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Hymenoptera Envenomation
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Apoidea

The family Apoidea includes the social honey bees, bum-
ble bees, and solitary bees. These insects are social and
herbivorous, feeding off flower pollen and nectar. They
build their nests (hives) in hollow trees or other cavities.
Nests of bumble bees contain 100-200 insects and are
typically not involved in mass envenomations whereas
honey bee (Apis mellifera) hives often contain thousands
of workers, with 40000 workers in some managed colo-
nies [1].

Africanized honey bees (AHB) are a tropical variety
of honey bee that was imported from Africa to Brazil
in 1956 to improve honey production [2]. This variety
of bee, known for its aggressive temperament leading
to mass envenomation, escaped and replaced the local
honey bee variety in Brazil, reaching the United States by
1990 [3]. As of 2011, AHBs have spread to 10 US states
although attacks have not been noted in all of these
states [4]. AHBs are quicker to attack and will chase
their victims up to 0.6 miles, as compared to European
honey bees which will follow for up to 500 yards. AHBs
also tend to establish a larger number of colonies in less
protected locations within a particular geographic area,
making them more easily disturbed [5].

Bees can only sting once, as their barbed stinger
remains in the victim’s skin following envenomation.
After a sting, the stinger and venom sac are pulled out of
the bee’s abdomen, resulting in the insect’s death shortly
thereafter [6,7].

Vespoidea

The family Vespoidea includes the wasps, hornets, and
yellowjackets. These insects are predacious carnivores,
feeding on other insects and sweet substances such as

sap and nectar, that frequently forage near open food
containers and garbage. Stings typically occur via a single
vespid and most commonly occur in the late summer and
early fall when hungry yellowjackets are attracted to the
smell of human food prepared outdoors [6]. Mass enven-
omation may occur when a colony is disturbed. Hornets
and wasps typically inhabit trees and shrubs, while yel-
lowjackets are frequently ground dwellers. Compared to
the Apoidea, vespids tend to be more aggressive and pos-
sess smooth stingers which allow them to deliver multi-
ple stings [7,8].

Formicidea

The family Formicidea contains the ants. Those med-
ically relevant include the black and red imported fire
ant (Solenopsis invicta and S. richteria). Both are native
to South America and entered the United States in the
1900s [9], where they formed hybrids with native spe-
cies. The black imported fire ants are mostly confined to
Alabama and Mississippi but the red imported fire ants
and hybrids are highly adaptive and have spread to 12
southern states. Red fire ant hybrids appear to be cold
resistant and can overwinter, allowing for northward
migration into areas with a cooler climate [10].

Fire ants form mounds which can interfere with farm-
ing. They may attack livestock and other native species
and increasingly are reported to attack pets and debili-
tated humans [11]. Imported fire ants are omnivorous,
stinging and killing invertebrates as their primary food
source. Fire ants can quickly swarm a victim, using pher-
omone cues to sting simultaneously. The fire ant initially
bites its prey with its prominent mandibles and, once
anchored, tucks its abdomen to sting with a non-barbed
stinger. The ant then remains attached by its mandibles,
removes its stinger, rotates its body, and stings again.
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This is repeated 6-7 times in a circular pattern, with
venom slowly injected over 20-30 seconds. This results
in a slower onset and less painful sting than those deliv-
ered by bees or vespids [12,13].

Venom

Bee venom is a complex mixture of proteins and biologi-
cally active peptides. Mellitin, the major component and
the main cause of pain following a sting, is a detergent,
which alters cell membrane integrity. Mellitin works syn-
ergistically with the primary allergen of venom, phos-
pholipase A2, to cause red blood cell, platelet, leukocyte,
and vascular endothelial cell lysis [1,14], and is suspected
to cause myelinolysis of the spinal cord [13,15]. Other
venom components include mast cell degranulating fac-
tor, which causes histamine and vasoactive amine release
from mast cells, and hyaluronidase, which disrupts col-
lagen, allowing venom to spread to adjacent tissues. Bee
venom also contains vasoactive amines such as hista-
mine, dopamine, and norepinephrine, and apamin, a
neurotoxin that acts on the spinal cord [13].

Wasp venoms are more heterogeneous but most
contain three major allergenic peptides as well as vaso-
active amines (serotonin, histamine, tyramine, catecho-
lamines), wasp kinins, and acetylcholine. The vasoactive
substances are responsible for the intense pain of wasp
stings. Antigen 5 is the most allergenic component but
its activity is poorly understood. Other venom compo-
nents include phospholipase A and B, which cleave lipid
bilayers, and hyaluronidase. Vespid venom does not con-
tain mellitin [16].

Unlike the venom of other Hymenoptera, which are
composed primarily of proteins in an aqueous solution,
fire ant venom is composed of 95% water-insoluble alka-
loids. These alkaloids are primarily piperidines which
have cytotoxic, hemolytic, antibacterial, and insecticidal
properties [13]. They do not produce an IgE-mediated
reaction, but instead produce sterile pustules secondary
to tissue inflammation which are almost pathognomonic
for fire ant stings [17].

Lethal Dose

Stinging insects are not able to meter their venoms
like some venomous snakes and deliver a relatively
standard volume of venom per sting. The European
honey bee is thought to inject 147 pug of venom per
sting, with most wasps injecting about 17 pug of venom
per sting [17]. Africanized honey bees likely inject a
slightly smaller volume of venom per sting than their
European counterparts. The lethal dose for bee, wasp
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or hornet envenomation is approximately 500 stings
per adult human [1,8,18] and is estimated to be
20 stings/kg in most mammals [1,19]. Each fire ant
sting can deliver 0.11 uL of venom, with up to 20 con-
secutive stings being delivered before venom stores
are depleted. Severe systemic reactions have been
reported following 50-100 fire ant stings in humans.
While fatal envenomation can occur in animals, the
lethal dose is unknown [20].

Clinical Manifestations of Envenomation

Hymenoptera envenomation may result in local tissue
reactions, immune-mediated responses or, rarely, venom
systemic toxic effects. A local reaction, characterized by
edema, erythema, and pain at the site of envenomation,
occurs following all Hymenoptera envenomation as a
result of the vasoactive properties of the venom. This
is typically self-limiting and generally resolves within
24 hours [13].

Immune-Mediated Response

Immune-mediated response to envenomation can be
divided into three subtypes: regional reaction, systemic
anaphylaxis, and delayed hypersensitivity reaction.
Regional reactions are thought to be IgE mediated and
involve the area immediately surrounding the site of the
sting. Regional reactions can be extensive and may lead
to erythema and edema encompassing an entire extrem-
ity. This may not be apparent for up to 24 hours following
a sting and will typically peak in severity within 48 hours,
although signs may not resolve for several days and may
be confused with cellulitis [13,21].

Systemic anaphylaxis, though rare, is the most
life-threatening reaction to Hymenoptera envenom-
ation (see Chapter 146). It is mediated by IgE and is
characterized by all or a combination of clinical signs
related to cardiovascular collapse, respiratory difficulty,
or cutaneous or gastrointestinal signs. Clinical signs are
due to massive release of a variety of chemical medi-
ators, primarily histamine, from mast cells and baso-
phils. Cutaneous signs include urticaria, erythema,
angioedema, and pruritus. Respiratory signs include
dyspnea, bronchospasm, stridor, and cough as a result
of laryngeal and pharyngeal edema, increased mucus
production, and bronchoconstriction. Circulatory
compromise is characterized by hypotension and signs
of poor tissue perfusion (pale mucous membranes, pro-
longed capillary refill time, poor pulse quality, and dull
mentation) due to vasodilation and increased vascular
permeability. Tachycardia or, less commonly, vagally
mediated bradycardia may be seen. Arrhythmias,
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myocardial ischemia, and cardiac arrest may also occur.
Gastrointestinal signs may include nausea, vomiting,
and diarrhea or hematochezia. Other clinical signs
which may occur include weakness, syncope, lacrima-
tion, conjunctival hyperemia, and seizures.

Clinical signs of anaphylaxis typically occur within
15 minutes of the insult and are unlikely to occur if no
signs are noted within 30 minutes. The time to onset of
signs is directly proportional to the severity of the signs.
Depending on the severity and manifestation of anaphy-
laxis, death can occur within minutes [22].

Delayed hypersensitivity reactions are uncommon
but can occur within days to weeks of envenomation,
resulting from tissue deposition of antigen-antibody
complexes. The resultant inflammatory cascade leads
to complement binding and subsequent formation of
anaphylatoxin, causing mast cell degranulation and
histamine release which results in damage to the base-
ment membrane. This may result in vasculitis, polyar-
thritis, glomerulonephritis, and myocardial lesions
[13,22].

Systemic Toxic Reactions

Systemic toxic reactions occur due to the direct
effects of venom and are related to the total volume
of venom injected. Clinical signs can include fever,
depression, ataxia, seizures, pigmenturia, hypoten-
sion, and melena or hematochezia [23]. Secondary
immune-mediated hemolytic anemia and throm-
bocytopenia have been reported in dogs following
massive bee and vespid envenomation [24-31] (see
Chapter 66). Mellitin and phospholipase A2 may
cause rhabdomyolysis, leading to myoglobinemia,
myoglobinuria and potentially a pigment nephropa-
thy. Ataxia, transient facial nerve paralysis, seizure,
and other neurological dysfunction secondary to the
effects of mellitin and apamin have been reported in
dogs [13,25]. Acute respiratory distress syndrome
(ARDS) may occur following massive envenomation
[24,26,32]. One case report describes a dog which was
mechanically ventilated for suspected ARDS second-
ary to massive bee envenomation; this dog ultimately
recovered to discharge [33]. Coagulopathy and dis-
seminated intravascular coagulation are also com-
monly reported, likely due to hepatocellular injury
and release of tissue thromboplastin and endothelial
cell disruption [26,34] (see Chapter 70).

Only one published case report describes massive
envenomation of two dogs by fire ants in Australia. Both
dogs developed acute kidney injury (see Chapter 94).
One dog died, and necropsy revealed evidence of mesen-
teric and myocardial hemorrhage as well as renal tubular
necrosis [35].

Diagnosis

Definitive diagnosis may be challenging if the incident
was not witnessed, but the circumstances may raise
a clinical suspicion for Hymenoptera envenomation.
Depending on the type of reaction, there may be few
biochemical or radiographic changes noted. Local and
regional reactions are diagnosed on physical examina-
tion. Anaphylaxis is often a clinical diagnosis, but eleva-
tions in ALT and ultrasound evidence of gall bladder wall
edema have been associated with anaphylaxis in dogs
[36—38]. Animals presenting with delayed or toxic reac-
tions may show evidence of hepatopathy (elevated ALT,
AST, ALP, GGT, bilirubin), azotemia secondary to acute
kidney injury, urinary casts, evidence of rhadomyolysis
(elevated CK, myoglobinemia, myoglobinuria), evidence
of immune-mediated hemolytic anemia or thrombo-
cytopenia (spherocytosis, anemia, thrombocytopenia,
hemoglobinemia, hemoglobinuria), or coagulopathy
(prolonged PT/PTT, thrombocytopenia, and elevated
D-dimers). Complete blood count may also reveal an
inflammatory leukogram [13].

Treatment

Local or mild regional reactions often do not require
treatment but application of ice or cool compresses,
and oral or injectable antihistamines (1-2mg/kg
diphenhydramine IM, PO) may be helpful [14]. Sarna
lotion (camphor and menthol) can be applied topi-
cally for fire ant stings. Topical use of meat tenderizer
(papain) or aluminum sulfate has not been demon-
strated to be effective. Animals with multiple stings
or with severe regional reactions should be hospital-
ized to monitor for the development of systemic toxic
reactions. Human recommendations are to hospitalize
patients for 24 hours following massive envenomation
of >50 stings [39].

Hypotension should be treated aggressively with intra-
venous fluid therapy see (Chapter 167). Maintenance of
normotension and adequate tissue perfusion is of utmost
importance. Appropriate analgesia (see Chapter 193)
should be provided and while broad-spectrum antibiot-
ics are not typically required, they should be adminis-
tered if secondary infection develops [13,22,24].

Treatment of Systemic Anaphylaxis

Anaphylaxis is a medical emergency and survival is
dependent on immediate patient assessment and sta-
bilization (see Chapter 146). Immediate administra-
tion of epinephrine (Table 145.1) given as an IV bolus
is indicated, followed by CRI of epinephrine titrated to



Table 145.1 Treatment of systemic anaphylaxis [22].
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Medication

Dog dosage

Cat dosage

Epinephrine

0.01 mg/kg (1 mg/mL solution) IM/IV q5-15 min
Max dose: 0.3 mg<40kg, 0.5mg>50kg
CRI: 0.05 pg/kg/min if shock is present

0.01 mg/kg (1 mg/mL solution) IM/IV q5-15 min
CRI: 0.05 pg/kg/min if shock is present

Isotonic crystalloid
Colloids (Hetastarch)

Methylprednisolone
sodium succinate

90mL/kg (in aliquots, to effect)
5mL/kg bolus, up to 20mL/kg
30mg/kg IV

Dexamethasone sodium 1-4mg/kg IV

60mL/kg (in aliquots, to effect)
5mL/kg bolus, up to 20mL/kg
30mg/kg IV

1-4mg/kg IV

10-25mg/kg IV

0.5-2mg/kg IM or PO q8-12h

0.5-2mg/kg IV, PO or SC
Give IV slowly over 10 min

0.5mL of 0.5% solution in 4mL isotonic saline by
nebulizer q6h,

90 pg/actuation (1-2 puffs) by metered dose q15min
for 3 doses

5-10mg/kg IM or slowly IV
CRIL 0.5-1.25mU/kg/min
CRI: 0.1-1 pg/kg/min

CRI: 2.5-10 pg/kg/min
1-2mg/kg followed by

CRI: 5-15mg/min
0.02—0.04 mg/kg IV

phosphate
Prednisone sodium 10-25mg/kg IV
succinate
Diphenhydramine 1-4mg/kg IM or PO q8-12h
0.5-1mg/kg IV slowly (not >50 mg total)
Ranitidine 0.5-2mg/kg IV, PO or SC
Give IV slowly over 10 min
Albuterol 0.5mL of 0.5% solution in 4 mL isotonic saline by
nebulizer q6h,
90 pg/actuation (1-2 puffs) by metered dose
q15min for 3 doses
Aminophylline 5-10mg/kg IM or slowly IV
Vasopressin CRI: 0.5-1.25 mU/kg/min
Norepinephrine CRI: 0.1-1 pg/kg/min
Dopamine CRI: 2.5-10 pug/kg/min
Glucagon 1-2mg/kg followed by
CRI: 5-15mg/min
Atropine 0.02-0.04 mg/kg IV
Ipratropium 18 ug/actuation, via inhalation

18 pug/actuation, via inhalation

CRI, constant-rate infusion; IM, intramuscular; IV, intravenous; PO, by mouth (per os); SC, subcutaneous.

clinical response if shock is present. The airway should
be secured and the patient intubated if necessary, and
supplemental oxygen should be provided.

Aggressive fluid resuscitation is recommended in
hypotensive patients. Bolus IV infusion of an isotonic
crystalloid solution should be administered at resusci-
tative volumes (90mL/kg in dogs and 60 mL/kg in cats,
given in aliquots to effect). Colloids may be beneficial in
providing a more sustained hemodynamic response and
can be administered in bolus form.

Glucocorticoid use is controversial and a Cochrane
review showed no benefit of administration during sys-
temic anaphylaxis [40]; however, glucocorticoid use may
reduce the severity of inflammation in late stages of ana-
phylaxis. Antihistamines (H1 and H2 antagonists) may

be administered to relieve symptoms, particularly urti-
caria and pruritus, and they may decrease gastric acid
secretion.

Bronchodilators may be another useful adjunctive
therapy. Albuterol acts to relieve bronchospasm by
relaxing bronchial smooth muscle [41]. Aminophylline,
in addition to smooth muscle relaxation, also increases
endogenous epinephrine release and decreases hista-
mine release via phosphodiesterase inhibition [42].

Refractory hypotension may require treatment with
vasopressors such as norepinephrine, vasopressin or
dopamine. Refractory bronchospasm can be treated with
glucagon or inhaled ipratropium. Persistent bradycardia
or previous administration of beta-blockers may necessi-
tate treatment with an anticholinergic [22].
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Massive envenomation requires aggressive, rapid stabi-
lization with IV fluids to improve perfusion as well as
provision of analgesia. Depending on the clinical man-
ifestation, ancillary therapies may include antihistamine
and corticosteroid administration to reduce upper air-
way edema and pruritus, plasma transfusion to treat DIC
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