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36 Hayes and Mackessy
ite are summarized in Table 2 and discussed in more
etail below. We suggest that there are many explana-
ions providing a far more likely scenario to account for
n increase in envenomation severity, rather than rapidly
volving venom composition. We also question the sup-
osition that snakebites have become more severe, and
oint out the serious difficulties involved with testing the
ypothesis that more toxic venoms are evolving among
nakes. We conclude by drawing attention to some of the
ire consequences of misinformation about snakes, their
enom, and envenomations.

he Snake Factor: Biology and Properties of
enom

ith regard to the snake and its venom, there are two

able 1. Rattlesnakes native to selected regions of the southw

Region Scientific name103

rizona
Crotalus atrox
C cerastes cerastes
C cerastes cercobombus
C cerastes laterorepens
C cerberus
C lepidus klauberi
C mitchelli pyrrhus
C molossus molossus
C oreganus abyssus
C oreganus lutosus
C pricei pricei
C scutulatus scutulatus
C tigris
C viridis
C willardi willardi
Sistrurus catenatus edward

alifornia
C atrox
C cerastes cerastes
C cerastes laterorepens
C mitchelli pyrrhus
C oreganus helleri
C oreganus lutosus
C oreganus oreganus
C ruber ruber
C scutulatus scutulatus
C stephensi

olorado
C oreganus concolor
C viridis
Sistrurus catenatus edward
ajor factors that could influence the severity of a bite: o
he amount of venom injected and biochemical compo-
ition (including relative toxicity) of the venom.

MOUNT OF VENOM INJECTED

he amount of venom injected by a rattlesnake when
iting varies with many factors, but the most important
ppears to be size of the snake (Table 2 lists several
actors pertinent to defensive bites).9,10 As snakes grow,
he quantity of venom stored in the paired venom glands
ncreases exponentially.11,12 Contrary to popular opinion
n the United States,9 larger rattlesnakes inject substan-
ially more venom than smaller snakes, as documented
or both predatory and defensive contexts.13–16 Young
attlesnakes, like adults, also appear capable of control-
ing, or metering, how much venom they inject.17 More-

rn United States

Common name103

Western diamond-backed rattlesnake
Mohave Desert sidewinder
Sonoran sidewinder
Colorado Desert sidewinder
Arizona black rattlesnake
Banded rock rattlesnake
Southwestern speckled rattlesnake
Northern black-tailed rattlesnake
Grand Canyon rattlesnake
Great Basin rattlesnake
Western twin-spotted rattlesnake
Northern Mohave rattlesnake
Tiger rattlesnake
Prairie rattlesnake
Arizona ridge-nosed rattlesnake
Desert massasauga

Western diamond-backed rattlesnake
Mohave Desert sidewinder
Colorado Desert sidewinder
Southwestern speckled rattlesnake
Southern Pacific rattlesnake
Great Basin rattlesnake
Northern Pacific rattlesnake
Red diamond rattlesnake
Northern Mohave rattlesnake
Panamint rattlesnake

Midget faded rattlesnake
Prairie rattlesnake
Desert massasauga
este

sii

sii
ver, clinical studies confirm that larger rattlesnakes
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nflict more dangerous bites than smaller snakes.18,19 If
emographic changes in the local snake population re-
ulted in proportionally fewer young snakes, then a
reater proportion of bites would be inflicted by larger,
ore dangerous snakes, and clinicians would observe a

orresponding increase in snakebite severity. Would
here be any reason to expect such demographic changes
n snake populations? Indeed, the recent drought in the

outhwest,20 which has undoubtedly reduced the rattle-
nake’s prey base,21 has almost certainly dampened the
eproduction of rattlesnakes,22–24 yielding a relative pau-
ity of small snakes. Thus, an increase in snakebite
everity could be attributed to an increase in the size of
he snakes that are biting humans.

Rattlesnakes potentially adjust the amount of venom
njected with level of perceived threat. Snakes of several
iperid and elapid species inject more venom when phys-
cally grasped than when unrestrained.14,15,25 With the
ecent popularity of snake television programming, one
ight anticipate an increasing number of bites to humans
ho are inspired by or imitating the snake-handling

elebrities. If so, one could expect a higher proportion of
ites to result in serious envenomation. However, the
nly data available for rattlesnakes suggest that they
nject similar quantities of venom in both low- (not
rasped) and high-threat (grasped) contexts.14,25 Never-
heless, as we point out later, interaction with the snake
ften dictates the site of the bite on the human, which
ould, in turn, affect envenomation severity.

Because clothing can physically disrupt the kinematics
f venom injection by snakes,11,16 changes in the dress
tyle of humans could influence the quantity of venom
njected and, hence, severity of bites. For example, an
ndividual bitten in the lower extremity has a greater
ikelihood of receiving an unimpeded and potentially
ore serious bite if shorts are worn instead of long pants.
e are unaware of any data to address the possibility that

lothing worn by snakebite victims has changed in recent
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he Human Factor: Biology and Response to Snake
enom

hen ascribing a cause to any observed change in snake-
ite severity, the human factor should be given equal
onsideration to that of the snake and its venom. We
ropose 7 primary factors related to the human and the
uman’s response to venom that could influence snake-
ite severity (Table 2). Complex relationships among
hese factors require that many, if not all, should be taken
nto account in any formal analysis of snakebite severity
nd its changes over time.

IZE OF HUMAN

s expected for many drugs or toxins, the effect of venom
n a snakebite victim is dependent in part on the victim’s
ody mass. That is, smaller (younger) humans are more
ulnerable to the effects of venom than larger (typically
lder) humans.19,52 Age and body size do not necessarily
orrespond well, as young teenagers can have greater body
ass than many adults. Any shift in the body size profile of

nakebite victims could lead to a change in observed snake-
ite severity. Shifts in demographic properties of those most
t risk of snakebite, for example, could plausibly result in
maller (younger) humans being bitten with increasing fre-
uency, thereby leading to more severe envenomations.
ecent increases in the proportion of Americans overweight
nd obese53,54 could also result in an increase in snakebite
everity, despite larger body size, due to the increased risks
f obesity-related health disorders.55 Human age- and gen-
er-related behaviors could also potentially influence
nakebite severity, as adults and males are more likely to
nteract with snakes (see below) and be bitten by larger
nakes.19

NTERACTION WITH SNAKE

n North America, the majority of snakebites inflicted upon
umans (children and females being exceptions) now result
rom human interactions with the snake.18,56–64 As dis-
ussed above, snakes of some species grasped by a human
nd provoked to bite inject more venom than when they are
nrestrained,9,10 although the only available data for rattle-
nakes suggest otherwise.14,25 However, provocation and/or
andling of a snake could certainly influence the anatomical
ite of the bite (eg, digit, limb, torso; lower vs. upper
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reatment no doubt varies among institutions and phy-
icians, and evolves with experience and changes in
olicies. The time course of treatment can influence
everity of envenomation,52,81,82 and is subject to victim
ircumstances (eg, distance from hospital, transportation
ode) and decisions made by care providers. Antivenom

fficacy could also vary from batch to batch, but we are
naware of data to support this possibility.

re Rattlesnake Bites Becoming More Dangerous?

n reality, there are no published data to support the view
hat rattlesnakes are becoming more dangerous. Citing in-
ividual case reports is inappropriate, as symptoms can be
ighly case-specific, but these have been relied on too often
y physicians and then later quoted in the popular press.5

eneral impressions may be influenced by a simple sam-
ling artifact: with an increase in overall incidence of
nakebite, an increased number of low-probability events—
erious envenomations—will follow. Clearly, a detailed
tudy is essential, with rigorously collected data on snake-
ite severity within a delimited area across a reasonable
pan of time (10 to 20 or more years). As described above,
owever, any such comparison will be severely hampered
y changes in snakebite treatment, particularly the recent
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