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The Work im Group on eefini tions of the Recanbi nant r:NA Jldvi s:ny Canrni. ttee was 
convened at 9:00 a .m. on December 5, 1986, at the Marriott Hotel, Kern.ood Roan, 
51~1 Pocks Hill Road, ~thesdat Marylarrl, 2C814. Or. Gerard McGarrity 'vaS 
Chair. The followirq were present for all or pact of the rreetirq: 

\-Ik)rkinq Group members: 

Rusan Gottesman 
Susan Hirano 
Irvim Johnson 
Fdwarn Korwek 
Myron r.evine 

Gerard McGarrity 
Paul t-Ie iwan 
Ttnnas Pirone 
David Pramer 
Monica Riley 

A workinq Qroup roster is attached (Attachment I). 

other National Institutes of Health staff: 

Stanley Barhan, NIAID 

others: 

M. Bradley Flynn, Department of Agriculture 
Charles .1. Eby, Monsanto Canpany 

John Scardal ios 
Frances Sharples 
Anne Vidaver 
William Gartland 

(Executive Secretacy) 

Alan Cbldharmer, Industrial Riotechnolcgy Ass:>ciation 
James Kaper, University of Matylaoo, aaltinore 
Elizabeth Milewski, Snvicormental Protection [tqency 
Henry Miller, Food and Orug Administration 
David Moore, Association of American Medical Colleges 
Greg Pearson, Blue Sheet 
GeorQe Shihley, Department of Agriculture 
.Tanet Shoemaker, American Society for Microbiology 
,~ichael A. SWit, Rurditt, Rt:Mles & RMzius, Chartere::l 
William Szkrybalo, Pharmaceutical Manufacturers Association 
~ue TOlin, Oepar:tment of AQriculture 
L. p. wriqht, Pfizer, Inc. 

{The \otK)rkirq qroop is Mvisory to the PAC, and its recararendations should not 
he consirlered as f.inal or accepted. 
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r. Definition of Deliberate Release. 

Dr. Mc:Garrity called the meetirq to otder ani asked the observers to 
introduce thEIMelves. He restated-tne marge to the \«)rkirg groop and 
sumnarized the actions taken at the 8eptanber 5, 1986, neetirg of the wor1d rg 
qroup. He noted that the Recanbinant ~ Advisory CQ'llTlittee (RAe) hcwj 
recaTl1lended apprOllal of ~. Gottesman's prqx>sed anerdment of Section 
rII-A-2 of. the National Institutes of Health (NIH) Guidelines 60r Research 
Involvirg Recanbinant rnA Molecules at its meetirg on SeptEmber 29, 1986. 
However, the NIH Director has not ~t acte::l on this recamendation. The 
PAC referred .the other recannerrlations back to the ~rkill1 group for further 
consideration. 

Dr. Gartland sUlT'fTlarized a meetiro on el1lironttental release isstes sp:Hlsored 
by the National Research Council at Millwoc:rl, VA, on October 27-28, 1986. 
He also sunmarized the conclusions am distributed a cQ">y of tte Report of 
the C~ittee to Review Allegations of Violations of the NIH Guidelines 
for Research Involvil'Q Reconbinant J:NA Molecules in the Corrluct of Field 
Tests of a PseOOorabies Vaccine at Raylor College of Medicine and/or Texas 
A&M University. In resp::mse to a question, Dr. Milewski c£ the Environnental 
Protection Agency (EPA) stated that the purpose of the neetirg of the EPA 
Biotechnol~y Science AdviseI)' Canmi ttee s\bconmi ttee on eJ"lllironnental 
release on ~ember 11-12, 1986, is to prepare several options for the 
definitions of "deliberate release" for use in EPA rulemakirQ procedures. 
'!he \'.Ockirg group agreed to focus on matters pertaining to NIH am leave 
int6:/ration of CQency decisions to the Biotechnolo;JY Science Cooroinatirg 
Ccrrrnittee. 

Dr. vidaver then sUQQesta1 that a secord sentence be a:Jded to the definition 
of "deliMerate release" which she had )X'oposed at the September 5, 1986, 
meetim. The two sentences tn be crlded to Section III-A-2 ~ld re.:d as 
follows: 

"The term 'deliberate release' is defineci as a plannej intrcduction 
of recanbinant DNA-containirg microorganisms, plants, or animals into 
the environnent. 'I1'1is is the experimental use of microorganisns, 
plants, or animals under conditions considered to be accepted scientific 
practice." 

The anpen:tices to be develcped would incorporate the acceptoo pract ices. 
Drs. Korwek. and Gottesman questioned how unplanned introductions would be 
treatoo if this definition is crlcpte:1. iks. McGarrity ard Vidaver p:>inta:1 ' 
out that these sentences would be added to Section III-A-2, and the headirg 
of Section III-A, "Experiments That Require RAe Review and NIH and !BC 
Approval Be~re Initiation," indicates that Section III-A-2 applies to 
experimental releases. 11t'. McGarri ty said that these sentences \O,.Ild 
presumably be added to the em of Dr. Gottesman's prOpOSed revision of 
section III-A-2. 

Dr. Sharples then prcposed an alternative rew-rite of section III-A-2 as 
follows: 
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"rII-A-2. Environmental applications conducted without physical [and 
hioloqical] containment of any orqanism oontaininq recombinant DNA, 
except: 

"a. Certain nlants as described in AppeMi>{ L. 

lib. ~letion derivatives not otherwise covered by these Guidelines. 

"c. 0rqanisms coven~ in exemption III-D-2. II 

nr. .1ohnoon then IT'()ved that the tw::> sentences of Dr. Vidaver be a:::!ded at 
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thP. em of the orq:x)sed further revision c:£ Section III-A-2. After further 
ciiscussion, Dr. ,1ohns:m anended his motion ard moved adoption of IX. Vidaver's 
first sentence for inclusion in Section III-A-2. The wortirg qrcup accepte:i 
the rrotion by a vote of 11 in favor, none q:lPQSed, am 1 abstention. 

Or. ('.ottesman then moved that cr. Vidaver's secoro sentence be placed under 
"a" and that section III-A-2 be revised co read in its entirety as fiollows: 

"II 1-1\-2. Deliberate release into the erni rorment of a"f organism 
containil"Q recOllbinant DNA. except those listed below. The term I deli-
berate release' is definEd as a plannEd introduction c£ recanbinant 
OOA-containif'Q microorqanisrns, plants, or animals into the environrrent. 

"a. Introductions corrlucte:1 under corditons considere:i to be ~cepte:j 
scientific practices in 't.hidt there is adEQuate evidence of biological 
am/or physical control of the reconbinant rNA-containira organigns. 
The nature of such evidence is described in Appendices L, M, N, ard O. 

I1b. Deletion derivatives not otherwise COlere:i by these Guidelines. 

ftc. Orqanisms covere<i in eXEmption In -D-2." 

Dr •. Johnson secon:jed the motion am: the workirg qrcup plssed the motion by a 
vote of. 10 in favor, 1 oppasec1, and 1 at::stention. 

Dr. Tolin stated that the U.S. Department of Agriculture will be rrcposirg 
material for inclusion in Appennices t, M, and N. 

II. vacci ne Develcpnent. 

Dr. Levine rresentaj infomtation to the \Ii1Oddn;r grooP on develcpment of 
several different varieties of live bacterial vaccines (Attachment II). He 
said that phase 1 studies of vaccines made by recanbinant CNA tedmiques 
can be carded out in very closed facilities, out that rnedlanisms are needed 
to permit phase 2 am 3 clinical trials which may involve trousaros of 
individuals. He pointed out that non-recombinant live attenuated vaccines 
are tested with no spe!cial constraints ard predicted that su~rior ard 
more precise vaccines will be made by recombinant DNA techniques. 



nr. Gottesman minted out that there are already procedures in the NIH 
Guidel ines for approval by other FErleral a;:Jencies of experiments falli rg 
unner Section III-A. Presumably these clinical trials would be sut:mitted 
to the FoOO am nrug Pdninistration under Investigational New Drug (IND) 
procedures. IX. Korwek nointed out that there could be a problan with 
pre-human testing in animals since an IND is not required at this stage. 
He said this could be addressed in an appendix to the NIH Guidelines. 
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nr. (',ottp.sman then moved that: (l) investigators in the field of vaccine 
developnent be apprised of the options for eXElnption fran RAe review as 
sneei f.ied in para;Jraph two of Section III-A, am (2) that a workirg groop be 
orqanized to develop cd teria and [X'OCedures for inclusion in an Append ix 0 
(Vaccines) of Section III-A-2. The motion passed by a vote oc 11 in favor, 
none q'lposed, and no abstentions. It was the sense of the w::>rkirg grrup 
that Appendix 0 COler vaccines, am that Appendix N cOler microorganisns 
other than vaccines. 

III. Definition of Recombinant DNA. 

In response to a question by Dr. Neiman, Dr. Gartlard sunmarized why the 
w::>rkirg qroup had been asked to consider the definition of "reconbinant 
rnA." Dr. Korwek questioned the reas:>ns for reconsiderirg this definition. 

~ Dr. Gottesnan said that she is not aware that the definition needs to be 
chal"Qed to take into accoont any specific experiments. 1)['. Korwek said 
that since Section III-A-2 of the NIH Guidelines will presumably be revised to 
haOOle deletion derivatives, he favored not d1.argirg the tasle definition of 
cecanbinant f)'.lA. 

nr. Rilev said she felt it is Vn(X)rtant to exclude l!Dnle thirgs tran the 
nefintion. She then IOOved the following amendment of a sentence pr;oposed 
by Dr. Lan::Jy f.or inclusion in Section I-B at the Septanber 5, 1986, ~ridrg 
qroop meeti nq: 

"Genanes which contain only deletions, duplications, trans[X>sitions, 
sill::Jle-base changes, or rearrangements are not considered to 00 
recanbinant rnA irrespect ive of the mettDd by \o\hich they were IX"oouce::i. 
Products of translocations within genomes are considered to be recombinant 
~." 

Dr. Riley said that this wordirg would make a distinction t:etween trans-
pOSitions and translocations which had not been made earlier. 

Dr. Korwek questioned why these concerns coold not:. be hardled as 9I:enptions. 
TJr. Gottesman noted that these types of experiments are already eXEfIIPt in 
the laboratory. An alternative approach to achieve the sane errl would be 
to reo.r.ord "hi' and tic" in a revised Section III-A-2. 

Dr. Neiman sain that these concepts cbrut deletions, etc., pertain particularly 
to microorqanisms, but he did not feel that this revision of the definition 
\oK)Uld be generally accepted by trose in the sc ienti fie canmll"l i ty Wio mal 
with more complex organisms with more stahle qenomes. 
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Dr. Gottesman noted that deletions, etc., are already exenpt in section III-D 
unless they also, fall under Section III-A. An alternative ~proach ~ld 
be to broaden ttb" aM "c" in the r,ev:isai Section In-A-2. 

Dr. Vidaver sugqested that the word "foreign" be irlded to the OJrrent 
definition in (i) in Section I-R. It was pointed out that" foreign" would 
have to be defined in a footnote. 

rJr. Riley witt-drew her motion, aOO Dr. Gottesman then moved that the fbllcwirg 
nossible chanqes in the definition of recomhinant DNA be presented be the 
RAC for consideration: 

1. 'ItIe first para;Jraph of section I-8 would be revised to reai as follO>JS 
(new words in underlined): 

2. 

"In the contect of these Guidelines, recanbinant r.NA noleOJles are 
defined as either: (i) IlOlecules .,nidi are constructEd outside 
livirq cells by joini~ foreign natural or foreign synthetic CNA 
seqments to I1NA 1'01ecule.o; that can replicate in a livirg cell, or 
(ii) rNA rrolecules that result fran the replication of trose 
described in (i) above. 

'!he foUowir.;1 new footnote woull1 be a::Ided: 

"RearrangementR involving the introduction of DN~ fran different organisms 
or diHerent strains of an organism will te corsidere::i recanbinant CNA. 
~let ions, sirgle-hase changes, an::! rearrangerrents within a sirgle genane 
will not involve the introouction of foreign CNA ard therefore would 
not he considered recombinant DNA." 

!=)everal JYenbers expressed reservations about chargirg the definition of 
recanbinant nNA and the rationale for sudl a fundarrental dlange in the 
NIH Guideli nes. The vote on the mot ion was 5 in favor, 2 ~J;Dsed, a rrl 3 
ahstent ions. 

The work.irg group then voted on the pt"cposal itself, i.e., on the desirability 
of making these proposed chanqes in section I-B and the cddition of a 
footnote. The vote was 2 in favor, 5 cpr;osed, ard 3 abstentions. 

A.fter further discussion, or. Gottesman TIOved the followirg: 

"The workirQ qroop a;:l:ree1 with the conc~t that certain types of 
reccrnhinant DNA experiments which do not invel ve the introduct ion of 
foreiqn JlIlA nee:i not be sl.tJjected to special rEQulation as I recanbinant 
DNA. I The \<tOrkirg grrup ware split as to whether they r;referred dealing 
wi th this problem by chal'l:Jirg the definition of recanbinant rNA or by 
further modifications of the exemptiOns (e.g., those in III-A-2).2 

~ 2F.xecutive secretary's Note: The latter part of this sentence was charged by 
NIH staff to rea:i: ..... or by further modi fications of other sect ions of the 
r.uidelines (e.'1., those in III-A-2).'t in the version published for canrrent 
in the Federal Reqister of December 19, 1986 (51 PR 45650). 



Therefore, the IIIIOrkirg oroup presents the following t\lO q>tions for 
public carvrent ard RAe consideration: 

"1. Chanqe definition of recombinant DNA: 
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"The first parcgraph of Section I-S would be revised to reaj as follows 
(new \lOrds underlined): 

"In the context of these Guidelines, recombinant DNA molecules 
are defined as either: (i) rrolecules whidl are constructed 
OJtside livirg cells by joinirg foreign natural or foreign 
synthetic OOA se;ments to DNA rolecules that can replicate in 
a livirQ cell, or (ii) CNA nolecules that result fran the 
replication of those described in (i) above. 

"The followirq new footnote would t:e a:ided at the word • foreign': 

"Rearranqements involving the introduction of DNA fran different 
orqaniSllS or di fferent strains of an or:ganisn will be considered 
reconbinant DNA. Deletions, sirgle-base changes aoo rearrangerrents 
within a sirgle genane will not involve the introduction cL foreign 
nNA and therefore would not be considered reccrnbinant DNA." 

"? ~ify Section III-A-2 to reed as follows: 

"tII-A-2. Deliberate release into the enviroment of any organisn 
containing recanbinant rnA except th::>se listed below. The tea:rn r deliberate 
release' is defined as a planned introduction of recombinant DNA-containing 
microorqanims, plants, or animals into the envirortnent. 

"a. Introductions conducted under conditions considered to be accepted 
scientific practices in which there is adequate evidence of biological 
and/or physical control of the recombinant DNA-containing organisms. 
The nature of sLCh evidence is described in Apperdices L, H, N, arrl o. 

"b. Deletion derivatives and sirgle base changes not otheoose 
cOJere::t by the Guidelines. 

"c. Rearrarqements aOO CITlpli fication wi thin a sirgle genane. Rearrarge-
ments involving the introOuction of DNA from different strains of 
the same organism would not be cO/ere::! by this ecanpt ion. If 

After votil"Q 9 in f.avor, 1 OPJX)Soo, and no absentions on the first sentence 
of the mot ion, the \oIO[1d rg qrru p vote:i 9 in favo r, none qJp:>sed, a oj 1 



ahstention that these options be published for cament in the Federal 
Reoister am COf"!Sidered by the RAe. 

The workin;1 Clr'oup members then voted on their preference for t'\'>tion 1 or 
2. The vote for Option 1, i.e., a change in the definition of recombinant 
[Nil. was 2 in favor, 7 q)JX>sed, an:! 1 abstention. '!he vote for ~tion 2, 
i.e., lTDdification of Section UI-A-2, was 6 in f.avor, 2 op(X)Sed, ard 2 
abstentions. 
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Dr. Neiman then moved that the vote ta<en earlier in the day on what is I'lOo>I 
Option 1 be superseded by the vote on the pr:oposal to ptblish for cO"I'\J'I'ent 
am rresent t-.o the 'AAC both Options 1 am 2. The vote was 9 in favQt', none 
onposed, am one abstention. 

IV. ..A.djoutTfTlE!nt. 

The meetirg of the worldl"Q grcup ~s a1journej at 3:40 p.m. 

Dlte 

Respectfully subrlitterl, 

wUHan .1. Gartlarrl, ·Jr., Ph.D. 
Executive secretary 

I hereby certify that, to the bt!St 
of my knowledge, the forEgoirg 
Minutes and Attachments are accurate 
ard cOllplete. 

Gerard J. McGarrity, Ph.n. 
Chair 
v«:>rldrq GrOJp on refinitions 
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RRCCMBtNAm' DNA ADVISORY CCMMI'l"fEE 

~\oRKrtG ffiOOP ON IEFtNITlOOS 

CiA! R = M<:l3ARRI'lY, Gerard J., Ph. D. 
Department of Microbiology 
Coriell Institute fur Medical Research 
Canden, New Jersey 08103 

609 966-7377 

rorre9llAN, Susan l(., Ph.D. 
Laboratory of Molecular BiolCQY 
National Cancer Institute, 37/4B09 
National Institutes of Health 
Bethesda, Maryland 20892 

301 496-3524 

HtPANl), Susan S., Ph. D. 
DE!part1l'lent of Plant PatholCXJV 
''1iversity of Wia:onsin 

. .tdis;)n, Wisconsin 53706 
~ 608 262-7236 

JOHNSCN, trvirQ S., Ph. O. 

LEVINE, ~ron M., M.D. 
Center 60r Vaccine Development 
Division of Infectious Diseases 
University of Marylaoo 
School eX Medicine 
Baltinore, Me 21201 

301 528-7588 

MITO-IELL, Robert ~., LL.B. 
Attorney at raw 
13915 San Antonio Drive 
rbrwalk, cal ifornia 90650 

213 863-8736 

NEIMAN, Paul E., M.D. 
Vice President 
El i Lil ty ard ~pany 
LillV Corporate Center 
Indianapolis, Indiana 4628S 

Associate Direcbor 60r Basic Sciences 
Fred Hutchinson Cancer Research 

Center 

317 261-4391 

KOlMEJ<, Edward L., Ph. n., J. D. 
Attorney at Law 
Law Office of Keller ard Heckman 
1150 17th Street, NW, Suite 1000 
WBshinqton, D.C. 20036 

202 956-5621 

LANDY, Arthur, Ph. D. 
Division of ~ioloqy & Medicine 
Brown University 
Providence, Rhode Island 02912 

401 863-2S6fi 

lU4 Colurrbia Street 
Seattle, washil'l,;Jton 98104 

206 467-4417 

PI~E, Tharas P., Ph.D. 
DepartJ'rlent c£ plant Pattnlcgy 
University of Kentucky 
texirgton, Kentucky 40506 

606 257 -2759 

FRAMER, David, Ph.D. 
waksman Institute of Microbiology 
P.O. 8c»c 759 
Pis=at~ay, New Jersey 08854 

201 932-3068 

[£CfMBER 19B6 3; 

* ... 
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RILEY, Monica, Ph.D. 
~nartment of Biochemistry 
State Oniversi ty of Nelli York 
Stony Brook, New York 11794 

516 246-5047 

SCAN~IOO, John G., Ph.D. 

-2-

Department of. Genetics, P.o Box 7614 
North Carolina State University 
Raleiqh, North Carolina 27695-7614 

91 9 737-7079 

SHARPLES, Frances E., Ph. D. 
. P.O. Box X, FEOC Ellildirg 
oak Ridge National Laboratory 
oak. Ridge, Tennessee 37831 

615 576-0524 

VIDAVER, Anne K., Ph.D. 
Department of Plant Pathology 
University of Nebraska 
Lincoln, Nebraska 68583-0722 

402 472-2858 

EXEX:UTIVE SEX:RE'm.RY 

GARl'LAND, willian J., Jr., Ph.D. 
Office of Recombinant DNA Activities 
National Institute of Allergy 

am Infectious Diseases, 31/3810 
National Institutes of Health 
Bethesda, Marylard 20892 

301 496-6051 
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RAC SUBCOMMITTEE MEETING ON DEFINITIONS 

Description of Vari~ti~s of Live Bacterial Vaccin~s that Should be Exempt 

from Guidelines and from Restrictions on "Deliberate Release" 

The application of modern biotechnology to vaccine devlopment during 

the past fiv~ years has resulted in the appearance of many candidate 

val: I: i t1~s. Thes~ includ~ improved vaccines against diseases for which 

immunizing agents already ~xist as well as new vaccines against diseases 

which were heretofore without irnmunoprophylactic control measures. Many 

of the vaccines reaching the point of clinical trials consist of live, 

enuated genetically-engineered bacteria, modified by means of 

recombinant DNA technology. Certain of the live bacterial vaccines for 

human and vet~rinary use that are prepared by recombinant DNA technology 

should be exempt from the Guidelines and should not require RAC approval 

or environmental impact statements from federal agencies prior to 

initiating clinical studies. Th~se vari~ties of vaccines are reviewed 

below, along with suggestions for certain characteristics that the strains 

should possess. 

1) "Self-Destructing" Bacterial Vaccines 

One method of attenuating enteric bacterial pathogens is by means of 

~ifying the production of c~rtain enzymes in the Leloir pathway. As a 

\.-1sequenl:e, gr,:,wn in the preser1o:e clf I:ti'rtain substrates, the mutant 
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bact~ria autolyze as a result of th~ accumulation of int~rMediate products 

of m~tabolism that cannot b~ furth~r processed. The best ~xamples of this 

prototyp~ bacterial vaccine are the attenuated Salmonella typhi and 

Salw':'nella typhimurium gll E mutant strains that .1ave a complete lad:: of 

the enzyme UDF'-galacto:.s~-4-epimerasC'. Ty21a, a g&E mutar,t of ~. typhi 

isolated in the ~arly 19705 after chemical mutagenesis, has shown the 

advantages of this variety of att~nuation. Grown in the presence of 

9alactose, which results in the production of smooth lipopolysaccharide 0 

antigen, this vaccine strain is safe, immunogenic and protective but is . 
also rarely recoverable from coprocultures. Large-scale field trials in 

Egypt ar,d Chile, involving m.:,.re that' 600,000 sch'Joll:hildr~n, have 

lnstrated the safety and efficacy of the Ty21a live oral typhoid 
'--" , vaccIne. Ty21a is presently licensed in many countries of Europe, Latin 

Am~rica, Asia and Africa and is expected to be licensed shortly in the 

U.S.A. Following ingestion of doses of this live oral vaccine containing 

circa 1-3 billion viable organisms, the vaccine is not r~coverable from 

.:.;:.pr.: .. :ul tur es. This is a consequence of the method of attenuation. 

13alE mutants of §.. typhi, §.. typhimurium, and Shigella. flexneri have 

be~n prepared by recombinant DNA techniques, by means of deletions of the 

~ E gene. These vaccines have distinct potential advantages over 

chemically Mutagenized strains and clinical evaluations of the safety and 

immunogenicity of these vaccine candidates should therefore be expedited. 

Self-destructing, non-transmissible vaccine strains of the above 

variety should be exempt from the guidelines. It should be recommended, 

~er, that va.:.:ine .:andidates of this variety sh':'ould contain a marker 

such as a resistance to Hg++ ions, a stabl~ biochemical marker, or 

resistance to a clinically irrelevant antibiotic, to allow ready 
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identification of the vaccine strain and its differentiation from wild 

type strains. 

2) Auxotrophic Strains 

Another approach by which bacterial pathogens may be suitably 

attenuated to serve as live vaccine strains is to render them au~otrophic 

for substrates that are unavailable in the human or animal tissues or body 

fluids. The best examples of this variety of attenuation are the Aro-

derivatives of ~. typhi and ~. typhimurium. These mutants have deletions 

.:. f the Ar.J A gene rendere-i ng them unabl e to persi st in the- mammal ian bQdy 

because of the lack of 2,3, dihydroxybenloate. As a consequence these 

tenuated mutants cannot proliferate to reach high numbers in the 
"-" mammmalian host and cause disease but they persist sufficiently long to 

stimulate immune responses. Aro- mutants of ~. typhimurium have been 

shown to be safe and protective vaccines in mice and cattle, while the 

safety and immunogenicity of an Aro-, Pur- a. typhi vaccine strain (541Ty) 

has recently be-en demonstrated in Phase 1 clinical studle-s in man. 

Auxotrophic mutants can be prepared by recombinant DNA technology, as 

well as by the classical oenetic techniques (using phages to create the 

deletions> employed to prepare 541Ty. These mutants should possess some 

stable marker allowing them to be clearly discernable from wild type 

c·r gan i SillS. 

Proven Attenuated Bacteria Acting as "Carrier" Strains to Express 

Attenuated ~. typhi strain Ty21a, because of its record of safety and 

its stimUlation of both cell-mediat~d as well as hUMoral immune responses, 
41 
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is b~ing used to carry and express cloned genes of critical, putatively 

protective antigens of other organisms. For example, modified Ty21a 

expressing the plasmid-encoded a antigen of ~. sonnel and Ty21a expressing 

th~ cloned genes for Vibrio cholerae 01 s~rotype Inaba have been 

prepared. Known attenuated strains, such as Ty21a, carrying cloned genes 

from other organisms should be excluded from the guidelines, as long as 

the introduced genes do not encode a potent holotoxin. 

4) Strains with Deletions of Chromosomal Genes Encoding Critical 

Virulence Properties 

For Some bacterial pathogens, a chromosomal gene product is an 

.~ s,~l ute ne·: essi t y f.:.r full expr essi on OJ f path'Jgeni.: i ty. One such exatnpl e 

is ~. cholerae 01. The severe diarrh~.l purging characteristic of cholera 

gravis is the consequence of the effects of cholera enterotoxin which 

consists of five 9 (binding) subunits and one A (biologically active, 

ADP-ribosylating) subunit. Ingestion of minute amounts (S meg) of 

purified cholera enterotoxin can result in severe purging. Similarly, 

deletion of the genes encoding the A subunit renders the mutant unable to 

cause cholera gravis. An example of such a vaccine strain is CVD 103, a 

genetically-engineered A-B. Mutant of a ~. cholerae classical Inaba 

strain. CVD 103 does not cause sever~ diarrhea, is highly immunogenic and 

is highly protective. 

Live vaccines attenuated by the deletion of critical virulence 

-operties should also be e~effipt, as long as they have a stable marker to 

~fferentiate them fr.;)m wild type strains ar,d particularly if they have a 

further mutation in the !:.JtS.. A gene. The latter defect virtually assures 

that DNA introduced by conjugation will not be incorporated into the 
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5) Vaccine Strains Expressing CRM Toxoids 

Another approach is to modify the toxin genes of organisms in which 

toxin is the critical virulence property and where antitoxin is important 

in protection so that the mutant elaborates a biologically inactive albeit 

immunogenic toxoid molecule (so-called cross-reacting molecule or CRM) , 

Such mutants should have stable markers and should ideally be rec A minus 

strains or their equivalent. 

6) Bacteria with Plasmids Having Deletions of Critical Virulence Genes 

For some bacteria the critical virulence genes are plasmid-encoded and 

often two distinct genes (for example encoding 5T and colonization 

fimbriae) are adjacent. Vaccine strains containing plasmids having 

deletions of critical virulence genes should also be exempt from the 

guidelines. 
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