CHAPTER 4

Longitudinal Census of Wild Mosquito Fauna and VEEV Isolation Attempts in Coastal Chiapas, Mexico.

Abstract


Enzootic Venezuelan equine encephalitis virus (VEEV) has been known to occur in Mexico and Guatemala since the 1960’s. Until 1993 it had never been known to cause epizootic disease in horses. In 1993 the coast of Chiapas experienced the first outbreak ever detected of equine disease caused by the subtype IE VEEV. Subsequent ecological and molecular investigations have revealed that new equine-virulent strains of the virus evolved from old strains, thought to be equine avirulent. Because the ecology of the region has become largely agricultural over recent decades, the proven enzootic mosquito vector species were not known to occur with great frequency. Aedes taeniorhynchus, a known epizootic vector was found to be abundant and it was hypothesized that the virus had adapted to this mosquito for transmission. In order to begin to address this hypothesis a longitudinal study was conducted over the course of one year to discern which mosquito species and which habitat types could be correlated with VEEV exposure risk. Of ~35000 mosquitoes collected, no VEEV isolates were made. However, it was found that the enzootic vector mosquito Culex (Melanoconion) taeniopus was present in mangrove swamps along the coast. The presence of this mosquito and its spatial correlation with high levels of human seroprevalence led me to revise my hypothesis and propose Cx. taeniopus as the maintenance vector while Ae. taeniorhynchus and other species likely serve as bridge vectors between horses.

Introduction 

Venezuelan equine encephalitis virus has been recognized in southern Mexico since the early 1960’s (de Mucha Macias 1963). This important human pathogen occurs throughout Central America and in northern South America. It is known to exist in two natural transmission cycles, epizootic and enzootic, each of which utilizes different mosquitoes as primary vectors (Griffin 2007). Enzootic strains are those that have not been associated with equine disease. These are thought to circulate in nature between rodents and Culex (Melanoconion) spp. mosquitoes of the Spissipes section 


(Galindo and Grayson 1971; Ferro, Boshell et al. 2003) ADDIN EN.CITE . In Colombia, three members of this section have been shown to transmit subtype ID VEEV in a single enzootic focus (Ferro, Boshell et al. 2003). These mosquitoes are difficult to distinguish based on adult, female morphology and are particular in their choice of habitat 


(Galindo 1969; Navarro and Weaver 2004; Turell, O'Guinn et al. 2005) ADDIN EN.CITE . Mosquitoes of the species Culex (Melanoconion) taeniopus have been shown to be the primary vector of subtype IE VEEV in Guatemala (Cupp, Scherer et al. 1986). Multiple virus isolates have been made and multiple transmissions to laboratory hosts have been demonstrated from wild caught Cx. taeniopus (Cupp, Scherer et al. 1979). They have also been shown to be diverse in natural hosts and will feed on rodents, birds, humans, horses and cows (Cupp, Scherer et al. 1986). 
Mosquito capture was performed previously, in 2002, in several locations in coastal Chiapas (Dr. J. G. Estrada-Franco, unpublished data). This work was primarily concerned with virus isolations and was conducted in suspected hot spots of VEEV activity thus was limited in scope. In these preliminary vector surveillance studies Ae. taeniorhynchus accounted for 60% of the mosquito collections made (Table 4.1). The second and third most abundant mosquitoes were Culex quinquefasciatus and Culex (Deinocerites) pseudes. The poor susceptibility of Cx. quinquefasciatus to VEEV infection (Kramer and Scherer 1976) and the limited spatial range of Cx. (Dei.) pseudes (Peyton, Reinert et al. 1964) make both of these unlikely vectors. No pools of Cx. taeniopus, the known vector for enzootic subtype IE VEEV were reported during this preliminary work. [image: image2.wmf]No virus isolations were made from the ~800 mosquitoes tested (157 pools). 

Because Cx. taeniopus was not encountered during preliminary trapping efforts and because mosquitoes from other species may participate in movement of VEEV from enzootic foci, I conducted a longitudinal survey to delineate mosquito species associations among different habitat types. It was the goal of this study to associate VEEV circulation with specific mosquito species and/or specific types of habitat.

Methods

Location 
During the 1993 Venezuelan equine encephalitis (VEE) outbreak, equine cases occurred throughout the entire low-lying flat area of central coastal Chiapas flanked by the Pacific Ocean to the west and the Sierra Madre Mountains 25 km to the east. For this reason, field sites were chosen based on the four most common types of land use: cattle pasture, mango orchard, palm orchard and mangrove forest (Figure 4.1). Two sites for each habitat type were chosen for a total of eight sites and trapping was confined to a one-hectare square at each site for ease of comparison among sites. Trapping was conducted during 4 five-week field trips over the course of one calendar year: July/August 2006, October/November 2006, February/March 2007, May/June 2007. Due to limited resources and personnel, trapping was conducted at one site at a time, for 2 days in a row at each site. 

The pasture habitat consisted of large, contiguous areas of active pastureland. Cows often entered the trapping sites in the middle of trapping but only once were mosquito traps disturbed. Trees were present either singly or in small stands of less than 5 and it is from these that mosquito traps were suspended. There were occasional puddles in and around the pasture after heavy rain, but they were transient in nature. 

[image: image3.wmf]
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Figure 4.1:
 Photographs representative of the four habitats sampled. On-the-ground (left) and aerial (right) views of the cattle pasture (top), mango orchard (second from top) palm orchard (second from bottom) and mangrove swamp (bottom) habitats. Although two sites were chosen for each habitat type, only one of each is shown. (aerial images from GoogleMaps().

The mango orchard habitat consisted of large sized orchards for the region, approximately 5—10 hectares. The canopy of the mango trees provides heavy shade resulting in patchy undergrowth. There were occasionally pigs, chickens and turkeys allowed to roam the orchard during my trapping though they were not thought to interfere with mosquito collections. Both mango orchards sampled had corrals of horses and cows adjacent to them. The palm orchard habitat was not as shaded as the mango orchard and also had patchy undergrowth. Cows, pigs, dogs and chickens were allowed to roam the palm orchards during mosquito collection. The homes of the landowners were adjacent to the mango and palm orchards. The mangrove swamp habitat was the most isolated from human activity though cows grazing in nearby pastures would regularly enter the swamps. Although they do not convert these swamps entirely people do enter the swamps to herd cows out or to hunt iguana. The mangrove swamp habitat had the broadest variety of plant life including palms, acacia and occasional impenetrable thickets of underbrush. 

Trapping


In order to maximize the number and diversity of mosquitoes captured several types of traps were used. Standard miniature CDC light traps with a CO2 bait delivery system (John. W. Hock, Gainseville, FL) were set at each site and run overnight. Because dry ice is not available in this region of Mexico these traps were adapted for use with a tank of CO2 gas (Figure 4.2). Additionally there was a built-in photo-switch that turned the trap on at dusk and off at dawn allowing better conservation of battery power. Upon activation CO2 was released at a rate of approximately 250 ml per min. and a 6.3-volt incandescent light bulb and fan turned on. At sunrise the photo-switch turned off the CO2 flow and the light bulb but the fan stayed on to prevent escape of captured mosquitoes. Two of these traps were used at each site and were suspended 1—2 m above the ground and approximately 140 m apart. Trapping was performed for 2 consecutive days and mosquitoes were collected each day in the morning. Mosquitoes were immediately transported to the lab for species identification and sorting into pools that were then [image: image4.jpg]08182006, 08:47
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frozen at -20(C for subsequent virus isolation attempts. 

Figure 4.2: 
CDC light trap with photo-switch and CO2  automatic release. Dashed arrow depicts route of mosquito.

In addition to CO2/light-baited traps, rodent-baited, modified Trinidad-10 traps (Ferro, Boshell et al. 2003) were used to collect mammalophilic mosquitoes (Figure 4.3). Adult hamsters were used rather than mice because they develop higher viremia and are better able to withstand the conditions of being confined to the trap (Scherer, Dickerman et al. 1971). Two modified Trinidad-10 mosquito traps were baited and placed at least 50 m away from any other mosquito trap. Traps were suspended from trees or bushes, approximately 1—2 m above the ground. Hamsters were fed carrots and rat chow and [image: image5.jpg]Plastic rain-shield containing photo-
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checked early in the morning of each day when the mosquitoes were collected. 

Figure 4.3: 
Modified Trinidad-10 trap. Arrow depicts route of mosquito entry. (Ferro et al. 2003).

Mosquitoes were removed from traps using standard mechanized aspirators and immediately taken to the lab for species identification and were sorted by species into pools of 1-100 individual mosquitoes. Any hamster to show signs of illness after being exposed to mosquito bites was immediately removed from the trap and isolated for observation. Moribund hamsters were euthanized and promptly necropsied and organs were immediately frozen for later virus testing.

Direct aspiration from horses was performed when and wherever possible. Horses were borrowed with permission from local owners and tethered at the field site. Because this method may temporarily deplete the immediate area of mosquitoes, equine aspiration was done outside of the designated one-hectare trapping area, but within the designated field site. Two to four people used hand-held aspirators to capture mosquitoes as they fed on the horse. Mosquitoes were sorted by species and frozen in pools for virus assay.

For shipment to the University of Texas Medical Branch, frozen mosquito pools and hamster tissues were placed, along with ice packs, inside insulated thermos bottles which were then packed with more ice packs into heavily insulated shipping boxes and transported by airplane. Upon unpacking they were confirmed still frozen and immediately placed at -80( until virus isolation could be attempted. 
Virus Assays

 Virus in wild-captured mosquito pools was detected via standard cytopathic effect (CPE) assay on Vero cell monolayers. Pools of 1-100 conspecific mosquitoes were triturated in Eagle’s minimum essential medium (MEM), 20% FBS (fetal bovine serum) penicillin, streptomycin, gentimycin and fungizone with a TissueLyser® (Qiagen Inc, Valencia, CA). The homogenates were clarified by centrifugation then inoculated onto confluent monolayers and allowed to adsorb for one hour at 37ºC with occasional rocking. Monolayers were then maintained in MEM (2.5% FBS, penicillin, streptomycin, gentimycin and fungizone) and incubated at 37ºC undisturbed for 2—3 days or until CPE was apparent. Supernatant from wells that showed positive CPE were filtered through a 0.2 (m filter and inoculated onto fresh Vero cell monolayers. If CPE was observed in the second passage, the sample was determined positive for virus and the supernatant was harvested and used in virus characterization.

Unknown viruses isolated from wild-caught mosquitoes were identified by the complement fixation (CF) test (Beaty, Calisher et al. 1989). The CF test combines erythrocytes, complement and antibodies specific to the erythrocytes and to the antigen of interest. If the antigen in question is present in the sample, it will react with, or fix, the specific antibodies and complement, leaving the erythrocytes intact. If the antigen in question is not present, the complement will be free to react with the erythrocyte-specific antibodies and will lyse the erythrocytes.

Tissues from hamsters that were euthanized after becoming ill were stored frozen and shipped to the biosafety level 3 laboratory at the University of Texas Medical Branch for virus isolation attempts. Approximately 10—50 mg of tissue were homogenized in Eagle’s minimum essential medium (MEM), 20% FBS (fetal bovine serum) penicillin, streptomycin, gentimycin and fungizone with a TissueLyser® (Qiagen Inc, Valencia, CA). Virus isolation attempts were done by CPE assay on Vero cell monolayers as described above. Additionally, alphavirus-specific one-step RT-PCR (reverse transcriptase polymerase chain reaction) was performed on RNA extracted from hamster brain homogenates (Sanchez-Seco, Rosario et al. 2001).


Remote Sensing

GPS (global positioning systems) coordinates of road intersections and similar prominent features were used to georeference and register Landsat imagery to specific locations. A Landsat 5 satellite Thematic Mapper image and a Landsat 7 Thematic Mapper image of the region were used. Georeferencing is a process of scaling, rotating and deskewing an image to match a specific predetermined size and position. GPS coordinates must be recorded from specific locations identifiable in the imagery. Image processing was done with TNTmips software (Microimages Inc., Lincoln, Nebraska). Georeferencing was accomplished with the Affine projection which uses parallel plane projection to connect a target xy-plane with a source xy-plane and fit them using a least squares analysis. The image was then transected and reflectance patterns of each transect was classified using the unsupervised iterative self-organizing data analysis (ISODATA) clustering routine. Field visits were conducted to validate, by ground truthing, each major site, organized into every class.  Class validation sites are homogeneous areas of land that best represent each class and can be used to correlate physical features with class assignments. Each 30 x 30 meter pixel in the image was classified, based on the reflectance pattern, into one of the following classes: short grasses, forest, mixed grasses and shrubs, mangrove or cloud shadow, mixed water and vegetation, water, water and wet vegetation. Further classification was carried out using the MAXLIKELIHOOD supervised classification algorithm (TNTmips software). This method defines the mean vector and covariance matrices for each training site and uses this variation analysis to determine the likelihood of each sect belonging to that particular class.

Results

Density and Distribution

Over the course of one calendar year (July 2006—June 2007) 34,375 individual mosquitoes were collected (Table 4.2). Mosquitoes belonging to 35 different species were captured and identified and the most abundant was Culex nigripalpus, which made up 71% of the total yield. After Cx. nigripalpus, the second most abundant species was Aedes taeniorhynchus, which made up 11% of the total yield and was found at all times in all habitat types. Mansonia titilans was present at all habitat types during all times of the year and comprised 3% of the total yield. The highest total mosquito yield occurred during the May/June and Oct./Nov. collections (Table 4.2). The habitat type with the highest yield was the Mango orchard (Table 4.2). Psorophora confinnis was also present during my collecting, although it was not encountered at all during the Feb./Mar. trip or in the cattle pasture habitat. This was most abundant mosquito in the mango orchard habitat. 
Interestingly, although no Cx. taeniopus were collected during the preliminary trapping efforts, 36 pools of 305 mosquitoes were collected from 5 different locations. The overwhelming majority of these were from one of the mangrove swamp sites (MNGRV2); however their occurrence at the other mangrove swamp, both mango orchards and one palm orchard gave new insight about their distribution in the area. Additionally, though certain mosquitoes were collected only during the rainier months, Cx. taeniopus was collected during each of my 4 trapping trips. The overall abundance of mosquitoes was correlated with precipitation (Figure 4.4).
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Figure 4.4: 
A) Mosquito capture variation throughout the year. Total mosquito yield from equal trapping effort during four 5-week trapping trips over the course of one calendar year. B) Annual temperature and precipitation averages for the [image: image6.jpg]scale = 10 cm plastic
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municipality of Mapastepec, Chiapas (data source: weather.msn.com).
Virus Isolations

From 1,168 pools of mosquitoes tested for CPE, four virus isolates were made. Unfortunately none of them were VEEV. Two isolates of Nepuyo virus (Bunyaviridae) were made from pools of Cx. taeniopus and two isolates of Patois virus (Bunyaviridae) were made from a pool of Psorophora varipes and from a pool of Cx. nigripalpus. These viruses were used in subsequent experiments beyond the scope of this dissertation.

Sentinel Hamsters
Fourteen hamsters used as bait in the Trinidad-10 mosquito traps became ill and were euthanized. The brains, hearts, lungs, livers, spleens and kidneys of all hamsters were tested by CPE assay and no virus isolations were made. The brains of all hamsters were additionally tested by alphavirus-specific RT-PCR and none were found to contain detectable alphavirus RNA.

Discussion

Aedes taeniorhynchus as a Vector

We hypothesized that Ae. taeniorhynchus was the primary mosquito vector transmitting subtype IE VEEV to horses in coastal Chiapas. This species is known to vector epizootic VEEV strains in South America and has been repeatedly associated with large outbreaks. Additionally, it is frequently captured in the study area. Populations of the enzootic vector species, Cx. taeniopus, were thought to be too sparse to maintain the virus in constant circulation thus it was hypothesized that a vector switch had occurred. Experimental data have shown Ae. taeniorhynchus to be more susceptible to recent subtype IE VEEV isolates than historical strains, further supporting the theory of a vector switch (Brault, Powers et al. 2002). 

I found Ae. taeniorhynchus to be the second most abundant mosquito with Cx. nigripalpus as the overwhelmingly most abundant. The dominance of Cx. nigripalpus over Ae. taeniorhynchus in my collection may be due to the fact that much of my trapping (CDC traps) occurred between dusk and dawn, which are the hours of peak activity for Cx. nigripalpus while Ae. taeniorhynchus is most active during the afternoon (Cupp, Scherer et al. 1986). Although not the most abundant, Ae. taeniorhynchus was a dominant species  in my collection and was collected from all 4 habitat types during all 4 times of the year. All Ae. taeniorhynchus were captured in CO2/light baited traps or by direct aspiration from equine bait – never was it encountered in the hamster-baited Trinidad-10 traps. After analysis of bloodmeals from naturally engorged mosquitoes, Ae. taeniorhynchus in Guatemala was found to almost exclusively feed on bovids and equids, a characteristic that favors epizootic transmission over enzootic transmission (Cupp, Scherer et al. 1986). 

Culex taeniopus as a Vector

Higher numbers of Cx. taeniopus were collected than was expected based on previous collections. Of 305 Cx. taeniopus mosquitoes 95% came from the mangrove swamp habitat. This mosquito has been previously associated with fresh-water marsh edges similar in description to the mangrove swamp habitat 


(Galindo, Srihongse et al. 1966; Scherer, Dickerman et al. 1976) ADDIN EN.CITE . Larvae and pupae have been previously described to be found in shallow pools of deeply shaded swamps, usually closely apressed to the base of the trunk of palms (Galindo 1969). Importantly, during June of 2006, after performing my collection for the mangrove swamp we set additional traps with the hopes of collecting Cx. taeniopus that could be used to start a breeding colony. In one night we captured nearly two hundred Cx. taeniopus in four Trinidad-10 traps. The next day we captured 80 and the next day only 11. It is possible that we set the traps coincidentally with an emergence event. This abundance fluctuation implies a dynamic population and suggests long-term constant surveillance is needed to establish true abundance of these important mosquitoes. 
In a multi-year study at a subtype IE VEEV focus in Guatemala Cx. taeniopus were the only mosquitoes to yield VEEV and did so at an overall rate of about 0.3% although in some years there were no isolates made despite testing over 1000 individual mosquitoes (Cupp, Scherer et al. 1986). The parity rate in these mosquitoes was found to be 29%, meaning roughly two thirds of mosquitoes captured had not yet ingested a bloodmeal and therefore could not yet be infected with VEEV, bringing the overall virus isolation frequency up to approximately 1% for parous specimens (10 isolates out of roughly 1000 mosquitoes). 

Because my total collection of Cx. taeniopus was just 305 individuals, it is impossible to draw conclusions from the lack of virus isolates. Infection rates for enzootic vectors are typically in the range of 0.1—1.0%, thus we would have had to test multiple thousands of individual Cx. taeniopus in order to establish infection rates (Ferro, Boshell et al. 2003). 

It was the intention of this study to characterize the enzootic focus of VEEV in coastal Chiapas, Mexico. A similar study was performed in Venezuela resulting in a spatial model predicting lowland, tropical forest as the habitat type with the most VEEV exposure risk 


(Barrera, Torres et al. 2001) ADDIN EN.CITE . A rodent sampling study performed concurrently to this study was unable to detect VEEV-specific antibodies in the blood of 92 rodents. However, rodent seroprevalence is not necessarily correlated to virus incidence in mosquitoes as previous studies have isolated virus from mosquitoes in an enzootic focus despite the absence of rodent seropositivity 


(Barrera, Torres et al. 2001) ADDIN EN.CITE . Because we did not isolate VEEV from any of my mosquito pools the only correlation that can be drawn is to the distribution of the putative vector species Cx. taeniopus.

Other Mosquitoes as Vectors

A comparatively large proportion of my collection comprised other mosquito vectors with reported epizootic VEEV vectorial involvement. Psorophora confinnis is a proven vector of subtype IAB VEEV and has been shown in the laboratory to transmit epizootic subtype IC VEEV and enzootic subtype ID VEEV with similar efficiency 


(Sudia, Newhouse et al. 1975; Ortiz, Anishchenko et al. 2005) ADDIN EN.CITE . Psorophora confinnis and Ps. columbiae were at one time considered conspecific and are morphologically indistinguishable, thus both may be represented in my collection (Moncayo, Lanzaro et al. 2008). Psorophora columbiae from coastal Chiapas have been shown experimentally to transmit enzootic subtype IE VEEV and equine-virulent subtype IE VEEV with comparable efficiency (Moncayo, Lanzaro et al. 2008). Transmission rates for VEEV by Ps. confinnis are variable and have been reported from 6% to 100% 


(Sudia, Newhouse et al. 1971; Turell, Barth et al. 1999) ADDIN EN.CITE . This variability appears to be affected by both virus subtype and geographical mosquito population. Psorophora confinnis is known to occur in habitats associated with livestock and to take multiple bloodmeals in a short amount of time, which further supports a role as epizootic vector. In my collection the highest numbers of this mosquito were encountered in the month of June, which is the same month during which 1993 outbreak began and in the mango and palm orchard habitats, both of which had livestock corals adjacent to them.

Mosquitoes of the species Mansonia titilans were implicated as epizootic vectors in some of the first epidemiological studies of VEEV in Trinidad (Gilyard 1944). Mansonia titilans and a related species, Ma. indubitans, were shown to transmit both epizootic and enzootic VEEV after high titer bloodmeals and have been suggested as secondary vectors in Peru (Turell, Jones et al. 2000). Enzootic virus has been occasionally isolated from wild caught Mansonia in Guatemala 


(Scherer, Dickerman et al. 1976) ADDIN EN.CITE . Based on abundance and behavior, Ma. titilans has been suggested as a possible bridge vector in Venezuela (Mendez, Liria et al. 2001). Mosquitoes from both of these species were found ubiquitously among my trapping sites and throughout the year.

Culex nigripalpus mosquitoes are considered highly ornithophilic, but will occasionally feed on mammals and/or reptiles (Cupp, Scherer et al. 1986). Laboratory studies showed Cx. nigripalpus to be completely refractory to oral infection by Everglades virus (VEEV subtype II), enzootic subtype IE VEEV as well as equine-virulent subtype IE VEEV despite previous virus isolation from wild caught mosquitoes 


(Turell, O'Guinn et al. 2003; Coffey and Weaver 2005) ADDIN EN.CITE . The high numbers encountered during field studies and the low numbers of virus isolation for this species suggests it likely does not play a significant role in natural transmission 


(Sudia, Lord et al. 1971; Mendez, Liria et al. 2001; Ferro, Boshell et al. 2003) ADDIN EN.CITE .

Bunyaviruses isolated from mosquitoes

Nepuyo virus (NEPV) is included in the Orthobunyavirus genus and is classified in the serogroup known as Group C. Nepuyo virus was originally isolated in 1957 in Trinidad from a pool of Culex (Aedinus) accelerans. Additional isolations have been made from multiple species of Culex mosquitoes, Artibeus bats, and wild rodents as well as sentinel mice and hamsters during field studies in Mexico, Guatemala and Honduras 


(Scherer, Zarate et al. 1969; Calisher, Chappell et al. 1971; Scherer, Dickerman et al. 1976) ADDIN EN.CITE . Nepuyo virus seropositivity and human viremia have been detected in Guatemala and it has been associated with non-lethal illness consisting of generalized myalgia, headache and fever 


(Scherer, Dickerman et al. 1976; Scherer, Dickerman et al. 1983) ADDIN EN.CITE . 

Patois virus (PATV) is the type member of the Patois group of the Orthobunyavirus genus in the family Bunyaviridae. Originally isolated in 1961 from the blood of a wild cotton rat (Sigmodon hispidus) in Panama, it has since been found in Mexico, Belize and Guatemala 


(Srihongse, Galindo et al. 1966; Scherer, Anderson et al. 1972) ADDIN EN.CITE . Although several instances of human seropositivity have been found, PATV has not yet been isolated from humans nor has it been associated with human disease (Scherer, Anderson et al. 1972). Both NEPV and PATV are known to share similar ecology with enzootic subtype IE VEEV and are often encountered during VEEV field studies 


(Srihongse and Shope 1968; Scherer, Anderson et al. 1972; Scherer, Dickerman et al. 1985) ADDIN EN.CITE .

Sentinel Hamsters
Although both Patois and Nepuyo are known to kill sentinel animals, the lack of CPE caused by my sentinel hamster tissues exonerates these viruses as the cause of hamster mortality. It is most likely that they died of bacterial infections and/or exposure to blood feeding insects. Raw potato was initially offered as a food source, though the known toxicity of uncooked members of the potato family (Solanaceae) prompted its discontinuation.

Spatial Analysis

Each 30 x 30 meter pixel in the satellite image of the study area was classified based on the light-reflectance pattern from landscape features into one of the following classes: short grasses, forest, mixed grasses and shrubs, mangrove or cloud shadow, mixed water and vegetation, water, water and wet vegetation (Figure 4.5). Spatial autocorrelation comparison of capture sites showed that the locations were well distributed and not spatially clustered. In order to correlate capture incidence for Cx. taeniopus, the image was then divided into a grid of 1 Km2 units and color coded according to relative abundance of Cx. taeniopus (Figure 4.6). There appeared to be a gradient with highest abundance in areas near the coast and lower abundance inland. This gradient is similar to previously published accounts of human seroprevalence (Estrada-Franco, Navarro-Lopez et al. 2004). The same approximate pattern was seen in cattle serosurvey data (Dr. J. G. Estrada-Franco, unpublished data). 

The abundance of potential epizootic mosquitoes throughout the study area and their known habits and preferences make it likely that several vector species participated in transmitting VEEV between horses during the 1993 outbreak. However, the concentration of a proven enzootic vector of subtype IE VEEV in the areas of highest human seroprevalence implies, by correlation, that these mosquitoes could be responsible for maintaining sylvatic subtype IE VEEV. Without virus isolations from wild-caught mosquitoes, determination of the role each of these mosquitoes play is impossible. 
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It is likely that coastal populations of Cx. taeniopus maintain subtype IE VEEV in enzootic transmission cycles. Because humans and their horses live in very close proximity to these areas, occasional transmission to an unvaccinated or otherwise susceptible horse and subsequent feeding on that horse by more aggressive, widely distributed mosquito vectors could efficiently spread the virus to areas outside the range of Cx. taeniopus. If there are many susceptible horses in the region, an epizootic outbreak could quickly ensue.
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_1172501755.xls
Sheet1

		Site:  By class								Total mosquitoes of interest		Distance to coastline (km)

		Pasture 1		0		0		0		0		22.0

		Mango 3		1		4		0		5		20.5

		Palm 1		0		0		0		0		14.5

		Pasture 2		0		0		0		0		12.5

		Plam 2		5		2		0		7		11.0

		Mango 1		5		1		0		6		4.5

		Mangrove 2		153		62		24		239		2.0

		Mangrove 3		24		119		172		315		0.5

		Site:  By name





Sheet4

		

		Mosquito Species		Total N				Mosquito Species		Total N

		Culex nigripalpus		25037				Aedes taeniorhynchus		4230

		Aedes taeniorhynchus		4038				Culex quinquefasciatus		2300

		Mansonia indubitans		1032				Culex nigripalpus		500

		Mansonia titilans		804				Culex (deinocerites) pseudes		200

		Psorophora cyanescens		554				Psorophora albipes		23

		Psorophora varipes		403				Psorophora varipes		15

		Culex taeniopus		305				Mansonia titillans		172

		Psorophora confinnis		298				Mansonia indubitants		21

		Aedomya squamipennis		288				Wyeomyia guatemala		94

		Aedes tormentor/atlanticus		266				Psorophora ciliata		25

				225				Psorophora cilipes		20

		Culex (deinocerites) pseudus		204				Heamagogus regalis		12

				175				Uranotenia lowii		10

				128				Anopheles albimanus		45

		Wyeomyia guatemala		118				Culex restuans		7

		Psorophora howardii		107				TOTAL NUMBER		7674

		Culex interrogator		105

				288				(Previous capture data, Dr. J.G. Estrada-Franco 2002)

		TOTAL NUMBER		34375





Sheet3

		Table 4.1 Total mosquito collections by time of year in 8 locations on the Chiapas coast.

		Mosquito Species		Jul./Aug.		Oct./Nov.		Feb./Mar.		May/Jun.		Total N		Pools

		Cx. nigripalpus		3487		13027		67		8206		25037		566

		Ae. taeniorhynchus		683		16		5		3334		4038		123

		Ma. indubitans		157		478		127		267		1032		78

		Ma. titilans		393		158		28		223		804		87

		Ps. cyanescens		359		0		0		195		554		24

		Ps. varipes		143		15		0		238		403		22

		Cx. taeniopus		59		14		4		228		305		36

		Ps. confinnis		82		97		0		119		298		21

		Ad. squamipennis		156		127		3		2		288		29

		Ae. tormentor/atlanticus		0		72		0		194		266		21

		Cx. (mel) sp.		42		3		0		180		225		18

		De. pseudus		2		6		55		141		204		23

		Cx. sp.		174		0		1		0		175		13

		Wy. sp.		126		2		0		0		128		9

		Wy. guatemala		90		0		0		28		118		8

		Ps. howardii		11		53		0		43		107		19

		Cx. interrogator		4		3		3		98		105		7

		An. crucians		0		0		1		58		59		3

		Ur. lowii		0		37		0		12		49		7

		Cq. venezuelensis		0		0		1		34		35		6

		Ps. longipalpus		0		0		0		33		33		2

		Ps. ferox		1		0		0		19		20		2

		Ae. fulvus pallens		0		18		0		0		18		9

		Cx. iolambdis		8		0		0		6		14		6

		Cx. quinquefasciatus		0		0		13		1		14		4

		Ps. albipis		8		1		0		3		12		4

		Other 1		6		7		2		10		34		21

		TOTAL NUMBER		5991		14134		310		13672		34375		1168

		1 Other:





habitat and time

		

		Mosquito Species		Jul./Aug.		Oct./Nov.		Feb./Mar.		May/Jun.		TOTAL		Pasture		Mango		Palm		Mangrove		TOTAL

		Cx. nigripalpus		3487		13277		67		8206		25037		1288		13288		5708		4753		25037

		Ae. taeniorhynchus		683		16		5		3334		4038		141		2554		474		869		4038

		Ma. indubitans		157		481		127		267		1032		6		189		95		742		1032

		Ma. titilans		393		158		28		225		804		54		327		231		192		804

		Ps. cyanescens		359		0		0		195		554		240		254		60		0		554

		Ps. varipes		143		15		0		245		403		0		0		0		403		403

		Cx. taeniopus		59		14		4		228		305		0		5		5		295		305

		Ps. confinnis		82		97		0		119		298		16		184		98		0		298

		Ad. squamipennis		156		127		3		2		288		0		27		29		232		288

		Ae. tormentor/atlanticus		0		72		0		194		266		0		253		13		0		266

				42		3		0		180		225		0		9		2		214		225

		Cx. (deinocerites) pseudus		2		6		55		141		204		0		0		0		204		204

				174		0		1		0		175		8		5		23		139		175

				126		2		0		0		128		0		0		0		128		128

		Wy. guatemala		90		0		0		28		118		0		0		0		118		118

		Ps. howardii		11		53		0		43		107		0		58		49		0		107

		Cx. interrogator		4		3		3		95		105		0		3		0		102		105

				26		62		17		183		288		7		86		84		111		288

		TOTAL NUMBER		5994		14386		310		13685		34375		1760		17242		6871		8502		34375





By habitat

		SPECIES		Pasture		Mango		Palm		Mangrove		TOTAL

		Cx. nirgripalpus		1288		13288		5708		4753		25037

		Ae. taeniorhynchus		41		2504		474		769		3788

		Ma. indubitans		6		163		95		742		1006

		Ma. titilans		24		327		231		192		774

		Ps. varipes		0		0		0		328		328

		Ps. cyanescens		0		254		60		0		314

		Ps. confinnis		16		192		98		0		306

		Cx. taeniopus		0		5		5		290		300

		Ad. squamipennis		0		27		29		226		282

		Ae. tormentor/atlanticus		0		253		13		0		266

		Cx. (mel) sp.		0		9		2		230		241

		De. sp.		0		0		0		220		220

		Cx. sp.		8		5		23		128		164

		Wy. guatemala		0		0		0		118		118

		Ps. howardii		0		58		49		0		107

		Cx. interrogator		0		3		0		102		105

		Other		0		79		77		92		248





By site

		SPECIES		PASTR1		PASTR2		MANGO1		MANGO3		PALM1		PALM2		MNGRV2		MNGRV3		TOTAL

		Ae. taeniorhynchus		34		7		2495		9		84		390		374		395		3788

		Ma. indubitans				6		161		2		21		74		516		226		1006

		Ma. titilans		10		14		306		21		18		213		61		131		774

		Ps. varipes														48		280		328

		Ps. cyanescens						254						60						314

		Ps. confinnis		1		15		192				4		94						306

		Cx. taeniopus						5						5		265		25		300

		Ad. squamipennis						27				2		27		41		185		282

		Ae. tormentor/atlanticus						247		6		1		12						266

		Cx. (mel) sp.						4		5				2		113		117		241

		De. sp.														48		172		220

		Cx. sp.				8				5		23				128				164

		Wy. guatemala														118				118

		Ps. howardii						57		1		1		48						107

		Cx. interrogator								3						4		98		105

		Other		0		0		78		1		3		74		30		62		248
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