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ABSTRACT

Objectives: Elevated levels of matrix metalloproteinase-9 (MMP-9) in both serum and cerebrospinal fluid have
been observed in patients diagnosed with cysticercus granuloma. These elevated levels significantly contribute to
the onset of symptoms, such as active seizures, in patients with neurocysticercosis (NCC). This study aimed to

compare and correlate MMP-9 levels between NCC cases and control subjects.

sen_manodeep6@yahoo.com
Materials and Methods: In this prospective case-control study, 45 symptomatic cases of NCC and

30 controls were enrolled. Serum MMP-9 levels were measured using a commercially procured enzyme-
linked immunosorbent assay kit (QayeeBio, Shanghai, China) in all collected serum samples, following the
manufacturer’s instructions.
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Statistical analysis: Data were presented as mean + standard deviation (SD), frequencies, and percentages.

Chi-square and unpaired f-tests were used for comparisons, while receiver operating curve analysis was

DOI
performed to assess diagnostic accuracy metrics, with a significance threshold of P < 0.05.
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Results: The mean age of cases and controls was 31.20 + 11.98 years and 55.40 + 9.80 years, respectively. The
mean * SD values of MMP-9 were significantly higher in NCC cases (13.42 + 5.70 ng/mL) compared to controls
(8.49 +4.21 ng/mL) (P < 0.00001). At a cutoff of >10 ng/mL, serum MMP-9 levels correctly identified 73.3% of the
45 confirmed NCC cases (33/45; sensitivity) and correctly excluded 63.3% of the 30 controls (19/30; specificity).
This threshold resulted in a positive predictive value of 75.0% and a negative predictive value of 61.3%.

Quick Response Code:

Conclusions: MMP-9 demonstrated the ability to distinguish NCC cases from controls with a sensitivity of
>73% and may serve as a marker for predicting and diagnosing symptomatic NCC. However, due to its moderate
sensitivity and specificity, MMP-9 should not be used as a standalone diagnostic marker. Instead, it may
complement existing serological and imaging tools to diagnose NCC.

Keywords: Enzyme-linked immunosorbent assay, Metalloproteinases-9, Neurocysticercosis, Seizure, Taenia
solium

INTRODUCTION

Neurocysticercosis (NCC) is a central nervous system (CNS) infection caused by the larval stage
of the tapeworm Taenia solium." It is the most prevalent infectious cause of acquired epilepsy in
developing countries and occurs when parasite eggs are ingested.”! According to the World Health
Organization, an estimated 2.5-8.3 million cases of NCC occur annually, with a disability-adjusted
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life year burden of 2.8 million.”! NCC has a diverse clinical
presentation and is a slowly progressive disease, most
commonly manifesting as active seizures."! The severity of
symptoms is influenced by the extent of inflammation in the
host brain.!

With advancements in imaging techniques and increased
accuracy of serological testing, the diagnosis of NCC has
significantly improved over the past two decades. In most
cases, an accurate diagnosis can be achieved through a
combination of immunodiagnostic and radiological tests.
NCC lesions can be correctly recognized using computed
tomography (CT) and magnetic resonance imaging (MRI).
However, differentiating NCC from other brain lesions, such
as gliomas, tuberculomas, and hydatid cysts, can present
diagnostic challenges.!

The most effective serological test currently available for the
diagnosis of NCCis the enzyme-linked immunoelectrotransfer
blot (EITB) assay, which has a sensitivity of 98% and a
specificity of 100%." The EITB assay does not confirm the
presence of an active infection; rather, it detects antibodies
against the larval antigen. A positive result may occur in
individuals previously exposed to the parasite antigen,
those who have already undergone treatment, or those with
cysts located outside the CNS.®! Alternative methods for
detecting T. solium antibodies, such as the enzyme-linked
immunosorbent assay (ELISA), which uses crude or refined
parasite antigen lysates with immunoglobulin G (IgG) as the
target immunoglobulin, generally have lower specificity and
sensitivity compared to the EITB assay.”’ Antigen detection
aids in diagnosing NCC, as the antigen ELISA (Ag-ELISA)
detects larval antigens in the bloodstream, making it more
likely to identify individuals with an active infection. Ag-
ELISA, however, cannot be used for diagnosing calcific lesions
and has a low sensitivity, ranging from 72% to 86%.!*!

The multi-domain endopeptidases known as matrix
metalloproteinases (MMPs) are produced by inflammatory
cells, including neutrophils, astrocytes, microglia, and
monocytes.'”! MMP-9 is a zinc-dependent enzyme involved
in extracellular matrix degradation and blood-brain barrier
(BBB) disruption, playing a significant role in the pathogenesis
and progression of various neurological infections, including
bacterial, viral, and parasitic diseases.!")

In bacterial meningitis and tuberculous meningitis, elevated
MMP-9 levels contribute to BBB permeability, inflammatory
cell infiltration, and neuronal damage.'>"! Similarly, in
viral infections such as human immunodeficiency virus-
associated neurological disorders, MMP-9 dysregulation
exacerbates neuroinflammation and disease progression.!'!
In parasitic infections, MMP-9 plays a detrimental role in
NCC by increasing BBB permeability and inflammation;
in Toxoplasma gondii infection by facilitating leukocyte
migration into the CNS; in Acanthamoeba infections by

altering  MMP-9/tissue inhibitor of metalloproteinases
balance leading to neuronal damage and in leishmaniasis by
enabling CNS infiltration of parasites and immune cells.!**!

Studies have demonstrated that levels of MMP-9 in serum
and cerebrospinal fluid (CSF) are significantly elevated in
symptomatic NCC patients and play a crucial role in the
development of symptoms, such as active seizures.!"”» MMP-9
can be used as a potential marker for NCC due to its critical
role in inflammation, tissue remodeling, and the breakdown
of the extracellular matrix, processes that are highly relevant
in the pathogenesis of NCC."! With this background, this
study was conducted to estimate, compare, and correlate
MMP-9 levels in NCC cases and control.

MATERIALS AND METHODS

This was a one-year (September 2020-September 2021)
prospective case-control research study conducted in the
Neurology and Microbiology departments of the Dr. Ram
Manohar Lohia Institute of Medical Sciences in Lucknow. The
study was approved by the Dr. Ram Manohar Lohia Institute
of Medical Sciences (Dr. RMLIMS), Lucknow Institutional
Ethics Committee, as per the approval letter reference number
RMLIMS/IEC/74/18 dated January 2, 2019.

For a prevalence of 13% with a 90% confidence level and a
10% margin of error, a sample size of 31 was calculated.?” A
total of 45 symptomatic cases of NCC fulfilling the revised
Del Brutto’s criteria as shown in Table 1, and 30 controls with
non-infectious neurological conditions, without any clinical-
radiological evidence of NCC and negative for cysticercus IgG
serology, were enrolled in this study, as shown in Figure 1.
Radiological scans were used to diagnose NCC based on the
revised diagnostic criteria suggested by Del Brutto et al.?!!
Adequate clinical details were collected, including age, sex,
presenting clinical features, duration and course of symptoms,
operative  details, and clinical-radiological findings.
Blood samples were aseptically obtained from all enrolled
participants and stored at —80°C until needed. Inclusion
criteria for NCC cases included age >18 years, presence
of clinical features such as headache or seizures, CT/MRI
evidence of NCC lesions, and fulfillment of the revised Del
Brutto’s criteria, while exclusion criteria included other CNS
infections, prior NCC treatment, and inadequate clinical data.

Controls were selected based on the inclusion criteria of
age >18 vyears, presence of non-infectious neurological
conditions, absence of clinical or radiological evidence of
NCC, and negative cysticercus IgG serology. The exclusion
criteria for controls included a history of parasitic infections
and the presence of other causes of space-occupying lesions,
which were ruled out by appropriate clinical and radiological
findings. These included conditions such as Toxoplasmosis
(radiologically ~presenting as multiple ring-enhancing
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Table 1: Revised diagnostic criteria for NCC.

Category Criteria

A) Absolute criteria

1. Histological evidence
membranes.

2. Imaging confirmation
3. Ophthalmologic finding
B) Major criteria

1. Neuroimaging suggestive of
NCC

2. Serology

round calcifications.

3. Spontaneous lesion resolution
4. Treatment response
C) Minor criteria
1. Compatible neuroimaging
findings
2. Clinical signs
3. CSF findings
4. Evidence outside CNS
D) Epidemiologic criteria
1. Endemic exposure
2. Travel history
3. Household exposure
E) Revised degrees of diagnostic certainty
1. Definitive Diagnosis

2. Probable Diagnosis

CT: Computed tomography, MRI: Magnetic resonance imaging, NCC: Neurocysticercosis, CSF: Cerebrospinal fluid, ELISA: Enzyme-linked
immunosorbent assay, CNS: Central nervous system, T. solium: Taenia solium

Biopsy of a brain or spinal cord lesion showing scolex with suckers and hooks, or parasitic

Cystic lesions showing the scolex as hole-with-dot on CT or MRI.

Direct visualization of subretinal parasites by funduscopic examination.

Cystic lesions without a scolex, single or multiple ring/nodular enhancing lesions, and parenchymal

Positive serum enzyme-linked immunoelectrotransfer blot (EITB) assay for detection of antibodies
to T. solium glycoprotein antigens.

Small single enhancing lesions resolving without treatment.

Resolution of intracranial cystic lesions after therapy with albendazole or praziquantel.

Hydrocephalus, leptomeningeal enhancement, multiple filling defects, ventricular cysts,
ependymitis, and arachnoiditis.

Seizures, focal neurologic deficits, increased intracranial pressure, and intellectual deterioration.
Positive CSF ELISA for anticysticercal antibodies or cysticercal antigens.

Presence of cysticercosis in other tissues.

Living in or originating from a cysticercosis-endemic region.
Frequent travel to endemic areas.

Close contact with a person with T solium infection.

Presence of one absolute criterion OR two major plus one minor and one epidemiologic criterion.

Presence of one major plus two minor criteria OR one major plus one minor and one epidemiologic
criterion OR three minor plus one epidemiologic criterion.

lesions with edema, often located in the basal ganglia or
corticomedullary junction), tuberculoma (characterized
by single or multiple well-defined, ring-enhancing lesions
with central necrosis, typically located in the parenchyma or
periventricular region), and fungal infections which typically
appear as multiple poorly defined, non-enhancing lesions
or singular large lesions with central necrosis and irregular
borders, often in immunocompromised individuals.

An ELISA kit for T. solium IgG (DRG International Inc.,
New Jersey, USA) was utilized to detect anti-cysticercus IgG
antibodies in all collected sera, adhering to the manufacturer’s
instructions. For observing the serum levels of MMP-9, a
commercially procured ELISA kit (QayeeBio, Shanghai,
China) was employed in all the collected sera following
manufacturer instructions. A single-blind test procedure was
used for analyzing the serum samples. Those doing the various
tests on the specimens were unaware of their origins, including
whether they came from patients or control participants.

Statistical analysis

The findings were presented as mean + standard deviation
(SD), frequencies, and percentages. Categorical variables were
compared using the Chi-square test, while the unpaired ¢-test
was employed to compare continuous variables. Receiver
operating curve (ROC) analysis included calculations of
the area under the curve, sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and
their corresponding 95% confidence intervals (ClIs). P < 0.05
was considered significant. The Statistical Package for the
Social Sciences version 21.0 (IBM Inc., Chicago, USA) was
used for all analyses.

RESULTS

The mean age of cases and controls was 31.20 + 11.98 and
55.40 * 9.80 years, respectively. Out of the 45 cases included
in this study, 26 (58%) were male and 19 (42%) were female,

Journal of Laboratory Physicians « Volume 17 « Issue 1 « January-March 2025 | 83



Raj, et al.: Observation of matrix metalloproteinase-9 levels in patients with neurocysticercosis

Study Design:
Prospective Case-Control Study
(Sept 2020 — Sept 2021)

!

Ethical Approval:
RMLIMS/IEC/74/18
Dt. Jan 2, 2019

i

Participant Recruitment
(Sample Size Calculated: n > 31)

NCC Cases Controls
(n=45) (n=30)

) !

Inclusion Criteria:

* Age = 18 years

« Presence of clinical
features such as
headache or seizures

» CT/MRI evidence of NCC
lesions

« Fulfills of the revised Del
Brutto’s criteria

Exclusion Criteria:

« Other CNS infections

« Prior NCC treatment

« Inadequate clinical data

Inclusion Criteria:

«Age = 18 years

« Non- infectious
neurological conditions

« No clinical/radiological
evidence of NCC

» Negative Cysticercus IgG

Exclusion Criteria:

« History of Parasitic
Infection

* Immunocompromised
Status

L

Clinical Data Collection:
Demographics, Symptoms,
Radiological evaluation(CT/MRI)

|

Blood Sample collection:
Serum samples Stored at -80°C

I

Laboratory Analysis: ELISA for T.solium
IgGand MMP-9(QayeeBio Kit)

|

Statistical Analysis:
Chi-square, Unpaired t-test, ROC
Curve (SPSS v21.0)

Figure 1: Flowchart of samples processed in this study.
CT: Computed tomography, MRI: Magnetic resonance imaging,
NCC: Neurocysticercosis, CSF: Cerebrospinal fluid, ELISA:
Enzyme-linked immunosorbent assay, CNS: Central nervous
system, MMP-9: Matrix metalloproteinases-9, IgG: Immunoglobulin
G, T. solium: Taenia solium, ROC: Receiver operating characteristic,
SPSS: Statistical package for the social sciences

whereas out of 30 controls, 17 (58%) were male and 13 (42%)
were female. All the symptomatic cases have a history of
either headache (24%), seizures (62%), or both (14%). In
this study, the granular nodular lesions with inflammation
and perilesional edema were seen in the majority, that is,
23 (51%) cases, and calcification around the cyst was present
in 15 (33.3%) cases. Out of 45 cases of NCC, 30 had probable
diagnostic certainty (67%), and 15 had definite diagnostic
certainty (33%) as per Del Brutto’s criteria. The demographic
and clinical profile of the cases included in this study is
shown in Table 2.

Table 2: Demographic and clinical characteristics of cases.
Serial No. Characteristic Cases n (%)
1 Gender
Male 26 (58)
Female 19 (42)
2 Place of residence
Rural 21 (47)
Urban 24 (53)
3. Clinical features
Headache 11 (24)
Seizure 28 (62)
Headache and seizure 6 (14)
4. Dietary habit
Vegetarian 22 (49)
Non-vegetarian 23 (51)
5. Basic sanitary habit
Open field defecation 12 (27)
Sanitary latrine 33 (73)
6. History of passing Taenia segment in stool
Yes 0
No 45 (100)
7. Prior antibiotic/anthelmintic use
Yes 0
No 45 (100)
8. Radiology suggestive of NCC*
Yes 26 (58)
No 19 (42)
9. Perilesional edema
Present 23 (51)
Absent 22 (49)
10. Calcification around cyst
Present 15 (33)
Absent 30 (67)
11. T. solium IgG ELISA
Positive 7 (16)
Negative 38 (84)
12. Degree of diagnostic certainty as per Del
Brutto’s criteria
Probable 30 (67)
Definite 15 (33)
*Includes cases meeting Absolute/Major/Confirmative neuroimaging
criteria. NCC: Neurocysticercosis, T. solium: Taenia solium,
IgG: Immunoglobulin G, ELISA: Enzyme-linked immunosorbent assay

A ROC curve was generated to compare the mean + SD
values MMP-9 in NCC cases and controls, as shown
in Figure 2. The mean = SD values of MMP-9 were
significantly higher (P < 0.00001) in NCC cases (13.42 +
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Figure 2: Receiver operating characteristics curve comparing the
matrix metalloproteinase-9 level between cases and controls. ROC:
Receiver operating characteristic, Green line: Reference line, Blue
line: Matrix metalloproteinase-9

Table 3: The diagnostic value of serum human MMP-9 level in
differentiating cases from controls.

Serum human MMP-9 level cutoff Cases Controls
No. % No. %
>10.00 ng/mL 33 73.3 11 36.7
<10.00 ng/mL 12 26.7 19 633
Total 45 100 30 100
Parameter Diagnostic value
AUC 0.76 (0.65-0.87)
Sensitivity 73.3 (60.4-86.3)
Specificity 63.3 (46.1-80.6)

PPV 75.0 (62.2-87.8)
NPV 61.3 (44.1-78.4)

MMP-9: Matrix Metalloproteinases-9, AUC: Area under the curve,
PPV: Positive predictive value, NPV: Negative predictive value

5.70 ng/mL) compared to healthy controls (8.49 + 4.21 ng/
mL). The area under the curve (95% CI) was 0.76 (0.65-
0.87), at a cutoff of >10 ng/mL, serum MMP-9 levels
correctly identified that 73.3% of the 45 confirmed NCC
cases (33/45; sensitivity) and correctly excluded 63.3% of
the 30 controls (19/30; specificity). This threshold resulted
in a PPV of 75.0% and an NPV of 61.3%. The diagnostic
values of serum human MMP-9 levels in cases from
controls are shown in Table 3.

DISCUSSION

NCC has a diverse clinical presentation and is a slowly
progressive disease, with active seizures being the most
common manifestation. In this study, seizures were the most
common clinical feature, observed in the majority (75%) of
cases, which is in agreement with several previous studies
reporting a high rate of epilepsy among symptomatic NCC
patients, ranging from 70% to 90%.1222*l

In this study, we observed that 22 (49%) cases were vegetarian,
so we can say that both vegetarians and non-vegetarians
are vulnerable to acquiring NCC. Studies have shown
that consuming improperly cleaned raw or undercooked
vegetables or salad is associated with an increase in the
chance of getting infection with T. solium eggs.” Active case
finding, detection of carriers, and treatment of both cases
and carriers are necessary for the prevention of NCC.

In this study, radiology suggestive of NCC was present in
26 (57.8%) cases. Neuroimaging with contrast-enhanced
computerized tomography or MRI is the cornerstone of NCC
diagnosis. CT and MRI scans nearly always show the presence
of NCC lesions; however, there may be diagnostic challenges in
distinguishing NCC from other brain lesions, such as gliomas,
hydatid cysts, tuberculomas, and other parasitic cysts.

In the present study, T. solium IgG ELISA was positive in only
7 (15.6%) cases, which could be due to the poor efficacy and
performance of ELISA and other serological test for diagnosis
of NCC, as shown by Proano-Narvaez et al. in their study.*
The efficacy of serological tests is influenced by the quantity
and nature of lesions, with greater sensitivity observed in
individuals with multiple lesions compared to those with
a solitary cyst. Conversely, individuals with calcified cysts
tend to exhibit lower sensitivity, as noted in Garcia et al’s
research.”””! The limited commercial availability and high cost
of immunological tests when available are major obstacles to
their application in clinical settings.

In this study, we found that serum MMP-9level was significantly
higher (P < 0.00001) among cases (13.42 + 5.70 ng/mL)
compared to controls (8.49 + 4.21 ng/mL), which was in
accordance with an Indian study done by Verma et al. on 36
symptomatic patients with active seizures and 37 controls
where they reported a significantly higher (P < 0.001)
concentration of MMP-9 in symptomatic cases compared to
control.?® In this study, serum MMP-9 level of >10 ng/ mL
correctly predicted NCC in 73.3% of NCC cases with a
specificity of 63.3%. Studies done by Alvarez and Teale have
shown that MMPs play a crucial role in the pathophysiology
of numerous CNS infections, including the NCC murine
model.?* MMP-9 is known to contribute significantly to
the disruption of the BBB, facilitating the extravasation of
monocytes and T lymphocytes into the CNS.B! Increased
MMP-9 levels in symptomatic NCC patients may explain the
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high frequency of seizures in the cases enrolled in this study.
Similarly, Wilczynski et al. found that MMP-9 is responsible
for repeated epileptic attacks in animal models."*?

When comparing the sensitivity of MMP-9 ELISA with other
diagnostic methods for NCC, several recent studies highlight
the variability and strengths of alternative tests. The EITB
demonstrates high sensitivity (81.1-100%) for detecting
parenchymal active multiple cysts, although sensitivity drops
significantly for single cysts (<62.6%).%*! Polymerase chain
reaction (PCR) is a highly specific method that can detect
T. solium DNA in CSE serum, or tissue samples. According to
Carpio et al., PCR had a sensitivity of 72.2% and a specificity
of 100.0%.5" Similarly, Yera et al. reported a sensitivity
and specificity of 83.3% and 100% for PCR assay detecting
NCC.P In comparison to other diagnostic methods, MMP-9
ELISASs sensitivity of 73.3% places it in a similar sensitivity
range. Thus, MMP-9 ELISA could serve as an adjunctive
diagnostic tool, particularly for cases where conventional
methods are inconclusive or difficult to access, offering
additional insights into the pathophysiological mechanisms
of NCC. Combining it with other diagnostic techniques
could improve overall diagnostic accuracy, particularly in
areas where neuroimaging or serology are less feasible.

Studies have demonstrated that higher serum MMP-9 levels
correlate with symptomatic NCC, suggesting a link between
MMP-9 activity and disease severity.'*! Furthermore,
dynamic contrast-enhanced MRI evaluations have revealed
that MMP-9 levels vary across different stages of NCC,
being most pronounced in the colloidal stage and least in the
calcified stage.®® This variability underscores the potential of
MMP-9 as a biomarker for disease progression. Monitoring
MMP-9 levels provides valuable insights into treatment
efficacy and the risk of long-term neurological sequelae,
facilitating more personalized therapeutic strategies.

MMP-9 levels could be measured early alongside standard
serological tests to identify active NCC cases, particularly in
patients with inconclusive imaging or negative serology. In
cases where NCC is suspected but radiological or serological
results are ambiguous, elevated MMP-9 could help confirm
the diagnosis and differentiate it from other conditions such
as gliomas, tuberculomas, or hydatid cysts. In addition, as
MMP-9 correlates with disease severity and inflammation,
it could be used to monitor disease progression or response
to treatment, especially in cases with multiple cysts or active
inflammation, where tracking BBB disruption is crucial.

Limitations of the study

This study has several limitations, including its single-
center, hospital-based design with a limited sample size.
Serum MMP-9 levels were assessed only at baseline, without
evaluation at different time points or correlation with

symptom resolution. Age differences between cases and
controls were not adjusted due to the small sample size,
which may influence MMP-9 levels. In addition, the control
group included non-infectious neurological cases, some of
which could inherently alter MMP-9 levels.

CONCLUSIONS

In this study, we observed that serum MMP-9 was capable of
discriminating NCC cases from controls with a sensitivity and
specificity of 73 and 63%, respectively. While MMP-9 may
have potential diagnostic value, its moderate sensitivity and
specificity suggest it should not be used as a standalone marker.
Instead, it could complement existing serological and imaging
tools to improve NCC diagnosis. Further research is necessary
to validate these results, ascertain the significance of serum
MMP-9 as both a prognostic and diagnostic biomarker in NCC,
and explore alternative markers in larger, multicenter studies.
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