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Infectious Disease and the South Texas Colonias

Brian Russell Knab, M.S. Stat.
The University of Texas at Austin, 2016

Supervisor: Sahotra Sarkar

In this study, I investigated infectious disease in Texas, with a focus on
the impacts of poverty and lack of infrastructure in the South Texas colonias on
rates of infectious disease. I used Bayesian statistical methods, and in particu-
lar, hierarchical conditional autoregressive Poisson regression to model county-
level rates of hospitalization across the state. According to that model, and
with at least 97.5% probability, the average risk of hospitalization is greater in
counties containing colonias as compared to counties which do not for the fol-
lowing infectious disease categories tracked by the Texas Department of State

Health Services:

Amebiasis, Brucellosis, Candidiasis, Chickenpox, Coccidoidomy-
cosis, Ill defined intestinal infections, Intestinal infections due to
other organisms, Bacterial food poisoning, Rickettsioses, Salmonella
infections, Typhus, Viral Exanthemata, Pulmonary tuberculosis,
Septicemia, Shigellosis, Diseases due to Coxsackie virus, Typhoid

and paratyphoid fevers, and Whooping cough
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Chapter 1

Introduction, Data, and Methods

1.1 Introduction

The State of Texas describes the colonias on its southern border as
residential areas “that may lack some of the most basic living necessities, such
as potable water and sewer systems, electricity, paved roads, and safe and
sanitary housing.” The substandard living conditions, the State notes, which
include “dilapidated homes, a lack of potable water and sewer and drainage
systems, and floodplain locations” render “many colonias an ideal place for

the proliferation of disease.” [6]

This latter claim — that many colonias are an ideal place for the prolif-
eration of disease — has been borne out by research. Researchers have found
elevated rates of Hepatitis A [15], Cryptosporidium parvum [16], and human
herpesvirus [7] in the children living in colonias, as compared to children living
in urban border communities and San Antonio. Doyle and Bryan (2000) [9]
— studying infectious disease morbidity over the entire US Region bordering
Mexico — found elevated rates of morbidity due to botulism, brucellosis, diph-
theria, hepatitis A, mumps, rabies, rubella, salmonellosis, and shigellosis in

the U.S.-Mexico border region, as compared to the country as a whole.



The study that follows is very much in the vein of (Doyle and Bryan
2000) — I am interested in rates of infectious disease in the border counties —
but with some major differences. First, my study is focused on Texas counties,
and whether there is a measurable effect of the colonias on rates of infectious
disease therein, where Doyle and Bryan were concerned with the entire border
region spanning Texas, New Mexico, Arizona, and California. Second, Doyle
and Bryan rely on morbidity as reported by the National Notifiable Diseases
Surveillance System, where I rely on hospitalization data. Third, Doyle and
Bryan report raw morbidity risk ratios, but they do not quantify nor allow
for chance or uncertainty in those reports. They report, for example, that
diptheria morbidity risk is 1.85 times higher in the border counties as compared
to near-border counties. But while it is true that — over the 9 year period they
studied (1990 - 1998) — the observed rate of diptheria morbidity was 1.85
times higher in the border counties, this was because of only 2 reported cases
of diptheria over 9 years. Similarly, Doyle and Bryan report that plague and
rabies morbidity risk was nearly 4 times higher (3.43, and 3.86 respectively) in
border counties as compared to non-border counties, on the basis of 3 reported
cases of rabies, and 4 reported cases of plague, in the border counties. The
worry that arises in the face of such small numbers is that chance fluctuations
might lead to drastically different conclusions. In the following, I avoid this
problem by using Bayesian statistical methods to quantify the uncertainty in

the risk estimates.



1.2 Data

[ drew the data mainly from the Texas Department of State Health
Services. From the years 1999 through 2009, the Department collected — from
all Texas hospitals — information on every hospitalization that occurred in the
state. That data includes, for each hospitalization, the principal diagnosis and
the patient’s zip code, from which I was able to compile a total hospitalization
incidence count for 111 infectious disease categories, per year, for every county

in the state.[4]

Beyond that, I also used data from the 2010 U.S. Census, to get
the population, median income, and the demographic makeup of each Texas
county.[1][5] Finally, to get the total number of colonias in each county, I

counted the total number listed on the Texas Secretary of State website.[2]

1.3 Methods

The study proceeded in two stages.

1.3.1 Stage 1

Hospitals used 111 general diagnosis codes when reporting infectious
disease hospitalizations to the Texas Department of State Health Services.
Each of those codes corresponds to an infectious disease or infectious dis-
ease category. (There is, for example, one code for human immunodeficiency
virus, and one code for ‘other parapoxvirus infections,” which subsumes bovine

stomatitis, and sealpox.) Appendix C contains a break down of those disease



categories that I will be discussing in more detail below.

In the first stage of the study, I calculated the statewide rate of hospi-

talization for each disease category for each year; i.e.

INCIDENCE in 1999
TEXAS POPULATION

RSTATEWIDE,IQQQ =

Using that rate I derived an expected hospitalization incidence for each county,
for each year, assuming equal risk across the state; i.e., assuming each person
in the state was equally likely to be hospitalized as a result of a given disease.’

For Hidalgo county, for example, that expected incidence is given by
EHIDALG0,1999 = RSTATEWIDE, 1999 X HIDALGO POPULATION

I also calculated the observed risk ratio, which again for Hidalgo county is

given by
Observed Incidence in 1999

RRHIDALG0,1999 = =
EHIDALGO,1999

This ratio represents the observed departure in Hidalgo county from the ex-

pected incidence under the assumption of equal statewide risk.

Finally, T computed the average observed risk ratio for the counties
Hidalgo, Cameron, Starr, El Paso, Webb and Maverick, which are the counties
with the largest numbers of colonias, and then selected for further study those
diseases where that average was greater than 1; i.e., where, on average, the
observed incidence was greater than expected under the assumption of equal

statewide risk.

!This method suggested by Gelfand et al.[10, chapter 13]



1.3.2 Stage 2

The first stage yielded 26 diseases or disease categories where average
hospitalization incidence appeared higher than expected in Hidalgo, Cameron,
Starr, Maverick, El Paso, and Webb counties. In the second stage, I investi-
gated those diseases more closely by modeling hospitalization incidence using

Bayesian hierarchical conditional autoregressive Poisson regression.?

For each disease category, I assumed that hospitalization incidence, in a
given year, followed a separate Poisson distribution in each county, with offset
E’COUNTY — the expected count under the assumption of equal statewide risk,

as described above. Thus
INCIDENCE; ‘ )\COUNTY(i) ~ POiSSOIl(RCOUNTY(i) ACOUNTY(’Z) )

I then used the percentage of the county population which is Hispanic or
Latino, the median income for the county, and the number of colonias in the

county to estimate log(Acounry)-

l()fé{()\COIJNTY(z')) = Xﬁ + ¢COUNTY(1')

To account for any spatial autocorrelation in the Poisson means, I let the error

2The hierarchical part of the model is similar to that described in chapter 15 of (Gelman
and Hill 2007)[12]



¢; of county i be drawn from a conditional auto-regressive prior:*

1 _
il dsgis o, 1o ~ Nlagr > b7yl
J

g

where i ~ j if county j neighbors ¢ and

N; is the number of counties bordering county <.

Finally, I completed the model with uninformative priors on the remaining

parameters, including the regression coefficients.

B~ N(0,5) a ~ Unif(0, 1)

7, ~ Gamma(2, 2)

I generated Markov Chain Monte Carlo simulations from the joint posterior
distribution of all of the parameters with the language STAN. * Appendix D
contains the STAN code.

My main concern, throughout the study, was the risk ratio of hos-
pitalizations for a given disease. Let, for example, Rimarco be the expected
incidence in Hidalgo under the assumption of equal statewide risk, as described
above. And let Rygparqo be the true rate in Hidalgo county. Then the risk ratio

for Hidalgo county is given by

A o RHIDALGO
Hidalgo — =~
HipaLGo

3Conditional autoregressive models were first discussed in (Besag et al 1991). For ad-
vances see (Gelfand and Vounatsou 2003) and (Jin et al 2005).

4The speed of the MCMC simulation was greatly improved by adopting the exact sparse
CAR specification of Max Joseph.[14]



The risk ratio for Hidalgo county, in other words, describes how much larger
(or smaller) the rate of hospitalizations is in Hidalgo, as compared to the
expected rate of hospitalizations in Hidalgo under the assumption of equal
statewide risk. Notice that if the risk ratio for some disease in some county
is 1, then the rate of hospitalizations due to that disease in that county is
no larger than expected given the observed statewide risk of contracting that

disease.



Chapter 2

Results

2.1 Stage 1 Results

There were 26 disease categories where hospitalization incidence was, on
average, higher than expected under the assumption of equal statewide risk

in Hidalgo, Cameron, Starr, Maverick, El Paso, and Webb counties. Those

disease categories are:!

Actinomycotic infections, Amebiasis, Brucellosis, Candidiasis, Chick-
enpox, Coccidiodomycosis, Herpes simplex, Herpes zoster, Ill de-
fined intestinal infections, Intestinal Infections due to other or-
ganisms, Bacterial food poisoning, Ricekttsioses, Salmonella infec-
tions, Other enterovirus diseases of the central nervous system,
Other non-arthropod-borne viral diseases of the central nervous
system, Other protozoal intestinal diseases, Other typhus, Other
viral exanthemata, Pulmonary tuberculosis, Septicemia, Shigel-
losis, Specific diseases due to Coxsackie virus, Streptococcal sore
throat and scarlet fever, Typhoid and paratyphoid Fevers, Viral
and chlamydical infections, and Whooping Cough

1See Appendix C for a description of which specific diseases these categories subsume.



Figure 2.1: Observed vs. Expected Incidence, Pulmonary Tuberculosis.
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Figure 2.1, for example, is a plot of the observed hospitalization inci-
dence against the expected incidence under equal statewide risk for pulmonary
tuberculosis. The solid line has unit slope, and each point is an observed in-
cidence in a particular county. Thus a point will fall on that line, just in case
the observed incidence in the associated county equals the expected incidence.
Notice that all of Hidalgo, Cameron, Starr, Maverick, El Paso and Webb coun-
ties appear to have higher average incidence of pulmonary tuberculosis than
expected. Similar plots, for the other 25 disease categories described above

can be found in appendix B.



2.2 Stage 2 Results
2.2.1 Summary Results

Turning to stage 2, I begin with some summary results. Figure 2.2
shows the 95% highest posterior density credible intervals for the mean of the
risk ratio, for counties which contain colonias, divided by the mean risk ratio

for counties which do not contain colonias; i.e.,

_ mean(A¢) where {)\COUNTY(i) € A¢ if CouNTY(i) contains colonias,

N mean(Ay) Acountyv(i) € Ay Otherwise.

The disease category Other Typhus stands out in figure 2.2; the average Other
Typhus risk ratio for counties with colonias is with 95% probability between
25 and 100 times larger than the average risk ratio in counties which do not

contain colonias.

Figure 2.3 shows the same plot as Figure 2.2, but excluding Other Ty-
phus, to increase fidelity for the other disease categories. Table 2.1 contains
the estimates and 95% credible intervals depicted in figures 2.2 and 2.3. And
what table 2.1 and figures 2.2 and 2.3 show is that, for 24 of the 26 disease
categories under study, the estimated average risk ratio in counties which con-
tain colonias is more than 100% of the average risk ratio in counties which do
not contain colonias. Each, however, of the 95% credible intervals for Actino-
mycotic infections, Herpes simplex, Herpes zoster, and Viral and chlamydial
infections, extends below 1. Thus, for each of those disease categories, the
probability that — on average — counties which contain colonias have a lower
risk of hospitalization than counties which do not is non-neglible; it is at least

2.5%.

10



Figure 2.2: Mean risk ratio of counties with colonias over mean risk of ratio
counties without colonias.
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2.2.2 Specific Results

Turning to more specific results, I will describe the results for amebiasis
in detail; the general lessons will then extend to the other 25 disease categories

studied closely here.

The two plots in figure 2.4 are similar; they both show posterior esti-
mates, and 95% highest posterior density credible intervals. Figure 2.4a shows
the credible intervals for the effect of the standardized covariates on the aver-

age risk ratio. It gives, in other words, estimates and 95% posterior credible

11



Figure 2.3: Mean risk ratio of counties with colonias over mean risk of ratio
counties without colonias, excluding ‘Other Typhus’.
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intervals for the average effect of a single standard deviation change in each
of the studied covariates on the risk ratio for any given county. According to
Figure 2.4a, the model estimates that as the percentage of the county popu-
lation and the number of colonias which is hispanic or latino increases, and as
the median income decreases, the risk of amebiasis tends to increase. Figure
2.4b shows the 95% credible interval for the risk ratio, Acounty(i), for the 40
counties with the highest median risk ratios. In Hidalgo county, for example,

the rate of Amebiasis hospitalization is, with 95% probability, between 2 and 4

12



Figure 2.4: Amebiasis; Medians and 95% Highest Posterior Density Credible
Intervals for County Level Risk Ratios, Acounry(i), and Covariate Effects
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(a) Covariate Effects (b) 40 Highest Median Counties

times higher than you’d expect under the assumption of equal statewide risk.

Those counties in figure 2.4b which contain colonias are highlighted.

Turning to Figure 2.5, Figure 2.5a shows the 95% credible intervals for
the county level risk ratios for all of the 254 counties in Texas. The purple
gradient shows the number of colonias in a county, as reported by the Texas
Secretary of State website. (Counties without any reported colonias are left

grey.) Figure 2.5b is a map of the posterior estimate of the risk ratio in each

13



Figure 2.5: Amebiasis Risk Ratio 95% HPD CI by county, and Estimated Risk
Ratio Map
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Texas county.

The plots in Figure 2.5 display clear patterns; generally speaking, coun-
ties which contain colonias, and which are along the border, have higher ame-
biasis risk ratios than those which do not contain colonias and are not along
the border. Note also that among the counties whose estimated risk ratio
1s greater than 1, counties containing colonias are overrepresented. This is

consistent with the results shown in Figure 2.3, and in Table 2.1.

14



Similar plots and maps for the 25 other disease categories I studied can

be found in Appendix A.
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Table 2.1: Median and 95% Highest Posterior Density Credible Interval for

_ mean(A¢)
mean(Ay)
Disease/Category Median A A 95% HPD CI
Actinomycotic Infections 1.11 (0.89,1.38)
Amebiasis 1.84 (1.38,2.52)
Candidiasis 1.22 (1.11,1.36)
Chickenpox 1.48 (1.22,1.84)
Brucellosis 2.56 (1.75,3.92)
Coccidioidomycosis 4.05 (3.06,5.34)
Herpes Simplex 1.08 (0.96, 1.23)
Herpes Zoster 1.07 (0.96,1.95)
Il Defined Intestinal Infections 1.28 (1.16,1.43)
Other Enterovirus Diseases 0.90 (0.74,1.10)
Intestinal Infections Due to Other Organisms 1.18 (1.13,1.25)
Other Food Poisoning - Bacterial 1.22 (1.01,1.46)
Other Non-Arthropod-Borne Viral Diseases 0.95 (0.81,1.12)
Other Protozoal Intestinal Diseases 1.31 (1.00, 1.76)
Other Rickettsioses 4.60 (3.23,6.54)
Other Salmonella Infections 1.40 (1.22,1.61)
Other Typhus 53.86  (28.33,100.20)
Other Viral Exanthemata 1.89 (1.53,2.33)
Pulmonary Tuberculosis 1.76 (1.42,2.17)
Septicemia 1.26 (1.22,1.30)
Shigellosis 1.98 (1.67,2.35)
Diseases Due to Coxsackie Virus 2.28 (1.79,2.94)
Strep Throat and Scarlet Fever 1.85 (1.62,2.18)
Typhoid and Paratyphoid Fevers 3.41 (2.25,5.40)
Viral and Chlamydial Infection 1.04 (0.96,1.14)
Whooping Cough 1.64 (1.39,1.94)

16



Chapter 3

Discussion

For 24 of the 26 diseases investigated closely in this study, the esti-
mated average risk ratio of hospitalization as a result of that disease, in coun-
ties containing colonias, is greater than the estimated average risk ratio in
counties which do not contain colonias (See Table 2.1). Those diseases where
the average risk ratio, in counties containing colonias, is — with at least 97.5%

probability — higher than in counties without them, include

Amebiasis, Brucellosis, Candidiasis, Chickenpox, Coccidoidomy-
cosis, Ill defined intestinal infections, Intestinal infections due to
other organisms, Protozoal intestinal diseases, Bacterial food poi-
soning, Rickettsioses, Salmonella infections, Typhus, Viral exan-
themata, Pulmonary tuberculosis, Septicemia, Shigellosis, Diseases
due to Coxsackie virus, Typhoid and paratyphoid fevers, and Whoop-
ing cough

The estimated difference in risk across counties containing colonias and those
which do not, however, varies widely depending on the disease in question.
The average risk of viral and chlamydial infection is estimated to be only 4%

higher in counties which contain colonias, as compared to counties which do
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not. The average risk of Other Typhus — a category which subsumes murine
typhus, Brill’s disease, and scrub typhus — is estimated at over 5000% higher in
counties containing colonias as compared to those which do not. This latter is
a consequence of the fact that almost all of the typhus hospitalizations which
occurred between 1999 and 2009 were from patients living in the southernmost
Texas counties (see the map in Figure A.14). Most of the hospitalizations —
834 of the total 1475 — were from patients living in one county alone, Hidalgo,
which is the county with the largest number of colonias (933 are recognized

on the Texas Secretary of State websie).

Hidalgo county is, in general, something of an outlier with respect to the
diseases here studied. It is among the 15 counties with the highest estimated
risk ratios for Amebiasis, Brucellosis, Herpes simplex, Ill defined intestinal
infections, Bacterial food poisoning, Other rickettsioses, Other typhus, Other
viral exanthemata, Pulmonary tuberculosis, Shigellosis, Specific diseases due
to coxsackie virus, Streptococcal sore throat, Typhoid and paratyphoid fevers,

and Whooping cough. (See the figures in Appendix A.)

That said, to the extent that it is the colonias that are effecting the
risk of infectious disease in Hidalgo, that effect is not uniform across the state.
There were zero reported cases, for example, of Other Typhus hospitalization
in El Paso county over the 10 year study period, but there are 330 State recog-
nized colonias in El Paso county. A similar thing is true for the category Other
Rickettsioses — which subsumes QQ Fever, Trench Fever, and Rickettsialpox —

and the category Typhoid and paratyphoid fevers. The maps in appendix A
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show that it is only southern Texas counties at an elevated risk of hospitaliza-
tion due to these diseases. Many things could explain this, and further study is
needed. Perhaps the difference between southern and western counties which
contain colonias is due to differences in the conditions in the southern and
western colonias. Or perhaps the difference is attributable to differences in

environmental suitability for the diseases.

Turning to our covariates, Table 3.1 shows that for 24 of the 26 diseases
under study, the 95% highest posterior density credible intervals for the effect
of the number of colonias contains 1. Thus there is at least a 2.5% chance that
— holding a county’s demographics and median income fixed — an increase in
the number of colonias in that county would have no effect, or even a negative
effect, on the risk ratio for 24 of the 26 diseases. The only diseases this is
not true of are Shigellosis, and Herpes Simplex, for which the 95% highest
posterior density credible intervals for the effect of the number of colonias are

(1.04,1.27) and (1.02,1.15) respectively.

But these results are deceptive, as the covariates here studied are cor-
related (see Table 3.2). As the number of colonias increases, the percentage of
the county population which is Hispanic or Latino tends to increase, and me-
dian income tends to decrease. These correlations induce collinearity among
the covariates, which inflates the variance of the covariate parameters, and
leads to instability in those parameter estimates. (The pairwise correlations
are not that strong, but see (Vatcheva et al (2016))[17] which shows how even

weak pairwise correlations can have significant effects.) This is an unavoid-
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able consequence of the county-level data here considered; those counties which
contain colonias are also, on average, the counties with the lowest median in-
comes, and with the highest percentages of Hispanics or Latinos. It is therefore
difficult to discern any effect of the colonias themselves, apart from the effects

of concomitant differences of demographics and income.

However, given the colonias tend to be majority (or entirely) Hispanic
or Latino, and residents tend to have low incomes, we can consider the follow-
ing quantity:

C= 5% Hisp T+ 5NUM COLONIAS — /BINCOME

C describes the combined effect of increases in the percentage of hispanics or
latinos in the county population, increases in the number of colonias in the
county, and decreases in the median income. Figure 3.1 shows 90% and 95%
highest posterior density credible intervals for C. And what Figure 3.1 shows is
that the combined effect of a unit increase in the percentage of the population
which is Hispanic or Latino, a unit increase in the number of colonias, and a
unit decrease in the median income, is — with probability greater than 97.5% —
an amplifying effect for Amebiasis, Brucellosis, Chickenpox, Coccidiomycosis,
Bacterial Food Poisoning, Rickettsioses, Pulmonary Tuberculosis, Shigellosis,
Typhoid and Paratyhpoid fevers, and Whooping Cough. The effect is largest
for Amebiasis, Brucellosis, Pulmonary Tuberculosis, and Shigellosis. Thus an
increase in the number of colonias in a county — along with a (typically con-
comitant) increase in the percentage of Hispanics or Latinos, and a (typically

concomitant) decrease in the median income — with probability greater than
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Figure 3.1: EffeCt Of C - ﬁ% Hisp + ﬁNUlW COLONIAS — /BINCOME on RiSk R,atiO
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97.5%, will amplify the risk of those infectious diseases. Table 3.3 displays
the estimates and 95% highest posterior density credible intervals for C', as
computed for Amebiasis, Brucellosis, Chickenpox, Coccidiomycosis, Bacterial
Food Poisoning, Rickettsioses, Pulmonary Tuberculosis, Shigellosis, Typhoid

and Paratyphoid Fevers, and Whooping Cough.

The diseases for which increases in C' — with at least 95% probability

— lead to increased risk of hospitalization can be split into three categories:
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Coccidioidomycosis is in a category on its own; it is a pulmonary infection
which results from the inhalation of the fungus Coccidioides. That fungus is
only present, in Texas, in the soil of West Texas. Figure 3.3 strongly suggests
that it is simply those counties in which the fungus Coccidioides “is known to
live or suspected to live” (according to the CDC)[3] that are at an elevated
risk of Coccidioidomycosis. The elevated risk in counties containing colonias,
in other words, potentially has little to do with the particular conditions of the
colonias, and more to do with the coincidence of counties containing colonias,
and those where the fungus Coccidioides lives. In fact, similar environmental
coincidents could explain the elevated risks for all the of the diseases described
in Table 3.2, but if so those environmental coincidents are less obvious than in
the case of Coccidioidomycosis. Increased hospitalization from Coccidiomyco-
sis could however be the result of a lack of access to non-emergency medical

care in the colonias; again, further study is needed.

A second category — of diseases for which increases in C' has an am-
plifying effect — includes Amebiasis, Brucellosis, Bacterial Food Poisoning,
Shigellosis, Other Rickettsioses, and Typhoid and Paratyphoid fevers. Other
Rickettsioses describes non-tick-borne rickettsioses (see Appendix C), includ-
ing Q fever, Trench fever, and Rickettsialpox, each of which is transmitted
by lice, mites and close contact with animals. Amebiasis is “most common
in tropical areas with poor santitation.” 3] Brucellosis is “an infection spread
from animals to people, mostly by unpasteurized dairy products.”[3] Bacterial

Food Poisoning is caused by “Campylobacter, Salmonella, Shigella, E. Coli,
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Figure 3.2: Approximate areas where Coccidiodes is known to live vs. Esti-
mated Risk Ratio map
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Listeria, botulism, [and] norovirus”[3] present in food. Shigellosis is a highly
contagious diahreaal disease, which is spread through contact with an infected
persons feces.[3] Typhoid fever is a bacterial disease “spread by contaminated
food and water.” [3] Each of these, in other words, are diseases which are ex-
acerbated by poor sanitation. Recalling the State of Texas’ claim that the
colonias “lack some of the most basic living necessities ... [including] safe

and sanitary housing,” and that many “lack potable water and sewage and
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drainage systems,” [6] it is plausible that the conditions in the colonias are di-
rectly responsible for an increased rate of hospitalization due to these diseases

over the study period.

The last category — of diseases for which increases in C' lead to increases
in risk — includes Chickenpox, Pulmonary tuberculosis, and Whooping cough.
The latter two are both respiratory diseases which are spread through contact
with an infected person. Chickenpox and Whooping cough are both highly
contagious and vaccine preventable. Pulmonary tuberculosis is less contagious,
and partly vaccine preventable. The State of Texas notes that, in the colonias,
“a lack of medical services compounds health problems,”[6] and here again it
is plausible that this lack is directly contributing to increased hospitalizations

as a result of Chickenpox, Pulmonary tuberculosis and Whooping cough.

3.1 Conclusions

For many of the infectious diseases studied here, the risks of hospi-
talization due to those diseases was higher in counties containing colonias as
compared to counties which do not contain colonias. But importantly — if the
increased risk of those diseases is due to the colonias — the effect is not uniform
across the state, and the colonias are not monolithic. Counties in the south-
ernmost part of the state, and in particular Hidalgo county, are the counties
where the risks for many of the infectious diseases studied here appears to be

greatest.
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Table 3.1: Estimated effect, and 95% HPD CI for the effect of a single standard
deviation increase in the number of colonias in the county, holding income and
demographics fixed.

Disease # Colonias Effect Effect 95% HPD CI
Estimate
Actinomycotic infections 0.98 (0.91,1.07)
Amebiasis 1.05 (0.98,1.14)
Brucellosis 1.06 (0.98,1.17)
Candidiasis 0.99 (0.93,1.05)
Chickenpox 1.00 (0.94,1.08)
Coccidioidomycosis 0.99 (0.86,1.15)
Herpes Simplex 1.08 (1.02,1.15)
Herpes Zoster 1.00 (0.95,1.06)
Il Defined Intestinal Infections 1.04 (0.98,1.10)
Intestinal Infections due to 1.03 (0.97,1.10)
other Organisms
Other enterovirus diseases of 1.04 (0.97,1.12)
cent nerv sys
Other Food Poisoning Bacterial 1.05 (0.98,1.13)
Other non-arthropod-borne vi- 0.99 (0.93,1.06)
ral diseases
Other protozoal intestinal dis- 1.03 (0.94,1.15)
eases
Other Rickettsioses 1.04 (0.92,1.16)
Other Salmonella Infections 1.02 (0.96,1.10)
Other Typhus 1.07 (0.90, 1.28)
Other Viral Exanthemata 1.03 (0.96,1.11)
Pulmonary Tuberculosis 1.00 (0.93,1.07)
Septicemia 1.00 (0.94,1.06)
Shigellosis 1.15 (1.04,1.27)
Specific Diseases due to Cox- 1.07 (0.97,1.19)
sackie Virus
Strep Throat and Scarlet Fever 1.00 (0.93,1.08)
Typhoid and  paratyphoid 1.03 (0.93,1.15)
Fevers
Viral and Chlamydial Infection 1.06 (0.98,1.13)
Whooping Cough 1.04 (.98,1.107)
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Table 3.2: Estimated pairwise correlations, and p-values under the assumption
of no correlation, for studied covariates

Med Income

# of Colonias

% Hispanic

Median Income | - r=—0.14, r=—0.24,
p=.017 p < .001
# of Colonias | 7 = —0.14, - r = .33,
p=.017 p < .001
% Hispanic 7= —0.24, 7= .33, -
p < .001 p < .001
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Table 3.3: Estimated effect, and 95% HPD CI for the effect of a single standard
deviation increase in the number of colonias in the county, holding income and

demographics fixed.

Disease # Colonias Effect Effect 95% HPD CI
Estimate
Amebiasis 1.05 (0.98,1.14)
Brucellosis 1.06 (0.98,1.17)
Coccidioidomycosis 0.99 (0.86,1.15)
Herpes Simplex 1.08 (1.02,1.15)
[l Defined Intestinal Infections  1.04 (0.98,1.10)
Intestinal Infections due to 1.03 (0.97,1.10)
other Organisms
Other Food Poisoning Bacterial 1.05 (0.98,1.13)
Other Rickettsioses 1.04 (0.92,1.16)
Other Salmonella Infections 1.02 (0.96,1.10)
Other Typhus 1.07 (0.90, 1.28)
Other Viral Exanthemata 1.03 (0.96,1.11)
Pulmonary Tuberculosis 1.00 (0.93,1.07)
Septicemia 1.00 (0.94,1.06)
Shigellosis 1.15 (1.04,1.27)
Specific Diseases due to Cox- 1.07 (0.97,1.19)
sackie Virus
Strep Throat and Scarlet Fever 1.00 (0.93,1.08)
Viral and Chlamydial Infection 1.06 (0.98,1.13)
Whooping Cough 1.04 (.98,1.107)
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Table 34 EStlmated eﬁect7 and 95% HPD CI fOl" C - /6% HISP+/6NUM COLONIAS —

/BINCOME-

Disease C Effect Estimate Effect 95% HPD CI
Amebiasis 1.48 (1.23,1.79)
Brucellosis 2.58 (1.73,3.01)
Chickenpox 1.34 (1.14,1.59)
Coccidioidomycosis 1.75 (1.16,2.57)
Other Food Poisoning Bacterial 1.20 (1.02,1.45)
Other Rickettsioses 1.60 (1.06,2.53)
Pulmonary Tuberculosis 1.76 (1.42,2.17)
Shigellosis 1.64 (1.36,1.98)
Typhoid and  Paratyphoid 1.61 (1.17,2.22)
Fevers

Whooping Cough 1.32 (1.17,1.52)
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Appendix A

Plots: Particular Results, All Diseases

30



Figure A.1: Actinomycotic Infections
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Figure A.2: Amebiasis
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Figure A.3: Brucellosis
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Figure A.4: Candidiasis
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Figure A.5: Chickenpox
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Figure A.6: Coccidioidomycosis
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Figure A.7: Herpes Simplex

Herpes Simplex
Covariate Effects on Risk Ratio

Median

——
Income

085 090 095 100  1.05
Risk Ratio

1.10

1.15

Herpes Simplex

Risk Ratio Estimate & 95% HPD ClI

Victoria
Jim Wells
Hidalgo
Walker
San Patricio
Runnels
Gregg
Jackson
Trinity
Duval
Orange
Galveston
Potter
Wichita
Tom Green
Jefferson
Refugio
Nueces
Ector
Taylor
Starr
Nolan

Van Zandt
Nacogdoches
Coleman
Calhoun
Liberty
Goliad

Hill

Hardin
Coke
Hamilton
Navarro
Bee
Lubbock
Clay
Henderson
Bowie
Hunt
Hockley

||'||

i

il

i

i

Risk Ratio

2 3 4

Colonias
== No

= Yes

Risk Ratio

Herpes Simplex
Risk Ratio Estimate & 95% HPD CI

Number of Colonias in County
 —

County

37

Herpes Simplex

Estimated
Risk Ratio

3.0
2.0
1.0
0.9
0.8
0.7
0.6
05



Number of

%

Figure A.8: Herpes Zoster
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Figure A.9: Ill Defined Intestinal Infections
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Figure A.10: Intestinal Infections due to Other Organisms
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Figure A.11: Other enterovirus diseases of the central nervous system
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Figure A.12: Other Food Poisoning Bacterial
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Figure A.13: Other non-arthropod-borne viral diseases of the central nervous
system
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Figure A.14: Other protozoal intestinal diseases
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Figure A.15: Other Rickettsioses
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Figure A.16: Other Salmonella Infections
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Figure A.17: Other Typhus
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Figure A.18: Other Viral Exanthemata
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Figure A.19: Pulmonary Tuberculosis
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Figure A.20: Septicemia
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Figure A.21: Shigellosis
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Figure A.22: Specific Diseases due to Coxsackie Virus
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Figure A.23: Streptococcal Sore Throat and Scarlet Fever
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Figure A.24: Typhoid and Paratyphoid Fevers

Typhoid and Paratyphoid Fevers
Covariate Effects on Risk Ratio

Typhoid and Paratyphoid Fevers
Risk Ratio Estimate & 95% HPD CI

Webb '
| Hidalgo t e———
i Kleberg
: Starr :-—_—
1 Jim Hogg
: Duval JI_—
i Jim Wells ———
I Zapata
% Hispanic 1 Maverick A ——
| Nueces | ———
: Brooks -I_—
| Willacy — -eep———
1 Kenedy
| LaSalle  -eet—p——
1 Dimmit T —————————
| Cameron S——-
i San Patricio S ——
' Zavala - -eeep——
| Harris - Colonias
' Fort Bend g—-
Median | ——— Dallas o= e
' V
Income i Travis - = Yes
| Collin b
1 Crane A ———
: Reagan -I——
i Val Verde — gm——
| Sutton — ar——
1 DeWitt — ebe——
1 Frio — eepp——
: Ochiltree dl_—
1 Yoakum - sp——
' Galveston -~ -gtmm—
Number of ! Presidio —!——
Colonias ] Atascosa - pm——
| Chambers e
' Crockett — =wpm——
| Brazoria ke
| PeCcOs  wasp——
1 Reeves — emgemm——
| Tarrant -
1.0 15 2.0 25 3.0 0.0 25 5.0 75 10.0
Risk Ratio Risk Ratio
Typhoid and Paratyphoid Fevers
Risk Ratio Estimate & 95% HPD Cl
10.0
Number of Colonias in County
 —
Typhoid and Paratyphoid Fevers
yp yp Estimated
Risk Ratio
6.0
5.0
4.0
3.0
o 2.0
T 1.0
24
X 0.9
2
o 0.8
0.7
0.6
0.5
0.4
0.3
0.2

County

o4



Figure A.25: Viral and Chlamydial Infection in Conditions Classified Else-
where and of Unspecified Site
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Figure A.26: Whooping Cough
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Appendix B

Plots: Observed vs. Expected Incidence
Under Equal Statewide Risk
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Figure B.1: Observed vs. Expected Incidence, Actinomycotic Infections
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Figure B.2: Observed vs. Expected Incidence, Amebiasis
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Figure B.3: Observed vs. Expected Incidence, Brucellosis
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Figure B.4: Observed vs. Expected Incidence, Candidiasis
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Figure B.5: Observed vs. Expected Incidence, Chickenpox
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Figure B.6: Observed vs. Expected Incidence, Coccidioidomycosis
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Figure B.7: Observed vs. Expected Incidence, Herpes Simplex
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Figure B.8: Observed vs. Expected Incidence, Herpes Zoster
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Figure B.9: Observed vs. Expected Incidence, Il Defined Intestinal Infections
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Figure B.10: Observed vs. Expected Incidence, Intestinal Infections due to
Other Organisms

Intestinal infections due to other organisms
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Figure B.11: Observed vs. Expected Incidence, Other enterovirus diseases of
the central nervous system

Other enterovirus diseases of central nervous system
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Figure B.12: Observed vs. Expected Incidence, Other non-arthropod borne
viral diseases of the central nervous system

Other non arthropod borne viral diseases of central nervous system
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Figure B.13: Observed vs. Expected Incidence, Other protozoal intestinal
diseases

Other protozoal intestinal diseases
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Figure B.14: Observed vs. Expected Incidence, Other Food Poisoning Bacte-
rial

Other food poisoning bacterial
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Figure B.15: Observed vs. Expected Incidence, Other Rickettsioses

Other rickettsioses
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Figure B.16: Observed vs. Expected Incidence, Other Salmonella Infections

Other salmonella infections
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Figure B.17: Observed vs. Expected Incidence, Other Typhus

Other typhus
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Figure B.18: Observed vs. Expected Incidence, Typhoid and paratyphoid

fevers

Typhoid and paratyphoid fevers

o I
— 7| & Hidalgo °©
Cameron
A Starr °
Maverick
© 7 A ElPaso °
Webb
o °
8 o+ A ° o o o
c
()
©
o
S < /o o o o
o oA o o o
N o oo\ Al o
0o
o J

Expected Incidence

66



Figure B.19: Observed vs. Expected Incidence, Other Viral Exanthemata

Other viral exanthemata
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Figure B.20: Observed vs. Expected Incidence, Pulmonary Tuberculosis

Pulmonary tuberculosis
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Figure B.21: Observed vs. Expected Incidence, Septicemia

Septicemia
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Figure B.22: Observed vs. Expected Incidence, Shigellosis

Shigellosis
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Figure B.23: Observed vs. Expected Incidence, Specific Diseases due to Cox-
sackie Virus

Specific diseases due to Coxsackie virus
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Figure B.24: Observed vs. Expected Incidence, Streptococcal Sore Throat
and Scarlet Fever

Streptococcal sore throat and scarlet fever
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Figure B.25: Observed vs. Expected Incidence, Viral and Chlamyidal Infec-
tions

ral and chlamydial infection in conditions classified elsewhere and of unspecified site
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Figure B.26: Observed vs. Expected Incidence, Whooping Cough

Whooping cough

A Hidalgo ° °
o _| 4 Cameron o
© | & star o
Maverick A °
8 _| & ElPaso o
°
Webb A
o
8 9-
c
()
B o
o ™ 7
£
o |
3
o |
-
o J

T T T 1
0 20 40 60

Expected Incidence

70



Appendix C

Disease Category Lookup Tables
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Table C.1: Actinomycotic Infections through Herpes Simplex

Disease Category

Subsumes

Actinomycotic Infections

Amebiasis

Brucellosis

Candidiasis

Coccidioidomycosis

Herpes Simplex

Actinomycotic infections

Acute amebic dysentery; Chronic intestinal
amebiasis; Amebic nondysenteric colitis; Ame-
bic liver abscess; Amebic lung abscess; Amebic
brain abscess; Amebic skin ulceration; Amebic
infection of other sites; Amebiasis unspecified.

Brucella melitensis; Brucella abortus; Brucella
suis; Brucella canis; Other brucellosis; Brucel-
losis unspecified.

Candidiasis

Primary coccidioidomycosis  (pulmonary);
Primary extrapulmonary coccidioidomyco-
sis; Coiccidioidal meningitis; Other forms
of progressive coccidioiomycosis; Chronic
pulmonary coccidioidomycosis; Pulmonary
coccidioidomycosis  unspecified; Coccid-
ioicomycosis unspecified

Eczema herpeticum; Genital herpes; Genital
herpes, unspecified; Herpetic vulvovaginitis;
Herpetic ulceration of vulva; Herpetic infec-
tion of penis; Other; Herpetic gingivostomati-
tis; Herpetic meningoencephalitis; With oph-
thalmic complications; With unspecified oph-
thalmic complication; Herpes simplex der-
matitis of eyelid; Dendritic keratitis; Herpes
simplex disciform keratitis; Herpes simplex iri-
docyclitis; Other; Herpetic septicemia; Her-
petic whitlow; With other specified complica-
tions; Visceral herpes simplex; Herpes simplex
meningitis; Herpes simplex otitis externa; Her-
pes simplex myelitis; Other; With unspecified
complication; Herpes simplex without men-
tion of complication
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Table C.2: Herpes Zoster through Intestinal Infections due to Other Organisms

Disease Category

Subsumes

Herpes Zoster

Il Defined Intestinal Infections

Intestinal Infections
Other Organisms

due to

With meningitis, With other nervous system
complications, With unspecified nervous sys-
tem complication, Geniculate herpes zoster,
Postherpetic trigeminal neuralgia, Posther-
petic polyneuropathy, Herpes zoster myelitis,
Other, With ophthalmic complications, Her-
pes zoster dermatitis of eyelid, Herpes zoster
keratoconjunctivitis, Herpes zoster iridocycli-
tis, Other, With other specified complications,
Otitis externa due to herpes zoster, Other,
With unspecified complication, Herpes zoster
without mention of complication

Infectious colitis, enteritis, and gastroenteritis;
Colitis, enteritis, and gastroenteritis of pre-
sumed infectious origin; Infectious diarrhea;
Diarrhea of presumed infectious origin

Escherichia coli [E coli]; E coli, unspeci-
fied; Enteropathogenic E coli; Enterotoxigenic
E coli; Enteroinvasive E coli; Enterohemor-
rhagic E coli; Other intestinal E coli infec-
tions; Arizona group of paracolon bacilli; Aer-
obacter aerogenes; Proteus (mirabilis) (mor-
ganii); Other specified bacteria; Staphylococ-
cus; Pseudomonas; Campylobacter; Yersinia
enterocolitica; Clostridium difficile; Other
anaerobes; Other gram-negative bacteria;
Other; Bacterial enteritis, unspecified; Enteri-
tis due to specified virus; Rotavirus; Ade-
novirus; Norwalk virus; Other small round
viruses [SRV’s|; Calicivirus; Astrovirus; En-
terovirus NEC; Other viral enteritis; Other or-
ganism, not elsewhere classified
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Table C.3: Other food poisoning - Bacterial through Other typhus

Disease Category

Subsumes

Other Food Poisoning - Bacte-
rial

Other Rickettsioses

Other Salmonella Infections

Other enterovirus diseases of
the central nervous system

Other non-arthropod-borne vi-
ral diseases of cent nerv system

Other protozoal intestinal dis-
eases

Other Typhus

Staphylococcal food poisoning; Botulism food
poisoning; Food poisoning due to Clostridium
perfringens [C welchii]; Food poisoning due to
other Clostridia; Food poisoning due to Vibrio
parahaemolyticus; Other bacterial food poi-
soning; Food poisoning due to Vibrio vulnifi-
cus; Other bacterial food poisoning; Food poi-
soning, unspecified

Q fever; Trench fever; Rickettsialpox;
Other specified rickettsioses; Rickettsiosis,
unspecified

Salmonella gastroenteritis; Salmonella sep-
ticemia;  Localized salmonella infections;
Localized salmonella infection, unspecified;
Salmonella meningitis; Salmonella pneumonia;
Salmonella arthritis; Salmonella osteomyelitis;
Other; Other specified salmonella infections;
Salmonella infection, unspecified

Other enterovirus diseases of the central
nervous

Lymphocytic choriomeningitis, Meningitis due
to adenovirus, Other specified non-arthropod-
borne viral diseases of central nervous sys-
tem, Unspecified non-arthropod-borne viral
diseases of central nervous system

Balantidiasis, Giardiasis, Coccidiosis, Intesti-
nal trichomoniasis, Cryptosporidiosis, Cy-
closporiasis, Other specified protozoal intesti-
nal diseases, Unspecified protozoal intestinal
diseas

Murine [endemic| typhus; Brill’s disease;
Scrub typhus; Typhus, unspecified
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Table C.4: Other Viral Exanthemata through Shigellosis

Disease Category

Subsumes

Other Viral Exanthemata

Pulmonary Tuberculosis

Septicemia

Shigellosis

Erythema infectiosum [fifth disease]; Other
specified viral exanthemata; Viral exanthem,
unspecified

Tuberculosis of lung, infiltrative; Tuberculo-
sis of lung, nodular; Tuberculosis of lung with
cavitation; Tuberculosis of bronchus; Tuber-
culous fibrosis of lung; Tuberculous bronchiec-
tasis; Tuberculous pneumonia [any form]; Tu-
berculous pneumothorax; Other specified pul-
monary tuberculosis; Pulmonary tuberculosis,
unspecified

Streptococcal  septicemia; Staphylococ-
cal septicemia; Staphylococcal septicemia,
unspecified; Methicillin susceptible Staphy-
lococcus aureus septicemia;  Methicillin
resistant Staphylococcus aureus septicemia;
Other staphylococcal septicemia; Pneumo-
coccal septicemia [Streptococcus pneumoniae
septicemial; Septicemia due to anaerobes;
Septicemia due to other gram-negative
organisms; Gram-negative organism, unspec-
ified; Hemophilus influenzae [H influenzael;
Escherichia coli [E coli]; Pseudomonas; Ser-
ratia; Other; Other specified septicemias;
Unspecified septicemia

Shigella dysenteriae; Shigella flexneri; Shigella
boydii; Shigella sonnei; Other specified
shigella infections; Shigellosis, unspecified
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Table C.5: Specific Diseases due to Coxsackie Virus through Whooping Cough

Disease Category

Subsumes

Specific Diseases due to Cox-
sackie Virus

Streptococcal Sore Throat and
Scarlet Fever
Typhoid and paratyphoid fevers

Viral and Chlamydial Infections

Whooping Cough

Herpangina; Epidemic pleurodynia; Coxsackie
carditis; Coxsackie carditis, unspecified; Cox-
sackie pericarditis; Coxsackie endocarditis;
Coxsackie myocarditis; Hand, foot, and mouth
disease; Other specified diseases due to Cox-
sackie virus

Streptococcal sore throat; Scarlet fever

Typhoid fever, Paratyphoid fever A, Paraty-
phoid fever B, Paratyphoid fever C, Paraty-
phoid fever, unspecified

Adenovirus; ECHO virus; Coxsackie virus;
Rhinovirus; Human papillomavirus; Retro-
virus; Retrovirus, unspecified; Human T-cell
lymphotrophic virus, type I [HTLV-I]; Human
T-cell lymphotrophic virus, type II [HTLV-
I1]; Human immunodeficiency virus, type 2
[HIV-2]; Other specified retrovirus; Respira-
tory syncytial virus (RSV); Other specified
viral and chlamydial infections; Hantavirus;
SARS-associated coronavirus; Parvovirus B19;
Other specified chlamydial infection; Other
specified viral infection; Unspecified viral and
chlamydial infections; Unspecified chlamydial
infection; Unspecified viral infection

Bordetella pertussis [B pertussis|; Borde-
tella parapertussis [B parapertussis]; Whoop-
ing cough due to other specified organism;
Whooping cough, unspecified organism
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Appendix D

Code

D.1 Stan Code

/** NOTE: This code is only a slight modification
of Max Joseph’s; see references. *x*/

functions {

/%%

* Return the log probability of a proper conditional autoregressive (CAR) prior
with a sparse representation for the adjacency matrix

@param phi Vector containing the parameters with a CAR prior

@param tau Precision parameter for the CAR prior (real)

@param alpha Dependence (usually spatial) parameter for the CAR prior (real)
@param W_sparse Sparse representation of adjacency matrix (int array)

@param n Length of phi (int)

@param W_n Number of adjacent pairs (int)

@param D_sparse Number of neighbors for each location (vector)

@param lambda Eigenvalues of D~{-1/2}*W+D"{-1/2} (vector)

* XK X X X X X X X X X *

Q@return Log probability density of CAR prior up to additive constant
*/
real sparse_car_lpdf(vector phi, real tau, real alpha,
int[,] W_sparse, vector D_sparse, vector lambda, int n, int W_n) {
row_vector[n] phit_D; // phi’ * D
row_vector[n] phit_W; // phi’ * W
vector[n] ldet_terms;

phit_D = (phi .* D_sparse)’;

phit_W = rep_row_vector(0, n);

for (i in 1:W_n) {
phit_W[W_sparsel[i, 1]]
phit_W[W_sparse[i, 2]]

phit_W[W_sparse[i, 1]] + phil[W_sparseli, 2]];
phit_W[W_sparse[i, 2]] + phil[W_sparsel[i, 1]]1;

}

for (i in 1:n) ldet_terms[i] = logim(alpha * lambdal[il);

7



return 0.5 * (n * log(tau)

}

}

data {
int<lower
int<lower
int<lower

int<lower =

int<lower
matrix[p,

k] Z;

1>
1>
1>
1>
1>

+ sum(ldet_terms)
- tau * (phit_D * phi - alpha * (phit_W * phi)));

n; // total observations

p; // total spatial regions

k; // total number of covariates
num_col_cnts;

num_nocol_cnts;
// covariates

int cnty_idx[n];
int cols_ids[num_col_cnts]; // ids of counties with colonias
int nocols_ids[num_nocol_cnts]; // ids of counties without colonias

int<lower

0> y[nl;

vector[n] log_offset;

matrix<lower

int W_p;
3

0, upper = 1>[p,p] W; // adjacency matrix
// number of adjacent region pairs

transformed data {
int W_sparse[W_p, 2]; // adjacency pairs
vector[p] D_sparse; // diagonal of D (number of neigbors for each site)
vector[p] lambda; // eigenvalues of invsqrtD * W * invsqrtD

{ // generate sparse representation for W
int counter;

counter =

1;

// loop over upper triangular part of W to identify neighbor pairs
for (i in 1:(p - 1) {
for (j in (i + 1):p) {
if (Wi, j1 == 1 {

W_sparse[counter, 1]

I
..

W_sparse[counter, 2] = j;

counter

}
}
}
}

= counter + 1;

for (i in 1:p) D_sparsel[i] = sum(W[il);

{

vector [p] invsqrtD;
for (i in 1:p) {

invsqrtD[i]

3

=1 / sqrt(D_sparsel[il);
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}

lambda = eigenvalues_sym(quad_form(W, diag_matrix(invsqrtD)));

}

parameters {

vector[p] phi; // Spatially Varying Random Effect
real beta_0;

vector [k] beta;

real<lower = 0> tau;

real<lower = 0, upper = 1> alpha;

transformed parameters{

vector [p] mu;
vector [p] rr;
vector[k] rr_cov;

mu = beta_0 + Zxbeta + phi;
rr = exp(mu);
rr_cov = exp(beta);

}
model {
phi ~ sparse_car(tau, alpha, W_sparse, D_sparse, lambda, p, W_p);
tau ~ gamma(2,2);
beta ~ normal(0,5);
beta_0 ~ normal(0,5);
for (i in 1:n){
y[i] ~ poisson_log(log_offset[i] + mulcnty_idx[i]]);
}
}

generated quantities{

real col_diff;

real cont;

col_diff = mean(exp(mulcols_ids])) / mean(exp(mul[nocols_ids]));
cont = exp(beta[l] + beta[2] - betal3]);
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