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SUMMARY

Studies have continued to evaluate the safety, biologic properties and efficacy of
various oral Shigella vaccine candidates. The most recent vaccine candidates employed
have been Escherichia coli bearing Shigella group antigens. These vaccine candidates are
noteworthy in that they are completely safe with no potential for reversion and they oppear
to proliferate within the human bowel. In several protocols however irvolving concomitant
challenge of both vaccinated and non-vaccinated volunteers with varied doses of virulent

S. flexneri 2a, attack rates were similar and a protective effect of the vaccine strain could
not be demonstrated.

Lactulose (beta~1, 4-ga|ccros?dofrucfosé)’ @ synthetic derivative of lcc‘ose,wcs eval=-"
uated as a possible non-antibiotic therapy for acute Shigella dysentery. Ec-lier studies had
demonstrated the suppressive effect of lactulose on excretion of S. sornzi by ¢ long term
carrier, Lactulose was compared with am, icillin and placebo in douTe=h’ind ‘zshion in the
therapy of acute dysentery, There wos no «iference in the effects of | -ty ;e « nd placebo
on excretion of shigeila, whereas ampicili.n abruptly and significantly term’- uted excretion
of shigella in acute dysentery.

Volunteer studies at the Maryland House of Correction, as elsew .ere, have been cur-
tailed due to adminisirative and poli:ical cifficulties. This has resulted in a temporary de-
crease in the number and scope cf studies undertaken in the past year. It i- hoped that this
situation will be clarified in the near future ailow’ng a return to o more “atensive ' ilization
of the Division's unique facilities at the Ma-yland House of Co:rection,
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I. INTRODUCTION

During the past fifteen years the Division of Infectious Diseases of the University of
i ' Maryland School of Medicine has conducted investigations into the pathogenesis, treat- 4
ment and control by immunologic means of severul enteric diseases. Initial studies were con- ,
cerned with typhoid fever and potential vaccines for its prevention, In recent yeors the 'L ‘
scope of diseases under investigation has been greatly expanded to include shigella dysentery,
enterofoxigenic and invasive Escherichia coli diarrheal disease, acute non-bacterial gastro-
enteritis of adults (parvovirus) and cholera. For all the above -mentioned diarrheal diseases 4
man is the natural host, reservoir and vector of infection and the various investigations [ '
undertaken have included studies with prison volunteers under strictly controlled conditions -
in the Research Hospital maintained by the Division at the Maryland House of Correction,
Jessup, Maryland. !

ll. PURPOSE t

A. To determine the safety, biologic properties, efficacy and immunization schedules
of candidate oral Shigella vaccines. The ultimate goal of theze studies is to develop a safe,
efficacious, multivalent, easily administered Shigella vaccine for use in high-risk populations &
such as military personnel, American Indians, and institutionali:.ed children, b

-

B. To investigate further the relative importance, pathogenetic mecnanists, treatment
and means for control of diverse pathogens responsible for "non-specific gostroenteritis",
These investigations include studies with:

1) Enterotoxigenic E. coli.
2) Invasive E, coli. ~
3) Parvoviruses.

4) Giardia intestinalis.

C. To investigate both the non-specific and specific defense mechanisms of the human
host against the above~mentioned pathogens.

I1l. BACKGROUND

Shigella infections continue to be an important cause of morbidity in civilian and military
populations throughout much of the world, Control of shigella infections is becoming ever more
difficult fiue ff_ﬂ\e increasing emergence of strains resistant to tetracycline, ampicillin and
sulfonamides.

4




A particularly difficult problem exists with respect to control of infections caused by
Shiga's bacillus, Shigella dysenteriae 1. This sfrcm possesses the capability of cousing mass=
. ive epidemics of severe, often fatal, d%senfery -8 Since 1968 large~scale epidemics have
been encountered in Mlddle Amenco and Banglodesh8 The Middle American strain of
Shiga's bacillus was resistant to tetracycline, chloramphenicol and sulfonamides, but was
sensitive to ompncrllm.4 More recently in Bangladesh S. dvsenteriae 1 strains have been re-
covered with resistance to ampicillin as well as chlorcmph:,mcol tetracycline and sulfon-
amides.® The newer, less common antibiotics are too expensive to be employed in health
service facilities in developing countries such as Bangladesh and Guatemala. Thus, multiply-
resistant Shiga bacillus strains continue to pose a.grave public health threat for the developing
world; similarly, U.S. military personnel in these parts of the v-orld must also be considered
at risk, The Middle American Shiga dysentery pandemic was remarkable in that all age groups, 1
particularly working age males, suffered high attack rates, 47 '

W A P

The above observations illustrate that means other than isolation techniques and anti-
biotics are necessary for the control of shigella infections. In this regard much progress has
been made since the early 1960's in developme: of attenuated .trains of shigel!s for use as oral
vaccines. Presently we are involved in evalua.ion of the “third gene: . tiot " of oral shigella
vaccines. |nvestigations are coniiru’..g insearck of safer, more immunogenic vacc nes since
the first (streptomycin~-dependent) and second generation (mutant-hyb.id) vaccines ore not op-
timal immunizing agents,

Streptomycin-Dependent Vaccines
These shigella strains developed by Mel and his co!leagues have been administered to l
healthy adults?, 10 and children!! in Yug<>slcv‘o and adult volunteers' 2 and ins* tutionalized
children13 in the U.S.A. They su™~ the 'mwi-azk of np~rently reauiring me "tiple doses,
Although they proved to be highly e flcccwus in field trial: in e :damic areas of Yugoslc.\\uo9
they were only moderately cffi-a -ious in prison voiunieers -9, and 'n ¢ne small ¢~ tre'led study
among institutionalized childrer they gave no benefit, 14 1he s, f'e 12ri 2a vac-ine is highly
stable. In contrast, administration of one parnculas ‘yophilized io* 5f—':"_. sonnai vaccine was

i,

associated with recovery of sireptomy=in-ir-‘epe \dent vac ine revertc: = in 18% of vaccinees L
in-one field trial in the U.S.A. "2 The reverta'ts rem ined non-invasi-e and did not cause

adverse clinical reactions. A subseque it lot of 51 D S. sornei v ccine d d not revert in vivo,
In this same study evidence of person-to-person transmssion of SmD sh gella vaccines was
obtained. 13

Mutant-Hybrid Vaccines

These strains were developed by Formal and his co-workers by mating non-invasive shigella
colonial mutants with E. coli K-12. The resultant stable mutant-hybrid organisms were two steps
removed from virulence. The thrust for development of the mutant-hybrid strains was to create
o shigella vaccine that would be as safe and immunogenic as the SmD strains, but that would re-
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quire only one or two doses because of its potential to proliferate, Although the mutant=-
hybrid S, flexneri 2a vaccine was shown to be safe in volunteers' and institutiomlized
childre'r;m, it did not proliferate in the human gut and multiple doses were required. With
appearance of pandemic Shiga dysentery in Middle America in 1968-1970, research wos be-
gun to develop a mutant-hybrid Shiga vaccine. Because of focal conditions in the develop-
ing countries of Middle America, any vaccine necessitating more than one or two doses would
be impractical. Amongst the candidate vaccine strains that were developed, one strain,
482-2E-1, initially appeared to be an ideal immunizing agent, It emerged as the first
mutant-hybrid strain that clearly proliferated in vivo. 16 Most individuals excreted the strain
for 7 = 10 days after a single dose, and several excreted for more than 4 weeks. In tctal 135
men received strain 482-2E-1, In one individual, however  the mutant-hybrid completely
dissociated and reverted to a virulent state resulting in classic Shiga dysentery, '® The revert-
ant organisms were found to be invasive,

IV, RESULTS OF STUDIES OF THE PAST YEAR
A. E. E?.!.E Bearing S. flexneri Surface Antigens (E. &“-i. flexneri hybrids)]7

E. coli=S. flexneri 2a hybrids, reprecentirg the third generation of shigella vaccines,
have been tested as oral vaccines in volunfeers. They have lree: found to be safe and |mpcrf
1 degree of immunty which approximates that ‘ollowing re~overy from active infetions. An
advantage of the hybrid strain has been greater intestinal pro'iferaticn os measured by duration
of excretion. |t has been hoped that such o hybrid voccine woula be sa’er t:an attenuated
S. flexneri strains, with no likelihood of reversion to a virulunt form, cnd «ould rec vire fewer

ond lower doses to be effective.

In an earlier protocol, volunteers received 2 doses of & new vaccine strain, PGA 142-1-15
separated by one month. This strain is an E. co!i 0:8 into which S, f'exner’ 2a group ard typs
antigens were introduced by means of se|ec.|ve atirgs utilizing an FfrT shigello «s tha donor,
Each dose consisted of upproxnmctely 3x 100 organisms, and was giv. nir a zloss of mitl: 5 min-
utes following mgeshon of 2 gm NaHCC3, Cight weeks lat'r, 14 vaccin-es and 15 controls wers
challenged with approxima-ely 12, 000 virulent "chimp strain® S, fl- xaeri 20 o ganisms in 45 cc
milk. No significant diiferences were noted with regard to ccse ratcr | in"ection rates, or duration
of excretion of organisms,

There are several possible explanations for the lack of efficacy: 1) The veecine is inher=
ently ineffective; 2) it was given in insufficient dosage; 3) the chollenge dose vos e>cessive
and overwhelmed the protective effect of t..e vaccine. There is recson for brl'eving the latter
explanation. In previous studies at Jessup, a challenge dose of 50.:0 or more organ’sm- has re~
sulted in a case rate consistently around 60%, whereas 180 organisms cave an |, D.25.1'2 Dota
from community surveys are few, but in one such sfudy]8 there were 9.1 asymptomatic or con-
valescent carriers for each case. This would suggest that the natural infecting core might con~
stitute approximately an 1. D. 4.




Patients

To test this latter possibility, 58 healthy volunteers were given 3 doses of the vaccine
strain, PGA 142-1-15 at one week infervals, The dose given was 2,3 - 3.1 x 1010 organisms
in 45 ml of milk, 5 minutes after ingestion of 2 gm NaHCO3. Forty-eight men received all
3 doses, 8 received 2 doses and 2 received one dose. There were no adverse reactions,

All men submitting an adequate number of stool specimens excreted the vaccine organism
on multiple occasions, The duration of excretion of the organism following the first 2 doses
could not totally be assessed due to the one week interval between doses. However, the mini-
mum average duration after the first dose was 5.4 days, oft.r the second 4,9 days, and after’
the third 6.1 days. Thus, there was no disc.inible dii.iinution in excretion with successive doses.
There was no cnpprecnoble difference in recovery of the organism from stool specimens or from
rectal swabs, There were no adverse reactions to the vaccine.

The ability of the vaccine organism to be transmitted from pe-son-to~person was investi-
gated in a single blind fashion by plc -ing 6 vacrinees and 5 .men receiving placebo in the
hospital ward for 4 weeks. No transmission was detzcted durt.g *heir hospital stav, However,
3 days after discharge, one control had a single pusitive stoo! cult-rc. He shared a ce’l with
one of the vaccinees whose stool had last been positive 8 G ys before.

On May 22, 1974, four weeks after the last dc:e of va .ei- =, 47 vaczinees and 36 ¢~ 'rols
received a challenge dose of 138 orger” ms of the viru'ent 5. fler ieri 2a "ahi~r stro™a”, Of
the total vaccinees, 39 had received C vaccine dose:, and 7 had “~chived 2 doses. Thirty-five
men became ill wnth shigellosis, 20/43 i4.%) of vacc nces ~nd 5, Ch (4294 of confro'f. The
treatment regimen was given to alt-riat. " os~ital admissions 1s ~''ows: either ampiait’in i gm
p.o. stat or ampicillin 250 mg p.o. aid for 3 days. Seven ot 20 'T5°%) vaccine~s and 5 €15
(33%) controls suffered clinical relapses, Four of the re'cpses = Lcor trec’'~d with the stat
dose of ampicillin, ond 7 with the 3 dav r:gimen. One re‘apse was trrated with chloramphenicel
due to a history of peniciilin and tetracycline alle gy.

Bacteriology results are as yet incomp!“te, To date, 1 /20 (75°-) of il vcecinees cnd
12/15 (80%) of ill controls have had ~ne or more pos‘t've cults s. Or'y 1 23 of well vacr"ieas
and 0/22 well controls have had positive cultures. Contrary to the rece rery ra ~ of th~ vaccine
organisms, the virulent "chimp stroin" was recovered i:: 210 of stool specimens but erly 59 of
rc.ctal swabs, There was no difference in the recovery rates ariong vacc'nees or controls.

The analysis of serum specimens for serologic titers, liver function tests, and serum iron
has not been completed.

Other Studies

Earlier, two other flexneri vaccine candidate strains were safety tested in small groups of
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men, They were prepared in a fashion identical to that of the strain PGA 142~1-15 described
above. The results of testing is summarized below:

Shigella Approximate Number Number Average days
serotype dose of Men Positive Positive
3b 100 6 0 .
8
3b 10 5 3 5.0
3b 101 5 5 5.8
la 108 5 2 3.5

No adverse effects were noted in the volunteers. However, because of the lack of en-
couraging results obtained with challenge studies involving the S. flexneri 2a strain, no further
work with these other strains is contemplated c* present.

B. Lactulose

Previous observations on the pathophysiology of shigella infections in man cnd experim~ntal
animals were applied in the search gor a non-cnhhxo*nﬁ therapeutic agent for use in human shigel-
losis. The work of Hentges et al L and others? have clearly shown the aintagonism be~
tween normal colonic flora and shigella o~d salmonello enteropathogens. This ontagonism is ap~
parently mediated by the sfriking inhibitory effects of short chain organic acids (loctic, acetic,
formic) which arc end prodyc.s of disa~charide metabolism of normal colonic flora, and which
are de|e'fr|ous to shigella, 20, 28,29 1ie suppressive effect of these shert=chein acids is pH
dependentm +29; the lower ."13 pH, the greate: their toxicity. This suggests that it is the
undissociated molecules which are most active .21, 28,29

Earlier studies done at the University of Maryland (H,L. DuPont and R.B. Hornick, un-
published observations) have demonstrated an inverse relation between intestinal concentrations
of short chain fatty acids (acetic, butyr'c and propionic) and excretion of shigeila in the course
of human infection.

Lactulose (beta-1, 4-galactos do‘ruc‘ose%is a synthetic derivative of lactose containing
one molecule of galactose and one of fructose, It is markcted in Europe as a 50% W/W
syrup ("Duphalac", Philips-Duphar) and s widely used as a loxative, It has been yred in the
U.S.A. and elsewhere experimentally in the trectment of hepatic encephalopathy. 30 Lactulose
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is not absorbed by the human intestine, nor is it hydrolyzed by human intestinal enzymes.30; 31
Lactulose passes intact to the colon where normal saccharolytic flora (predomimantly lactobacil-
li ond Bacteroides) actively metabolize it.30 The end products of this bacterial metabolism

are short chain fatty acids which are lethal to shigzlla, Shigella, a non-lactose fermznter,

is unable to hydrolyze lactulose.

We first employed lactuicse therapeutically in an attempt to eradicate shigella infection N
in a long-term asymptomatic shigefla carrier in whom all previous antibiotic therapy had foiled.
Two 14 day courses of lactulose were administered three months opart. Lactulose had a striking
effect in decreasing excretion of shigella, However, in both instances excretion returned to
pre-treatment levels upon cessation of therapy 2 -

Lactulose was next employed in the therapy of acute shigella dysentery, Nine odult
male volunteers who developed acute shigellosis in the course of an efficacy test of a S, flex-
neri 2a vaccine candidate were randemlv atlocated oral ampicitlin (500 mg g6h), plcc‘:-ebs,_—or
or lactulose (35 ml géh) in double hlind foshion. In addition one volunteer, known to be oller-
gic to penicillin was given factulose in single blind fashion. Ampicillin, placebo and lactulose
were given in the same volumes and were prepared by a pharmacict to be similar in color, con-
sistency and taste, The severity of discase was similar in all three groups undergoing therapy.
Bacteriologic response was monitored by daily rectal swab cultures for 5 consecutive days,

As in previous experience ampicillin was highly « ffective and oll three men who received
this antibiotic had negative cultures by the 4th day after therapy was begun, In contrast all of
the men on placebo and all the men receiving lactulose were still excreting shigella. Tetracy~
cline therapy promptly arrested shigella excretion in these men. These data are tabulated in 1

Table 1.

These results suggest that lactulose may have a role in the therapy of shigello carriers,
However, there is no indication frr fu=ther trials with loctu'ose in treatment of acute dysentery,
The difference in the effects of lac-ulose in these two situations is prestmably due to the fact
thot shigella is probably confined ta the bowel lumen in the asymptomatic shigella carrier state
whereas in acute dysentery the organism is proliferating within the colonic mucosal cells and
lamina propria,

ey e




TABLE 1. F

Effects of Lactulose, Ampicillin and Placebo on Excretion of

Shigella flexneri 2a During Acute Dysentery

-~

Number of men with positive cultures

Days after commencement of therapy:

— et hm e e e e e e e e =

Treatment Number of
Group Men 0 3 4
Ampicillin 3 3 1 0
Lactulose 4 4 4 o
Placebo 3 3 3 3

Ampicillin vs. Placebo, p = .05*

Ampicillin vs, Lactulose, p = ,03*

Lactulose vs. Placebo, no significant difference*

*Fi:her's exact test




L

10.

11.

REFERENCES
Ross, S., Controni, G., Khan, W.: Resistance of Shigelloe to Ampicillin and Other
Antibiotics. J.AM.A. 221:45 1972,

Tilton, R.C., Corcaran, L. Newberg L., Sedgwick, A K.. Ampicillin-Resistant
Shigella sonrei. J.A.M.A.  222:487, 1972.

Lerman S.J., Waller, J.M., Simms D.H.: Resistance of Shigelloe to Ampicillin
and Cther Antibiotics: South Bronx, New York (1971 and 1972). J. Pediatr. 83:

500, 1973.

Mata, L.J., Gangarosa, E.J., Caceres, A, etcl: Epidemic Shiga bacillus Dysentery
in Central America. . Etiologic Investigations in Guatemala, 1969, J. Infect, Dis.
122:170, 1970,

Gangarosa, E.J., Perera, D.R., Mata, L.J., etcl: Epidemic Shiga bacillus Dysentery
in Central America. II. Epidemiologic Studies in 1969, J. Infect. Dis. 122:181,

1970.

Mendizabal-Morris, C.A., Mato, L.J. Gangarosa, E.J., et al: Epidemic Shiga bac-
illus Dysentery in Central America. Derivatior. of the Epidemic and Its Progres:z: »n i-
Guatemala, 1968-1969. Am. J. Trop. Med. and Hyg. 20:927 1971,

Reller, L.B., Navairo Rivos, E., Mnsferrer R. etal: Epidemic Shiga bacillus Dysentery
in Central America. Evolution of the Cutbreak in Ei Salvador. Am. Jj. Trop. Med.

and Hyg. 20:934, 1971,

Roheman, M.M., Hug, 1., Dey, C.R. cotal: Ampicillin-Resistant Shiga bacillus in
Bangladesh. Lancet 1:406, 1574,

Mel, D.M., Terzin A.L. and Vuksic, L.: Studies on “accination agoinst Bacillary
Dysentery. 11l. Effective Ora’ "uauniration against Shigella flexneri 20 ina Field

Trial,  Bull. WHO 32:647, 1965. -

Mel, D.M., Arsic, B.L., Nikelic, B.D., etal: Studies on Voccination ogainst Bacil-

’
lary Dysentery. IV. Oral Immunizaticn with Live Monotypic and Combined Vaccines.

Bull. WHO 39:375, 19¢8.

Mel, D.M., Gangarosa, E.J., Radovanovic, M.D., etal: Studies on Vaccination
against Dysentery. VI. Protection of Children with Oral Immunization Using Strepto-
mycin-Dependent Shigeila Streins. Bull. WHO 45:457 1971,

oA

RES,




PR

12,

13.

14,

15.

16.

17.

18.

19.

20,

21,

22,

23:

9=

DuPont, H.L., Hornick, R.B., Snyder, M.J., etal: Immunity in Shigellosis.
}l. Protection Induced by Cral Live Vaccine or Primary Infection. J. Infect. Dis.
125:12, 1972,

Levine, M.M.  DuPont, H.L., Gangarosa, E.J., et al: Shigellosis in Custodial
Institutions. 11. Clinical, Immunologic and Bacteriologic Response of Institutionalized
Children to Oral Attenuated Shigella Vaccines. Am. J. Epidemiol. 96:40, 1972,

Levine, M.M., Gangarosa, E.J. Werner, M. etal: Shigellosis in Custodial
Institutions. . Prospective Clinical and Bocteriologic Surveillonce of Children
Vaccinated with Oral Attenuated Shigella.Vaccines. J. Pediatr. 84:803, 1974.

Levine, M.M., Gangorosa, E.J. Barrow, W.B. etal: Shigellosis in Custodial
Institutions. V. In vivo Stability and Transmisscbility of Oral Attenuated Streptomycin=-
Dependent Shigella Vaccines, Manuscript submitted for publication.

Levine, M.M., DuPont, H.L., Formal S.B., etal: Pathogenesis of Shigella dysenteriae
1 (Shiga) Dysentery. J. infect. Dis. 127:261, 1973.

Formal, S.B., Gemski, P. Jr., Baron L. 6 etal: Genetic Transfer of Shigella flexneri
Antigens to Escherichia coli K-12, Infect. Immun. 3:279, 1970.

Watt, J. Hardy, A.V.: Studies of the Acute Diarrheal Diseases. XIIl. Cuttul
Surveys of Normal Population Groups, Public Health Reports 60:261, 1945,

Hentges, D.J., Freter, R.: In vivo and In vitro Antagonism of Intestinal Bacteria
against Shigella flexneri, 1. Correlation Between Various Tests. J. Infect, Dis.

110:30, 1987,

Hentges, D.J.: Inhibiiion of Shigella flexneri by the Normal Intestinal Flora.
il. Mechanisms of Inhibition of Coliform Organisms. J. Bacteriol, 97:513, 1969.

Hentges, D.J., Maier, B.R.: Inhibition of Shigella flexneri by the Normal Intestinal
Flora. Ill. Interactions with Bacteroides fragilis Strains [n vitro, Infect, Immun,

2:364, 1970,

Maier, B.R., Hentges, D.J.: Experimental Shigella Infections in Laboratory Animals.
I. Antagonism by Normal Flora Components in Ghotobiatri Mice. Infect. Immun.
6:168, 1972,

Maier, B.R., Onderdonk, A.B., Baskett, R.C., Hentges, D.J.: Shigella, Indigenous
Flora Interactions in Mice. /wm. J. Clin. Nutr. 25:1433, 1972,

T eyl




24,

25.

25.

27.

29.

30.

3.

32.

Halbert, S.P.: The Ant~gonism of Colifarm Bacterio aczinst Shig~llae. J. Immunol.
58:153, 1948.

Freter, R.: In vivo and In vitro Antagcnism of Intestinal Bacteria against Shigella
flexrari. 1. The Inhibitory Mechurism,  J. [nfect. Dis. 110:38, 1962,

Freter, R.: Experimental Enteric Thine!la and Vibrio Infections in Mice and Guineo
Pigs. J. Exp. Med. 104:411 1955,

Nokamura, M.: Altcration of Shigelia Pathogenicity by Other Bacterio. Am. J.
Clin. Nutr. 25:1441 1972,

Hentges, D.J.: Influence of pH on the Inhibitory Activity of Formic Acid and Acetic
Acids for Shigzlla. J. Bacteriol. 93:2029, 1967,

Baskett, R.C., Hentges, D.J.: Shigella flexneri Inhibition by Acetic Acid.
Infect. Immun, 8:91 1973.

Avery, G.S., Davies, E.F., Brogden, R.N.: Lactulose: A Review of Its Therapeutic
and Pharmacologic Properties with Particular Reference to Ammonia Metabolism and
lts Mode of Action in Fortal Systemic Encephalopathy. Drugs 4:7, 1977,

Kahlquist, A., Grybowski, J.: Inability of Human Small Intestinal Lactose to Hydrolyze
Lactulose. Biochem. et Biophys. Acta 110:635, 1965.

Levire, M.M., DuPont, H.L., Khodubandelou, M., Hornick, R.B.: Long-Term
Shigella Carrier State. New Engl. J. Med. 288:1169, 1973.




4 copies

12 copies

1 copy

DISTRIBUTION L!ST

HQDA (SGRD-SSI)
Washington, D. C. 20314

Defense Documentation Center (DDC)
ATTN: DDC-TCA

Comeron Station

Alexcndric, Virginia 22314

Commander

US Army Combat Development Command
Medical Service Agency

Lrooke Army Medical Center

Fort Som Hsuston Texas 78234

N apandiple st « =~ -
SR
e tms o fani.







