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Background: Congenital toxoplasmosis is a serious disease that occurs when the foetus is infected with the parasite
Toxoplasma gondii. A consequence of vertical transmission from mother to foetus is hydrocephalus. This is classified
as an increase in intracranial pressure causing swelling of the brain. It is unknown whether the current gold standard
of antibiotic treatment of pyrimethamine and sulfonamide is adequate. The objective of this review is to compare the

efficacy of pyrimethamine and sulfonamide treatment duration in managing hydrocephalus induced by congenital

toxoplasmosis.

Methods: A systematic review was conducted by two independent reviewers across several medical databases
including Ovid MEDLINE, Cochrane Central and EMBASE. Seven articles including case reports, retrospective cohorts,
randomised controlled trials, longitudinal studies, and systematic reviews met the inclusion criteria. Infants were

classified from birth to 24 weeks old.

Results: There was a lack of conclusive evidence regarding the efficacy and safety of pyrimethamine and sulfonamide.
Multiple studies revealed pyrimethamine and sulfonamide were effective in reducing infant deformities and
neurological conditions, only when rapidly administered after birth. However, contradicting evidence revealed
pyrimethamine and sulfonamide had no significant effect on hydrocephalus.

Conclusion: Novel pharmaceutical interventions for managing hydrocephalus caused by congenital toxoplasmosis
are needed, as the existing treatments are inadequate. Since treatment options have dwindled in the last decade,
toxoplasmosis is classified as a neglected parasitic infection. Renewed interest in conducting higher-quality trials is
required to elucidate different therapeutic interventions for clinical use.
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oxoplasmosis is a zoonotic infection caused by the

Toxoplasma gondii parasite'. Replication of the parasite
occurs in the domestic cat. The cat sheds Toxoplasma
gondii oocytes in its faeces into the environment.
The oocytes can then be ingested by other warm-
blooded animals or transmitted to humans through
contaminated food, particularly undercooked meat, and
soil. Toxoplasmosis is of critical public health importance,
as it affects one-third of the global population with a
seroprevalence in industrialised countries estimated to be
between 10%—-50% and around 80% in tropical areas with
poor sanitation?. Toxoplasmosis can present with many
non-specific symptoms, making it difficult to diagnose.

Toxoplasmosis can be vertically transmitted across
the placental barrier, which can have severe health
consequences for the developing foetus'. Early diagnosis
of congenital toxoplasmosis through polymerase chain
reaction (PCR), anti-Toxoplasma antibodies using
enzyme-linked immunosorbent assay (ELISA), and IgG
and IgM Toxoplasma-specific antibody detection can
greatly improve the health of both mother and foetus, as
interventions can be started immediately’. Symptoms of

www.tsmj.ie

severe congenital toxoplasmosis in the neonate include
blindness, intellectual disability, intracranial calcifications,
and hydrocephalus. Hydrocephalus is an abnormal
increase in intracranial pressure and expansion of the
ventricles. This causes an increase in head circumference,
irritability, vomiting, and sutural diastasis in the newborn*.

Ventriculomegaly, a condition that can lead to
hydrocephalus, can be observed on a prenatal ultrasound
at 18—20 weeks’ gestation®. Termination of pregnancy is
recommended to mothers with a diagnosis of congenital
toxoplasmosis before 26 weeks of gestation in France®.
Antibiotic treatments for suspected cases of congenital
toxoplasmosis include administration of pyrimethamine
and sulfonamide (P/S), both of which inhibit parasitic
folate metabolism®. Sulfonamide acts as an inhibitor
to the dihydropteroate synthetase enzyme, whereas
pyrimethamine inhibits the dihydrofolate reductase
enzyme. The objective of this review is to compare the
efficacy of P/S antibiotic duration of treatment in managing
hydrocephalus induced by congenital toxoplasmosis.
These results have the potential to aid in expanding the
national guidelines in obstetrics and gynaecology for the
Royal College of Physicians of Ireland.
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Methods

A systematic review was conducted by two independent
reviewers utilising Ovid MEDLINE, Cochrane Central,
and EMBASE. The keywords “congenital toxoplasmosis,’
“pyrimethamine” “sulfadiazine” and “hydrocephalus”
were used in the search. Eligibility assessment
was performed by the independent reviewers and
disagreements were resolved by consensus. A data
extraction Excel sheet was developed and used to compile
and summarise the relevant studies. The inclusion
criteria were established in line with the study objective
where relevant articles underwent data extraction and
analysis. Full electronic search history can be found in
the Preferred Reporting Items for Systematic Reviews
and Meta Analyses (PRISMA) chart in Figure 1.

Inclusion and Exclusion Criteria

Qualitative, quantitative, cohort, and case studies
written in English from January 1990 to November 2020
describing the use of antibiotic treatments for infants
with hydrocephalus caused by congenital toxoplasmosis
were included. The infant period considered was from
birth to 24 months old. Mothers that were treated
prenatally with P/S were also included in the review.
The Population, Intervention, Comparison, and Outcome
(PICO) tool was used to inform and guide the keywords
and inclusion criteria used in the search. Studies
published before January 1990 and after November 2020
were excluded. Foreign-language articles, and articles
not assessing hydrocephalus or congenital toxoplasmosis
as the primary focus were excluded.

Search Results

Relevant articles underwent data extraction and analysis.
A search yielded 67 results (15 in Ovid Medline, 47 in
Embase, 5 in Cochrane) that matched the predefined
search parameters. Of the 67 articles identified in the
search strategy, 7 articles met the final inclusion criteria
and warranted analysis. 60 articles were excluded: 6 were
commentary articles not adhering to the study design, 5
were not directly assessing congenital toxoplasmosis, 20
were non-English, and 29 were duplicates between the
database searches. 7 articles met the inclusion criteria,
including: 1 case report, 2 retrospective cohorts, 1
randomised controlled trial, 2 longitudinal studies, and 1
systematic review were included. Corroborative themes
were identified and reported in the outcomes table in
Table 1.

Results

The seven articles that were included in the final criteria
revealed conflicting results on the efficacy of P/S in
treating congenital toxoplasmosis. Hydrocephalus was
examined as the main outcome.

Support of P/S Antibiotic Use

A longitudinal study conducted by McAuley et al
examined 44 children with congenital toxoplasmosis
over ten years' According to this study, developmental,
neurological, and ophthalmological deformities including
hydrocephalus were decreased with rapid administration
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Figure 1. Chart of Search History of Congenital
Toxoplasmosis in Neonates with Hydrocephalus

Records identified through Database
Search
(n=67)

l

Abstracts Reviewed
(n=67)

MEDLINE (n=15)
Cochrane (n=5)
EMBASE (n=47)

Excluded during Abstract Examination
(n=60)

l—’ Study design (n=6)
Not ing congenital toxopl is (n=5)

L . Non-English (n=20)
Eligible Studies Duplicates (n=29)
(n=7)

Case Report (n=1)

Retrospective Cohort (n =2)
Randomised Controlled Trial (n=1)
Systematic Reviews (n=1)
Longitudinal Studies (n=2)

of P/S, with a relatively low frequency of neutropenia
being the only haematological toxicity observed. Dosage
of pyrimethamine and sulfadiazine varied, given in
milligrams for half the infants weight in kilograms™. After
P/S was discontinued, 3 children developed retinal lesions
and afebrile seizures, however, authors concluded that
rapid P/S therapy was successful in treating neurological
deformities, including hydrocephalus®.

Subsequently, Roizen et al. conducted a one-year
longitudinal study that examined 36 infants from
1-13 months of age with congenital toxoplasmosis™.
In this study, infants were treated with P/S for one
month, one year, or not treated at all where dosage
varied considerably between each infant depending on
weight. The authors in this study found that children
with hydrocephalus ex vacuo performed poorly on
neurological and developmental tests. Neurologic and
developmental outcomes were significantly reduced
in children treated with P/S in comparison to those
untreated or temporarily treated for less than a month
(p=0.001) and children treated with P/S for the full year
had improved neurological scores™.

Foulon et al. expanded on the early neurological
studies and examined the efficacy of P/S against the
antibiotic spiramycin given antenatally to mothers™. In
this study, prenatal doses of P/S ranged from 25-500 mg
against 1 g of spiramycin. Multivariate analysis revealed
that rapid prenatal treatment led to a significant
reduction (p=0.021) in the severity of physical defects,
including hydrocephalus and administration of P/S or
spiramycin was predictive of the absence of sequelae
(p=0.026)". However, there was no difference in the
efficacy between P/S compared to spiramycin®.

Opposition of P/S Antibiotic Use
A large retrospective cohort study conducted by Gras
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Table 1. Outcomes of Pharmacological Interventions of Congenital Toxoplasmosis

Study Type Population Drug Used Conclusion
Mandelbrot et RCT 143 infants Combination of P/S Lower transmission of toxoplasmosis to the foetus when using P/S but
al., 2018" with congenital did not reach statistical significance. No foetal cerebral toxoplasmosis
toxoplasmosis lesions in the group.
Tamaruetal., Case study Llinfant with Combination of P/S An infant with severe hydrocephalus was treated seven days after birth
20118 severe congenital with P/S. Side effects were observed, and treatment was terminated.
toxoplasmosis New foetal drug therapies for treatment of congenital toxoplasmosis are
suggested to reduce maternal and foetal risks.
Grasetal.,2001° Retrospective 181 liveborn infants Combination of P/S against spiramycin  No significant effects were found when using P/S on intracranial,
cohort with congenital or no treatment pericranial, or ocular lesions by age 3.
toxoplasmosis
Foulon et al., Retrospective 64 infants with Combination of P/S Early treatment commencement resulted in a significant reduction
1999%° cohort congenital (p=0.021) in the number of severely affected infants with hydrocephalus.
toxoplasmosis P/S in combination did not have different effects from spiramycin.
Roizen et al., Longitudinal 36 infants followed Combination of P/S Neurologic and developmental outcomes were significantly reduced
1995 study to ten years of age in children treated with P/S in comparison to those untreated or
with congenital temporarily treated for less than a month (p=0.001).
toxoplasmosis
McAuley et al., Longitudinal 44 infants followed Combination of P/S P/S was concluded as a feasible treatment for infants under the age of
199412 study to 1year of age 1. The toxicity of administered P/S was minimal and manageable. The
with congenital relatively low frequency of neutropenia was the only significant form of
toxoplasmosis haematologic toxicity observed.
Peyron et al., Systematic 594 children variable Combination of P/S Treatment of pregnant women with P/S showed inconclusive results in
1999% review ages with congenital the vertical transmission rate of congenital toxoplasmosis.

toxoplasmosis

et al. revealed no difference in the efficacy between
P/S, spiramycin or no treatment when P/S was given
antenatally in 181 new-borns®. In this study, mothers
were prescribed 50 mg/day of pyrimethamine and 3
g/day of sulfadiazine after confirmation of infection
with seroconversion of IgG and IgM antibodies and
after birth neonates were immediately prescribed with
pyrimethamine (3 mg/kg/3 days) and sulfadiazine (75
mg/kg/day) for three weeks. Results revealed no effect
of P/S on intracranial, pericranial, or ocular lesions by
three years®.

A case study of a seven-day old neonate with
congenital toxoplasmosis was administered a
combination of P/S postnatally in addition to antenatal
treatment®. In this study, during the mother’s pregnancy,
she was given oral administration of azithromycin in
addition to P/S and acetylspiramycin starting at 23
weeks gestation. Postnatally, Tamaru et al. observed
serious side effects including hepatosplenomegaly,
intracranial calcifications, meningitis, and ascites®. The
authors of this study hypothesised that these side effects
could have been caused by the teratogenic effects of
pyrimethamine during the first trimester of pregnancy.

A systematic review conducted by Peyron et
al. examined different treatments for congenital
toxoplasmosis including P/S, spiramycin, azithromycin,
or no treatment®. The authors of this study concluded
that there was a lack of sufficient evidence that antenatal
P/Shad any positive effects on the foetus. Recent research
has shed further conflicting evidence on the use of P/S.
A novel randomised controlled trial (RCT) conducted
by Mandelbrot et al. examined the antenatal treatment
for mothers with P/S in comparison to spiramycin’. In
this study, there was a lower transmission rate observed
with P/S treatment, however, these results did not reach
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statistical significance and there were no foetal cerebral
toxoplasmosis lesions when treated with P/S.

From the results obtained, there was a lack of
conclusive evidence regarding the efficacy and safety of
P/S treatment for infants diagnosed with hydrocephalus
caused by congenital toxoplasmosis. Multiple studies
using P/S were shown to be effective in reducing infant
deformities and neurological conditions when rapidly
administered after birth'*>. However, contradicting
results elucidated that combination therapy did not affect
intracranial lesions or deformities caused by congenital
toxoplasmosis®. This could be due to the reduced
efficacy of the drug itself or the timing of the treatment.
The lack of conclusive evidence against using P/S as a
treatment for hydrocephalus can be attributed to the
different methods used in various studies. Many of the
studies used direct imaging techniques to visualise the
progression of hydrocephalus such as ultrasonography,
radiography, computed tomography, and magnetic
resonance imaging®'. However, in the studies
conducted by Roizen et al" and McAuley et al* used
indirect methods such as neurological and blood serum
tests were used to measure the effects of hydrocephalus.
The Health Service Executive (HSE) Ireland’s guidelines
to diagnose hydrocephalus requires an occipitofrontal
circumference measurement greater than 38 cm followed
by an immediate cranial ultrasound™. The inconsistent
measurement of hydrocephalus between these studies
contributes to the inability to draw meaningful and
concrete conclusions from the data.

Reducing the transmission rates of congenital
toxoplasmosis with P/S was also investigated. Data
collected by Peyron et al”® recognised that there was
inconclusive evidence onwhethertherate of transmission
of congenital toxoplasmosis was lower when pregnant
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women were treated with P/S®. Furthermore, the only
high quality RCT conducted by Mandelbrot et al.” showed
a reduction in the vertical transmission from mother
to foetus, however, the results were not statistically
significant’. Due to conflicting results, it remains
unknown whether treatment with P/S during pregnancy
reduces the transmission of congenital toxoplasmosis.

The safety of P/S treatment was examined and
revealed conflicting results. The P/S treatment on both
mother and infant was concluded to be safe in managing
the infection and had few minor adverse effects®.
Neutropenia was a side effect, however, the authors
noted that this could easily be treated with other drugs,
and therefore was not considered a serious adverse
reaction'. In contrast, a recent case study by Tamaru et
al.? revealed adverse side effects from treatment in both
mother and foetus. Side effects of this study included:
bone marrow suppression, hepatotoxicity, meningitis,
intracranial calcifications, and ascites. Therefore, in this
study, P/S was not recommended as a treatment®. The
results of these studies prompt further investigation
into the non-neurological P/S side effects.

Discussion

There is an apparent lack of conclusive evidence
regarding the safety and efficacy of P/S on the prevention
and treatment of hydrocephalus caused by congenital
toxoplasmosis. The results of various study types cannot
be accurately compared to each other to draw results
from this collection of studies. Therefore, no formal
conclusions can be made from the data.

Toxoplasmosis is classified as a neglected parasitic
infection in the United States®. Therefore, there is
a limitation on the volume and quality of current
research. Most investigations on Toxoplasma gondii were
conducted in the 1990s when the disease was newly
discovered. Since then, there has been a decrease in
research and interest on this topic, which has led to a
lack of epidemiological data. Hence, the conclusions
that can be drawn from this information are based on
limited amounts of research. Furthermore, this lack of
research has diminished progress in the development
of novel pharmaceutical therapies to treat congenital
toxoplasmosis. Consequently, patients are still being
treated with P/S, which has remained the gold standard
for decades.

Another limitation of this review is that most articles
had a small sample size, which affects the generalisability
of the studies. The results are relevant for the sample,
however, may not be able to be extrapolated to an entire
population. The studies included in this systematic
review are also limited, as they are mainly longitudinal
and retrospective in their design, rather than RCTs.
RCTs are the gold standard in evidence-based medicine
due to the control for bias by randomisation and
should be the goal in determining treatment efficacy.
Additionally, the P/S therapy was not compared to a
single dose of each independent drug. Therefore, the
efficacy of pyrimethamine and sulfadiazine on their own
in comparison to the combination of P/S is unknown. A
final limitation of this review is that the studies all used
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the same combination of drugs but did not compare
the treatment efficacy to the same control group. For
example, Foulon et al'® compared the efficacy of P/S
to another pharmacological treatment of spiramycin,
whereas Roizen et al." compared the efficacy of the drug
combination to untreated patients.

Conclusion

Further research on novel pharmaceutical interventions
for hydrocephalus caused by congenital toxoplasmosis
is warranted. An increased interest in conducting RCTs
for various combinations of treatments and antiparasitic
drugs are required to obtain objective data for clinical
use. Some examples of alternative antiparasitic drugs that
can be included in combination therapy are spiramycin
and clindamycin, both of which are bacteriostatic
agents™. As pyrimethamine has shown teratogenicity in
the first trimester of pregnancy, the safety and efficacy
of novel drugs should be researched during this time®.
The development and use of antiparasitic drugs pose
challenges for various parts of the world. Therefore,
it is required to investigate which pharmaceutical
interventions are the most appropriate options for
populations of various socioeconomic and geographic
backgrounds.

A critical effort must be made to increase public
awareness of congenital toxoplasmosis in both endemic
and non-endemic areas. This not only includes education
for pregnant women, but also for women of childbearing
age. An 2008 article written by Elsheika suggests multiple
approaches should be taken to prevent congenital
toxoplasmosis®. This includes informing and educating
local health officials so accurate information can be
passed onto pregnant women®. This is especially critical
in endemic and resource-poor regions, as it is a low-cost
intervention. Another preventative measure suggested in
this paper is the implementation of screening programmes
for pregnant mothers so interventions can be started
immediately if they are infected with the parasite.

Countries in Africa and South America do not
routinely screen for possible congenital toxoplasmosis
infections, as it can be costly for these populations of
lower socioeconomic status?*. However, this is a global
obstacle, as countries in Europe and North America do
not currently have long-term routine national screening
programmes. There have, however, been temporary
screening programmes. In Ireland, a two-year pilot
newborn screening programme was initiated in 2005,
which involved a two-step IgM dried heel test 72-120
hours after birth®. The programme found early signs
of visual and neurodevelopmental signs for postnatal
infants. As a result, screening allowed immediate
treatment that was faster. Currently, in France, there is
a national screening programme called ToxoSurv, which
can diagnose antenatal and post neonatal toxoplasmosis
infection up to one year of age. ToxoSurv and previous
programmes dating back to 1995 have been associated
with a decrease in seroprevalence of toxoplasmosis?.

Withincreased research on congenital toxoplasmosis,
the ultimate goal is the development of a vaccine,
which would decrease transmission of the parasite.
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Currently, there are no human vaccine candidates
for Toxoplasma gondii, as it shows a large degree of
variability and antigenic polymorphism®. Since there
is no imperative for a vaccine at this current time, it
is important to elucidate successful pharmacological
alternatives. Due to the lack of evidence supporting P/S
as a treatment for hydrocephalus caused by congenital
toxoplasmosis, future research is required to discover
novel interventions. <
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