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The pathogenesis of chronic parasitic central nervous system (CNS) infections, including granulomatous 
amoebic meningoencephalitis (GAE), cerebral toxoplasmosis (CT), and neurocysticercosis (NCC), is 
primarily due to an inflammatory host reaction to the parasite. Inflammatory cytokines produced by 
invading T cells, monocytes, and CNS resident cells lead to neuroinflammation which underlie the 
immunopathology of these infections. Immune molecules, especially cytokines, can therefore emerge 
as potential biomarker(s) of CNS parasitic infections. In this study, cerebral spinal fluid (CSF) samples 
from suspected patients with parasitic infections were screened for pathogenic free-living amoebae by 
culture (n=2506) and PCR (n=275). Six proinflammatory cytokines in smear and culture-negative CSF 
samples from patients with GAE (n = 2), NCC (n = 7), and CT (n = 23) as well as control (n = 7) patients 
were measured using the Multiplex Suspension assay. None of the CSF samples tested was positive for 
neurotropic free-living amoebae by culture and only two samples showed Acanthamoeba 18S rRNA by 
PCR. Of the six cytokines measured, only IL-6 and IL-8 were significantly increased in all three infection 
groups compared to the control group. In addition, TNFa levels were higher in the GAE and NCC groups 
and IL-17 in the GAE group compared to controls. The levels of IL-1b and IFNg were very low in all the 
infection groups and the control group. There was a correlation between CSF cellularity and increased 
levels of IL-6, IL-8, and TNFa in 11 patients. Thus, quantifying inflammatory cytokine levels in CSF might 
help with understanding the level of neuroinflammation in patients with neurotropic parasitic diseases. 
Further studies with clinico-microbiological correlation in the form of reduction of cytokine levels with 
treatment and the correlation with neurological deficits are needed.

Keywords: Cytokines; multiplex suspension assay; Granulomatous amoebic encephalitis; 
Neurocysticercosis; Cerebral toxoplasmosis.

INTRODUCTION

Chronic parasitic central nervous system (CNS) infections such 
as granulomatous amoebic meningoencephalitis (GAE), cerebral 
toxoplasmosis (CT), and neurocysticercosis (NCC), continue to be 
a health problem, particularly in developing countries (Prandota, 
2010; Del Brutto & Garcia, 2021; Raju et al., 2022). The persistence 
of inflammatory processes in GAE and CT, or loss of active immune 
suppression in NCC, results in parenchymal tissue damage, with 
severe neurological consequences (Mishra et al., 2009; Kot et 
al., 2021). The pathogenesis of these diseases is primarily due 
to an inflammatory host reaction to the parasite, resulting in 
symptoms such as headache, migraine, nausea, vomiting, fever, 
intracranial hypertension, hydrocephalus, ischemia, epileptic 
seizures, schizophrenia, stroke, focal neurologic deficits, and altered 
sensorium, in addition to physical obstruction of the flow of cerebral 

spinal fluid (CSF) (Prandota, 2010; Del Brutto et al., 2016; Kot et 
al., 2021).
 Prior exposure to Acanthamoeba antigens and the inability 
of macrophages to phagocytize larger trophozoites result in a 
hypersensitivity reaction that develops into a granulomatous 
inflammatory lesion with epithelioid cells and pathogenic T cells that 
may cause substantial tissue destruction in GAE (Baig et al., 2015; 
Kot et al., 2021). In NCC, the Taenia solium larva in its vesicular stage 
lives for several years by blocking the complement system, increasing 
regulatory T cells, and degrading immunoglobulins, resulting in an 
anti-inflammatory phase that is asymptomatic (Del Brutto et al., 
2016). The destruction of larvae by therapeutic treatment or by 
natural degeneration causes acute or subacute inflammation to 
colloidal and granular stages or a chronic inflammatory response 
to the calcified parasite, which is responsible for the severe 
neuropathology (Garcia et al., 2020). Toxoplasma gondii establishes 
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intracellular cysts in the brain in almost one third of the world’s 
population and is asymptomatic in healthy adults (Carruthers & 
Suzuki, 2007). An imbalance between proinflammatory and anti-
inflammatory cytokines, the administration of drugs for some 
diseases, or decreased T cell influx into the CNS due to AIDS or 
chemotherapy may result in the reactivation of latent CT and the 
development of toxoplasma encephalitis (TE), which is characterized 
by cyst rupture, tachyzoite conversion, and parasite replication 
within the CNS (Prandota, 2010).
 Neuroinflammation during infection is driven by cytokines 
produced by invading T cells and monocytes, resident astrocytes, 
and microglia (Becher et al., 2017). Pro-inflammatory cytokines such 
as IL-1b, IL-6, IL-8, and TNFa are primarily produced by monocytes/
macrophages but also by other cells. IFNg is produced by activated 
T cells, and IL-17A is produced by a subset of CD4 cells called T 
helper 17 (Th17) cells (Borish & Steinke, 2003; Becher et al., 2017). 
In addition to their unique functions in cellular influx and leucocyte 
activation for pathogen clearance, these inflammatory cytokines 
secreted locally in the inflamed CNS act on T cells and macrophages 
to maintain their pathogenic properties in the presence of parasitic 
antigens and counteract the natural tendency for resolution of the 
immune response (Becher et al., 2017). Increased levels of some of 
the cytokines were shown to be an indicator of neuroinflammation 
and long-term neurologic and cognitive impairment; hence, 
quantifying them in the CSF of patients with GAE, NCC, and CT 
can provide valuable information about patients’ immune status 
(Shabani et al., 2017; Cuff et al., 2020). Currently, there are no 
published reports on CNS proinflammatory cytokine profiles in 
patients with GAE and only few reports exist on CSF cytokine profiles 
in patients with NCC and CT (Kashyap et al., 2012; Verma et al., 2011). 
In this study, the levels of six proinflammatory cytokines (IL-1b, 
IL-6, IL-8, IL17A, IFNg and TNFa) that are considered important in 
neurotropic parasitic diseases were measured in smear and culture-
negative CSF samples from patients with GAE, NCC, and CT using 
the Multiplex Suspension assay which has the capacity to detect 
and quantify multiple cytokines simultaneously in the same sample.

MATERIALS AND METHODS

Clinical samples
From January 2020 to December 2022, a total of 2506 CSF samples 
from patients with headache, epilepsy and suspected encephalitis, 
bacterial/viral/tuberculous meningitis, tuberculoma were collected 

after routine microbiological testing from the Department of 
Neuromicrobiology, National Institute of Mental Health and 
Neurosciences (NIMHANS), Bangalore, India, which is a tertiary 
care hospital for neurological disorders. Samples were stored at 
–20°C until they were tested for PCR and cytokine measurements. 
The patients’ e-records were reviewed to collect demographic 
characteristics such as age, sex, symptoms, risk factors, clinical 
history/diagnosis, CSF cell count, and serological status (IgG) for CT 
and NCC. CSF samples from seven patients with normal-pressure 
hydrocephalus with no evidence of infection or inflammation were 
used as controls. The study was approved by the Institutional Ethical 
Committee (IEC), NIMHANS (No. NIMHANS/IEC (BS & NS DIV.) 12th 
meeting/2018).

Microbiological investigation for free-living amoeba
CSF samples were initially subjected to the following microscopic 
investigations: cell count with trypan blue, Gram staining, and 
Ziehl-Neelsen staining. All samples were cultured on blood agar 
and McConkey agar (HiMedia) for aerobic bacteria, incubated at 
37°C, and observed after 24 h. CSF samples were also cultured on 
non-nutrient agar (NNA) plates coated with Escherichia coli. The 
plates were sealed with parafilm, incubated at 37°C for five to seven 
days, and observed under a microscope for amoebic trophozoites 
and cysts (Khurana et al., 2012).

DNA extraction, species-specific 18S rRNA PCR, and sequencing to 
detect neurotropic free-living amoebae
Genomic DNA was extracted from smear and culture-negative CSF 
samples (n = 275) that were negative for bacterial, viral, fungal 
etiologies using a column-based Nucleospin Tissue DNA extraction 
kit (Macherey Nagel, Germany) according to the manufacturer’s 
instructions. Briefly, the centrifuged deposits of CSF samples were 
mixed with lysis buffer and proteinase K and incubated at 56°C for 
1-3 h, followed by incubation at 70°C for 10 min after adding a second 
lysis buffer. DNA was extracted with ethanol (99-100%), transferred 
to the Nucleospin column, centrifuged, washed twice, eluted in kit 
buffers, and stored at –20°C. The DNA concentration (260 nm) and 
quality (ratio 260/280 nm) in each sample was measured using 
NanoDrop (Thermo Scientific). PCR for Acanthamoeba species and 
Naegleria fowleri was done using species-specific primers. The 
primer sequences and the thermal cycling conditions used are 
shown in Table 1.

Gene

Acanthamoeba
18SrRNA

Acanthamoeba
18SrRNA 

N. fowleri
ITS-1 

Primers

JDP1 5’-GGCCCAGATCGTTTACCGTGAA-3’
JDP2 5’-TCTCACAAGCTGCTAGGGAGTCA-3’

F 900 5´-CCCAGATCGTTTACCGTGAA-3´
R 1100 5´-TAAATATTAATGCCCCCAACTATCC-3´

Fwl 5’-GTGAAAACCTTTTTTCCATTTACA-3’
RV1 5’-AAATAAAAGATTGACCATTTGAAA-3’

Reference

da Rocha-Azevedo
et al., 2009

Qvarnstrom et al., 2005

Panda et al., 2015

Thermal cycling conditions

94°C for 5 min
94°C for 1 min 35
55°C for 1 min cycles
72°C for 1 min
72°C for 10 min

95°C for 2 min
95°C for 15 sec 35
51°C for 30 sec cycles
72°C for 30 sec
72°C for 10 min

94°C for 3 min
94°C for 30 sec 35
47°C for 30 sec cycles
72°C for 30 sec
72°C for 5 min

Size in bp

500

180 

310

Table 1. Primer sets and thermal cycling conditions used for PCR
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 PCR was performed with 25 µM forward and reverse primers, 
5-40 ng of DNA template, and 2× PCR Master Mix (DSS Takara 
Bio India Pvt. Ltd.) in a 25-µl reaction mixture using a Veriti 
thermal cycler (AB Applied Biosystems). A nested PCR was done 
to amplify 18S rRNA for Acanthamoeba (500 bp and 180 bp). The 
Acanthamoeba (4B) T4 strain isolated from water was used as a 
positive control. For detecting N. fowleri DNA, ITS-1 PCR was done 
to amplify a 320-bp fragment. A plasmid harboring the N. fowleri 
ITS-1 region was used as a positive control. Gel electrophoresis was 
performed on 1.5–2 % agarose gel with ethidium bromide, and 
bands were visualized using the Gbox gel documentation system 
(Syngene, India). PCR products from agarose gel were purified using 
the Nucleospin Gel and PCR Clean-Up kit (Macherey Nagel, Germany) 
and sent to Madauxin, Bangalore, Karnataka, India, for Sanger-based 
sequencing in both directions. Identification was performed with 
BLAST against eukaryotic nucleotide sequences archived in the 
GenBank database (NCBI).

Cytokine measurement using the Luminex assay 
The levels of inflammatory cytokines (IL-1b, IL-6, IL-8, IL-17A, IFNg, 
and TNFa) in CSF samples from GAE (n = 2), CT (n = 23), NCC (n = 7), 
and normal-pressure hydrocephalus (n = 7) patients were measured 
using the Multiplex Suspension assay (BIO-RAD, USA) according to 
the manufacturer’s instructions (Manglani et al., 2019). Briefly, 50 µl 
of 1× magnetic coupled beads were added to a 96-well assay plate 
and washed twice with wash buffer. Fifty microliters of standards 
(eight, four-fold dilutions) and samples (diluted 1:2) were added to 
the respective wells in duplicate and incubated on a shaker at 850 
rpm for 30 min. After washing three times, 25 µl of a 1× biotinylated 
detection antibody mixture was added for 30 min, and 50 µl of a 
1× streptavidin-phycoerythrin was added for 10 min in sequential 
steps and incubated on a shaker at 850 rpm for 30 min and 10 min, 
respectively. After washing three times, the beads were suspended 
in 125 µl of assay buffer and mixed on a shaker at 850 rpm for 30 
sec. After calibrating and validating the Bio-Plex 200 system, the 
standard values were entered in the Bio-Plex manager software. Fifty 
events were captured for each sample using a gate setting of 5000 
(low) and 25000 (high). A range of 0.3 to 60000 pg/ml recombinant 
cytokines was used to establish standard curves, and the detection 
limits of the assay for the cytokines were as follows:0.3 pg/ml for 
IL-1b, 0.36 pg/ml for IL-6, 0.92 pg/ml for IL-8, 2.85 pg/ml for IL-17A, 
1.11 pg/ml for IFNg, and 3.81 pg/ml for TNFa.

Statistical analysis
The nonparametric Mann–Whitney test in the SPSS program (IBM 
SPSS Statistics 23.0) was used to perform statistical comparisons 
of the level of cytokines between each of the infection groups and 
the control group. A p value of <0.05 was considered significant.

RESULTS

Demographic characteristics
The median age of patients in the infection groups was 45 years 
(range 26-70 years), and 72% (23/32) of them were males. The 
median age of patients in the control group was 68 years (range 57-
76 years), and all were males. The major symptoms of patients with 
GAE, NCC and CT were as follows: headache (n=14; 44%), seizures 
(n=12; 38%), fever (n=11; 34%), vomiting (n=6; 19%), upper and 
lower limb weakness, (n=5; 16%), altered sensorium (n=5; 16%), 
and hemiparesis (n=5; 16%). Few others had disturbances in gait, 
memory, speech, vision, and behavior. The major risk factors in these 
patients were HIV (n=19; 59%), alcoholism (n=9; 28%), hypertension 
and diabetes mellites (n=3 each; 9%) (Table 2).

Culture and molecular characteristics
The 2506 smear and culture-negative CSF samples were negative 
for motile amoebae under the light microscope and for free-living 

amoeba on NNA plates. Of the 275 CSF samples screened for free-
living amoeba by PCR, only two were positive for Acanthamoeba 
180-bp 18SrRNA, and one of these samples was PCR positive in the 
brain biopsy sample as well (Figure 1). None of the CSF samples 
tested was positive for N. fowleri DNA.

Elevated IL-6 and IL-8 levels in the infection groups
The control group showed fewer cells (0-2 cells/mm3) in CSF and 
very low levels of all the cytokines tested compared to the infection 
groups, with the exception of marginally higher levels of TNFa, 
IL-6 and IL-8 in one subject. Significantly higher levels of IL-6 (p < 
0.05) and IL-8 (p < 0.05) were observed in all three infection groups 
compared to the control samples. In addition, TNFa levels were 
significantly elevated (p < 0.05) in the GAE and NCC groups and 
IL-17A (p < 0.05) in the GAE group compared to the control group 
(Figure 2). The levels of INFg and IL-1b were very low in patients in 
all the infection groups and did not differ significantly compared to 
controls although there were individual patients in the CT and NCC 
groups who had elevated levels of these cytokines. Two patients in 
the GAE group (52-610 cells/mm3), three patients in the NCC group 
(15-415 cells/mm3), and six patients in the CT group (19-280 cells/
mm3) had high CSF cell counts, which correlated with increased 
levels of IL-6, IL-8, and TNFa. However, four patients in NCC group 
and 14 patients in the CT group had low CSF cell counts in spite of 
having higher levels of at least one of these cytokines. In the CT 
group, three patients with low cell count (0-5cells) showed very low 
levels of IL-6 (4-11 pg/ml), TNFa (0-6 pg/ml), and IL-8 (27-153 pg/
ml), like the control group (Table 2).

DISCUSSION

Persistent production of cytokines or their dysregulation leads 
to the progression of CNS parasitic diseases from an acute to a 
chronic phase with neuroinflammatory disorders (Mishra et al., 
2009). The elevation of cytokine levels is also an important marker 
for neuroinflammation and cognitive and neurological sequalae 
as has been shown in cerebral malaria cases (John et al., 2008; 
Cuff et al., 2020). In this study, we examined six proinflammatory 
cytokines in CSF samples of patients with GAE, NCC, and CT and 
found increased levels of IL-8 in 28 (88%) patients, IL-6 in 25 (78%) 
patients and TNFa in 17 (53%) patients compared to control subjects 
suggesting that these three cytokines could be used as markers of 
neuroinflammation in these neurotropic parasitic diseases.
 Although the age of the control patients in our study was higher 
than in the infection groups, similar levels of cytokines were shown in 
normal individuals who were under 45 years old and those who were 
over 65 years old, indicating that age does not influence cytokine 
production (Kim et al., 2011). Similar to the present study, in which 
77% of the study subjects were males, others have reported higher 
numbers of male subjects in their studies, despite females being 
more prone to inflammatory diseases (Kashyap et al., 2012; Cavellani 
et al., 2012; Arce-Sillas et al., 2018). In this study, increased levels 
of cytokines in more than half of the patients did not correlate with 
CSF cellularity. CSF cell count is generally shown to be an unreliable 
predictor of the degree of cytokine elevations in CSF (Harrison et 
al., 2021).
 Only two of the 275 samples screened for neurotropic free-
living amoebae by PCR showed Acanthamoeba 18S rRNA in this 
study, but they were negative on NNA plates. This could be due 
to the low number of protozoans in the sample, or they may be 
nonviable. The PCR finding of Acanthamoeba 18S rRNA correlated 
with neuroimaging and pathology reports. Currently, PCR is used 
to identify Acanthamoeba DNA in CSF and has been considered 
an alternative to conventional methods (Qvarnstrom et al., 2005). 
Absence of N. fowleri, which causes fulminant primary amoebic 
meningoencephalitis in culture and PCR could be due to tertiary 
nature of the hospital. The increased serum levels of anti-toxoplasma 
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Figure 1. CSF sample showing Acanthamoeba 18S rRNA (180 bp) fragment. Lane1: DNA 100bp ladder; Lane 2: CSF sample 1594; 
Lane 3: N. fowleri ITS plasmid (320bp); Lane 4: Negative control; Lane 6: CSF sample 1594; Lane 7: Acanthamoeba T4 strain (500 bp); 
Lane 8: Negative control; Lane 10: CSF sample 1594 (180 bp); Lane 11: Acanthamoeba T4 strain (180 bp); Lane 12: Negative control.

Figure 2. CSF levels of proinflammatory cytokines in patients with neurotropic parasitic infections and controls. GAE: Granulomatous 
amoebic meningoencephalitis; NCC: Neurocysticercosis; CT cerebral toxoplasmosis. * The P value shows the difference between 
patients and controls, as calculated by the Mann-Whitney U test.
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IgG are characteristic of the active or reactivation phase of CT (Torrey 
et al., 2007). The presence of T. gondii IgG antibody correlated with 
imaging reports in 70% (16/23) of patients in this study.  HIV was 
found to the single most risk factor in Toxoplasma IgG positive patient 
(78%) that might have predisposed them to CT (Table 2). In this 
study, five of the seven patients’ neuroimaging findings correlated 
with cysticercal IgG antibody. Although antibody detection does 
not distinguish between exposure, inactive infection, and active 
infection in NCC, individuals with multiple viable cysts are shown 
to be consistently seropositive, and the antibody level increases 
significantly in patients treated with anti-cysticidal drugs (Garcia et 
al., 2020). Therefore, in addition to imaging techniques, cytokine 
profiling might help to learn about the stage of the parasitic diseases.
 The two patients in the GAE group had increased CSF cell counts, 
and the levels of IL-6, IL-8, TNFa, and IL-17A were significantly 
elevated compared to controls. There are no reports on the CNS 
cytokine profiles of patients with GAE during the chronic stage of 
the disease. However, it has been shown in vitro that cocultures of 
human monocytes and macrophages with A. castellanii trophozoites 
released proinflammatory cytokines (IL-6, IL-8, IL-12, and TNFa) 
that could play a role in the development of the inflammatory 
response in GAE (Mattana et al., 2016). The brains of SJL mice 
infected with A. castellanii showed inflammatory cell infiltrate with 
the predominance of IFNg producing CD4 T cells (Massilamany et 
al., 2014). Rat microglial cells and murine bone marrow-derived 
macrophages cocultured with A. culbertsoni trophozoites showed 
increased levels of TNFa and IL-6 (Shin et al., 2001; Cano et al., 
2017). These studies show that proinflammatory cytokines are 
produced immediately after Acathamoeba infection in vivo and in 
vitro, and their presence during the chronic phase could lead to 
immunopathology.
 Six out of seven patients in the NCC group in this study showed 
elevated levels of IL-8, IL-6, or TNFa compared to control subjects. 
Children with active NCC showed higher IL-6 and TNFa levels in 
CSF compared to children with inactive (calcified lesions) forms 
(Aguilar-Rebolledo et al., 2001; Kashyap et al., 2012). Additionally, 
in adult patients with NCC, higher levels of IL-6 were detected in 
CSF from patients with high cerebral blood flow velocity, which is 
associated with disease severity (Góngora-Rivera et al., 2008; Sáenz 
et al., 2012). The increased levels of proinflammatory cytokines 
in NCC have been shown to decrease after cure or in treatment-
resistant patients (Arce-Sillas et al., 2018; Harrison et al., 2021). In 
vitro studies have also shown upregulation of IL-8 in monocytes in 
response to T. solium antigens (Uddin et al., 2010). Rats inoculated 
with T. solium showed increased expression of genes associated 
with proinflammatory cytokines such as IL-1a, IL-1b, IL-6, IFNg, TNFa 
and fibrosis-related proteins including collagen, fibronectin, TGF-b, 
and arginase in the tissue surrounding the cyst compared to the 
noninfected tissue, which together may mediate the chronic state of 
infection (Carmen-Orozco et al., 2021). Similar to this study, others 
have shown low levels of IL-17A, IFNg, and TNFa in NCC patients 
(Adalid-Peralta et al., 2012; Harrison et al., 2021).
 In this study, significantly increased levels of IL-6 and IL-8 were 
shown in CT patients compared to controls. The levels of TNFa 
were elevated in ten CT patients and IFNg in one patient. Increased 
levels of IL-6, IL-8, TNFa, and lymphocyte proliferation were shown 
in congenitally infected children and their transmitting mothers, 
suggesting that dysregulated, increased inflammatory responses 
are related to vertical transmission of T. gondii in humans (Gómez-
Chávez et al., 2020). IFNg levels have been shown to be higher in 
asymptomatic individuals than in patients with CT, indicating that 
this cytokine tended to be higher in individuals whose infections 
were resolved (Hernández-de-los-Ríos et al., 2019). It has been 
shown in several animal studies that both IFNg and TNFa and 
their mRNA expression are significantly elevated in response to T. 
gondii infection during the acute phase, and the levels declined to 
background levels during chronic stages of TE, similar to NCC (Aviles 

et al., 2008; Moura et al., 2016; Tuladhar et al., 2019). The levels 
of IL1b and IL17A were low in CT patients in this study. It has been 
shown that IL-27 produced by astrocytes regulates inflammation in 
the CNS during TE by limiting Th-17 cell activity (Stumhofer et al., 
2006). Therefore, only a few CD4+ IL-17-expressing lymphocytes are 
seen during the chronic stage of T. gondii infection in C57BL/6 mice 
(Drögemüller et al., 2008).
 Unlike Acanthamoeba, both T. gondii and T. solium initially 
coexist with the human host. However, during later stages, 
reactivation results in heightened immune response and associated 
symptoms that require medical management. Treatment for 
neuroinflammation caused by parasitic infections involves the use 
of drugs to kill the parasites and reduce inflammation. Currently, 
steroids are used to the suppress immune system. However, their 
use is associated with significant side effects and sustained parasite 
viability (Garcia et al., 2020). Regulation of cytokines by targeted 
immunomodulatory therapies may be a better option to prevent 
complications associated with GAE, CT, and NCC. Several molecules, 
namely, monoclonal antibodies (anti-TNFa inhibitor, etanercept), 
somatostatin analogues, nonspecific MMP inhibitor (doxycycline), 
aptamers, and Inonotus obliquus polysaccharide showed promise 
in experimental systems in the control of parasitic inflammatory 
responses (Khumbatta et al., 2014; Boshtam et al., 2017; Mahanty 
et al., 2017; Yan et al., 2021). Interestingly, patients who respond to 
anti-helminthic drugs show upregulation of several genes involved 
in pro- and anti-inflammatory and immunomodulatory functions, 
indicating that a pro-inflammatory environment is related to 
treatment responsiveness and some of them may have a role in 
neuroprotection (John et al., 2008; Cárdenas et al., 2014; Arce-
Sillas et al., 2018). Prevention of neurotropic parasitic diseases 
can be achieved by immunization/vaccination when available and 
eradication of parasitic infections by proper sanitation, use of cooked 
meat, and safe food handling (Hill & Dubey, 2002).
 Although the number of patients in each group was small in this 
study, the increased levels of IL-8, IL-6 and TNFa in majority of the 
patients show that these three cytokines could be used as markers 
of neuroinflammation in GAE, NCC, and CT. Testing a larger cohort 
of patients with CNS parasitic infection will help to confirm this 
observation. Because IL-1b is secreted in its inactive form, measuring 
pro-IL-1b levels or intracellular staining by flow cytometric analysis 
might give a more accurate result (Palomo et al., 2015; Hernández-
de-los-Ríos et al., 2019). The absence of the measured cytokines in a 
few patients could also be due to polymorphisms in cytokine-coding 
genes (Hernández-de-los-Ríos et al., 2019).

CONCLUSION

Of the 275 samples screened for neurotropic free-living amoebae 
by PCR, only two samples showed Acanthamoeba 18S rRNA. 
None of the CSF samples tested was positive for N. fowleri DNA. 
The increased levels of IL-8 in 28 (88%) patients, IL-6 in 25 (78%) 
patients, and TNFa in 17 (53%) patients, with high CSF cellularity 
in 11 patients, show that these three cytokines could be used as 
markers of neuroinflammation in GAE, NCC, and CT. Quantifying 
these cytokine levels in CSF might help with understanding the level 
of neuroinflammation in patients with neurotropic parasitic diseases. 
Further studies with clinico-microbiological correlation in the form 
of reduction of cytokine levels with treatment and the correlation 
with neurological deficits are needed.

ACKNOWLEDGEMENTS

This research was funded by the Department of Science and 
Technology, Ministry of Science and Technology, Government 
of India, and Daisy Vanitha John is supported by their Women 
Scientist Scheme (SR/WOS-A/LS-472/2018). The authors thank Dr. 
Sumeeta Khurana, Post Graduate Institute of Medical Education and 



414

John et al. (2023), Tropical Biomedicine 40(4): 406-415

Research, Chandigarh, for providing the Acanthamoeba T4 strain, 
and Dr. Bijay Ranjan Mirdha, All India Institute of Medical Sciences, 
New Delhi, for providing the N. fowleri ITS plasmid. Authors thank 
staff at Department of Neuromicrobiology for microbiological and 
serological assays.

Conflict of Interest
The author declares that they have no conflict of interest.

REFERENCES 

Adalid-Peralta, L., Fleury, A., García-Ibarra, T.M., Hernández, M., Parkhouse, 
M., Crispín, J.C., Voltaire-Proaño, J., Cárdenas, G., Fragoso, G. & Sciutto, 
E. (2012). Human neurocysticercosis: in vivo expansion of peripheral 
regulatory T cells and their recruitment in the central nervous system. 
Journal of Parasitology 98: 142-148. https://doi.org/10.1645/GE-2839.1 

Aguilar-Rebolledo, F., Cedillo-Rivera, R., Llaguno-Violante, P., Torres-López, J., 
Muñoz-Hernandez, O. & Enciso-Moreno, J.A. (2001). Interleukin levels 
in cerebrospinal fluid from children with neurocysticercosis. American 
Journal of Tropical Medicine and Hygiene 64: 35-40. 

 https://doi.org/10.4269/ajtmh.2001.64.35
Arce-Sillas, A., Cárdenas, G., Ávarez-Luquín, D., Hernandez, M., del 

Rey, A., Besedovsky, H., Gómez-Fuentes, S., Fragoso, G., Fleury, A., 
Sciutto, E. et al. (2018). Treatment-resistant human extraparenchymal 
neurocysticercosis: an immune-inflammatory approach to cysticidal 
treatment outcome. Neuroimmunomodulation 25: 103-109. 

 https://doi.org/10.1159/000491394
Aviles, H., Stiles, J., O’Donnell, P., Orshal, J., Leid, J., Sonnenfeld, G. & Monroy, 

F. (2008). Kinetics of systemic cytokine and brain chemokine gene 
expression in murine toxoplasma infection. Journal of Parasitology 94: 
1282-1288. https://doi.org/10.1645/GE-1309.1

Baig, A.M. (2015). Pathogenesis of amoebic encephalitis: are the amoebae 
being credited to an ‘inside job’ done by the host immune response? Acta 
Tropica 148: 72-76. https://doi.org/10.1016/j.actatropica.2015.04.022

Becher, B., Spath, S. & Goverman, J. (2017). Cytokine networks in 
neuroinflammation. Nature Reviews Immunology 17: 49-59. 

 https://doi.org/10.1038/nri.2016.123
Borish, L.C. & Steinke, J.W. (2003). Cytokines and chemokines. Journal of 

Allergy and Clinical Immunology 111: S460-S475. 
 https://doi.org/10.1067/mai.2003.108
Boshtam, M., Asgary, S., Kouhpayeh, S., Shariati, L. & Khanahmad, H. (2017). 

Aptamers against pro- and anti-inflammatory cytokines: a review. 
Inflammation 40: 340-349. https://doi.org/10.1007/s10753-016-0477-1

Cano, A., Mattana, A., Woods, S., Henriquez, F.L., Alexander, J. & Roberts, C.W. 
(2017). Acanthamoeba activates macrophages predominantly through 
toll-like receptor 4- and MyD88-dependent mechanisms to induce 
interleukin-12 (IL-12) and IL-6. Infection and Immunity 85: e01054-16. 
https://doi.org/10.1128/IAI.01054-16

Cárdenas, G., Fragoso, G., Rosetti, M., Uribe-Figueroa, L., Rangel-
Escareño, C., Saenz, B., Hernández, M., Sciutto, E. & Fleury, A. (2014). 
Neurocysticercosis: the effectiveness of the cysticidal treatment could be 
influenced by the host immunity. Medical Microbiology and Immunology 
203: 373-381. https://doi.org/10.1007/s00430-014-0345-2

Carmen-Orozco, R.P., Dávila-Villacorta, D.G., Delgado-Kamiche, A.D., Celiz, 
R.H., Trompeter, G., Sutherland, G., Gavídia, C., Garcia, H.H., Gilman, R.H., 
Verástegui, M.R. et al. (2021). Changes in inflammatory gene expression 
in brain tissue adjacent and distant to a viable cyst in a rat model for 
neurocysticercosis. PLOS Neglected Tropical Diseases 15: e0009295. 
https://doi.org/10.1371/journal.pntd.0009295

Carruthers, V.B. & Suzuki, Y. (2007) Effects of Toxoplasma gondii infection on 
the brain. Schizophrenia Bulletin 33: 745-751. 

 https://doi.org/10.1093/schbul/sbm008
Cavellani, C.L., Corrêa, R.R.M., Ferraz, M.L.F., Rocha, L.P., Faleiros, A.C.G., 

de Souza Lino Junior, R., dos Reis, M.A. & de Paula Antunes Teixeira, V. 
(2012). Influence of gender on cardiac and encephalic inflammation in 
the elderly with cysticercosis: a case control study. Journal of Tropical 
Medicine 2012: 540858. https://doi.org/10.1155/2012/540858

Cuff, S.M., Merola, J.P., Twohig, J.P., Eberl, M. & Gray, W.P. (2020). Toll-like 
receptor linked cytokine profiles in cerebrospinal fluid discriminate 
neurological infection from sterile inflammation. Brain Communications 
2: fcaa218. https://doi.org/10.1093/braincomms/fcaa218

da Rocha-Azevedo, B., Tanowitz, H.B. & Marciano-Cabral, F. (2009). Diagnosis 
of infections caused by pathogenic free-living amoebae. Interdisciplinary 
Perspectives on Infectious Diseases 2009: 251406. 

 https://doi.org/10.1155/2009/251406
Del Brutto, O.H., Engel Jr, J., Eliashiv, D.S. & García, H.H. (2016). Update on 

cysticercosis epileptogenesis: the role of the hippocampus. Current 
Neurology and Neuroscience Reports 16: 1. 

 https://doi.org/10.1007/s11910-015-0601-x
Del Brutto, O.H. & Garcia, H.H. (2021). The many facets of disseminated 

parenchymal brain cysticercosis: a differential diagnosis with important 
therapeutic implications. PLOS Neglected Tropical Diseases 15: 
e0009883.  https://doi.org/10.1371/journal.pntd.0009883

Drögemüller, K., Helmuth, U., Brunn, A., Sakowicz-Burkiewicz, M., Gutmann, 
D.H., Mueller, W., Deckert, M. & Schlüter, D. (2008). Astrocyte gp130 
expression is critical for the control of Toxoplasma encephalitis. Journal 
of Immunology 181: 2683-2693. 

 https://doi.org/10.4049/jimmunol.181.4.2683
Garcia, H.H., Gonzalez, A.E., Gilman, R.H. & Cystucercosis Working Group in 

Peru. (2020). Taenia solium cysticercosis and its impact in neurological 
disease. Clinical Microbiological Reviews 33: e00085-19. 

 https://doi.org/10.1128/CMR.00085-19
Góngora-Rivera, F., Soto-Hernández, J.L., Guevara, P. & Sotelo-Morales, J. 

(2008). In neurocysticercosis, CSF cytokines correlate with cerebral 
blood flow velocities. Neurology 71: 1119-1122. 

 https://doi.org/10.1212/01.wnl.0000326961.34868.5b
Gómez-Chávez, F., Cañedo-Solares, I., Ortiz-Alegría, L.B., Flores-García, 

Y., Figueroa-Damián, R., Luna-Pastén, H., Gómez-Toscano, V., López-
Candiani, C., Arce-Estrada, G.E., Bonilla-Ríos, C.A. et al. (2020). A 
proinflammatory immune response might determine Toxoplasma gondii 
vertical transmission and severity of clinical features in congenitally 
infected newborns. Frontiers in Immunology 11: 390. 

 https://doi.org/10.3389/fimmu.2020.00390
Harrison, S., Thumm, L., Nash, T.E., Nutman, T.B. & O’Connell, E.M. (2021). 

The local inflammatory profile and predictors of treatment success 
in subarachnoid neurocysticercosis. Clinical Infectious Diseases 72: 
e326-e333. https://doi.org/10.1093/cid/ciaa1128

Hernández-de-Los-Ríos, A., Murillo-Leon, M., Mantilla-Muriel, L.E., Arenas, 
A.F., Vargas-Montes, M., Cardona, N., de-la-Torre, A., Sepúlveda-Arias, 
J.C. & Gómez-Marín, J.E. (2019). Influence of two major Toxoplasma 
gondii virulence factors (ROP16 and ROP18) on the immune response of 
peripheral blood mononuclear cells to human toxoplasmosis infection. 
Frontiers in Cellular and Infection Microbiology 9: 413.

 https://doi.org/10.3389/fcimb.2019.00413
Hill, D. & Dubey J.P. (2002). Toxoplasma gondii: transmission, diagnosis and 

prevention. Clinical Microbiology and Infection 8: 634-640. 
 https://doi.org/10.1046/j.1469-0691.2002.00485.x
John, C.C., Panoskaltsis-Mortari, A., Opoka, R.O., Park, G.S., Orchard, P.J., 

Jurek, A.M., Idro, R., Byarugaba, J. & Boivin, M.J. (2008). Cerebrospinal 
fluid cytokine levels and cognitive impairment in cerebral malaria. The 
American  Journal of Tropical Medicine and Hygiene 78: 198-205. 

Kashyap, B., Das, S., Jain, S., Agarwal, A., Kaushik, J.S. & Kaur, I.R. 
(2012). Correlation between the clinico radiological heterogeneity 
and the immune-inflammatory profiles in pediatric patients with 
neurocysticercosis from a tertiary referral centre. Journal of Tropical 
Pediatrics 58: 320-323. https://doi.org/10.1093/tropej/fmr093 

Khumbatta, M., Firozgary, B., Tweardy, D.J., Weinstock, J., Firozgary, G., 
Bhatena, Z., Bulsara, T., Siller, R. & Robinson, P. (2014). Somatostatin 
negatively regulates parasite burden and granulomatous responses in 
cysticercosis. BioMed Research International 2014: 247182. 

 https://doi.org/10.1155/2014/247182
Khurana, S., Mewara, A., Verma, S. & Totadri, S.K. (2012). Central nervous 

system infection with Acanthamoeba in a malnourished child. BMJ Case 
Reports 2012: bcr2012007449. 

 https://doi.org/10.1136/bcr-2012-007449
Kim, H.O., Kim, H.S., Youn, J.C., Shin, E.C. & Park, S. (2011). Serum cytokine 

profiles in healthy young and elderly population assessed using 
multiplexed bead-based immunoassays. Journal of Translational 
Medicine 9: 113. https://doi.org/10.1186/1479-5876-9-113

Kot, K.,  anocha-Arendarczyk, N. & Kosik-Bogacka, D. (2021). 
Immunopathogenicity of Acanthamoeba spp. in the brain and lungs. 
International Journal of Molecular Sciences 22: 1261. 

 https://doi.org/10.3390/ijms22031261



415

John et al. (2023), Tropical Biomedicine 40(4): 406-415

Mahanty, S., Orrego, M.A., Cangalaya, C., Adrianzen, M.P., Arroyo, G., Calcina, 
J., Gonzalez, A.E., García, H.H., Guerra-Giraldez, C., Nash, T.E. et al. 
(2017). TNF-a blockade suppresses pericystic inflammation following 
anthelmintic treatment in porcine neurocysticercosis. PLOS Neglected 
Tropical Diseases 11: e0006059. 

 https://doi.org/10.1371/journal.pntd.0006059
Manglani, M., Rua, R., Hendricksen, A., Braunschweig, D., Gao, Q., Tan, 

W., Houser, B., McGavern, D.B. & Oh, K. (2019). Method to quantify 
cytokines and chemokines in mouse brain tissue using Bio-Plex multiplex 
immunoassays. Methods 158: 22-26. 

 https://doi.org/10.1016/j.ymeth.2019.02.007
Massilamany, C., Marciano-Cabral, F., Rocha-Azevedo, B.D., Jamerson, M., 

Gangaplara, A., Steffen, D., Zabad, R., Illes, Z., Sobel, R.A. & Reddy, J. 
(2014). SJL mice infected with Acanthamoeba castellanii develop central 
nervous system autoimmunity through the generation of cross-reactive 
T cells for myelin antigens. PLOS ONE 9: e98506. 

 https://doi.org/10.1371/journal.pone.0098506
Mattana, A., Sanna, M., Cano, A., Delogu, G., Erre, G., Roberts, C.W., 

Henriquez, F.L., Fiori, P.L. & Cappuccinelli, P. (2016). Acanthamoeba 
castellanii genotype T4 stimulates the production of interleukin-10 as 
well as proinflammatory cytokines in THP-1 cells, human peripheral 
blood mononuclear cells, and human monocyte-derived macrophages. 
Infection and Immunity 84: 2953-2962. 

 https://doi.org/10.1128/iai.00345-16
Mishra, B.B., Gundra, U.M. & Teale, J.M. (2009). Toll-like receptors in 

CNS parasitic infections. In: Toll-like Receptors: Roles in infection and 
neuropathology, Kielian, T (editor), Current Topics in Microbiology and 
Immunology 336. Germany: Springer, Berlin, Heidelberg, pp. 83-104. 
https://doi.org/10.1007/978-3-642-00549-7_5

Moura, V.B.L., Lima, S.B., Matos-Silva, H., Vinaud, M.C., Loyola, P.R.A.N. 
& Lino, R.S. (2016). Cellular immune response in intraventricular 
experimental neurocysticercosis. Parasitology 143: 334-342. 

 https://doi.org/10.1017/S0031182015001572
Panda, A., Khalil, S., Mirdha, B.R., Singh, Y. & Kaushik, S. (2015). Prevalence of 

Naegleria fowleri in environmental samples from northern part of India. 
PlOS ONE 10: e0137736. https://doi.org/10.1371/journal.pone.0137736

Palomo, J., Dietrich, D., Martin, P., Palmer, G. & Gabay, C. (2015). The 
interleukin (IL)-1 cytokine family - balance between agonists and 
antagonists in inflammatory diseases. Cytokine 76: 25-37. 

 https://doi.org/10.1016/j.cyto.2015.06.017
Prandota, J. (2010). Migraine associated with patent foramen ovale may be 

caused by reactivation of cerebral toxoplasmosis triggered by arterial 
blood oxygen desaturation. International Journal of Neuroscience 120: 
81-87. https://doi.org/10.3109/00207450903458647

Qvarnstrom, Y., James, C., Xayavong, M., Holloway, B.P., Visvesvara, G.S., 
Sriram, R. & da Silva, A.J. (2005). Comparison of real-time PCR protocols 
for differential laboratory diagnosis of amebiasis. Journal of Clinical 
Microbiology 43: 5491-5497. 

 https://doi.org/10.1128/JCM.43.11.5491-5497.2005

Raju, R., Khurana, S., Mahadevan, A. & John, D.V. (2022). Central nervous 
system infections caused by pathogenic free-living amoebae: an Indian 
perspective. Tropical Biomedicine 39: 265-280. 

 https://doi.org/10.47665/tb.39.2.017
Sáenz, B., Fleury, A., Chavarría, A., Hernández, M., Crispin, J.C., Vargas-Rojas, 

M.I., Fragoso, G. & Sciutto, E. (2012). Neurocysticercosis: local and 
systemic immune-inflammatory features related to severity. Medical 
Microbiology and Immunology 201: 73-80. 

 https://doi.org/10.1007/s00430-011-0207-0
Shabani, E., Ouma, B.J., Idro, R., Bangirana, P., Opoka, R.O., Park, G.S., Conroy, 

A.L. & John, C.C. (2017). Elevated cerebrospinal fluid tumour necrosis 
factor is associated with acute and long-term neurocognitive impairment 
in cerebral malaria. Parasite Immunology 39: e12438. 

 https://doi.org/10.1111/pim.12438
Shin, H.J., Cho, M.S., Jung, S.Y., Kim, H.I., Park, S., Seo, J..H, Yoo, J.C. & Im, K.I. 

(2001). Cytopathic changes in rat microglial cells induced by pathogenic 
Acanthamoeba culbertsoni: morphology and cytokine release. Clinical 
and Diagnostic Laboratory Immunology 8: 837-840. 

 https://doi.org/10.1128/CDLI.8.4.837-840.2001
Stumhofer, J.S., Laurence, A., Wilson, E.H., Huang, E., Tato, C.M., Johnson, 

L.M., Villarino, A.V., Huang, Q., Yoshimura, A., Sehy, D. et al. (2006). 
Interleukin 27 negatively regulates the development of interleukin 
17-producing T helper cells during chronic inflammation of the central 
nervous system. Nature Immunology 7: 937-945. 

 https://doi.org/10.1038/ni1376
Torrey, E.F., Bartko, J.J., Lun, Z.R. & Yolken, R.H. (2007). Antibodies to 

Toxoplasma gondii in patients with schizophrenia: a meta-analysis. 
Schizophrenia Bulletin 33: 729-736. 

 https://doi.org/10.1093/schbul/sbl050
Tuladhar, S., Kochanowsky, J.A., Bhaskara, A., Ghotmi, Y., Chandrasekaran, S. 

& Koshy, A.A. (2019). The ROP16III-dependent early immune response 
determines the subacute CNS immune response and type III Toxoplasma 
gondii survival. PLOS Pathogens 15: e1007856.  

 https://doi.org/10.1371/journal.ppat.1007856
Uddin, J., Gonzalez, A.E., Gilman, R.H., Thomas, L.H., Rodriguez, S., Evans, 

C.A.W., Remick, D.G., Garcia, H.H. & Friedland, J.S. (2010). Mechanisms 
regulating monocyte CXCL8 secretion in neurocysticercosis and the 
effect of antiparasitic therapy. Journal of Immunology 185: 4478-4484. 
https://doi.org/10.4049/jimmunol.0904158 

Verma, A., Prasad, K.N., Cheekatla, S.S., Nyati, K.K., Paliwal, V.K. & Gupta, 
R.K. (2011). Immune response in symptomatic and asymptomatic 
neurocysticercosis. Medical Microbiology and Immunology 200: 255-
261. https://doi.org/10.1007/s00430-011-0198-x

Yan, K., Zhou, H., Wang, M., Li, H., Sang, R., Ge, B., Zhao, X., Li, C., Wang, W. & 
Zhang, X.  (2021). Inhibitory effects of Inonotus obliquus polysaccharide 
on inflammatory response in Toxoplasma gondii-infected RAW264.7 
macrophages. Evidence Based Complementary and Alternative Medicine 
2021: 2245496. https://doi.org/10.1155/2021/2245496


