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MORPHOLOGY AND LIFE CYCLE OF  
TAENIA SOLIUM

Taenia solium (Fig. 1) is the parasite that causes human and 
swine cysticercosis. Human cysticercosis is a disease related to 
underdevelopment and poverty. It is found in countries and 
regions with inadequate sanitary infrastructure and insufficient 
health education. The life cycle of the parasite includes the 
adult stage, the egg, and the larval stage (cysticercus) [1,2]. 
When a person ingests raw or semi-cooked pork meat with 
cysticerci, the scolex evaginates and attaches with its double 
row of 22 to 32 hooks and its 4 suckers to the mucosa in the 
upper third section of the small intestine, which is the duode-
num-jejunum, and in 3-4 months transforms into a fully de-
veloped adult tapeworm. Intestinal taeniosis almost never in-
duces symptoms. T. solium tapeworms measure 1-5 m long, 
and the scolex is followed by the neck, from which the strobila 
is formed, resembling a ribbon formed by 700 to 1,000 im-
mature, mature, and gravid proglottids. The immature proglot-
tids have not yet developed sexual organs while the gravid 
proglottids resemble sacs full of eggs. Mature proglottids are 

found between immature and gravid ones. Tapeworms are 
hermaphroditic organisms because each mature segment con-
tains 350 to 600 testes and 3 ovary lobes. Gravid proglottids 
are released with feces, starting at 3-5 months after infection, 
and each proglottid contains between 50,000 and 60,000 eggs, 
located inside the multilobulated uterus. As proglottids are lo-
cated farther away from the scolex they become bigger; mature 
proglottids measure 2.1 to 2.5 mm long and 2.8 to 3.5 mm 
wide, while gravid segments measure 3.1 to 10 mm long and 
3.8 to 8.7 mm wide. Eggs are spherical and have a radial ap-
pearance. They range in size from 26 to 34 μm while cysticerci 
and adult worms are macroscopic and have a similar scolex 
that measures 0.6 to 1.0 mm. Eggs are conformed by the on-
coshpere, or hexacanth embryo, and the embryophore that 
surrounds it. When swine ingest eggs, bile and enzymes disag-
gregate the embryophoric blocks and digest the oncospheral 
membrane; in this way the oncosphere, with the aid of its hooks 
and enzymes, can cross the mucosa and circulate until it trans-
forms into the larval stage. 

Cysticerci establish primarily in the skeletal and cardiac mus-
cles, as well as in the brain of pigs, a process that takes approxi-
mately 3 months. They remain viable for at least 1 year, when 
pigs are usually sent to slaughter. In humans, 2 morphologic 
types develop; cellulose and racemose type cysticerci [3]. The 
former is a small, spherical or oval, white or yellow, vesicle 
that measures between 0.5 and 1.5 cm and has a translucent 
bladder wall, through which the scolex can be seen as a small 
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solid eccentric granule. This type of cysticerci is generally sepa-
rated from the host tissue by a thin collagenous capsule, with-
in which it remains alive. Pigs contain only this type of cysti-
cerci. The racemose cysticercus appears in the human brain ei-
ther as a large, round, or lobulated bladder circumscribed by a 
delicate wall, or resembles a cluster of grapes, and measures up 
to 10 or even 20 cm and may contain 60 ml fluid. Interesting-
ly, the scolex cannot be seen, and in some cases only detailed 
histological studies reveal its remains. Cellulose type cysticerci 
are conformed by 2 chambers; the inner one contains the sco-
lex and the spiral canal and is surrounded by the outer com-
partment that contains the vesicular fluid, usually less than 0.5 

ml. When a person ingests a living cysticercus, the first event 
that takes place is the widening of the pore of the bladder wall 
for the scolex and neck to emerge, leaving the bladder wall 
and vesicular fluid to disintegrate in the digestive tract [4]. It 
becomes the definitive host (Fig. 2).

The domestic pig is the intermediate host because it harbors 
the cysticercus; however, humans can acquire cysticercosis after 
accidentally ingesting T. solium eggs. Cysticerci in humans de-
velop mainly in the central nervous system, eyes, striated and 
heart muscles, and subcutaneous tissues. In the brain, parasites 
can be found in the parenchyma, subarachnoid tissues, and 
ventricles [5]. Clinical manifestations are pleomorphic, and 
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Fig. 1. Three human Taenia tapeworms showing details in morphologic features and size range (This figure has been modified from Fig. 
1 of Flisser et al., Portrait of human tapeworms. J Parasitol 2004; 90: 914-916).
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depend on the location, number, and stages of the lesions as 
well as characteristics of the immune response of the host. The 
most frequent are epilepsy and hydrocephalus. In skeletal mus-
cles, parasites can be palpated when superficial, or seen in X-
rays as white dots or nodules, but generally they do not inter-
fere with the muscle function, except in massive infections, 

when they cause muscle pseudo-hypertrophy with intense in-
flammation and pain. In cardiac muscles, cysticerci may devel-
op myocardiopathy. In the eye, parasites are found in the sub-
retinal space, close to the macula, vitreous fluid, or anterior 
chamber. Inflammation may cause blindness or decreased vi-
sion secondary to proliferative vitreo-retinopathy and retinal 
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Fig. 2. Life cycles of the 3 human Taenia tapeworms (This figure has been modified from Fig. 1.2 of Flisser et al., Biology of Taenia soli-
um, T. saginata, and T. asiatica. In Murrell KD ed, WHO/FAO/OIE Guidelines for the surveillance, prevention, and control of taeniosis/cys-
ticercosis. 2005, pp 1-9).
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detachment.
Although some books state that tapeworms can survive for 

about 25 years in the human intestine, recent experience indi-
cates that T. solium remains only for around 1 year releasing 
along this time a few gravid proglottids in feces 2-3 times a 
week [2]. Interestingly, the prevalence of taeniosis among pa-
tients with neurocysticercosis (NCC) is higher than previously 
reported. In addition, a clear association between the presence 
of taeniosis and the severity of NCC has been reported, since 
most massive cerebral infections (with more than 100 cysticer-
ci) were present in patients who harbored the adult tapeworm 
in the intestine. Therefore, the perception that tapeworms are 
silent guests, causing no harm to humans, is erroneous and 
tapeworm carriers should be regarded as potential sources of 
contagion to themselves and to those living in their close envi-
ronment [6]. 

Taenia asiatica differs from Taenia saginata and T. solium in 4 
aspects [2]; 1) The scolex has 2 rows of rudimentary hooklets, 
which is considered as a wart-like formation. 2) The number 
of the lateral branches of the uterus is different and allows 
identifying if the proglottids belong to T. solium (7-11 branch-
es), T. saginata (14-32 branches), or T. asiatica (12-26 branch-
es). 3) T. asiatica cysticerci in pigs are not found in muscles, 
they can be recovered from the liver, omentum, serosa, and 
lung. 4) T. asiatica does not cause NCC in humans.

ANTI-T. SOLIUM ANTIBODIES IN PEOPLE AND 
PIGS

Between 1940 and 1970, necropsy reports in Mexico indi-
cated that around 2% of adults had NCC [7,8], and between 
50 and 80% of them had no symptoms. In 1972, when I start-
ed my Ph.D. project, no computed tomography or magnetic 
resonance existed, and the only diagnostic procedure was us-
ing the cerebrospinal fluid, where antibodies by complement 
fixation and increase of eosinophils by differential count of 
blood cells, were the only methods to suggest cysticercosis in 
patients with neurologic symptoms such as convulsive crisis or 
hydrocephalus. Therefore, along the next 20 years, immuno-
electrophoresis, enzyme immunoassays, including ELISA, and 
western blot were standardized with the aim of defining the 
real magnitude of T. solium in Mexico by detecting specific anti-
cysticercus antibodies in serum [7,9-13].

Immunoelectrophoresis was the first technique used in com-
munities [14,15]; 1,610 samples obtained from 9 communi-

ties, mostly rural, in the state of Chiapas were analyzed. Inter-
estingly, in spite of the low sensitivity of immunoelectropho-
resis (50%), its high specificity (100% because practically no 
echinococcosis is found in Mexico) allowed to identify a clear 
correlation. Communities with less than 4,000 inhabitants 
had 1-8% seropositivity, while populations with up to 35,000 
citizens had 1% or less antibody frequency; indicating that the 
parasite was more frequent in small, and thus less developed, 
towns [7]. Afterwards, a study performed in 20,000 samples 
from a national survey, we were able to identify by immuno-
electrophoresis a central area in Mexico in which people had 
between 0.6 and 1% of anti-cysticercus antibodies; remark-
ably, this geographic area, called “El Bajio” is the most impor-
tant pig breeding area in Mexico for national consumption of 
pork meat [16]. 

A few years later in a small field practice for a group of epi-
demiology students, we identified the main risk factor for ac-
quiring cysticercosis; the tapeworm carrier, probably my main 
contribution to science [17]. This was recognized because there 
were “clusters” in the community (125 inhabitants) where peo-
ple with convulsive crisis and/or antibodies by ELISA and pigs 
with cysticerci in the tongue lived close to a tapeworm carrier 
[17]. This finding was confirmed in other studies. 

A survey was performed in a soldier camp in Mexico City, 
blood and fecal samples from 1,000 militaries and their fami-
lies were analyzed for T. solium serum ELISA antibodies, copro-
antigen ELISA, and coproparasitoscopic detection of eggs [18]. 
Demographic results were gathered in relation to positivity to 
any assay; 86.7% of family members of positive soldiers ate in 
street food stores, as compared to 62.5% of family members of 
negative soldiers, while having a history of proglottid release 
was 12% vs 3.7% in the same family groups [18]. These results 
confirmed the importance of a tapeworm carrier in the house-
hold. 

Probably the study that was better known around the world, 
but certainly was not the first one, was that with the 4 families 
of Orthodox Jews that along 2 years each had a member that 
had convulsive crisis, which was confirmed at the Center for 
Disease Control, Atlanta, USA as due to NCC [19]. It took a 
big effort to Dr. Peter Schantz to identify the risk factor, be-
cause being Orthodox they did not want to know anything 
about “the pig tapeworm”. He found out that they spent the 
previous vacation together and took with them a maid from 
Mexico, and obtained the data from the maid; we fetched her 
in the state of Puebla and identified that she had a tapeworm, 
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her brother and son had NCC; also 7 other asymptomatic mem-
bers from the Jewish families were antibody positive by west-
ern blot [19]. Thus, 1 tapeworm carrier in the household, who 
cook ed and most probably had inadequate hygienic habits, 
infected 13 people.

EVALUATION OF INTERVENTION MEASURERS 
FOR CONTROL

Starting 1990 we performed studies with the support of the 
International Development Research Center, Ottawa, Canada 
in order to evaluate different intervention measures for control 
of human cysticercosis; health education related to the life cy-
cle of T. solium and the risk factors for acquiring cysticercosis, 
as well as mass treatment with praziquantel against taeniosis 
[7,20-24]. A huge field study was established along 2 years in 
which all the inhabitants of 3 communities (around 3,000 in 
each) were asked for blood and fecal samples; in depth socio-
logical interviews were performed in 10% of the people in or-
der to develop the educational intervention. Praziquantel (kin-
dly donated by Merck Mexico) was provided in 2 communities 
and health education in the other 2, in such a way that 1 com-
munity received only the cestocide drug, 1 only the education 
program, and 1 community both measures. Praziquantel was 
used at 5 mg/kg weight instead of 10 mg/kg in order to avoid 
neurologic exacerbation if cysticerci were lodged in the brain 
[23]; but unfortunately its cestocidal effect was also reduced to 
54% instead of the 95% expected [20]. In contrast, health edu-
cation was so effective that no pigs born after the intervention 
had cysticerci up to 40 month after this measure was imple-
mented. This formidable effect could be due to the fact that 
people learned that if their pigs had no access to human feces 
(in latrines, garbage, or due to free roaming) they would not 
acquire the disease, and thus could be sold in a better price. 

A recombinant vaccine against swine cysticercosis, named 
TSOL18, was produced by Dr. Marshall Lightowlers, and was 
evaluated in Mexico [25,26], and later on in Peru [6] and Ca-
meroon [26]. This is, up to date, the vaccine against any para-
site with the highest efficiency; 100% of immunized pigs did 
not develop cysticerci after experimental infections with T. soli-

um eggs or in spite of living in highly contaminated environ-
ments.

Another intervention was assessed in a jurisdiction of “El 
Bajio” with more than 750,000 inhabitants, in which doctors 
in health centers were given a small flask with some T. solium 

proglottids, and invited to ask the patients that attended for 
any reason, if they or someone at home released segments as 
those in the flask [27]. Patients were also asked if a member of 
the household had convulsive crisis or if they had “measly 
pigs” at home. To those with a positive answer, praziquantel at 
10 mg/kg was offered. Announcements in walls, radios, news-
papers, and short courses were provided in the entire jurisdic-
tion. The year before and at the end of the year in which the 
intervention took place, annual data were obtained from the 
official disease notification system at the Ministry of Health; 7 
cases vs 41 of taeniosis were detected before and after; also 
NCC increased from 16 to 68 cases and swine cysticercosis 
from 2 to 17, because people became aware of the disease. All 
tapeworm carriers were treated (4 worms were T. solium, the re-
mainings were T. saginata), as expected only 10% of the tape-
worms were T. solium. Patients with NCC were transferred to 
second level hospitals.

I consider that I am closing my research circle on cysticerco-
sis, since this disease has been controlled in Mexico [6]. This 
reflection is based on the dramatic decrease in the frequency 
of human NCC and of human taeniosis that has been taking 
place in Mexico in the last 20 years, according to the official 
national notification system that is collected by the Ministry of 
Health [8]. The explanation for this reduction is based on a se-
quence of events that started with the publications produced 
along the last 40 years by Mexican scientific and medical com-
munities working on cysticercosis. The vast amount of infor-
mation published most probably promoted the establishment 
of a national program for the control of T. solium (Guidelines 
for the Prevention and Control of Taeniosis and Cysticercosis, 
NOM 021 SSA2-1994, 2004) that are obligatory to follow in 
the whole nation, lead by the Ministry of Health. Finally, in 
Mexico, a general improvement of living conditions has taken 
place, which has had a positive impact in the reduction of NCC 
and swine cysticercosis [8].

T. SOLIUM AS COMPARED TO T. ASIATICA

The last aspect of this review is to focus towards comparing 
research related to T. solium and T. asiatica. The main concept is 
to understand the difference between having the disease and 
being a tapeworm carrier. Cruz et al. [28], in their operational 
studies on the control of T. solium taeniasis/cysticercosis in Ec-
uador, calculated that expulsion of a tapeworm by at least 148 
carriers reduced the exposure to T. solium eggs both for man 
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and pigs in the study areas, and considered that with a rela-
tively low reinfection rate, this human reservoir of infection 
would remain diminished for several years. In this way, the 
real disease, NCC, can be controlled.

On the other hand, the group of Jeon et al. [29] described 
that nationwide surveys conducted every 5 years in Korea re-
vealed that the positivity rate for taeniid eggs decreased from 
1.9% in 1969 to 0.02% in 1997, and human taeniosis was no 
more detected in the 2004 survey. Eom et al. [30] also indicat-
ed that during the period of 1998 and 2002, a total of 19,894 
Chinese inhabitants of 3 ethnic minorities in Guangxi Prov-
ince, China were surveyed for Taenia worms. A total of 927 
(4.7%) persons discharged proglottids, and, in 2002, 108 were 
treated, and 117 adult tapeworms were recovered. Using sur-
veys in order to retrieve tapeworms in Asian countries suggests 
that carriers do not attend health institutions for clinical symp-
toms, indicating that taeniosis does not cause a disease.

I personally consider that the 3 species of human tapeworms 
should be dealt as different concepts. T. solium has to be elimi-
nated from carriers because it is the main risk factor for NCC, 
a devastating disease; T. saginata causes minor symptoms due 
to the discharge of proglottids [22,31]. If patients feel the need 
to be treated they can attend any health institution. The adult 
parasites of T. asiatica do not cause disease, since they are not 
associated with symptomatology that requires medical treat-
ment. Therefore, Asian scientists should not thrive towards its 
eradication. 

The 2 most important justifications of my reasoning are: 1) 
In the last few years, clinical and basic studies are demonstrat-
ing with increased numbers of publications and of clinical 
successes that helminths participate in immunomodulating 
the intestinal milieu in order to reduce inflammatory bowl 
diseases (usually referred to as IBD), such as Crohn’s disease, 
that are becoming very prevalent in developed countries around 
the world [32-37]. 2) The world’s biodiversity is being threat-
ened because of the huge human development; there is no 
need to further reduce it.
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