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This is the first occasion at which I have been invited to attend a meeting of
this kind. It is also a twenty-fourth. anniversary of another occasicn when I was a
young medical student atliending my first scientific conference. This was zan
international meeting st Cold Spring Harbor, near New York, and it could be truly

labelled as the birthdate of a new scientific field, the genetics of bacteria and of .
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viruses. My first published work was presented at that meeting and it concerned the
discovery,. contrary to decades of previous supposition to the contrary, that
bacteria were indsed possesssd of a mechanism like sexual reproduction wnich made it
possible to crosshreed differsnt bacterial strains. These observations, together
with related ones by many other colleagues have gone into the emergence of the most
powerful of new methods and insights in -experimental biology, going generally under
the name of molecular biology.

rom thé very beginning it was inescapable to me that these new approaches for
the understanding end manipuletion of livin~t organisms had po’sntial implications for
humen preogress. of very great significance. On the one hand molecular biology could
increase man's knowledge sbout himself and lead to revolutionary changes in medicine
in such fields as cancer, aging. congenitzl dissase, end virus infections. It might
also play & vital role in industry and in agriculture. On the other side it might
te exploited for military purposes and eventuate in & biological weapons race whose
aim could well become the most efficient means for removing men from the planet. is

a student of evolution, and having studied it in the microcosmos with bacteriel

¢}

ultures, I knew that man had no gusranteed place on our earth, -He has faced and
continues to face natural disasters like the infeststions that have wiped out the
fmerican chestnut and the Europesn grapsvine. To these long-standing threats would

now be edded new ounss, pctentiaglly of cur own invention.
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These past twenty-five years, ir the -:1vz2 of which the world cormmunity has
reached a certain degree of familiaritv wito the problems of nuclear powsr, and has
undertaken some of the steps needed to contain it as a servant for rather than
cgeinst human aims, have seen a sustained, remarkable development of meclecular
biology. TFor example, rrofessor Gobind Khorana recently reported the synthetic
assembly of a small gene through chemical opsrations cn DA components. It will be
a step of another order of magnitude to extend this technical capability to the
synthesis of smell viruses, but this surely will be szccomplished within the next
decade. This procedure will allow an unlimited range of experimental variations of
the genetic structure of different viruses, a process which has many important
potential applications for human health. It also offers us the prospect of
engineering the design of viruses to exquisite detail. Accompli shments Tike Khorana's
have been possible in a small laboratory on an annual vrereaveh hudget which is miniscude
compared to weapons hardware. A serious military iuvestment in this srea conld oe
expected to outstrip this slready breathtaking pace of advance by many fold.

T could mention many cther intriguing scientific advances from my cwn work and
that of others, and fear only that my enthusiasm in discussing these details might
outrun your patience in hearing about them. I will be glad to engage later in
informal discussions on any aspect of molecular biology that may be of interest to you.
I will just mention the discoveries of three mesthods of modifying the genetic structure
of microbes: (1) cross-breeding them through what is, essenticlly, sexual
reproduction; (2) inserting new genes carrisd by a virus, & procsss called
tyransduction”, and (3) direct manipulation of DHA as a chemical substance, and
reintroducing this into microbial cells.

I deaply appreciate the gravity and importance of the work of this Committes.

Its principal significance is, of course, for the security of all the people of the
world; and to that it is only a small addition to mention my own moral pre-occupation
with whether my own career will have been labelled a blessing or a curse to the
humanity from which I spring. This comment may have more force if I offer it as not
only = personal testimony bubt as typicel of the dilemma that faces my entire generation
of biological research scientists znd our younger students at this very moment. I am
therefore many times indebted to you not cnly for your present labours but glso for

heving offerad me the privilege of e more persomal participation in o process that may

~

ult in "eivilizing" this branch of scilence.

]
o
o
H
o
1051



For many years Bl has been given only incidental attention as a subject of
diplomatic discussion; for it seemed to have little bearing on the zdjustments of
pouwer thatl were the mein work of specialists in foreign affeirs. However, B does

have something to do with efforts to reducsz the barbarity of warfare. BY stands
gpart from all other devices in the actual threat that it poses tc the health wnd
life-expectancy of every human being whether or not he is politically involved in
belligerent actions. In a word, the intentionsl release of an infectious particle,

be 1t a virus or bacterium, from the confines of the laboratory or cf mzdical practica

must be condemned as an irresponsible threat against the whole human cormmunity.
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The Black Death, the great bubcnic plague that raveged Europe in the mid-l4th

cantury is in fact a well docimented historic example of just this process. The plazue

Al

firet enterad Europe in 1346 via the sailors, rats, and fleas on the shivs that
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revurned to Genos after having been expelled from Theodosia in the Crimea whers the

attacking Tartars had catapulted some of their corpses into the Genoese fortifications.
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This plague which reduced the population of Eurcpe by at least one-third, would of
course, almost surely have mads its way West sooner or later, the nature of the
ha
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disease being gquite beyond the coumprehension of the medical science

The Bleck Death in Aurope was only one of many visitstions of the plague suffered

should have besn so
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by burope during the last 2000 years. U
nuch more disastrous then meny others. The progress of a disease in any given
individual is subject to many fectors of which only a feuwr are well understicod. =
lerge epidemic, involving millions of people spiread over time and space, 1is an
immensely more ccmplicated phenomenon about which it is very difficult to make

very grave votentisl hazard with
h dsgree of un‘“edictability is a pecullsar atiribute of biolegical weaponry at
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develornent the rationsl
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docurine that sc far hes pleaced a relatively low value cn its military utility.
present situation thus might provide the most favoursble opportunity for
o]

I

internaticnzal action to regulste the Turther develonment and proliferaticn of BU

prosnects.  Until ncw ne nation appears To nave staked its security to any significant

we wzit until BY has teen develcned into = relicble ermeoment for use under a range of
military doctrine, we must &ll fear that it could then te toc late to disengsage

important powers from thelr commitment to it.
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10 I may retorn +5 the Black Dogth, t-o miin barriers that nay todey eep
bubonic niague from being a great threat in civilized countries are: (1) understanding
T guarantine, (2) the suppression of rats and fleas by generel urban

esnecially antibiotics, to control the
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Lroione, and (3) the use of nodern ther
one of these harriers could be breached by further technical
devalovnents if e substantial effort were to be applied during the next decade to
nsling the plague bacillus into z wee on.
Cther infechious agents might be even nmore adapteble. Some of nen's deadliest
sicies are viruses uhich, like yellow fever, are fransmitted by mosquitos or other

onods. These have the advantsge, from a nilitary standpoint, that they mey not

o notentially vetroactives epidemic in arszs where the vechtor insect does not
rormally atound., It iz alresdy evident that such insect-borne viruses could be
zonited in the first instance by direct aerinl dissemination, with 1little or no
Jurther spreal from the first weve of infected targsts. Recent ve ports of zirborne
or oteunonic rables, a terrible disease, which as you know is normslly sprsed by the
3itw uf ea infected dog or other animal, iliustrate this possibility. There is then
tle dangzer that, if a large nucleus of people is attacked in this wey, further
cvotarhlon of the virus will occur to give rise to a neu form of the disease that does
to person, contrary to the calculations of the attacker. The
underwent a similer evelution from the original bubonie flea-borne

of the far more contag’ous pneumonic variesty.

have learned in recent yesrs that viruses underzo constant evolution in their
mutetions within a given strain, but also by the natural
hat superficially appear to be only renotel; related to
in our body cells of which
gh they may eveniually

s. At

crias the vormation of s tumor, or of brain dezeneravion, or of

e
inmet in the lehorstery, however, we can shov thet such latent virusss can still
2

N

o seedlroed with other viruses to give rise to many new forins.
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7 grevest concern is that similar scientific breakthroughs of e rather
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pirzdicsable kind vill be made snd their potentizl military significance el

cs o pegult in 2 transformation of current doctrine sotout fanreliable’ biclog
wmooono. e ore 21l femilier with the process of matual escalation in vihiich the
fnfarsive efforts of one side inevitably contribute tvo further technical developments



on the other and vice versa. The rere 2xistence of such a contest »nroduces a mutual

vlation of effort; moreover, thers is no practicsl system of counter-intellizence
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thet will protect secret work for an indefinite pericd of time from beconing inomm
to others. And the potentizl undoubtedly existes for the design and develooment of
infective agents zgainst which no credible defencs is possible, through the genelic

and chemicel manipulation of these agents. It iz thus clear to me that if we do not

rzalities.
Cen we estzblish a world order that

s

Permit me, now, to ask a rhetorical questio
will, in effect, protect "you’, =3 representatives of the global community, from the
subversion cof the scientific advances to which my own peers and mysell have
their cereers.

L wish I could be sure that such a remark would alusys be recelved with an

understanding of the ironic spirit with which it is uttered. I do not have to tell
o

C
w

the worldwide attacl on science, the flight from reason that has tempte
msny young people and nakes so many dilermas for those of us in university life.

'his generational revolt has probably had its worst impact in countries which nsve
already achieved a degree of affluence, but it is ercding the morale of tie young even

in those countries whose economic future most cepends on thelr development of a high

level of technical ond scientific skill. Uhat the youth see as the perversion of

Imovledze is, I believe, an important aspect of their repudiation of us. I‘mong the
undergradustes at my ocun university, there is no prospecth rore disheartening than

the idea that even hezalth research is subject to exploitatior in the most inhumane

MNovember 25) uwhiczh

olicy of the govermment of
- d et
my Ccwn Ccounury.
. . e " e
A5 vou know, socon after President Nixon's announcement it became spvarent that
o 2 <

Carare
vaxter role in the disease menifestations of z bactesrial inflection.
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For present purposes we mignt think of 2 toxin as a chermicsl substance which
would be wnknowm tc science sxcent for its association with mucrobiael growth and one

which has an extraordinarily high lethslity per unit weight. Heuy toxins ar: nerve

poisons, resembling the nerve gnses in their effzct on the bhody, but far more potent.

' ] -

For exomple, the lethal dose of botulinus toxin is about one nillionth o o gram.

M

This means that one could szsily cerry in a despstch case a quantity of toxin sufficient

¢

to wipe out the hmman population, although the image would imply that the humen herd
gemld 1ine up for the slaughter. The wery high potency of such toxins is certainly
& fachor in their mililary pobentisl but may even be outweighed by other considerations,

like the nossibiliby of specific immunization of an aggressor force or population.

Even after sgreoment to eliminate biologiral weapons, ue will =till remain very

vulnerable to a form of binlnginal warfare which is beyond the reach of any covenant

s the warfere practis~d upon us by nature, the unremn itting

d

that we cen make. This ]
barrage of infection by cld and by new agents that still constitute a very largs part

of the vperils to normal and heslthy life.
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tle have all had vexing, perhaps even tragic, personal experiences with virus
infections. You will all reczll the global epidemic of influenza that was first
identified in Hong Kong about three years ago. This was not a particularly severe
form of the virus and its eventual mortality wes probaovly only in the ftens of
thousands. It is wrong, however, to believe that there is anv assurence that. the next
epidemic of this kind will be as mild; and i% have still develeped only the most
feeble ond precarious protection against this threat whose impact is shered by all the
nations, but against which very little common defence hes heen erected.

You will also recall having read from time to time about small outbrecks of
nysterious new diseases like "Lassa fever' and the "Merbug virus®. These were both
extremely dangerous threats; end hile much credit rnust be given to the diligence of

lorge elenent of pure luck was

[

the nedical people vho dealt with the outbrecks,
involved in localizing these incidents. ‘Je must expect that there are muny additional
viruses already indigsnous to primete and humen populations in primitive ereas and to
which the inhabitants of advancad countries zre eitremely vulnerable.

Tellow fevar is s historicelly important Cisease which now telongs in the same
category. It is now maintained on earth neinly through an snimal reservoir © 4

infection, in the monkeys in tropical jungles. Urben: populerions are noy rrotected
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Mosquito species very well

explanation for this good
stimulate psychotic imagina

not to suggest the vulnera

put rather to point out imx

derlences that should be mounted bhut which heve a relative

present~dsy world. This is in no way ¢ dasrogation of the
Yorld Health Organization wbich is centrad here in Geneva
limitations of its budget and a suggestion that nuch more needs to be doue and cowld

be done vith resources that might be given over to biologlcal work in the future.

1
Countiries whic - transition in the development of their

agriculture are vulnerable to anszlogous threats in biolegical warfers directe

crops as distincuished from human targets.
l o | o

that has had all of the himan benefits atizched %o the expression Flae green

revolution”, also means that the feod suppliss of vast territories are now committed
to specizlized otreins of vheat, rice, and so forta. Thesa are now aswly vulnsrable

to dsztruction by plant pests of either nstural or artificiel origin. 4 potentiaily

i oy qqd o 2 T A AT 1A ~ L . +1 PR S
ic oubtbraak of ‘eoffze rust" is gt thic moment serious lhreat te the cgriculture




C¢CD/312
page 8

effort, ot any substantial level or Guellly we oresution, while still keeping its

T
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ad esnect o 11-r o those omone 9tz our citizens whe

l_h

very existence secret. This =200l
are specialists in health-oriented research and who ere deeply invelived in furthering
healtl. research activities within the framevork of the international community.
Therefere, besides the obviocus direct health benefits of expanded international
co-operuiion ve would also be rewarded by a higher level of wutuval assurance that

every party wss iudsed 1living up to the spirit of ite obligubions under a BY conventis

In conclusion, let me say that some of the speculationsz I have mentioned are cne:

wnich all of us must fervently hope will nover materiaiize. Sub 3t would seom o ms
both foolish and arrogant Se assume thah our good will alonz, without cencrete

. 1

~rramgenrents, will serve to forestall the {fuvrither devolopmert ) nealifecobion and
possible evenbtual voronurce ha idint wiwaly ie one of the most shastly met

warfare imaginable,

e

ientish vhone raasntveh eaveer has centred on She

LB a sC A
I have a nroformd personal intercsht in afforts beir . meds in +
that infectious disease will become & routine wesapen in future conflicths,
civil or internctional. You have heard recsons, that I believe are coimelling, for
oromntly reaching a ban on the developnent, production, preliferation or use of

blological weapons. I will be indebted to you for this opportunity if I cen reiuvn

T my laboratory with the hope of heaving n

fulfilment of the ur-~ent task before you.

Good 1uck,.



