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Abstract. The lentil lectin glycoprotein enzyme-linked immunoelectrotransfer blot (LLGP EITB, reported sensitivity
99% and specificity 100%) is used as a serologic marker of exposure to Taenia solium in pigs. However, only a limited
number of parasites have been evaluated for cross reactivity. Pigs may host other related cestode infections, including
Taenia hydatigena,which have not been formally evaluated for cross-reactions.We investigated a corral in Tumbes, Peru,
a region where a cysticercosis elimination demonstration project was completed in 2012. In this corral, 14/19 (73.7%)
6–8-week-old piglets were reactive to GP50 on LLGP EITB, and all had circulating Taenia sp. antigens. From eight
necropsied piglets; four were infected with T. hydatigenametacestodes whereas none had evidence of T. solium infection.
Two resident dogs were subsequently confirmed to have T. hydatigena taeniasis. These results suggest GP50 cross-
reactivity in T. hydatigena-infected pigs, although controlled experimental infection is needed to confirm this hypothesis.

INTRODUCTION

Taenia solium is a zoonotic cestode that causes seizures in
humans and agricultural losses due to contaminated pork.
Serologic testing for the metacestode stage of the parasite in
pigs plays an important role in understanding transmission
and in monitoring control interventions.1–6 One commonly
used diagnostic assay for this purpose is the lentil lectin gly-
coprotein enzyme-linked immunoelectrotransfer blot assay
(LLGP EITB), which uses a semipurified fraction that contains
sevennativeT. soliumglycoprotein antigens (GP50,GP42-39,
GP24, GP21, GP18, GP14, and GP13, the number indicating
the molecular weight in kDa).7 Reaction to one or more of
these diagnostic bands indicates the presence of circulating
antibodies resulting from infection with or exposure to
T. solium metacestode. The test was initially reported to be
100% specific to T. solium metacestode stage in pigs, al-
though only a small number of sera from pigs with other
helminth infections (Ascaris, Trichuris, Trichinella, Echino-
coccus granulosus, and Fasciola hepatica) have been
tested.8 Pigs may host other related cestode infections,
including T. hydatigena, which have not been formally evalu-
ated for cross-reactions.
In an ongoing study in Tumbes, Peru, we purchase sero-

negative piglets from community corrals to use as sentinels in
an experiment evaluating environmental egg contamination.9

Tumbes is unique because in 2012, we completed a suc-
cessful project which eliminated cysticercosis from all 107
rural villages in this region. To ensure that the sentinel pigs
have not been exposed to T. solium, we use both LLGP EITB
and the monoclonal antibody–based B158/B60 Ag-detection
enzyme-linked immunosorbent assay (ELISA) to screen the
piglets before purchase.8,10,11 In 2016, we encountered a
corral in which 14/19 (73.7%) tested piglets were seropositive
on LLGP EITB, all of which were reactive only to the GP50

diagnostic band. All 19 piglets were also positive to the Ag-
ELISA suggesting active Taenia sp. metacestode infection.
Thiswas in stark contrastwith other corrals in thearea inwhich
sporadic reactivity to GP50 had been noted, but usually not in
association with the presence of circulating antigens. In this
manuscript, we describe the result of an investigation to
evaluate the potential source of seropositivity in this corral.

MATERIALS AND METHODS

This investigation took place in the district of Zarumilla,
Tumbes, Peru. The owners of the landmaintain their own pigs
in a discrete corral with concrete floors and walls, and rent
space for others to build separate corrals to raise pigs and
goats. In October 2016, we took a blood sample from all 19
piglets present in the owner’s corral that were between the
ages of 6–8 weeks. Pig sera were analyzed by LLGP EITB for
the presence of antibodies against T. solium metacestodes
and by B158/B60 Ag-ELISA for the presence of Taenia sp.
antigens as previously described.8,10

After reviewing the results of the LLGP EITB and Ag-ELISA,
we returned to the corral 6weeks later and offered to purchase
all piglets that had been tested. Those purchased were
transferred to the animal facilities at the Center for Global
Health Tumbes where they were anesthetized using in-
tramuscular ketamine (5 mg/kg)/xylazine (0.1 mg/kg) and then
euthanized by intravenous sodium pentobarbital (100 mg/kg).
The entire carcass was inspected for the presence of meta-
cestode infection. All skeletal muscle tissue was systematically
dissected using fine cuts less than 0.5 cm to detect viable,
degenerating, or calcified cysts; organs including heart, liver,
lungs, esophagus, and intestines were also examined.
We arranged collection and screening of stool for humans

residing near the corral in accordance with the Tumbes Re-
gional Directorate of Health postelimination surveillance
guidelines. Whole stool samples were inspected visually for
the presenceof tapewormsegments or proglottids. Tenmilliliter
fecal aliquots in phosphate buffered saline 5% formaldehyde
were then evaluated by light microscopy for the presence of
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Taenia sp. eggs before and after concentration, and by
ELISA for the detection of coproantigens as previously de-
scribed.12 Resident dogs were restrained and administered
4 mg/kg of arecoline hydrobromide purgative, with a second
dose of 2 mg/kg given if there was no purgative effect after
30 minutes.13 Postpurgative fecal samples were mixed with
saline 5% formaldehyde, passed through a sieve, and exam-
ined visually for the presence of helminths. Cestodes were
preserved in 70% ethanol. We used various morphologic
parameters, including characteristics of rostellar hooks, to
identify the species of the adult-stage cestodes. For confir-
mation,weusedpolymerasechain reaction toamplify a 392-bp
fragment of the cytochrome c oxidase subunit 1 gene (cox1)
using primers JB3 and JB4.5, then sequenced the PCR -
products using an ABI 3100 automated sequencer (Applied
Biosystems, Foster City, CA).14,15 The genetic identity was
determined based on the alignment of the nucleotide se-
quences of the cox1 gene.16

The protocol was approved by the Institutional Committee
for the Ethical Use of Animals at UniversidadPeruanaCayetano
Heredia and at Universidad Nacional Mayor de San Marcos.
Treatment of animals adhered to the Council for International
Organizations of Medical Sciences International Guiding
Principles for Biomedical Research InvolvingAnimals. Screening
of human stool was conducted in accordance with the Tumbes
Regional Directorate of Health postelimination guidelines for
surveillance of taeniasis and porcine cysticercosis.

RESULTS

We were able to purchase nine of the original 19 piglets,
including seven that were reactive to GP50 and two that were
nonreactive to GP50. The other 10 had been sold andwere no
longer available. One piglet died of presumed viral infection
and was not evaluated further. The remaining eight piglets
underwent necropsy and none had evidence of T. solium in-
fection (Table 1). However, 4/6 (66.7%) GP50-reactive piglets
and 0/2 (0%) GP50-nonreactive piglets were found to be in-
fected with T. hydatigena metacestodes (Figure 1).
There were four people who cared for the pigs in the corral;

the fecal samples were tested from all four, and none had
taeniasis. There were eight resident dogs near the corral. We
were able to capture five dogs and two were found to harbor
adult-stage T. hydatigena tapeworms, including one with six
worms and one with four worms. The scoleces had a globular
form 765 to 1,085 μm in diameter and six suckers of 361–370 μm
at maximum width. The rostella were 377–408 μm in diameter

and had two rows of hooks; large hooks were 193–207 μm in
length whereas small hooks were 125–152 μm in length. The
nucleotidesequencesweremore than99%similar tosequences
of T. hydatigena that had been previously published and regis-
tered in the GenBank.

DISCUSSION

This investigation suggests that T. hydatigenametacestode
infection in pigs canprovoke anantibody responseagainst the
GP50 diagnostic band on LLGP EITB. Although controlled
experimental infection is required for definitive confirmation of
this hypothesis, our findings are strongly suggestive of cross-
reactivity to this parasite. Taenia hydatigena metacestodes
were confirmed in the 4/6 (66.7%) pigs reactive to GP50
whereas T. solium metacestodes were not found. Since the
completion of the elimination demonstration project 4 years
prior there have not been reports of porcine cysticercosis in
this area. In addition, a probable source of exposure to
T. hydatigena eggs was confirmed in two dogs that lived
nearby the corral and were infected with T. hydatigena tae-
naiasis. On the contrary, no T. solium taeniasis was found
among nearby humans.
The LLGP EITB assay in pigs is often used in epidemiologic

studies to identify regions where T. solium transmission
occurs and in trials to monitor the progress of control
interventions.1–6 Seropositivity has also been used to select
pigs with increased likelihood of detecting viable T. solium
cyst infection for necropsy.9 The high reported specificity
of the LLGP EITB in pigs has been viewed as an advantage
over the use of antigen detection assays as these are known
to cross-react with the metacestode stage of other Taenia
sp. that infect pigs.17,18 This is particularly important for
T. hydatigena which is frequently coendemic to T. solium and
often more prevalent.19 It is important to note that in this

TABLE 1
Serologic and necropsy results of nine piglets from Zarumilla,
Tumbes, Peru

Pig

LLGP-EITB,
number
of bands GP50 Ag-ELISA

Optical
density
ratio Necropsy

1 0 Nonreactive Positive 49.27 Normal
2 0 Nonreactive Positive 22.78 Normal
3 1 Reactive Positive 2.97 Normal
4 1 Reactive Positive 8.80 Normal
5 1 Reactive Positive 67.80 Taenia hydatigena
6 1 Reactive Positive 67.80 T. hydatigena
7 1 Reactive Positive 66.66 T. hydatigena
8 1 Reactive Positive 64.76 T. hydatigena
9 1 Reactive Positive 15.93 Not done
LLGP-EITB = Lentil lectin glycoprotein enzyme-linked immunoelectrotransfer blot.

FIGURE 1. (A) ScolexofTaenia hydatigenacollected fromdog feces.
Scale bar = 500 μm. (B) Taenia hydatigena metacestode collected
from a GP50-positive pig during necropsy. Scale bar = 2 cm. (C)
Scolex of Taenia solium. Scale bar = 500 μm. (D) Taenia solium met-
acestode in a naturally infected pig. Scale bar = 2 cm. This figure
appears in color at www.ajtmh.org.
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investigation, there was no evidence of cross-reaction to any
of the other diagnostic glycoprotein antigens. However, until
the specificity of the different glycoprotein antigens used in
LLGPEITBcanbe verified, the results of the LLGPEITB in pigs
should be interpreted with caution. It is important to note that
although necropsy is the gold standard, it is possible that
small cysts may escape detection, which could explain
the lack of cysts in four pigs that were positive to Ag-ELISA.
Finally, it is also important to stress that T. hydatigena is not
known to infect humans, so these findings cannot be gener-
alized to the interpretation of the LLGP EITB in the diagnosis
of human neurocysticercosis.
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