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     Aedes aegypti and Aedes albopictus are vectors for 
arboviral diseases such as Zika, dengue fever, and 
chikungunya (Montgomery et al. 2017, WHO 2014, 
Leta et al. 2018). Human migration, urbanization, 
crowding, poverty, and climate change are some of 
the transmission drivers of mosquito-borne pathogens 
(Hotez 2018). The spread of these diseases in trans-
boundary regions presents especially complex scenar-
ios, because countries usually have different health 

policies, mosquito control policies, and human and 
mosquito surveillance systems (Esteve-Gassent et al. 
2014). Persons living on both sides of the boundary 
between southern Texas and northern Mexico share a 
common history, culture, and language. These popu-
lations also have a unique risk for transmission of 
vector-borne diseases, due to the number of daily 
commuters crossing the border, the existence of mos-
quito breeding sites in homes and public areas, and 
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  ABSTRACT 
 

         Cross border situations complicate epidemiologic risk assessments in transboundary regions such as the US-
Mexico border. Countries have different health policies, mosquito control policies, and mosquito surveillance 
systems. We established a binational Aedes mosquito surveillance program in Reynosa, Tamaulipas, and 
McAllen, Texas by replicating a part of the Mexican Integrated Vector Monitoring System (IVMS) across the 
international border. The entomologic surveillance of the IVMSs is based on ova collection cups (ovitraps) and 
for the binational project, the surveillance protocol was modified to include an Autocidal Gravid Ovitrap 
(AGO) in the center of every city-block (100 m2) distribution of four ovitraps. We measured the weekly abun-
dance of Aedes eggs and adult females in 72 clusters (cluster = one AGO and four ovitraps) in Reynosa and 67 
clusters in McAllen from Epidemiologic Week (EW) 17 to EW 36. The mean weekly egg counts were 34 and 22 
in McAllen and Reynosa respectively. The female adult mosquito counts were more than 5 in 12 out of 20 (60%) 
weeks in McAllen, and in 5 out of 16 (31%) weeks in Reynosa. For every increase of one female mosquito, the 
egg counts in the corresponding ovitraps increased by 2.33% (95% HDI: 2.31%–-2.42%) in McAllen and by 
0.6% (95% HDI: 0.5%–0.62%) in Reynosa. Counter knowledge, weekly increase of temperature had a negative 
influence in adult and egg counts in Reynosa and McAllen. Precipitation had a positive influence on egg counts 
in McAllen. 

  
   Additional index words: ovitraps, Aedes aegypti, Aedes albopictus, Autocidal Gravid Ovitrap (AGO) 
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other factors (Hotez 2012). 

     Since 2008, Mexico has been using a successful 
nationwide system known as the Integrated Vector 
Monitoring System (IVMS) which includes an element 
of Aedes surveillance, based on ova collection traps 
(ovitraps) (Hernández-Ávila et al. 2013, 
CENAPRECE 2017). The IVMS is a collaboration 
between two agencies of Mexico’s Ministry of 
Health—the Division of Vector-Borne Diseases in the 
National Center for Preventive Programs and Disease 
Control (CENAPRECE), and the Division of Medical 
Geography and Systems in the National Institute of 
Public Health (INSP) (Hernández-Ávila et al. 2013). 
The information collected by the IVMS has many us-
es, including estimating the adult mosquito population, 
estimating indexes of the risk of transmission of Aedes
-borne diseases, and evaluating the effectiveness of 
interventions to control Aedes, a container-inhabitant 
mosquito. The City of McAllen has a proactive Mos-
quito Control Surveillance Program in partnership 
with several institutions (e.g., Texas A&M Health 
Science School of Rural Public Health, Texas A&M 
Agrilife), which allows to study mosquito species and 
especially the diseases they carry (Health & Code En-
forcement 2020). 

     Sporadic local Aedes mosquito-borne disease trans-
mission occurs in southern Texas (Monaghan 2016), 
particularly when the incidence is high in the border-
ing region of northern Mexico. The most recent bi-
national outbreak of dengue virus in this region oc-
curred in 2013 (Thomas 2016). In January 2016, the 
first local mosquito-borne transmission of chikungu-
nya virus in Texas occurred in Cameron County 

(WHO 2016). For 2016 and 2017, 11 of the 366 labor-
atory-confirmed Zika virus disease cases in Texas 
(CDC 2017) were due to local mosquito-borne trans-
mission. These cases occurred to people living in the 
Lower Rio Grande Valley (Texas Department of State 
Health Services 2018). 

     In February 2017, a collaborative group of Vector 

Control (VC) officials and entomology and epidemiol-
ogy experts from both sides of the US-Mexico border 
created a work plan for a binational Aedes surveillance 
project. The study’s main assumption was that compo-
nents of the IVMS used in northern Tamaulipas, Mexi-
co would be valuable and effective in a city in South 
Texas.  The objectives were twofold, (1) to test if the 
IVMS methodology can be used in McAllen, Texas, 
and (2) to establish a binational partnership between 
Mexico and US with he ultimate goal to control-
prevent mosquito borne diseases. We summarize here 
our key study outcomes and discuss their potential 
applications for those working to decrease diseases 
transmitted by mosquitoes in US-Mexico border re-
gion populations. We also compare the data collected 
across the border and examine the known factors 
(temperature and precipitation) of abundance of the 
Aedes eggs and adults.  

 

MATERIALS AND METHODS 
 

Study Phases. The study period had three phases: 1) 
protocol development, planning, and trap placement; 
2) trap surveillance and data collection for 23 consecu-
tive weeks, from Epidemiologic Week (EW) 14 (April 
3, 2017) to EW 36 (September 8, 2017); and 3) data 
review, cleaning, and analysis. 
Study Area. The study areas are in the sister cities of 
McAllen, Texas, and Reynosa, Tamaulipas (Table 1). 
For McAllen, we selected the study area based on pre-
viously published locations of breeding sites and iden-
tification of Aedes spp. mosquitoes (Vitek 2014). This 
information was verified in the field by the McAllen’s 

VC staff before the start of our binational project. The 
choice of neighborhoods was also based on the recom-
mendations of the local VC authorities, residents’ re-
ceptivity, and personal safety of trap monitors. The 
decision was then made to locate the project in four 
McAllen and three Reynosa neighborhoods (Fig 1).  
Two neighborhoods in McAllen, La Hermosa and  

Table 1. Population size, climate, and other  character istics of Reynosa, Tamaulipas, and McAllen, Texas, 
and neighborhoods included in the binational surveillance project.  

*See (INEGI 2013).  
**See (The TITI Tudorancea Bulletin 2018). 

City 
Average tem-
perature 2017 

[°C] ** 

Average air 
humidity 2017 

[%] ** 
Neighborhood Estimated population* 

 Reynosa 24.2 64.75 
Balcones 24271 

      Independencia 4211 

      Satelite 6726 

McAllen 26.5 68 Balboa 11541 

      Victoria Square 7740 

      La Hermosa & El Rancho 5051 
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el Rancho are found in the same census tract, thus the 
information of these two neighborhoods is condensed 
in the analysis of results. 
(See figure 1). 
(See table 1). 
     The Data Center/Geographic Medicine Group of 
INSP used the IVMS mapping software to create maps 
of the optimal suggested locations for the ovitraps in 
McAllen. Within the McAllen neighborhoods, city 
blocks with homes were included and industrial and 
work areas were excluded in the ovitrap distribution 
exercise. This exercise followed the IVMS fieldwork 
guidelines, which recommend ovitrap density as one 
per corner of a city block; that is, four ovitraps in a 
square area that measures approximately 100 m x 100 
m (CENAPRECE 2017). The ovitraps used in 
McAllen were donated by CENAPRECE and were the 
same as those used in Reynosa. 
Autocidal Gravid Ovitraps (AGOs). To improve com-
parability between a newly established ovitrap-based 
surveillance system in McAllen and the long-existing 
system in Reynosa, the protocol design team decided 
to include a second surveillance trap type. AGOs are 
containers of similar shape but larger than ovitraps. 
AGOs contain water and grass and are used to attract 
and capture female adult Aedes mosquitoes and can be 
used without interference to the ovitrap monitoring 
(Mackay & Barrera 2013, NOAA 2017). In our pro-
ject, AGOs were new to, and set up to be monitored 
by, equally experienced staff on both sides of the bor-
der. 
     Entomologists from CDC’s Dengue Branch, Divi-
sion of Vector-Borne Diseases, donated the AGOs and 

the sticky paper used for them. For deciding the num-
ber of AGOs we could include in our project, we first 
estimated the workforce needed to place, read, and 
maintain them properly. To work within the design 
pattern used in Mexico for the ovitraps, we decided to 
include one AGO in the approximate center of every 
square (100 m2) distribution of four ovitraps (Fig 2). 
     The egg abundance measured weekly in the ovit-
raps was expected to have a biological and mathemati-
cal relationship to the number of female adult Aedes 
mosquitoes found in the AGOs. To explore this rela-
tionship, we defined a cluster (a grouping consisting of 
one AGO and the four ovitraps that surround it) as the 
unit of analysis. We also assessed the potential influ-
ence of temperature and precipitation on this relation-
ship. 
(See Fig 2).  

(Fig. 1) Study Area. Black lines indicate the limit of 
the neighborhoods included in the binational surveil-
lance project in (A) McAllen, Texas and (B) Reynosa, 
Mexico. McAllen, Texas neighborhoods 1. Vitoria 
Square, 2 La Hermosa & El Rancho, and 3 Balboa. 
Reynosa Tamaulipas neighborhoods 1 Satelite, 2 Inde-
pendencia, and 3 Balcones de Alcala. Figure elaborated 
in ArcGIS Desktop 10.0 by the Medical Geography 
Area of the National Institute of Public Health. 

(Fig. 2) Example of the distr ibution of cluster s 
(outlined by black circles) and neighborhood in (A) 
McAllen and (B) Reynosa. Orange squares represent the 
location of AGO traps. Yellow circles represent the lo-
cation of ovitraps. Blue arrows serve as reference for the 
visual representation of distance among traps. Figure 
elaborated in ArcGIS Desktop 10.0 by the Medical Ge-
ography Area of the National Institute of Public Health.  
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Aedes Traps. In Reynosa, the three neighborhoods 
selected for the study had 288 established ovitraps. For 
the binational project, these continued to be monitored 
as routine by the city’s VC staff. The Reynosa group 
incorporated the placement, reading, and maintenance 
of the AGOs into their entomologic surveillance du-
ties. In McAllen, in the four neighborhoods selected 
for the study, 278 ovitraps were placed, read, and 
maintained by eight biology work-study students from 
the University of Texas Rio Grande Valley (UTRGV). 
Personnel from the VC unit of the McAllen Health and 
Code Enforcement Department and Hidalgo County 
Health and Human Services Department monitored the 
AGOs in McAllen. Ovitrap and AGO maintenance 
includes replacing weekly the strips of white natural 
cotton batting fabric (Pellon) for egg laying or the 
sticky paper for mosquito trapping and preventing 
their desiccation. 
     All the ovitrap and AGO monitors from both sides 
of the border attended study-specific trainings at the 
Texas A&M AgriLife Research Extension Center. The 
classroom trainers were entomologists from the Uni-
versity of Texas in El Paso, the VC staff from Reyno-
sa, and VC personnel from CENAPRECE and INSP. 
In addition, an entomologist from the CDC Dengue 
Branch gave specific training for placement, reading, 
and maintenance of AGOs in the field in McAllen, 
with the Reynosa VC personnel in attendance. 
     After the project’s ovitraps and AGOs were in-
stalled, their locations were georeferenced using An-
droid mobile phones. The INSP data center staff creat-
ed a new temporary component (Binational Project 
Database) within the IVMS server. For each trap, a 
unique identification number was generated and saved. 
In Reynosa, an ovitrap monitor reads 40 traps per day, 
5 days a week, and uploads his or her findings into the 
system’s password-protected database daily. In 
McAllen, on average, each monitor read 34 ovitraps 
per day once a week and input the results on that day 
into a secure database. AGOs were also read weekly, 
and cleaned and maintained as necessary, in both cit-
ies. 

Fieldwork in McAllen. In McAllen, residents were 
not familiar with entomologic surveillance that places 
traps in their home and monitors the traps weekly. 
Before trap placement and monitoring started, person-
nel from the McAllen Health and Code Enforcement 
Department and the UTRGV student monitors handed 
out educational pamphlets, gave talks describing the 
objectives of the mosquito surveillance project, and 
invited the homeowner’s voluntary participation. With 
the resident’s permission, they placed the traps in or as 
close as possible to the location suggested by the map-
ping/distribution plans generated by IVMS-INSP for 
McAllen. The participating homeowners cooperated 
with the monitors by helping to keep traps in their 
location and away from pets and children who could 

disrupt them. When conducting their field activities, 
the trap monitors used reflective vests and one or two 
visible official identification cards. 
Statistical Analyses. We analyzed and compared the 
weekly egg counts and number of female adult Aedes 
mosquitoes during the period of entomologic surveil-
lance. The results from the neighborhoods of La Her-
mosa and El Rancho, which belong to the same census  
tract, were grouped for this purpose. We analyzed the 
possible influence of weather covariates of weekly 
temperature and weekly precipitation on the number of 
eggs and adult Aedes mosquitoes. Weekly temperature 
and precipitation were obtained from the closest cli-
matological station of each one of the cities in this 
study, Reynosa and McAllen (NOAA 2017). 
     We used a Bayesian statistical analysis to assess 
whether there was a relationship between numbers of 
collected eggs and female adult mosquitoes. We used 
a zero-inflated Poisson distribution to model the num-
ber of eggs collected in each cluster. We used a log-
linear relation between the abundance of the eggs and 
the number of adult female mosquitoes collected by 
each AGO in each cluster, as well as the weather co-
variates. The model considered the egg counts from 
the four ovitraps in each cluster as repeated measures 
(Gelman 2006). We also used a zero-inflated Poisson 
distribution to model the counts of the female adult 

Table 2. Number  of ovitraps and Autocidal Gravid Ovitraps (AGOs) and distance between them in Reyno-
sa and McAllen, by neighborhood. 

City 
Neighborhood 
(name) 

 Ovitraps 
(n) 

Autocidal 
gravid ovit-
raps (n) 

Distance between AGO and ovitraps (average 
meters) 

Reyno-
sa Balcones 160 40 

51.06 

  Independencia 53 15 41.12 

  Satelite 65 17 30.53 

McAll
en 

La Hermosa & 
El Rancho 84 21 

71.35 

  Victoria Square 104 26 75.95 

  Balboa 80 20 81.94 
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mosquitos. The model was coded using R and its 
toolbox, RJAGS (Wabersich 2014). Missing counts of 
adult mosquitoes and eggs (e.g., lost ovitraps) were 
stochastically imputed using the zero-inflated Poisson 
distribution (Gelman 2006). We used a Bayes factor 
(BF) to assess the statistical significance of the factors: 
adult counts, weekly temperature, and weekly precipi-
tation. We also used the BF to test the difference be-
tween the relationship of egg counts and adult counts 
in McAllen versus Reynosa.  The BF was calculated 
using the Savage-Dickey method (Wagenmakers et al. 
2010). The BF results were additionally supported by 
using the 95% high density interval (HDI) of the fac-
tors or the difference between them (Guerra, Liu & 
Núñez 2008, Kroese 2014). See Appendix I for more 
details. 

 
 RESULTS  

 
     We formed 72 clusters consisting of one AGO and 
four ovitraps in Reynosa, and 67 clusters in McAllen 
(10 of these had a 1:3 AGO to ovitrap ratio) (Table 2). 
The average distance between the traps in a cluster 
was 41 meters in Reynosa and 76 meters in McAllen 
(Table 2). 

     During the cleanup and pre-analysis review of the 
AGOs data, we found unresolvable issues in the data 
quality from the first 3 weeks of monitoring in 
McAllen, and we excluded the data from these weeks 
from further analysis from both cities. Therefore, the 
final study period for analysis was 20 consecutive 
weeks (from EW 17 to EW 36). For Reynosa and 
McAllen, the numbers of adult Aedes aegypti mosqui-
toes were 591 males and 4,751 females, and 365 males 
and 7,311 females respectively (Table 3). Of the adult 
mosquitoes in McAllen, 129 (1.7%, 106 females and 
23 males) were identified as Aedes albopictus (Table 
4). No Ae. albopictus were observed by the AGO 
monitors in Reynosa. 
(See Table 3). 
(See Table 4). 
     The weekly average female Aedes mosquito count 
was 4.7 in Reynosa and 7.1 in McAllen (Fig 3). The 
egg counts in McAllen were highest from EW 20 to 
EW 22, when the weekly average egg count was 25 
eggs (the average weekly egg count of the other 17 
weeks was 6.2 eggs). There was not a corresponding 
increase in the adult Aedes mosquitoes captured in the 
AGOs during those epidemiologic weeks in McAllen, 
nor increases in egg counts of AGO trappings in Rey-

(Fig. 3) The weekly average female Aedes mosquito count was 4.7 in Reynosa and 7.1 in McAllen. 

 

Table 3. Number  and sex of Aedes aegypti mosquitoes and egg counts in Reynosa and McAllen, by neigh-
borhood. 

City Neighborhood Clusters (n) Female (n) Male (n) Egg counts 

Reynosa Balcones de Alcala 40 2,584 291 18,198 

  Independencia 15 1,157 177 4,929 

  Satelite 17 1,010 123 8,887 

  Total 72 4,751 591 32,014 

McAllen Balboa 20 2,801 93 10,031 

  Victorian Square 26 3,400 201 19,332 

  
La Hermosa & El Rancho 21 1,110 71 16,643 

  Total 67 7,311 365 46,006 
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nosa (Fig 3). During the monitoring period, the project 
team met weekly by phone and thus could investigate 
possible reasons for the peak in egg counts recorded in 
McAllen (EW 20-22). The group discovered that from 
EW 19 through EW 22, the Pellon fabric strips for the 
ovitraps in McAllen were replaced with brown anchor 
germination paper, which could probably yield higher 
egg counts than the ovitraps fitted with Pellon strips. 
However, we do not have enough data to test this idea.  
      The observed peak in the average weekly egg 
counts (11) for Reynosa was during EW 34 to EW 36, 
compared to the average weekly egg counts (6) for 
EW 17 to EW 33. There was not a corresponding in-
crease in the number of adult female mosquitoes cap-
tured by the AGOs in Reynosa for EWs 34–36. The  
female adult mosquito counts in AGOs were >5 12 
(60%) of 20 weeks and 5 (31%) of 16 weeks for 
McAllen and Reynosa. The highest adult female mos-
quito weekly average was 7.8 in EW 24 in Reynosa 
and 13.6 in EW 25 in McAllen. 
     In the statistical analysis of the egg-adult (female) 
relationship, we found that for every increase of one 
adult mosquito in McAllen, the corresponding egg 
counts increased by 2.33% (95% HDI: 2.32%–-
2.42%). For Reynosa, the increase in egg counts was 
0.6% (95% HDI: 0.5%–0.62%) per each female adult 
mosquito increase. The difference in the relationship 
between female adults and eggs counts in McAllen 
compared to Reynosa is highly significant based on a 
BF = 2.85 x 10-59, and a 95% HDI given as (0.0169, 
0.0184). Weekly temperature and precipitation had a 
negative association with adult and egg counts in Rey-
nosa and adult count in McAllen. Precipitation, how-
ever, had a positive influence on egg counts in 
McAllen. This is, as the temperature increased one 
Celsius degree, the number of adult mosquitoes de-
creased by 23.6% (95% HDI: 20.6% - 25.8%) in 
McAllen and by 9.5% (95% HDI: 7.78% - 10.95%) in 
Reynosa.  As the precipitation increased one millime-
ter, the number of adult mosquitoes decreased by 
1.98% (95% HDI: 1.39% - 2.47%) in McAllen and by 
0.99% (95% HDI: 0.60% - 0.80%) in Reynosa. As the 
temperature increased one Celsius degree, the number 
of eggs decreased by 4.87% (95% HDI: 3.92% - 
6.76%) in McAllen and by 16.97% (95% HDI: 
16.31% - 17.72%) in Reynosa. As the precipitation 
increased one millimeter, the number of adult mosqui-
toes increased 3.04% (95% HDI: 3.25% - 3.67%) in 
McAllen but decreased by 0.199% (95% HDI: 0.099% 
- 0.299%) in Reynosa (for details in the mathematical 

model see SI).  
 
                                  DISCUSSION 
 
     In 2017, officials from Hidalgo County, Texas, 
diagnosed and reported eight cases of Zika virus dis-
ease (ZVD), and epidemiologic and laboratory investi-
gations determined that those cases were locally trans-
mitted (Texas Department of State Health Services 
2018). That year was also when Hidalgo County resi-
dents, VC officials, and UTRGV officials collaborated 
with their counterparts in Reynosa, Tamaulipas, to 
establish a binational Aedes mosquito entomologic 
surveillance system. We believe that community par-
ticipation in the entomologic surveillance project in-
creased awareness of a public health concern among 
Hidalgo County residents and health officials and had 
a positive influence on the detection of the mosquito-
borne cases of ZVD in Hidalgo County.   
     Egg counts in the McAllen ovitraps were consist-
ently higher than the ones in Reynosa. A peak in aver-
age egg counts in McAllen from EW 20 to EW 22 was 
due to a change in practice and not a biological differ-
ence. This is a reminder that surveillance systems used 
to measure events across time and place need to be 
consistent in their methods to prevent introduction of 
spurious results.  
     Consistent with the ovitrap information, the AGOs 
had higher Aedes spp. mosquito densities in McAllen 
than in Reynosa. AGOs in Reynosa had fluctuating 
weekly average mosquito counts from May to Novem-
ber ranging from 1.6 to 7.8, 31% of 26 weeks had 
counts >5, and there was no discernible upward slope 
in mosquito numbers in the months that are postulated 
as peak vector months (July to September) in North 
America (Monaghan et al. 2016). For 2017, the epide-
miologic curve for ZVD cases in Reynosa started an 
acceleration in mid-August and peaked in late October 
(Thomas et al. 2016). 
     Aedes albopictus were observed in McAllen, while 
in Reynosa, only the more recognized home dwelling 
Aedes aegypti mosquito was reported from AGOs.  
This finding may be related to the proximity of the 
traps to the homes in Reynosa. The traps in McAllen 
had to be placed outside the patio limits of homes, not 
inside the patios next to the homes as in Reynosa. 
High temperatures, low humidity, high human density, 
and high urban land cover make a more suitable habi-
tat for Ae. aegypti (Landau & van Leeuwen 2012; 
Sallam et al. 2017). In addition, Ae. aegypti is able to 

Table 4. Number  and sex of Aedes albopictus mosquitoes in McAllen, by neighborhood. 
 

City Neighborhood Clusters (n) Female (n) Male (n) 

McAllen Balboa 20 25 5 

  Victorian Square 26 61 13 

  La Hermosa & El Rancho 21 20 5 

  Total 67 106 23 
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outcompete Ae. albopictus for larval resources 
(Juliano 2009). Another biological explanation is relat-
ed to the presence of vegetation. Vegetation coverage, 
such as natural or irrigated landscapes with native and 
introduced vegetation, has played a significant role in 
the presence of mosquitos (Landau & Leeuwen 2012). 
Aedes albopictus has been reported in areas with some 
type of vegetation compared to areas that have a lack 
of it (Champion & Vitek 2014). Both, backyards and 
front-yards of homes in McAllen have some type of 
vegetation (e.g., grass), compared with homes in Rey-
nosa that lack this type of vegetation. Systematic stud-
ies to understand the abundance of both mosquito spe-
cies in this transboundary region of Texas-Mexico 
could be of great value to understand mosquito popu-
lation dynamics. 
     In the paired comparisons between ovitraps and 
AGOs, the relationships were positive and similar in 
both cities. This modeling also allowed for a statistical 
comparison of results between the two cities and found 
that the increase in ovitrap percentile egg counts in 
relation to adult females was significantly higher in 
McAllen than in Reynosa. One explanation for this 
finding, as well as for the finding of a larger total num-
ber of eggs and adult mosquitoes counted in McAllen 
than in Reynosa across the study period, could be re-
lated to the placement of the ovitraps as explained 
above. Another explanation could be related to the 
existence of a larger number of potential breeding sites 
for female Aedes mosquitoes to lay their eggs found in 
the patios in Reynosa (compared to the potential 
breeding site competition in McAllen), as well as the 
geographic differences between the clusters estab-
lished in the two cities (the distance between traps in a 
cluster was approximately twice as long in McAllen 
than in Reynosa). The potential breeding sites could 
also explain why the weekly temperature and precipi-
tation had a negative influence on adult and egg counts 
in Reynosa and McAllen, while the positive influence 
in egg counts in McAllen could be an expected result. 
     The surveillance method used in Reynosa, Tamau-
lipas, was successfully reproduced in McAllen, Texas. 
Entomologic surveillance aims are to improve 
knowledge of the distribution and local abundance of 
Aedes aegypti and Aedes albopictus (CDC 2016). The 
information gathered by entomologic surveillance is 
useful to cities to guide control activities targeting the 
interruption of mosquito-borne arbovirus transmission. 
Critical products of this binational effort include 1) 
creation of a database for entomologic surveillance 
data from McAllen in the Mexican IVMS platform, 2) 
creation of a new database module for AGO data in 
IVMS, and 3) highly positive collaboration between 
the United States and Mexico on a topic highly related 
to human health. 
 
 

CONCLUSION 
 
     Ovitraps are a sensitive, inexpensive, indirect sur-

veillance tool that when used year-round serve to esti-
mate the abundance of Aedes mosquito populations 
across time. AGOs provide direct measurements of 
adult mosquito abundance and identification of the 
mosquito species and sex. Any method used for vector 
monitoring should be focused on the goals of the mon-
itoring-what surveillance or research questions are 
being asked, or what practical approach is needed for a 
specific region. Practical tools for the surveillance and 
control of Aedes spp. are fundamental to developing 
vector control programs (Mackay & Barrera 2013).    
     The use of existing successful methods in areas that 
share similar suitable habitats offers a cost-efficient 
and timely opportunity to obtain information for im-
proving mosquito control in areas with known or po-
tential risk of mosquito-borne disease transmission. 
Entomologic surveillance also offers opportunities for 
early detection and to prevent expansion of Aedes 
albopictus (Flacio & Tonolla 2016). The IVMS ap-
proach for vector surveillance offers numerous ad-
vantages to establish such monitoring programs. 
 
                    ACKNOWLEDGEMENTS 
 
     This project was supported by CENAPRECE via 
the US-Mexico Border Infectious Disease Surveillance 
(BIDS) Cooperative Agreement (CDC and the Mexi-
can Ministry of Health) administered by the Fundación 
México-Estados Unidos para la Ciencia (FUMEC). 
Teresa Patricia Feria Arroyo  and Consuelo Aguilar 
are supported by the Fred W. and Frances H. Ruste-
berg Endowment Fellowship at UTRGV. We are 
thankful to Margarita E. Villarino, Steve Waterman, 
Roberto Barrera, John Paul Mutebi, Christopher Vitek, 
Gabriel Harmer, Allison Banicki, and Don Thomas for 
the input into the project methodology and overall 
support for this binational multidisciplinary effort of 
entomologic surveillance with novel methods. This 
project could not have been possible without the ex-
tensive and detailed fieldwork of Diana Cortes, Alicia 
Dávila, Jair Castro, Humberto Aparicio, Marcelo Pin-
tos, Wendy Salinas, and, Adam Wiejaczka. Aaron 
Salazar and Arcelia Canales participated in the efforts 
to get the consent from the McAllen communities for 
the implementation of fieldwork and in monitoring the 
AGO traps and the analysis of the AGO results for the 
McAllen traps. Hidalgo County Health and Human 
Services Department staff assisted in daily AGO sam-
ple collections. Cindy Crews and Manuel Amador 
provided invaluable training to all monitors that partic-
ipated in the binational project. We are thankful for the 
logistic and administrative support of Daniela Islas, 
Mariana Arellano Coria, Georgina Rivas González, 
Dianne Escotto, Fernanda Guerrero, Guillermo R. Fer-
nández, Diana Ocanas, Josh Ramírez, Eddie Olivarez 
and Adalberto Pérez de León. Gisel Garza assisted in 
literature review.  
 
 
 



19 

Subtropical Agriculture and Environments 71:12-22.2020 

   LITERATURE CITED 
 
Barrera R, Amador M, Acevedo V, Caban B, Felix G, 

Mackay AJ. Use of the CDC autocidal gravid 
ovitrap to control and prevent outbreaks of 
Aedes aegypti. J Med Entomol. 2014 January 
2014;51:9. 

CDC. National surveillance system for arboviral dis-
eases in the United States ARBONET 
ONLINE v3.0.3. 2017. 

CENAPRECE. Guía para la Vigilancia Entomológica 
del Aedes Aegypti y Aedes Albopictus con 
Ovitrampas. In: (CENAPRECE), editor. Pri-
mera ed. Ciudad de México: Ulises Miguel 
Rosete Pereyra; 2017. 63.  

Centers for Disease Control and Prevention. Guide-
lines for Aedes aegypti and Aedes albopictus 
surveillance and insecticide resistance testing 
in the Unites States. 2016 Nov [cited 2018 
Aug 21]. Available from: https://
www.cdc.gov/zika/pdfs/Guidelines-for-Aedes
-Surveillance-and-Insecticide-Resistance-
Testing.pdf 

Champion SR, Vitek CJ. Aedes aegypti and Aedes 
albopictus habitat preferences in South Tex-
as, USA. Environmental health insights. 2014 
Jan;8:EHI-S16004. 

Esteve-Gassent MD, Pérez de León AA, Romero-
Salas D, Feria-Arroyo TP, Patino R, Castro-
Arellano I, et al. Pathogenic landscape of 
transboundary zoonotic diseases in the Mexi-
co-US border along the Rio Grande. Front 
Public Health. 2014 Nov 17;2:177.  

Flacio E, Engeler L, Tonolla M, Müller P. Spread and 
establishment of Aedes albopictus in southern 
Switzerland between 2003 and 2014: an anal-
ysis of oviposition data and weather condi-
tions. Parasit Vectors. 2016 Dec;9(1):304. 

Gelman A, Hill J. Data analysis using regression and 
multilevel/hierarchical models. Cambridge 
University Press; 2006 Dec 18. 

Guerra LR, Liu G, Núñez DT. Objective Bayes Fac-
tors for Informative Hypotheses: 
“Completing” the Informative Hypothesis 
and “Splitting” the Bayes Factors. In Bayesi-
an Evaluation of Informative Hypotheses 
2008 (131–154). New York: Springer. 

Health & Code Enforcement 2020, accessed January 
23, 2020, from 

              https://www.mcallen.net/departments/code 
Hernández-Ávila JE, Rodríguez MH, Santos-Luna R, 

Sánchez-Castañeda V, Román-Pérez S, Ríos-
Salgado VH, et al. Nation-wide, web-based, 
geographic information system for the inte-
grated surveillance and control of dengue 
fever in Mexico. PLoS One. 2013 Aug 6;8
(8):e702. 

Hotez PJ. Fighting neglected tropical diseases in the 
southern United States. BMJ. 2012, 
345:e6112–10.1136/bmj.e6112.  

Hotez PJ. The rise of neglected tropical diseases in the 
"new Texas." PLoS Negl Trop Dis. 2018 Jan 
18;12(1):e0005581.  

Instituto Nacional de Estadistica y Geografia (INEGI). 
Censo de Población y Vivienda 2010. Resul-
tados Definitivos. INEGI; June 2013 [cited 
2018 August 27]. Available from: http://
www.beta.inegi.org.mx/proyectos/ccpv/2010/ 

Juliano, SA. Species Interactions Among Larval Mos-
quitoes: Context Dependence Across Habitat 
Gradients. Annual Review of Entomology. 
2009 54(1), 37–56. 

              doi: 10.1146/annurev.ento.54.110807.090611 
Kroese DP, Chan JCC. (2014) Bayesian Inference. In: 

Statistical Modeling and Computation. New 
York: Springer. 

Landau KI, & van Leeuwen WJ. Fine scale spatial 
urban land cover factors associated with adult 
mosquito abundance and risk in Tucson, Ari-
zona. Journal of Vector Ecology. 2012 37(2), 
407–418. 

              doi: 10.1111/j.1948-7134.2012.00245.x 
Leta S, Beyene TJ, De Clercq EM, Amenu K, Kraem-

er MU, Revie CW. Global risk mapping for 
major diseases transmitted by Aedes aegypti 
and Aedes albopictus. Int J Infect Dis. 2018 
Feb 1;67:25–35.  

Mackay AJ, Amador M, Barrera R. An improved auto-
cidal gravid ovitrap for the control and sur-
veillance of Aedes aegypti. Parasit Vectors. 
2013 Dec;6(1):225. 

Mackay AJ, Amador M, Barrera R. An improved auto-
cidal gravid ovitrap for the control and sur-
veillance of Aedes aegypti. Parasit Vectors. 
2013 Dec;6(1):225. 

Michael Lee M, and Eric Wagenmakers E.  Bayesian 
Cognitive Modeling: A practical guide, Cam-
bridge University Press; 2013. ISBN: 978-1-
107-60357-8. 

Monaghan AJ, Morin CW, Steinhoff DF, Wilhelmi O, 
Hayden M, Quattrochi DA, et al. On the sea-
sonal occurrence and abundance of the Zika 
virus vector mosquito Aedes aegypti in the 
contiguous United States. PLoS Currents. 
2016 Mar 16;8.                                                                     

Montgomery BL, Shivas MA, Hall-Mendelin S, Ed-
wards J, Hamilton NA, Jansen CC, et al. Rap-
id Surveillance for Vector Presence (RSVP): 
Development of a novel system for detecting 
Aedes aegypti and Aedes albopictus. PLoS 
Negl Trop Dis. 2017 Mar 24;11(3):e0005505. 

National Oceanic and Atmospheric Administration. 
Local Climatogical Data (LCD). In: NOAA; 
2017 April [cited 2018 Aug 21]. Available 
from:https://www.ncdc.noaa.gov/cdo-web/
datatools/findstation 

Sallam, M., Fizer, C., Pilant, A., & Whung, PY. Sys-
tematic Review: Land Cover, Meteorological, 
and Socioeconomic Determinants of Aedes 
Mosquito Habitat for Risk Mapping. Interna-

https://www.cdc.gov/zika/pdfs/Guidelines-for-Aedes-Surveillance-and-Insecticide-Resistance-Testing.pdf
https://www.cdc.gov/zika/pdfs/Guidelines-for-Aedes-Surveillance-and-Insecticide-Resistance-Testing.pdf
https://www.cdc.gov/zika/pdfs/Guidelines-for-Aedes-Surveillance-and-Insecticide-Resistance-Testing.pdf
https://www.cdc.gov/zika/pdfs/Guidelines-for-Aedes-Surveillance-and-Insecticide-Resistance-Testing.pdf
https://na01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.beta.inegi.org.mx%2Fproyectos%2Fccpv%2F2010%2F&data=02%7C01%7Cteresa.feriaarroyo%40utrgv.edu%7C0e8ddb95f3f04414fce308d60c48b4dd%7C990436a687df491c91249afa91f88827%7C0%7C0%7C636709903754043537
https://na01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.beta.inegi.org.mx%2Fproyectos%2Fccpv%2F2010%2F&data=02%7C01%7Cteresa.feriaarroyo%40utrgv.edu%7C0e8ddb95f3f04414fce308d60c48b4dd%7C990436a687df491c91249afa91f88827%7C0%7C0%7C636709903754043537
https://www.ncdc.noaa.gov/cdo-web/datatools/findstation
https://www.ncdc.noaa.gov/cdo-web/datatools/findstation


20 

Subtropical Agriculture and Environments 71:12-22.2020 

tional Journal of Environmental Research and 
Public Health. 2017 14(10), 1230.  

              doi: 10.3390/ijerph14101230 
Texas Department of State Health Services. 2018 Jul 

[cited 2018 Aug 21]. Available from: http://
texaszika.org/ 

The TITI Tudorancea Bulletin. McAllen, Texas: Grafi-
co climatico. [cited 2018 Aug 21]. Available 
from: https://www.tititudorancea.com/z/
temperaturaclimaticamcallentexasunited  

Thomas DL, Santiago GA, Abeyta R, Hinojosa S, 
Torres-Velasquez B, Adam JK, et al. 
Reemergence of dengue in southern Texas, 
2013. Emerging Infectious Diseases. 2016 
Jun;22(6):1002. 

Vitek CJ, Gutierrez JA, Dirrigl FJ Jr. Dengue vectors, 
human activity, and dengue virus transmis-
sion potential in the Lower Rio Grande Val-
ley, Texas, United States. J Med Entomol. 
2014 Sep 1;51(5):1019–28. 

Wabersich D, Vandekerckhove J. Extending JAGS: A 
tutorial on adding custom distributions to 
JAGS (with a diffusion model example). Be-
havior research methods. 2014 Mar 1;46
(1):15-28. 

Wagenmakers EJ, Lodewyckx T, Kuriyal H, Grasman 
R. Bayesian hypothesis testing for psycholo-
gists: A tutorial on the Savage–Dickey meth-
od. Cogn Psychol. 2010 May 1;60(3):158–89. 

World Health Organization. Chikungunya- United 
States of America Disease Outbreak News. 
Geneva, Switzerland: WHO; 2016 June [cited 
2018 Aug 21]. Available from: http://
www.who.int/csr/don/14-june-2016-
chikungunya-usa/en/ 

 

 

 

 

http://texaszika.org/
http://texaszika.org/
http://www.who.int/csr/don/14-june-2016-chikungunya-usa/en/
http://www.who.int/csr/don/14-june-2016-chikungunya-usa/en/
http://www.who.int/csr/don/14-june-2016-chikungunya-usa/en/


  

21 
 

Subtropical Agriculture and Environments 71:12-22.2020 

APPENDIX I  

SUPPORTING INFORMATION - STATISTICAL MODEL AND ANALYSIS 

A zero-inflated Poisson distribution is defined as 

𝑓𝑓𝑍𝑍𝑍𝑍𝑍𝑍(𝑥𝑥|𝜇𝜇,𝑝𝑝) = � 𝑝𝑝 + (1 − 𝑝𝑝)𝑓𝑓𝑍𝑍(0|𝜇𝜇), 𝑥𝑥 = 0;
 𝑓𝑓𝑍𝑍(𝑥𝑥|𝜇𝜇)                       , 𝑥𝑥 = 1,2,3, … 

where  𝑓𝑓𝑍𝑍(𝑥𝑥|𝜇𝜇) =  𝜇𝜇
𝑥𝑥

𝑥𝑥!
𝑒𝑒−𝜇𝜇 for 𝑥𝑥 = 0,1,2, … is the Poisson mass function. A zero-inflated Poisson 

model accounts for the excessive proportion of zero counts in traps beyond the proportion 
𝑓𝑓𝑍𝑍(0|𝜇𝜇) = 𝑒𝑒−𝜇𝜇 allowed by the Poisson model.  

We postulate a zero-inflated Poisson for all of the four counts 𝑌𝑌𝑡𝑡,𝑐𝑐 of trap type 𝑡𝑡 = 𝐴𝐴,𝑂𝑂 
for AGO and ovitrap, respectively, and of city 𝑐𝑐 = 𝑀𝑀,𝑅𝑅 for McAllen and Reynosa, respectively; 
that is 

𝑌𝑌𝑡𝑡,𝑐𝑐~𝑓𝑓𝑍𝑍𝑍𝑍𝑍𝑍�𝑥𝑥�𝜇𝜇𝑡𝑡,𝑐𝑐,𝑝𝑝𝑡𝑡,𝑐𝑐�  with 𝑡𝑡 = 𝐴𝐴,𝑂𝑂 and 𝑐𝑐 = 𝑀𝑀,𝑅𝑅 
A log-linear regression of the form 

log�𝜇𝜇𝐴𝐴,𝑐𝑐� = 𝛼𝛼0,𝑐𝑐 + 𝛼𝛼1,𝑐𝑐temperature + 𝛼𝛼2,𝑐𝑐precipitation 
and 

log�𝜇𝜇𝑂𝑂,𝑐𝑐� = 𝛽𝛽0,𝑐𝑐 + 𝛽𝛽1,𝑐𝑐𝑌𝑌𝐴𝐴,𝑐𝑐 + 𝛽𝛽2,𝑐𝑐temperature + 𝛽𝛽3,𝑐𝑐precipitation 
for 𝑐𝑐 = 𝑀𝑀,𝑅𝑅; is used to estimate the abundance of the trapped adult female mosquitoes and eggs, 
respectively, and find the relation of the latter with the number of adult female mosquitoes. The 
counts collected 𝑦𝑦𝐴𝐴,𝑐𝑐 are made over time and for different clusters/locations/blocks; whereas 
repeated measures are done for 𝑦𝑦𝑂𝑂,𝑐𝑐 are made per each cluster/location/block. 

We used the software R and its MCMC’s Gibbs Sampling toolbox RJAGS to code the 
model and carry out Bayesian analysis of the data. We used uniform distributions on the interval 
(0, 1) as priors for 𝑝𝑝𝑡𝑡,𝑐𝑐 for all 𝑡𝑡 and 𝑐𝑐 and (diffuse) normal distribution 𝑁𝑁(0,1000) with mean 0 
and precision . 001 as priors for 𝛼𝛼𝑖𝑖,𝑐𝑐 and 𝛽𝛽𝑗𝑗,𝑐𝑐 for 𝑖𝑖 = 0,1,2,3 and 𝑗𝑗 = 0,1,2,3,4. The posterior 
distribution of all of the parameters as well as of the quantity  𝛽𝛽1,𝑀𝑀 − 𝛽𝛽1,𝑅𝑅 is found after a burn-in 
period of 1000, and runs of 10,000 with thinning of 100.  

To test hypotheses like ℋ0:𝛽𝛽𝑗𝑗,𝑐𝑐 = 0 against the ℋ1:𝛽𝛽𝑗𝑗,𝑐𝑐 ≠ 0, we use the Bayes-factor 
(BF) defined by the Savage-Dickey density ratio [1, Page 114]  

𝐵𝐵𝐵𝐵01 =
Pr (𝐷𝐷𝐷𝐷𝑡𝑡𝐷𝐷|ℋ0)
Pr (𝐷𝐷𝐷𝐷𝑡𝑡𝐷𝐷|ℋ1)

=
Pr (𝛽𝛽𝑗𝑗,𝑐𝑐 = 0|𝐷𝐷𝐷𝐷𝑡𝑡𝐷𝐷,ℋ1)

Pr (𝛽𝛽𝑗𝑗,𝑐𝑐 = 0|ℋ1)
 

In the Savage-Dickey density ratio approach, the 𝐵𝐵𝐵𝐵01 is the ratio of the posterior to the prior 
distributions of the parameter calculated at zero. In over all, the smaller the value of the 𝐵𝐵𝐵𝐵01 ≪
1 the more support the data gives to ℋ1 against ℋ0, [1, Page 105].  
For order restricted hypotheses like ℋ0:𝛽𝛽1,𝑀𝑀 = 𝛽𝛽1,𝑅𝑅 against ℋ1:𝛽𝛽1,𝑀𝑀 > 𝛽𝛽1,𝑅𝑅 we use the same 
methods in [1, Page 129], in which 𝛽𝛽1,𝑀𝑀 − 𝛽𝛽1,𝑅𝑅 is the parameter we use the posterior and prior 
distributions to find 𝐵𝐵𝐵𝐵01.  
Note that if 𝑋𝑋 and 𝑌𝑌~𝑁𝑁(0,𝜎𝜎) are independent then 𝑋𝑋 −  𝑌𝑌~𝑁𝑁(0,𝜎𝜎/√2) and [𝑋𝑋 −  𝑌𝑌|𝑋𝑋 > 𝑌𝑌] has 
the folded normal distribution 𝐵𝐵𝑁𝑁(0,𝜎𝜎/√2)  with a probability density function 
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𝑓𝑓(𝑥𝑥|𝜎𝜎) = �
2

𝜎𝜎√𝜋𝜋
𝑒𝑒−𝑥𝑥2/𝜎𝜎2 , 𝑥𝑥 ≥ 0;

0                       , 𝑥𝑥 < 0.
 

Hence, the difference 𝛽𝛽1,𝑀𝑀 − 𝛽𝛽1,𝑅𝑅 has a prior 𝐵𝐵𝑁𝑁(0,1000/√2) of value 2
1000√𝜋𝜋

≈ .00113 when 

the difference is zero. Note that 𝛽𝛽𝑖𝑖,𝑐𝑐 𝑁𝑁(0,1000) with value 1
1000√2𝜋𝜋

≈ .000399 when it is zero. 
We also use the posterior distributions to find 95% High Density Intervals (HDI), or credible 
intervals, for the parameters as well as for 𝛽𝛽1,𝑀𝑀 − 𝛽𝛽1,𝑅𝑅 to support the tests of hypotheses. 
 

APPENDIX II – RESULTS OF THE STATISTICAL ANALYSIS 

In Table 1, the estimates of the parameters, their 95% HDI and Bayes factors are reported. As the 
value of the BF gets smaller than one, the higher the support given to the significance of the 
parameter by the data. The 95% HDI is used as a conclusive tool for significance. 

Table 1. Estimates of the parameters, their 95% HDI, and the Bayes factor testing that the 
parameter is significant and testing whether 𝛽𝛽1,𝑀𝑀 > 𝛽𝛽1,𝑅𝑅 .  
 

 Estimate (Median) 𝑩𝑩𝑩𝑩𝟎𝟎𝟎𝟎 95% HDI 
              
Location 
Parameter  

McAllen Reynosa McAllen Reynosa McAllen Reynosa 

𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 (𝑨𝑨𝑨𝑨𝑨𝑨) 
Probability of 

excessive 
zeros 

. 18 . 60 8.02
× 10−15 

9.91
× 10−46 (.16, .21) (.57, .63) 

Intercept 9.5 5.5 4.94
× 10−72 

1.77
× 10−28 (8.5, 10.3) (5.03, 5.95) 

Temperature −.27 −.10 1.91
× 10−55 

5.87
× 10−9 (−.299,−.231)  (−.116,−.081) 

Precipitation −.02 −.01 4.66
× 10−1 

2.69
× 10−3 (−.025,−.014) (−.008,−.006) 

𝑬𝑬𝑬𝑬𝑬𝑬𝑨𝑨 (𝑨𝑨𝑶𝑶𝑶𝑶𝑨𝑨𝑶𝑶𝑶𝑶𝑶𝑶𝑨𝑨) 
Probability of 

excessive 
zeros 

. 39 . 22 7.9
× 10−29 

1.062
× 10−20 (.36, .41) (.20, .25) 

Intercept 3.57 6.9 0 5.76
× 10−64 (3.12, 3.05) (6.71,7.12) 

Number of 
adults . 023 . 006 2.87

× 10−90 
4.25
× 10−6 (.023, .024) (.005, .0062) 

Temperature −.05 −.186 4.66
× 10−1 

1.07
× 10−34 (−.07,−.04) (−.195,−.178) 

Precipitation . 03 −.002 2.63
× 10−32 

5.16
× 10−2 (.032, .036) (−.003,−.001) 

𝛽𝛽1,𝑀𝑀 − 𝛽𝛽1,𝑅𝑅 . 018 2.85 × 10−59 (.0169, .0184) 
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