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ABSTRACT

Toxoplasma gondii infection in the central nervous system commonly occurs among immuno-
deficient patients. Its prevalence is high in countries with a high burden of HIV and low
coverage of antiretroviral drugs. The brain is one of the predilections for T. gondii infection
due to its low inflammatory reaction, and cerebral toxoplasmosis occurs solely due to the
reactivation of a latent infection rather than a new infection. Several immune elements have
recently been recognized to have an essential role in the immunopathogenesis of cerebral
toxoplasmosis. Although real-time isothermal amplification, next-generation sequencing, and
enzyme-linked aptamer assays from blood samples have been the recommended diagnostic
tools in some in-vivo studies, a combination of clinical symptoms, serology examination, and
neuroimaging are still the daily standard for the presumptive diagnosis of cerebral toxoplas-
mosis and early anti-toxoplasma administration. Clinical trials are needed to find a new therapy
that is less likely to affect folate synthesis, have neuroprotective properties, or cure the latent
phase of infection. The development of a vaccine is being extensively tested in animals, but its
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efficacy and safety for humans are still not proven.

Introduction

Toxoplasma gondii infects approximately one-third of
the world’s population [1], including >13 million HIV-
infected people, causing brain inflammation and var-
ious other diseases [2]. The highest prevalence of
T. gondii infection in the HIV-infected occurs in North
Sudan 75% (62.2-87.8%), DR Congo 73.7% (59.7-
87.7%), Ethiopia 72.4% (42.1-100%), Iran 60.7% (24.1-
97.3%), Papua New Guinea 59.7% (52.5-66.8%), Brazil
57% (26.5-37.6%), Mexico 48.7% (41.5-55.8%), and
Indonesia 43.6% (39.6-47.5%) [3]. Hospital data from
Bandung, Indonesia, revealed that the prevalence of
cerebral toxoplasmosis was 52/404 (12.9%) among all
central nervous system (CNS) infections in 2019 (data
unpublished). The Acquired Immune Deficiency
Syndrome (AIDS) epidemic, since the first cases were
reported in June 1981, has caused many changes in
the disease pattern, including CNS infection [4].
Cerebral toxoplasmosis has become one of the primary
CNS problem among people living with human immu-
nodeficiency virus (HIV)/-AIDS (PLWH) [5-12], espe-
cially in some areas with a high burden of HIV
infection and low access to highly active antiretroviral
(HAART) therapy [13]. It commonly manifests in PLWH
with HIV viral load above 50 copies/ml and CD4+ cell
counts <100/mm?, p < 0.05 [14,15]. The incidence
declines in countries with better access and adherence
to antiretroviral therapy, early HIV diagnosis, good care
retention, and low antiretroviral drug resistance [16].

The most common terminologies for brain T. gondii
infection are ‘toxoplasmic encephalitis’, ‘toxoplasma
encephalitis’, or ‘cerebral toxoplasmosis’ rather than
‘toxoplasma abscess’, which referred to pus formation
that is usually delayed in the immunocompromised
host [16]. According to MeSH terms, cerebral toxoplas-
mosis refers to ‘neurotoxoplasmosis’, ‘toxoplasmosis
central nervous system’, or ‘intracranial toxoplasmosis’.
We reviewed original papers and systematic reviews
published since 1 January 2018, for new developments
in the pathophysiology, diagnosis, treatment, and
prognosis of cerebral toxoplasmosis in HIV-infected
patients.

Pathogenesis

Toxoplasma gondii is a protozoan parasite and food-
borne pathogen, in which the direct contact with cat
litter or consumption of contaminated water or food
by sporulated oocysts may also serve as the route of
infection, as well as consumption of undercooked
meat harboring tissue cyst of the parasite (Figure 1).
A non-sporulated oocyst excreted in cat feces trans-
forms into a highly infectious sporulated form in fresh air
[17,18]. The sexual reproductive phase of T. gondii occurs
only in cats, its definitive host, facilitated by the intrinsic
abundance of linoleic acid and the absence of the
enzyme delta-6-desaturase. The intermediate host,
including humans, mammals, and birds are infected
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after consuming water or food contaminated by infec-
tious oocyst or after ingesting prey containing tissue
cysts [18]. The cyst wall is later digested in the host's
stomach and intestine, releasing bradyzoites, which
penetrate further into the epithelium of the intestine.
Inside the cysts, several hundred bradyzoites remain cov-
ered from the host immune system. Host immune
responses and anti-toxoplasmosis can limit their growth
and force the tachyzoite to transform into slowly replicat-
ing bradyzoites. Bradyzoites become active when the
immune system becomes compromised, leading to clin-
ical manifestation [18].

In vivo and in vitro experiments suggest that
T. gondii invades the host blood-brain barrier
through three possible mechanisms (Figure 1). First,
it uses immune cells, such as macrophage, neutro-
phils, dendritic cells (DCs), and monocytes, to spread
and persistently reside in neural and other brain cells
through the Trojan horse mechanism [14,18,19].
Second, the extracellular tachyzoites transmigrate
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paracellularly through tight junctions between
endothelial cells [20]. Third, T. gondii infects endothe-
lial cells during transcellular dissemination and is
released into the neural parenchyma. The role of
lymphatic system in systemic dissemination in both
the mesenteric and brain is still uncertain. The fact
that T. gondii is difficult to detect in the cerebrospinal
fluid (CSF) by polymerase chain reaction (PCR) test
suggests that blood circulation is involved in its arri-
val at the brain parenchyma [20]. Chronic infection of
T. gondii causes neuroinflammation, and microcircu-
latory dysfunction leads to decreased angiogenesis
and possibly takes part in the hemorrhagic process
and invasion of parasites to the brain parench-
yma [21].

The balance between immune responses and
parasite control in the brain is strictly regulated to
avoid organ damage. Hyperinflammation leads to
impaired synaptic plasticity, excitotoxicity, neuronal
dysfunction, and death [22,23]. Microglia plays an
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Figure 1. Summary of the pathogenesis of cerebral toxoplasmosis. (A) Infection in humans occurs via consuming food or water
contaminated with oocyst excreted in cat feces or bradyzoites-containing cysts in raw or poorly cooked meat. (B) Maturation of oocyst in
the open air makes it infectious and ready to penetrate the host’s epithelium of the intestine. (C) The tachyzoites are replicated inside the
dendritic cells (DCs) and can transverse to the blood-brain barrier. Blood-cerebrospinal fluid barrier through a mechanism that enables the
invasion of and migration through cerebral vascular endothelial cells (paracellularly and transcellular) or are carried into the CNS by
infected peripheral innate immune cells, i.e. dendritic cells (A trojan mechanism) that dependent to the increase of CCR7r, GABA, GABA-Ar,
Ca?* channel. (D) In the CNS, tachyzoites replication occur inside the neuron and antigen recognition and internalization by microglia,
neurons, and astrocytes occurs — and stimulates the release of proinflammatory cytokines and chemokines and other immune mediators
that contribute to immune responses and parasite control. (E) T. gondii stimulates the production of GABA, EGFR, GRA-15 effector, P2X7,
and ROS to suppress the host's immune mechanism and facilitate rapid parasite transfer between cells in the brain parenchyma. (F)
Reactivation of bradyzoites in cerebral cysts induced by decrease of CD4+ and CD8 + T cells, IFN- y, MMP-8, or MMP10.



16 S. DIAN ET AL.

essential role in defense mechanisms against
T. gondii by producing nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-kB) and
inflammatory cytokine, especially interleukin 1a (IL-
1a) and alarmin IL-1a. The host immune system,
including Toll-like receptor, microglia, CD4+ and
CD8 + T cells, produces interferon-y (IFN-y) to inhi-
bit T. gondii proliferation and control chronic infec-
tion [16,18,24]. CD8+ cells - mediated by major
histocompatibility complex (MHCQ) class
| presentation - can penetrate the T. gondii cysts
perforin-mediated manner to induce morphological
deterioration and destruction of the cysts [25,26].
Oligodendrocytes and astrocytes might also have
a role in releasing IL-33 into the cerebrospinal
fluid to control infection [27]. The P2X7 receptor
induces parasitic control by increasing ROS produc-
tion NLRP3 inflammasome activation [28,29], and
IL1-B, IL-12, IFN-y, TNF-a secretion in human [30]
or mice [31]. Extracellular vesicles (EV) in serum
and CSF of cerebral toxoplasmosis patients were
significantly higher than the standard control.
T. gondii promotes the immune system to produce
host EV, including micro-vesicles and exosomes that
induce modifications in uninfected cells or serve as
antigen presenters for the immune system [32]

On the other hand, T. gondii produces virulence
factors to suppress this immune mechanism, including
the effector secreted by dense granule protein (GRA)15-
dependent virulence mechanism, which indirectly inhi-
bits indoleamine 2,3-dioxygenase 1(IDO1)-dependent
anti-T. gondii in the brain cells [33,34]. Microglia are
considered to participate in disseminating T. gondii in
the brain parenchyma by modulating gamma-
aminobutyric acid (GABA) levels. Infected microglia
undergo morphological changes and increase GABA
levels, facilitating microglia’s hypermigration, leading
to rapid parasite transfer between cells in the brain
parenchyma [35]. T. gondii likely activates epidermal
growth factor receptor (EGFR) during the invasion and
allows it to survive from autophagy-dependent lysoso-
mal degradation of the parasite [20].

T. gondii possesses dihydrofolate reductase (DHFR)
and dihydropteroate synthetase (DHPS) enzymes
necessary for folate synthesis. The parasites also have
been suggested to lack alternative mechanisms for
folate acquisition. Folate is central for DNA synthesis
and repair and is a crucial factor in the cell cycle
(Figure 2). The brain requires a supply of dietary folate
for neurogenesis and the production of neurotransmit-
ters. Therefore, decreased availability of folate is asso-
ciated with neurodevelopmental disorders. People
without enough folate in their diet or who cannot
metabolize folate efficiently may have a neuron that
is generally and permanently deprived of this essential
nutrient [16].

In immunocompetent individuals, toxoplasmosis is
an asymptomatic infection or manifests only as mild
clinical symptoms such as fever, malaise, or lymphade-
nitis. However, when immunocompromised patients,
such as those with AIDS, are infected, bradyzoite can
reactivate and transform into cytotoxic tachyzoites and
cause an intracerebral mass lesion. Lau et al. reported
the median time from HIV diagnosis to cerebral toxo-
plasmosis diagnosis was 22.1 months (0-338.7) in 38
HIV-infected patients in Dallas, USA [36]. There is doubt
about the neurotropism of T. gondii since the concen-
tration in the brain is low compared to other organs in
mice. Slow shedding of the parasite from the CNS,
allowing chronic reactivation infection, could be con-
sidered neurotropism. Brain tissue is one of the signifi-
cant structures in which abnormalities caused by the
multiplying parasites have been noted. The parasite
infection leads to necrotic foci and profound inflam-
mation that can block the Sylvian aqueduct and cause
hydrocephalus in the lateral ventricles [2,3].

Diagnosis

Diagnosis of cerebral toxoplasmosis comprises four
categories:  histology  confirmed, laboratory-
confirmed, probable or presumptive, and possible cer-
ebral toxoplasmosis. The first two categories are con-
sidered definite diagnoses and used if patients have
the compatible clinical syndrome, focal brain lesion in
the neuroimaging, and either evidence of T. gondii in
brain biopsy or T. gondii DNA in the CSF by nucleic acid
amplification assays [37]. Probable or presumptive
diagnosis is more common and usually applied when
patients have compatible clinical signs, one or more
mass lesions in the neuroimaging, and unequivocal
radiological response to 10-14 days of empiric anti-
toxoplasma therapy or presence of serum T. gondii
immunoglobulin G (IgG) antibodies, and no other
alternative diagnosis. The possible cerebral toxoplas-
mosis applied if patient eventually died or left the
hospital without radiological confirmation [16].

Clinical manifestations of the disease depend
mainly on the topography and size of the lesions. The
most common signs and symptoms are headaches,
seizures [38], focal neurological deficit, fever, mental
confusion, psychomotor or behavioral changes, cranial
nerve palsy, ataxia, and visual abnormalities. Patients
may also present with intracranial hypertension syn-
drome and involuntary movements. Progression of
neurological abnormalities results in stupor and
coma, and death might occur in untreated patients.
Nuchal rigidity is rare, as it mainly causes encephalitis
without meningeal involvement [39].

Magnetic resonance imaging (MRI) is superior to CT
scan in cerebral toxoplasmosis diagnosis. However,
despite its lower sensitivity, CT scan is more readily
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Figure 2. Summary of folic acid pathway. Folate contained in natural food or folic acid as a synthetic form in supplements is
a critical substance in the metabolism of nucleic acid precursors and several amino acids. P-aminobenzoic acid (PABA) is a cofactor
of enzymes dihydropteroate synthase needed to synthesize folic acid. Sulfonamides act as a competitor of PABA, which prevents
the synthesis of dihydrofolic acid. In combination with sulfamethoxazole, Trimethoprim is a structural analog to dihydrofolic acid,
which competitively inhibits the conversion of the dihydrofolic acid to tetrahydrofolic acid. Eventually, the DNA synthesis will be

interrupted.

accessible in the most low-resourced settings. Typical
neuroradiology findings are multiple ring-enhancing
lesions in the basal ganglia, frontal lobe, and parietal
lobe, with perifocal edema. The occipital lobe, tem-
poral lobe, and brain stem/cerebellum are less fre-
quently involved. Nodular-enhancing lesions with
perilesional edema and non-enhancing lesions with
expansive effects are observable. Isolated cerebral
edema without focal lesion is possible. The most spe-
cific neuroradiology signs for cerebral toxoplasmosis
are ‘eccentric target sign,’ a ring-shaped alternating
zone of peripheral enhancement with innermost
enhancing core, an intermediate hypointense zone,
and an outer peripheral hyperintense enhancing rim
(on postcontrast CT or T1-weighted MRI) with a slight
eccentric nodule along the wall (30%), and ‘concentric
target sign’ on T2-weighted MR imaging, described as
concentric alternating zones of hypo- and hyperinten-
sities [18,19]. Typically, one or both signs are present.
Differential diagnosis of ring-enhancing brain lesions
in patients with advanced HIV includes lymphoma
which is usually located at subependymal and subar-
achnoid, progressive multifocal leukoencephalopathy,
and other brain infections (tuberculoma, bacterial
abscess, Nocardia infection, or cryptococcus).
Magnetic resonance spectroscopy (MRS) provides

information about metabolic signal with 70-100% sen-
sitivities and 27-83% specificities. Toxoplasma lesions
show lipid and lactate elevation with resonance peaks
at 0.9-1.4 ppm (Figure 3).

Lumbar puncture should be performed only if safe
and feasible, and the basic features of the CSF are
usually insignificant, with only subtle abnormalities
such as increased cell count and normal or vaguely
increased protein levels. Positivity of CSF T. gondii
PCR is related to the intracellular location of
T. gondii, the number of lesions, and their distance
from the CSF paths; therefore, a negative CSF
T. gondii PCR does not exclude the diagnosis of cere-
bral toxoplasmosis. Specificity of CSF PCR is 96-100%,
but sensitivity is below 50% [40]. Antiparasitic treat-
ment reduces sensitivity of the PCR test, but primary
prophylaxis does not. Even though blood DNA con-
centration of T. gondii is very low compared to its
concentration in the CSF and, therefore, sensitivity of
the molecular blood test is lower, it is a feasible
alternative for patients contraindicated for lumbar
puncture [18].

Several other diagnostic methods are tested and
developed, e.g. the use of blood clot for quantitative
PCR detection of T. gondii on the B1 and REP529 genes
[41], nested PCR assay using B1 gene in serum and
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Figure 3. Magnetic resonance spectroscopy of patient with cerebral toxoplasmosis. (A) Lesion at left midbrain and pons. (B)
Multiple cortical and subcortical ring enhanced lesions at frontoparietalis dextra, bilateral basal ganglia, right amygdala, and left
cerebellum causing midline shift 0.45 cm to the left. There is an increment of lactate peak 54.5 intralesional (normal value: 6.01)
and decrease of NAA, choline, and creatinine peak 1.8, 7.14, and 1.06 (normal value: 18.1, 11, and 13.6).

peripheral blood mononuclear cell [42], real-time iso-
thermal amplification [43], metagenomic analysis
through next-generation sequencing [44]. Blood
microRNA (miR), especially miR-21-5p and miR-146a-
5p, were modulated in cerebral toxoplasmosis and
might offer a new marker for diagnostic purposes
[45]. Increase in sensitivity was also observed when
a high-resolution melting analysis technique employ-
ing RE gene was performed in human blood samples,
equivalent to the TagMan real-time PCR [45].

Anti T. gondii immunoglobulin G antibodies titters
values above 7IU/ml were considered seropositive for
T. gondii exposure and indicate past toxoplasma expo-
sure. Seroprevalence of T. gondii was higher in CD4
counts <200 cells/mm?® compared to >200 cells/mm?

of HIV-infected patients [46]. Single neuroradiology
lesions and negative anti-toxoplasma IgG antibodies
do not negate diagnosis of cerebral toxoplasmosis,
especially in the endemic area. Seronegativity may
result from several conditions, including primary infec-
tion, reactivation of latent disease in individuals who
cannot produce detectable antibodies, or testing with
insensitive assays [37]. A comparison between CSF/
blood anti-toxoplasma and blood/CSF albumin was
proposed to improve the accuracy of cerebral toxo-
plasmosis diagnosis [40].

Diagnostic testing of aptamers-based assay are
being developed, including for toxoplasmosis. An
Enzyme-linked aptamer assay (ELAA) was developed
using two aptamers to detect total antigen from RH



strain and recombinant protein of Rhoptry protein 18
(ROP18). One study showed significant association
between the ELAA test for human serum samples and
severe congenital toxoplasmosis [47]; while another
study showed that the aptamer against surface anti-
gen 1 (SAG1) protein of T. gondii used in a new direct
enzyme-linked aptamer assay (DELAA) had higher spe-
cificity and sensitivity than the ELISA for T. gondii’s
circulating agent when used on human sera that had
been verified for Toxoplasma DNAs by PCR method.

Treatment

Treatment response is a significant part of cerebral
toxoplasmosis diagnosis. Treatment should be given
once the diagnosis of probable/presumptive cerebral
toxoplasmosis has been made. Recent treatment for
cerebral toxoplasmosis is available only for tachyzoites
eradication, in both acute and reactivated infections.
[19] No regimen has yet been effective against the
latent stage of T. gondii.

Sulfonamide and dapsone, two effective drugs for
toxoplasmosis, act on parasite DHPS — an enzyme pro-
duced by both T. gondii and humans for blocking folic
acid synthesis — is the main target of anti-toxoplasma
drugs (Figure 3). Pyrimethamine (PYR) and trimetho-
prim (TMP) are important anti-toxoplasmosis that inhi-
bits DHFR that plays a part in the synthesis of
tetrahydrofolate [48]. Current regimens for toxoplas-
mosis tend to have side effects and low compliance for
several reasons. First, DHFR is the part of the folate
pathway involved in DNA synthesis in humans
(hDHFRw) and parasites (TgDHFR), and results in

Table 1. Treatment of cerebral toxoplasmosis.
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myelotoxicity. Second, as a single antibiotic is not
powerful enough for treating toxoplasmosis,
a combination is needed. PYR/TMP is often combined
with clindamycin, atovaquone, clarithromycin, or azi-
thromycin [48].

Several drug combinations were tested in clinical
trials and showed similar efficacy. PYR/sulfadiazine
(SDZ) was studied at various doses (PYR from 50 to
100 mg/day) and compared with PYR/clindamycin
(CLD) or trimethoprim (TMP)/sulfamethoxazole (SMX)
[49]. PYR/SDZ emerged as the most effective treatment
with fewer relapses during maintenance therapy than
PYR/CLD, but it caused more side effects than PYR/CLD
or TMP/SMX [37].

For induction phase, the Infectious Disease Society of
America (IDSA) lauds a 200 mg loading dose of PYR
on day 1, then 75 mg/day if the patient weighs >60 kg
or 50 mg/day if the patient weighs <60 kg. This treat-
ment is also combined with SDZ (1500 mg twice daily if
the patient weighs >60 kg, or 1000 mg/day if the patient
weighs <60 kg) and folinic acid (10-25 mg/day) (Level Al
recommendation) [39]. The alternative regimens are
PYR/CLD (600-900 mg four times a day) + folinic acid
(grade Al) or TMP (5 mg/kg twice a day) combined with
pyrimethamine (and folinic acid) or with sulfadiazine. In
comparison, azithromycin (900-1200 mg) can be admi-
nistered along with pyrimethamine (and folinic acid),
grade BIl. The use of clindamycin as a single drug to
prevent the side effect of PYR lacks a solid recommen-
dation and since it leads to a high relapse rate. Induction
therapy should be taken for at least 6 weeks (until
clinical and radiographic improvement) followed by

The Infectious Disease Society of America (IDSA) Pyrimethamine¥ Sulfadiazine* Folinic acid*
Induction phase (6 weeks) Day 1 200 mg loading 1500 mg q6h 10-25 mg
Day 2, etc. >60 kg 75 mg
<60 kg 50 mg 1000 mg q6h
Alternative 1 Pyrimethamine Clindamycin
¥ 600-900 mg q6h
Alternative 2 Sulfamethoxazole (SMX) Trimethoprime
25 mg/kg bid 5 mg/kg bid
Alternative 3 Azithromycin Clindamycin
900-1200 mg 600 mg q6h
Alternative 4 Pyrimethamine Atovaquone
¥ 1500 mg bid
Alternative 5 Sulfadiazine Atovaquone
* 1500 mg bid
Alternative 6 Atovaquone
750-1500 mg bid
Maintenance phase First-line regimen Pyrimethamine® Sulfadiazine Folinic acid**

Alternative 1

Alternative 2

Alternative 4

Alternative 5

25-50 mg 2000-4000 mg bid-g6h 10-25 mg
Pyrimethamine Clindamycin
€ 600 mg q6h
Trimethoprime-sulfamethoxazole DS
1 tablet bid or qd
Pyrimethamine Atovaquone 10 mg
25 mg 750-1500 mg bid
Sulfadiazine Atovaquone 10-25 mg

2000-4000 mg 2-4 doses

750-1500 mg bid

¥Doses pyrimethamine for induction phase; €Doses of pyrimethamine for maintenance phase; *Doses sulfadiazine since day-1; **Doses folinic acid

since day 1.
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maintenance therapy until CD4+ cell count stays above
200 cells/mm? and HIV viral load is undetectable for up
to 6 months (Table 1) [37,48].

Pyrimethamine is not always available in many
countries, and its bioavailability decreases in
a malnourished patient, resulting in broader use of
TMP/SMX as the first line [50]. PYR/SDZ and TMP/SMX
present good bioavailability (70% and 90%, respec-
tively) and have a long half-life (about 4 days), under-
lying the need for a loading dose. A meta-analysis did
not show a superior antiparasitic association among
PYR/SDZ, PYR/CLD, or TMP/SMX, reinforcing the value
of choosing TMP/SMX when PYR/SDZ is not available
[51]. However, long-term use of TMP/SMX for prophy-
laxis or curative treatment could raise drug resistance.
In contrast, Pellegrino reported the efficacy of TMP/
SMX in treating relapses in both patients with and
without prior use, pointing to the small possibility of
resistance to this drug [50]. A randomized controlled
trial is ongoing to evaluate the efficacy and safety of
TMP/SMX plus azithromycin compared to sulfona-
mides plus clindamycin for cerebral toxoplasmosis
ChiCTR1900021195 [52].

The main side effects of toxoplasma drugs are mye-
lotoxicity, including leukopenia and thrombocytope-
nia. PYR/SDZ side effects occur in more than half of
patients and result in treatment cessation in 45% of
patients. Including leucovorin/folinic acid in long-term
antifolate treatment regimens for T. gondii is now
standard to avoid hematologic toxicity. The addition
of leucovorin is assumed to help maintain host folate
pools but not induce an antagonistic effect on the
antiparasitic activity of the antifolate compounds
since the parasites are supposedly incapable of salva-
ging the reduced folate. Leucovorin or folinic acid is
not similar to folic acid.

No regimen has yet been effective against the latent
stage of T. gondii. Several antibiotics have been used in
clinical practice for eradicating T. gondii, i.e. sulfona-
mides since the 1940s, pyrimethamine plus sulfona-
mides since 1950, and trimethoprim/
sulfamethoxazole since 1970 [2]. Several new candi-
dates including para-hydroxynaphthoquinones, endo-
chin-like quinolones (ELQ-271, ELQ-316), artemisone
and artemiside, guanabenz, and miltesofine, which
are effective against both tachyzoites and bradyzoites
in in-vivo studies, are under investigation. However,
clinical trials in patients with cerebral toxoplasmosis
are warranted [48].

Corticosteroids may be necessary to reduce brain
edema but can sometimes be detrimental by increas-
ing immunosuppression. Centers for Disease Control
and Prevention and IDSA recommended its use only
for cerebral lesions with mass effect [53]. In this case, 7
days of dexamethasone 4 mg every 6 h may be admi-
nistered. Several clinical trials have investigated

corticosteroid as an adjunctive treatment with PYR/
SDZ and it is considered the treatment of choice in
ocular but not cerebral toxoplasmosis [48]. A double-
blind, randomized control trial is underway in Bandung
to evaluate the efficacy and safety of dexamethasone
in cerebral toxoplasmosis (NCT04341155). Immune
reconstitution inflammatory syndrome (IRIS) is not
common in cerebral toxoplasmosis patients.
Although the treatment of IRIS in cerebral toxoplasmo-
sis has not been sufficiently studied, steroids remain
the therapeutic aid since they inhibit the cell destruc-
tion due to immune recovery.

HAART in cerebral toxoplasmosis usually starts
within 2 weeks after the initiation of cerebral toxoplas-
mosis treatment. Primary prophylaxis therapy is given
to PLWH with CD4" cell level <100 cells/mm? or <200
cells/mm3. In a phase IV, multicenter, prospective, ran-
domized open-label clinical trial, Schafer et al. found
similar safety between immediate (within 7 days) and
deferred (after completing Ol-therapy) for starting anti-
retroviral therapy in cerebral toxoplasmosis patients
(3-6 weeks) [54]. A randomized controlled trial is
ongoing to evaluate the optimal timing for HAART in
PLWH with cerebral toxoplasmosis ChiCTR1900021195
[55]. Wang et al. reported that most HAART com-
pounds had no significant interaction with sulfadiazine
and pyrimethamine [56].

Immunotherapy affecting cellular effectors, mainly
IFNy-producing T lymphocytes, inhibiting specific
interleukins such as IL-10, or transferring the immune
CD8" have been proposed to control the multiplication
and spread of T. gondii and maintain latency. An in vivo
study proposed rosuvastatin [57] and resveratrol [58]
as neuroprotective agents, but clinical trials are absent.

Several animal models have been extensively inves-
tigated in trials to find a safe and effective vaccine.
Microneme antigens (MICs), dense granule antigens
(GRAs), surface antigens (SAGs), and ROP, are con-
stantly investigated as protein sequences that may
produce ideal antigens [49,59,60]. The ideal vaccine
would be directed against antigens implicated in
attachment or penetration in the host cells at the
different T. gondii stages [61]. It is to be noted that
any predictive protective effect estimated in animal
models cannot be extrapolated to humans.

Prognosis

Only about 15% of patients with anti-toxoplasma treat-
ment showed no clinical improvement within the first
week, and only 10% of patients were not improved
after 2 weeks. Therefore, the absence of a reaction
within the first 1 to 2 weeks should raise suspicion of
another underlying etiologies[62]. Notably, radiologic
improvement lags behind clinical improvement and
does not necessarily signify unsuccessful therapy.



Drug resistance is not an issue in treating toxoplasmo-
sis. Failure to respond to appropriate therapy is related
to delayed diagnosis and host factors such as poor
immune response. Approximately 11-19% of the
patients who had recovered after taking pyrimetha-
mine-based and 16.4% after TMP-SMX as secondary
prophylaxis will later experience a recurrency [63,64].
The most critical risk factor for relapse is inadequate
adherence to secondary prophylaxis treatment.

Cerebral toxoplasma generally leads to death or
disability in HIV-infected patients [5,10,65]. Mortality
during hospitalization can be as high as 11-30%. Li
et al. developed a scoring system consisting of fever,
dizziness, CD4+ cell count <25 cells/pl, memory defi-
cits, patchy brain lesions, unconsciousness, and time
from onset of symptoms to presentation =15 days for
prognosis in patients with cerebral toxoplasmosis, of
which the value of 9 or more was significantly asso-
ciated with 6-week mortality with sensitivity and spe-
cificity of 100% and 86.9%, respectively; the area under
the receiver operating characteristic (ROC) curve was
0.976 (p < 0.001) [66].

Conclusion

Toxoplasmosis remains a global burden and more
troublesome in immunosuppressive conditions such
as HIV-infected patients. Definite diagnosis of cerebral
toxoplasmosis from the brain tissue or cerebrospinal
fluid is frequently impossible despite fast clinical
improvement after a recently available regimen. Trial-
supported vaccination for adults and the discovery of
more potent drugs that do not interfere with hemato-
poiesis are needed.
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