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SUMMARY these probably represent the purest material and

The amounts of bacterial toxins and of some
plant and animal proteins that kill humans, mon-
keys, mice, guinea pigs, and rabbits are tabulat-
ed and are discussed in the light of guidelines for
the cloning of genes coding for toxins.

SELECTION OF DATA AND SOURCES OF
ERROR

The values in Table 1 have been recalculated
from the original data to minimize copying er-
rors in reviews, but considerable sources of
error remain.

Almost always the major problem in interpret-
ing the literature is to establish the purity of the
preparations used and the degree of inactivation
suffered during isolation. An attempt was made
to list toxicity values obtained only from homo-
geneous material; except for the toxins that are
so abundant in filtrates that purification is sim-
ple, this principle entailed the omission of many
values obtained before modern methods of pro-
tein purification and analysis were available.

A few values (for the anthrax toxin complex,
Clostridium perfringens beta-toxin, and Yersinia
pestis murine toxin) are included even though
the published data do not allow purities of the
preparations to be estimated. These values have
been placed in brackets and ‘‘<’’ has been used
to emphasize that the figures are maximum
values. Some even more suspect data have been
relegated to footnotes, and a few toxins have
been listed which are probably lethal but for
which no data have been found. In general,
although the literature frequently contains wide-
ly different estimates of toxicities, only the most
lethal values are included in the table because
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the least inactivation. For toxins that require
partial proteolysis for full expression of activity,
values are listed only after activation.

The opposite problem of spuriously high po-
tencies arises for proteins of limited toxicities
that were isolated from the products of bacteria
which produce several toxins. Staphylococci,
streptococci, and clostridia are examples. Many
products prepared from C. perfringens, includ-
ing commercial enzymes, are contaminated with
the cytolytic theta-toxin (63).

A third source of error is the inherent in-
accuracy of the determinations themselves. The
number of animals used to determine toxicities
is frequently insufficient for the accuracy
claimed, but the offense is usually only a statisti-
cal one, for great accuracy is of no merit in these
determinations. The amount of toxin required to
kill a particular animal is specific for that animal
on that occasion and clearly cannot be measured
with any precision. It can only be estimated
from other individual animals whose physiologi-
cal conditions may not be the same. A particu-
larly severe variation concerns the pyrogenic
toxins, the apparent lethalities of which vary
over several orders of magnitude according to
the endotoxin load of the test animals.

Workers have used a variety of routes of
injection for toxins being tested. When speci-
fied, the route is listed in the table. Intravenous
injection is often a few fold more effective than
intraperitoneal injection. Intramuscular or sub-
cutaneous injections are often severalfold less
effective than intravenous ones. Intracranial or
intraspinal values are not given, although these
routes are much more effective for many toxins,
both the classical neurotoxins (10) and others.



87

LETHAL AMOUNTS OF BACTERIAL TOXINS

VoL. 46, 1982

(uisdAn

(BU00T)  4Aq pajeanoe) urxo}-uopsdy a ® g sedAL
y(AT181 Q) urxoy-e)xq O P d53dA],
AyBU 00¥>] urxo}-e1og 0 ¥ g sedAL
‘Al
81l 18 (‘AT mw_ or1) urxojoiuy Vv odA],
15'A1 87 g—¢ 151 81 91-€1 0 wisAjo3unisad ‘urxol-eay L, V 2dAL
v ATSW G urxoj-eddey V odA],
g g cardg Iseurydd] ‘urxol-eydry Vv adA]1
suadurafaad wmprisor)
e 4’137 02 urx030)4)
g3'd1 3U 00§ V UIXO0} ‘UIXOJ0Ia)uH apoyffip wmpLiso))
(pareanoe
9w AT3UGCT Afreon£josjoid) urxojomaN g odAL
Sury AU Au9o «BU 1'T) UrxojoInaN g 2dAL,
S8u op 28U 80°0 SBuro a.m._ 3uypo UTX0J0ININ qdAL,
(pareAnoe
od13uzy A[reonAjoajoid) urxojoinoN 20 3dAL
(pareAnoe
5(3U p°0 "®d) 2(3u g1°0 "8d) s(3u '] "80) 9g'A’! w”_u 't A[reonAjosjosd) urxojoInaN 10 2dA],
AT
odl3ug90  Bug a..._._0 3uzy (pareanse
w('d18ugQ) A[reonAjoajoid) urxojoinoN g 2dAL,
5(3u T "®d) (83U L°0-5"0) 5(3u §°0) 5(3u 9°0) ou('d13ugy) UrxojoInaN V odAL
wnuinioq wmpLisol)
*dds
wmpiso)) Y10 pue
PISBUIYIOY]  SUDIuIWIIfIq WmpLisol)
*de1 8 17 ‘o8 g1 uaBissmuiad ‘urxol s[iqe|-jesH sissnpaad pjja1apiog
LSuIsAjoway Sqe-uslAxQ dds smpprong
Bu
(AT BW GT) -JIWIOA $3SNBD) UIX0jJ0INUY $na4d2d smpovg
31 080V LUISA[0319) sn2420 smpovg
(0111
[os3™ 002>] % I s1019¥] iim) | 10308
(uaBnue 2an
[yex i AT 31 p11>) -09101d YIm) 1030€] [eY1] SPVYIUD Snppovg
2(A181 ) uisAjooy pjydodpLy souowiosdy
suraoid reusjoeq ‘1
suewny sAuoW suqqey s31d eauinn Bl 1 Qureu urxoJ, wstuesiQ
M £poq Jo 3y Jod Amurenb peylo 2d£y urxog,

SUIXO0) [eLId)oRq JO sjunowre [eyo ‘I F1dVL



MICROBIOL. REV.

GILL

88

[d1
0S "®0 ‘37 g¢>]
a1 81 o1>] urxo} suump susad vrusiaf
ALS) UIX0j019)us J[qes-jedy DO11]020423u3 DIUISIIL
10637 0ST us8eIdjoyd ‘urxo) vIdjoyD) AD1310Yd OLQGIA
SAT8d gz e S uisjoydong
AT3T 71 A3 T gATig >0 wsAjoydong
»SUIXO0} JTUS8
o AT3W g'¢ e A1 3W 9—¢ -0Iy1AI5 ‘SUrX0) S1Ud3014J sauadodkd snasosordaszg
PR SE LR Sutsfjownsuy  avwownaud snr20301danng
5D ‘d 'V surxo) omadoikq
AIPI0ONYT
16'A1 37 05> J urxojoruy
oz AT 37 07 4d urxojo1uy
4V urxojoiauyg snaunv $n22020) ydvig
¢63W OF "®d (A1 3W 0f) (A1 3w OTT) wsAl-eeq
JUISA[-eururen
JUISAl-er0g
s31 €1 ss'py A1 BU 09—0F uisAj-eydre ‘urxoj-eydpy snaunp snd2020) ydpig
“A'1 8U oY
wog AU T B L od18uU 60> WA 8 g< Nd._ gy JUTX0jOINON avuauaskp v)aSyg
ps AT W (s)aseaoid
197z A8 ¢ V UIXO],  DSou1Sniap spuowopnasq
4SUIXO0J0ININ Ssiqoatw Snajoid
(@1 T1-¢) SUISAJOLINSITT sauadoifoouow vuaISIT
AIXO], vjrydownaud vjjouc18>7
ALS) SuIxojoIajud Jqeis-jesy
;AT8M 06T (L) SUIX010193ud ANqe-1edH 1102 prypouayosy
(¢ose
(s 84 oz1) -utjaAwoduryds) UIX0j0)4)  SUDIIIN WNLII1ODGIULIO)
("dds [eLs1oeqUAIOD
J3Y)0 UTeLISd pue) an?
(W1 8u 001=) uogo,("2'S 3U 097) a(d's 3w o9y urxo) euoyydiq  -4aysydip winua100qaukio)
SsuisAjoway aiqel-usdAxQ *dds wniprso))
sut
s(Bu ¢7>) (38U $-60°0) s(8u €0 "®d) s(BU 1) -wsedsoue)d) ‘uIxo} snued], D3] WMPLISO]D)
suewny SASYUOW suqqey s8id vouinn VN Suwreu urxoJ, wsiuesiQ
M Apoq Jo 3y Jod Lnuenb reyyo ad£) urxo],

panunuoy—1 1AVL



89

LETHAL AMOUNTS OF BACTERIAL TOXINS

VoL. 46, 1982

*A[reI21ud paIdSIUIWpe JI [eY)d] dIe UIXO0) BIS[OYD JO 10 [T JO sjunowre JI[jewis
*(§7) sAesse [ey13[UOU [BIIAIS UI UIXO0) BIOYD Sk Judjod se sI pue Je[lwis A[[eIn}dnais SI J1 dUIS UIXO0) RIS[OYD St [eY)d] Se 3q 0) pawnsse 313y st I,
‘aneA 3u-(9[ 9Y) JO SUOHBWIYUOD AUBUI T JIY], "PIPUIIX? I pourdd STy
J1 paxmbai st urxo) ssag “sAep ¢ 03 ¢ ul Sid eaumns §-0gg © S| *9°s Pa3d3ful ‘yey) Junowre 3yY) s urxo} eL_dPYAIp Jo . A TN,, FUQ J1/87 ¢ pawnssy
*A]qeIapIsuod ATea sjiqqel I0j Bjep Y], "991W S JANISUIS SB SaW) Jnoj Jnoqe dre s3id eouind ey w..:
-Aes se SI0YIne [BI9AS SO oym ‘(869 “d ‘) B wox) a1e syqqel pue s3id eauIng 10J vje(] ° L] 9IUIISJAI WOIJ ST suewny I0j 2Iny dy ], AoIxo) asnows
0] SonjRl 9Y) WOIJ PIje[nNd[ed aIe S[eWIue JOYJ0 JOJ SIN[BA Y], ‘UIX0) Snue)d) JO AIOIX0) 3Y) 109Je Jey) S10J08] Y} SSNOSIp Os[e oym ‘(16) AQUe[[o pue
uaSuIuA9H UeA AQ pIZLIBWWNS I BIEp Yong urelq 3y) 0} pue In3 oY) 0) paId)SIUTWIPE UIXO0) SNUE)I) JO SANITRYII] JAIB ¢6 Pue ‘g ‘e ‘[€ SIOUAIYAY 5
*(69) TW/Q T 000°001 3uTurejuod arenyy
2IM)jnd € Jo SUIpUY 3Y) Y)IM JUIASISUOD ST PI)SI] anfeA 3y Inq “([pL] 387 001 ¢8°9) UIX031-813q [RIPLISOID J0] AIOIX0) Jamo] yonu 3s988ns spodar 1oqiQ
‘uoneAndSeul
$99Npal [eLI)ewl SNOAULBIIXI Y} Isnedaq Ajqewnsaid ‘(59) InS ay) 03 JO YInow AQ PIINSIUTWPR UIYM SIAJISWIIY) SUTXO) IY) Uey) OIX0) dIoW dre ‘[eLdjews
JOY)0 JWOS YIM SUIXo) Y3 Jo saxaidwiod aq 03 Jeadde yomym ,,‘surxo) 10)1usgord,, ay) ‘I9ASMOH “(H8 ‘L9 ‘8S ‘L) A[TRIO UIAIS UIYM JIXO0) SSI] IpnjruBews
JO s19pIO Aueuw st urxo) wnuinog “(4-V s2dA1) g6 pue (g pue ‘q ‘') sadA) 10J) [/ S9OUIJAI U pIje[nqe) Are $310ads J9Y)0 SWOS JOJ SUTX0) WNUINIOq Y}
JO SaNIDIX0) YL, *(8S) 01U SB JATJISUIS SB JSBI] 8 3q 0) pres are suewnH *(1L) g pue ‘q 'O sadA) pue—(L¢) srqqel pue ‘s3id eouin3 ‘() sAayuow—y adAy
10J pauIeIqo 3I9M BJR(J "SANIDIX0] ISNOUI 0] SOIJel Y3 WOIJ PIJe[Nd[ed e UIAIS SIN[EA 3Y) ‘Pasn Sem UIXO0) SpNId ATUO IO USAIS 1 sofjel A[UO JI9YM ,
*(6S) 201w 0 [y ,
*UISATou®IQ) D131 D) ‘UISA] ‘N]]ap40s *D) (UIX0)-BISP ‘wnondas *D {UIXO)-BIIP ‘Sudnpwapao ) ‘urxol-uofisds ‘wnonukjoisry
' ‘UIX0}-BI[IP ‘1204nDYd *D) ‘WISA] ‘wndto4dp)d - ‘UISA] ‘wnunnioq *) ‘WISA| ‘Suvjuawiiafiq wnipriso)) ‘uisAjoduuny) ‘sisuardurany; - g ‘uisAjoiodsoidye|
‘sn4odso.av] *g ‘UISAJOA[R ‘124]D SnjIODG T8 IUIIJAI Ul PIQLIOSIP Te sepIpued Suimofjo] sy, o1 10j 3y/8v 01 03 01 JO d8uel 3Y) Ul SINIVIXO0)
9ARY OS[e AvW WNIpLISO]) pue SNjj1avg JO Sa1dads 19410 AQ p3onpold SUIX0) paje[al AY) ‘SINIOIX0) JR[IWIS dARY O} pUs) SUISA[oWaY JIqe}-udasAxo aoulg ,
BEE UreIaduN JO SeM PIsn [eLIew [y “X9[dwod uIXo) Xelyjue 3Yy) JO SUOTIORI) UIIM)Idq Eoo.uo ansidiouis payodar sdnois giog
‘ynows £q ‘-o-d ‘Apre[nosnuwrenui ¢ wy {A[snosueindqns ‘*3°'s {Aesuojuadenur ¢-d-1 (A[snousaenuy
*A’1 "S90UQI9JAI are s1aquinu jdudsiadng Cfeusew aundun 9jedSIpUI S19dRIg SATIN I8 Yorym ‘sasoyjusred ur asoys 10y 1daoxd .mani Jre sonfeA ,

op A1 8 0L—€€ SUIX0) 1SA20)BWAU SNOLIRA eLrepu)
00'9'S 81 pp1-¢ SUIX0)0INJU SNOLIeA uoidiodog
a8 €6 UIX0)09[NIdB) snan4avd snuvsung
0’3" 8 og UIX0jOININ alvy ploN
a6 4’1 84 08— UrxojoInaN sipuia sudsvospuaq
surxojoinau sndeussisoqd
5(A'1 37 67) (esedrnoydsoyd) urxsjoN SMIDINIS DIYIAION
_~.>._ 8 zg (esedijoydsoyd) urxojo1r) sni04)
o's (osedny
3 op ©d- _ w.: 1 -oydsoyd) urxojore3ung-ejog smouoRInu sniapSung
s(A1E D) urxodre], smvp)aINIs SnuPINdxQ
surxojoinau sndeussalg
(uon
-09]9s ®) su1void rewnruy “II1
#3U 00§ < ( &w...h > eCAT3 L) UIR  ,SPIds ‘Sunwmiod snuidy
Al e
3U 00E< w.mncoémv 3u ca%wnoo& (A1 30 00L) uuqy  SpIds ‘snuowiaud sniqy
ey d1 34 o1-1 U1339poW vondip vuapy

ssuajo1d Jueld ‘TI



90 GILL MiCROBIOL. REv.

Values are expressed per kilogram of body
weight, assuming, when necessary that the mice
weighed 20 g, the guinea pigs weighed 250 g, and
the rabbits weighted 3 kg. Such normalization
implies a linearity between dose and weight that
probably holds only rarely. The assumption has
been explicitly challenged for botulinum toxin
by Lamanna (47).

For all of these reasons, the values in the table
must be interpreted carefully. At best they are
accurate to one significant figure. Usually they
are provisional values that may be revised
downwards and serve now to define only the
likely maximum size of the lethal dose.

THE TABLE

Most values are given as 50% lethal dose
(LDso) per kilogram. Those in parentheses are
minimum lethal dose (MLD), or LD;q, per
kilogram. Some authors assume that the MLD is
about twice the LDsy, but there is no constant
rule. For botulinum toxin, which was titrated
with care, the factor is about 1.6 (47). For
tetanus toxin it is about 1.4 (91). For abrin and
ricin it is close to 1.0 (33). For the greatest
accuracy the time within which the animals die
should be specified, but this information is often
omitted. The exception is the ‘““MLD’’ of diph-
theria toxin, which has a somewhat different
meaning that includes a time of death (see foot-
note h). Values are given as mass of protein,
assuming, when necessary, that the protein con-
tained 16% N.

In part I the bacterial proteins are arranged in
alphabetical order of parental bacterium. For
comparison, the lethalities of some nonbacterial
toxins are included. Part II lists plant protein
toxins that have been purified and assayed. Part
III is not comprehensive but presents a sample
of the neurotoxic proteins from snake and inver-
tebrate venoms. More are listed by Tu (90), but
most venoms have been assayed only as mix-
tures and the potencies of the individual com-
ponents are unknown. The purified venom neu-
rotoxins are nearly always lethal to mice at 10 to
100 pg/kg. Taipoxin is unusually potent.

that for

lethal to mice at 7

of endotoxin to cause lethal shock (85). The fol-
for lethal shock (streptococci [43, 76];

It appears that the same material is enterotoxic (causing accumulation of fluid in

for the flaccid paralysis of rabbits caused by shigella toxin is thought to be due to damage to the endothelium of spi-
“‘lethal for mice and rabbits in less than one milligram’’ (93).

,000 hemolytic units’kg mouse LDs, (73) to the hemolytic potential of pure streptolysin S: 12 x 10° hemolytic units/mg

DISCUSSION

Relevance to Possible Cloning of Genes Coding
for Toxins

One reason for compiling these data arose
when the National Institutes of Health Recombi-
nant DNA Advisory Committee and its ad hoc
warking group on toxins considered the dangers
that might develop from the cloning of genes for
bacterial and other toxins. The discussions re-
sulted in guidelines for cloning toxin genes in
Escherichia coli (Fed. Regist. 46:34487, 1 July
1981). A novel feature is a recommendation that

“ From evaluations of abrin and ricin as possible cancerostatic agents, it is clear that at least 0.3 pg of abrin or 0.5 pg of ricin per kg is tolerated by hu-

™ The value for monkeys was estimated from the statement that the fatal dose for monkeys (weight unstated) was approximately the same as
mans without serious symptoms (@. Fodstad, personal communication).

mice (20). The value for guinea pigs was calculated from the ratio of rabbit LDs, to guinea pig LDs, (24).
" An apparent toxicity of S. aureus beta-lysin (93) now seems to be attributable to contaminating alpha-toxin. Pure beta-lysin is not

mg/kg i.v. (56).

s The “‘A chain’’ toxins, such as rebin, curein, hurin, cretin, and alpha-sarcin, are less toxic, with mouse LDsos of >1 mg/kg.

2 Pyrogenic toxins are of low lethality per se but markedly reduce the amount of endotoxin required
* Isotoxins of abrin (52) and ricin (53) exist, which differ in carbohydrate content but not in toxicity.

? Enterotoxins A and B are not lethal to mice at 2.5 mg/kg but have been reported to enhance the ability
staphylococci [77]).

lowing are emetic doses, per kilogram: type A—monkeys, 2 pg p.o. (11), 0.1 pgi.v. (11); humans, 20 ng p.o. (11). Type B—monkeys, 9 pg p.o. (76) or 2 pg

p.o. (11), 0.1 pgi.v. (11); humans, 500 ng. p.o. (11). Type C—monkeys, 40 ng i.v. (72).

k Crude Proteus mirabilis toxin was lethal to mice at 3 mg/kg i.p. (39).

! Neurotoxin is strictly a misnomer,
nal cord blood vessels that causes neurological symptoms secondarily.

° Partially pure S. aureus gamma-lysin was

" Calculated from the ratio 300

(46).

J No reliable data found.
rabbit ileal loops) and cytotoxic (killing epithelial cells in culture by inhibiting their protein synthesis) (42).
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different containment levels should be used for
toxins of different lethalities.

During our discussions it became apparent
that, whereas the risk to humans would depend
on a toxin’s toxicity to humans, human data
were not often available and would have to be
inferred from values obtained with other ani-
mals. Our best recourse would be to extrapolate
to humans from measurements on other pri-
mates. For this reason, the table includes pub-
lished data for monkeys. Unfortunately, for
many toxins the only indication of likely human
toxicity comes from experiments with nonpri-
mate mammals, most often mice, and experi-
ence shows that there is often a very poor
correspondence between toxicity to humans and
that to any one small animal (e.g., diphtheria
toxin, shigella ‘‘neurotoxin’’). Nevertheless, we
need some way of predicting human toxicities,
and it has been proposed that, unless or until
direct measurements on primates are made and
solely for the purpose of selecting the appropri-
ate containment level in a cloning experiment,
humans be assumed to be as susceptible to a
particular toxin as the most susceptible of three
small mammals, mice, guinea pigs, and rabbits.
As the table reveals, there are few toxins for
which adequate small animal data are available,
but they would not be hard to collect when
necessary.

Recommended Containment Levels for Cloning

The guidelines suggest four classes. The divi-
sions between the classes are, perforce, some-
what arbitrary but represent the working group’s
best sense of convenience and prudence, given
the limited knowledge available. For most toxins
extra data will be required to determine the
appropriate class.

(i) Proteins with an expected 50% lethal dose
for humans of 100 ng/kg or less. In effect, this
means 50% lethal for humans, for monkeys, or
for the most sensitive of mice, guinea pigs, and
rabbits. Cloning is prohibited (without special
permission of the National Institutes of Health).
This group presently contains the botulinum
toxins, tetanus toxin, the shigella neurotoxin,
and diphtheria toxin. Others might enter this
group when more data become available.

(ii) Proteins with an expected 50% lethal dose
for humans of >100 ng/kg and <1 pg/kg. Cloning
is permitted under P2 + EK2 or P3 + EK1
containment. Abrin seems likely to belong to
this group, as do ricin, modeccin, C. perfringens
epsilon-toxin, and C. difficile enterotoxin.

(iii) Proteins with an expected 50% lethal dose
for humans of 1 to 100 pg/kg. Cloning is permit-
ted at P1 + EK1 containment. Extrapolation to
humans from the small-animal data places strep-
tolysin O in this class, and it appears likely that

LETHAL AMOUNTS OF BACTERIAL TOXINS
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other oxygen-labile hemolysins will belong here
too, as well as many other toxins, but the data
are usually not sufficient to allow decisions yet.

In addition, cloning of cholera toxin-like and
ST (heat-stable)-like enterotoxins is permitted
under P1 + EKI1 containment, even if they
should prove to be more potent than 1 pg/kg for
humans, for the reasons discussed below.

(iv) Proteins of low toxicity. These proteins,
lethal to humans at over 100 pg/kg, are not
subject to specific restrictions on cloning (ex-
cept for the enterotoxins in group 3). An exam-
ple is the delta-lysin of Staphylococcus aureus.

Risks Associated with Cloning Toxin Genes in
Escherichia coli

These categories and the guidelines apply only
to cloning in E. coli. The risk inherent in using a
different host would depend on the habits of this
organism. It must be emphasized that the habits
of a gene’s former host, including its ability to
cause disease or to exchange genetic informa-
tion, are no longer relevant once the gene is
transplanted. For example, the knowledge that
C. tetani exists in the normal bowel without
pathology does not make it any safer to transfer
the gene for tetanus toxin into another intestinal
organism. For E. coli the major risk seems to lie
in the production of a toxin in the intestine by
either E. coli itself or another intestinal organism
that acquired the toxin gene from E. coli. We
can imagine three types of dangerous outcomes.

(i) Some of the toxin might pass out of the
bowel into the general circulation and damage
distant tissues. This would be most apparent for
those such as tetanus and botulinum toxins,
which have no effect on the bowel itself but
which inactivate neural synapses. That some
botulinum toxin escapes into the circulation is
implicit in every case of botulism: possible
mechanisms have been discussed by Bonventre
(19). Only about 1 part in 100,000 of orally
administered botulinum toxin escapes (47), but a
greater proportion might escape if the toxin were
to be made in the gut itself and avoid inactiva-
tion by the stomach. Wright (95, p. 420), in
reviewing a few experiments in which botulinum
toxin was placed in the ileum, ileal loops, and
colonic loops, concluded, ‘“What slender evi-
dence there is available thus suggests that most
of the absorption of these toxins must take place
in the stomach or in the upper portions of the
small intestine.’’ Shigella neurotoxin is substan-
tially inactivated in the stomach (20). The risk
must be greater for adults in whom passage of
proteins from the intestine is rendered more
likely by such conditions as ulcers or intestinal
rupture or for neonates.

(ii) Many of the toxins that are lethal when
injected parenterally are cytotoxic and if pro-
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duced in the intestine will presumably cause
necrosis and ulceration in the mucosa and con-
sequently diarrhea or dysentery. The cytotoxic
enterotoxin of Shigella dysenteriae is thought to
act thus (41). The mucosal damage might also be
followed by a greater leakage of the toxin into
the circulation, which would pose an additional
risk.

(iii) The noncytotoxic enterotoxins such as
cholera toxin and the heat-stable and heat-labile
enterotoxins of E. coli would presumably cause
secretion in the same way that they do in the
natural diseases. Despite the fear historically
associated with the word cholera, the dehydra-
tion consequent on the diarrhea is completely
reversed by oral and intravenous administration
of electrolyte solutions and, given proper care,
the risk to an experimenter from a neocholera
organism may be limited to discomfort.

Except for the enterotoxins, there are few
data on the safe amounts of toxins in the guts of
experimental animals, let alone in humans. We
can only proceed on the temporary assumption
that a relation exists between enteral and paren-
teral toxicities. We must assume that a toxin
which Kkills when minute amounts are adminis-
tered to the blood may also be a significant
danger when produced in the gut, and that the
more toxic it is, the greater the barriers that
should be erected to restrict the toxin’s produc-
tion in the intestine. This may be accomplished
either by imposing physical containment or by
using strains of E. coli that do not colonize and
have less opportunity to transfer their genetic
information to abundant intestinal residents.
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