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Supplement: compilation of contributors” original research, writing, and
presentations

Authors’ note: Most of the materials in this supplement come from independent
by students who were affiliated with global health research programs at the University of Chicago. As more
student contributors were graciously invited o work with individuals and institutions in Panama an
Colombia, the rescarch that these students completed and presented became part of a truly intermational
public health initative, one that quickly involved more instiutions and collaborators than many of us had
originally conceived. None of these projects would have been possible without he collaboration of
numerous U.S. and in-country partners. As such, each contributor’s principal partners are highlighted in the
title page of each section in this supplement,

WANG, KANIX ET AL 1
Sercening and seroprevalence maps for Panama

MOREIRA & PANDEY ET AL
d Infrastructural P

Presencd in 2016 0 the UNiversiy of Cicago Ceme o Global sl v 6
Excerpt of manuscript (same itk 7
Excerptof 0
DAVINA ET AL 0
Risk Factors for Toxoplasma gondi 1¢G Seropositivty in Panama (poster)
Presencd n 2017 ? Hesith 31
A Model for Predicting Toxoplasma gondii 1¢G Seropositivity (manuscript) 32
Risk Factors for Toxoplasma gondii 1gG Seropositivity (presentation).. 0
RAMIREZ, MARGARITA ET AL 7
An Analysis of Gestational Screening for Toxoplasmosis in Panama (poster)
Presened n 2017 icao Center for Global el 7
Manuseript (same tite) 0
il 9
RAGGL, CATALINA ET 107
A Spatial and Statitical Review and Comparison (poster)
Presendin icazo Cntrfor Global Hesth 108
lite). 109

Presentati it 149




0.372 0.375  0.378  0.350 0.383  0.385  0.388  0.390 0.303

Kanix Wang, PhD

with Mariangela Soberon Felin, JD; Oswaldo Reyes, MD; Claudia
Rengifo, PhD; Rima McLeod, MD



Andrew Grose
1


Number of Patients

5 3
Number of Patients

along major

of i

roads. The grey dos represens palients not screened for oxoplasmasis, orange dols represent palients posiive for
i infection. the. patientin the region.

The maps also show water lnes and major roads.



Andrew Grose
2


042 0.3 0378 080 038 0d% 0.9 0390 0.
Screemng Rate
Figure 7: Screening The screening rate ior of Beta(254, 411)

Wi mean at natonal avrage raie of 36.2% and updaed based on Gata fom = Coregment. Sgnitant
Comegimientos are marked with while asterisks.



Andrew Grose
3


03I 0% 0% 00 03w 03 03w om0 0w
Positive Rate

Figure 8: We generated infection rate map by Comegimientos. The positive rate is calculated using a aayemsn prrof
Beta(63, 191) with mean at national average rate of 24.8% and updated based on data fom each
ificant Cc



Andrew Grose
4


Aliya Moreira and Abhinav

Pandey

with Rima McLeod, MD; Mariangela Soberén Felin, JD;
Kanix Wang, PhD; Oswaldo Reyes, MD; and Hospital Santo
Tomds — Panama; Hospital San Miguel — Panama



Andrew Grose
5


weued
JWeIRJ [BIN)O



Andrew Grose
6


Running Head: PARAMETERS TOXOPLASMOSIS PANAMA

University of Chicago Center for Global Health
Summer Research Fellowship Written Report
September 25" 2016

Investigating Social and Infrastructural

Parameters Concerning Toxoplasmosis in
Panama -Part 2
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2 of this study In this supplement to PART Ill on
Spatial epidemiology and risk factors.

Part 1 of the Wang, Moreira et al study is presented as Supplemental
PartA in Part Il -Educational initiatives of this series of four articles
about Building Programs to eliminate toxoplasmosis.|

Moreira & Pandey: KNOW WHAT YOU CHOOSE
Overview

‘This report summarizes a two-project research study that took place in July and August of 2016.
Rescarchers Aliya Moreira and Abhi Pandey traveled on a University of Chicago Center for
Global Health Summer Research Fellowship to Panama. In Panama City, they worked at the
maternity ward of the largest public hospital, Hospital Santo Tomas, and in Hospital San Miguel,
to administer surveys to and collect data from pregnant patients. In order to target the high rates
of toxoplasmosis incidence in Panama, their projects seek to:

1) Determine cost and impact-effective educational strategies to inform Panamanians about

the risks of and the methods of

2) Examine the rates of sreening that take place in the country’s public health centers in
order to facilitate the enforcement of universal sereening; additionally to examine areas

of high incidence in order to determine possible methods of transmission of the discase.
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Moreira & Pandey: KNOW WHAT YOU CHOOSE
Abstract 2

In our study, we hoped to accomplish two different tasks: to enforce Panama’s mandatory
prenatal screening, and to determine environmental sources of infection in the country. In order
10 do 50, we hoped to create a data map of toxoplasmosis incidence rates, as well as to determine
screening rates at public health centers and private clinics. To accomplish these tasks, we spent 5
weeks collecting sereening data, 1gG/IgM test results, demographic information, and addresses
from patient prenatal control sheets at Panama’s largest public hospital, Hospital Santo Tomas.
Data was collected from a total of 665 pregnant women. We found that 38% had received

screening, with individual townships varying from between 20-60% screened and private clinics

having a greater rate of screening than public health centers. Of those sereened, indigenous
people and those living cast of the canal were more likely to test positive for toxoplasmosis.
Additionally, positive points are clustered around roads and waterways. The results of this study
provide useful information for the Panamanian Ministry of Health to enforce universal screening
within the country’s public health centers. Additionally, it identifies areas of high incidence for

future study that could provide clues to methods of transmission of the disease within Panama,
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Introduction 2

Moreira & Pandey: KNOW WHAT YOU CHOOSE

‘The protozoan Toxoplasmosis gondii is one of the most prevalent parasites in the world

(McLeod Toxoplasmosis Research Institute [TRI] website). Cat ooc:

s are the major source of transmission, but h

umans can come into contact with them inadvertently through ingestion of contaminated water, dirt floors,
undercooked meats, and improperly washed produce (McLeod TRI). Infection is generally
‘asymptomatic in nature, with the parasite lying dormant in over 2,000,000,000 people worldwide

(McLeod TRI). However, congenital infection can occur

fa mother is infected for the first time
during her term of pregnancy. This can cause serious problems for the fetus including brain and
eye damage, and sometimes death (McLeod TRI).

In Panama, factors like the tropical weather and high prevalence of feral cats contribute to the
high incidence of toxoplasmosis in the country (McLeod TRI). Panama’s toxoplasmosis
seroprevalence rate is 50%, one of the highest rates in the world (McLeod TRI). As a result of
the high prevalence, in 2014 Panama passed a law requiring the screening of all pregnant women
for toxoplasmosis as part of the standard prenatal care protocol (Li et al 2016).

As a result of this information, our project had two objectives:

‘The first is to determine which health centers and private clinics are and are not
providing mandatory screening. While the 2014 screening law is in place, the extent
to which different health centers and public clinics are carrying out the screening has
not been measured. Our objective then is to measure and map the toxoplasmosis
sereening rates at public health centers and private clinics. This information could
potentially be used by the Panamanian Ministerio de Salud to facilitate the
enforcement of the screening law in the specific health centers and private clinics that
are not carrying out the mandatory precaution. Additionally, the map could

potentially show areas of high and low screening prevalence to help determine
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Moreira & Pandey: KNOW WHAT YOU CHOOSE

regions that are particularly underserved with regards to toxoplasmosis screening.

2. The second objective is to differentiate areas of high prevalence in order to examine
potential contributing environmental differences. By determining the areas of high
prevalence, it may be possible to determine reasons for these fluctuations.. For
example, regions with large numbers of feral cats may be associated with regions of
high prevalence. Alternatively, we may discover differences in water supplies or the
common presence of dirt floors in different regions to be linked with toxoplasmosis.
In order to find this, we will map the prevalence rates we discover onto a map of the

country in order to most clearly see and analyze these fluctuations.

Methods 2
Participants
Our participant sample was a convenience sample consisting of 663 pregnant women in
attendance at the Hospital Santo Tomas and Hospital San Miguel Arcangel in Panama City,
Panama. Patient prenatal control cards were requested from patients located in the External
Consult room on the first floor of Hospital Santo Tomas, where patients come for check-ups and
emergency visits. On other floors and in Hospital San Miguel Arcangel, which contained in-
patients whose prenatal control cards were in files and not carried with them, data was collected
anonymously from the floor’s central record space without interaction with the patient
Demographic information including age, race, educational status, and literacy was obtained from
subjects

Procedure
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At Hospital Santo Tomas and Hospital San Miguel Arcangel, patient prenatal control cards
(Figure 2) were accessed. Information was collected anonymously from the files. TgG/TgM test
results, addresses, health center/private clinic names, and demographic data was collected from
cach patient. After data collection, patient addresses were used to determine longitude and
latitude coordinates using Google Maps. Coordinates were used with screening data in order to

ereate both an incidence map, using only data from patients who had been sereened to show

areas of high and low seropositivity, and a screening map, which used data from all patients that
we had collected to show areas of high and low screening. In the incidence map, patients that
tested positive for at least one tes (<20 week IgG, >20 week IgG, or IgM) were considered
“positive.”

Health center and public clinic names were used in conjunction with screening data in order to
determine screening rates for each. For example, if we collected data from 50 patients of the San

ts had been tested for toxoplasmosis, then 14/50 or

Isidro Health Center, and 14 of those p:

28% would be the screening rate.
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Results 2
Data was collected from a total of 665 pregnant women. Of that sample, 252 had been screened
for toxoplasmosis. The overall screening rate that we determined was thus 38.9%.
Health Center Investigation Results
Sereening rates in individual health centers and private clinics vary wildly from 0% to 100%.
Overall, private clinics sereen their patients at a significantly higher rate than public health
centers.
Incidence Map Results
Based on statistical analysis of the data for our map (Figure 3), we found that people living to
the east of the canal tend towards testing positive for toxoplasmosis. Additionally, certain
townships have drastically increased rates of positivity. For example, the township of Curundu

hasa
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Moreira & Pandey: KNOW WHAT YOU CHOOSE
twenty-four times greater rate of seropositivity. Furthermore, we identified from our
demographic data that indigenous people were statistically more likely to test positive for

T.gondii. Lastly, we observed a surprisingly high number of women who had serum IgM

antibody specific to T.gondii with Roche tests—14 out of our 253 screened patients, or 5.6%.

. coordinates in red coordiantes in

Sereening Map Results
Based on statistical analysis of the data for our map (Figure 4), we found that while 38.9% of
people are screened nationwide, individual townships vary between 0% and about 60%.
Specifically, the townships of Pucblo Nuevo and Curundu both have higher rates of

creening. Additionally, from our demographic information we found that both race

(caucasian) and age (older age) were significantly associated with screening. A variety of
different IgG and IgM tests were used in community centers but at Hospital Santo Tomas

testing was with the Roche automated est
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igure 4. Screening map, coordinates in red have been screened and coordinates in green have not been screened for

toxoplasmosis

Discussion 2
‘The results of our study provide useful information to enforce improvements in the care of
pregnant Panamanian patients and expose areas for future study. We hope to incentivize arcas
for improvement in care of pregnant women and children through exposing the lacking areas
with our study. We found that only 38.9% of pregnant women are screened for toxoplasmoss,
which certainly means that some acute infections go unnoticed and untreated. In a future study,
we hope to take this data and run economic analysis to determine the cost-benefit ratio for the

costs of the amount of babies that go undiagnosed compared to the cost of testing 100% of
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pregnant mothers in order to incentivize improvements in care.

Additionally, our study provides useful information for the Panamanian Ministry of Health
(MINSA) t0 aid in their enforcement of universal sreening. We determined that the majority of
health centers are not carrying out mandatory screening, and additionally that not even all private
health clinics are carrying out testing in 100% of their patients. We have identified a huge
socioeconomic disparity in access to care, and hope that MINSA will be able to utilize this
information to work towards fixing this discrepancy. By identifying exactly which centers and
clinics aren’t following the 2014 screening law, we hope to aid MINSA in directing their
enforcement efforts towards universal screening.

Furthermore, our study has identificd key townships and demographics that are in need of future
investigation. The indigenous community has a higher rate of seropositivity, and the reasons for

this discrepancy could be revealing about potential methods of T.gondii transmission. such as

exposure to soil and water the township of Curundu
specifically has both a higher screening rate and a higher prevalence rate. This may mean that

Curundu specifically has environmental factors that predispose the area for high rates of

or that the statist more due to the higher rate of testing.
Either way, the township of Curundu offers interesting potential for future investigation.

Lastly, we discovered 14 women with serum IgM antibody to T. gondii who will receive
immediate evaluation. This observed very high rate of acute infection is unusual, but may
suggest that sereening s not occurring until symptoms present during pregnancy. From our data
and conversations with Panamanian physicians at the hospitals and health centers, it was
suggested that many doctors are unaware of mandatory screening laws, and that for some
physicians toxoplasmosis is not a major health concern for their pregnant patients. Additionally,

there are inventory issues with test regaents to detect T.gondii seropositivity.
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test kits that may make physicians less likely to perform testing on all of their pregnant patients.
Overall, we determined that the 2014 screening law is not being followed and identified

empirical evidence for this lack in screening that can be presented to the Panamanian Ministry of

Health to facilitate the enforcement of universal sereening. Additionally, we identified key

populations and townships—indi peoples and Curundu—that may provide useful

jon upon future study.

information about toxoplasmosis transmi
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Appendix

FIGURE 5

Statistical analysis of prevalence map data (Figure

contticiente:

to Std. Error 2 value 2z (>12))

(1ntescept) 351 5.7 163 0.030¢ +

at:tude 7 1380 0,519 05623
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001024 007536 G.404 06853
17395 Li2%e0z 1.444 0.1488

FIGURE 6

Statistical analysis of screening map data (Figure 4)
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‘The research objective of this study was to assess risk factors for Toxoplasma gondii 13G
seropositivity among pregnant women secking care at Hospital Santo Tomds in Panama, in order

10 develop a predictive model for risk of exposure to 7. gondii among this population. Univariate

analyses found age squared (logistic regression, p = 0.018), education level (3 test, p = 0.0008),
and longitude of home (logistic regression, p = 0.004) to be significantly associated with
seropositivity: however, age squared s no longer significant when controlling for the effects of
education. A Lasso regression predicted longitude, distance from water, education, pet dogs,
wild animal contact, consumption at food stands and restaurants, street dogs, consumption of raw.
‘meat, age, and pet cats to be the most important factors in assessing for I¢G status. Between a
logistic regression (of IgG status on age and education) and the Lasso regression, both models
have high accuracy rates (68% for logistic and 69% for Lasso regression) and low false positive
rates (1%, 14%, respectively). The main source of error is in the false negative rate, since the
‘majority of patients are IgG seronegative. In this respect, Lasso performs better than logistic
regression, with a lower false negative rate (56% versus 64%), which also produces a lower

‘mean error (31% versus 43%). Therefore, the Lasso model is more accurate than logistic

regression in determining IgG status and is more sensitive in detecting patient seropositivi

‘however, this model needs to be fine-tuned for further increased sensitivity.

Introduction

Toxoplasmosis is a discase caused by the protozoan parasite Toxoplasma gondii (Hill &
Dubey 2002). The parasite may be acquired by ingestion of tissue cysts found in raw or
undercooked meat, or by ingestion of oocysts from cat feces found in contaminated food or
water. While often asymptomatic, the discase can become activated in immunocompromised
individuals, in whom it most commonly causes toxoplasmic encephalitis (Araujo & Remington
1987, Luft & Hafner 1990). Toxoplasmosis may also be acquired congenitally: the parasite

tachyzoites may be transmitted transplacentally to the fetus when a woman contracts the parasite
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for the first time during pregnancy (Tentner ef al. 2001). In this case, infection may result in

ocular and neurologic deficits in the fetus — such as chorioretinitis, loss of sight, psychomotor

seizures, mi and intracranial calcifications, among

other manifestations — as well as miscarriage (Wilson ef al. 1980).

Infection of the mother before conception protects the fetus. Congenital toxoplasmosis is

almost always contracted from a mother who has an acute infection during pregnancy, which is
signalled by the presence of IgM antibodies. At about 8 weeks after infection, IgM antibody
levels usually decrease, while I¢G levels become high and stable, in a test called the Sabin
Feldman dye test or certain other IG tests. This signals subacute/chronic infection, indicating
that the individual is now likely to be immune to subsequent infection. With established maternal
immune response, the fetus is much less likely to be at risk of contracting congenital
toxoplasmosis (Joynston & Guy 2001, Hall 1992). IgG antibodies persist for lfe, so their
presence in serum is a marker of prior infection with the parasite. Therefore, a test for IgG
seropositivity, without other markers of acute infection, is useful in identifying pregnant women
with minimal risk of vertical transmission to the fetus, which is especially important in prenatal
screening programs.

‘There are no published results on the seroprevalence of T. gondii in Panama, although
unpublished data from 2014 have shown that 50% of Panamanian women of childbearing age
cared for at Hospital Santo Tomés, Panama’s largest public hospital, were IgG positive (Sdez

Liorens e al., unpublished). The neighboring countries of Colombia and Costa Rica have

estimated seroprevalences of 43.1-66.7% and 49.2-60.8%, respectively (Pappas et al. 2009,
Rosso et al. 2008, Castro et al. 2008, Barrera et al. 2002, Zapata et al. 2005). This high regional
seroprevalence suggests the possibility of similarly high rates in Panama. The high environmental
contamination and the sizable proportion of women who are IgG seronegative — and thus at risk
— suggest that 7. gondi infection may pose a high risk to pregnant women in Panama and their
fetuses.

Previous studies have identified soil floors, dogs, and cats in the home as risk factors for
7. gondii antibody seropositivity in specific populations in Panama (Etheredge e ., 2004).
Furthermore, a retrospective study similar to the present one, conducted in Panama in 2016,

found that geography (e.g., residence in San Miguclito or in more eastward areas) was a

significant risk factor for IzG seropositivity (Wang, Pandey, &
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Moreira, unpublished). Certain townships (corregimientos) had significantly high
seroprevalences; the two with the highest seroprevalences were Curundi and Pucblo Nuevo,

which saw 24-fold and tenfold increases, respectively, from the average seroprevalence across all

townships. Furthermore, in Curunds specifically, cases of [5G seropositivity were clustered

around the river, indicating that water source may be a risk factor. This study also saw a

significant general trend of increasing seropositivity from the western end to the eastern end of
the country. This result has been corroborated by similar data in domestic dogs and cats in
Panama, which also show a significant increasing trend in seroprevalence from west to east
(Rengifo-Herrera et al., 2017).

‘The research objective of this current study was to assess risk factors for 7. gondii IzG
seropositivity among pregnant women seeking care at Hospital Santo Tomds in Panama, in order

to develop a predictive model for risk of exposure to 7. gondii among this population.

Methods & Dataset

In this study, we prospectively assessed 341 pregnant women at Hospital Santo Tomds;

this is Panama’s largest public hospital, which treats patients from all provinces of the country
and sees approximately 19,000 deliveries per year — or about 50 per day. Patients were selected
as they came in to the hospital maternity ward to attend pre-delivery appointments for
ultrasound, ¢-section consultation, and high risk management (for patients with diabetes,
hypertension, and other complications). Patients who had been tested for 7. gondii antibodies in
the two weeks prior to their visit were excluded.

Sera from selected patients were tested for T. gondii IgG seropositivity with Rehe assay.
Additionally, we assessed both seroncgative and seropositive patients for various risk factors,
including demographic information, contact with wild animals and pets, food hygiene and
cooking habits, and sources of food and water (Table 1). These questions were based on
previously identified risk factors (Etheredge ef al., 2004). Additionally, any past laboratory test

results were obtained from each woman’s medical control chart (Figure 1). All statistical tests

and analyses were performed in RStudio (Version 3.1.3, Vienna, 2015).
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Category Variable Type Outcomes
Response 186 Response, Binary Nepsi Sa0 UL 19
Demographics | Maternal Age Integer Range: 15,43
Educarion level | Ordinal o
completed Sy a0
Location Home Location | Binary v
Home Coordinates | Continuous, two-dimensional | Lo (e 755.936) kg g 75154138)
Animal Pets Binary o oo
contact Ve g
Contact with wild | Binary e
animals
Stwcctanimals | Binary Do Cas i
near home or work o
Diet Consumption of | Ordinal roaey
street food ety (1-40)
Frequent* food | Binary g P —
Frequent® meat | Ondinal o ez s e R ke
consumption Yes adT w24 o120 s
Consumption of | Ordinal [o—
raw meat
Hygiene Washing hands | Ordinal
before cating
Washing produce | Ordinal
before
consumption
Water Water source Binary Jr—

Table 1: Description of the variables in the dataset. *Frequent is defined as at least a couple of
times per weel
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222201 Do M- Sorira Pronatal

Figure I: Prenatal medical control chart for pregnant woman at Hospital Santo Tomis,
displaying results of past laboratory tests. Included are results of past 7: gondii IgG and IgM
antibody tests, along with avidity test results if the antibody test retumed positive.

Results & Model

‘This section details the results of various tests used to determine association between 7.

gondii 1gG seropositivity and the risk factors detailed in Table 1. From the results of these tests,

2 model was built to predict the probability of IgG seropositivity for a pregnant woman in
Panama based on the relevant risk factors. In this section. 0 indicates seronegative and |
indicates seropositive. The variables are defined s follows:

probability of seropositivity (defined by frequency)

age (years)

education level

lat = latitude

long = longitude
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Demographics
Aplot of the proportion of IgG-positive patients against age exhibits a quadratic curve
(Figure 2b), with the youngest and oldest age groups having highest seroprevalence. This is

supported by the fact that mean age of the seronegative and seropositive groups do not differ

—27.1 years for d 27.5 years for (ttest, p = 0.63) —
while the variance of age for each of these groups does exhibit a slightly significant difference —
33.6 years” for seronegative and 43.6 years? for seropositive (F test, p = 0.0, Figure 2a).

Alogistic regression of I¢G status against age and age squared yields the following
formula, where both variable coefficients are significant (p = 0.024, 0.020, respectively):
logit(p) = 4.1 - 0.3a + 0.006a”

In order to correct for multicollinearity between age and age squared, the age variable
was centered around its mean (27.3 years) before squaring, and these new centered variables for
age and age squared were used instead for the regression. This yielded the following equation:
logi(p) = 0.5~ 0.0006(a — 27.3) + 0.006(a ~ 27.3)" . The coefficient for age squared is
significant (p = 0.020), while the coefficient for age is not (p = 0.97)

Finally, age was removed from the regression model since it did not contribute
significantly. This yielded the following formula, where the coefficient for age squared is
significant (p = 0.018):

logit(p) == 0.5 +0.006(a — 27.3)" (Figure 2b).
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Age (yrs)
30

2

T
Negative (v=191) Posiive (n=150)
146 Stalus
Figure 2a: Boxplot of age versus IgG status. The black bar represents the median, the blue box

represents the 25th-75th percentiles, and the whiskers represent the minimum and maximum
values for each group.
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igure 2b: 7. gondii 1gG seropositivity rates among pregnant women by maternal age, plotted
age centered around the mean. The curve represents the fit from the logistic regression of
1G status against age squared, with age centered around its mean. The points are shaded
according to the number of women at each age, where darker colors signify a greater number of
women, with white representing | woman and the darkest blue representing 23 women.
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Combining the groups with no education and primary education for increased power, a

2 analysis of I¢G status against education level yields a significant relationship between the

two (p =0.0008). We find that seroprevalence decreases with increasing education level (Figure
3).
~
3
5 [
. [
°
> o L
g S 06 T
g 3
2 © 0.49 T
£ o
5 @
g S
3 1
g o
@ ° 029
s
o
3
None or Primary (=35)  Secondary (n=201) University (n=09)

Education level

Figure 3: . gondii 1¢G seropositivity rates among pregnant women by education level. Error
bars represent the standard error of the mean.

A linear regression was used to assess for multicollinearity between the two demographic

variables, age and education. The education levels were coded as follows: “none™ or “primary” =

1, “secondary” = 2, “university” = 3. A plot of average education level against age exhibi
quadratic curve (Figure 4b), with the middle education level (secondary) having highest
seroprevalence. This is supported by the fact that a one-way ANOVA shows no significant

difference between the means of the three groups (although they are close: p = 0.072), while a
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Brown-Forsythe test shows significant differences in the variances (p = 0.017, Figure 4a). The
Brown-Forsythe test s a test for equality of variances, executed by the levencTest function in the

Tawstat library; the test statistic s the F statistic from a one-way ANOVA on |y, =

A linear regression of education level against age and age squared yields the following
formula: £ [ela] = 0.4 +0.1a 00024 . The coefficients for both age and age squared are
significant (p = 00020, 0.0028, respectively).

As with the regression of IgG seropositivity on age, age was then centered around its
‘mean in order to corret for multicollinearity between age and age squared. This yielded the

following formula:  [ela] = 2.3 +0.009(a ~ 27.3) = 0.002(a — 27.3)* . The coefficient for age

squared is significant (p = 0.0028), while the coefficient for age is not (p = 0.10).

Since, as with the regression of IgG seropositivity against age, the coefficient for age did
not return significant, it was removed from the model, yielding the following equation, where the
variable coefficient is significant (p = 0.0069, Figure 4b):

E [ela] = 2.3~ 0.002(a - 273
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Age (yrs)
3

T
None or Primary (n=35) Secondary (n=201)  Universiy (n=99)

Educaion level
Figure 4a: Boxplot of age versus education level. The black bar represents the median, the blue

box represents the 25th-75th percentiles, and the whiskers represent the minimum and maximum
values for each group.
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2
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-0 s 0 s 0 15
Age (years)

Figure 4b: Average education level among pregnant women by maternal age, plotied with age
centered around the mean. The curve represents the fit from the linear regression of education
against age squared. Education level 1 corresponds to no school or primary level school, level 2
10 secondary, and level 3 to university. The points are shaded according to the number of women
at each age, where darker colors signify a greater number of women, with white representing |
‘woman and the darkest blue representing 23 women.
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Finally, the age and education variables were combined into a single logistie regression
with IgG status as the response variable. First, IgG status was regressed against age, age squared,
and education. This yielded the following formula: logit(p) = 4.6~ 0.3a +0.005a> ~ 0.7e, where
the coefficient on education is significant (p = 0.0003), while the coefficients on age and age
squared are close to significant but not quite (p = 0.09, 0.07, respectively). The age variable was
removed from the regression as it had the highest p value. This yielded the following formula:
logi(p) = 1.2+ 0.0003a> ~ 0.8¢, where the coefficient on education is significant (p = 0.0001),
while the coefficient on age squared is not (p = 0.4). A logistic regression of IgG status on the
interaction term between age and education similarly found that this term is not significant (p =
0.1)

‘The same logistic regression was then performed on the age and education variables, with
age centered around its mean to account for multicollinearity between age and age squared, as
was done with the regressions of IgG status and education on the age variable. First, IgG status
was regressed against the centered age and age squared variables, along with education, yielding
the following formula: logit(p) = 1.6+0.003(a ~ 27.3) + 0.005(a — 273 ~ 0.7, where the

coefficient on education s significant (p = 0.0003), while the coefficients on age and age squared

are not, although age squared is close (p = 0.8, 0.07, respectively). Again, age was removed from
the regression, as it had the highest p value, yielding the following formula:

logi(p) = 1.1+ 0.005(a — 27.3* = 0.7, where the coefficient on education is significant (p =
0.0003), while the coefficient on age squared is closer to significant but stll not quite there (p =
0.06). A regression of IzG status on the interaction term between age squared and education
again found that this term is not significant (p = 0.2). Therefore, age and age squared were
removed from the model altogether, yielding the following combined formula of IgG
seroprevalence on demographic factors, where the variable coefficient is significant (p = 0.0003):

logi(p) = 1.3 = 0.7e.
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Location
A o analysis of IgG status versus home location (urban or rural) did not yield significant
results (p = 0.82).
To assess the effects of home coordinates on exposure risk, all latitude and longitude data
were standardized using the tidyr package. The coordinates were then converted from degree
‘minute second format to decimal degree format. This was done using the

measurements:zconv_unit function in R, which employs the following transformation:

decimal degrees = M4 + 121 The coordinates were then normalized so that the (longitude,
latitude) coordinate (0,0) represented the coordinates of Hospital Santo Toms, actually (-79.53,
8.97), for ease of caleulation. No scalar or sign transformation was applied. so a unit increase in
the coordinates normalized around the hospital corresponds to an equal increase in the actual
decimal degree coordinates. Because Panama is to the north of the Equator and west of the Prime
Meridian, increases in these latitude and longitude values correspond to movements to the north

and west, respectively. Al distances between points were calculated by taking the Euclidean

istance between the actual decimal degree coordinates, i.c..

distance = \[(lat, +(long, ~ long,
Three sets of explanatory variables were analyzed. First, distance from the hospital was

ion;

analyzed in order to reduce the dimensionality of latitude and longitude to a single dimes
this is based on the assumption that farther distance from the hospital would represent farther
distance from the city center, as the hospital is at the heart of the city. Second, distance from the
nearest coast was analyzed for the same purposes of dimension reduction, based on the
hypothesis that ocean water may be a vector for the parasite. The data points for Panama’s
coastal borders were retrieved from combining data points from the “world” database (Becker &
Wilks 1995)

analyzed as two separate explanatory variables in order to account for directionality. Distance

those from richardcondit.org (Index). Third, latitude and longitude were

from the hospital, latitude, and longitude were first cach analyzed separately with respect to IgG

seropositivity by lo

ic regression.

Distance from the hospital, distance from water, and latitude proved not to be a

significant factor in predicting IgG itivity (p = 0.98, 0.2, 0.62, ively). Longitude
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was significant (p = 0.004), indicating that movement from east to west (i.¢., a decrease in
longitude) significantly increases IgG seroprevalence (Figures 5-7). A logistic regression of IeG
status on longitude yields the following formula:

logit(p) = 0.41 - 2.29(long + 79.5).

Proportion seroposiive

Longitude

Figure 5: 7 gondii IgG seropositivity rates among pregnant women by longitude. Longitude 0
represents the longitude of Hospital Santo Tomés. A one unit increase in this longitude
represents a one unit increase in the actual decimal degree longitude unit system.

5" . g3
5. — §s
bl
p— p— e — [——
o, wosa

Figure 6: Boxplots of longitude versus IgG status, including outliers (left panel) and excluding
outliers (right panel). Outliers are defined as points outside 1.5 times the interquartile range
above the upper quartile and below the lower quartile. The black bar represents the median, the
blue box represents the interquartile range, and the whiskers represent the minimum and
‘maximum values for cach group (excluding outliers). Longitude 0 represents the longitude of
Hospital Santo Tomis.
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1gG status
* Negatve

Latiuda

Longiude.

Figure 7: IgG status distribution by latitude and longitude. The yellow diamond at (-79.53, 8.97)
‘marks the coordinates of Hospital Santo Tomis. The data points for Panama’s coastal borders
were drawn from the “world” database. This figure was generated using the ggplot function from
the ggplot2 library. Patient coordinates, as well as the coordinates of Hospital Santo Tomis, were

2 geom_point

Animal contact
First, a principal component analysis was conducted in an attempt to reduce the
dimensionality of the animal contact data. The analysis determined that of the eight animal

contact variables, five principal components were required to explain at least 70% of the

mensionality of the

variance (Figure 8a). Therefore, this analysis was not useful in reducing the
data.

Combining street animals and pets of each species, contact with dogs proved to be the
only significant animal factor at the « = 0.05 confidence level (3 test, p = 0.037). Contact with
dogs increases the proportion of seropositivity (Figure 8b). However, after correcting for
‘multiple testing, this feature is no longer significant. While contact with cats (either on the sireet

0.353), groups

or as pets) was not found to be a significant factor as hypothesized (17 test,
with contact with cats did have higher IgG seropositivity rates (Table 2a). This variable was also
est, p= 2.0 x 107'?). Since this

significantly associated to contact with dogs (Table 2b,
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variable had a smaller sample size than the dogs variable, it s possible that cats are also
associated with IgG risk, but the small sample size does not provide enough power for a

significant result

Cumuiative variance explained
6

o
3 3
o
S T T T T T T T
1 2 3 4 5 6 7 8

PC index {animal contact)

Figure 8a: Cumulative v

ince explained by each principal component of the animal
contact variables.

036

Seropositity rate

No (n=104) Yes (n=231)

Contact with dogs.

: IgG seropositivity rate based on contact or no contact with dogs (both in the street or
as pets). Error bars represent the standard error of the mean.
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17
Contact with cats | IgG negative IgG positive Proportion contact with cats
No 95 % 049
Yes 68 81 0.54

"Table 2a: Association between contact with cats and 1zG seropositivity.

on contact with cats

Contact with dogs | No contact with cats | Contact with cats | Proport

No 81 23 022

Yes 82 148 0.64

Table 2b: Association between contact with dogs and cats.

Diet

As with the animal contact data, a principal component analysis was conducted in an

attempt to reduce the dimensionality of the dict variables. The values for the ordinal (non-binary)
variables were divided by 3 in order to normalize the distance between all variables. The analysis
determined that of the eleven diet variables, five principal components were required to explain
at least 70% of the variance (Figure 9). Therefore, this analysis was not useful in reducing the
dimensionality of the data.

Pairwise 7 analyses were conducted between dict variables. The only cluster of three or
more variables with significant associations between all pairs within the cluster was regular
consumption of pig, regular consumption of seafood, and frequency of raw meat consumption (

¥ test, pig - seafood p= 7.0 x 10™"%  pig - raw meat p = 0.05, seafood - raw meat p = 0.01),

Regular consumption s defined as consumption at least a couple of times per week. A logistic
regression of pig on seafood yields an odds ratio of 9.7, and ordinal regressions of raw meat on
each of pig and seafood yields odds ratios of 2.2 and 2.4, respectively. An analysis of the
three-way interaction between pig, seafood, and raw meat indicates yields a significant result

(log-linear model, p = 0.012).
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Raw meat, pig, and seafood were combined into a single variable, where patients who
regularly consume pig or seafood, or who eat any raw meat at all, were grouped together, and
patients who do not regularly consume pig or seafood and do not eat raw meat were grouped
together. This variable representing the cluster of raw meat, pig, and seafood is almost

significantly correlated with IgG seropositivity, but not quite (2 test, p = 0.09)

= L)
o
g °
g3
§ °
R °
3
= T T T T T
2 4 s 8 0
PC index (diet)

Figure 9: Cumulative variance explained by each principal component of the diet
variables.
Hygiene

For each of the two hygiene variables (hand washing and produce washing) the
categories for “Never” and “Sometimes” were combined for increased power. A »* analysis

found a significant positive association between the two variables (p = 5.7 10°7). However,

neither hand washing nor produce washing was found to be significantly associated with IgG

seropositivity (i test, p = 0.41, 0.57, respectively).

Water source
Most patients obtained their water from an aqueduct (plumbing), while a few obtained

their water from wells, rivers, and rainwater, grouped together as “Other”. Water source was not
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found to be a significant factor in determining risk of IgG seropositivity (Fisher’s Test, p = 0.56),
probably due to the low sample size of subjects in the “Other” category.
Prediction model

All models in this section were evaluated based on the following calculated values and

definitions:

Root mean squared error (RMSE)

where y, =0, 1 is the true seropositivity status of individual i (seronegative,
seropositive, respectively), and 3 is the predicted seropositivity status of
in

Mean ermor ()= 4 5 |

False positive rate (FPR) = 2l
Wwhere FP are false positives (5, = 1, y, = 0) and TN are true negatives (7, =
0

)
False negame rate (FNR) = o2
where FN are false negatives (7, = 0, y, = 1) and TP are true pos
y=1
Accuracy

TN csTp
FPTHIN N AT

“The single logistic regressions found only two variables, education and longitude, to be

and correlated with 1gG A multiple logistic regression

of IgG status against these two variables was run on the 200 patients for whom there is no

missing data. Of these 200 patients, 119 are seronegative and 81 are seropositive. The logistic
regression yields the following equation, where both variable coefficients are significant (p =
0.001,p =

005, respectively): logit(p) = 202.9 ~ 0.9¢ + 2.5long . This equation was tested
on the set of 200 patients, where p was rounded to the nearest integer (0 or 1) and compared to

the actually seropositivity status of the patient. This model yields an RMSE of 0.46, ME of 0.43,

and accuracy of 0.68, as well as a false positive rate of 0.11 and a false negative rate of 0.64.
Subsequently, a Lasso regression was run for more robust variable selection and

regularization in a multivariate setting. The Lasso method aims to find By, such that the

following Lasso function is minimized:
X .
43 [ (Bo+7B) ~tog (14 W) ]+ By

L
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where the first term is the negative binomial log-likelihood of the logistic regression equation,
and 4. 0 is the tuning, or penalty, parameter, which determines the extent of shrinkage of the

coefficients (Reference 15). If A= 0, this is equivalent to an ordinary least squares logistic

regression. The aim of the Lasso model is to minimize the number of coefficients, which is
useful in the case of multicollinearity, as with the present data.

‘The Lasso regression was performed using the glmnet function in the glmnet library. This
model produces a binary response of either 0 (seronegative) or 1 (seropositive). The Lasso
regression was run on the 200 patients for whom there is no missing data

First, a training set was created by removing one of the patients. This was repeated 200

times for cach permutation of possible training sets. Each of these 200 repetitions was run with a
range of 1000 equidistant tuning parameters within [10, 10]. For each repetition, the % value
that minimized the mean cross-validated error was found using the cv.glmnet function in the
‘glmnet library. A histogram of the 200  values demonstrates that they are more or less

symmetrically distributed within [0,0.08], with a mean at 0.04 (Figure 11).
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Figure 11: Histogram of  values that minimize the mean cross-validated error of the Lasso
regression for each of the 200 permutations of “leave one out” test sefs.
A Lasso regression was then run on the entire dataset of 200 patients for each of the 200
% values to evaluate the accuracy of each model tuning parameter. The RMSE, ME, and

accuracy were assessed for each . value (Figure 12).
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Figure 12: RMSE (t0p left), ME (op right), and accuracy (bottom) for each of the 200 A values
from the Lasso cross-validation step.

‘The minimum RMSE and ME, as well as the maximum accuracy, are found at = 0.017

. A narrower range of 2. values was then selected around 0.017 in order to fine-tune the penalty

parameter. The A were chosen to be 100 equidistant values within [0.01,0.02]. Once again, the
Lasso regression was repeated 200 times, once for each patient as an outgroup, on this new range

of & values, and the . value that minimized the mean cross-validated error for each repetition

was found. A histogram of these 2 value: es that the majority lie within [0.019,0.020]

(Figure 13).
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Figure 13: Histogram of A values around 0.017 that minimize the mean cross-validated error of
the Lasso regression for each of the 200 permutations of “leave one out” test sefs.

Again, RMSE, ME, and accuracy were assessed for cach of these 2 values (Figure 14).
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Figure 14: RMSE (top left), ME (top right), and accuracy (botiom) for each of the 100 2. values

around 0.017.
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The range of A values that minimize the RMSE and ME, as well as maximize the
accuracy, are found within [0.016,0.018], with a mean at 0.017. Therefore, the original optimal
& value of 0.017 was taken to be the optimal fine-tuned A value.

‘The model using = 0.017 yields an RMSE of 0.56, ME of 031, and accuracy of 0.69.
Additionally, the model has an FPR of 0.14 and FNR of 0.56 (Figure 15). The nonzero
coefficients produced by this Lasso regression with & =0.017 can be seen in Table 3. As
expected, longitude has the strongest influence on IgG status, with a positive association;
education is also highly influential, ranking third in terms of influence among the features, with a
negative assaciation. Other influential variables are water distance, pet dogs, contact with wild
animals, food stands, restaurants, street dogs, raw meat, age, and pet cats. All other coefficients

are shrunk to zero.

Frequency
0 20 40 60 80

] I -
TP FN TN FP

Figure 15: True positive, false negative, true negative, and false positive rates, respectively of
the Lasso model with . = 0.017. Blue represents seropositive and red represents seronegative.
FPR is calculated as FP divided by the sum of the red bars, and FNR s calculated as FN divided
by the sum of the blue bars. The sum of frequencies of all 4 bars adds up to 200.
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Feature
Intercept 169.1
Longitude 21
Water distance 0.9
Education 08
Pet dogs 06
Contact with wild animals 0.5
Food stands 03
Restaurants 03
Street dogs 02
Raw meat -0.07
Age 0.004
Pet cats -0.004

Table 3: Coefficients produced by Lasso regression, 7.

‘magnitude.

=0.017, in decreasing order of

‘The two models in this section, logistic and Lasso regressions, were compared to a model

of random guessing, in which all 200 patients would be predicted to be seronegative, since that is

the status of the majority of patients. In this case, the RMSE is 0.64 and ME is 0.41. The

accuracy rate of this model is 0.60,

‘group. Additionally, FPR is 0 and FNR is 1, since all seropositive patients are found to be

seronegative (Table 4),

 this is the proportion of seronegative individuals in the
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Model Logistic regression Lasso Random guessing
RMSE 046 0.56 0.64
ME 043 031 041
Accuracy 0.68 0.69 0.60
FPR 011 0.14 0
FNR 064 056 1

Table 4: Comparison of root mean squared error, mean error, accuracy, false positive rate, and
false negative rate of the logistic regression and Lasso models versus random guessing. The
“best” value for each metric is italicized and underlined; “best” is defined as minimum for
RMSE, ME, FPR, and FNR, and maximun for accuracy.

Discussion

‘The purpose of this investigation was to determine risk factors for Toxoplasma gondii
IgG seropositivity among pregnant women in Panama and to develop a model for predicting 7.
gondii 1gG seropositivity in this population. Univariate analyses found age, education, and
Tongitude to be significantly associated with seropositivity. However, neither age nor age squared
is a significant feature when regressing out education. This i likely due to the strong collinearity
between the age variables and education. Thus, age s likely a proxy for education, but not the
main effect. Interestingly, education levels are highest at the extreme ends of the age spectrum,
while patients around the mean age have a lower mean education level. Older age at childbirth
likely reflects a more educated afluent population that defer childbearing for education but the
lower age remains unexplained.The results of the longitude analysis are consistent with previous
studies that have found significant general trends of increasing seropositivity from the western
end to the eastern end of the country in both humans (Wang, Pandey, & Moreira, unpublished)
and domestic dogs and cats (Rengifo-Herrera e al., 2017).

Through the Lasso model with = 0017, we can predict IgG seropositivity status with

69% aceuracy, as opposed to 60% accuracy with random guessing and 68% with the logi

regression. However, because the number of seroncgative women outweighs the number of

serop

itive, both the Lasso and logistic models yicld low false positive rates (0.14, 0.1,

respectively) but high false negative rates (0.56, 0.64, respectively). That is, if a patient is
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seroncgative, the Lasso model will likely detect this status accurately, but the model is not as

accurate in detecting seropositivity. Overall, the Lasso model is more accurate than logistic

regression in determining IgG status (high accuracy) and is almost as specific in its detection of

patient seronegativity (low FPR). False negatives are the main source of error with both models,
since the majority of patients are IgG seronegative. In that respect, the Lasso model performs the
best, with the lowest FNR. However, this model still needs to be fine-tuned for increased
sensitivity to seropositivity.

One surprising finding is that the Lasso model yielded a negative effect of raw meat, wild
animal contact, and pet cats on IgG seropositivity. This is contrary to previous studies which
have found raw meat consumption, wild animal contact, and exposure to cats to contribute to
1gG seropositivity (Hill & Dubey 2002, Etheredge et al., 2004). This result may be due to
confounding between these variables and other features, either collected in this study or not. For

example, the Lasso regression found exposure to dogs to have an influential positive effect on

IgG seropositivity, and the univariate analyses found contact with cats and contact with dogs to
be significantly negatively correlated. This might explain why the Lasso regression found pet
cats to have a negative influence on IgG seropositivity.

Interestingly, water distance was found to be more influential than education using this
Lasso regression, despite the fact that water distance was not found to be significantly associated
with IgG status in the univariate analysis. Nevertheless, this result of negative association
between water distance and IgG seropositivity is consistent with previous studies that have found
proximity to water to be a risk factor for T. gondii exposure (Wang, Pandey, & Moreira,
unpublished). Age was also found to be influential, although it exerts a relatively small effect,
probably duc to its confounding with the effects of education. Nonetheless, this nonzero
coefficient of age suggests that it may play a small role independent of education level. Pet dogs
were also found to exert an influential effect on IgG status, even though muliple testing
corrections in the univariate analyses found pet dogs not to be significantly correlated with 1gG
status.

‘The remaining nonzero coefficients, those for food stands and restaurants, are positive,

indicating that eating out increases chances of IgG seropositivity. This result is consistent with
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those of previous studies that have found poor food hygiene to be associated with 7. gondii
exposure (Hill & Dubey 2002).

“This analysis was limited in that there was missing data, a problem which could be solved
by imputation. Furthermore, there are other informative variable that could have been collected,
such as income level or country of origin, that may have confounded the results of the study.
Additionally, the L

0 model only produced coefficients, not p-values, so while some features
were found to have a large influence on IzG status, the significance of this effect is unknown.

Future studies may address these limitations and explore some of these questions deeper.

For instance, this study treated IgG status as a binary response of cither seropositive or

seronegative, which was based on a cutoff value of the magnitude of antibody titer. Future
studies could look at antibody titer as a continuous variable rather than a binary response in order

to see if strength of seropositivity is associated with any of the risk factors assessed in this study

References

Araujo, F. G., and J. 8. Remington. "Toxoplasmosis in immunocompromised pancnls
European Journal of Clinical Microbiology & Infectious Diseases 6.1 (1987): 1-2.
Barrera, Ana M., et al. "Toxoplasmosis adquirida durante el embarazo, en el Instituto
Materno Infantil en Bogota." Revista de Salud Piblica 4.3 (2002): 286-293.

Becker, Richard A., and Allan R. Wilks. "Constructing a geographical database." ATI&T
Bell Laboratories Statistics Research Report [95.2] (1995).

Castro, A. T., A. Congora, and M. E. Gonzalez. "Toxoplasma gondii antibody
seroprevalence in pregnant women from Villavicencio, Colombia.” Orinoguia 12.1
(2008): 91-100.

Etheredge GD, Michael G, Muchlenbein MP, Frenkel IK. The roles of cats and dogs in
the transmission of Toxoplasma infection in Kuna and Embera children in eastern
Panama. Rev Panam Salud Publica. 2004;16(3): 176-86.

Hall, Susan M. "Congenital toxoplasmosis." BM,J: British Medical Journal 305 6848
(1992): 291

. Hill, D., and J. P. Dubey. "Toxoplasma gondii: transmission, diagnosis and prevention."
Clinical microbiology and infection 8.10 (2002): 0

Index of ww

Joynson, D. H. M., and E. C. Guy. "Laboratory diagnosis of toxoplasma infection."
Toxoplasmosis. A Comprehensive Clinical Guide. Cambridge University Press,
Cambridge, 2001, 296-318.

Luft, Benjamin J., and Richard Hafner. "Toxoplasmic encephalitis.” Aids 4.6 (1990):
593-596.

=

B

©®

=

58


Andrew Grose
58


Pappas, Georgios, Nikos Roussos, and Matthew E. Falagas. "Toxoplasmosis snapshots:
elobal status of Toxoplasma gondii seroprevalence and implications for pregnancy and
congenital journal for 39.12(2009):
1385-1394.

R Core Team (2015). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL hitp://www.R-project.org.

. Rengifo-Herrera, Claudia, et al. "Seroprevalence of Toxoplasma gondii in domestic pets
from metrope in regions of Panama." Parasite 24 (2017).

. Rosso, Fernando, et al. "Prevalence of infection with Toxoplasma gondii among pregnant
women in Cali, Colombia, South America." The American journal of tropical medicine
and hygiene 78.3 (2008): 504-508

. Stanford Statistics Technical Report Glmnet Vignette
hitps://web.stanford.cdu/~hastic/glmnet/glmnet_alpha.himl

. Tenter, Astrid M., Anja R. Heckeroth, and Louis M. Weiss. "Toxoplasma gondii: from
animals to humans." International journal for parasitology 30.12-13 (2000): 1217-1258.

. Wilson, Christopher B., et al. "Development of adverse sequelac in children born with
subelinical congenital Toxoplasma infection.” Pediatrics 6.5 (1980): 767-774.

Zapata, M., L. Reyes, and 1. Holst. "Decreased prevalence of Toxoplasma gondii
antibodies in adults form the Central Valley in Costa Rica." Parasitol Latinoam 60
(2005): 32-7.

=

S



Andrew Grose
59


60

LT0T/81/01
(OpEBZeSSOOJA BUIAB(]

BUIRUEJ UI USWO A\ JUuRUZI] Ul A)1ARIsodo1ag

03] 11puo3 vuisn]doxo 10} S10398 NSy



Andrew Grose
60


61

0861

D 12 UOSTIA\

o3eIIIBOSTIN -
o130[0INdN -
N Ignoo -
%oqwqwoa Surmp awn 31 Ay

10J 31 Sa1nboe uBWOM B USUYM SIS AU} 0} papiwisues} oq ABJA
180 9} SI 3SOY SANIULJA( -

1puod vuisnjdoxo] aysered ueozojoig

sisowse[doxo ],


Andrew Grose
61


62

100T ‘Ano) 29 uosukor

SLI [ewIuIw

SUIUOW ISR
_ : H M udwom jueudard

sieak Q) sieak g Jeak |
ﬁ T : N0 U9310S 359} DI

uonodyur Jord
= Aianisodorag -
oj17 Joj sistsiad D3]
smoy oy s309301d uondoouod 210§9q UOHIJU]

Ananisodordg H3]


Andrew Grose
62


63

sjeo pue s3o(q -

SI00[J [10S -

(¥00T v 12 98pa1oy)y) SI0JOR]
NS PO IUIPI A[SNOIAL]
%8°09-C'61 -BITY BISOD -
%L799-1"¢p ‘BIQUOIOD -

(600 ‘7 12 S013100D) SOLIUNOD SULIOQYSION
(poysrqndun
“p10T “7v 12 suai0]] zogs) + 03] 9Fe FULIBIQPIYD JO USWOM JO %()S

sa1pmys paystiqnd oN

BWRURJ Ul 90Ud[eAdId0Ids D3I


Andrew Grose
63


BWERURJ UI Udwom jueudold

Suowre A1AnIs0doIos D3I 1puod [ 10§ SI030e] JSLI SSISS. 0],

9A1}I2[qO YoIBISIY


Andrew Grose
64


65

M UI $3$9) 10BX9 S IOYSI]
‘parenbs-1yo s, uoSIBIJ
00INOS IdJBA -
QUAISAY pooq -
S[eWIUE 1M JOBIUOD) -
soydeiowoq -
axreuuonsanb eia
S10308J YSLI 10} uswom jueudaid possassy
sewo I, ojues [endsoy 1e Aanisodoiss
11puo3 ‘[ 10§ uawom jueudaid ¢i¢ poIso]

7 SPOYIOIA 7


Andrew Grose
65


66

9107 BIIAION 3 “Aopite ‘B OSBAIOUT JSBI 0} ISOM

9SBAIOUL X()| 0ANN O[gond ‘X4 npunin))

10y InI0d

[ aaaaa—

 BEP.

7 Aydei30a0) 9107 7



Andrew Grose
66


PaUR3IOS JON
oAne3aN DI

oAnisod D3]

npunin) ojudIWISALI0)) (9107


Andrew Grose
67


68

(L10T ‘PISMI[QOIM 29 SUDAT)

:&N seorvosomy
osony sojieq
92040y " sp)ep
FeATS obpjerdiyosy
suoyyoung
) bwouDg als:
°poiyPg  essuloy;
. sozoudy +m
Hxvh @.V o] o___o:m_x.ﬁ_uwo
. FINEINY " minds sgin %
‘pwIBUR cuofog Ay
7 oboy jorbiin w05 k o
osuowoy

(L10€ 77 12 0313uoy) STRTUTUR OISO

%0°5¢€
191890 pwIRUR]

(60°0 = d) suewny -

Aydei3090 /107

1SBO 01 1SOM\ -


Andrew Grose
68


69

oJuSTWIZALI0)
Te10L npunind
L O Q.M.
Q
0T .W
1 o g
=8
%L'S8 09 <
g
08 &
§70°0=d; i &
npunin)) ur Ayanisodorag HI|

(§20°0 = dy) ,npuniny ur aous[eadrdoras Y3Iy Apuedrjiudis


Andrew Grose
69


70

(sreak) 93y

£b-5€ 661 8151
L a ° p—
o1 W
0z g
g 3
ot .,.w.,”
T 0§ &
$0°0 > s 09 W
a8y Aq Anamisodorag DB st
L8 &

(50°0 > dy.) 498V [BUIIBIA (MM SUOIIBIOOSSY JUBDIJIUSIS



Andrew Grose
70


71

[2A2T uonEINpT
AysIaATUN) Krepuoodag Arewnrg 10 QUON

$0°0 > d.

uoneonpy Aq Ananisodorag NI

(S0°0 > dy) uoneoNpPH YIM SUONEBIOOSSY JUBIIJIUTIS

(3) oy Auanisodasag D3]



Andrew Grose
71


72

S9[qe1939A pue SINIy JUIYSe AN
spuey Suryse

pawnsuod pooy Jo uIsLQ
PO0J 1091S

S[eWIUE JO21)S JO 9OUISAIJ

S[eWIUR P[IM [IIM JOBIUOD)

o T Ny . ] $19d
-~ %..‘ ~i&!.

7 Ss00<d) ES% J JuedrrusIsuy



Andrew Grose
72


73

ey

WivMNAS N

suoneIIWI| ;

oFe J0J uonEONP

JO Sunoa1100 ON
10daay pi0da1
[eo1paul OIUOI)OJ[
PIZI[eIIUID ON

BIEp Juure}qo
S1oyoIRasaI o[dn
B1ep pajodar-J[os


Andrew Grose
73


74

sdnoIg uonednpa [[e pue sdnoIs 95¢e [[& Ul punoj Sem HJ] JOAIMON
J10}0BJ YSLI B 9q ABW SNJE)S JIWOUOII0I00S JOMO] -
K1Aantsodo1as DI Yim Uoneonpa pue 93e JunoA Jo 90uepIodU0))

SuOISN[OU0))



Andrew Grose
74


75

3unsa) a1Bd-JO-1UI0]
soIprys pmI3uo| pue opmne|
90IW JO uone[NOOUIqNS -
SOIPNYS [10S PUB I3JB A\
oz1s ojdwres juororgnsuy -
SI030BJ YSLI payuapIun) -
10308}
SLI JUBIIJTUSIS JOYIO0 JO OUISqe SUISSAIPPY

SOIpMIS 21N, J


Andrew Grose
75


V¢ ‘Darpeld ound[jmo Sewio |, ojues [edsoy
diysuIauy J[enapy 1of euwieued Jo o1qnday (LADVNHS
y)[edH [BQO[D) 10J Ju) uoneAouu| pue A50[0UYII;
v ‘Suep xuey 20UR108 JO AIB)2109S [BUOIEN
SIAL ‘D{SMI]QOIA USJSLIY (A ‘BIRAdND) P UQIPET QUAIARIN -

QAN ‘SuBjAT ydasog o84 Y epefmQ T ouey
V4 ‘onse) SuLye) [IAIPUSA] S1uuo))
ZaIurey] ejLIRIIeIA NAQ ‘BIoIeD [oqeuy
AN POATIIN BUITY yd ‘oId[[eqe) rwis[nz
df ‘uoIdqos B[oSuBLIBA

(IVSVOIaND

BUWIBUE] JO SSOTAISS ASO[OUTD3 ], USTH

ot
masoawﬁo?oﬁwm« 4

[ S |



Andrew Grose
76


‘ Many Thanks! ‘



Andrew Grose
77


78

Toxoplasmosi

Margarita Ramirez
with Joseph Lykins, MD: Kanix Wang, PhD; Mariangela Soberén
Felin; Davina Moossazadeh; Zuleima Cgabal\ero, PhD,%(\mena Norero,
MD; Dora Estripaut, MD; Xavier Sdez Loorens, MD; Rima McLeod,
MD; and Instituto de Investigaciones Cientificas (INDICASAT) —
Panama; Hospital Santo Torpnas — Panama; Hospital del Nifio —
anama



Andrew Grose
78


79

pu 3 sgtsads puo

suape s (7

orpas

3o s

o a0 s

[

Gmomasd o

s oy g sy

—

VA0 eweued, ‘Va/eweUEd: 'SIOBEAD; 'S/l
0BEOID, 1:pOTON "M ;010112020 "2 " UIPEZESSOO ' wUIo: UGIGAOS W DU S| NSHEIGOI ) "zSUA1 T ' ZTIEE

UlleaH [eja4-|eulaje|y uo 39943 s} @ Bujuaaios onewa)sAs-uoN
‘eweued uj sjsowse|doxo] 1o} Buiuaaidg euolje)san jo siskjeuy uy OOVOIHO )
40 ALISYTAIND

iowe>



Andrew Grose
79


University of Chicago Center for Global Health
Summer Research Fellowship Written Report
October 27" 2017
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Non-systematic Screening & its Effect on Maternal-Fetal Health
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Abstract

The objective of this study was to determine the differences between screened and
unscreened women in Panama, along with the clinical manifestations of congenitally infected
babies, and obtain a descriptive characterization of acutely infected mothers. To do so, surveys
and blood samples to measure T.gondii specific IgG and IgM antibodies were taken over the
course of ten weeks from 343 pregnant women in Hospital Santo Tomas. Moreover, the medical
charts of 6 congenitally infected babies at Hospital del Nifio were reviewed. 80.2 % of the
women in the study had yet to be screened, despite being far along in their pregnancies. When
analyzed through chi-squared analysis, there was a trend towards an association between
education and screening (p = 0.07). Additionally,2.0% were IgM+, with nearly 42.7% of IgM+
women being 20 or younger. These IgM+ women span the education level spectrum, indicating
that infection risk is present irrespective of socioeconomic status. Of the 6 children diagnosed at
Hospital del Nifio in 2016-2017, all but one were severely affected. These results point to
problems with non-systematic screening, as it delays accurate diagnosis and appropriate
treatment, leading to severely ill children, or children who are initially asymptomatic, but
eventually develop symptoms. More importantly, these results provide important data for the
Panamanian Ministry of Health about this problem, and thereby an opportunity to intervene and

remedy it.
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Introduction

Toxoplasmosis refers to the disease caused by the protozoan parasite Toxoplasma gondii,
found in a third of the world’s population'?. Cats are the definitive hosts for this parasite, and
the oocysts shed by cats are a major source of transmission as humans can inadvertently ingest
them via contaminated water, undercooked meats and shellfish, and improperly washed
produce?. Once infected with T. gondii, most immunocompetent humans will experience little to
no symptoms, which is particularly dangerous when a previously unexposed pregnant women
acquires the infection during gestation and unknowingly transmits T. gondii to her fetus. While
infection in immunocompetent hosts is generally asymptomatic, the clinical manifestations of
congenital toxoplasmosis can be severe, although this largely depends on when during gestation
the infection was acquired. If the parasite is transmitted early in gestation, severe damage to the
retina and central nervous system may occur, including blindness, encephalitis, and
microcephaly. Moreover, even if a child is initially asymptomatic, untreated congenital
infections are likely to result in chorioretinal lesions and visual impairment by adulthood3*.

Diagnosis for toxoplasmosis can be realized

titer

through taking blood samples to measure T.

gondii specific IgG and IgM antibodies. Figure 1

Anti-body

Weeks Months

|
models the typical IgM and 1gG antibody curve BN ‘ e
from the onset of infection, although this curve Figure 1 IgM & IgG Curve
may vary by individual. The model shows that when someone is infected, IgM antibodies will
rise and fall shortly after, whereas 1gG antibodies remain throughout life. Thus, 1gG

seropositivity is associated with chronic infection while IgM seropositivity is associated with
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acute infection. If the patient in question is pregnant, it is important to conduct an additional
avidity test to establish the time of acquisition as this data essential for determining the
appropriate treatment. For example, if the test suggests that infection occurred earlier than 14-18
weeks of gestation and all ultrasounds are normal, Spiramycin can be administered to block
transmission of the parasite. In the case that the ultrasound is not normal, or diagnosis is made
after 18 weeks, sulfadiazine, pyrimethamine, and folinic acid are given 4.

Studies have shown that this treatment reduces the incidence and severity of congenital
infection manifestations®. Thus, several countries with formerly high rates of toxoplasmosis,
such as France and Belgium, have developed programs for regular, systematic serodiagnosis and
treatment of primary infection during gestation and as a result, have seen a decrease in severe
clinical manifestations in children. However, this is not the case for other countries, such as
Panama, which has one of the highest rates of toxoplasmosis in the world. Despite needing
regular screening to promptly catch seroconversion more than most countries in the world,
Panama only requires two screenings for toxoplasmosis during pregnancy, a practice that began
with the passing of Executive Order 1617 in October of 2014 87, In addition to this not being
enough to catch seroconversion, a retrospective medical chart review done by the 2016 Panama
Global Health Cohort found that 70% of pregnant women were never even screened twice as
mandated. Furthermore, after a literature review, the study team found that no studies exist
looking at the clinical manifestations and risk factors and demographics associated with acute
infection in Panama. Given this information, this investigation had three specific objectives:

1. The first objective was to obtain a descriptive characterization of the demographics of

acutely infected mothers and their exposure to known risk factors in a public hospital in

Panama City.
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2. The second objective was to characterize differences in demographics between screened
and unscreened women in this same population.
3. Finally, the third objective was to characterize the clinical manifestations of congenitally
infected babies in a public children’s hospital in Panama City.
Methods
To carry out these objectives, surveys were completed and blood samples to measure
T.gondii specific 1gG and IgM antibodies were taken over the course of ten weeks from 343
pregnant women in Hospital Santo Tomas, Panama’s largest public hospital, located in Panama
City. Moreover, the medical charts of 6 congenitally infected babies were reviewed at Hospital
del Nifio, Hospital Santo Tomas’s sister public pediatric hospital.
I.Testing & Surveys at Hospital Tomas
Our participant population was a convenience sample consisting of 343 pregnant
women in the maternity hall of Hospital Santo Tomas. Upon entering the maternity hall,
pregnant women were given an educational pamphlet about toxoplasmaosis (figure 2),
along with information about the study. If a pregnant woman agreed to participate, a
questionnaire (figure 3) was administered to collect information regarding her
demographics (address, hometown size, education level, and age) and exposure to known
risk factors (contact with animals, water source, and food hygiene and habits), followed
by collection of a 5 mL blood sample, conducted by a volunteer doctor, that was then sent
to the hospital laboratory to measure T.gondii specific 1gG and IgM antibodies. No
avidity tests were conducted due to their absence in Panama. Moreover, patient prenatal
control cards were requested from patients to record information about prior

toxoplasmosis screening results.
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After this data was collected and serological test results were acquired, data was
analyzed through Pearson’s Chi-squared and Fisher’s Exact Tests in R. Moreover,
patient addresses were used to determine longitude and latitude coordinates using Google
Maps, to then create an acute infection incidence map and identify corregimientos, or

townships, with lower screening rates.

4 gractiogs o médks

T

Figure 2 Toxoplasmosis pamphlet distributed to pregnant women

Ficha de recoleccidn de datos Gestantey Versidn No.001

covat ue%m St

Figure 3 Questionnaire collecting patient
demographics and exposure risks

I1.Chart Reviews at Hospital del Nifio
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With the permission of the Hospital del Nifio bioethics committee, a retrospective
chart review of all congenital toxoplasmosis cases in 2016-2017 at Hospital del Nifio was
performed with the help of Dr. Ximena Norero. For all six cases, prenatal treatment,
postnatal treatment, gestational age at birth, clinical manifestations, and laboratory tests
were anonymously collected.

Results

Descriptive Characterization of lgM+ women

To begin with, seven women were found to be acutely infected (2.0%) in our study.
Furthermore, only two of the acutely infected women had been previously screened for
toxoplasmosis and both were only screened once prior to their participation in this study, despite
all seven women being at 35 weeks gestation or later.

l. Location
As seen in figure 4, acutely infected women were mostly found in the urban center of

Panama City. However, infected women in more rural areas were also found.

Isla Barro
Colorado

Gamboa

San Miguelito .

Cocol Panama City

Burunga

IgM+ Summer 2016

°
Arraijan
Vista Alegre

. IgM+ Summer 2017

Vacamonte

Pokes L Chorera -
e : Puerto Caimitc

e Google ® . 2|

Map data 82017 Google  United States  Terms  Send feedback Smit— 3

88



Figure 4 Map of acutely infected women found by the GHC interns in 2016 (marked by stars)
and acutely infected women found in 2017

. Age:
Moreover, this study found that the average age of acutely infected women (25.57 £ 9.03) is
lower than the average of their cohort (27.28 + 6.23). However, acutely infected women of all

ages were found, as seen in figure 5.

Ages of lgM+ Women

S 7 Q- ) 0 0 Q
0
S AT\ 00 O O O O o) O Q
T T
15 20 25 30 35
Age

Figure 5 Ages of IgM+ Women in the Summer 2016 Global Health Scholars Study & the Summer
2017 Global Health Scholars Study

M. Education
Lastly, acutely infected women were found to span the education level spectrum - three were

university educated, one completed secondary school, and three only completed primary school.

Differences in demographics between screened and unscreened women

l. Education
When analyzed through chi-squared analysis, there was a trend towards an association
between education and screening (p=0.07), as seen in figure 6, with higher education being

associated with a higher screening rate.
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Education (p = 0.07)
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Figure 6 Education levels of previously screened women vs women who had not been
screened

I. Location

This year, the township of Belisario Frias, an urban township located in Panama City, had the
lowest screening rate. In contrast, a higher proportion of women from urban settings had been
previously screened; however, this difference was not significant enough to make a

generalization.

Location & Its Affect on Screening

0.8 =

067 " Screened

No
0.4 ~  Yes

Freq

Rural Urban

Figure 7 Location & Screening

Clinical Manifestations of Congenitally Infection Children

Table 1 provides a summary of the information from the medical files of congenitally

infected children. Of note, only one mother was screened during gestation and treated with
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spiramycin. This mother’s child was the only child who was asymptomatic, while the rest of the

children were found to have a range of clinical manifestations including severe manifestations

such as hydrocephalus, microcephaly, diabetes insipidus, chorioretinitis involving the macula,

and mild to moderate clinical manifestations such as jaundice, and less than 3 cerebral

calcifications.

Patient  Gestational Prenatal Clinical Laboratory Treatment Mortality
Age at Birth  Treatment  Manifestations at Testing
Birth
1 38 Received Asymptomatic IgG Clindamycin, No
spiramycin Positive Pyrimethamine
at 14 weeks IgM
Negative
2 41 None Hydrocephalus, IgE Positive VP shunt Unknown
microcephaly, >= 3 12/1/17,;
intracranial Ventricular
calcifications; puncture
jaundice 12/13/16;
No records found
after 04/07/2017-
patient lost to
follow-up; at this
time, patient on
folic acid,
pyrimethamine,
and clindamycin
3 37 None Sepsis, IgE Positive Treated with No
chorioretinitis clindamycin and
(involving the pyrimethamine;
macula) dx at 1 external
month; resolved consultant states
with 8 months of patient still
tx; cardiopathy following this
regimen
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4 37 None Hydrocephalus; <3  IgE Positive Clindamycin, No
intracranial Pyrimethamine
calcifications; thin
cortex;
chorioretinitis
(involving the
macula); jaundice

5 37 None Microcephaly; IgE Positive Clindamycin, Yes
diabetes insipidus; Pyrimethamine
visual impairment
with retinal lesion

and R-sided
intraocular
hemorrhage;
ventriculomegaly;
expired on day 17;
patient tested
positive for HSV as
well; testicles
undescended,;
reactive lymph
nodes appreciated
in right inguinal

chain
6 37 None Sepsis; IgE Positive Ampicillin, No
hypothermia; Cefotaxime,
microcephaly; Clindamycin,
diabetes insipidus; Pyrimethamine
symptomatic (often not
epilepsy with available);
seizure activity near Multiple
birth; hospitalizations

hypothyroidism and
rhinopharyngitis

Table 1 Summary of Clinical Manifestations
Discussion
Overall, this exploratory study was the beginning of a greater effort to build a robust
program in Panama for detecting acute toxoplasmosis in pregnant women and treating them for
the infection. Through this study we found that 7 of the 343 women who participated in the

questionnaires and blood draw at Hospital Santo Tomas were acutely infected (IgM+) and of
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these seven women, only 2 had been previously screened for toxoplasmosis. Thus, the rest of
these women did not know they were infected and at risk of having a child with neurological or
ocular disease. This is not uncommon however, as 80% of the women in our study had yet to be
previously screened, despite being at 35 weeks gestation or further along. Moreover, these
acutely infected women were mostly found in the urban center of Panama City, although this
may also be due to a higher population density and proximity to Hospital Santo Tomas.
However, acutely infected women were also found in rural areas, suggesting that this is a health
problem affecting both urban and rural populations. Another interesting finding was that the
average age of acutely infected women (25.57 = 9.03) was lower than the average age of their
cohort (27.28 = 6.23), a result that is similar to that of the retrospective chart review done in
summer 2016 by the 2016 Global Health Fellows (average age of acutely infected women was
24.43 £ 7.24, whereas the average age of their cohort was 26.59 * 7.15). Nonetheless, it is
important to note that in both years, acutely infected women of all ages were found. Lastly, when
looking at the differences between screened and unscreened women in the cohort, education

level was the only nearly significant indicator of whether a woman would complete the mandated
government screening.

Furthermore, the retrospective chart review of six children treated for congenital
toxoplasmosis at Hospital del Nifio allowed us to begin to characterize the clinical manifestations
of congenitally infected babies in Panama. Through this review we found that only one of the
children’s mothers were screened during gestation and treated for the infection; therefore, all
other patients did not receive any prenatal treatment, presumably leading to the development of
severe clinical manifestations such as hydrocephalus, microcephaly, diabetes insipidus,

chorioretinitis, and even death. Additionally, the sole asymptomatic child in the cohort was the
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only child whose mother was screened for toxoplasmosis and received prenatal treatment with
spiramycin, highlighting the importance of screening to deliver prompt treatment.

In conclusion, toxoplasmosis is a problem that affects Panamanian families irrespective
of socioeconomic status, place of residence, and age. Moreover, non-systematic screening
remains a problem in Panama, as it delays accurate diagnosis and appropriate treatment, leading
to severe clinical manifestations, and even death of congenitally infected babies. Given that
education level was the only nearly significant indicator of whether a woman completed the
mandated screening, more efforts should be placed on behalf of the Panamanian Ministry of
Health to educate people about toxoplasmosis. Additionally, the study showed that, even if a
woman were to be tested twice during gestation, this would not be enough to assure that she is
not acutely infected, emphasizing the importance of mandating regular screening throughout
pregnancy.

This study provides important data for the Panamanian Ministry of Health about
toxoplasmosis, and thereby an opportunity to intervene and remedy it. Furthermore, the focus
that has been given to toxoplasmosis and its impact on child and maternal health, has led to
several accomplishments. To begin with, Hospital Santo Tomas now has the beginnings of a
screening program, which will be complemented by a perinatal infectious disease program that
will provide previously unavailable medicines to mothers and their babies and follow any
congenitally infected children. Finally, there is an emergence of education and research
initiatives that strive to bring awareness to toxoplasmosis at all levels - starting from the pregnant
women themselves, through distributing informational pamphlets at maternity halls, to medical

personnel such as doctors and nurses through educational talks.
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ABSTRACT:

Goal: The purpose of this study was to identify areas where congenital, ocular, and

Iymphadenopathic toxoplasmaosis were focused in Armenia, Colombia and any risk factors that
may be associated. In addition, rates of seroprevalence and gestational screening in Panamanian

corregimientos were mapped and observed in relation to their water sources.

Introduction: Toxoplasmosis is a parasitic infection that can cause a condition known as
congenital toxoplasmosis in an infant if initial infection occurs during a woman’s pregnancy. The
infection, while often asymptomatic in the immunologically competent adult, can also manifest
complications such as ocular lesions, lymphadenopathy, and severe discase in immunologically
compromised persons.

Methods: Data for this study was taken from surveys and medical records from the University of
Quindio, a survey of pregnant women from Panama’s INDICASAT, and past studies done with
University of Chicago and INDICASAT at Hospital Santo Tomas in Panama City. Water data

was taken from dig

ed Tommy Guardia sources. The analysis was done using both qualitative
and quantitative spatial methods, as well as log odds regression. If point data was available,
kernel density estimator heatmaps were created and compared to look at spatial distributions
When possible, data points were also condensed and summarized into regional data for polygon
based analyses such as natural break and standard deviation heatmaps, and a Moran’s I cluster

analysis to look for spatial clustering or outlers.

Results: The risk factor analysis in Armenia found that drinking from bottled water and cating
undercooked meat were protective factors in one of the two communities tested. An exploration
of the point data suggests various potential spatial differences in prenatal treatment for
congenital toxoplasmosis in Armenia, as well as in screening in the Panamanian provinces of
Panama and Panama Oeste. The analyses suggest a cluster of high screening rates in the
westernmost corregimientos surveyed and a particularly high screening rate in Vista Alegre.
‘Toxoplasmosis seroprevalence also appears to be highest in easter corregimientos.
Conelusion: These statistical analyses and explorations can be used to identify geographic
trends, advise future preventative measures and policies, and locate areas in which more

localized studies may provide useful resulis.
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GOALS:

Identify risk factors for toxoplasmosis in the general population in Armenia, Colombia

and compare it o past years resuls to_risk factors for pregnant women in Panama City,

Panama.
o Identify risk factors for ocular lesions in patients with toxoplasmosis in Armenia
o Locate areas of congenital toxoplasmosis in Armenia and see if the spatial distribution
changes based on prenatal treatment
e Locate areas of lymph node cases related to toxoplasmosis and see if the spatial
distribution changes based on sex.
o Locate potential areas of high toxoplasmosis risk in Armenia and Panama City
e Locate areas of particularly high or low toxoplasmosis screening in Panama’s
corregimientos, compare it to past years, and look for spatial clustering.
o Locate areas of particularly high or low toxoplasmosis seroprevalence in Panama’s
corregimientos, compare it to past years, and look for spatial clustering.
o Investigate the relationship between toxoplasmosis seroprevalence in Panama and water
sources.
BACKGROUN

Toxoplasmosis is a discase caused by the parasite Toxoplasmosis gondii. The parasite
‘erows in the intestinal system of cats, and can be spread through the ingestion of oocysts spread
through contaminated food and water. Although often asymptomatic, toxoplasmosis can cause

ocular lesions and impair eyesight. In addition, if made active du

ng a woman’s pregnancy, the
fetus may contract what is known as congenital toxoplasmosis, facing potential developmental

impairment throughout life. The effects of this can be mitigated through proper treatment that

ereases in efficacy the sooner it is administered. With this in mind, screening for the presence
of Toxoplasmosis gondii, particularly early on in a woman’s pregnaney, is vital. The parasite can
be found through the presence of IgG and IgM antibodies, where IgM antibodies indicate a more

recent or reactivated infection that poses a higher threat to the child. The prevalence of this
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infection vary widely throughout the world, although it is believed to be relatively high in the

areas surrounding Panama City, Panama, Panama and in Armenia, Quindio, Colombia,

METHODS:

This project involved 3 weeks in Armenia, Colombia with the University of Quindio’s
GEPAMOL group under Dr. Jorge Gomez followed by 10 days in Panama City, Panama with
INDICASAT. While the limited duration of the stay allowed for lttle data collection, we worked

with members of both parties for data analysis.

Much of this analysis focuses on the spatial aspect, namely using point and polygon
vector data. Based on directions taken from survey participants, coordinate locations were found
to best approximate the participant’s location, typically with a coordinate representing the center
of their block. For this point data, a Kernel Density Estimator (KDE) analysis was used through

QGIS with a quartic distribution. Although this is a spatially extensive variable analysis, three

heatmaps created in this manner, two showing the spread and clustering of opposing data (ic. the
distribution of IgG positive and IgG negative individuals in a population) and one showing the
spread of all individuals, regardless of their status, were compared. While the KDE analysis in
itself doesn’t account for population clustering, one would assume that the groups being
compared would have similar regions of clustering if the results were solely due to the spread of
population density.

In cases where regional data was known, such as the corregimiento of an individual in
Panama, the information was aggregated to collect general information for the region. Using this
data, natural break and standard deviation choropleth maps were created to show regional
clustering and areas of particularly high or low values. In cases where few people came from a
particular corregimiento, regions with fewer than $ participants were discarded for the
aggregated spatial analysis.

In addition, a Moran’s I analysis was done on much of the spatial data to identify any

clusters or spatial outliers. For point data, a K-neighbors weight was used, typically with K set as

4or 5, and a first order queen weight was used for polygon data. This clustering was considered
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significant at a 0.05 pseudo p value. Both the choropleth maps and the Moran’s I analysis were
calculated through Geoda and then overlaid into QGis.

“The risk factor analysis of Armenia was done through data taken a University of
Quindio’s study in which they set up temporary clinics in two locations in Armenia, la Universal

and Guaduales de la Villa, and gave free eye exams, surveys, and testing for toxoplasmosis. As

viduals waited to be tested and examined, questions were asked orally about their behaviour
regarding suspected toxoplasmosis risk factors. These questions were taken as indicator variables
and added to a spreadsheet which included their addresses, the results of the toxoplasmosis
exam, and if any ocular lesions were found during the exam. This spreadsheet was then analyzed
in RStudio using a log odds linear regression to identify risk factors in Armenia as a whole as

well as in each community tested.

Table 1: Va

bles Used for the Risk Factor Analysis

Variable | Coded Name | Deseription | Typeof | Range | Mean sD

Name Variable

1gG 1eG Whether or not

01 0691824 | 0.464199
the individual
s positive for

13G antibodies

Use ‘Whether the 0-1 0.35625 0.480394
unboiled individual uses
water water without

boiling it
Drink BebSinHerv | Whetherthe | Indicator [0-1 045 0499
unboiled individual uses
water water without

boilng it
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Bottled

water

Botella

Whether the
individual
frequently
drinks bottled

water

Indicator

0.25625

0.437932

Undercoo

ked meat

CarMedOce

Whether the
individual eats
undercooked

meat

Indicator

?

0.1625

0.3701

Restaurant

ComeRest

Whether the
individual
frequently cats

out

Indicator

®

0475

0.500942

Age

Edad

Age of the
individual in

years

Numeric

91

46.7826

225787

Cats

Gatos

Whether the

individual has

cats in the

home(although

Indicator

03125

0.4649

Lesions

Lesiones

Whether an
ocular exam
has shown the
presence of

lesions

Indicator

?®

0.111801

0316105
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RESULTS AND DISCUSSION

Tap water | AgLlave Whether the | Indicator | 0- 040625 | 0.49267
individual
drinks tap

water not boiled|

River AgRios Whether the

0-1 0.06875 |0.253823
individual

drinks water

from a river
Unwashed ‘Whether the Indicator | 0-1 0.38125 0.487219
vegetables individual eats

vegetables

without

washing them

In Panama, data regarding toxoplasmosis seroprevalence and previous sereening for the
infection was taken from work done by University of Chicago students in previous years and by
researchers in INDICASAT in recent months. Locations and outlines of Panama’s hydraulic
systems and water basins were found as digitized Tommy Guardia maps by the Smithsonian
‘Tropical Research Institute. Similarly, water treatment plants run by Panama’s Institute of
Aqueducts and Sewage Systems (IDAAN) were copied from the IDAAN website. The
seroprevalence and screening rates of each corregimiento were then used to make standard
deviation, natural break, and Moran’s I cluster maps in Geoda that were overlaid with the water
system information in QGis. This was used to try to identify any potential overlap with

toxoplasmosis rates and both screening and water sources.

RESULTS AND DISCUSSION:
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A scatterplot matrix of the various potential risk factors investigated in the Armenian

survey showed various interesting relationships, both in the city as a whole and in each of the

two communities.

Figure 1: Scatterplot matrix of all of the variables used in the Armenian study using all

participating individuals
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population surveyed

‘Table 2: Statistically significant variable relations and their p value ranges for the entire

Positive

Negative

0.01<p<0.05

e Bottled water + Cats.
® Undercooked meat +

Restaurants

12G + Bottled water
IG + Undercooked meat
Bottled Water +

Unwashed vegetables
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o Bottled water + Tap

Water

P<001

1G + Lesions o Botrled Water + Age

Drink + Use unboiled water

Drink unboiled water + Tap

water

Drink unboiled water +

Unwashed vegetables

River + Cats.

Restaurant + Unwashed
vegetables
1eG + Age

Figure 2: Scatterplot matrix of all of the variables used in the Armenian study using

indi

uals from community in La Universal
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Table 3: Statistically significant variable relations and their p value ranges in La Universal

unboiled water

Cats + Unwashed

vegetables

Restaurants +

Unwashed vegetables

Restaurants +

Undercooked meat

Drink unboiled water
+ Unwashed

vegetables

Drink unboiled water

+ Tap water

Positive Negative
o Age+lgG
p<0.01 © Tap water + Use o Age+ Boitled Water

individuals from community

Scatterplot matrix of all of the variables used in the Armenian study using

in Guaduales de la Villa
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Table 4: Statistically significant variable relations and thei

r p value ranges in Guaduales de

Tap water

Use unboiled water +

Drink unboiled water

.

Drink unboiled water

+ Tap water

Ia Villa
Positive Negative
0.01<p<0.05 o Drink unboiled water  Bottled water +
+ Unwashed Unwashed vegetables
vegetables ® Undercooked meat +
Cats
p<0.01 o Use unboiled water +
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‘These scatterplots show a variety of potentially useful or interesting information. One of
the more notable relationships in this dataset is that between IgG seropositivity and the presence
of ocular lesions, which only occurred alongside the presence of IgG antibodies. This
contradicts certain literature that argues that acquired toxoplasmosis plays a minor role in the
formation of ocular lesions.

A more predictable but sill notable relationship is that between drinking and using
unboiled water and also drinking tap water. Although this study did not pinpoint any of the three
as significant risk factors given this data, water is a known risk factor for toxoplasmosis in many
Tocations, and this suggested connection between these variables may be of interest for future
education programs

A chi square analysis on a contingency table with IgG positivity and the community
failed to show a significant relationship between the two, showing a chi square value of 1.6099

ana p-value of 0.2045. A similar analysis between the presence of lesions in those found to be

1gG positive and the community also showed similar results with a c}

and a p value of 0.3467.

square value of 0.88567

To analyze the significance of the risk factors, a log odds regression was done using the
data from both communities to see if there were any differences. This included both a single
variable log 0dds regression with each variable, and multivariable linear regression using all of
them as predicting variables.

For the community of La Universal, no variables except for age, were found to be
significant under a 0.05 p value. As toxoplasmosis remains in the system indefinitely, it makes

sense that as one gets older, their probability of being positive for lgG increases.

Table 5: Variable Estimates and P-Values in Each Simple Regression for La Universal

Var Estimate std P

Edad 002493 0.01036 0.0161

AgLlave 0.09531 0.46953 0.8391
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AgRios 1.0361 11182 03542
AgSinHerv 04678 04571 030608
BebSinHerv 0.07551 0.43912 0.8635
Botella 0.8473 0.4998 0.09005
CarMedOce -0.7309 0.6248 02420
ComeRest 0.3934 0.4397 037095
Gatos. -0.4520 0.4769 0.34324
VegSinLav 0.3677 0.4475 041122

‘The multivariable linear regression showed similar results, although age no longer
appears to be a significant factor. Given the results from the scatterplot matrix with La
Universal’s data, this may be at least partially due to the possible relationship between age and

drinking bottled water.

Table 6: Variable Estimates and P-Values for a Multivariable Regression for La Universal

Var Est std P

Intercept 0046044 0.856228 0.9571
Edad 0.019913 0.011751 0.0901
Botella 0471155 0.574321 04120
AgSinHerv -0.801122 0.696129 02498
BebSinHerv 0239532 0.672934 07219
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AgRios 0.984534 1.142554 03889
AgLlave 0.468942 0.725362 05180
CarMedOce 0491330 0.734809 05037
ComeRest 0.004399 0.522440 0.993

Gatos. -0.305260 0.542255 05735
VegSinLav 0.367854 0.539691 04955

Guaduales de La Villa showed the opposite behavior, and while drinking bottled water and

eating undercooked meat were deemed insignificant by the single variable regression with p

values of 0,059 and 0.069 respectively, a multivariable analysis then shows drinking bottled

water and eating undercooked meat as protective factors. This is a strange result as eating

undercooked meat is typically found to increase ones chances for acquiring toxoplasmosis due to

potentially consuming parasitic oocysts.

Table 7: Variable Estimates and P-Values in Each Simple Regression for Guaduales de La

Villa
Var Est std P
Edad 0.03369 0.01487 0.0235
AgSinHerv 0.1494 0.5861 079883
AgRios 07151 0.9601 0456352
AgLlave 0.004819 0.563960 09932
BebSinHerv 0.1519 0.5704 0.79003
Botella -L1219 0.5944 0.059107
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CarMedOce -1.1856 0.6513 0.0687
ComeRest 04793 0.5699 040036
Gatos. 04187 0.6077 0.4908
VegSinLav 01001 0.5734 0.86145

Table 8: Variable Estimates and P-Values for a Multivariable Regression for Guaduales

dela Villa

Var Est Std (&} Odds Ratio P
c
Intercept 1619585 1085696 0.1358
Edad 0047347 0019742 | (0.00865268, | (100869,  [0.0165
0.08604) 1.08985)
Botella 2237384 0903107 | (4.007, ©.01819,  [0.0132
-0.4673) 0.6267
AgSinHerv 0.007577 1.148602 0.9947
BebSinHery | 0.600856 1066240 05731
AgRios 2878850 | 1494916 0.0541
AgLlave 0257427 |0857117 0.7639
CarMedOce [-1916415 | 0.901556 | (-3.683, (0.0251, 0.0335
-0.1493) 0.8612544)
ComeRest  [-0.052448 | 0.746456 0.9440
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Gatos.

0.149600

0776652

0.8473

VegSinLav

-2.160195

1127538

0.0554

given toxoplasm

Data regarding the relationship between 6
is seropositivity was analyzed

associated with lesions in any of the analyses.

hese risk factors and the presence of lesions

as well. No variables were found to be

Table 9: Variable Estimates and P-Values for Each Simple Regression for Ocular Lesions

Var Est std P
Edad 0.01393 0.01286 027873
Botella 02350 0.6292 0.709
AgSinHerv 0.2469 0.5755 0.668
BebSinHerv 0.1005 0.5293 0.849
AgRios 0.2758 1.1032 0.803
AgLlave 0.04994 0.53604 0.926
CarMedOce 0.01835 0.81845 0.982
ComeRest 0.1005 0.5293 0.849
Gatos. 02205 0.5558 0.692
VegSinLavar 0.3878 0.5740 0.499

Table 10: Variable Estimates and P-Values for a Multivariable Regression for Ocular

Lesions

Var

Est

std
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Edad 0.01423 0.01435 0321
Botella 025609 0.68292 0.708
AgSinHerv -0.40880 0.90581 0.652
BebSinterv 046789 0.83824 0577
AgRios -0.37506 1.14358 0.743
AgLlave 0.06574 0.82580 0937
CarMedOce -0.09009 0.89146 0.92

ComeRest 024967 0.58669 0.670
Gatos. 013346 0.59885 0.824
VegSinLav -0.58250 0.65548 0374

Congenital toxoplasmosis cases were collected through the span of multiple years and then

mapped based on whether or not they had received prenatal treatment
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Figure 4: Kernel Density Map of Congenital Toxoplasmosis in Armenia

All cases of congenital toxoplasmosis found (n=47)
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All cases of congenital toxoplasmosis with prenatal treatment found (n=21)

In the community of Guaduales de la Villa, there appears to be a much higher concentration of
prenatal treatment in congenital toxoplasmosis than in the rest of Armenia. OF the § points
around that community, 7 have been treated (87.5), which is markedly different from the 21
treated locations from the 44 points with known treatment statuses (47.7%). This difference may
be due to the source of the data. As Guaduales de la Villa is further away from the University of
Quindio, it may be that they are simply more likely to report to the university after the diagnosis

has been made with the goal to seek treatment.

Map of Lymph Node Impairments Related to Toxoplasmosis in Armenia, Quindio, Colombia
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Map of Lymph Node Impairments Related to Toxoplasmosis in Men in Armenia, Quindio,
Colombia (n=17)
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Map of Lymph Node Impairments Related to Toxoplasmosis in Females in Armenia, Quindio,

Colombia (n=7)

L is a known of Locations of cases of this known

by the University of Quindio were mapped based on sex to look for any spatial disparities for
this based on sex. Unfortunately, as the cases of toxoplasmosis without the presence of
Iymphadenopathy were not included in the records given, no analysis can be done comparing the
seroprevalence between the two sexes.

In addition, the very limited data size means no serious conclusions can be drawn from this data.

istribution of cases between the sexes, with all of the cases from

However, the very uneven
Calarea being male and all female cases being in Armenia’s north border, may warrant further

study.
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Figure 6: Kernel Density Map of Cats in Armenia Based on Toxoplasmosis Status

Map showing density of cats studied by the University of Quindio (n=134)
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Map showing density of Toxo Negative cats studied by the University of Quindio (n=109)
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Map showing density of Toxo Positive cats studied by the University of Quindio (n=25)

In order to understand toxoplasmosis in Armenia, it may be useful to have an idea of the
distribution of cats in the region as past studies in other locations have named them as a potential
cause of infection. The above maps visualize the distribution of all ats in Armenia as well as
these cats base on their toxoplasmosis infection status. Comparing the last two maps shown

above, it does not appear that there is any serious difference between the spatial distributions of

IgG negative and positive cats in Armenia.
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Figure 7: Kernel Density Maps for Screening for Toxoplasmosis in the Province of Panama

—— -

KDE of Previously Unscreened Individuals in the Panama Province (n=190)
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KDE of Previously Screened Individuals in the Panama Province (n=88)

“The above figure shows a KDE heatmap of individuals who had previously been screened for
toxoplasmosis in their pregnancy based on data collection done by University of Chicago
students in 2016. The image on the left shows the distribution and concentration of the people:
in Panama who had not been sereencd for toxoplasmosis and the one of the right has those
who had been previously scrcened. The two figures seem to have a different spread. with the
one of the left having a larger amount of points on the east and more points up north.
Meanwhile the image showing the people who had been previously screened is more focused
on the west closer to the canal. The KDE for unsereencd individuals also appears to have a
cluster around the region of Pedregal with roughly 11 points, which is somewhat striking as

there are no points in that region for any sereened individuals, suggesting
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Figure 8: Kernel Density Maps for Screening for Toxoplasmosis in the Province of Panama
Oeste

KDE of Previously Unscreened Individuals in the Province of Panama Oeste (n=70)
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KDE of Previously Screened Individuals in the Province of Panama Oeste (n=60)

“These maps show quite a few trends regarding screening rates in Panama Oeste. For one, there
is a cluster of screened individuals in the center of a region called Nuevo Arraijan that appears
to be partially surrounded by non screened individuals. This can be better scen in an image
below. In addition, almost every point in the Veracruz region, and on much of the coast as a
whole, is marked as being from an unscreened individual. This matches the results shown in
the later aggregated data analysis. Lastly, the distribution of sereencd individuals scems to
closely follow the location of the Autopista Arraijan-Chorrera, the red line displayed on the
map while the unscreened distribution is more scattered and spread out. While the exact reason
can currently only be guessed, it may be due to more urban centers being located near the

highway and providing more accessible testing services.
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Figure 9: Point Map for Toxoplasmosis Sercening in the Province of Panama Oeste for

Sereened (Green) and Unscreened (Purple)

e

137


Andrew Grose
137


Figure 10: Point Map of Screened (green) and Unscreened (Purple) individuals by Nuevo

Arraijan where Screened Individuals are in the Center and Unscreened Individuals on the

Periphery of the Region
S y il Karla Aos deCo
. Altos de Nuevo togfo
3 Valle Hermoss 00 a1 @
B
iie :
San jose =N

vaile’de Los

@ Cereros
= 5

Los Cerezas

Sereening information was also gathered on a national level, so this information was then used to

‘make the following maps.
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Figure 11 (a-c): Aggregated Toxoplasmosis Sereening Rates Based on Panama’s

Corregimientos

‘The first figure shows a natural break
heatmap with 3 categories: low, medium, and
high. Most of the corregimientos are
categorized as “high. A bit of clustering can
be seen from this as well, with the lower and
‘medium values being concentrated more in
the center. Interestingly one corregimiento,
Veracruz, is marked as being in the low
category despite all regions surrounding it

being high.

‘The second figure shows the standard
deviation values of each corregimiento’s
sereening rate, and can help identify any
particularly high or low points. From this map
it appears that Vista Alegre has a particularly
high screening rate (2 standard deviations or
higher)

A Moran’s I analysis of the data supports
‘much of what can be seen from the natural
break and standard deviation heatmap. There
is a cluster of high points that can be seen
from the western side of the map. The
high-low outliers on both furthest sides of the
‘map (Arraijan and Chepo from left to right)

were initially slightly surprising based only on
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the natural break map. The standard deviation
map, however, suggests that in the case of
Armaijan, the corregimientos directly to the
north and south influence it’s result as an
outlier. It is important to remember that in the
case of Chepo, the high-low outlier furthest to
the right, only has one neighbor under a first
order queen weight, and should then be

cant result.

regarded with caution as a

As past studies have suggested that Curundu

s a location of particularly high

toxoplasmosis rates, its position on this map
as the center of a high value cluster for
screening rates makes it another notable

result.

From this analysis of the screening data, a myriad of questions follow. One of the more
potentially interesting one s why Vista Alegre’s sreening rate (72%) is higher than the other
corregimientos surveyed, as the following highest values are 67% and 60%. Exploring why this

the case may be helpful in increasing access to screening. Another aspect to investigate with

this goal in mind is why Veracruz’s sreening rate is low (8.3%), especially when compared to
the regions. around it. Given what was found in the earlier KDE of unscreened individuals in

is possible that is a reflection of lower screening rates in coastal communities.

Panama Oeste,
One of the known risk factors for toxoplasmosis is access to clean, potable water. With
this in mind, another analysis done was one mapping seroprevalence values measured through

various recent years and investigating potential relationships to water sources.
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Figure 12: Aggregated Toxoplasmosis Seroprevalence Rates Based on Panama’s

Corregimientos Overlaid on Panama’s Water Systems

In order to complete this analysis, digitalized
Tommy Guardia geographical data was taken
from the Smithsonian Tropical Research
Institute’s website. Here, information
regarding lakes, rivers, water basins, and

Panama’s hydraulic system was taken.

‘This is a natural break heat map showing IgG
seroprevalence taken from INDICASAT’s
study. This map appears to have a fair bit of
clustering, as can be seen by the two large red
sections both immediately to the right of the
Panama canal and then at the far right of the

‘map.

‘This standard deviation map shows much of
the same information as the natural break
‘heatmap. There is a section moving to the cast
that appears to have a higher seroprevalence
than the west, which appears largely blue or
yellow. This supports studies done by
University of Chicago students in the past,
which have suggested that the province of
Panama Oeste, to the west of the canal, has a

lower seroprevalence rate than Panama.
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A Moran’s I cluster analysis of this data
shows both clusters and spatial outliers of
both types. As both the natural break and
standard deviation maps suggested. this
analysis picks up on a high cluster by the
easten corregimientos of Chepo and San

Martin. On the western side of the canal,

Nuevo Emperador and Vista Alegre are the
centers of low seroprevalence clusters. In
regards to the two spatial outliers further to
the left, their limited number of neighbors
casts doubt on any interpretation drawn from

their result.

In regards to water, Chepo is divided by the Rio Bayano as well as the Rio Mamoni, the

latter of which provides water to IDAAN’s Chepo water plants. It may be interesting for future
studies to investigate activity around this water, such as the frequency with which people bathe
it or drink from it.

Comparing the results from this analyze to those from the screening data shows
noteworthy relationships. Both Vista Alegre and Nuevo Emperador were centers of high clusters

for screening and low clusters for Chepo, although the i in el

had a relatively high sereening rate, was close to locations with low screening rates, and is in this
analysis marked as possibly being the center of a cluster, all with high seroprevalence rates. That
being said, as it was mentioned in the interpretation of the screening analysis, the results of the
Moran’s T analysis for Chepo’s screening rate is dubious, although other regions in the section

appear to have high rates as well.
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Figure 13: Kernel Density Maps for Toxoplasmosis Seroprevalence in the Province of

Panama

KDE of Negative IgG Points in the Province of Panama (n-97)
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KDE of Positive IgG Points in the Province of Panama (n=83)

In these maps. it appears that the latter map, showing the distribution of IgG positive
individuals in the province of Panama, there are fewer individuals west of Llano Bonito. This
suggests that there may be a lower seroprevalence rate in this area, although due to the
qualitative nature of this method, nothing can be said with certainty.

144


Andrew Grose
144


145

Figure 14: Kernel Density Maps for Toxoplasmosis Seroprevalence in the Province of
Panama Oeste

KDE of Negative IgG Points in the Province of Panama Oeste (n=42)
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KDE of Positive IgG Points in the Province of Panama Oeste (n=21)

A comparison of these maps appear to show no major differences in the spatial distributions.
Although the map of negative points has slightly more points in some locations, that can easily
be attributed to the larger sample size in that category. One possible observation is that the
points representing individuals positive for IgG are more clustered in the northern and
southern areas around the Highway Arraijan, although that may also be attributed to the

uneven sample size, making it a fairly weak claim.

LIMITATIONS:
One major limitation in much of these studies was that the information collected often

came from one or two sources. For example, the data about congenital and lymphadenopathic
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toxoplasmosis came specifically from the University of Quindio’s medical records. Variables
affecting why the patient chooses to o to this clinic in particular may also impact the data

Another limitati

n

that for the risk factor analysis study in Armenia, a major drawing
point for the participants was the free ocular exams and blood test. This means that it is possible
that people who were already showing symptoms of sickness or who were experiencing ocular
issues were more likely to participate in the study, thus falsely inflating the data.

For the Kernel Density Estimator and Moran’s I analyses, it is important to remember

that the parameters inputted for cach analysis may impact the outcome. For example, each KDE
map was created with a quartic function, while another sort of influential function may show
slightly different locations. In addition, the Moran’s I analyses all used a first order queen weight
and not a K-Neighbors or distance based weight

(CONCLUSIONS AND FURTHER STUDIES:

Due to the nature of some of the methods used in this paper, it i difficult to make any

strong claims regarding the spatial distributions of the variables investigated. That being said,
this analysis provides insight as to potential future studies or focuses for targeted policies.
Exploring the relationship between the Highway Arraijan and Toxoplasmosis sreening

may provide interes

g insight as to medical access in Panama Oeste. In the same region, further
studies into the coastal communities and where, if anywhere, pregnant women are being
screened, could help show gaps in screening accessibility. Another potential future study is one
investigating water behaviors and water treatment near the Rio Bayano and the Chepo region of
Panama.

‘The unusual negative correlation between eating undercooked meat and seropositivity in
Armenia, Colombia is definitely something which merits further study. This relationship may be
due to economic differences, which were not accounted for in the study. Perhaps more affluent
persons with better hygiene more casily afford higher grades of meat. Armenia also showed an
uneven spatial distribution of prenatal treatment in cases of congenital toxoplasmosis. Doing a
‘more general study to see if this is due to a genuine difference in access to treatment or if it is
more due to external factors controlling who goes to the university's clinic may provide useful

information.


Andrew Grose
147


148

In all, the use of spatial analysis can be a potentially powerful tool in investigating the
spatial nature of things like risk factors and sereening rates, both of which frequently tend to

have a geographical component due to environmental and physical factors.
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A Spatial and Statistical Review and Comparison of Toxoplasmosis Screening and Seroprevalence in
Colombia and Panama

Authors: Cat Raggi, Jose Sanchez, Mariangela Soberon Felin, Jorge Enrique Gémez Marin, Kanix Wang,
Mayrene Ladrén de Guevera, Laura Lorena Lépez, Ménica Vargas, Zuleima del Carmen Caballero, Connie
Mendivil, Mario L. Quijada, Anabel Garcia, Alejandra de-la-Torre, Juliana Mufoz, John Alejandro Acosta

Davila, Elizabeth Torres, Juan David Valencia, Manuela Mejia, Daniel Celis, Delba Villalobos, Maria Cristina
Bohorquez, José Yashin Artega Rivera, Nocolas Rivera Valdivia, Abhi Pandya, Aliya Moreira, Catherine
Castro, Margarita Ramirez, Davina Moosazadeh, Guillermo Pradieu, Dora Estri[eat, imena Norera, Carlos
Flores, Jovanna Borace, Andrey Rzhetsky, Jagantha Rao, Xavier Saez-Llorenz, Osvaldo Reyes, Rima McLeod

Goal: The purpose of this study was to identify areas where congenital, ocular, and lymphadenopathic
toxoplasmosis were focused in Armenia, Colombia and any risk factors that may be associated. In addition,
rates of seroprevalence and gestational screening in Panamanian corregimientos were mapped and observed
in relation to their water sources.

Introduction: Toxoplasma is a parasite that can cause congenital toxoplasmosis if initial infection occurs
during a woman’s pregnancy. The infection, while often asymptomatic in the immunologically competent adult,
can also manifest complications such as ocular lesions, lymphadenopathy, and severe disease in
immunologically compromised persons, and with hypervirulent parasites and human host genetic
susceptibility..

Methods: Data for this study was taken from surveys and medical records from the University of Quindio, a
survey of pregnant women from Panama’s INDICASAT, and past studies done with University of Chicago and
INDICASAT at Hospital Santo Tomas in Panama City. Water data was taken from digitized Tommy Guardia
sources. The analysis was done using both qualitative and quantitative spatial methods, as well as log odds
regression. If point data was available, kernel density estimator heatmaps were created and compared to look
at spatial distributions. When possible, data points were also condensed and summarized into regional data for
polygon based analyses such as natural break and standard deviation heatmaps, and a Moran’s | cluster
analysis to look for spatial clustering or outliers.

Results: The risk factor analysis in Armenia found that drinking from bottled water and eating undercooked
meat were protective factors in one of the two communities tested. An exploration of the point data suggests
various potential spatial differences in prenatal treatment for congenital toxoplasmosis in Armenia, as well as in
screening in the Panamanian provinces of Panama and Panama Oeste. The analyses suggest a cluster of
high screening rates in the westernmost corregimientos surveyed and a particularly high screening rate in Vista
Allegre. Toxoplasmosis seroprevalence also appears to be highest in eastern corregimientos.

Conclusion: These statistical analyses and explorations can be used to identify geographic trends, advise
future preventative measures and policies, and locate areas in which more localized studies may provide
useful results.





