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ABSTRACT 

More than 2,500 sera from approximately 30 wild and 

domestic species in southern Texas were tested for neu­

tralizing antibodies to Venezuelan equine encephalitis. 

Virus isolations were also attempted from blood and tissue 

samples of many of the wild specimens. VEE reactors were 

present in a variety of species collected prior to the 1971 

Texas epizootic suggesting that VEE was present and perhaps 

enzootic in this area before the recent epizootic. Sero­

logic results of this study suggest that deer (Odocoileus 

virginianus) and feral hogs (Sus scrofa) may serve as 

good indicators or sentinels of VEE activity. The reser­

voir of VEE was not established, but results of this study 

suggest that a number of species or a combination of animal 

host populations including deer, feral hogs, and peccaries 

(Pecari angulatus) may be involved in the epizootiology of 

VEE in South Texas. Vector abundance and Psorophora-Culex 

prevalence patterns were shown to be related to rainfall • 
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INTRODUCTION 
----- - -

Venezuelan equine encephalitis (VEE), an often fatal 

disease of horses, has been studied in great detail in 

many countries south of the United States. The purpose 

of this study was to learn more about the ecology of VEE 

in the United States, particularly Texas. 

Venezuelan equine encephalitis (VEE) is a zoonotic 

group A arbovirus which can infect man as well as wild and 

domestic animals (Andrews and Pereira, 1967). The first 

reports of VEE were from the Columbian-Venezuelan border 

in 1930 (Young, 1972). VEE virus was first isolated and 

described by Kubes and Rios (1938) in 1938, although epi-

zootics probably caused by the same agent had occurred in 

Columbia before this time. Since the original detection 

of this disease, epizootics have occurred in Columbia 

(Groot et al. 1959), Peru (Madalengiutia et al. 1972), 

Ecuador (Gutierrez et al. 1972), Trinidad (Gilyard, 1945), 

Panama (Grayson and Galindo, 1968), Guatemala (Scherer et 

al. 1972), Honduras and British Honduras (Scherer et al. 

1970), Nicaragua (Walton et al. 1972), Mexico (Gonzalez, 

1969) and the United States (Bigler, 1971; Sudia and 

Newhouse, 1971) • 
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There are currently 4 major types or VEE virus with 

Type I divided into 5 major subtypes; all types have been 

2 

_ detected _in_ various locations 'i.-n. ·south, Central and North 

America (Young and Johnson, 1969). The epizootic subtypes, 

IA, IB, and IC, are highly virulent for equines, which serve 

as an amplifying host for the virus. The enzootic types, 

II, III, and IV, and the subtypes, ID and IE, produce dis­

ease in humans and in some rodents but no clinical disease 

in equines. The mosquito serves as a vector for all types 

of VEE. 

Human infections of VEE may result in clinical illness 

with symptoms such as headache, fever, mylagia, vomiting, 

chills, sore throat, diarrhea, dizziness, and eye pain; 

mortality occurs infrequently (Barker et al. 1973). 

Infected horses may have signs similar to those described 

for humans. In addition, there can be involvement or the 

central nervous system resulting in the formation of lesions, 

~~l:'!=i_cularily in tl'!~ cg_rgbral cortex (Monlux and Luedke, 

1973). Mortality varies with the virus subtype, but gen­

erally occurs in approximately 30 percent or the horses 

infected; morbidity may be as high as 80 percent. 

Other domestic and wild vertebrates seem to be relatively 

unaffected by VEE infections. No epizootic has been reported 

where significant mortality occurred in wild or domestic 

vertebrates, excluding equines. There has been evidence 
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that vertebrates other than equines may serve as reservoirs 

or silent hosts for enzootic VEE. A rodent-mosquito-rodent 

cycle has been implicated in the maintenance uor-vEE virus 

in Trinidad (Jonkers et al. 1968), Panama (Grayson et al. 

1968), and several other South and Central American coun­

tries and in Florida as well. The enzootic form of this 

disease is typically found in moist, tropical areas, 

although reactors to VEE have been detected in drier regions 

such as West Central Utah (Thorpe et al. 1965). 

Investigations since 1943 in South, Central and North 

America have provided evidence of VEE virus and/or anti­

bodies in approximately 72 species of mammals (USDA, 1973). 

Many of these mammals such as the coyote (Canis latrans), 

hog (~ scrofa), and deer (Odocoileus virginianus), when 

experimentally infected with VEE virus, develop sufficient 

levels of viremia to infect vector mosquitoes and thus may 

function as silent hosts • 

. Results . .of"-experimen-tal stud,ies with cardinals 

(Richmondena cardinalis), sparrows (Zonotrichia albicollis), 

and domestic pigeons (Columbia livia), suggested that 

although birds have lower viremias than mammals, they may 

be involved both in the maintenance of enzootic infection 

and as foci for epizootic spread (Chamberlain et al. 1956). 

Approximately 25 bird species have been incriminated with VEE 

since investigations began in 1955 (USDA, 1973). Most 
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studies indicate however, that birds are not important in 

the epizootiology of VEE • 
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u------- Until l-971,-VEE--wa-s reported unly-rrom--central. ana 

South America and in South Florida (Young and Johnson, 1969). 

In the spring of 1971, however, a highly virulent subtype 

of VEE (IB) entered South Texas and spread up the coast 

causing widespread morbidity and mortality among equines. 

Approximately 1500 equine deaths were reported by the USDA 

(USDA, 1972) (Figure 1). There were 88 confirmed cases of 

human illness contributed to VEE (USDA, 1972). This epi­

zootic apparently originated in Ecuador in 1969, spread to 

Guatemala, and then to southern Mexico in 1970 causing 

widespread mortality among horses as well as morbidity and 

limited mortality in humans (Spertzel and McKinney, 1970). 

VEE was detected in the United States on June 23, 1971 

(Spertzel, 1971). An attenuated vaccine of tissue origin, 

TC-83, had previously been developed by the u. s. Army 

. Medical Research Institut.e .e.£ Int'eotieus Disea-ses at Fort 

Detrick, Maryland. On June 25, 1971, two days after the 

first diagnosed equine case of VEE in Texas, the vaccine 

was made available to horse owners in the United States 

on a voluntary basis (Omohundro, 1972). Additional control 

measures were initiated. On July 13, a quarantine was 

imposed on equines. Between July 11 and August 15, the 

USDA conducted aerial spray operations. Approximately 
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l"igure 1. Location of the Welder Wildli:f_'e Refuge and counties 
with confirmed equine and human VEE virus in rexas, 1971 
(Parker et al. 1973) • 



10 million acres of the Gulf Coast of Texas and adjacent 

portions of Louisiana were sprayed with ultra low-volume 

malathion. -'the-npresenee, prevalence, -and-movement ot'the 

disease was kept under constant surveillance. 
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The remarkable geographic advancement or VEE despite 

intensive control measures, led to numerous studies in Cen­

tral and South America to determine possible reservoirs or 

silent-hosts. Results or these studies suggested that wild­

life species, especially rodents, may be involved in the 

epizootiology of VEE (Grayson and Galindo, 1968; Jonkers.et 

al. 1968; Grayson and Galindo, 1969; Sherer et al. 1971; 

Scherer et al. 1971). 

At present, only Psorophora conrinnis and Aedes taen­

iorhynchus are proven vectors of the IS strain of VEE 

(Sudia, 1971). Vector studies done by the Arbovirus Ecology 

Laboratory, Arbovirology Unit, Center for Disease Control, 

Atlanta, Georgia, suggested that at least 11 mosquito 

. species may have been invo1ved in the 1971 outbreak in 

Texas (Sudia and Newhouse, 1971). Mosquitoes of the genus 

Culex are the only mosquitoes proved to be an efficient 

natural vector of enzootic VEE {Galindo, 1971). An ever 

increasing number or mosquito species have been suggested 

as potential VEE vectors as entomological investigations 

into the ecology of VEE continue. 
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The 1971 epizootic or VEE in Texas documented the 

importance or this disease to equine and human populations 

and demonstrated 1mrn lack -of- knowledge about -'file ecology-

7 

or VEE in the United States. Results of limited serologic 

studies in Texas prior to and during the 1971 VEE epizootic 

suggested possible wildlife involvement (Cook et al. 1965; 

Trainer and Hanson, 1969; USDA, 1973). As a result, research 

was initiated to investigate the ecology of VEE at the Rob 

and Bessie Welder Wildlife Foundation (Refuge). This study site 

was selected because or its location in the 1971 epizootic 

area and its history or wildlife disease research. Specific 

objectives of this investigation were to: 

1) study wild, domestic and sentinel animal populations 

at the Foundation to determine the presence and pre­

valence of VEE in the respective populations. 

~) evaluate the possible role which wildlife may play 

in the epizootiology of VEE. 

3) study ~ten~ial veeter populations on the Foundation • 
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The Study Area 

The Rob & Bessie Welder Wildlife Foundation is located 

approximately -6- miles inland .from --t-he--5&\1-thern Gulf' Coast 

of Texas in San Patricio County (Figure 2). A substantial 

number of VEE cases were reported in San Patricio County 

in both humans and horses during the 1971 epizootic. The 

VEE study area included the entire 7,800 acre refuge 

(Figure 3). 

The climate of the Welder Refuge is characterized by 

hot humid summers with minimum daily temperatures frequently 

above 80°F and relative humidity above 80 percent; winters 

are mild. Rainfall averages 30-40 inches annually and is 

sporadic. Standing water, which fluctuates extremely, occurs 

in the form of lakes, ponds, and temporary pools (Figure 4). 

Tropical storms are not uncommon to the area. The Refuge 

is bordered on the north by the Aransas River which occa­

sionally overflows its banks. 

_The W.e.ldar Refuge is at the junction of the northern 

prairies, the live oak regions along the Coast, the South 

Texas plains, and the Gulf prairies and marshes (White, 

1967). More than 1300 species of plant life, including at 

least 15 plant communities, are supported on the Refuge's 

various soil types (Box and Chamrad, 1966) (Figure 4). 

The 12.2 square mile refuge supports some 55 species of 

mammals, 35 species of reptile, 15 species of amphibians 
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and more than 400 species of resident and non-resident 

birds (Glazener, 1973}. Approximately 35 species of mos­

~~~- ----quitoes, some of whichuare known -vea-vectors;- -nave-been 

identified on the Refuge (Hubert, 1973). 

In the summer of 1973, the deer population on the Refuge 

was estimated to be approximately 100-125 deer per square 

mile (Kie, 1973). The deer population is relatively stable 

and sedentary; their range seldom exceeds one square mile 

(Michael, 1965). Approximately 50-100 deer are collected 

annually for scientific purposes. 

Individual small mammal populations on the Refuge are 

known to fluctuate annually but not necessarily in synchrony 

(Otteni, 1971). 

The Welder Refuge has had a long history of livestock 

use with approximately 18 horses and 500 cattle present on 

the area at all times. 
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METHODS 

Capture Methods 

Vertebrate sera collected as part or other studies prior 

to 1972 and specifically for this study in 1972 and 1973 

were examined serologically to study animal exposure to VEE 

on the Welder Refuge. In addition, virologic tests were 

conducted on blood and tissue specimens from animals col­

lected during this study. 

Wild animals were captured using a variety or methods. 

Small mammals were sampled utilizing Sherman live traps; 

larger mammals were sampled using various sized Hav-a-hart 

live traps (Figure 5). Various plant communities were sampled 

to determine the kinds and numbers or mammals present. 

Live traps were placed in those communities which supported 

the largest number of individual animals. Live traps were 

also located in close proximity to sentinel hamster sites 

in an attempt to sample speci-fic wlldlife populations. 

Different baits were tested to determine which were the 

most effective in capturing a given species of animal. 

Cracked corn (~mays), whole kernel corn, and apple 

(Malus sp.) proved to be most attractive to mammals while 

offering the least potential for insect and meteorological 

destruction. 

Other animals were captured by using established capture 

methods such as utilizing drop nets and cannon nets for 



Figure 5. Live traps used to capture small mammals 
at the Welder Wildlife Refuge. Large, medium, small­
from left to right. 
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·turkeys (Meleagris gallopavo), walk-in funnel traps for 

vultures (fam. Cathartidae), shooting for deer, and modified 

deer traps for feral hogs and peccaries (Pecari angulatus) 

(Figure 6). More than 7,600 trap nights were expended in 

trapping wild animals by a combination of these methods 

in 1972 and 1973. Captured mammals were identified util­

izing descriptions by W. B. Davis (1960). 

The presence and prevalence of mosquito populations 

at various locations on the Refuge were based on the num­

ber of mosquitoes aspirated from human bait. Collections 

were made at each hamster site for 20 minutes between the 

hours of eight and 11 pm, once a week, unless weather con­

ditions altered the schedule. Mosquitoes were identified 

to genus, placed in sterile vials, and kept frozen until 

being shipped to the laboratory for virologic testing. 

Appropriate biological data were recorded for each pool of 

mosquitoes collected. 

In addition to.collecting adult mosquitoes, permanent 

and temporary bodies of water were examined for the pres­

ence of mosquito larvae. Species of larvae, date, and 

location were recorded. Mosquitoes were identified using 

descriptions by Carpenter and LaCasse (1955), the u. s. 

Army Medical Entomology Handbook (1972) and Pennak (1953). 

Rainfall data on the Welder Refuge was compiled by 

w. c. Glazener, Assistant Director of the Welder Refuge. 



Figure 6. A modified deer trap, used to capture 
feral hogs. 
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Collection o·f Serologic and Virologic Specimens 

Blood was obtained from live animals via either the 

heart, jugular vein, brachial vein, or anterior vena cava 

using a needle and syringe (Figures 1 & 8). Locality, 

sex, age, date, species of animal, and any unusual con­

dition was recorded for each blood and tissue sample. 

Blood was placed in sterile vials, allowed to clot, cen­

trifuged, the serum decanted and frozen until tested. In 

1972, all animals that were bled were also swabbed orally. 

Oral swabs were placed in sterile vials containing a liquid 

diluting nutrient mixture and frozen until tested. This 

procedure was deleted in 1973. Tissue samples (spleen) 

from sick or dead animals were removed aseptically, placed 

in sterile vials, and frozen until tested. Blood, selected 

tissue specimens, oral swabs, dead hamsters and sera were 

shipped on dry ice to the Veterinary Science Laboratory 

at the University of Wisconsin-Madison where serologic and 

virologic tests were conducted. 

Monitoring of VEE 

Penned animals have been utilized successfully to 

monitor zoonoses (Srihongse et al. 1967; Trainer, 1973) 

and hamsters (Cricetus cricetus) have been successfully 

used as sentinels to detect VEE (Scherer et al. 1964). 

A hamster sentinel system was therefore established at 



Figure 7. Bleeding a sentinel hamster using the 
cardiac puncture technique. 
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Figure 8. Bleeding a sentinel hog from its vena 
cava. 
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the Welder Refuge in an attempt to detect VEE activity 

during the late spring and summer of 1972 and 1973. Sen­

tinel sites transected the Refuge and represented possible 

"VEE mosquito" areas (Figure 9). One hamster was placed 

in each of four ~-inch mesh wire cages measuring approx­

imately 1 ft. x 1 ft. x 1 ft. The cages were hung from 

trees approximately 4 feet off the ground. (This part 

20 

of the sentinel system was deleted in 1973 due to its 

questionable value.) At each of three other ground sta­

tions, three hamsters were placed in a large wire cage 

situated approximately 6 inches off the ground (Figure 10). 

Hamsters of various colors and sex were utilized at each 

of the sites. Blood samples were taken every two weeks 

from hamsters located in the four tree sites. Blood 

samples were taken weekly from a hamster at each of the 

three ground stations. Any hamster which died during the 

study was frozen and virus isolations were attempted. 

A domestic hog sentinel system was established in the 

spring of 1973 to compliment the hamster sentinel system 

because of the large number of feral hog reactors to VEE 

found on the Refuge in 1972. Three sites, one in close 

proximity to each of the three hamster sites, were selected. 

(Figure 9). One of the two pigs at each site was bled 

every week and the serum tested. Pens were made of a 

large mesh wire of at least 1 inch square and were approx-
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Figure 10. Sentinel hamsters and cage located 
at site No. 2. 
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imately 10 feet in width and 20 feet in length (Figure 11). 

Pigs were allowed to roam'freely within these pens. 

Laboratory Testing 

Serum samples were heat-inactivated at 56°C for 30 

minutes and tested for the presence of neutralizing anti­

body to VEE and Western equine encephalitis (WEE) in a 

HeLa cell metabolic inhibition test (Kissling and Kuns, 

1958). Virus stocks were prepared by infecting two-to­

five day old mice with approximately 1000 LDSO of seed 

virus. A 10 percent suspension was prepared by homogen­

izing the brain tissue of infected mice in diluent con­

sisting of mixture 199 (a lOX stock solution) with 20 

percent calf serum, 1000 units of penicillin and 500 micro­

grams of streptomycin per ml. After centrifugation at 

2000 revolutions per minute for 10 minutes, the supernatant 

fluid was dispensed in vials and stored in a mechanical 

freezer held at -65°C. The identity of all virus prepara­

tions was confirmed by neutralization tests with antisera 

of known specificity. The Fleming isolate was used as the 

WEE viral stock. TC-80 was the VEE viral strain used in 

the tests. 

All viral assays were done using a standard plaque test 

in a HeLa cell line (Thomas and Trainer, 1970), or in two­

to-four day old suckling mice inoculated intracerebrally. 

Five to eight mice were used per sample and observed for 



Figure 11. Sentinel hogs and their pen located 
at site No. 3. 
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clinical signs daily for 14 days. Animals with severe signs 

were sacrificed and pooled with mice found soon after death. 

A suspension was made o£ the brain tissue taken from these 

animals and inoculated into suckling mice. This procedure 

was repeated until identity of the causative agent of death 

was confirmed by neutralization tests with antisera of 

known specificity. Blood clots from animal blood samples 

taken in 1972 were dispersed by aspiration into and from 

a tuberculin syringe and diluted 1:5 in Hank's balanced 

salt solution. The red blood cell and plasma fractions 

were treated by sonification with a Branson sonifer prior 

to diluting {Hoff and Trainer, 1972). Spleen and brain 

tissue from hamsters, mosquitoes, and other virus suspected 

specimens were emulsified as a 10 percent suspension in 

diluent consisting of mixture 199 with 20 percent calf 

serum, 1000 units of penicillin and 500 micrograms of strep­

tomycin per milliliter and inoculated into suckling mice. 

Swab ~J,uat~s wexe tes-ted in mice as 1~2 dilutions. 

Serologic tests for WEE were undertaken to help deter­

mine the possibility of cross reaction between WEE and VEE 

neutralizing antibody. 
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RESULTS 

More than 2,600 serum samples from a variety of reptiles, 

birds, and mammals were tested for VEE and WEE reactors. 

These sera were collected during a 10 year period, begin­

ning in 1963; sera collected prior to 1972 were available 

from previous studies (Cook et al. 1965; Trainer and Hanson, 

1969; Trainer, 1970). Sera from 1972 and 1973 were col­

lected as part of this investigation. 

A total of 7565 trap nights were expended to capture 

animals for sera collection in 1972 and 1973. Over-all 

trapping success was approximately 5 percent (Table 1). 

Trap success of the various sized live traps can be used 

as a relative estimate of the small mammal population den­

sities on the Refuge. The increase in large-size live trap 

success in 1973 was a reflection of an apparent eruption 

of the raccoon population. A change in the location of 

__ x.r.ap lines was responsible ~ t-be--illerease in medium-size 

trap success. Wood rats (Neotoma micropus) were almost 

exclusively captured in the medium-size Hav-a-hart traps. 

A variety of wild and domestic species on the Welder 

Refuge were VEE reactors prior to 1971 (Table 2), includ­

ing deer (Odocoileus virginianus), cattle (~taurus), 

rabbits (Sylvilagus floridanus), goats (Capra hircus), feral 

hogs (~ serofa), peccaries (Pecari angulatus), raccoon 



Table 1. Summar~ of the number of trap nights and their capture 
success during 19172 and 1973 at the Welder Refuge. 

Trap Size* 

Year Large Medium Small Total 

1972 161 (3) 120 (0) 4125 (5) 4406 (5) 

1973 520 (9) 313 (4) 2263 (4) 3159 (5) 

Total 681 ( 7) 433 (3) 6388 (5) 7565 (5) 

*Large (32"x 1~"x 13") and medium tra~s (18"x 5t"x 5i") were 
Hav-a-hart type; ~mall traps (10"x 3"x 3oi:") were Sherman type live 
traps. ( ) = percent trap success. 
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Table 2. Summary of VEE serologic results for selected mammal populations at the 
Welder Wildlife Refuge. 

Host Prior to 1971 1972 197J 1971 

Cattle 
.R2§. ~ 50/116 (4J)* 15/41 (J7) 7/10 (70) 

Goat 
~~ 4/6 (67) · .... ·-~. 

Horse 
.l&w.w. caballua 0/54 (0) ... 

Sheep 
0/2 (0) .QnA llill 

Feral Hog 
J/7 (4J) 19/J2 ~~ (59) 9/12 (75) 

White-tailed Deer 
Odocoileus yirginiapus 91/JJ1 (28) 29/70 (41) 12/48 (25) 16/45 (J6) 

Peccary 
12/JO (40) ~ angulatus 

Raccoon 
Procyon lJWu: J/21 (14) 0/1 (0) 0/1 (0) 0/52 (0) 

Opossum 
0/20 (0) O/J (0) 0/7 Co) Didelphis marsupialis 

Striped Skunk 
O/J (0) Mephitis mephitis 

Armadi.lo 
Dasypus novemcinctus 0/1 (0) 1/J (JJ) 0/11 {0) 

Coyote 
2/124 {2) 0/2 {0) ~ latraps 

Bobcat 
Lm2r. ~ 0/9 (0) 

Cotton-tailed Rabbit 
Sylyilagus floridanus J/8 {)8) 0/1 {0) 

Pocket Gopher 
6/)1 (19) 0/7 (0) ~ bursarius 

. ------ ---·· -

Pack Rat 
Neotoma micropus 0/70 {0) ~ .. 0/12 {0) 

Black Rat 
1UUll.u!. utt\!§. 0/2 {0) 

Pygmy Mouse 
0/142 Baiomys taylori (0) 0/75 (0) 

Harvest Mouse 
Bd:thtg!l.sm:tgmy;:;s m~:s:alg:ti:s 0/1 (0) 0/5 (0) 

White-footed ~louse 
Peromy;scus leucgpus 0/J (0) 0/7 (0) 

House Mouse 
l!lwl, musculus 0/1 {0) 

•Number reactors/number testeds ( ) • percent reactorss ••• • none tested. 
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(Procyon lotor), and pocket gophers (Geomys bursarius). 

Of particular interest were serologic results for feral 

hog an-a-wni te-tailed aeer populations. Feral nog popula­

tions had high reactor rates of 43, 59, and 75 percent 

during the study period (Table 2). 

VEE reactors were detected in deer every year of the 

study with the highest reaction rates occurring in 1967, 

1969, 1971, and 1973 (Table 3). VEE reactors were compared 

with age and sex of the deer utilizing the chi-square test. 

The prevalence of VEE reactor rates increased with age 

(Table 4). The·number of deer reactors two years and older 

was significantly greater (99 percent level) than the number 

of fawn reactors. The number of female deer reactors was 

significantly larger (90 percent level) than the number of 

male reactors (Table 5). Reaction rates due to sex differ­

ences occurred at the 95 percent level of significance among 

deer collected prior to 1971. Reaction rates in deer col-

---lected -aft-er ···197-l showed no ··significant di-fference due to 

sex. There was no detectable difference in reaction rates 

associated with sex in the individual age categories (Table 6). 

There was little or no serologic activity detected in 

more than 250 rodents, 75 raccoons, 30 opossum, and 126 

coyotes, yet these species are reported to be involved in 

VEE epizootiology in other studies. 

More than 1000 turkey (Meleagris gallopavo) sera were 



Table 3· Summary of serologic results of white­
tailed deer at the Welder Wildlife Refuge to VEE 
and WEE (1963-1973). 

Year YEE* WEE* 

1963 3/24 (12) 0/24 (0) 

1964 11/39 (27) 10/39 (26) 

1965 19/80 (24) 15/80 (19) 

1966 1/13 (7) 1/13 (7) 

1967 26/55 (47) 15/55 (27) 

1968 10/36 (28) 2/36 (5) 

1969 13/35 (37) 2/35 (6) 

1970 9/62 (15) 5/62 ( 8) 

1971 29/70 (41) 12/70 (17) 

1972 13/50 (26) 4/30 (13) 

1973 16/45 (36) 6/35 ( 17) 

*Number reactions/number tested; ( ) = percent 
tested 
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Table 4. Comparison of w~ite-tailed deer VEE reactors by age. 

Year 

Pre-
1971 

1971 

Post-
1971 

Total 

0-12 

3/55 
(5) 

3/9 
(33) 

3/14 
(21) 

9/78 
(12) 

* 5/29 
( 17) 

6/10 
(60) 

2/15 
(13) 

13/54 
(24) 

• Age in Months 

25-36 

7/22 
(32) 

3/9 
(33) 

15/46 
(33) 

15/46 
(33) 

37-48 

6/17 
(35) 

3/11 
( 27) 

6/15 
(40) 

15/43 
(35) 

8/25 
(32) 

6/16 
(38) 

7/21 
(33) 

21/62 
(34) 

Total 

29/148 
(32) 

21/55 
(38) 

23/80 
(29) 

*Number of reactors/number tested; ( ) = percent reactors. 

arotal pre-1971 reacto~s compared to total 1971 reactors. 

bTotal post-1971 react<)>rs compared to total 1971 reactors. 

I -
i 

Chi 
Square 
Value 

cReactors of 0-12 months of age compared to reactors of 25 or more months of age. 
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Table 5· Comparison of white-tailed deer VEE 
reactors by sex according to year of collection. 

Year Male 

Pre-1971 7/63 (11)* 

1971 5/20 (25) 

Post-1971 10/34 (29) 

Total 22/117 (19) 

Female 

22/85 (26) 

14/35 (40) 

13/46 (28) 

49/160 (30) 

Chi Square 
Value 

< 0.05 

< 0.1 

o.o 

< 0.1 

*Number of reactions/number tested; ( ) = percent 
reactors. 
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Table 6 • Comparison of whilte-tailed deer VEE reactors by sex according to ag,e. 

Age* 0 - 12 13 - 24 25 - 36 37 - 48 49 + 

Year Male Female Male Female Male Female rt.ale Female Male Fe mal$ 

Prior 1/31:t 2/24 2/11 3/18 3/9 4/13 0/5 6/12 1/7 7/18 to 
1971 (3) ( 8) ( 18) ( 17) (33) (31) (0) (50) (14) (39) 

1971 0/2 3/7 ;1/5 3/5 1/3 2/6 0/1 3/10 3/9 3/7 
(0) (43) (20) (60) (33) (33) (0) (30) (33) (43) 

Post- 2/8 1/6 ,0/4 2/11 3/10 2/5 3/4 3/11 2/8 5/13 1971 (25) (17) (0) (18) (30) (40) (75) (27) (25) (38) 

Total 3/41 6/37 3/20 8/32 7/22 8/24 3/10 12/33 6/24 15/,8 
( 7) (16) '( 15) (25) (32) (33) (30) (36) (25) (39) 

Chi sq. <.2 <.2 <·5 <·5 <.2 Value 

*.Age ~i ven in months .• 

+Number of reactors/numb1er tested; ( ) = percent reactors. 
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examined for VEE antibody; less than 2 percent were reactors. 

None of the 87 black and turkey vultures (fam. Cathartidae) 

tested were reactors (table 7). Although only limited 

numbers of reptile species were tested, there were few, if 

any, VEE reactors in these populations (Table 7). 

The possibility of cross reactions between two group 

A arboviruses and/or dual infection in the specimens tested 

was considered and all sera were tested for WEE and VEE 

(Table 8). Serologic results of cattle, goat, and peccary 

sera indicate the possibility of cross reactions between 

WEE and VEE; while those of feral hogs, turkey, and deer 

sera suggest that dual infections may be occurring. There 

were few, if any, cross reactions occurring for other species. 

There was no serologic or virologic evidence of VEE 

activity detected during 1972 and 1973 in the hamster sen­

tinel system. Although several hamster deaths occurred at 

a time when mosquito populations were at their peak, no 

vi-rus was isolated ·a:na ~netr cause of aea-th was unknown. 

Serologic results of the domestic hog sentinels on the 

Refuge were confused by the fact that low levels of neutra­

lization antibody for VEE were detected in sera taken prior 

to exposure of the sentinels on the Refuge. 



Table 7• Summary of VEE serologic results for selected avian and reptilian pqpulations 
at the Welder Wildlife Refuge. 

Host 

Turkey 
Meleagris gallopavo 

Yulture 
fam. Cathartidae 

Rattlesnake 
Crotalus atrox 

Bull Snake 
Pituophis catenifer 

King Snake 
Lamprooeltis getulus 

Rat Snake 
Elaphe obsoleta 

Alligator 
Alligator mississipiensi~? 

Turtle 

Prior to 
1971 

16/993 (2)* 

O/J (0) 

1/7 {13) 

• • • 

• • • 

• • • 

• • • 

O/J (0) 

1971 1972 

0/29 (0) O/JJ (0) 0/214 (0) 

• • • 0/39 {0) 0/415 (0) 

• • • • • • • • • 

• • • 0/2 (0) • • • 

• • • 0/2 (0) • • • 

• • • 0/2 (0) ... , 
• • • • • • 0/2 {0) 

• • • • • • • • • 

*Number of reactors/number tested; ( ) =percent reactors1 ••• =none tested. 



Table 8. VEE reactors sho~ing possible cross reactivity with WEE. 

Host VEE WEE VEE & WEE Total 

Cattle * Bos taurus 5 20 63 89/167 

Goat 
Capra hircus 0 0 2 2/4 

Deer 
Odocoileus virginianus 104 40 29 173/406 

Peccary 
Pecari angulatus 4 0 8 12/JO 

Feral Hog 
34/51 Sus scrofa 29 3 2 

Turkey 
102/1076 Meleagris gallopavo 9 85 8 

*Number of reactors/number tested. 
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Vector Studv 

Six genera of mosquitoes including Psorophora spp. and 

eui-ex -spp-.; were coilected on tne Welder Reruge at various 

times during 1972 and 1973 (Table 9). In 1972 and 1973, 

97 and 60 percent of the mosquitoes, respectively, were in 

the genus Psorophora; three and 35 percent to the genus Culex 

(Table 10). Certain genera were found only at specific sites. 

For example, Culex mosquitoes were never collected at site 

number 1 and Psorophora comprised over 90 percent of the 

mosquitoes collected at this site. Culex mosquitoes com­

prised 60 and 53 percent of the specimens collected at sites 

2 and 3, respectively, with the remainder consisting mostly 

of Psorophora. 

Examination of permanent and temporary bodies of water 

revealed that Psorophora mosquito larvae inhabited temporary 

shallow pools and puddles while Culex and Aedes larvae were 

detected in larger, more permanent bodies of water. 

A comparison i-s pre-sen't-ed in ~ure 12 between the 

prevalence of mosquitoes and rainfall. A peak population 

of Psorophora was reached approximately one week after the 

first heavy rain (3 inches or more). As the heavy rain 

continued, the Psorophora population declined and Culex 

mosquitoes increased. This increase continued until the 

the study was terminated in August 1973. 

A comparison between spring rainfall and the percen-



Table 9· Mosquito collection~ at the Welder ~.'lildlife Refuge ( 1972-197.3). 
I 

Date Man§Qnia +:des Culex P§o:ronhora Culiseta AnQph:le' Total 

5 July 72 0 0 0 0 0 0 0 
14 July 72 0 0 2 (100)* 0 0 0 2 
21 July 72 0 0 0 0 0 0 0 

J Aug. 72 0 0 0 1 (100) 0 0 1 

9 Aug. 72 0 0 0 64 (100) 0 0 64 
1 Jan. 7.3 0 0 0 0 15 ( 8.3) J (17) 18 
8 June 7.3 0 0 0 2 (22) 7 ( 78) 0 9 

16 June 7.3 3 (6) 1 (2) 0 50 (92) 0 0 54 
22 June 7.3 0 0 0 87 (100) 0 0 87 

29 June 73 0 2 (2) 6 (7) 82 ( 91) 0 0 90 

5 July 7.3 0 0 7 ( ?8) 2 (22) 0 0 9 
12 July 7.3 0 0 26 (100) 0 0 0 26 
19 July 73 0 0 20 (100) 0 0 0 20 
26 July 7.3 0 0 26 (90) 0 0 3 (10) 29 

2 Aug. 7.3 0 0 46 (98) 0 0 1 (2) 47 

Total 3 ( 1) J (1) 1.33 (29) 298 (65) 22 (5) 7 (1) 456 

*( ) = percent composition of total mosquitoes captured; collection period w~s 20 
minutes per site. 

w 
(X) 
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Table 10. Mosquito genera (adults) collected at the three 
hamster sentinel sites on the Welder Wildlife Refuge (1973)• 

Genera Site #1 Site #2 Site #3 Total 

Mansonia 3 (2)* 0 (0) 0 (0) 3 (1) 

Aedes 2 (1) 1 (1) 2 (2) 5 (1) 

Culex 0 (0) 88 (60) 43 (53) 131 (35) 

Psorophora 131 (92) 56 (39) 36 (43) 223 (60) 

Culiseta 7 (5) 0 (0) 0 (0) 7 (2) 

Anopheles 0 (0) 1 {1) 2 (2) 3 (1) 

·---·"--------

Total 143 146 100 

*( ) = percent composition of total mosquitoes captured; 
mosquitoes collected at each site for a total of 280 minutes. 
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tage of white-tailed deer reactors resulted in some inter­

esting findings. Heavy spring rainfall appeared to be 

roll-owed -by hi~ deer r~te-r rat~ the following year 

(Figure 13) • 

Rainfall data on the Welder Refuge was compiled by W. 

c. Glazener (Table 11). 
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Table 11. Rainfall at the Welder Wildlife Refuge (1962-
1973).* 

Year Winter Spring Summer Fall Total 

1962 1.20 7o07 5·57 4.67 18.,$1 

1963 1.49 2.24 5·17 7-85 16.75 

1964 5·31 7o00 15-73 8.19 36.23 

1965 4.34 8.78 4.05 10.70 27.87 

1966 5-40 13.83 8.32 4.47 . 32.02 

1967 4.49 7·71 25-52 4.96 44.05 

1968 5·96 20.87 10.56 10.87 48.17 

1969 6.86 7·65 7·65 12.50 34.66 

1970 6.38 16.12 13.43 4.50 40.43 

1971 0.51 6. 28 25o08 7·27 39-14 

1972 4.27 17o54 14.39 3·10 39.30 

1973 5·57 15.48 18.87 • • • • • • 

Average 4.25 10.88 12.86 J4.28 

*Rainfall data compiled by w. c. Glazener, Assistant 
Director of the Welder Wildlife Refuge, rainfall recorded 
in inches. 
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DISCUSSION 

The specificity and Hsens-itivi-t-y o£ the MI-1' fur all 

species tested have not been completely evaluated, however, 

where comparative quantitative and qualitative results are 

available, the reliability of the MIT has been good (Cook 

et al. 1965). In addition, experimental studies on sel­

ected animal species such as deer have been done and expec­

ted antibody responses have been varified (Hoff and Trainer, 

1972). WEE was also tested to examine the specificity of 

VEE reactors. Specific reactions occurred in most instances 

but cross reactions may have occurred in cattle, goat, and 

peccary sera. 

A number of different wild and domestic populations 

were screened serologically with the MIT to detect evidence 

of VEE activity at the Welder Wildlife Foundation prior to, 

during, and after, the 1971 epizootic. Based on these sero­

logic results, a number of species had experience with VEE 

prior to 1971 including cattle, gophers, deer, goats, pec­

caries, raccoons, feral hogs, rabbits, and coyotes. These 

findings and the results of Cook et al. (1965) suggest 

that VEE was present and possibly enzootic in Texas prior 

to the 1971 epizootic; a situation which may be similar to 

that reported in Florida (Bigler, 1971). 

Scherer et a1. (1971) stated that in Mexico, sera from 
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cattle and pigs were .frequently positive .for VEE prior to 

the 1970 epizootic of the IB subtype. Cattle and hog sero­

- logic results £rom t-he. We~ Re.fu~ sugges't a si-mila~ sit­

uation, although cross reactions may have occurred in 

cattle sera making these VEE results questionable. 

In the deer population, the VEE reactor rate .fluctuated 

each year and an biennial pattern appeared to occur. This 

biennial rhythm may have been due to an increase in suscep­

tible white-tailed deer numbers every other year and to the 

prevalence o.f mosquitoevectors which .followed a biennial 

pattern and were determined by the amount o.f spring and 

summer rainfall. 

High spring rainfall was recorded every year prior to 

a peak year for deer VEE reactors (Figure 13). Low spring 

rainfall occurred during the peak years. Mosquito data 

collected during this study suggest that when a large 

amount of rain (over 3 inches) occurs, mosquito populations 

increase. The first genus o:f_mosquito to zeact to rain.fall 

is Psorophora. This mosquito was found regularly and in 

great numbers in shallow temporary pools and puddles formed 

from initial heavy rainfall. In 1973, the Psorophora pop­

ulation reached a peak approximately one week after the 

initial rainfall; then declined rapidly even though the 

rains continued; a similar response was recorded in 1972. 

The Culex mosquito population increased gradually after 
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the accumulated rainfall raised the water level of the per­

manent bodies of water. This rise in the water level evi­

eemly afforded ~res-t-e-r protect'ion agatnst predators fur 

mosquito larvae which inhabited these waters and increased 

the area in which they may breed. Since Culex mosquitoes, 

whose larvae inhabit permanent bodies of water, are one of 

the most important vectors of enzootic VEE, a large pop­

ulation of these mosquitoes would theoretically increase 

virus transmission opportunities. A marked seasonal varia­

tion in the amount of rainfall occurs at the Welder Wild­

life Refuge, with most rain occurring during the spring 

and summer. Thus, Culex populations may not develop until 

relatively late in the year because of the lag in popula­

tion growth after a rainfall. The result might be that VEE 

was transmitted late in the year; thus explaining the lag 

in the number of deer reactors to VEE, since most deer were 

collected during the winter and spring months and recorded 

AS collected in that year. 

A high percentage of adult deer, especially females, 

were reactors to VEE. Maternal antibody from these females 

may also delay VEE infections in young fawns. Levels of 

maternal antibody in fawns decrease after several months, 

making them susceptible to VEE infection at approximately 

the same time that the Culex mosquito population reaches 

its peak. 
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Reactor rates increased with age. The number of fawns 

that were reactors to VEE was significantly smaller (99 

-~ercent l_evell _than the __ tlU1!lbar_o£ deer reactors_~ two 

years of age. Older deer may have a greater opportunity 

for VEE exposure; maternal immunity may also play a role 

as discussed earlier. Since deer collections were made 

primarily during winter and spring months, very little 

sera from fawns (1-3 months)·were tested. Most of the 

fawn sera.tested were from fawns 6-12 months of age and 

maternal antibody would not be detectable. 

A high percentage of the feral hogs tested prior to 

1971 and in 1972 and 1973 were VEE reactors. These results, 

along with results of experimental studies in hogs 

(Dickerman et al. 1972) suggest that feral hogs may serve 

as an indicator host and a possible reservoir of VEE. 

The lowland habitat of the feral hog would be conducive 

to a hog-mosquito-hog VEE cycle. 

It has b(!el1 rep_ol:'tec.t that rodents act as silent hosts 

of enzootic strains of VEE in Central and South America 

(Grayson and Galindo, 1968; Jonkers et al. 1968; Shope 

and Woodall, 1973). Results of this study do not incrimi­

nate rodents as significant species in the long-term main­

tenance of VEE in South Texas since none of the more than 

250 rodents tested in 1972 and 1973 were reactors. 

Other studies have suggested that the opossum (Didelphis 
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marsupialis}(USDA, 1973}, rabbit (Hess, 1972), coyote 

(Lundgren and Smart, 1969), and vulture (Grayson and Galindo, 

-196.8) may have been involved i-n ~ecent epizooties &"£ the IB 

subtype of VEE. The opossum and the raccoon were also incri­

minated as possible disseminating hosts of VEE virus in 

Florida (Bigler, ·1971; Lord et al. 1973). Results of this 

serologic study would not incriminate these species in the 

epizootiology of VEE in South Texas. 

Hess (1972} reported a high VEE reactor rate in rabbits 

from Texas and Mackenzie (1972} suggested that VEE epizootics 

may cause high mortality in rabbits. Serologic results of 

this study suggest that the rabbit may be important in the 

epizootiology of VEE. In 1972, rabbit populations on the 

Welder Refuge were extremely low and may have been a result 

of mortality during the 1971 epizootic. 

Recognizing the limitations of this vector study, such 

as the use of a human as an attractant for mosquitoes and 

_ "th~ ~~-~~~ptibility of lllOSqui toes to aspiration, the preva­

lence of mosquitoes on the Welder Refuge was not totally 

evaluated. The most numerous species of mosquito on the 

Refuge belonged to the genera Psorophora and Culex. A 

very small percentage of total mosquitoes collected belonged 

to other genera. 

The need for additional research to clarify the status 

of VEE in wildlife is obvious. Appropriate laboratory 
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testing is needed to confirm the specificity of VEE reactors 

in the MIT and to identify the strain of VEE involved. 

ISoTatiOn or VEE-Vir\Hf ffoiii wil.d populations is essential 

to confirm VEE activity in this region. The yearly col­

lection of deer on the Welder Refuge may serve as a good 

opportunity to monitor VEE activity in South Texas. Sev­

eral other animal populations such as the rabbit and pec­

cary populations are "suspicious" and should be studied 

in greater detail. 
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