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The Imported Fire Ant:

Immunopathologic Significance

RICHARD F. LOCKEY University of South Florida

The imported fire ant is a major insect cause of generalized hypersensitivity
in the southern United States. The alkaloids in the ant’s unique venom also
produce substantial morbidity due to local reactions, both toxin- and
IgE-mediated. Immunotherapy—with whole body extracts as well as with
venom—is given only to patients with systemic reactions.

In some parts of the southeastern and south
central United States and Puerto Rico, hyper-
sensitivity reactions to imported fire ant stings
are more common than those to stings from
other hymenoptera—bees, wasps, yellow jackets,
and hornets. Imported fire ants are aggressive
and will attack en masse any human or animal
that encroaches on their nest. They infest both
urban and rural areas and have been known to
invade homes and sting sleeping occupants.

The reactions to the sting of the imported fire
ant range from local pruritus and erythema to
anaphylactic shock and death. Many patients
experience a large local reaction rather than a
systemic allergic response, and a few have delayed
neurologic sequelae. Moreover, secondary infec-
tion of the sting site can result in substantial
morbidity. Clinicians should be aware of the
variable consequences of an imported fire ant
sting, as not all of them require immunotherapy.
This knowledge is also relevant for clinicians
living outside the South, since they may be called
on to treat patients who have been stung while
on vacation.

The venom of the imported fire ant is substan-
tially different from that of other hymenoptera.
A major difference relates to the low protein
content and unique structure of the allergenic
proteins contained in imported fire ant venom.
This makes it unlikely for allergic patients to
cross-react from fire ants to other hymenoptera,
or vice versa. Also noteworthy is the experience
that venom extracts are clearly preferable to
whole body extracts (made from ground whole
insects) for diagnosis and immunotherapy of

hypersensitivity to bees and vespids, but imported
fire ant whole body extract and venom appear to
be equally efficacious.

Entomology

Many insects can cause systemic allergic reac-
tions. In the order Hymenoptera, these include
the families Apoidea (bees), Vespoidea (wasps,
yellow jackets, and hornets), and Formicoidea
(ants). Of the ants, only those in the genus Sole-
nopsis (fire ants) and the genus Pogonomyrmex
(harvester ants) are known to cause IgE-mediated
allergy in humans. Harvester ants are native to
North America and are concentrated primarily in
the southwestern United States and Mexico.

North American fire ant populations are domi-
nated by twentieth-century immigrants from
South America. Included are two species that
were brought through the port of Mobile, Ala. The
black imported fire ant, Solenopsis richteri, is
native to Uruguay and Argentina. It spread slowly
through the Southeast via transportation of
agricultural products and soil after it was intro-
duced, circa 1918. The red imported fire ant,
S. invicta, was introduced from Brazil and Para-
guay in the 1930s (Figure 1). S. invicta quickly
displaced S. richteri because it is more aggressive
and better adapted to southern climatic condi-
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Figure 1. The worker ant of the genus Solenopsis is 3 to 6 mm long. To sting,
the ant attaches its mandible to the skin, arches its back at the peduncle, and
injects venom through a stinger at the tip of its abdomen. If left undisturbed, the
ant will rotate on its mandible and sting repeatedly.

tions (Figure 2). Today, S. rich-
teri is limited to a small area
along part of the northern com-
mon border between Alabama
and Mississippi. S. invicta has
also largely displaced the native
southern fire ant, S. xyloni, and
the tropical fire ant, S. gemin-
ata, which was introduced to
the United States in the six-
teenth and seventeenth cen-
turies. These two species are
less aggressive than S. invicta,
but their stings can result in
severe systemic allergic reac-
tions. Hybrids of S. invicta and
S. richteri have also been iden-
tified. These hybrids occupy
some of the territory (Georgia,
Alabama, Mississippi) previous-
ly thought to be exclusive to S.
richteri.

The imported fire ant is diffi-
cult to control with conventional
insecticides and rapidly rein-
fests treated areas once the
chemical has deteriorated. Soil
temperature and moisture seem

110 Hospital Practice March 15, 1990

to be the major two factors that
limit its geographic spread. The
northern boundary is extending
northward but not rapidly, be-
cause of the inability of either
species to withstand prolonged
freezing temperatures. Favor-
able climatic conditions exist
for extension of the current
habitat to the entire West Coast
and from Florida to Delaware
on the East Coast. The desert
conditions of Texas have ham-
pered the westward spread of
S. invicta, but isolated colonies
have been identified and eradi-
cated in Arizona, New Mexico,
and California. The hybrids may
be less cold sensitive than
S. invicta and S. richteri
and could therefore eventually
spread north.

Epidemiology of Stings

Surveys indicate that up to
58% of the population in some
areas of the southeastern and

south central United States are
stung by imported fire ants
each year. Anaphylaxis occurs
in up to 1% of them. The preva-
lence of systemic allergic reac-
tions is in all likelihood grossly
underreported, since many per-
sons who have systemic reac-
tions do not realize the poten-
tial danger and therefore do not
seek medical attention.

In a survey of a New Orleans
suburb, Richard D. deShazo
and co-workers found that 35%
to 58% of residents had been
stung within the past year.
Wayne Yaeger reported that in
one Georgia county, imported
fire ants attack 13.8% of the
exposed population each year,
of whom 5% require medical
attention for reactions ranging
from mild local toxicity to life-
threatening anaphylaxis. R. Fa-
ser Triplett reported that 901
Mississippi physicians treated
12,438 ant stings in seven
months. As many as 16% of the
stung patients exhibited sys-
temic allergic symptoms, with
anaphylactic shock reactions
occurring in 0.6%. South Caro-
lina physicians surveyed by
R. S. Lawrence reported 69 cases
of anaphylaxis among 1,088
patients treated for stings over
a two-year period.

Charles J. Hannan and col-
leagues have reported a season-
al variation in antigens of S. in-
victa. This variation may con-
tribute to the higher rate of
imported fire ant systemic re-
actions during the summer
months.

Imported Fire Ant Venom

The venom produces a sharp,
burning sensation—hence the
name “fire ant.” The venom is
chemically unique, in that it
has an extremely low protein
content and consists predom-
inantly of toxic alkaloids. All
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other venoms that have been
characterized, including those
of insects and vertebrates, do
not contain alkaloids but are
primarily concentrated, aqueous
protein solutions. Indeed, there
is more similarity between bee
and rattlesnake venom than
there is between bee and fire
ant venom.

The venom of S. invicta has
been characterized. Its alkaloid
fraction consists of various
water-insoluble 2,6-disubsti-
tuted piperidines, which ac-
count for 95% of the venom. The
piperidine alkaloids possess
direct tissue toxicity, as well as
hemolytic, bactericidal, and in-
secticidal properties. They are
able to activate the alternate
complement pathway; however,
skin testing, radioallergosorbent
testing (RAST), and RAST inhi-
bition have shown that the
piperidines are not allergenic.
They cause the typical delayed
pustule.

The 5% aqueous fraction of
the venom contains a small
amount of solubilized protein.
Less than 0.1% of the total
venom weight consists of pro-
teins, including those that are
capable of causing systemic
imported fire ant hypersensitiv-
ity. A single sting delivers 10 to
100 ng of protein. Various ef-
forts to isolate the proteins and
to characterize their antigenic
and allergenic properties have
been hampered by the difficulty
in obtaining sufficient quanti-
ties of venom.

Most recently, Donald R. Hoff-
man and co-workers isolated
four allergenic proteins from
both commercial (collected by
an electric shock method) and
hand-milked pure S. invicta
venom, using gel filtration and
high-performance cation ex-
change chromatography. No
other fraction of the venom was
found to have IgE binding ac-

tivity. The four proteins were
tested by RAST on the sera of
23 patients with imported fire
ant hypersensitivity, and all had
significant allergenic activity.

The proteins have molecular
weights ranging from 15,000 to
37.000 and have been desig-
nated Sol i L, II, II, and IV. Sol i
Il and III are the major proteins,
respectively representing 67%
and 20% of the venom protein.
Sol i 1 represents 4% of the
venom protein and Sol i IV 9%.
Amino acid analysis showed
that the proteins are struc-
turally different and not de-
rived from each other. Sol i 1l is
a phospholipase that is both
structurally and functionally
different from phospholipases
found in other hymenoptera
venoms. Rabbit antisera raised
against bee and vespid phos-
pholipases did not react with
Sol i II on immmunoblot
analysis.

Individual serum samples
from the 23 allergic patients
did not react equally to the four
proteins; however, none of the
allergens was dominant. The
sera of some patients did not

show IgE binding activity to all
four proteins, but each of the
four showed the highest IgE
binding activity for at least four
serum samples. Linear regres-
sion analysis of RAST data
showed that the IgE responses
to the allergens were not related
to each other.

Hoffman has also shown that
venom from S. richteri contains
three proteins, Sol rl, II, and III,
which are similar to S. invicta
proteins. S. richteri venom does
not have a protein similar to
Sol i IV. The venoms of the two
species are highly cross-reactive
on direct RAST and RAST in-
hibition studies.

We have obtained results
similar to Hoffman’s in a study
of S. invicta whole body extract,
performed in conjunction with
S. Lennart Nordvall and S.
Gunter Johansson in Sweden.
An allergen extract made from
ground whole ant is a complex
mixture of venom and body
antigens, most of which are not
allergenic. Since the clinical ef-
ficacy of commercial whole body
extracts may vary, we prepared
our own extract and analyzed it

[ Areas Infested with Imported Fire Ants

Figure 2. Parts or all of these southern states (and U.S. Caribbean possessions)
are infested with imported fire ants, which may spread to other warm-weather
states. A cold-tolerant hybrid adds the possibility of greater spread.
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Figure 3. The sting of the imported fire ant results in an immediate wheal-flare
response; within 24 hours, a characteristic sterile pustule appears at the sting
site. If left undisturbed, the pustule usually resolves over three to 10 days.

with crossed immunoelectro-
phoretic techniques. Six aller-
gens were identified, but in
immunoblotting studies, only
four bound to IgE from 24 pa-
tients with hypersensitivity to
the imported fire ant. The four
antigens had molecular weights
ranging from 13,000 to 42,000,
and as in Hoffman’s study, two
fulfilled criteria for major aller-
gens. Three of the four allergens
were easily identified in crossed
immunoelectrophoresis of a com-
mercial venom.

The venoms of bees and ves-
pids contain systemically vaso-
active and cytotoxic substances,
in addition to their hypersen-
sitivity-inducing proteins. Bee
venom, for example, contains
apamin, which is known to be a
specific centrally acting neuro-
toxin. Bee and vespid stings
can therefore also produce toxic,
sometimes fatal, non-IgE-medi-
ated reactions, including sei-
zures, cerebral edema, vascu-
litis, pulmonary emboli, and
renal failure. Unlike anaphylac-
tic reactions, these toxic se-
quelae occur not immediately
after the sting but a day or
more later.

The venom of the imported
fire ant does not appear to have
such nonallergenic generalized
effects. Although its piperidine

112 Hospital Practice March 15, 1990

alkaloids are toxic at the sting
site, they seem to be detoxified
locally and do not have cumula-
tive systemic effects. Nonallergic
adults routinely receive dozens
and even hundreds of ant stings
in a single exposure without
any systemic symptoms. Indeed,
a case report of a woman who
sustained approximately 10,000
imported fire ant stings without
any sequelae argues strongly
against nonallergenic systemic
effects of any kind.

Pustule

The intense inflammatory re-
action and pustule that develop
at the imported fire ant sting
site probably result from the
potent cytotoxins and hemolyt-
ics found in the alkaloid frac-
tion of the venom. The toxins
cause localized necrosis of the
dermis and underlying connec-
tive tissue to create the charac-
teristic sterile pustule that ap-
pears within 24 hours after
almost all stings (Figure 3). The
likelihood of pustule formation
is probably a function of the
amount of toxin injected. In the
United States, this pustule is
pathognomonic for S. invicta
and S. richteri stings, except for
an occasional pustule caused by
native or tropical fire ants.

A 25- to 50-mm erythematous
flare develops immediately after
a sting, followed in a few min-
utes by a wheal that may en-
large up to 10 mm in diameter.
The wheal-flare response is
most prominent at 20 minutes
and resolves within two hours.
A vesicle containing clear fluid
begins to form in four hours.
The fluid becomes cloudy over
the next several hours, and
within 24 hours, the pustule is
usually umbilicated and sur-
rounded by a red halo and an
area of edema. If undisturbed,
the pustule will rupture or re-
solve over three to 10 days,
leaving a superficial scar, mac-
ule, or fibrotic nodule.

Histologic studies indicate
that imported fire ant venom
causes histamine release at the
sting site. Slight infiltration of
lymphocytes, histiocytes, and
plasma cells, local edema, and
some necrosis begin within 30
minutes. At 24 hours, the pus-
tule contains many necrotic
polymorphonuclear cells, lym-
phocytes, and neutrophils. By
72 hours, these have been
joined by plasma cells and eo-
sinophils (Figure 4). At this
time, the pustule’s central floor
area is obliterated, and the cel-
lular infiltrate extends into the
underlying necrotic tissue. The
pustule fluid contains necrotic
cellular debris and leukocytes,
primarily neutrophils.

Being sterile, the pustule
usually heals spontaneously.
The intense pruritus, however,
prompts many patients to
scratch off the pustule’s thin
epidermal covering, creating a
direct route for secondary in-
fection, which can cause con-
siderable morbidity; sepsis and
death have been reported. Local
sepsis and, in some patients
(particularly those with diabe-
tes mellitus or impaired circula-

(continues)
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FIRE ANT (continued)

tion), local necrosis may require
surgical debridement and skin
grafting or, occasionally, partial
or complete amputation of a
limb.

There is no treatment that
will alter the evolution of local
toxicity and the necrotic pus-
tule. In a study with rabbits, we
determined that topical ste-
roids, systemic steroids, system-
ic antihistamines, sympatho-
mimetics, local abrasion and
treatment with povidone-iodine
solution, and aspiration of pus-
tules did not alter the pustule’s
clinical or pathologic course.
Prophylactic treatment with
topical or parenteral steroids
could not protect the animals
against the immediate destruc-
tive action of the alkaloid cyto-
toxins.

The management of choice
for the pustular lesion caused
by the imported fire ant is
repeated cleansing of the site
with soap and water, covering
the lesion to prevent excoria-
tion, and immediate treatment
of secondary infection. Topical
anesthetics or oral antihista-
mines may be used for pruritus.

Large Local Reactions

As with other hymenoptera
stings, large local reactions are
common after imported fire ant
stings, developing in perhaps
15% to 50% of patients. Triplett
reported that almost 50% of
12,438 stung patients had lo-
calized swelling, and another
study of 226 stung patients
showed that 17% had swelling
greater than 25 mm in diameter
at the sting site.

DeShazo and co-workers have
characterized the large local re-
action that occurred in 36 of 65
stung patients. The immediate
wheal-flare reaction evolved in-

T iy e

Figure 4. H&E-stained rabbit skin shows intense eosinophil-neutrophil infiltrate
(arrows) in reticular dermis abscess 48 hours after fire ant sting (top). Five days
later, necrosis has decreased, the epidermis has thickened (arrows), and mac-
rophages are seen at the abscess’s edge (bottom).

to pruritic, often painful, ery-
thematous, edematous lesions
within one to two hours (Figure
5). The size of the wheal-flare
response at 20 minutes directly
correlated with the size of the
large local reaction at six hours.
The second reaction peaked at
24 hours and resolved in 48
hours.

On the basis of the temporal
sequence and histopathologic
studies, deShazo called the large
local reaction an IgE-mediated
late-phase response. Patholog-
ically, it resembled late-phase
reactions that develop after in-
tradermal injections of ragweed
or insulin, characterized by
dense fibrin deposits with trap-

ping of edema in the reticular
dermis around the pustule.
Eosinophils were present at 24
hours in the pustular fluid of
the dual reactors but not in the
single reactors. None of the pa-
tients had a systemic allergic
reaction (Figure 6). It also is
possible that the large local
reaction is a form of dermal
hypersensitivity mediated by
nonimmunologic mechanisms.
In a study of 133 patients
from the Buffalo, N.Y., area who
had large local reactions to bee
and vespid stings, Paul M.
Mauriello and co-workers found
that such patients are likely to
have similar reactions when
they are stung again, with very
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Figure 5. Large local reaction often results from the sting of the imported fire
ant. In this patient, shown six hours after three stings from a single fire ant,
much of the forearm is covered by a pruritic, painful, erythematous, and
edematous lesion. The reaction peaked in size at 24 hours.

little risk of systemic anaphy-
laxis. Only one of 130 twice-
stung subjects had a systemic
anaphylactic reaction. Neither
skin testing nor determination
of serum levels of venom-specfic
IgE was able to predict subse-
quent large local reactions, and
venom immunotherapy did not
prevent them. Similarly, a review
of 118 patients with bee and
vespid sting anaphylaxis showed
that only five had had a large
local reaction to an earlier sting.

The results of these studies
suggest that in the absence of
associated systemic symptoms,
skin testing, RAST, or prophy-
lactic immunotherapy is un-
necessary for patients with a
large local reaction to an im-
ported fire ant sting. Therapy
for a large local reaction con-
sists of symptomatic treatment
with oral corticosteroids, anti-
histamines, or both. Steroids
may not be helpful unless be-
gun within 48 hours of the
sting. They should be continued
for three to five days.

Neurologic Sequelae

Neurologic manifestations
secondary to the imported fire
ant sting are rare. They usually
involve the central nervous sys-

116 Hospital Practice March 15, 1990

tem, develop 24 to 96 hours
after the sting, and may not be
associated with an earlier reac-
tion. We have reported neuro-
logic sequelae in five patients: a
right radial mononeuropathy, a
focal motor seizure, and three
grand mal seizures. The neuro-
logic disorder resolved in all
five patients.

The neuropathy may have
been the result of local neuro-
toxic effects of piperidine alka-
loids in the venom, nerve com-
pression by local edema and
swelling, or direct injury to the
nerve or its vascular supply.
Focal motor seizures are not
typical of anaphylactic convul-
sions. In two patients, the grand
mal seizure occurred immedi-
ately after the sting and may
have been the presenting mani-
festation of a hypersensitivity
reaction. In the third patient,
the grand mal seizure occurred
more than six hours after the
initial collapse and treatment
for anaphylaxis.

Most neurologic problems
associated with other hymen-
optera stings consist of tran-
sient alterations of conscious-
ness associated with anaphy-
lactic shock immediately after a
sting, but delayed neuropathies
and encephalopathies also oc-

cur. It thus appears reasonable
to recommend imported fire ant
immunotherapy for patients
who experience a seizure after
a sting if they have appropriate-
ly positive skin tests.

Hypersensitivity Reactions

In a classic review, Robert B.
Rhoades and co-workers studied
104 cases of imported fire ant
hypersensitivity that were doc-
umented by either typical pus-
tule formation or positive skin
tests. Patients sustained one to
100 ant stings (average, 10),
and onset of anaphylaxis was
almost immediate (average, 13
minutes). The characteristic
pustule was identified in 86%.
Prominent features of the hy-
persensitivity reactions includ-
ed diffuse erythema, pruritus,
urticaria, or angioedema, res-
piratory distress (secondary to
laryngeal edema or broncho-
spasm or both), nausea, diz-
ziness, hypotension, circulatory
collapse, coma, and death.

Whether atopic disease pre-
disposes to anaphylaxis remains
controversial. A history of aller-
gy was documented in 28 of 83
patients (34%) in Rhoades’s
study. However, large epidemio-
logic studies of patients who
are allergic to bees and vespids
have found no increased inci-
dence of atopy.

Allergic reactions are more
common in children than in
adults. John Strimas and co-
workers studied 19 children,
aged 15 to 39 months, with
imported fire ant hypersensitiv-
ity and found that they have
higher serum levels of specific
IgE antibodies to the fire ant
than do adults.

Treatment is no different
from that for any other anaphy-
lactic reaction—primarily epi-
nephrine and antihistamines

(continues)
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FIRE ANT (continued)

(see table). When necessary,
other drugs and supportive care
may be required.

Anaphylactic Death

Fifty to 60 deaths from bee
and vespid stings are docu-
mented in the United States
each year, but this is thought
to represent only 256% to 50% of
real mortality. Fatal anaphylac-
tic reactions to the imported
fire ant sting are less frequent
nationally than are those to
other hymenoptera, but the true
incidence remains unknown. In
many parts of the South, how-
ever, the imported fire ant is
the leading cause of insect-in-
duced anaphylactic death.

A survey by Rhoades and col-
leagues documented 31 fatal
reactions to imported fire ant
stings. Death was rapid, and
victims ranged in age from in-
fancy to 65 years. Most of the
deaths were caused by fewer
than five stings, although some
involved 20 or more stings.

Anaphylactic death is more
common among adults than
among children, particularly in
the elderly and those with cor-
onary artery disease. Postmor-
tem findings, while nonspecific,
are typical of other hymenop-
tera-induced pathology. Primary

Figure 6. Local reactions to imported
fire ant stings resemble the late-
phase reactions that develop after in-
tradermal injection of antigen. In this
schematic synthesis of work done in
a number of laboratories, the imme-
diate response triggered by antigen
involves antigen-IgE-mediated de-
granulation of the mast cell, release
of histamine and other mediators,
and recruitment of inflammatory cells.
Various chemotactic factors activated
during the acute reaction induce the
cellular infiltration and fibrin deposits
that characterize the late phase.
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Immediate Measures

not responding to therapy.

General Measures
Trendelenburg position.

required).
Give oxygen as needed.

Specific Measures

will delay its absorption.

useful in protracted anaphylaxis.

Treatment of Anaphylaxis

Give aqueous epinephrine 1:1,000, 0.3 to 0.5 ml (0.01 ml/kg in children) SC or
IM. Repeat once or twice if necessary at 15- to 20-minute intervals to maintain
normal blood pressure and control symptoms.

Mix aqueous epinephrine 1:1,000, 0.1 ml to 0.3 ml in 10 ml of normal saline,
and give IV over several minutes. Repeat as necessary for anaphylactic shock

Place patient in the recumbent position. Elevate lower extremities or use

Establish and maintain airway (endotracheal tube or tracheostomy may be

Start IV line with normal saline for fluid replacement and as a route for
additional medication, If severe hypotension exists, rapid infusion of volume
expanders is necessary (colloid-containing solutions or saline).

Place a venous tourniquet above the reaction site (insect sting or injection) to
decrease systemic absorption of the antigen.

Aqueous epinephrine 1:1,000, 0.1 to 0.3 ml, at the site of antigen injection

Diphenhydramine, 60 to 80 mg (5 mg/kg/24 hours) can be given IV over
3 minutes if the patient is not responding to initial therapy.

Aminophylline, 6 mg/kg administered over 20 minutes IV, should be given if
the patient has bronchoconstriction. Make appropriate adjustments in dose if
the patient is currently taking a theophylline preparation.

If hypotension persists, dopamine, 400 mg in 500 ml D5W, should be given IV
at an appropriate rate to maintain normal blood pressure.

Glucocorticoids are usually not helpful in acute anaphylaxis. They may be

Cimetidine, 300 mg administered IV over 5 minutes, may reverse refractory
anaphylaxis. Caution: Transient hypotension and bradycardia have been
reported after rapid 1V administration.

Glucagon, 2 to 5 units given IV over 2 minutes, may be useful when a
B-blocker is complicating anaphylaxis.

findings are acute pulmonary
changes and cerebrovascular
congestion. In some cases, con-
gestion was also seen in the
kidneys, spleen, adrenal glands,
and liver. Other criteria for a
postmortem diagnosis of ana-
phylaxis include a documented
sting immediately preceding the
systemic reaction, a history of
hypersensitivity, and a positive
RAST. The RAST, in particular,
may be extremely valuable in
explaining sudden death that
occurs outdoors and should be
performed routinely when in-

118 Hospital Practice March 15, 1990

sect anaphylaxis is a possible
cause.

Cross-reactivity

There are striking similari-
ties among the venom proteins
of insects in the family Vespi-
dae. Extensive cross-reactivity
exists with different hornet ven-
oms and between hornet and
yellow jacket venoms. There is
limited cross-reactivity between
wasp and other vespid venoms.
Cross-reactivity between vespids
and bees also occurs, but this

is unusual. About 50% of pa-
tients who are hypersensitive
to one vespid will have cross-
reactivity to another.

The low protein content of
imported fire ant venom and
the unique structure of its al-
lergenic proteins suggest that
cross-reactivity would be un-
likely. Clinical experience also
indicates that a person who is
allergic to bees, wasps, yellow
jackets, or hornets probably is
at no greater risk for a systemic
reaction to a fire ant sting than
a person with no history of
hymenoptera hypersensitivity.

Some studies do hint at the
possibility of at least some
cross-reactivity, however. In
Rhoades’s report of 104 pa-
tients, eight had a history of hy-
persensitivity to other insects.
Another five patients who were
newcomers to the South or from
the North had a systemic reac-
tion to their first imported fire
ant sting, which indicated that
they might have been initially
sensitized through a cross-re-
acting antigen, possibly of an-
other insect.

Rhoades also reported a high
incidence of skin-test and RAST
cross-reactions between persons
hypersensitive to imported fire
ants and those sensitive to oth-
er hymenoptera. Similarly, J. E.
Moffitt and co-workers found
that 34 of 47 patients allergic
to bees and vespids had posi-
tive skin tests to imported fire
ant venom, and 11 of 19 were
RAST-positive to imported fire
ant venom. Hoffman notes that
sera from patients allergic to
bees and vespids react primarily
with Sol i I and suggests that
this is a cross-reactive allergen.

Diagnosis
Imported fire ant whole body
extract (WBE) is the only com-

(continues)
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FIRE ANT (continued)

mercial reagent available for diagnosis of and
immunotherapy for persons who are hypersen-
sitive to the insect. A commercial venom extract
is available for experimental purposes only and
has not been approved by the FDA for use in hu-
mans. Moreover, it remains to be seen whether
commercial suppliers can provide enough venom
to treat all hypersensitive patients.

WBE from hymenoptera other than the import-
ed fire ant is not effective for diagnosis and ther-
apy. unlike venom extract, probably because bee
and vespid body enzymes biodegrade the venom
proteins. This phenomenon does not appear to
occur with imported fire ant WBE, which, when
properly prepared, contains most clinically im-
portant allergens. A number of studies have com-
pared the efficacy of skin testing and RAST with
imported fire ant WBE and venom (Figure 7). Var-
iability in responsiveness to WBE can be attrib-
uted largely to the different preparations used in
these studies.

We and other investigators have concluded that
imported fire ant WBE and venom are both valid
for skin testing and RAST diagnosis of fire ant
hypersensitivity. Venom RAST is more sensitive,
but not more specific, than WBE RAST. Both ex-
tracts can produce false-positive skin tests and
RASTs in nonallergic subjects.

We usually wait 30 days after a systemic reac-
tion to perform the diagnostic workup. Patients
first undergo a scratch test with imported fire
ant WBE. If they do not respond, serial dilution
subcutaneous testing with WBE is performed,
beginning with a 1:1,000,000 weight-to-volume
dilution. Almost 90% of clinically sensitive pa-
tients will produce a wheal-flare reaction before
the dilution reaches 1:500.

Immunotberapy

Uncontrolled studies have shown immunother-
apy with imported fire ant WBE to be effective for
most hypersensitive patients. A progressive in-
crease in venom-specific IgG, (blocking antibody)
is seen in patients receiving immunotherapy, and
the increase is associated with a decrease in ve-
nom-specific IgE. Inmunotherapy probably does
reduce mortality, although death often occurs in
patients who have not had a previous systemic
reaction.

As early as 1973, Triplett reported that patients
receiving desensitization therapy with WBE did

(continues)
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FIRE ANT (continued)

not have a systemic reaction

when they were stung again.
Rhoades reported two mild sys-
temic reactions in 19 patients
who were stung while being
treated with WBE immuno-
therapy. One reaction occurred
early in the course of therapy,
presumably before protection
had been achieved. Barry R.
Paull and T. H. Coghlan recently
reported two treatment failures
in patients receiving mainte-
nance doses of WBE immuno-
therapy.

A multicenter, double-blind
controlled study that uses sting
challenges is now being con-
ducted to compare the relative
efficacy of immunotherapy with
WBE, venom, and placebo. It
will then remain to be deter-
mined whether treatment with
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a specific venom antigen (ie.,
Sol i 1, I, 1II, or IV) will be
superior to whole venom.

Patients who have had a sys-
temic reaction to an imported
fire ant sting are candidates for
immunotherapy. Most suitable
are those with severe reactions
and positive skin testing or
RAST, those who are geograph-
ically or occupationally suscep-
tible to repeated exposure, and
those who exhibit unreasonable
anxiety and extreme life-style
changes to avoid another expo-
sure. Patients can be advised
that immunotherapy dramati-
cally reduces the risk of ana-
phylaxis. Even if anaphylaxis
occurs in the course of mainte-
nance therapy, it is almost al-
ways less severe than the one
before therapy.

Immunotherapy is not rec-

(continues)
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Figure 7. Results of 11 studies involving more than 550 patients indicate that
whole body extract of imported fire ants, when properly prepared, is a reliable
method for diagnosing hypersensitivity. Both WBE and venom extract produce

false-positive skin tests and RASTs

in nonallergic patients. Venom RAST is

more sensitive than WBE RAST but not more specific.
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FIRE ANT (continued)
ommended for patients with se-
vere large local reactions, even
though they may be of allergic
origin. There is also evidence
that children aged three to 16
years who have had only cuta-
neous manifestations of a sys-
temic reaction—urticaria, an-
gloedema, and generalized pru-
ritus—to other hymenoptera
do not have severe systemic re-
actions when they are stung a
second time; therefore, they gen-
erally do not need immunother-
apy. Whether this is true for chil-
dren of the same age with fire
ant hypersensitivity is unknown.
The initial immunotherapy
dose is 0.5 ml of the highest
WBE dilution that produces a
positive skin test (usually
1:10,000 or 1:100,000 weight-
to-volume dilution). Increasing

increments of the extract are
administered in a series of
weekly or biweekly injections to
the maximum tolerated dose
{not to exceed 0.5 ml of a 1:10
dilution). That level is usually
achieved in six weeks to three
months, and this maintenance
dose is then administered once
every four to six weeks.
Maintenance immunotherapy
for hypersensitivity to bees and
vespids is usually continued for
up to five years. Patients with
severe anaphylactic reactions
who are continually exposed oc-
cupationally to the imported
fire ant should be maintained
indefinitely until data are ob-
tained demonstrating other-
wise. All hypersensitive patients
who are not on immunotherapy
or have not reached mainte-
nance should carry an emer-
gency insect sting kit contain-

Entomnol 67:484, 1984

5:161, 1987

Immunol 82:567, 1988

82:818, 1988
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ing aqueous epinephrine in a
prefilled syringe. Some hyper-
sensitive patients who are not
challenged by another sting and
are not placed on immunother-
apy apparently lose their sensi-
tivity over time to the imported
fire ant.

Systemic reactions can occur
during the administration of
immunotherapy. It should there-
fore be performed only by clini-
clans experienced in the tech-
nique, or under the guidance of
an allergist-immunologist, and
only when adequate means of
treating systemic reactions are
available. Patients should be in-
formed of the risk and observed
closely for 30 minutes after each
injection.

Hypersensitivity reactions to
the imported fire ant have
become an important clinical
problem that will continue to
grow as the insects spread
and the human population en-
croaches on their habitat. Im-
ported fire ant WBE and venom
share allergens, and both are
able to identify hypersensitive
patients through appropriately
performed skin testing or RAST.
Although the natural course of
imported fire ant hypersensi-
tivity is unknown, immunother-
apy with WBE is currently
recommended—on the basis of
uncontrolled reports of effec-
tiveness, the presence of venom
allergens in WBE, and in vitro
evidence that WBE contains
allergens that react like venom
allergens. The continuing char-
acterization of venom allergens
will facilitate standardization of
imported fire ant venom and
whole body extracts and will
enable investigators to eluci-
date the immune response in
hypersensitive patients and
cross-reactivity between the
imported fire ant and other
hymenoptera. o





