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ABSTRACT
The parasitic infection known as cysticercosis is caused by the larvae of the Taenia solium (pork tapeworm). 
Cysticercosis is spread by food. Humans can serve as both definitive and intermediate hosts, whereas pigs serve as 
intermediate hosts. This illness is one of the neglected tropical diseases that affect the public health of people from 
low-income backgrounds. Cysticercosis is endemic to Africa, China, India, Southeast Asia, and Latin America. When 
humans consume pork that has been contaminated and cooked incorrectly, cysticerci enter the small intestine where 
they are evaginated by digestive enzymes and stick to the intestinal wall. Cysticerci can reside in the host tissues of 
both humans and pigs without causing illness or inflammation. Cysts are most frequently observed in the cerebral 
hemispheres, particularly where gray and white matter meet. Cysticerci typically build nests in the muscles and 
subcutaneous fat of pigs. This parasite typically causes neurocysticercosis, a pleomorphic clinical condition, in humans 
by infecting the central nervous system. Neuroimaging, serological tests, and a thorough clinical examination are 
good methods for diagnosing cysticercosis. An infection with T. solium tapeworm can be transmitted by eating raw or 
undercooked pork that has been infected. Individuals with pork tapeworms in their intestinal lumen, pigs, poverty, and 
cultural factors are the main causes of this disease. It is possible to treat human tapeworm infections with niclosamide. 
Cysticercosis has been eliminated in more through improved sanitation and restrictions on domestic pig husbandry.
Keywords: Cysticercosis, Human, Pig, Public health, T. solium.

Introduction
The parasitic infection known as cysticercosis is caused 
by the larvae of the Taenia solium (pork tapeworm), 
also known as cysticerci, which is a member of the 
Cestoda class of the Platyhelminthes phylum (García 
et  al., 2003). There are other types of cysticercosis, 
including neurocysticercosis (a cysticerci in the brain), 

ocular cysticercosis (a cysticerci in the eye), muscular 
cysticercosis, and skin cysticercosis, which manifests 
as a soft lump beneath the skin (Meena et  al., 2016; 
Satya et al., 2016; Dhiman et al., 2017; Rama et al., 
2023). Because neurocysticercosis is the most deadly 
form of infection, it is well known. It is thought to be the 
cause of up to 56% of all epilepsy cases in developing 
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nations, and it is frequently fatal due to complications 
from surgery to remove brain cysts (Bustos et  al., 
2021). Infection by T. solium larvae (cysticerci) is a 
neglected public health issue, particularly in places with 
inadequate livestock husbandry and poor sanitation 
(Aung and Spelman, 2016).
Cysticercosis is spread by food. Humans can serve as 
both definitive and intermediate hosts, whereas pigs 
serve as intermediate hosts (Hossain et  al., 2023). 
Since open housing management systems give pigs 
unrestricted access to human waste, particularly in 
places where latrines are either nonexistent or poorly 
built, they are considered to be one of the primary 
risk factors for cysticercosis (Chege et al., 2023). All 
phases of the parasite life cycle are affected by human 
activity. T. solium infections are spread to humans and 
pigs by humans carrying the parasite in their intestinal 
lumen, which contaminates the environment with T. 
solium eggs through open defecation (Jansen et  al., 
2021). Humans and pigs contract cysticercosis by 
consuming food and water tainted with the excrement 
of human carriers that contains T. solium eggs or gravid 
proglottids (Kabululu et al., 2023).
In humans, neurocysticercosis is caused by 
cysticerci, which are typically found in the brain, 
eyes, subcutaneous tissue, and skeletal muscles 
(Meena et al., 2016). Pigs with cysticercosis in many 
predilection locations, including the masseter muscle, 
skeletal muscle, heart, and diaphragm, are not suitable 
for human consumption, and their diminished market 
value results in large financial losses (Shyaka et  al., 
2024). The surrounding cells will degenerate if 
cysticerci are present in the tissue (Garcia et al., 2020). 
Some or all of the pig carcasses must be destroyed 
if there are many cysts, since they could be harmful 
to human health. Furthermore, cysticercosis causes 
significant financial losses. Infected pigs cause losses of 
€10 million and US$18.6 to US$34.2 million annually, 
respectively, and account for 4.7% to 26.9% of overall 
pig farming expenses, according to a global economic 
impact research (Bulaya et al., 2015).
The primary neurological signs of this condition include 
headaches, seizures, and focal impairments; however, 
the quantity and size of larvae, developmental stage, 
and location in the brain can cause a variety of clinical 
pleomorphic presentations (Garcia et al., 2014a). The 
condition may be diagnosed based on a combination 
of epidemiological characteristics, clinical history, 
neuroimaging, and immunological data. Many people 
who are carriers of the causal agent of cysticercosis 
(T. solium) may not exhibit any symptoms; instead, 
they become long-term carriers of the infection by 
reinfecting themselves and other members of the 
household (García et al., 2003). Meat inspection using 
visual inspection of meat pieces and lingual inspection 
of live animals can identify T. solium infection in pigs; 
however, this method is not very sensitive because 
cysts may be overlooked (Sithole et al., 2019).

Cysticercosis is a neglected zoonotic disease due to 
underdiagnosis and underreporting of cases of the 
disease, resulting in low estimates of the number of cases 
and the global burden (Praet et al., 2009). Additionally, 
as more people migrate from regions where T. solium 
is endemic, the prevalence of cysticercosis is rising in 
developed nations (Soto et al., 2021). The purpose of 
this review article is to explain the etiology, history, 
life cycle, epidemiology, pathogenesis, immune 
response, pathology, clinical symptoms, diagnosis, 
transmission, risk factors, public health importance, 
economic impact, treatment, vaccination, and control 
of cysticercosis. The treatment of cysticercosis should 
be a primary focus because of its impact on public 
health, especially in poor countries.
Etiology
Taenia solium is a member of the order Cyclophyllidea, 
family Taeniidae, phylum Platyhelminthesis, and 
subclass Eucestoda (Okello and Thomas, 2017). The 
scolopendra and strobila are 2- to 4-m-long adult 
tapeworms that live in the human gut (García et  al., 
2003). The scolopendra is composed of four suckers, a 
rostellum with 22–32 hooks, and a strobila with 700–
1,000 proglottid segments. Taenia solium can produce 
up to 300,000 eggs every day, and each proglottid has 
roughly 40,000 eggs (Wandra et  al., 2013). The egg 
is encased in an embryophore, which is composed 
of an oncosphere with six tiny hooks. When eggs 
are expelled from feces, they can spread to humans 
(Carabin and Traoré, 2014). The mature oncosphere 
is a round larva with a diameter of 30 μm. It has two 
penetration glands for migration and six distinctive tiny 
embryonic hooks (hexacanth embryo) (Alroy et  al., 
2018). In the intermediate host (pig), the oncosphere 
develops into the metacestode cysticercus (Del Brutto, 
2013). The oncosphere quickly transforms from a 
solid larva to a bladder-like structure that is filled 
with fluid and contains cell clusters that eventually 
develop into an invaginating scolex (Venkat et  al., 
2016). The cysticercus is an ovoid bladder stage with 
an invaginating scolex that is filled with opalescent 
fluid (Bhardwaj and Rather, 2019). The adult tapeworm 
emerges from underneath the cysticercus scolex.
History
Cases of cerebral cysticercosis were identified after 
the Catholic Church ceased to condemn autopsies. It 
is widely acknowledged that the earliest known cases 
of neurocysticercosis were revealed by Panarolus in 
1652, when he discovered similar vesicles in the corpus 
callosum of a priest who was experiencing seizures, 
and by Rumler in 1558, when he performed an autopsy 
on an epileptic patient who had fluid-filled vesicles 
attached to the meninges (Garcia et al., 2020). Before 
Malpighi characterized the scolex of T. solium in 1697, 
the parasitic nature of these vesicles was unknown 
(Hossain et al., 2023). In those years, Zeder assigned 
the vesicles to a new genus called Cysticercus (from 
Greek: kustis, cystis, bladder, and kerkos, cercos, and 
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tail), while Gmelin named them Taenia cellulosae 
(Symeonidou et  al., 2018). Since the word “cyst” is 
part of the etymological definition of “cysticercus,” 
the often used term “cysticercus cyst” is a pleonasm. 
Because of their propensity to flourish in connective 
tissue, cysticerci were once thought to be a distinct 
species of parasite and were categorized as Cysticercus 
cellulosae; this false designation is still frequently used 
today (Neethu et al., 2019).
In 1792, Peruvian physician and journalist Hipólito 
Unanue wrote in the journal “El Mercurio” about 
a soldier who had taeniasis and died after suffering 
severe convulsions. This is likely the first case of 
taeniasis and cysticercosis occurring simultaneously 
in the same person (Del Brutto and García, 2015). 
As stated in the original publication, Unanue’s paper 
was published as a request to authorities to construct 
anatomical amphitheaters in communities so that the 
causes of mortality in the population may be more 
accurately identified, rather than to explain a particular 
medical disease.
In the 19th century, German pathologists noticed 
that the head of an adult T. solium and the scolex of 
a cysticercus resembled each other morphologically. 
Küchenmeister also proved that eating pork cysticerci 
caused intestinal taeniasis in humans by giving a 
condemned man who had been given a death sentence 
sausages and noodle soup that contained cysticerci 
from a freshly killed pig (Galán-Puchades and Fuentes, 
2013). Küchenmeister discovered “a small Taenia 

firmly attached by its proboscis to a piece of duodenal 
mucosa” during the autopsy, along with nine additional 
Taenia, one of which had a complete crown of 22 hooks 
in two rows, which is typical of T. solium’s rostellum. 
Soon after, studies conducted in Belgium and Germany 
added to our understanding of the life cycle of T. solium 
by demonstrating that pigs contracted cysticercosis 
following the ingestion of Taenia eggs derived 
from proglottids spread by human T. solium carriers 
(Gonzalez et al., 2006). This conclusion was reinforced 
by Yoshino’s significant research on the cestode life 
cycle, which involved infecting himself with T. solium 
cysticerci (Ito et al., 2020). 
Life cycle
To reproduce, T. solium requires two vertebrates as 
hosts. Both definitive and intermediate hosts. Humans 
can serve as both definitive and intermediate hosts, 
whereas pigs serve as intermediate hosts (Aung and 
Spelman, 2016). This worm’s life cycle starts when 
the intermediate host consumes eggs. The eggs will be 
broken down by stomach acid.
The larvae of the tapeworm Taenia solium are the 
source of cysticercosis, which affects both humans 
and pigs, as shown in Figure 1 (Sciutto et al., 2000). 
The consumption of eggs released from the feces of 
human tapeworm carriers is the cause of this sickness. 
Humans and pigs contract this disease by eating gravid 
proglottids or eggs (García et al., 2003). Humans can 
contract this disease through autoinfection or by eating 
excrement-tainted food. The latter scenario involves 

Fig. 1. Life cycle of Taenia solium: cysticercosis. Humans ingest eggs that cause cysticercosis or cysticerci in pork, causing 
taeniasis, with the lifecycle involving eggs, tissue invasion, and adult tapeworm development.
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the ingestion of tapeworm eggs by humans infected 
with adult T. solium, either through fecal contamination 
or, perhaps, from proglottids transported to the 
stomach by reverse peristalsis (Pray et al., 2020). The 
hatched oncosphere enters the body through the blood 
vessels after the eggs are swallowed, travel through the 
intestines, assault the intestinal wall, and then move to 
the striated muscles, brain, heart, liver, eyes, and other 
tissues, where they mature into cysticerci (Lescano and 
Zunt, 2013). 
Cysts in humans can cause neurocysticercosis, a 
serious consequence if they are located in the brain 
(Garcia et  al., 2014a). Consuming undercooked pork 
containing cysticerci completes the parasite’s life cycle 
and causes tapeworm infection in humans (Thomas 
et al., 2017). The cyst evaginates and uses its scolex 
to adhere to the small intestine. This parasite forms 
an adult worm after invaginating the small intestinal 
wall. Gravid proglottids are released by adult worms 
2 months after infection. The adult tapeworm grows 
to a length of 2–7 m and produces less than 1,000 
proglottids, each of which contains roughly 50,000 
eggs. They then spend several years in the small 
intestine (Kassa and Zekarias, 2023).
Epidemiology
The World Health Organization (WHO) has prioritized 
17 neglected tropical diseases (NTDs), among which 
cysticercosis is one of them (Yajima et al., 2023). This 
illness is one of the NTDs that affects the public health 
of individuals from low-income backgrounds. Many 
cases of cysticercosis remain unreported because 
infected individuals are unaware of their infection 
and can thus spread the infection to others. Without 
laboratory and sophisticated molecular testing, it 
is impossible to identify T. solium eggs, which are 
discovered in feces and may go undetected (Croker, 
2015). Therefore, endemic locations do not report 
human cysticercosis. Porcine cysticercosis is not well 
known in endemic areas because of inadequate meat 
inspection services and the lack of clinical symptoms 
in afflicted pigs (Afonso et al., 2011).
Cysticercosis is endemic to Africa (Gulelat et al., 2022), 
China (Qian et al., 2020), India (Ahmad et al., 2017), 
Southeast Asia (Aung and Spelman, 2016), and Latin 
America (Rodríguez-Rivas et al., 2022). Additionally, 
more attention needs to be paid to cysticercosis because 
of the rise in tourism and migration of tapeworm-
carrying individuals. Consuming T. solium eggs 
from fecal-contaminated habitats exposes humans to 
cysticercosis (Carabin and Traoré, 2014). After being 
liberated from the egg by gastric acid in the gut, the 
invasive oncosphere (embryo) travels through the gut 
wall and can develop in the skin, muscle, eye, and 
central nervous system (CNS), growing to a size of 
roughly 1 cm in 2 to 3 months (Nkwengulila, 2014). 
Cysticercosis is a condition in which a person has 
cysticerci in their body. This illness is associated with 
early mortality, morbidity, and disability (Kungu et al., 

2015). Qiu et al. (2023) asserted that individuals with 
impairments experience economic challenges because 
of their diminished capacity for productive work. 
However, it is a crippling illness, and those who suffer 
from neurological symptoms, particularly epilepsy, 
are stigmatized by society, which frequently results in 
social withdrawal (Hurła et al., 2024). Among the main 
issues brought on by cysticercosis are the diagnosis, 
management, and surveillance of epilepsy patients, as 
well as associated mishaps such as burns and drowning.
The epidemiology of cysticercosis is associated with 
residence in endemic areas, frequent travel to endemic 
areas, and household contact (Zammarchi et al., 2013). 
The disease is focal because although it may not arise 
without an intermediate host, it typically centers on 
the human tapeworm carrier (Bustos et  al., 2021). 
Migration from endemic locations can spread the 
tapeworm infection to non-endemic locations, where it 
can infect people who do not often eat pork (Pray et al., 
2020). However, in endemic nations, the sociocultural 
milieu, free-range pig-rearing techniques, and 
inadequate sanitation continue to be the primary causes 
of this disease (Pondja et al., 2010). Approximately 20 
million individuals worldwide suffer from T. solium 
cysticercosis, causing approximately 50,000 deaths 
each year (Aung and Spelman, 2016).
High rates of cysticercosis have been reported in Asia 
(Bizhani et al., 2020), Africa (Melki et al., 2018), and 
Latin America (Rodríguez-Rivas et  al., 2022). The 
prevalence of cysticercosis in the general population 
can reach 3.6% in some parts of Mexico (Fleury et al., 
2012), 3.2% in Asia (Rajshekhar et  al., 2003), and 
2.8% in the Caribbean (Haiti) (Raccurt et  al., 2009). 
The frequency of cysticercosis varies between 1.3% 
and 2.4% in West Africa (Zoli et al., 2003). Similarly, 
neurocysticercosis is estimated to affect over 30% of 
epileptics in sub-Saharan Africa (Owolabi et al., 2020). 
Because few studies have examined neurocysticercosis 
in people, little is known about its prevalence in East 
Africa. Swine cysticercosis, a disease that affects pigs, 
has received the majority of attention. Recent studies 
in Tanzania have revealed that between 14% and 56% 
of individuals with epilepsy have neurocysticercosis 
(Hunter et  al., 2015). Nevertheless, research on 
individuals with epilepsy has revealed that cysticercosis 
is far more common.
Pathogenesis
When humans consume pork that has been contaminated 
and cooked incorrectly, cysticerci enter the small 
intestine where they are evaginated by digestive 
enzymes and stick to the intestinal wall (Samorek-
Pieróg et al., 2018). The proglottids then procreate and 
quickly mature into adults. Humans can potentially 
serve as intermediate hosts after ingesting T. solium 
eggs (Hossain et al., 2023). In this case, cysticercosis 
develops in humans. Cysticercosis is caught by humans 
either through autoinfection in those who have adult 
pork tapeworms in their intestinal lumen or by eating 
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food and water tainted with tapeworm eggs (García 
et al., 2003). Cysts can form in any part of the human 
body; however, they most frequently impact the eyes, 
skeletal muscle, subcutaneous tissue, and CNS (Ezike 
et  al., 2023). The bloodstream carries parasites into 
the CNS, where they typically settle in the water-rich 
gray matter. The parasite may then reach the ventricles 
or subarachnoid space after migrating to the choroid 
plexus (Garcia et  al., 2011). The illness caused by 
cysticerci in the CNS is known as neurocysticercosis.
The vesicular wall and scolex are the primary 
components of cysticerci. The cysticerci remain in a 
vesicular (viable) stage after entering the CNS, which 
is made up of an invaginated scolex, vesicular fluid, 
and a transparent membrane (Del Brutto, 2014). 
Cysticerci either degenerate as a result of the host’s 
immune system defense systems and calcify or remain 
alive for a number of years (Prodjinotho et al., 2020). 
The first stage of cysticerci involution, known as the 
colloid stage, is marked by hyaline degeneration and 
turbidity of the vesicular fluid and scolex. The next 
step, known as the granular stage, is the thickening of 
the cyst wall and the mineralization of the scolex. At 
this point, the parasite’s remnants manifest as calcified 
nodules (calcification stage), and the cysticerci are no 
longer viable (Fogang et al., 2015).
Vesicular cysticerci cause the surrounding tissue to 
experience a noticeable, mild inflammatory response. 
Conversely, colloid cysticerci are encased in collagen 
capsules and exhibit a mononuclear inflammatory 
response containing the parasite (Christensen et  al., 
2016). Numerous inflammatory alterations, such as 
astrocyte gliosis, microglial proliferation, edema, 
neuronal degenerative changes, and perivascular 
lymphocyte infiltration, are present in the brain 
parenchyma (Sikasunge et  al., 2009). The edema 
resolves as the parasite reaches the granular and calcified 
stages, while the surrounding tissue’s astrocytes 
undergo more noticeable alterations. Epithelioid cells 
also emerge, combine with one another, and form 
multinucleated giant cells (Zumaeta et al., 2024). 
Unusual thickening of the leptomeninges results 
from the development of cysticerci in the meninges, 
which cause an inflammatory response in the 
subarachnoid space and the formation of an exudate 
containing collagen fibers, multinucleated giant cells, 
lymphocytes, eosinophils, and hyalinized parasitic 
membranes (Takayanagui and Haes, 2022). In addition 
to small penetrating arteries that emerge from the 
circle of Willis and can result in cerebral infarction by 
obstructing the blood vessel lumen, this inflammatory 
response has the potential to disseminate and harm the 
optic chiasm and cranial nerves (Del Brutto, 2014). 
Obstructive hydrocephalus results from blockage of 
the Luschka and Magendie foramina caused by the 
parasite membrane and thickened leptomeninges (Del 
Brutto, 2012). Inflammatory changes may result from 
ventricular cysticerci connected to the choroid plexus 

or ventricular wall. Cerebrospinal fluid (CSF) transit 
is obstructed when damaged ependymal lining is 
projected into the ventricular cavity, particularly when 
the protrusion is at or close to the cerebral aqueduct or 
foramen of Monro (Mansour et al., 2023).
The immunological diagnosis of cysticercosis is 
based on the development of certain antibodies 
that are triggered by specific cysticerci antigens. 
Patients with neurocysticercosis also exhibit cellular 
immunological dysfunction as a result of aberrant 
cytokine concentrations, abnormal lymphocyte 
proliferation, and CD8+ T lymphocyte accumulation 
(Coyle et  al., 2024). It has been proposed that 
decreased cellular immunity could be the cause of the 
correlation between neurocysticercosis and immune-
compromised conditions, as well as the development 
of gliomas; in these cases, it has been proposed that the 
growth of glial cells around the parasite, in conjunction 
with decreased cellular immunity, could impede the 
immunological surveillance of cancer and result in 
malignant transformation of astrocytes (Toribio et al., 
2024).
Immune response
Cysticerci can reside in the host tissues of both humans 
and pigs without causing illness or inflammation. There 
are several reasons why living cysticerci might not 
trigger an immune response, including antigenic shift, 
molecular mimicry of host-like antigenic determinants, 
sequestration in immunologically privileged locations, 
host immunoglobulins obscuring cysticerci antigens, 
and host immune response modulation (DeMaio et al., 
2022). The necessity for diagnostic blood tests has led to 
the study of the immunological response to cysticerci. 
It is evident that almost all cases of symptomatic 
cysticercosis are linked to a detectable immunological 
response, despite the fact that the literature contains 
a large number of serological tests conducted 
with differing levels of scientific rigor (Rodriguez 
et  al., 2012). Increased serum immunoglobulin (Ig) 
production and the development of certain antibodies, 
primarily of the IgG class, are frequent outcomes of 
T. solium infection (Moss et al., 2018). IgM, IgA, and 
IgE antibodies are present in certain patients, but they 
are less frequent than IgG subclass responses (Dorny 
et al., 2003). The majority of infected hosts probably 
create many antibodies with varying specificities that 
manifest at various points after infection, seemingly in 
reaction to both qualitative and quantitative alterations 
in secreted, somatic, and excreted antigens at various 
stages of parasite development (Flisser et al., 1986).
There are many fascinating questions in the field of 
cysticercosis immunology research. The reaction can be 
anything from a strong immunological reaction to total 
tolerance. At any point during the degenerative process, 
a patient may also have some dispersed calcifications 
in the brain, viable cysts without inflammation, and 
significant inflammation surrounding the cyst (Bustos 
et  al., 2023). The majority of neurocysticercosis 
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infections are found inadvertently during autopsy and 
are asymptomatic in survivors of traffic accidents and 
war (Ojo et al., 2024). In many cases, imaging studies 
have revealed some parenchymal calcifications by 
chance in asymptomatic subjects. These calcifications 
go through a degenerative or transitional phase after 
becoming live cysts (Nash and Garcia, 2011). People 
who have this parasite may exhibit a “silent immune 
response” and a surprising level of parasite tolerance 
(Fan et al., 2021).
Pathology
Cysts are homogeneous, round, or oval vesicles 
that range in size from a few millimeters to 1-2 cm 
(developing cysts can occasionally reach several 
centimeters in diameter) (García et al., 2003). Cysts are 
most frequently observed in the cerebral hemispheres, 
particularly where gray and white matter meet. There are 
cysts in the brainstem, subarachnoid space, brainstem, 
cerebellum, ventricles, spine, and basal cisterns (Garcia 
et  al., 2014a). The range of the number is from one 
to more than one thousand. The neural parenchyma 
surrounding the viable cyst remained unchanged upon 
gross inspection (Nash et  al., 2020). The contents of 
vesicles change depending on the evolutionary stage. 
The scolex of a live cyst is visible as a tiny, 2-3-mm 
lump through its translucent membrane. The vesicular 
fluid becomes dense and opaque as the cyst starts to 
deteriorate, and the cyst’s edges become smaller and 
less regular (García et al., 2010). Afterward, a spherical, 
white, calcified nodule is left behind when calcification 
starts in the cephalic region and moves to the vesicular 
wall (García et al., 2003). Rarely, a single person can 
exhibit all stages of evolution.
In the cavity, intraventricular cysticercosis is typically 
isolated and unattached (Sinha and Sharma, 2012). 
In rare cases, cysts may migrate between ventricular 
cavities. Classically, cysts are described as being 
more frequently located in the lower cavities: most 
commonly in the fourth ventricle, less commonly in 
the third ventricle, and least commonly in the lateral 
ventricles (Lobo et al., 2021). Intraventricular parasites 
may cause inflammation of the choroid plexus and 
ependyma or block the flow of CSF (Garcia et  al., 
2011). The racemose is a large, transparent vesicle 
that forms in the ventricles or at the base of the brain. 
It is frequently lobulated and lacks a scolex (Bansal 
et al., 2016). Occasionally, the stalk connected to the 
pia mater is encircled by a number of tiny vesicles that 
resemble clusters of grapes (García et al., 2003). The 
vesicles take over the basal cisterns, giving them an 
infiltrative appearance as they proliferate and adhere. 
The racemose form is associated with high mortality 
due to its association with hydrocephalus (Mahale 
et al., 2015).
Clinical symptoms
Cysticerci typically build nests in the muscles 
and subcutaneous fat of pigs. The clinical signs of 
cysticercosis are infrequent, although some pigs may 

exhibit severe illness. The cysts did not develop to the 
degenerative stage at which they would subsequently 
manifest clinical symptoms in humans since the pigs 
were killed at 7 months of age (Arango-Londoño et al., 
2024).
This parasite typically causes neurocysticercosis, a 
pleomorphic clinical condition, in humans by infecting 
the CNS (Prodjinotho et  al., 2020). Cysticerci can 
persist once they have entered the CNS and only 
slightly alter the inflammatory response of surrounding 
tissues (Mahanty et al., 2015). Because of their active 
immune evasion mechanisms and protection from the 
blood–brain barrier, cysticerci can persist for extended 
periods of time. The parasite experiences degeneration 
and related immune-mediated inflammation after an 
ambiguous and variable period of time (expected 
to be many years based on classic studies of British 
soldiers returning from India) (García et al., 2003). The 
majority of symptoms in neurocysticercosis are directly 
caused by the inflammatory process that follows cyst 
degeneration, although cysticerci can also produce 
symptoms by mass effect or by blocking the flow of 
CSF fluid (Nash et  al., 2006). Therefore, individual 
variations in the quantity, size, and topography of 
lesions as well as the intensity of the host’s immune 
response to the parasite are linked to clinical symptoms. 
Signs and symptoms are generic and vary.
The most prevalent sign of neurocysticercosis is 
epileptic seizures, which are typically the disease’s sole 
or predominant symptom (Nash and Garcia, 2011). 
Seizures are less prevalent in other forms of the disease, 
but they occur in 50%–80% of patients with brain 
parenchymal cysts or calcifications (El-Kady et  al., 
2021). The recent onset of seizures in a middle-aged, 
young adult, or otherwise healthy adolescent is very 
predictive of neurocysticercosis in endemic locations 
(Bustos et al., 2021). When examined neurologically, 
the majority of the patients are normal. Approximately 
50% of patients with neurocysticercosis who initially 
reported with seizures developed more seizures 
(epilepsy), according to a series of tests that primarily 
included patients with moderate types of illness (Carpio 
and Roma, 2014). Patients with more severe forms of 
the disease are believed to have a higher rate of relapse. 
An additional 20%–30% of cases of neurocysticercosis 
are associated with intracranial hypertension, 
hydrocephalus, or both (the percentage varies by 
case origin, being higher in neurosurgical series) (El-
Kady et al., 2021). The presence of the parasite itself, 
ependymal inflammation, or residual fibrosis are the 
three factors that induce this illness, which is linked 
to the parasite’s placement in the cerebral ventricles or 
basal cisterns, which impedes the circulation of CSF 
(Garcia et al., 2014a).
Cysticercosis does not cause significant symptoms 
outside the CNS. Subcutaneous cysticercosis is 
characterized by small, movable, painless nodules 
most commonly seen on the arms or chest (Lobo 
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et al., 2021). The nodules swell and hurt and become 
inflamed after a few months or even years, and 
then they eventually go away. In Asia and Africa, 
subcutaneous cysticercosis is extremely common, 
whereas it is uncommon in Latin America (Lobo et al., 
2021). The diagnosis of cysticercosis can be confirmed 
by subcutaneous nodule cytology or fine needle biopsy 
(Kala and Khare, 2014). Muscle cysticercosis is caused 
by radiography performed for purposes unrelated 
to the underlying cause. It manifests as pinpoint or 
ellipsoidal calcifications that follow muscle bundles 
in the arm or thigh (Gupta et al., 2014). After several 
years of radiological follow-up, 75% of patients with 
neurocysticercosis displayed muscle calcification 
in a traditional series; however, this study has not 
been repeated using more sensitive computerized 
tomography (CT) scanning (Nash and Garcia, 2011). 
Rarely does a patient’s limbs grow due to high parasite 
burden (muscular pseudohypertrophy) (Bhalla et  al., 
2008). Approximately 5% of patients have an infection 
in their heart, which is another infrequent source of 
cysticercosis (Brunetti and White, 2012). Currently, 
there are no symptoms associated with cardiac 
cysticercosis.
Taenia solium is the most prevalent intraorbital 
parasite, although ocular cysticercosis is far less 
frequent than neurocysticercosis, which affects 1%–
3% of all infections (Gonzalez-Alcaide et  al., 2023). 
Most frequently, intraocular cysts are found floating 
freely in the subretinal region or vitreous fluid (Dhiman 
et al., 2017). The severity of retinal tissue damage or 
the onset of chronic uveitis is associated with visual 
impairment. Additionally, cysticercosis can damage the 
conjunctiva, extraocular muscles, or anterior chamber 
(Verma et al., 2016). Cysts in the retroocular area can 
impact the optic nerve or cause proptosis in some 
patients with severe illness (Dhiman et  al., 2017). 
The use of orbital ultrasonography is a useful and safe 
diagnostic technique (Babalola et al., 2013). Cerebral 
cysticercosis resulting in chiasm compression, 
hydrocephalus, or papilledema may also be linked to 
vision loss (Coyle and Tanowitz, 2009).
Diagnosis
Neuroimaging, serological tests, and a thorough 
clinical examination are good methods for diagnosing 
cysticercosis (Coyle and Tanowitz, 2009). Every 
technique has advantages and disadvantages; some are 
better at identifying different phases of cysticercosis 
infection (calcified cysts and cysts). Anti-T. solium 
antibodies or specific T. solium antigens can be 
detected in the blood, urine, and CNS using serological 
techniques (Rodriguez et al., 2009). Antibody testing 
specific to T. solium cannot differentiate between 
exposure to a prior infection and the present infection. 
Specific antibodies against the lentil lectin-purified 
glycoprotein antigen (LLGP-EITB) of T. solium were 
detected using enzyme-linked immunoelectrotransfer 
blotting (EITB) (Arroyo et al., 2018). 

EITB has an almost 100% sensitivity in patients 
with several parenchymal cysts or subarachnoid 
neurocysticercosis but only 60%–70% sensitivity in 
patients with a single calcified cyst or parenchymal 
lesion (White et al., 2018). IgG is the immunoglobulin 
target used in the enzyme-linked immunosorbent assay 
(ELISA) for the detection of T. solium antibodies using 
crude or refined parasite antigen extracts; nevertheless, 
its specificity and sensitivity are typically lower than 
those of EITB (Kabululu et  al., 2020). However, 
specific ELISA is helpful for extraparenchymal 
cyst diagnosis and treatment evaluation (Garcia 
et  al., 2014a). Monoclonal antibody-based antigen 
capture ELISA (Ag-ELISA) can detect circulating 
cysticercus antigens (Kabululu et  al., 2020). This 
test only detects the presence of living, active cysts. 
Ag-ELISA can be used in conjunction with antibody 
detection tests to distinguish between dead larvae 
and live parasite infection in degenerating cysts; 
intraparenchymal neurocysticercosis is linked to low or 
undetectable antigen levels, whereas extraparenchymal 
neurocysticercosis is linked to high antigen levels.
The gold standard for diagnosing neurocysticercosis 
is neuroimaging; however, this technology is either 
unavailable or too expensive in many regions where 
the disease is widespread (Butala et  al., 2021). 
Cysticerci are visualized in the CNS via magnetic 
resonance imaging (MRI) or computed tomography 
(CT), which provides information on the number of 
cysts, lesion morphology, stage of cyst evolution, and 
degree of host inflammatory response to the parasite 
(Nash and Garcia, 2011). The most popular diagnostic 
imaging method when it is available is CT, particularly 
in underdeveloped nations. However, intraventricular 
cysts, which account for up to 22% of all cases of 
neurocysticercosis, are easier to detect with MRI than 
with CT (Butala et al., 2021).
To improve diagnosis in non-endemic areas where 
neurocysticercosis is frequently disregarded and to 
eliminate false-positive diagnoses in endemic areas 
(from serological testing), Del Brutto et  al. (2017) 
updated their diagnostic criteria for neurocysticercosis 
to incorporate neuroimaging. According to the 
updated diagnostic criteria, a definite diagnosis 
of neurocysticercosis requires the presence of the 
tapeworm soleus (head) on the scan, and neuroimaging 
is necessary to make this diagnosis. The high expense 
of imaging prevents early and sequential scanning; 
neuroimaging is unavailable in many endemic 
locations, and radiologists’ training for accurate scan 
interpretation can be challenging in underdeveloped 
nations (Dhesi et al., 2015).
Transmission
An infection with T. solium tapeworm can be 
transmitted by eating raw or undercooked pork that 
has been infected (Pray et  al., 2020). There are not 
many clinical signs of tapeworm infections. Pigs can 
contract tapeworms from the eggs released in the feces 
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of tapeworm carriers (Pray et al., 2017). Ingestion of 
T. solium eggs by a person (via the fecal–oral route, 
contaminated food or water, or close contact with a 
carrier) or close contact with a carrier can also result in 
infection with the larval parasite in the tissues, which 
causes human cysticercosis (Symeonidou et al., 2018). 
Additionally, a person infected with tapeworms may 
autoinfect themselves with the worms’ eggs, which 
might result in cysticercosis (Ito et  al., 2016). The 
muscles, skin, eyes, and CNS can also harbor larvae 
(cysticerci) (Kraft, 2007). The disorder is known as 
neurocysticercosis, and it involves the formation of 
cysts in the brain.
Risk factors
In many underdeveloped nations, cysticercosis is more 
common because of a number of risk factors. This 
illness is caused by low socioeconomic status (Aung 
and Spelman, 2016). Individuals with pork tapeworms 
in their intestinal lumen, pigs, poverty, and cultural 
factors are the main causes of this disease (Kungu 
et al., 2015). Most cases of this disease occur in rural 
regions with poor sanitation and no facilities for meat 
inspection (Wilson et  al., 2023). Numerous factors 
contribute to the disease’s human transmission, such as 
the use of untreated or partially treated human waste in 
agriculture, incorrect food handling, ignorance of the 
infection risk when visiting endemic areas, and eating 
raw or undercooked meat (Wu et al., 2017). All phases 
of the parasite life cycle are affected by human activity. 
Pork tapeworms in the intestinal lumen of humans are 
a cause of environmental contamination (Jansen et al., 
2021). Some of the risk factors related to pigs include 
the type of diet, source of water supply, failure to 
deworm the pigs, procurement of replacement piglets, 
source of income for farmers, and way pigs handle raw 
feces (Kungu et al., 2017). One of the key aspects of 
pig breeding is pig farming, particularly in places with 
inadequate or nonexistent restrooms (Kajuna et  al., 
2022). 
Public health importance
An estimated 50 million people worldwide suffer from 
cysticercosis, which is common in Latin America, 
Asia, and parts of Africa (Sorvillo et  al., 2011). 
Immigrants from endemic regions, especially Latin 
America, frequently present with the disease when 
they arrive in the United States (Arsuaga et al., 2024). 
Cysticercosis has recently received considerable 
attention as a significant preventable cause of epilepsy 
and a neglected infection linked to poverty in the United 
States. Reports of autochthonous infections have 
highlighted the importance of this parasite infection 
as a public health issue in the United States (Hotez, 
2008). Schantz et al. (1992) verified this tendency by 
describing a cysticercosis outbreak that occurred in 
1990–1991 in an Orthodox Jewish community in New 
York City. 

Economic impact
Because neurocysticercosis mainly affects older adults 
and children, prolonged impairment is predicted to 
have serious economic repercussions. Pigs infected 
with T. solium are responsible for 4.7% to 26.9% of 
total pig farming expenses, resulting in losses of €10 
million and US$18.6 to US$34.2 million annually, 
respectively, according to global economic impact 
research (Bulaya et  al., 2015). According to Fleury 
et  al. (2012), hospitalization of newly diagnosed 
cases of neurocysticercosis alone costs Mexico 
$15 million annually. The costs of continuing 
antiepileptic medication therapy for epilepsy caused by 
neurocysticercosis, as well as other long-term expenses, 
are not available. Even after being deemed cured, 
patients with calcified cysticercosis may continue to 
have seizures or other neurologic morbidities for years 
(Bustos et  al., 2021). Taenia solium not only causes 
serious illness but also costs the swine business a lot 
of money (Lightowlers et  al., 2016). For instance, 
Mexico has lost almost half of its national investment 
in pig production due to swine cysticercosis, and the 
projected annual costs from meat damage are $43 
million (Bhattarai et al., 2019).
Treatment
Chemotherapy, surgical excision of the cyst, and 
symptomatic treatment (with or without cyst removal) 
are the available therapeutic options. Usually, therapy 
consists of giving a mix of drugs to treat the cyst and 
drugs to alleviate its symptoms. It is possible to treat 
human tapeworm infections using niclosamide (Chen 
et  al., 2018). Treatment options for adult T. solium 
worms include 2 g of niclosamide, 5 mg/kg BW of 
paromomycin, 7–10 mg/kg BW of quinacrine, and 3–4 
mg/kg BW of oxfendazole (Pawlowski, 2006).
For older than 30 years, intestinal nematodes, 
cysticercosis, and schistosomiasis have been 
regularly managed with the anthelmintic medications 
praziquantel and albendazole (Hong, 2018). 
Albendazole and praziquantel are currently the only 
medications available for treating neurocysticercosis, 
despite modifications to the recommended dosages 
(Matthaiou et al., 2008). Pregnant women should not 
take albendazole; however, children older than 2 years 
can receive lower dosages (Gyorkos and St-Denis, 
2019). Praziquantel is recommended for expectant 
mothers and can be taken by both children and pregnant 
women (Friedman et  al., 2018). Due to inadequate 
absorption, neither medication is 100% effective; 
albendazole has an oral absorption rate of less than 5% 
(though this rises to 25% when taken with a high-fat 
meal), whereas praziquantel has an oral absorption rate 
of 80% (Butala et al., 2021).
Praziquantel is quickly absorbed and is recommended 
at a dose of 50 mg/kg/day for 10–14 days. Albendazole 
is typically administered for 10–14 days at a dose of 
15 mg/kg/day (White et  al., 2018). A 30-day course 
of extended albendazole treatment may be required in 
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severe cases and in certain parenchymal cases (Sugianto 
et  al., 2023). In terms of reducing live cysticerci, 
albendazole was administered at levels with or better 
than praziquantel in comparative clinical trials. It has 
been demonstrated that the frequency of generalized 
seizures is decreased for 30 months following therapy 
with albendazole at a dose of 15 mg/kg/day for 10 
days, followed by a dose of 6 mg dexamethasone to 
minimize inflammation (Butala et al., 2021).
Albendazole, which is more often recommended than 
praziquantel, is more effective against extraparenchymal 
forms and penetrates the CSF more effectively 
(Matthaiou et  al., 2008). These medications may 
exacerbate the symptoms of intracranial hypertension 
and cysticercotic encephalitis in certain patients. In 
certain situations, treatment with a combination of 
both medications may be the best option because some 
patients respond better to one medication than the 
other. According to Garcia et al. (2014b), albendazole 
plus praziquantel treatment enhanced the cysticidal 
effects of individuals with numerous brain cysts while 
reducing drug-induced adverse effects. However, 
frequent prescriptions of anthelminics can increase the 
risk of resistance.
Vaccination
Due to the occult nature of the infection, which makes 
it difficult to identify tapeworm carriers, and the 
low morbidity associated with intestinal infection, 
cysticercosis is not currently immunologically or 
logistically susceptible to vaccination (Hossain et al., 
2023). Since little is known about the immunological 
response to human cysticercosis, protective or 
therapeutic vaccination against the disease has not 
been commonly regarded as an acceptable strategy in 
endemic locations (Singhi and Saini, 2016). Humans 
do not appear to have protective immunity against 
cysticercosis, and there is little chance that humans will 
ever be vaccinated against this parasite.
Vaccinating pigs is an alluring way to disrupt the 
parasite life cycle. This endeavor has made significant 
strides. Vaccines derived from cysticercoid extracts 
have shown promise in field testing, and recombinant 
vaccines might work well in controlled settings (Toledo 
et al., 1999). Fast advancements in the sequencing and 
comparison of T. solium and related parasite antigens 
have led to the creation of more potent T. solium 
vaccines (Gauci et al., 2013). It is possible to prevent 
human infection and pig transmission by vaccinating 
pigs with a combination of the recombinant antigens 
TSOL16 and TSOL18 (Jayashi et al., 2012).
Control
Taenia solium mainly spreads in rural settings where 
diseased pork is readily available and pigs have access 
to untreated human waste or feces (García et  al., 
2003). Symptomatic neurocysticercosis is believed to 
affect 400,000 people in Latin America alone (Bern 
et  al., 1999). Cysticercosis has been eliminated in 
more through improved sanitation and restrictions on 

domestic pig husbandry (Kabululu et al., 2023). There 
is an urgent need for intervention methods for control 
and eradication because minimal socioeconomic 
development is anticipated in endemic areas in the 
foreseeable future. No intervention has effectively 
and sustainably blocked transmission to date. In the 
majority of endemic nations, diagnostic techniques 
are slaughterhouse inspections and seizures (Aung and 
Spelman, 2016). The majority of pigs in these regions 
are killed covertly. Slaughterhouse checks might miss 
the majority of mild illnesses because each carcass 
is only sliced a few times to preserve its commercial 
worth (García et  al., 2003). This strategy does not 
prevent the spread of contaminated pork but rather 
incentivizes farmers to kill pigs illegally.
In terms of transmission, only infected pork and 
tapeworm carriers were significant. Although 
neurocysticercosis is a public health concern, it does 
not represent a public health issue unless individuals 
also have intestinal tapeworms (Garcia et al., 2014a). 
Human cysticercosis can be prevented by treating 
the entire population or by identifying and treating 
tapeworm carriers (Sorvillo et al., 2011). Inspections at 
slaughterhouses can help stop the spread of the disease 
by preventing the sale and consumption of contaminated 
pigs (Edia-Asuke et  al., 2014). In Mexico, health 
education tests alone have yielded encouraging but 
insufficient results (Bhattarai et  al., 2019). Although 
there was a significant increase in knowledge about the 
disease, risky behaviors (such as hand washing, field 
defecation, and pig herding) remained constant (Ngowi 
et al., 2017). The long-term consequences of acquired 
knowledge motivate health education. Infections in 
pigs can be controlled by mass anthelmintic therapy 
or, if vaccination is effective, by immunizing the pig 
population (Ouma et al., 2021). Given that the target 
population is comprised of remote endemic areas, the 
high cost of vaccines will surely deter the vaccine 
strategy. To achieve sustained control, any combination 
of actions must guarantee community collaboration.

Conclusion
Cysticercosis is a disease caused by the larvae of T. 
solium and is a significant public health problem, 
especially in developing countries, with serious health 
and economic impacts. Effective management of this 
disease is essential for reducing its prevalence and risk 
and for protecting public health.
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