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Abstract

Introduction Approximately a third of the population
worldwide is chronically infected with Toxoplasma gondii.
Pyrimethamine-based regimens are recommended for the
treatment of toxoplasmosis.

Objective The aim was to evaluate the safety profile of
pyrimethamine-based treatment for the three main Toxo-
plasma manifestations: toxoplasmic encephalitis (TE),
ocular toxoplasmosis, and congenital toxoplasmosis.
Methods PubMed, Cochrane Library, and Google Scholar
databases were searched through August 1, 2016. Ran-
domized, observational, prospective/retrospective, and
cohort studies were eligible. Thirty-one studies were
included with a total of 2975 patients. Of these, 13 were in
congenital toxoplasmosis (n = 929), 11 in ocular toxo-
plasmosis (n = 1284), and seven in TE (n = 687). Across
manifestations, adverse event (AE)-related treatment dis-
continuation and/or change in therapy involved <37% of
patients and occurred in >55% of studies: 100% for ocular
toxoplasmosis, 57.1% for TE, and 61.5% for congenital
toxoplasmosis. The most commonly observed AEs were
bone marrow suppression, dermatologic, and gastroin-
testinal (GI). The prevalence of bone marrow suppression-
related AEs was <50% in congenital toxoplasmosis,
<42.7% in TE, and <9.0% in ocular toxoplasmosis. The
frequency of GI and dermatologic AEs were <100 and
<11.1%, respectively, for ocular toxoplasmosis, <10.7 and
<17.9% for TE, and <10.8 and <2.1% for congenital
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toxoplasmosis. Steven—Johnson syndrome was reported in
two patients with ocular toxoplasmosis and one with TE.
Conclusion The AE profile associated with pyr-
imethamine-based treatments differed by each manifesta-
tion of toxoplasmosis and within a given manifestation.
Hematologic AEs occurred across all manifestations indi-
cating the importance of monitoring the blood of patients
administered pyrimethamine-based regimens.

Key Points

The types of adverse events associated with
pyrimethamine-based treatment of toxoplasmosis
differed across the three clinical manifestations of
the disease: ocular toxoplasmosis, toxoplasmic
encephalitis, and congenital toxoplasmosis.

The differences in adverse event profiles among the
three manifestations and between studies within each
manifestation are likely due to differences in patient
populations, dosing regimens, study protocols, and
pharmacokinetics of pyrimethamine.

Hematologic adverse events were observed across all
manifestations, highlighting the importance of
monitoring blood in patients receiving
pyrimethamine plus other drugs to treat
toxoplasmosis.
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1 Introduction

Toxoplasmosis is caused by the protozoan parasite Tox-
oplasma gondii (T. gondii), an obligate intracellular par-
asite capable of infecting a wide range of hosts and many
different types of host cells [1]. Approximately a third of
the population worldwide is chronically infected with T.
gondii [2]. In the USA, it is estimated that about 22% of
the population <12 years are infected with the parasite
[3]. The seroprevalence of T. gondii varies across the
world. For example, T. gondii seroprevalence is >60% in
Brazil, the Philippines, and Madagascar; 40-60% in
Egypt, Argentina, and several European countries,
including France, Germany, and Poland; and 20-40% in
Australia, Chile, Saudi Arabia, Iran, and the USA [4].
Infections occur through consuming food (including meat
products) or water contaminated with cat feces, mother-
to-child (congenital/vertical) and iatrogenic (transplanted
organs and blood transfusion) transmission [3]. The three
most important manifestations of 7. gondii infection are
toxoplasmic encephalitis (TE), ocular toxoplasmosis, and
congenital toxoplasmosis [3, 5, 6]. Benign lym-
phadenopathy is also observed in immunocompetent
individuals and often resolves without therapy [3]. Each
year in the USA an estimated 4839 persons develop
symptomatic ocular toxoplasmosis [7], an average of
20,258 hospitalizations are associated with TE [8], and an
estimated one in 10,000 live births has congenital toxo-
plasmosis [9].

The recommended first-line treatment for toxoplas-
mosis is a combination therapy based on pyrimethamine,
sulfadiazine, and leucovorin or folinic acid [3, 10]. Pyr-
imethamine is an anti-parasitic medication that has been
available for over 60 years and is indicated for the treat-
ment of toxoplasmosis. Pyrimethamine and sulfadiazine
are thought to act synergistically to treat toxoplasmosis by
inhibiting 7. gondii proliferation and survival through
inhibiting the folate metabolic pathway [3, 10-12]. The
drugs inhibit dihydrofolate reductase (DHFR) and dihy-
dropteroate synthase (DHPS), respectively, and conse-
quently block the synthesis of tetrahydrofolate, which is
required by the parasite for DNA synthesis [12, 13].
Pyrimethamine-associated adverse events (AEs) are
mainly related to its inhibition of folic acid metabolism in
tissues with high metabolic activity (e.g., epithelium and
bone marrow) [14]. Pyrimethamine-related bone marrow
suppression is reversible and usually recovers following
cessation or reduction of therapy and/or addition of folinic
acid or leucovorin [15, 16]. Leucovorin and folinic acid
are reduced forms of folic acid and are readily converted
to tetrahydrofolate [17], hence, bypassing the inhibition of
DHFR by pyrimethamine.
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AEs associated with pyrimethamine often result in
change or discontinuation of therapy, and consequently
impact treatment outcomes. To date, several systematic
reviews have focused on the efficacy and safety of different
treatment regimens in treating TE in adults with HIV or
AIDS [18-21], congenital toxoplasmosis [18], and ocular
toxoplasmosis [18, 22]. However, none have assessed the
overall safety of pyrimethamine-based treatment regimens
across all three major manifestations. The purpose of this
systematic review is to provide a comprehensive summary
of the safety of pyrimethamine-based therapy in treating
TE, ocular toxoplasmosis, and congenital toxoplasmosis.
Due to the small number of randomized trials in toxo-
plasmosis, relative to the number of studies with other
designs, our analysis allowed for inclusion of studies of
varying design, such as single-arm, observational cohorts,
randomized, and retrospective studies.

2 Methods
2.1 Search Strategy

The review was performed in accordance with PRISMA
guidelines. PubMed, Google Scholar, and Cochrane data-
bases were searched through August 1, 2017 using the fol-
lowing search terms: pyrimethamine, Daraprim, Fansidar,
Metakelfin,  Fansimef,  5-(4-chlorophenyl)-6-ethyl-2,4-
pyrimidinediamine, encephalitis, cerebral, toxoplasmosis,
toxoplasmic, congenital, and gondii. A manual search of
references from recent reviews and relevant published
original studies was also performed to identify additional
studies. Studies eligible for inclusion were randomized,
observational prospective and retrospective, and cohort
studies. Included studies reported AEs for pyrimethamine-
based treatment regimens, had patient populations of ten or
more, and were published in English in peer-reviewed
journals. For TE, only studies performed from 1996 to
August 1, 2017 (independent of publication date) were
included. The decision to review only TE papers performed
during this time period was based on the introduction of
highly active antiretroviral therapy (HAART), which in
1996 became widely available, resulting in a dramatic
decrease in mortality among patients with AIDS; mortality
declined from 29.4 per 100 person-years in 1995 to 8.8 per
100 person-years in the second quarter of 1997 [23]. Several
papers have indicated that toxoplasmosis treatment response
in patients with HIV/AIDS and TE, such as relapse rate,
differed between the pre-HAART and post-HAART periods
[24-26]. In addition, HAART is currently the standard of
care for the treatment of HIV/AIDS and, hence, the AE
profiles reported following 1996 for this patient population
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are clinically most relevant. Letters, comments, editorials,
proceedings, case reports, correspondence, personal com-
munications, in vitro studies, and preclinical studies were
excluded. Study eligibility and data extraction were per-
formed by two independent reviewers, and a third reviewer
was consulted to adjudicate disagreements.

2.2 Data Extraction and Quality Assessment

The following information was extracted: first author, age,
gender, treatment regimens, duration of treatment, duration
of follow-up, and AEs. AEs are those that were observed
following treatment and, depending upon the study, were
reported as AEs, safety, side effects, and/or toxicities.

The quality of the included studies was evaluated using
the National Heart, Lung, and Blood Institute of the
National Institutes of Health Study Quality Assessment
Tools for observational cohort and cross-sectional studies,
before—after (pre—post) studies with no control group, and
controlled intervention studies [27]. Each report was rated
as poor, fair, or high quality.

3 Results

3.1 Search Results

The search identified 2504 records, and an additional 174
records were identified through other sources (Fig. 1). Of

the 2678 records initially identified, 2385 were excluded
after removal of duplicates and initial title and abstract
screening. Following a full-text review, 262 additional
studies were excluded for being case reports, evaluating
only drug stability, not reporting safety, describing only a
study protocol, not presenting efficacy of a pyrimethamine-
based regimen, duplication of another publication, being a
TE study performed prior to 1996 (see Sect. 2.1, for
explanation for including only post-1996 studies), or being
a survey. Thirty-one studies were included in the system-
atic review. The number of studies for each major mani-
festation were 13 for congenital toxoplasmosis, 11 for
ocular toxoplasmosis, and seven for TE. The number of
patients totaled 2975.

3.2 Quality Assessment

The majority of included studies obtained quality scores of
medium to low due to high risk of bias with no blinding of
participants, personnel, and outcome assessment being the
main issues.

3.3 Summary of Adverse Events in Ocular
Toxoplasmosis

The search identified 11 studies that reported AEs associ-
ated with pyrimethamine-based treatment in ocular toxo-
plasmosis (Table 1). The 11 studies included a total of
1284 patients (range 19-303), of which 870 received a

Fig. 1 Search flow diagram
Records identified through

database searching
(n=2504)

Additional records identified
through other sources
(n=174)

!

!

Records after duplicates removed and initial
abstract screen

Records excluded

\4

(n=2385)
(n=293)
l Records excluded
Full-text articles assessed n=262
for eligibility
(n=293) Case report: n=13

Assessed drug stability: n=1
No safety reported: n=164
Protocol description: n=1

Studies included in

No pyrimethamine-based efficacy: n=46
TE study prior to 1996: n=31
Duplication: n=3

Survey: n=1

analysis
(n=31)

Insufficient patient number: n=2
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treatment regimen containing pyrimethamine. None of the
patients were immunocompromised. Seven studies were
randomized prospective studies, which compared at least
two different treatment regimens [28-34], one study was a
prospective cohort study [35], and three were retrospective
chart reviews [36-38] in design. All studies included pyr-
imethamine-based regimens that contained a sulfonamide,
except for the study of Bosch-Driessen et al. [31], which
contained one treatment arm with pyrimethamine plus
azithromycin. Ocular toxoplasmosis was diagnosed both by
clinical (e.g., presence of vitreous inflammation,
retinochoroiditis, retinal scars) and serologic analyses of
the presence of anti-Toxoplasma antibodies (IgG and IgM).

The dose of pyrimethamine varied across studies. Four
studies did not report coadministering folinic acid or leu-
covorin with pyrimethamine [28, 35-37]. Ten of the
studies first administered a loading dose of pyrimethamine
ranging from 50 to 200 mg/day [29, 31-38]. Other treat-
ment regimens evaluated were spiramycin, clindamycin,
azithromycin, and trimethoprim-sulfamethoxazole (TMP-
SMX). Duration of acute treatment varied among studies,
ranging from 2 to about 10 weeks. The range of follow-up
among the studies was from <3 months to 16 years.

The total number of patients reporting AEs varied across
studies, ranging from 2.3 to 100% (Table 2). Each of the 11
studies reported discontinuation or change in treatment due
to AEs (range 0-26%).

Hematologic AEs indicative of bone marrow suppres-
sion were reported in five (45.5%) of the 11 studies
[28, 34, 35, 37, 39], and included patients with thrombo-
cytopenia (n = 52). Leukopenia and agranulocytosis were
listed as toxic reactions in one study [35]. No neutropenia
was reported. Prevalence of these AEs reported among the
studies ranged from 2.8 to 10.0%.

A number of non-hematologic AEs were reported across
studies. Gastrointestinal (GI)-related AEs were reported in
four studies [28, 31, 37, 38], and included diarrhea, GI
distress, nausea, vomiting, and loss of appetite. Eight
studies (72.7%) reported dermatologic AEs
[28, 30, 31, 33, 34, 36-38], including skin rash, pruritus,
and Steven—Johnson syndrome. The most common der-
matologic AE was skin rash (range 2.8-11%), the presence
of which was only associated with pyrimethamine plus
sulfadiazine treatment. Two patients (2/564; 0.4%) in one
study developed Steven—Johnson syndrome and discon-
tinued therapy [37]. The outcomes of these patients are
unclear, as the information is not described in the paper.

Altered liver function, including increased liver
enzymes, was reported in four studies (36.4%)
[29, 31, 37, 38], with a frequency that ranged from 2.9 to
24.6%, and studies reported increased serum creatinine
levels (range 45-13%) [31, 38]. Other AEs observed in
single studies included fever, epistaxis, dizziness,

headache, reversible aphasia, palpitations, stenocardia,
emotional distress, arthralgia, facial swelling, and malaise.
The prevalence of these AEs, where reported, was <10%
except for malaise, which was reported in one study to
have a prevalence of 23% [31].

3.4 Summary of Adverse Events in Toxoplasmic
Encephalitis

The search identified seven studies that were performed
from 1996 to August 1, 2017 (post-HAART) that reported
AEs associated with pyrimethamine-based treatment of TE
(Table 3). The seven studies included a total of 687
patients (range 11-323), of which 626 received a treatment
regimen containing pyrimethamine for acute and/or main-
tenance therapy for TE. Two of the studies were random-
ized [40, 41], one was prospective [42], and four were
retrospective [43—46] in design. The patient population in
all studies consisted of patients with TE and with HIV
infection or AIDS. Acute therapy was evaluated in six
studies [40, 42—46] and maintenance treatment in four
[40, 41, 45, 46]. The pyrimethamine-based treatment reg-
imens among the studies were heterogeneous. The most
common regimen evaluated was pyrimethamine plus sul-
fadiazine (n = 3). Other pyrimethamine-based regimens
included atovaquone, TMP-SMX, or sulfadoxine or
another sulfonamide. Only two studies did not report
coadministering folinic acid or leucovorin [42, 46]. Acute
treatment ranged from 2 to 9 weeks. The duration of fol-
low-up, when reported, varied and ranged from 4 to
48 weeks.

Across the studies, the range of total AEs was from 0 to
62.5% (Table 4). Treatment discontinuation due to AEs
ranged from 10.6 to 18.9%. AEs observed in two or more
studies included those associated with bone marrow sup-
pression, GI disturbance, rash, and fever (Table 4). Three
studies reported rash (range 6.3-10.8%) [41, 43, 45], two
reported nausea and/or vomiting (range 3.4-10.7%)
[40, 41], and two reported fever (range 7.6-10.7%)
[40, 41]. Hematologic AEs that occurred in two or more of
the seven studies included neutropenia (n = 2) [40, 45],
thrombocytopenia (n = 2) [40, 43], and pancytopenia
(n = 2) [43, 46]. Among these studies, the frequency of
neutropenia ranged from 7.0 to 25%, thrombocytopenia
from 7.1 to 32.5%, and pancytopenia from 6.6 to 21.7%.
Other AEs associated with bone marrow suppression
reported in a single study were leukopenia (75/323; 23.2%)
[43], anemia (138/323; 42.7%) [43], hematologic toxicity
(2/66; 3.0%) [41], bleeding (57/323; 17.6%) [43], and
thrombocytopenia with major bleeding (4/16; 25%) [45].

Non-hematologic AEs reported in single studies inclu-
ded eczema (19/106; 17.9%) [46], Steven—Johnson syn-
drome (1/16; 6.3%) [45], pain or discomfort (2/28; 7.1%)
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Table 6 continued

Other

Dermatologic

Gastrointestinal

Hematologic

Discontinuation/

change of
treatment

Total AEs

PYR-based

Study (first

Rash

treatment

author, year)

Intolerance

Diarrhea

Nausea
and/or

Thrombocytopenia ~Anemia Eosinophilia

Neutropenia

vomiting

Agitation 4/65
(6.2%)

1/65 (1.5%)

14/65 17/65 7/65 4/65

5165 (1.7%)

21/65

PYR + SDZ 16/65 (24.6%) 7/65 (10.8%)

Teil (2016)
[58]

(6.2%)

(10.8%)

(26.2%)

(21.5%)

(32.3%)

(none were

PYR + SDX

Erythema 1/65
(1.5%)

attributed to TX)
37/65 (36.9%)

hematologic AEs
16/29 (55.2%)

Hepatitis 4/29
(13.8%)

2/29 (6.9%) 2/29

13/29 (44/
8%)

PS

Capobiango
(2014)
[59]

(6.9%)

3/171 Multiple blood

28/171

12/171 (7.0%)

65/171

3/171 (1.8%)

Carellos

disorder 9.4%

(1.8%)

(16.4%)

(37%)

(2017)
[57]

Unless otherwise specified, values refer to infant/children

AEs adverse events, PS pyrimethamine plus sulfadiazine, PYR pyrimethamine, SDX sulfadoxine, SDZ sulfadiazine, SMP sulphamethopyrazine, TX treatment

[40], alanine transaminase or aspartate transaminase levels
>5 times upper limit of normal (ULN) (9/28; 32.1%) [40],
alkaline phosphatase levels >5 times ULN (3/28; 10.7%)
[40], hepatotoxicity (2/18; 11.1%) [44], and pancreatic
enzyme levels >2 times ULN (6/28; 21.4%) [40]. The
outcome of the patient with Steven—Johnson syndrome is
not clear as the person was lost to follow-up [45].

3.5 Summary of Adverse Events in Congenital
Toxoplasmosis

The search identified 13 studies that reported AEs associ-
ated with pyrimethamine-based treatment for congenital
toxoplasmosis (Table 5). The studies that reported AEs for
pregnant mothers and/or infants/children included a total of
929 infants/children with congenital toxoplasmosis (range
24-171) and a total of 737 pregnant mothers (range
52-685). In the studies that described treatment for infants/
children, one was a randomized study [47], ten were
prospective [48-57], and two were retrospective [58, 59] in
design. The treatment regimens for these studies varied, but
all contained pyrimethamine, a sulfonamide, and folic acid,
folinic acid, or leucovorin. In the four studies that descri-
bed maternal treatment [51, 52, 55, 56], mothers were
administered spiramycin if infection occurred <16 weeks
[56] or <30 weeks [51], or throughout pregnancy if
maternal infection was proven or strongly suspected
[52, 55]. If seroconversion occurred, indicating maternal
infection with 7. gondii, mothers were given a dosing
regimen that contained pyrimethamine plus a sulfonamide
and folinic acid until delivery [51, 52, 55, 56]. In general,
the length of treatment for infants was 1 year, with the
exception of the study of Schmidt et al. [50], which had a
duration of treatment of 3 months. Follow-up among all the
studies ranged from 6 months to 20 years.

Eight of the 13 studies (61.5%) reported discontinuation
or change in treatment due to AEs in infants with con-
genital toxoplasmosis [47, 49-51, 53, 57, 60, 61] (Table 6).
AEs associated with bone marrow suppression in infants/
children occurred in ten of the 13 studies (76.9%)
[47, 49-53, 57, 59-61] and in mothers occurred in one of
two studies [52]. In infant/children, neutropenia was
reported in seven studies (53.8%) [47-51, 58, 59], anemia
in seven (53.8%) [48, 51-53, 57-59], thrombocytopenia in
three (23.1%) [57-59], and eosinophilia in one (7.7%) [58].
Among these studies, the prevalence ranged from 1.7 to
45.8% for neutropenia, from 0.8 to 50.0% for anemia, from
6.9 to 7.7% for thrombocytopenia, and was 26.2% for
eosinophilia. One study reported a frequency of anemia of
9.3% in mothers treated with pyrimethamine-based therapy
[52].

In infants, GI tract-related AEs were reported in three
(23.1%) of the studies, including nausea and/or vomiting

A\ Adis



540 R. R. Ben-Harari et al.

Table 7 Summary of treatment discontinuation/change and adverse events by most common type across manifestations

Manifestation Discontinued/change in treatment Bone marrow suppression Gastrointestinal

Dermatologic

Ocular toxoplasmosis
11/11 (100%)
2.2-26%

411 (36.4%)
2.8-9.0%

411 (36.4%)
4.2-100%

Frequency by study

Prevalence, range
Toxoplasmic encephalitis
4/7 (57.1%)
12.1-32.1%

517 (71.4%)
6.6-42.7%

27 (28.6%)
3.4-10.7%

Frequency by study

Prevalence, range
Congenital toxoplasmosis®
8/13 (61.5%)
1.8-50%

10/13 (76.9%)
0.8-50%

3/13 (23.1%)
0.8-10.8%

Frequency by study
Prevalence, range

711 (63.6%)
0.3-11.1%

47 (57.1%)
6.3-17.9%

4/13 (30.8%)
0.8-2.1%

? Values represent only data from infants

Table 8 Summary of treatment discontinuation/change and adverse events for pyrimethamine plus sulfadiazine and pyrimethamine plus

sulfadoxine

Manifestation Discontinued/change in treatment Bone marrow suppression Gastrointestinal

Dermatologic

Pyrimethamine plus sulfadiazine

14/19 (73.7%)
1.8-50.0%
Pyrimethamine plus sulfadoxine

5/6 (83.3%)
2.2-50.0%

11/19 (57.9%)
2.8-45.8%

6/19 (31.6%)
1.8-100%

Frequency by study

Prevalence, range

5/6 (83.3%)
0.8-45.8%

3/6 (50.0%)
0.8-10.8%

Frequency by study

Prevalence, range

8/19 (42.1%)
1.5-11.0%

5/6 (83.3%)
0.8-10.8%

Values included for congenital toxoplasmosis were those for infants

(n = 2), diarrthea (n = 1), and GI intolerance (n = 1)
[51, 57, 58]. The range in the prevalence of nausea and/or
vomiting was 0.8—-10.8%, and the incidence of diarrhea was
6.2%. GI tract-related AEs reported in mothers treated with
pyrimethamine-based therapy were nausea and/or vomiting
(21%) and GI intolerance (2.3%) [52, 56].

Across studies, the only dermatologic-related AEs in
infants/children were rash, which were reported in four
studies (30.8%) (range 0.8-2.1%) [48, 51, 55, 58]. Other
AEs reported in infants were allergic reaction/hypersensi-
tivity, elevated bilirubin, agitation, multiple blood disorder,
and hepatitis. The prevalence of these AEs was <15%
(range 1.9-13.8%). Allergic reaction/hypersensitivity
(0.8%) was observed in mothers who were administered
pyrimethamine-based treatment in one study [56].

3.6 Summary of Adverse Events Across the Three
Manifestations of Toxoplasmosis

The AE profile associated with pyrimethamine-based
treatment differed by clinical manifestation of toxoplas-
mosis. Table 7 summarizes treatment discontinuation/
change and the prevalence of the most common types of
AEs. Discontinuation and/or change from pyrimethamine-

A\ Adis

based treatment was observed in all the included studies for
ocular toxoplasmosis (100%) compared with 57.1 and
61.5% for TE and congenital toxoplasmosis, respectively.
Up to 50% of patients discontinued or changed therapy
because of AEs. Across manifestations, bone marrow
suppression and dermatologic AEs were observed in the
highest percentage of studies. Bone marrow suppression
was lower in studies for ocular toxoplasmosis (36.4%) than
for congenital toxoplasmosis (76.9%) and TE (71.4%). A
smaller percentage of studies in congenital toxoplasmosis
reported dermatologic-related AEs (30.8%) compared with
ocular toxoplasmosis (63.6%) and TE (57.1%). In general,
across manifestations, Gl-associated AEs were less com-
monly reported than dermatologic and bone marrow sup-
pression-related AEs. Other AEs reported in single studies,
irrespective of manifestation, included abnormal levels of
liver enzymes, hepatotoxicity, abnormal alkaline phosphate
and pancreatic enzyme levels, elevated bilirubin, allergic
reaction/hypersensitivity, agitation, abdominal pain, and
malaise.

Across the three manifestations of the disease the most
commonly used treatment regimens were pyrimethamine
plus sulfadiazine (n = 19) and pyrimethamine plus sulfa-
doxine (n = 6). All other regimens were evaluated in only
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one or two studies. Table 8 summarizes treatment discon-
tinuation or change as well as the prevalence of bone
marrow suppression, GI, and dermatologic AEs for pyr-
imethamine plus sulfadiazine and pyrimethamine plus
sulfadoxine. A similar percentage of studies reported dis-
continuation/change in treatment with pyrimethamine plus
sulfadiazine (73.7%) compared with pyrimethamine plus
sulfadoxine (83.3%). Pyrimethamine plus sulfadiazine
compared with pyrimethamine plus sulfadoxine was asso-
ciated with a lower percentage of studies reporting bone
marrow (57.9 vs 83.3%, respectively), GI (31.6 vs 50.0%),
or dermatologic (42.1 vs 83.3%) AEs.

4 Discussion

This systematic review of 2975 patients from 31 studies
summarizes the current evidence on the prevalence of AEs
associated with pyrimethamine-based treatment regimens
used to treat the three main manifestations of toxoplas-
mosis: ocular toxoplasmosis, congenital toxoplasmosis,
and TE. The AE profile associated with pyrimethamine-
based treatment across the three manifestations has not
previously been systematically reviewed.

The types of AEs observed differed across manifesta-
tions. AE-related treatment discontinuation or change in
therapy occurred in >55% of the studies, and up to 50% of
patients discontinued or changed treatment because of AEs.
The most commonly observed AEs among the three man-
ifestations were indicative of inhibition of folate metabo-
lism, that is, bone marrow suppression, dermatologic, and
GI. A similar percentage of studies in congenital toxo-
plasmosis and TE reported bone marrow suppression-re-
lated AEs, which was higher than the percentage of studies
in ocular toxoplasmosis. The number of studies and
patients reporting GI disturbances appeared to be more
frequent in ocular toxoplasmosis than either TE or con-
genital toxoplasmosis. Dermatologic AEs appeared to be
less frequent in congenital toxoplasmosis than in ocular
toxoplasmosis or TE.

The frequency of specific AEs also varied across man-
ifestations. None of the studies in ocular toxoplasmosis—
of which seven of the 11 were randomized trials—reported
neutropenia, while 53.8% of the studies in congenital
toxoplasmosis reported this AE. Eosinophilia was only
observed in studies in congenital toxoplasmosis, and pan-
cytopenia was only seen in TE studies. In contrast,
thrombocytopenia was observed in studies across all three
manifestations. Of the dermatologic AEs, pyrimethamine-
based treatment-associated rash was the most commonly
reported. The frequency of Steven—Johnson syndrome was
uncommon; Steven—Johnson syndrome was reported in
three patients (3/2975 patients; 0.1%) of which two patients

were treated with pyrimethamine plus sulfadoxine for
ocular toxoplasmosis and one was treated with pyr-
imethamine plus sulfadiazine for TE. All three patients
were also administered folinic acid. The outcomes of these
patients are unknown as they were not reported in the
published studies. The most frequently reported GI AEs
were diarrhea and nausea/vomiting.

For all manifestations, the most common therapy regi-
men was pyrimethamine plus sulfadiazine plus folinic acid.
Other pyrimethamine-based regimens included sulfadox-
ine, clindamycin, atovaquone, and TMP-SMX. Compared
with pyrimethamine plus sulfadoxine, pyrimethamine plus
sulfadiazine was associated with a smaller percentage of
studies reporting bone marrow, GI, and dermatologic AEs.

Two studies in TE [44, 45] and five in ocular toxo-
plasmosis [29, 30, 32-34] assessed the efficacy and safety
of non-pyrimethamine-based regimens. These included
TMP-SMX and TMP-SMX plus clindamycin, as well as
clindamycin and azithromycin monotherapy, clindamycin
plus sulfadiazine, and clindamycin plus dexamethasone.
For the TMP-SMX-based therapies, reported AEs included
neutropenia, diarrhea, minor dermatologic complications,
liver impairment, and renal dysfunction in TE (<22%)
[44, 45], and rash in ocular toxoplasmosis (2%) [33]. In
ocular toxoplasmosis, the clindamycin-based therapies
were associated with diarrhea, mild hepatotoxicity, skin
rash, and thrombocytopenia (<10%) [29, 32, 34]. The low
number of non-pyrimethamine-based regimens in this
systematic review precludes the ability to compare the
safety profile of the different therapies with each other and
with pyrimethamine-based treatments.

Since in all studies pyrimethamine was used in combi-
nation with at least one additional drug, it is not possible to
know what specific medication was responsible for a given
AE. It is probable that a number of the AEs are not due to
pyrimethamine. The reasons for the differences in the
prevalence of specific AEs among the included studies are
not clear, but likely reflect variation in patient populations
(i.e., age, immune status, and disease state), drugs coad-
ministered with pyrimethamine, pyrimethamine pharma-
cokinetics, treatment protocols, and study design. For
example, neutropenia was not observed in patients with
ocular toxoplasmosis, possibly reflecting the fact this group
of patients were immunocompetent adults. The difference
in the prevalence of neutropenia between ocular toxoplas-
mosis and acute TE studies may also, in part, be due to the
higher doses of pyrimethamine used for treating TE. The
dosages of pyrimethamine used to treat ocular toxoplas-
mosis (excluding the loading dose) ranged from 25 to
50 mg/day in all 11 included studies. The dosage of pyr-
imethamine used to treat acute TE was 75 mg/day in four
of the seven studies. The safety profile of pyrimethamine
may also be affected by age and body weight, which are
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known to significantly influence pyrimethamine pharma-
cokinetics possibly through impacting clearance and the
volume of distribution [62, 63]. In addition, pharmacoki-
netic studies indicate that pyrimethamine serum levels and
half-life show wide interpatient variability and differ with
age [62, 64, 65], which may also influence the prevalence
of AEs. Additional studies are required to gain further
insight into the safety profile of pyrimethamine-based
treatment of toxoplasmosis.

Our review has limitations. The number of studies and
the total sample size analyzed under each manifestation
were low. In addition, specific doses, study designs, and
patient populations differed among studies within a given
manifestation. The great majority of dosing regimens
involved pyrimethamine in combination with another drug
and this makes it difficult to know how the individual drugs
are related to a given AE. The quality of included studies
was fair to poor, the randomized controlled trials did not
use blinding of treatments, and cohort studies were inclu-
ded, all of which contribute to a higher probability of
information bias. However, the inclusion of both prospec-
tive observational and retrospective studies, due to the
small number of available randomized studies with pyr-
imethamine, broadens the range of evidence and may
improve the generalizability of the findings.

5 Conclusion

This is the first systematic analysis to comprehensively
review the safety profile associated with pyrimethamine-
based treatments across the three major manifestations of
toxoplasmosis. The AE profiles associated with pyr-
imethamine-based treatments differ by Toxoplasma mani-
festation. In ocular toxoplasmosis and TE, the most
frequent AEs were dermatologic, and in congenital toxo-
plasmosis, the most frequent AEs were associated with
bone marrow suppression. Steven—Johnson syndrome was
uncommon and reported in only three patients (0.1%).
Hematologic AEs occurred in all manifestations and
highlight the importance of monitoring the blood of
patients administered pyrimethamine-based regimens.
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