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1. INTRODUCTION

Dysentery and diarrhoea caused by Shigella are major public health problems in the

developing countries. Shigella 1s one of the five most frequently identified pathogens in

children with acute diarrhoea or dysentery (the others being rotavirus, enteropathogenic

Escherichia coli, enterotoxigenic E. coll and Campylobacter jejuni). Infection with Shigella

may lead to a numbet of serfious complicatlons and mortality rates can be high. Severe ’
epidemics may be caused by 5. dysenterime 1 (Shiga's bacillus).

The development of vaccines for the prevention of shigellosis {s pavticularly important g
since the measures currently used to contrel this infection, particularly those concerned
with case management and the control of epidemics, are of limited efficacy. For example,
strains of Shigella, especially epidemic straine of 5. dysenteriae 1, may be resigtant to
most avallable antibiotics, and even appropriate antlblotics may not produce a rapld clinlecal
improvement or prevent death when disease is severe. Oral rehydration therapy, also, 1s of
little value for patlients with dysentery, as dehydration is not necessarily an fmportant
feature of gerious 1llness. Furthermore, treatment of serious eplsodes is expeusive due to
the need for specialized care, which may require the use of new and costly antliblotles.
Measures besides vaccines that ave of value in preventing shigellosis iavolve the
interruption of transmission of the pathogen by improved personal hyglene and sanitation, and
the provision of adequate quantities of water for hougehold use. It is alse probable that
the incldence or severity of 1llness can be diminished by non-specific Interventlions such as
measleg fmmunization, measures to lmprove nutrition, and possibly vitamin A supplementation.

This report summarlzes the present status of efforts to develop vaccines for shipgellosis
and lists recommended priority research topfcs. It is hoped that these recowmendations will
serve to stimulate further research which will ultimately lead to the developnent of
efficacious anti-shigellosfis vaccines. The report fs the third of a series of reviews
related to this subject issued by WHO =ince 198012,

2. EPIDEMIOLOGY

2.) Endemic shigellosis

Endenic shigellosis, due mostly to §. flexneri (in developing countrles) and 5. sonnel
(in developed counttles) is a worldwide problem. In most developing countries, shigellosis
has a high morbidity rate, and in some there igs also substantial mortality. Children
betweeen 1 and 5 years are especifally affected. Transmission 1s primarily from person to
person and is greatest when personal and domestic hygiene are very poor; food and water may
als0 be sources of Infection. Secondary infection rates within affected families may be as
high as 30 to 50%. Natural animal hosts (excluding Rhesus monkeys in captivity) or
environmental resetrveolrs have not been described.

2.2 Eplidemic and pandemic shigellosis

A pandemiec of shigellosis due to 5. dysenteriae 1 began in 1969 in Central America and
now encompasses a large area of Central Africa and countries of, and adjacent t¢, the Indian
subcontinent. Plasmid analysls has shown that the pandemic 1s not due to the spread of a
single clone of 5. dysenteriae 1 and the reasons for the occurrence of large outbreaks at
geparate geographical sites are unclear. In each locatlon, however, the straln has been
resistant to multiple antibiotics, ineluding those most frequently used to treat shigellosis;
for example, the strain currently prevalent in Bangladesh is resistant to both trimethoprim-
aul famethoxazole and ampicillin.

1 Enteric infections due to Campylobacter, Yersinia, Salmonella, and Shipgella. Bulletin of
the World Health QOrganization, 58: 519-337 (1980) .

The invasive dlarrhoeas: A review of diarchoeas due to Shigella species, Campylobacter
jejuni, and enteroinvasive Escherfichis eoli. Unpublished WHO document CDD/BEI/82.4
(1982)
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2.3 Control strategies

At present, the only strategies that can prevent infection are lmproved sanltation and
increased water supply, which act by reduciang faecal-oral transmission. Speclific effective
measures laclude handwashing with scap and water after defecating and before handling food,
hygienic practices in the preparation and storage of food, and safe disposal of faeces.

. Breast-feeding also appears to be effective in reducing the severity of Shigella infections
in infanrs and young childrena up to 3 vears of age.

\ 3. PATHOGENESIS AND CLINICAL FEATURES OF SHIGELLOSIS

3.1 Pathogenesis

Shigellosls is the most communicable of all bacterial enteric diseases: as few as 10
live organisms can cause disease in healthy adults. Little is known about the ways in which
Bhigella (which are acid-sensitive) survive in the environment of the stomach, evoke watery
diarrhoea, which is a feature of some cases, or migrate from the lumen to the eplithelial
surface of the large bowel. It is certain, however, that to cause dysentery, Shigella must
penetrate and multiply within the epithelial cells of the colon. This proceas leads to
epirhelial cell death, mecosal inflammation, and epithelial ulceration and haemmorrhage,
which are the pathological hallmarks of the disease.

3.2 Clinical features

The clinical manifestations of shigellosis generally include frequent passage of stools
contalning blood and mucus, fever, abdominal pain, and tenesmus. The 1llpess usyally starts
with watery diarrhoea followed after 24 to 48 hours by the appearance of blood and mucus in
the stools. Dehydration may occur, but only in a small proportion of cases. Various
complications, which may occur in 15-30% of hospitalized cases, and espacially in ¢hildren,
include prolonged anorexia, nutritional deterioration, protein-losing enteropathy, the
heemolytic uraemic syndrome, leukemold reaction, pneumonia, cont junctivitis, arthritis,
paralytic ileus, toxic megacolon, colonic perforation, rectal prolapse, and persistent
diarrhoea. Mortality rates In hospltalized cases due to 8. dysenteriae 1 can excead 10%
despite treatment by recommended methods. The disease is most severe, and mortality highest,
when 1t ocecurs following measles or there 1s pre—existing malavtrition.

4. IMMONITY TO SHIGELLOSIS

4.1 Protection due to previous infection

Several lines of evidence indicate that shigellosis is an immunizing discase. These
laclude epidemiological data, observations in volunteers, and studies in animals. Studies at
8 custedial Institution in which infections with 5. sonnel and §. flexneri 2a were endemic
showed that children with very poor personal hygiene experienced a high attack rate of
¢linical shigellogls during the first 12-24 months after admission. Thereafter, attack rates
fell sharply and remained low for the duration of stay in the institution despite continged
frequent exposure to infected and 11l children. This pattern seemed to indicate that after
one or more clinical infections with Shigella the children became at least partially immune
to reinfection. Likewise, the occurrence of shigellosis predominantly in young children in
endemic arsas suggests an age-related acquisitiou of Immunity. Volunteer studies
demonstrated that young adults who developed shigellosis after an initial experimental
challenge were protected against i1llness when subsequently challenged with the homologous
strain (8. flexnerl 2a), the protective efficacy of prior infeetion being 64%. However,
there was no difference between rechallenged and control volunteers in the exeretion rate for

. Shigella; it 1= possible that more than one exposure to Shigella is needed to evoke high-
level immunity, Finally, studies in both monkeys and rabbits have shown solid ptotection
agaiust homologous rechallenge 3 to 4 weeks after am initial virulent challenga.

4.2 Mechanisus of immunity to shigellosis

Immunity to shigellosis appears to depend largely or entirely upon local immune
mechanisms. Parenteral Immunization leads to high titres of cireulating antibodies but is
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not usually protective. Most examples of protection by lmmunlzatien invelve the presentation
of antigens by the oral or enteric toute. The exact mechanisms of protection are not known
and may invalve local antibodies, mucosal cell-medilated immunity, or both. It fs likely that
thege Interfere with mulriplication of the small inoculum initially ingested, although it is
not known at what site this effect occurs. Whether antibody to Shiga toxin plays a
protective role, eapeclally against infection due to 5. dysenteriae 1, %s not certain.

4.3 Anilmal models for study of Iimmune protection

Animal models that have been used to study protective ifmmunity include the guinea—-pig
keratoconijunctivitis model {(S&remy test), orally challenged Rhesus monkeys, and a recently
developed oral challenge model in rabbits. The two oral challenge models appear to be
preferable because they fnvolve enteric infection. The monkey model has heen used most
extensively in vacclne studies. Its advantages Include the similarity of the disease in
monkeys to that seen in man, the fact that captive monkeys are highly susceptible to
infection with Shigella, and the capacity of the model to demonstrate vaccine-induced
protection. Disadvantages include the high cost of Rhesus monkeys, technical problems in
handling them, and the possible confounding effect of previous unrecognized infection with

Shigella.

An adult rabbit model has been developed for S. flexneri infection which Involves pre-
treatment of the animals with tetracycline, oral administration of tetracycline-resistant
bacteria after neutralization of gastric acid, and a single intra—peritoneal dose of oplum.
With this model, small bowal colonization can be documented following incculation with 106-
10?7 viable bacteria and death ocevrs following inoculation with 1010 bacteria. An initial
colonization provides solid protection agalnst a subsequent colonizing or lethal challenge.
This model should be useful for further astudies of immunity to Shigella flexneri; it has
not, however, proved sultable for studying Immunity to 5. dysentarfae 1, as the straine
tested colonlze poorly and do not cause 1llness.

4+4 Serology of infection wirh Shigella

Shigellosis may evoke both humoral and cell-mediated immune responses and these may be
either mucosal or systemic. So far, only systemic humoral responses have been gstudied in
depth. Antibodies measured have been directed against the lipopolysaccharide {(0=antipen) and
Shiga toxin. Responses to cuter membrane proteins (encoded by the 140 Mdal virulence
plasmid) have been studled only to a limited extent, using the Western blot method.

4.4.1 Assay of antibodies to Shigella LPS

Lipopolysaccharide (LPS) antigens can be prepared in pute form and used in enzyme
immunoassaye (ETA) for sensitive, c¢lass—gpecific antibody determinatlons. However, most
Shigella O-antigens, except that of §. sonnel, cross react with those of certalin E. coli,
which reduces thelr specificity.

The O-antigen of §. dysenteriae 1 is related to B, coli O group 1, but has 1little known
relationship with other E. coli or other enterobacteria. A4 sensitive and speclfic EIA has
been developed which can be used for seroepidemiclogical purposes and to study the fmmune
response to candidate vagcines.

§. flexnerli have some O-antigenic relatedness with other enterchacteria, but there is
also extensive cross reactivity between serotypes 1 to 5. Consequently, serotype-specific
antibody assays based on LPS antigens are, with a few exceptions, not fessible. However, an
§, flexnerl EIA has been developed which is sensitive and readily detects antibody responses
after natursl {nfections. Thie assay may be useful for assessing the immunogenicliry of
candfidate 5. flexner] vaccines.

8. sonnei has a unique O-antigen which 1s so Far known to be shared only by one serotype
of Pleaiomonas shipelloldes. A sensitive and specific EIA exists which 1s aultable for
assessing the fmmunogenleity of vaccine candidates and for sercepldemiological studles.
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4.4,2 Systemic and intestinal antibody responses

3tudies of the Tg class of searum antibody to Shigella LPS in man show that the IgA
response peaks afrer 2-3 weeks and remains elevated for about 2 months; the IgM response
follows a similar pattern. In contrast, the IgG response peaks after 3-6 weeks and remains
elevated for 6-12 months after the diarcrhoeal eplsode.

Intestinal antibody responses to Shigella have not been extensively studied in man.
Studies In rabbits, however, have shown that the inoculation of live 8. flexneri or
E. c0li/§. flexnerl hybrids into jejunal Thiry—Vella loops elicits a promounced sIgA anti-LP§
response. The observation that this response can be rapidly beosted by relnoculation after
several months supports other evidence that memory exists in the intestinal sIgA system.

Few studies have been done on the Shiga antitoxin response following Shigella
infections. Preliminary investigations using aa EIA to detect Shiga antitozin revealed
antibody responses in the sera of patients infected with §, dysenteriae 1 but not in rhe sera
of patients infected with 8. flexneri or 5. sonnei. However, another study using a sensitive
and specific antiroxin assay, based on neutrallzatlon of toxin—induced damage to Hela cell
monolayers, detected toxin-neutralizing antibodies in the sera of patients couvalescent Ffrom
infections due to 5. flexnerl and 5. sonnei. The reason for this discrepancy is not known
and further studies are necegsary to evaluate the usefulness of these different assays.

5. VIRULENCE DETERMINANTS OF POSSIBLE RELEVANCE TO VACCINE DEVELOPMENT

A detailed understanding of the virulence mechanisus of Shigella and of the specific
antigens imvolved in virulemce should facilitate the ratfenal development of Shigella
vacelines. Key events In the pathogenesis of shigellosis include epithelial cell invasion,
intracellular multiplication of shigellae, epithelial death followed by bacterial spread
within the mucosa, and finally, tissue dastruction assoclated with locally severe
inflammation. Current knowledge of thess events and of the possible pathogenic role of Shiga
toxin 1s summarized below.

5.1 Epithelial cell invasion

Avallable data i{ndicate that a variety of plasmid and chromosomal genes madiate the
ability of Shigellsa to invade, multiply in, and eventually destroy intestinal epithelial
cells. A large plasmid (120-140 Mdal in size), referred to as the virulence plasmid, is
essentlal to all Shigella serotypes for inducing their own phagocytosis by epithelial cells
and for promoting the rapld intracellular growth of bacteria. The malecular mechanisns
involved in the phagocytosis of Shigella by epithelial cells are not yet understood;
however, several outer membrane proteins encoded by the virulence plasmid have been
identified and may play key roles in the process. Recent evidence indicates that the same
prlasmid encodes a conraect haemolytic activity which causes lysis of the membrane of the
phagocytic vacugle, thus releaging bacteria into the cytoplasm whaere they are able to
multiply rapidly and escape attack by lysosomal enzymes.

5.2 Bacterial spread within rhe mucosa

The gpread of ghigellae within the mucosa requitres that the bacteria survive and
multiply within the lamina propria, a process which leads to acute inflammation and tlssue
destructlon. Several chromosomal segments have been identified that speclfy bacterial
functions thought to be iavolved in these processes. These regions have been associated
with: (i} O-antigen formation, (il) high-affinicy iron uptake systemg, or (iii) the capacity
to provoke keratoconjunctivitis Iin guinea-pigs.

Twe chromosomal loci specify complete Q-antigen blosynthesis in §. flezneri. On the
other hand, 8. sonnei Q-antigen is encoded by the large virulence plasmid. In 5. dysenteriae
1, complete expression of O-antigen requiresz borh a small 6 Mdal plasmid and a chromosomal
locug. The role of Shigella O-antigen in bacterial virulence has mot been fully defined, but
smooth LPS may be dimportant both for intraluminal survival of Shigella and for protection of
the bacteria in tissue from the bacteriocidal actlvity of serum.
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3.3 GShiga toxin

§. dysenteriae 1 tends to cause more severe dysentery than other serotypes of Shigella
and also produces high levels of Shiga toxin; whether or not these two features of
§. dysenterise 1 are causally related 1s not known. Shiga toxin production has not been
consistently demonstrated among other Shigella, and where It has been datected (some stralns
of §. flexnerl 2a and S. sonnei) the level of toxin was 10 000- to 100 D00-fold less than
that measured with 8. dysenteriae 1.

Shiga toxin produced by 5. dysenteriae 1, which Inhibitrs protein synthesis in eukaryatic
cells, has been purified to homogeneity and partially characterized. Tt 1s composed of one A
subunit containing the engymatically active component and 3 or 6 coples of a receptor—binding
B subunit, and has three biologlcal activities: (i) eytotoxleclty for certain eukaryotic
cells, (11) paralytic activity or lethality for varfous animal species, and (111)
anterotoxicity in the rabbit small intestine. These biological activities could explain the
greater severity of disease caused by 5. dysenteriae 1, the watery diarrhoez that may ofcur
during shigellosis, and the lesions in the vascular endothelium af the kidney that
characterize the haemolytilc uraemic syndrome which somerimes cowplicates shigellosis.

6. SHIGELLA VACCINES

6.1 Background

In studies carried out in the 1940s and 19505, parenteral killed whole—cell Shigella
vaccines falled to provide significant protection efither in experimental challenges of
voluntesrs or in controlled field trials in endemic settings; a few attempts to immunize
monkeys orally with killed Shigella also yielded aquivocal results. Since the mwid-1960s,
research has focused largely on the developuent of live oral Shigella vacclines and several
have been prepared that have proved to be safe In c¢linical studies; some of these also
prevented shigellosis in experimental challenge studies in volunteers, in controlled field
trials, or in both. However, none wags ideal: too many doses were required, occcasional
genatlc revertants arose, and in certain populations side effects (e.g., vowiting) were
encountered.

The advent of recombinant DNA technology has brought the potential to analyse with
precisfion important dererminants of bacterial pathogenicity and immunogenlicity at both the
molecular and generic levels. This should facilitate the construction of defined bacterial
straing with the properties conslidered important in a vaccine for ghigellosis, as well as
safety, genetic stability, lmmunogenieity with a minimum number of doses, and amenability to
large-scale production and lyophilization. An importaut requirement 1is that such strains
efficlently colonlze or ianvade the intestinal epithelium so that effective delivery of
antigens to enteric lymphold tissue i3 assured. Vaccina strains developed by these methods
for other enteric diseases may also prove sultable as carriers for delivering the critical
protective antigens of Shigella, thus genmerating bivalent or possibly multivalent vacclnes.
Currently, researchers are using genetic engineering technlques to develop several types of
Shigella vaccines.

Previous and current live oral Shigella vacelne candidates can be divided inte four
broad classes:

1} attenuared Shigella mutants;

113 "mutant hybrids” (Shigella attenuated by the {iacerporatiocn of E. coll gene
segmants);

111} E. coli that contain introduced Shigella genes; and

iv) other carrier bacteria (such as attenuated Salmoenella typhi) that contaln genes
encoding synthesis of critical Shigells antigens.

The most notewerthy of these candidate vaccines are briefly reviewed helow.
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6.2 Attenuated Shigella mutants
6.2,1 T3I2 Istrati

This strain is a mutant developed in Romanla by rvepeated passage of a §. flezneri 2a
strain on agar; it lacks the plasmid that encodes invasiveness aad appears to be genetically
gtable., Large controlled field trials in Romanla and China using an immunizacion schedule
involving 4 or 5 doses of up to 3 x 101l 1ive ocrganisms per dose have shown this vaccine to
be safe and effective in preveanting clinical shigellosis: it is not known, however, whetheyr
the vaccine would be effective after lyophilization. In some field trials, significant
protection was also observed against serotypes other than §. flexneri 22, i.e., other
serotypes of 5. flexnerl and 8. sonnei. This attenuated mutant vaccine strain iz in
widespread use In Romania, where experlence suggests that its efficacy can be prolonged with
biannual booster doses. Its major shortcoming is the requirement for multiple large doses
and frequent boosting.

6.2.,2 Streptomycin—dependent mutants

Non—invasive streptomycin-dependent (SmD) strains of several . flexneri aud §. sonnei
serotypes were developed in Yugoslavia and found ro be safe and protective when used as oral
vacelnes in volunteers and in large—scale controlled field trials in that country. After 4
or 5 doses of up to 5 x 1010 live bacteria per dose, these vaccines evoked serotype-specific
protaction for at least & months, but less than one year: a single oral booster dose after
one yeat maintained protection for an additional year. Limited field triale with SaD
vaceclnes were alse carried out in the D8A in the eariy 1970s. In one trial invelving
institutionalized children who were Iintensely exposed to Shigella, the vaccines were
ineffective. Moreover, in some trials, reversion to streptomycin independence cceourred,
especially with the 5. sounnei strain. No further studies of these strains have been
performed. T

6.2.3 New attenuated mutants

New artenuated Shigella mutants are under development, including arvomatic (aro™)
avxotrophic mutants and galactose epimeraseless (gal E) mutants. These vaccines would differ
from T32 and SwD mutants in being genetically defined and capable of invading epithelial
cells. The basis for thelr attenuation would be their inability to sustain growth within
hogt tissue. Another possible approach to preparing attenuated Shigella mutants would be to
delete the genes encoding the production of Shiga toxin, high affinity iron uptake systens,
oy both, while retafning the plasmid that encodes epithelial invasion.

6.3 Mutant hybrid vacelunes

The introduction of specific E. ¢oll K-12 chromosome segments (e.g., the xylose-rhamnose
region}) into pathogenic $Shigella drastically reduces their virulence. Transfer of these
segments Inte attenwated colonial sutants of Shigella produced a series of relarively stable,
non—invasive hybrid derivatives of §, flexneri 23 and §. dysenteriae 1 which protected
monkeys againsr experimental shigellosis. The S. flexneri 2a hybrid was stown to be
genetically stable and safe in both healthy adults and healthy institutionalized children.
However, the extent of protection observed in volunteers did not reach statistical
gignificance and it was noted that the strain did not proliferate well in vivo. The
5. dysenteriae 1 hybrid, although genetically unstable in one of 145 volunteers, was notable
in that it exhibited good intestinal colonization after a single oral dose. No field trials
were undertaken to test the efficacy of these vacelne strains.

6.4 E. coll with genes encoding Shigella antigeus

In the mid-1970s, locl specifying S. flexneri 2a group and type—specific somatic
antigeng were transferred into an E. coli 08 strain and the resultant genetically stable,
non—invasive hybrid, which expressed the Shigella O-antigen, was tested as a live oral
vaccine. Although protective In monkeys and safe in adults, this candidate vaccine did not
protect adult volunteers in experimental challenge studies.
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More recently, the 140 Mdal plasmid that encodes epithelial cell invasion has been
transferved into E. coli K—12, together with chromosomal genes encoding rhe group and rcype-
specific O-antigens of 5. flexneri 2a. The resultant hybrid E. coll expresses amooth
$. flexneri 2a O-antigen and invades epithelial cells, but does not cause fluid secretion in
ligated segments of rabbit intestine. This vaceine 45 both safe and protective in monkeys.
Clinical srudies of vaccine safery and efficacy in healthy adult volunteers are under way.
Analogous E. coli K-12 strains expressing other 8. flexnerl O-antigens or 5. dysenterise 1 O-
antigen have also been prepared and studles iIn voluntears are planned.

6.5 Other carrier bacteria that express Shigella antigens

6.5.1 Salmonella typhi hybrids that express Shigella antigens

Attenuated $. typhi strains developed as live oral vaccines for typhoid fever are
potential carrlers for the delivery of selected Shigella antlgens to host lymphoid tissue;
gstrains of this type mlght provide protection against both typheild fever and shigellosis.
Such attenuated 5. typhi strains, which include Ty2la (a chemically-induced gal E mutant) and
541Ty (a genetically—defined aro™, pur  mutant), apparently reach intestinal lymphold tissue
where they stimulate cell-mediated immune mechanisms as well as, to a varlable extent,
circulating and local intestinal antibody responses.

One candidate vacclne (5076-IC) comslsts of Ty2la into which has been incorporated the
140 Mdal plasmid of 5. sonnei and which expresses 5. sonnel (as well as 5. typhl) O=antigen.
In volunteers, this bivalent vaccine is hoth safe and effective against challenge with
5. sonnei. However, variablility in the efficacy of different vaceine lote has delayed the
initiatlion of field trials.

If other effective live oral bacterial vaccines are developed, for example, attenuated
Vibrio cholerae, these might also prove useful as carrlers of Shigella antigens.

6.5.2 General considerations regarding the effective expression of Shigella antigens by
carrier organlsms

As noted above, it is likely that only one or at most 2 few Bhigella antipgens, such as
the O-antigen, speciflc outer membrane proteins, and perhaps a Shiga toxoid, may be required
to evoke protection. 1t is, therefore, feasible to construct a series of hybrid plasmid
“cassettes” or modules encoding these antigens which could be inserted into selected "antigen
delivery systems”™ {(e¢.g., E. coli or heterologous live bacterial vaccines)., For example, the
5. dysenteriae 1 chromosomal and plasmid genes encoding O—antigen synthesis have been cloned
and combined into a single hybrid plasmid, thus creatlng a convenlent vehicle for tranafer of
the determinants of this antigen to a varlety of carrier bacteria.

Further research will be required, however, to define the requirements for efffclent
expression of these antigens In an optimally immunogenic form. For example, trangseriptional
and translational problems may be encountered, which may require that the relevant genetic
regulatory mechanismes be analysed and medified. Similarly, ecarrier organisms may not
agssemble and present heterologous antigens in an optimally immunogenic form. In particular,
the assenbly of functional heterologous O-antigen may require additional genetic
manipulations that provide an alternative LFS core upon which the new 0O-side chain can be
built. It may alsc be appropriate to eliminate or modify the expression of homologous Q-
antigen so that 1t does not compete with the heterclogous molety for attachment to the core.
A better understanding of the interactions of proteins with other components of the bacterial
membrane, such as LPS and peptidoglycan, is required, as these interactions may have a
considerable influence on the ways in which such antigens are assembled at the bacterial
surface and interact with the mucesal immune system.

7. SHIGELLA VACCINE FIELD TRIALS

Field trials are belng contemplated for candidate Shigella vacclnes to determine thelr
efficacy under probable conditions of vaccine use. The genaral concepts of clinical triale
(e.g., the need for a sufficiently large sample, an adequate control population, and unblased
case detection mechanisms) apply to these trials as to any others. Additional features of
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particular importance for a Shigella vaccine trial must also be included. Some of thase
general and specifiec features are described below.

7.1 PField trial population

The field trial should involve populations similar to thome in which the vaceclne would
eventually be vsed. The immunized and unimmonized groups should be comparable with regard to
age, sex, nutritional status, and incidence of previous infection wirh Shigella. The
population should be defined with regard to geneval demographic characterfstics and the
presence of risk factors particularly pertinent to shigellosis (¢+%., malnutrition, uweasles,
and possibly vitamin 4 deficiency).

7.2 Randomization

Generally, random assipoment of vaccine or placebo to individuals 1s preferred;
however, some live Shigella vaccines may be excreted in faeces and transmitted to others in
the family. By this means, members of a vaccinee's family may be unintentionally immunized.
For potentially transmissible vaecine straing, randomization should be by household and the
same preparation should be given to all 2ligible members of s household.

7.3 Outcome events

Shigella vaccines are intended to protect individuals from elinical shipallosis;
however, the possibility thar immunization might diminlsh the Incldence of asymptomatic
infection should also be considered. Among outcome avents, dlarrhoea or dysentery assoclated
with a positive stool culture for Shigella is the most lmportant, although the incidence of
asymptomatiec infection should alse be determined,

Cases may be detected among patients attending hospitals or clinic¢s, or by fregquent
(e.8., twice or thrice weekly) active surveillance in the community. Cases detected by
active surveillance are likely to be relatively mild, whereas those detected in hospltals and
clinics are likely to be more sevara. The possibility that immunization may be most
effective in reducing the incidence of severe, rather than nild or asymptomatic, infection
should be considered. This may require that case detection methods emphasize surveillance of
patients presenting to c¢clinics and hospitals. On the other hand, active, community-based
surveillance will be especially important when evaluating a 8. sonnel vacelne, as disease
caused by this serotype tends to be mild. Asymptomatic infections should be detected by
periodic culturing of a random sample of healthy vaccinees and controls.

Case deffnitions must be developed that are precise, generally applicable, and can be
easily used by field workers im an unbiased way. Specifically, definitions are neaeded for
the following: "2 vaccinated individual™, "diarrhoesa”, "dysentery”, "shigellosis", "mild,
moderate, and severe disease”, "persistent diarrhoes” and "agymptomatic infection”.
Dafinitions may combine both ¢linical and laboratory findings and should distinguish cases in
which Shigella is the only ilsclated pathogen from mimed infections due to Shigella and
another enteric pathogen. Sample size calecularions should be based on eatablished rates of
specific ouvtcome events in the community under study (e.g., dysentery or diarrhoea due to the
Shigella serotype present ia the vaccine),

7.4 Laboratory metheds
7.4.1 Tests for faecal leukocytes and blood

To differentiate dysentery from diarrhoea, standardized procedures should be uged to
document the presence of faecal leukocytes and blood. A chemical test for blood plus a
microscople examination for faecal leukocytes on each specimen may be required.

7.4.2 Microbiological methods

Whenever possible, stools or rectal swab gspecimens should be plated onto solid media
immediately after collection. Whem this is not practical, specimens should be transported tro
the laboratory within 24 hours (preferably less) using buffered glycerol saline (chilled, if




WHO/CDD/TMV /86 .1
page 10

possible) as the transport medfum. Cary-Blair medium 1s not ideal for the transport of
Shigella but should be used when other enterlc pathogens will be sought.

Primary tsolarion should include at least two culture mediz. The cholce depends
somewhat on the serotypes being sought; however, xylose-lysine-desoxycholate {XLD) agar
would usually be one choice, the second being either MacConkey or 55 agar. A detalled
description of methods for isclating and {dentifying Shigella is provided iIn the Manual for
Lahoratory Investigations of Acute Enteric Infections (Unpublished WHO document CDB/83.3
Rev. 1, 1986).

8. RESEARCH RECOMMENDATIONS
8.1 Animal models

8.1.1 A convenlent small animal model is required that would be suitable for detailed,
quantitative studles on the pathogenesis of infection with live Shigella (including

5. sonnei, 5. flexnerl and 3. dysenteriae 1), the efficacy of candidate vacelnes, and
mechanisms of lmmunity to infection. Where possible, isogenic strains of Shigella with
specific genetic modifications or deletions should be used for srudies of mechanisms of
pathogenesis and immunity.

8.2 Virulence and immune mechanisms

8.2.) The cell surface antigens of Shigella should be more extensively characterized and
their role in pathogenesis and immunity defined. Minor and as yet unidentified antigens
should also be investigated, including those expressed under conditions prevalent in the
bowel. Mononclonal antibodies to such antigens will probably be required.

8.2.2 The role of Shiga toxin in the virulence of §. dysenteriae 1 (and other ghigellae)
ghould be determined and the protective role of mucosal or systemic antitoxin, Lf any,
defined. The generation of toxin-negative mutants of §. dysenteriae 1 is critical fo this
analysis. Such strains should be evaluated by standardized methods, preferably at a single
reference laboratory, to confirm the toxin-megative phemotype (or genotype). Sequellae of
shigellosis that may be toxin-mediated, such as the haemolytic-uraemic syndrome, should bLe
included in these studies.

$.2.3 The process and mechanism of muccsal c¢olonization by Shigella should be defined, and
the antigens involved in this process identified. The uptake and fate of Shigella in
epithelial M e¢ells should be investlgated and correlated with the immunogenicity of
Individual strains. Isogenic virulent and avirulent mutants should be used in these
studies.

8.3 Immunity

8.3.1 The extent to which protection against shigellosis induced by prior infection is
serotype—specific, or extends to heterologous serotypes, should be evaluated in animal
models, volunteser studies, longltudinal population-based studies, and vacclne field trials.
Attention should be glven to possible cross protecticn between &, flexneri serotypes, and
between $. flexner! and 5. dysenteriae or 5. sonnei.

8.3.2 The roles of humoral and cell-medlated immune mechanisms, especially those opervative
within the bowel mucosa or at its surface, should be defined. The antigens (or antigen
combinations) responsible for these responses should be identified.

8.3.3 It should be determined whethet antibodies in milk or colostrum provide protection
agalust shigellosis; If so, the antigens and antibedilec involved, and the extent of this
protection, should he defined.

8.3.4 The systemic and mucosal immune responses in shigellosis should be defined. These
include responses to O-antlgens, outer membrane proteins, Shiga toxin, and other antigens of
possible pathogenic importance.
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8.4 Vaccine development and evaluation

8.4,1 For public health use in developing countries, tesearch efforts should focus on the
development of vaccines for 3. dysenteriae 1 and the most prevalent serotypes of 8. flexnerd
(1b, 2z, 3a, 4a). Polyvalent vaccines may be required.

8.4.2 Vaccine development should focus on live vaccines for oral use, iuncluding bhoth

avirulent mutants of Shigella and hybrid strains (heterologous vectors expressing Shigells
antigeng). '

B.4.3 Optimal carriers for hybrid vaceines should be defined. Thesa may include live
S. typhi vaceine strains, avirulent E. ¢oli, and live, avirulent V. cholerae vaccines. The
features that determine the efficacy of a carrier should be defined.

8.4.4 Optimal methods for the preparation and administration of live oral Shigella vaccines
should be defined. This would involve studies to determine wmeans of formulatien that
maximise bacterial recovery and growth in an immunogenic form when reconstitured. It should
alsa be determined whether or not the inoculum needs to be protected from gastric acid.

8.4.5 Shigella isolated from field trial participants should be cavefully preserved to
pernit their subsequent evaluation for possible antigenlc differences between 1solates from
vaceinees and controls.

B.4.6 Vaccine efficacy should be assessed with regard to duratlon of protection, efficacy of
booster immunizations, age of vaccinees (especially below the age of 3 years), and effect
upon disease severity, and in relation to the nutritional status of the vaccinees.

8.4.7 Standard criteria should be developed for the evaluation of Shigella vaccine efficacy.
These should include definitions of Shigella diarrhoea and criteria for agsessing the
severity of lllness. Standard laboratory diagnostic methods should also be recommended.
8.4.8 Vaccine development should seek a product that would be effecrive and safe in infants

below 1 year of age and could be incorporated into the delivery system of national Expanded
Programmes on Immunization,
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