
Review Article

Sherman A. Minton, Department oi M crobiology and mmunology
nd ana Un versity Schoo of Medicine
nd anapo s lndiana 46223

Poisonous Snakes and Snakebite in the U.S.:
A Brief Review

Abstract

This ar t ic le br ief ly  .eviews somc currcnt  idcas regBrding snaketr i te in the Uni led States.  Twenty species of  nar ive v€nonous
snales occur and include l5 species of  rat t lesnakes,  the copperhead and cotonmourb,  rwo species of  coral  snakcs,  and one
seasnake. Snake venoms.ontain a var iety of  enzymes and non-enzymat ic toxins.  Composi t ion may vary geographical jy ,  on,
togenetically, and indiridually. As derermined by nouse loxicity, nost lethal venons are those ofrhe Mohave raltlesnske (Crotalus
s.ltrlatrs), tiger ratlesnake (C. t;grn), and pelagic seasnake (Peldn;s pldrrrz.r). Venonous snales mey bite {irhour injecring
venom and rarely inject more than half their available venom. Some colubr;d snakes generallr presumed nonrenomous, such
as garter  snakes,  can in rare instances inf l ic t  ycnomous bi !cs.

Most snakebi tes in the Uni ted States are sustained c losc to the v ic l im's home and usual ly  reach medical  a id wi th in an hour.
Fishermen, hunters, and l,ackpackers do nol seen lo be a high risk group. Almost half the biles result fron delibcrate conlact
with a venonous snale. Srmptoms of pit viper envenomation a.e.eviewed. A persistent drop ;n blood pressure is rhe single
most re l iable i .d icat ;o.  of  dangerous enyenomat ion.  About hal f  the coral  snake bi les do nol  resuh in envenomat ion,  but  i t
is  ser ious when i t  occurs.

Snakebite first aid neasures and principles of t.eatmenl are reyie$ed. Two relatively ncw procedures, elastic bandaging
of s bitten Iimb and use of a powerful small suction derice are discussed. Procedures under developnent include ELISA tests
to improve diagnosis and eyaluatc therBpy, anlivenoms of higher polency and lower allergenicity, and imnunizadon for hieh
risk indiriduah. Because of the complexily of evaluaiing snakebire and the chance that a laynan might altempr a naiye treat-
rnent more harmful lhan helpful, the enphasis in first aid for snak€bit€ is to get the stri.ken individual pronptly to a hospiral.

lntaoduction

Although venomous snakebites are uncommon ln
the United States (6000.7000 cases annually), they
generate a disporport ionate amount of interest,
anxiety, and controversy. There are several
reasons  f o r  t h i s .  F i r s t ,  sna l , eb i t e  i "  a  s i t ua t i on
where a complex organism (a snake) injects a
complex secretion (venom) into another complex
organism (a human). This generates a stagger-
ing number of variables and allows for outcomes
thal can range from death in less than an hour
to a total ly tr ivial injury. Second, the composi
l i on  and  amoun l  o f  venom a  snake  i n j ec t s  va r i e .
with geographic local i ty, season, and the age,
size, and health of the repti le. Third, there are
no good animal models (aside from monkeys) for
evaluating the action of snake venoms on man
and the effect iveness of treatments. The mouse
is widely used, but i t  is not a very small  human
being. Finally, the unpredictable course of snake-
bite and the l imited knowledge that most physi '

cians have of venomous snakes and their bites
may cause uncri t ical acceptance of treatment
plans.

The Snakes and Their Venoms

There are 20 species of unquestionably venomous
snakes known from the United States-15 species
of rattlesnakes, the copperhead and cottonrnouth,
two other pit vipers that are closely related to
each other, and two species of coral snakes. The
pelagic seasnake (Pelamis platurusl is ocr"asion-
ally reported in Hawaiian waters and has been
recorded once on the coast of extreme southern
California. Additionally there are several snake
species that are essentially harmless but can, on
rare occasions, infl ict a mildly venomous bite.
Rattlesnakes occur in at least 45 of the con-
tiguous states and four Canadian provinces, al-
though they are usually quite local in distribu-
tion, and their numbers have been greatly reduced
in the last half century. Species that present the
greatest danger to man are the eastern and
western diamondbacks (Crotalus ad,amanteus ar,d
C otro.t), timber rattlesnake (C horridusl, prairie
rattlesnake (Co. oiridis), northern and southern
Pacific rattlesnakes (C.r:. oreganus and C.t.
helleri), alad Mohave rattlesnake (C. scutulatus).
The pigmy rattlesnake (Sislrurus miliarius)
causes many bites in the southern states, but
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fatalit ies are unknown. The other species (see
Tab le  l ) , ' i ther  a re  uncommon or  occur  in  reg ions
where they have little contact with man. The cop-
perhead (Agkistrodorx contortr;x), with a wide
range in the eastern United States and abil ity to
survive in well populated areas, probably causes
more bites than any one species of rattlesnake,
but fatalit ies are virtually unknown. The cotton-
mo[th (A. piscioorus) has a more lirnited range

and prefers swamps and sluggish waterways.
Nevertheless it accounts for a significant number
of snakebites in the southeastern states and
fatalit ies are on record. Coral snakes are highly
secre t i te  and se ldom scen.  The eas tern  "pec i " "
(Micrurus fuhius), which may reach 1.2 m in
length, is potentially lethal; the smaller Arizona
species (Micruroid.es eurytanthus) has never
caused a human fatality.

TABLE 1. \'enomous snakes of the United States and Canada and their geographic distribution

Scientific Name comnon NameG) Distr ibut ion

Crotolus adananteus

Crota[us vutulatus

Crotalus tigris

Crotalus t. tutosus

Sistturus catenLtus

Agkistrodon contontir

ABkistro.Ion piscirotus

Micruro ides c u ryxanthus

East€rn Diamondback Rat l tesnake

Western Diamondback Rattlesnake

Sidewinder
' l inber Ratt lesnake

Canebrake Ratt lesnake
(sourhern populat ;ons)

Rock Ratt lesnake

Speckled Rattlesnake
Pananint Rattlesnak€

Blacktai l  Rat t lesnake

Tsin-spotted Rattlesnake

Red Dianond Rattlesnake

Mohave Rattlesnak€

Tiger Rattlesnake

Prairie Rattlesnake

Pac;f;c Rattlesnake

Creat Basin Rattlesnake

Ridge-nosed Rat l lesnake

Massasauga Ral t lesnake

Plgny Rattlesnake

Copperhead

Water Moccasin

Coral  Snake

Arizona or  Sonora Cotal  Snake

Pelagic Sca Snake
Yel low bel l ied sea snake

Coastal plain, from se. Nonh Carolina to Lounrana

Weslern Arkansas & s. Oklahoma thru mosl of Texas to

se. California'

Southern Arizona & s. California deserts'

New England to .. Florida, sesl to central Texas, norlh

to se. Nebraska, s. Wisconsin & s€. Minnesola

Mountains and canyons from s. central Texas lo se.

Western Arizona, s€. Utah, !. Ne'ada, s. California-

South central Texas lo w. Arizona'

Mountains of  se.  Ar izona'

South1{este.n Cali{ornia'

Trans-Pecos Texas to s. Nevada & adjacent Cali{ornia.

South centra l  Ar izona'

Vest Texas and New Mexico norlh to {. North Dakota,

Montana, se.  Saskatchewan & adjacent Albet ta '

Most of Cslifornia north ro s. centrnl Bfitisb Colunbia'

Nevada, w.  Utah & oregon, s.  Idaho. '

Mountains o{ s€. Arizona & adjacent New Mexico.

Southern Onrrrio, i{. New York & nw. Pennsylvania

southsest to se. Arizona & s. Texas"

Eastern Norlh Carolina to e. Texas & Oll:rhoma, s.

Missouri, sv. Kentuck)

Sourhern Ne* Engiand to Florida penhandle, we* ro

Trans'Pecos Texas, north to se. Nebraska, cenlral Indiana

& 0hio

Southeastern Virginia to cenrral Texas rnostly at low

elevations, north to cenlral Missouri & sw. Indiana

Coasial plain from se. North Carolina to sN. Texas, north

Sourhern Ar i ,ona & sw. New Mexico"

Hawaii, extreme sr. California coast. Fe{ rccords, prob

ably based on stra ls. '

'Species also occurs in Mexico.
.'Orher subspecies of C/ordlus ,l/td;s occur in parts ofArizona, Urah, Colorado and Wvoning. These are Ct. cozcolor (Midget

Faded Rattlesnake), C.. nunli&s (Hopi Ra lesnake), Cr. cerDerus (Arizona Black Rartlesnake), and er. c6yszs {Grand Can-

yon Ratt lesnake).
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Snake venoms are the most complex of animal
toxins, containing up to twenty or so biologically
active proteins and polypeptides. Many are en-
zymes. Those that are most important and wide-
spread include phospholipase A and proteases (en-
dopeptidases) that account for some of the hemor-
rhagic and necrotizing activity, arginine ester
hydrolases that contribute to hypotensive and anti-
coagulant activity, and hyaluronidase that
facilitates the spread of venom in tissues. There
are also non-enzymatic myotoxins and neurotox-
ins. It must be emphasized, however, that the ef-
fects of snake envenomation result from many
venom components acting in concert. The classi-
fication ofvenoms as neurotoxic, hemorrhagic, or
myo lor ic  i s  usua l l )  an  orers impJ i f i ca t ion .

As judged by mouse toxicity, the most lethal
rattlesnake venom is that of the tiger rattlesnake
(Crotalus tigrts) lollowed by that of the Brazilian
rattlesnake (C. durissus terrificus), Mohave rat-
tlesnake, and midget faded rattlesnake (C. t iridis
concolor). All these venoms contain a powerful
neurotoxin. In South American rattlesnakes, it
is known as crotoxin; in North American rattle-
snakes as Mohave toxin. Recent work shows the
two are immunologically very similar (Weinstein
et al, l9B5\, Mouse lethal doses for some rat-
tlesnake and other snake venorns are shown in
Table 2. Venoms of many snake species show in-
d iv idua l .  on togen ic .  and geograph ic  ra r ia t ion  in
lethality and other prope ies. Venoms of two
gravid tirnber rattlesnakes collected the same day
on the same hilltop showed a five-fold difference
in lethal toxicity (Minton 1953). In at least three
rattlesnake species, venoms of young snakes dif-
fer markedly from those of adults in protein com-
position (Minton 1967,Fiero et al. 1972, Minton
& Weinstein 1986). In all, lethality seems to peak
in snakes 6-9 months of age, then decline to adult
levels. Reports of unexpectedly severe reactions
to bites of young rattlesnakes indicate this varia-
tion may be of clinical significance (Reid &
Theakston l97B). Over a large part of its Arizona
range, venom of the Mohave rattlesnake does not
contain Mohave toxin and is much like venon
of the western diamondback rattlesnake in
le tha l i t y  and pro teo ly t i c  and hemorrhag ic  ac t iv i t y
(Glenn el rrt 1983). Venom from western
diamondback rattlesnakes from west Texas and
Arizona has greater lethality but lower proteolytic
activity than that of snakes from north Texas and
Oklahoma (Minton & Weinstein 1986).

TABLE 2.  Venom ) ie lds i .om adul t  snakes ot  arerage s ize
and mouse lethaldoscs. B.rsed chiefly on dara lrom
tbe aothor's laborrtor_y and from Clenn & Straight
(1982).

Averase Mouse LD/50 mgrkg
Venom Yield intra sub'

(md renous cutaneous
Species

CrctaLusadamanteus 250-500
Crotalus atot INE) 200,400
Crctalus atrc, (SW) 100 250
Crotalus cerates 30-60
Crctatus horridus 100-200
Croralus tepi.d.us 5-30
CrotaLus nitcheLli 75-150
Crotalus nolossus 150-300
Crctalus pr;.cei 2l2
Crotalus ruber 200-400
Crotalus s<:utulatus 40-100
Crotalus tigri 5'15
Crotalus t riridis 50-100
Crotalus L helleti 75-150
Crotalut t. concolor 10-25
Crotalus uillard.i 2-15
Sisturus catenatus 15-40
Sistrutus nilidrius 7.25

contortrit 40-70

pisci rcrus 100150
Micrurus fuh,ius 4-16

euqxanthus 0.5 3
Pelamis platurus 0.25'l

1.68 14.55
3.15 t9.52
2.O7 14.16
2.25 12.35
2.63 9.15

I1 .55 '
r0.90,
t6.42

0.95 I t .39
3.72 21.25
0 .16  0 .31 r
0.06 0.21
l . 61  16 .15
1.29 3.56
0.28
L6l
0.25 5.25.
3.65 24.25

t0.92 25.60

5.1t 25.80
0.38 r.30

0.90
0.705

'Based on specimens from the Big Bend resion of Terias.
Eyidence indicates much variation in loxicit) anone popula-
tions o{ this species.
lBased on specimens fron San Diego Co., Caiifornia. A
subspecies {ith much nore toric renom occu6 in Baja
Cal i fornia.
rBased on specinens from populations shos€ v€nom contains
Mohale toxi f l .
'Based on Indiana specinens. Venon ofwestern popularions
appears to be less toxic.
sBased on specirnens fron the Coral Sea.

Who Gets Bitten and Why

Those whose work or recreation takes them
outdoors and into remote areas often consider
themselves at special risk from snakebite. Unless
their activit ies include hunting snakes, this is not
the case. Snakebite throughout the world is
largely a matter of contact hours. The snake that
b i tes  1ou is  most  l i ke ly  one lha t  l i ves  in  your
garden or under your house. Most snakebites in
the United States, unless they involve deliberate
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contact with venomous snakes, occur within a
half-mile of the vicrim's home. Writing of his ex'
tensive experience in California, Russell (1980 p.
269) .u1"  "gon, . r ry  lo  popu lar  op in ion .  mos l
snakebites in the United States occur within a
short distance from medical care. In California,
o rpr  g0  percen l  o f  the  ra t t lesnake b i les  occur
within city l imits or within 2 miles of city l imits
i n  f o o t h i l l  a r e a . . ,  F e l r  b i t e s  o c c u r  i n
backpackers, serious hunters, or fishermen . . . In
the past 20 years, there has been only one
backpacker in the Sierras of California, who I
know of, who has been bitten by a rattlesnake,
and th is  happened when he  rnas  chang ing  a  t i re
at the end of his hike."

Until about 1950, most snakebites in the
United States were associated with what could
broadly be called agricultural activit ies. When
I was growing up in southern Indiana, the first
snakebite of the season might occur with mush-
room hunting in late April but was more likely
to be associated with strawberry or blackberry
picking in late May or June. Other bites were sus-
tained while l i ft ing rocks, clearing weeds or rub-
bish, or doing other chores about the farm. To-
day there are many fewer small farms where most
of the work is done by hand, and there has been
a great increase in large scale mechanized
agriculture.0n the other hand, there has also
been a decided increase in permanent or seasonal
rural living. Rural children ages 5-12 have always
been a comparatively high risk group if rhey live
where venomous snakes are relatively plentiful.
Children of this age are more l ikely to go
barefoot and be less than careful where they step
or where they put their hands. Many small
children are insatiably curious about snakes and
today are more likely to try to catch reptiles their
grandparents at the same age would have kil led
forthright. Today a much higher percentage of
bites involve deliberate contact with venomous
snakes. Snake catching, snake handling, and the
keeping of venomous snakes in captivity attract
peop le  whose mot ives  vary  f rom ser iou"  sc ien .
tif ic interest to exhibit ionism and religious fer-
vor. With a few, abuse of alcohol and drugs may
contribute to the risk.

The Bite and lts Effects

An important fact not always appreciated by
physicians or laymen is that venomous snakes,

including the most dangerous species, may in-
ject little or no venom when they bite. According
to one study, only about half the bites by the
n ide l l - feared  As ian  cobra  resu l l  in  po ison ing
(Reid 1964). In 16 of 3l coral snake bites in the
southeastern U.S., no poisoning developed (Neil l
1957, Parrish & Khan 196?). Rattlesnakes, cop-
perheads, and cottonmouths appear to be more
efficient biters with about 75 percent of bites
resulting in envenomation. Experirnents in lab-
oratories in several parts of the world agree that
snakes rarely inject more than half their available
venom in a single bite. There is some suggestion
that a defensive bite directed against a predator
or an animal too large to seNe as food results
in less venom injection than a bire intended to
kill prey. However, rattlesnakes attacking prey
may also deliver relatively ineffective strikes (Kar-
dong l986). The degree to which snakes control
the  amoun l  o f  venom in jec ted  in  var ious  s i lua-
tions remains essentially unknown.

When a rattlesnake or other pit viper delivers
an effective bite, pain is usually immediate and
intense, although occasionally, and usually with
a very severe bite, there may be numbness around
the area of the bite lasting as long as 30 minutes.
Puncture wounds are obvious and bleed longer
and more freely than a nonvenomous ltound.
Swelling usually begins within a few minutes and
spreads both peripherally and centrally. Discol-
oration around the bite usually is evident within
a few minutes. If pain, swelling, and discoloration
are absenl 15-30 minutes after a pit viper bite,
the odds are very good no venom was injected.
Important exceptions are individuals bitten by
rattlesnakes whose venoms are low in those tox-
ins that are responsible for local swelling and
discoloration. This includes some populations of
the Mohave rattlesnake, speckled rattlesnake, rock
rattlesnake, and tiger rattlesnake. Swelling and
discoloration may also be minimal in the rare in-
stance when most of the venom is injected intra-
venously. However, the individual who sustains
such a bite quickly shows signs of generalized
poisoning, and the diagnosis of envenomation is
rarely in doubt. Individuals under the influence
of alcohol or drugs may not have normal pain
perception and may display bizarre symptoms. A
reliable sign of envenomation, usually seen within
the first hour after a bite, is painful swelling of
lymph nodes in the groin if the bite is on the foot
or leg and in the axil la if on the hand or arm.
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Tingling of the face and metall ic taste in the
mouth are common symptoms of rattlesnake bite.
Nausea, vomiting, chil ls, sweating, and rhirst are
common symptoms of pit viper bites within the
first hour. Hemorrhagic blebs may appear within
two hours after a bite or be delayed much longer.
These symptoms definitely indicate poisoning but
not necessarily a serious or l i fe-threatening bite.

A persistent fall in blood pressure is probably
the  most  re l iab le  ind i r "a t ion  o f  a  sc r iou"  p i t  v iper
bite. This may manifest itself as faintness or loss
of consciousness with pallor and a weak, rapid
pulse. Other ominous signs are generalized
muscular twitching, videspread appearance of
large hives (angioneurotic edema), diarrhea, con-
tracted pupils, and sensation ofyellow vision. All
may develop within an hour after the individual
is bitten.

Coral snake bites are not very painful; there
is little or no swelling and no discoloration. Fang
punctures bleed litt le and may be almost unde-
tectable a few hours after the bite. Character-
istically there is an asymptomatic period that can
last up to seven hours. In fact, in about half the
cases, no definite signs of poisoning ever develop.
Not many cases of coral snake bites have been
reported in detail, but symptoms seem to be quite
variable. Sometimes, there are pains radiating
from the location of the bite or in the abdomen.
Serious manifestations include drooping of the
eyelids, difficulty in speaking and swallowing,
generalized muscular weakness and incoordina-
lion, drowsiness, and difficulty in breathing. This
can progress to a complete and fatal paralysis.

A curious and not well understood phenom-
enon is thal of venomous bites by presumably
nonvenomous snakes of the family Colubridae.
Some colubrids have enlarged, grooved fangs in
the rear of the upper jaw, and at least two African
species are unequivocally dangerous. A few
spec ies  w i lh  th is  type  \enom appara tus  jus t
enter the United States along the Mexican
border, and a few cases of mild venomous bites
by them have been reported. The most serious
cases reported in the United States have resulted
from bites of Asian snakes such as the yama-
kagashi (Rhabdophis tigrinus) and red-necked
keelback (R. subminiatus\ pvchased as rnnocu-
ous pets (Mittleman & Goris 1974, Cable et al.
l9B4). These snakes have enlarged but ungrooved
teeth in the rear of the upper jaw. Poisoning by
these snakes results in a dramatic decrease rn cer-

tain blood clotting factors with resultant internal
and external hemorrhages and related complica-
tions. Rhabd,ophis is closely related to the North
American garter snakes (Thamnophis\ ard water
snakes (flerodla), so it is not surprising that a few
cases of envenomations characterized by pain,
swell ing, and ecchymosis have been reported
fol lowing bites of garter snakes. Two plenti ful
and r,videly distr ibuted species, the wandering
garter snake (7. elegans ,a€,.o/rs) and common
garter snake (7. sirtalis\ have been implicated.
Similar cases have been reported following bites
by hognose snakes (Heterodon). However,
perhaps only one in several thousand bites by
these presunably nonvenomous colubrids results
in poisoning. The answer may be in the nature
of the colubrid venom apparatus. Duvernoy's
gland, roughly the equivalent of the pit  viper
venom g land .  has  a  h i gh l y  t ox i c  sec re l i on  i n  a l
least some colubrid snakes. But it has a very small
lumen for venom storage. And a sol id tooth is
not so effect ive for introducing venom into a
wound as one that is grooved or hol low. When
a colubrid snake feeds, i t  often holds and chews
its prey. This gives time for Duvernoy's gland
to secrete venom which is worked into wounds
made by the teeth. It probably is significant that
a majority of human envenomations by colubrids
involve snakes that hung on for several seconds.
And in some cases, a captive snake bit  when be-
ing offered food.

First Aid and Definitive Treatment

Stated simply, the objectives of snakebite treat,
ment are: (l) Remove venom before it can com-
bine with target tissues. (2) Neutralize venom that
cannot be removed. (3) Counteract effects of
venom that cannot be neutralized. (4) When all
the above fail, repair the damage.

Snakebite treatment in the United States has
seen a number of colorful and downright
dangerous procedures advocated, sometimes by
scientists and physicians. In southern [ndiana in
the 1920's and 30's, whiskey was a popular
remedyl nearly every farmer kept a bottle or two
"just in case." Other popular treatments were
application of the split body of a freshly-kil led
chicken to the bite or soaking the bitten pan in
kerosene or turpentine. First aid techniques in-
volving l igature, incision, and suction have been
widely advocated and are sound in principle but
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of dubious value in practice. Ligatures increase
pain and have litt le effect in rctarding spread of
venom. Incision followed by suction does
facil i tate removal of some venom. However, in-
cisions may damage large blood vessels, nenes,
or tendons, provide entry for infection, and be
folloved by serious blood loss particularly since
many snake venoms markedly impair blood
coagulation. Excision-cutting out the entire
area around a bite-is almost certain to do more
harm than good and cannot be recommended.
Chil l ing the area around a bite by use of ice or
chemical spray with or without a l igature is inef-
fective and can do serious damage if continued
for a prolonged period. Recently, electric shock
using high voltage, low amperage current from
an outboard motor, lawn mower' or othet source
has been suggested as first aid for snakebite. The
method is under investigation but cannot curent-
Iy be advocated.

As already mentioned, most persons bitten by
snakes can reach definitive medical care within
30-50 minutes. Realizing this, I have maintained
for the last decade or so that the most useful
snakebite first aid kit consists of car keys and
some coins for a call to a hospital. If at all pos'
sible, the actual driving to the hospital should
be entrusted to someone else. The stress of driv-
ing in traffic does not help a snakebite and vice
versa. Call ing ahead is important. It gives the
emergency room time to pfepare for the patient's
arrival, and the physician on duty can consull
with colleagues or call a Poison Information
Center if he wishes. The snake should be brought
to the hospital with the victim if possible so its
identity can be verif ied. It is better if the repti le
is dead. A l ive snake in a hospital emergency
room is  a  ncpd less  d is t ra . t ion  and somel imes a
hazard. Identif ication is especially important if
a coral snake is suspected, for harmless mimics
ofcoral snakes occur in many parts of the United
States. In cases of bites by exotic snakes kept as
pets .  iden l i f i ca t ion  o f  the  rep t i le  i s  v " ry  impor '
tant also.

Two relatively new procedures seem to be ef-
fective and safe enough that their use can be
cautiously advocated for the small number of
snakebites that occur under circumstances such
that a delay of 30 minutes or more in reaching
a medical facil i ty can be anticipated. 0ne is the
use of elastic bandages such as are widely used
to treat sprains w.apped snugly over the area of

the bite and extended up the bitten l imb to the
trunk if there is enough bandage. I am told that
panty hose make an acceptable substitute. The
limb is then immobilized with a splint. The ban-
dages are left in place unti l the victirn reaches
the  hosp i ta l  and prepara t ions  fo r  beg inn ing  in -
travenous administration of antivenom have been
made. Both experimental and clinical evidence
indicate the technique is quite effective in
preventing absorption of venom from a bitten
limb (Sutherland 1983, pp. 22'32). The rnethod
was developed in Australia where the important
snakes have venoms that are highly lethal but not
very destructive locally. If used for treating bites
by rattlesnakes and other pit vipers whose
venoms cause significant local damage, it must
be with the realization that generalized poison-
ing  may be  prevented  a l  lhe  cos l  o f  inc reas ing
local darnage. It is the recomrnended procedure
for bites by coral snakes whose venoms are more
like those of Australian snakes.

Another new technique is use of a trlo-
charnbered suction device that produces one at-
mosphere negative pressure. This is applied to
the bite as quickly as possible @itlro&, making
any incisions and left in place about three
minutes. Suction can be repeated as necessary.
Preliminary animal experiments indicate up to
half an injected dose of rattlesnake venom can
be removed. The device was also tested on three
persons bitten during a rattlesnake roundup in
the Southwest with apparently good results
(Bronstein e, oL l9B5). Sawyer Products of Long
Beach, California, markets the device in a small,
light, durable kit suitable for field use.

Scientific evaluation of these and other first
aid measures has been possible through develop-
ment of very sensitive and specific enzymeJinked
immunoassay (ELISA) for snake venoms. Af
though these tests are not generally available in
the United States, enough experimental work has
been done to demonstrate their value both in
diagnosis of snakebite and evaluation of treat'
ment. Since the test can be done in about two
hours, determining presence of venom in blood
and urine can be helpful in distinguishing a
relatively minor bite from a potentially serious
one. These assays have also contributed to bet'
ter understanding the pathophysiology of snake
cnvenomat ion .  One in le res t ing  ohser ra t ion  ic
that venoms of some snakes can be detected at
the site of a bite after several days.
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Although it is not the purpose of this review
to discuss hospital management of snakebite,
something should be said about antivenom. This
is the only clinically effective antidote for snake
venom poisoning and is produced commercially
by hyperinmunization of horses with snake
venoms. The product commonly used in the
United States is made against venoms of three
species of rattlesnakes and a large neotropical
pit viper of the genus Bothrops. lt is at least
somewhat effective in neutralizing venoms of all
North American pit vipers and the most impor-
tant neotropical species as well as those of a few
Old  Wor ld  r ipers .  A  cora l  snake an t ivenom is
available in limited quantity in those staies where
coral snakes occur. Antivenoms are by no means
ideal therapeutic agents. Their neutralizing
capacity is relatively low, hence large doses-400
ml or more-sometimes must be given in a very
severe envenomation. Not all venOms and venom
fractions are equally well neutralized. Anti-
venoms have little effect against the factors in
pit viper venoms that cause local swell ing and
necrosis. Being foreign proteins, antivenoms
commonly cause serum sickness, less frequently
anaphylaxis and other forms of immunologic in-
jury. Significant improvement in antivenoms can
be anricipated. Experimental antivenom pre-
pared by affinity chromatography has much bet-
ter neutralizing capacity and is less likely to cause
anaphylaxis (Russell et al, 1985). A commercial
product could be available in a relatively short
time. Monoclonal antibodies have been produced
against several snake venom toxins, but their
therapeutic use has not been explored.
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