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Background.  Subarachnoid neurocysticercosis (SANCC) represents the most severe and difficult to treat form of neurocysticercosis. 
The inflammatory response contributes significantly to the morbidity and mortality of the disease. This study sought to understand the 
nature and evolution of the inflammation associated with SANCC, and evaluate for predictors of time to cure.

Methods.  There were 16 subjects with SANCC (basilar cistern, sylvian fissure, and/or spinal involvement) during active infec-
tion who had cerebrospinal fluid (CSF) cytokine and chemokine profiling, of whom 9 had a second CSF sample at (or following) the 
time of cure. The relationships between clinical parameters and cytokine/chemokine results were assessed.

Results.  Compared to pools of healthy donor CSF, those with active SANCC showed a significant (P < .05) increase in chemokines 
and cytokines associated with Type 1 immunity (interferon [IFN] γ, interleukin [IL] 12p70, C-X-C Motif Ligand 10 CXCL-10); 
Type 2 immunity (IL-10, IL-13); IFNα2; and the chemokines Macrophage inflammatory protein MIP-1α/CCL3, MIP-1ß/CCL4, and 
Vascular Endothelial Growth Factor VEGF that appears to be locally (central nervous system [CNS]) produced. Compared to those 
with active disease, those with CSF taken at the time of cure showed a significant decrease in most of these chemokines and cyto-
kines. Despite this, CSF from cured SANCC patients had levels of IL-10 (P = .039), CXCL-10 (P = .039), and IL-12p70 (P = .044) 
above those seen in CSF from uninfected subjects. High ratios of IL-12p70/IL-10 early in infections were associated with a shorter 
time to cure (r = −0.559; P = .027), and a high Taenia solium burden (by quantitative polymerase chain reaction) was associated with 
longer times to cure (r = 0.84; P = .003).

Conclusions.  SANCC is associated with a marked, CNS-localized cytokine-/chemokine-driven inflammatory response that 
largely decreases with curative therapy, though some analytes persisted above the normal range. The relative balance between 
proinflammatory and regulatory cytokines may be an important determinant for a cure in SANCC.

Keywords.   neurocysticercosis; subarachnoid; extra-parenchymal; cerebral spinal fluid; inflammation.

Neurocysticercosis (NCC) is a parasitic infection characterized 
by the presence of the larval stage of the pork tapeworm Taenia 
solium in the central nervous system (CNS). NCC is of signifi-
cant global health importance, as it is responsible for up to 60% 
of all epilepsy in endemic areas [1]. In recent years, nonendemic 
areas have recognized the increased burden of imported cases, 
including the United States [2, 3].

Symptoms of NCC are caused by T. solium cysts in the CNS 
that provoke an inflammatory response once their cyst wall is 
damaged due to natural involution or to anthelmintic therapy 
[4]. Patients with parenchymal NCC most commonly present 
with seizures. Less commonly, cysts can grow outside of the 
brain parenchyma. Subarachnoid NCC (SANCC), the most se-
vere form of extra-parenchymal NCC, is characterized by the 

presence of an aberrant, proliferative form of the parasite (rac-
emose) in the subarachnoid space of the brain. The mass effect 
exerted by the cysts, aseptic meningitis caused by the exuberant 
inflammatory response, and communicating hydrocephalus 
from the inflammatory scarring of the meninges are responsible 
for the majority of acute symptoms, the control of which is par-
amount in successful clinical care [5]. The treatment of SANCC 
requires prolonged antiparasitic drugs, paired with anti-inflam-
matory therapy, most commonly corticosteroids, to target both 
the parasitic infection and the host inflammatory response [6].

Previous studies have found that active NCC disease pro-
duces local inflammation in the brain.

Degenerating parenchymal lesions have been associated with 
an eosinophil-rich granulomatous inflammation, with high 
tissue levels of interferon (IFN) γ, interleukin (IL) 18, IL-4, 
Transforming Growth Factor (TGFβ) [7], and IL-12 [4], and 
low levels of IL-10 and IL-13 [7]. Cerebrospinal fluid (CSF) 
from SANCC patients, when compared to CSF from those with 
parenchymal NCC, has been shown to have elevated levels of 
IL-5, IL-6, and IL-10 [8, 9].

This study aimed to understand the nature of the inflammation 
in the CSF of subjects with active SANCC in a more comprehensive 
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way, and to understand how the inflammation evolves with cure. 
By examining the interrelationships between these drivers of in-
flammation and some of the critical clinical parameters, we may be 
better able to target specific host pathways with anti-inflammatory 
ancillary treatment, in concert with anthelmintics.

METHODS

Samples

This was a retrospective analysis on stored patient sam-
ples. Patient CSF and serum samples were obtained as part of 
National Institute of Allergy and Infectious Diseases’ institu-
tional review board–approved protocols (85-I-0127 for NCC). 
In accordance with routine clinical care, the CSF, serum, and 
plasma samples of patients with NCC are collected and stored 
at −80°C. Informed written consent was obtained from all pa-
tients. Because patients are referred from outside facilities, they 
are often on antiparasitics at the time of initial evaluation, when 
a lumbar puncture (LP) is performed (Table 1).

The CSF from 16 patients with active SANCC was assessed. 
SANCC was defined by magnetic resonance imaging (MRI) 
demonstration of cysts in either the basilar cisterns, sylvian fis-
sures, or subarachnoid space around the spinal cord. “Active” 
disease was defined as both requiring treatment (due to a com-
bination of symptoms, MRI findings, and/or high CSF white 
blood cell [WBC] count) and having a positive Taenia solium 
antigen (TsAg) in the CSF [10]. All patients were either on ant-
helmintic treatment (albendazole and/or praziquantel) or were 
started on therapy following the LP for the active time point. 
There were 11 subjects that had CSF obtained at the time of 
cure; 9 of these subjects had paired samples from the active 
time point. “Cured” CSF was defined as CSF obtained at the 
time of or following discontinuation of anthelmintics. All cure 
samples had to either have undetectable TsAg or have become 
negative on subsequent LPs without further anthelmintic drugs. 
All cured patients studied were shown to have a durable cure 
through a yearly follow-up exam and an MRI, with a minimum 
follow-up of 1 year. To assess relative concentrations of analytes 
in the CSF compartment as compared to the peripheral blood, 
for each of the 9 patients with paired CSF samples, serum sam-
ples from the same time points also underwent cytokine and 
chemokine detection.

A total of 9 CSF samples from healthy individual donors 
(provided courtesy of Dr Avindra Nath) were combined 
into 3 pools, containing 3 different healthy donor CSF sam-
ples each. The 3 CSF pools were used as “healthy control” 
comparators.

Cytokine and Chemokine Concentrations

The Milliplex MAP Multiplex assay (MILLIPLEX MAP Human 
Cytokine/Chemokine Magnetic Bead Panel [HCYTMAG-
60K-PX29]; Merck KGaA, Darmstadt, Germany) was run on 

the Luminex system to determine the CSF and serum levels 
of EGF, Eotaxin-1, G-CSF, GM-CSF, IFN-α2, IFN-γ, IL-10, 
IL-12p40, IL-12p70, IL-13, IL-15, IL-17a, IL-1RA, IL-1α, IL-1ß, 
IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, CXCL-10, MCP-1 (CCL2), 
MIP-1α (CCL3), and MIP-1ß (CCL4), VEGF, TGFß1, TGFß2, 
and TGFß3 in patients with SANCC. See the Supplementary 
Data for more information.

Clinical and Laboratory Data

All CSF samples were subjected to DNA extraction and quan-
titative polymerase chain reaction (qPCR) for T.  solium, as 
previously described [11]. Samples were also tested for TsAg 
[10], as per the manufacturer’s instructions (ApDia, Turnhout, 
Belgium). All subjects underwent a chart review for additional 
clinical parameters. The total time that subjects had been on 
anthelmintic (albendazole and/or praziquantel) therapy was 
calculated in months (and included the time prior to National 
Institutes of Health admission). The time to clinical cure was 
calculated from the date of CSF collection and when anthel-
mintics were stopped. WBC counts and glucose from the ana-
lyzed CSF samples were extracted from the chart. Total steroid 
dosage, converted to prednisone equivalent, at the time of 
CSF collection was recorded, as well as use of steroid-sparing 
immunomodulators.

Statistical Analysis

The statistical analysis was performed using Prism 7 (GraphPad 
Software; San Diego, CA). Nonparametric Mann-Whitney tests 
were used to separately compare unpaired samples between the 
(unpaired) viable disease samples with normal pools and the 
cured samples with normal pools. Nonparametric Wilcoxon 
tests were used to compare both CSF and serum samples, 
paired over the course of disease. For samples from the ac-
tive time point with paired serum and CSF, a protein correc-
tion factor for analytes measured from CSF was calculated 
based on a ratio of CSF total protein to serum total protein. 
All P values less than .05 were considered to be statistically sig-
nificant. Correlation matrices were constructed using the cy-
tokine/chemokines that were most elevated during the active 
time period (G-CSF, GM-CSF, IFN-α2, IFN-γ, IL-10, IL-12p40, 
IL-12p70, IL-13, IL-17A, IL-4, IL-5, IL-6, IL-8, CXCL-10, MCP-
1, MIP-1a, MIP1b, VEGF, IL-1RA) and were correlated with 
TsAg, qPCR (samples with no amplification were considered to 
have a quantification cycle (Cq) value of 40), CSF WBC, CSF 
glucose, steroid dose, time on anthelmintic therapy, and time 
to clinical cure. Correlation matrix P values were only con-
sidered significant after Bonferroni-Dunn correction for mul-
tiple comparisons. Cytokine concentration standardization and 
hierarchical clustering of cytokine concentrations were created 
using JMP (SAS Institute Inc., Cary, NC). The correlation heat 
map, relating cytokine concentrations and additional factors of 
interest, was creating using JMP Genomics (SAS Institute Inc., 
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Cary, NC). Additionally, TGFß-1 and TGFß-2 concentrations 
were correlated with the time to cure.

RESULTS

Clinical and Laboratory Data

The clinical and laboratory parameters at the time of the active 
disease LP are shown in Table 1. At the active time point, there 
was 1 patient with a negative qPCR CSF result for T.  solium 
DNA who was asymptomatic at the time of incidental discovery 
of disease. At the time of cure, there were 2 subjects with de-
tectable TsAg levels (Table 1). These 2 subjects remained off an-
thelmintics but had subsequent CSF samples that demonstrated 
negative TsAg, and were considered to be cured from the time 
anthelmintics were stopped. Concurrent immunomodulators 
are listed in Table 1. Just over half (9 of 16) of patients were on 
corticosteroids at the time of active disease LP.

CSF Cytokine and Chemokine Levels in Active SANCC

Overall, there was significant heterogeneity between the degree 
to which those with active SANCC and healthy controls elabor-
ated cytokines and chemokines (Figure 1). As demonstrated in 

the heat map and dendrogram (Figure 1), all measured analytes 
across the SANCC subjects and 9 uninfected CSF samples (3 
pools) could be described by 3 clusters. Cluster A  includes 2 
subjects that had high concentrations of all tested analytes rel-
ative to all other subjects. Cluster C includes the 3 uninfected 
pools and 6 other SANCC patients (including an asympto-
matic subject diagnosed incidentally on imaging) that have the 
lowest CSF concentrations of all analytes. Cluster B consists of 
8 SANCC subjects that fall in between these “low” and “high” 
responders. Interestingly, the CSF WBC levels did not predict 
those subjects with the highest cytokine levels. For instance, the 
2  “high responders” had CSF WBC counts of 3 and 34 cells/
mm3, respectively, whereas the median CSF WBC count for all 
CSF samples was 26.5 during active disease. While overall the 
“low responders” cluster did have a median CSF WBC count of 
16 WBC/mm3, less than the overall median, 1 subject in this 
group had a CSF WBC count of 153 WBC/mm3. Thus, the 
WBC count generally appeared to be an unreliable predictor of 
the degrees of cytokine/chemokine elevations in the CSF.

CSF samples from those with active SANCC (Figure  2) 
showed marked increases in the Type 1–associated analytes 

Figure 1.  Heat map of differential expression of CSF cytokines in active SANCC and healthy donors. The heat map and corresponding dendrogram show the hierarchical 
clustering of log transformed and standardized cytokine and chemokine concentrations in the CSF of patients with active disease and of healthy individuals. The cytokines 
input into the clustering are shown and includes any analytes where there were detectable results. CSF of subjects with active SANCC clustered into 3 groups: Group A are 
the high, Group B the intermediate, and Group C the low cytokine/chemokine producers. Group C includes the uninfected healthy controls, as well as an asymptomatic 
incidentally discovered subject with SANCC. Abbreviations: CSF, cerebrospinal fluid; CTRL, control group; IFN, interferon; IL, interleukin; NCC, neurocysticercosis; SANCC, 
subarachnoid neurocysticercosis; TNF, tumor necrosis factor.
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IFN-γ (P  =  .046), IL-12p70 (P  =  .008), IL-12p40 (P  =  .032), 
and CXCL-10 (P  =  .011). Moreover, the regulatory cytokine 
IL-10 (P =  .002), as well as Type 2 cytokine IL-13 (P =  .008), 
were similarly elevated in samples with active SANCC. 
Proinflammatory cytokines IL-17A (P  =  .032) and IFNα2 
(P  =  .011); the chemokines IL-8 (P  =  .013), MIP-1α/CCL3 
(P = .033), and MIP-1ß/CCL4 (P = .022); and the growth factor 
VEGF (P = .028) were also significantly elevated during active 
disease as compared with CSF samples of uninfected donors. 
All other analytes tested showed no significant difference be-
tween active SANCC CSF compared to healthy donor CSF.

CSF Cytokine/Chemokine Changes in SANCC With Cure

Using paired CSF samples that were available for subjects both 
at the active disease time point and cure (n = 9), we were able 
to demonstrate that the cure of SANCC was associated with sig-
nificant decreases in G-CSF (P = .039), IFN-α2 (P = .039), IL-10 
(P = .02), IL-17a (P = .016), IL-4 (P = .047), IL-5 (P = .031), IL-6 
(P =  .008), IL-8 (P =  .004), CXCL-10 (P =  .004), and MIP-1α 

(P = .02; Figure 3). This suggests, not surprisingly, that a cure is 
associated with normalization of many cytokines. However, not 
all analytes completely normalized, and in fact some stayed quite 
elevated. As shown in Figure 4 CXCL-10 (P = .039), IL-12p70 
(P = .041), and (despite its significant fall) IL-10 (P = .039) were 
still elevated above the normal range when compared to healthy 
donor CSF samples. These elevations likely reflect persistent in-
flammation despite the cure.

Cytokine/Chemokines are Locally Produced in the CNS

Serum was obtained at the same time as CSF and was like-
wise tested from the 9 subjects with paired CSF samples 
(Supplementary Figure 2). On unadjusted measurement, all but 
a few analytes (EGF, Eotaxin-1, TGFß1, and TGFß2) had sig-
nificantly higher concentrations in the CSF samples compared 
to those levels found in the serum, suggesting that each of these 
analytes were being produced locally and that the levels do not 
merely show a transudation from the vascular compartment 
(see Supplementary Figure 1). The relative increase in CSF 

Figure 2.  There were significantly elevated CSF cytokine concentrations in subjects with active SANCC, compared to healthy donors. Concentrations (pg/ml) of analytes 
are shown from 16 individual, unpaired CSF samples from patients with active SANCC and 3 pools (9 total subjects) of healthy donor CSF. Only shown are the cytokines 
that have significantly different concentrations between active subarachnoid disease CSF samples and the healthy controls. The horizontal line denotes the geometric 
mean. Concentrations are on a log scale. *P = .01–.05; **P < .01. Abbreviations: Cont, control; CSF, cerebrospinal fluid; IFN, interferon; IL, interleukin; SANCC, subarachnoid 
neurocysticercosis.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1128#supplementary-data
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compared with serum levels during active disease was most 
pronounced (P < .01) for IL-10, IL1Rα, IL-13, IL-12p40, IFN-γ, 
G-CSF, IFN-α2, IL-6, IL-8, CXCL-10, and MCP-1. When CSF 
cytokine concentrations were normalized to total protein for 
comparison to serum levels, the CSF concentrations of GM-CSF, 
IL-12p70, IL-15, IL-17A, MIP-1α, MIP1ß, VEGF, and TGFb2 
were additionally very significantly elevated (P  <  .01) com-
pared to serum. The aforementioned analytes were between 30 
to 105 times more concentrated in CSF compared with serum. 
Moreover, the paired serum samples did not show any changes 
in cytokine or chemokine levels over time. Thus, it appears the 
increased chemokine and cytokine concentrations seen during 
active SANCC are locally produced in the CNS.

Clinical and Laboratory Data Correlations

To understand the interrelationship among the cytokines/
chemokines measured and the clinical parameters defined 
by continuous variables (WBC, glucose, CNS parasite DNA, 

time to cure), correlation matrices were examined. The par-
asite burden, as determined by the reciprocal qPCR Cq value 
from the CSF, was significantly correlated with the time to 
cure (where a higher parasite burden required more time until 
a clinical cure; R  =  0.84; P  =  .003). The CSF glucose levels 
were inversely associated with levels of CXCL-10 (R = −0.79; 
P  =  .012), MIP-1α (R  =  −0.77; P  =  .018), and MIP-1ß 
(R = −0.73; P = .044). The CSF WBC count weakly correlated 
with the parasite burden (r = −0.61), time to cure (r = 0.6), and 
IL-10 levels (r = 0.52), but these correlations were not signif-
icant after correcting for multiple comparisons (P > .05). The 
total duration of anthelmintics prior to obtaining CSF (in-
cluding all previous courses) was significantly associated with 
levels of IL-4 (R = 0.91; P < .001), IL-5 (R = 0.81; P = .009), and 
IL-10 (R = 0.77; P = .021). The Spearman correlation showed 
no relationship between TGFß-1 or TGFß-2 and the time to 
cure. The steroid dosage and TsAg concentration did not cor-
relate with any parameter studied.

Figure 3.   Cytokines and chemokines significantly change in SANCC CSF over time. There were 9 SANCC subjects with paired CSF samples measured for all analytes 
at both an active and cured disease time point. Each individual’s active and cured CSF analyte concentrations are connected by a horizontal line. Concentrations (pg/ml) of 
analytes that significantly change over time are shown (log scale). *P = .01–.05; **P < .01. Abbreviations: Cont, control; CSF, cerebrospinal fluid; IFN, interferon; IL, interleukin; 
SANCC, subarachnoid neurocysticercosis.

Figure 4.  CSF cytokines were significantly elevated following cure. Unpaired CSF from 11 SANCC subjects following cure, as compared with 3 pools of healthy donor CSF 
(9 total subjects), demonstrate significant elevations in IL-10, CXCL-10, and IL12p70 following cure. The horizontal line denotes the geometric mean. *P < .05. Abbreviations: 
Cont, control; CSF, cerebrospinal fluid; IL, interleukin; SANCC, subarachnoid neurocysticercosis.
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Given the observation that IL-10 levels significantly fell 
during treatment, while IL-12p70 and, to a lesser extent, IFN-γ 
remained elevated, we did a simple correlation analysis between 
the ration of the levels of IL-12p70/IL-10 or of IFN-γ /IL-10 
and the time to cure. We found that IL-12p70/IL10 levels were 
inversely correlated with the time to cure (r = −0.559; P = .026), 
whereas IFN-γ /IL-10 levels (r = −0.468; P = .07) were not.

Cytokine-to-Cytokine Correlations

A correlation analyses of the most elevated cytokines and 
chemokines (from Figures 2 and 3) revealed cytokine/chemo-
kine interrelationships and provides potential insight into their 
regulation. The levels of IL-10 were highly correlated (P < .01) 
with the levels of IL-5, IL-4, and IL-6, and moderately correlated 
(P <  .05) with the levels of IL-1RA, IL-13, and IL-12p70. The 
CSF levels of IL-12p70 were highly correlated with the levels 
of IL-17A (P < .001; and IL-12p40, as expected), as well as IL-6 
(P = .001), IL-4 (P = .001), and IFN-α2 (P = .002), and were sta-
tistically significantly correlated (P < .05), with MIP-1b, MCP-1, 
GM-CSF, and IL-10. MIP-1α was most highly correlated with 
IL-8 (P < .001), CXCL-10 (P < .01), and IL-1ra (P < .01), and less 
so with IFN-γ and MIP-1b (P < .025). Full correlation matrices 
data can be found in Supplementary Figure 2.

DISCUSSION

In this study, we focused on the CSF compartment of those with 
SANCC (ie, involving the basilar cisterns, sylvian fissures, or 
spine) to define in a comprehensive way the cytokine and che-
mokine profile during active disease and the changes that occur 
with a cure. In the course of clinical care of these patients, con-
trolling the inflammatory response is crucial, as inflammation is 
a large contributor to morbidity and mortality [5, 6]. Currently, 
corticosteroids are most often used to decrease this inflamma-
tion. However, their use is associated with significant side effects 
and may contribute to sustained parasite viability [12]. A better 
understanding of what inflammation controls the growth of the 
organism and is associated with a successful cure is essential to 
developing targeted immunomodulatory therapies.

Among those with active SANCC, there was significant het-
erogeneity in CSF cytokine and chemokine levels (Figure  1). 
Heterogeneity in markers of inflammation has been found in 
other studies [8], and may reflect patients being at different 
points on a cyclic waxing and waning of the CSF inflamma-
tion [5], inter-patient set-point variability, or both. Notably, a 
correlation analyses failed to find a relationship between CSF 
WBC counts and any particular biomarker; indeed, some of the 
CSF with the highest cytokine/chemokine levels had relatively 
lower WBC counts. Nonetheless, as a group, SANCC patients 
had significant elevations of Type 1 and Type 2 cytokines, mac-
rophage and cytotoxic T cell chemokines, IFNα2, and VEGF. 
Interestingly, at the time of cure, above-normal CSF levels 

persisted for IL-12p70, CXCL-10, IL-10, and IFN-γ. The per-
sistence of high IL-12 and IFN-γ levels in the CSF of those with 
SANCC is similar to the cytokine elevations seen in antigen-
driven PBMCs peripheral blood mononuclear cells from pa-
tients with SANCC [13]. For IL-10, it has been suggested that 
regulatory T cells are the primary source of IL-10 in SANCC 
[14, 15] and that IL-10–producing regulatory CD4+ T cells are 
increased in treatment-refractory subjects [16]. Our observa-
tion that a higher IL-12/IL-10 balance correlates with less time 
to a cure supports these findings and suggests that the balance 
between T helper type 1 Th1-associated cytokines and certain 
regulatory cytokines may dictate the level of refractoriness to 
treatment in SANCC. While TGFß elevations have been found 
in those with less treatment-responsive SANCC [17, 18], we 
were unable to find a relationship between TGFß1 or TGFß2 
concentrations and the duration of anthelmintics needed to 
achieve cure. This may be reflective of differences in defining 
a “response” in the literature and our definition of durable cure 
and/or the treatment experience in our patient group.

The correlation of CSF IL-4, IL-5, and IL-10 levels with total 
previous anthelmintic treatment duration may reflect a treat-
ment effect. CSF antigen levels spike and fall with recurrence 
and treatment cycles [5]; in SANCC, IL-10 production by 
PBMCs has been shown to be dependent on the parasite antigen 
concentration [13]. These data raise the question as to whether 
the IL-12/IL-10 ratio is a potentially modifiable risk factor for 
treatment-refractory disease, which could be mitigated with 
initial aggressive treatment approaches so as to avoid repeated 
short cycles that expose the CNS to repeated bursts of antigen.

Interestingly, while no single analyte measured could predict 
the time to cure, the relative T. solium DNA concentration was 
highly inversely correlated with the time to cure, suggesting that 
qPCR may be a more dynamic reflection of treatment response 
than previously appreciated [5].

There are several limitations to this study. The sample size is 
small. Some CSF samples may have undergone previous freeze-
thaw cycles, thereby underestimating the importance of some 
heat-labile analytes. The use of methotrexate and etanercept in 
subjects may have affected cytokine concentrations. Etanercept 
has been shown to decrease some of the cytokines assessed here 
(MIP-1a, IL-17A, IL-8, CXCL-10, IL-6) in the blood of subjects 
receiving this drug [19], but whether this affects CSF local 
production is not proven. Importantly, blood levels of IL-10, 
IL-12p70, GM-CSF, and IFN-γ have been shown to not be sig-
nificantly altered in patients taking etanercept, with or without 
methotrexate [20]. If the IL-12/IL-10 balance is important in 
controlling the parasite, the persistent elevations in these cyto-
kines despite the use of etanercept may contribute to the re-
ported success of using this agent in SANCC [5].

Overall, proinflammatory and regulatory cytokine and che-
mokine concentrations were found to be increased in the CSF 
of patients with active SANCC, and decreased over the course 

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1128#supplementary-data
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of treatment. However, some low-grade CNS inflammation re-
mained at the time of cure. This fairly comprehensive profiling 
of local inflammation in SANCC helps provide a basis for ex-
ploring the associations and roles of relative cytokine changes 
over time in treatment success. The strengths of this analysis in-
clude the longitudinal cytokine changes over time, the high de-
gree of certainty of cure, and the robust correlations of various 
factors with the time to achieving cure. Significant knowledge 
gaps remain in terms of what creates the most collateral damage 
for the patient in this inflammatory milieu, and how best to 
control it. Beyond parasite control, given that systemic IFN-α 
induces neuropsychiatric symptoms [21] and the Type 1 [22] 
and regulatory/Type 2 CSF cytokine increases [23] seen here 
have been suggested to be associated with neurodegeneration, 
delineating how long these perturbations persist in the CNS 
and what drugs alter this course may be important questions to 
answer in improving outcomes in SANCC.
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