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Nephrotoxicity of Insect and
Spider Venoms in Latin America

Regina C. R. M. Abdulkader, MD, PhD,* Katia C. Barbaro, PhD,†

Elvino José Guradão Barros, MD, PhD,‡ and Emmanuel A. Burdmann, MD, PhD§

Summary: One of the most important and lethal effects of animal venoms is nephrotoxicity.
In Latin America, severe acute kidney injury has been reported after accidents with poisonous
arthropods such as bees, caterpillars of the genus Lonomia, and spiders of the genus
Loxosceles. In this article the characteristics of these venoms, their probable mechanisms of
renal damage, and the clinical picture of the accidents are reviewed.
Semin Nephrol 28:373-382 © 2008 Elsevier Inc. All rights reserved.
Keywords: Acute kidney injury, acute renal failure, nephrotoxicity, bees, caterpillars,
Lonomia, spiders, Loxosceles
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ccidents with venomous animals are a
significant problem in tropical countries.
In Brazil, the number of reported cases

as increased (Table 1), whereas lethality has
ecreased in the accidents caused by snakes,
corpions, and caterpillars (Lonomia), proba-
ly because of the greater availability and ear-

ier administration of the specific antivenom.
he majority of the reported cases are caused
y snakes and scorpions. Among the spiders,
oxosceles (brown spider) is the most impor-
ant species for human envenomation. For com-
arison purposes, in the 2004 annual report of
he American Association of Poison Control
enters and Toxic Exposure Surveillance Sys-

em, 97,263 exposures to animals were reported:
2,424 bee/wasp/hornet; 1,961 caterpillar;
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4,950 scorpion; 7,212 snakes, and 25,308 spi-
ers/other insects (Loxosceles were 2,859).
nly 5 deaths were reported: 3 after snakebite,
 after bee/wasp/hornet, and 1 after Loxosceles
ccidents.1

In this article we review accidents with Lox-
sceles, Africanized bees, and Lonomia (cater-
illar), which are the arthropods that induce
cute kidney injury (AKI) in Latin America
 Fig. 1) . AKI has not been reported after scor-
ion accidents, although rhabdomyolysis may
ccur. The main toxicity of scorpion venom is
euronal, inducing an autonomic storm and
yocardial injury, which can cause heart failure

nd pulmonary edema.2

EE, BROWN SPIDER,
ND LONOMIA VENOMS

he main characteristics of bee, brown spi-
er, and caterpillar venoms are summarized

n Table 2.
Bee venom is composed of a mixture of pro-

eins, peptides, and small molecules. The most
mportant components responsible for the en-
enomation are phospholipase A2 and melittin.
n addition to these components, bee venom
lso has hyaluronidase (spreading factor), apamin
a neurotoxin), mast cell degranulating peptide,
istamine, dopamine, and noradrenaline, among

thers.3-7 Phospholipase A2, the most active
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374 R.C.R.M. Abdulkader et al
hospholipase, is abundant in bee venom and is
esponsible for the degradation of membrane
hospholipids, causing the formation of pores
nd consequent cellular lyses.6 Hyaluronidase,
nown as spreading factor,3 induces the deg-
adation of hyaluronic acid and accelerates
enom diffusion. Melittin is the most abundant
50%) and the most toxic component of bee
enom. Its monomeric form causes cytolysis

Table 1. Cases of Accidents With Venomous A

2006

Cases Deaths (%)

Snakes 29,517 79 (0.27)
Spiders 19,306 11 (0.06)
Scorpions 38,734 29 (0.07)
Bees 4,898 14 (0.29)
Lonomia 363 0
Other caterpillars 1,866 0
Other animals 2,528 2 (0.08)
Unknown 5,620 2 (0.29)
Total 103,221 137 (0.13)
Data from the Brazilian Ministry of Health.92

A

C

igure 1. Small but dangerous arthropods responsibl

A) Africanized bee, (B) brown spider (Loxosceles), (C) caterpil
hrough the formation of pores in cellular mem-
rane. Melittin acts synergically with phospho-

ipase A2, exposing the cellular and mitochon-
rial membrane phospholipids to the action of
hospholipase A2.3,6,8-10 Melittin acts on eryth-
ocytes, myocytes, hepatocytes, fibroblasts, mast
ells, and leukocytes.3,6,11 Rhabdomyolysis is in-
uced experimentally by either the whole venom
r melittin or phospholipase A2 injection.12,13 Car-

ls and Deaths Reported From 2004 to 2006

2005 2004

es Deaths (%) Cases Deaths (%)

48 113 (0.39) 27,715 114 (0.41)
37 8 (0.04) 18,138 5 (0.03)
12 51 (0.14) 30,313 43 (0.14)
46 13 (0.29) 3,853 9 (0.23)
47 2 (0.57) 344 3 (0.87)
34 0 1,432 1 (0.07)
50 1 (0.04) 2,410 3 (0.12)
23 4 (0.07) 5,614 4 (0.07)
69 192 (0.19) 89,819 182 (0.20)

B

venom-induced acute kidney injury in Latin America.
nima

Cas

28,6
19,5
36,0
4,4

3
1,9
2,4
5,3

98,9
e for

lar (Lonomia).
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Nephrotoxicity of insect and spider venoms 375
iotoxicity, increased calcium uptake, and inhibi-
ion of sodium and phosphate absorption by
roximal tubular cells have been reported with
hole venom or melittin administration.3,14,15

The mechanism of Loxosceles venom action
s multifactorial and not fully understood. The
linical picture observed in Loxosceles en-
enoming is owing to the direct action of
enom toxins on the cellular membrane, as well
s on the extracellular matrix.16,17 Loxosceles
enom is a complex mixture of components
ith toxic and enzymatic activities including

lkaline phosphatase, proteases, ribonuclease,
ipases, and peptides with insecticide activity.16-18

he key component responsible for clinical
anifestations is sphingomyelinase D (dermon-

crotic toxin), which causes neutrophil migra-
ion,17,19,20 complement system activation,21

ytokine and chemokine release,22-26 platelet
ggregation,16,27-29 and consequently an in-
ense inflammatory reaction leading to a dermo-
ecrotic lesion. Several components with simi-

ar amino acid chains (31-35 kd) were identified
nd now are known as a family of dermon-
crotic toxins with a synergistic action.30-35

ther important components of Loxosceles

Table 2. Main Components of Bee, Brown Sp
Animal Component Molecular Weight

Bee Apis Phospholipase A2 �20,000

Melittin �12,000

Brown spider
Loxosceles

Sphingomyelinase 30,000-35,000

Caterpillar Lonomin I/V 6,000-18,000

Lonomia achelous Lonomin III -

Lonomin IV -

Achelase I Achelase II 22,400-22,700
Lonomia obliqua Lopap 69,000

L obliqua Stuart factor
activator

43,000

Phospholipase A2-like 15,000
Hyaluronidases 49,000-53,000
enom are the metalloproteases. These en- d
ymes degrade components of the extracellular
atrix such as fibronectin, entactin, and hepa-

an sulfate,16,36-38 can act as a spreading factor
astacin),39,40 and be involved in the develop-
ent of renal lesions.41 As in bee venom, hyal-

ronidase is an important component of this
pider toxin and is responsible for the spread
f the lesion through the skin by the force of
ravity, a characteristic of dermonecrotic le-
ions caused by Loxosceles venom.38,42-44

Lonomia venom is present in the caterpil-
ar’s bristles, is similar to hemolymph, and is
omposed mainly of proteins and serine pro-
eases. Although Lonomia obliqua and Lono-

ia achelous both cause a hemorrhagic syn-
rome, they act through different pathways. L
bliqua venom causes hemorrhage by con-
umptive coagulopathy resulting from dissemi-
ated intravascular coagulation, and L achelous
enom causes hemorrhage through increasing fi-
rinolysis.45 Arocha-Piñango et al46-48 in Venezu-
la (where L achelous is found), described the
echanism of the envenomation as a primary

brinolysis. The main components of L
chelous venom are named Lonomins. Lo-
omins III and IV activate prothrombin either

and Caterpillar Venoms
Mechanism Clinical Effect

spholipid hydrolysis, cellular
embrane pore formation

Cellular lysis, indirect hemolysis

lular membrane pore
ormation, synergic action with
hospholipase A2

Hemolysis, rhabdomyolysis,
cardiotoxicity,
nephrotoxicity (renal
proximal tubule dysfunction)

trophil migration, complement
ctivation, cytokine release,
latelet aggregation

Inflammation, dermonecrosis,
indirect hemolysis and
nephrotoxicity

kinase-like, factor XIII
activator

Lysis of preformed thrombi,
fibrinogen decrease,
fibrinogen degradation
products increase

thrombin activation
dependent of phospholipids

nd calcium ion
tor Xa-like, prothrombin
ctivation
min-like
thrombin activator Consumptive coagulopathy
tor X activator

irect hemolytic activity Intravascular hemolysis
luronic acid and chondroitin
ulfate degradation

Local effects
ider,

Pho
m

Cel
f
p

Neu
a
p

Uro
in

Pro
in
a

Fac
a

Plas
Pro
Fac

Ind
Hya

s

irectly (Lonomin III) or through FXa-like activ-
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376 R.C.R.M. Abdulkader et al
ty (Lonomin IV). Lonomin VIa is a direct factor
activator. Lonomin I/V has a urokinase plas-
inogen activator-like activity, lyses whole

lood clots and fibrin plates, and also causes a
ose-dependent degradation of factor XIII/
IIIa. Achelase I and II have a plasminogen-

ndependent direct fibrinolytic activity. The
ain components of L obliqua are L obliqua
rothrombin activator protease (Lopap), L obli-
ua Stuart factor activator, hyaluronidases, and
hospholipase A2-like toxin. Lopap, whose in-
ravenous injection in rats reproduces the hu-
an hemorrhagic syndrome, activates pro-

hrombin in a dose-dependent way, generating
hrombin that clots fibrinogen. Its hydrolytic
ctivity is independent of prothrombinase com-
lex components and is increased by calcium.
opap induces nitric oxide release in endothe-
ial cells, increases the expression of interleu-
in-8 and cell adhesion molecules intercellular
dhesion molecule-1 and E-selectin, and has an
ntiapoptotic effect. Its activity is inhibited by
onomia antivenom. L obliqua Stuart factor
ctivator is a serine-like protease that activates
actor X in a dose-dependent way. Two hyalu-
onidases have been described and named
onoglyases. They degrade hyaluronic acid and
hondroitin sulfate, but not heparin or derma-
an sulfate. They are important for the local ef-
ects of the venom and its passage through the
kin. The phospholipase A2 enzyme is responsible
or the hemolytic activity of the venom.45,49

ees

ees and wasps can cause human injury by 2
echanisms: allergic reaction, the most com-
on, occurring after a few stings or even one,

r direct envenomation when a massive attack
ith hundreds or thousands of stings occurs. In

957 swarms of African bees, which have ag-
ressive and migratory behavior and a high re-
roductive rate, escaped from a research facil-

ty in Brazil and hybridized with local European
ees forming the so-called Africanized bees.
urrently, the Africanized bees are found from
orthern Argentina to Nevada (United States).50

lthough the composition of the venom is sim-
lar, severe attacks are more common with Af-
icanized bees because of their aggressive be-

avior than with European bees or wasps. c
Among the low-molecular-mass components
approximately 25% of the venom composi-
ion) are the oligopeptides, amino acids, carbo-
ydrates, and biogenic amines (histamine, sero-
onin, dopamine, and noradrenalin).51 Bee venom
lso has several pheromones that control social
ctivities, including the attraction of other bees
o protect the beehive, leading to envenoma-
ion by multiple stings.6

Clinical manifestations of bee stings can be
ivided into allergic and toxic reactions. Aller-
ic reactions usually are observed in patients
ith a history of previous bee stings or asthma
r other hypersensitivity disease. These reac-
ions occur immediately after the sting and can
ead to death by laryngeal edema.52 Toxic reac-
ions can be divided into local—pain, erythema,
nd edema—and systemic, with histamine-like
ntoxication—urticaria, itching, body burning
ensation, nausea, vomiting, abdominal cramps,
ronchospasm, respiratory failure, and shock.53

habdomyolysis and hemolysis can be detected
few hours after the accident. Cardiotoxicity
as reported in human beings and in experi-
ental studies.54-56 In the few cases in which

he serum concentration of whole bee venom
nd its phospholipase A2 component were mea-
ured, the estimated amount of circulating
enom was larger and venom urinary excretion
ersisted longer in the lethal cases.54 AKI is
bserved in cases with more than 150 stings.57

t usually is severe, oliguric, requiring dialysis,
oncomitant with acute respiratory failure and
he need for mechanical ventilation, and has a
igh mortality rate. Both hypertension and
ypotension have been reported with the
enom.54,58-61 Guimarães et al62 showed an early
ecrease in blood pressure with rapid recovery
fter the intravenous injection of the venom in
wake rats. Seven to 8 hours later the blood
ressure decreased again but returned to nor-
al after 24 hours. Marsh and Whaler55 re-
orted 2 patterns of arterial blood pressure re-
ponse after whole bee venom injection in rats.
hey observed hypotension in the animals with
ormal baseline blood pressure, whereas in
hose with mild hypotension blood pressure
as increased by the venom. The first response

lso was observed with the phospholipase A2
omponent and the second was observed with
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Nephrotoxicity of insect and spider venoms 377
elittin administration. Heme-pigment toxicity,
ypotension, and direct nephrotoxicity likely
re involved in AKI pathogenesis.54,63,64 Rhab-
omyolysis has been induced experimentally.12

he intravenous injection of whole bee venom
o rats induced an early and significant decrease
n glomerular filtration rate (GFR) that persisted
fter 24 hours. The early GFR decrease was
oncomitant with marked cortical and medul-
ary renal blood flow decrease, which was not
resent after 24 hours. Early urinary volume
ecrease was observed and normalized after 24
ours. In this model neither hypertension nor
ypotension nor hemolysis were observed.
habdomyolysis was present with massive myo-
lobin deposition in the lumen of the tubules as
ell as into the tubular cells. An important
nding of this study was that the venom caused
irect toxicity in isolated proximal tubule
ells.63 In a consistent way, Han et al14,15

howed that the addition of whole venom or
elittin to cultured renal proximal cells in-

reased lipid peroxide formation, arachidonic
cid release, and Ca�� uptake, but inhibited
a� and phosphate uptake Na�/glucose co-

ransporter. In another study, sodium and po-
assium fractional excretions were increased 3
o 8 hours after intravenous injection of whole
enom and the water transport through the
ollecting ducts was impaired.65

Acute tubular necrosis is the histologic
nding in human beings, domestic dogs, and

n experimental animals after bee envenoma-
ion.54,63-66 Renal function recovery usually oc-
urs by the second week after envenoma-
ion.54,58-61,67

The treatment of systemic envenomation
onsists of the administration of antihistaminic
rugs, corticoids, and analgesics. The stingers
ust be removed quickly without concern re-

arding whether the stings are scraped off or
inched. This quick removal stops venom body

noculation.68 All types of dialysis, from perito-
eal dialysis to hemofiltration, have been used

n these patients, but there are no studies spe-
ifically addressing this aspect.54,58,60,61,67

rown Spider (Loxosceles)

ites by Loxosceles spiders can cause clinical

anifestations that are called cutaneous loxos- s
elism, in which only dermonecrotic lesions are
resent, or viscerocutaneous loxoscelism, in
hich systemic manifestations such as jaun-
ice, hemolysis, rhabdomyolysis, hemorrhage,
nd/or AKI also are present. Loxoscelism has
een reported in South and North America,
sia, Africa, and Australia.16,17 In Brazil, 3 spe-
ies of Loxosceles are important for human en-
enomation: Loxosceles intermedia (the most
requent), Loxosceles gaucho, and Loxosceles
aeta. The latter also is found in Peru and Chile
nd is responsible for more severe cases. In
act, L laeta is 3 times more lethal for human
eings than the other 2 species.69 In North
merica Loxosceles deserta and Loxosceles re-
lusa are the species of medical importance.
iscerocutaneous loxoscelism has a higher
revalence in areas where L laeta is predomi-
ant as in Peru (27.2%), Chile (15.7%), and
anta Catarina, Brazil (13.1%). In contrast, in
he United States, where L reclusa predomi-
ates, and in São Paulo, Brazil, where L gaucho

s the most common species, the frequency of
iscerocutaneous loxoscelism is lower (0.7%-
.8% and 4.2%, respectively).17 Viscerocutane-
us loxoscelism was diagnosed in 13.1% of 267

oxoscelism cases reported in one area of Brazil
here L laeta is the main species. The investi-

ators reported jaundice in 69%, oliguria in 46%,
emorrhage in 26%, and shock in 3% of the
atients. AKI occurred in 6.4% of the patients,
nd most of them were diagnosed more than 24
ours after the bite. Four patients died (1.5%),
ll of them younger than 14 years old.70 In
ontrast, a retrospective study of 359 cases of
oxoscelism in another area of Brazil where L
aucho is the most important species reported
nly 13 cases (3.6%) of the viscerocutaneous
orm, and none of the patients developed AKI
r died.71

The factors likely associated with AKI devel-
pment are hemolysis, rhabdomyolysis, hypo-
ension/shock, and direct venom nephrotoxic-
ty.72 Pigment-induced acute tubular necrosis

as reported in human necropsies of viscero-
utaneous loxoscelism.73 The proposed mech-
nism for hemolysis is that the sphingomyelinase
ctivates an endogenous metalloproteinase that
leaves glycophorins, making the erythrocytes

usceptible to lysis by complement.21 Many en-
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378 R.C.R.M. Abdulkader et al
ymes, such as hyaluronidase, are responsible
or the spread of the venom with gravity in-
reasing and deepening the tissue lesions, am-
lifying the inflammatory response, local edema,
nd ischemia, leading to rhabdomyolysis. Al-
hough the direct myotoxic effect, evaluated
y creatine kinase serum levels, has not been
bserved experimentally with L gaucho, L la-
ta, and L intermedia venoms,74 local myone-
rosis was observed 24 hours after the intrad-
rmic injection of L intermedia venom in
abbits.75 Hemoglobin and myoglobin are well-
nown nephrotoxic agents mainly in the pres-
nce of hypotension or dehydration, frequently
ound in viscerocutaneous loxoscelism. How-
ver, even in the absence of hypotension or
emolysis, the intravenous injection of L gau-
ho venom in rats induced AKI and rhabdomy-
lysis. AKI was characterized by an early and

mportant decrease in urinary volume (9.4 �
.3 versus 5.2 � 0.6 �L/min, P � .01), GFR
0.92 � 0.06 versus 0.30 � 0.04 mL/min/100 g,
� .01), and renal blood flow (4.6 � 0.3 versus

.9 � 0.2 mL/min, P � .01). Acute tubular
ecrosis associated with the presence of myo-
lobin also was observed.76

The venom mechanisms causing tubular cell
oxicity are not completely understood. Exper-
mental administration of L intermedia venom
r its purified recombinant dermonecrotic
oxin to rats induced AKI and acute tubular
ecrosis associated with the presence of the
enom/toxin in the renal tissue.41,77 The addi-
ion of the toxin to MDCK cell culture (in the
resence of serum) induced cytotoxicity.77 On
he other hand, the addition of the L gaucho
enom to fresh isolated proximal tubules of rats
without any serum component) did not cause
ytotoxicity.76 These controversial data might
e related to specific serum component-medi-
ted cytotoxicity or to differences among spe-
ies.

In the mild cutaneous cases treatment is only
ymptomatic. Some investigators recommend
he use of dapsone and colchicine in more severe
ases to inhibit polymorphonuclear cell degran-
lation and to reduce local inflammation. How-
ver, we must take into consideration that dap-
one has many adverse effects such as hepatitis,

eukopenia, methemoglobinemia, and hemo- t
ytic anemia. When the antivenom is available,
s in Brazil, its administration is recommended
n patients with large cutaneous or necrotic
esions and in the viscerocutaneous form.17 In
he viscerocutaneous form, vigorous hydration
nd urinary alkalinization should be established
arly to avoid pigment-induced AKI.

aterpillar (Lonomia)

onomia is a moth and provokes accidents
nly in its caterpillar phase when it has venom-
us bristles. Usually the accidents occur in rural
reas and can be considered an occupational
azard.78-81 The accidents are more numerous
uring the spring and summer when the moth

s in its caterpillar phase and people wear
lothes that leave larger body areas exposed to
ristle contact.82

Accidents caused by caterpillars of the spe-
ies L obliqua have been observed with in-
reasing frequency in recent years in Brazil. The
rst Brazilian case of severe bleeding related to
ontact with a Lepidoptera caterpillar was de-
cribed by Alvarenga.83 In the late 1980s and
arly 1990s there was a considerable increase in
he number of hemorrhagic accidents in rural
reas of southern Brazil.81,84-86 In the State of
anta Catarina, the number of cases increased
rom around 30 per year in 1989 to 1995 to
ore than 200 per year in 1996 to 1999, de-

reasing to around 100 cases per year in 2000
o 2003.81 The cause of this major increase in
he number of cases is not clear, but probably is
elated to deforestation and the progressive re-
uction of natural predators.87

Patients experience severe burning pain at
he site of contact (generally the upper limbs),
onspecific symptoms, and bleeding.48,81,83,88

emorrhagic syndrome is one of the most strik-
ng features of Lonomia envenomation. It can

anifest as extensive ecchymosis in the contact
reas, hematomas, gum bleeding, scar bleeding,
pistaxis, hematemesis, melena, hematuria, and
etrorrhagia.46-48,80,81,85,88 Intracranial and pul-
onary hemorrhage and bleeding in unusual

ites, such as the spinal cord, thyroid, and in-
raperitoneal cavity, may occur in the most se-
ere cases.81,84,85,89 Zannin et al, studying 105
ccidents with Lonomia obliqua, observed

hat coagulation changes occurred early and
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Nephrotoxicity of insect and spider venoms 379
ere characterized as consumptive coagulopa-
hy, without thrombocytopenia.80 Remarkably,
evere cases have not been reported any
onger after the introduction of Lonomia anti-
enom.81,84,85,88,89

AKI is found in up to 5% of patients and
icroscopic or gross hematuria are frequent

oncomitant manifestations.84,85,89-91 In a recent
tudy, 2,067 cases seen in the State of Santa
atarina, Brazil, from 1989 to 2003 were eval-
ated.81 A total of 39 AKI cases (defined as a
lasma creatinine level of �1.5 mg/dL) were
bserved (1.9%). In 1995 Lonomia antivenom
as introduced in the treatment of severe acci-
ents. Before 1995 there were 175 reported
ases, 4 with AKI (2.9%) and 7 deaths. From
995 to 2003 there were 1892 cases reported,
4 with AKI (11 needed dialysis) and no
eaths.81 To evaluate the factors associated
ith renal injury, the AKI cases were compared
ith 34 control cases without AKI paired by

ge, sex, and time to treatment. AKI patients
ad accidents more frequently with caterpillar
olonies, caterpillar contact was mainly on the
ands, and nonspecific and bleeding symptoms
ere more frequent. Laboratory tests in AKI

ases disclosed significantly more altered hema-
ologic parameters when compared with con-
rol patients. Clotting time was more than 30
inutes in 82% of the AKI cases versus 0% in

ontrols, they had a lower number of platelets
137 � 80 versus 203 � 76 103/mm3), and
ower hemoglobin levels (12.1 � 3.0 versus
3.7 � 1.9 g/dL).79 There are 2 Lonomia-in-
uced AKI case reports describing renal biop-
ies in the literature. One was a previously hy-
ertensive 67-year-old woman who presented
ith anuria soon after contact with a caterpillar

olony. She required dialysis for 26 days. Renal
iopsy was performed on the 17th day and
howed 8 glomeruli with normal appearance,
espite thickening of the Bowman’s capsule
nd focal tubular atrophy.90 The other case was
37-year-old pregnant woman who had anuria

nd gum bleeding 5 to 6 hours after the acci-
ent. Twenty-four hours after the accident the
atient developed genital hemorrhage, with a
iagnosis of abruptio placentae. Delivery was

nduced and she gave birth to a live child. She

eveloped hemorrhagic shock after the deliv-
ry, oliguria, and AKI. The oliguria remained for
weeks and hemodialysis was required for 3
eeks. Renal biopsy was performed on day 27

nd showed regenerating acute tubular necro-
is.91 To date, there is no experimental model
vailable for the study of the mechanisms caus-
ng AKI. Hemodynamic changes secondary to
leeding or direct nephrotoxicity are consid-
red factors possibly causing renal injury. Cor-
ical necrosis resulting from intravascular coag-
lation also is possible because 4 patients with
KI never recovered renal function.81

Adequate support therapy and administra-
ion of Lonomia antivenom may improve the
ccident outcome. In fact, in the State of Santa
atarina, Brazil, no death has been reported
fter the introduction of the antivenom.81
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