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Abstract. Blood samples from 805 students attending 42 elementary schools in Mopti, Sikasso, and Koulikoro
regions, and Bamako district in Mali participated in a school water, sanitation, and hygiene intervention. Immunoglobulin
(Ig) G responses to several antigens/pathogens were assessed by a multiplex bead assay (MBA), and the recombinant
Taenia solium T24H antigen was included. Of all students tested, 8.0% were positive to rT24H, but in some schools
25–30%. A cluster of 12 widespread school locations showed not only a relative risk of 3.23 for T. solium exposure and
significantly higher IgG responses (P < 0.001) but also significantly lower elevation (P = 0.04) (m, above sea level)
compared with schools outside the cluster. All schools at elevations < 425 m showed significantly higher IgG responses
(P = 0.017) than schools at elevations ³ 425 m. The MBA is an excellent serological platform that provides cost-effective
opportunities to expand testing in serosurveys.

INTRODUCTION

Taenia solium, the pork tapeworm, is a parasite that has a
two-host life cycle: onewith humans as the only definitive host
carrying the intestinal adult tapeworm (taeniosis) that sheds
eggs into the feces, resulting in environmental contamination
through open defecation in open areas, and the second with
pigs, as the intermediate hosts, ingesting the eggs that de-
velop into cysticerci (porcine cysticercosis), generally in
the muscular tissue. In addition to pigs, humans may also act
as an intermediate host for T. solium after fecal–oral inges-
tion of the tapeworm eggs or by poor personal hygiene
(autoinfection).1,2 The disease often affects the brain, causing
neurocysticercosis, which is the most common cause of
adult-onset seizures in developing countries.3–5 Resources
for surveillance and control are limited, and taeniosis/
cysticercosis is included among the neglected tropical dis-
eases defined by the World Health Organization.
A systematic review of T. solium cysticercosis reported

overall seroprevalences by antigen or antibody detection of
about 7% in Africa, 4% in Latin America, and 4% in Asia, but
higher seroprevalences of 34–39% have been reported in
countries such as Zambia where only about 1% of the pop-
ulation practice the Islamic religion that discourages ingestion
of pork.6–9 There is a paucity of published information on
cysticercosis in Mali in West Africa. However, a study in the
adjacent country of Burkina Faso focused on three villages,
one with free-roaming pigs, one with confined pigs, and one
with limited numbers of pigs owned by Muslim farmers.10 In
the three villages, the prevalence of T. solium cysticerco-
sis antigen detected in blood was 10.3%, 1.4%, and 0%,

respectively, indicating an association between lower preva-
lence of cysticercosis and the absence of pork ingestion by
the Muslim population.10 In Mali, it has been estimated that
90% of the population are of Muslim faith; thus, cysticercosis
prevalencemight be expected to be low, especially compared
with that in Zambia.7–9

By multiplex bead assay (MBA), immunoglobulin (Ig) G
responses to many antigens/pathogens and vaccine-
preventable diseases were assessed in students attending
schools to determine the longitudinal impact evaluation of the
Dubai Cares Initiative in Mali and Water, Sanitation, and Hy-
giene (DCIM WASH) in schools project. The DCIM WASH
project was a comprehensive school-based WASH in-
tervention in 900 schools in Bamako Capital District and the
Koulikoro, Mopti, and Sikasso regions of Mali; detailed
methods of the parent study are described elsewhere.11 The
school WASH impact evaluation was not designed for a sys-
tematic survey on cysticerosis seroprevalence, and school-
aged childrenwere not ideal for determination of cysticercosis
prevalence; however, the opportunity allowed us to include
the recombinant cysticercosis antigen, rT24H, which has
been used as amarker for T. soliummetacestode (larval stage)
exposure. By enzyme-linked immunoelectrotransfer blot, the
rT24H antigen has shown a sensitivity and specificity of at
least 96% and 99%, respectively, using serum specimens
collected from confirmed neurocysticercosis patients and
from persons not infected with the pathogen.12–15

MATERIALS AND METHODS

Study population.Using stratified random sampling based
on region, 21 of 100 schools with WASH benefits participated
in the parent study along with 21 matched comparison
schools without WASH benefits, for a total of 42 schools.
Matched comparison schools were located within the same
educational district and matched on baseline enrollment size
and school WASH characteristics.11 At each school, an av-
erage of 19 students per school were selected from a list of all
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pupils enrolled in grade levels 1–6 (age range, 4–17 years)
using stratified random sampling based on pupil gender and
grade. This sample size was determined by the maximum
number of samples that could be collected based on the study
budget. School enrollments ranged from 71 to 651 students
per school. For each school, a global positioning system ac-
quired latitude and longitude coordinates and elevation above
sea level in meters (m, range 320–542) (https://opendatakit.
org/) was obtained, and ArcGIS (Esri, Redlands, CA) was used
to plot coordinates.
The study was reviewed and approved by the Ethics

Committee of the National Institute of Public Health Research
(Comité d’Ethique de l’Institute Nationale de Recherché en
Santé Publique) and the Institutional Review Board of Emory
University (Atlanta, GA). Laboratory staff from the Centers for
Disease Control and Prevention had no contact with children
or access to personal identifiers. Before blood spot collection,
signed/fingerprinted informed consent was provided by the
parent or guardian of each randomly selected pupil, and each
pupil provided informed verbal assent. The trial was registered
at ClinicalTrials.gov (NTC01787058).
Blood spot collection. Whole blood specimens were col-

lected by finger prick onto extensions from a filter paper wheel
(TropBio Pty Ltd., Townsville, Queensland, Australia) with
each extension designed to absorb 10 μL. After collection and
drying, thedriedbloodspotswerestoredat−20�C,aspreviously
described.16 A single filter paper wheel per child was collected
between January and June 2014, part of the Malian dry season.
Antigen bead coupling. To prepare the beads for use in

detecting anti-cysticercosis antibodies, carboxyl groups on
the surface of specifically classified spectral magnetic poly-
styrenemicrospheres (MagPlex Beads, LuminexCorporation,
Austin, TX) were converted to reactive esters using the
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide method
(Calbiochem, Woburn, MA). Glutathione-S-transferase (GST)
was linked to rT24H (for purification purposes) (GST–rT24H)
andwas covalently coupled to 12.5million activated beads by
amide bonds in 50 mM 2-(N-morpholino) ethane sulfonic acid
and 0.85% NaCl, pH 5.0, using 141 μg GST–rT24H.13 On a
differently classified bead, 15 μg of GST was coupled to 12.5
million beads in the same buffer. Coupling efficiency was
determined using sera and a reagent known to be highly re-
active to GST–rT24H and GST by the MBA.
ImmunoglobulinGelutionanddetection.Onedriedblood

spot extension from each child was placed in 0.5mL of elution
buffer consisting of phosphate buffered saline (PBS) with
0.5% bovine serum albumin, 0.3% Tween 20, 0.1% sodium
azide, 0.5% polyvinyl alcohol, 0.8% polyvinylpyrrolidone, and
0.1% casein and allowed to elute overnight at 4�C. Afterward,
the elution was further diluted 1:4 with the same elution buffer
that contained sufficient amounts of crude Escherichia coli
extract for a final concentration of 3 μg/mL. The E. coli extract
absorbs E. coli antibodies that could react with minute and
extraneous E. coli proteins (due to non-elimination in the pu-
rification process) coupled to the beads. After overnight
storage at 4�C, the eluate was exposed to antigen-coupled
beads for 1.5 hours at room temperature. Bound antigen-
specific IgG was detected on the coupled beads as previ-
ously described.17 Between steps, the magnetic beads were
washed three timeswith 0.05%Tween 20 in PBS, using aBio-
Plex Pro II Wash Station (Bio-Rad, Hercules, CA). A Bio-Plex
100 reader with Bio-Plex Manager 6.1 software (Bio-Rad)

calculated the median fluorescence intensity (MFI, channels
1–32,766) from each bead classification from each well and
determined the mean MFI from duplicate wells. Background
(bg) fluorescence from a blank with no dried blood spot was
subtracted (MFI-bg) and used as data.
Cutoff determination. A serological cutoff for antibody de-

tection was determined based on the mean plus 3 standard
deviations of antibody levels detected in 86 serum specimens
from North American adults who had not traveled outside the
United States.
Cluster analysis. The spatial scan statistic implemented

in SaTScan was used to search for elliptically shaped, spa-
tial clusters of schools with elevated prevalence of T. solium
assessed by the relative risk to schools outside the
cluster.18,19 The cluster of schools at the 5% level of signifi-
cance is represented by a convex hull.
Statistics. The Mann–Whitney rank sum test was used

to determine any significant differences in IgG responses (MFI-
bg) to the GST–rT24H between schools at elevations < 425 m
and schools at elevations ³ 425m, any significant differences in
IgG responses between schools inside and outside the cluster
shown in Figure 1B, and any significant differences between
elevations of schools inside and outside the cluster shown in
Figure 1B. P < 0.05 was considered significant.

RESULTS

Antigen coupling and cutoff. Serum specimens known to
be highly reactive to GST–rT24H and GST showed high MFI-
bg, indicating sufficient antigen coupling. The cutoff for
GST–rT24H used to define “positive” sampleswas 1,068MFI-
bg, and the inter-plate coefficient of variation for the positive
control was < 14.5%. Beadswith GST showed no appreciable
reactivity:mean, 154MFI-bgand range,−2 to929MFI-bg. The
dried blood spots were in excellent condition and showed
near-maximum MFI-bg (IgG responses) to various antigens
other than GST–rT24H and GST.
Grouping of schools by percentage of GST–rT24H–

positive students. Table 1 shows the range of the percent-
age of students tested per school who were positive to
GST–rT24H, which were arbitrarily grouped into 0%, 5–10%,
15–20%, and 25–30%. In addition, the number of students
tested in each group is listed along with the number of
schools per group, average number of students tested per
school, the range of number of students enrolled per school,
and the median elevation per school group.
School locationsby theglobalpositionsystem.Figure1A

is a provincial map of southern Mali, with the geographical
position system–located schools indicated by black circles:
Mopti, four schools; Sikasso, 16; Koulikoro, 20; and Bamako
district capital, two. Shown in Figure 1B are the same schools
that are grouped by gray-scale diamonds, indicating the
percentage of students who were tested positive to the
GST–rT24Hantigenper school:white,0%(17/42schools); light
gray, 5–10% (14/42 schools); medium gray, 15–20% (7/42
schools); andblack, 25–30% (4/42 schools). These groups are
also listed in Table 1, which showed an insignificant but de-
creasing trend in elevation from 0% grouped schools to
25–30% grouped schools. Of 805 students tested, 64 (8.0%)
testedpositive to theGST–rT24Hantigen. ThemedianMFI-bg
from all students for GST–rT24H was 238, and the MFI-bg
range was 31–21,168.
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Elevation and T. solium exposure. In this study, there
might be a relationship between elevation and T. solium ex-
posure. For students attending schools at elevations < 425m,
the median MFI-bg was 364, which was significantly higher

(P = 0.014) than the median MFI-bg of 297 from students at-
tending schools at elevations ³ 425 m. In Figure 1B, students
attendingacluster of 12schools, onor inside thedashedwhite
lines, showed a relative risk of 3.23 of T. solium exposure (37
positive of 240 tested) by SaTScan compared with students
attending schools outside this cluster (21 positive of 565
tested). Furthermore, the 12schools inside the cluster showed
a significantly lower median elevation of 365 m (P = 0.04) than
the median elevation of 401 m of the schools outside the
cluster. Also, the 12 schools showed a significantly higher
median MFI-bg of 486 (P < 0.001) than the median MFI-bg of
302 for the 30 schools outside the cluster.

DISCUSSION

Our study has shown that 8.0% (64/805) of all students
testedwere IgGpositive to theGST–rT24Hantigen. As high as
25–30% of students tested in some schools (Figure 1B) were
IgG positive to the antigen, suggesting hot spots, and these
schools ranged in enrollments, 159–388 (Table 1), where only
5.1–12.5%of the student enrollmentwas tested. The relatively
low fluctuations in thepercent positive toGST–rT24Hcouldbe
from a number of factors in Mali: 1) the predominately Muslim
religion in many areas discourages pork ingestion, but pos-
sibly fewer Muslims live in areas such as that shown by the
cluster of 12 schools in Figure 1B; 2) the number of pigs inMali
is < 10 per 1,000 persons,10 but some areas could have
higher pig populations such as in the cluster of 12 schools
shown in Figure 1B; and 3) the impact of annual mass drug
administration against lymphatic filariasis that uses the
drug albendazole which is known to be effective against
cysticercosis.8,20 However, people can be infected despite
low levels of pork consumption if sanitation is poor, and this
may be the case in those schools where students tested
positive for GST–rT24H. It is of interest that a patient with
neurocysticercosis has been reported in Mali.21 Also of in-
terest, the four schools within the cluster near the Burkina
Faso border (Figure 1B, one black symbol and three medium
gray symbols) showed a high percentage of GST–rT24H
positives, and it is known that Burkina Faso is only about 60%
Islamic, far less than the 90% in Mali.2,22 This information on
T. solium seroprevalence may help to identify areas with po-
tential T. solium exposures and help in the design of control
strategies.
Determination of cycticercosis prevalence using children is

not ideal, because prevalence in adults can be higher due to
more exposures than in children.6 In this study, MFI-bg (IgG
responses) showed an increasing trend with age from grade
levels 1–6. In fact, students in grade levels 5 and 6 (median
ages, 12 and 13 years, respectively) had significantly higher

FIGURE 1. Map of Mali in western Africa, showing political districts
with schools and percentage of students tested positive for glutathione-
S-transferase (GST)-rT24H per school. (A) Forty-two schools were lo-
catedby theglobal positioning systemandare indicatedbyblackcircles:
Mopti (four schools), Sikasso (16), Koulikoro (20), and Bamako district
capital (2). (B) The percentage of students per schoolwho testedpositive
to the GST–rT24H antigen are represented by gray-scale diamonds:
white, 0% (17/42 schools); light gray, 5–10% (14/42); medium gray,
15–20% (7/42); and black, 25–30% (4/42). An average of 19 students
were randomly selected (range, 14–20) from each school. The cluster of
12 schools on or inside the white dashed line showed a relative risk of
3.23 for Taenia solium exposure compared with the 30 schools outside
the cluster. Some symbols overlap.

TABLE 1
Schools arbitrarily grouped by the percentage of students per school positive to GST–rT24H, the number of participating schools, the number of
students tested, the averagenumberof students testedper school, the rangeof numberof students enrolledper school, and themedianelevation
of the grouped schools

Percentage of students antibody
positive/school

Gray-scale symbol
(Figure 1B)

Number of
schools

Number of students
tested

Average number of students
tested/school Range of students enrolled/school Median elevation (m)

0 White 17 314 19 71–528 415
5–10 Light gray 14 273 20 73–596 378
15–20 Dark gray 7 138 20 77–422 410
25–30 Black 4 80 20 159–388 374
Total – 42 805 – – –

GST = glutathione-S-transferase.

1410 MOSS AND OTHERS



MFI-bg (P < 0.003) than students in grade level 1 (median age,
6.5 years) (data not shown).
We found no studies reporting a relationship between im-

mune responses to GST–rT24H and elevation. Here, students
in schools at elevations < 425 m showed significantly higher
IgG responses (P = 0.014) than students in schools at
elevations ³ 425 m. Furthermore, those 12 schools in the
cluster in Figure 1Bshowedsignificantly higher IgG responses
(P < 0.001) and significantly lower elevations (P = 0.04) than
those schools outside the cluster, suggesting, possibly,
drainage of contaminated water to lower elevations. Flooding
occurs almost annually in Mali as it did in August 2013, less
than a year before these blood samples were collected.23 The
elevation range for the schools studied was only 320–542 m;
thus, the lower elevations were not obstructed by mountains.
However, there could be unknown factors, such as the num-
ber of pigs and the number of cysticercosis carriers in the
various elevations that could be influencing our elevation/
immune results; thus, further investigation is required to con-
firm a relationship between elevation and immune responses.
In this study, datawere acquired simultaneously onmultiple

antigens from multiple pathogens, thus conserving on speci-
mensaswell as cost and labor. TheMBA is at least as sensitive
as enzyme-linked immunosorbent assay.24 Identifying and
maintaining funding for surveillance for a single pathogen can
be difficult. In this study, GST–rT24H was one of 38 antigens
from 22 different pathogens that were included and will be
reported in the future. The MBA is notable in that it not only
provideddata fromdriedbloodspots fromaschoolsurveillance
study for evaluating effectiveness of WASH improvements11

but also provided serological information, in a non-designed
study, on exposures of T. solium taeniosis/cysticercosis in the
southern portion of Mali.
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