
Introduction

Primary infection with protozoan Toxoplasma
gondii during pregnancy may result in congenital
disease of the fetus [1]. Fetuses infected in early
pregnancy (5–6%) are much more likely to show
clinical signs of infection than those infected in the
third trimester (70–80%) [2]. Most (80–90%)
infants congenitally infected are asymptomatic at
birth, but many will present recurrent
retinochoroiditis or neurological abnormalities later
in life [3–5]. Both the symptomatic and
asymptomatic infections are an indication for
treatment as soon as the diagnosis is established.
Most of therapeutic regimens include a combination
of pyrimethamine and sulfonamide – the folic acid
inhibitors, which block reproduction of DNA-

strands during cell replication [6,7]. Both drugs
have a synergistic, parasitostatic activity [8]. The
most common side-effect of treatment, especially
with pyrimethamine, is transient, reversible
neutropenia. Other hematological disorders or toxic
epidermal necrolysis are rarely observed [1]. Folinic
acid is supplemented to prevent adverse effects.
Currently, there is no consensus as regards the
duration of postnatal treatment, but most authors
prefer 12 months or longer depending on the child
condition [9,10]. In Poland the treatment is
continued throughout the period of infancy, or even
longer [11]. Monitoring of serum levels of
pyrimethamine, especially in the youngest children,
increases the safety and effectiveness of the therapy
[12].
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ABSTRACT. The study objective was to determine plasma concentration of pyrimethamine in 24 infants aged 1–5
months, treated for congenital toxoplasmosis.  Pyrimethamine was used in a single daily dose at an amount of 0.35–0.98
mg/kg daily, with sulfadiazine (50–100 mg/kg/day) in divided doses 2–3 times a day, and folinic acid given twice a
week (7.5 mg). This regimen was continued for 2–6 months, then Fansidar® was administered.  Pyrimethamine
concentration in plasma was measured using  high-performance liquid chromatography method (HPLC). A total of 70
tests were performed. Concentration of pyrimethamine ranged from 0.01 to 1.2 µg/ml. In 14 children (58 tests) the
concentration of pyrimethamine achieved therapeutic value. In 7 patients (8 tests) the concentration was below
therapeutic level, and in 3 patients (4 tests) above therapeutic level. In 11/24 (46%) children  transient  moderate
neutropenia was observed. Modification of therapy was necessary in 12 patients. Monitoring of pyrimethamine
concentration in plasma improves safety and effectiveness of the therapy and is useful in obtaining correct individual
dose of the drug. Neutropenia is the most common side-effect of pyrimethamine observed even when using the
recommended dose.
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The aim was to evaluate plasma concentration of
pyrimethamine in infants treated for congenital
toxoplasmosis.

Material and methods

The study included 24 infants (10 girls, 14 boys)
hospitalized in the Department of Infant Diseases,
The Children’s Memorial Health Institute in
Warsaw in the years 2006–2010. At the time of
diagnosis the age of the children ranged from 1 to 5
months, and the length of observation – from 8
months to 3 years. Pyrimethamine was used in a
single daily dose oscillating around the
recommended amount of 0.5–1.0 mg/kg daily with
sulfadiazine (50–100 mg/kg/day) in divided doses
2–3 times a day. The treatment was continued for
2–6 months, then to the end of the first year of life
or even longer, Fansidar® was supplied.
Furthermore, during therapy folinic acid was given
twice a week (7.5 mg).

After confirmation of congenital Toxoplasma
infection, antiparasitic treatment was introduced
[11]. The pyrimethamine concentration in plasma
was measured using the high-performance liquid
chromatography method. The therapeutic concen -
tration was established at 0.08–0.6 µg/ml [7]. The
concentration of PYR in 250 µl of plasma was
measured before the 6th dose of the drug, then at
4–6 weeks intervals, and additionally after
modification of the dose. Furthermore, the
peripheral blood count, activity of transaminases,
concentration of creatinine in serum and urinalysis
were controlled. The study received the approval of
the local Bioethics Committee. 

Results

Results are summarized in Table 1. A total of 70
tests in 24 patients were performed. The dose of
pyrimethamine ranged from 0.35 to 0.98
mg/kg/dose. In 10 patients the dose of the drug was
below the recommended range of 0.5–1.0 mg/kg,
owing to neutropenia (6 patients), bad compliance
(one patient) and rapid weight gain (3 patients). The
concentration of pyrimethamine in serum ranged
from 0.01 to 1.2 µg/ml. In 14 children (58 tests) the
concentration of PYR achieved therapeutic value; in
this group the dose of the drug ranged from 0.35 to
0.98 mg/kg/dose. In 7 patients (8 tests) the
concentration value was below the therapeutic level.

In 2 of them (Nos. 2, 13 – test I) because of initial
neutropenia, the starting dose of pyrimethamine was
below 0.5 mg/kg/day; in patient No. 13 the concen -
tration in consecutive tests normalized. In one
patient (No. 14) we obtained too low level in the
third test; the dose of the drug was below the
recommended value (probably bad compliance). In
patient No. 20, after a reduced dose because of
neutropenia, in two subsequent tests (V,VI) the
level of PYR was too low and it normalized after
increasing the dose (VII,VIII tests). In last 3 patients
from this group (Nos. 11, 12 – test I; No. 19 – test
II), despite an appropriate dose of the drug, the
concentration was too low and spontaneously
increased in patients No. 11 and 12 (in patient
No. 19 the control test was not performed). In 3
cases (4 tests) the concentration value was above
therapeutic limits despite using the recommended
dose. In the first child (No. 1) treated with a dose of
0.63 mg/kg every 2 days (owing to neutropenia), the
concentration of pyrimethamine in the first test was
0.786 µg/ml. When the dose was reduced to
0.5 mg/kg every 3 days, in the second test the
concentration was 0.141 µg/ml, but the third sample
showed a therapeutic level of the drug and
normalization of the neutrophil count. In the second
child (No. 5) with a daily dose of 0.55 mg/kg we
obtained a therapeutic value in the first test, but too
high level (1.2 and 0.8 µg/ml) in the following tests
II and III performed at an interval of 2 days. When
the dose was reduced to 0.51 mg/kg every 2 days, in
a control test we obtained the concentration of
0.126 µg/ml and simultaneously neutropenia
appeared. The third child (No. 18) was treated with
a dose of  0.76 mg/kg. The first level of the drug was
correct. During the second test (a lower dose of 0.68
mg/kg and a higher level of 0.82 µg/ml),
neutropenia appeared. After reducing the dose (0.77
mg/kg every 2 days) the concentration value was
normalized, but moderate neutropenia was still
observed. Neutropenia was detected in 14 patients:
in 3 before and in 11 after drug administration
(7 with normal, 3 with increased, and 4 with
decreased level of drug). Modification of the
therapy was necessary in 12 patients: owing to
neutropenia in 10 (in one also hyper transa -
minasemia), and elevated level of pyrimethamine in
2. Daily dose reduction was applied in one case, a
sequential supply every 2–3 days in 9, and periodic
discontinuation of therapy in 2 cases.
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Discussion

Monitoring of blood concentration is particularly
important for drugs with a narrow therapeutic index
or showing significant side-effects. The
pharmacokinetics of drugs in young children,
especially in infants, may differ from adults with
regard to drug accumulation, metabolism and
excretion of the drug and its metabolites due to the
lack of maturity of the metabolising enzyme
systems and differences in drug disposition [12,13].
There has been progress concerning the HPLC
survey methodology, but the fact remains that there
is still a limited availability of pharmacokinetic
studies in children [12]. Research conducted in
infants with congenital toxoplasmosis is of great
importance since long-term therapy is used. With
regard to pyrimethamine, the important pharmaco -
kinetic parameter affecting determination of the
appropriate dose is the very long half-life depending
on age and body weight, ranging from 4.0 to 5.2
days and a relatively long time period after which
the drug reaches the maximum concentration [14].
Such a long half-life, protein binding of 80–90%,
and the possibility of side-effects (especially bone
marrow depression), make it important to monitor
drug plasma concentration [12]. Peak plasma
concentration is observed after 2–4 hours of supply
[14]. Pyrimethamine is largely metabolized, but
30% is excreted by the kidneys for several weeks in
an unchanged form. During prolonged use a stable
state is reached after 12–20 days of regular supply,
and plasma concentration is proportional to the
dose. In the analyzed group we observed such a
result, though in several cases the drug
concentration was incorrect in spite of appropriate
dose. Gene polymorphism may be responsible for
individual reduction in half-life or excessive
accumulation of the drug, which may lead to
inadequate concentration in the serum  observed in
some of our patients (irregular drug supply). We
associate too high concentration after the use of an
appropriate dose and normalization after dose
reduction with possible individual agents impairing
metabolism. The importance of maintaining proper
concentration of antiparasitic drugs is emphasized
by Schmidt [8]. In the course of  3-month treatment
new lesions appeared in some patients during
follow-up, but there are no data supporting better
outcomes after longer treatment. In our group
treated for 12 months there were no recurrences of
ocular changes. In the study performed by

Corvaisier [7] in 33 children treated for 12 months
the concentration of PYR was lower than in the
group observed by Schmidt [8]. The difference was
probably the result of various regimens used in both
studies. In our patients total concentration of
pyrimethamine ranged from 0.076 to 1.2 µg/ml.
McLeod’s [15] study assessed the in vitro minimum
inhibitory level of pyrimethamine, resulting in
approximately 90% inhibition of T. gondii
replication, as 0.03 µg/ml. Johannessen [12]
studying the concentration of pyrimethamine/
sulfadiazine during a 3-month therapy in infants
aged from 1 to 5 months observed a stable drug
concentration in subsequent assays. In Trenque’s
[14] study (89 children aged from infancy to 14
years, treated with Fansidar®), the average of PYR
concentration in serum was lower than in the
Johannessen group [12], which is probably
associated with the supply of the long-acting drug
over an extended time interval. Toleration of the
drug has generally been reported as good, which
accords with our results. The main side-effect of the
treatment was neutropenia, found in 11/24 (46%) of
infants in our group (<1.0×109/l). Schmidt [8] and
colleagues found the reduction in neutrophils as less
than 0.5×109/l in 13.8% of patients. Change of dose
or discontinuation of  treatment was necessary and
all patients regained a neutrophil count within the
normal range after treatment. Schmidt noticed that
there is no uniform pattern of decreasing or
increasing value of the neutrophil count during
therapy. Some children, as in our group, were
neutropenic even before treatment was initiated,
others showed low levels of neutrophils during
follow-up without a change in the drug schedule [8].
In the Chicago study, up to 58% of  patients treated
for 12 months developed neutropenia [5]. In our
clinical material modification of the therapy was
required in 12/24 (50%) patients, in 10 because of
neutropenia and in 2 children owing to elevated
level of pyrimethamine. Daily dose reduction was
applied in one case, sequential supply every 2–3
days in 9, and periodic discontinuation of therapy in
2 cases. Because the individual variability of PYR
concentration levels remains large despite the use of
doses standardized to body weight, the population
parameters cannot be used to calculate the starting
dose and it seems necessary to work with an
individual dosage adjustment. Consideration must
be given to the wide individual variability in plasma
PYR levels among patients receiving the same dose
regimen [7]. The serum concentration of
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pyrimethamine is not predictable even when the
dose is standardized to body weight. In our group,
despite the use of  recommended and similar doses,
the levels differed significantly between patients.
These results indicate that pharmacological
monitoring of pyrimethamine is necessary and
allows to correct the dose of the drug. The optimal
doses and target concentrations in serum still need
to be established for antiparasitic drugs used in the
treatment of congenital toxoplasmosis.

Conclusions

Monitoring of the plasma concentration of
pyrimethamine improves the safety and
effectiveness of therapy, and helps to achieve the
correct individual dose of the drug. 

Neutropenia is the most common side-effect of
pyrimethamine observed even when the
recommended dose is used.
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Monitorowanie stężenia pirymetaminy
w surowicy krwi u niemowląt 
z wrodzonym zarażeniem Toxoplasma
gondii – obserwacje własne

B. Lipka, B. Milewska-Bobula, M. Filipek

Ce lem pra cy by ła oce na stę że nia pi ry me ta mi ny
w su ro wi cy krwi u 24 nie mow ląt w wie ku 1–5 mie -
się cy, le czo nych z po wo du tok so pla zmo zy wro dzo -
nej. Pi ry me ta mi nę po da wa no w jed nej daw ce do bo -
wej w ilo ści 0,35–0,98 mg/kg, z sul fa dia zy ną
(50–100 mg/kg/do bę) sto so wa ną w 2–3 daw kach
po dzie lo nych i kwa sem fo li no wym (dwa ra zy w ty -
go dniu po 7,5 mg). Le cze nie kon ty nu owa no przez
2–6 mie się cy, na stęp nie do ukoń cze nia 12 mie sią ca
ży cia lub dłu żej sto so wa no Fan si dar®. Stę że nie pi -
ry me ta mi ny ozna cza no przy uży ciu wy so ko spraw -

nej chro ma to gra fii cie czo wej (HPLC). Ogó łem wy -
ko na no 70 ozna czeń. Stę że nie pi ry me ta mi ny wa ha -
ło się od 0,01 do 1,2 µg/ml. U 14 dzie ci (58 ozna -
czeń) uzy ska no stę że nie le ku miesz czą ce się w za -
kre sie war to ści te ra peu tycz nych. U 7 dzie ci (8 ozna -
czeń) stę że nie le ku by ło po ni żej, zaś u 3 (4 ozna cze -
nia) po wy żej za kre su te ra peu tycz ne go. U 11/24
(46%) dzie ci ob ser wo wa no ła god ną, przej ścio wą
neu tro pe nię. U 12 pa cjen tów ko niecz na by ła mo dy -
fi ka cja le cze nia. 

Mo ni to ro wa nie stę że nia pi ry me ta mi ny w su ro -
wi cy krwi po pra wia bez pie czeń stwo i sku tecz ność
le cze nia i umo żli wia do bór wła ści wej, in dy wi du al -
nej daw ki le ku. Neu tro pe nia jest naj częst szym dzia -
ła niem nie po żą da nym pi ry me ta mi ny, wy stę pu ją -
cym ta kże przy sto so wa niu re ko men do wa nej daw ki
le ku.
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