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ABSTRACT 

The objectives of this research were to: (1) develop bovine IgG and IgE and 

ovine IgG enzyme-linked immunosorbent assays (ELISA) specific to red imported fire 

ant venom (RIFAV), (2) estimate passive immunity to RIFAV in cattle and sheep, and (3) 

evaluate cattle breed differences for immune response to the red imported fire ant 

(RIFA). Once developed, the bovine IgG ELISA was capable of differentiating cattle (n 

= 23) which had been in contact with red imported fire ant (RIFA) from cattle (n = 5) that 

had no previous history of RIFA exposure. The optical density (OD) readings of the 

cows (.599 to .935 OD range) from the RIFA-endemic area as opposed to those cows 

(.252 to .305 OD range) with no previous exposure to RIFA and the negative control 

(.090) result in a P:N ratio of 10.39. The ovine IgG ELISA was also capable of 

distinguishing sheep (n = 9) from a RIFA endemic area from sheep (n = 10) with no 

history of RIFA exposure. Sheep OD means ranged from .780 (positive control) to . 113 

(negative control), which results in a P:N ratio of 6.90. These results indicate that the 

IgG ELISA protocols can be utilized to measure IgG levels of beef cattle and sheep. 

However, the IgE ELISA protocol proved to be too inconsistent to use at this time. 

In order to estimate passive immunity to RIFAV, 26 beef cows and 15 ewes in 

late gestation were subjected to a RIFAV challenge in order to initiate the produaion of 

antibodies against RIFAV. The ELISA methods developed in Chapter III were employed 

to monitor REFAV specific IgG titers in the dams and their offspring over a period of 

several weeks. Passive immunity from pregnant cows and ewes was verified in newborn 

calves and lambs. There was a date effect observed for the negative control based IgG 
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measure (IGGNC) of the Angus calves (P < .001) and (ICJGP) of the Beefmaster cows (P 

< .05). Among Angus cows and heifers, individual cow least squares means for ICJGP 

ranged from .210 to .477, while ICJGN LS-means ranged from . 102 to .232. Among the 

Angus cattle, individual cow and calf effects were significant sources of variation for cow 

IGGP (P < .0001) and IGGN (P < .0001), and calf IGGPC (P < .0001) and IGGNC (P < 

.02). However, within the Beefmaster cattle, individual cow effects significantly affected 

cow IGGP (P < .0001) and IGGN (P < .0001), but did not significantly affect calf IgG 

measures. IGGP LS-means ranged from .269 to .583 and IGGN LS-means ranged from 

. 112 to .233 for the Beefmaster dams. Across the sheep, breed of dam was found to be 

very important for both IGGP (P < .0001) and IGKjN (P < .0001). Sampling date was 

significant for ewe IGGP (P < .0006) and IGGN (P < .0001). The IGGP mean for the 

Rambouillet ewes was .237 and .186 for the Romanov x Rambouillet ewes, while and 

IGGN means were .082 and .047 respeaively. However, IGGP means were . 149 for the 

Rambouillet lambs and .177 for crossbred lambs, while IGGN means were .038 and .052. 

These results demonstrate that passive immunity of IgG specific to RIFAV is transferred 

from dam to offspring in beef cattle and sheep. 

To determine if genetic differences exist for immune response to the RIFA, the 

ELISA methods developed in Chapter HI were employed to measure IgG titers of cows 

and calves, representing nine different breed-types, three different sire-types, 11 different 

Brahman sires, and two types of Simmental-influenced cattle at their respective locations. 

Significant breed and family differences were observed for immune response to RIFA 

among the cattle. Across the nine breed-types of beef cows, breed-type was significant 

for the positive control based IgG measure (IGGP) of the cows (P < .05), the negative 
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control based IgG measure (ICJGN) of the cows (P < .0005), and the negative control 

based IgG measure (ICJGNC) of the calves (P < .0002) Across the nine dam breed-types, 

cow IGGP least squares means ranged from .509 to .575and ICJGN LS-means ranged 

from .256 to .382, calf IGGPC LS-means ranged from .375 to .456 and IGGNC LS-

means ranged from .194 to .341. Across nine dam breed-types, the correlation between 

ICJGP and IGGN was .79 (P < .0001), the simple correlation between IGGPC and 

ICKJNC across all calves was .52 (P < .0001). No significant differences were observed 

for calves of three sire-types and Angus dams. Significant differences were observed for 

calf IGGPC (P < .0005) across the 11 Brahman sires evaluated. Individual ICJGPC LS-

means of Brahman calves ranged from .342 to .748 and IGGNC LS-means ranged from 

.315 to .460. Among the Simmental-influenced cattle, dam breed significantly affected 

cow IGGN (P < .05). These results show that significant breed and family differences 

exist among beef cattle for immune response to the RIFA. 
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CHAPTER I 

INTRODUCTION 

The Red Imported Fire Ant iSolenopsis invicta Buren; Hymenoptera: 

Fomiicidae) has established a permanent residence in the Gulf Coast region of the United 

States (Vinson, 1997). Red imported fire ants (RIFA) pose a definite economic threat to 

livestock producers in many ways. The Texas beef cattle industry reportedly suffers an 

annual loss of $67 million due to the various effects of RIFA infestations (TAMU, 1997). 

These costs include insecticides, equipment damage, veterinary costs, reductions in 

livestock performance, and even livestock fatalities. The actual severity of the adverse 

effects of RIFA infestation on livestock is not well documented. However, it is widely 

accepted that stress caused by RIFA stings could impede normal feeding activities of 

livestock, thereby possibly reducing weight gain, milk production, and other production 

factors (Canerday, 1997). Texas leads the nation in number of beef cows and number of 

sheep (USDA, 1999a; 1999b) and large areas where these livestock are produced are now 

infested with RIFA. 

Although RIFA are relatively new to the United States (65 years or less), some 

breeds of cattle have coexisted with RIFA for centuries on their native pastures of South 

America (Drees and Vinson, 1993). It stands to reason, that some natural resistance or 

immunity to RIFAV (RIFAV) could have developed in these breeds through natural 

selection over time. It has been proven that some of the tropically adapted breeds such as 

Brahman and Nellore exhibit high levels of disease, insect, and parasite resistance, which 

have been shown to be at least moderately heritable. 



Allergic reactions induced by RIFA stings pose a significant medical problem in 

infested areas (Reedy and Miller, 1989). The severity of these reactions ranges from 

small pustules to systemic anaphylaxis. Therefore, the objectives of this research were 

to: (1) develop bovine IgG and IgE and ovine IgG enzyme-linked immunosorbent assays 

(ELISA) specific to RIFAV, (2) estimate passive immunity to RIFAV in cattle and sheep, 

and (3) evaluate cattle breed differences for immune response to the RIFA. 



CHAPTER n 

LITERATURE REVIEW 

The Red Imported Fire Ant 

In the Cjulf Coast region of the United States, the entire livestock industry has 

been economically impacted by the presence of the red imported fire ant (Vinson, 1997). 

The red imported fire ant (RIFA), Solenopsis invicta, was accidentally introduced into the 

United States through the Port of Mobile, Alabama in the 1930's. A native of South 

America, RIFA are extremely aggressive invaders and currently infest over 114 million 

hectares spanning eleven states including Alabama, Arkansas, Florida, Georgia, 

Louisiana, Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, and Texas 

(Flanders et al., 1997). The distribution of RIFA is extremely difficult to control due to 

the many different means by which RIFA relocate or spread. 

Major causes of new RIFA infestations are introductions of RIFA through 

infested soil, sod, timber, hay, and nursery stock. The RIFA also escape floods by 

grouping together and forming large mats of RIFA, which allows them to float 

downstream or to higher ground, thereby relocating large numbers of RIFA to new areas 

(Klein and Thompson, 1997). The reproductive RIFA, which are winged, become 

involved in large mating flights during the warm months. At this time the queens are 

mated and fly back to the ground to begin laying eggs and forming new colonies. Newly 

mated queens may fly up to 19 kilometers from their original colony during mating 

flights (Canerday, 1997). At the end of mating flights, the mated queens tend to land on 

shiny objects, including farm machinery, truck-beds, semi-trailers, and trains, where they 



may travel hundreds of kilometers before actually landing on the ground to start a new 

colony (Canerday, 1997). The spread of the REFA is thought to be limited by the RIFA 

inability to survive in areas where average minimum temperatures reach 10°F or in areas 

that receive less than 10 inches of rainfall annually (Klein and Thompson, 1997). 

RIFA primarily feed on other insects and on spiders. RIFA are very aggressive 

and will out-compete native ant species (Drees and Barr, 1997). In some cases, RIFA 

may actually be considered beneficial because they consume ticks, boll weevils, 

caterpillars, and aphids to the point of non-existence (TAMU, 1997). RIFA also consume 

grass seeds or seedlings, causing large crop and pasture losses (Drees and Barr, 1997). 

RIFA related losses of mast-producing and fruit-bearing trees, such as pecan and peach 

trees, have been recorded in the southeastern United States (Huriash, 1997). RIFA have a 

unique affinity for electricity, which leads to equipment failures and power outages 

(Drees and Barr, 1997). RIFA are attracted to moist surfaces such as mucosal 

membranes, placental membranes, and the eyes of mammals, reptiles, and birds (TAMU, 

1997). 

The RIFA is widely recognized for the vicious and massive attacks exhibited 

when the ants are disturbed or threatened. Due to the aggressive nature of the RIFA, and 

its capability of multiple stings, an individual attack usually results in several stings 

(Canerday, 1997). The RIFA actually bites the victim's skin with its mandibles and then 

rotates its body around its head, stinging in a circular pattern (Joyce, 1983). Once 

aggravated, many RIFA will converge on the perpetrator at the same time without 

stinging until an attack pheromone is released, which signals all ants to attack at the same 



time (Huriash, 1997). This type of attack can lead to serious allergic reactions, 

anaphylaxis, and even death (TAMU, 1997). 

Animals that cannot move to get away from the RIFA are most susceptible to 

attacks. Old, weak, crippled, and very young animals fit this description, and are the 

most common victims of RIFA attacks (Huriash, 1997). Deer fawns, which by instinct 

remain still when alarmed, are commonly blinded or killed by RIFA Young calves that 

are bom near ant mounds may also suffer the same fate (Drees and Barr, 1997). RIFA 

stings around the nostrils cause swelling, making breathing difficult; this results in the 

animal breathing through its mouth and inhaling more ants which continue to sting, 

leading to suffocation (Huriash, 1997). Due to the RIFA attraction to moist tissue, the 

eyes are another common tissue for attack by RIFA (TAMU, 1997). Reports of deer 

fawns, lambs, and calves being blinded by RIFA stings are quite common in the 

southeastern U.S. 

Venom of the Red Imported Fire Ant 

Rhoades et al. (1989) estimated that in areas of high infestation, more than 9.3 

million people are stung by RIFA yearly. As of 1989, at least 83 deaths had been 

reported as being RIFA initiated, most of which were the result of less than five stings 

(Rhoades et al., 1989). A RIFA sting usually results in localized acute pain and gives rise 

to a wheal-and-flare lesion that usually subsides within 45 minutes. The sting site then 

develops into a pustule that persists from 3 to 8 days (Ebeling, 1978). At this stage, the 

lesion may become infected if neglected (Canerday, 1997). In more severe cases. 



edematous, erythematous, and pruritic lesions form. Hypersensitive individuals may 

suffer mononeuritis, seizures, and even anaphylaxis (Merck, 1992). 

Typically, venom of other ants and stinging insects is primarily of proteinaceous 

origin; however, RIFAV is comprised of approximately 4-5% protein and 95% alkaloid 

(Ebeling, 1978; Merck, 1992). The alkaloid portion exhibits some hemolytic, cytolytic, 

antimicrobial, and insecticidal functions (Ebeling, 1978). The small, aqueous, protein 

fraction is most likely responsible for the allergic response, because venom alkaloids are 

not known to induce allergic reactions (Merck, 1992). The venom of the RIFA serves its 

function as both a defense mechanism and as a means of killing prey very effectively. 

This venom is an extremely potent insecticide, bactericide, and fungicide (TAES, 1992). 

^ ^ , Immune Response to Venom of the Red Imported Fire Ant 

Allergic response to RIFAV and other associated effects of RIFA stings have not 

been well documented in livestock species at this time. However, RIFA-related allergic 

reactions have been a major concern in the medical field for over 50 years (Rhoades et 

al., 1989). 

In a study by Rhoades (1977), 2,485 physicians were surveyed in three states with 

heavy RIFA infestations, over a three-year period. This survey received 1,325 responses, 

which included 154 instances of anaphylactic shock and a death total of 17; however, 

whether or not these deaths were due to anaphylaxis or due to secondary infections was 

inconclusive (Rhoades, 1977). 

Rhoades et al. (1989) conducted a survey by mailing questionnaires to 29,300 

physicians, which included emergency room physicians, family practitioners, internists. 



pediatticians, and allergists. The questionnaires pertained to any RIFA-related fatalities 

of which the physicians were aware. Of the 29,300 questionnaires sent out, 2,506 

responses were received, which included reports of 83 fatalities and two near-fatal 

reactions to RIFA stings (Rhoades et al, 1989). 

Of the 2,506 responses, approximately 11% were from physicians who treated the 

victims, 8% from colleagues of the physicians who treated the victims, and 5% from 

medical reports. The remaining 76% of the reports were from physicians who obtained 

their information from other sources including news media reports. From these reports, it 

was possible to document four fatalities in Alabama, ten in Florida, two in Cjeorgia, two 

in Louisiana, and 14 in Texas. The victims were primarily males ranging from infants to 

65 years of age. In most cases, anaphylactic death resulted from less than five stings. An 

approximately equal number of deaths were reported from urban settings as from 

agricultural settings (Rhoades et al., 1989). The anaphylactic fatalities documented by 

Rhoades et al. (1989) were typically induced by very few stings, which could possibly be 

from a single ant, and death occurred within a relatively short time thereafter. 

Reed and Butcher (1990) reported that 58% of the population in RIFA-infested 

areas are stung yearly. Of those persons stung, as many as 16% experience some type of 

hypersensitive reaction with approximately 1% receiving medical attention. Reactions 

range in intensity from large pustules to severe anaphylaxis, accompanied by hives, 

edema, labored breathing, fainting, and even death (Reed and Butcher, 1990). 



Properties of Immunoglobulin G 

Immunoglobulin G (IgG) is made and secreted by plasma cells in bone marrow, 

lymph nodes, and the spleen (Tizard, 1996). IgG is the immunoglobulin (Ig) which 

constitutes the greatest concentration of blood, and therefore, functions as the primary 

antibody-mediated defense mechanism. Animals with higher levels of IgG against a 

specific antigen tend to have a greater tolerance to that particular substance. IgG has a 

fairly long half-life of approximately 20 days. IgG is the smallest Ig, which enables it to 

readily escape from blood vessels. This is extremely important in dealing with 

inflammation, allowing IgG to permeate tissues in order to defend body fluids and 

/ 

surfaces. IgG readily binds to foreign antigens and will clump on the surface of an 

antigen and initiate opsonization (Tizard, 1996). 

IgG is divided into two subclasses in cattle: IgGl and IgG2. IgGl comprises 

approximately 50% of serum IgG and is the major immunoglobulin component found in 

cow's milk. However, IgG2 levels are highly heritable, and concentrations vary greatly 

between different lines of cattle (Tizard, 1996). Sheep have very similar immunoglobulin 

subclasses to cattle, but sheep also possess an IgG3 (Tizard, 1996). 

Properties of Immunoglobulin E 

Immunoglobulin E (IgE) is primarily made by plasma cells located beneath body 

surfaces (Tizard, 1996). Ehie to its extremely low serum concentrations, IgE cells are 

usually found bound to receptors on mast cells and basophils, where they can be rapidly 

released in the event of an antigen being introduced into the body. Inflammation results 

from the release of IgE, which enhances other local defense mechanisms to help expel the 
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antigen. This type of IgE-mediated reaction is called a type I hypersensitive reaction. 

IgE is also largely involved in parasite resistance. IgE is fairiy unstable with a half-life of 

only 2-3 days, and it is extremely susceptible to heat damage (Tizard, 1996). 

Diagnostic Studies 

James et al. (1976) evaluated skin-testing for RIFAV allergy with red imported 

fire ant whole body extract (RIFA-WBE) and RIFAV (RIFAV). Of the 36 allergic 

patients sUidied, 14 of 18 (78%) tested positive to RIFA-WBE, and 17 of 18 (94%) were 

reactive using RIFAV. This study revealed RIFAV to be an efficient skin-testing agent 

when compared to whole body extract (James et al, 1976). 

Rhoades et al. (1977) reported skin-test reactions in 85 of 86 patients with 

previous history of systemic allergic reactions to RIFA stings to IFA-WBE at a 

concentration 1:1000 w/v of less. Strom et al. (1983) recorded skin-test reactivity in 82% 

of patients tested with RIFA-WBE compared to 91% of patients who reacted to venom. 

These data compared favorably with 96% reactivity to RIFAV radio allero-sorbent test 

(RAST). Strom et al. (1983) noted a significant variation between RIFA-WBE extracts, 

resuhing in decreased detection of RIFA allergy. 

Research by Paul et al (1983) utilizing skin-testing and RAST showed a high 

correlation between RIFA-WBE and venom IgE antibody levels in 60 patients with 

histories of hypersensitivity to RIFA stings and in 11 patients who were frequently stung 

with no significant clinical reactions. These findings inferred that both RIFA-WBE and 

RIFAV contained sufficient allergens and that skin-tests and RAST are both appropriate 
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resulting in decreased detection of RIFA allergy. 

Research by Paul et al. (1983) utilizing skin-testing and RAST showed a high 

correlation between RIFA-WBE and venom IgE antibody levels in 60 patients with 

histories of hypersensitivity to RIFA stings and in 11 patients who were frequently stung 

with no significant clinical reactions. These findings inferred that both RIFA-WBE and 

RIFAV contained sufficient allergens and that skin-tests and RAST are both appropriate 



methods for determining the presence of RIFA allergy. However, RIFAV appeared be 

approximately ten times more potent than RIFA-WBE (Paul et al., 1983). 

Butcher et al. (1988) compared RIFA-WBE and RIFAV on 29 allergic patients by 

RAST determination. Fourteen of 29 (48%) of the samples tested positive to RIFA-

WBE, while 23 of the 29 (79%) of the subjects tested positive to RIFAV. These 

investigators concluded that RIFAV was a more valid allergen than RIFA-WBE for in 

vitro testing to determine allergic response to RIFA allergens (Butcher et al., 1988). 

Bahna et al. (1988) compared skin-testing and RAST with RIFA-WBE to RIFAV 

in 19 children (15 to 39 months of age) who had previously suffered systemic reactions to 

RIFA stings, and 19 children of similar age with no history of RIFA stings. Of the 

allergic patients, 94% tested positive to the skin-tests of both allergens. The effectiveness 

of RIFA-WBE RAST showed to be half that of the RIFAV RAST in allergic patients. 

Sera from control patients showed low levels of activity to both RAST. Due to the vast 

differences in venom RAST activity levels observed between the allergic patients and the 

controls, the venom RAST was the superior test for diagnosis of RIFA allergy (Bahna et 

al, 1988). 

A study by Hoffman et al (1988) reported positive RIFAV RAST activity in 37 

of 37 (100%) of patients who had recently suffered systemic reactions to RIFA stings. 

Sera from 5 of 21 (24%) individuals who lived in RIFA-infested areas tested positive, 

and none of 100 control subjects who had no previous exposure to RIFA reacted to 

RIFAV RAST (Hoffman et al., 1988). This study also evaluated the cross-reactivity of 

IgE antibodies for RIFAV, bee venom, and wasp venom. The authors found that 51% of 

patients who had not been exposed to RIFA, but were allergic to bee and/or wasp venom, 
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tested positive for IgE antibodies against RIFAV. Of the patients who lived in RIFA-

infested areas and were allergic to bee and/or wasp venom, 87% tested positive for IgE 

antibodies against RIFAV. These results indicate that most of the people living in areas 

of high RIFA concentrations have been stung, and that RIFAV is an extremely strong 

antigen (Hoffman et al., 1988). 

Reed and Butcher (1990) utilized a RIFA-specifie IgG and IgG4 enzyme-linked 

immunosorbent assay (ELISA) and a RIFA-specifie IgE radio allergo-sorbent test 

(RAST) to sttidy the sensitivity of 56 individuals to RIFA. Sensitivity to RIFA-WBE and 

to purified RIFAV was measured. Of these, 38 were patients who had previously 

experienced reactions to RIFA stings, but did not undergo any form of immunotherapy. 

The other 18 subjects had all experienced at least one allergic reaction to a RIFA sting, 

and each received immunotherapy for different lengths of time, ranging from six months 

to 14 years. Six individuals who had been stung by RIFA with no reaction, along with 38 

people who were from a non-infested area and had never been exposed to RIFA were 

used as the controls for this experiment (Reed and Butcher, 1990). 

Reed and Butcher (1990) found no significant difference between control subjects 

that had been exposed to RIFA and those that had not. Within the test population, IgG 

levels to RIFA-WBE and RIFAV did not differ between immunotherapy- treated and 

untreated individuals, but both groups had higher IgG levels to both RIFA products 

compared to the controls. Patients who had undergone immunotherapy tended to have 

higher levels of IgG4 to WBE than did untreated patients, and both had significantly 

higher levels than the control subjects. Levels of IgG4 to RIFA were not significantly 

different for the test populations but were higher in untreated patients than in the control 

II 



group. No statistical difference was found between the test populations for IgE to either 

RIFA-WBE or RIFAV, but both test populations had higher IgE levels than the control 

group for both. Levels of IgE to RIFAV were higher than IgE to RIFA-WBE for both 

test populations, but IgE to RIFA-WBE was higher than IgE to RIFAV in the control 

group. The inaccuracies of these findings are thought to be due in part to the varying 

concentrations of venom within RIFA-WBE (Reed and Butcher, 1990) 

Stafford et al. (1990) compared sensitivities of RIFA-WBE skin-testing, RIFA-

WBE RAST, RIFAV skin-testing, and RIFAV RAST as RIFA allergy diagnostic 

methods. The study group included 18 RIFA-allergie patients and 21 individuals with no 

history of allergy to RIFA stings. Skin-tests to both RIFA-WBE and RIFAV were 

positive for all RIFA-allergie patients and for six (29%) individuals from the control 

group. Ten of 18 (56%) RIFA-allergie and two of the 21 (10%) control subjects tested 

positive to a RIFA-WBE RAST. Sixteen of 18 (89%) of RIFA-allergie patients and five 

of 21 (24%) control subjects were positive for RIFAV RAST. In conclusion, RIFA-WBE 

skin-testing, RIFAV skin-testing, and RIFAV RAST did not differ significantly in 

sensitivity for allergy determination. However, RIFA-WBE RAST was significantly less 

sensitive than the other methods tested (Stafford et al., 1990). 

Feger et al (1995) applied RIFAV skin-testing, RAST, and ELISA compared to 

RIFA-WBE of Pharmacia CAP System (PCS) to evaluate RIFA allergen-specific IgE 

antibodies. The study involved 46 persons, of which 32 individuals were reactive to a 

RIFAV skin-test and 14 were non-reactive. Of the 32 reactive subjects, 25 had 

previously suffered a systemic reaction, six had only sustained localized reactions, and 

one had not been stung by RIFA. Of the 14 persons non-reactive to the RIFAV skin-test, 

12 



seven had previously been stung but only had a mild reaction, and seven had no 

recollection of a RIFA sting. Sera were obtained at the time of the RIFAV skin-test to be 

evaluated for RIFAV-speeific IgE by RAST and ELISA methods Resuhs of this study 

demonstrated high correlations of RIFA-WBE PCS data with RIFAV RAST (0.94), 

RIFAV ELISA (0.93), and RIFAV skin-tests (-0.79) procedures. Statistical analysis 

showed no differences in performance of RIFAV RAST, RIFAV ELISA, and RIFA-

WBE PCS. The conclusion that the PCS utilizing a RIFA-WBE yielded results which 

were similar to RIFAV ELISA and RIFAV RAST is contrary to earlier studies which 

reported RIFA-WBE to be inconsistent and less efficient than purified venom for allergen 

testing. However, a PCS using RIFAV may improve performance further due to the 

impurities of RIFAV-WBE (Feger et al., 1995). 

Stafford (1996) assessed the sensitivity and specificity of RIFAV compared to 

that of RIFA-WBE. Results from this study indicated RIFAV was a more sensitive skin-

test reagent (97%) than RIFA whole body extract (76%) primarily due to protein 

concentration. RIFAV was also a more sensitive RAST antigen than was RIFA-WBE. 

These results indicate RIFAV was superior to RIFA-WBE for diagnostic purposes. 

Additional assays involving a RIFAV-speeific IgE ELISA and a RIFA-WBE specific IgE 

PCS showed comparable results to RIFAV RAST. Results revealed that these methods 

of allergy testing were acceptable alternatives in situations where skin-testing was not 

practical (Stafford, 1996). 
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to IBRV vaccination, and 60 days post-vaccination to be examined for IBRV antibody 

titers. Within the Hereford herd consisting of four separate genetic lines, no significant 

differences in immune function were evident. However, within the commingled herd, 

Angus calves recorded higher IgGl means than did Hereford or Red Poll calves It ^^Q 

should also be noted that calves from older dams (> 3 years of age) had higher IgGl 4> }r^' 

means and IBRV antibody titers than calves from younger dams (Muggli et al, 1987) 

Muggli-Cockett et al (1992) examined the occurrence of bovine respiratory 1/ 

disease (BRD) during the first year of life within a population of 10,142 calves consisting 

of nine breeds and three composite lines over six years (1983-1988). All calves were 

subjected to the same vaccination and weaning schedules, and were observed daily for 

signs of BRD. Comparisons of BRD frequency during the preweaning stage could not be 

made between all breeds because calves were maintained at three different locations. 

However, all calves were kept in the same feedlot location, and therefore, comparisons 

can be made across all breeds for the feedlot period (Muggli-Cockett et al, 1992). 

During the preweaning period, Braunvieh, Charolais, Limousin, and MARC I (.25 

Brahman, .25 Charolais, .25 Limousin, .125 Hereford, and .125 Angus) calves and their 

dams were maintained at location one. Braunvieh calves exhibited the highest 

occurrence of BRD, Limousin calves had the lowest frequency of BRD symptoms, while 

Charolais and MARC I were intermediate between the two. Gelbvieh, Pinzgauer (1986-

88), Simmental, and MARC II (.25 Gelbvieh, .25 Simmental, .25 Hereford, and 25 

Angus) cattle were housed at location two, where Pinzgauer calves had an increased 

incidence of BRD over the other breeds, which were all similar to each other. Angus, 

Hereford, Pinzgauer (1983-85), Red Poll, and MARC III (.25 Pinzgauer, .25 Red Poll, 
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.25 Hereford, and .25 Angus) cattle were kept at location three. There, Angus calves 

recorded the highest incidence of BRD symptoms, Hereford calves had the lowest 

occurrence. Pinzgauer calves ranked between Angus and MARC III, and Red Poll fell 

between MARC III and Hereford (Muggli-Cockett et al, 1992). 

After weaning all of the calves were shipped to the same feedyard so that 

unbiased breed comparisons could be made. During this phase of the study, Pinzgauer 

calves had the highest incidence of BRD symptoms. Angus, Charolais, Gelbvieh, 

Limousin, Red Poll, MARC I, and MARC III calves recorded the lowest incidence of 

BRD symptoms of all the breeds present. Simmental and MARC II calves' frequencies 

of BRD were slightly higher than were Angus, Charolais, Gelbvieh, Limousin, Red Poll, 

MARC I, and MARC III calves. Braunvieh and Hereford calves ranked between 

Simmental and MARC II, and Pinzgauer. Heritabilities for BRD occurrence were low 

and insignificant, indicating that selection response for resistance to BRD would be slow. 

However, the authors suggested that selection for resistance to specific disease-causing 

agents could be more feasible (Muggli-Cockett et al., 1992). 

Brovm et al. (1992) estimated the heritability of horn fly {Haematobia irritans; 

Diptera: Muscidae) resistance for seven different breed types of beef cattle. Cows (n = 

215) were managed in separate breeding pastures at the same research station over a 

period of four years. During the horn fly season (May through November), cows were 

individually observed weekly, and horn fly densities were recorded on a per cow basis. 

Those individuals with a consistently low average number of horn flies were considered 

to have some level of resistance, which was assumed to be a normally distributed, 

quantitatively inherited trait. Results from this study showed that differences between 
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breeds for horn fly density existed. The authors estimated repeatability to be .47 ± 05, 

and heritability to be .78 ± . 16 for paternal half-sibs and .59 ± . 10 using twice the 

intrasire regression of daughter on dam. Therefore, if a producer was to incorporate horn 

fly resistance into the normal selection criterion, economic benefits could be realized 

(Brown etal., 1992). 

Hammond et al. (1997) sttidied the effects of using EPD's for nematode egg 

shedding rate (EPG) as a selection tool to increase resistance of beef cattle to five genera 

of gastrointestinal nematodes (Ostertagia spp., Haemonchus spp., Trichostrongylus spp., 

Cooperia spp., and Oesophagostomum radiatum). The study compared cattle from two 

sire groups: low EPG versus high EPG, over a period of two complete calf cycles. The 

overall effect of sire type was insignificant; however, sire type did affect mean EPG in a 

group of calves retained in a feedlot environment after weaning. Blood samples were 

obtained and analyzed for serum 2ini\-0stertagia IgA, IgGl, IgG2, and IgM titers by 

ELISA. Results showed that as cattle continued to graze the same pasture, over time the 

parasite load of the cattle increased due to egg shedding and reinfection, and therefore, 

antiparasite IgGl, IgG2, and IgA antibody titers increased proportionally. Sire type did 

have an effect on IgGl titer to H. placei and IgA titer against O. radiatum. These resuhs 

suggested that serum antibody level against gastrointestinal nematodes could be used as a 

tool indicative of parasite exposure, if used as a group measure The authors concluded 

that due to the increased antiparasite antibody levels resulting from selection for low 

nematode egg shedding rate EPD's, host animals may have increased resistance to 

intestinal parasites (Hammond et al., 1997). 
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Engle et al (1999) conducted two experiments to examine the effects of breed 

type on immune response in preweaned calves and weanling steers. Experiment one 

involved weaned Angus (n = 24) and Simmental (n = 24) steer calves maintained in a 

feedlot setting which were subjected to a disease challenge consisting of an intranasal 

inoculation of infectious bovine rhinotracheitis virus (IBRV). After nine days had 

elapsed, calves were given an intramuscular injection of a 25% pig red blood cell (PRBC) 

suspension. The Angus steers had higher rectal temperatures in response to the IBRV, 

and higher total immunoglobulin (Ig) and IgM titers against the PRBC than did the 

Simmental steers. However, Simmental steers experienced a slightly higher cell-

mediated immune response to phytohemagglutinin (PHA) at eight hours post-injection 

(Engle et al, 1999). 

In experiment two, nursing Angus (n = 16) and Simmental (n = 16) calves were 

subjected to an initial injection of 25% PRBC suspension on day 0, and again the Angus 

calves exhibited higher total Ig and IgM titers against PRBC. On day 28, peripheral 

blood samples were obtained so that lymphocytes could be isolated for measurement of 

blastogenie response to PHA. Lymphocytes from Angus calves showed a greater 

blastogenie response than did those obtained from Simmental calves. The resuhs of this 

experiment indicated that the immune response of Angus and Simmental calves may vary 

(Engle etal., 1999). 

Summarv 

The presence of the RIFA to the environment of the Gulf Coast region of the 

United States is a reality that livestock producers must accept and be prepared to tackle. 
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Due the RIFA ability to reproduce and survive, they are a nuisance which producers must 

themselves adapt to. RIFA are a production challenge, which must be tolerated by the 

producers in the infested areas. Therefore, further understanding of how the livestock in 

these areas respond to the RLFA is needed in order to, better adapt production systems to 

these aggressive invaders. Possible genetic differences for immune response to RIFA 

need to be identified and exploited in livestock species. Thereby enabling livestock 

producers to make educated selection and management decisions dealing with the 

problems associated with RIFA infestations. 
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CHAPTER m 

DEVELOPMENT OF AN ELISA FOR BOVINE IgG AND IgE 

AND OVINE IgG SPECIFIC TO VENOM OF 

THE RED IMPORTED FIRE ANT 

Abstract 

The objectives of this section were to: (1) develop a bovine IgG enzyme-linked 

immunosorbent assay (ELISA) specific to red imported fire ant venom (RIFAV), (2) 

develop a bovine IgE ELISA specific to RIFAV, and (3) develop an ovine IgG ELISA 

specific to RIFAV. These assays were developed by modifying an existing assay with 

the necessary components and adjusting the concentrations of substances as needed. 

Once developed, the bovine IgG ELISA was capable of differentiating cattle (n = 23) 

which had been in contact with red imported fire ant (RIFA) from cattle (n = 5) that had 

no previous history of RIFA exposure. The optical density (OD) readings of the cows 

(.599 to .935 OD range) from the RIFA-endemic area as opposed to those cows (.252 to 

.305 OD range) with no previous exposure to RIFA and the negative control (.090) resuh 

in a P:N ratio of 10.39. The ovine IgG ELISA was also capable of distinguishing sheep 

(n = 9) from a RIFA endemic area from sheep (n = 10) with no history of RIFA exposure. 

Sheep OD means ranged from .780 (positive control) to . 113 (negative control), which 

resuhs in a P:N ratio of 6.90. These resuhs indicate that the IgG ELISA protocols can be 

utilized to measure IgG levels of beef cattle and sheep. However, the IgE ELISA protocol 

proved to be too inconsistent to use at this time. 
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Introduction 

The acttial severity of the adverse effects of RIFA infestation on livestock remains 

uncertain. Nevertheless, it is widely accepted that stress caused by RIFA stings could 

impede the normal feeding activity of livestock, thereby possibly reducing weight gain, 

milk produaion, and other production factors (Canerday, 1998). The Texas beef cattle 

industry reported an estimated $67 million dollars are lost annually due to the effects of 

RIFA infestations (TAMU, 1997). These costs include equipment damages, insecticide 

costs, veterinary costs, reductions in livestock performance, and even death. Animals 

that cannot move freely to evade RIFA are the most susceptible to attacks. Therefore, the 

most common victims of RIFA attacks are old, weak, crippled or very young animals 

(Huriash, 1997). Newborn calves and lambs, which are bom near ant mounds, are 

commonly blinded or killed by RIFA (Drees and Barr, 1997). 

Determining the adverse effects of RIFA infestation on animal performance poses 

a unique problem in that the ants are simply to small too be observed attacking livestock 

for documentary purposes. Also, due to the nature of recmitment of RIFA to a carcass 

quickly after death, it is often diffieuh to determine whether the ants actually caused the 

death of the animal, or simply converged on the carcass after death. Therefore, it was 

deemed necessary to investigate the immune response of cattle and sheep to the RIFA. 

For this assessment, an enzyme-linked immunosorbent assay (ELISA) was developed to 

measure bovine and ovine immunoglobulin G (IgG) levels and bovine immunoglobulin E 

(IgE) levels specific to RIFAV. 
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Materials and Methods 

For the initial development of the bovine IgG and IgE enzyme-linked 

immunosorbent assay (ELISA), blood samples were obtained from 23 mature cows of 

various breed types from a RIFA-endemic area, and from 5 purebred Angus cows which 

had never been exposed to RIFA. Blood samples were collected via coccygeal 

veinipuncture using 10 mL syringes and placed on ice. Blood samples were allowed to 

clot and were centrifuged at 4,500 rpm for 45 minutes so that the serum fraction could be 

extracted. Semm samples were then divided into 1.0 mL aliquots and frozen for storage. 

Experiment I 

The ELISA procedure was based on a BRSV-IgG specific ELISA procedure by 

Stewart et al. (1989). For the first test, semm samples from two cows from the RIFA-

endemic area were compared to fetal bovine semm (FBS) and phosphate buffered saline 

(PBS). The assay was performed using Falcon 96 well-assay plates (Fischer Scientific, 

Pittsburgh, PA). The test wells were sensitized with 100 |iL/well of purified RIFAV 

(Vespa Laboratories, Inc., Spring Mills, PA) diluted in carb-bicarbonate buffer (pH 9.6), 

and incubated at room temperature for one hour. The plates were divided into two 

sections longitudinally with one-half receiving an antigen concentration of 1 |ig/well and 

the other receiving 5 |ig/well The wells were then blocked using 100 |iL/well of a 1% 

rabbit semm albumin (RS A) suspension, and then incubated one hour at room 

temperature. The antigen and RSA solution were discarded, and the plates were allowed 

to soak for 10 minutes in PBS Tween-20 and washed six times for two minutes each with 

PBS Tween-20. The test sera were then added in a series of dilutions at concentrations of 
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1:10, 1:100, and 1:500, diluted in PBS. As controls, FBS and PBS were also mn 

concurrently with the test samples. 

All samples were mn in duplicate of 100 |iL/well, and resuhs were averaged 

together to decrease the effects of technician error. After samples were allowed to 

incubate for one hour, any unreacted semm was removed, and the plates were washed 

with PBS Tween-20 in the same manner as previously described. As a conjugate, 100 

|iL/well of horseradish-peroxidase-labeled rabbit anti-bovine IgG-heavy and light chain 

(Bethyl Laboratories, Inc., Montgomery, TX) diluted in PBS were added to the wells. 

The plates were divided into two sections laterally with one-half receiving a conjugate 

concentration of 1:10,000 and the other receiving 1:40,000. After the plates had been 

incubated at room temperature for one hour, the unreacted conjugate was discarded, and 

plates were washed using the previously described procedure, with the exception that the 

final two-minute wash was performed with PBS without Tween-20. The color reaction 

was then initiated by adding 200 |iL/well of substrate developed by combining 15 mL of 

citrate buffer (pH 4.5), 15 mg of o-phenylenediamine, and 6 |iL of hydrogen peroxide. 

Plates were read with a microtiter plate reader at 492 nm after incubating for 25 minutes 

at room temperature. 

Experiment II 

The next step was to determine if cattle from a RIFA-infested area could be 

differentiated from cattle, which had never been exposed to RIFA. Test wells were 

sensitized with 100 |iL/well of purified RIFAV at a concentration of 1 |ig/well diluted in 
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carb-bicarbonate buffer (pH 9.6), and incubated at room temperature for one hour The 

wells were blocked using 100 piL/well of a 1% rabbit semm albumin (RSA) suspension, 

and incubated one hour at room temperature. The antigen and RSA solution were 

discarded, and the plates were allowed to soak for 10 minutes in PBS Tween-20 and 

washed six times for two minutes each with PBS Tween-20. One hundred ^L/well of test 

sera were added at a concentration of 1:10 diluted in PBS. As negative controls, FBS and 

PBS were also mn concurrently with the test samples on all plates. 

All samples were run in duplicate, and results were averaged together to decrease 

the effects of technician error. After samples were allowed to incubate for one hour, any 

unreacted semm was removed, and the plates were washed with PBS Tween-20 in the 

same manner as previously described. As a conjugate, 100 |iL/well of horseradish-

peroxidase-labeled rabbit anti-bovine IgG-heavy and light chain diluted in PBS were 

added to the wells at a concentration of 1:40,000 diluted in PBS. After the plates had 

been incubated at room temperature for one hour, the unreacted conjugate was discarded, 

and plates were washed using the previously described procedure, with the exception that 

the final two-minute wash was performed with PBS without Tween-20. The color 

reaction was then initiated by adding 200 pL/well of substrate developed by combining 

15 mL of citrate buffer (pH 4.5), 15 mg of o-phenylenediamine, and 6 îL of hydrogen 

peroxide. Plates were read with a microtiter plate reader at 492 nm after incubating for 

25 minutes at room temperature. 
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Experiment III 

The BRSV-IgG specific ELISA by Stewart et al. (1989) was again used as the 

model in the development of a RIFAV-speeific bovine IgE ELISA. For the first IgE 

ELISA, semm samples from two cows from the RIFA-endemic area were compared to 

one cow with no RIFA exposure, fetal bovine semm (FBS), and phosphate buffered 

saline (PBS). The test wells were sensitized with 100 l̂L/well of purified RIFAV at a 

concentration of 1 ̂ g/well, diluted in carb-bicarbonate buffer (pH 9.6), and incubated at 

room temperature for one hour. The wells were blocked using 100 nL/well of a 1% 

rabbit semm albumin (RSA) suspension, and incubated one hour at room temperature. 

The antigen and RSA solution were discarded, and the plates were allowed to soak for 10 

minutes in PBS Tween-20 and washed six times for two minutes each with PBS Tween-

20. 

The test sera were subjected to a 27.5% saturated ammonium sulfate cut, which 

consisted of combining 400 jiL of the sample or control, 275 jiL of saturated ammonium 

sulfate, and 325 \xL of cold saline into microcentrifuge tubes. Samples where incubated 

at room temperature for one hour and vortexed every fifteen minutes. The solutions 

where centrifuged at 12,000 rpm for 10 minutes, after which, the supernatant was 

extracted for analysis. Processed samples where added to the plates in a series undiluted 

and at concentrations of 1:2 and 1:4, diluted in PBS. As controls, FBS and PBS were 

also mn concurrently with the test samples. 

All samples were mn in duplicate of 100 îL/well, and resuhs were averaged 

together to decrease the effects of technician error. After samples were allowed to 
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incubate for one hour, any unreacted semm was removed, and the plates were washed 

with PBS Tween-20 in the same manner as previously described. The primary antibody, 

E5, was then added diluted in PBS at a concentration of 1:750. After being allowed to 

incubate one hour at room temperature, the primary antibody was removed, and plates 

were washed following the aforementioned procedure. As a conjugate, 100 loL/well of 

horseradish-peroxidase-labeled goat anti-mouse IgG-heavy and light chain (Bethyl 

Laboratories, Inc., Montgomery, TX) diluted in PBS were added to the wells 

Two plates were each divided laterally into two sections. On the first plate, one-

half received a conjugate concentration of 1:25,000, and the other received 1:50,000; on 

the second plate, one-half received a concentration of 1:100,000, and the other received 

1:600,000. After the plates had been incubated at room temperature for one hour, the 

unreacted conjugate was discarded, and plates were washed using the previously 

described procedure, with the exception that the final two-minute wash was performed 

with PBS without Tween-20. The color reaction was then initiated by adding 200 

jjL/well of substrate developed by combining 15 mL of citrate buffer (pH 4.5), 15 mg of 

o-phenylenediamine, and 6 |iL of hydrogen peroxide. Plates were read with a microtiter 

plate reader at 492 nm after incubating for 25 minutes at room temperature. 

Experiment IV 

For the development of an ovine IgG ELISA specific to RIFAV, blood samples 

were obtained from 10 ewes with no previous RIFA exposure, nine ewes from a RIFA-

endemic area, and 40 gestational ewes, of various breed compositions, which had been 

presented with a RIFAV challenge. Blood samples were obtained from the jugular vein 
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using 10 mL vacutainers (Fischer Scientific, Pittsburgh, PA) and placed on ice. Blood 

samples were allowed to clot and were centrifuged at 4500 rpm for 45 minutes so that the 

semm fraction could be extracted for tesfing purposes. Semm samples were then divided 

into 1.0 mL aliquots and frozen for storage. 

The protocol for the bovine IgG previously described was followed as a model, 

with the necessary aherations made to calibrate the assay for sheep semm. The assay was 

performed using Falcon 96 well-assay plates (Fischer Scientific, Pittsburgh, PA). Test 

wells were sensitized with 100 l̂L/well of purified RIFAV at a concentration of 1 ̂ ig/well 

diluted in carb-bicarbonate buffer (pH 9.6), and incubated at room temperature for one 

hour (Vespa Laboratories, Inc., Spring Mills, PA). The wells were blocked using 100 

|iL/well of a 1% rabbit semm albumin (RSA) suspension and incubated one hour at room 

temperature. The antigen and RSA solution were discarded, and the plates were allowed 

to soak for 10 minutes in PBS Tween-20 and washed six times for two minutes each with 

PBS Tween-20. One hundred |jL/well of test sera were then added at a concentration of 

1:10 diluted in PBS. As a negative control, PBS was also mn concurrently with the test 

samples, along with a composite of sera from 10 ewes with no previous history of RIFA 

exposure (0-neg). As a positive control, a composite of sera from nine ewes from a 

RIFA-endemic area (0-pos) was also mn on each plate. All samples were mn in 

duplicate of 100 |iL/well and results were averaged together to decrease the effects of 

technician error. 

After samples were allowed to incubate for one hour, any unreacted semm was 

removed, and the plates were washed with PBS Tween-20 in the same manner as 
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previously described. As a conjugate 100 îL/well of horseradish-peroxidase-labeled 

rabbit anti-ovine IgG-heavy and light chain (Bethyl Laboratories, Inc., Montgomery, TX) 

diluted in PBS were added to the wells. The plates were divided into six sections 

laterally, and the conjugate was added at concentrations of 1:10,000, 1:20,000, 1 40,000, 

1:60,000, 1:80,000, and 1:100,000 to determine the optimum concentration. After the 

plates had been incubated at room temperature for one hour, the unreacted conjugate was 

discarded, and plates were washed using the previously described procedure, with the 

exception that the final two-minute wash was performed with PBS without Tween-20. 

The color reaction was then initiated by adding 200 îL/well of substrate developed by 

combining 15 mL of citrate buffer (pH 4.5), 15 mg of o-phenylenediamine, and 6 [iL of 

hydrogen peroxide. Plates were read with a microtiter plate reader at 492 nm after 

incubating for 25 minutes at room temperature. 

Results and Discussion 

Experiment I 

The resuhs from the initial IgG ELISA plate indicated that the RIFAV was a very 

strong antigen; therefore, it was determined that an antigen concentration of 1 |ig/well 

would be applied. From this initial test it was also decided that semm samples would be 

best utilized at a concentration of 1:10 diluted with PBS. Due to the strong binding 

properties of the RIFAV, the IgG conjugate was employed at a concentration of 1:40,000 

to reduce the risk of nonspecific binding. These concenttations were selected because the 

resuhing optical denshy (OD) values were deemed optimum by dividing the positive 
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control (in this case the mean OD-value of the cattle from the RIFA-infested area) OD-

value by the negative control OD-value to equate a positive: negative (P:N) ratio The 

resuhing OD values ranged from .745 for a cow from a RIFA infested area to .070 for 

FBS, which equates a P:N ratio of 10.64. The larger the P:N ratio, the greater level of 

differentiation the test should exploit. 

Experiment II 

The resuhs of this test showed a large difference in the optical density (OD) 

readings of the cows (OD range from .599 to .935) from the RIFA-endemic area as 

opposed to those cows (OD range from .252 to .305) with no previous exposure to RIFA 

and the negative control (.090). The resuhing P:N ratio (10.39) remained comparable to 

the initial plate. Based on these findings, the RIFAV specific bovine IgG ELISA 

protocol would be used in further research. Additionally, sera from six of the cows from 

the RIFA-infested area were combined to form a composite semm (STD) to be used as a 

positive control. This composite semm would be mn on all future plates along with FBS 

and PBS as negative controls, so that all of the plates could be calibrated to each other. 

Experiment III 

With the information obtained from these two initial IgE ELISA tests and due to 

the low percentage of IgE typically found in bovine semm, it was concluded that the 

semm samples would be applied undiluted. Again, due to the low concentration of IgE 

present, a conjugate concentration of 1:25,000 was necessary to capture significant 
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amounts of semm IgE. This was determined using the P:N ratio described in the IgG 

protocol 

The IgE protocol was finalized as follows. Test wells were sensitized with 100 

HL/well of purified RIFAV at a concentration of 1 |ig/well, diluted in carb-bicarbonate 

buffer (pH 9.6), and incubated at room temperature for one hour. The wells were blocked 

using 100 |iL/well of a 1% rabbit semm albumin (RSA) suspension, and incubated one 

hour at room temperature. The antigen and RSA solution were discarded, and the plates 

were then allowed to soak for 10 minutes in PBS Tween-20 and washed six times for two 

minutes each with PBS Tween-20. 

The test sera were subjected to a 27.5% saturated ammonium sulfate cut, which 

consisted of combining 400 nL of the sample or control, 275 |JL of saturated ammonium 

sulfate, and 325 jiL of cold saline into microcentrifiige tubes. Samples where incubated 

at room temperature for one hour and vortexed every fifteen minutes. The solutions 

where centrifuged at 12,000 rpm for 10 minutes, after which, the supernatant was 

extracted for analysis. One hundred |iL/well of processed test sera were then added to 

the plates undiluted. The positive control STD and negative controls, FBS and PBS were 

also mn concurrently with the test samples. 

All samples were mn in duplicate and resuhs were averaged together to decrease 

the effects of technician error. After samples were allowed to incubate for one hour, any 

unreacted semm was removed, and the plates were washed with PBS Tween-20 in the 

same manner as previously described. The primary antibody, E5, was then added diluted 

in PBS at a concentration of 1:750. After being allowed to incubate one hour at room 
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temperature, the primary antibody was removed, and plates were washed following the 

before mentioned procedure. As a conjugate, 100 ^L/well of horseradish-peroxidase-

labeled goat anfi-mouse IgG-heavy and light chain diluted in PBS were added to the 

wells at a concentration of 1:25,000. 

After the plates had been incubated at room temperature for one hour, the 

unreacted conjugate was discarded, and plates were washed using the previously 

described procedure, with the exception that the final two-minute wash was preformed 

with PBS whhout Tween-20. The color reaction was then inhiated by adding 200 

(iL/well of substrate developed by combining 15 mL of citrate buffer (pH 4.5), 15 mg of 

o-phenylenediamine, and 6 |iL of hydrogen peroxide. Plates were read with a microtiter 

plate reader at 492 nm after incubating for 25 minutes at room temperature. The IgE 

assays did not show consistently reliable results after several modifications; therefore, 

IgE titers were not analyzed. 

Experiment IV 

Resuhs from the initial ELISA showed the conjugate concentration of 1:40,000 

diluted in PBS to give the optimum poshive to negative ratio (P:N). OD means ranged 

from .780 (positive control) to . 113 (negative control), which resuhs in a P:N ratio of 

6.90. Therefore, the following protocol was adopted for all subsequent ovine IgG assays. 

The test wells were senshized with 100 |iL/well of purified RIFAV at a concentration of 

1 |j.g/well diluted in carb-bicarbonate buffer (pH 9.6), and incubated at room temperature 

for one hour. The wells were blocked using 100 jiL/well of a 1% rabbit semm albumin 
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(RSA) suspension, and then incubated one hour at room temperature The antigen and 

RSA solution were discarded, and the plates were then allowed to soak for 10 minutes in 

PBS Tween-20 and washed six times for two minutes each whh PBS Tween-20 One 

hundred îL/well of test sera were then added at a concentration of 1:10 diluted in PBS 

The positive control (0-pos) and negative controls (O-neg and PBS) were also mn 

concurrently v^th the test samples on all plates. All samples were mn in duplicate and 

resuhs were averaged together in order to decrease the effects of technician error. 

After samples were allowed to incubate for one hour any unreacted semm was 

removed, and the plates were washed with PBS Tween-20 in the same manner as 

previously described. As a conjugate, 100 pL/well of horseradish-peroxidase-labeled 

rabbit anti-ovine IgG-heavy and light chain diluted in PBS was added to the wells at a 

concentration of 1:40,000 diluted in PBS. After the plates had been incubated at room 

temperature for one hour, the unreacted conjugate was discarded, and plates were washed 

using the previously described procedure, with the exception that the final two-minute 

wash was preformed with PBS without Tween-20. The color reaction was then initiated 

by adding 200 |iL/well of substrate developed by combining 15 mL of chrate buffer (pH 

4.5), 15 mg of o-phenylenediamine, and 6 |iL of hydrogen peroxide. Plates were read 

with a microtiter plate reader at 492 nm after incubating for 25 minutes at room 

temperature. 
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Summarv and Conclusions 

The previously described ELISA procedures should serve as a tool to study the 

effects of RIFA on livestock. Through the development of the ELISA protocols a large 

difference between IgG titers of cattle with a history of RIFA exposure and that of 

unexposed cattle was identified. Therefore, the possibihty of identifying genetic 

differences for IgG to RIFAV can be explored. With the successful development of these 

ELISA protocols further research can be conducted in an effort to determine if genetic 

differences exist for immune response to RIFAV in cattle and sheep, which may benefit 

livestock producers. 
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CHAPTER IV 

EVALUATION OF PASSIVE IMMUNITY TO VENOM OF THE 

RED IMPORTED FIRE ANT IN CATTLE AND SHEEP 

Abstract 

The objectives of this project were (1) to determine if resistance to red imported 

fire ant venom (RIFAV) could be transferred from dam to offspring through passive 

immunity in two breeds of beef cattle, and (2) to determine if resistance to RIFAV could 

be transferred from dam to offspring through passive immunity in two breeds of sheep. 

Beef cows (n = 26) and ewes (n = 15) in late gestation were subjected to a RIFAV 

challenge in order to initiate the production of antibodies against RIFAV. The ELISA 

methods developed in Chapter III were employed to monitor RIFAV specific IgG titers in 

the dams and their offspring over a period of several weeks. Passive immunity from 

pregnant cows and ewes was verified in newborn calves and lambs. There was a date 

effect observed for the negative control based IgG measure (ICXJNC) of the Angus calves 

(P < .001) and (ICJGP) of the Beefmaster cows (P < .05). Among Angus cows and 

heifers, individual cow least squares means for ICXJP ranged from .210 to .477, while 

ICJGN LS-means ranged from . 102 to .232. Among the Angus cattle, individual cow and 

calf effects were significant sources of variation for cow ICJGP (P < .0001) and ICJGN (P 

< .0001), and calf ICJGPC (P < .0001) and ICJGNC (P < .02). However, within the 

Beefmaster cattle, individual cow effects significantly affected cow ICJGP (P < 0001) 

and ICJGN (P < .0001), but did not significantly affect calf IgG measures. ICXJP LS-

means ranged from .269 to .583 and ICJGN LS-means ranged from . 112 to .233 for the 
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Beefmaster dams. Across the sheep, breed of dam was found to be very important for 

both ICJGP (P < .0001) and ICJGN (P < .0001). Sampling date was significant for ewe 

IGGP (P < .0006) and IGGN (P < .0001). The ICJGP mean for the Rambouillet ewes was 

.237 and .186 for the Romanov x Rambouillet ewes, while and ICJGN means were .082 

and .047 respectively. However, ICJGP means were .149 for the Rambouillet lambs and 

.177 for crossbred lambs, while ICJGN means were .038 and .052. These resuhs 

demonstrate that passive immunity of IgG specific to RIFAV is transferred from dam to 

offspring in beef cattle and sheep. 

Introduction 

Previous studies have shown evidence of passive immunity from dam to offspring 

in both sheep and cattle. Immunoglobulin G (IgG) is found in the highest concentration 

in the blood of all the immunoglobulins by far and is, therefore, the most studied and 

understood of the immunoglobulins (Tizard, 1996). IgG is passed from mother to child 

across the placental wall in humans; however, due to the syndesmochorial placenta of 

mminants, transplacental passage of immunoglobulins is inhibited (Tizard, 1996). IgG-

containing cells can be detected in the bovine fetus starting around 135 days post-

conception; however, the fetus is not capable of producing efficient antibodies at this 

time. Therefore, in the mminant species, IgG is primarily transferred from dam to 

offspring through colostmm and milk (Tizard, 1996). IgG accounts for approximately 

65-90% of the total antibody content of both colostrum and milk. Hough et al. (1990) 

showed that IgG trters of calves were affected by the level of nutrition fed to the cows 

providing colostmm for the calves. At this time there is still some debate as to whether 
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immunoglobulin E (IgE) is contained in mminant colostmm. The objectives of this 

research project were to therefore estimate passive immunity to RIFAV in cattle and 

sheep. 

Materials and Methods 

To assess passive immunity to RIFAV, 26 beef cows and heifers and 15 ewes in 

late gestation with no known previous exposure to RIFA were subjected to a RIFAV 

challenge to stimulate production of IgG and IgE. The challenge consisted of RIFAV 

suspended in a 10% alum solution. This solution was prepared by adding 50 grams of 

AIKSO4 to 500 mL of sterile distilled water, followed by a drop-wise addition of 1 M 

NaOH until a pH of 8.5 was obtained. The solution was centrifuged at 1500 rpm for 10 

minutes, after which the supernatant was poured-off; the supernatant was washed with 

borate buffered saline, and the centrifugation step was repeated. The pellet was then re-

suspended in 625 mL of borate buffered saline, to bring the concentration up to of 250 

grams of alum in 625 mL of solution. It was estimated that one RIFA could inject 

approximately 120 ng of venom through six to eight stings. The desired dosage of 120 

ng of venom per mL of solution was obtained by combining 250 mL of the borate 

buffered saline containing 100 g of alum, with 250 mL of saline and 60 |iL of RIFAV. 

Therefore, each 1 mL dose contained 120 ng of venom and 200 mg of alum. 

Beef Cattle 

The 26 beef cattle used in this study consisted of 16 Angus and 10 Beefmaster 

cows and heifers, which were maintained at the Texas Tech University Beef Center near 
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New Deal, Texas. All females were in the third trimester of gestation and bred to sires of 

their same breed to produce purebred offspring. On February 8, 1999, each animal was 

given an inkial subcutaneous injection of 1 mL of the RIFAV suspension, in the neck. At 

this time, 10 mL of blood were also obtained from each animal via the coccygeal vein for 

RIFAV-speeific IgG and IgE analyses by the previously described ELISA methods. 

Blood samples were obtained again seven days later on the Febmary 15. On March 1, a 

second injection of the RIFAV suspension was given to induce higher IgG and IgE 

responses, and another blood sample was taken. Subsequent blood samples were 

obtained on March 15, 22, and 29, April 12 and 26, and May 7 for analytical purposes. 

As each cow calved, the calf was added to the bleeding schedule at the next scheduled 

bleeding date and bled each following date thereafter. Calf blood samples were obtained 

by jugular veinipuncture due to the size of the calves and ease of restraint. 

Sheep 

The sheep used in this experiment were kept at the Texas Tech University Sheep 

Center near New Deal, Texas, which consisted of 11 Rambouillet ewes and 4 Romanov-

Rambouillet crossbred ewes. Rambouillet ewes were either bred to Rambouillet rams to 

produce purebred lambs, or to Suffolk rams to produce Fi crossbred offspring. The 

Romanov x Rambouillet ewes were all bred to Hampshire rams to produce .5 Hampshire, 

.25 Romanov, .25 Rambouillet lambs. All ewes where in their third trimester of gestation 

at the onset of this experiment. On Febmary 19, 1999, each ewe received an initial I mL 

injection of the RIFAV suspension administered subcutaneously on the left side of the 

face. Each ewe also had a 10 mL blood sample taken from the jugular vein at this time, 
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which was analyzed by the previously described RIFAV-speeific IgG ELISA method 

On March 8, the second, or booster, RIFAV suspension injection was given, and another 

blood sample was obtained from each ewe. Subsequent blood samples were obtained 

from each ewe on March 15, 22, and 29, April 6 and 12, and May 3. As each ewe 

lambed, her offspring were added to the bleeding schedule at the next scheduled date and 

bled each following date. Lambs less than 2 days old on their first scheduled bleeding 

date were not bled and were carried over until the next date to obtain their first blood 

sample. 

Statistical Methods 

In order to compare optical density values across different ELISA plates, the same 

positive and negative controls were mn on every plate. Therefore, the plates were all 

calibrated to each other. For beef cattle analyses, a composite sera from six cows from a 

RIFA-infested area was mn on every bovine ELISA plate as a positive control (STD). 

Fetal bovine semm (FBS) was also mn on every bovine ELISA plate as the negative 

control (NEG). For sheep analyses, a composite of sera from nine ewes from a RIFA-

endemic area (O-pos) was mn on each ovine ELISA plate as a positive control As a 

negative control, a composite of sera from 10 ewes with no previous history of RIFA 

exposure (O-neg) was mn on every ovine ELISA plate. In this experiment, two 

calculations were used to calibrate the plates. The calibration based on the STD was 

referred to as IGGP, which was derived by muhiplying an animal's mean IgG value by 

the ratio of the mean STD value for all the plates to the STD mean for the plate which 

that animal's semm was mn on. The NEG based calculation (IGGN) consisted of 
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subtracting an animal's IgG mean from the negative control for that particular plate. 

ICJGP and ICJGN for both the cows and their calves were analyzed by analysis of variance 

using the GLM procedure of SAS (1989) to determine if any differences existed between 

sampling dates and individual cows or calves for IgG titers specific to RIFAV due to the 

injections given. For cow analyses, individual cow and date were included as 

independent variables. For calf analyses, individual calf and date were the independent 

variables. Angus and Beefmaster cattle were analyzed separately due to an unbalance in 

calving dates between breeds. Sheep analyses were also conducted through analysis of 

variance with dam breed, dam within dam breed and date as independent variables. For 

the lamb analyses, lamb breed (Rambouillet or crossbred), lamb within lamb breed, and 

date were used as independent variables. Least squares means of significant effects were 

separated by two-tailed t-tests. 

Resuhs and Discussion 

Beef Cattle 

The 120 ng of RIFAV per mL dosage appeared to induce a slight IgG response in 

the challenged cows and their offspring. Based on the ICJGP of the Angus cows and 

heifers, individual cow effect was large (P < .0001). Individual cow least squares means 

for IGGP over the 9-week period ranged from .210 to .477. Average IgG values across 

times in Angus cows and calves are in Table 4-1. A borderline significance between 

bleeding dates was observed (P = .0507). It should be noted that among the Angus cows 

and heifers, ICJGP values decreased slightly after the initial injection, but then increased 
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approximately two-weeks after the booster injection, peaked two-weeks later, and then 

appeared to taper off. 

Additionally, the IGGN calculations for the Angus cows and heifers also showed 

a strong individual cow effect (P < .0001). Cow ICJGN means ranged from . 102 to .232 

over the study period. However, the bleeding date effect was not significant. Though 

insignificant over time, ICJGN values showed the same trend as those for ICJGP. 

Individual Angus cow and calf IGGN and ICJGP means are presented in Table 4-2. 

The ICXJP of the Angus calves exhibited similar results to their dams. Individual 

calf effect was very large (P < .0001). Calf ICJGP means ranged from .305 to 1.093. 

Sampling date was of borderiine significance for calf ICXJP (P = .076). ICJGN of the 

Angus calves again showed individual calf effect to be important (P < .02). Means for 

calf ICJGN ranged from .096 to . 168. Bleeding date was also a large source of variation 

(P < .001). Unadjusted mean IgG titers across all Angus cows and calves are presented in 

Figure 4-1. 

The Beefmaster cows and heifers showed similar results to the Angus. Based on 

ICJGP, individual cow effect was qmte large (P < .0001). Individual cow means ranged 

from .269 to .583 over the twelve-week period, which appeared slightly higher on 

average than the Angus cattle. Sampling date was significant for ICJGP (P < .05) 

of the Beefmaster cows. Mean IgG measures in Beefmaster cows and calves across times 

are presented in Table 4-3. The ICJGP means for the Beefmaster cattle also showed an 

increase five weeks after the initial injection, temporarily peaked two weeks later, tapered 

off, and then rose again on weeks 10 and 12. It should be pointed out that the 
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Beefmaster cows were sampled twice more than the Angus in order to include more 

offspring, due to their later calving season. 

The ICJGN resuhs for the Beefmaster cows were again similar to the Angus. The 

individual cow effect was again very large (P < .0001). The means for ICJGN ranged 

from . 112 to .233. Sampling date was not significant for ICJGN of the Beefmaster cows 

and heifers. Based on the ICJGP and ICJGN on the Beefmaster calves, neither calf effect 

nor date was found to be significant. This could be attributed to the small number of 

Beefmaster calves (n = 4) in the data set. Individual Beefmaster cow and calf ICJGN and 

ICJGP means are presented in Table 4-4. Unadjusted mean IgG titers across all 

Beefmaster cows and calves are presented in Figure 4-2. 

Sheep 

As with the beef cattle, some significant differences were observed within the 

sheep for an IgG response to RIFAV exposure. The breed of the ewe (dam breed) was 

found to be very important for both IGGP (P < .0001) and ICJGN (P < .0001). The IGGP 

mean for the Rambouillet ewes was .237 versus .186 for the Romanov x Rambouillet 

ewes. Correspondingly, the ICJGN means were .082 and .047, respectively, for 

Rambouillet and Romanov x Rambouillet ewes (Table 4-5). Dam within breed was also 

very large for ICJGP (P < .0001) and ICJGN (P < .0001) variation. Blood sampling date 

was also important for IGGP (P < .0006) and ICJGN (P < .0001). Average IgG values 

across times for ewes and lambs are in Table 4-6. 

The data obtained from the lambs showed that lamb breed, lamb within breed, and 

sampling date were all very large sources of variation for both ICJGP (P < .0001) and 
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ICJGN (P < .0001). However, in contrast to the ewe data, the Rambouillet lambs had 

lower IGGP and ICJGN means than the crossbred lambs The ICJGP means were . 149 for 

the Rambouillet lambs and .177 for the .5 Hampshire, .25 Rambouillet, and .25 Romanov 

lambs, while ICJGN means were .038 and .052. The means for both ICJGP and ICJGN 

across all lambs showed a steadily decreasing trend throughout the study period. 

Unadjusted mean IgG titers across all ewes and lambs are presented in Figure 4-3. 

As far as we can determine, inheritance of passive immumty to RIFAV in cattle 

or sheep has not been reported until now. Both the cattle study and the sheep study 

indicate that strong individual animal and breed variation exist for immune response to 

RIFAV. All analyses were conducted with the same dosage of RIFAV. This study also 

indicated that immunity of RIFAV is passively transferred to offspring of cows and ewes 

exposed to RIFAV during late gestation. Future studies with increased and varying 

dosages to assess possible time-dosage and breed-dosage interactions could provide 

additional insights into how these species respond to RIFA exposure 

Summarv and Conclusions 

The results indicated that the 1 mL dose of RIFAV suspension containing 120 ng 

of RIFAV protein induced a small response in both the beef cattle and the sheep 

evaluated in this experiment. Further research is needed to explore the possibihty of 

presenting dams previously unexposed to RIFA with a RIFAV challenge prior to 

parturition in an attempt to raise IgG titers of offspring bom into RIFA-endemic areas. 

The data have shown that there are individual animal effects that influence the degree of 

reaction a cow or ewe will have to the introduction of RIFAV. Due to some differences 
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in sampling dates, Angus and Beefmaster cattle could not be fairly compared to each 

other, but appear to show different trends. For all blood collection times, there appeared 

to be higher ICJGP values in Angus calves than in the dams when only the dams were 

exposed to RIFAV. 

Significant breed differences were identified for RIFAV response between the 

two types of ewes studied. Rambouillet ewes buih higher IgG titers in response to the 

RIFAV challenge than the Romanov x Rambouillet ewes. However, lambs reared by 

Rambouillet ewes had lower IgG thers to RIFAV when their dams had been challenged 

prior to parturition, than those reared by the crossbred ewes. Whether this effect was due 

to the lambs themselves being crossbred or an effect of their dams being crossbred could 

not be determined from this experiment. These results indicate that more research is 

necessary to understand specific breed differences in both cattle and sheep and to also 

examine families within breeds for response to RIFAV. This knowledge could further 

enable livestock producers to adapt to the RIFA problem in the southern United States 

through its incorporation into selection/culling programs. 
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Table 4-1. Least Squares Means and SE for IgG Immune Response Specific to Fire Ant 
Venom Across Time in Gestating Angus Cows and Their Calves 

Cows Calves 

I^ate n ICJGP* IGGN^ n ICJGPC^ ICJGNC 4 

Feb. 8, 1999 18 .335 ± .010 .164 ±.007 

Feb. 15, 1999 17 .328 ± 0 1 0 .159 ±.008 I .452 ± 1 3 7 .143 ±.037"*^ 

Mar. 1,1999 17 .327± .010 .159±.008 6 .564 ± .057 . 159± .015 ' 

Mar. 15, 1999 18 .353 ± .010 .165 ± .007 6 .593 ± .057 .137 ± 0 1 5 ' ^ 

Mar. 22, 1999 18 .364 ± 0 1 0 .177 ± 0 0 7 9 .397 ± .046 .148 ±012'*' 

Mar. 29, 1999 18 .356 ± .010 .156 ± 0 0 7 9 .530 ±046 .116 ±012*'^ 

Apr. 12, 1999 17 .341 ± .010 .148 ± .008 12 .497 ± .036 .093 ± OlO'' 

ICJGP = optical density reading in cows corrected for positive control per plate. 
ICJGN = optical density reading in cows corrected for negative control per plate. 
ICJGPC = optical density reading in calves corrected for positive control per plate. 
ICJGNC = optical density reading in calves corrected for negative control per plate. 

^'^ Least squares means within a column with different superscripts differ (P < .05). 
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Table 4-2. Least Squares Means and SE for IgG Immune Response Specific to Fire Ant 
Venom by Individual CJestating Angus Cows and Their Calves 

Cow ID 

008 

017 

106 

130 

205 

209 

312 

318 

516 

521 

603 

606 

715 

725 

735 

905 

912 

Cows 

ICJGP* 

.369± .0 i r 

.345 ±.015**^ 

.210 ±015^ 

.369 ±.015^^ 

.347 ±.015"*^ 

.366 ±.015^^ 

.226 ±015*^ 

.322 ±015**^ 

.358 ±.015"* 

.317 ±.015"*^ 

.259 ±.015*" 

.415 ±.015'' 

.369 ±015^ 

.359 ±019"* 

.307 ±.017^ 

.477 ±.015' 

.421 ±.015*^ 

IGGN^ 

.189±.008*' 

.161 ±012*^^^ 

.102±.012*' 

.189 ±012*'^ 

.163 ±.012* "̂*" 

.185±.012*'"* 

.121 ± 0 1 2 * 

.184±.012*'"* 

.131 ±.012"*"* 

.180±.012*'"* 

.158 ±012"*^*' 

.150±.012'*^^^ 

.181 ±.012*'̂ '* 

.104 ±.014*' 

.129 ±.013*®^ 

.232 ±.012' 

.183 ±012*^^ 

Calves 

ICJGPC^ 

.345 ± .067*̂  

.465 ± .067*̂  

.378 ±.132' 

.371 ±.132"^ 

.400 ± .067' 

.305 ±.132' 

.401 ± .060' 

.744 ±060*' 

1.093 ±.060' 

.352 ± .077' 

.393 ± 0 5 1 ' 

.821 ± .067*' 

ICJGNC^ 

.096 ± 0 1 8 ' 

.168 ±.018' 

.149 ±.03 5'*" 

.149 ±.03 5'*" 

.130 ±018'*" 

.135 ±.035'*" 

.156 ±.016'*' 

.085 ± .016' 

.167 ±.016'*' 

.096 ± .002' 

.126 ±014*" 

.135 ±.018'*" 

*ICJGP = optical denshy reading in cows corrected for poshive control per plate. 
ÎCJGN = optical density reading in cows corrected for negative control per plate. 
ÎGGPC = optical denshy reading in calves corrected for poshive control per plate. 

"̂ IGGNC = optical denshy reading in calves corrected for negative control per plate. 
'*' Least squares means within a colunm whh different superscripts differ (P < .05). 

50 



Table 4-3. Least Squares Means and SE for IgG Immune Response Specific to Fire Ant 
Venom Across Time in Gestating Beefmaster Cows and Theh Calves 

Cows 

Date n ICJGP* ICJGN' 

Feb. 8, 1999 10 .344 ± .025* 159 ±009 

n 

Calves 

IGGPC^ ICJGNC^ 

Feb. 15, 1999 10 .355 ± .025** .157 ± .009 

Mar. 1, 1999 10 .346 ± .025*' .149 ± .009 

Mar. 15, 1999 9 .377 ± .026*' .155 ± .009 

Mar. 22, 1999 9 .390 ± .026*' .167 ± .009 

Mar. 29, 1999 9 .367 ± .026*' .141 ±.009 1 .428 ± .041 192 ± 0 4 9 

Apr. 12, 1999 9 .369 ± .026*' .152 ± .009 2 .381 ± .029 .160 ± .035 

Apr. 26, 1999 9 .381 ±.026*' .163 ±.009 3 .347 ± 0 1 9 .111 ± 0 2 3 

May 7, 1999 .473 ± 0 2 6 ' .168 ±.009 .350 ± 0 1 9 .112 ±.023 

*ICJGP = optical denshy reading in cows corrected for positive control per plate. 
ÎCJGN = optical density reading in cows corrected for negative conttol per plate. 
ÎCJGPC = optical denshy reading in calves corrected for poshive control per plate. 

"̂ ICJGNC = optical denshy reading in calves corrected for negative control per plate. 
'*' Least squares means within a colunm whh different superscripts differ (P < .05). 
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Table 4-4. Least Squares Means and SE for IgG Immune Response Specific to Fire Ant 
Venom by individual Gestating Beefmaster Cows and Theh Calves 

Cow ID 

001 

017 

029 

039 

431 

484 

580 

747 

753 

4120 

Cows 

IGGP* 

.313 ±.026** 

.400 ± .026"* 

.333 ± .026' 

.292 ± .026̂ * 

.291 ± .026** 

.489 ± .026*' 

.269 ± .026̂ * 

.481 ±.026*' 

.328 ± .032"* 

.583 ± .032' 

ICJGN^ 

.121 ±.009**̂  

.142 ±009"* 

.148 ±.009' 

.152 ±.009*" 

.112 ±009^ 

.233 ± .009' 

.157 ±.009*" 

.214 ±.009' 

.111±.011' 

.180±.011*' 

Calves 

IGGPC^ 

.413 ± 0 4 0 

.419 ± 0 2 3 

.330 ± .029 

.368 ± .040 

.358 ± 0 1 7 

IGGNC^ 

.159 ± 0 4 8 

.167 ±.027 

.131 ± 0 3 4 

.167 ± 0 4 8 

.098 ± 0 2 1 

*ICJGP = optical denshy reading in cows cortected for poshive control per plate. 
ÎCJGN = optical denshy reading in cows corrected for negative control per plate. 
ÎGGPC = optical denshy reading in calves corrected for positive control per plate. 

'*ICJGNC = optical density reading in calves corrected for negative control per plate. 
Least squares means whhin a colunm with different superscripts differ (P < .05). a-e 
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Table 4-5. Least Squares Means and SE for IgG Immune Response Specific to Fire Ant 
Venom Across Breeds in Gestating Ewes and Their Lambs 

Dam Breed n 

Ewes 

ICJGP* IGGN' n 

Lambs 

IGGPL' I G G N L ' 

Rambouillet 

Romanov X 

Rambouillet Fi 

95 .236 ±010 ' .082 ±007 ' 38 .149 ±011*' .038 ± .008' 

58 .186 ±.012*' .047 ±009*' 31 .177 ±.014' .052 ±010 ' 

ICJGP = optical density reading in ewes corrected for poshive control per plate. 
^ICJGN = optical density reading in ewes corrected for negative control per plate. 

ÎGGPL = optical density reading in lambs corrected for positive control per plate. 
" ÎCJGNL = optical denshy reading in lambs corrected for negative control per plate. 
'•*' Least squares means whhin a column with different superscripts differ (P < .05). 
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Table 4-6. Least Squares Means and SE for IgG Immune Response Specific to Fire Ant 
Venom Across Time in Gestating Ewes and Their Lambs 

Ewes Lambs 

Date n ICJGP* ICJGN̂  n IGGPL^ ICXJNL' 

Feb. 19, 1999 20 .219 ± .003'*' .082 ± .004' 

Mar. 8, 1999 19 .210 ± .003' .069 ± .004*' 

Mar. 15, 1999 18 .207 ± .003' .068 ± .004*' 4 .177 ± .006' .056 ± .006' 

Mar. 22 1999 20 .212 ± .003*" .073 ± .004'*' 2 172 ± .009'*' .056 ± .009'*' 

Mar. 29, 1999 21 .206 ±.003' .067 ± .004*' 11 .168 ±004'*' .052 ± .004'** 

Apr. 6, 1999 21 .220 ± .003' .064 ± .004*' 15 .158 ± .003*" .040 ± .003*" 

Apr. 12, 1999 20 .208 ± .003' .048 ± 004' 18 .158 ± .003*" .040 ± .003 

May 3, 1999 14 .209 ± .003' .045 ± .005' 19 .145 ± .003̂ * .026 ± .003 

be 

*ICJGP = optical denshy reading in ewes corrected for poshive control per plate. 
ÎCJGN = optical denshy reading in ewes corrected for negative control per plate 
ÎCJGPL = optical denshy reading in lambs corrected for poshive control per plate. 

"̂ ICJGNL = optical denshy reading in lambs corrected for negative control per plate. 
'"* Least squares means within a colunm whh different superscripts differ (P < .05). 
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Figure 4-1. Unadjusted Mean RIFAV Specific IgG Thers Across all Angus Cows and 
Their Calves. 
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Figure 4-2. Unadjusted Mean RIFAV Specific IgG Titers Across all Beefmaster Cows 
and Their Calves. 
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Figure 4-3. Unadjusted Mean RIFAV Specific IgG Thers Across all Ewes and Their 
Lambs. 
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CHAPTER V 

ASSESSMENT OF CATTLE BREED DIFFERENCES FOR IMMUNE 

RESPONSE TO THE RED IMPORTED FIRE ANT 

{SOLENOPSIS INVICTA BUREN) 

Abstract 

The objective of this project was to determine if genetic differences exist for 

immune response to the RIFA, whhin and across breeds of beef cattle. The ELISA 

methods developed in Chapter EI were employed to measure IgG thers of cows and 

calves representing nine different breed-types, three different sire-types, 11 different 

Brahman sires, and two types of Simmental-influenced cattle at their respective locations 

Significant breed and family differences were observed for immune response to RIFA 

among the cattle. Across the nine breed-types of beef cows, breed-type was significant 

for the positive control based IgG measure (ICJGP) of the cows (P < .05), the negative 

control based IgG measure (ICJGN) of the cows (P < .0005), and the negative control 

based IgG measure (ICJGNC) of the calves (P < .0002). Across the nine dam breed-types, 

cow ICJGP least squares means ranged from .509 to .575and ICJGN LS-means ranged 

from .256 to .382, calf ICJGPC LS-means ranged from .375 to .456 and IGGNC LS-

means ranged from . 194 to .341. Across nine dam breed-types, the correlation between 

ICJGP and ICJGN was .79 (P < .0001), the simple correlation between ICJGPC and 

ICJGNC across all calves was .52 (P < .0001). No significant differences were observed 

for calves of three sire-types and Angus dams. Significant differences were observed for 

calf ICJGPC (P < .0005) across the 11 Brahman sires evaluated. Individual ICJGPC LS-
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means of Brahman calves ranged from .342 to .748 and IGGNC LS-means ranged from 

.315 to .460. Among the Simmental-influenced cattle, dam breed significantly affected 

cow ICJGN (P < .05). These resuhs show that significant breed and family differences 

exist among beef cattle for immune response to the RIFA. 

Introduction 

The Texas beef cattle industry reportedly suffers an annual loss of $67 million 

dollars due to the eflfects of RIFA infestations (TAMU, 1997). These costs include 

insecticides, equipment damage, veterinary costs, reductions in livestock performance, 

and livestock losses. The actual severity of the adverse effects of RIFA infestation on 

livestock is not well documented. However, it is widely speculated that sttess caused by 

RIFA stings impedes normal feeding activities of livestock, thereby possibly reducing 

weight gain, milk production, and other production factors (Canerday, 1997). Although 

RIFA are relatively new to the United States (65 years or less), some breeds of cattle 

have coexisted with RIFA on their native pastures of South America for centuries (Drees 

and Vinson, 1993). Therefore, h stands to reason that through natural selection some 

natural resistance or immunity to RIFAV could have been developed in these breeds. 

Previous studies have shown that some of the ttopically adapted breeds such as 

Brahman and Nellore exhibh high levels of disease, insect, and parashe resistance, which 

have been estimated to be highly heritable. A study by Muggli et al (1987) showed that 

Angus calves recorded higher IgGl antibody titers against infectious bovine 

rhinotrachehis vims (IBRV) than did the Hereford or Red Poll calves studied. Muggli-

Cockett et al. (1992) found significant breed differences for the occurrence of bovine 
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respiratory disease (BRD) within a population of 10,142 calves consisting of mne breeds 

and three composhe lines. Brown et al. (1992) showed that there were differences among 

seven breeds of cattle for horn fly denshy. Hammond et al. (1997) concluded that host 

animals may have increased resistance to intestinal parashes due to the increased 

antiparashe antibody levels resuhing from selection for low nematode egg shedding rate 

EPD's. Studies such as these led to the objective to identify possible immune response 

differences within and across breeds for RIFA resistance among beef cattle and sheep in 

Texas. 

Materials and Methods 

Evaluation of Different Dam Breeds and Calf Breeds 

For the assessment of cattle breed differences for immune response to venom of 

the RIFA, nine breed types of beef cattle were utilized. All of the cows and theh calves 

used in this study were maintained at the same RIFA-infested location, the Texas A&M 

Agriculture Experiment Station at McCJregor, Texas. Blood samples were collected from 

166 cows and 135 calves, at weaning in Fall, 1998. The breed types of the dams included 

Angus (n = 25), Hereford (n = 49), Nellore (n = 21), Brahman x Angus Fi (n = 12), 

Brahman x Hereford Fi (n = 13), Boran x Angus Fi,(n = 7), Boran x Hereford Fi (n = 13), 

Tuli X Angus Fi (n = 15), and Tuli x Hereford Fi (n = 12). Purebred bulls of the same 

breed as the dam sired all calves bom to Angus, Hereford, and Nellore cows All 

Brahman Fi, Boran Fi, and Tuli Fi dams were bred to a group of nuclear transfer, cloned 

Brangus bulls to produce their calves. Blood samples were collected via coccygeal 

veinipuncture using 10 mL syringes; all blood samples were chilled on ice until being 
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centrifiigation at 4,500 rpm for 45 minutes in order to separate the semm fraction in 

preparation for IgG analysis by the ELISA method described in Chapter lU 

Statistical Methods 

To compare optical denshy (OD) values across different ELISA plates, the same 

poshive and negative controls were mn on every plate. Therefore, the plates were all 

calibrated to each other. As a poshive control (STD), a composhe sera from six cows 

from a RIFA-infested area was mn on every plate. Fetal bovine semm (FBS) was also 

mn on every plate as the negative control (NEG). In this experiment two calculations 

were used to calibrate the plates. The calculation based on the STD was referred to as 

IGGP, which was derived by muhiplying an animal's mean OD-value by the ratio of the 

STD mean for all plates to the STD mean for the plate on which that particular animal's 

semm was mn. Subtracting an animal's OD-value from the NEG for that particular plate 

arrived at the NEG-based calibration, referred to as ICXJN. Cow ICJGP and ICJGN were 

analyzed by analysis of covariance with dam breed and regression on cow age (in years) 

as independent variables, using the GLM procedure of SAS (1989). Calf ICJGP and 

ICJGN were also analyzed by analysis of covariance, but with dam breed, sex of calf, 

regression on cow age, and regression on weaning age of calf (days) as independent 

variables. Pearson correlation coefficients were calculated through SAS (1989) to 

measure relationships involving cow and calf immune response to RIFA and traditional 

performance data. 
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Assessment of Sire Breed Differences of Calves in Same Dam 
Breed 

In order to estimate the effects of ske breed on immune response to RIFAV, 89 

commercial Angus cows bred to Angus, Brahman, or Nellore sires and their calves were 

evaluated. The 76 offspring included straight bred Angus (n = 23), Brahman x Angus Fi 

(n = 29) and Nellore x Angus Fi (n = 24) calves. All of the cattle involved in this study 

were located at the Texas A&M Agriculttire Experiment Station at McCJregor, Texas, and 

were managed in the same pasture together prior to weaning. Blood samples (10 mL) 

were obtained via the coccygeal vein at weaning in fall, 1998. Samples were placed on 

ice until the semm fraction could be separated by centrifugation at 4,500 rpm for 45 

minutes, and then stored until analyzed by the previously described bovine IgG ELISA 

method. 

Statistical Methods 

Calf ICJGP and ICJGN were analyzed by analysis of covariance with she breed, 

regression on cow age (in years), and regression on weaning age (days) as independent 

variables, using the GLM procedure of SAS (1989). Pearson correlation coefficients 

were calculated through SAS (1989) to measure relationships involving cow and calf 

immune response to RIFA and ttaditional performance data. 

Assessment of Individual Sires within a Breed 

Sixty-three purebred Brahman calves sired by 11 bulls, along whh their dams, 

were studied to determine if any differences existed between sire lines of Brahman cattle 
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for immune response to the RIFA. The calves and cows utilized for this study were all 

located at one location near Wharton, Texas. All blood samples were taken at weaning in 

Fall, 1998. Samples were then prepared for analysis by the fore-mentioned bovine IgG 

ELISA method. 

Statistical Methods 

Calf ICJGP and IGGN were analyzed by analysis of covariance whh sire, 

regression on cow age (in years), and regression on weaning age (days) as independent 

variables, using the GLM procedure of SAS (1989). Pearson correlation coefficients 

were calculated through SAS (1989) to measure relationships involving cow and calf 

immune response to RIFA and tradhional performance data. 

Assessment of Dam Breed Differences in Simmental-
influenced Cattle 

In order to further assess the genetic effects on immune response to the RIFA, 18 

Simmental and 27 Simmental x Brahman Fi cows and their offspring were sampled. All 

cows and their calves were maintained at one location near Van, Texas. Blood samples 

were taken at weaning in fall, 1998, and analyzed by the earlier-mentioned IgG ELISA 

protocol. 

Statistical Methods 

Cow and calf ICJGP and ICJGN were analyzed by analysis of covariance whh 

breed of dam, regression on cow age (in years), and regression on weaning weight as 
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independent variables, using the GLM procedure of SAS (1989). Pearson correlation 

coefficients were calculated through SAS (1989) to measure relationships involving cow 

and calf immune response to RIFA and tradhional performance data 

Resuhs and Discussion 

Evaluation of Different Dam Breeds and Calf Breeds 

In this discussion, references to two IgG measures are made. The optical denshy 

among cows adjusted for the poshive control per plate is referred to as ICJGP, whereas the 

level adjusted for the negative control per plate is denoted as ICJGN. These measures 

among calves are referred to as ICJGPC and ICJGNC, respectively. Across the nine breed-

types of beef cattle analyzed, there were significant differences for IgG antibody titers to 

RIFAV. Based on the OD-values of the cows, dam breed was significant for IGGP (P < 

.05) and ICJGN (P < .0005). Regression on cow age in years was significant for cow 

ICJGP, .01 ± .003 OD unhs/year (P < .001), and cow IGGN .009 ± .003 OD units/year (P 

< .001). Mean values for ICJGP and IGGN across dam breeds are presented in Table 5-1. 

Based on the calves' OD-values, regression on dam age in years, regression on 

calf weaning age in days, and the effect of calf sex were not significant for ICJGPC or 

ICJGNC. Dam breed did not account for significant variation in ICJGPC, but was 

significant for ICJGNC (P < .0002). These mean values in calves are presented in Table 

5-2. 

Correlations involving production measures and immune responses across all 

breeds are presented in Table 5-3. Across all cow types, the correlation between ICJGP 

and IGGN was .79 (P < .0001). The simple correlation between ICJGPC and ICXJNC, 
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across all calves, was .52 (P < .0001). However, the correlation between IGGN over all 

the cows with that in theh calves (IGGNC) was -. 18 (P < .05). The correlation between 

ICJGP of all the cows with that in then offspring (ICJGPC) was also negative, but was not 

significant. It should also be noted that across all calves, the correlation between calf 

ICJGPC and birth weight was . 19 (P < .05). And, the correlation between ICJGNC and 

birth weight, across all calves was . 18 (P < .05). 

In study of the correlations individually whhin dam breeds, some interesting and 

unclear observations were seen. There was a large range in degree of relationship 

between birth weight and weaning weight of calves whh IgG measures in both the dams 

and the calves themselves. Part of this confusion is possibly due to the variation in 

animal numbers across these dam breeds. In Nellore cows and calves, there was a 

correlation of .55 between both ICJGPC and ICJGNC and birth weight; in these calves, the 

correlation involving weaning weight and ICJGPC and ICJGNC was .58 and .53, 

respectively. However the correlation of ICJGPC or ICJGNC v t̂h birth weight was -.29. 

Other dam breeds showed similar resuhs, but some illustrated that the dam's IgG 

measures were more highly correlated with birth and weaning weights in their calves than 

the IgG measures in the calves themselves. Still other breeds exhibited very little 

relationship between IgG measures and these performance traits. 

The correlation between IgG measures in the cows (ICJGP and ICJGN) were highly 

correlated (.95 to .99) across all dam breeds except Angus (.38). The relationship 

between the two IgG measures in the calves (ICJGPC and ICJGNC) was more variable 

(. 14 to .99 range). The correlation between the IgG measure based on the poshive control 

in cows (IGGP) and calves (IGGPC) (-.50 to .62 range) and correlation between the IgG 

65 



measure based on the negative control in cows (IGGN) and calves (IGGNC) were also 

variable (-.80 to .42 range), ft should be noted that the correlation between IGGP and 

ICJGPC and the correlation between IGGN and ICJGNC were negative in all but Angus 

and Boran x Angus cows and their calves. 

Assessment of Sire Breed Differences of Calves in Same Dam 
Breed 

Across the three breed-types of calves analyzed in this study, there were no 

significant effects of breed, regression on cow age, and regression on weaning age on IgG 

antibody thers. ICJGPC and ICJGNC means are presented in Table 5-4 h should be 

noted that the R-square values for ICJGPC (.0361) and ICJGNC (.0547) were very low in 

these analyses. This suggests that the sire's genetics may contribute less to IgG levels 

observed in these young calves than that of the dams. The simple correlation between 

ICJGPC and ICJGNC was .61 (P < .0001). 

In the previous study, many significant breed differences were observed, 

including the correlation between IgG measures in the cows (ICJGP and ICJGN) which 

were highly correlated (.95 to .99) across all dam breeds except Angus (.38). In 

comparison, during the present study no significant breed differences were observed 

between three diverse she-breeds when all calves were reared by Angus dams. These 

data, when taken into account together, suggest that there may be some underlying 

factors involved in the immune response of Angus cattle. 
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Assessment of Individual Sires within a Breed 

Across all calves there were some significant differences for RIFAV-speeific IgG 

thers. Individual sire was significant across all calves for ICJGPC (P < .0005), but not 

important for IGGNC. ICJGPC and IGGNC means by individual Brahman sires are 

presented in Table 5-5. These resuhs indicate genetic differences for RIFAV-speeific 

IgG within the Brahman breed. Regression on cow age in years was also significant for 

ICJGPC (-.0119 ± .0058) (P < .05), but not significant for ICJGNC. Regression on 

weaning age was not significant for both ICJGPC and ICJGNC. The simple correlation 

between cow IGGP and cow IGGN was .32 (P < .01). The correlation in calves between 

IGGPC and ICJGNC was .36 (P < .005). 

Assessment of Dam Breed Differences in Simmental-
influenced Cattle 

Across both dam types, dam breed and regression on cow age were not significant 

for ICJGP. Dam breed was significant for cow ICJGN (P < .05), but regression on cow age 

was insignificant. Cow IGGP and ICJGN means are presented in Table 5-6. Across all 

calves, dam breed (Table 5-7), regression on cow age, and regression on weaning weight 

were not significant for ICJGP and ICJGN. The correlation in cows between IGGP and 

IGGN was .58 (P < .0001). In the calves, ICJGPC and calf IGGNC showed a correlation 

of.63(P<.002). 

Although immune responses of cattle and sheep that are specific to RIFA have not 

been documented before this project, several aspects involving breed effects are related to 

other reports. Muggli et al. (1987) studied genetic variation for semm IgGl and antibody 
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titers against infectious bovine rhinotrachehis vims (IBRV). This sttidy employed a herd 

of 367 seven Hereford calves from four genetically selected lines, and a commingled herd 

comprised of 79 Angus, 40 Hereford, and 46 Red Poll calves. Blood samples were 

obtained between 24 and 48 hour postparttim, and again prior to IBRV vaccination and 

60 days post-vaccination to be examined for IBRV specific IgGl antibody thers. Within 

the Hereford herd, consisting of four separate genetic lines, no significant differences in 

immune function were evident. However, within the commingled herd, Angus calves 

recorded higher IgGl means than Hereford or Red Poll calves, ft should also be noted 

that calves from older dams (> 3 years of age) had higher IgGl means and IBRV 

antibody titers than younger dams (Muggli et al, 1987). Engle et al (1999) also found 

higher IgG levels to pig red blood cells in Angus compared to Simmental steers. Several 

of our results indicate that Angus cattle have different immune responses to RIFA 

compared to several other breeds. However, obvious trends consistent across all genetic 

types were not distinguishable. 

Although heritability of immune response to RIFA was not formally measured in 

these data due to lack of family size, there was a large sire effect in Brahman cattle for 

IGGP measured in calves. Based on half-sib analysis, the estimated heritability would be 

between .60 and 1.0, but these calves are probably more highly related than just through 

unrelated sh-es, so this estimate must be viewed carefully. Brown et al. (1992) estimated 

the heritability of hom fly resistance for seven different breed types of beef cows. Cows 

(n = 215) that were individually observed weekly, and hom fly denshies were recorded 

on a per cow basis. Those individuals with a consistently low average number of hom 

flies were considered to have some level of resistance, which was assumed to be a 
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normally distributed, quantitatively inherited trait. Results from this study showed that 

there were differences between breeds for hom fly density. The authors estimated 

repeatability to be .47 ± .05, and heritabilhy to be .78 ± . 16 for paternal half sibs and .59 

± 1 0 using twice the intrasire regression of daughter on dam. Therefore, if a producer 

were to incorporate hom fly resistance into the normal selection criterion, economic 

benefits could be realized (Brown et al, 1992). 

Hammond et al. (1997) documented a significant sire effect for IgG titer to 

stomach nematodes and stated that this genetic information could be used as a selection 

tool to increase resistance to these parashes. It appears that selection for increased 

immune response to RIFA in cattle and sheep could also increase theh resistance. The 

main caveat to our project is that there is no way to know how much RIFA exposure 

cattle of these different breeds have had. If there was a consistent trend across breeds for 

RIFA-specifie IgG measure, the level of exposure could be predicted from the IgG 

measure; however, this is probably not the case when we have observed so many 

differences between breed types with a single location. 

Summary and Conclusions 

Results from this study have shown that significant breed differences exist for 

immune response to the RIFA. The genetically diverse group of cattle analyzed during 

this study exhibited significantly different IgG antibody titers agamst RIFA, which could 

possibly benefit the cattle producer through management considerations. The results also 

imply that the breed-type of the dam may have a very large effect on calf IgG ther. In 

some breeds, fairly large correlations were observed between the dams' IgG titers and 
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birth weight or weaning weight of the calves. In other breeds, fairiy large correlations 

were seen between the calves' IgG thers and theh birth weights or weaning weights. 

These resuhs indicate genetic differences for RIFAV specific IgG within the Brahman 

breed where the heritability for immune response (ICJGP) was estimated to be between 

.60 and 1.0. Further research, comparing more breed types of beef cattle, is needed to 

fully understand the immune response to the RIFA and the negative impacts of RIFA 

infestation on cattle operations. Our resuhs illustrate that apparently enough genetic 

variation exists in cattle for immune response to RIFA to select for increased RIFA 

resistance if desired. 
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Table 5-1. Least Squares Means and SE for IgG Immune Response to Fire Ant 
Venom in Cows Across Breeds at McCJregor TAES at Weaning in October, 1998 

Dam breed 

Angus 

Brahman x Angus 

Brahman x Hereford 

Hereford 

Boran x Angus 

Boran x Hereford 

Nellore 

Tuli x Angus 

Tuli X Hereford 

n 

25 

12 

13 

49 

7 

13 

21 

15 

12 

ICJGP* 

.564 ±.016' 

.575 ±.022' 

.571 ± 0 2 1 ' 

.510 ±012*' 

.527 ±.029'*' 

.547 ±.021'*' 

.526±.018'*' 

.509 ± .020*' 

.560 ±.022'*' 

IGGN^ 

.380 ±.018-* 

.344 ± .025'** 

.326 ± 024'*' 

.331 ±.014*' 

.282 ± .033*' 

.305 ± .024*' 

.382 ± .020' 

.256 ± .023*' 

.308 ± .025*' 

*ICJGP = optical density reading corrected for positive control per plate. 
ICJGN = optical density reading corrected for negative control per plate. 

'•*' Least squares means within a colunm whh different superscripts differ (P < 05) 
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Table 5-2. Least Squares Means and SE for IgG Immune Response to Fire Ant Venom 
in Calves Across Dam Breeds at McGregor TAES at Weaning in October, 1998 

Dam breed 

Angus 

Brahman x Angus 

Brahman x Hereford 

Hereford 

Boran x Angus 

Boran x Hereford 

Nellore 

Tuli X Angus 

Tuli X Hereford 

n 

22 

12 

11 

37 

6 

13 

9 

15 

11 

ICJGPC* 

.423 ± .016 

.399 ± 0 1 9 

.431 ±.020 

.396 ±.013 

.375 ± .028 

.456 ± 0 1 9 

.389 ± .023 

.403 ±.018 

.388 ± .020 

ICJGNC^ 

.194 ±021'* 

.281 ±026'*" 

.341 ±027' 

.228 ±017"* 

.245 ± .036*"̂ * 

.305 ± .024**' 

.292 ± .030'*" 

.314 ±023'*' 

.265 ± .027*" 

* ICJGPC = optical denshy reading cortected for poshive conttol per plate 
ÎCJGNC = optical density reading corrected for negative control per plate. 

'"* Least squares means within a column whh different superscripts differ (P < .05). 
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Table 5-3. Pearson Correlation Coefficients* Involving IgG Immune Response to 
Fire Ant Venom and Production Measures in Cows of Different Breeds and Their 
Calves at McCJregor TAES at Weaning in 1998. 

COWWT^ 

COWAGE^ 

WAGE^ 

BWT^ 

WWT*^ 

ICJGP 

ICJGN 

ICJGPC 

IGGP^ 

-.0418 
.5894 

.2439 

.0015 

.2683 

.0007 

-.0021 
.9797 

.1035 

.2016 

IGGN' 

.0632 

.4142 

.2207 

.0041 

.1874 

.0195 

-.1351 
.0927 

-.0247 
.7612 

.7921 

.0001 

IGGPC^ 

-.0854 
.3209 

.0270 

.7577 

.0060 

.9443 

.1932 

.0237 

-.0632 
.4628 

-.1102 
.2086 

-.1530 
.0798 

ICJGNC^ 

-.0403 
.6398 

- 1384 
.1081 

-.1240 
.1490 

.1810 

.0343 

.0331 

.7013 

-.1350 
.1226 

-.1832 
.0355 

.5158 

.0001 

*Correlation coefficient hsted above level of significance (P-value). 
ÎCJGP = optical density reading in cows corrected for positive control per plate 

'ICJGN = optical denshy reading in cows corrected for negative control per plate. 
ÎCXJPC = optical density reading in calves corrected for poshive control per plate. 

'ICJGNC = optical density reading in calves corrected for negative control per plate. 
^COWWT = cow weight at weaning. 
^COWAGE = cow age in years at calf weaning. 
WAGE = weaning age of calf 
BWT = birth weight of calf 

lô VWT = weaning weight of calf 
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Table 5-4. Least Squares Means and SE for IgG Immune Response to Fire Ant Venom in 
Calves of Three Sire-types at McCJregor TAES at Weaning in October, 1998 

CalfBreed n ICJGPC* ICJGNC^ 

Angus 23 .370 ±.018 .175 ± 0 1 7 

Brahman X Angus Fi 29 .358 ±.012 .210 ±.011 

Nellore X Angus Fi 24 .381 ± 0 1 5 .226 ±.014 

* ICJGPC = optical density reading corrected for positive control per plate. 
ÎCJGNC = optical density reading corrected for negative control per plate. 
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Table 5-5. Least Squares Means and SE for IgG Immune Response to Fhe Ant Venom in 
Purebred Brahman Calves from Different Shes at Weaning in October, 1998 

Sire ID n ICJGPC* ICJGNĈ  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

4 

3 

9 

5 

3 

3 

6 

3 

11 

8 

8 

.342 ± .065*' 

.433 ± .075*' 

.389 ±044*' 

.457 ± .059*' 

.435 ±.081*' 

.388 ± .078*' 

.748 ±.053' 

.504 ± .085** 

.391 ± .039*' 

.450 ± .049*' 

.441 ± .046** 

.315 ±052 

.380 ± .060 

.381 ±035 

.390 ± .047 

.388 ± .065 

.380 ± .063 

.435 ± .042 

.430 ± .069 

.379 ±.031 

.460 ± .039 

.451 ±037 

* ICJGPC = optical density reading corrected for positive control per plate. 
ÎCJGNC = optical density reading corrected for negative control per plate. 

'•** Least squares means within a column whh different superscripts differ (P < .05) 
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Table 5-6. Least Squares Means and SE for IgG Immune Response to Fhe Ant Venom in 
Simmental-influenced Cows at Eagle Crest Ranch, Van, Texas, at Weaning in 
October, 1998 

Dam Breed n ICJGP* ICJGN^ 

Simmental 18 .404 ± .035 .390 ± . 0 3 3 ' 

Simmental X Brahman Fi 27 .337 ±028 .288 ± .026*' 

* ICJGP = optical density reading corrected for positive conttol per plate. 
ÎCJGN = optical density reading corrected for negative control per plate. 

'' Least squares means within a column with different superscripts differ (P < .05). 
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Table 5-7. Least Squares Means and SE for IgG Immune Response to Fhe Ant Venom in 
Simmental-influenced Calves at Eagle Crest Ranch, Van, Texas, at Weaning in 
October, 1998 

2 Dam Breed n ICJGPC* IGGNC 

Simmental 8 .471 ± 1 0 1 .267 ± .056 

Simmental X Brahman Fi 13 .368 ± .077 .244 ± 0 4 3 

*ICJGPC = optical density reading corrected for positive control per plate. 
ICJGNC = optical density reading corrected for negative control per plate. 
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CHAPTER VI 

INTEGRATED SUMMARY 

The objectives of this research were to: (1) develop bovine IgG and IgE and 

ovine IgG enzyme-linked immunosorbent assays (ELISA) specific to red imported fke 

ant venom (RIFAV), (2) estimate passive immunity to RIFAV in cattle and sheep, and (3) 

evaluate cattle breed differences for immune response to the RIFA. The development of 

the RIFAV specific bovine IgG and IgE ELISA protocols were completed in August, 

1998, however, due to inconsistent resuhs the IgE ELISA was not utilized further in this 

research project. In Febmary, 1999, an ovine IgG ELISA specific to RIFAV was 

developed. These ELISA procedures should serve as a tool to study the effects of RIFA 

on livestock. Through the development of the ELISA protocols a large difference 

between IgG titers of cattie with a history of RIFA exposure and that of unexposed cattie 

was identified. Therefore, the possibility of identifying genetic differences for IgG to 

RIFAV can be explored. With the successful development of these ELISA protocols 

further research can be conducted in an effort to determine if genetic differences exist for 

immune response to RIFAV in cattie and sheep, which may benefit livestock producers. 

The second objective, to estimate passive immunity to RIFAV in cattle and sheep, 

was endeavored into in the spring, 1999. Beef cows (n = 26) and ewes (n = 16) in late 

gestation were subjected to a RIFAV challenge in order to initiate a RIFAV specific 

immune response in these dams and their expected offspring. The previously mentioned 

ELISA methods were employed to monitor RIFAV specific IgG titers in the dams and 

their offspring over a period of several weeks. The resuhs indicated that the 1 mL dose of 
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RIFAV suspension containing 120 ng of RIFAV protein induced a small response in both 

the beef cattle and the sheep evaluated in this experiment. Passive immunity from 

pregnant cows and ewes was verified in newborn calves and lambs. Further research is 

needed to explore the possibility of presenting dams previously unexposed to RIFA with 

a RIFAV challenge prior to parturition in an attempt to raise IgG thers of offspring bom 

into RIFA-endemic areas. The data have shown that there are individual animal effects 

that influence the degree of reaction a cow or ewe will have to the introduction of 

RIFAV. Due to some differences in sampling dates, Angus and Beefmaster cattle could 

not be fairly compared to each other, but appear to show different ttends. For all blood 

collection times, there appeared to be higher ICJGP values in Angus calves than in the 

dams when only the dams were exposed to RIFAV. 

Significant breed differences were identified for RIFAV response between the 

two types of ewes studied. Rambouillet ewes buih higher IgG thers in response to the 

RIFAV challenge than the Romanov x Rambouillet ewes. However, lambs reared by 

Rambouillet ewes had lower IgG titers to RIFAV when theh- dams had been challenged 

prior to parturition, than those reared by the crossbred ewes. Whether this effect was due 

to the lambs themselves being crossbred or an effect of their dams being crossbred could 

not be determined from this experiment. These results indicate that more research is 

necessary to understand specific breed differences in both cattie and sheep and to also 

examine families within breeds for response to RIFAV. This knowledge could further 

enable livestock producers to adapt to the RIFA problem in the southern United States 

through its incorporation into selection/culling programs. 
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The third objective, to evaluate cattle breed differences for immune response to 

the RIFA, was studied in the fall, 1998. Resuhs from this study indicate that significant 

breed differences exist for immune response to the RIFA. The genetically diverse group 

of cattle analyzed during this study exhibhed significantly different IgG antibody thers 

against RIFAV, which could possibly benefit the cattle producer through management 

considerations. The resuhs also suggest that the breed-type of the dam may have a very 

large effect on calf IgG titer. In some breeds, fairly large correlations were observed 

between the dams' IgG thers and birth weight or weaning weight of the calves. In other 

breeds, fairly large correlations were seen between the calves' IgG titers and theh birth 

weights or weaning weights. These results indicate genetic differences for RIFAV 

specific IgG within the Brahman breed where the heritabilhy for immune response 

(ICJGP) was estimated to be between .60 and 1.0. Further research, comparing more 

breed types of beef cattle, is needed to fiilly understand the immune response to the RIFA 

and the negative impacts of RIFA infestation on cattle operations. Our resuhs illustrate 

that apparentiy enough genetic variation exists in cattle for immune response to RIFA to 

select for increased RIFA resistance if desired. 
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