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Aims of Project

General aim
To contribute towards the development of a vaccine against

shigellosis.

Specific aims . ' ) : '
to define the thyd mutation in &, flexneri strain TSF21,

to create thyia” Tox” mutants of S. dysenteriae 1.

Lo teSt gsafetly, ‘immunogenicity and protective potéhtial‘ of

[
the mnutants in animals.

i

Significance

See general aiw.
Ethical implications : Not. applicable

Abstract summary

Attenuating effect of a thvd mutant and its ability'to

confer immune protection in monkevs has been demonstrated bf

1

us by the construclion and study of the candidate vaccine

Shigella flexneri stfain TSFZL (reff'Ahmed et al., Vaccihe

8, 133-158&; 1990). AlLhough genetic evidence suggests that
i ;

the thyvd4 mutation is possibly a deletion, we have not

~demonstrated this formally by sequencing the thy¥d gene in

strain TST2). Thus, we propose to do this through .this
project proposal. The mutant TSF2) provides cross-
protection againsl the two- other common S. flexneri’



serotypes, that iz, serotype 2a and 3&; it does not,
however, provide protection against §. dysenteriaell
(unpublished results}. We thus propose to create thy4 Tox~
mutants of S.'dysenteriae Il for its possible use as a
vaccine component., The mutant will be studied for safety,

immunogenicity and protective efficacy in monkeys.
' *

BACKGROUND,. RESEARCH PLAN AND BIBLIOGRAPHY

BACKGROUND
Typeé of vaccines
Shigéllosis appears Lo be an "immunizing" disease, that is,
natural'infection éonfers immunity to reinfection.- Thiﬁ-is

also' evident in human veolunteer studies and studieg in

monkeys. Hence, the disease 1is potentially amenable to

control by the use of a suitable vaccine.

. ®
Vaccines of' various types have beenltested'in the control of
shigellosis:. To date, however, no practical vaccine with
consistent fesults on safety'and protection is available. A
summary-of the previous vacccines is presented in Table I.

]
’
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Table I

=

'chcihes tested against shigellosis and resuvlts obtained

Vaccine/typg

Results

Reference

Parenteral vaccines

Parenteral heat-killed
shigella

Parenteral (subcutaneous)
live S. flexneri 2a

Oral live vaccines

a. E. coli/ShiQeila

hybrid vaccines

i) xyl+ - rhat region
E. coli K-12
transferred to
S. flexneri 2a

ii) £&. coli K-12
expressing Shigella
flexneri O-antigens

1ii) E. coli containing
the invasive plasmid
of 8. flexneri and
expressing

S, flexneri 2a somatic

ankigen

b. Salmonella - Shigella
hybrid vaccine

i. 5. typhi TyZ2la

‘ carrying Shigella
sonnei O-antigen
genes in a plasmid

No protection against
experimental challenge

in humans

No protection
in monkeys

Good protection
in monkeys

No protection
in humans

No protection in
humans

" Safe in volunteers.

No consistent
protection

Formal and Levine, 1984
Shaughnessy et al. 1946

1

Formal et al. 1967

Formal et al. 1965

Levine ét al. 1977

Formal et al. 1984

Formal et ai. 1981
Black et al. 1987

1]



Table 1

conbinued ...

Vaccine/type

Results

Reference

]

Attenuated Shigella
vaccines

L.
ii.

tii.

V.

Vi

vii.

Non-invasive mutant
ol . 5. flexneri 2a

Passage-avirulent
S.t flexneri 2a

Streptomycin-
dependent Shigella
Flexneri and
Shigella sonnej

Aromatic—dependent
5. Flexneri Y
mubant

S, Flexneri ba
muitant with poor
intracellular
spead and growih

Purine-regqniring
and streptomycin-
resistant

S. flexneri bda and
S. sonnei

Thy™ Ts~ doublae-
mutant of
S. flexneri Y

in custedial

Reactogenic in volunteers.

unstable

Safe, unsatisfactory
protection

Gooc serotype-specific
protection in field
trials

Inadequate immuno-
genicity and revertants
recovered from subjects
institutions

Safe and protective
in monkeys

Safe and protecktive
in monkeys

Safe and immmogenic
in volunteers

Safe and protective
in a small number
of rabbits and monkeys

Formal et al. 1965
DuFont et al. 1972
Meitert et al. 1984

Mel et al. 1965
Mel et al. 1971

Levine et al. 1974
Levine et al. 1975

Lindberg et al. 1988

Sansonetti and
Arondel 1989

Linde et al. 1990
Dentchev et al. 1990

Ahméd et al. 1990




Fai}nre of killed parenteral vaccines and those of live

hyvbrid vaccines‘and the fact that the disease is immunizing,
led to a general acceptance of the viéw ﬁhat an attenuated
mutant of:the organism is likely‘to provide bhetter immuﬂe‘

protection. This realization is reflected in the seriés of

t
.

reports that appeared over ‘Lhe past two vears or so on the
development of different types of attenuated mutants, ag’

outlined in Table T.

" Nature of attenuation

A mutation leading to reduced proliferation of bacteria can

be potentially attenuating. However, tHe mutation should
ot affect invasive ability of bacteria, but should éllow
timited | intracellular érowth. InQasion is important for
prohectjon; non-invasive muatants bf Shjgella with feduced
proliferative activity provided no protection (Formal et al.

1965; Meiterl et al. 1984), One @ay to attenuation is'to
make the pacteria dependent. on a metabolite which is'nétr
available in sufficient amounéé inside cells of the

intestinal epithelium. Two catedories of mutants have been

reported:

i ‘Auxétrﬁphlc mutants;: These include the aromatic
:metabolité dependent Arc” mutants kLindberg et al.
. 1988), purine-requiring Purh-mutants (Linde et al.

1990), and thymine-requiring Thy~ mutants (Ahmed et al.

S 1990) . !
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ii. Mutants with impaired intracellular spread:-{n this
category is included aerobactin-negafive { iuc) mutantg
causing impaired intercellular grqwth and the icéA
mutants with reduced intracellular spread (Sansoﬁetfi

and Arondel, 1990). .

Attenuatéd mutants should be well-defined genetically and should

e stable so that the chance of revertants being produced is

infinitely small. Thus, a deletion in the mutant gene is
desirable. Mutant genes have been identified in three recently
developed vaccine strains: a

a. arob gene in §. flexneri Y (Lindberg et al. 1988).
b. icsA iuc genes in 8. flexngri 5a (Sansonetti and
SAroundel, (1989).

c. thyd gene in 8. flexneri Y {(Ahmed et al. 1990).

ALl of these mutants have been demonstrated to be stable; bit to
the beszst of our knowledge, demonstration of a deletion or other

non-revertible changes has not been reported by sequencing the

]

fene.

Attenuated mutant strain TSF21 _
. i

The thypA mntané‘described by us (Ahmed ét al. 1990) hasgbeen
shown to be Qtab]e. It is likely to be a deletion type of
mutation, but the possible deletion has not been demonstratéd by
“isolation and sequence determination of the thyA gene. This is

proposed to he aone in this study.
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Qur major emphasis so far has been on the development of
attenuated mutants of Shigella flexneri Y for use as a live orél

vaccine against shigellosis. Towards this end, a suPer—highm

level thvmine-reguiring mutant with a defect in thg thya gehe

which codés for the essential DNA metabolic enzyme thymidylate

synlhetase, has been developed. The thyvA mutation is.of a non-

reverting:type; revertants in vitro could . not be detected in .
apéroximately LOLO &ells tegsted . This is suggestive of a.
deletion ﬁf thé_gene. The possibility, however, has not been

formally demonstrated by determining the mucleotide sequence of

the gene, The theoretical safety margin of the stfain has been
further énhénoea by the introduction of a second mutation, a

temberatnre—sensitive mutation, which is "leaky" with a

reversiblé fregﬂency of 1078 at 39°C. The resulting strain

designatgd as Shigella flexneri strain TSF21 has been studied'in

vitre and in rabbits and monkeys for safety and protecﬁiVe

potential. The strain has many of the ‘properties desired in a

vaceine., These are outlinedAbelqw:

'

|| Lt is avirulent, gafe and non-reactogenic as tesls using over
40 rabbits and 10 monkevys have demonstrated, each animal

after being fed with at least | x 10ll viable bacteria,
4

-] Becanse the vaccine strain carries two independent mutations,
it has been calculated that ne revertains with the parental

level of virulence would be produced "in about 1 x 1010 cells,

&
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The defective gene responsible for thymine-dependence of the
strain has been identified. Tt is the thyA gene which
determines the primary structure of an essential enzyme for

DNA synthesis, thymidylate synthetase.

Protecktive ability of the vaccine has been demonstrated both

in rabbits and monkeys after oral immunization and highly

‘virulent experimental challenge.

The vaccine mounts a strong immune vesponse (both humoral and

a

ﬁoésibly cell-mediated) after oral immunizaﬁiont

+
¥

The multant is sensitive to most of the commonly used

antibiotics, except tetracycline and trimethoprim.

Being of serotype Y which has the basic O-antigen structufe'

shareid by a number of other predominant serotvpes found in

this part of the world, the vaccine thus bears the potential
of providing cross-protectieon. Indeed cross-protection has

been demonstrated after challenging with 5. flexneri 2a and

3a, but not with S5. dvsenteriae 1.

Blood-picture and serum biochemical profile after oral
administration of the vaccine at a dose of 1 x lOll'revealed

no evidence of toxicity in monkeys.

[Referen¢e: Vaccine 8, 153-158, 1990 and results of a vacecine

trial in monkeys at NII, New Delhi (mﬂnuséript in preparation)].
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Creation of attenuated mutants of $. dysenteriae 1

Although 3. flexnéri Y has the basic O-antigen structure shared
by other common serotvpes and one mav théreforg:expect cross-
protection, efforts have been intensified in recent vears to
creale attenuwated mutants in various other serotypes. Following
creation ol mutants in S, flexneri 5a (Sansonetti and Arondel,
19907),. these workers recently. reported the creation mutants in
§. flexneri and $. dyvsenteriae 1 (Fontaine et al., 1990). A,
Lindberg’'s group described in 1983 a mutant of §. flexneri Y.
Very recently, a mubant in S. flexneri 24 has been created (Verna
and Lindbevg, 19%1). ALl these mutants are peossible candidates

For an anti-zhigella vaccine.

Preliminary results in monkevs obtained with cur mutant TSF21 (S.

flexneri‘f) indicate that significant cross-protection is
possible against 8. {lexneri serotvpes 23 and 3a, bup_not against
5. dysenLéri#e 1. We thus consider it worthwhile to undértake
research bLowards the construction of an «attenuated mutant of S.

. R - . - ]
drsenteriae 1, a thvd Tox sbtrain.

. RESTARCH PLAN
Materials and Methods

Some preliminary experiments will be done for indications of
possible sequence differences within the thyA gene of the wild

type and mutant sbtrain. These will include restriction-fragment
1
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lenzth analysis of thé thvd gcene. Total DNA will bhe digesﬁed
with a set of restriction enzvmes. Southern blbts will be probed
using the nick translation product of £E. c&li thyd gene. The
hybridtzgtion profiles will then be comparted, Regions of
suspected sequence changes will be amplified by the polymerase
chain reaction (Mullis et al., 1986), and sequenced by the

dideoxy method'(Sanger et al., 1977).

However, oloning and seguencing the entire structural gene will
probably be necezsary in order to establish the ORFs and compare
the two sequences.

I. Cloning of thyA gene from strain TSFZ21

Two approaches will be followed to first isolate the gene,

which will then be sequenced.
{1} Cloning of the thyA gene in a plasmid-based mini-bank.

Total DNA of strain TSF21 will be idigested with ECORI or
Hind[IE and the restriction fragments will be separated 5&.
agarose del electrophoresis. We will assume that the thyA
gene of strain TSF21 is smimilar to the thyA ggne of E. coli
K-12. The latter gene has been cloned in plasmid pBTAH
{Belfort et al., 1983) as a 1 kb fragment. ThE; gdene does
‘not have infernal FcoRL or HindIIIIsite. We do h%ve the
plasmid in our collection'and we routinely isolate the thyﬁ
gene as a 1 kb HindIII fragment. A "Southern” blot of féFZl
DNA will be prepared and hfbridized with the wild:type‘thyA

gene of F. coli. The low-molecular weight region of the gel

Il



where the thyv4 probe will hybridize will be noted. From a
preparative agarose gel made by using the DNA digest, DNA
fragments occuring in the similar low moleqular weight area
will be elﬁted which will likelyv contain the thyA gene of

strain TSF21.

The DNA fragments will then the cloned in the plasmid vector
.pUCIS using standérd procedures (Mﬁniatis, 1984}, Briefly,
pUCLE will be didested with either FeoRll or HindlIl to make
it linear. The linearized plasmid will be mixed with the
eluted DNA fragments, A ligation reactioﬁ will be carried
out using T4 DNA ligase. The ligation mixture will be tested
for sgsuccessful ligation and Lransformed into E. coli. The
caells will be spfead onto X-gal platesicontaining ampicillih.
Ampictllin-resistant white colonies on the plate are the
Lrans formats which carfy pPUCL8 with an insert at the EcoRI or
HjndTIf_site. A collection of such colonies will.make the

*

mini-banlk.

Plasmid DNA from each clone will be extracted and probed with
the thvA Tragment. Positive clones will be analvsed by
restiritction (digestion of the piasmid. By subéloning, the
insert fragmént slze carrving the entire thyA gene will be

isolated for sequencing,
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Isolation of thyA gene from strain TSF21 by using polymerase
chain reaction (PCR).

This approach will involve the isolation by ampilification

the thyA gene using the polymerase chain reaction (Mullis et

al., 1986) and its clonimg and sequencing by the dideoxy

method.

In analyvsing the thyd gene of Shigella we will assume that

the Lhy4d gene is highly conserved and the primary gtructure
of the gene in Shigella is the same as it is in E. coli K-12.
The thyA+ gene of . coli K-12 has heen cloned and -sequenced
{Belfort ‘et 2l., 1983). We have also shown that the thyAf
gene of_ﬁmigellﬂ complements the function in a thya~ strain
of FE. coli K-12 (Ahmed et al., 1980). PrimerS'for the PCR
reaction will be based on the structure of the thyvA gene of
E. coli veported hy Belfort et al., (1983). ‘Comparisoﬂ of

: , .
the sequance 1in strain.TSF21 with that of the wild typé_

strain will indicate the major changes, if any.

I'solatiion of thyA Tox™ mutani of Shigellsa dysenteriae 1.

(i) Isolation of thyA mutant

We have tried for a long time to isclate a thya @utant‘of
5. dvsenteriae | by the thymine-trimethoprim selection

precedure, but withoub success, !



To obtain defined thyA mutants in S. dyvsenteriae 1, the

construction in vitre of a thyd gene inactivated with a
def ined insért would be necessary. WE‘WiSh to construct such
a gene'using the thyd gene of E. celi which has been c¢loned
and sequénqed (Belfort et al., L983). The inactivated -thyd
gene will then be bLransferred to Shigella chromésome
replacing the wild ¢type gene by a marker-exchange

recombination event.

The rationale of using the £. coli thya gene is as follows.
The thyA gene is the structural gene for the primary

metabolic enzyme thymidylate synthase, essential for DNA

1

replication. The gene is thus likely toe be highly conserﬁed
within bacterial species. Thus, the thyA gene of Shigella
and that of E. c¢oli will. have a high degrée of DNA sequence

homology and will be functionally identical. The latter

assunplion has been validated bv us by a complementation test
: i
{Ahimed et al., 1990).

Raret;

L4 .
Following is an outline of the procedure that will be
followed to dgenerate an inactivated’ thv4 gene of E. coli and

4

exchange it with the wild type gene of Shigella.

1. A cloned copy of the wild Lype thyd gene of F. coli is

carried by the plasmid pBTAHZ2 (Belfort et al.,l983).
. {

2._ The plasmid will be fsolated and, at the PvulIlisite

within kthe £thyd gene, a2 piece of Eoféign DNA will be

L4
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inserted. The DNA will be an "interposon” (Fellay et

al., 1987},

The inactivated thy4A gene with the.interposon insert
will be iéolated by HindIll digestion and inserted at
the HindlITl site of the suicidal piasmid pJM703.1 to
produce a hybraid plasmid . The suicidal plasmid
pMJ703.1 is unstable in Shigella strains becausé the
plasmid needs the A pir function for replication; which
the Shigella strains cannot provide. The hybrid
plasmid  will thus be maintained En E. coli strain SM
pir after transformation. As appérent; this plasmid
contains the inactivaﬁed rhyd gene and codes for

resistance ko mercury and ampicillin.

4, The hybrid plasmid will be transformed in Shigella,
ﬂelécming clones resistant to ampiciliin and fhe
interposen-mediated agént. A culture of Shigella
carrving this plasmid will ke grown with or withoutja_
selection. The plasmid will be lost at a high
ffeqdency (we have fnund' this to‘ be >902_ in
S. dyvsenteriae 1}, Among the unsélected Celksland
those obtained after interposon-selection, we wili look
for Lhe preduct of the désired marker—exchangg'
recomGination e%ént. .

The product will be the desired strain - fhat_is, a strain

with a thyd gens which has been inacdtivated by the insertion



of a piece of exogenous DNA at a defined position within the

gene .
i
i

\

If this hybrid plasmid proves inefficient in- transferring ‘the
. ) .

inaclLivated thyAd gene of E. coli to Shigella, we will test

"other suicidal plasmid vectors.

-

{1i) Isolation of Tox mutants

13
. i
A Tox™ mutant will be isolated by insertional. inactivation of

Lhe'Shiga—toxjn vene, The strategy will be as follows:

A c¢lass of Loxin produced by Shigella and some pathqgenic
. celi are known to have very Similar'genetic Structure_at
the level of.DNA sequence., These include the.Sﬁiga—t;xin.'
Shiga-like toxin (SLT) of which the two variants have been’
designated as SLT 1 and SLT TI. Each‘toxin consists of one
A—po]ypeptide and fiye B-polvypeptides. A plant ﬁoxin
isolated from Ricinus communis called ricin.has also a
structure }Halling et al. 1985) similar to Shiga—toxin.and
Shigﬁ~like toxins., - The structural.genes for the A and B

subunits have been cloned by different workers. Relevant

information on these is presented in the appendix.

Lé



Thé procedure to obtain an insertionally inactivated Shiga-
Loxin éene is similar to one descrigéd abdve for an
inactivgted thvd gene and comprises of se?éral sfeps. The
first step 1is te insert a selectin cartfidge‘such as an
interposon (Fellay et al. 1987) into a cloned gene which can
be any one of the following:

r

Ta. Intact SLT gene or the A or B-subunit gene,
f

b. Intact ricin gene or the A or B subunit dene.

The resulting structure will be cloned intoe a plasmid which
is wnot stably maintained by Shigella. The plasmid will be

maintained in a suitable E. c¢oli host strain.

When necessary, the plasmid will be introduced in Shigella.
The two halves of Lhe ricin gene, for example, flanking the_
interposon will}pro;ide the reqguired targets of.homologi‘for‘
recombination to occur with the dhromosomai Shiga—toxin
sequence, A derivative resulting from a double cross-over
even! will he selecte@ which will repfésent anlinactiVated

' 5.
Shiga-toxin gene through the insertion of an interposon.



A stable derivative will be tested for toxicity and its
' f

safetv, immunogenicity and protective efficacy will be
studied in monkeys. The experiments that will be performed
and the methodology are described in the following

maniscript:

Poteatial of shigaiia fiexmeri 7 strain TSFZl as » candidate vaccine against
shigeliesis: safety, imnunogenicity and protective efficacy
in boanet monkeys.

M. K. tshraf, D.E. Giri, #.V. Batra, F. Fhandekar
Fia . Ahaed-and G.2. Taluar.

SUMKARY

A ihymine-rezuiring and temperature-sensitive mutant of Shigella flsxneri ¥

way tested in hennet monkeys for safely, immunodenicity and protective

efficacy., & dese of 1011 calls when fed orally mimicked natural infection in

having invaded epithelial cells, but was otherwise clinically ncn-re?ctgenLc :
Anizals inwmunized with twe oral doses, .each dose cansisting of lxlﬂ netant

hacteria were fully prtected when challenged, with respect to the lack of any

ciinical syaptons or detectable histological abnormalities in the intestinal

ancosa. Uninnunized animals when similarly challenged developed frank

dysentery and the intestinal mucosa shoved severe histological abnormalities.

Titres of serna ahtihodies increased by abeut 11-fold of the hase level in

anirals imaunized with a dose of 10°' cells, but net with lower doses. The

chellenge bacteria appeared to be phagocybised by zacrophages. An apparent
hypersensitivity reaction manifested as congestive patches in the stamach was

sean in bonneb.nonkeys [(beth immunized and combrel) after challenging with

the virnleat parvent straia. The extent and severity of fhis reaction was

pore pronounced ia iesunized animals. However, this type of hypersensitivity

rexctien conld nob be detectad in rchesns acnkeys after feeding and S
challenging in an identical aamner. The vaceine strain, however, did not
peaduce any such lasiops either in bonnet nenkeys or in rhesus monkeys. The
fact that the cost-challenge stamach lesiens were seen in hoth imsunized and
cantrol groups of bonnet monkeys would swcgest that the lesions de net
reflect any significant reactganicity of the vaccine sbratn.

Molecular characterization of the mutant will be undertaken if

the mutant shows some potential. That will be the basis of a

separate study And may not be undertaken in the present protocgol,

iy ;

‘s
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WORK-PLAN

Year 1 Year 2 Year 23

Molecular analysis of
thvd in strain TSF2L.

Cloning: [CDDR,RB
Sequencing: Walter Reed

Creation of thyd Tox mutants
of 8. dysenteriae 1: 1CDDR,B

Experiments
in monkeys : NII

Collaboration/specific tasks of investigators.

The protocol is cpnceived as a project involving scientific
collaboration between ICDDR,RB, the National Institute of
Immunology (NII), New Delhi and with Dr. D.J.'Kepecké df

Walter Reed Army Institute of Research, Washington.

The parvticipating institutions will share-with us the
scientific.results and will absorb the bulk of the
expefimental cost. To g}vg an example, at NII we have used
about 60 monkevs in the vaqéihe trial work so far which wé'

have not costed but the amount involved will be quite

, :
substantial, This sort of arrangement will continue with
' ‘ |

2ol



NLI. The Directeor of NII has assured continued support

{c.c. enclosed).

With Walter Reed, our collaboration will involve PéR

amplification of gene and sequencing of the PCR products or
the cloned gene. The work will represent about 10% of the
"strain construction work and about 5% of the. total work of
the protocol. The two technigues of PCR amplification and
gene sequencing could be introduced al ICDDR,B. We do ‘have
the necessary expertise. However, introduction of these
techniques for a specific project and for a small numbe} of
experiments will not bg cost-effective. On the other.hand,
collaboraﬁion with an external labofatory fo£ ;uch

experiments where these techniques are in routine use will

he both cost-effective and intellectually stimulating;

Pr. Kopecko has agreed to collaborate. The detaiis of the,
ﬂrrangement:wlll have to be worked out. A visit is beiﬁg
awailted for Lhis purpose. Cloned SLT sequences are available
at, - Walter Reed and are expected to be acquired as part Qf

our ¢ollaboration.



15. BUDGET

YE AR 1

Personnel (lLocal Salary)

Bacterial Geneticist (P.I1.) NO.E e $ 29,000
Sr Res Off}cer {1) ' GS.6 e ae $ 8,000
Res. Officer (1) GS.5- vens $ 6,000
Lab attendant (1) ' GS.1 ceas $ 1,000
Operating Cost ¢
{a) Material, supplies, interdepartmental .... $ 40,000
(Stock and non-stock items, animals) :
(b) Contractual services | oo e $ '2,900
{c) International travel (NII) ' e $ 2,000
________ 88,000
YEAR 2

Add over yr 1:

Add over yr 2:

3

Indirect cost

GRAND TOTAL

{a) One extra GS5 ¢
(b} $5,000 International travel
{c) 10% increase

oo - 102,300
Y EARS33
10% increase . e 112,530
94,000
-$ 396,830

26



APPENDIX

Cloned Shiga-toxin, Shida-like Toxin and Ricin genes.

SLT I and II from phage 933J

pJN37-19 'SLT I John Newland
‘1142 bp Walter Reed Armyv Institute
Carries 98% A subunit of SLT I Washingten D.C. 20307, USA,.
100% B subunit of SLT I

PNN111-19'SLT 11
842 by
‘GCarries 95% of A subunit of SLT II

Reference: -~ Newland, N.W. :and R.J. Neill. 1988. DNA ﬁﬁobes from
.Shiga~like toxins I and II and from toxin-cenverting
bacteriophages. " J. Clin. Microbiol. 26, 12%2-1287.

° +

SLT I and I1 from phage 933J

pJNZL ) Carrvies B subunit of SLT (2.5 kb insert)
pJIN26 )

pJN28 A subunit of SLT (>2 kb insert)
pPJN25 A and B subunits of SLT ("3 kb insert)

Nancy Streckbine

Reference! Newland, J.W., N.A. Strockbine, S§.F. Miller, Alison
D. O'Brien and R.K. Holmes, 1988. Cloning of Shiga-like toxin
structural genes from a toxin converting phage of
Escherich?a coli. Scinece 230, 179-181. ‘ ’ .-

From Phage 11819

PSC2 SLT A (1.5 kb insert) Contains “left half of A-gene .
ps5C4 SLT B (1.4 kb insert) Contains the right half of A-gene and
intact B-gene. : '

' G. Keusch
Reference: Calderwood, S$.B., F. Auclair, A. Donahue-Rolfe, G.T.
Keusch and J.J. Mekalanos. 1987. Nucleaotide sequence of the
Shiga~like toxin genes of PIscherichia coli. Proc. Natl. Acad.
Sci. USA, 84, 43654-4368.



SLT ffom phage H30

pSLT318. . Carries a 3kb Kpnl fragment inserted at polylinker
site of pUCl8 with the A and B genes.,. ) . :

Reference: Kozlov, Yu. V., A.A. Kabishev, E.V. Lukyarov, and
A.A. Bavev.. 1988. The primary sturcture of the operons coding

for Shigella dysenteriae 1 toxin and temperate phage H30 Shiga-
like toxin. Gene 67, 213-221.
Institute of Molecular Biology

The USSR -Academy of Sciences |

Vavilov Street 32 . ,

""Moscow 117984 T

USSR, '

Shiga-toxiu from 5. dysenteriae |

1. BNASTO Ldrrlﬂs complete A and B genes with someé flanklng DNA
in a 3300 bp insert.

Nancv Strockbine

Department of Microbiology '
Univormed Services University of the Health 801ences
4301 Jones Bridge Road’

Bathesda, Marvland 20814-4799.

[

Reference: Strochkbine, N;A., M.P. Jackson, L.M"Sung, R.K. Holmes.

and A.D. O’Brien, 1988. Cloning and sequencing of ‘the genes

Bacteriol. 170, 1l16-1122.

"

2. pSHTZ23 carries a EcoRI fragment of about 4 kb contalnlng the
"A and B genes. p%HTZ? iz a pUCL8 derivative:

Reference: The same as pSLT318.

Ricin from Hicinues communis

Ricin gene sequence is similar to SLT I.

Reference: Halling, K.C., A.C. Halling, E.E. Muray, B.F. Ladin,

Lb.1L. Houston and R.F. Weaver. ~1985, Cloning and

characterization of a ricin gene from RICIHUS communisi
Nucleic "Acids Res. 13, 8019-8033. S

i ’ : ‘=

} : - . . i ;.
ps:z3{new):DEVVACO1.PRO 28

L

for Shiga-toxin from Shigella dysenteriae type 1. - J

b



1 NTS
REVIEWERS ' COMME _Reviewer 1

' :

The construction of an effective Shigella vaccine strain which can be! given
orally is an important objective. The PI in this grant has made
considerable progress in developing a vaccine strain by - showing that
TSF21, a thyA, temperaturg-sensitive mutait is protective and avirulent
when tested in animal models. '

This grant proposes to expand on this work by identifying the molecular
basis for the mutations in TSF21, and using this knowledge to construct a
Shigella dysenteriae vaccine. In additioni they plan to delete the tox .gene

from S, dysentariae. : : .

The rationale behind this work is sound. There are ‘however some
problems with the, experimental design. Ideally, a vaccine strain should be
constructed with defined mutations which cannot revert The thyA
mutation in  TSF21 was obtained by trimethoprim resistance, The |
molecular nature of fhese lesions is unknown. The temperature-sensitive
mutation on TSF21 was obtained by UV radiation. During this process
other mutations may well have occurred. For these reasons, the PI would
be better off abandoning the strain he has reconstructed and remaking a
ThyA mutant using a more clearly defined method of mutagenesis.

There are many genetic tools available for using transposon mutagenesis
to generate mutations in Shigella. Yoshikawa et al (Molecular
Microbiology, 1991, 5, (9), 187-195) and Timmis (Infectional and
Immunity, 43:391-396) contain useful protocols for making such mutants.
Yoshikawa in fact has generated a Thya mutant in this manner. '
Transposon  mutations are easily generated; mapped and cloned and could
provide a good basis for constructing a deletion mutant, Alternatively the
PI could generate a, S flexneri vaccine strain using a cloning strategy
similar to the one described for §. dysentariae. Constructing a new S,
flexneri strain with a defined lesion would be a better investment of time
than characterizing [TSF21, . o

{ , .
The collaboration with Denis Kopecko's laboratory at Walter Reed enhances
this proposal: this group should be able to provide expertise lacking in the -
PI's group. : P

.



) . Development of a vaccine against shigellosis.
Project title:r R R R A A R RN S R

LI R R R R L R R R R R R R I R e I R A S R IR A N SR

Principal Investigator(s): .......................;...........................7..

Summary of Referce's Opinions: Please o4 thHé £5115iWing €able to evaluate the

various aspects of the proposal by checking the appropriate boxes. Your detailed
comments are sought on a separate, attached page, . '

Rank Score

High Med%um ‘ Low
Quality of Project - : V//
Adequacy of Froject Design | V/'
Suitability of Méthodolpgy ._ _ V/
.Feasibllity within time period v//
Apprapriateness of Budget . V/;
Potential vélue to field of knbwledgé ; ) S v//
CONCLUSIONS
I support the applicaﬁion:
a) without qualification . /7 s
: i
b) with gualification: 17;/
~ on technical grounds I

- on level of financial support [/

I do not support the application [/ :

SRttt ’




REVIEWERS ' COMMENTS Reviewer 2

Dr. Moyenul Islam

Laboratory Sciences- Division . :
Internation Centre for Diarrheal Disease Research
GPO Box 128 ' '
Dhaka - 1000 .

Bangladesh

Dear Dr, Islam:’ ‘ '

This letter concerns my impressions ‘of a project grant proposal
entitled "Development of a Vaccine Against Shigellosis”.

7 Your laboratory has made impressive progress in the development of
a shigella vaccine, and the work should be supported. A budget of less
than $100,000 a year is very modest indéed. !

[ have a few comments. . Please take into account that I am an old
man, and what I say may not be correct. .'

a. [ assume that once the laboratory tests are done, one would
want to be able to assess the vaccine in human beings. Therefore, 1 would
take care in selecting the parent strain from which the vaccine is
constructed. The S. flexneri Y strain which is described in tetracycline-
resistant (probhbly transmissable) and trimethoprim-resistant (page 9). |1
doubt that such a strain could be used as a vaccine in humans in the
United States. It is something to be considered when constructing the
Shiga vaccine.’ ' o



LN

b. Thy A probes are available and one should be able to
determine whether or not a decletion in the gene has occurred.
Nevertheless, anything that is learned about the vaccine strain, including
sequencing of the thy A gene, is of value.

" C, 1 can find nothing in the published paper or in this proposal
where any attempt is made to determine whether the vaccine strain is or
is not invasive. Just to state that the strain has the 140 Mdal plasmid is
not sufficient to show invasiveness. Certainly the vaccine can be grown at
300 C and then incubated .at 370 C, Samples can be taken and tested in
HeLa cells for mvasweness and in Western blots for the expression of:
invasion proteins. «Without such data, it could be argued that a non-
invasive strain might give protection under the conditions of assay. Then
it would not be necessary to make the strain temperature sensitive and
thy A; one would just nced a deletion of the invasive genes,

d. One comment on the Shiga toxin genes which is noted on page
27: unless you have P-3 facilities in your laboratory, it would not be
possible: for you to’ obtam this clone from Nancy Stockbine.

e. My last comment has to do with the 'accuracy of Table I. E. coli

Shigella hybrid vaccines with the E. coli xyl + - rhat region gave excellent
protection in monkeys. '

T T T e e e e e g =



RESPONSE TO- REVIEWERS' COMMENTS

I wish to respond to the two reviews that have been made available to
me on my protocol entitled "Development of a vaccine against
shigellosis". One reviewer has used the check-list. To his review I

assign the number 1; to the other, number 2.

REVIEWER 1 ' | ' ;

The major comments of this reviewer has been:presented in paragraph 2

and 3. The reviewer seem to have supported the strategy proposed by
us to develop defined Tox~ thyA mutants of §. dysenteriae 1.

Concerning the strain TSF21 his view is that this strain shouid be
Al

abandoned - in favéur ?f making a new more defined mutant. The former
suggestion is based.on two points --(i) the strain was subjected to
one round of UV mutagenesis and hence it may have in it other
undetected mutations, and (ii) apparent difficulty in sequencing the
thyA gene. DBoth of these points are important. - No guxotréphic

mutations other than thymine-auxotrophy has been found in this strain.:
Despite the possibility of undetected mutations being present in the

v

strain, we have found the strain to provide consistent protection and
. ) .. .

has proved to be highly immunogenic and avirulent. If the proposed
sequencing work demonstrates a deletion in the gene, criticism about

the 'undefined’ nature of this mutant would largely be alleviated.

¥
4

Thus, while we propose not to abandon ‘the strain because so much data
are now in our hands on safety and efficacy of the strain, we will
simultanously work towards generating deletion mutants by transposon
. H !

mutagenesis.

3
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REVIEWER 2
This reviewer has supported the proposed analysis of the thyA gene in

strain TSF21 by sequencing and using DNA probes.

One of.his concerns is on resistance of the strain to tetracycline and
trimethoprim which is guite valid. While it may not be possible to
remove trimethopfim resistance from the strain, we will try to obtain
a tetrécycline—sensitive derivative by ampicillin enrichment.
Tetracycline-resistance of this strain as to ité transmissibility has

not been testgd by PS' We appreciate this observation and propose to

do the test. .

Regarding proof of invasiveness of the vaccine strain, we should draw
attention to the following paper which is now in press and where we

have shown that the strain is invasive 'in vivo:

M.M. ASHRAF, D.K. GIRI, H.V. PATRA, P. KHANDEKAR, 2IA 1.
AHMED AND G.P., TALWAR., 1951. POﬁENTIALS OF SHIGELLA
FLEXNERI  STRAIN T8F21 AS A CANDIDATE VACCINE  AGAINST
SHIGELLOSIS: SAFETY, IMMUNOGENICITY AND PROTECTIVF

EFFICACY IN BONNET MONKEYS. FEMS MICRIBIOL. IMMUNOL.

v

To the comment on Shiga-toxin gene and use of P-3 facilities, we wish
Al i

to indicate that intact functional Shiga-toxin gene will not be used.
1 ;

Rather, only a sub-unit of the Shiga-like toxin which does not rfquire

a P-3 facility because in this case one is not dealing with a
§ . ®

. functional toxin geﬁe, will be used.

-~
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Protection of adult rabbits and monkeys
from lethal shigellosis by oral

immunization with a thymine-requiring P

and temperature-sensitive mutant of

Shigella flexneri Y

Zia U. Ahmed, Mahfuzar R. Sarker and David A, Sack*

As an approach rto the development of artenuared straing, thyntine-requiving ( Thy~) and
tetuperature-sensitive (Ts™ ) single and double mutants af Shigella flexneri ¥ have been isolated
by w.v. musagenesis and selection, The rmuetants retained the 140 M Da plasiid, were Serenp-negative
and avivilent in ‘conditioned” rabbils and in monkeys. Rabbits and monkeys immumnized orall [y with
two doses of the musants were selidly profected against disease and lethality when challenged with

the homologous virulent steain. The immunized amimals kad kigher levels of antibodies reactive 1o '
the lipopolysaccharide of the wild type sirain and also a shorrer duration of shedding af the

challenge bacteria. It wax concluded that Thy™ and Ts~
attennated and inmnnogenicta be considered Jor further stu,

candidares. .
: i ¢

Keywards: Shigetta floxneri; attendaiion: thyming-avsnirophy
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Introduction v

L is gencrally. belicved that immunc protection against
enteric infections is likely to be belter achieved by oral
live vaccines. Attempls to develop a live vaccine against
shigellosis have, in gencral; procecded along two paths.
One is the carrier strain approach in which the genes
from Shigella spp. thal code lor antigen production were
transferred to non-pathogenic E. coli K-12 strains or to
the Salmonella typhi strain Ty2ia. The other approach
involves Lhe genetic Allcnuation of the Shigella orpanism

such that the strain is no Ionger virulent but colonizes

lhe intestine sufficiently to induce a protective local
immune response. §

Examples of the first approach have been documented
in the fiterature!'? and some vaceines developed by this
approach have shown promise in aninial and volunteer
studies. To date, however, these have not been Tound to
induce sufficiently consistent protection to proceed to a
field trial. The second approach has also heen used. The
streptomycin-dependent mulants of Shigelia spp. used by
Mel and co-workers? established that proteclion was
possible by such attenvated strains. Recently, a more
defined attenuated mutant, an aromatic metabolite
dependent®roD) mutant of Shigella flexneri ¥ has been
tested in monkeys for safely and protective polential®,

with promising results, .
L
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mutants of Shipella spp. are highly
dics towards the development of vaccine

£

Altenuating cflects of mutations leading 1o a require-
ment for adenine (prrA mutalion) or thyming (A
mutation) have been studicd in Salmonelia spp.57 It is
not “known. whether thyA mutations would cause
significandt atlenuation in Shigella spp. The purl mutation _
in & flexneri 2a did not eause allenuvation®, Thymine-
reuiring (thyA) mutants of Shigella Slexneri ¥ have been
isolated by the ‘thymine-trimethoprim’® selection®?. A thyA
mulant expressing temperalure-scnsilive growth was also
developed. These mutants were studied for salety and
their ability to confer protection in a rabbit model of
experimental shigelfosis and in a small number of
monkeys. The results of the study are reporied in this
communication.

Materials and methods

Organisms and culture methods

An isolate’of Shigella flexneri SH-4 oblained from the
Clinical Research Centre of ICDDR,B was used to derive
the mutants! The strain of §. dysenteriae 1 (AC 9624)
was abtained from ICDOR,B Culture Collection, The
strain SH-4 is a serological variant of type Y, as
determined with monoclonal antibodies'®, It is resistant
1o tetracyeline but sensitive to ampicillin, chloramphenicol,
peiticillin, nalidixic acid, trimethoprim, gentamicin and
kanamycin. The steain required 0.01% yeast extract for
rapid growth in a minimal mediom {(MA)'1. Unless
olherwige indicled, the MA medim was supplemented
with 0.01% yeast extract, Trypticase soy agar (TSA} or
broth (FSB) obtained from Gibeo Laboralorics, Inc! were
supplemenied with 0.6% yeast exiract and used for
routine cuitivation of bacteria, All media were supple-
mented with 200 g ml=! (hymine to grow the Thy~

t
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Tabie 1 Stralng used in the study-with thelr source er derlvation

Strain

Source/Derlvation

[y

Shigella fiexner! ¥
SH-4 (Wiid lype) !
SH-7 {Thy ")
TSF-28A (Ts7)
TSF-21 {Thy~Ts")
5. dysenteriaa t .
AC 0624 i
E. coll K-12 .
P 3140 (pULB113; Amp’ Kan' Tal)
¥ 2913 (AthyA)

ICODN.B cutture colleclion

Derlved from StH-4 by ‘thymine.trimelheprim’ selection

Dorived from Sti-4 by w.v. mulaganesis and ampleillin onrlchment
Derivalive of TSF-26A sglected by "thymine-trimethoprim® seteclion

ICDDA,B culture collection
¢ 1
J. Hackeit, Universily of Adalalde

AL Curliss i1, Universily of Washington !

strains. Bacleria used in fceding animals were cultivated
in brain heart infusion (B} agar plates. Strains uscd
in the study and their derivation are shown in Table /.

Isolation of Thy™ and Ts™ mutants

Thy™ mutants were isokaicd by plating cells grown
overnight in TSB (with 200 sig ml~" thyminc) on to TSA

plates containing 200 g mi; ! thymine and Wpgmi—t

trimethoprim. Trimelhopritn-resistant colonics {frequency
~107%) were isolated, purified and tested for thyming
requircment using a minimal medium. About 10% of the
200 trimethoprim-resistant colonics tested proved to be
Thy™. The Thy~ single-nntiant (S11-7) was isolaled as
above from the wild type strain SH-4. To isolate the
Thy~Ts~ double mautant, Ale wild type strain was
mutagenized with u.v. tight and subjected to two cycles
of ampicillin-enrichment. A Sl suspension of celis
(washed in phosphate-buffered saline, I'BS, pl! 7.4) of
strain SH-4 (10 c.u.ml ™ ") was irradiated with a shorn
wave (254 nm) u.v, light (model UVG-54, Uliraviolet
Product Inc., USA) for 2min rom a distance of 35 cm,
to kill about 95% cells. About 107 surviving cells were
propagated overnight at 30°C in TSHB. OF the resulting
culture 100 ul was diluted 100-fold in TSB and shaken at
the restrictive temperature of 39°C for 2-3h. Ampiciilin,
50 ugml ™!, was then added and the culture shaken uniil
clearing lysis occurred. The surviving cclls were collected
by centrifugation, washed twice in PBS and propagated
overtlight in TSB at 30°C. Ceils from the resulting culture
were subjecled 1o a second ampicillin cnrichment,
follewing which a culture was developed at 30°C. Cells
wete spread on TSA plates, (about 200¢ .y, per plate)
and incubaled at 30°C for §h and trausferred 1o 39°C
overnight. The colonies that developed were marked and
the plates returned o 30°C. Alter overnight incubation,
those colonics that developed fresh were isolated as
potential s~ clones and purificd. From the Ts- mutant
TSF-26A, a Thy ™ derivative, the double mutant TSF-21,
was isolated. 3 :
Aduit rabbit model of experimental shigeliosis

An adult Fabbit model dcv!clopcd for Vibrio cholerae
and enterofoxigenic £. col'? has been successiully
adapted to Shigelta fexneritby following the modifi-
cations'? introduced for oral inoculation of the bacteriat,
Briefly, the “procedure is a5 lollows: Adult rabbils
weighing about 2kg were starved for 36-40 h during
which period they were provitled with water containing
tetracycline (Fmgml=1). On;an average, the animals
consumed 100ml of the whter over the period of
starvation. Then, at time 0, c},“imclidinc 50mg(kg body

¥
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weight}™! was adininistered intravenously. At 15 and
30 min, 15! of a solwtion of 5% NaHCQ, in watéer was
administered by a gastric tube, Immediately after the
sccond NallCO, dose, the bacteria miixed with BHI
broth (tetal: voluine 15ml} were given by gastric tube
followed byi.p. administration of 2l of a tincture of
opium. The animals were returned 1o a normal diet and
observed Tor 7 days for the development of disease or
death. Animals prepared in this manner are refereed to
as ‘conditioned” rabbits,

Immunization and challenge of rabbits

Conditioncd rabbits and monkeys were “immumized’
by feeding at least 1'% 10" cells of the mutant strains.
Alter 1 week, a booster dose of the same strain was
administered. Two weeks later (3 weeks in the case of
monkeys), the animals were challenged by oral adfminis-
tration of al least 1 x 10°" cclls of the virulent parcnt
strain SH-4 3 :

Other methods

Plasmid DNA was cxtracled by a rapid alkaline
extraction method'®. Lipopolysaccharide (LPS) was
isolatcd by phenol-water cxtraction and purificd by
ultracentrifugation'S. Salt aggregation test (SAT) was
performed by the melhod of Rozgonyi et al.'”. Strains
were tested for cytotoxins in the polymyxin B extracts
using a HMcLa cell assay and for Shiga-toxin using
ELISA'®".

A microlitie ELISA was performed to detect antibodies
reaclive lo LPS in serum samples. The sera were
pre-adsorbed.to an E. coli isolate obtained lrom a rabbit
before immunization. :

! .
Results and discussion

Characterization of the mutants

' ; .
All the strains of §. flexneri Y used in (he study catricd
the 140 MDa "plnsmi_(‘l. and scven other plasmids (36, 6,
4, 2.5, 1.9, L5 and.L.OMBDa). The strains appeared
‘smaoath’in their colony morphology. Ina salt aggregation
test'”, the lowest molarily of ammonium sulphate that
causcd apgregation was relatively high (2m) for alf the
steains. The LPS profiles of the wild type strain and the

mwutants (Figrire 1) as scen in a silver-slained polyacryl-

amide gel were identical indicating a similazity in
carbohydrate O-side chains.
The Thy™ mutants (SH-7 and TSI7-21) did not grow

~in minimal medium containing 0.01% yeast extrael (in

which the parent strain grew) unless the medium wasalso
supplemented .with thymine. This would suggest that the

E3
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TSF-16 A
TSF-21
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Figure 1 LPS proliles ol tha Shigella siraing as seen in A silver siained
505-polyacrylamlide gel

strain TSI-21, which was subjected 10 u.v. mutagencsis
and whose nutritional requirement was enlirely satisfice
by thymine, did not accumulate addilional auxotrophic
mutation(s} as a result of njutagencsis,

The genetic lesion respanisible for the Ts™ phenotype
has net been identificd. The Thy ™ mutants, however, are
duc Lo defects in the thyA genc. This was deterinined in
the following way. The plasmid pULB113 (36 M D,
“Amp, Kan', Tet'), which is an RP4:mini-Mu clement,
is known to promotc chromosome transler and formation
of R-prime ¢lements'®. The plasmid from £. coli sirain
I’ 3140 was introduced to a wild type Shigelia dysemterine
I'strain (AC 9624) by conjugation. An exconjugant was
sclected and purified. 1t was shaken a1 37°C unil mid-tog
phase of growth and transferred to 43°C for 2 h to induce
the Mu functions. The culinre was then mated with the
thymine-requiring E. cofi K-12 strain y2913 carrying the
gene AthpA 752, The maling mixiure was plaicd on-lo
MA plales without yeast extract {to counler sclect the
Shigefla parct) and conlaining ampicillin, kanamycin
and tetracycline. All the 50 exconjugants tested were
thymine-dependent, These 'Thy* derivatives earried a
plasmid (presumed to be thyA* 1t P4::mini-Mu) similar
m size 1o pULBII3 {results not shown} which was then
transfcrrc:(g by conjugation to the thymine-requiring
siratns of Shigella, stcains SI-7 and TSF-21, sclecting
thymine-independent derivatives. These derivatives also
acquired, as expected, a plasmid similar to pULBi13
{results not shown). i

1
Stability of the mutants +

The Ts™ mulant TSF-26A was relatively unstable. It
produced revertants at an appreciable frequency when

aa ey

&
grown at clevated temperalures. The Thy ™ mutant SI-7 .
was, however, highly stable and so also was the Thy ~Ts~
double mutamt TSF-21 (Table 2).

In order-to examine whether mulagenesis would
cnhance the frequency of revertants, cullures were
mutagenized with u.v light. Approximately 5 x 10 cells,
suspended in Sml of PBS were w.v. mutagenized. About
5% 10* surviving eclls were propagaled overnight in 'TSB
under appropriate conditions of thymine supplemeniation
and incubation lemperalure. The frequency of revertanis

“in this culture was determined. The thymine-requiring

mutant SI:7 Failed to produce any revertants in
approximately 107 cells tested. The double mutant
TSF-21 was mutagenized as above and plated on minimal
agar plates containing thymine and incubated at 39°C
to score Ts *“revertants or on minimal agar plates Incking

- Lhymine and incubated at 30°C (o score Thy * revertants.

Ts* revertants appeared al a frequency of 107% (samie
as that of the parent strain ‘TSF-26A), whilc no Thyt
revertanis were delected in 10° cells 1ested, ;

1

1
Growth and the level of thymine requivement

Growih ol the Ts™ mutant TSF-26A in a broth
al 30°C and the effect of a temperature up-shift on
subsequentigrowth of the culture was studicd by the
procedure of Hooke ef al.2®. The up-shil rom 30°C to
39°C eaused growth to continue for abrout 3 h following,
which there was a complete cessation of growth (Figure
2). The strain thus displayed a ‘consting” phenotypef? at
the restrictive temperature, Growth at 30°C and that aficr
an up-shift to 37°C was similar. Growlh alter up-shift to
38°C was not, however, tested.

The level of thymine that the thyA mutants (S11-7 and
TSF-21) required for growth in a minimal medinm was
high. Addition of yeast extract to MA agar medium up
to 0.1% (w/v) was not sufficicnt (o support growth of
thesc mutants without the concomitant addition of
thymine 1o 50 yig ml ="' (395 ym). These mutants may thus
be classified as super-high thymine-requiring mutants, 11
is known that from such strains low-thymine-requiring
derivatives may develop?'. The proportion of cells in a
culture of strain SH-7 that were able (o form colonics in
minimal agar medium containing decreasing fevels of
thyming were deterinincd. Thyming concentrations down

3 r
’ {

{ .
Table 2 The frequency of Ts* and Thy' revetlants In Ihe mull.-mls
i

Condllions under

which reversign Reverlanls  Rederslon
Strain was delermined scored frequency
TSF-26A  TSA plale at 29°C Ts' : T
(Fs7) TSA plate a1 37°C Ts' 10"
SiH-7 Minimal* agar without '
{Thy™) thymine al 37°C Thy* <Ex 107"
T5F-21 {2} TSA 4+ Ihymineat39°C TS* to=
(Thy"Ts~) (b} Minimal® agar without :

H o thymine al 30°C Thy* <107

(e} MInimal* agar withoul '

I thymine a1 39°C Thy'Ts* <Sx 0™

" . e

Celts obtalncd from overnight TSB cultures dnveloped under pescmiss[ve
condilions (30°C lar stepin FSFE-28A, 37°C wilh 200 409 ik~ thyrdne lar
straln 8H-7, 30°C with 200pgml™" thymine for the Thy " Ts~ double
mutant TSF-21} were washed in P38 and plated p Indicaled

“The minimal agar contalned 6.01% yenst axiract
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Figure 2 Growth of e Ts™ strain TSE-26A al 30°C and aller a
temperaturg up-shill o 37°C and 39°C. @, 30°C; A, shilt lo IC; A,
shilt to 39°C :

L]
to 50 g ml~* did not causé any reduction in the number
of colonics recovered, but a variability in colony size was
noted at this low level of thyming. At concentrations of
20 ml~! or less, no colonies developed in 10% cclls
tested.

r

Avirulence of the mutants

The mutants TSF-21 and SH-7 did nol produce
keratoconjunctivilis in the guinea-pigs in 7 days after 10
cells had been deposited in the eye while the wild-type
slrain produced the reaction within 48 h. Neither the wild
type strain nor the mutants produced detectable Shiga-
loxin as determined by a sensitive ELISA'®,

Salcty of the strains in a rabbit modcl of cxperimental
shigetlosis was studicd by oral administration of bacleria
and observing the animals for disease or death. In animals
challenged with the wild type strain, signs of iltness
involved an initial indispdsition followed by walery or
mucoid diarrhoca at about 18 h, Death usually occurred
within 24-48 h, although sdéme animals dicd without any
diarrhoca. Resulls of an experiment in which the animals
were fed with the wild Lype strain and he mutant
derivatives are presented in Table 3, None of the animals
fed with the mutant strains showed any signs of illness
and no lethality occurred, but the wild Lype strain caused
significant lethality. "The mulant bacleria were shed, ns
seen in cultures of rectal swab samples, for 1-2 days and
the wild Wpe bacteria (by the surviving animals) for 5-7
days.

Monkeys were also fed with 10" cells of strain
TSF-21. Nonc of the three monkeys Lested produced any
Symploms. Coltures of rectal swab samples obiained from
these animals became free'of the bacteria after | day.

Immune protection of vabhits and monkeys

The data, presented in Tuble 4, indicate that immuniz:
ation with the Thy ™ ‘mutant St1-7 and the Thy ™ Ts~
)

]
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double mutant 'TSF-21 provided solid proteetion. Anti-
body response in the serum of rabbits immunized with
strain TSF-2{ and the pattern of shedding of the challenge
bacteria were examined. In five paired scra, IgG anti-
hodics to LIS increased significamtly, Mcan absorbance
values for the ELISA willh 2 "scrum ditution of 1:25
were {111 for the pre-immunization and 0.40 for
postimmunization samples (paired t-test, p=0.02). There
was no increase in IgM antibodies. The. rectnl swab
cultures of animals immunized by cach of strain SH-7
and TSF-21 became free of the challenge bacteria-{SH-4)
within 24 h while the unimmunized animals that survived
the challenge shed the challenge bacteria for nbout 7 days.

A prefiminary trial ‘of the strain TSF-2{ was carried
out in a small bumber of monkeys for ils protective
potential. Six rhesus monkeys, each weighing about 4 kg,
were caged separately. Reclal swab samples of each
animal were cultured every week for 4 wecks prior to
immunization. No Shigeflo arganisms were detected in
these animals. The monkeys were immunized by feeding
10'" cells of stenin TSE-21 (suspended in 20m) of BHI
broth) following gastric acid ncutralization by a prior
oral administration of a solution of 5% sodium
bicarbonale (20ml). A booster dose of 10'! cells was
similarly administered | week later. The control animais
were identically treated ekcept that sterile BFHI broth was

4
3

Table 3  Ettect of oral adminlsiration of cells of the mutant sirains and
the wild type parent strain on the survival of condilioned adult rabbils

PDose
adminislered No. of animals Mo, ot anlmals
Stratn ) {c.l.u.) ’ used that survived
SH-4 .10 a2 12
{wild type) . . .
Si-7 1 10 10
{Thy™) 3 i
TSF-21 2x top+ 12 12
[Thy Ts™)

Slralns were grdwn in Brain Heart Infusion agar for 24 h {48 h for straln
TSF-21), harvested by sterlle collon swab and suspended in PBS af raom
lemperature 1o aboul 0™ e lu.mi™*, Dilvlions wera plaled for viablo
counts and the suspension was led to the rabbils fmmediately

“Sum of five Independant experimenis. As a controd in two of hosn
expetiments a group of rabbils, ususlly 3-5, were Identically Irealed
excepl thal these rabbits were fed with only slerile BHI broth

Table 4 Proteclion of rabbita imimunized by oral fending of cella of the
mutant straing from a virulenl chaltenge ol the wild type strain

1
1

No. animals used/
No. that survived challenge*

1

tmmunizing strain Immunized Conlrol Test ol

and dosc used greup group signiflcance®
SH-7 (Thy™)* 13113 8/3" p=0.001

7x 10" e byl .

TSF-21 {Thy “Ta") 919* B/2 p=0.003

2x 10"c.l.u._,'

“‘Challenged with at least + x 10" ¢.tu. of shain SH-4; "lmmunized groups
individually compared wilh the pooled conltrol groups by a Flshor's oxacl
lest (one-1ailed); “This value 19 from an experiment that had not been
run in paraliel with the Immunized qronp; *Ons of (hese animals
developed a mitd walery diarrhoea for 1 day



fed instead of bacterinl inoculum, Fnumunization did not
produce any symploms in any of the monkeys. Three
wecks after the sccond fedding, all the six animals were
challenged with a relatively massive dose (3 x 10" cells)
of the parent strain SH-4. :
Adlthe three unimmmnizéd monkeys developed classical
bacillacy dyscnlery with blood and mucus in the stool
within 24l after chalienge. Anecroxia, dehydration and
vomiling were also conspiduous-on- the day following the
chalicnge and these became severc alter 48 h, At this lime,
treatment of these (hree animals with ampicillin injection
was initiated and the animals soon recovered. In contrast,
none of the three immunized animals showed any signs
of illness, except that onc animai had two semi-solid
slools on the day afler chailenge. ’
The Thy "Ts™- was shed in the stool for | day. The’
Aro™ mutant tested by Lindbetg et al.5 was shed for 2-4
days. The immunized monkeys had significantly higher.
titres of 1gG antibodicsin the serum {about tenfold higher
than control animals), but showed no inerease in lgM
or IgA antibodies {unpublished data). The results arve

similar to those reported by Lindberg et al.’ with the -
p Y B

Aro” mutant. Elowever, infour study, the challenge strain
was detected in Uhe rectal swab tultures of the immunized
animals for only 2 days, a duration considerably less than
that (about 17 days) found by Lindberg et al® aftee
immunization with the Aro™ mutant.

The resolts with the Thye Ts™ double mutant indicate
that it was safe and protective both in rabbits and in -
monkeys. It is of inlerest to note that the femperalure-
sensilive mutation in the latier strain did not diminish
its prolective potentink, This may scem paradoxical in
view of the fact that al-30°C (the femperature at which
the matant is grown) virelence traits are not expressed
well?237. However, it is important to consider, several «
points in this regard, When.fed, the temperature-sensitive
bacteria probably undergo fimited proliferation {(due to
‘coasting’} in the put (rectal temperature in rabbits is
37°C, that of the monkeys tested ranged from 33-40°C)
during which key protective antigens are probably
expressed. Also, there arc often differences in (he
expression of genes in vitro and in vive. For cxample, in
Vibrio cholerac the tepA geine is expressed well i pirrn?®
only at a temperature below 30°C, but it is thought 1o
be a colonizing factor for V. cholerac. Furthermore,
differences in the conditions of growth in vitro and those
existing in vive can also be quité considerable and may
influenee bacterial proliferation. Thus, the fact that the
mutant is temperature-sensitive and is 1o he grown at
30°C need not necessarily imply that it will be poorly
immunogenic and will express diminished proteciive
potential. In faet, our resuits do indicate that this is not
the casc witlt the strain TS F<21. The mechanism by whicl
the strain offers significant prolcction can only be
conjecturcd at the present time.

The TsC mulation in steain TSF-21 is leaky with a
reversion frequency of 1074 1o 1075 in the temperature
range ol 37-39°C. Tl thyA.mutation, however, is stahle
and may represent a deletion in the gene, but this remains
to be formally demonstrated. It is known that posilive
sclection for the foss of functions sucli as the onc used
here for the isolation of they tiyA mutants may often be
associated with a deletion of chromosome regions?*-26,

L}
Conclusion

¥ . .
The strain TSE-21 has a theoreticnl reversion frequency

Oral immunization of rabbits and rno'.nkeys with a Shigelta mutamt: Z.U. Ahmed et al.

<107M (1072 % 107%) when grown under the restriclive
conditions {at 39°C and thymine-deprivation). 1 the
human intestine where thie temperature is expected (o be
in the range of 37-38°C and intraceliulac levels of thymine
low, the strain mn}l not produce revertants at a frequency
higher than 194, .

A stable Thy ™ auxotroph (such as onc with n delelion
in the thyA gene) in which Thy™ revertants cannot be
recovered in vitre at the limit of detection, is Lo be
considered safe. However, such a strain would be more
attractive as a vaccine candidate if if carries an additional
mutation that gives it, at least theorctically, an ‘extra’
margin of safety. Altholigh, safcly ean be enhanced by
two slable auxotrophic mutations, this may mike the
strain too; crippled, adverscly aflecting its proteclive
potential. A temperaturc-sensilive snutation which s
often unstable, may provide additional safcty without
affecting peoteelive potehlial, as our resulls with strain
TSF21 indicate. We belicve that Thy ~Ts~ mutants of
Shigella are sufficiently safe and inmithogenic 1o be
cansidered [for further studies (which ocught lo include
isolation of defined AthyA mutants) towards the develop-
ment of live oral candidale vaccines againsi shigellosis.

- . t
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1. SUMMARY .

A thymine-requiring and temperature-sensitive
mutant of Shigella flexneri Y was tested in Bonnet
monkeys for safety, immunogenicity and protec-
live efficacy. A dose of 10" celis when fed orally
mimicked natural infection in having invaded epi-
thelial cells, but was otherwise clinically non-re-
actogenic. Animals jmmunized with two oral do-
ses, each dose consisting of 1x10'"" mutant
bacteria, were [ully protected when challenged,
with respect 1o the lack of any clinical symptoms
or detectable histological abnornmalities in the in-
testinal mucosa. Unimmunized animals when sim-
ilarly challenged developed frank dysentery and
the intestinal mucosa showed severe histological

abnormalitics. Titres of secrum antibodies in-

* creased by about 1l-fold of the base level in

- animals immunized with a dose of 10" cells, but

Correspondence to: Z.U. Ahmed, International Centre for Di-

archoeal Disease Research Bangladesh, GPQO Box 128, Dhaka '

1000, Bangladesh,

not with lower doses. The challenge bacteria ap-
peared to be phagocytised by macrophages. In
some monkeys of a particular group, congeslive
patches were seen in the stomach, but not in any
other part of the gut, after the apimals were [ed
willi the virulent parent strain. The lesions were
relatively severe in the immunized groups of
animals. '

2. INTRODUCTION .

Shigellosis, caused by the invasive enteric path-
ogen Shigella, appears to be an immunizing dis-
ease, amcnable to control and prevention by a
suitable vaccine. Strategies considered useful in

“interrupting lransmission of the disease such as

improvements in sanitation and personal hygiene

‘possibly cannot be rapidly implemented in the

developing countries due to socio-economic con-
straints. Furthermore, the unusual propensity of
Shigella to f{ast acquire resistance to antibiotics
makes treatment and case management difficull,
An elfective and practical vaccine is thus consid-

\



ered lo be an attractive ‘option. Based on the
knowledge of the previous vaccines that have been
lested, and the pathophysiology of the discase, it
is generally believed that n live oral vaccine con-
sisting of an atlenuated mutant of the pathogen is
likely to be effective. '

We have recently reported [1] on the construc-
tion and characterization of thymine-requiring
(#/ipA) and temperature-sensitive (Ts™) single and
double-mutant of Shigella flexneri Y together with
results on safety and protection in conditioned
adult rabbits. Both the thyA single-multant (strain
SH7) and ttiyA Ts™ double-mutant (strain TSF21)
were found to be safe when fed orally and pro-
vided solid immune protection against a lethal
chalienge of the virulent parent strain, In monkeys,
the thyd Ts™ double-mutant was, as in rabbits,
safe and protective. The experiment with monkeys
described in the above report was.a limited ex-
amination of the symptomatic changes in a small

number of monkeys, We have extended the trial of.

the mutant in larger number of monkeys and
report the results in this conununication.

3. MATERIALS AND METHODS

J.A. Organism ) :

Derivation of the Shigeila flexneri Y double-
mutant (TSF21) from the wild-type parent strain
SH4, its culture, maintenance, in vitro propertics
and method of preparing inocula for immuniza-
tion and challenge have been described elsewhere

(). ‘ '

3.2, Immunization and challénge

Bonnet monkeys (Macaca radiata) weighing
3.5-5 kg were used in the experiments, A total of
19 monkeys were used -3‘animals to siudy the
reactogenicity 'of a dose of 1 X 10" cells of strain
TSF21 and 16 to determine immunogenicity and
. protective dose. Each monkey was separately
caged. Rectal swabs from each monkey were cul-
tured once a weck for 4 weeks before experiments.
-Animals that were {ree of Shigella otganisms were
used. During feeding, monkeys were restrained in
the cage. Gastric acid ‘was*neutralized by orally
administering 15 ml of a solution of 5% (w/v)

. .3

3

3

sodium bicarbonate by a syringe. Bacterial inoc-
ulum suspended in 15 mi brain heart infusion
broth was administrated similarly, 10 min after
gastric acid neutralizntion. After the first imunini-
zation, a booster dose was administered 7 days
later. Control animals were identically treated ex-
cept that instead of bacterial inoculum these
animals were given 15 ml of sterile medium. Four-
teen days after the booster dose, all monkeys were
orally challenged each with approximately 10"!
cells of the virulent parent strain SH4.
[ ]

3.3. Coloscopy and histopaihology

All monkeys were subjected to coloscopic ex-
amination and biopsy samples were collected from
the proximal colon 48 h before challenge. Animals
were sacrificed 7 days aflter challenge for an ex-
amination of the gastrointestinal tract. Portions of
the colon, intestine and stomach were "collecied
and stored under liquid nitrogen for histopatho-
logical studies. Tissue sections were stained by
hematoxyline for histological examination.

J. 4. Immunological methods ,
Antibodies (IgA and 1gG) reactive to purified
LPS of the wild-type strain were detected in the
sera and gut washings by an ELISA. Titres are
expressed as the reciprocal of the highest dilultion
of the test sample that gave an antigen binding -
equal to half that of a standard high titre hyperim-
mune serum.’ ’
Bacleria were visualized within tissue sections
by peroxidase-antiperoxidase {PAP) and indirect
immunofluorescence techniques using a mono-
clonal antibody (Y-5) specific for Shigella flexneri

"[2] and ahiother monoclonal antibody (PA,B10/

6a) reacting to-Salmonella and Shigella [3).

4. RESULTS

4.1. Invasive ability of the mutant

The mutant strain TSF21 does not produce a
positive Sereny’s reaction in the Guinea-pig's eye
(1. To test whether the strain is. able to invade
intestinal cells of monkeys, three animals were [ed
each with a single dose of 1x 10" cells. The
animals were sacrifliced 48 h after feeding. Ex-

i



Fig. 1. PAP-stained epithelial cells {using the monoclonal anti-

hody PA ,BI0,/6a) abtained from the colon of a Bonnet monkey

48 h aflter oral administration of 5. flexneri Y strain TSF21.

Dark patches inside the cells (arrows) represent significant
' bacterinl growth.

amination of tissue sections of the intestine after
PAP staining revealed the presence ol bacteria
within the epithelial cells and in macrophages
(Fig. 1). The monoclonal antibodies Y-5 and
PA,B10/6a also produced strong immuno-

{fluorescence in the cells (results not shown), ad-’

ding 10 the identity of the bacteria. No gross or
microscopic abnormalitics were detected in the
gastrointestinal tract of these animals.

4.2. Safety and protection ‘
Three groups of animals, four in each group,
were immunized with different doses (107, 10% and

v
.

Table 1

10" cfu per animal) and observed for general

symplomalic conditions such as diarrhoea, vomit-
ing, fever, anorexia, depression and evidence of
colic pain (hunched back poslure). In none of the
groups did any animal show any signs of indis-
position. Alter challenge with the virulent parent
strain, significant differences were observed be-
tween the three groups of immunized apimals.
Observations made over a period of 7 days after
challenge are presented in Table 1. It is apparent
that animals fed with a dose of 10° cells or lower
reacled to the challenge in the same manner as did
the control unimmunized animals and developed
classical bacillary dysentery. Dysentery in these
animals lasted for 3-4 days. Animals fed with a

- dose of 10" bacteria, however, were solidly pro-

tected.

4.3, Pre-challenge and post-challenge histology of
the intestine

Biopsy samples from the colon of all animals
immunized with dilferent doses of the mutant
strain and from the control animals were obtained
before challenge, that is, 12 days alter the boostef
dose, using a coloscope .and examined for .any
histopathological changes in the mucosa. All the
animals had a normal mucosa except in one animal
immunized with a dose of 10'' cells. In this dnimal,
mild mononuclear cell infiltration in the mucosa.
and slight enfargement of a few crypts due to

&

: \
Symplomatic effects in immunized monkeys following a virulent chalienge with 10" cells observed over a period of 7 days

lmmunizalion No. of .  Diarthoea with Rectal ’ Anorexia, Mortality
dose animals bleod /mucus * temperature ® © dullness, )
colic pain !
TE 4 9 - 4 0 0
(102-103° F) ‘
10° 4 4 . 4 4 1
: (102.2-103.8°F) (4th day)
10’ v4 Y | 4 4 ]
- (102-103.8°F)
Coutrol 4 3= 4 3 0

(102-104° F) _ ' [

* Symptoms lasted for 3-4 days.
b

Normal rectal temperature in these monkeys tanged between 100 and 101°F.

€ One animal in this group which did not produce any symptoms sfter challenge had a high pre-challenge 1gG (reactive 1o LPS of the

challenge strain) titre in the serum.

I



Tahle 2

Histopathology of the gastrointestinal tract 7 days alter chal-
lenging with 10" celts of the virulent parent strain

Histological changes Immunization dose {cfu)

10 10° o'

Control

Surface epithetial erosion/

ulceration 0 4+ 4 g
Epithelial hyperplasia + +++ b s
Interstitial inflammation’ + R T S
Inflammatory .

engorgement of crypts + +++ b+ 4

0 =absent; + =mild; + + + = severe,

accumulation of inflammatory exudate were ob-

served. Biopsy specimens of the colon when simi-
larly examined 48 'h after challenge also showed
normal mucosa in animals that were immunized
with 10" cells and were protected. Animals im-
funized with lower doses showed gross morpho-

logical changes. These included haemorrhagic -

ulceration, dilation of the crypts and massive
leukocyte infiltration in the colon. Changes in the
intestine included congestion, proliferative necrotic
enteritis and engorgement of crypts.

The gastrointestinal tracts of the animals were
examined for gross ‘changes and microscopic
abnormalities after sacrificing the animals 7 days
after challenge. Mild to severe cnteropathic
changes were observed. A summary of histopatho-
logic changes observed in colon seven days after a
virulent challenge is presented in Table 2,

4.4 Immune response

ELISA of the serum samples revealed signifi-
caut increase in serum 1gG levels in monkeys
immunized with a dose -of 10" bacteria when
tested 14 days after the booster dose (Fig. 2). The
level further increased (to about 11-fold of the
base level) 7 days aflter challehge. In animals im-
munized with 107 or 10° celis, increase in IgG titre
14 days after the booster dose was not significant;
it was about 2-fold. Also, there was only a slight
increase in IgG titre in these animals following
. challenge. IgA levels in the serum was also tested.
At a serum dilution of 1:50, detectable levels of
the antibody were not found iri:any of the animals.

£

»

4.5. Post-challenge reactions in immunized animals

A number of post-challenge findings are of
interest. With PAP staining, using the manoclonal
antibodies Y-5 and PA,B10/6a. many phagocylic
cells of the mucosa were found positive, suggest-
tng invasion of these celis by the challenge bacteria.
The number of such cells appeared directly related
1o the immunization dose, increasing with the
dose: By an indirect immunofluorescence tech-
nique using the above monoclonal antibodies, the
challenge bacteria could also be localized within
the phagocyles of the protected animals im-
munized with a dose of 10" cells. These results
may thus indicate the possibility of cell-mediated
immunity playing a role in the protection of these
immunized animals. 1t js generally believed that
immune protection against enteric infections is
largely mediated by intestinal secretory IgA. Flow-
ever, in these animals, the IgA levels in the.seri
were not elevated. Neither was there any signifi-
cant rise of IgA titres in the gut washings. Gut
washings obtained 7 days after challenge gave a

50
IMMUNIZATION DOSE
"
2004 - |0.¢lu
A 107etu
~0— 10'ely 4
1 -~ tonire!

IgG TITRE

LT s‘nsm doss 3:-mm
-

) cor 14. 21 T ae

DAYS AFTER IMMUNIZATION
Fig. 2. Changes in serum IgG titres in Donnet monkeys during
the course of immunization and challenge. Titres of IgG reac-
live 10 the LPS of S. flexneri Y strain SHA4 are expressed as
reciprocal of the highest dilution of the test sample that gave
an antigen binding equal 1o half that of a high-titre hyperim-

. mune Serum. ‘
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titre of 95 in the control ani}na]s, while the titres
were 105, 125 and 136 in animals immunized witly
a dose of 107, 10° and 10" bacteria, respeclively.

A post-challenge reaction was seen in one group
of monkeys. This involved a gross change in the
stomach of the Bonnet monkeys ( Macaca radiata)
detected 7 days after a virulent challenge. This
involved the development of relatively large con-
gestive patches in the glanduiar parts of the
stomach mucosa. In unimnunized animals the
lesions were of much less intensity. Histologically,
there were massive mononuclear ceil infiltration,
predominantly of lymphocytes and plasma cells in
the mucosa and sub-mucosa, ‘moderate congestion
and edema. Bacterial invasion could not be dem-
onstrated in sections of the stomach by histologi-
cal assays using the monocional antibody Y-5.
However, such lesions were not seen in any other
part of the gut. Also, neither in a similarly treated
group of 6 rhesus monkeys ( Macaca mulatta) nor
in a different group of 15 Bofinet monkeys did we
find any evidence of such reaction (results not
shown). Therefore, the nature of the congestive
lesions which were scen in some Bonnet monkeys
remains unexplained.

L]
5. DISCUSSION "

[t is believed that a live vaccine is likely to be
effective if it is able 10 mimic some aspects of
natural infection. Invasion of epithelial cells by
Shigella is an essential carly"‘slcp in the develop-
ment of disease. An attenuated mutant may thus
cause better immune stimulation if it retains the
ability to invade the intestindl epithelium so that
elfcctive delivery of appropriatle antigens to the
intestinal lymphoid tissuc is facilitated.

Formal et al. [4] reported that an attenuated §.
flexneri 2a strain with spontaneous loss of viru-
lence and loss of ability to invade the intestinal
cpithelium - of monkeys offered poor protection
against experimental cllaller{gc. A non-invasive
Escherichia coli-Shigella hybrid also failed to pro-
tect when tested in human volunteers [5]. On the
other hand, invasive hybrid | derivatives {E. coli
bearing somatic antigens of S?rfge!!d) were protec-
tive in monkeys [4]. In an efficacy trial in monkeys

¥

»
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with another hybrid vaccine which was Sereny-
negative but invaded HeLa cells, mild mucosal
inflammation (suggestive of invasion) was de-
tected and the vaccine provided significant protec-
tion [6). lnvasive ability of a live vaccine thus
appears to be critical’ for a protective immune
response,

The high immunization dose required for pro-
lection of monkeys may not be unexpected be-
cause monkeys are much less susceptible to
Shigella infection than humans. The infective dose
in experimenial monkeys is relatively high (at least
10” cells), while in human volunteers, significant
infection can'be produced with as little as 10'- 103
bacteria [7]. Lindberg et al. [8] tested an aroD
mutant of §” flexneri Y in monkeys dnd reported
solid protection alter immunization with four do-
ses, each comsisting of about 2-3 x 10'° bacteria.
A mutant of S. flexneri 5 with impaired intracellu-
tar growth and spread, is also known to provide
protection in monkeys after immunization with 3
doses, each consisting of 5 x 10" cells [9].

The thyA Ts~ double-mutant of §. flexneri Y
strain. TSF21 is a potential vaccine candidate
against shigellosis. Serolype Y carries the basic
O-anligen polysaccharide structure common (o the
other [live serotypes of 5. flexneri [2] which thus
bears the potential to, provide cross-protection.
Indced, there are indications (unpublished results)
that inununization with strain TSF?1 may offer
proteclion against the §. flexneri serotypes 2a and
3a. The strain TSF21 is sensitive to a range of
commonly used antibiotics, has an LPS ptolile
tdentical with that of the parent strain, and is
Scrchy-ncgati_\fe despite carrying the large inva-
sion-mediating plasmid [1). The degree of attenua-
tion achieved in this strain appears lo be largely
due to thyniinc-auxolrophy. The Ts™ mulation
with its high reversion rate is not likely to contrib-
ute significantly to the observed attenuation. In-
deed, a Ts™ single-mutant when tested in condi-
tioned rabbits proved to be as virulent as the
parent strain (unpublished data). The Ts~ muta-
tion with its reversion frequency of 1073, however,
added an extra’ margin of safety to the doubie-
mutant TSF21, ' ' .

It is known that when wild-type cultures of §.
flexneri are grown at 30°C, the cells loose the

- *
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ability to invade cultured cells and cannot pro-
duce a positive Sereny's ,reaction {10,11]. The
mutant TSF21 with its permissive growth lemper-
ature of 30°C, however, expressed the important
virulence trait of epithelial cell invasion and pro-
vided consistent immune protection in rabbits (1)
and monkeys. The strain has a calculated
frequency of < 107" 10 revert to the wild-type
level of virulence [1]. Althéugh the lesion within
the thyA gene has not been determined at the
molecular level, it is probably a deletion as judged
from genelic stability of the mutant. The candi-
date vaccine merits ‘further studies towards defi-
ning the molecular lesion in the thyA gene before
being considered for studies on its safety and
immunogenicity in lluman s‘ubjecls'. The nature of
the stomach lesions that weére seen in the Bonnet
monkeys remains unexplained. The fact that such
lesions could not be detected in rhesus monkeys
nor in a different lot 6f Bonnet monkeys tends to
suggest that these do not reflect any reaclogenicity
of the vaccine strain. E

ACKNOWLEDGEMENT§

This work ﬁas supporled in part by a grant
from USAID made to lCDDR B. We thank Mike
Bennish for critical reading of the manuscript and
for helpful comments. The monoclonal antibody
Y-5 was obtained from Alf A. Lindberg. Secre-
tarial assistance of Ms. P. Mahmood and P. Sukul

is gratefully acknowiedgcd

. REFERENCES

(1] Abmed. Z.U., Sarker, M.R. and Sack, D.A. (1990) Protec-
tion of adult rabbits and monkeys from lethal shigellosis

s -

ICDDR,B LIBRARY
. DHAKA 1212

by oral immunization with a thymine.requiring and tem-
perature-sensilive mutant of Shigella flexneri Y. Vnccmc
8, 153-158.

{2} Carlin, N.LLA, and Lindberg, A. (1983) Monoclonal anti-
bodies specilic for O-nritigenic polysaccharide of Shigeifa
flexneri: clones binding to I, 11: 3,4, and 7. 8 epitopes. J.
Clin. Microbiol. 18, 11831189,

|3] Qadri, A Gupta, S.K. and Talwar, G.P. (1988) Mono-
clonal antibodies delineate multiple epitopes on the O-an.
tigens of Salmonelia 1yphi lipopolysaccharide. J. Clin.
Mlcrohlol 26. 2292-2296.

{4] Formal, 8.B., LaBrec, EH., Palmer. A, and Falkow. §.
(1965) Protection of monkeys against experimental
shigellosis with attenuated vaccines. J. Bacteriol. 90, 63-68.

{5} Levine, M.M. Woodward, W.E., Formal, $.B., Gemski, Ir.
P.. DuPont, H.L., Hornick, R.B. and Snyder. M.J. (1977}
Studies with a new generation of oral attenuated shigella
vaccine, Excherichia coli bearing surface antigens of
Shigeila flexneri. . Infect. Dis. 136, 577-582.

© (6] Formal, S.B.,, Hale, T.L.. Kapfer, C.. Cogan, J.P., Sony,

P.J., Chung, R., Wingfield, M.E., Slisterg, B.L. and Baron,

# LS. (1984) Oral vaccination of monkeys with an invasive
Escherichia cofi K-12 hybrid expressing Shigefla flexneri
2a somalic antigen. Infect, Immun. 46, 465-469,

7] Levine, M.M., DuPont, H.L., Formal, §.8., Hornn:k R.B.,
Takeuchi,'A., Gangarosa, EJ., Snyder, M.J. and Libonati.
J.P. (1973) Pathogenesis of Shigelia dy.remerme I {Shiga)
dysentery. I Infect. Dis. 127, 261-270.

[8) Lindberg, A.A., Klrnell, A., Stocker, B.A.D.. Knlakum.
5., Sweiha, H. and Reinholt, F.P. (1988) Development of
an auxolrophic oral live Shigelia flexneri vaccine. Vaccine
6, 146-150.

(%] Sansonetti, P.J. and Arondel, J. (1989) Construction and

+ evaluation'of agd double mutant of Shigella flexneri as a
candidate for oral vaccination against shigellosis. Vaccine
7. 443-450.

[10] Maurelli, A.T., Blackmon, B. and Curtiss |11, R. (1989)
Temperatire-dependent expression of virulence genes in
Shigefla species. Infect, Immun. 43, 195-201.

(11} Mills, J.A,, Buysse, J. M. and Qaks, E.V. (1988) Shigella
flexnerl invasion plasmid antigens B and C: epitope loca-
tion and characlerization with monoclonal antibodies. In-
fect. bmmun. 56, 2933-2941,






