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     INTRODUCTION 

 Specific, sensitive, rapid, robust, and automated diagnostic 
tests with high throughput capability are essential for any sys-
tematic efforts leading to the control and elimination of infec-
tious diseases. In the case of the disease complex of  Taenia 
solium , cysticercosis and taeniasis, which the World Health 
Organization deemed eradicable 1–  3  and many consider the sin-
gle most common cause of acquired epilepsy in the develop-
ing world, 4  these assays are even more critical because disease 
surveillance and intervention progress monitoring depend on 
serosurveys of humans and pigs. 

 The serodiagnostic assay recognized by the World Health 
Organization and the Pan American Health Organization 
for cysticercosis and neurocysticercosis 5  uses lentil lectin-
purified glycoproteins (LLGP) in an enzyme-linked immu-
noelectrotransfer blot (EITB) 5,  6  format. Although this assay 
has high sensitivity and specificity, it requires sophisticated 
equipment and technical expertise for antigen purification. It 
is not a quantitative assay, and it is difficult to use in field stud-
ies. In addition, if cysticercosis eradication efforts succeed, the 
availability of cysticerci from naturally infected pigs that are 
used as a source of antigens for the EITB will be decreased. 

 In recent years, the seven native LLGP proteins have been 
characterized, cloned, and grouped into three families of diag-
nostic antigens: GP50, T24, and 8-kD. 7–  13  Recombinant and 
synthetic antigens from the GP50 and 8-KD families have 
been used in EITB and Falcon assay screening test–enzyme-
linked immunosorbent assay (FAST-ELISA) formats for diag-
nosis of cysticerosis. 14–  16  However, these assay formats do not 
allow for the high throughput testing needed for large serosur-
veillance studies. 

 In an attempt to develop an automated diagnostic test for 
cysticercosis with a high sensitivity and specificity, we used 

QuickELISA™ as the assay format. QuickELISA™ is a 
quantitative assay and can be automated for high throughput 
in field studies. QuickELISA™, unlike conventional ELISA, 
does not use secondary enzyme-labeled conjugates but relies 
on using two antigen conjugates, antigen-streptavidin (SA) and 
antigen-horseradish peroxidase (HRP), for capture and detec-
tion of specific antibodies. The immunologic reaction takes 
place in solution, thus potentially increasing the accessibil-
ity for antigen to bind to antibody and eliminating any issues 
associated with the binding of antigen to polystyrene. In the 
present study, we report the assay performance of three sero-
logic tests, T24H QuickELISA™, GP50 QuickELISA™ M , and 
Ts18var1 QuickELISA™, by using baculovirus expressed 
recombinant proteins (rGP50 and rT24H) and a synthetic 
peptide (sTs18var1) as antigens. These assays were evalu-
ated at laboratories at the Centers for Disease Control and 
Prevention (CDC) and in Peru. 

   MATERIALS AND METHODS 

  Chemicals and reagents.   All chemicals were reagent or 
analytical quality. Unless specified otherwise, they were 
obtained from Mallinckrodt (St. Louis, MO). Ultrapure 
Tris, urea, and ammonium sulfate were obtained from MDP 
Biomedicals (Aurora, OH). Acrylamide and bis-acrylamide 
were obtained from Bio-Rad Laboratories (Hercules, CA). 

   Recombinant antigens.   The recombinant diagnostic antigens 
for cysticercosis have been described previously. The predicted 
extracellular domain of T24, 13  rT24H, beginning at tyr104 and 
continuing through gly195 was cloned into the baculovirus 
transfer vector pAcGP67A (Becton Dickinson Biosciences, 
Sparks, MD) behind the GP67 signal sequence at the  Xma  I 
and  Bgl  II restriction enzyme sites. Recombinant baculovirus 
was used to infect  Trichoplusia ni  cells (Expression Systems, 
Woodland, CA) grown in ESF-921 serum-free medium 
(Expression Systems). Recombinant T24H was purified from 
culture supernatants by (NH 4 ) 2 SO 4  precipitation in the range 
of 60% to 80% saturation. The pellet was resuspended in 
0.05 M Tris-HCl, pH 8.0, filtered, and desalted on a Superdex 
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30 sizing column (Amersham Biosciences, Piscataway, NJ). 
Fractions containing rT24H were pooled and separated again 
on a Superdex 75 sizing column (Amersham Biosciences). 
Fractions containing purified rT24H were pooled and the 
purified protein was quantified by absorbance at 280 nm by 
using the extinction coefficient calculated from the predicted 
protein sequence. 

 The mature rGP50 protein, representing amino acids 17 
through 276 of the native protein, was expressed in Sf21 cells 
using a baculovirus expression system (Invitrogen, San Diego, 
CA), and the recombinant protein was purified from culture 
supernatant by (NH 4 ) 2  SO 4  precipitation and anion exchange 
chromatography as described. 12  The third cysticercosis diag-
nostic antigen, sTs18var1, one of the 8-kD antigens with 66 
amino acids, 8  was chemically synthesized by Anaspec (San 
Jose, CA). 

   Serum samples.   Defined cysticercosis serum samples were 
obtained at the Instituto de Ciencias Neurologicas (Lima, Peru) 
from patients with clinical symptoms of neurocysticercosis. 
The definitive diagnosis of cysticercosis 17  was confirmed by 
computed tomography or magnetic resonance imaging brain 
imaging and by serum antibody reactivity with the LLGP 
diagnostic antigens on EITB. 6  Serum samples were sorted 
into four categories on the basis of imaging data for each 
patient. The following serum samples were tested at CDC. The 
category two or more viable cysts (n = 108) includes samples 
from patients who had multiple viable cysts or a racemose cyst 
regardless of any additional cysts, degenerating or calcified. 
The category single, viable cyst (n = 19) includes samples from 
patients with only one viable cyst. The categories degenerating 
cyst(s) (n = 66) and calcified cyst(s) (n = 114) include samples 
from patients with one or more of the described cysts and no 
other cysts. All serum samples were obtained in compliance 
with protocols reviewed and approved by the ethical review 
boards of all institutions involved, and specific permission was 
obtained for future use of stored samples. All patients involved 
in this study provided written consent. 

 To evaluate the specificities of the cysticercosis Quick
ELISA™, we assembled a panel of serum samples obtained 
from patients with other infections ( Table 1 ). We included 28 
serum samples from patients in Egypt with undefined infec-
tions for a total of 252 samples. This panel of other infection 
serum samples was combined with a panel of 114 normal 
human serum samples obtained from healthy residents of the 
United States and Egypt. Serum donors from Egypt were tested 
extensively by stool examination for intestinal parasites and all 
were negative. 

 For testing of the cysticercosis QuickELISA™ at Instituto 
Nacional de Ciencias Neurológicas in Lima, Peru, 250 serum 
samples from healthy persons were collected from Iquitos, 
Peru, an area to which cysticercosis is not endemic. All samples 
were tested by LLGP EITB, and two were excluded because 
of reactivity. A battery of 449 defined cysticercosis serum sam-
ples was tested; many were the same samples that were tested 
at CDC. These serum samples were divided into the following 
categories: two or more viable cysts (n = 150), single viable cyst 
(n = 24), degenerating cyst(s) (n = 120), and calcified cyst(s) 
(n = 155). 

        QuickELISA™.   QuickELISA™ is a proprietary tech-
nology developed by Immunetics, Inc. (Boston, MA) in 
which the antigen-antibody binding reaction occurs in 
solution and the target antibody is detected by an antigen 

conjugate. 18  A QuickELISA™ was developed for each of 
the cysticercosis diagnostic antigens: rT24H, rGP50, and 
sTs18var1. Individual purified, recombinant, or synthetic anti-
gens were covalently linked separately to either SA or HRP, 
which yielded two conjugates for each antigen, antigen-SA 
and antigen-HRP. Optimized concentrations of both conju-
gates are added to biotinylated–bovine serum albumin–coated 
wells of a 96-well microtiter plate containing buffer and 5 μL 
of serum sample. Bivalent antibody that recognizes the diag-
nostic antigen and binds one antigen labeled with HRP and 
one antigen labeled with SA is captured by the biotin-coated 
well and detected by the addition of the enzyme substrate. 

 Although the QuickELISA™ can easily be performed 
on the laboratory bench top, all data presented were gener-
ated by using an automated system (Triturus ®  EIA Analyzer; 
Grifols Inc., Miami, FL). For the QuickELISA™, biotinylated–
bovine serum albumin–coated wells were washed with 300 μL 
of wash buffer (phosphate-buffered saline, 0.1% Tween-20) 
for 15 seconds. Fifty-five microliters of StabilZyme Select 
(SurModics, Inc., Eden Prairie, MN) was added to each well, 
followed by addition of 5 μL of serum and 60 μL of pre-mixed 
QuickELISA™ conjugates (1:1 v/v). The plate was incubated 
for 40 minutes at room temperature on a shaking platform, and 
then washed four times with 300 μL of wash buffer. One hun-
dred twenty microliters of SureBlue™ Tetramethlybenzidine 
(TMB) Microwell Peroxidase Substrate (one component) 
(Kirkegaard and Perry Laboratories, Inc., Gaithersburg, MD) 
was added to each well and incubated for 5 minutes on a shak-
ing platform at room temperature. The reaction was terminated 
by adding 120 μL of 450 nm Stop Reagent for TMB Microwell 
(BioFX Laboratories, Owing Mills, MD). For serum samples 
tested in Peru, one-component stable TMB-based substrate 

 Table 1 
  Serum samples tested at CDC and in Peru for cysticercosis by using 

QuickELISA™ *   

Sample Description

Serum tested 
at CDC

Serum tested 
in Peru

No. No.

Cysticercosis 
serum 
samples

2 or more viable cysts 108 150
Single, viable cyst 19 24
Degenerating cyst(s) only 66 120
Calcified cyst(s) only 114 155
Total no. 307 449

Normal human 
serum

Resident of non-endemic region 98 † 248 ‡ 
Other 16 0
Total no. 114 248

Other infection 
serum samples

 Ascaris lumbricoides 2 0
 Echinococcus granulosus 29 0
 Echinococcus multilocularis 1 0
 Entamoeba histolytica 7 0
 Fasciola  sp. 15 0
 Giardia lamblia 3 0
 Hymenolepis nana 10 0
Hepatitis C 6 0
 Heterophyes heterophyes 8 0
 Plasmodium falciparum 10 0
 Schistosoma hematobium 12 0
 Schistosoma mansoni 92 0
 Taenia saginata 11 0
 Toxoplasma gondii 10 0
 Trichinella  sp. 8 0
Undefined infections 28 0
Total no. 252 0

  *   CDC = Centers for Disease Control and Prevention.  
  †   These serum samples were collected from U.S. residents.  
  ‡   These serum samples were collected from residents of Iquitos, Peru, an area to which 

cysticercosis is not endemic.  
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(BioFX Laboratories) was used for colorimetric development. 
Absorbance of each well at 450 nm (with a reference filter 
at 600 nm) was measured by using the Triturus system reader 
and converted to units/microliter on the basis of the standard 
curve by using Triturus software version 3.00b (Grifols Inc.). 

   Standard curve construction.   Two standard reference curves 
were used at CDC and in Peru. Briefly, at CDC, a reference 
standard positive serum pool was prepared from serum 
samples of five pigs in Peru with confirmed cysticercosis 
and high antibody activity against all cysticercosis diagnostic 
antigens when tested by LLGP EITB. This positive serum 
pool was arbitrarily assigned a value of 1,000 units/μL. A 
pool of serum samples from healthy pigs in the United States 
(Equitech-Bio, Kerrville, TX) was used and assigned a value 
of 0 units/μL. Proportional dilutions of the positive serum 
pool were made by using the normal pool. The unit value 
assignment was based on the dilution of the positive serum 
pool. The resulting dilutions comprised the primary standard 
curve. Standard curve units of 15, 10, 2.5, 1.0, 0.5, 0.25, 0.1 
and 0.0 were used in the T24H and GP50 QuickELISA™. For 
the Ts18var1 QuickELISA™, standard curve units of 300, 50, 
10, 5, 2.5, 1.0, 0.5, and 0.0 were used. 

 In Peru, a secondary standard curve was prepared as 
described above by using a different pool of positive serum 
samples from five pigs in Peru and the pool of serum sam-
ples from healthy pigs in the United States. The secondary 
standard curve prepared in Peru was calibrated against the 
CDC primary standard curve and each diluted standard was 
assigned the appropriate unit value on the basis of the primary 
standard curve. 

   Quality control.   Each 96-well plate included one well 
containing the normal human serum pool and one well 
containing a medium positive reference standard, which was 
within the linear range of the standard curve. For the T24H and 
GP50 QuickELISAs™, the medium positive reference sample 
was the 5 units/μL standard. For the Ts18var1 QuickELISA™, 
it was the 25 units/μL standard. These controls were used to 
determine inter-assay variability and validate results of each 
plate. The unit value of the negative control must be below the 
cutoff value used to identify a positive sample, and the unit 
value of the positive control must be within the established 
range of ±2 SD values of the mean value determined in inter- 
and intra- assays for the data on the plate to be considered 
valid. 

 All samples were tested individually in two runs. For most 
of the samples, results were similar and data from the first run 
was used. If the status of the tested sample changed from neg-
ative to positive or  vice versa , a third assay was carried out and 
the concordant value was used. 

   Data analysis.   All assays were performed with a standard 
curve included in each 96-well plate. The Triturus software 
readily processes the digital data of raw absorbance value 
into a standard curve from which the concentration (units/
microliter) of antibody activity of unknown samples can be 
derived. 

 The intra-assay and inter-assay variability was determined 
for the QuickELISAs™ run at CDC and in Peru. The assay 
variability was determined on the basis of testing of five rep-
licates of the medium positive control for the CDC data and 
six replicates for the data from Peru. These replicates were 
included in 11 assays at CDC and 6 assays in Peru. An excep-
tion is that the intra- and inter-assay variability for the T24H 

QuickELISA™ is based on 14 runs, not 11. To determine intra-
assay variability, the coefficient of variance (CV) was deter-
mined for each assay and the reported CV is the mean of the 
daily CVs. To determine inter-assay variability, a daily mean 
was determined and the between-run CV was calculated on 
the basis of the daily means. 

 We also used an alternative method of data analysis, one 
that does not require the inclusion of a standard curve. In this 
method, all data were analyzed by the ratio T/P, where T is the 
raw absorbance of the unknown test sample and P is the raw 
absorbance of a low positive sample included as a control in 
each assay. The 5 unit/μL standard was used as P for the T24H 
and GP50 QuickELISAs™. The 10 unit/μL standard was used 
for the Ts18var1 QuickELISA™. 

    RESULTS 

  Evaluation of cysticercosis QuickELISA™.   Typical stan-
dard curve plots for each of the three QuickELISAs™ are 
shown in  Figure 1 . To determine the sensitivity and specific-
ity of the recombinant and synthetic diagnostic antigens, we 
tested 673 defined serum samples ( Table 1 ). Concentration of 
antibody activity in a test sample was derived from the stan-
dard curve by using a four-parameter equation. For numerous 
potential cutoff values, the J index 19  was calculated by sub-
tracting 1 from the sum of the sensitivity and specificity at that 
particular cutoff value. The cutoff value that resulted in the 
highest J index, and therefore maximized sensitivity and speci-
ficity, was selected for each diagnostic antigen. The maximum 
J index obtainable is 1.0 for an assay with 100% sensitivity and 
100% specificity. 

  Of the 108 confirmed  T. solium  cysticerosis serum samples 
obtained from patients with two or more viable cysts, 104 were 
positive when tested with T24H, 101 with GP50, and 97 with 
Ts18var1 QuickELISA™. Of the 366 serum samples, which 
included normal human serum samples from Egypt and non-
travelers from the United States and serum samples from 
persons with other helminth infections residing in countries 
to which cysticercosis was not endemic, 363 were negative 
when tested with T24H, 361 with GP50, and 353 with Ts18var1 
QuickELISA™. 

 With a J index of 0.955, T24H QuickELISA™ had a sen-
sitivity of 96.3% and a specificity of 99.2%, and GP50 
QuickELISA™ had a J index of 0.922, a sensitivity of 93.5%, 
and a specificity of 98.6%. QuickELISA™ had a J index 
of 0.866, a sensitivity of 96.4%, and a specificity of 89.8% 
( Table 2 ). The antibody concentration cutoff values for 
T24H, GP50, and Ts18var1 QuickELISA™ were 0.5, 0.5, 
and 1.6 units/μL, respectively. These cutoff values were used 
for all assays performed, including the samples assayed  
in the Peru study. In addition, performances of the three 
QuickELISA™ are shown in detail in  Table 3 . 

           For serum samples obtained from persons with a sin-
gle viable cyst, 47.4% (9 of 19) of serum samples were posi-
tive when tested with T24H QuickELISA™, 42.1% (8 of 19) 
were positive with GP50 QuickELISA™, and only 15.8% 
(3 of 19) were positive with Ts18var1 QuickELISA™. In 
serum samples from persons with degenerating cysts only, 
50% (33 of 66), 48.5% (32 of 66), and 27.3% (18 of 66) 
were positive when tested with T24H, GP50, and Ts18var1 
QuickELISA™, respectively. A panel of 114 serum sam-
ples obtained from persons with calcified cysts only was 
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also included in this analysis. Positive antibody reactiv-
ity with T24H QuickELISA™ was detected in 52.6% (60 of 
114) of these serum samples, in 43.9% (50 of 114) with GP50 
QuickELISA™, and in 21.9% (25 of 114) with Ts18var1 
QuickELISA™ ( Table 4 ). 

        Performance of cysticercosis QuickELISA™ in Peru.   In 
addition to the testing in the CDC laboratory, the recombinant 
and synthetic antigen QuickELISAs™ were further evaluated 
by the Cysticercosis Working Group in Peru where large 
surveys and surveillance programs are being conducted. A 
total of 697 serum samples from Peru were tested with the 
three QuickELISAs™; 449 serum samples from confirmed 
cases of  T. solium  cysticerosis and 248 normal human serum 
samples obtained from Iquitos, Peru, an area to which 
cysticercosis is not endemic. Of the 150 serum samples 
obtained from patients with two or more viable cysts, 142 were 
positive when tested with T24H QuickELISA™, 139 with 
GP50 QuickELISA™, and 133 with Ts18var1 QuickELISA™. 
Of the 248 normal human serum samples from Peru, 239 were 
negative when tested with T24H, 244 with GP50, and 221 with 
Ts18var1 QuickELISA™. Thus, T24H QuickELISA™ had a 

sensitivity of 94.7% and a specificity of 96.0% for detection 
of cysticercosis, and GP50 and Ts18var1 QuickELISA™ had 
sensitivities of 94.7% and 88.7% and specificities of 98.4% and 
89.1%, respectively ( Table 2 ). 

 For serum samples obtained from persons with a single 
cyst, 66.7% (16 of 24) of serum samples were positive when 
tested with T24H QuickELISA™, 41.7% (10 of 24) were posi-
tive with GP50 QuickELISA™, and only 20.8% (5 of 24) were 
positive with Ts18var1 QuickELISA™. In serum samples 
obtained from persons with degenerating cysts only, 52.5% 
(63 of 120), 31.7% (38 of 120), and 40.0% (48 of 120) were 
positive when tested with T24H, GP50, and Ts18var1 
QuickELISA™, respectively ( Table 4 ). For serum samples 
obtained from persons with calcified cysts only, positive anti-
body reactivity with T24H QuickELISA™ was detected in 
59.4% (92 of 155), with GP50 in 43.9% (68 of 155), and with 
Ts18var1 in 33.5% (52 of 155). 

   Intra-assay and inter-assay variability.   The intra-assay 
variability was 4.9%, 5.2%, and 5.7% for T24H, GP50, and 
Ts18var1 QuickELISA™, respectively, at CDC. In Peru, 
the intra-assay variability was 4.0%, 3.1%, and 4.1% for the 

 Figure 1.    Typical standard curve plots for QuickELISA™.  A , GP50 QuickELISA™.  B , T24H QuickELISA™.  C , Ts18var1 QuickELISA™. 
OD = optical density.    

 Table 2 
  Sensitivity and specificity of the QuickELISAs™ for cysticercosis by using a standard curve for measurement of relative antibody concentration *   

Antigen

CDC data (evaluated by standard curve) Peru data (evaluated by standard curve)

Cutoff value Sensitivity † Specificity ‡ Sensitivity † Specificity § 

T24H 0.5 96.3% (104/108) 99.2% (363/366) 94.7% (142/150) 96.0% (239/248)
GP50 0.5 93.5% (101/108) 98.6% (361/366) 92.7% (139/150) 98.4% (244/248)
Ts18var1 1.6 89.8% (97/108) 96.4% (353/366) 88.7% (133/150) 89.1% (221/248)

  *   CDC = Centers for Disease Control and Prevention.  
  †   Sensitivity for detecting cases with two or more viable cysts.  
  ‡   Based on the testing of 114 normal human serum samples from the United States and 252 parasitic infection serum samples from regions to which cysticercosis is not endemic.  
  §   Based on the testing of 248 normal human serum samples from Iquitos, Peru, an area to which cysticercosis is not endemic.  
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corresponding QuickELISA™. The inter-assay variability 
was 7.6%, 8.2%, and 6.0% for the T24H, GP50, and Ts18var1 
QuickELISA™, respectively, at CDC. In Peru, the inter-assay 
variability was 3.6%, 3.8%, and 3.4% for the corresponding 
QuickELISA™. 

   Evaluation of data by using T/P.   To simplify QuickELISA™ 
and lower the cost of testing, a T/P ratio was used for evaluating 
the sensitivity and specificity of the three QuickELISAs™. The 
antibody reactivity with the diagnostic antigens was derived 
from the division of the raw absorbance of the test sample (T) 
by the raw absorbance of the medium range positive sample 
(P) obtained in the same test run. Similar to the data evaluation 
with a standard curve, various J indexes were calculated and 
the cutoff value with the highest J index was selected for each 
diagnostic antigen. The T/P cutoff values for T24H, GP50, and 
Ts18var1 QuickELISA™ were 0.20, 0.15, and 0.24, respectively. 
These cutoff values were used for all assays, including the 
study in Peru. For serum samples tested at CDC, T24H 
QuickELISA™ had a maximum J index of 0.917, a sensitivity 
of 92.6% (100 of 108), and a specificity of 97.8% (358 of 366). 
A J index of 0.876 indicated that GP50 QuickELISA™ had a 
sensitivity of 89.8% (97 of 108) and a specificity of 97.5% (357 
of 366) ( Table 4 ). When the QuickELISAs™ were evaluated 
by T/P ratio with the serum samples from Peru and using 
serum samples with two or more viable cysts, the sensitivities 
were 82.7% (124 of 150), 92.7% (139 of 150), and 60.7% 
(91 of 150) for T24H, GP50, and Ts18var1 QuickELISAs™, 
respectively. When testing was conducted with normal 
human serum samples, the specificities were 98.8% (245 of 
248), 98.8% (245 of 248), and 94.3% (234 of 248) for T24H, 
GP50 and Ts18var1 QuickELISAs™, respectively ( Table 5 ). 

         DISCUSSION 

 The T24H QuickELISA™ outperformed the other two 
assays tested. With data generated at CDC by using a stan-

dard curve, we determined that the sensitivity and specificity 
of T24H QuickELISA™ M  are 96% and 99% for serum sam-
ples from persons infected with two or more viable cysts. These 
values are comparable to the reported sensitivity of 98% and 
specificity of 100% for the EITB in persons with multiple, 
viable cysts. 6,  20  The slightly higher sensitivity of EITB may be 
the result of having multiple diagnostic antigens present ver-
sus just one antigen as in QuickELISA™ or may reflect the 
fact that different batteries of defined serum samples were 
tested in each assay. A separate study found the sensitivity and 
specificity of EITB to be 94% and 100%, respectively. 20  GP50 
and Ts18var1 QuickELISAs™ are comparable to the FAST-
ELISAs for GP50 and Ts18var1, which have sensitivities of 
94.7% and 90.4% and specificities of 93.8% and 90.3%, respec-
tively. 15  The performance of Ts18var1 QuickELISA™ does not 
match that of sTs18var1 EITB, which has a sensitivity of 97% 
and a specificity of 100%. 16  All of these studies reported sensi-
tivity data for persons with two or more viable cysts. 

 A combination of T24H and GP50 QuickELISAs™ 
increases the sensitivity for detection of cysticercosis from 
96.3% to 98.1% in the CDC data set and from 94.7% to 
96.0% in the Peru data set. However, there is a corresponding 
decrease in specificity, from 99.2% to 98.6% and from 96.0% 
to 94.8% in the CDC and Peru data sets, respectively. Thus, 
the additional cost of performing GP50 QuickELISA™ and 
the decrease in specificity does not warrant the small increase 
in sensitivity. 

 The clinical presentation of cysticercosis varies. 21,  22  In Peru, 
of the persons have neurocysticercosis; the number of infect-
ing cysts ranges from one to hundreds and the viability of 
cysts ranges from viable to degenerating to calcified. 23,  24  The 
humoral antibody response detected at any one time is depen-
dent upon the number of infecting cysts and therefore the 
antigen load, the physiologic state of the cysts, and the half-
life of the antibody responses. 4  Sensitivity determinations for 
cysticercosis antibody detection assays are generally based on 
serum samples from persons with two or more viable cysts as 
detected by brain imaging. It is well recognized that the sen-
sitivity for single, viable cysts is greatly decreased. 16,  25  With 
the T24H QuickELISA™, the CDC laboratory detected 47% 
of the 19 cases with a single, viable cyst, and the laboratory 
in Peru detected 67% of 24 cases. Combining the CDC and 
Peru data yielded sensitivities of 57% for detecting cases with 
a single viable cyst, 51% for detecting cases with degenerat-
ing cyst(s), and 56% for detecting cases with calcified cyst(s). 
It is likely that these low numbers reflect a limited exposure 
of cysticerci antigen to the immune system. In these persons, 
a diagnostic sensitivity of 50–60% may be the best that can be 
obtained with the current technologies. 

 The performance of the QuickELISAs™ M  was slightly 
lower when using a T/P ratio than that obtained when using 
a standard curve. The T24H QuickELISA™ had a sensitivity 

 Table 3 
  Performance of QuickELISA™ in detecting cysticercosis and non-

cysticercosis cases by using a standard curve for measurement of 
relative antibody concentration *   

Positive results

Cysticercosis cases with 
two or more viable cysts 

(true positive)

Normal human serum samples and 
serum samples from other parasitic 

infections (false positive)

CDC 
(n = 108)

Peru 
(n = 150)

CDC 
(n = 366)

Peru 
(n = 248)

All 3 QuickELISAs 97 126 3 0
Only T24H 5 2 0 9
Only GP50 2 0 0 0
Only Ts18var1 0 2 8 23
T24H and GP50 2 11 0 0
GP50 and Ts18var1 0 2 2 4
T24H and Ts18Var1 0 3 0 0

  *   CDC = Centers for Disease Control and Prevention; n = total number of serum samples 
tested.  

 Table 4 
  Sensitivity of QuickELISA™ for detecting cases of cysticercosis that exhibit a single viable cyst, calcified cysts only, or degenerating cysts only by 

using a standard curve for the measurement of relative antibody concentration *   

Antigen

CDC data Peru data

Single, viable cyst Degenerating cyst(s) only Calcified cyst(s) only Single, viable cyst Degenerating cyst(s) only Calcified cyst(s) only

T24H 47.4% (9/19) 50.0% (33/66) 52.6% (60/114) 66.7% (16/24) 52.5% (63/120) 59.4% (92/155)
GP50 42.1% (8/19) 48.5% (32/66) 43.9% (50/114) 41.7% (10/24) 31.7% (38/120) 43.9% (68/155)
Ts18var1 15.8% (3/19) 27.3% (18/66) 21.9% (25/114) 20.8% (5/24) 40.0% (48/120) 33.5% (52/155)

  *   CDC = Centers for Disease Control and Prevention.  
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and specificity of 92.6% and 97.8% using a T/P ratio versus 
96.3% and 99.2% using the standard curve. However, there 
are several advantages associated with the use of a T/P ratio 
for data analysis. First, 10% more samples can be assayed 
on each 96-well plate. Second, data curve fit software is not 
required for data analysis. Third, assay procedures are simpler 
and reagent costs are lower. In this study, the cutoff value that 
resulted in the highest J index and therefore maximized sensi-
tivity and specificity was selected for each diagnostic antigen 
when using standard curve or T/P ratio for analysis. However, 
a different cutoff value can be chosen to maximize the sensi-
tivity or specificity depending upon the objectives of the study. 
An example is using a cutoff value that maximizes sensitivity 
for monitoring cysticercosis infection in a control or elimina-
tion program, where the T/P ratio may be used for data analy-
sis without compromising assay performance. 

 The need for simpler diagnostics for cysticercosis in humans 
and pigs was recognized by the World Health Organization 
International Task Force for Disease Eradication. 1,  3  The cystic-
ercosis QuickELISA™ described may fulfill that need. This 
assay can be performed as a manual, benchtop assay or as a 
fully automated assay as described in this report. It performed 
equally well when used without automation. This assay is quick; 
10 serum samples can be tested on the benchtop in 60 minutes 
or 320 serum samples can be tested by using a Triturus ®  EIA 
Analyzer in 150 minutes. For benchtop testing, the equipment 
needed are a refrigerator, a plate shaker, and a microwell plate 
reader. Based on the low intra-assay and inter-assay variabil-
ity, we recommend testing serum samples in single rather than 
duplicate or triplicate to maximize assay throughput but do 
suggest retesting of serum samples with values near the cutoff 
for positivity. The use of recombinant and synthetic antigens as 
diagnostic antigens in QuickELISA™ increases test specific-
ity, eliminates the need for purification of antigens from para-
sitic material, and subsequently decreases the manufacturing 
cost of detection assays. In addition, the QuickELISA™ for-
mat detects bivalent or multivalent antibodies from any spe-
cies that binds to the antigens, thus simplifying and expediting 
serosurveillance procedures in cysticercosis control and elim-
ination programs because antibodies of human and porcine 
origin can be detected by the same assay. 
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