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Abstract. Paragonimiasis is an important but neglected foodborne trematodiasis caused by Paragonimus mexicanus
in Costa Rica. Immunological techniques for diagnosing this parasitosis in humans do not exist in Central America. The
objective of the present study was to use recombinant Paragonimus westermani cysteine protease 7 to standardize an
ELISA for the detection of antibodies against Paragonimus spp. Human sera positive for P. westermani, P. mexicanus, or
Paragonimus spp., human sera infected with other helminths, as well as sera of healthy humans without parasitic infec-
tions, were analyzed. The sensitivity of the ELISA was 92.9%, and the specificity was 91.9%. This report is the first to
describe the development of an ELISA for the diagnosis of Paragonimus spp. in Costa Rica and Central America. Using
this ELISA in the health system of Costa Rica is recommended to detect infections.

Paragonimiasis is a serious foodborne parasitosis caused
by the consumption of raw or poorly cooked crustaceans
containing metacercariae of the genus Paragonimus.1 It is
also considered a neglected disease, causing an estimated
of one million disability-adjusted life years worldwide.2 The
species Paragonimus mexicanus is considered the most
important pathogenic species in Latin America and causes
lung but also ectopic infections, with the central nervous
system being the most affected system.3 Misdiagnosis is
common, and large lung lesions in humans are often inter-
preted as tuberculosis or malignant neoplasms.4,5

The definitive diagnosis of paragonimiasis is based on
detection of eggs by microscopy in feces, sputum, aspirated
fluids, or biopsies; however, the sensitivity is low (28–38%).6

Eggs are eliminated intermittently in the pulmonary form but
not excreted at all in extrapulmonary cases, making the
diagnosis impossible. For this reason, immunological assays
are an important tool for the diagnosis of paragonimiasis.7,8

Immunoblotting and ELISA are the most frequently used
methods, with the latter preferred for being simple and fast;
however, the sensitivity and specificity of the technique
depends on the type of antigen used.9

For the diagnosis of paragonimiasis, different antigens have
been used: crude extracts of the parasite, excretory–secretory
proteins of the parasite, and recombinant proteins (including
cysteine proteases).10 The use of crude extracts of the parasite
has the disadvantage of low specificity because they present
cross-reactions with other parasites that share similar anti-
gens.11 The use of excretory–secretory proteins, especially the
cysteine proteases of the parasite, has been shown to increase
diagnostic sensitivity and specificity.12 Because these proteins
participate in a wide range of biological processes, their detec-
tion establishes an active infection, and they are also species-
specific.13 To date, different recombinant cysteine proteases
have been synthesized and used in the immunodiagnosis of
paragonimiasis.11,14–16 Another advantage is that cysteine pro-
teases are highly conserved, and most species of the genus
Paragonimus have shared antigens, which facilitates the diag-
nosis of a species with the antigen of another species.8

In Costa Rica, paragonimiasis seems to be an underdiag-
nosed disease,17 especially because no immunological techni-
ques are available to diagnose this parasitosis. Previous
research on expression of CPs from Paragonimus westermani
determined that three CPs (CP4, CP7, and CP8) where consis-
tently expressed through the developmental stages of the par-
asite, from metacercaria to adult, while these recombinant
antigens also showed the highest reactivity against serum
samples from P. mexicanus and very low reactivity against
other helminthic infections and normal controls.15 Therefore,
we produced and tested these three recombinant antigens
against serum samples from P. mexicanus via immunoblotting
and identified recombinant P. westermani CP7 (rPwCP7) as
the best candidate for detection of antibodies raised against
P. mexicanus.18 The objective of the present study was to
implement an ELISA using this antigen, which would allow
early diagnosis of human paragonimiasis in Costa Rica.
The DNA sequence coding for the mature peptide of PwCP7

protein (DQ016550, 331-978bp) was codon optimized and sub-
cloned into the BamHI/HindIII sites of pET-28a (1) (Novagen,
Pretoria, South Africa), in frame with the N-terminal His-tag by
GenScript (Piscataway, NJ). Plasmid PwCP7-pET was trans-
formed into chemically competent Escherichia coli BL21 Star
(DE3) cells (Invitrogen, Carlsbad, CA). Cultures were grown in
LB media at 37�C (225 rpm) until OD600 reached 0.8 and were
induced with 1mM IPTG for 3h at 37�C. Cells were harvested
by centrifugation at 5,0003 g for 10min at 4�C and lysed with
B-PER Complete (Pierce, Rockford, IL) containing protease and
phosphatase inhibitor cocktail (Pierce).
Inclusion bodies (IBs) containing rPwCP7 were recovered

from the bacterial lysate by centrifugation at 13,000 3 g for
15min at 10�C. IBs were washed in buffer 1 (2M urea,
100mM Tris, 5mM ethylenediaminetetraacetic acid [EDTA],
5mM dithiothreitol [DTT], and 1% Triton X-100) to remove
impurities and soluble proteins associated with IBs,19 followed
by buffer 2 (2M urea, 100mM Tris) to remove EDTA and DTT.
IBs were solubilized in buffer 3 (100mM Tris, 8M urea) for
1hour at room temperature. After centrifugation at 13,0003 g
for 15minutes at 10�C, the supernatant containing rPwCP7
was stored at220�C.
The solubilized protein was purified by Ni-NTA spin col-

umns (HisPur, Pierce) under denaturing conditions. Removal
of urea and imidazole from the elutions was performed with
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Zeba spin desalting columns (Pierce) using 10mM Tris HCl,
pH 8 and 1mM EDTA buffer, since these components, mainly
urea, can affect antigen-antibody reactions.20 Protein purity
was assessed using sodium dodecyl sulfate–polyacrylamide
gel electrophoresis, and quantification was performed with
Bradford assay kit (Pierce).
Western blot was carried out using the iBlot 2 system (Invi-

trogen) and the polyvinylidene difluoride membrane was
blocked with I-Block (Applied Biosystems, Bedford, MA).
rPwCP7 was detected with the His Tag antibody (GenScript),
alkaline phosphatase-conjugate secondary antibody, and a
chromogenic substrate (Invitrogen).
A total of 14 positive control sera samples from humans nat-

urally infected with P. westermani (n 5 8), and P. mexicanus
(n 5 6) were used that originated from Japan and were diag-
nosed by sequencing the eggs or the preadults and by ELISA.
These sera were kindly provided by Dr. Hiromu Sugiyama,
Department of Parasitology, National Institute of Infectious
Diseases, Tokyo, Japan. As negative control sera, 133 serum
samples from healthy individuals without parasitosis were
used, these were collected in Costa Rica from volunteers with-
out respiratory disease. Finally, human samples negative for
Paragonimus but positive for other helminths (Taenia solium
[n 5 2], Leishmania sp. [n 5 1], Entamoeba histolytica [n 5 6],
Clonorchis sinensis [n 5 10], Shistosoma japonicum [n 5 9],
Toxocara sp. [n 5 1], Toxocara canis [1], Fasciola sp. [n 5 3],
and Spirometra erinaceieuropaei [n5 5]) were also donated by
Dr. Sugiyama.

The ELISA was standardized as follows: polystyrene microti-
ter plates (Corning 2592, Kennebunk, ME) were used, which
were sensitized with the rPwCP7 antigen, diluted in phosphate-
buffered saline (PBS), and adsorbed at a concentration of
0.125mg/well. After incubation for 16hours at 4�C, the plate
was washed three times (PBS, 0.05% Tween-20) and blocked
for 16 hours at 4�C with 10% skim milk powder in PBS, and
the blocking solution was removed without washing the plate.
The serum was diluted at 1:100 in incubation solution (PBS,
0.05% Tween-20, and 5% skim milk) and incubated for 1hour
at 37�C. The wells were washed three times, and the conjugate
(goat anti-human IgG-peroxidase, Sigma-Aldrich, Saint Louis,
MO) diluted 1:40,000 in incubation solution was added, incu-
bated for 30minutes at 37�C, and washed again three times.
The TMB (3,39,5,59-tetramethylbenzidine, Sigma-Aldrich) sub-
strate was incubated at room temperature in the dark for
10minutes and the reaction stopped with 50mL of 2M H2SO4.
The absorbance reading was performed at 450 hm with the
Multiskan Ex (Thermo Scientific, Vantaa, Finland). One single
positive control serum to P. westermani from Japan and one
single negative healthy serum from Costa Rica were analyzed
in quadruplicates throughout all the standardization experi-
ments. Once the optical densities were obtained, the results
were expressed as the average of the absorbance of the quad-
ruplicates multiplied by 1,000, which was called ELISA units
(EU). The cutoff point, sensitivity (Se) and specificity (Sp) was
calculated using the receiver operating characteristic (ROC)
curve with its respective area under curve (AUC).

FIGURE 1. Sodium dodecyl sulfate–polyacrylamide gel electrophoresis and Coomassie stain for analysis of recombinant P. westermani cysteine
protease 7 purification by metal chelate affinity chromatography. Lanes MM, precision plus protein kaleidoscope prestained standards; lane SP,
soluble protein; lane IB, inclusion bodies solubilized in 8M urea in Tris buffer; lane F, first flow-through; lanes W1 and W2, first and second washes;
lanes E1–E5, first to fifth elutions.

ANDRADE-GOMES AND OTHERS2

klavallee
Inserted Text
n = 



The rPwCP7 protein showed strong bands of 27 kDa after
purification in the E1-E5 elutions, indicating efficient and
specific purification (Figure 1). The protein concentration
obtained in elutions E1 and E2 after size exclusion chroma-
tography was 200mg/mL.
During standardization of the ELISA, reproducibility of the

positive and negative control sera over time and between
plates was recorded, yielding EU between 600 and 680 and
between 230 and 270, respectively. The 133 healthy nega-
tive control serum samples analyzed by ELISA yielded EU
between 35 and 435. The cutoff point calculated by ROC
curve (437 EU) showed high Se (92.9%) and Sp (91.9%). The
performance of the immunoassay was high (AUC 0.96). Ten
of 38 human samples negative for Paragonimus spp. but
positive for Fasciola spp. (n 5 1), C. sinesis (n 5 3), T. canis
(n 5 1), S. japonicum (n 5 3), and S. erinaceieuropaei (n 5 2)
reacted positive, and one P. mexicanus positive sera reacted
negative in ELISA (Figure 2).
Successful use of rPwCP7 as a diagnostic antigen has

been reported in the literature15; thus, the rPwCP7 was pro-
duced and purified for use in ELISA to evaluate human sera
positive for Paragonimus spp. The estimated yield of purified
rPwCP7 was 400mg from 300mL of initial E. coli culture
(1.3mg/L). Because standardized ELISA uses 0.125mg of
protein per well, 3,200 serum samples can be evaluated with
this amount of antigen. Another study conducted under simi-
lar conditions using the pET Expression System (Novagen) in
E. coli BL21 (DE3) reported yields of 12.3 to 174.6mg/L cul-
ture in the production of a papain-like cysteine protease from
wheat, that also accumulated in insoluble inclusion bodies.21

The differences between the yield values obtained in the dif-
ferent studies may be related to the solubility of the proteins
produced or to greater overexpression of the protein.22 Simi-
larly, several recombinant cysteine proteases from P. wester-
mani13 and Paragonimus skrjabini,11 expressed in E. coli

BL21 (DE3), also aggregated in inclusion bodies but were sol-
uble after purification and dialysis.
The Se and Sp of the ELISA were comparable to the

values obtained by Pothong et al.,8 who used a recombinant
protein of 35kDa of P. heterotremus to detect antibodies
in patients with paragonimiasis caused by P. westermani
(Se 88.9% and Sp 95.5%). Although the proteins of different
species of Paragonimus share many epitopes, limitations
seem to exist when using the protein of one species as an
antigen to diagnose another species,8 which may explain the
low sensitivity obtained in the ELISA developed in this study.
Another reason may be that the antibody titers in the sera
analyzed were low.11 Cross-reactions were detected with
five helminths, which agrees with the results obtained in
2015 by Ahn et al.15

This is the first report of the development of an ELISA
using recombinant P. westermani cysteine protease 7 to
diagnose paragonimiasis in Costa Rica and Central America.
The implemented assay showed adequate sensitivity and
specificity capable of detecting antibodies against P. mexi-
canus. For future studies, evaluating the use of a recombi-
nant antigen of P. mexicanus is recommended to increase
the sensitivity and specificity of the assay.
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FIGURE 2. Results of the sera analyzed in the ELISA. Positive control sera are shown in red, and negative control sera but positive to other
helminths are shown in green. EU5 ELISA units. This figure appears in color at www.ajtmh.org.
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