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Four anatomical patterns of hydrocephalus secondary to con-
genital Toxoplasma gondii infection were identified and
characterized for infants enrolled in the National Collabora-
tive Chicago-based Congenital Toxoplasmosis Study. Analy-
sis of parasite serotype revealed that different anatomical
patterns associate with Type-II vs Not-Exclusively Type-II
strains (NE-II) (P = .035).
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Toxoplasma gondii is a protozoan parasite that may cause ocu-
lar and neurologic disease [1–6]. It is the most common parasit-
ic infection in the world and causes recognizable, symptomatic
disease in persons infected in utero or with compromised
immune systems or when chorioretinal damage occurs in

postnatal infections. Congenital toxoplasmosis may lead to
a wide range of ocular and neurologic sequelae, including
chorioretinitis, developmental delay, motor abnormalities,
seizures and hydrocephalus [2–5].

Hydrocephalus has been estimated to affect approximately
4% of infants with congenital toxoplasmosis and is a significant
cause of morbidity and mortality in this disease. In the past, hy-
drocephalus usually has been attributed to aqueductal obstruc-
tion [4], however, we noted other patterns in our study
population, which we describe and characterize herein.

Genetic analysis of T. gondii reveals that discrete strains exist,
reflecting divergent genetic lineages [7, 8]. These include clono-
types (referred to as Type I, II, III), recombinant, and other
atypical lineages. It appears that infection with isolates harbor-
ing different genetics may manifest with different disease pat-
terns. Genetic diversity of T. gondii as well as the human host
may also help to explain differences in prevalence and virulence
seen in different populations [7, 8].

In a previous study, we found that overall prevalence of hy-
drocephalus in children with congenital toxoplasmosis did not
differ significantly according to parasite serotype [9]. Herein,
the different patterns of hydrocephalus noted in 65 children
with hydrocephalus caused by congenital T. gondii infection
are described and the relationship between pattern of hydro-
cephalus and parasite serotype is analyzed.

METHODS

Study Population
Data were obtained from persons in the National Collaborative
Chicago-based Congenital Toxoplasmosis Study (NCCCTS).
This cohort consisted of 210 persons with congenital toxoplas-
mosis who were referred to the study between 1981 and 2010.
Brain computed tomography scans were performed for all chil-
dren in infancy or at time of diagnosis, and further neuroimag-
ing was performed as clinically indicated. Neuroimages were
examined for anatomy of the ventricular system and evidence
of obstructive processes. Details of study design and population
have been described previously [2, 5, 6].

Identification of Parasite Strain
Sera were studied for reactivity against polymorphic GRA6 and
GRA7 peptides using a peptide-based enzyme-linked immuno-
sorbent assay (ELISA), as described previously [9].
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Statistical Methods
Data were analyzed for associations between patterns of hydro-
cephalus and parasite strains using Stata Version 13 [10]. Cat-
egorical data were analyzed using Fisher’s exact test. A 2-tailed
P-value ≤.05 was considered statistically significant.

Ethics
The NCCCTS was conducted with ethical standards for human
experimentation established in the Declaration of Helsinki, with
prior institutional review board (IRB) approval, in accordance
with HIPAA (Health Insurance Portability and Accountability
Act) regulations and was reviewed regularly by a Data Safety
Monitoring Board. Informed consents were obtained from sub-
jects for all aspects of the NCCCTS in accordance with IRB and
National Institutes of Health (NIH) guidelines.

RESULTS

Patterns of Hydrocephalus
Of the 210 persons enrolled in the NCCCTS, 65 (31%) had hy-
drocephalus. Four distinct patterns of hydrocephalus were iden-
tified. Aqueductal obstruction with enlargement of the lateral and
third ventricles and a normal fourth ventricle (Figure 1A) was the
most common pattern, occurring in 28 (43%) of those with hy-
drocephalus. The next most common pattern, obstruction of the
foramina of Monro (Figure 1B-1), was identified in 16 (25%) per-
sons and is characterized by calcifications at the site of the foram-
ina and often asymmetric dilatation of the lateral ventricles with
normal third and fourth ventricles. The frontal horns of the ven-
tricles often appeared fuller in an asymmetrical pattern. One per-
son with this pattern had unilateral foraminal obstruction

Figure 1. Anatomical patterns of hydrocephalus in congenital Toxoplasma gondii infection and association with parasite strain. The large dark areas in
the neuroimages indicate the dilated ventricular regions and hydrocephalus. A, Obstruction of the aqueduct of Sylvius; aqueduct of Sylvius indicated by blue
arrow. B1, Bilateral obstruction of the foramina of Monro; foramina of Monro indicated by red arrow. B2, Unilateral obstruction of the foramina of Monro. C,
No obvious intraventricular obstruction causing ventricular dilatation. D, Twenty-four patients had antibodies to Type-II peptides, and 33 had antibodies to
NE-II peptides. Type-II strains were associated with aqueductal obstruction and NE-II strains were associated with nonobstructive hydrocephalus (P = .035).
% Total = (Number of patients with antibodies to parasite strain and pattern of hydrocephalus/Total number of patients with antibodies to parasite
strain) × 100.
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causing unilateral hydrocephalus (Figure 1B-2), but this pattern
was usually bilateral. Seven (11%) persons had evidence of a third
pattern of mixed aqueductal and foraminal obstruction. Some
persons with this pattern initially presented with aqueductal
obstruction and foraminal obstruction manifesting following
ventriculoperitoneal shunt placement when one or both lateral
ventricles remained dilated. The fourth pattern, which we de-
scribe as having no obvious evidence of intraventricular obstruc-
tion resulting in ventricular enlargement, occurred in 14 (21%)
persons. This pattern is characterized by bilateral lateral ventric-
ular dilatation, normal third and fourth ventricle size, and foram-
ina of Monro without periforaminal calcifications or other
obvious intraventricular obstructive lesions that result in marked
dilatation in the frontal horns (Figure 1C). This was often asso-
ciated with colpocephaly, compression of parieto-occipital corti-
cal mantle, and less fullness of the frontal horns relative to what
is often seen with foraminal obstruction. The degree of fullness
of the frontal horn of the ventricle distinguishes the patterns
presented in Figures 1B and 1C.

Parasite Strains Causing Infection
Serum from infected persons was tested against polymorphic
peptides specific to Type-II or not exclusively-II (NE-II) strains
using an ELISA assay. Of the 65 persons with hydrocephalus, 24
were found to have antibodies against Type-II peptides, 33 were
found to have antibodies against NE-II peptides, 5 had sera that
were not reactive to any peptide, and 3 have not yet had their
sera tested.

Patterns Associated With Parasite Strain
The distribution of patterns of hydrocephalus in persons infect-
ed by Type-II or NE-II parasites is shown in Figure 1D. Of the
24 persons with hydrocephalus who were infected by Type-II
parasites, 15 (62.5%) had aqueductal obstruction, 5 (20.8%)
had foramina of Monro obstruction, 2 (8.3%) had mixed aque-
ductal and foraminal obstruction, and 2 (8.3%) had a pattern of
no obvious intraventricular obstruction. Of the 33 persons with
hydrocephalus who were infected by NE-II parasites, 9 (27.3%)
had aqueductal obstruction, 10 (30.3%) had foramina of Monro
obstruction, 3 (9.1%) had mixed aqueductal and foraminal ob-
struction and 11 (33.3%) had a pattern of no obvious intraven-
tricular obstruction. Pattern of hydrocephalus was significantly
associated with strain type (P = .035), with aqueductal obstruc-
tion occurring more frequently with Type-II strains and the pat-
tern of no obvious intraventricular obstruction occurring more
frequently with NE-II strains.

DISCUSSION

Hydrocephalus in persons with congenital toxoplasmosis has
traditionally been attributed only to obstruction of the aqueduct

of Sylvius. In this study, we found aqueductal obstruction to be
the predominant cause of hydrocephalus in our cohort, ac-
counting for 43% of cases and 54% when mixed aqueductal
and foraminal obstruction are included. However, we report ad-
ditional patterns of hydrocephalus that are present in a substan-
tial proportion of our cohort. Recognition of these patterns is
important when considering approaches to neurosurgical inter-
vention, and may help to elucidate the pathophysiology of
cerebral Toxoplasma infection.

To our knowledge, the pattern of bilateral obstruction of the
foramina of Monro in cerebral toxoplasmosis has not been pre-
viously described. Toxoplasma infection commonly causes cere-
bral calcification and inflammation, and the periforaminal
regions were common sites for calcification in our patients.
Presence of generalized, rather than only focal, periventricular
inflammation combined with focal periforaminal calcifications
may contribute to the pathogenesis of this pattern of hydro-
cephalus, and also likely contributes to asymmetrical dilatation
of the lateral ventricles observed with all patterns of hydroceph-
alus in these patients. It will be of interest in future studies to
investigate whether parasite serotypes associate with calcifica-
tion patterns.

Pathogenesis of the pattern with no obvious intraventricular
obstruction remains undefined. Studies in murine models sug-
gest that intraventricular or leptomeningeal inflammation hin-
dering cerebrospinal fluid (CSF) resorption may contribute to
the mechanism of hydrocephalus in mice [11], and this has
been proposed as a mechanism of hydrocephalus in human
toxoplasmosis [12]. This may be an etiology in the pattern of no
obvious intraventricular obstruction described above and may
ultimately also contribute to all patterns of hydrocephalus. Lep-
tomeningeal inflammation may also be an explanation for the
high failure rate of third ventriculostomy in post-toxoplasmosis
aqueductal obstruction [13, 14].

Our findings suggest that the inappropriate CSF volume ob-
served in the persons in this study may be caused by either
aqueductal or foraminal obstruction, “obstructive hydrocepha-
lus,” or abnormal resorption of CSF or fibrosis, “absorptive
hydrocephalus.” One of the key distinctions between these 2
patterns is degree of intracranial pressure. Obstructive hydro-
cephalus results in the high intracranial pressure common in
congenital hydrocephalus. By contrast, hydrocephalus with ab-
normal CSF resorption would result in a pressure that may not
be as high, similar to the normal pressure hydrocephalus seen in
adults. This pattern of possible impaired absorption of CSF
causing hydrocephalus does, however, still respond to interven-
tions, such as ventriculoperitoneal shunt placement, to lower
the pressure because CSF does not transit or ventricles are
stiff physiologically.

Intraocular interferon γ/interleukin (IL)-17a decreased and
IL-6/IL-13 increased in Colombian ocular toxoplasmosis [15].
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If this occurs in brain, it might alter hydrocephalus pattern. There
were insufficient numbers of mothers with residency in South
America during gestation to determine whether there was any
geographic association with pattern of hydrocephalus in the child.

Studies of human neuroepithelioma cells and our own work
with neuronal stem and differentiated cells infected by 3 differ-
ent isolates of T. gondii show that host gene expression is signif-
icantly altered by infection, and that Type-II strains alter host
gene expression in a distinctly different way than Type-I and
Type-III strains [16]. This may begin to explain the differences
in anatomical patterns of hydrocephalus observed in this study
between persons infected with NE-II and Type-II strains. Future
investigation into the strain-specific pathogenesis of hydroceph-
alus due to T. gondii may provide further insights into how this
parasite modulates its host cell and causes disease.
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