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Abstract
The Hymenoptera are an insect order that includes wasps (superfamily
Vespideae), bees (superfamily Apoideae), and ants (super family Formicate).
Hymenoptera stings can cause a severe allergic reaction, which can be fatal if
not treated quickly. In Mexico, ants are a minor cause of hypersensitivity
responses, with the most common species being Solenopsis Geminata
(Tropical Fire Ant), Pogonomyrmex (Harvester Ant), and Camponatus
(Carpenter Ant). Immunotherapy is the only effective treatment for future
exposures. We describe a case of anaphylaxis caused by a tropical fire ant
sting in a field worker from the state of Guerrero, as well as its diagnostic
methodology and long-term effectiveness with a tailored Subcutaneous
Immunotherapy with Whole Body Extract technique (WBE). Future study on
ant biodiversity, allergic components in venom, and future reports and
standardisation with the use of immunotherapy are required, as this is the first

occurrence of immunotherapy in the Tropical Fire Ant (Solenopsis Geminata).

Keywords: Fire Ant, Solenopsis Geminata, Immunotherapy, Anaphylaxis, Bite

Sting

INTRODUCTION

Ants are hymenoptera that belong to the formicate family, which is part of the vespid
superfamily. Only six of the 16 ant subfamilies occur in all regions: Cerapachyinae,
Dolichoderinae, Formicinae, Myrmicinae, Ponerinae, and Pseudomyrmecinae [1]. To
determine the number of ant species reported in Mexico to date, researchers analysed data
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from Ant Web, the world's biggest online ant database and a local database [2]. Chiapas,
Veracruz, and Hidalgo have the most species, whereas Tlaxcala and Aguascalientes have the
fewest species and genres. The Myrmicinae and Formicate families contain the most species,

which corresponds to the trend seen in the world mirmecofauna [3].

It is well known that some aggressive ants, including Solenopsis (Fire Ant), Formica (wood
ant), Myrmecia (jack jumper ant), Tetramorium, Pogonomyrmex (Harvester ant),
Pachycondyla (Samsum ant), Odontomachus (trap-jaw ant), Rhytidoponera a (greenhead ant),
Pseudomyrmex (twig or oak ant), and Hypoponera, have episodically been reported to cause
severe reactions. In Mexico most of the cases reported to a severe systemic allergic reaction
have been to the Genus Solenopsis, Pogonomyrmex, Camponotus and Pheidole. Of these the

most involved species has been Solenopsis Geminata (Figure 1) [3,4].

Stings from imported red fire ants (Solenopsis invicta) black fire ants (Solenopsis richteri)
and tropical fire ant (Solenopsis Geminata) typically result in a wheel and- flare response

accompanied by a burning sensation, followed within 24 hours by sterile pustule formation

[5].
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Figure 1: Distribution of literature reports of solenopsis
geminata in mexico (data from ant web and
antsmapsorg): original Figure 5.
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This pustule is the result of transpiperidine alkaloids that cause local tissue necrosis; it can

last for several days and is considered pathognomonic of fire ants stings (Figure 2) [6].

Figure 2: Solenopsis geminata photography in the
state of guerrero, Mexico.

Large local reactions (LLRS) can also occur and can occasionally be debilitating. Systemic
reactions (SRs) to Fire Ants stings are well described. Anaphylaxis occur in about 2% and

more than 85 fatalities have been documented [6].

It is estimated that each Fire Ant sting delivers about 100 ng of protein compared with 50,000
ng (50 mg) of protein delivered by flying Hymenoptera. Fire Ant venom differs from
other Hymenoptera venoms (70% protein content) in that only 2-5% of its content is protein.
The majority (90-95%) of Fire

Ants venom is composed of piperidine alkaloids. Although most of the proteins contained in
its venom are not allergenic. The majority (90-95%) of Fire Ants venom is composed of
piperidine alkaloids which is responsible for its characteristic injury (pustule) from the sting.

The venom has cytotoxic, insecticidal, antibiotic and antimicrobial properties as well [7].
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The protein components of Solenopsis geminata venom, are allergens similars to the
Imported Fire Ant (Solenopsis Invicta), and have four principal allergenic proteins Sol gem 1,
Sol gem 2, Sol gem 3 and Sol gem 4. After evaluating Sol gem 2 under non-reducing and
reducing conditions, its native form was identified as a dimer with molecular weights of 28
and 15 kDa and allergenic properties similar to Sol i 2 of S. invicta which would explain the
great cross-reactivity between these species [8]. The cross reactivity between ant species
(Solenopsis Richteri, invicta) has been demonstrated and in the same way between fire ants,
scorpions (Centruroides vittatus) and wasp (Yellow wasp) [7,8]. Diagnosis of ant-induced
hypersensitivity can be performed by documenting a patient history of allergic reaction to ant
stings, by physical examination, or through the use of in vivo and/or in vitro tests. Diagnosis
of ant hypersensitivity is based mainly on a clinical suspicion and the demonstration of
sensitization by in vivo test (skin tests) or in the case of the correctly standardization of their
allergen proteins by in vitro test.

The method most commonly used in the case of fire ant hyper senility are skin testing using
imported fire ant WBE using a concentration of 1:1000 (w/v) concentration of tropical fire
ant WBE. In the case of a negative result, an intradermal skin test with concentrations of
1:1,000,000 to 1:1000 (w/v) of the tropical fire ant WBE should be performed [8,9].

Serum specific IgE to Imported fire ant venom (Solenopsis Invicta) can be used as an in vitro
test to diagnose hypersensitivity to imported fire ants but it is not adequately studied and
standardized in tropical fire ants (Solenopsis Geminata) and having a lower sensitivity to skin

tests should only be done in cases of difficult diagnosis and/or negative skin tests [8,9].

The allergist’s role in the patient with fire Ants hypersensitivity is of outmost importance.
Management is divided into acute treatment for anaphylaxis and preventive treatment to
avoid recurrent events. Within preventive treatment the most important is the introduction of
subcutaneous immunotherapy (SCIT) with IFA whole-body extract (WBE) and avoiding

further exposure [10].

Case Reports
Fifty-six years old female from the state of Guerrero, field worker, who attends our service
for presenting on two occasions reactions to the sting of an ant. The first occasion refers to

the appearance of a lesion described as “pustule” in the external region of the foot and 15

22 | Page 19-30 © MANTECH PUBLICATIONS 2021. All Rights Reserved



Journal of Research in Microbiology and Immunology
MANIECH

Publications Volume 3, Issue 1, January-April, 2021

minutes later presenting lesions described as “hives” throughout the body receiving treatment
with antihistamines and being classified as acute urticarious. The second occasion refers to
feeling a sting in the arm while working and presenting after 5 minutes the appearance of
hives all over the body, followed by wheezing, chest tightness and dyspnea, having to be
taken to the emergency room being classified as anaphylaxis and needing treatment with

adrenaline, steroids and bronchodilators.

Based on the background, hymenoptera allergy is suspected and studies are initiated to rule
out atopy. Finding Immunoglobulin E of 478 Ul wth the rest of laboratories within normal
parameters including spirometry. The patient is asked to take pictures of the insects present in
their workplace, mostly referring to the presence of red ants, we ask that other colleagues

collect some specimens for further study.

In both cases they were classified as solenopsis Geminata by the taxonomist. Therefore, it
was decided to perform skin tests according to the method recommended by the
subcommittee of the American Academy of Allergy, Asthma & Immunology (AAAAI). We
perform skin testing with positive (histamine 1-10) and negative controls (saline 1-10) in an
alternate pattern on the volar surface of the forearm including bee, wasp, solenopsis invicta
(commercial extract Allergomex), solenopsis Geminata (whole body extract) obtaining
negative results. Performing then intracutaneous test reaction with 1: 1000 dilution obtaining
positive results with erythema and a measurement of 4 mm above the negative control for

Solenopsis Invicta, Solenopsis Geminata and Wasp. (Figure 3).

We diagnosed allergy to Himenopters and taking into account the cross reactivity between
Solenopsis Invicta and Solenopsis Geminata, and the absence of reports of Solenopsis Invicta
in the state of Guerrero.

It was considered that the patient only sensitized to Solenopsis Geminata and considering the
successful response to immunotherapy in Solenopsis Invicta and the similarity between their
allergenic proteins. We decide to initiate immunotherapy to Solenopsis Geminata with non-
standardized whole-body extract of Solenopsis Geminata mixed with non-standardized

whole-body extract of Solenopsis Invicta in the form of subcutaneous administration under a
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conventional induction scheme (4-6 months to reach maintenance dose) and reaching a

standard maintenance dose of 100 mcg without any adverse reaction (Table 1).

Figure. 3

Prick test and intradermal tests; A: Honeybee (Apis mellifera); AV: Common Wasp (Vespula
vulgaris), M: Mosquito (Culex pipiens); HS: Imported Fire Ant (Solenopsis Invicta), HC:
Tropical Fire Ant (Solenopsis Geminata) +: Histamine -: Control, Test in- vivo: Positive by
Intradermal Test to Common Wasp, Solenopsis Invicta and Solenopsis Geminata. (Erythema,

infiltration, papules).

Follow-up was provided during a 3-year period, for the time being asymptomatic and being

able to continue her activities life normally in her social and work environment.

Table 1: Subcutaneous Immunotherapy Scheme for Solenopsis Geminata in the

Department of Clinical Immunology and Allergy “Hospital General De Mexico”

Schedule of immunotherapy treatment
Initial Phase (Biweekly)
0.1
0.2
0.4
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0.001 mcg/ml 0.8
0.1
0.2
0.4
0.8
0.1
0.2
0.4
0.8
0.1
0.2
0.4
0.8
0.1
0.2
0.4
0.8
0.1
100 mcg/ml 0.2
0.4
Maintenance Phase

50 mca/ml 0.50 cc (Weekly)
Mixed non-standardized whole-body extract of solenopsis geminata with non-standardized

0.01 mcg/ml

0.1 mcg/mi

1 mcg/ml

10 mcg/mi

whole- body extract of solenopsis invicta.

DISCUSSION

Phylum Arthropoda constitutes 75% of the animal kingdom, including the orders of the
dipterans, constituted by flies and mosquitoes, and the Hymenoptera, conformed by bees,
ants, wasps and bumblebees. Hymenoptera order is one of the  largest orders of living
beings, is made up of about 200,000 species [1,2]. Various chemical components from insects
of the orders Hymenoptera and Culicidae have been implicated with allergic reactions. The
red ants belong to the Solenopsis genus originating in America. They are small ants that live
next to anthills of big species, to which they steal their food. The three most important
species, S. richteri, S. invicta and S. Geminata can give rise to true hybrids with the ability to
adapt to higher altitudes and tolerate lower temperatures. In Mexico, they are present in a

forest remnants but most abundant on a dirt roads and near coffee plantations.
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Allergy to the red ants has called of important way the attention in diverse regions of the
world. In the United States, we analyzed the results of a sample of patients with asthma,
allergic rhinitis or both, 38 adults and 162 children, and found that 5% of them were
sensitized to ants. In Mexico in children with allergic diseases, a 6% sensitization to red ants
was found [11]. The tropical fire ant (S. geminata) is like the rest of fire ants a highly
aggressive species, and its stings can generate severe adverse reactions such as anaphylaxis
[12]. The main toxic chemicals are 2-alkyl-6-methylpiperidine alkaloids, d-lactone and o-
pyrone. The majority (90- 95%) of IFA venom is composed of piperidine alkaloids which are
responsible for the characteristic pustule seen after an IFA sting with his cytotoxic and
hemolytic properties. Ant venoms are composed of various biologically active peptides and
protein components with each ant species having a variety of major allergenic proteins. Each
S. invicta sting transfers 0.04 to 0.11 pL of venom and 10 to 100 ng of proteins (50ng) [12].

The International Union of Immunological Studies Allergen Nomenclature Subcommittee
(1UIS) has assigned official names to tropical fire ant allergens based on venom proteins: 1
was assiganted to Sol gem 1 which has a mass of 32 kDa. Number 2 was assigned to Sol. G 2
which molecular weight is 28 and 15 kDa and presumably has allergenic properties similar to
those of Sol i 2 and and it's supposed to be the major allergen of Solenopsis Geminata, and
the protein identification is similar to three other fire ant allergens, Sol g 4, Sol r 2 and Sol i
4; Number 3 was assiganted to Sol. g. 3 who has a mass of 24 kDa, number 4 was assignated
to Sol. G. 4 which has a mass of 14 kDa and don’t have cross reactivity with Sol. G. 2 [13].

Cross-reactivity among insects and ants have been established for some hymenoptera venoms
with studies reporting cross-reactivity among major proteins of vespids (yellow jackets),
scorpions and S. invicta. Studies have demonstrated antigenic cross-reactivity for different
ant species within the genera Solenopsis (Solenopsis Richteri, Solenopsis Invicta) and
Pogonomyrmex [13]. In this case we could suggest the presence of cross-reactivity between
solenopsis invicta and solenopsis geminate, as well as the cross-reactivity between solenopsis
geminata and wasp, however it would be interesting to demonstrate by in-vitro study the
specific allergens and offer such reactivity.

Reactions to ant hypersensitivity can be divided into immediate (<24 hours) and delayed-type

hypersensitivity reactions (>24 hours). Immediate reactions include normal local reactions
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(pain, swelling, erythema, heat, and characteristic pustules at sting sites (88-96%), large local
reactions (a reaction larger than 10 cm), generalized cutaneous reactions (pruritus and
urticaria), and systemic reactions (anaphylaxis in about 2% of cases). Delayed reactions
usually occur more than 24 hours after ant stings and includes dermatitis, serum sickness,
renal abnormalities, and vasculitis [14, 15]. Typically it is considered more dangerous the
bites of S. Invicta but perhaps this is the result of a greater study and a better epidemiological
control over it, since several deaths derived from ant stings have been reported in Mexico, in
which the species involved has never been specified, and have been in areas where there are
no reports of S. Invicta and instead where the species of S. Geminata is reported as native.

Several cases of anaphylaxis to S. Geminata have been reported [14,15].

The diagnosis of Hymenoptera venom allergy comprises the past medical history of a
systemic sting reaction, a positive in vivo test, and/or a positive in vitro test. Identification of
the causative ant should be determined by an entomological specialist. The skin test is the
first line in vivo test to diagnose fire ant-sting hypersensivity and is perfomed using fire ant
Whole Body Extract (WBE) using a 1:1000 (w/v) concentration of fire ant WBE. In the case
of a negative result, an intradermal skin test using concentrations of 1:1,000,000 to 1:1000
(w/v) of the fire ant WBE should be performed. All the studies showed that the use of whole
body extract (WBE) surpasses the use of specific allergen skin tests. In the case of having
well-defined allergens (Solenopsis Invicta), in-vitro tests have a lower sensitivity than in the
use of skin tests and is only recommended when skin testing is negative or cannot be done or
interpreted, but in the context of Tropical Fire Ant (Solenopsis Geminata) there is no

standardization on their allergenic proteins and major allergens [16].

In the case of great clinical suspicion but negative skin tests and in vitro test the use of ant-
sting challenge testis reserved, which must be performed under strict surveillance by a
specialist an allergist. The initial treatment for local reactions should be local wound care,
including wound dressing, topical or systemic antibiotics for secondary infection, cold
compression to reduce local swelling, and topical corticosteroids to limit the swelling of large
local reactions. The preventive treatment includes an epinephrine auto- injector which should
be prescribed for patients with histories of severe allergic reactions. For patients with
anaphylactic reactions to Hymenoptera venom, or patients who cannot avoid future

exposures, the only causative treatment which reduces the risk of subsequent systemic
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reactions is venom immunotherapy (VIT) with a protection rate ranging from 75 to 98%,
being the only mode of immunotherapy currently approved is subcutaneous (SCIT). The
IFACS study demonstrated that IFA SCIT is safe and that SRs that do occur tend to be mild
[17,18].

The dosing schedule for imported fire ant immunotherapy is not uniform because of the
induction phase. By far the most commonly used in the United States are “conventional”
(traditional, slow) regimens, giving 1 dose every week for 4 to 6 months with most expert
recommendation protocols indicating treatment once or twice weekly until a maintenance
dose is reached. A maintenance dose of 0.5 ml of 1:100 (w/v) imported fire ant WBE is
recommended. Only in cases of endemic areas with a high incidence of fire ant stings the
rush scheme is preferred, however its effectiveness has only been described in cases of
imported fire ant (Solenopsis Invicta) where Imported fire ant immunotherapy can be
advanced to the maintenance phase within only 1-2 days by rush protocol. The duration of
immunotherapy remains unsettled; however, a usual duration is preferred to other schemes

(3-5 years) or until negative skin tests are achieved [19].

CONCLUSION

It is frequently neglected in the realm of medicine that illnesses and treatments must be
regionalized and personalised. The ants that cause the most hypersensitive resections in
Mexico are Solenopsis Geminata (Tropical Fire Ant), Pogonomyrmex (Harvester ant), and

Camponatus (Carpenter Ant).

Utilizing a traditional scheme, we showed an effective subcutaneous immunotherapy strategy
for Geminata solenopsis using whole body extract that lasted up to 3 years. The patient is
asymptomatic and has been allowed to resume her usual daily activities. Future studies and
research are required to define the function of immunotherapy in Solenopsis Geminata, as
well as a more comprehensive epidemiological study in Mexico and future research on its
unique allergen proteins to examine in vitro testing. Cross-reactivity with solenopsis invicta
and wasps should also be investigated. It is the first example of immunotherapy against
Solenopsis Geminata that has been documented.
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