Research Article

Journal of Scientific & Technical Research

BIOMEDICAL
>

ISSN: 2574 -1241

DOI: 10.26717/BJSTR.2023.53.008376

Epilepsy; An Insight into Epileptogenic Potential of
Infections and Antibiotics

Nadia Ilyas!, Humaira Nawaz? Asim Gamaryani}, Muhammad Hasnain*, Zunaira Saeed®, Afaq
Ahmad?, Syed Hamza Abbas?, syed yawar syed?, Inam ur Rahman Zafar?, Nimrah Shah?, Jawad Ali?

and Shahzar Khan?*

1Department of Microbiology, Abdul Wali khan University Mardan, Pakistan

2Department of Microbiology, Quaid-i-Azam University Islamabad, Pakistan

3School of Health and society, University of Wollongong, Australia

‘Department of Pharmacy, University of Peshawar, Pakistan

*Institute of Molecular Biology and Biotechnology, University of Lahore, Pakistan

*Corresponding author: Shahzar Khan, Department of Microbiology, Quaid-i-Azam University Islamabad, Pakistan

ARTICLE INFO

Received: (& September 19, 2023
Published: 27 October 12,2023

Citation: Nadia Ilyas, Humaira Nawaz,
Asim Gamaryani, Muhammad Hasnain,
Zunaira Saeed, Afag Ahmad, Syed Hamza
Abbas, syed yawar syed, Inam ur Rah-
man Zafar, Nimrah Shah, Jawad Ali and
Shahzar Khan. Epilepsy; An Insight into
Epileptogenic Potential of Infections
and Antibiotics. Biomed ] Sci & Tech Res
53(2)-2023. BJSTR. MS.ID.008376.

ABSTRACT

Epilepsy is a neurological disorder characterized by recurrent seizures. In addition to genetic and
idiopathic causes, certain drugs, infections, and viral illnesses have been associated with epileptogenic
potential. This study aims to explore the epileptogenic potential of antibiotics, other medications,
viral infections, bacterial infections, and parasitic infections. Antibiotics, such as fluoroquinolones and
penicillin’s, have been reported to have a low epileptogenic potential. However, some specific antibiotics,
such as cephalosporin’s and carbapenems, may carry a slightly higher risk of seizures in susceptible
individuals. Certain medications, including antidepressants (e.g., selective serotonin reuptake inhibitors),
antipsychotics (e.g., clozapine), and anti-malarial drugs (e.g., mefloquine), have been associated with an
increased risk of seizures, particularly at higher doses or in predisposed individuals. Viral infections,
such as herpes simplex virus, human immunodeficiency virus (HIV), and influenza, can induce seizures
directly or as a result of associated encephalitis. In particular, herpes simplex virus encephalitis is a
well-documented cause of seizures and epilepsy. Bacterial infections, including meningitis and brain
abscesses caused by bacteria such as Streptococcus pneumoniae and Staphylococcus aureus, can lead to
seizures due to the inflammatory response and neuronal damage in the brain. Parasitic infections, such as
cerebral malaria caused by Plasmodium falciparum and neurocysticercosis caused by Taenia sodium, are
associated with a high risk of seizures. The invasion of cerebral vasculature and inflammatory response
in cerebral malaria, as well as the presence of cysts in neurocysticercosis, contribute to the epileptogenic
potential of these parasitic infections. Understanding the epileptogenic potential of various antibiotics,
medications, viral infections, bacterial infections, and parasitic infections is crucial for accurate diagnosis,
appropriate treatment, and better management of epilepsy patients.

Abbreviations: HIV: Human Immunodeficiency Virus; HSV: Herpes Simplex Virus; GABA: Gamma-
Aminobutyric Acid; ROS: Reactive Oxygen Species; INH: Antitubercular Medication Isoniazid; GM: Gut
Microbiota; CNS: Central Nervous System; TLE: Temporal Lobe Epilepsy; HPeV: Human Parechovirus;
ACE2: Angiotensin-Converting Enzyme 2; HHV-6: Human Herpesvirus 6; HAV: Hepatitis A Virus; BBB:
Blood-Brain Barrier; TMEV: Theiler’s Murine Encephalomyelitis Virus; EBV: Epstein-Barr Virus
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Introduction

Seizures and epilepsy are complex neurological disorders that
can have a profound impact on individuals’ lives. Epilepsy, in particu-
lar, is a chronic condition characterized by recurrent seizures, which
can cause seizures, convulsions, and loss of consciousness. There are
many different factors that can contribute to the development of sei-
zures and epilepsy, including genetics, traumatic brain injuries, and
infections (Fisher, et al. [1,2]). In recent years, however, there has
been growing concern about the potential role of antibiotics in the
development of seizures and epilepsy. Antibiotics are among the most
commonly prescribed medications worldwide, and they have been
instrumental in reducing morbidity and mortality associated with in-
fectious diseases (Ventola [3]). However, recent studies have suggest-
ed that antibiotics may have unintended adverse effects on neurolog-
ical function, including the potential to increase the risk of seizures
and epilepsy (Vezzani, et al. [4]). The mechanisms underlying this as-
sociation are not yet fully understood, but may involve alterations in
the gut microbiome, inflammation, and changes in neurotransmitter
signaling (Morgan [5]).

However, it is important to weigh the potential benefits of these
medications against the risk of seizures when prescribing them to
patients. Viral infections have also long been recognized as potential
triggers for seizures. Viruses such as herpes simplex virus (HSV), hu-
man herpesvirus 6have been associated with seizure activity in both
children and adults. These viruses can directly infect the central ner-
vous system and induce inflammation, leading to the development of
seizures (Braun, et al. [6]). Bacterial infections, including meningitis
and encephalitis are also known to be associated with an increased
risk of seizures. The inflammatory response triggered by bacterial in-
fections can disrupt the normal functioning of the brain and lead to
seizure activity (Young [7]). Parasitic infections, such as neurocystic-
ercosis and toxoplasmosis, have been implicated as potential causes
of epilepsy. Parasites can directly invade the brain or elicit an immune
response that can result in inflammation and seizures (Vezzani, et al.
[8]). The epileptogenic potential of antibiotics, other drugs, viral in-
fections, bacterial infections, and parasite infections is highlighted in
this article (Figure 1).

Metabalic

Infection

Figure 1: Representation of causative agents of Epilepsy through Fish Bone Diagram.
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Antibiotic Induced Seizure and Its Mechanism

The exact mechanisms by which antibiotics can lead to seizures
and epilepsy are not fully understood. However, some studies have
suggested that antibiotics may interfere with normal brain function
by affecting various biochemical pathways in the brain. Here are some
examples:

Gabaergic Neurotransmission

The brain’s major inhibitory neurotransmitter is gamma-amino-
butyric acid (GABA), and its activity is crucial for regulating neuro-
nal excitability and preventing seizures. Some antibiotics have been
shown to interfere with GABAergic neurotransmission, potentially
leading to increased neuronal excitability and seizures. For example,
beta-lactam antibiotics like penicillins and cephalosporins have been
shown to inhibit the activity of GABA transaminase, an enzyme that
breaks down GABA in the brain. GABA levels may rise as a result, and
at first this may have an anticonvulsant impact on the brain. However,
over time, the increased levels of GABA may lead to downregulation of
GABA receptors and increased neuronal excitability, potentially lead-
ing to seizures (Razavi [9]).

Glutamatergic Neurotransmission

The main excitatory neurotransmitter in the brain, glutamate,
plays a crucial role in maintaining proper brain function. But exces-
sive glutamate release or poor glutamate clearance can cause seizures
and neuronal hyperexcitability. Some antibiotics, such as fluoroquino-
lones, have been shown to inhibit the activity of glutamate transport-
ers, which are responsible for removing excess glutamate from the
brain. This can lead to increased levels of extracellular glutamate and
hyperexcitability of neurons, potentially leading to seizures (Takano,
etal. [10]).

Inflammation

Finally, some studies have suggested that antibiotics may induce
neuroinflammation, which can contribute to neuronal damage and
seizures. For example, fluoroquinolones have been shown to activate
microglia, the immune cells in the brain, leading to the production of
pro-inflammatory cytokines and reactive oxygen species (ROS) (Bhat-
tacharyya, etal. [11]).

Epileptogenic Potential of Cell Wall Synthesis Inhibitors

Penicillins, cephalosporins, carbapenems, and monobactams are
examples of antibiotics that prevent the formation of bacterial cell
walls, which are essential for bacterial survival and reproduction. Nev-
ertheless, there is mounting evidence that some antibiotics may have
negative neurological consequences, such as epilepsy and seizures.
The disturbance of GABAergic neurotransmission, which is essential
for controlling neuronal excitability and avoiding seizures, is the basis
for the link between cell wall synthesis inhibitors and epilepsy. Sei-
zures may result from beta-lactam medicines such cefepime and pip-
eracillin-tazobactam that raise GABA levels in the brain. Additionally,

glutamatergic neurotransmission, which is similarly connected to ep-
ilepsy, may be impacted by cell wall synthesis inhibitors. Some antibi-
otics, notably carbapenems, block glutamate transporters, increasing
extracellular glutamate levels and causing neuronal hyperexcitability,
which may lead to seizure (Razavi, et al. [9,10,12-15]).

Macrolide

It is not fully understood how macrolide antibiotics cause sei-
zures. Although macrolides may cause neurological adverse effects
such disorientation and dizziness, epileptic seizures are extremely
uncommon and not frequently recorded. There have been a few iso-
lated case reports of macrolides possibly causing seizures in some
people, however these reports are anecdotal and do not prove a defin-
itive cause-and-effect link. It is believed that there is a minimal overall
risk of getting epilepsy or having seizures as a result of macrolides. A
healthcare practitioner should be consulted for specific guidance on
the use of macrolide antibiotics and any possible dangers (Carranco
[16,17]).

Fluoroquinolones

Fluoroquinolones, commonly used to treat infections, have been
associated with CNS side effects, including seizures. Underlying risk
factors, such as a history of epilepsy, renal or hepatic failure, and
drug interactions, increase the susceptibility to quinolone-induced
seizures. The mechanism may involve GABA receptor stimulation
and activation of the NMDA receptor. Drug interactions with NSAIDs
and electrolyte imbalances can potentiate the proconvulsive activity
of fluoroquinolones. Cases of quinolone-induced seizures have been
reported, and in some instances, substituting the treatment resolved
the seizures (Green [18,19]).

Isoniazid

Antitubercular medication isoniazid (INH) has the potential to
be hazardous and even therapeutic dosages can result in seizures. In-
hibiting pyridoxal-5 phosphate, a required cofactor for glutamic acid
decarboxylase’s enzymatic activity, prevents GABA production. This
causes GABA levels to drop and increases seizure susceptibility. Fur-
ther reducing GABA concentrations is pyridoxine depletion brought
on by INH. INH poisoning can cause seizures that are severe and even
lead to status epilepticus. These seizures can be controlled with pyri-
doxine treatment. Therefore, even when INH is administered at ther-
apeutic levels, it is important to take pyridoxine supplementation into
account and rule out the possibility that pyridoxine shortage is the
root of seizures (Thomsen [20-22]).

Safe Antibiotics in Epilepsy

Research on tetracycline-class drugs, including minocycline, dox-
ycycline, and tetracycline, discovered possible anti-seizure proper-
ties. These antibiotics may have neuroprotective qualities due to their
anti-apoptotic and anti-inflammatory actions. In vivo testing revealed
that these antibiotics protected against partial seizures in seizure
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tests, highlighting their potential as supplementary medicines for ep-
ilepsy therapy (Wang [23]).

Current Evidence on the Association of Antibiotics and
Seizure

Several studies have connected antibiotics to increased seizures
and epilepsy. (Wang [23]) discovered that exposure to broad-spec-
trum antibiotics and specific antibiotic families, such as cephalospo-
rins, fluoroquinolones, and macrolides, was linked to an elevated
incidence of epilepsy. The processes behind this relationship are not
entirely known, however they may entail disturbance of the gut flora,
neurotoxicity, and immunological responses. Some antibiotics mod-
ify the gut flora, influencing the central nervous system, while oth-
ers have direct neurotoxic effects. Antibiotics, according to current
research, may increase the incidence of seizures and epilepsy, espe-
cially in children and adolescents (Etminan [24]; Tzeng, et al. [2015];
Micallef [25]).

Human Gut Microbiota (GM) and Epilepsy

The human gut microbiota (GM) regulates metabolism and the
immunological response of the host. Firmicutes and Bacteroidetes
are the most abundant phylum, accounting for more than 90% of the
GM. Neuropsychiatric and neurodegenerative illnesses may be linked
to changes in GM composition. However, the link between GM and ep-
ilepsy remains unknown. Only a few population-based studies have
found changes in the variety and composition of GM between epilepsy

patients and healthy controls. GM analysis has been used to distin-
guish epileptic patients from healthy people and to distinguish be-
tween drug-resistant and drug-sensitive epilepsy. To understand the
intricate interaction between GM and epilepsy, more research with
bigger sample numbers and controlled factors is required (Thijs, et
al; Beghi, et al. [2015]; Beghi, et al. [2019]; Sheng, et al. [2018]; Engel,
etal. 7///2018; Kobow, et al. 2018; Kwan, et al. 2010; De Caro, et al.
2019; Lopez Gonzalez, et al. 2015).

Microbiota-Gut-Brain Axis and Epilepsy

The microbiota-gut-brain axis is an important system that regu-
lates the development and control of a wide range of physiological
and pathological processes, including epilepsy. The gut microbiota, a
complex collection of bacteria found in the gastrointestinal tract, has
an impact on the central nervous system and can have a major im-
pact on brain function and behaviour. Atypical gut microbiota com-
position is linked to epilepsy-promoting metabolites and inflamma-
tory factors, which disturb the equilibrium of GABA and glutamate
neurotransmission. This process can be triggered by chronic stress. A
healthy gut microbiota, on the other hand, can create anti-inflamma-
tory and neuroprotective metabolites such as short-chain fatty acids
and serotonin. Understanding this dynamic has the potential to lead
to the development of innovative treatment techniques, such as tar-
geting the gut microbiota with therapies such as probiotics, prebiot-
ics, or dietary changes (Ding, et al. 2019) (Figure 2).

Figure 2: The microbiota-gut-brain axis influences the creation of epilepsy-promoting metabolites and inflammatory factors by gut microbiota,
whereas healthy gut microbiota generates beneficial ones, affecting the brain’s response (Ding, et al. 2019).
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Correlation of Viral Infections and Epilepsy

Viruses can enter the central nervous system (CNS) via peripher-
al or neuronal pathways. They have the ability to multiply in mono-
nuclear cells, brain endothelial cells, and peripheral neurons. Some
viruses are capable of crossing the blood-brain barrier and infecting
new neurons. Encephalitis is distinct from aseptic meningitis since
it is caused by viral replication within the CNS. Inflammation arises
because of direct neuro infection, the production of proinflammatory
cytokines, and the activation of innate and adaptive immune respons-
es. This can result in immunopathology and further harm (Kirkpat-
rick [26,27]).

HIV and Epilepsy Correlation

In patients with advanced HIV infection or AIDS, seizures and
epilepsy are common and more prevalent than in the general pop-
ulation. These seizures are typically generalized and can be caused
by opportunistic infections, metabolic imbalances, and interactions
between antiepileptic and antiviral drugs. However, there is a lack of
specific guidelines for the use of antiepileptic drugs in HIV-infected
individuals.

Human Herpesvirus 6 (HHV-6)

Human herpesvirus 6 (HHV-6) is a common virus that infects
most people during childhood and can establish dormant infections
in the central nervous system. Specifically, HHV-6B, a subtype of the
virus, has been found to be associated with neurological diseases,
particularly epilepsy. In cases of temporal lobe epilepsy (TLE), HHV-
6B has been detected in the brains of affected individuals who experi-
ence recurrent febrile seizures and hippocampal sclerosis. However,
the exact mechanisms through which HHV-6B contributes to the de-
velopment of TLE are not yet fully understood. It is believed that the
virus can directly harm neurons, trigger immune responses, disrupt
normal neural circuitry, and promote the proliferation of glial cells.
Certain cytokines and signaling pathways, including 1L-17A, NF-xB,
TGF-B, MAPK, and phospholipase A2, appear to be involved in the
pathological processes of TLE. Further research is needed to uncover
the precise mechanisms underlying the relationship between HHV-
6B and epilepsy and to identify potential biomarkers that can aid in
identifying specific patient groups for targeted anti-inflammatory or
immunomodulatory treatments (Sellner [28]; Sellner, et al. 2008).

Picornaviruses

Various picornaviruses, including rhinoviruses, enteroviruses,
and parechovirus, have been associated with encephalitis and sei-
zures. These neurotropic viruses can infect the peripheral nerve,
breach the blood-brain barrier, and invade the central nervous sys-
tem. Human rhinovirus (HRV) infections have been linked to a higher
incidence of seizures, particularly in individuals with underlying neu-
rological abnormalities. Cytokines, such as interleukin-6 and inter-
leukin-1, may play a role in HRV-induced seizures. Similarly, human

parechovirus (HPeV) infections have been reported to cause enceph-
alitis with seizure outbreaks, often accompanied by white matter le-
sions (Britton [29]). Coxsackieviruses and enteroviruses, on the other
hand, may contribute to myocarditis and have been associated with
seizures in some cases (Muehlenbachs [30]). Hepatitis A virus (HAV)
infection has been implicated in seizure activity, as evidenced by the
detection of HAV RNA in the cerebrospinal fluid of an infected patient
(Lee [31]). In animal models, Theiler’s murine encephalomyelitis vi-
rus (TMEV) has been shown to induce transient and chronic seizures,
along with cognitive impairments and hippocampal cell death. The
infiltration of monocytes and granulocytes, as well as the role of cyto-
kines, further contribute to the pathogenesis of seizures in TMEV-in-
fected animals (Bijalwan [32]). These findings highlight the diverse
mechanisms by which picornaviruses can induce encephalitis and
seizures, emphasizing the need for further research and understand-
ing in this area (Anastasina [33]).

Influenza

Influenza is a highly infectious respiratory virus that kills mil-
lions of people each year, with children being especially vulnerable.
High temperature, gastrointestinal problems, and neurological con-
sequences such as seizures and encephalopathy are also possible.
Seizure history, genetic susceptibility, and pre-existing neurological
disorders are all risk factors. Children under the age of five are par-
ticularly vulnerable in tropical nations such as Thailand (Chen, et al.
[34-36]).

COVID-19

In COVID-19, like other beta-coronaviruses, the virus has the abil-
ity to invade the nervous system and cause neurological symptoms
(Huang [37]). The angiotensin-converting enzyme 2 (ACE2) receptor
serves as the entry point for the virus into human cells, and while
primarily found in the brainstem for regulating cardiovascular and
respiratory functions, the virus can also enter the brain through the
olfactory tract. Once in the central nervous system, the virus triggers
reactive astrogliosis and activates microglia, leading to a cascade of
inflammatory responses (Wu, et al. [38]). The release of pro-inflam-
matory cytokines, such as TNF-q, IL-6, and IL-1f3, along with the influx
of calcium ions and disruption of glutamate-GABA balance, contribute
to neuronal hyper-excitability, apoptosis, and chronic inflammation
(Huang [37]). The breakdown of the blood-brain barrier (BBB) allows
the entry of peripheral cytokines, further exacerbating the inflamma-
tory response. Additionally, fever and hyperthermia associated with
COVID-19 can lead to BBB disruption and the release of inflamma-
tory mediators, including cytokines, further increasing neuronal ex-
citability (Samuelsson [39]). Coagulation abnormalities observed in
COVID-19 patients, such as DIC, can also contribute to neurological
complications. Stroke, as a consequence of vascular damage and
blood clotting, can result in post-ischemic seizures and contribute to
the development of epilepsy (Postnikova, et al. [40]). The disruption
of the BBB, along with the release of cytokines and glutamate, plays
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a role in the initiation and progression of epilepsy after stroke. The
interplay between inflammation, coagulation, and neuronal hyper-ex-
citability in COVID-19-associated neurological complications under-
scores the need for further research and understanding to effectively
manage and prevent these complications (Tufan [41-47]).

Epstein-Barr Virus (EBV)

EBV is a herpesvirus that causes infectious mononucleosis as well
as epilepsy. It has been connected to neurologic problems such as en-
cephalitis, which can result in seizures. The precise processes behind
EBV triggers and epilepsy development are unknown. EBV is thought
to infiltrate the brain, causing inflammation and neuronal damage.
Understanding this link is critical for the early identification, preven-
tion, and management of EBV-related epilepsy, as well as the develop-
ment of specific therapeutic strategies (Ebell et al., 2016; Cheng, et al.
[441]); Doja et al. 2006; Narula et al. 2020).

Flavivirus

Astrocytes, a critical component of the central nervous system,
play a role in the immune response to viral infections such as TBEV,
WNV, ZIKV, and JEV. In a healthy CNS, these specialized cells maintain
homeostasis and synaptic function. When a virus causes encephali-
tis, astrocytes undergo reactive astrogliosis, a pathogenic feature of
CNS structural lesions. Astrogliosis can cause changes in glioneuronal
communication as well as seizures. Astrocytes emit pro-inflammato-
ry cytokines and chemokines during neuroinflammation, increasing
neuronal excitability and leading to seizures. Flavivirus infections
cause morphological and functional alterations in astrocytes, disrup-
tion of the blood-brain barrier, and neuroinflammation. Astrocytes
also produce vascular endothelial growth factor, interleukin-6, and
MMPs, which may contribute to BBB disruption and neuroinflamma-
tory reactions (Potokar [48-50]).

Parasitic Diseases and their Correlation with Epilepsy

Parasitic diseases have been strongly associated with the burden
of epilepsy, particularly in low- and middle-income countries. Neu-
rocysticercosis, caused by the larval stage of the tapeworm Taenia
solium, is responsible for a significant proportion of epilepsy cases in
many parts of Asia, Latin America, and sub-Saharan Africa. Other par-
asites, both microparasites (such as Plasmodium, Toxoplasma, and
Trypanosoma species) and macroparasites (mostly helminths like
Toxocara, Onchocerca, Paragonimus, and Schistosoma species), have
also been linked to epilepsy. The mechanisms through which these
parasites contribute to epileptogenesis may vary. Microparasites can
directly invade the brain due to their small size, while macropara-
sites may rely on the neurotropic properties of their eggs or larvae,
or other indirect mechanisms, to predispose individuals to epilepsy.
Although some parasites are more extensively studied, there are still
others that have received less attention or lack conclusive evidence of
brain involvement. It is worth noting that the risk of epilepsy may ex-

tend beyond acute brain involvement, as even latent or asymptomatic
infections with parasites like Toxoplasma and Toxocara can signifi-
cantly increase the overall epilepsy burden due to their widespread
exposure. Understanding the underlying mechanisms of epileptogen-
esis in parasitic diseases is crucial for developing interventions aimed
at preventing and managing epilepsy associated with these infections
(Mazumder [51]).

Conclusion

Epilepsy is a complicated neurological condition with several or-
igins, including hereditary, idiopathic, and acquired causes. Certain
medicines, infections, and viral disorders have been linked to epilep-
togenesis. The epileptogenic potential of antibiotics, viral infections,
bacterial infections, and parasite infections was investigated in this
article. Although most antibiotics have a low epileptogenic potential,
some specific antibiotics, such as cephalosporins and carbapenems,
may carry a slightly higher risk of seizures in susceptible individuals
[52-65]. Certain medications, such as antidepressants, antipsychotics,
and anti-malarial drugs, have been associated with an increased risk
of seizures, particularly at higher doses or in predisposed individu-
als. Viral infections, bacterial infections, and parasitic infections can
induce seizures directly or as a result of associated encephalitis or
inflammatory response. Understanding the epileptogenic potential
of various factors is crucial for accurate diagnosis, appropriate treat-
ment, and better management of epilepsy patients. By identifying and
addressing potential epileptogenic factors, clinicians can help to re-
duce the risk of seizures and improve the quality of life for people
with epilepsy.
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