient Group and Infection Status Case Defi nition

 by guest on May 28, 2019www.aappublications.org/newsDownloaded from 



FROM THE AMERICAN ACADEMY OF PEDIATRICS

virulent strains were also detected in 

South America 27,  29,  30 and appeared 

to be responsible for the higher 

incidence of severe ocular disease in 

children with CT.37 Atypical strains 

have also been implicated in severe 

CT cases in South America and in 

Europe. 45,  142 Genotyping data from 

Central America were more limited, 

with type 1 and type 1–related 

strains being detected in cases of 

CT 143; type 1 and type 3 strains 

found in chickens,  144 and atypical 

strains found in wild animals.143 

Third, although there has been 

evidence of genetic predisposition 

for symptomatic CT,  145,  146 it is not 

known whether allelic differences 

between European and certain US 

populations could also account 

for host-pathogen interaction 

differences that could lead to 

detected differences in disease 

severity. Fourth, possible differences 

in gestational age at the time of acute 

primary maternal infections between 

the United States and Europe could 

contribute to differences in disease 

severity. Although the time of acute 

primary maternal infections in the 

United States is not known for the 

majority of CT cases,  122 recent data 

from France showed that there were 

differences in the trimester during 

which acute primary infections 

were diagnosed (42% [684 of 1624] 

diagnosed during the first trimester, 

31% [497 of 1624] diagnosed during 

the second trimester, and 27% [443 

of 1624] diagnosed during the third 

trimester). 2

Differences in Eye Disease Between 
Europe and South America

A recent study 37,  147 of 281 CT cases 

from the EMSCOT and 30 cases from 

Brazil showed that T gondii causes 

more severe ocular disease in Brazil. 

Children in Brazil (1) developed 

chorioretinitis more frequently 

than children in Europe by their 

first year of life (50% [15 of 30 CT 

cases] versus 10% [29 of 281 CT 

cases]), (2) had a fivefold higher risk 

of chorioretinitis than in Europe by 

4 years of age, (3) more frequently 

had multiple eye lesions, and (4) 

more frequently had larger lesions 

and lesions that were more likely 

to be located in the posterior pole 

and cause visual impairment and 

threaten vision than in Europe (visual 
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TABLE 5  Specimen Requirements (for Specimens Sent to the PAMF-TSL)

Specimen 

Type

Specimen Age Container Shipping Conditions Recommended 

Volume, mL

Serum Up to 1 week when stored 

refrigerated; indefi nite 

when stored frozen

Serum-separator 

tube or red-top 

tube (centrifuge 

specimen and, 

if possible, send 

serum only)

Cold pack or frozen 

preferred 20°–

25°C acceptable; 

overnight delivery

3

CSF Up to 1 week when stored 

refrigerated; indefi nite 

when stored frozen

Sterile tube Cold pack or frozen 

preferred 20°–

25°C acceptable; 

overnight delivery

1

(1) Specimen requirement for serologic testing is 3 mL of serum from a serum-separator tube or a red-top tube (minimum 

of 0.5 mL, but this quantity may be insuffi cient for repeat testing). The specimen should be centrifuged and, if possible, 

only serum should be sent. Grossly hemolyzed, icteric, lipemic, and bacterially contaminated specimens cannot be 

tested. Serum specimens can be sent at ambient temperature. (2) The patient’s name and collection date must appear 

on specimen label. Unlabeled specimens will not be tested. (3) The PAMF-TSL should be contacted at (650) 853-4828 

for specimens that do not meet these requirements. For specimens not meeting our requirements, testing can still be 

performed when authorized by the client. (4) The PAMF-TSL should be contacted at (650) 853-4828 for specimens that are 

less than the recommended volume. Specimens received with less than recommended volumes may be insuffi cient for 

repeat testing. (Also refer to http://www.pamf.org/serology/SpecimenRequirements.pdf for the most recent updates on 

specimen requirements and testing information.)

TABLE 6  Conditions for Processing, Storing, and Shipping Specimens for PCR Testing (for Specimens Sent to the PAMF-TSL)

Volume

Specimen Type Specimen Age Shipping Conditions Minimum Preferred

AF (collected at >18 weeks’ gestation) Up to 1 month when stored refrigerated; 

indefi nite when stored frozen

2°–8°C on ice or cold packs preferred; 

frozen acceptable; overnight delivery

3 mL 10 mL

Other body fl uids: ascitic, peritoneal, 

pleural, bronchial lavage

Up to 1 month when stored refrigerated; 

indefi nite when stored frozen

2°–8°C on ice or cold packs; frozen 

acceptable; overnight delivery

3 mL 10 mL

CSF Up to 1 month when stored refrigerated; 

indefi nite when stored frozen

Frozen preferred; 2°–8°C on ice or cold 

packs acceptable; overnight delivery

0.4 mL 1 mL

Ocular fl uids (vitreous and aqueous) Up to 1 month when stored refrigerated; 

indefi nite when stored frozen

Frozen preferred; 2°–8°C on ice or cold 

packs acceptable; overnight delivery

0.1 mL 0.5 mL

Whole blood, bone marrow Up to 2 days EDTA or citrate tube; 20°–25°C; overnight 

delivery

1 mL 5 mL

Urine Up to 1 week when stored refrigerated; 

indefi nite when stored frozen

2°–8°C on ice or cold packs preferred; 

frozen acceptable; overnight delivery

6 mL 10 mL

Solid tissues (a referral to PAMF-TSL 

consultants is recommended)

Up to 24 hours when stored refrigerated; 

indefi nite when stored frozen; no 

preservatives

Frozen preferred; 2°–8°C on ice or cold 

packs acceptable; overnight delivery

25 mg 50 mg

The PAMF-TSL will test specimens that deviate from these conditions. However, sensitivity might be compromised. Contact the laboratory at (650) 853-4828 for any questions about testing 

specimens that do not conform to these conditions. (Also refer to http://www.pamf.org/serology/SpecimenRequirements.pdf for the most recent updates on specimen requirements and 

testing information.)
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impairment occurred in 87% of cases 

in Brazil versus 29% in Europe). 37

The observed differences in the 

frequency of chorioretinitis and in 

the number and size of the ocular 

lesions could be attributed to the 

lack of antepartum treatment 

and the higher frequency of more 

virulent strains infecting children 

in South America when compared 

with Europe. 37 It is important for US 

physicians to appreciate that there 

are geographic differences in the 

spectrum and severity of clinical 

manifestations between geographic 

areas, especially when evaluating 

children from such international 

settings.

Sensorineural Hearing Loss

In a systematic review by Brown et al,  148 

the prevalence of sensorineural 

hearing loss (SNHL) associated 

with CT ranged from 0% to 26%. In 

subgroup analysis of children who 

received no postnatal treatment or 

only limited treatment (less than 1 

year), the prevalence of SNtableHL 

was 28% (8 of 29 CT cases), whereas 

in children who were prescribed 12 

months of postnatal therapy but in 

whom treatment was not confirmed 

to have started before 2.5 months of 

age, the prevalence of SNHL was 12% 

(2 of 17 CT cases). In children treated 

for 12 months postnatally and with 

therapy initiated before 2.5 months 

of age, the prevalence of SNHL was 

0% (0 of 69 CT cases). 148

The largest study in US children 

who received treatment of 12 

months suggested that SNHL 

was a rare occurrence in treated 

children. 110 Nevertheless, it has 

been suggested that children with 

CT who received anti-Toxoplasma 

therapy initiated before 2.5 months 

of age for a total duration of 12 

months may need to have follow-up 

audiometric evaluation at 24 to 30 

months of age. In contrast, children 

who had received no treatment, 

received partial treatment, or 

had delayed onset of treatment 

(eg, after 2.5 months of age) may 

need to undergo annual audiologic 

monitoring until they are able to 

reliably self-report hearing loss. 148 

A recent otopathologic evaluation of 

temporal bones from 3 infants who 

died of CT identified T gondii in the 

dormant cystic form as well in the 

tachyzoite form with a surrounding 

inflammatory response, suggesting 

that the mechanism of hearing loss 

seen in CT can be sensory, neural, 

or sensorineural 149 and is directly 

mediated by the parasite and host 

immune response.

DIAGNOSIS

Laboratory tools for the diagnosis of 

T gondii infection include serologic 

tests, such as the Toxoplasma IgG, 

IgM, IgA, IgE, IgG-avidity, and 

differential agglutination (AC/HS) 

tests; PCR assays; histologic and 

cytologic examination of tissue and 

body fluids; and attempts to isolate 

the parasite with mice subinoculation 

(this test is only performed in 

reference laboratories). Commercial 

laboratories in the United States 

usually offer Toxoplasma IgG and 

IgM testing; some of them also offer 

Toxoplasma IgA and IgG-avidity tests 

(FDA approved since 2011) and PCR 

assays. In reference laboratories 

for toxoplasmosis (eg, http:// 

www. pamf. org/ serology/ ), panels 

of serologic tests are offered that 

include different combinations of 

all of the aforementioned serologic 

tests (according to the clinical 

indication), and in addition, they 

include the IgG dye test (the gold 

standard for the detection of IgG, a 

sensitive and specific neutralization 
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TABLE 7  Instructions for Specimens Sent for PCR Testing (for Specimens Sent to the PAMF-TSL)

Shipment Send specimens for PCR testing to this address:

Toxoplasma Serology Laboratory

Attention: PCR

PAMF Research Institute

Ames Building, 795 El Camino Real

Palo Alto, CA 94301

Ship samples for PCR testing separately from other samples. All samples received 

for PCR testing will be prepared for testing and will not be suitable for return. 

A serum specimen for serologic testing must accompany PCR test requests for 

any patient not recently tested at PAMF-TSL. The minimum request for serologic 

testing must include Toxoplasma IgG and IgM. There is an additional charge for 

testing this serum.

Amniotic fl uid It is recommended that amniocentesis for toxoplasmosis PCR be performed at 

a minimum of 18 weeks’ gestation. A serum sample from the mother must 

accompany the AF unless she has been previously tested at PAMF-TSL.

 Specimen DNA for the PCR procedure is obtained from pelleted AF.

 Volume 10 mL

 Shipment Ship AF on wet ice or cold packs suffi cient to maintain a temperature of 2°–8°C 

during shipment; frozen acceptable. Include enough dry ice to keep specimen 

frozen during shipment.

Cerebrospinal, 

vitreous, or 

aqueous fl uid

 Specimen A serum sample from the patient must accompany the fl uid unless serum has been 

recently tested in at PAMF-TSL.

 Volume 1 mL

 Shipment Freeze sample immediately after collection. Ship sample on dry ice by overnight 

courier. Include enough dry ice to keep specimen frozen during shipment.

Refer to http://www.pamf.org/serology/SpecimenRequirements.pdf for the most recent updates on specimen require-

ments and testing information.
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test in which live tachyzoites are 

lysed in the presence of the patient’s 

IgG T gondii–specific antibodies and 

complement), the AC/HS differential 

agglutination test (which uses 2 

antigen preparations that express 

antigenic determinants found early 

after acute infection [AC] or in the 

later stages of infection [HS]; AC/HS 

ratios are interpreted as acute, 

equivocal, nonacute patterns of 

reactivity or nonreactivity), and 

well-standardized T gondii PCR 

assays. In consultation with a medical 

expert, the toxoplasmosis reference 

laboratory in the United States 

offers appropriate interpretations 

of serologic and PCR test results for 

each case.

Case Defi nitions of T gondii Infection 
Status

Classification systems for T gondii 
infection in pregnant women used 

in Europe 150 differ from those used 

in the United States. In Europe, 

classification is based on routine 

antepartum screening (every month 

[eg, France and Italy] or every 2–3 

months [eg, Austria, Lithuania, 

Slovenia, and Germany 9]) throughout 

pregnancy. Frequent screening 

allows for the identification of 

previously seronegative pregnant 

women who seroconvert during 

pregnancy. 151 In contrast, in the 

United States, the interpretation 

of maternal infection status has 

typically been based on testing at a 

single time point (performed usually 

because of fetal ultrasonographic 

abnormalities or maternal signs 

or symptoms suggestive of 

toxoplasmosis). The classification 

system for T gondii infections that 

has been used by the PAMF-TSL for 

maternal, fetal, and infant infectious 

status is depicted in Table 4.

Diagnosis of T gondii Infection 
During Pregnancy

When there is clinical suspicion 

of acute toxoplasmosis during 

pregnancy (eg, in the setting 

of certain ultrasonographic 

abnormalities or a high clinical 

suspicion of acute infection on 

the basis of symptoms), samples 

should be sent to a reference 

laboratory for toxoplasmosis to 

avoid any unnecessary delays in 

the establishment of diagnosis and 

initiation of prenatal treatment. 

Prompt initiation of prenatal 

treatment as soon as possible after 

acute maternal infection has been 

recently shown in observational 

studies to decrease MTCT and 

ameliorate the severity of clinical 

manifestations.

There is variation in the diagnostic 

performance of serologic screening 

tests for toxoplasmosis in 

commercial versus reference 

laboratories. Calderaro et al 160 

evaluated the diagnostic performance 

of 4 commercially available tests for 

toxoplasmosis. For all 4 commercial 

IgG tests, the sensitivity (point 

estimates) was 100% and the 

specificity (point estimates) of these 

different IgG tests ranged between 

97% and 100%. The sensitivity 

(point estimates) of the different 

commercial IgM tests ranged 

between 82.3% and 100%, and 

the specificity (point estimates) of 

these different IgM tests ranged 

between 99.7% and 100%. There 

were commercially available tests 

that had 100% sensitivity and 

100% specificity for both of their 

Toxoplasma IgG and IgM tests 

(eg, the Vidas Biomerieux). In this 

validation study, the “status” of 

samples as positive or negative was 

defined on the basis of concordant 

results obtained by at least 3 of the 

4 assays compared in this study. 

Moreover, according to Wilson et al,  161 

who performed a study sponsored 

by the FDA for the validation of 6 

commercial IgM tests, the sensitivity 

(point estimates) of these 6 different 

IgM tests ranged between 93.3% 

and 100% and the specificity 

(point estimates) ranged between 

77.5% and 98.6%. In this validation 

study, the reference gold standard 

for the Toxoplasma IgM was the 

double-sandwich enzyme-linked 

immunosorbent assay (ELISA) of the 

National Reference Laboratory for 

Toxoplasmosis (the PAMF-TSL). In 

an area of low seroprevalence, tests 

with a high specificity (but <100%) 

could lead to a large number of 

false-positive results. In reference 

laboratories, the specificity of 

the confirmatory testing (for the 

diagnosis of a recently acquired acute 

infection) is 100%. 161

Interpretation of Maternal Serologic 
Results at the PAMF-TSL

Women With Negative Toxoplasma 
IgG and IgM Test Results Obtained at 
Commercial, Hospital-Based, Clinic-
Based, or Nonreference Laboratories

These results generally exclude 

maternal T gondii infection. It is 

useful to order Toxoplasma IgM 

tests concomitant with IgG tests. 

It is possible to have a negative 

Toxoplasma IgG test result and a 

positive Toxoplasma IgM test result 

when testing is performed shortly 

after acute primary infection (eg, 

fewer than 2 weeks from time of 

infection).

The pregnancy-specific serologic 

panels of tests for a gestational age 

less than 16 weeks versus more 

than 16 weeks used by PAMF-

TSL 162 help estimate the most 

likely time of maternal infection 

and thus differentiate chronic 

infections (acquired in the distant 

past, before conception) from acute 

infections. The majority of the tests 

in those panels are not available in 

nonreference laboratories, including 

the Toxoplasma IgG dye test, the 

Toxoplasma IgM immunosorbent 

agglutination assay (ISAGA), the 

Toxoplasma IgE ELISA, and the 

AC/HS differential agglutination 

test. Recently, the Toxoplasma IgG 

avidity test was approved by the FDA 

and currently also is performed by 

some nonreference laboratories. 163 

However, the Toxoplasma IgG avidity 
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test alone cannot differentiate 

between an acute and chronic 

infection, because there are cases 

in which low Toxoplasma IgG 

avidity can persist for years after 

primary infection. In such cases, 

a comprehensive panel of tests 

generally is necessary.

For pregnant women at ≤16 weeks 

of gestation, the PAMF-TSL panel 

contains the Toxoplasma IgG dye 

test, the Toxoplasma IgM ELISA, and 

the Toxoplasma IgG-avidity test. 

(Referring physicians can obtain the 

specific laboratory request forms 

online from the PAMF-TSL Web site 

at: http:// www. pamf. org/ serology/ 

SpecimenRequireme nts. pdf). They can 

also contact the laboratory directly 

(telephone: 650-853-4828; fax: 650-

614-3292; e-mail: toxolab@pamf.

org) regarding the specimens to be 

tested (volume, shipping temperature, 

turnaround times, etc) (Tables 5, 6, 7).

For women at a gestational age of 

>16 weeks, the PAMF-TSL panel 

includes the Toxoplasma IgG dye 

test, the Toxoplasma IgM ELISA, and 

the AC/HS differential agglutination 

test (an acute AC/HS indicates an 

infection acquired <12 months from 

the time of testing, and a nonacute 

AC/HS is suggestive of a chronic 

infection acquired >12 months from 

the time of testing).

Toxoplasma IgG avidity is included 

in the routine panel only for women 

at ≤16 weeks of gestation, because 

a high avidity can exclude an acute 

infection acquired during pregnancy 

or close to conception. However, a 

high avidity in a woman at >16 weeks 
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TABLE 8  Diagnostic Performance of AF PCR According to the Time of Acute Maternal Primary Infection

First Author, Year CT Cases/

AF Tested 

(Prevalence)

Sensitivity (Positive 

Test Results/CT Cases) 

(95% CI)

Specifi city (Negative 

Test Results/Non-CT Cases) 

(95% CI)

PPVa (CT Cases/Positive 

Test Results) (95% CI)

NPVb (No CT Cases/Negative 

Test Results) (95% CI)

First-trimester 

seroconversion

 Sterkers, 2012170 11/154 (7%) 91% (10/11) (59%–100%) 100% (143/143) (97%–100%) 100% (10/10) (69%–100%) 99% (143/144) (96%–100%)

 Wallon, 2010112 4/127 (3%) 75% (3/4) (19%–99%) 100% (NR) (97%–100%) 100% (NR) (29%–100%) 99% (NR) (96%–100%)

 Rabilloud, 2010168,c 7/234 (3%) 57% (4/7) (14%–86%) 100% (226/227) (99%–100%) 80% (4/5) (NR) 99% (226/229) (NR)

 Thalib, 2005169 9/357 (3%) 33% (3/9) (7%–70%) 99% (347/348) (98%–100%) 75% (3/4) (22%–98%) 98% (347/353) (96%–99%)

Second-trimester 

seroconversion

 Sterkers, 2012 27/114 (24%) 78% (21/27) (62%–94%) 100% (87/87) (96%–100%) 100% (21/21) (84%–100%) 94% (87/93) (89%–99%)

 Wallon, 2010 30/108 (28%) 97% (29/30) (83%–100%) 100% (NR) (95%–100%) 100% (NR) (88%–100%) 99% (NR) (93%–100%)

 Rabilloud, 2010c 39/182 (21%) 67% (26/39) (51%–82%) 99% (141/143) (97%–100%) 93% (26/28) (NR) 92% (141/154) (NR)

 Thalib, 2005 46/200 (23%) 80% (37/46) (47%–85%) 97% (149/154) (92%–99%) 88% (37/42) (74%–96%) 94% (149/158) (89%–97%)

Third-trimester 

seroconversion

 Sterkers, 2012 12/23 (52%) 100% (12/12) (74%–100%) 100% (11/11) (72%–100%) 100% (12/12) (74%–100%) 100% (11/11) (72%–100%)

 Wallon, 2010 17/26 (65%) 88% (15/17) (67%–99%) 100% (NR) (66.4%–100%) 100% (NR) (78.2%–100%) 82% (NR) (48%–98%)

 Rabilloud, 2010c 34/65 (52%) 74% (25/34) (59%–88%) 100% (31/31) (89%–100%) 100% (25/25) (NR) 78% (31/40) (NR)

 Thalib, 2005 25/36 (69%) 68% (17/25) (66%–81%) 91% (10/11) (57%–99%) 94% (17/18) (71%–99%) 56% (10/18) (31%–78%)

Overall diagnostic 

performance

 Sterkers, 2012d 51/295 (17%) 86% (43/50) (77%–96%) 100% (241/241) (99%–100%) 100% (43/43) (92%–100%) 97% (241/248) (95%–99%)

 Wallon, 2010e 51/261 (20%) 92% (47/51) (81%–98%) 100% (NR) (98%–100%) 100% (NR) (93%–100%) 98% (NR) (95%–99.5%)

 Rabilloud, 2010c 80/481 (17%) 69% (55/80) (59%–79%) 99% (398/401) (98%–100%) 95% (55/58) (NR) 94% (398/423) (NR)

 Thalib, 2005 80/593 (13%) 71% (57/80) (61%–81%) 98% (506/513) (97%–99%) 89% (57/64) (78%–95%) 96% (506/529) (93%–97%)

Note that, in these studies, the majority of the women had continued treatment throughout pregnancy once the diagnosis of acute T gondii infection was made. Differences in the 

percentages of women on treatment and the duration of treatment before amniocentesis could explain differences in the reported sensitivity of the AF PCR across these studies. NR, not 

reported.
a NPV is the probability that the fetus would not be infected if the AF PCR result is negative.
b PPV is the probability that the fetus would be infected if the AF PCR result is positive.
c For the Rabilloud et al study, the PPV and NPV values listed represent the PPV and NPV at 6, 18, and 30 wk of gestation, respectively.
d  In the Sterkers et al study, 7 of 50 infants with CT had a negative AF PCR, giving an overall sensitivity for the AF PCR of 86% (all the 7 cases that were not detected in utero were 

subclinical cases).
e  In the Wallon et al study, 4 of 51 infants with CT had a negative AF PCR (all 4 infants were asymptomatic up to 1 y of age, likely suggesting a milder infection with a lower parasite load). 

Factors contributing to the increased sensitivity of the AF PCR method in this study included (1) larger volumes of AF (10 mL), (2) use of a real-time PCR method, (3) 529 gene targets, 

and (4) fl uorescent probes.
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of gestation may not exclude an 

infection acquired early in pregnancy 

or very close to conception (IgG 

avidity becomes high 16 weeks after 

a primary infection).

In certain situations, additional reflex 

testing sometimes is needed. Reflex 

testing includes the Toxoplasma IgA 

ELISA, the Toxoplasma IgE ELISA, and 

the Toxoplasma IgG-avidity test, even 

for women at >16 weeks of gestation. 

A guide for the interpretation of 

the individual serologic test results 

performed at PAMF-TSL can be 

found on the PAMF-TSL Web site 

(http:// www. pamf. org/ serology/ 

clinicianguide. html). 162,  164

Women With Negative Toxoplasma IgG 
and Positive IgM Results From Tests 
Performed at Commercial, Hospital-
Based, Clinic-Based, or Nonreference 
Laboratories

In general, such results are 

confirmed in a reference laboratory 

for toxoplasmosis. 164 A positive 

Toxoplasma IgM could indicate 

either a very recently acquired 

infection or a false-positive IgM 

result. 165 Additional tests performed 

in a reference laboratory 164 and 

follow-up testing within 2 to 3 weeks 

will help differentiate between these 

2 possibilities. If the Toxoplasma IgG 

test result becomes positive during 

follow-up, then this finding would be 

consistent with seroconversion and 

of a very recently acquired infection 

during pregnancy. If the Toxoplasma 

IgG test result remains negative, then 

the Toxoplasma IgM result probably 

was a false-positive result.

Women With Positive Toxoplasma IgG 
and Negative Toxoplasma IgM Test 
Results From Commercial, Hospital-
Based, Clinic-Based, or Nonreference 
Laboratories

These results obtained during the 

first half of the pregnancy (<20 

weeks’ gestation) could exclude, in 

most patients, an infection acquired 

during pregnancy, particularly if 

the Toxoplasma IgG titers are “low” 

(eg, IgG dye test titers ≤512 [value 

refers to a dilution of 1:512]). 

However, for results at ≥20 weeks’ 

gestation or when there is high 

clinical suspicion of CT (ie, abnormal 

fetal ultrasonographic findings), 

these results should be confirmed 

in a reference laboratory for 

toxoplasmosis 164 with an 

additional panel of tests according 

to gestational age.

In addition, more recently, there 

have been some reports of atypical 

seroconversion with negative 

or transient IgM responses, but 

the clinical significance and 

how common this phenomenon 

is remain unclear. 166 (Among 

4500 documented maternal 

seroconversions across 12 centers 

in France, negative IgM or only 

transient IgM responses were 

reported to occur in 0.58% of 

cases [n = 26 of 4500] and this was 

considered to represent an atypical 

seroconversion serologic profile. 166) 

Even though these are rare cases, 

they could be associated with 

significant clinical implications if not 

appropriately managed.

Women With Positive Toxoplasma 
IgG Test Results and Either Positive 
or Equivocal IgM Test Results From 
Commercial, Hospital-Based, Clinic-
Based, or Nonreference Laboratories

In general, such results are confirmed 

in a reference laboratory before 

being interpreted as evidence 

of acute primary infection. 

Approximately 60% of cases with 

positive Toxoplasma IgM results 

from nonreference laboratories 

were not associated with recently 

acquired infections when tested 

at the PAMF-TSL with the use of 

the comprehensive pregnancy 

panel of tests. 101,  152 These positive 

Toxoplasma IgM assays represented 

either false-positive IgM assays 

(20%) or positive IgM assays in 

the context of chronic infections 

(40%). 165,  167 The persistence of IgM 

antibodies in low titers beyond 1 year 

is not uncommon.152 In those cases, 

reflex testing with additional tests at 

a toxoplasmosis reference laboratory 

will help confirm or exclude that 

possibility.

Prenatal Diagnosis of Congenital 
T gondii Infection in the Fetus

Ways in Which CT Can Occur

CT can occur in 3 ways: (1) 

transmission of T gondii infection 

to the fetus from a previously 

seronegative, immunocompetent 

mother who acquired acute primary 

infection during pregnancy or shortly 

before conception (even within 

3 months before conception) 154; 

(2) reactivation of a Toxoplasma 

infection in previously T gondii–
immune women who have been 

immunocompromised during 

gestation (eg, women with altered 

immune function attributable to 

HIV infection or immunosuppressive 

medications); and (3) reinfection of 

a previously immune mother with 

a new, more virulent strain 142 (eg, 

after international travel or after 

eating undercooked meat from areas 

where more virulent atypical strains 

predominate 28,  32, 139,  140,  142).

Amplifi cation of Toxoplasma DNA by PCR 
Assay

AF PCR assay has many advantages 

as a method of diagnosis of fetal 

infection. The evidence for the 

diagnostic performance of AF PCR 

assay is summarized in Table 8, 

according to the results of the most 

recent studies published over the 

past 10 years. 112,  168,  169 The clinical 

value of AF PCR assay results 

in estimating a woman’s risk of 

delivering an infant with CT varied 

according to gestational age at 

maternal seroconversion.  Figure 8 

shows how the probability of fetal 

infection (posttest probability) 

changed (as compared with the 

pretest probability) after a positive 

or a negative AF PCR assay result 

according to the gestational age at 

which the maternal primary infection 

most likely had occurred.
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Special Considerations for the AF PCR 
(According to the PAMF-TSL)

A negative AF PCR assay result for 

maternal primary infections thought 

to be acquired in the first or second 

trimester may be reassuring with 

regard to excluding fetal infection. 

The negative predictive value 

(NPV) of AF PCR assay for such 

early maternal primary infections 

was very high (Table 8). On the 

contrary, for infections thought to 

be acquired in the third trimester, 

the NPV was lower, and a negative 

AF PCR assay result in such cases 

should be interpreted cautiously and 

would not exclude fetal infection 

( Fig 8). 169,  170 (The exact reason for 

this situation is not known. Some 

possible explanations could be a 

dilution effect attributable to a larger 

amount of AF in the third trimester 

and/or maternal treatment before 

AF PCR testing [eg, in cases in which 

P/S was initiated immediately after 

the diagnosis and before the AF 

was tested].) 112, 168,  169 Moreover, it 

probably takes several weeks for 

the infection to cross the placenta 

from the mother to the fetus, in large 

enough quantities to spill into the 

AF. T gondii likely first infects the 

placenta, replicates, then crosses to 

the fetus.

The positive predictive value 

(PPV) of an AF PCR assay result for 

maternal infections acquired at any 

time during pregnancy was very 

high (Table 8), and a positive AF 

PCR assay result would indicate CT 

and could be used to recommend 

treatment for fetal infection 

(assuming there is no laboratory 

contamination). (Estimates of the 

diagnostic performance of AF PCR 

assay always refer to the gestational 

age at which maternal infection was 

acquired and not to the time the 

amniocentesis was performed.)

In general, AF PCR assay should be 

performed at least 4 weeks after 

acute primary maternal infection 

and at ≥18 weeks of gestation. The 

majority of the available data on the 

diagnostic performance of an AF PCR 

assay came from women who had 

amniocentesis performed at ≥18 

weeks of gestation, and there were 

no data regarding the interpretation 

of negative results of AF PCR assay 

performed at <18 weeks of gestation 

(false-negative results cannot be 

excluded, for example, because of 

the small amounts of AF that can be 

obtained at this gestational age).

Data from France revealed that 

only 28% of women infected at 

>24 weeks of gestation underwent 

amniocentesis,  112 either because it 

was not offered to them (because 

of concern for preterm birth) or 

because of patient refusal. In such 

cases, it is possible that physicians 

elected to treat those women 

empirically with P/S because of 

the high risk of MTCT with T gondii 
infections during the third trimester 

of pregnancy.

All infants born to mothers with 

suspected/confirmed T gondii 
infection during pregnancy, even 

if they had negative AF PCR assay 

results, will need a complete clinical, 

radiologic, and laboratory diagnostic 

evaluation to rule out CT as well as 

serial serologic monitoring every 4 

to 6 weeks during their first year of 

life to document disappearance of 

Toxoplasma IgG antibodies.

Quantitative AF PCR Assay

Quantitative AF PCR assay still is 

considered experimental and is not 

used routinely in commercial or 

even reference laboratories for the 

diagnosis of CT. In a retrospective 

study conducted in 88 consecutive 

AF samples that tested positive for 

T gondii by real-time quantitative 

PCR assay,  171 after adjusting 

for gestational age at maternal 

seroconversion, higher AF parasite 

concentrations were associated with 

more severely symptomatic CT cases 

(OR: 15.38 per parasite log [parasites 

per mL AF]; 95% CI: 2.45–97.7). 171 

Pregnant women infected before 20 

weeks of gestation with a parasite 

load ≥100/mL determined by AF PCR 

assay had the highest risk of giving 

birth to infants with severe CT. 171

Fetal Ultrasonography

In addition to maternal serologic 

testing and AF PCR assay, fetal 

ultrasonography also may help 

determine whether the fetus has 

been affected, although a normal 

fetal ultrasonogram cannot exclude a 

fetal infection. Fetal ultrasonographic 

findings reported to be associated 

with CT include ventriculomegaly, 

intracranial calcifications, increased 

placental thickness, intrahepatic 

calcifications, ascites, fetal growth 

restriction, and echogenic bowel. 

Of note, microcephaly has not been 

reported in fetal ultrasonographic 

findings of CT, possibly because of 

the associated ventriculomegaly. 172 

Crino 172 reported a pooled sensitivity 

of 49% and a pooled specificity of 

99% of any fetal ultrasonographic 

findings for CT on the basis of results 

from 4 studies. 121,  173– 175

Diagnosis of T gondii Infection in the 
Infant

Persistence of Positive Toxoplasma IgG 
in the Child Beyond 12 Months of Age Is 
Considered to Be the Gold Standard for 
the Diagnosis of CT

In general, any maternal 

Toxoplasma IgG antibodies 

transferred transplacentally are 

expected to decrease by 50% per 

month after birth and usually 

disappear by 6 to 12 months of 

age. 96 Maternal treatment during 

pregnancy and/or postnatal 

treatment could affect the production 

and kinetics of Toxoplasma IgG 

antibodies in the infant. In infants 

with CT, postnatal therapy might 

decrease the Toxoplasma IgG 

titers to below detectable levels; 

however, rebound will occur after 

discontinuation of therapy. 96 

Disappearance of Toxoplasma 

IgG antibodies in the presence of 

postnatal treatment cannot be used 
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TABLE 9   Laboratory, Radiographic, and Clinical Evaluation of Fetuses and Infants With Suspected CT, According to the PAMF-TSL

Fetus
 1. Maternal Toxoplasma serology and amniocentesis at or after 18 weeks of gestation for AF Toxoplasma PCR

 2. Fetal ultrasound every month until delivery

Newborn infant

 Laboratory workup
  •  Peripheral blood for Toxoplasma IgG, IgM, and IgA (if IgA also available at commercial laboratory) can be sent to commercial laboratories as soon as 

possible after birth. However, testing of infants with suspected congenital toxoplasmosis should be performed at a toxoplasmosis reference laboratory, 

where the Toxoplasma IgG dye test, the Toxoplasma IgM ISAGA, and the Toxoplasma IgA ELISA (and also additional testing with Toxoplasma PCR in blood/

urine/CSF) are performed.

  •  Neonatal testing should be performed at a reference laboratory for toxoplasmosis. The more sensitive Toxoplasma IgM ISAGA test (performed only 

in reference laboratories) should be ordered. Negative Toxoplasma IgM ELISA at commercial hospital-based, clinic-based, or any other nonreference 

laboratories cannot exclude the diagnosis of CT, even in the absence of positive Toxoplasma IgA results.

 • Toxoplasma IgG

  •  Neonatal Toxoplasma IgG antibodies should be tested in parallel with maternal Toxoplasma IgG antibodies. Without maternal serologic test results, 

appropriate interpretation of neonatal serologic test results may be tenuous unless the infant is found to be completely seronegative for Toxoplasma IgG, 

IgM ISAGA, and IgA (provided that the infant and the mother were capable of producing immunoglobulins).

 • Toxoplasma IgM (ISAGA)

  •  Whenever a Toxoplasma IgM ISAGA test result is positive, reasons for false-positive test results should be considered (eg, caused by blood product 

transfusion or IVIg infusion), and the test should be repeated at least 7 days after last transfusion.

  •  Moreover, if there is concern for false-positive Toxoplasma IgM results because of possible contamination of infant’s blood with maternal blood during 

labor, the test should be repeated at least 5 days after birth (half-life of Toxoplasma IgM antibodies is 5 days).183

 • Toxoplasma IgA

  •  Whenever a Toxoplasma IgA test result is positive, reasons for possible false-positive test results should be considered (eg, caused by blood product 

transfusion or IVIg infusion), and the test should be repeated at least 7 days after last transfusion.

  •  Moreover, if there is concern for false-positive Toxoplasma IgA results because of possible contamination of infant’s blood with maternal blood during 

labor, the test should be repeated at least 10 days after birth (half-life of Toxoplasma IgA antibodies is 10 days).183

 •  If maternal serologic test result was suggestive of an acute primary infection acquired very late in gestation, initially negative Toxoplasma IgM and 

IgA results at birth could also be attributable to delayed production of those antibodies, and repeat testing 2 to 4 weeks after birth and every 4 weeks 

thereafter until 3 months of age might be considered in such cases.

 • Toxoplasma PCR

  •  Peripheral blood Toxoplasma PCR, urine Toxoplasma PCR, and CSF Toxoplasma PCR should be performed when there is strong suspicion of CT, as soon as 

possible after birth.

  • Specifi cally, CSF Toxoplasma PCR should be considered in the following casesa:

   a. infants with positive Toxoplasma IgM ISAGA and/or IgA ELISA;

   b.  infants born to mothers with confi rmed acute T gondii infection during pregnancy who had a positive Toxoplasma AF PCR and/or abnormal fetal 

ultrasonographic fi ndings suggestive of CT independently whether antepartum treatment was received; and

   c.  infants born to mothers with confi rmed recently acquired T gondii infection during pregnancy, particularly those who likely had acquired the infection 

in the second or third trimester (even if AF PCR and/or fetal ultrasonography were negative) and had not received any antepartum anti-Toxoplasma 

treatment.

 •  CSF Toxoplasma PCR could be deferred in infants with low suspicion of CT, such as asymptomatic infants at birth whose mothers were diagnosed in the fi rst 

trimester of pregnancy, had received antepartum treatment (spiramycin), had negative Toxoplasma AF PCR, and had normal monthly fetal ultrasonography 

results and the infants were asymptomatic and had negative Toxoplasma IgM ISAGA and IgA ELISA results at birth.

 • CSF analysis (CSF cell count, differential, protein, and glucose).

 • Complete blood count and liver function tests

Clinical evaluation
 • Detailed physical examination

  If CT has been confi rmed:

   o  at birth (along with detailed maternal clinical history); every 2–3 months afterward during the fi rst year of life and every 4–6 months after the fi rst 

year

  If CT has not been confi rmed but also has not been ruled out:

   o  detailed physical examination at birth and every 2–3 months afterward during the fi rst year of life and every 4–6 months after the fi rst year (while 

continuing serologic testing every 4–6 weeks to document appropriate decrease in Toxoplasma IgG titers, according to the half-life of IgG, 30 days, 

until complete disappearance)

 • Pediatric neurologic evaluation

  If CT has been confi rmed:

   • at birth and every 2–3 months afterward during the fi rst year of life and every 4–6 months after the fi rst year

  If CT has not been confi rmed but also has not been ruled out:

   •  neurologic evaluation at birth and every 2–3 months afterward during the fi rst year of life and every 4–6 months after the fi rst year of life (while 

continuing serologic testing every 4–6 weeks to document appropriate decrease in the Toxoplasma IgG titers, according to the half-life of IgG, 30 days, 

until complete disappearance)

 • Pediatric ophthalmologic examination

 If CT has been confi rmed:

  • during the fi rst year of life if CT: ophthalmologic evaluation at birth and every 3–4 months (preferably by a retinal specialist)

  • during the second year of life: ophthalmologic evaluation every 4–6 months
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as an indication that the child does 

not have CT. (Berrebi et al 129 used 

as a criterion the persistence of 

Toxoplasma IgG antibodies after 18 

months of age.)

Diagnostic Criteria That Exclude CT

The disappearance of Toxoplasma 

IgG before 12 months of age in 

an infant capable of producing 

IgG antibodies and who has not 

received anti-Toxoplasma treatment 

essentially excludes the diagnosis 

of CT.

Positive Toxoplasma IgG and Positive 
Toxoplasma IgM ISAGA Test and/or 
Positive Toxoplasma IgA Test in the 
Neonate

A positive Toxoplasma IgM ISAGA 

result (at or after 5 days of age) and/

or a positive Toxoplasma IgA test 

result (at or after 10 days of age) 

is considered diagnostic of CT in 

infants with a positive Toxoplasma 

IgG. Because IgM and IgA antibodies 

do not cross the placenta, they 

reflect the infant’s response to T 
gondii infection. Of note, positive 

Toxoplasma IgM antibodies before 5 

days of age or positive Toxoplasma 

IgA antibodies before 10 days of age 

also could represent false-positive 

results resulting from contamination 

of the infant’s blood with maternal 

blood because of a materno-fetal 

blood leak, and the tests should 

be repeated after 5 and 10 days, 

respectively. Moreover, false-positive 

Toxoplasma IgG and IgM test results 

can occur after recent transfusion of 

blood products or receipt of immune 

globulin intravenously, and they 

should be repeated at least 1 to 2 

weeks after the last transfusion. 

However, consideration should be 

given to testing infants with high 

suspicion for CT as soon as possible 

after birth.

These neonatal Toxoplasma IgM and/

or IgA tests could fail to identify 

approximately 20% to 50% of CT 

cases, with the highest false-negative 

rates being reported in Western 

European countries,  176 where infants 

have been exposed to antepartum 

treatment, and the lowest false-

negative rates being reported in the 

United States, where the majority of 

infants with CT had mothers who did 

not receive antepartum treatment. 122 

False-negative Toxoplasma IgM 

and Toxoplasma IgA test results in 

infants with CT could also occur 

in cases of fetal infection early in 

gestation. In those cases, the early 

transient positive Toxoplasma IgM 

and/or IgA antibody responses might 

have disappeared by the time of 

delivery. 176 Moreover, if maternal 

infection was acquired very late 

in pregnancy, initially negative 

Toxoplasma IgM ISAGA and IgA ELISA 

results at birth could be attributable 

e29

  • during the third year of life if CT: ophthalmologic evaluation every 6 months

       Even if evidence of chorioretinitis has not been found in the initial ophthalmologic evaluation, close serial ophthalmologic follow-up is still 

indicated for infants with suspicion of CT.b

      If evidence of active Toxoplasma chorioretinitis has been found, closer follow-up might be indicated.

 If CT has not been confi rmed but also has not been ruled out:

  •  ophthalmologic evaluation at birth and every 2–3 months afterward during the fi rst year of life and every 4–6 months after the fi rst year (while 

continuing serologic testing every 4–6 weeks to document appropriate decrease in Toxoplasma IgG titers, according to the half-life of IgG, 30 days, until 

complete disappearance)

 • Auditory brainstem responses

  If CT has been confi rmed:

   • shortly after birth and yearly audiologic evaluation afterward for the fi rst 3 years of life

  If CT has not been confi rmed but also has not been ruled out:

   • shortly after birth

Imaging evaluation
 •  Computed tomography of the head should be considered when there is suspicion of CT to evaluate for the presence of intracranial calcifi cations, 

ventriculomegaly, hydrocephalus, etc. Head ultrasonography has been used mainly in cohorts in Europe,97,129,184 where the rate of symptomatic CT cases 

is very low compared with the United States. (Limited comparative data have shown that ultrasonography of the head had lower sensitivity than computed 

tomography of the head for intracranial calcifi cations96; published empirical data on the comparative performance of MRI, ultrasonography, or computed 

tomography of the head are lacking, but brain MRI could also be considered for the initial evaluation because it obviates the risk of radation associated with 

head CT.)

 • Abdominal ultrasonography at birth for intrahepatic calcifi cations and/or hepatosplenomegaly

For assistance with the diagnosis and management of infants or children with CT, contact Palo Alto Medical Foundation Toxoplasma Serology Laboratory, Palo Alto, CA; www.pamf.org/

serology; http://www.pamf.org/serology/testinfo.html; telephone: (650) 853-4828; fax: (650) 614-3292; e-mail: toxolab@pamf.org; and/or Professor Rima McLeod from the Toxoplasmosis 

Center at the University of Chicago (Center of the National Collaborative Chicago-based Congenital Toxoplasmosis Study); telephone: (773) 834-4130. Additional information for the 

laboratory interpretation of serologic test results can be found in Press et al,185 Montoya et al,186 and Montoya et al.152 IVIG, intravenous immunoglobulin.
a  Neonatal CSF serology: On the basis of available data routinely collected at the National Reference Laboratory for Toxoplasmosis, there is no evidence suggesting CSF serologic testing 

(CSF Toxoplasma IgM and/or CSF Toxoplasma IgG) could offer any incremental diagnostic information compared with the information gained from the following: (1) CSF cell count/

protein/glucose and (2) CSF T gondii PCR and (3) CNS imaging alone for the diagnosis of CT and particularly for the diagnosis of CNS involvement during CT. (In the PAMF-TSL database 

[1992–2013], among 125 infants who had both Toxoplasma CSF PCR and CSF serologies [Toxoplasma IgG and IgM] performed, only 3 infants [2 neonates and a 15-month-old child] had 

positive CSF Toxoplasma IgM without a positive CSF Toxoplasma PCR. However, all 3 infants already had an established diagnosis of CT on the basis of serologic test results from blood 

samples that were diagnostic of CT [unpublished data].)
b  Age at diagnosis of chorioretinitis: Only 7% of children with CT (20 of 281 CT cases) had chorioretinitis diagnosed at their fi rst examination and only 40% (20 of 50) of children who had 

an eventual diagnosis of eye disease had lesions detected at their fi rst examination.129,135 Wallon et al137 found, in cohorts of prenatally treated infants in France, that the initial eye 

lesions in children with CT were detected after 7 months of age in 75% of children and after 3 years of age in 50% of children with CT.

TABLE 9  Continued
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TABLE 10  Antepartum and Postnatal Treatment Protocols in the United States for CT, According to the PAMF-TSL and the Toxoplasmosis Center at the 

University of Chicago

During pregnancy

 Spiramycin (oral)a

  • Recommended for women suspected or confi rmed of having acquired their infection at <18 weeks of pregnancy

  •  Spiramycin should be administered until delivery in women with negative AF PCR test results and negative follow-up fetal ultrasonographic results or low 

suspicion of fetal infection

  o  Spiramycin is not teratogenic and is available in the United States only through the Investigational New Drug process at the FDA (telephone: 301-796-

1600)b

  • Spiramycin dose = 1 g (3 million IU) PO TID

  o Total daily dose = 3 g (9 million IU) per day

  • Consultation with medical consultants familiar with toxoplasmosis is strongly recommended

  • Spiramycin is not recommended during pregnancy if the fetus has been documented to be or suspected to have been infected

  • For fetal infections, maternal treatment with pyrimethamine/sulfadiazine/folinic acid should be instituted (see below)

 Pyrimethaminec + sulfadiazine + folinic acid (oral)b

  •  Recommended for women ≥18 weeks of pregnancy for whom (1) it is suspected or confi rmed that they acquired acute infection at or after the 18th week 

of pregnancy, (2) a positive AF PCR test result is documented, or (3) an abnormal fetal ultrasonograph is suggestive of CT

  • Pyrimethamine dosec: 100 mg/day PO divided BID for 2 days followed by 50 mg/day PO QD

  • Sulfadiazine dose: 75 mg/kg per dose PO × 1, followed by 100 mg/kg per day PO divided BID (maximum sulfadiazine = 4 g/day)

  • Folinic acid (leucovorin) dose: 10–20 mg/day PO QD (during and 1 week after pyrimethamine therapy)

  o Folic acid should not be used as a substitute for folinic acid

  o Pyrimethamine is potentially teratogenic and should not be used before the 18th week of pregnancy

  o Sulfadiazine should not be used alone

Infants with CT (treatment regimen is usually recommended for 1 year)

 Pyrimethaminec

  • First 2 days: 2 mg/kg per day PO divided BID for 2 days

  •  Intensive initial therapy from day 3 to 2 months (or to 6 months)d: 1 mg/kg per day PO QD (although statistically signifi cant difference was not found 

between the 2-month versus the 6-month intensive therapy regimen; equivalence between these 2 regimens was not established)

  •  Intensive initial therapy for 2 months might be considered in infants with CT who are asymptomatic at birth, whereas continuation of the initial intensive 

therapy for 6 months might be considered for infants with CT who are symptomatic

  •  After the fi rst 2 months (or the fi rst 6 months) of intensive therapy: 1 mg/kg per day PO TIW to complete a total therapy of 12 months (daily + TIW 

regimen)

 Sulfadiazine

  • 100 mg/kg per day PO divided BID

 Folinic acid (leucovorin)e

  • 10 mg PO TIW

 Prednisone if CSF protein ≥1 g/dL or severe chorioretinitis in vision-threatening macular area (based on expert opinion)

  •  1 mg/kg per day PO divided BID (until CSF protein <1 g/dL or until resolution of severe chorioretinitis) (based on expert opinion, if steroids are to be used, 

they should be initiated after 72 hours of anti-Toxoplasma therapy)

Older children (diagnosed beyond the neonatal period) with active disease (chorioretinitis)

 Pyrimethamine/sulfadiazinef,g,h (for at least 1–2 weeks after resolution of all signs and symptoms and for 4–6 weeks total)

 Pyrimethaminec:

  • First 2 days: 2 mg/kg per day PO divided BID (maximum 50 mg/day)

  • Then: 1 mg/kg per day PO QD (maximum 25 mg/day)

 Sulfadiazine

  • 75 mg/kg/dose PO × 1, followed by 100 mg/kg per day PO divided BID

 Folinic acid (leucovorin)e

  • 10–20 mg PO TIW

 Prednisone (severe chorioretinitis)

  • 1 mg/kg per day divided BID (maximum 40 mg/day; rapid taper) (based on expert opinion)

For assistance with the diagnosis and management of infants or children with CT, you can contact the following: Palo Alto Medical Foundation Toxoplasma Serology Laboratory (PAMF-

TSL), Palo Alto, CA; www.pamf.org/serology; http://www.pamf.org/serology/testinfo.html; telephone: (650) 853-4828; fax: (650) 614-3292; e-mail; toxolab@pamf.org; and/or Professor Rima 

McLeod from the Toxoplasmosis Center at the University of Chicago (Center of the National Collaborative Chicago-based Congenital Toxoplasmosis Study [NCCCT]); telephone: (773) 834-

4130). Pharmacokinetic data: (1) The pharmacokinetic data of spiramycin during pregnancy studied by Couvreur et al187 in 20 pregnant women revealed that the placental concentration 

of spiramycin was 4 times the maternal blood concentration (2.3 vs 0.47 mg/L) and the fetal blood concentration was 47% of the maternal blood concentration (0.29 vs 0.68 mg/L); (2) only 

pharmacokinetic studies in mice were conducted to estimate the pharmacokinetic data for maternal treatment with P/S; and (3) the pharmacokinetic data for maternal treatment with 

pyrimethamine/sulfadoxine (Fansidar) studied by Dorangeon et al188 showed that the levels of pyrimethamine in the newborn infant at the time of delivery were 50% to 100% of maternal 

blood levels and the levels of sulfadoxine were 100% of the maternal blood level. The pharmacokinetic data for infants’ treatment with pyrimethamine/sulfadoxine (Fansidar) studied by 

Corvaisier et al,189 did not establish the concentration of the pyrimethamine/sulfadoxine that is most effi cacious in treating children with CT. They studied 32 infants with CT receiving 

pyrimethamine/sulfadoxine every 10 days for 1 year, and 101 measurements were collected. Even when the dose was standardized for body weight, the difference of the pyrimethamine 

minimum and maximum concentrations ranged between 8- and 25-fold and for sulfadoxine between fourfold and fi vefold. There is a need for future studies to address the association 

between long-term clinical outcomes in children with CT and the pharmacokinetic parameters of these drugs. BID, twice per day; PO, by mouth; QD, daily; TID, 3 times per day; TIW, 3 times 

per week.
a  Acquisition of spiramycin in the United States: Spiramycin is not commercially available in the United States. It can be obtained at no cost and after consultation (with PAMF-TSL, telephone 

650-853-4828, or the NCCCT, telephone 773-834-4152, through the US FDA, telephone 301-796-1600). Through this program, Sanofi -Aventis, for many years, has been providing spiramycin 

at no cost.
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b  Experience from the antepartum treatment strategies used in Germany: In Germany, where a different antepartum treatment approach is used,4 a very low overall transmission rate of 

4.8% has been documented, compared with an overall transmission risk in other Western European cohort studies of ~30% (for T gondii infections across all trimesters).2,94 The reported 

transmission risks in Germany according to the time of maternal primary infection during pregnancy were 1.3% (6 of 479 children) for the fi rst trimester, 10.6% (17 of 160 children) 

for the second trimester, and 21.7% (10 of 46 children) for the third trimester.4 Prenatal treatment approach in Germany: Once acute T gondii infection is diagnosed during pregnancy, 

spiramycin is administered until up to the 16th week of pregnancy. However, after the 16th week, treatment is changed to P/S plus folinic acid in all women and for at least 4 weeks until 

performance of T gondii AF PCR assay and independently of fetal infection status. Subsequently, if fetal ultrasonography indicates congenital infection or if the AF PCR result is positive 

for T gondii, treatment with P/S is continued until delivery (otherwise, it is subsequently changed back to spiramycin prophylaxis). Therefore, all women with acute T gondii infection 

during pregnancy will be treated also with at least 4 weeks of combination therapy. Screening during the second and third trimester occurs less frequently than screening during the 

fi rst trimester, because there is no mandatory routine antepartum screening program during pregnancy.
c  Acquisition of pyrimethamine: As of June 2015, pyrimethamine is no longer available in retail pharmacies in the United States. It is only available through a special pharmacy program 

at Walgreens (http://www.daraprimdirect.com/how-to-prescribe). After a physician prescribes pyrimethamine, he or she will need to fi ll out a patient Prescription & Enrollment form 

(http://www.daraprimdirect.com/forms/Daraprim-Prescription-Form.pdf) and fax it to Walgreens Specialty Pharmacy. From there, a dedicated representative for this drug will contact 

the patient to arrange for the prescription to be delivered. For questions about the pyrimethamine prescription, call this toll-free number: 1-800-222-4991. Medication will be delivered to 

the patient on the same day if marked in the enrollment form as “STAT/URGENT.” The medication should be provided/sent directly to the patient or his/her physician without any delays 

for insurance clearance. In this form you may add: “Request for no delay in the delivery of medication for insurance clearance.” For patients without insurance, the medicine will be made 

available without charge by the company (after completion of the relevant form at the link above).
d  Comparative effi cacy of the initial daily treatment of 2 months versus the 6-month initial regimen: This was tested in the context of an RCT by the NCCCT study group.110 Although this RCT 

did not show a statistically signifi cant difference between the 2 treatment arms, the study was not powered to detect a small to modest difference in relative reduction in outcomes (eg, 

a difference <60%); thus, the absence of a detected statistically signifi cant difference does not also mean that the 2 arms are equivalent in effi cacy. Children in this study who had begun 

treatment at 2.5 months of age had completed the 12-month therapy course at 14.5 months of age. In the recently published data from the Lyon cohort,137 there were also children with 

CT who were treated with pyrimethamine and sulfonamides for >12 months; the median duration of treatment was 15 months, but the interquartile range was 12 to 19 months. In the 

Toulouse cohort, children were treated until 24 months of age.129

e Folic acid should not be used as a substitute for folinic acid (leucovorin).
f  Treatment options of acute toxoplasmic chorioretinitis in children: There are no comparative pediatric trials on the relative effi cacy of different treatment regimens for acute toxoplasmic 

chorioretinitis. In the adult literature there are also only a few comparative trials (eg, comparison of intravitreal clindamycin plus dexamethasone versus PO P/S,190 azithromycin 

versus P/S,191 or trimethoprim/sulfamethoxazole versus P/S192) and there is lack of high-quality evidence to determine the best treatment option.193 In immunocompetent adults, many 

observational studies suggest a benefi t of short-term antimicrobial therapy.194 Some experts in the United States, as an alternative to the classic treatment option of P/S, have also 

tried short-term antimicrobial therapy in children with toxoplasmic chorioretinal lesions that are not in a vision-threatening area, alternative combinations such as pyrimethamine plus 

clindamycin or azithromycin, and then continuation with clindamycin or azithromycin alone.107 However, there is no systematic published experience with those alternative treatment 

options.
g  Duration of anti-Toxoplasma therapy for acute toxoplasmic chorioretinitis: There are no comparative trials in children or in adults for the relative effi cacy of different treatment durations 

for ocular toxoplasmosis. On the basis of experience in adult patients, anti-Toxoplasma treatment may be considered to be continued for at least 1 to 2 weeks after resolution of clinical 

signs and symptoms of acute chorioretinitis (with sharpening of the lesion borders and/or scarring of the lesion) and for ~4 to 6 weeks total.195,196 (Although often the acute eye disease 

resolves within 10 to 14 days after initiation of treatment, there are cases that take a longer time to resolve). Longer treatment durations have also been proposed with courses up to 3 

months in children with P/S, on the basis of French experience,137,184 and up to 4 months in adults.194 Close ophthalmologic follow-up every 2 to 3 weeks is necessary in all cases of active 

Toxoplasma chorioretinitis to determine optimal duration of treatment.
h  Anti-Toxoplasma prophylaxis for the prevention of recurrent eye disease in infants with CT: There are no randomized clinical trials addressing the effi cacy of postnatal prophylaxis to 

prevent recurrent eye disease in children with CT before their fi rst recurrence. The reported rates of recurrence of eye disease vary according to the presence or absence of antepartum 

treatment and the presence or absence of postnatal treatment. A placebo-controlled, open-label RCT in Brazil by Silveira et al197 on prophylactic trimethoprim/sulfamethoxazole (TMP/

SMX) in 124 patients with a history of recurrent Toxoplasma chorioretinitis found that prophylactic TMP/SMX (TIW) for 20 months was associated with a 75% decrease in the risk of 

recurrence of eye disease (HR: 0.25; 95% CI: 0.08–0.75). The median age of the enrolled subjects in this trial was 26 years, and no infants were enrolled. Although children as young as 

7 years of age were included, the exact number of such subjects was not reported.197 Another RCT also found that prophylactic TMP/SMX in adults from Brazil (N = 95) decreased the 

risk of recurrence by 100% within 12 months of prophylaxis198 (0 of 46 [0%] and 6 of 47 [12.80%] in the TMP/SMX and placebo groups, respectively; P = .026). For young adolescents with 

recurrences of eye disease during puberty, some experts in the United States have also tried the use of azithromycin as a suppressive therapy for several months. Nevertheless, data on 

the use of azithromycin for Toxoplasma chorioretinitis are very sparse (both from human studies191,199 and from studies in animal models200). Alternative approach to anti-Toxoplasma 

prophylaxis: home/self-monitoring for any signs and symptoms of decreased visual acuity, daily monitoring of visual acuity using home vision test methods (eg, Allen card pictures, 

print-outs of newspapers, etc), and prompt referral to an ophthalmologist if new symptoms occur are suggested so that treatment can be promptly initiated for any recurrence.107 As 

previously discussed, the risk of recurrence of eye disease in the United States: Where the majority of the infants with CT had mothers who were not treated during pregnancy, recurrent 

eye disease developed in 72% of children with CT who were diagnosed after their fi rst year of life and thus were not postnatally treated (18 of 25; 95% CI: 51%–89%).107 For comparison, 

recurrent eye disease developed in only 31% (34 of 108; 95% CI: 23%–41%) of US infants with CT who had received 12 months of postnatal treatment during their fi rst year of life.108 The 

risk of recurrence of eye disease in Brazil: In a cohort of 30 infants from Brazil with CT diagnosed by neonatal screening, the risk of recurrence of eye disease was 43%37 (vs 29% in 

281 children with CT from European cohorts in that study). The risk of recurrence of eye disease in the Lyon cohort: The risk of recurrence of eye disease and within 12 years after the 

diagnosis of the fi rst eye lesion was ~34%.137 Of note, infants in the Lyon cohort had mothers who were treated during pregnancy and the infants were also postnatally treated.

TABLE 10  Continued

to delayed production of those 

antibodies and would not exclude the 

diagnosis of CT. Repeat testing 2 to 4 

weeks after birth and every 4 weeks 

thereafter until 3 months of age could 

be considered in such cases.

In the study by Olariu et al,  122 the 

reported rates of false-negative 

results in the United States for 

neonatal Toxoplasma IgM ISAGA, IgA 

ELISA, and IgM or IgA tests were 

much lower (false-negative IgM 

ISAGA results occurred in 13% of CT 

cases [22 of 164]; 95% CI: 9%–20%; 

false-negative IgA ELISA results 

occurred in 23% of CT cases [37 

of 164]; 95% CI: 16%–30%; false-

negative IgM ISAGA and IgA ELISA 

results occurred in 7% of CT cases 

[11 of 164]; 95% CI: 3%–12%) when 

infants were tested within the first 6 

months of age.

According to the EUROTOXO 2006 

systematic review of diagnostic 

tests, in 8 of 19 diagnostic studies 

that had the best study design 

and used appropriate reference 

standards for the ascertainment of 

the infant’s infection status,  10 the 

reported false-negative rates for 

neonatal Toxoplasma IgM or IgA tests 

in infants with CT (the majority of 

whose mothers received antepartum 

treatment) were 19% to 45% 

(when both tests were performed 

and if tests were performed within 

the first 2 weeks after birth) and 
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21% to 37% if performed within 2 

weeks to 3 months after birth. The 

reported false-negative rates for 

the neonatal Toxoplasma IgA test 

were 29% to 48% if the test was 

performed within 2 weeks after 

birth and 40% to 43% if performed 

within 2 weeks to 3 months of age. 

The reported false-negative rates for 

neonatal Toxoplasma IgM ISAGA were 

33% to 56% if performed within 2 

weeks after birth and 29% to 39% if 

performed 2 weeks to 3 months after 

birth. 10,  177

The observed differences in the 

sensitivity of these tests between 

the European and US cohorts could 

be attributed to the presence of 

antepartum treatment in most CT 

cases in the European Union. Such 

treatment could have affected the 

production of Toxoplasma IgM and 

IgA in those infants. In the US 

cohort,  122 all infants had mothers 

who did not receive antepartum 

treatment. There was no statistically 

significant difference in the rates of 

false-negative results whether these 

were performed at or before 1 month 

of age versus at 1 to 6 months of 

age. 122 However, the number of cases 

was small.

The role of Toxoplasma IgE 

antibodies for routine screening of 

infants has been considered to be 

limited,  122,  178,  179 and currently, IgE 

antibodies are not included in the 

recommended infant diagnostic panel 

for CT at the PAMF-TSL. 162

Positive PCR Assay Results From 
Peripheral Blood, CSF, or Urine or 
Other Body Fluid, According to Clinical 
Presentations

In the largest cohort of CT cases 

without antepartum treatment in 

the United States 122 over the past 

15 years (N = 164), results of PCR 

assays of peripheral blood, CSF, and 

urine were reported in 7, 58, and 10 

infants, respectively. The sensitivity 

was 29% (95% CI: 4%–71%) for 

blood PCR assay, 46% (95% CI: 

33%–60%) for CSF PCR assay, 

and 50% (95% CI: 19%–81%) for 

urine PCR assay. 122 The uncertainty 

around these estimates was large for 

blood and urine and is attributable 

to the small sample sizes. 122 The 

CSF PCR assay result was positive 

in 71% (22 of 31) of infants with 

CT and hydrocephalus, in 53% (23 

of 43) of infants with intracranial 

calcifications, and in 51% (26 of 

51) of infants with eye disease. 180 

CSF PCR assay had the potential 

to increase the frequency of cases 

in which the diagnosis of CT was 

confirmed (95% of CT cases [55 of 

58] had a positive IgM ISAGA, 

a positive IgA ELISA, or a positive 

CSF PCR assay result), and CSF PCR 

assay was successful in detecting 

CT in 3 infants who had negative 

Toxoplasma IgM and IgA test results 

at birth (3 of 6 infants with CT and 

negative IgM ISAGA and IgA ELISA 

results had positive CSF PCR assay 

results).180

Role of Placental Testing

The 2 most recent studies on 

the diagnostic performance of 

placental PCR from European 

cohorts of women who had received 

antepartum treatment showed a 

sensitivity ranging between 71% 181 

and 79% 182 and a specificity ranging 

between 92% 182 and 97% 181 

(Robert-Gangneux et al181 tested 102 

placentas [28 CT cases]; Sterkers 

et al 182 tested 238 placentas [39 

CT cases]). The reported PPV of 

placental PCR assay was 67% (95% 

CI: 54%–81%) and the NPV was 

96% (95% CI: 93%–99%). 182 A 

positive placental PCR assay result 

may provide some evidence of CT 

but is not diagnostic of CT per se. 

Whole placentas of at least 200 g 

were used, and several samples were 

obtained for testing from different 

placental sites. 181 Robert-Gangneux 

et al also reported the diagnostic 

performance of placental testing by 

mice subinnoculation and reported 

a sensitivity of 67% and a specificity 

of 100%. 181

The diagnostic performance of 

placental PCR assay in the United 

States, where the majority of 

pregnant women with T gondii 
infection are not treated, is unknown. 

In general, for PCR assay, the 

specimen could be sent frozen, 

whereas for mice subinnoculation (ie, 

for isolation and serotyping of the 

T gondii strain), the specimen should 

not be frozen and should be sent at 

4°C. Cord blood PCR assay does not 

appear to be clinically useful, because 

its sensitivity was shown to be very 

low (16% [4 positive cord blood 

PCR assay results/25 CT cases]) 170; 

however, its specificity was 100%. 170

Positive Neonatal Toxoplasma 
IgG Test Results With Negative 
Toxoplasma IgM and IgA Test Results 
but Serologic Evidence of Acute 
Maternal T gondii Infection During 
Pregnancy and Evidence of Clinical 
Manifestations Suggestive of CT (ie, 
Eye Disease, Intracranial Calcifi cations, 
Hydrocephalus, Etc) (According to the 
PAMF-TSL)

This situation is rare, but these 

newborn infants would be 

considered to be infected and be 

treated until proven otherwise, 

assuming that other etiologies for 

the clinical manifestations have been 

reasonably excluded. In the Olariu 

et al 122 study, 7% (11 of 164) 

of infants with CT had negative 

Toxoplasma IgM and IgA test results. 

As mentioned previously, initially 

negative neonatal Toxoplasma IgM 

ISAGA and IgA ELISA results could be 

attributable to delayed production 

of those antibodies and would not 

exclude the diagnosis of CT. Repeat 

testing at 2 to 4 weeks after birth and 

every 4 weeks thereafter until 

3 months of age could be considered 

in such cases.

Diagnostic Workup of Infants With 
Suspected/Confi rmed CT (According 
to the PAMF-TSL)

A detailed depiction of the diagnostic 

workup of infants with suspected 

CT, according to the PAMF-TSL, 
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TABLE 11  Proposed Postnatal Treatment Protocols, According to the Toxoplasmosis Center at the University of Chicago and European Toxoplasmosis 

Centers

Author and Regimen Dosing Frequency Duration

McLeod et al110,a (US cohort)

 P/S Every day for the fi rst 2 (or 6) months 

and 3 times per week after the fi rst 2 

months (or 6 months)

12 months (total)

 Pyrimethamine

  First 2 days: 1 mg/kg per dose BID for 2 days

   From day 3 of life and for the fi rst 2 months (or 6 months)a: 1mg/kg per day 

for 2–6 months

   After the fi rst 2 months (or 6 months): 1 mg/kg per day TIW for up to 12 

months of therapy total

 Sulfadiazine: 100 mg/kg per day divided BID for 12 months

 Folinic acid: 10 mg TIW for 12 months

Wallon et al2 (Lyon cohort)

 P/S: for the fi rst 2 months Q day 12 months (total)

 Pyrimethamine/sulfadoxine: for the next 10 months Q 15 days

Berrebi et al129 (Toulouse cohort)

 Pyrimethamine/sulfadoxineb Q 15 days 24 months (total)

  • ≤10 kg: pyrimethamine: 6.25 mg + sulfadoxine: 125 mg Q 15 days

  • >10 kg: pyrimethamine: 12.5 mg + sulfadoxine: 250 mg Q 15 days

 Folinic acid: 50 mg Q 15 days

Kieffer et al97 (French experience: Paris/Lyon/Marseille)

 Paris cohort: P/S Q day 12 months (total)

  Pyrimethamine:

   1 mg/kg per day for the fi rst 2 months

   0.5 mg/kg per day for the following 10 months

  Sulfadiazine: 80–100 mg/kg per day Q days for 12 months

  Folinic acid: 50 mg Q 7 days for 12 months

 Lyon cohort: P/S for the fi rst 2 months followed by pyrimethamine/sulfadoxine 

 for the following 10 months

  P/S for the fi rst 2 months Q day (P/S) (protocol after 2002) 12 months (total) (but also 

12–14 months reported)2   Pyrimethamine: 0–2 months: 1 mg/kg per day (protocol after 2002)

   Sulfadiazine: 0-2 mo: 100 mg/kg per day divided TID Q day (protocol 

   after 2002)

  Pyrimethamine/sulfadoxine for the following 10 months Q 10 days (pyrimethamine/sulfadoxine)

   Pyrimethamine: 1.25 mg/kg Q 10 d for the following 10 months

   Sulfadoxine: 25 mg/kg Q 10 days for the following 10 months

   Folinic acid: 50 mg every 7 days for 12 months

 Marseille cohort: pyrimethamine/sulfadoxine

  Pyrimethamine/sulfadoxine (as in the Lyon cohort)

  Pyrimethamine: 1.25 mg/kg Q 10 days for 12 months Q 10 days (pyrimethamine/sulfadoxine) 12 months (total)

  Sulfadoxine: 25 mg/kg Q 10 days for 12 months

  Folinic acid: 50 mg every 7 days for 12 months

Kieffer and Wallon184 (recent expert literature review)

 Kieffer et al proposed the following 2 postnatal treatment protocols for a total 

 duration of 12 months:

 A. P/S for 12 months Q day (P/S) 12 months (total)

  Pyrimethamine:

   1 mg/kg per day for 2 months

   0.5 mg/kg per day for the following 10 months

  Sulfadiazine: 100 mg/kg per day divided BID for 12 months

 or

 B. Pyrimethamine/sulfadoxine for 12 months Q 10 days (pyrimethamine/sulfadoxine) 12 months (total)

  Pyrimethamine: 1.25 mg/kg every 10 days for 12 months

  Sulfadoxine: 25 mg/kg every 10 days for 12 months

  Folinic acid: 50 mg every 7 days for 12 months

Hotop et al4 (German cohort)

 For asymptomatic infants:

  P/S for 3 months Q day 3 or 6 or 12 months total 

(according to the severity 

of the disease)

  Pyrimethamine: 1 mg/kg per day for 3 months

  Sulfadiazine: 50 mg/kg per day for 3 months

  Folinic acid for 3 months
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is shown in Table 9. In addition, 

technical details for the preparation 

and shipping of clinical specimens to 

toxoplasmosis reference laboratories 

are provided in Tables 5–7.

TREATMENT (ACCORDING TO THE 
PAMF-TSL)

Antepartum Management of 
Pregnant Women (According to 
Serologic Test Results)

The antepartum treatment algorithm 

(according to the PAMF-TSL) based 

on gestational age at which primary 

infection most likely occurred is 

shown in  Fig 9 and Table 10 .

Maternal Serologic Test Results 
Suggestive of a Recently Acquired 
Infection, During Pregnancy or Within 3 
Months of Conception (According to the 
PAMF-TSL)

Consideration should be given to 

initiating treatment of the pregnant 

woman as soon as possible, either 

with spiramycin, if maternal primary 

infection was acquired close to 

conception and up to 18 weeks of 

gestation (the request for spiramycin 

should be made to the FDA; details 

regarding how to obtain spiramycin 

are provided in the footnote of Table 

10), or with P/S and folinic acid, if 

maternal infection was acquired at 

>18 weeks of gestation. (Spiramycin 

does not readily cross the placenta 

and thus is not reliable for treatment 

of infection in the fetus; P/S crosses 

the placenta and, if fetal infection has 

occurred, can provide treatment of 

the fetus. 152)

In addition, an AF PCR assay 

should be performed, if feasible 

and safe, as soon as possible after 

18 weeks of gestation and sent to 

a reference laboratory. The risk of 

complications for amniocentesis 

performed at >24 weeks of gestation 

should be taken into consideration. 

In all cases, treatment should be 

continued until delivery, but the 

AF PCR assay result will determine 

whether optimal treatment for the 

duration of pregnancy is spiramycin 

or P/S plus folinic acid. Monthly 

fetal ultrasonographic monitoring 

throughout pregnancy is indicated.

Spiramycin should be continued 

throughout pregnancy to prevent 

MTCT, even if the AF PCR assay result 

is negative, because the placenta still 

might be infected and fetal infection 

through an infected placenta can 

occur at any time during pregnancy.

Fetal Infection Confi rmed by a Positive 
AF PCR Assay Result 

Treatment with P/S and folonic acid 

should be initiated in the pregnant 

woman. If the pregnant woman 

already was receiving spiramycin, 

spyramycin should be stopped and 

treatment should be switched to 

P/S. A French randomized clinical 

trial (TOXOGEST) was launched to 

compare the efficacy of P/S versus 

spiramycin in preventing MTCT. 

Enrolled pregnant women are those 

at ≥14 weeks of gestation with 

confirmed acute primary infection 

during pregnancy. The anticipated 

date of completion was 2015, and the 

target sample size is 330 pregnant 

women. Secondary study endpoints 

include the safety of therapy and the 

severity of CT. 201

Maternal Serologic Test Results 
Consistent With an Infection Acquired 
Before Pregnancy and More Than 3 
Months Before Conception

The incidence of CT in the children 

of such women has been shown to 

be extremely rare unless the woman 

is severely immunocompromised 

(eg, advanced HIV disease, 

receiving corticosteroids or 

immunosuppressive drugs). Anti-

Toxoplasma treatment is not indicated 

in this case unless the patient is 

immunocompromised. However, 

there are a few exceptions to this 

dictum, illustrated by case reports of 

presumed T gondii reinfections during 

pregnancy with a different T gondii 

e34

Author and Regimen Dosing Frequency Duration

 For symptomatic infants (mild ventriculomegaly or intracranial calcifi cations 

  but with normal neurologic examination or retinal scars without active retinal 

infl ammation)

   P/S for 6 months

   Pyrimethamine: 1 mg/kg per day for 6 months

   Sulfadiazine: 100 mg/kg per day for 6 months

 For severely symptomatic infants (seizures, abnormal neurologic examination, 

 or active chorioretinitis)

   P/S for 12 months

   Pyrimethamine: 1 mg/kg per day for 12 months

   Sulfadiazine: 100 mg/kg per day for 12 months

Röser et al114 (Danish cohort)

 P/S + folinic acid for 3 months — 3 months

Ongoing clinical trials for postnatal treatment of CT: There is an ongoing RCT that has been recently launched in France (TOSCANE trial201) to compare the effi cacy of P/S for 3 months 

versus 12 months in asymptomatic children with CT with regard to the development of chorioretinitis within a 2-year follow-up (estimated study completion date: September 2016). BID, 

twice per day; Q, ; TIW, 3 times per week.
a See footnote in Table 10 on the comparative effi cacy of 2 months versus 6 months of intensive therapy.
b  The sulfadoxine half-life of 120–195 hours allows for a more simple administration scheme. However, should an allergic reaction occur, the clinical implications may be more 

signifi cant because, due to the long half-life, there would be a continued drug exposure, even after medication discontinuation.

TABLE 11  Continued
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strain in previously immune women 

with serologic evidence of chronic 

T gondii infection. 142,  202

T gondii Infection in an HIV-Infected 
Pregnant Woman

There are a few published cases 

reports for HIV-infected, previously 

immune pregnant women with 

serologic evidence of chronic 

T gondii infection who transmitted the 

infection to their fetuses. 203 – 205 This 

situation has been reported to occur 

in <4% of cases (in 0.09% [1 CT case 

in 1058 HIV-infected women] of HIV-

infected women followed as part of 

the European Collaborative Study 

and Research Network on CT 204; 

and in 0.5% [95% CI: 0.24%–0.91%; 

10 CT cases in 2007 HIV-exposed 

infants] of HIV-exposed infants 

from Brazil between 1998 and 

2011206; and in 3.7% [3 CT cases in 

82 HIV-infected pregnant women] 
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TABLE 12  Proposed Postnatal Monitoring Protocols for Infants With CT in the United States and Different European Centers, According to the PAMF-TSL 

and European Toxoplasmosis Centers

PAMF-TSL

 Infants with confi rmed CT:

  • See Table 9

 Infants unlikely to be infected:

  •  Complete clinical, radiologic, and laboratory evaluation (as discussed in Table 9) is needed at birth even for those infants (head ultrasonography may be 

used)

  • Decision to defer postnatal treatment should be cautiously made (for reasons previously discussed in the text)

  • Serologic follow-up is needed every 4–6 weeks until Toxoplasma IgG antibodies are undetectable

   o If the IgG assay result becomes negative, confi rmation of this negative result, with another testing in the following 4–6 weeks, may be considered

   o However, if subsequent serologic testing indicates CT, then the child should be treated

Kieffer and Wallon184 (expert opinion from Paris and Lyon cohorts)

 Infants with confi rmed CT:

  After completion of treatment of 1 year, the following monitoring is suggested:

   • Clinical + serologic follow-up every 3 months for the second year of life

   • Clinical + serologic follow-up every 6 months for the third year of life

   • Clinical + serologic follow-up yearly thereafter, indefi nitely

   •  If recurrence of eye disease is documented (beyond the neonatal period), treatment should be resumed for 3 months with pyrimethamine/sulfadoxine 

(with documentation of scarring of the lesions at the end of therapy)a

   •  If serologic rebound is documented, but without associated symptoms of recurrence (eg, without recurrence of eye disease), treatment is not 

indicated

 Infants unlikely to be infected:

  • There is no need for treatment of these infants

  • However, serologic follow-up is needed every 2 months until Toxoplasma IgG antibodies are undetectable

  • If subsequent serologic testing indicates CT, then the child should be treated

Wallon et al2 (Lyon cohort)

 Evaluation at birth includes:

  • Head ultrasonography

  • Ophthalmologic examination

  • Neonatal blood testing for Toxoplasma IgM, IgA, and IgG

 Individuals with proven infection were treated for 12 months (pyrimethamine plus sulfadiazine for 2 months, and then pyrimethamine plus sulfadoxine for 10 

months)

  • All children underwent a pediatric check-up and an assessment of neurologic development, every 3 months for at least 1 year

  • All children underwent serologic testing for Toxoplasma IgG and IgM, every 3 months for at least 1 year

  • Neurologic, ophthalmologic, and serologic testing were repeated every 3 months for the fi rst 2 years of life

  • Neurologic, ophthalmologic, and serologic testing were repeated every 6 months during the third year of life

  • Neurologic, ophthalmologic, and serologic testing were repeated every year thereafter (without age limit)

Berrebi et al129 (Toulouse cohort)

 Evaluation at birth includes:

  • Clinical evaluation

  • Head ultrasonography

  • Ophthalmologic examination

  • Placenta/cord blood for parasitologic studies

 Infants likely to be infected:

  • Clinical and ophthalmologic follow-up every 1 month for the fi rst year

  • Clinical and ophthalmologic follow-up every 2 months in the second year

  • Clinical and ophthalmologic follow-up every 3 months in the third year

  • Clinical and ophthalmologic follow-up every 3–6 months afterward

 Infants unlikely to be infected:

  • Clinical plus ophthalmologic plus serologic follow-up every 3 months, until disappearance of Toxoplasma IgG antibodies; up to 12–18 months of age

a  Timing of diagnosis of fi rst chorioretinal lesion in infants/children with CT: In 75% of cases, the initial chorioretinal lesions were detected for the fi rst time after the fi rst 7 months of 

age, in 50% of cases after the fi rst 3 years of age, in 25% of cases after 8 years of age, in 20% of cases after 10 years of age, and in 10% of cases after 12.5 years of age.137 (Of note, the 

majority of these infants were treated once their mothers were diagnosed with acute T gondii infection during routine antepartum screening.)
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of HIV-infected pregnant women 

with chronic T gondii infection in 

Brazil 205).

In this setting, the risk of MTCT 

appeared to be greater when 

the pregnant woman’s latent 

infection was reactivated with or 

without clinical manifestations 

(eg, Toxoplasma encephalitis, 

pneumonia, fever). Reactivation 

was more likely to occur if the 

maternal CD4+ T-lymphocyte count 

decreased below 200 cells/mm3 

in the absence of effective anti-

Toxoplasma prophylaxis. However, 

in HIV-exposed infants, CT has 

been documented to occur even 

when mothers were not severely 

immunosuppressed (eg, 6 of 10 

CT cases in HIV-exposed infants 

occurred with maternal CD4+ 

T-lymphocyte counts >200/mm3, 

with 1 CT case occurring with a 

maternal CD4+ T-lymphocyte count 

>500/mm3). 206 Cautious monitoring 

of HIV-infected pregnant women is 

indicated.

In the absence of clinical trial 

information, the following 

recommendations have been made 

by PAMF-TSL: (1) if the mother’s 

CD4+ T-lymphocyte count decreases 

below 200 cells per mm3 in the 

absence of clinical manifestations 

of toxoplasmosis, prophylaxis with 

agents known to be effective against 

Toxoplasma (eg, trimethoprim/

sulfamethoxazole) should be 

instituted; (2) for mothers with clinical 

manifestations of toxoplasmosis, 

anti-Toxoplasma treatment with 

effective regimens (eg, P/S and folinic 

acid) should be initiated as soon 

as possible; and (3) if the mother’s 

CD4+ T-lymphocyte count remains at 

≥200 cells per mm3, as a cautionary 

measure, spiramycin should be 

continued throughout pregnancy.

A Previously T gondii–Infected Pregnant 
Woman Possibly Reinfected by a 
Different T gondii Strain

There are very few case reports 

of previously immune pregnant 

women with serologic evidence 

of chronic T gondii infection who 

delivered an infant with CT 149,  153; 

this situation was presumably 

attributable to reinfection during 

pregnancy by a different T gondii 
strain (eg, in the case report from 

France by Elbez-Rubinstein et al,  142 

the previously immune pregnant 

woman had ingested imported raw 

horse meat). This unusual situation 

might be considered when there 

is a strong clinical suspicion with 

recent international travel, but 

currently there are no routinely 

used laboratory tests that could 

help distinguish reinfections from a 

new T gondii strain from preexisting 

infection. If this clinical scenario 

is suspected, consultation with 

reference toxoplasmosis centers 

in the United States regarding 

treatment is encouraged.

Acute T gondii Infection Occurring in a 
Pregnant Woman After Travel

When acute T gondii infection is 

suspected in a pregnant woman after 

international travel, it is important 

to remember that more virulent 

T gondii strains circulating outside 

the United States and Europe have 

been reported to cause more severe 

clinical manifestations in infants with 

CT. 37,  153

Postnatal Management of the Infant 
With CT

There is a large variation between 

the different postnatal treatment 

protocols followed in different 

centers in the United States and 

Europe, as shown in Table 11. In 

the United States, the postnatal 

treatment protocol that is used is 

the one proposed by the NCCCT 

study (Tables 10 and 11). 110 

Currently, there is no evidence 

on the comparative efficacy or 

effectiveness of the postnatal 

treatment strategies, and the 

selection of different strategies relies 

on the experience of the different 

centers.

Adverse Effects

Treatment of infants with P/S was 

frequently associated with serious 

adverse events, reported to occur 

in 20% to 50% of cases. 13 However, 

data from Denmark have shown that 

the medication was not well tolerated 

in only 14% (4 of 29) of treated 

infants. 207 The main adverse effect 

was neutropenia, reported to occur 

more often with higher doses of 

P/S and especially when folinic acid 

was not administered. 13 Moreover, 

seizures have been reported with 

cases of pyrimethamine overdose 

resulting from prescription dosing 

errors. 208

Adverse effects with pyrimethamine/

sulfadoxine (Fansidar, F. Hoffman-

LaRoche Ltd, Basel, Switzerland) 

were much less frequent, mainly 

skin rashes and urticarial 

reactions, and reported to occur in 

approximately 1% to 2% of cases. 13 

The disadvantage of the long half-

life of sulfadoxine may need to 

be taken into account. Treatment 

discontinuations of pyrimethamine/

sulfadoxine attributable to adverse 

events in adults with Toxoplasma 

chorioretinitis have been reported to 

occur in up to 26% of patients. 209 The 

frequency of serious adverse events 

with pyrimethamine/sulfadoxine 

has been reported to occur in 1 in 

2100 prescriptions, skin reactions 

have been reported to occur in 1 in 

4900 prescriptions, and death has 

been reported to occur in 1 in 11 100 

prescriptions. 210

Variations in Postnatal Treatment 
Regimens Across Centers in the 
Medications Used

In French centers before 2001, 

infants were treated with P/S for 

the first 3 weeks of life, changed to 

spiramycin until 2 months of age, 

and then changed to pyrimethamine/

sulfadoxine to complete 12 months 

of total therapy. However, more 

recently published protocols from 

several European centers did 

not include spiramycin in their 
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postnatal treatment regimens, 

because spiramycin does not 

have CNS penetration and is a 

parasitostatic medication. In contrast, 

P/S penetrates the CNS and is 

parasitocidal.

In the Dosing Schemes

Some centers have used a daily 

dosing scheme for P/S, whereas 

other centers have used 

pyrimethamine/sulfadoxine 

dosed every 10 to 15 days 

(because of the long half-life of 

sulfadoxine). In the latter regimen, 

the pyrimethamine dose was higher. 

In the United States, the initial daily 

dosing scheme was kept during 

the first 2 months (or 6 months 

[considered for symptomatic CT]) 

and was then transitioned to a 

3-times/week dosing scheme in the 

following months.

In the Duration of Treatment

The majority of centers treated 

infants with CT for 12 months, but 

some centers used longer treatment 

courses of up 24 months. 129 Some 

centers in Germany individualized 

the duration of the postnatal 

treatment according to the severity of 

CT (eg, 3 months of total treatment of 

asymptomatic infants, 6 months for 

mildly symptomatic infants [ie, minor 

ventricular dilation or intracranial 

calcifications but with a normal 

neurologic examination and the 

presence of retinal scars but without 

active inflammation], and 12 months 

for severely symptomatic infants 

[seizures, abnormal neurologic 

examination, or chorioretinitis]).

Protocols for Postnatal Monitoring

The different postnatal monitoring 

protocols, according to the PAMF-

TSL, the Toxoplasmosis Center at the 

University of Chicago, and European 

toxoplasmosis centers, are outlined 

in Table 12. There is significant 

variation across centers of the 

frequency of recommended clinical 

and serologic testing follow-up of 

infants with CT and the duration of 

follow-up.

Special Considerations in the 
United States With Different Clinical 
Scenarios, According to the Infant’s 
Infection Status

Infants With Confi rmed or Suspected CT

The management of infants with 

confirmed or suspected CT, according 

to the Toxoplasmosis Center at the 

University of Chicago and the PAMF-

TSL, is outlined in Tables 10–12.

Infants in Whom CT Is Unlikely

There is no clear consensus on the 

management of asymptomatic infants 

in whom CT cannot be confirmed or 

ruled out. Some experts in France 

would elect not to treat infants who 

have no proof of infection at birth: 

cases with documented maternal 

seroconversion during pregnancy but 

with a negative evaluation (negative 

AF PCR assay result, normal fetal 

ultrasonogram, normal clinical and 

ophthalmologic evaluation at birth; 

normal imaging evaluation at birth; 

and no detection of Toxoplasma 

IgM and IgA at birth). Instead, they 

elect to simply follow those infants 

serologically every 2 months until 

complete disappearance of the 

Toxoplasma IgG antibodies (that 

were presumably transplacentally 

transferred maternal Toxoplasma IgG 

antibodies). However, if follow-up 

serologic testing indicates congenital 

infection, these infants generally 

require treatment. A rationale for 

deferring treatment in those infants 

is that those infants had already 

received the benefit of antepartum 

treatment.

“Defer Treatment” Strategy for 
Newborn Infants in the United States

Cautious use of this “defer treatment” 

strategy for newborn infants in the 

United States is advised, because the 

majority of these infants’ mothers did 

not receive antepartum treatment. 

According to the PAMF-TSL, all of 

the following criteria should be 

fulfilled before deciding to defer 

postnatal treatment of an infant in 

the United States: (1) acute primary 

maternal infection that was most 

likely acquired in the first or second 

trimester of pregnancy, (2) negative 

AF PCR assay result at ≥18 weeks, 

(3) no laboratory evidence of CT 

in the newborn (positive neonatal 

Toxoplasma IgG test result, at lower 

titers than maternal IgG titers, but 

negative Toxoplasma IgM and IgA 

test results), and (4) no clinical signs 

or symptoms of CT at birth after 

a complete clinical and radiologic 

evaluation (head ultrasonography 

may be used for CNS imaging in such 

infants).

The NPV of a negative AF PCR 

assay result for infections acquired 

in the first and second trimester 

is nearly 100% and, when all the 

aforementioned criteria are fulfilled, 

the risk of fetal T gondii infection is 

nearly zero. However, when maternal 

primary infection has occurred in the 

third trimester, even a negative AF 

PCR assay result cannot completely 

exclude the possibility of fetal 

infection. The risk of MTCT and fetal 

infection increases steeply with 

advancing gestational age; therefore, 

the decision to defer postnatal 

treatment in those settings should be 

carefully discussed with the parents.

Infants in Whom Toxoplasma IgG Titers 
Decrease Below Detection Levels During 
Follow-up

A decrease in neonatal Toxoplasma 

IgG titers below the detection level 

(during serial follow-up after birth 

every 4 to 6 weeks) can exclude 

CT in infants who have not received 

postnatal treatment. However, a 

decrease in titers below detection 

during postnatal therapy cannot 

be used as an indication that the 

infant was not congenitally 

infected, because antibody 

titers may become negative during 

therapy but can rebound after 

therapy discontinuation in infants 

with CT. 96
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PREVENTION

Identifi cation of Women at Risk of 
Primary T gondii Infection During 
Pregnancy

In a study by Boyer et al,  24 only 48% 

of mothers of infants with CT had 

clinical symptoms suggestive of acute 

toxoplasmosis during pregnancy 

or had reported risk factors for T 
gondii exposure (eg, exposure to 

undercooked meat or to cat feces). 

Only routine serologic screening 

during pregnancy would have 

identified the rest of the women, 

who were nevertheless at risk of 

delivering infected infants.

In addition, only 49% of mothers of 

infants with CT who had serologically 

documented evidence of acute 

T gondii infection acquired from 

oocysts had also reported that 

they had significant risk factors 

for such exposures. 23 (Of note, 

laboratory tests to detect antibodies 

to sporozoite-specific antigens 

are performed only in research 

laboratories. 54)

Antepartum Maternal Screening and 
Neonatal Screening Programs

Among Western European countries, 

only France 2 and Austria 211 have 

implemented long-standing free 

national routine antepartum 

screening programs (monthly 

screening until the end of pregnancy 

in France since 1978 111 and once per 

trimester in Austria since 1975,  212, 213 

although shorter intervals [maximum 

every 8 weeks] were later advocated 

by experts). Screening once per 

trimester leaves a “blind period” 

during maternal infections late in 

pregnancy. 214

Their approach was followed by 

other countries, including Italy 

and Slovenia. In 1998, Italy passed 

legislation that requires screening for 

toxoplasmosis of all pregnant women. 

This program was implemented 

mostly in the northern parts of Italy, 

and according to the latest Italian 

recommendations, screening should 

begin by 13 weeks of gestation and 

continue monthly until the end 

of pregnancy. 215 In Switzerland, 

screening was applied only regionally 

in the Basel region and only for 

surveillance purposes. 212,  216 In 

many other European countries, 

antepartum screening was widely 

adopted by experts and physicians 

despite the absence of national 

mandatory antepartum screening 

programs; this phenomenon has been 

termed “wild screening.” 212

Neither France nor Austria 

complemented their antepartum 

screening programs with additional 

postnatal surveillance programs 

for CT for approximately 3 decades. 

A recent European survey of 

28 European countries in 2007 

identified only 4 countries that had 

surveillance screening programs 

specifically for CT (France, Germany, 

Italy, and Denmark). 9 Twelve 

other countries had surveillance 

systems only for symptomatic 

toxoplasmosis (CT or noncongenital 

toxoplasmosis), and another 12 did 

not have any surveillance systems 

for toxoplasmosis. The neonatal 

screening program for CT in France 

started only in 2007. In Italy, 

neonatal screening for CT is only 

regionally applied to the Campania 

region (since 1997). Denmark 114 

had a national neonatal screening 

program since 1997, but this 

program was discontinued in August 

of 2007 because it was thought that 

there was no benefit from postnatal 

treatment, because some infants 

with CT developed new eye lesions 

despite postnatal treatment (3 

new eye lesions developed during 

a 3-year follow-up period among 

32 infants evaluated 217). However, 

children with CT in this program 

were treated for a very short period 

of time (3 months) as opposed to the 

longer 12-month postnatal treatment 

courses proposed in other European 

countries (Table 11). In 2007, a 

dedicated surveillance network for 

CT also was instituted in Greece. 218

Cost-effectiveness of Antepartum 
and Postnatal Screening Programs 
for Toxoplasmosis in the United 
States

The preventive effect of 

toxoplasmosis screening of pregnant 

women depends on both the 

magnitude of disease caused by CT 

(the incidence of maternal infection 

during pregnancy multiplied by 

the risk of MTCT multiplied by the 

proportion of symptomatic infected 

children) and the preventable 

proportion of disease (the sensitivity 

of the screening strategy multiplied 

by the efficacy of the preventive 

treatment multiplied by the 

adherence to therapy).

Early studies evaluating the 

cost-effectiveness of antepartum 

toxoplasmosis screening programs 

yielded conflicting results. 7,  219 The 

1999 study by Mittendorf et al 219 

concluded that antepartum screening 

was not cost-effective, whereas the 

most recent 2011 decision analysis 

by Stillwaggon et al 7 concluded that 

implementation in the United States 

of a universal monthly screening 

of pregnant women, following the 

French protocol, is cost-effective 

and leads to a savings of $620 per 

screened infant if the incidence of 

CT in the United States is greater 

than 1 per 10 000 live births. This 

decision analysis made a number 

of assumptions, including a cost of 

$12 per test, an estimated cost of 

fetal death of over $6 million, and an 

incidence of acute primary maternal 

infection during pregnancy of 1 

in 1000 (including also sensitivity 

analysis for an incidence of acute 

maternal infections as low as 0.2 

cases/1000 pregnant women). It 

also assumed that treatment was 

highly efficacious and inexpensive. 

Although the study concluded that 

screening in the United States would 

be cost-effective, it remains unclear 

whether these conclusions would be 

reached if data were used assuming 

higher costs of screening, lower costs 

of loss, and less efficacy of treatment. 
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Previous decision analyses have not 

arrived at the same conclusions.8 

However, in this previous decision 

analysis, among the strategies 

analyzed was pregnancy termination 

for documented fetal infections. The 

early Cochrane systematic review 

on treatments for toxoplasmosis 

during pregnancy published in 2000 

suggested that, in countries where 

screening or treatment is not routine, 

these technologies should not be 

introduced outside the context of a 

carefully controlled trial. 5

Several assumptions made in 

the earlier decision analysis by 

Mittendorf et al 219 differ from current 

evidence. Mittendorf et al 219 assumed 

that antepartum screening tests had a 

very low specificity, which translated 

to a very low PPV for a relatively 

rare disease like CT. This assumption 

was incorrect for samples sent for 

further confirmatory testing at the 

PAMF-TSL,  162 because confirmatory 

testing at the PAMF-TSL has been 

shown to have a specificity of 100% 

for the differentiation of acute from 

chronic T gondii infections. 160, 220,  221 

The diagnostic tests used at the 

PAMF-TSL have been extensively 

cross-validated against national 

reference laboratories in France by 

using sera from pregnant women 

with complete ascertainment of 

their T gondii infection status. 

Furthermore, AF PCR assay has a 

specificity and a PPV of nearly 

100%,  112,  170 which means that 

a positive AF PCR assay result is 

diagnostic of fetal infection. In 

addition, in the Mittendorf et al study, 

pregnancy termination rates were 

assumed to be very high (they assumed 

that 12.1 fetuses without CT would 

be aborted for every fetus truly 

diagnosed with CT). 219 According 

to recent evidence, pregnancy 

termination would not be routinely 

performed once the diagnosis of CT 

is made.131 Confirmatory serologic 

testing in a reference laboratory and 

communication and interpretation 

of the results by an expert decreased 

the rate of unnecessary abortions 

by approximately 50%. 167 AF PCR 

assay and fetal ultrasonography to 

confirm or exclude fetal infection 

and symptomatic CT may further 

decrease the number of elective 

abortions. Further support against 

pregnancy terminations for CT is 

provided by the analysis of Berrebi 

et al 131; even among fetuses infected 

in the first trimester and with normal 

fetal ultrasonograms, 97% (35 of 

36) would be either completely 

asymptomatic (78% [28 of 36]) or 

only slightly affected at birth (19% 

[7 of 36] had chorioretinitis and/

or moderate ventricular dilatation). 

Of note, all of these fetuses had 

mothers who received antepartum 

treatment. The updated review of 

the French experience over the past 

2 decades (1987–2008) described a 

fetal loss rate of 0.9% (N = 18) and 

a pregnancy termination rate of 1% 

(N = 21). 2 Moreover, in the SYROCOT 

international consortium of CT, 

the reported fetal death rate was 

similar (∼2%; 22 terminations of 

pregnancy [1%] and 13 fetal deaths 

[0.7%] among the 1745 pregnant 

women with primary T gondii 
infections from the 26 international 

cohorts). 1

In the more recent 2011 Stillwaggon 

et al 7 study, universal antepartum 

screening in the United States 

following the French protocol of 

monthly serologic screening during 

pregnancy (started at 11 weeks of 

gestation), antepartum treatment, 

fetal ultrasonography/AF PCR 

assay, and postnatal serologic and 

clinical follow-up of infants and 

treatment of infants as indicated 

was cost-saving. The findings from 

this analysis were robust to changes 

in the incidence of acute maternal 

primary infections, value of life, and 

test costs. Specifically, the screening 

approach included initial screening 

with commercial tests for IgG and 

IgM (at a cost of $12 per test) and 

subsequent confirmatory testing 

in reference laboratories of any 

positive results by using a panel of 

tests with high diagnostic accuracy 

and a specificity of 100% 161 (at a 

cost of $385 per confirmatory panel 

of tests). The cost of $12 per test 

included the costs for phlebotomy 

and reagents in a community 

hospital. Universal screening strategy 

remained a cost-saving approach, 

even for an incidence of maternal 

primary infections as low as 0.2 

acute infections per 1000 women. 

This incidence would translate to 

approximately 0.5 CT cases per 

10 000 children if a 25% MTCT risk 

is assumed. Moreover, the estimated 

cost of $12 per test is also in the cost 

range of several recently developed 

(already commercially available) 

tests for toxoplasmosis with novel 

technologies.

According to Calderaro et al,  160 who 

validated the diagnostic performance 

of 4 commercially available IgG and 

IgM tests for toxoplasmosis, there 

are commercially available IgG and 

IgM tests that have 100% analytical 

sensitivity and specificity. Moreover, 

according to the Wilson et al 161 

validation published in 1997, of 

6 commercial IgM tests, there are 

commercially available IgM tests 

with a specificity up to 98.6% (eg, 

the Vidas-Biomerieux IgM). In more 

detail, Calderaro et al showed that 

the sensitivity (point estimate) of 

all 4 commercial IgG assays tested 

was 100% and the specificity (point 

estimates) of the different IgG tests 

ranged between 98.5% and 100%. 

In the same study, the sensitivity 

(point estimates) of 4 commercial 

IgM tests ranged between 82.4% 

and 100% and the specificity ranged 

between 99.7% and 100%. Moreover, 

according to Wilson et al,  161 in an 

FDA-sponsored validation study of 6 

commercial IgM tests, the sensitivity 

(point estimates) of these 6 IgM 

tests ranged from 93.3% to 100% 

and the specificity (point estimates) 

ranged from 77.5% to 98.6%. In 

reference laboratories, the specificity 

of confirmatory testing (for the 
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diagnosis of a recently acquired acute 

infection) is 100%. 161

Assumptions used in the decision 

analysis by Stillwaggon et al 7 were as 

follows:

1. a rate of acute maternal primary 

infections during pregnancy 

of 1.1 in 1000 (this is likely an 

overestimate, because it was 

based on US data from 1959–

1966 and might not represent 

the incidence of acute T gondii 
infection during pregnancy in the 

current era with the decreasing 

overall seroprevalence rates; 

however, sensitivity analyses 

in this article revealed that the 

screening strategy would remain 

cost saving even at a rate of acute 

maternal infections as low as 0.2 

per 1000 women);

2. a probability of fetal infection after 

acute maternal primary infection 

of 50% 96,  222  – 226;

3. a probability of fetal death 

attributable to CT of 5%;

4. an estimated cost for fetal death 

attributable to CT of $6 million;

5. a probability of visual impairment 

from undiagnosed CT and no 

antepartum treatment of 48%; 

6. a probability of visual and 

cognitive impairment of 45%; and

7. varying probabilities of visual 

impairment and visual/cognitive 

impairment for fetal infections by 

trimester. 

These high rates of unfavorable 

outcomes from CT used in their 

model come from the older 

literature of infants with CT whose 

mothers were not treated during 

pregnancy. 7,  96,  131,  222  – 226

A study limitation that was 

acknowledged by Stillwaggon 

et al 7 was that this decision analysis 

model assumed that all mothers 

in the United States would receive 

care by 12 weeks of gestation and 

would adhere to monthly follow-ups. 

However, this assumption might 

not represent a reality in the United 

States. Experience from France 

and Austria, where antepartum 

screening has been conducted for 

many years, indicated that late initial 

testing was common (25% of French 

pregnant women had their first test 

performed late) and there was also 

poor adherence to screening (only 

30%–40% of pregnant women in 

France and Austria had all their 

mandatory antepartum screening 

tests completed). 95,  212,  214 It remains 

unclear how much a low adherence 

rate in pregnant women in the United 

States will affect the conclusions of 

this decision analysis. A follow-up 

decision analysis study should try to 

explore how changes in adherence 

rates with regard to the time of 

initiation of screening and the 

frequency of screening will affect the 

conclusions of this analysis.

Low-cost tests in state laboratories, 

combining screening for 

toxoplasmosis with screening for 

other congenital infections, may 

further reduce the screening cost 

(test cost and shipping cost) while 

keeping a centralized quality control 

for those screening tests (in the 

state laboratories) and maintaining 

high-quality confirmatory testing (at 

reference laboratories). Moreover, 

novel technologies are already 

widely used by several companies 

around the globe that provide 

low-cost serologic tests (eg, using 

microfluidics technologies in lateral 

flow devices, the recently introduced 

plasmonic gold technology). 227 Some 

of these technologies are already 

commercially available in the United 

States. Of course, previous rigorous 

validation of these novel tests is 

required to better understand 

their role in universal screening 

programs.

Moreover, the following changes in 

the future may make the universal 

screening strategy even more cost-

effective: (1) “point-of-care test” 

technologies for serologic screening, 

(2) screening with the use of saliva 

specimens, and (3) multiplex 

screening 227 (multiplex IgG/IgM, 

which already are under evaluation 

and will soon provide further cost-

saving alternatives for screening). 

In addition, screening for >1 

congenital disease at the same time 

will provide further cost savings. 

Assessments of the feasibility of any 

universal antepartum screening 

strategy should take into account 

several strict criteria that should be 

fulfilled before any such strategy 

is considered feasible but should 

also take into account the rapidly 

changing picture in the field of novel 

diagnostic technologies.

In summary, the decision analysis 

article by Stillwaggon et al 7 

indicated that prenatal screening 

and treatment of toxoplasmosis in 

the United States could be a cost-

saving approach for congenital 

toxoplasmosis but only under 

the assumptions included in the 

model. Although several sensitivity 

analyses in their model (including 

variations for the main assumptions 

such as incidence of acute 

maternal infections, cost of tests 

and life-value equivalent) showed 

that the results were robust, the 

implementation of such a screening 

program would, nevertheless, 

require a significant reduction in the 

current cost of screening laboratory 

tests and significant changes in the 

structure of the US prenatal care 

system.

Aside from universal antepartum 

screening for toxoplasmosis, 

additional approaches to 

consider include the following: 

(1) antepartum education of 

women to avoid T gondii–related 

exposures during pregnancy and 

(2) ascertainment of adherence to 

antepartum screening, at least in 

high-risk women (eg, those with 

reported exposures through the oral 

route [oocyst/sporozoite-related 

exposures to cat feces and/or tissue 

cysts/bradyzoite-related exposures 

via ingestion of undercooked meat]; 

e40
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occupational exposures; immigrants 

from high-incidence areas; 

women traveling internationally 

during pregnancy; women with 

immunosuppressive diseases). 

However, physicians should be 

aware that selective screening of 

pregnant women on the basis of 

self-reported exposure risk factors 

has the potential to miss more than 

approximately 50% of women who 

give birth to infants with CT and 

thus probably a much larger 

number of acutely infected pregnant 

women.

If adherence to antepartum 

screening is poor, neonatal 

screening programs can at least 

capture infants with CT who were 

not detected in utero who would 

benefit from postnatal treatment. 

Nevertheless, the risk of adverse 

long-term sequelae in children in 

the United States who were only 

postnatally treated (and whose 

mothers did not receive antepartum 

treatment) is significant (85% 

with vision impairment, 36% with 

recurrences in eye disease, 27% 

with abnormal cognition at or after 

3.5 years of age, and 16% with a 

decrease in IQ of >15 points). 110

Primary Prevention Strategies

Primary prevention strategies in 

seronegative individuals are shown 

in Table 13. A survey of pregnant 

women in the United States 

indicated that the majority were not 

aware that acquisition of 

T gondii infection was associated 

with the consumption of 

undercooked meat. 228

Effect of Antepartum Education on 
the Prevention of CT

The efficacy of preventive educational 

interventions targeting pregnant 

women has been studied by 2 cluster-

randomized controlled trials with 

a total of 5455 women,  229 but both 

of them were of low methodologic 

quality and did not target any 

objective clinical outcomes. Studies in 

Belgium from 1979–1982 and 1983–

1990 in which antepartum education 

started around the tenth week of 

pregnancy, and therefore could not 

significantly affect transmission rates 

in the first trimester, have shown that 

educational tools targeting pregnant 

women reduced seroconversion rates 

by 63% to 92%. 230 However, other 

epidemiologic studies, summarized 

in the systematic review by Gollub 

et al,  12 failed to replicate those 

findings.

A survey in 2006 of a random 

sample of 1200 US obstetrician/

gynecologists revealed that although 

all respondents routinely counseled 

their pregnant women about 

risks associated with handling cat 

litter, fewer had counseled them 

about risks associated with eating 

undercooked meat (78%), handling 

raw meat (67%), gardening 

(65%), or the need to wash fruit 

and vegetables (34%). Of note, 

73% of the respondents were not 

aware that Toxoplasma IgM tests 

from nonreference laboratories 

could have a high false-positive 

rate, and most (91%) were not 

aware of the Toxoplasma 

IgG-avidity test that could be used 

to determine the most likely 

time at which T gondii infection 

was acquired during pregnancy. 

The identified educational 

knowledge gaps were subsequently 

addressed in a practice bulletin 

from the American College of 

Obstetricians and Gynecologists. 

In 2012, an updated survey was 

TABLE 13 Measures for Primary Prevention of T gondii Infection in Seronegative Pregnant Women, According to the PAMF-TSL Experience and CDC 

Recommendations61

Transmission Recommendations/Considerations

Meat and other edibles •  Meat should be cooked up to at least 63°C (145°F) for whole cut meat (excluding poultry), up to at least 71°C (160°F) for ground 

meat (excluding poultry), and up to at least 74°C (165°F) for all poultry (whole cuts and ground) (a food thermometer should be 

used)

• Meat should be frozen at –20°C (–4°F) for at least 48 hours

• Freezing and thawing at specifi c temperatures for specifi c time can kill T gondii tissue cysts

• Infected meat that has been smoked, cured in brine, or dried may still be infectious

• Contact with mucous membranes should be avoided when handling raw meat

• Gloves should be worn when handling raw meat and hands should be thoroughly washed after handling raw meat

• Kitchen surfaces and utensils should be thoroughly washed after contact with raw meat

• Drinking unpasteurized goat milk should be avoided

• Eating raw oysters, clams, or mussels should be avoided

• Skinning or butchering animals without gloves should be avoided

Untreated water •  Drinking untreated water, including that from wells, or water with potential contamination by feces from domestic or wild cats 

should be avoided

Cat feces and soil •  Contact with material/soil potentially contaminated with cat feces, especially handling of cat litters or gardening, should be avoided. 

However, if not possible to be avoided, disposable gloves should be worn when gardening and during any contact with soil or sand 

and hands should be washed with soap and warm water afterward.

• Cats should be kept indoors. Stray cats should not be handled or adopted while the woman is pregnant.

• Cat litter box should be changed daily, because T gondii does not become infectious until 1 to 5 days after it is shed in a cat’s feces.

• Cats should be fed canned or dried commercial food, not raw or undercooked meats.

CDC, Centers for Disease Control and Prevention.
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circulated to members as well as 

nonmembers of the Collaborative 

Ambulatory Research Network 

to follow up on any accomplished 

changes. 231 Eighty percent of 

providers in that survey had 

diagnosed a nonacute primary 

T gondii infection in their patient 

population over the previous 

5 years, 43% had performed 

serologic screening for at least 

some asymptomatic pregnant 

women (62% of those had used 

appropriate serologic tests), and 

13% had correctly identified the 

role of Toxoplasma IgG avidity. 

Providers from the northeastern 

United States were 2 times more 

likely to routinely screen for 

T gondii than those in the West, 

and female providers were 1.5 times 

more likely to screen than male 

providers. 231

It is important that physicians, 

general practitioners, and 

specialists caring for pregnant 

women and/or pediatric patients 

become more familiar with 

Toxoplasma serologic tests. For 

samples sent to the toxoplasmosis 

reference laboratories, clinical 

interpretation of the serologic test 

results and estimation of the most 

likely time at which acute primary 

maternal infection with T gondii 
might have been acquired are 

provided to the referring 

physicians. (Additional practical 

information for the interpretation of 

the test results can be found on the 

PAMF-TSL Web site [http:// www. 

pamf. org/ serology/ testinfo. html], 

and in the “Treatment” section of 

this report.)

KEY CONSIDERATIONS

1. Further studies understanding 

the benefits and limits of routine 

antepartum screening of all 

pregnant women in the United 

States for toxoplasmosis should 

be conducted. The cost estimates 

for universal CT prenatal 

screening per the French model 

appear to be unrealistic in the 

current American health care 

system. The implementation of 

such a screening program would 

require a significant change to the 

structure of American prenatal 

care.

2. Performing serologic screening 

only in pregnant women with 

known risk factors for T gondii 
infection or only in women 

with symptoms will fail to 

identify up to 50% of primary 

T gondii–infected women who 

are at risk of transmitting 

T gondii infection to their 

fetuses.

3. Large-scale observational 

studies support the benefit of 

early diagnosis and treatment of 

primary T gondii infection during 

pregnancy.

4. Observational studies support the 

benefit of postnatal treatment of 

infants with CT.

5. The time of initiation of 

antepartum treatment after acute 

maternal primary infection is 

critical and supports iterative 

screening.

6. According to the literature, the 

Centers for Disease Control and 

Prevention, FDA, and PAMF-TSL 

maternal serologic test results 

suggestive of acute T gondii 
infection in a pregnant woman 

(eg, positive IgM test result) 

should be confirmed in reference 

laboratories for toxoplasmosis, 

because false-positive test results 

in nonreference laboratories 

are not uncommon. Serologic 

testing of women with clinical 

suspicion of acute toxoplasmosis 

during pregnancy should 

be performed at a reference 

laboratory for toxoplasmosis 

to avoid unnecessary delays in 

the establishment of diagnosis 

and initiation of treatment that 

can affect the risk of MTCT 

and the risk of severe clinical 

manifestations of CT.

1. Optimally, newborn infants 

with suspected CT should 

be evaluated by specialists, 

including experienced 

neonatologists, retinal 

specialists, neurologists, and 

pediatric infectious disease 

specialists.

2. According to the PAMF-TSL, 

serologic testing of infants 

with suspected congenital 

toxoplasmosis should be 

performed at a reference 

laboratory for toxoplasmosis 

because of the availability of 

the highly sensitive IgM-ISAGA 

test as well as PCR testing 

for body fluids such as blood, 

urine, and CSF.
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(test)

AF:  amniotic fluid

CI:  confidence interval

CNS:  central nervous system

CSF:  cerebrospinal fluid

CT:  congenital toxoplasmosis

ELISA:  enzyme-linked 

immunosorbent assay

EMSCOT:  European Multicenter 

Study of Congenital 

Toxoplasmosis

EUROTOXO:  European 

Toxoprevention 

Study

FDA:  US Food and Drug 

Administration

GRADE:  Grading of 

Recommendations 

Assessment, 

Development, and 

Evaluation

HR:  hazard ratio

Ig:  immunoglobulin

ISAGA:  immunosorbent 

agglutination assay

MTCT:  mother-to-child 

transmission

NCCCT:  National Collaborative 

Chicago-Based 

Congenital 

Toxoplasmosis Study

NPV:  negative predictive value

OR:  odds ratio

PAMF-TSL:  Palo Alto Medical 

Foundation 

Toxoplasma Serology 

Laboratory

PCR:  polymerase chain 

reaction

PPV:  positive predictive 

value

P/S:  pyrimethamine/sulfadiazine

RCT:  randomized controlled 

trial

SNHL:  sensorineural hearing 

loss

SNSD:  serious neurologic 

sequelae or death

SYROCOT:  Systematic Review 

on Congenital 

Toxoplasmosis

REFERENCES

  1.  Thiébaut R, Leproust S, Chêne G, 

Gilbert R; SYROCOT (Systematic 

Review on Congenital Toxoplasmosis) 

Study Group. Effectiveness of 

prenatal treatment for congenital 

toxoplasmosis: a meta-analysis of 

individual patients’ data. Lancet. 

2007;369(9556):115–122

  2.  Wallon M, Peyron F, Cornu C, et al. 

Congenital Toxoplasma infection: 

monthly prenatal screening decreases 

transmission rate and improves 

clinical outcome at age 3 years. Clin 

Infect Dis. 2013;56(9):1223–1231

  3.  Prusa AR, Kasper DC, Pollak A, Gleiss 

A, Waldhoer T, Hayde M. The Austrian 

Toxoplasmosis Register, 1992-2008. Clin 

Infect Dis. 2015;60(2):e4–e10

  4.  Hotop A, Hlobil H, Gross U. Effi cacy of 

rapid treatment initiation following 

primary Toxoplasma gondii infection 

during pregnancy. Clin Infect Dis. 

2012;54(11):1545–1552

  5.  Peyron F, Wallon M, Liou C, Garner 

P. Treatments for toxoplasmosis in 

pregnancy. Cochrane Database Syst 

Rev. 2000;2:CD001684

  6.  Cortina-Borja M, Tan HK, Wallon M, 

et al; European Multicentre Study on 

Congenital Toxoplasmosis (EMSCOT). 

Prenatal treatment for serious 

neurological sequelae of congenital 

toxoplasmosis: an observational 

prospective cohort study. PLoS Med. 

2010;7(10):e1000351

  7.  Stillwaggon E, Carrier CS, Sautter 

M, McLeod R. Maternal serologic 

screening to prevent congenital 

toxoplasmosis: a decision-analytic 

economic model. PLoS Negl Trop Dis. 

2011;5(9):e1333

  8.  Bader TJ, Macones GA, Asch DA. 

Prenatal screening for toxoplasmosis. 

Obstet Gynecol. 1997;90(3):457–464

  9.  Bénard A, Petersen E, Salamon R, 

Chêne G, Gilbert R, Salmi LR; European 

Toxo Prevention Study Group 

(EUROTOXO). Survey of European 

programmes for the epidemiological 

surveillance of congenital 

toxoplasmosis. Euro Surveill. 

2008;13(15):18834

  10.  Leroy V, Harembat J, Perez P, et al; 

European Toxoprevention Study Group 

(EUROTOXO).Performances of tests 

 by guest on May 28, 2019www.aappublications.org/newsDownloaded from 



FROM THE AMERICAN ACADEMY OF PEDIATRICSe44

involved in screening and diagnosing 

of acute maternal Toxoplasmosis 

during pregnancy and congenital 

infection: a systematic review, 

1985-2005. Panel 3: Prevention and 

Screening Issues. 2006; http:// citeseerx. 

ist. psu. edu/ viewdoc/ download? doi= 

10. 1. 1. 553. 477& rep= rep1& type= pdf. 

Accessed December 29, 2016

  11.  Thiébaut R, Bricout H, Di Costanzo S, 

Mouillet E; European Toxoprevention 

Study Group (EUROTOXO) Panel 

2 Experts. Systematic review of 

published studies evaluating postnatal 

treatment effect. Panel 2: Treatment 

Issues. 2005 Available at: https:// 

www. researchgate. net/ publication/ 

237708856_ Systematic_ review_ 

of_ published_ studies_ evaluating_ 

postnatal_ treatment_ effect_ Panel_ 2_ 

treatment_ issues. Accessed December 

29, 2016

  12.  Gollub EL, Leroy V, Gilbert R, Chêne G, 

Wallon M; European Toxoprevention 

Study Group (EUROTOXO). Effectiveness 

of health education on Toxoplasma-

related knowledge, behaviour, and 

risk of seroconversion in pregnancy. 

Eur J Obstet Gynecol Reprod Biol. 

2008;136(2):137–145

  13.  Daveluy A, FH, Bricout H, et al; 

European Toxoprevention Study 

Group (EUROTOXO). Review of data 

related to side effects of drugs used 

in congenital toxoplasmosis. Panel 2: 

Treatment Issues. August 24, 2005

  14.  Balshem H, Helfand M, Schünemann 

HJ, et al. GRADE guidelines: 3. 

Rating the quality of evidence. J Clin 

Epidemiol. 2011;64(4):401–406

  15.  Kortbeek LM, Hofhuis A, Nijhuis CD, 

Havelaar AH. Congenital toxoplasmosis 

and DALYs in The Netherlands. Mem 

Inst Oswaldo Cruz. 2009;104(2):370–373

  16.  Tizard IR, Chauhan SS, Lai CH. The 

prevalence and epidemiology of 

toxoplasmosis in Ontario. J Hyg (Lond). 

1977;78(2):275–282

  17.  Wallace MR, Rossetti RJ, Olson PE. Cats 

and toxoplasmosis risk in HIV-infected 

adults. JAMA. 1993;269(1):76–77

  18.  Taylor MR, Lennon B, Holland CV, 

Cafferkey M. Community study of 

toxoplasma antibodies in urban 

and rural schoolchildren aged 

4 to 18 years. Arch Dis Child. 

1997;77(5):406–409

  19.  Jones JL, Dargelas V, Roberts J, Press 

C, Remington JS, Montoya JG. Risk 

factors for Toxoplasma gondii infection 

in the United States. Clin Infect Dis. 

2009;49(6):878–884

  20.  Bobić B, Jevremović I, Marinković J, 

Sibalić D, Djurković-Djaković O. Risk 

factors for Toxoplasma infection in a 

reproductive age female population in 

the area of Belgrade, Yugoslavia. Eur J 

Epidemiol. 1998;14(6):605–610

  21.  Pereira LH, Staudt M, Tanner CE, Embil 

JA. Exposure to Toxoplasma gondii 

and cat ownership in Nova Scotia. 

Pediatrics. 1992;89(6 pt 2):1169–1172

  22.  Contopoulos-Ioannidis D, Montoya JG. 

Toxoplasma gondii and toxoplasmosis. 

In: Long S, Pickering L, Prober C, 

eds. Principles and Practice of 

Pediatric Infectious Diseases, 4th ed. 

Philadelphia, PA: Saunders; 2013

  23.  Boyer K, Hill D, Mui E, et al; 

Toxoplasmosis Study Group. 

Unrecognized ingestion of Toxoplasma 

gondii oocysts leads to congenital 

toxoplasmosis and causes epidemics 

in North America. Clin Infect Dis. 

2011;53(11):1081–1089

  24.  Boyer KM, Holfels E, Roizen N, et al; 

Toxoplasmosis Study Group. Risk 

factors for Toxoplasma gondii 

infection in mothers of infants with 

congenital toxoplasmosis: implications 

for prenatal management and 

screening. Am J Obstet Gynecol. 

2005;192(2):564–571

  25.  Su C, Khan A, Zhou P, et al. Globally 

diverse Toxoplasma gondii isolates 

comprise six major clades originating 

from a small number of distinct 

ancestral lineages. Proc Natl Acad Sci 

USA. 2012;109(15):5844–5849

  26.  Sibley LD, Khan A, Ajioka JW, Rosenthal 

BM. Genetic diversity of Toxoplasma 

gondii in animals and humans. 

Philos Trans R Soc Lond B Biol Sci. 

2009;364(1530):2749–2761

  27.  Peyron F, Lobry JR, Musset K, et al. 

Serotyping of Toxoplasma gondii 

in chronically infected pregnant 

women: predominance of type II in 

Europe and types I and III in Colombia 

(South America). Microbes Infect. 

2006;8(9–10):2333–2340

  28.  Khan A, Dubey JP, Su C, Ajioka JW, 

Rosenthal BM, Sibley LD. Genetic 

analyses of atypical Toxoplasma gondii 

strains reveal a fourth clonal lineage 

in North America. Int J Parasitol. 

2011;41(6):645–655

  29.  Pernas L, Ramirez R, Holmes TH, 

Montoya JG, Boothroyd JC. Immune 

profi ling of pregnant Toxoplasma-

infected US and Colombia patients 

reveals surprising impacts of infection 

on peripheral blood cytokines. J Infect 

Dis. 2014;210(6):923–931

  30.  Ferreira AM, Vitor RW, Gazzinelli RT, 

Melo MN. Genetic analysis of natural 

recombinant Brazilian Toxoplasma 

gondii strains by multilocus PCR-RFLP. 

Infect Genet Evol. 2006;6(1):22–31

  31.  Boughattas S, Ben-Abdallah R, Siala 

E, Souissi O, Aoun K, Bouratbine A. 

Direct genotypic characterization of 

Toxoplasma gondii strains associated 

with congenital toxoplasmosis in 

Tunisia (North Africa). Am J Trop Med 

Hyg. 2010;82(6):1041–1046

  32.  Grigg ME, Ganatra J, Boothroyd JC, 

Margolis TP. Unusual abundance of 

atypical strains associated with human 

ocular toxoplasmosis. J Infect Dis. 

2001;184(5):633–639

  33.  Demar M, Ajzenberg D, Maubon 

D, et al. Fatal outbreak of human 

toxoplasmosis along the Maroni 

River: epidemiological, clinical, and 

parasitological aspects. Clin Infect Dis. 

2007;45(7):e88–e95

  34.  Bossi P, Paris L, Caumes E, Katlama 

C, Danis M, Bricaire F. Severe acute 

disseminated toxoplasmosis acquired 

by an immunocompetent patient in 

French Guiana. Scand J Infect Dis. 

2002;34(4):311–314

  35.  Dardé ML, Villena I, Pinon JM, Beguinot 

I. Severe toxoplasmosis caused by 

a Toxoplasma gondii strain with 

a new isoenzyme type acquired in 

French Guyana. J Clin Microbiol. 

1998;36(1):324

  36.  McLeod R, Boyer KM, Lee D, et al; 

Toxoplasmosis Study Group. 

Prematurity and severity are 

associated with Toxoplasma gondii 

alleles (NCCCTS, 1981-2009). Clin Infect 

Dis. 2012;54(11):1595–1605

  37.  Gilbert RE, Freeman K, Lago EG, et al; 

European Multicentre Study on 

Congenital Toxoplasmosis (EMSCOT). 

Ocular sequelae of congenital 

 by guest on May 28, 2019www.aappublications.org/newsDownloaded from 



PEDIATRICS Volume  139 , number  2 ,  February 2017 e45

toxoplasmosis in Brazil compared 

with Europe. PLoS Negl Trop Dis. 

2008;2(8):e277

  38.  Fernández-Aguilar X, Ajzenberg D, 

Cabezón O, et al. Fatal toxoplasmosis 

associated with an atypical 

Toxoplasma gondii strain in a 

Bennett’s wallaby (Macropus 

rufogriseus) in Spain. Vet Parasitol. 

2013;196(3–4):523–527

  39.  Edwards JF, Dubey JP. Toxoplasma 

gondii abortion storm in sheep 

on a Texas farm and isolation of 

mouse virulent atypical genotype T. 

gondii from an aborted lamb from a 

chronically infected ewe. Vet Parasitol. 

2013;192(1–3):129–136

  40.  Dubey JP, Alvarado-Esquivel C, Herrera-

Valenzuela VH, et al. A new atypical 

genotype mouse virulent strain of 

Toxoplasma gondii isolated from the 

heart of a wild caught puma (Felis 

concolor) from Durango, Mexico. Vet 

Parasitol. 2013;197(3–4):674–677

  41.  Vaudaux JD, Muccioli C, James ER, et al. 

Identifi cation of an atypical strain of 

toxoplasma gondii as the cause of a 

waterborne outbreak of toxoplasmosis 

in Santa Isabel do Ivai, Brazil. J Infect 

Dis. 2010;202(8):1226–1233

  42.  Parameswaran N, Thompson RC, 

Sundar N, et al. Non-archetypal 

type II-like and atypical strains 

of Toxoplasma gondii infecting 

marsupials of Australia. Int J Parasitol. 

2010;40(6):635–640

  43.  Herrmann DC, Pantchev N, Vrhovec 

MG, et al. Atypical Toxoplasma gondii 

genotypes identifi ed in oocysts shed 

by cats in Germany. Int J Parasitol. 

2010;40(3):285–292

  44.  Dubey JP, Rajendran C, Ferreira LR, 

et al. A new atypical highly mouse 

virulent Toxoplasma gondii genotype 

isolated from a wild black bear in 

Alaska. J Parasitol. 2010;96(4):713–716

  45.  Delhaes L, Ajzenberg D, Sicot B, et al. 

Severe congenital toxoplasmosis 

due to a Toxoplasma gondii strain 

with an atypical genotype: case 

report and review. Prenat Diagn. 

2010;30(9):902–905

  46.  Dubey JP, Sundar N, Hill D, et al. High 

prevalence and abundant atypical 

genotypes of Toxoplasma gondii 

isolated from lambs destined for 

human consumption in the USA. Int J 

Parasitol. 2008;38(8–9):999–1006

  47.  Dubey JP, Gennari SM, Sundar N, 

et al. Diverse and atypical genotypes 

identifi ed in Toxoplasma gondii from 

dogs in São Paulo, Brazil. J Parasitol. 

2007;93(1):60–64

  48.  Carme B, Demar M, Ajzenberg D, Dardé 

ML. Severe acquired toxoplasmosis 

caused by wild cycle of Toxoplasma 

gondii, French Guiana. Emerg Infect 

Dis. 2009;15(4):656–658

  49.  Coster LO. Parasitic infections in solid 

organ transplant recipients. Infect Dis 

Clin North Am. 2013;27(2):395–427

  50.  Osthoff M, Chew E, Bajel A, et al. 

Disseminated toxoplasmosis after 

allogeneic stem cell transplantation in 

a seronegative recipient. Transpl Infect 

Dis. 2013;15(1):E14–E19

  51.  Campbell AL, Goldberg CL, Magid MS, 

Gondolesi G, Rumbo C, Herold BC. First 

case of toxoplasmosis following small 

bowel transplantation and systematic 

review of tissue-invasive toxoplasmosis 

following noncardiac solid organ 

transplantation. Transplantation. 

2006;81(3):408–417

  52.  Martina MN, Cervera C, Esforzado 

N, et al. Toxoplasma gondii primary 

infection in renal transplant recipients: 

two case reports and literature review. 

Transpl Int. 2011;24(1):e6–e12

  53.  Herwaldt BL. Laboratory-acquired 

parasitic infections from accidental 

exposures. Clin Microbiol Rev. 

2001;14(4):659–688

  54.  Hill D, Coss C, Dubey JP, et al. 

Identifi cation of a sporozoite-specifi c 

antigen from Toxoplasma gondii. J 

Parasitol. 2011;97(2):328–337

  55.  Mancianti F, Nardoni S, D’Ascenzi C, 

et al. Seroprevalence, detection of 

DNA in blood and milk, and genotyping 

of Toxoplasma gondii in a goat 

population in Italy. BioMed Res Int. 

2013;2013:905326

  56.  Hill DE, Dubey JP. Toxoplasma gondii 

prevalence in farm animals in 

the United States. Int J Parasitol. 

2013;43(2):107–113

  57.  Dubey JP, Rajendran C, Ferreira LR, 

et al. High prevalence and genotypes of 

Toxoplasma gondii isolated from goats, 

from a retail meat store, destined for 

human consumption in the USA. Int J 

Parasitol. 2011;41(8):827–833

  58.  Dubey JP, Jones JL. Toxoplasma gondii 

infection in humans and animals 

in the United States. Int J Parasitol. 

2008;38(11):1257–1278

  59.  Dubey JP, Hill DE, Jones JL, et al. 

Prevalence of viable Toxoplasma gondii 

in beef, chicken, and pork from retail 

meat stores in the United States: risk 

assessment to consumers. J Parasitol. 

2005;91(5):1082–1093

  60.  El-Nawawi FA, Tawfi k MA, Shaapan 

RM. Methods for inactivation of 

Toxoplasma gondii cysts in meat and 

tissues of experimentally infected 

sheep. Foodborne Pathog Dis. 

2008;5(5):687–690

  61.  Centers for Disease Control 

and Prevention. Toxoplasmosis 

(Toxoplasma infection). Available at: 

www. cdc. gov/ parasites/ toxoplasmosis/ 

prevent. html. Accessed September 15, 

2014

  62.  Jones JL, Dubey JP. Foodborne 

toxoplasmosis. Clin Infect Dis. 

2012;55(6):845–851

  63.  Lundén A, Uggla A. Infectivity of 

Toxoplasma gondii in mutton 

following curing, smoking, freezing 

or microwave cooking. Int J Food 

Microbiol. 1992;15(3–4):357–363

  64.  Cook AJ, Gilbert RE, Buffolano W; 

European Research Network on 

Congenital Toxoplasmosis, et al. 

Sources of Toxoplasma infection 

in pregnant women: European 

multicentre case-control study. BMJ. 

2000;321(7254):142–147

  65.  Jones JL, Kruszon-Moran D, Wilson 

M, McQuillan G, Navin T, McAuley 

JB. Toxoplasma gondii infection in 

the United States: seroprevalence 

and risk factors. Am J Epidemiol. 

2001;154(4):357–365

  66.  Bowie WR, King AS, Werker DH, et al; 

BC Toxoplasma Investigation Team. 

Outbreak of toxoplasmosis associated 

with municipal drinking water. Lancet. 

1997;350(9072):173–177

  67.  de Moura L, Bahia-Oliveira LM, Wada 

MY, et al. Waterborne toxoplasmosis, 

Brazil, from fi eld to gene. Emerg Infect 

Dis. 2006;12(2):326–329

  68.  Palanisamy M, Madhavan B, 

Balasundaram MB, Andavar R, 

 by guest on May 28, 2019www.aappublications.org/newsDownloaded from 



FROM THE AMERICAN ACADEMY OF PEDIATRICSe46

Venkatapathy N. Outbreak of ocular 

toxoplasmosis in Coimbatore, 

India. Indian J Ophthalmol. 

2006;54(2):129–131

  69.  Benenson MW, Takafuji ET, Lemon 

SM, Greenup RL, Sulzer AJ. Oocyst-

transmitted toxoplasmosis associated 

with ingestion of contaminated water. 

N Engl J Med. 1982;307(11):666–669

  70.  Balasundaram MB, Andavar R, 

Palaniswamy M, Venkatapathy 

N. Outbreak of acquired ocular 

toxoplasmosis involving 248 patients. 

Arch Ophthalmol. 2010;128(1):28–32

  71.  Choi WY, Nam HW, Kwak NH, et al. 

Foodborne outbreaks of human 

toxoplasmosis. J Infect Dis. 

1997;175(5):1280–1282

  72.  Teutsch SM, Juranek DD, Sulzer 

A, Dubey JP, Sikes RK. Epidemic 

toxoplasmosis associated with 

infected cats. N Engl J Med. 

1979;300(13):695–699

  73.  Contopoulos-Ioannidis DG, Maldonado 

Y, Montoya JG. Acute Toxoplasma 

gondii infection among family 

members in the United States. Emerg 

Infect Dis. 2013;19(12):1981–1984

  74.  Contopoulos-Ioannidis D, Wheeler 

KM, Ramirez R, et al. Clustering 

of Toxoplasma gondii infections 

within families of congenitally 

infected infants. Clin Infect Dis. 

2015;61(12):1815–1824

  75.  Morin L, Lobry JR, Peyron F, Wallon 

M. Seasonal variations in acute 

toxoplasmosis in pregnant women in 

the Rhône-Alpes region (France). Clin 

Microbiol Infect. 2012;18(10):E401–E403

  76.  Contopoulos-Ioannidis D, Talucod 

J, Maldonado Y, Montoya J. 

Seasonal variation of acute 

toxoplasmic lymphadenopathy in 

the United States. Epidemiol Infect. 

2015;143(9):1893–1897

  77.  Jones JL, Kruszon-Moran D, Rivera HN, 

Price C, Wilkins PP. Toxoplasma gondii 

seroprevalence in the United States 

2009-2010 and comparison with the 

past two decades. Am J Trop Med Hyg. 

2014;90(6):1135–1139

  78.  Muñoz-Zanzi C, Williams-Nguyen 

J, Belongia EA. A sero-survey of 

toxoplasmosis in farm and non-farm 

children from Wisconsin, United 

States, 1997-1999. BMC Public Health. 

2013;13:837

  79.  Scallan E, Hoekstra RM, Angulo FJ, 

et al. Foodborne illness acquired in 

the United States—major pathogens. 

Emerg Infect Dis. 2011;17(1):7–15

  80.  Batz MB, Hoffmann S, Morris JG 

Jr. Ranking the disease burden of 

14 pathogens in food sources in 

the United States using attribution 

data from outbreak investigations 

and expert elicitation. J Food Prot. 

2012;75(7):1278–1291

  81.  Cummings PL, Kuo T, Javanbakht M, 

Sorvillo F. Trends, productivity losses, 

and associated medical conditions 

among toxoplasmosis deaths in the 

United States, 2000-2010. Am J Trop 

Med Hyg. 2014;91(5):959–964

  82.  Jones JL, Holland GN. Annual burden of 

ocular toxoplasmosis in the US. Am J 

Trop Med Hyg. 2010;82(3):464–465

  83.  Dhakal R, Gajurel K, Pomares C, 

Talucod J, Press CJ, Montoya JG. 

Signifi cance of a positive Toxoplasma 

immunoglobulin M test result in 

the United States. J Clin Microbiol. 

2015;53(11):3601–3605 

  84.  Flegr J, Prandota J, Sovičková M, Israili 

ZH. Toxoplasmosis—a global threat. 

Correlation of latent toxoplasmosis 

with specifi c disease burden in 

a set of 88 countries. PLoS One. 

2014;9(3):e90203

  85.  Allain JP, Palmer CR, Pearson G. 

Epidemiological study of latent and 

recent infection by Toxoplasma 

gondii in pregnant women from a 

regional population in the U.K. J Infect. 

1998;36(2):189–196

  86.  Caballero-Ortega H, Uribe-Salas FJ, 

Conde-Glez CJ, et al. Seroprevalence 

and national distribution of human 

toxoplasmosis in Mexico: analysis of 

the 2000 and 2006 National Health 

Surveys. Trans R Soc Trop Med Hyg. 

2012;106(11):653–659

  87.  Sobral CA, Amendoeira MR, Teva A, 

Patel BN, Klein CH. Seroprevalence of 

infection with Toxoplasma gondii in 

indigenous Brazilian populations. Am J 

Trop Med Hyg. 2005;72(1):37–41

  88.  Lopes-Mori FM, Mitsuka-Breganó 

R, Bittencourt LH, et al. Gestational 

toxoplasmosis in Paraná State, Brazil: 

prevalence of IgG antibodies and 

associated risk factors. Braz J Infect 

Dis. 2013;17(4):405–409

  89.  Sever JL, Ellenberg JH, Ley AC, et al. 

Toxoplasmosis: maternal and pediatric 

fi ndings in 23, 000 pregnancies. 

Pediatrics. 1988;82(2):181–192

  90.  Centers for Disease Control and 

Prevention. Pregnancy rates for U.S. 

women continue to drop. Available at: 

www. cdc. gov/ nchs/ data/ databriefs/ 

db136. htm. Accessed June 8, 2015

  91.  Carme B, Tirard-Fleury V. 

Toxoplasmosis among pregnant 

women in France : Seroprevalence, 

seroconversion and knowledge levels: 

trends 1965-1995 [in French]. Med Mal 

Infect. 1996;26(suppl 3):431–436

  92.  Evengård B, Petersson K, Engman ML, 

et al. Low incidence of Toxoplasma 

infection during pregnancy and in 

newborns in Sweden. Epidemiol Infect. 

2001;127(1):121–127

  93.  Nogareda F, Le Strat Y, Villena I, De Valk 

H, Goulet V. Incidence and prevalence 

of Toxoplasma gondii infection in 

women in France, 1980-2020: model-

based estimation. Epidemiol Infect. 

2014;142(8):1661–1670

  94.  Dunn D, Wallon M, Peyron F, Petersen 

E, Peckham C, Gilbert R. Mother-to-

child transmission of toxoplasmosis: 

risk estimates for clinical counselling. 

Lancet. 1999;353(9167):1829–1833

  95.  Cornu C, Bissery A, Malbos C, et al. 

Factors affecting the adherence to 

an antenatal screening programme: 

an experience with toxoplasmosis 

screening in France. Euro Surveill. 

2009;14(9):21–25

  96.  Remington JS, McLeod R, Thulliez 

P, Desmonts G. Toxoplasmosis. In: 

Remington J, Klein G, Wilson C, 

Baker C, eds. Infectious Disease of 

the Fetus and Newborn Infant, 6th 

ed. Philadelphia, PA: W.B. Saunders; 

2010:947–1091

  97.  Kieffer F, Wallon M, Garcia P, Thulliez 

P, Peyron F, Franck J. Risk factors for 

retinochoroiditis during the fi rst 2 

years of life in infants with treated 

congenital toxoplasmosis. Pediatr 

Infect Dis J. 2008;27(1):27–32

  98.  Gras L, Wallon M, Pollak A, et al; 

European Multicenter Study on 

Congenital Toxoplasmosis. Association 

between prenatal treatment and 

 by guest on May 28, 2019www.aappublications.org/newsDownloaded from 



PEDIATRICS Volume  139 , number  2 ,  February 2017 e47

clinical manifestations of congenital 

toxoplasmosis in infancy: a cohort 

study in 13 European centres. Acta 

Paediatr. 2005;94(12):1721–1731

  99.  Havelaar AH, Kemmeren JM, Kortbeek 

LM. Disease burden of congenital 

toxoplasmosis. Clin Infect Dis. 

2007;44(11):1467–1474

  100.  New England Newborn Screening 

Program. Available at: http:// nensp. 

umassmed. edu/ . Accessed December 

29, 2016

  101.  Lopez A, Dietz VJ, Wilson M, Navin 

TR, Jones JL. Preventing congenital 

toxoplasmosis. MMWR Recomm Rep. 

2000;49(RR-2):59–68

  102.  Guerina NG, Hsu HW, Meissner 

HC, et al; New England Regional 

Toxoplasma Working Group. Neonatal 

serologic screening and early 

treatment for congenital Toxoplasma 

gondii infection. N Engl J Med. 

1994;330(26):1858–1863

  103.  Kim K. Time to screen for congenital 

toxoplasmosis? Clin Infect Dis. 

2006;42(10):1395–1397

  104.  Jara M, Hsu HW, Eaton RB, Demaria 

A Jr. Epidemiology of congenital 

toxoplasmosis identifi ed by population-

based newborn screening in 

Massachusetts. Pediatr Infect Dis J. 

2001;20(12):1132–1135

  105.  Machado AS, Andrade GM, Januário 

JN, et al. IgG and IgM Western blot 

assay for diagnosis of congenital 

toxoplasmosis. Mem Inst Oswaldo Cruz. 

2010;105(6):757–761

  106.  Wilcken B, Wiley V, Hammond J, 

Carpenter K. Screening newborns 

for inborn errors of metabolism by 

tandem mass spectrometry. N Engl J 

Med. 2003;348(23):2304–2312

  107.  Phan L, Kasza K, Jalbrzikowski J, 

et al; Toxoplasmosis Study Group. 

Longitudinal study of new eye lesions 

in children with toxoplasmosis 

who were not treated during the 

fi rst year of life. Am J Ophthalmol. 

2008;146(3):375–384

  108.  Phan L, Kasza K, Jalbrzikowski J, 

et al; Toxoplasmosis Study Group. 

Longitudinal study of new eye lesions 

in treated congenital toxoplasmosis. 

Ophthalmology. 2008;115(3):553–559, 

e8

  109.  Patel DV, Holfels EM, Vogel NP, 

et al. Resolution of intracranial 

calcifi cations in infants with treated 

congenital toxoplasmosis. Radiology. 

1996;199(2):433–440

  110.  McLeod R, Boyer K, Karrison T, 

et al; Toxoplasmosis Study Group. 

Outcome of treatment for congenital 

toxoplasmosis, 1981-2004: the 

National Collaborative Chicago-Based, 

Congenital Toxoplasmosis Study. Clin 

Infect Dis. 2006;42(10):1383–1394

  111.  Villena I, Ancelle T, Delmas C, et al; 

Toxosurv Network and National 

Reference Centre for Toxoplasmosis. 

Congenital toxoplasmosis in France 

in 2007: fi rst results from a national 

surveillance system. Euro Surveill. 

2010;15(25):19600

  112.  Wallon M, Franck J, Thulliez P, et al. 

Accuracy of real-time polymerase 

chain reaction for Toxoplasma gondii 

in amniotic fl uid. Obstet Gynecol. 

2010;115(4):727–733

  113.  Gilbert RE, Stanford MR, Jackson H, 

Holliman RE, Sanders MD. Incidence 

of acute symptomatic toxoplasma 

retinochoroiditis in south London 

according to country of birth. BMJ. 

1995;310(6986):1037–1040

  114.  Röser D, Nielsen HV, Petersen E, 

Saugmann-Jensen P, Nørgaard-

Pedersen B. Congenital 

toxoplasmosis—a report on the 

Danish neonatal screening programme 

1999-2007 [published correction 

appears in J Inherit Metab Dis. 

2010;33(6):815]. J Inherit Metab Dis. 

2010;33(suppl 2):S241–S247

  115.  Paul M, Petersen E, Szczapa J. 

Prevalence of congenital Toxoplasma 

gondii infection among newborns 

from the Poznań region of Poland: 

validation of a new combined enzyme 

immunoassay for Toxoplasma gondii-

specifi c immunoglobulin A and 

immunoglobulin M antibodies. J Clin 

Microbiol. 2001;39(5):1912–1916

  116.  Bichara CN, Canto GA, Tostes CL, et al. 

Incidence of congenital toxoplasmosis 

in the city of Belém, state of Pará, 

northern Brazil, determined by 

a neonatal screening program: 

preliminary results. Rev Soc Bras Med 

Trop. 2012;45(1):122–124

  117.  Mozzatto L, Procianoy RS. Incidence 

of congenital toxoplasmosis in 

southern Brazil: a prospective 

study. Rev Inst Med Trop Sao Paulo. 

2003;45(3):147–151

  118.  Varella IS, Canti IC, Santos BR, et al. 

Prevalence of acute toxoplasmosis 

infection among 41, 112 pregnant 

women and the mother-to-child 

transmission rate in a public hospital 

in South Brazil. Mem Inst Oswaldo 

Cruz. 2009;104(2):383–388

  119.  Gómez-Marin JE, de-la-Torre A, 

Angel-Muller E, et al. First Colombian 

multicentric newborn screening for 

congenital toxoplasmosis. PLoS Negl 

Trop Dis. 2011;5(5):e1195

  120.  Torgerson PR, Mastroiacovo P. 

The global burden of congenital 

toxoplasmosis: a systematic 

review. Bull World Health Organ. 

2013;91(7):501–508

  121.  Hohlfeld P, MacAleese J, Capella-

Pavlovski M, et al. Fetal toxoplasmosis: 

ultrasonographic signs. Ultrasound 

Obstet Gynecol. 1991;1(4):241–244

  122.  Olariu TR, Remington JS, McLeod R, 

Alam A, Montoya JG. Severe congenital 

toxoplasmosis in the United States: 

clinical and serologic fi ndings in 

untreated infants. Pediatr Infect Dis J. 

2011;30(12):1056–1061

  123.  Centers for Disease Control and 

Prevention. Nationally Notifi able 

Conditions. Available at: https:// wwwn. 

cdc. gov/ nndss/ conditions/ notifi able/ 

2016/ . Accessed December 29, 2016

  124.  Eichenwald HG. A study of congenital 

toxoplasmosis with particular 

emphasis on clinical manifestations, 

sequelae, and therapy. In: Siim JC, 

ed. Human Toxoplasmosis. Vol 41. 

Munksgaard, Copenhagen; 1960:41–49

  125.  Ajzenberg D, Yera H, Marty P, et al. 

Genotype of 88 Toxoplasma gondii 

isolates associated with toxoplasmosis 

in immunocompromised patients and 

correlation with clinical fi ndings. 

J Infect Dis. 2009;199(8):1155–1167

  126.  Ajzenberg D. High burden of congenital 

toxoplasmosis in the United States: 

the strain hypothesis? Clin Infect Dis. 

2012;54(11):1606–1607

  127.  Lindsay DS, Dubey JP. Toxoplasma 

gondii: the changing paradigm 

of congenital toxoplasmosis. 

Parasitology. 2011;138(14):1829–1831

 by guest on May 28, 2019www.aappublications.org/newsDownloaded from 



FROM THE AMERICAN ACADEMY OF PEDIATRICSe48

  128.  Roizen N, Swisher CN, Stein MA, 

et al. Neurologic and developmental 

outcome in treated congenital 

toxoplasmosis. Pediatrics. 

1995;95(1):11–20

  129.  Berrebi A, Assouline C, Bessières MH, 

et al. Long-term outcome of children 

with congenital toxoplasmosis. Am J 

Obstet Gynecol. 2010;203(6):552, e1–e6

  130.  Kieffer F, Rigourd V, Ikounga P, 

Bessieres B, Magny JF, Thulliez P. 

Disseminated congenital toxoplasma 

infection with a type II strain. Pediatr 

Infect Dis J. 2011;30(9):813–815

  131.  Berrebi A, Bardou M, Bessieres MH, 

et al. Outcome for children infected 

with congenital toxoplasmosis in 

the fi rst trimester and with normal 

ultrasound fi ndings: a study of 36 

cases. Eur J Obstet Gynecol Reprod 

Biol. 2007;135(1):53–57

  132.  Tan HK, Schmidt D, Stanford M, 

et al; European Multicentre Study 

on Congenital Toxoplasmosis 

(EMSCOT). Risk of visual impairment in 

children with congenital toxoplasmic 

retinochoroiditis. Am J Ophthalmol. 

2007;144(5):648–653

  133.  Wallon M, Kodjikian L, Binquet C, 

et al. Long-term ocular prognosis 

in 327 children with congenital 

toxoplasmosis. Pediatrics. 

2004;113(6):1567–1572

  134.  Faucher B, Garcia-Meric P, Franck 

J, et al. Long-term ocular outcome 

in congenital toxoplasmosis: a 

prospective cohort of treated children. 

J Infect. 2012;64(1):104–109

  135.  Freeman K, Tan HK, Prusa A, et al; 

European Multicentre Study on 

Congenital Toxoplasmosis. Predictors 

of retinochoroiditis in children with 

congenital toxoplasmosis: European, 

prospective cohort study. Pediatrics. 

2008;121(5). Available at: www. 

pediatrics. org/ cgi/ content/ full/ 121/ 5/ 

e1215

  136.  Binquet C, Wallon M, Quantin C, et al. 

Prognostic factors for the long-

term development of ocular lesions 

in 327 children with congenital 

toxoplasmosis. Epidemiol Infect. 

2003;131(3):1157–1168

  137.  Wallon M, Garweg JG, Abrahamowicz 

M, et al. Ophthalmic outcomes of 

congenital toxoplasmosis followed 

until adolescence. Pediatrics. 

2014;133(3). Available at: www. 

pediatrics. org/ cgi/ content/ full/ 133/ 3/ 

e601

  138.  Peyron F, Garweg JG, Wallon M, 

Descloux E, Rolland M, Barth J. Long-

term impact of treated congenital 

toxoplasmosis on quality of life and 

visual performance. Pediatr Infect Dis 

J. 2011;30(7):597–600

  139.  Sibley LD, Boothroyd JC. Virulent 

strains of Toxoplasma gondii comprise 

a single clonal lineage. Nature. 

1992;359(6390):82–85

  140.  Howe DK, Sibley LD. Toxoplasma gondii 

comprises three clonal lineages: 

correlation of parasite genotype 

with human disease. J Infect Dis. 

1995;172(6):1561–1566

  141.  Ajzenberg D, Bañuls AL, Su C, et al. 

Genetic diversity, clonality and 

sexuality in Toxoplasma gondii. Int J 

Parasitol. 2004;34(10):1185–1196

  142.  Elbez-Rubinstein A, Ajzenberg 

D, Dardé ML, et al. Congenital 

toxoplasmosis and reinfection during 

pregnancy: case report, strain 

characterization, experimental model 

of reinfection, and review. J Infect Dis. 

2009;199(2):280–285

  143.  Rico-Torres CP, Figueroa-Damián R, 

López-Candiani C, et al. Molecular 

diagnosis and genotyping of cases of 

perinatal toxoplasmosis in Mexico. 

Pediatr Infect Dis J. 2012;31(4):411–413

  144.  Dubey JP, Morales ES, Lehmann 

T. Isolation and genotyping of 

Toxoplasma gondii from free-ranging 

chickens from Mexico. J Parasitol. 

2004;90(2):411–413

  145.  Jamieson SE, de Roubaix LA, 

Cortina-Borja M, et al. Genetic and 

epigenetic factors at COL2A1 and 

ABCA4 infl uence clinical outcome in 

congenital toxoplasmosis. PLoS One. 

2008;3(6):e2285

  146.  Mack DG, Johnson JJ, Roberts F, et al. 

HLA-class II genes modify outcome 

of Toxoplasma gondii infection. Int J 

Parasitol. 1999;29(9):1351–1358

  147.  Vasconcelos-Santos DV, Machado 

Azevedo DO, Campos WR, et al; UFMG 

Congenital Toxoplasmosis Brazilian 

Group. Congenital toxoplasmosis in 

southeastern Brazil: results of early 

ophthalmologic examination of a large 

cohort of neonates. Ophthalmology. 

2009;116(11):2199–2205, e1

  148.  Brown ED, Chau JK, Atashband S, 

Westerberg BD, Kozak FK. A systematic 

review of neonatal toxoplasmosis 

exposure and sensorineural hearing 

loss. Int J Pediatr Otorhinolaryngol. 

2009;73(5):707–711

  149.  Salviz M, Montoya JG, Nadol JB, 

Santos F. Otopathology in congenital 

toxoplasmosis. Otol Neurotol. 

2013;34(6):1165–1169

  150.  Lebech M, Joynson DH, Seitz HM, 

et al; European Research Network 

on Congenital Toxoplasmosis. 

Classifi cation system and case 

defi nitions of Toxoplasma gondii 

infection in immunocompetent 

pregnant women and their congenitally 

infected offspring. Eur J Clin Microbiol 

Infect Dis. 1996;15(10):799–805

  151.  Gilbert R, Dezateux C. Newborn 

screening for congenital 

toxoplasmosis: feasible, but benefi ts 

are not established. Arch Dis Child. 

2006;91(8):629–631

  152.  Montoya JG, Remington JS. 

Management of Toxoplasma gondii 

infection during pregnancy. Clin Infect 

Dis. 2008;47(4):554–566

  153.  Anand R, Jones CW, Ricks JH, 

Sofarelli TA, Hale DC. Acute primary 

toxoplasmosis in travelers returning 

from endemic countries. J Travel Med. 

2012;19(1):57–60

  154.  Vogel N, Kirisits M, Michael E, et al. 

Congenital toxoplasmosis transmitted 

from an immunologically competent 

mother infected before conception. 

Clin Infect Dis. 1996;23(5):1055–1060

  155.  Montoya JG, Huffman HB, Remington 

JS. Evaluation of the immunoglobulin 

G avidity test for diagnosis of 

toxoplasmic lymphadenopathy. J Clin 

Microbiol. 2004;42(10):4627–4631

  156.  Montoya JG, Berry A, Rosso F, 

Remington JS. The differential 

agglutination test as a diagnostic aid 

in cases of toxoplasmic lymphadenitis. 

J Clin Microbiol. 2007;45(5):1463–1468

  157.  Montoya JG. Laboratory diagnosis 

of Toxoplasma gondii infection 

and toxoplasmosis. J Infect Dis. 

2002;185(suppl 1):S73–S82

  158.  Montoya JG, Remington JS. Studies 

on the serodiagnosis of toxoplasmic 

 by guest on May 28, 2019www.aappublications.org/newsDownloaded from 



PEDIATRICS Volume  139 , number  2 ,  February 2017 e49

lymphadenitis. Clin Infect Dis. 

1995;20(4):781–789

  159.  Braakenburg AM, Crespi CM, Holland 

GN, Wu S, Yu F, Rothova A. Recurrence 

rates of ocular toxoplasmosis 

during pregnancy. Am J Ophthalmol. 

2014;157(4):767–773, e2

  160.  Calderaro A, Piccolo G, Peruzzi 

S, Gorrini C, Chezzi C, Dettori G. 

Evaluation of Toxoplasma gondii 

immunoglobulin G (IgG) and IgM 

assays incorporating the newVidia 

analyzer system. Clin Vaccine Immunol. 

2008;15(7):1076–1079

  161.  Wilson M, Remington JS, Clavet 

C, Varney G, Press C, Ware D; FDA 

Toxoplasmosis Ad Hoc Working Group. 

Evaluation of six commercial kits for 

detection of human immunoglobulin M 

antibodies to Toxoplasma gondii. J Clin 

Microbiol. 1997;35(12):3112–3115

  162.  Palo Alto Medicial Foundation 

Toxoplasma Serology Laboratory. A 

guide for clinicians. Available at: www. 

pamf. org/ serology/ clinicianguide. html. 

Accessed December 29, 2016

  163.  US Food and Drug AdministrationFDA 

clears fi rst test for recent infection 

with toxoplasmosis parasite [news 

release]. May 19, 2011. Available at: 

www. fda. gov/ NewsEvents/ Newsroom/ 

PressAnnouncement s/ ucm255922. htm. 

Accessed December 29, 2016

  164.  Palo Alto Medical Foundation 

Toxoplasma Serology Laboratory. Menu 

and Information. Available at: http:// 

www. pamf. org/ serology/ testinfo. html. 

Accessed December 29, 2016

  165.  Dhakal R, Gajurel K, Pomares C, 

Talucod J, Press CJ, Montoya JG. 

Signifi cance of a positive Toxoplasma 

immunoglobulin M test result in 

the United States. J Clin Microbiol. 

2015;53(11):3601–3605

  166.  Fricker-Hidalgo H, Cimon B, Chemla C, 

et al. Toxoplasma seroconversion with 

negative or transient immunoglobulin 

M in pregnant women: myth or 

reality? A French multicenter 

retrospective study. J Clin Microbiol. 

2013;51(7):2103–2111

  167.  Liesenfeld O, Montoya JG, Tathineni NJ, 

et al. Confi rmatory serologic testing 

for acute toxoplasmosis and rate of 

induced abortions among women 

reported to have positive Toxoplasma 

immunoglobulin M antibody titers. Am 

J Obstet Gynecol. 2001;184(2):140–145

  168.  Rabilloud M, Wallon M, Peyron F. 

In utero and at birth diagnosis 

of congenital toxoplasmosis: use 

of likelihood ratios for clinical 

management. Pediatr Infect Dis J. 

2010;29(5):421–425

  169.  Thalib L, Gras L, Romand S, et al. 

Prediction of congenital toxoplasmosis 

by polymerase chain reaction 

analysis of amniotic fl uid. BJOG. 

2005;112(5):567–574

  170.  Sterkers Y, Pratlong F, Albaba S, et al. 

Novel interpretation of molecular 

diagnosis of congenital toxoplasmosis 

according to gestational age at the 

time of maternal infection. J Clin 

Microbiol. 2012;50(12):3944–3951

  171.  Romand S, Chosson M, Franck J, et al. 

Usefulness of quantitative polymerase 

chain reaction in amniotic fl uid as 

early prognostic marker of fetal 

infection with Toxoplasma gondii. Am J 

Obstet Gynecol. 2004;190(3):797–802

  172.  Crino JP. Ultrasound and fetal 

diagnosis of perinatal infection. Clin 

Obstet Gynecol. 1999;42(1):71–80; quiz: 

174–175

  173.  Berrebi A, Kobuch WE, Bessieres MH, 

et al. Termination of pregnancy for 

maternal toxoplasmosis. Lancet. 

1994;344(8914):36–39

  174.  Daffos F, Forestier F, Capella-Pavlovsky 

M, et al. Prenatal management of 746 

pregnancies at risk for congenital 

toxoplasmosis. N Engl J Med. 

1988;318(5):271–275

  175.  Foulon W, Naessens A, Mahler T, de 

Waele M, de Catte L, de Meuter F. 

Prenatal diagnosis of congenital 

toxoplasmosis. Obstet Gynecol. 

1990;76(5 Pt 1):769–772

  176.  Gilbert RE, Thalib L, Tan HK, Paul 

M, Wallon M, Petersen E; European 

Multicentre Study on Congenital 

Toxoplasmosis. Screening for 

congenital toxoplasmosis: 

accuracy of immunoglobulin M and 

immunoglobulin A tests after birth. 

J Med Screen. 2007;14(1):8–13

  177.  Naessens A, Jenum PA, Pollak 

A, et al. Diagnosis of congenital 

toxoplasmosis in the neonatal period: 

a multicenter evaluation. J Pediatr. 

1999;135(6):714–719

  178.  Foudrinier F, Villena I, Jaussaud 

R, et al. Clinical value of specifi c 

immunoglobulin E detection by 

enzyme-linked immunosorbent assay 

in cases of acquired and congenital 

toxoplasmosis. J Clin Microbiol. 

2003;41(4):1681–1686

  179.  Villena I, Aubert D, Brodard V, et al. 

Detection of specifi c immunoglobulin E 

during maternal, fetal, and congenital 

toxoplasmosis. J Clin Microbiol. 

1999;37(11):3487–3490

  180.  Olariu TR, Remington JS, Montoya 

JG. Polymerase chain reaction in 

cerebrospinal fl uid for the diagnosis 

of congenital toxoplasmosis. Pediatr 

Infect Dis J. 2014;33(6):566–570

  181.  Robert-Gangneux F, Dupretz P, Yvenou 

C, et al. Clinical relevance of placenta 

examination for the diagnosis of 

congenital toxoplasmosis. Pediatr 

Infect Dis J. 2010;29(1):33–38

  182.  Sterkers Y, Varlet-Marie E, Marty P, 

Bastien P; ANOFEL Toxoplasma-PCR 

Quality Control Group. Diversity and 

evolution of methods and practices 

for the molecular diagnosis of 

congenital toxoplasmosis in France: 

a 4-year survey. Clin Microbiol Infect. 

2010;16(10):1594–1602

  183.  Manjarrez-Orduno N, Grimaldo 

C, Diamond B; B cells. In. 

Immunoglobulins: Structure and 

Function. Philadelphia, PA: Saunders; 

2012

  184.  Kieffer F, Wallon M. Congenital 

toxoplasmosis. Handb Clin Neurol. 

2013;112:1099–1101

  185.  Press C, Montoya JG, Remington JS. 

Use of a single serum sample for 

diagnosis of acute toxoplasmosis in 

pregnant women and other adults. 

J Clin Microbiol. 2005;43(7):3481–3483

  186.  Montoya JG, Liesenfeld O. 

Toxoplasmosis. Lancet. 

2004;363(9425):1965–1976

  187.  Couvreur J, Desmonts G, Thulliez 

P. Prophylaxis of congenital 

toxoplasmosis: effects of spiramycin 

on placental infection. J Antimicrob 

Chemother. 1988;22(Suppl B):193–200

  188.  Dorangeon P, Fay R, Marx-Chemla 

C, et al. Transplacental passage 

of the pyrimethamine-sulfadoxine 

combination in the prenatal treatment 

 by guest on May 28, 2019www.aappublications.org/newsDownloaded from 



FROM THE AMERICAN ACADEMY OF PEDIATRICSe50

of congenital toxoplasmosis [in 

French]. Presse Med. 1990;19(44):2036

  189.  Corvaisier S, Charpiat B, Mounier C, 

et al. Population pharmacokinetics 

of pyrimethamine and sulfadoxine 

in children treated for congenital 

toxoplasmosis. Antimicrob Agents 

Chemother. 2004;48(10):3794–3800

  190.  Baharivand N, Mahdavifard A, 

Fouladi RF. Intravitreal clindamycin 

plus dexamethasone versus 

classic oral therapy in toxoplasmic 

retinochoroiditis: a prospective 

randomized clinical trial. Int 

Ophthalmol. 2013;33(1):39–46

  191.  Balaskas K, Vaudaux J, Boillat-Blanco 

N, Guex-Crosier Y. Azithromycin versus 

Sulfadiazine and Pyrimethamine for 

non-vision-threatening toxoplasmic 

retinochoroiditis: a pilot study. Med Sci 

Monit. 2012;18(5):CR296–CR302

  192.  Soheilian M, Sadoughi MM, Ghajarnia 

M, et al. Prospective randomized trial 

of trimethoprim/sulfamethoxazole 

versus pyrimethamine and 

sulfadiazine in the treatment of 

ocular toxoplasmosis. Ophthalmology. 

2005;112(11):1876–1882

  193.  Kim SJ, Scott IU, Brown GC, et al. 

Interventions for toxoplasma 

retinochoroiditis: a report by the 

American Academy of Ophthalmology. 

Ophthalmology. 2013;120(2):371–378

  194.  Holland GN. Ocular toxoplasmosis: a 

global reassessment. Part II: disease 

manifestations and management. Am J 

Ophthalmol. 2004;137(1):1–17

  195.  Lam S, Tessler HH. Quadruple therapy 

for ocular toxoplasmosis. Can J 

Ophthalmol. 1993;28(2):58–61

  196.  Butler NJ, Furtado JM, Winthrop 

KL, Smith JR. Ocular toxoplasmosis 

II: clinical features, pathology and 

management. Clin Experiment 

Ophthalmol. 2013;41(1):95–108

  197.  Silveira C, Belfort R Jr, Muccioli C, et al. 

The effect of long-term intermittent 

trimethoprim/sulfamethoxazole 

treatment on recurrences of 

toxoplasmic retinochoroiditis. Am J 

Ophthalmol. 2002;134(1):41–46

  198.  Felix JP, Lira RP, Zacchia RS, Toribio 

JM, Nascimento MA, Arieta CE. 

Trimethoprim-sulfamethoxazole 

versus placebo to reduce the risk of 

recurrences of Toxoplasma gondii 

retinochoroiditis: randomized 

controlled clinical trial. Am J 

Ophthalmol. 2014;157(4):762–766, e1

  199.  Rothova A, Bosch-Driessen LE, van 

Loon NH, Treffers WF. Azithromycin for 

ocular toxoplasmosis. Br J Ophthalmol. 

1998;82(11):1306–1308

  200.  Lopes CD, Silva NM, Ferro EA, et al. 

Azithromycin reduces ocular infection 

during congenital transmission 

of toxoplasmosis in the Calomys 

callosus model. J Parasitol. 

2009;95(4):1005–1010

  201.  ClincalTrials.gov. Identifi er: 

NCT01202500. Assessment of 

two therapeutic strategies in the 

treatment of children with congenital 

Toxoplasmosis (TOSCANE). Available 

at: http:// clinicaltrials. gov/ show/ 

NCT01202500. Accessed December 29, 

2016

  202.  Desmonts G, Couvreur J, Thulliez P. 

Congenital toxoplasmosis. 5 cases 

of mother-to-child transmission of 

pre-pregnancy infection [in French]. 

Presse Med. 1990;19(31):1445–1449

  203.  Azevedo KM, Setúbal S, Lopes VG, 

Camacho LA, Oliveira SA. Congenital 

toxoplasmosis transmitted by 

human immunodefi ciency-virus 

infected women. Braz J Infect Dis. 

2010;14(2):186–189

  204.  European Collaborative Study and 

Research Network on Congenital 

Toxoplasmosis. Low incidence 

of congenital toxoplasmosis in 

children born to women infected 

with human immunodefi ciency virus. 

Eur J Obstet Gynecol Reprod Biol. 

1996;68(1–2):93–96

  205.  Fernandes MA, Batista GI, Carlos JC, 

et al. Toxoplasma gondii antibody 

profi le in HIV-1-infected and uninfected 

pregnant women and the impact on 

congenital toxoplasmosis diagnosis in 

Rio de Janeiro, Brazil. Braz J Infect Dis. 

2012;16(2):170–1174

  206.  Campos FA, Andrade GM, Lanna AP, 

Lage BF, Assumpção MV, Pinto JA. 

Incidence of congenital toxoplasmosis 

among infants born to HIV-

coinfected mothers: case series and 

literature review. Braz J Infect Dis. 

2014;18(6):609–617

  207.  Schmidt DR, Hogh B, Andersen O, 

Hansen SH, Dalhoff K, Petersen E. 

Treatment of infants with congenital 

toxoplasmosis: tolerability and 

plasma concentrations of sulfadiazine 

and pyrimethamine. Eur J Pediatr. 

2006;165(1):19–25

  208.  Genuini M, Freihuber C, Girard I, de 

Montgolfi er I, Kieffer F, Mitanchez 

D. Neonatal intoxication with 

pyrimethamine: risk due to the 

absence of pediatric formulation? 

[in French]. Arch Pediatr. 

2011;18(10):1084–1086

  209.  Rothova A, Meenken C, Buitenhuis 

HJ, et al. Therapy for ocular 

toxoplasmosis. Am J Ophthalmol. 

1993;115(4):517–523

  210.  Phillips-Howard PA, West LJ. 

Serious adverse drug reactions 

to pyrimethamine-sulphadoxine, 

pyrimethamine-dapsone and to 

amodiaquine in Britain. J R Soc Med. 

1990;83(2):82–85

  211.  Sagel U, Krämer A, Mikolajczyk RT. 

Incidence of maternal Toxoplasma 

infections in pregnancy in Upper 

Austria, 2000-2007. BMC Infect Dis. 

2011;11:348

  212.  Sagel U, Kramer A. Screening 

of maternal toxoplasmosis in 

pregnancy: laboratory diagnostics 

from the perspective of public health 

requirements. J Bacteriol Parasitol 

S5-003. 2013;10:2155–9597

  213.  Aspöck H, Pollak A. Prevention of 

prenatal toxoplasmosis by serological 

screening of pregnant women in 

Austria. Scand J Infect Dis Suppl. 

1992;84:32–37

  214.  Sagel U, Krämer A, Mikolajczyk RT. 

“Blind periods” in screening for 

toxoplasmosis in pregnancy in 

Austria—a debate. BMC Infect Dis. 

2012;12:118

  215.  De Paschale M, Agrappi C, Manco MT, 

Cerulli T, Clerici P. Implementation 

of screening for Toxoplasma gondii 

infection in pregnancy. J Clin Med Res. 

2010;2(3):112–116

  216.  Boubaker K, Raeber PA, Vaudaux B, et al. 

Toxoplasmosis during pregnancy 

and infancy. A new approach for 

Switzerland. Swiss Med Wkly. 

2008;138(49–50, suppl 168):1–8

  217.  Schmidt DR, Hogh B, Andersen O, Fuchs 

J, Fledelius H, Petersen E. The national 

neonatal screening programme 

 by guest on May 28, 2019www.aappublications.org/newsDownloaded from 



PEDIATRICS Volume  139 , number  2 ,  February 2017 e51

for congenital toxoplasmosis in 

Denmark: results from the initial 

four years, 1999-2002. Arch Dis Child. 

2006;91(8):661–665

  218.  Aptouramani M, Theodoridou 

M, Syrogiannopoulos G, et al; 

Toxoplasmosis Study Group of the 

Greece-Cyprus Pediatric Surveillance 

Unit. A dedicated surveillance network 

for congenital toxoplasmosis in 

Greece, 2006-2009: assessment 

of the results. BMC Public Health. 

2012;12:1019

  219.  Mittendorf R, Pryde P, Herschel M, 

Williams MA. Is routine antenatal 

toxoplasmosis screening justifi ed in the 

United States? Statistical considerations 

in the application of medical 

screening tests. Clin Obstet Gynecol. 

1999;42(1):163–173; quiz: 174–175

  220.  Pelloux H, Brun E, Vernet G, et al. 

Determination of anti-Toxoplasma 

gondii immunoglobulin G avidity: 

adaptation to the Vidas system 

(bioMérieux). Diagn Microbiol Infect 

Dis. 1998;32(2):69–73

  221.  Dannemann BR, Vaughan WC, 

Thulliez P, Remington JS. Differential 

agglutination test for diagnosis of 

recently acquired infection with 

Toxoplasma gondii. J Clin Microbiol. 

1990;28(9):1928–1933

  222.  Couvreur J, Desmonts G. Congenital 

and maternal toxoplasmosis: a review 

of 300 congenital cases. Dev Med Child 

Neurol. 1962;4:519–530

  223.  Desmonts G, Couvreur J. 

Congenital toxoplasmosis. Prospective 

study of the outcome of pregnancy 

in 542 women with toxoplasmosis 

acquired during pregnancy [in 

French]. Ann Pediatr (Paris). 

1984;31(10):805–809

  224.  Desmonts G, Couvreur J. 

Toxoplasmosis in pregnancy and its 

transmission to the fetus. Bull N Y 

Acad Med. 1974;50(2):146–159

  225.  Forestier F, Daffos F, Hohlfeld P, Lynch 

L. Infectious fetal diseases: prevention, 

prenatal diagnosis, practical 

measures [in French]. Presse Med. 

1991;20(30):1448–1454

  226.  Stagno S, Reynolds DW, Amos CS, et al. 

Auditory and visual defects resulting 

from symptomatic and subclinical 

congenital cytomegaloviral and 

toxoplasma infections. Pediatrics. 

1977;59(5):669–678

  227.  Li X, Pomares C, Gonfrier G, et al. 

Multiplexed anti-Toxoplasma IgG, IgM, 

and IgA assay on plasmonic gold chips: 

towards making mass screening 

possible with dye test precision. J Clin 

Microbiol. 2016;54(7):1726–1733

  228.  Jones JL, Ogunmodede F, Scheftel J, 

et al. Toxoplasmosis-related knowledge 

and practices among pregnant women 

in the United States. Infect Dis Obstet 

Gynecol. 2003;11(3):139–145

  229.  Di Mario S, Basevi V, Gagliotti C, et al. 

Prenatal education for congenital 

toxoplasmosis. Cochrane Database 

Syst Rev. 2013;2:CD006171

  230.  Breugelmans M, Naessens A, Foulon 

W. Prevention of toxoplasmosis during 

pregnancy—an epidemiologic survey 

over 22 consecutive years. J Perinat 

Med. 2004;32(3):211–214

  231.  Davis SM, Anderson BL, Schulkin J, 

Jones K, Vanden Eng J, Jones JL. 

Survey of obstetrician-gynecologists in 

the United States about toxoplasmosis: 

2012 update. Arch Gynecol Obstet. 

2015;291(3):545–555

 by guest on May 28, 2019www.aappublications.org/newsDownloaded from 



DOI: 10.1542/peds.2016-3860 originally published online January 30, 2017; 
2017;139;Pediatrics 

DISEASES
Yvonne A. Maldonado, Jennifer S. Read and COMMITTEE ON INFECTIOUS

States
Diagnosis, Treatment, and Prevention of Congenital Toxoplasmosis in the United

Services
Updated Information &

http://pediatrics.aappublications.org/content/139/2/e20163860
including high resolution figures, can be found at: 

References
http://pediatrics.aappublications.org/content/139/2/e20163860#BIBL
This article cites 214 articles, 33 of which you can access for free at: 

Subspecialty Collections

b
http://www.aappublications.org/cgi/collection/infectious_diseases_su
Infectious Disease
ous_diseases
http://www.aappublications.org/cgi/collection/committee_on_infecti
Committee on Infectious Diseases
http://www.aappublications.org/cgi/collection/current_policy
Current Policy
following collection(s): 
This article, along with others on similar topics, appears in the

Permissions & Licensing

http://www.aappublications.org/site/misc/Permissions.xhtml
in its entirety can be found online at: 
Information about reproducing this article in parts (figures, tables) or

Reprints
http://www.aappublications.org/site/misc/reprints.xhtml
Information about ordering reprints can be found online: 

 by guest on May 28, 2019www.aappublications.org/newsDownloaded from 

http://http://pediatrics.aappublications.org/content/139/2/e20163860
http://pediatrics.aappublications.org/content/139/2/e20163860#BIBL
http://www.aappublications.org/cgi/collection/current_policy
http://www.aappublications.org/cgi/collection/committee_on_infectious_diseases
http://www.aappublications.org/cgi/collection/committee_on_infectious_diseases
http://www.aappublications.org/cgi/collection/infectious_diseases_sub
http://www.aappublications.org/cgi/collection/infectious_diseases_sub
http://www.aappublications.org/site/misc/Permissions.xhtml
http://www.aappublications.org/site/misc/reprints.xhtml


DOI: 10.1542/peds.2016-3860 originally published online January 30, 2017; 
2017;139;Pediatrics 

DISEASES
Yvonne A. Maldonado, Jennifer S. Read and COMMITTEE ON INFECTIOUS

States
Diagnosis, Treatment, and Prevention of Congenital Toxoplasmosis in the United

 http://pediatrics.aappublications.org/content/139/2/e20163860
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

http://pediatrics.aappublications.org/content/suppl/2017/01/23/peds.2016-3860.DCSupplemental
Data Supplement at: 

1073-0397. 
ISSN:60007. Copyright © 2017 by the American Academy of Pediatrics. All rights reserved. Print 

the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by 
Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it

 by guest on May 28, 2019www.aappublications.org/newsDownloaded from 

http://pediatrics.aappublications.org/content/139/2/e20163860
http://pediatrics.aappublications.org/content/suppl/2017/01/23/peds.2016-3860.DCSupplemental



