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Abstract

Purpose of Review Review work to create and evaluate educational materials that could serve as a primary prevention strat-
egy to help both providers and patients in Panama, Colombia, and the USA reduce disease burden of Toxoplasma infections.
Recent Findings Educational programs had not been evaluated for efficacy in Panama, USA, or Colombia.

Summary Educational programs for high school students, pregnant women, medical students and professionals, scientists,
and lay personnel were created. In most settings, short-term effects were evaluated. In Panama, Colombia, and USA, all
materials showed short-term utility in transmitting information to learners. These educational materials can serve as a com-
ponent of larger public health programs to lower disease burden from congenital toxoplasmosis. Future priorities include
conducting robust longitudinal studies of whether education correlates with reduced adverse disease outcomes, modifying
educational materials as new information regarding region-specific risk factors is discovered, and ensuring materials are
widely accessible.

Keywords Toxoplasma - Toxoplasmosis - Education - Primary prevention

Introduction

While nearly half of everyone on Earth is seropositive for
Toxoplasma gondii, eliminating the congenital form of toxo-
plasmosis can ameliorate some of this parasite’s most severe
effects [1]. As some of the worst consequences of untreated
congenital toxoplasmosis (CT) include chorioretinitis,
hydrocephalus, and blindness, the estimated 190,100 new
infected infants each year are responsible for 1.20 million
disability-adjusted life years worldwide [2ee, 3]. Prevention
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and prompt treatment of gestational Toxoplasma infection
have already become priorities of global health research
programs [4ee].

Reducing CT rates requires early treatment of infected
mothers, but within primary prevention strategies, prenatal
education could help women avoid acquiring Toxoplasma
during gestation [2ee]. Recent attention to education comes
from findings that general knowledge of toxoplasmosis
among pregnant women is incomplete around the globe
[5-11]. Studies on background knowledge comment on a
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need for systematic education of patients in the prenatal
care setting. Meanwhile, a 2015 assessment suggests that
readily accessible, high-quality, Internet-based sources
of information are also a needed resource [12]. An
education-based primary prevention strategy with easily
accessible learning materials has been proposed as part of a
comprehensive public health approach to CT [4ee].

As part of the educational initiative, ensuring providers
are also well informed about toxoplasmosis is also an
issue that has gained recent attention. A 2010 US survey
of obstetrician-gynecologists pointed to several gaps in
providers’ approaches to toxoplasmosis prevention, such
as counseling about all possible risk factors [13]. A later
study in the USA corroborated these findings, noting
that risk factor counseling and knowledge of screening
approaches were inconsistent [14e]. Later surveys of
providers’ knowledge in Poland and Mexico suggest that
the need for improved education of prenatal care providers
about CT, and about toxoplasmosis more generally, is a
global problem [15, 16]. From our own early experiences
in Panama, our discovery that providers’ compliance with
a law that required reporting of toxoplasmosis was very
low (see the “Results” section in this paper and Part IV)
made us suspect that gaps in physicians’ knowledge were
a barrier to reducing CT’s impact.

Taking into account the existing gaps in knowledge
regarding toxoplasmosis, this segment of the broader public
health initiative developed and tested a series of educational
modules for patients, providers, and the public in Panama,
Colombia, and the USA.

Appproach

Structure of Study and Overview The Box shows the
structure of the studies in consecutive summers or rotations
of medical students to Panama and Colombia and then
comparisons of teaching tools in the USA (Box). The same
structure is shown in the “Approach” and “Updates” sections
for corresponding time period subsequently.

Initial Analysis of Toxoplasma Seroprevalence
in Panama (2014)

Our initial study of Toxoplasma seroprevalence in 2014—
conducted by researchers from Hospital del Nifio (HdN) in
Ciudad de Panamad—was a major starting point for studies
that focused specifically on how to educate patients and
providers regarding toxoplasmosis. This seroprevalence
study was a cross-sectional analysis of pregnant women and
their newborns at Hospital Santo Tomas (HST). With 1,320
births/month at HST’s maternity ward, one serum sample

was collected every 21 births to reach a pre-determined
sample size of 366. Twenty additional samples were
collected to make up for women who refused to participate
in the study. Inclusion criteria required participants to
have given birth between June and November of 2014 and
to have completed all screenings. Blood collected from
participants and their newborns was analyzed via ELISA
for anti-Toxoplasma IgM and IgG antibodies. Results were
considered positive at 0.6 (>= 1 IU/MI) (Supplement:
Montenegro Vasquez et al.).

High School-Based Educational Initiatives:
Academia Interamericana de Panama (2015)

While Montenegro Vasquez et al.’s work (see Results)
led to passage of a law mandating screening of pregnant
women for anti-Toxoplasma antibodies twice during
gestation (see Results and Supplement: MINSA et al.), this
study also inspired a weeklong educational campaign on
toxoplasmosis for students at the Academia Interamericana
de Panamé (AIP) in Ciudad de Panama. This campaign
adapted teaching materials that had been developed in
the USA and previously used in settings such as grand
rounds presentations for infectious disease fellows at the
University of Chicago Medical Center (UCMC). Several
AIP students also created posters and presentations that
showed their understanding of what they had learned
(Fig. 1 and 1).

Evaluating Toxoplasmosis Learning Tools
for Pregnant Women in Panama (2015-2016)

The Montenegro Vasquez et al. study also inspired a series
of studies on education of pregnant women who would be
screened for anti-Toxoplasma antibodies. The first study,
conducted at HST in 2015, compared short-term teaching
effectiveness of three pamphlets addressing toxoplasmosis:
one from Brazil (Fig. 1), another from the UCMC (Fig. 1),
and the third newly created for this research [7, 17, 18].
Eligible participants included pregnant women receiving
routine care at HST’s maternity ward. Participants com-
pleted a six-question pre-test assessing preexisting knowl-
edge about toxoplasmosis, were randomized to read one of
the pamphlets, and completed the same questionnaire as a
post-test. Pre- and post-intervention scores were compared
(Supplement: Li et al.).

In light of this study’s results, the newest pamphlet
was then updated (Fig. 1) and compared to the Brazilian
pamphlet in a follow-up study. Pregnant women were
recruited from the waiting room for high-risk obstetric clinic
appointments at HST (Fig. 1 and 1), and methods outlined
above were repeated (Supplement: Heichman et al.).
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e Initial Analysis of Toxoplasma Seroprevalence in Panama \

»Cross-sectional analysis of pregnant women and newborns at Hospital Santo Tomas in Panama City for births between June and
November of 2014

*Overall prevalence was around 50%

*40% seropositivity in rural areas versus 51% in urban areas

*Acute infections more common in younger patients

*Suggests that Toxoplasma infection carries a high health burden for pregnant women in this Panamanian hospital

*High School Based Education Initiatives

*Week long education campaign on toxoplasmosis for students in Panama City

*Increased awareness in the study population, with some participants proceeding to work in toxoplasmosis research or creating
additional learning resources on the topic

X,

o

 Evaluating Toxoplasmosis Learning Tools for Pregnant Women in Panama
*Set of 3 studies at the Hospital Santo Tomas looking at short-term effectiveness of various pamphlets using pass/fail questions
*Study 1: Comparing 3 pamphlets from Brazil, the University of Chicago Medical Center, and one created from this study
*Found that 76% of participants had no prior knowledge of toxoplasmosis
*The Brazilian pamphlet had the highest improvement in scores
*Study 2: Comparing an updated pamphlet created for study versus a Brazilian pamphlet
*65% of the participants had no prior knowledge of toxoplasmosis
*The updated pamphlet was found to be the most effective at increasing scores
*Study 3: Comparing the final Panama-specific pamphlet in digital versus paper form
*While both methods increased scores, the paper brochure version performed better

and asked to retake the survey to compare average scores

*73% response rate

*18.32% increase in scores

*35% increase in participants who reported feeling confident in their knowledge of toxoplasmosis screening protocols for pregnant
women in Panama

 Evaluating Toxoplamosis Learning Tools for Pregnant Women in Colombia

*Pregnant women in Armenia were given a pre-survey measuring their baseline knowledge of toxoplasmosis, then given a modified
version of the Panama-specific pamphlet with additional information on risks of untreated water

*Each of the 6 questions was given a 0-3 score based on understanding for a total possible score of 18

*Wicoxon signed-rank tests used to assess differences in scores

«Significant overall increase in understanding

 Evaluating Toxoplasmosis Learning Tools for Medical Students and Professionals in Panama
*Medical students and healthcare providers in Panama given a 25 question pre-survey, shown a 25 minute educational presentation,
«Significant question-specific increase in understanding for all questions except for one J

*Adapting Learning Tools to a Small Medical Student Cohort in the U.S.

*A convenience sample of 37 first-year medical students were educated on toxoplasmosis using Castro et al.'s methods. Their pre and
post intervention scores were compared with those of the 2017 Panama student groups.

*US students scored significantly higher, on average, for the pre-intervention survey

e Final scores of the two groups were similar

Box Summary of projects focusing on initial estimates of Toxoplasma seroprevalence in Panama and on education around Toxoplasma transmis-
sion and prevention in Panama, Colombia, and the United States
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Fig. 1 Beginning of toxoplasmosis education programs in Panama.
Ai. Poster presentation by a group of AIP students. (Aii) “Why am
I covering one eye?” campaign, part of the same group presentation
that sought to educate both students and the public about Toxoplasma.
(Bi) Educational Pamphlet 1 (Brazilian), developed by Fernanda
Loureiro de Moura. (Bii) Educational Pamphlet 2 (translated Eng-
lish version). (Biii) Educational Pamphlet 3 (Panama-specific). (Biv)
Participants reading pamphlets in the waiting room at Hospital Santo

A third study compared the teaching effectiveness of the
newest, Panama-specific pamphlet with that of a digital,
iPhone-compatible PDF version of the same pamphlet (Fig. 1).

Tomas in Ciudad de Panama. (Bv) Participants completing post-ques-
tionnaire in the waiting room at Hospital Santo Tomas. (Bvi) Com-
parison of effectiveness of pamphlets 1, 2, and 3. (Ci) Educational
Pamphlet 4 (new and Panama-specific). (Cii) Comparison of New
Panama-specific pamphlet (Educational Pamphlet 4) and old Brazil-
ian Pamphlet (Educational Pamphlet 1). (D) Effectiveness of PDF vs
printed Educational Pamphlet 4 Bi included with permission from de
Moura(18) and Epidemiol Serv Saude.

Eligible participants included pregnant women who had been
surveyed over eight weeks in HST. Li et al.’s methods were
repeated (Fig. 2; Supplement: Moreira & Pandey et al.).
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Evaluating Toxoplasmosis Learning Tools
for Pregnant Women in Colombia (2019)

A 2019 study in Armenia, Colombia, measured the baseline
level of knowledge on toxoplasmosis among Armenia’s
pregnant population and determined the teaching effectiveness
of the newest, Panama-specific pamphlet (Fig. 1)—which was
edited to include a comment on infection risks of untreated
water. Eligible participants included pregnant women in the
waiting rooms of Hospital del Sur and Hospital San Juan de
Dios. Li et al.’s methods were repeated (Fig. 3; Supplement:
Sanchez et al.).

Evaluating Toxoplasmosis Learning Tools
for Medical Students and Professionals in Panama
(2017)

A 2017 study measured short-term effectiveness of
toxoplasmosis-related educational interventions for
physicians and medical students. Medical students
enrolled in accredited Panamanian medical schools and
healthcare providers in Panamanian hospitals or clinics
that provide maternal-fetal healthcare were eligible to
participate. Participants completed a 25-question survey
that tested knowledge on toxoplasmosis, watched a 25-min
educational PowerPoint presentation, and then re-took the
survey. Average scores (in aggregate and for each question)
were compared in order to evaluate changes from baseline
and intervention efficacy. Qualitative data from open-ended
questions on screening were also collected and coded
(Supplement: Castro et al.).

Adapting Learning Tools to a Small Medical Student
Cohortin the USA (2020)

A US study adapted Castro et al.’s methods to a convenience
sample of 37 first-year medical students from the Pritzker
School of Medicine at the UCMC. Quiz scores were
compared both within the US sample pre- and post-
intervention, and between the 2020 US and 2017 Panama
student groups (Grose et al.).

Updates

Initial Analysis of Toxoplasma Seroprevalence
in Panama (2014)

Out of 383 pregnant women, prevalence was about 50%
overall (Fig. 4 and 4). Age distributions were similar
between seronegative women and seropositive women
(Fig. 4). Of eight pregnant women acutely infected with
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Toxoplasma, age skewed toward younger patients, as 75%
of the women who were IgM seropositive were 25 years old
or younger (Fig. 4 and 4). Ninety-two percent of the women
in this study lived in cities (Fig. 4). Of the 30 mothers who
lived in rural areas, 40% were seropositive, compared to 51%
seropositive urban mothers (Fig. 4).

High overall prevalence of toxoplasmosis indicated that
Toxoplasma infection comprised a significant public health
problem in Panama for pregnant women seeking care at
HST. Following this study, a law was passed mandating
screening for Toxoplasma twice during gestation (Fig. 4;
Supplement: MINSA et al.).

High School-Based Educational Initiatives:
Academia Interamericana de Panama (2015)

Although the teaching materials used with AIP students
were not incorporated into formal research, these resources
were meant to help increase students’ knowledge of
toxoplasmosis. According to correspondence with several
of the students who were part of the weeklong program, the
early exposure to this information in 2015 has had an impact
on participants’ career considerations. Several students
have gone on to work with Institute of Scientific Research
and High Technology Services of Panama (INDICASAT
in Panama), while others have created their own learning
resources on toxoplasmosis in the university setting (e.g.,
Supplement: Fernandez Pirla et al.).

Evaluating Toxoplasmosis Learning Tools
for Pregnant Women in Panama (2015-2016)

Li et al. found that 76% of participants at HST (N=164) had
no prior knowledge of toxoplasmosis (Fig. 1). The Brazilian
pamphlet performed best in increasing knowledge: 89%
of participants correctly answered at least five out of six
questions on a post-intervention test, compared to 63%
and 55% for the Panama-specific pamphlet and the UCMC
pamphlet, respectively.

Heichman et al. found that 65% of the 156 participants
had no relevant knowledge of toxoplasmosis, answering
zero pre-test questions correctly. The new Panama-specific
pamphlet was found to be significantly more effective in the
short term than the Brazilian pamphlet (Fig. 3).

Moreira and Pandey et al. found that the group of women
who used the hard-copy pamphlet group (N=105) had a
net test score increase of 4.49 x + S.D. 1.39 and in the I
Phone group (N=109) had a net increase of 3.62 x + SD 1.79
points. Based on a group-by-time interaction in a mixed-
effects regression model, the brochure group performed
significantly better than the group (p<0.001; Fig. 1), but
both methods significantly increased scores (p<0.001).
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Incidence Maps

Incentivizes
improvements Informs
in maternal forthcoming
care for digital public
pregnant health
women and campaign
children

Identifies key
townships Identified 14

and acute women
demographics who should
for future receive
investigations immediate aid

Fig.2 Maps and summary slides from presentation by Abhi Pandey Pandey and Moreira also created incidence and screening maps for
and Aliya Moreira that details their studies in Panama. One compo- toxoplasmosis in Panama; these maps were based on screening data,
nent of their research was a study on the effectiveness of using digi- IgG/IgM test results, demographic data, and addresses from prenatal
tal media to teach pregnant women about congenital toxoplasmosis. control charts. Also shown as Fig 1 in Part I1I

@ Springer



100

Current Pediatrics Reports (2022) 10:93-108

Fig.3 Data and conclusion
slides from presentation by
Jose Sanchez that outlines an
educational study with pregnant
women in Hospital del Sur and
Hospital San Juan de Dios in
Armenia, Colombia. An educa-
tional pamphlet developed for
Panama was adapted to account
for unique parasite transmis-
sion risk factors in Colombia.
See Supplement for complete
presentation
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Results

In the pre-survey, 17.2% knew nothing about
toxoplasmosis.

89.66% of the women surveyed improved by
an average of 8.2 pts which is more than
100% improvement over their pre survey
score.

6.90% of women remained the same.

Only 3.45% of women score lowered.

Comparison with Previous Panamanian Study

The women in this educational survey had the
highest post-test scores for the educational

pamphlet yet.

e  The post-test score of 5.07 is the highest score

achieved using this pamphlet.

e This is higher than the old pamphlet score vs
new pamphlet survey in Panama of 4.63 and

4.83 respectively (Heichman 2016)

e This was also higher than the digital vs paper

study scores of 4.77 and 4.88 respectively

(Moreira, Pandey, 2016).

The individual answers were not recovered for the
2016 studies at this time. Thus, an in-depth analysis
of T. gondii and toxoplasmosis knowledge between

the two locations is not yet finalized.

Conclusions and Future

Testing educational pamphlet in Colombia clearly demonstrates it is effective in
teaching pregnant women in Colombia quickly and efficiently
Possible part of effort through which high seroprevalence rates are controlled

This educational program was proven to be an effective instrument to deliver information in
Colombia. We could now apply this educational program to other countries in Latin America.

Implementation of an effective health program does not need to be expensive and resource intensive. Wit
the availability of educational pamphlets, women would be able to access crucial information and at learn

the information their own pace.

Further exploration: Educational pamphlets can be used as part of targeted campaigns to reduce Toxoplasi

gondii seroprevalence in severely affected regions

Data concerning risk factors unique to region
¢ could modify the educational program to target changing certain behaviors emphasizing in pamphlet

*  Mold the program to each unique environment of each region and with Toxop

d effective edu

additional sophisti

gondii prevalence data to add
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Fig.4 Prevalence of Toxoplasma gondii infection in pregnant women in
2014 at Hospital Santo Tomés in Ciudad de Panama, Panama. (Ai) Prev-
alence of anti-Toxoplasma 1gG+ and IgM+. (Aii) Toxoplasma 1gG+ vs
IgG-. (Aiii) Toxoplasma serology IgG+ and IgG- with age. (Aiv) Toxo-
plasma serology 1gG+ and IgM+ with age. (Bi) IgG+ and IgM+ sero-

Effectiveness of Toxoplasmosis Learning Tools
for Pregnant Women in Colombia (2019)

Sanchez et al. found that background knowledge among partic-
ipants in Armenia was low, but 90% of women improved their
scores by more than 100% post-intervention. Individual survey
items were scored on a 0-3 scale with higher scores indicating
greater understanding, and a total score was calculated based
on the sum of the six items (possible range 0—18). Due to the
paired design, Wilcoxon signed-rank tests were used to assess
pre vs. post differences. Results for the individual items were
also confirmed using a symmetry test. There was an overall

prevalence in urban and rural areas. (Bii) Toxoplasma 1gG+ and IgG- in
urban and rural areas. (Ci) Seal of executive action passed in 2014 by the
Panama Ministry of Health (MINSA) following this study

increase in understanding from pre to post (p=0.004 for the
total score); this was also true for individual items (p<0.05)
except for the item about toxoplasmosis prevention (p=0.11).

NB In Panama, survey questions were graded pass/fail, and
the total number of correct questions determined scores.
Applying this same grading scale, the average pre-interven-
tion score in Colombia was 2, and the average post-score is
5.07 (p<0.001). With average post-intervention score of the
old and new pamphlet being 4.63 and 4.83, respectively, the
average score of 5.07 achieved in Colombia was higher than
the final average score in Panama (Fig. 3).
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«Fig.5 Results of Castro’s 2017 project on educational modules for
medical students and medical professionals in Ciudad de Panama.
(A) Demographics included 87 participants from Universidad Latina,
Policlinica Betania, Hospital Santo Tomas, and Hospital San Miguel
Arcéngel. (B) Correct response rates for pre and post surveys. There
was an 18.32% increase from pre-survey mean score 74.96% when
compared to the post-intervention mean score of 93.28% (p<0.001).
(Ci) Mean correct response rates overall. (Cii) Mean correct response
rates by demographic. (D). Highest score improvements were
observed in questions about CT treatment. (Ei/Eii/Eiii) Following the
intervention, participants reported greater confidence in their knowl-
edge of CT treatment; of CT risks; and of CT diagnosis. (F) Respond-
ents most commonly selected patient education (38%) and cost (32%)
as barriers to improving toxoplasmosis care. (G) Example of qualita-
tive analysis of participant feedback

Evaluating Toxoplasmosis Learning Tools
for Medical Students and Professionals in Panama
(2017)

Castro et al.’s study reached 119 participants (Fig. 5) and had a
73% response rate. Post-intervention scores increased by 18.32%
(p<0.001; Fig. 5 and 5). Interventions effectively improved
toxoplasmosis knowledge, knowledge confidence, and attitudes
and beliefs (Fig. 5 and 5), with statistically significant increases
in scores on questions about diagnosis, fetal infection risk, and
treatment (p<0.0001; Fig. 5). A greater number of respondents
felt confident in their knowledge of toxoplasmosis and the risks
it presents to pregnant women post-intervention (p <0.0001;
Fig. 5). Finally, there was a 35% increase in participants confident
in their knowledge of toxoplasmosis screening protocols for
pregnant women in Panama (p <0.0001; Fig. 5).

Qualitative data showed that participants tended to report
patient education, healthcare access, cost, test availability,
and disease awareness as issues for women trying to access
gestational toxoplasmosis screening and treatment (Fig. 5);
they frequently mentioned medical supplies, medication, cost,
test availability, physician knowledge, and patient volume as
barriers physicians face in treating toxoplasmosis (Fig. 5).

Adapting Learning Tools to a Small Medical Student
Cohortin the USA (2020)

On average, US students scored significantly higher than had
the 2017 Panama sample on the pre-presentation quiz (20.32
vs 18, p =0.000331). US students also showed a statistically
significant score increase following the presentation (3.11
points, p < 0.00001), bringing them to a final score similar
to that of the Panama group (23.43 vs 23.29, p = 0.69).
Initial qualitative analysis of free-response answers
pointed to need for increased knowledge about topics such as
cost-effectiveness of a universal screening program, patient
and physician awareness of toxoplasmosis, an unequally
distributed disease burden, restrictions on access to care, and
obstetricians’ clinical protocols (Supplement: Grose et al.).

Discussion

With the assumption that primary prevention through
education can significantly reduce the burden of CT, the
education component of this project has sought to improve
awareness regarding toxoplasmosis in multiple populations
and to make the resources widely available.

The initial focus on high school students came in part
from the idea that comprehensive CT screening programs
should begin before women reach childbearing age. If it
is known who within a population is seropositive for anti-
Toxoplasma antibodies (and, by definition, not at risk of
conceiving a child susceptible to CT), a specific population
of seronegative women can be isolated and monitored for
newly acquired infection during pregnancy. As such, it was
considered important to cultivate understanding regarding
toxoplasmosis and the importance of screening among

Panama’s Opportunity

* National screening for toxoplasmosis in pregnancy is mandatory by
Panamanian law since 2014

* Inexpensive point-of-care testing makes this feasible

* Multiplex testing, with one stick:
* Toxoplasmosis, HIV, syphilis, Chagas’ disease, etc.

* A new platform for prenatal care

Broad scope, lower costs

Along with mandated toxoplasmosis testing, a basic nurse visit can:
* Check blood pressure for pre-eclampsia

 Check urine for gestational diabetes

* Check for common vaginal infections

e Test for multiple diseases that threaten mothers and babies

Panama has the opportunity to create a new model of essential
prenatal care on a national scale.

Fig.6 Impact slide from presentation by Eileen Stillwaggon and
Rima McLeod at SENACYT symposium that details the economics
of prenatal screening to prevent CT in Europe, particularly in Austria,
a cost-benefit model for screening in the USA, and opportunities for a
model of screening and prenatal care in Panama See Supplement for
complete presentation
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National Protocol for CT Treatment

=
ANV
Healthcare system
makes decisions
based on scientific
information.

=

Innovation:

- Mitigation measures to
take if medications are
not immediately
available: development
of new medications.

- Areas that have lower

access to resources.
- Telemedicine.

Seroconversion during
pregnancy requires fetal
evaluation:

Mandatory treatment for
pregnant women:

who have seroconverted

4

Technology:

- Implementation of the
latest advances in
diagnostic tests,
especially in areas with
lower access to
resources.

Ultrasound

(brain calcifications)

Amniocentesis/PCR of
amniotic fluid

First Trimester: Spiramycin

Second and Third Trimesters:
Pyramethamine,
Sulfadiazine, and Folinic Acid

B

Planning:

- Implementation of
successful public health
policies from other
countries, e.g. France.

- With chronic
toxoplasmosis:

e*Development of
management protocols
for reactivations.

eDevelopment of an
economic model to
determine relative
costs for public health:
prevention versus
treatment.

Prevention:

- Establishment of
prevention measures
specific to each region’s
situation.

Strengthening our national healthcare

system: How do we get there?

Fig. 7 Conclusions slide from translation of a 2017 presentation by Maridngela Soberén Felin that examines compliance with mandatory report-
ing for congenital toxoplasmosis in Panama and makes suggestions for improving CT care. Full presentation is in the Supplemental
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young women and younger people in general. The weeklong
educational initiative served as a potential model for youth
educational programs that can be used in countries besides
Panama and applied longitudinally to high school cohorts.

Formal education studies began with a comparison of edu-
cational pamphlets for pregnant women. The first two patient
education—focused studies compared the effectiveness of three
different pamphlets, while the third adapted the best one to a
cost-saving, Internet format and showed that patients could
learn just as effectively online. A later study in Colombia
adapted the materials we had developed in Panama to the
department of Quindio, where water-borne Toxoplasma infec-
tion is a more serious issue and use of bottled drinking water is
associated with lower rates of Toxoplasma infection (see Part
III). This last study showed that these educational strategies
can be fine-tuned to country or community-specific risk fac-
tors, along with the public health intervention strategies nec-
essary to reduce disease acquisition in a specific population.

Despite the short-term effectiveness of our educational
materials, it is largely unclear whether such materials could
actually influence long-term patient behavior—and, ulti-
mately, CT rates. There is promising observational evidence
from a Belgian study that studied this question between 1979
and 2000, but epidemiologic studies since then have largely
failed to find a correlation between educational intervention
and reduced seroconversion rates during gestation [19e, 20e].
More recently, a review by Di Mario et al. found only two
cluster-randomized controlled trials of preventive educational
interventions since 1989, and it was concluded that both of
these studies had severe methodological issues [21ee]. While
making learning materials available to patients is a priority,
a next step of work in Panama might involve robust rand-
omized controlled trials that evaluate whether a relationship
exists between patient education and outcomes related to CT.
In the future determining whether material learned is retained
or knowledge can be reinforced will be another important
aspect of evaluating the teaching materials.

In any case, it has been shown that these educational mate-
rials can improve people’s knowledge in the short term. Put-
ting these modules on a website (http://www.toxoplasmosis.
org) will make them available for use by providers, patients,
and the general public. Additionally, as risk factors unique
to new regions of the globe are defined, these educational
modules can be modified to emphasize specific preventive
practices, such as boiling or filtering potable water.

Patient education was a priority of this project’s efforts
but making educational materials available to medical pro-
viders and to the general public is another important pillar
of this work. Both Castro and Grose’s studies point to gaps
in the knowledge of providers and providers-in-training,
which could theoretically be addressed using educational
modules similar to those employed in both studies. These

informational aids were developed because at present there
is little available outside France, Belgium, Austria, and
Brazil.

Outside of medicine, the importance of making the public
more aware about toxoplasmosis has been acknowledged as
well. Content from teaching materials has also been incor-
porated into a series of seminars, public presentations, and
newspaper articles that addressed topics including routes
of Toxoplasma infection, how to prevent acquisition of the
parasite, and relative costs and benefits of CT screening pro-
grams in France and Austria. See Figures 6 and 7, along with
Community Education (Miscellaneous) in the Supplement,
for examples of these presentations.

Conclusion

Altogether, the work described above to create better edu-
cational resources on toxoplasmosis has provided learning
opportunities for patients, researchers, students, and medical
professionals across Panama, Colombia, and the USA. A
flexible and accessible set of learning materials regarding
CT has set the stage for future studies that search for long-
term relationships between educational initiatives on CT and
disease outcomes.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40124-022-00267-y.
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