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Purpose of review

Worldwide, eight genera of ants have been associated with
sting allergy. Until recently only whole ant body extracts have
been used for immunotherapy. The purpose of this review is to
examine recent advances in the understanding of ant venom
allergy and treatment using venom immunotherapy.

Recent findings

Public health problems due to severe ant sting anaphylaxis are
not confined to the imported fire ant of North America.
Pachycondyla sennaarensis (samsum ant), Pachycondyla
chinensis, and Myrmecia pilosula (jack jumper ant) also appear
to pose notable threats. The risk to humans from a particular
species probably depends on complex interactions between
likelihood of human contact, insect aggression, efficiency of the
venom delivery apparatus, and venom allergenicity. The highest
population prevalence of clinical ant sting allergy so far (3.0%)
was reported from south-eastern Australia, due mainly to M.
pilosula. Prospective follow-up of untreated people suggests
that those older than 30 years with a history of severe reactions
(respiratory compromise or hypotension) will benefit most from
venom immunotherapy. Whereas the efficacy of ant whole body
extract immunotherapy remains to be proven, ant venom
immunotherapy has been demonstrated to reduce the risk of
systemic reactions to M. pilosula from 72% to 3%. Although a
simple method of venom extraction has been developed, small
market size means that the treatment may never become widely
available.

Summary

Ant venom immunotherapy is feasible and highly efficacious.
However, the limited geographical distribution of each species
presents a major challenge to making venom extracts available
for clinical use.
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Introduction

Until recently the medical literature on ant sting allergy
has focussed on imported fire ant (IFA) infestations in
North America, for which treatment has been with whole
body extract (WBE) rather than pure venom [1]. However
many other species are important worldwide and in
Australia, pure ant venom extract has been tested in the
first double blind randomized placebo-controlled study of
venom immunotherapy [2°°]. We will review recent
studies of ant venom allergy and immunotherapy that
provide a framework for further developing, testing, and
applying immunotherapies for allergy to stinging ants.

Epidemiological considerations

When planning an immunotherapy program, an under-
standing of ant sting allergy epidemiology and natural
history is required. It cannot be assumed that the results
of studies in one species will apply to others.

Causative species

To our knowledge, a total of eight genera of ants have
thus far been associated with ant venom allergy [1,3—
5,6°°,7-9,10°,11-14]. These are presented in Figure 1,
according to a recently revised phylogenetic classification
for the Aculeata [15]. We have not included biting ants
that do not inject venom, such as Formica spp., because
reactions occur to ant saliva infrequently and are almost
universally mild. It should be noted that nomenclature
changes could easily confuse the non-entomologist. For
example, the genus Pachycondyla now includes ants
previously classified under Ectomomyrmex and Brachypo-
nera.

Despite the large number of ant species capable of
causing anaphylaxis, notable public health problems
appear to be limited to relatively few, namely Solenopsis
spp. (IFA) in the United States [1], Pachycondyla
sennaarensis (samsum ant) in the United Arab Emirates
[9], Pachycondyla chinensis in Korea [10°], and the
Myrmecia pilosula species complex, or jack jumper ant
(JJA), in Australia [4,5,6°°]. However, a reporting bias is
likely. Anaphylaxis kills relatively few people; in less
developed countries allergy treatment has a low priority
and specialist allergy services may be absent or
rudimentary.

What makes a species more dangerous than others?

IFAs typically form large colonies (up to 250 000 ants or
more) and use pheromones to recruit large numbers of
ants to attack. Up to 500 mounds per acre may be found
in infested areas and invasion of human dwellings also
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Figure 1. Phylogenetic relationships of stinging ants currently known or suspected of causing anaphylaxis in humans

Legion Aculeata (Stinging Hymenoptera, with ovipositor adapted for the purpose of injecting venom)
Superfamily Vespoidea .
Apoidea
Family Formicidae Vespidae Various families of Apidae  Various familes of
(ants) (social wasps) solitary wasps, rarely  (bees) sphecoid wasps, rarely
of medical importance of medical importance
Subfamily  Myrmiciinae Myrmicinae Ponerinae Cerapachynae
Genus Myrmecia Solenopsis Pogonomyrmex Pachycondyla Rhyidoponera Heteroponera Odontomachus Cerapachys
(Ectomomyrmex)
(Brachyponera)
Common  Jumper ants Fire ants Harvester ants  Samsum ant Greenhead
name(s)  (including the jack and others ant
jumper) and bulldog
(inchman) ants
Cases Australia [3-5,6"] USA [1] Middle East [9] Australia [12] Chile [13] Venezuela [14] Australia®
reported Australia [7]2  USA [8] Korea [107] Australia® AustraliaP
from: Japan [11]
Australia®

20nly one case reported so far, with infestation confined to the Brisbane area. PReported without clinical details [7]. Correspondence with the authors
revealed that specimens were sent in by doctors and patients for identification following ‘allergic reactions’ but no further details were recorded (Cas
Vanderwoude, Fire Ant Control Centre, Queensland; personal communication).

occurs. The likelihood of human contact is therefore
high [16,17°]. IFAs are small (2-6 mm) and deliver only
10-100 ng of protein per sting, containing four major
allergens weighing 14 000-37 000 Daltons [18]. Typi-
cally, accidental exposures involve multiple stings by
multiple ants.

In contrast, JJAs form small colonies (100-1000 ants) that
often go unnoticed. Single ants venture long distances
from their colonies. They are exceptionally aggressive,
have highly developed vision, are attracted to movement
(sometimes jumping from nearby bushes to attack), and
thus frequently come into contact with humans. Twelve
percent of the Tasmanian population is exposed to JJA
stings every year, and stings are usually single [6°°].
They are relatively large (10-12 mm) with powerful
mandibles that enable a firm grasp whilst injecting
venom with their abdominal stinger. On average, we
have been able to obtain 30 ug venom protein per ant by
venom sac dissection, and 10 pg by electrostimulation.
The venom peptides have a relatively low molecular
weight, the two main allergenic components weighing
5608 and 6067 Daltons [19]. Thus, unlike 1FAs, JJAs
deliver smaller numbers of stings but much larger
amounts of venom and with a greater number of
allergenic molecules per unit weight of venom protein.
"This, along with their efficient venom delivery mechan-
ism, may contribute to the exceptionally high (70%) re-

sting reaction rate, for both accidental and diagnostic (in-
hospital) stings [2°°,6°°].

Allergy prevalence is directly related to annual sting
exposure rates, and increases significantly with advan-
cing age [6°°]. Presumably the cumulative risk of
encountering a Th-2 type response increases with each
successive exposure. Although some venoms may be
inherently more allergenic, we do not understand the
molecular characteristics that determine allergenicity.
Some novel research suggests that the inherent ability to
induce immunoglobulin E-independent histamine re-
lease may render some venom components more
allergenic than others [20].

Population sting allergy prevalence

The prevalence of ant sting allergy has been reported at
2.1% for Pachycondyla chinensis in rural Korea [10°], and
2.4-3.0% for Myrmecia spp. (predominantly JJAs) in rural
Victoria and the island of Tasmania, Australia [5,6°°]. In
each of these three studies, around half of those allergic
had experienced severe reactions (respiratory or cardio-
vascular compromise). In Tasmania, the combined
impact of bee, wasp and ant sting allergy is a 4.5%
(95% CI 3.5-6.0%) prevalence of systemic insect allergy
including all age groups and metropolitan as well as rural
residents [6°°]. To our knowledge, population preva-
lence data has yet to be reported for allergy to [FAs, but
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immunoglobulin E specific for fire ant whole body
extract has been found in 17% of adult blood donors in
one infested area of Georgia, USA [17°].

Immunotherapy: efficacy and tolerability

The efficacy of venom immunotherapy (VIT) in pre-
venting honeybee and vespid sting anaphylaxis is well
accepted, although no properly randomized or double
blinded studies have been performed, and failure rates of
between 0 and 40% have been reported [21]. Thus, by
current ‘evidence-based medicine’ standards, the proof
for efficacy of VI'T in general is suboptimal. Furthermore,
there are significant differences between bee and vespid
sting allergy in terms of VI'T tolerability and efficacy
[21,22], and the same may apply to ant sting allergy.

Jack jumper ant

Our recent double blind randomized, placebo-controlled
trial demonstrated the feasibility and efficacy of ant VI'T
[2°°]. We recruited highly JJA allergic, but otherwise
healthy, adult volunteers who were positive to intrader-
mal venom skin testing, and performed deliberate sting
challenges after treatment according to an outpatient
‘semi-rush’ treatment program with either venom aiming
for a maintenance dose of 100 pug or an otherwise
identical product containing histamine instead of venom.
In the placebo group, 21 out of 29 (72%) and one out of
35 (3%) in the VI'T group reacted to sting challenge. In
the placebo group 11 reactions were associated with
hypotension or respiratory compromise. However, in the
VIT group the single reaction consisted only of minor
transient urticaria that quickly resolved without treat-
ment. After crossover of 30 people from the placebo
group to VIT, a similar efficacy was found, with again
only one person experiencing a minor urticarial reaction.

Objective signs of a systemic hypersensitivity reaction to
VI'T were noted in 22 of 65 participants (34%). Although
no participant withdrew from VIT during the trial, a
small number have experienced ongoing difficulties due
to recurrent hypersensitivity reactions or inconvenience
of treatment. At this stage we expect that around 90%
will elect to continue treatment (unpublished data), a
figure that compares favourably with the overall percen-
tage who continue with bee and wasp VI'T [22].

Imported fire ant

Although known to be ineffective for bee, vespid and
JJA sting allergy [23], WBEs continue to be used for
treatment of IFA sting allergy. Although there is no
conclusive evidence of efficacy of this approach,
circumstantial evidence suggests that it may be effective
[24]. It appears that IFA WBE can contain appreciable
amounts of venom protein (perhaps 20 pg per main-
tenance dose) and simple quality control measures can
be used to monitor allergen content [25]. However, some

concerns have been expressed about variability in venom
content between commercial preparations [26], and
treatment failures have been noted [27,28].

A placebo-controlled study of antihistamine and steroid
premedication with a rush schedule for administering
IFA WBE was recently published [29°]. The study was
underpowered to identify potential benefit from pre-
medication, because only three out of 58 patients (5%)
had systemic reactions during treatment, which were all
mild. This low rate of reactions during immunotherapy
probably reflects the small amount of allergenic protein
contained in IFA WBE. Nevertheless there was only one
mild reaction to deliberate sting challenges, so it seems
likely that the low dosage of allergen in the extract may
protect from single or small numbers of stings, which
contain very small amounts of venom protein.

Accidental TFA exposure frequently involves multiple
ants stinging multiple times, thus achieving a significant
antigenic load despite their small individual stings. In-
hospital sting challenge procedures have used only one
ant at a time, whose small amount of venom might have
been depleted during the collection process, so their
capacity to precipitate severe anaphylaxis, and thus
adequately test treatment efficacy, remains unknown.
Data based upon field stings from IFAs may lack this
shortcoming [24], but has other serious limitations.

We also know that the natural history of insect allergy
varies enormously between species, with prospective
studies demonstrating re-sting reaction rates in allergic
subjects of 70% for JJA stings [6°°], 50% for bee stings
and only 25% for yellow jacket stings [30,31]. The
natural history of IFA sting allergy remains to be
determined. Therefore, until a rigorously conducted
placebo-controlled assessment is performed, the efficacy
of IFA WBE immunotherapy remains subject to debate.

Other species

Immunotherapies for other species of ant have not been
reported, although use of WBE for diagnosis of allergy to
the venoms of both the samsum ant and P. c¢hinensis have
been described [9,32].

Immunotherapy: application

Now that the efficacy of ant VIT has been demonstrated,
several further steps are required to make the treatment
more widely available, ‘fine tune’ its clinical application,
and monitor treatment utility and compliance with therapy
in clinical practice outside the idealized trial setting.

Extracting and preparing ant venom extracts for human
use

Early attempts at preparing JJA venom extracts for
human use failed due to problems with venom extract
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standardization combined with inadequate funding when
government support for venom and antivenom research
in Australia was reduced [33]. Our group initially used
venom sac dissection to obtain a large batch of venom to
test therapeutic efficacy. Simultaneously, we have over-
come logistical problems to develop a field electrical
stimulation method able to produce relatively large
amounts of pure venom economically, and begun a
detailed analysis of venom components and degradation
products using mass spectrometry that will facilitate
excellent standardization [19].

Unfortunately, a small market for the final product
(south-eastern Australia only) has resulted in substantial
funding problems. Wider availability of the treatment we
have developed is by no means certain. This problem is
likely to face other clinicians treating ant venom allergy,
owing to the limited geographical distributions of many
species, stringent (expensive) regulatory requirements
and a profit-driven pharmaceutical system.

Identifying the causative insect

When a patient presents following sting anaphylaxis,
identification of the causative insect to determine
appropriate immunotherapy may present considerable
challenges in a country such as Australia where seven
genera of ant (including at least 89 distinct species

within the most important genus Myrmecia [34]), bees
(honeybee, bumblebees and native sweat bees), paper
wasps (native and introduced), native flower wasps, and
the introduced yellow jacket (European wasp) may be
responsible. Luckily, only a few species are both
aggressive and sufficiently common in populated areas,
resulting in the ability to narrow the possibilities down to
a few depending on the geographical location.

Insect descriptions supplemented by serum venom-
specific immunoglobulin  E analysis in clinically
uncertain cases enabled us to determine the causative
insect in all patients participating in our Tasmanian
epidemiological study, in which the main species were
easily distinguished from one another [6°°]. However
we anticipate that the broader range of ant species
with similar appearances on mainland Australia, as well
as the recognized immunological cross-reactivity of
some venom components between species [35], could
create significant problems with diagnosis and seclec-
tion of the appropriate venom extracts for immu-
notherapy.

Identifying those likely to benefit most from
immunotherapy

Consistent with our knowledge of bee and wasp sting
allergy, a prospective observational study of volunteers

Figure 2. Immunotherapy development process for Myrmecia pilosula (jack jumper ant) immunotherapy
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over a 4-year period found the highest risk patients with
JJA to be those over the age of 35 years with a history of
severe reactions (i.e. with respiratory compromise or
hypotension) [6°°], a group that made up the majority of
participants in our clinical trial [2°°]. It remains to be
determined to what extent those with milder degrees of
allergy and those with negative skin tests (who were
excluded from our trial) might benefit from VIT. No
prospective studies for allergy to other ant species have
been published.

It has long been recognised that approximately 90% of
insect sting deaths occur in those aged over 30 years
[36,37]. Some observations have also implicated coex-
isting disease and medications such as angiotensin-
converting enzyme inhibitors and f-blockers as a factor
in lethal bee and wasp sting reactions [38,39]. Of the
small number of people dying recently from JJA stings
in our region, all have had identifiable comorbidities
and were aged 40 years or older [40]. Therefore, from
the point of view of mortality reduction, focusing on
people aged over 30 years would seem reasonable.
However, the dramatic improvement in quality of life
provided by VIT [41°°] should not be denied to
younger people who have experienced life-threatening
reactions.

Conclusion

The risk to humans from a particular species of ant
depends on a complex interaction between likelihood of
human contact, insect aggression, efficiency of the
venom delivery apparatus, and venom allergenicity.
Ant VI'T, at least in the setting of JJA sting allergy, is
highly efficacious in preventing potentially lethal reac-
tions in people with a history of severe reactions and
who are intradermal skin test positive for venom-specific
immunoglobulin E. Conversely, the efficacy of ant WBE
immunotherapy remains to be proven. From a clinical
perspective, we have identified a number of areas where
further research might optimize our use of VI'T (Fig. 2),
but the biggest challenge faced in the provision of ant
venom products is the lack of incentive for governments
and pharmaceutical companies because of relatively
small and unprofitable markets.
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