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Introduction 
Toxoplasma gondii (TG) infection during pregnancy causes 
severe congenital infection, and may result in in-utero abor-
tion, fetal death, systemic disease or neuro-ophthalmological 
disorders[1–3].  

Despite great progress in clinical and basic scientific 
research, there are many unresolved issues in congenital toxo-
plasmosis (CT) that need to be addressed, such as the type and 
timing of prenatal screening options given the variability in 
maternal serological response, and their cost-effectiveness[4–6].  

Recent European prospective cohort studies point out that 
notwithstanding early maternal and post-natal standard anti-
parasitic treatment, the most effective approach to preventing 
Toxoplasma gondii-related injuries remains controversial.  Other 
medical strategies, especially long-term follow-up programs, 
are recommended to monitor ocular and neurological progno-
sis[7–10].  

Moreover, in the post-natal period it is crucial to be able to 
confirm or rule out infection as soon as possible.  According 
to case definition criteria for CT, pediatricians should treat 
all infants born to mothers with a positive serological diag-
nosis of primary TG infection until T gondii IgG antibodies 
disappear[11].  

In addition to conventional laboratory methodologies, West-
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ern blot assay has been developed to differentiate between 
maternal specific antibodies and those synthesized by the 
newborn infant within the first six months of life[12, 13].  

The aim of the present study was to estimate frequency of 
congenital infection based on the mother’s immunological sta-
tus in terms of infection and time of acquisition during preg-
nancy, and to assess the possibility of modulating the diagnos-
tic and therapeutic approach according to the risk determined 
for each individual newborn.  We report the results of a pro-
spective serological and clinical follow-up program to monitor 
congenital Toxoplasma gondii infection, conducted at a Sicilian 
(Italy) paediatric tertiary referral centre after the introduction 
of Western blot analysis.

Materials and methods
Study design: 85 mothers with toxoplasmosis seroconversion 
and their offspring were enrolled in the study from January 
2003 to December 2008.

Patients (mothers): Eighty-five HIV negative women who 
showed seroconversion (change from negative to positive 
specific IgG antibodies) to Toxoplasma gondii infection during 
pregnancy were included in the study.  

Acute Toxoplasma infection was detected during monthly 
prenatal screening for toxoplasmosis at the ARNAS Hospital 
and Buccheri-La Ferla Hospital in Palermo, Italy.  

Maternal and pediatric serological and molecular investiga-
tions were conducted at the Department of Pathology, Buc-
cheri La Ferla Hospital, Palermo, Italy.

The study protocol was approved by the Ethics Committee 
of the University of Palermo (Italy) and informed consent was 
sought in accordance with the principles of the Declaration of 
Helsinki.  Patients were thoroughly informed about the proce-
dures and written informed consent was obtained from each 
of them.  

Prenatal diagnosis: The women had a foetal ultrasound scan 
every two months during their pregnancy.  Once informed 
consent was granted, amniotic fluid was drawn 4 to 5 weeks 
after the estimated date of seroconversion and always after 
16–18 weeks of amenorrhea.  PCR was performed on amniotic 
fluid to test for Toxoplasma.

Nested PCR was performed from 2003 to 2005 using the 
B1 gene (GenBank accession number AF179871), following 
the manufacturer’s recommendations (SORIN BIOMEDICA- 
Saluggia, Vercelli, Italy)[13].  In January 2006, quantitative real 
time PCR using RE sequence was introduced (GenBank acces-
sion number AF146527) (BioQuant T gondii-529, BIORAD iCy-
cler iQ, USA, Biodiversity-Brescia, Italy)[14].  

Prenatal treatment: All the women received a standard 
course of spiramycin (SP) therapy (9×106 units/d) until their 
amniocentesis results were available.  

If amniocentesis confirmed fetal infection, maternal infection 
was acquired after 23 weeks or infection was highly suspected 
(eg because of fetal abnormalities consistent with congenital 
toxoplasmosis detected by ultrasound examination), treatment 
consisted of pyrimethamine (PYR 50 mg/d) and sulphadiazine 
(SDX 3 g/d) until delivery.  

Patients (infants): Congenital infection was defined by the 
persistence of specific IgG antibodies beyond 12 months of 
age, with or without clinical signs.  From birth, long term  
follow-up of the infants included general physical examina-
tions, serological status, neuro-radiological findings, oph-
thalmologic and neurologic examinations, psychological and 
developmental tests, visual evoked potential tests (VEPs) and 
audiology testing (using BAEPs and impedance audiometry).  

All eye examinations were carried out by an experienced 
ophthalmologist, who recorded findings on a standardized 
form.  Visual acuity and abnormalities relating to the anterior 
and posterior segments of both eyes after pupillary dilata-
tion were considered, using direct ophthalmoscopy, Schepens 
binocular indirect ophthalmoscopy and/or no-contact wide-
field lenses (90 diopter) for slit lamp, depending on the child’s 
age and compliance.  Under 3 years of age, visual acuity was 
assessed using Parinaud charts and was considered as normal 
when >2.  Snellen charts were used for older children, and 
visual acuity was considered as normal when >20/25.  The 
children were monitored for VEPs and BAEPs until 3 years of 
age.

Infants underwent brain ultrasound (US) examinations via 
the bregmatic fontanelle until six months of age (Aloke SSD-
650 equipped with a 5–8 MHz sector transducer).  When 
necessary, also a CT scan (scanning at 3-mm collimation with 
5-mm interval and at 10-mm collimation) or MRI (1.6 to 4 
mm slice thickness, sequence T1-W conventional spin-echo or 
T2-W fast spin-echo) of the head was performed.  

Serological investigation: Serological analysis was carried 
out with well-established conventional serological methods.  
Congenital toxoplasmosis was diagnosed by determining the 
presence of Toxoplasma-specific IgM, IgA and IgG antibodies 
at birth, within the first month of life and at 3 months, and of 
Toxoplasma-specific IgG also at 6, 9, and 12 months of age [ETI 
TOXOK-M reverse, ETI TOXOK-G PLUS (DiaSorin, Saluggia, 

Italy), Toxo-IgM ISAGA, Toxo-IgG VIDAS, Toxo-IgG avidity 
VIDAS (BioMerieux, Marcy-l’Etoile, France)].  Consistent with 
NCCLS recommendations, the kits showed sensitivity and 
specificity of >95 and >98%–99% respectively.  All patients 
were double-tested, with an intra-assay coefficient of variation 
(CV) of <2%.  

Comparative immunological profile analysis of maternal 
serum samples, cord blood, neonatal sera and the infants’ 
follow-up sera was performed with Toxoplasma IgG, IgM and 
IgA Western blot (WB), as well as conventional immunoenzy-
matic serological tests[13].  WB analysis used Toxoplasma gondii 
RH strain tachyzoite protein lysates and allowed us to identify 
antigens of 16, 27, 30 (p30), 35, 40, 60, 67, 70, 88, 94, and 110-
kDa bands.  The test was performed following the manufac-
turer’s instructions (GenID GmbH, Strassberg, Germany), 
using the AID SCAN System.

Western blot was considered positive when at least two 
specific immunoglobulin (IgG) bands were clearly present in 
the infant sample but not in the mother’s serum.  IgM WB was 
performed on sera collected at birth or within 14 d after birth, 
and at 2 and 3 months of life, whereas IgG WB was continued 
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to 6 months of life.
Post-natal treatment: Different anti-Toxoplasma treatment 

regimes were initiated according to prenatal diagnosis, as fol-
lows:

Neonates born to mothers whose amniocentesis result was 
positive for Toxoplasma were treated with a combination of 
PYR (3 mg/kg every 3 d) and sulfadiazine (SDX) (25 mg/kg 
every 8 h), with 100 mg/kg of folinic acid daily for 4 weeks, 
followed by SP (0.375×106 U/kg daily) for 4 weeks.  Their 
hematologic and renal status was monitored weekly until one 
year of age.  

Neonates born to mothers with negative amniocentesis were 
given spiramycin until specific antibodies disappeared or WB 
analysis was negative.   

Neonates born to mothers who did not have an amniocente-
sis were given a combination of PYR-SDX and SP as reported 
in paragraph 1, and hematologic and renal function was moni-
tored weekly until serological follow-up showed that specific 
IgG had disappeared or IgG WB analysis was negative.  

Compliance with treatment was assessed in interviews with 
parents; periodic blood tests (chemical evaluation) were done 
to identify possible side effects.

Statistical analysis
Demographic and clinical data were collected and analyzed 
using SPSS Software, version 14.0 (SPSS, Inc, Chicago, Ill, US).  
Statistical analysis of quantitative data, including descriptive 
statistics, was performed for all the items.  The chi square test 
for linear trend was performed to evaluate vertical transmis-
sion of infection through the pregnancy trimesters.  All P val-
ues were two-sided and P values less than 0.05 were consid-
ered to indicate statistical significance.

Results 
At the final examination, the children were aged between 2 
and 6 years (median age was 4.8 years), and had been followed 
up for at least 2 years (median 4.6 years; range 2–6 years).  

Two pregnancies terminated in the first trimester, with fetal 
loss before amniocentesis.  A total of 83 infants born to 85 
mothers were included in the study and none of the mothers 

or the children were immunocompromised.  Time of serocon-
version was dated in the first trimester for 38 of the 85 preg-
nant women (45%), in the second trimester for 24 (28%) and in 
the third trimester for the remaining 23 (27%) .   

Prenatal diagnosis by PCR testing on amniotic fluid was 
attempted for 50 of the 83 women who went on to give birth 
(60%), with positive results in seven cases (14%); the other 
women either did not consent to having the test (10, 12%) or 
seroconverted late in the third trimester (23, 28%).  All the 
mothers with positive PCR results chose to continue their 
pregnancy, and prenatal ultrasound screening, performed 
every trimester on all of the patients, detected ventriculom-
egaly in one woman with a fetus at 31-weeks’ gestation.  

Fourteen of the 83 infants in the study (17%) were congeni-
tally infected with Toxoplasma gondii and 69 (83%) proved to be 
uninfected.  Chi-square test for linear trend of vertical trans-
mission from the first to the third trimester [2/38 in the 1st tri-
mester (OR=1.00); 5/24 in the second (OR=4.74); and 7/23 in 
the third trimester (OR=7.87)] was significant (P=0.009).  

Six of the 14 infected children (43%) were asymptomatic 
at birth, and clinical and instrumental follow-up was nega-
tive, whereas the other 8 (57%) showed features of TG infec-
tion (Table 1).  This group included all fetuses with positive 
prenatal PCR results; four of them showed symptoms of TG 
infection at birth and 6 were small for gestational age (SGA).  
Four children (28.6%) had cerebral lesions and ocular fundus 
pathologies [3 cases with foci of peripheral chorioretinitis and 
one with peripheral chorioretinitis in the left eye (LE) and 
macular chorioretinitis in the right eye (RE)].  Visual outcome 
was good in all cases, with normal visual acuity and VEPs 
within the normal range.

Seven of the TG-infected infants had received a positive pre-
natal diagnosis, whereas the mothers of the remaining infants 
either did not consent (1 pt) or seroconverted late in the third 
trimester (6 pts).   

In accordance with guidelines for anti-parasitic treatment, 
all the infected newborns were treated with a combination of 
PYR-SDX and SP.  Compliance to therapy was assessed by 
interviews with parents, and was good in all cases.  

The serological investigation using WB showed IgM and 

Table 1.  Clinical and investigation findings during the pre- and post-natal era in eight symptomatic newborns with congenital T gondii infection.  

 Patient’s       Date of   Amniotic      IgM-IgA WB Gestational  SGA Retino Neuroimaging features
     case seroconversion       PCR Positive at birth   age weeks   chorioiditis Periventricular intraparen- ventriculomegaly,
      week of        calcification chymatous  hydrocephaly
  amenorrhea      lesions 
 

1 25th   + 39   Yes  
2 23rd + + 36 Yes  Yes  
3 26th  + + 37   Yes  
4 20th  +  39 Yes  Yes  Yes
5 10th +  36.5 Yes Both eyes    Yes Yes
6 26th  + + 39 Yes Both eyes  Yes Yes
7 22nd  + + 37 Yes One eye  Yes  Yes
8 12th  +  35 Yes Both eyes  Yes Yes
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IgA in 7 (50%) of the 14 infected patients, whereas IgM ISAGA 
combined with IgA reacted positive in 4 of them (28.6%) 
(Table 2).  Most of these neonates had been infected after 21 
weeks of gestation (Table 1).  In the absence of IgM, compara-
tive anti Toxoplasma IgG immunoblot analysis revealed dif-
ferent mother-child IgG profiles in the first trimester of life 
in 3 infected infants, whereas in the others the interpretation 
became clear within six months of life.  

In infants uninfected at birth (69), comparative anti Toxo-
plasma IgG immunoblot analysis permitted us to exclude infec-
tion within the first three months of life in 18 children (26%) 
and in the others within six months of life, whereas the con-
ventional immunoenzymatic serological test showed specific 
IgG persistence at six months of life in about one third of the 
infants, and in 3 cases at nine months of life.  

The instrumental follow-up showed typical periventricular 
calcification in three cases, whereas relevant involvement of 
the brain was observed in five infants.  In the following section 
we report these significant radiological findings.  

In case 4, clinical neurological examination was normal and 
ultrasound follow-up of the brain showed intracranial calcifi-
cation in the lateral ventricles and in the frontal and parietal 
lobes (Figure 1A).  A magnetic resonance (MR) performed at 9 

months of age showed intra-parenchymal brain lesions (Figure 
1B).  At present, the patient is in his fourth year of follow-up 
and his psychomotor development is normal.  

In case 5, an ultrasound scan performed at 1 month of age 
showed a hypoechogenic area in the paraventricular white 
matter (Figure 2A), and at 2 months of age, MRI imaging 
showed encephalitic foci and cortical brain atrophy and ven-
tricular dilation (Figure 2B).  An ophthalmoscopic examina-
tion revealed peripheral bilateral inactive chorioretinitis foci 
with no vitreous inflammation.  Tone and motor abnormalities 
resolved by 1 year of age, and after five years of follow-up, the 

Table 2.  Complementary detection of 83 enrolled infants’ Toxoplasma-
specific antibodies by different techniques during one year of follow-up.  

 Patients Methods
   Detection at following times after birth

                             0–30 d     3 month    6 month    9 month   1 year
 
Infected IgM-ISAGA+IgA      4
   (14)      Positive    
 IgM-IgA WB      7
      Positive     
 IgG-Western blot      7   3 14  
      Positive
Uninfected IgG-ELISA     69 55 26     3   0
   (69)      Positive 
 IgG-Western blot       1 17 69
      Negative 

Figure 1.  (A) Coronal US image using a vector scan showing brain calcifi-
cation in lateral ventricle (arrows).  (B) Patient 1.  (a) MRI images showing 
focal lesions on the right side and (b) another smaller lesion in the sub-
cortical posterior parietal area (arrows).

Figure 2.  (A) Cranial ultrasound parasagittal views showing 
hypoechogenic area in the left paraventricular white matter 
(arrow).  (B) T2 MR image showing encephalitic foci and cor-
tical brain atrophy in the parietal area, white matter atrophy 
(white arrows), ventricular dilation, irregular angulated ventri-
cles (yellow arrow).



1067

www.chinaphar.com
Di Carlo P et al

Acta Pharmacologica Sinica

npg

child’s psychomotor development is within normal limits.
In case 6, ventriculomegaly was detected during prenatal 

US follow-up.  After birth, the features were confirmed by 
brain US and MR imaging, which showed lateral ventricular 
enlargement and obstructive hydrocephalus with aqueductal 
stenosis (Figure 3A, B).  A ventriculotomy was necessary to 
treat the hydrocephalus, and a subsequent MR examination 
performed 6 months later revealed complete resolution (Figure 
3C).  An eye examination showed peripheral chorioretinitis 
without any surrounding activity.  Seizures and motor abnor-
malities were resolved during therapy.  The patient has been 
regularly attending our Day Hospital Service for three years 
and his psychomotor development is normal.  

In case 7, ophthalmoscopy at birth revealed a peripheral 
inactive chorioretinitis scar.  Ultrasound evaluation performed 
after delivery showed severe tetraventricular hydrocephalus 
and calcifications scattered around lateral ventricles (Figure 4).  
An MRI scan performed at 6 months of age revealed a reduc-
tion of hydrocephalus.  

In case 8, pregnancy had been uneventful, although a 
detailed morphological ultrasound scan at 18 weeks had 
revealed biparietal measurement (30 mm) and head circumfer-
ence (110 mm) below the 5th percentile, corresponding to 16 
weeks gestation; this finding disappeared in all subsequent 
examinations.  At birth, a visual evaluation showed microph-
thalmia, LE peripheral and RE macular chorioretinitis.  Ultra-
sonography showed enlarged lateral ventricles and findings 
suggestive of aqueductal stenosis (Figure 5A).  A compara-
tive MRI investigation confirmed ventricular abnormalities 

detected by US and moreover showed brain-damage (Figure 
5B).  Motor abnormalities accompanied by behaviour distur-
bances and seizures persisted after one year of follow-up.

Discussion
The prevalence of congenital toxoplasmosis differs from one 
country to another.  Various European works have focused on 
the cost-benefit ratio of wide-scale screening to prevent infec-

Figure 5. (A) Cranial ultrasound shows enlarged lateral ventricles.  
(B) Axial images show triventricular hydrocephalus, cyst-like inclu-
sions (yellow arrow), cortical dysplasia, occipital polymicrogyria, 
white matter hyperintensity (transependymal transudation localized 
in the posterior horn of lateral ventricles) (white arrows).

Figure 3.  (A, B) Axial MR image showing 
evident hydrocephalic enlargement of lat-
eral ventricles, area of hypointensity in the 
periventricular white matter to be attributed 
to ependymal transudation (arrows).  (C) 
MR image showing a resolution of previous 
features (arrows).

Figure 4. Axial US image using a vector transducer, showing severe 
tetraventricular hydrocephalus (white arrows), calcifications scattered 
around lateral ventricles (yellow arrow).
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tion, despite the fact that the consequences of the disease can 
be very disabling in childhood and adolescence and, above all, 
require considerations of an ethical nature regarding the preg-
nant woman and the well-being of the unborn child [8, 15].

 Among the poorest populations living in any region like 
Southern Italy, parasitic diseases such as leshmaniasis and 
toxoplasmosis remain prevalent[16], and although our small 
sample size does not permit us to make any consistent conclu-
sions about anti-parasitic treatment, the high risk for pregnant 
women of transmitting infection to their fetus encourages us 
to make a number of suggestions.     

Our study collected data on a large group of children 
(36 cases) who were infected in utero by T gondii during the 
first trimester of pregnancy and whose ultrasound findings 
remained normal.  As reported by Berrebi, our follow-up con-
firms that their outcome does not differ significantly from that 
of children infected during the second and third trimester[17].  

As regards the prenatal phase, we observed a lower mother-
to-child transmission rate than in other reports, and concur 
with a recent meta analysis by the SYROCOT group which 
found weak evidence that treatment initiated within 3 weeks 
of seroconversion could reduce the risk of transmission[18].  

On the other hand, precocious maternal treatment did not 
prevent severe neurological and ocular disease, especially in 
children in whom parasitic infection was confirmed by amni-
otic PCR results[19].  When available, molecular investigations 
to detect Toxoplasma gondii in amniotic fluid provide useful 
information for patients and caregivers that can guide decision 
making and surveillance[14, 20].  The authors emphasize that all 
the infants with neuro-ophthalmological specific disease had 
received a positive prenatal diagnosis, whereas only in one 
late case of infection did monthly foetal ultrasound investiga-
tions give us any information on signs of congenital infec-
tion.  However, the authors agree on the need for repeated 
ultrasound examinations, especially in delayed mother-to-
child transmission of the disease when amniocentesis is rarely 
offered[21, 22].    

Although ultrasound investigation via the bregmatic fon-
tanelle is one of the techniques most frequently used by our 
staff in the postnatal follow-up, we prefer MRI in congenital 
toxoplasmosis as it offers more accurate pictures for the diag-
nosis and follow-up of white matter lesions in the infants, and 
provides excellent anatomic information on abnormalities in 
brain parenchyma.  Fast magnetic resonance imaging (MRI) is 
being increasingly used to assess pregnancy management in 
the event of fetal central nervous system (CNS) anomalies[23].  

In the neonatal phase of the study, all the infected infants 
were put on early treatment with PYR-SDX to one year of age 
and, for five of them with severe damage, until 18 months of 
life.  Furthermore, we chose to also treat infants born to moth-
ers who did not undergo amniocentesis with PYS-SDX.  

Although the authors acknowledge that evidence is lacking 
on the effectiveness of early postnatal treatment in reducing 
the risk of subsequent specific lesions, our post-natal follow-
up revealed an improvement in cerebral and ocular lesions.  
Moreover, some cohort studies have shown that treating an 

infected neonate early and effectively may lead to an improve-
ment in ocular lesions and reduce the risk of developing ocu-
lar disease in the years after birth[24, 25].  Certainly a multidisci-
plinary early intervention strategy in the post-natal period can 
positively influence the cognitive functions of children with 
visual impairment.  

In this case, it is vital that the clinician informs the parents 
accordingly and motivates their adherence to a long-term 
follow-up.  

Western blot analysis has improved the timing of toxoplas-
mosis diagnosis in post natal follow-up to about six months 
of life.  In some cases the situation is clear before then, but our 
own experience suggests that it is advisable not to anticipate 
diagnosis as the presence of maternal antibodies strongly 
inhibits the neonate’s immunological response[26, 27].  

It is generally accepted that maternal antibodies can block 
the offspring’s immune response, making it particularly diffi-
cult to identify neonatal immunoglobulin soon after birth[1, 2, 20].  
Moreover, immunological markers can vary depending on 
the trimester of infection, and also maternal and neonatal 
therapeutic treatment received during pregnancy can block or 
retard the neonate’s immune response[26, 27].  Therefore, even if 
comparison of maternal and neonatal IgG by immunoblot does 
not show neonatal immune response to any Toxoplasma gondii 
antigens in the first trimester of life, this does not unequivo-
cally exclude congenital infection.  

In fact, recent studies which have evaluated B-cell subsets 
and their functional development have shown that memory 
B-cells are very low at birth and increase significantly at 6 
months of life[28].   

WB analysis is useful in managing children whose mother 
did not have amniocentesis, and in knowing with greater cer-
tainty when to stop therapy in children whose mother had a 
negative amniocentesis result.  In about one third of cases, this 
reduces the costs associated with treatment and follow-up.  It 
is true that in most cases the clinical picture is already clear by 
nine months of age, even with conventional methods, and that 
WB can anticipate the time of diagnosis by about two to three 
months.  

A previous overview of investigation strategies has pro-
vided vital information to determine what is the most suitable 
multi-step laboratory investigation strategy for appropriate 
and timely clinical management of the infection[29, 30].  

WB analysis should be incorporated in these TG infection 
investigation programs and performed in reference centers for 
the diagnosis of Toxoplasmosis in pregnancy and children.  In 
particular, the authors suggest that WB analysis is useful both 
in pregnancy, as part of a panel of tests to determine if the 
mother has an acute Toxoplasma gondii infection, in which case 
she then has to undergo specific treatment and amniocentesis, 
and also after birth, when WB results may help pediatricians 
to clarify any pitfalls that may be encountered during the 
interpretative process of investigations, especially in the first 
few months of life.

Toxoplasma gondii is a parasite within the protozoan phylum 
Apicomplexa that contains pathogens of considerable medical 
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and veterinary importance, such as Plasmodium, Toxoplasma, 
Cryptosporidium, Eimeria, Neospora and Theileria species[31].  The 
apicomplexan parasites Cryptosporidium spp and Neospora spp 
are epidemiologically relevant for humans; in particular, it is 
well-known that C parvum is responsible for clinical manifesta-
tions in immunodeficient patients.  N caninum does not infect 
humans, although there is some evidence that it might occur 
as antibodies to N caninum have also been detected in human 
samples[32, 33].  Because there are some similarities in molecular 
composition between both of these parasites and Toxoplasma 
gondii, the use of whole tachyzoites or tachyzoite-derived anti-
gens in standard serological investigations may result in false 
positives due to a cross-reaction[34].  Although variations in 
the protein expression profiles of tachyzoites and bradyzoites 
of N caninum may be identified by Western blotting[35], a 
cross-reactivity cannot be excluded, and combined molecu-
lar diagnostic assays must be applied to confirm Toxoplasma 
gondii etiology[36, 37].  Thus, it is important to identify a readily-
available serological test that is highly sensitive and specific in 
detecting the infection as early as possible.

In conclusion, clinical recognition and effective management 
of congenital toxoplasmosis is challenging and the strategy to 
reduce damages needs a multistep approach in the pre- rather 
than post-natal era to reduce the high costs of multidiscipli-
nary follow-up.  
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