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ABSTRACT
Reactions to the sting of the imported fire ant are an

increasing problem for residents of the Gulf South. Three
recent evolutionary changes suggest that the habitat of the ants
will continue to expand. This article gives a brief review of the
problem, including unresolved questions related to manage-
ment of sting reactions. (Allergy Proc 14:13-16, 1993)

HISTORICAL PERSPECTIVES AND
EPIDEMIOLOGY

Fire ants appear to have been introduced into the
United States early in this century through the port

of Mobile, Alabama. I The insects were initially an
agricultural problem as their mounds damaged agricul-
tural equipment used for farming, and, occasionally,
the ants attacked food crops. As colonies became more
dense, reports of attacks on livestock occurred. This
continues to be a problem. With further spread of the
ants, concentrations as high as 200 colonies per acre
and greater have been reported in some southern states.2
By 1985, the ants had infested 250 million acres in
much of Rorida, South Carolina, Georgia, Alabama,
Louisiana, and Mississippi and had been noted to be
present in North Carolina, Tennessee, Arkansas, Okla-
homa, Texas, and Puerto Rico. The previous estimate
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that the spread of the ants would be limited by average
minimum temperatures of -12SC (lOOF)3 probably
no longer holds true for several reasons. Hybrids of
Solen apsis invicta and S richteri, the two imported fire
ant species, have been found in northern Mississippi
and Alabama. The hybrid is apparently more cold
tolerant than the original species. Other recent adapta-
tions include the appearance of multiple queens in fire
ant colonies and the use of streets and highways as heat
sumps that facilitate overwintering of the ants (Fig. I).

At present, 30 to 60% of the population in urban
areas infested by fire ants are stung each year.4 In
stinging, the ant attaches itself to the skin using its
mandibles, arches its body, and injects up to .11 JJ.Lof
venom through a stinger located in the distal abdomen
(Fig. 2). The ant then rotates its body around the
mandibles and stings repeatedly. The venom induces
an immediate, severe burning sensation at the site of
the sting, followed by itching that may last for days.s

FIRE ANT VENOM ALLERGENS

Ina series of recent studies, Hoffman and colleagues6

have increased our limited knowledge of the con-
stituents of imported fire ant venom. Ninety to 95% of
the venom is composed of water insoluble piperidine
alkaloids that are irritant in nature and probably cause
the sterile pustule, which is a characteristic of most fire
ant sting sites at 12 to 24 hours. Four S invicta proteins,
which make up only 0.1% of the venom by weight,
have been isolated and characterized. Sol i I composes
2 to 5% of venom protein and appears to have a
molecular weight of 37,000 d. Sol iII venom composes
approximately 67% of venom, has an apparent molec-
ular weight of 28,000 d, and has phospholipase activity
as does Sol i I. Sol i III composes about 30% of venom
protein with a molecular weight of 26,000 d and has
neurotoxin activity. Sol i IV composes some 9% of
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Figure 1. Typicalflre ant mound near curbing in a residential
area in Mobile, Alabama.

venom protein with a molecular weight of 15,000 d and
seems to be present only in S inviCla. 5-9 All four proteins
appear to be important allergens, and all four are im-
munologically unrelated to each other, Venoms from
the two imported fire ant species are highly cross-
reactive in both RAST and RAST inhibition.

The production of monoclonal antibodies to these
venom proteins has allowed development of immu-
noassays for their quantitation in venom preparations
obtained using various techniques and in whole-body
extracts,

VENOM VERSUS WHOLE-BODY EXTRACTS

Several studies have demonstrated the variable quan-
tity of venom proteins in commercially available

whole-body extracts of imported fire ants, which are
the only reagents available for diagnosis and treat-
ment.10.11 Using immunoassays for Sol i Ill, HotTman
has demonstrated 10 to 16 ,ugjmL of that allergen in
commercial whole-body extracts. Concentrations of Sol
i II have been more variable and range from extracts

Figure 2. Fire ant in the process of stinging.
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containing very little allergen to potent extracts con-
taining 7 to 25 /.lgjmL. Present techniques for obtaining
venom from fire ants involve obtaining venom sacks of
ants by dissection and are extremely laborious. Com-
mercial techniques to facilitate obtaining larger quan-
tities of venom have been developed.

REACTIONS TO IMPORTED FIRE ANT STINGS

Reactions to fire ant stings may be classified as local,
systemic (anaphylactic), and other. At least three

types of local reactions occur: a wheal-and-flare reac-
tion, a sterile pustule, and a large local reaction.4

Immediate pain associated with a wheal-and-flare
reaction followed by intense itching is the typical local
reaction experienced by all who are stung by fire ants
(Fig. 3). The wheal-and-flare reaction usually resolves
in 30 minutes to an hour. A papule forms and evolves
into a fully developed sterile pustule at the site of the
sting within 24 hours. The histologic features of the
pustule at 24 hours include necrotic tissue with cellular
infiltration of polymorphonuclear cells, lymphocytes,
and eosinophils.12 This pustule is pathognomonic for
imported fire ant (IFA) stings in the United States. The
epidermis covering the pustule sloughs otT over 48 to
72 hours, and healing takes place in 3 to 10 days,
leaving a superficial scar or macule. Usually no treat-
ment is indicated to prevent or resolve the pustules. If
there are multiple lesions, and if they become excor-
iated and superinfected, pyoderma or even sepsis can
develop. This is a special problem in diabetic patients
stung on the lower extremity.

Between 17 and 56% of patients have large local
reactions at the site of the IFA sting. 12 These lesions are
erythematous, edematous, and indurated areas contig-
uous to the sting site (Fig. 4). They are extremely
pruritic and last 24 to 74 hours. Large local reactions
to fire ant stings have been shown to be mast-cell
dependent, IgE-mediated, late-phase reactions.12 His-
tologic examination of these reactions reveals cellular
infiltrates of eosinophils and neutrophils with fibrin
deposition in a gel structure. This gel structure facili-
tates the trapping of tissue fluids and edema formation,
which in extreme cases may cause compression of
nerves and blood vessels in atTected extremities. These
reactions are best treated symptomatically with oral
antihistamines, topical corticosteroid ointments, and
local anesthetic creams. If severe, they may require
elevation of the extremity and systemic corticosteroid
treatment for several days to relieve the discomfort and
swelling and to prevent the need for decompressive
surgery. These reactions do not require further evalua-
tion or immunotherapy, inasmuch as they have not
been shown to predispose patients to systemic allergic
reactions.8

Systemic or anaphylactic reactions, on the other
hand, are IgE-mediated reactions that involve symp-
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Figure 3. Fully developed sterile pustules 24 hours after three
fire ant stings in a normal person who did not experience a
large local or systemic reaction to the stings.

toms and signs at sites remote from the sting site:
generalized urticaria, cutaneous or laryngeal edema,
bronchospasm, and/or cardiovascular collapse. Urti-
caria and angioedema are estimated to occur in 16% of
stings and life-threatening anaphylaxis follows 0.6 to
4% of stings.8 Thirty-two documented deaths due to
IFA stings have been reported in the southern United
States.i3 Emergency room physicians in areas infested
with IFA know to check between the toes and elsewhere
on the lower extremities for evidence of fire ant stings
when patients present with anaphylaxis. Anaphylaxis
usually occurs shortly after a sting. However, a case
report described such a reaction hours after a sting. 14

Other, unusual neurotoxic reactions to IFA stings
have been reported, i5 including focal or generalized
seizures and peripheral neuropathy occurring minutes
to 36 hours after urticaria, angioedema, or large local
reactions. The pathogenetic mechanisms causing the

Figure 4. Developing late phase allergic reaction 6 hours after
fire ant sting in a patient with a history of large local reactions.
A developing sterile pustule is present in the center of the
reaction.
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reactions. The pathogenetic mechanisms causing the
neurologic reactions are uncertain. There is reason to
think they could be toxic or immunologic in origin.
Nephrotic syndrome also has been reported as a com-
plication of ant stings. 16More recently, the attack of a
neonate in bed by fire ants was reported.'The infant
experienced an almost fatal reaction of shock, coma,
hemolytic anemia, and coagulopathy.17

IMMUNOTHERAPY FOR PREVENTION
OF ANAPHYLAXIS

Studies of anaphylaxis in response to the stings of
other Hymenoptera, such as honeybees and yellow

jackets, have established that the production of IgE
after stings is common and often transient. Further-
more the clinical manifestations of anaphylaxis, the,
probability of serious reactions after subsequent stings,
and the duration of sensitization tend to be higher in
adults than in children. The natural history of sensitiv-
ity to IFA stings, however, is unknown, and the indi-
cations for immunotherapy to prevent the recurrence
of IFA sting anaphylaxis are therefore unclear.

The experience with immunotherapy for honeybees,
yellow jackets, and wasps has demonstrated that whole-
body extracts are of no value, because they contain
little or no venom. Venom immunotherapy, on the
other hand, has shown to be safe and effective in
patients with systemic reactions after honeybee and
yellow jacket stings. 18,19 Extracts ofIFA venom are not
yet commercially available and whole-body IFA ex-
tracts presently are used to diagnose and to treat thou-
sands of affected patients who live in infested areas.
Fortunately, there is a substantial, although variable,
amount of venom in IFA whole-body extracts (IFA-
WBE). Treatment consists of weekly subcutaneous in-
jections of IFA-WBE, with the dose increasing until a
maintenance dose, usually 0.5 mL of a I: 10 dilution, is
reached. This maintenance dose is then given monthly
or at longer intervals for at least 3 to 5 years. The
effectiveness ofIFA-WBE was first supported in a study
by Hylander et a1.20 Findings of that study suggested
that IFA-WBE contains relevant allergens and that
immunotherapy with IFA-WBE is efficacious for most
patients by 2 years, at which time patients tolerate stings
without reaction. In additional studies, sting challenges
in 30 patients with previous systemic reactions and
subsequent immunotherapy with IFA-WBE induced no
systemic reactions.21 Research is under way to develop
IFA venom for diagnosis and therapy. In our own
practice, each new lot of commercial IFA-WBE is tested
before use in diagnosis and treatment by using skin
testing in a panel of patients known to have IgE to IFA
venom to assure that the relevant allergens are present.

Two native species of fire ants, Sxyloni and S aurea,
have been reported to cause systemic reactions as well,
but less is known about the constituents of their venom.
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CHEMICAL CONTROL OF IMPORTED
FIRE ANTS

Earlier attempts to control fire ants led to the use of
pesticides that were toxic to wildlife and were thus

discontinued. The two approaches to control fire ants
presently available include treatment of individual
mounds and "broadcast" treatments. These techniques
have recently been reviewed in detail.22 Treatment of
individual mounds with pesticides including diazinon
granules or drenches or injecting mounds with chlor-
phyrifos only temporarily clears small areas. Broadcast
treatments use baits which attract ants. The baits consist
of soybean oil, corn grits, and a chemical agent. The
bait is picked up by a worker and taken deep into the
mound and eventually fed to the queen. Baits have
been impregnated with insecticides and synthetic ver-
sions of natural insect growth hormones. These agents
appear to be capable of clearing large areas of ants for
months at a time.

CONCLUSION

Fire ant stings are the source of increasing numbers
of allergic reactions to their venom in residents of

the Gulf south and southeastern United States. As the
ants continue to adapt to their adopted environment,
this problem can be anticipated to increase. A better
understanding of the natural history of fire ant allergy,
the allergens in fire ant venom, and the availability of
venom for diagnosis and for treatment is needed.
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