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Abstract. There are few studies evaluating awareness of Chagas disease among healthcare professionals attending
migrants from Latin America or working in Chagas-endemic areas. The objective of this study was to design and validate
instruments for assessing knowledge about Chagas disease among healthcare students and residents as well as stu-
dents and professionals of social and other health science disciplines. Two validated scales have been developed: the
10-item Chagas Level of Knowledge Scale for healthcare professionals (ChaLKS-Medical) and the 8-item ChaLKS-
Social&Health for potential aid workers from those fields. Both scales were considered adequate in terms of readability,
internal consistency, construct validity, and discriminant validity. The mean number of correct answers on the ChaLKS-
Medical among respondents fromnon-healthcare versus healthcare sectorswas 1.80 versus 7.00 (P< 0.001). The scores
on the ChaLKS-Social&Health also discriminated between the knowledge levels in these two groups (1.76 versus 6.78,
P < 0.001). Knowledge among medical/pharmacy students and residents on the ChaLKS-Medical was acceptable and
different (mean: 5.8 and 7.4, respectively; P < 0.001). Respondents’ knowledge of Chagas disease was greater in those
who had previously received information on the disease; this was true in both respondents from the healthcare sector
(mean correct answers, ChaLKS-Medical: 7.2 versus 4.3, P < 0.001) and in potential aid workers (mean correct answers,
ChaLKS-Social&Health: 5.1 versus 1.1, P = 0.001). The metric properties of both scales are adequate for their use in
supporting aid operations in Chagas-endemic countries or in providing health and social care to migrant populations in
non-endemic countries.

INTRODUCTION

Validation scales play an important role in developing ac-
curate tools for measuring different phenomena. Established
methods can examine the effect of certain factors through
distinct validation steps, including content validation and
checks for internal consistency, reproducibility, and criterion
validity. The validated result guarantees the instrument’s re-
liability, enabling its use in later studies. Several articles de-
scribe the development and validation of instruments to
assess providers’ knowledge of diseases, such as sickle cell
disease, and to assess the health professionals’ attitudes to-
ward people affected by diseases.1,2

Chagas disease (CD) is a parasitic (Trypanosoma cruzi),
mainly vector-borne, disease with a high public health impact
in Europe,where other transmission routes (blood transfusion,
transplantation, and mother-to-child) may also occur and are
not completely controlled.3 Rising immigration from Latin
America to Europe and especially to Spain has led to an in-
crease in cases, mainly in asymptomatic immigrants in the
chronic phase of the disease.4 However, CD is still largely
unrecognized in Europe, and fewer than 10% of cases are
diagnosed.5 This has led to active efforts to identify patients to
bring them into the healthcare system.6

Underdiagnosis of CD in Europe and other non-endemic
regions has three main component causes, related to the

population at risk (lack of knowledge and awareness about the
disease, fear, stigma, and barriers to access the healthcare
system); healthcare professionals (lack of training in tropical
medicine, global health, and cultural diversity in the consul-
tation); and public health measures (so far insufficient to ad-
dress the challenge of detecting and controlling this emerging
neglected tropical disease [NTD]).3,7

There are few studies evaluating the awareness of CD
among healthcare professionals in Europe,8,9 and little is
known about medical students’ knowledge of the issue.10,11

Overall, these studies show room for improvementwith regard
to health professionals’ knowledge of CD. Surveys in the
United States—the country with the highest number of mi-
grants infected with T. cruzi—also show a general lack of
awareness of CD among physicians across specialties.12–14

Studies have indicated that U.S. physicians may not consider
CD when diagnosing immigrant patients from Chagas-
endemic areas.7 Similar results have been reported in
patients and healthcare professionals in Spain and other Eu-
ropean countries.5,15

At the same time, international aidwork in Latin America has
changed drastically in the past decade, also affecting social
organizations. This change is also relevant from the Spanish
perspective.16,17 However, similar to the health sector, there
are scarce data about aidworkers’ and volunteers’ knowledge
of CD before working with populations in or from endemic
regions.
Having a validated scale to assess the level of knowledge of

CDamonghealthcareprofessionals andstudentswouldhelpus
to improveandadapt theeducational plans for futurehealthcare
professionals in the context of a globalized and changingworld.
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Avalid scalewould also enable evaluation of training outcomes.
Moreover, non-governmental organizations (NGOs) could use
such a tool to evaluate the knowledge of CD among their vol-
unteers and help them to use integrated approaches while de-
signing and implementing their programs and interventions.
The objective of this study was to design and validate in-

struments for assessing knowledge about CD amongmedical
andpharmacy students and residents, and among students of
other health science and social disciplines who are interested
in international cooperation in Latin America or in attending to
Latin American migrants. A secondary aim was to assess the
influence of having previous information about CD on the re-
sponses shown in the scale.

MATERIALS AND METHODS

Study design. The cross-sectional study conducted in
Alicante, Spain, between January 2016 and March 2018, fo-
cused on the validation of both scales.
Participants. We recruited a convenience sample of 349

participants (66 students in fields other than medicine or
pharmacy whowere interested in aid work, plus 283medicine
andpharmacy students, recentmedical school graduates and
residents, and recent pharmacy school graduates and resi-
dents). The sample size was determined to detect a difference
of 0.39 points, with a confidence level of 95%. The inclusion
criteria were as follows: medicine and pharmacy students,
students and professionals from other disciplines related to
aid work who had obtained their bachelor’s degree in Europe,
and doctors, pharmacists, and other health professionals who
had recently completed or were completing their specialty
training in Spain. Participants were recruited through six
events or channels (conferences or classes on aid work, etc.
Supplemental Table 1) and replied using a self-administered
questionnaire (pencil–paper and online approaches were
used). All participantswere informedabout the objective of the
study before completing the survey.
To perform the study, a reactive questionnaire (which in-

cludes the items that initially form part of the pool of questions
that are going to be analyzed) was designed to assess the
respondents’ level of knowledge. The tool was analyzed for
readability, reliability, and validity.
Scale design. Two authors developed an initial set of

questions based on a prior questionnaire, widely used in
Madrid (Spain), aimed at populations at risk of CD and de-
scribed in a report published by the Spanish Ministry of
Health.18 This questionnaire contained 26 reactive items,
encompassing knowledge of Chagas epidemiology (five
items), transmission routes (eight items), clinical characteris-
tics (six items), diagnosis (four items), and treatment (three
items) (see Supplemental Table 2). This proposal was
assessed for relevance, clarity, and priority by three internists,
three family and community medicine specialists (all with ex-
perience in CD), and three physicians from Latin America with
knowledge of CD, to best discriminate between different lev-
els of knowledge (face and content validity analyses). These
experts ranked the importance of the items and recom-
mended eliminating three. Following this analysis, our team
agreed to design a test on CD directed toward medical and
pharmacy students and another directed toward students in
other health and social fields who were interested in in-
ternational aid work in areas with population at risk of CD.

There are a significant number of volunteers and staff with
no specific global health training who join international co-
operation projects in Chagas-endemic regions or collaborate
with local NGOs devoted to refugees andmigrants from these
countries. For this reason, we adapted the scale to this group,
retaining items related to basic knowledge about CD trans-
mission routes and excluding those related to diagnosis and
treatment (n = 8). Based on our experience (both in endemic
and non-endemic countries) and our literature review, we se-
lected the items testing the knowledge needed for protecting
oneself, avoiding the stigmatization of the affected pop-
ulation, anddetermining the need for additional trainingbefore
joining a project/intervention. The items finally selected for the
ChaLKS-Social&Health questionnaire focus on CD epidemi-
ology and transmission.
The version for healthcare students and residents included

23 items, whereas the one for potential aid workers had 15
items (Supplemental Table 3a in Spanish and Supplemental
Table 3b in English).
All questions for both questionnaires included three

possible responses: “yes,” “no,” and “I don’t know.” The
scores in both questionnaires were the sum of the correct
answers; incorrect answers were not penalized. One of the
questions on transmission was initially formulated as an
open question (“What insect spreads Chagas disease?”).
The four most frequent answers weremosquito, sandfly, fly,
and kissing bug (Supplemental Table 2). In the final version
of the questionnaire, the itemwas reformulated as closed to
maintain the same format as for the other items (“Do kissing
bugs spread Chagas disease?”) (Supplemental Table 5a
and b).
To assess comprehension and the potential for misun-

derstandings, we asked three third-year students in occupa-
tional therapy, podiatry, and physical therapy; three last-year
medical students; and three last-year pharmaceutical stu-
dents to read the respective versions of the questionnaire for
aid workers and health professionals. The questionnaire was
piloted among these 15 students.
The difficulty index applied in this study followed the stan-

dard formula: the difficulty index of each question was cal-
culated by dividing the number of correct responses by the
number of total respondents; higher scores corresponded to
easier items. We deemed indexes of 0.50–0.60 to be an av-
erage level of difficulty, indexes of 0.31–0.49 to be amoderate
level of difficulty, and we also aimed to include 5% of ques-
tions with a high level of difficulty (less than 0.30).
Reliability. Cronbach’s alpha was applied as a measure of

internal consistency. Reliability was calculated using the split-
half method, applying the Spearman–Brown coefficient. A
minimum of 0.70 was considered acceptable for both statis-
tics. The item–total correlation was also analyzed to charac-
terize the metric properties of the elements, excluding those
elements with low correlations. A minimum coefficient of 0.35
for Pearson’s correlation was considered acceptable.
Construct validity. An exploratory factor analysis (EFA)

was performed to determine the factorial structure of each
instrument using the principal components technique, fol-
lowedby thevarimax rotation. A factor loadinggreater than0.5
was considered an acceptable level of missing data. Before
this analysis, the Kaiser–Meyer–Olkin measure of sampling
adequacy was applied to identify the proportion of variance in
the items that might be caused by underlying factors. Also,
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Bartlett’s test of sphericity was applied to determine whether
the EFA was suitable for structure detection.
Discriminant validity. The responses from the two sub-

samples were compared to check that healthcare students
and resident physicians consistently obtained better scores
than non-healthcare students (discriminant validity). Using the
Student’s t-test, we compared the number of correct answers
obtained by respondents who reported having versus not
having received prior training in CD with those who had re-
ceived their bachelor’sdegree in LatinAmerica versusEurope.
We also compared the performance of different subgroups:
medicine and pharmacy students along with medical and
pharmacy residents. Finally, we compared the scores of po-
tential aid workers and students, and medical and pharmacy
professionals. Scales should demonstrate they are able to
discriminate the level of knowledge between groups of par-
ticipants. In this case, itwas tested if twomeasures that should
be different were actually different and that these differences
were going in the expected direction.
Translation. A certified Spanish to English translator with

expertise in scientific documents translated the scales from
Spanish. A forward–backward translationwas thenperformed
by another independent translator to obtain a Spanish version
of these instruments (from the English-language ones), to
check their similarity.
Analysis statistics. Categorical data were expressed as

absolute and relative frequencies. The items for both scales
were compared by the type of respondent by means of

chi-squared tests and Fisher’s exact test (in the case of small
numbers).Quantitative variableswere expressedbymeanand
SD and were compared by the type of respondent by Stu-
dent’s t-test. The two-tailed significance level for all statistical
tests was P < 0.05. All analyses were carried out on SPSS
software version 23.0 (SPSS, Inc., Chicago, IL).
Ethical aspects. All participants provided informed con-

sent. Those participants who attended the seminars/courses
gave their oral consent before the lectures. The study was
approved by the Miguel Hernández University’s Project
Evaluation Committee (Ref: DMC.JRR.01.16).

RESULTS

Scale validation. Description of the study sample. Table 1
presents the characteristics of the study sample, which was
made up of 283 students and residents in medicine and
pharmacy, plus 66 potential aid workers. Once the elements
with saturation in more than one factor or with factorial satu-
ration of less than 0.50 were eliminated, the EFA converged
into one dimension with 10 items (Table 2). The version of
ChaLKS that emerged included the items that the experts had
considered essential (Supplemental Table 4, 5a and b). The
difficulty indexes ranged from 0.23 to 0.91 (Table 2). Seven of
the 10 items showed an average difficulty index, and 1/10was
deemed moderately difficult. The item–total correlations
ranged between 0.30 and 0.53, and Cronbach’s alpha
was 0.75. Just more than half (54.6%) of the respondents

TABLE 1
Characteristics of all participants and the two samples of students and professionals in whom the scale was validated

Characteristic All participants
Medicine and pharmacy
students and residents

Social and health
science* students

N (%) 349 283 (81.1) 66 (18.9)
Age (years), mean (SD) 27 (7.0) 28.9 (7.0) 21 (6.0)
Studies N % N % N %
Medical students 69 19.8 69 24.4 – –

Pharmacy students 14 4.0 14 4.9 – –

Pharmacy residents 18 5.2 18 6,4 – –

Medical residents 182 52.1 182 64.3 – –

Specialist in family and community medicine 82 23.5† 82 45.1† – –

Specialist in internal medicine and other specialties 100 28.6† 100 54.9† – –

Other students – – – – 66 18.9
Physiotherapy 24 6.9 – – 24 36.4†
Occupational therapy 15 4.3 – – 15 22.7†
Podiatry 9 2.6 – – 9 13.6†
Psychology 8 2.3 – – 8 12.1†
Nursing 6 1.7 – – 6 9.1†
International relations 2 0.6 – – 2 3.0†
Health technology 2 0.6 – – 2 3.0†

Previous information on Chagas disease 268 76.8 255 90.1 13 19.7
Recruitment events
Conferences on cooperation 132 37.8 66 23.3 66 100
Master in infectious diseases 47 13.5 47 16.6 – –

Seminar on Chagas disease 21 6.0 21 7.4 – –

Course on care for immigrant patients 82 23.5 82 29.0 – –

Pre-congress workshop 36 10.3 36 12.7 – –

Online 31 8.9 31 11.0 – –

Place of birth
Spain 313 89.7 251 88.7 62 93.9
Latin America 25 7.2 25 8.8 – –

Other European country 9 2.6 6 2.1 3 4.5
Africa 2 0.6 1 0.4 1 1.5
*Other than medicine and pharmacy.
†Percentage of the total medical residents/other students, respectively.
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answered seven or fewer items correctly; 16% obtained a
perfect score.
Once theelementswith saturation inmore thanone factor or

with factorial saturation of less than 0.50 were eliminated, the
EFA converged into one dimension with eight items. The dif-
ficulty indexes ranged from 0.15 to 0.41 (Table 2). Three of the
eight items (37.5%) showed an average difficulty index and
5/8 (62.5%) a moderate one. The item–total correlations
ranged between 0.47 and 0.79. Cronbach’s alpha was 0.89.
The vast majority (87.1%) of the sample answered five
or fewer questions correctly; 3.2% obtained a perfect
score (Table 3).
Discriminant validity. The ChaLKS-Medical scores enabled

good discrimination between knowledge among healthcare
professionals and potential aid workers. The mean number of
correct answers among nonmedical respondents was 1.8 (SD
2.4), compared with 7.0 (SD 2.3) among health professionals
(t-test 16.03, P < 0.001). The scores for the ChaLKS-
Social&Health also discriminated between the two main
groups of respondents (nonmedical: 1.8 [SD 2.5] versus 6.9
[SD 1.6], t-test 20.2, P < 0.001).
KnowledgeofChagas disease. Table4shows the itemized

results for the ChaLKS-Medical and ChaLKS-Social&Health

questionnaire. The mean number of correct answers on the
ChaLKS-Medical among healthcare students and residents
was 7.0. Two difficult questions for respondents were as fol-
lows: “Can CD be transmitted through blood transfusions?”
(67.1% correct answers) and “Can CD be transmitted from
mother to child?” (59.0%correct answers). Themost frequent
mistake among health professionals and medical and phar-
macy students related to thenameof thedrugused to treatCD
(23% correct answers).
On the ChaLKS-Social&Health scale, potential aid workers

responded correctly to an average of 1.8 questions. The
question garnering the most mistakes was “Can CD be
transmitted from mother to child?” (15.2% correct answers).
Respondents also had little knowledge on the endemicity of
the disease in the Americas or sexual transmission (19.7%
correct answers).
Table 5 presents the number of ChaLKS-Medical items

yielding correct answers among healthcare professionals;
those who had received information about CD in the past
showed a better average performance (7.2 versus 4.3 correct
answers; P < 0.001). This difference was apparent in nine of
the 10 items analyzed (the exception was for the question
“Can CD be transmitted from mother to child?”). The same

TABLE 2
Results of the exploratory factor analysis and difficulty index for theChaLKS items (10 items for ChaLKS-Medical and 8 for ChaLKS-Social&Health)

ChaLKS-Medical ChaLKS-Social&Health

Questionnaire items Factorial saturation Difficulty index Factorial saturation Difficulty index

Is CD endemic to the Americas? 0.81 0.91 0.79 0.20
Is CD endemic to Africa? 0.80 0.84 0.71 0.20
Is CD endemic to Europe? 0.74 0.91 0.87 0.32
Can CD be transmitted through blood transfusions? 0.71 0.75 – –

Can CD be transmitted from mother to child? 0.70 0.76 – –

Can CD be transmitted by kissing bugs? 0.68 0.59 0.66 0.15
Can CD affect the heart? 0.62 0.68 0.82 0.41
Can CD affect the stomach and bowels? 0.62 0.65 – –

Is CD diagnosed via serology? 0.58 0.67 – –

What drug is used to treat CD? 0.53 0.23 – –

Is there treatment for CD? – – 0.80 0.33
Can CD be transmitted by living with a person who
has the disease?

– – 0.79 0.23

Can CD be transmitted through sexual contact? – – 0.73 0.20
Explained variance 46.66% Explained variance 59.86%

Cronbach’s alpha 0.75 Cronbach’s alpha 0.89
CD = Chagas disease; ChaLKS = Chagas Level of Knowledge Scale.

TABLE 3
Correct answers on the ChaLKS questionnaire: absolute, relative, and cumulative frequency

ChaLKS-Medical ChaLKS-Social&Health

Correct answer N Relative frequency Cumulative frequency N Relative frequency Cumulative frequency

0 3 1.1 1.1 35 56.5 56.5
1 7 2.5 3.5 5 8.1 64.5
2 2 0.7 4.3 1 1.6 66.1
3 13 4.6 8.9 5 8.1 74.2
4 13 4.6 13.5 8 12.9 87.1
5 26 9.2 22.7 0 0 87.1
6 40 14.2 36.9 3 4.8 91.9
7 50 17.7 54.6 3 4.8 96.8
8 45 16 70.6 2 3.2 100
9 38 13.5 84 – – –

10 45 16 100 – – –

ChaLKS = Chagas Level of Knowledge Scale; ChaLKS-Social&Health = ChaLKS for potential aid workers in social and health fields.
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occurred in the ChaLKS-Social&Health questionnaire: those
who had received information about CD in the past obtained
better scores on the 8-item questionnaire (5.1 versus 1.1
correct answers;P<0.001). This difference held for all itemsof
the questionnaire.
We also compared responses among the 200 participating

medical professionals and pharmacists (ChaLKS-Medical)
according to whether they had been born and educated (until
their bachelor’s degree) in Latin America versus Europe (in-
cluding Spain). The number of correct answers was similar in
bothgroups; theonly itemshowingdifferenceswas related to the
endemicity of CD in Africa, with Latin American professionals
performing worse on this item than Europeans (39.2% versus
76.3% correct answers; P < 0.001; Supplemental Table 7).

DISCUSSION

The statistics applied to the validation analysis of these in-
struments confirm that both scales have a satisfactory fac-
torial function, internal consistency, adequate difficulty
indexes, and capacity to discriminate between different levels
of knowledge of CD. Both instruments are appropriate for
supporting aid actions in Chagas-endemic countries or in
non-endemic countries providing health and social services to
Latin American immigrants.
To our concern, and after reviewing the literature, there is

only one mention of a validated survey about CD: a 22-item
questionnaire, evaluatedandvalidated throughan initial pilot test
involving20 affected individuals and20health professionals.8 As
advantages, we would like to highlight that our tool has been
validated through a wider cohort of professionals, and also
through students (from both social and healthcare fields), so its
range of action is wider. In addition, ChaLKS-Medical and
ChaLKS-Social&Health have less items (10 and 8 items, re-
spectively) so their use could be more operational.
In general, the level of knowledge shown in response to the

questionnaires is adequate but could be improved.Our results
were consistent with similar studies performed among physi-
cians and medical students in non-endemic countries.9,12,13,19

Nevertheless, we drew conclusions based on results in conve-
nience samples fromselected populationswith a special interest
in global health, so our results are not generalizable.11Moreover,

we speculate that general awareness among physicians of other
European countries (where CD is not as prevalent as in Spain)
may be even lower.7

Some key aspects were well known among medical stu-
dents and healthcare professionals, such as the endemicity of
CD in Latin America. Nevertheless, some believed CD was
also endemic to Africa, probably because they confused the
CD parasite with the phylogenetically related parasite (also
belonging to the genera Trypanosoma) responsible for African
trypanosomiasis. Another epidemiologically crucial aspect
was unknown among many healthcare professionals (up to
40%): themother-to-child transmission route. This is themost
important transmission route in non-endemic countries where
blood and organ donors are screened. Our results suggest
that medical schools and postgraduate medical training
should emphasize this aspect to a greater extent, especially in
countries with Latin American populations.
Another aspect which respondents struggled with was the

name of the drugs indicated for treating CD; less than 30% of
the healthcare professionals and less than 9% of medical and
pharmaceutical students knew the names. Nevertheless, we
consider it much more important for professionals to know
that a treatment exists than to be able to name the drug as
such. In our previous pilot study conducted among medical
students, 87% knew there was a specific treatment for CD,
and around 75% were aware that most of the carriers of
T. cruzi are asymptomatic.10 This issue is crucial to screen and
encourage the population at risk to perform the diagnostic
test. If health professionals are aware of the endemicity of the
infection, its transmission routes (especially those at play in
the country where the professional is based), its asymptom-
atic nature, which diagnostic test to order if CD is suspected,
and the fact that treatment exists, we consider that the health
professional is equippedwith thebasic knowledge to suspect,
prevent, and treat CD.
The reactive item, “Can someone with CD feel okay

(asymptomatic)?,”which we consider relevant to discriminate
the level of knowledge ofCD, yielded a very lowdifficulty index
(a high number of correct answers) and a low factorial satu-
ration (0.29) in the analysis of construct validity. In light of
these statistics, we chose not to retain the question in the
ChaLKS.

TABLE 4
Description and results of the questionnaire among the respondents to the ChaLKS-Medical (n = 283) and ChaLKS-Social&Health (n = 66)

Item ChaLKS-Medical (n = 283) ChaLKS-Social&Health (n = 66)

Correct answers, mean (SD) 7.0 (2.3) 1.8 (2.4)
Is CD endemic to the Americas? n (%) 257 (90.8) 13 (19.7)
Is CD endemic to Africa? n (%) 184 (65) –

Is CD endemic to Europe? n (%) 257 (90.8) 21 (31.8)
Can CD be transmitted through blood transfusions? n (%) 190 (67.1) –

Can CD be transmitted from mother to child? n (%) 167 (59.0) 10 (15.2)
Can CD be transmitted through sexual contact? n (%) – 13 (19.7)
Can CD be transmitted by living with a person
who has the disease? n (%)

– 15 (22.7)

Can CD be transmitted by an insect bite? n (%) – 27 (40.9)
Can CD be transmitted by kissing bugs? n (%) 192 (67.8) –

Can CD affect the heart? n (%) 239 (84.8) 13 (19.7)
Can CD affect the stomach and bowels? n (%) 213 (75.3) –

Is CD diagnosed via serology? n (%) 214 (75.6) –

Is there treatment for CD? n (%) – 22 (33.3)
What drug is used to treat CD? n (%) 66 (23.3) –

CD = Chagas disease; ChaLKS = Chagas Level of Knowledge Scale.
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As pointed out in other articles, it is very important to
measure the level of knowledge of NTDs in undergraduate
medical students to evaluate the need to intensify education in
these concepts, providing futuremedical doctorswith optimal
tools to cope with NTDs.20 We did not observe differences in
the level of knowledge among resident physicians trained in
Europe versus Latin America. In our opinion, this may reflect
an acceptable training in imported diseases in Europe,
equaling European medical students’ CD knowledge tothe
ones performing their bachelor’s degree in endemic areas.
This study has some limitations. One is the low number of

students who filled in the ChaLKS-Social&Health. With regard
to the items included on the scale, it would have been advis-
able to add a question on CD transmission during organ
transplantation to the initial version of the questionnaire to
assess how it performed during the validation. Other knowl-
edge items to consider assessing on future questionnaires
would be the risk of stroke associated with CD (as some
studies show the lack of knowledge on this aspect among
health professionals)21 and the existence of screening pro-
grams and activities to control the transmission of T. cruzi
(regarding pregnant women in endemic areas, blood dona-
tions, and organ transplants) in the countries of the surveyed
health professionals.3 This latter aspect would be advisable to
include on both versions, given the importance of doctors
having up-to-date information on these programs and of other
health and social service providers knowing where to refer
people who are at risk of carrying T. cruzi. Last, we controlled
the index of difficulty of the questions, opting inmost cases for
questions with intermediate value indices. However, for some
people, it may turn out that some questions are easier to an-
swer than others and we cannot rule out the leading question
effect in some cases.
The ChaLKS-Medical includes 10 items with good metric

properties: 3 on epidemiology, 3 on transmission, 2 on clinical
characteristics, 1 on diagnosis, and 1 on treatment. The
question “Is CD endemic to the Americas?” shows high fac-
torial saturation and a low difficulty index, so it could have
been excluded from the questionnaire. However, the con-
sulted experts considered this question too relevant to leave
out, and it was thus maintained in the final version.
In the validation of the ChaLKS-Medical, pharmaceutical

students and professionals were included because profes-
sionals from this sector may have a role in developing di-
agnosticmethods andpharmacological treatments, aswell as
participating in multidisciplinary hospital teams that treat pa-
tients with CD.22 In fact, pharmaceutical students have a
yearly subject about parasitic diseases, including CD, within
their bachelor’s degree.
Chagas Level of Knowledge Scale-Social&Health is an easier

scale thanChaLKS-Medical, as its targetaudiencehasadifferent
profile. This is why we excluded eight questions related to di-
agnosis and treatment, so ChaLKS-Social&Health could focus
on CD epidemiology and transmission. Regarding clinical man-
ifestations of CD, we consider that, for volunteers and those
studying health fields other than medicine and pharmacy,
knowing about the cardiac implications of the disease is more
important than understanding the involvement of the intestines.
Cardiac involvement is themain cause ofmorbidity andmortality
among patients infected with T. cruzi. In fact, CD is the leading
cause of cardiomyopathy and death due to cardiovascular dis-
ease in young people in Latin America.6
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Our results show that potential aid workers who have pre-
viously received information on CD have a higher level of
knowledge of the disease, highlighting the desirability of
providing enhanced training to this young collective. Ap-
proximately 500 aid programs in Latin America are launched
from Spain every year.17 We believe that reinforcing knowl-
edge about CDwould be especially useful in the framework of
these programs, as it would be beneficial for social and health
aid workers aimed at Latin Americans—whether at home or
abroad—to have knowledge of CD, regardless of whether the
aid projects are directly related to this disease. Not taking this
step would be a waste of a good opportunity: CD under-
diagnosis remains very high5 and knowledge of CD in at-risk
populations is low23; many people are affected by more than
one NTD,24 and integrated programs seem to be effective
toward reducing the burden of NTDs in low- and lower-
middle–income countries.25,26

Chagas Level of Knowledge Scale-Medical also showed a
higher rate of correct answers among thosewho had received
previous information on CD, prompting a reflection on the
need to continue improving training on CD in healthcare stu-
dents and professionals, both in endemic and non-endemic
countries.10,11,27 Awareness andaprecise knowledgeofCD in
medical students, resident physicians, and healthcare pro-
fessionals in general may facilitate an early diagnosis and
correct clinical management in patients with T. cruzi infection
and greater adherence to T. cruzi screening programs,28 also
improving the overall healthcare for this population and
the control of the disease.29 Future studies should assess
the impact of these data on CD underdiagnosis, evaluating the
need for educating students and healthcare professionals from
non-endemic countries about this and other emerging diseases.19

A validated questionnaire on knowledge about CD can be
useful:

1. to use as a teaching tool before and after specific training
sessions on CD for doctors, medical students, other health
and social professionals, and potential aid workers;

2. to evaluate the level of knowledge among our health pro-
fessionals and students in areas not endemic to CD, as a
step to inform the design of training courses on NTDs and
global health; and

3. to assess knowledge of CD in aidworkers whowish to carry
out their work in countries with vector-borne transmission
of CD or with Latin American migrants.

It would be desirable that similar initiatives are replicated in
other countries and in relation to other NTDs to improve the
training in global health among health professionals and aid
workers.
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