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7. ABSTRACT SUMMARY

This study will examine whether a single dose of 1 gram of
ciprofloxacin, or two doses of 1 graﬁ of ciprofloxacin given on two
consecutive days, are as effective as 500 #g of ciprofloxacin given in ten
12 hourly doses over five ﬁays‘in the treatment of shigellosis in adults,
The latter dose of ciprofloxacin has been shown more effective then
ampicillin in the treatment of adults with éhigeliosis in a study that we
have recently'completed here at the ICHDR B. Cxprofloxaczn. unlike
ampicillin, is active in~vitro agaxnst vxrtnally all Shigellsa isolates
tested here at ICDDR,B. Ve will enroll 40 patients eligible for analyvsis in
each treatment Broup - 120 eligible patients in all. Initial enrollment will
be appraxxmately 160 patients in order ta achieve the 120 patients who are
required for analysis. Patients eligible for study will be males 18 to 59
" years of age with iess than a 72 hour hig story of dysenteric illness, who
have not had prior, potentxaiiy effective therapy for their current illness,
and who give informed consent tg join the study. Treatment will bhe
randomized and double blinded. Patients will be hospitalized for six days.
Histories wili be taken, and physical examln&tzons and cultures of stool (or
rectal swabs) will be performed daiiv. Patients will be requested to return
for follow-up examination and culture of a rectal swab sample approxim&tely
10 days after discharge. Patients will be comsidered clinically cured if on
study day 5, the last treatment day, thev are afebrile, have no unformed
‘stools, and bave three 6: less soft or formed stools. Patients will be
considered bacteriologically cured if Shigella is not risolated from a stool

or rectal swab'cuiture on day three, or on any subsequent study days.
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SECTION 11 - RESEARCH PLAN
A. INTRODUCTION

1. Qbiective

&. The objective of this stady is to determine if a short course of

ciprofloxacin, either one dose of 1 gram, or tws doses of 1 gram on

censecutive days, is as effective as standard therapy of 10 doses of

500 mg given 12 hourly for five days, in the treatment of gdulit male

patients. with shigellosis,

b. To determi&e the selective antibody response tc A and B subunits of

Shiga toxin,

¢, To determine if sequential levels of Gwreactxve protelu and the zeta-

- sedimentation ration correlate with effectiveness of therapy as

determxned by clinical response,
2. Background

Sﬂigellesia remains a major cause of morbidity and mortality in
Bangladesh (Benmish). in our own Dhaka Treatment Centre it remains the
major identifiable infectious cause of death (anmex 1). Resistance to the
standard antimicrobial ageﬁts used in its treatment is now common (annex 2},
and has required us tg adopt nal1d1xlc acid as the drug of choice for the
empiric therapy of this infection (Salam, Bennish submitted for
publication). Resistance to nalidixic acid has now become common in certain
areasg .of Bangiaﬁesh and India (Bunshi, Panhorta) and such res1stance can be
- expected” to spread ta other areas of the couatry in the. future There
remains a negé ;herefore to 1dentify alternative antimicrsbial drugs, and
éntimicrobial:regim9nﬁ, for use in the trestment of this disease.

G1pr0flmta¢1n iz a member of a new generation of fluorinated quinolones

vwhich include {among the agents that have been marketed) enoxacin,



norfloxacin, ofloxacin, and pefloxacin (Ney). These agents, ]ike nalidixic
acid and oxolinic . acid, (members of the first generation of quinolones),
exert their anti-bacterial activity by inhibiting bacterial DNA gyrase,
which iz responsible for the coiling of DNA, and which in turn ig necessary
for thé integrity of the DNA {Hooper).

Ciprofioxacin and other members of the second g;nergtion of qqinolones
POSEess several advantages over the earlier quinolones, nalidixic acid and
oxolinic acid. Thesge -advantages include; _1}§ their broader spectrum of
activity - npot aniy are they activé against almast all aof the
Enterobacteriace&e, which nalidixic acid had only limited activity against,
but they also have activity agajnst Pseudomonas sp. and gram-positive cocci
(Sanders); 2). serum laevels after aral or intravenous‘administration. in
relation fo the minimum inhibitory concentration of the oréanism which they

‘are being used, are much higher than with the first generation quinolones
(Bersan)i 3)} the r#te of spontaneous mutation is much iower {Hooper), |

Ciprofloxacin is.perhaps the most widely studjed of the new generation
of guinoclones. A search of the medical literature through the end of 1986
identified 2,461 publications on this new agent. .Ciprofloxacin hag a number -
of advantages over ather'of the new‘qginolones - primary amoﬁg these is its

'gfeater potency against the gram-negative organisms for which these agents
are likely to be used most commonly. Ninety rercent of Shigeila are
inhibited by 20.907 micrograms (Sanders); mean péak serum concentrations
after a standa%d 500 mg dose have, in most studies, been in'the 1.5 to 3
microgram range, a cancenfratien 350 times greater than the MIC (Bergan).
Far comparison; nﬁrfloxacin is approximately 10 timesg less potent against
Shigells (Biaz;Encise. Reeves§ Goosens ), Ciprofloxacin shares with the

other second generation quinclones a relatively long serum half-life (Davis,
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Hoffkan). Most studies have shown that the half i1ife of ciprofloxacin is in
the raﬁge of 3 hours (Wise}. This has allowed for the relatively long
intervals between dosing - with dosing usually being done on an every 12-
hour, or an every 24-hour basis.

About half of an oral ciprofloxacin dose is excreted unchanged in the
urine (Bergan). This results in very high urine concentrations, and hence
the initial use of ciprofloxacin was in the treatment of wurinary tract
infections (Goldstein). Some of the the remaining 50% of an oral dose is
probably metabolized in the body to active and inactive metabolites that are
then excreted in the ﬁrine (Bergan). There is also the suggestion from some
studies that there is an active excretiom process into the gut, probably via
direct transport across the intestinal mucesa rather than through a biliary
pathway phus resulting in very high levels of active drug in.the lumen of
the large bowel (Segreti). This eccurs in spite of tﬁe fact that the
'majcrity (average from different studies is 70%) of an orally administered
dose is-ﬁbsorbed in the upper gastrointestimal tract (Bergan).

Ciprbfloxacin penetrates well into tissue {Wise). Concentrations in
blister fluid are almost always in excess of levels in the serum (Wise).
The same ik true for muscle and lymphoid tissue (Wise). More remarkably
ciprofloxacin peﬁatratés well intb tissges that most antibiotics have
difficulty penetrating into; levels in non—inflamed cerebrospingl fluid are
208 of vpeak serum levels after a 500 mg oral dose; levels in inflamed
meninges are 40% of peak serum levels (Wise, Wolff). Levels in bone, a
tissue where aéhievable levels with most antibiotics are afteﬁ sub-optimal,
are 20-30% éfﬁsergm levels with ciprofioxacin (Wise}.' This latter finding
has resulted iﬁ a revolution in the treatment of osteomyelitis, especially
chroﬁic'osteom?elitis. as thére are few oral agents that both are in-vive

active ageinst the majority of microbial pathogens that commonly cause



ostecmyelitis, and that are also reach adeguate levels in bone. Thus
previousiy most patients with osteamyelitis have required prolonged hospital
stays for the administration of expensive, and often relatively toxie,
parenteral antibiatics. The availability an the market of the new
quinolones, which can be given orally{ 2re active against the majority of
organisms causing Gsteomielitis. and reproducibly achieve high levels within
bone, has thus resulted in a marked change in the management of
csteomyelitis in those countries where ciprofloxacin is available,

" Concentrations of ciprofloxacin in stoo} after administration of 500 L
12 hourly for five days have been in the range of 100 to 50ﬁ ug/eg of stool
(Segreti)., These levels are over a thousand-fold in excess of the MIC's of
most enteric pathoge?s. Although these levels reapjt in the eradication of
most of the aerobie grémwnegative gut flora during the durétion af
treatwent, in pumerous studies this has not fesulted in the overgrowth of
either fungi -or Enterobacteriaceae resistant to ciprofloxacin {(Rozenbearg-
’&rska, Dekker, Brumfitt, Shah). This most likely is becapse ciprofloxacin
is not active against the gut anaerobic flara, ar agajinst the gut aerabic
stréptoéqcci; hoth of which.play a prominent rale in "eolonization
resistance” in the gut {(Young). Colonization resistance is a process that
has been elucidated by a Dutch team of microbiologists and oncologists,‘ﬁnd
refers to the effect that the gut anaerohic flﬁra and straptococei have in
limiting colonization by anaerobic bacteria (van der Waaij, Guiot), Prug
regimens that eliminate ﬁhis anaerobic flora Predispose to subsequent
colonization with an aerobic fiora that oftep is multi-resistant (Young).

Another tissye gite that ciprofloxacin penetrates well is white cells.

This ability to peneirate white cells vwell has proven aof benefit in the use




of ciprofloxacin for ﬁhe treatment of Salmonella infection, an infection in
which the bacterium is often located within white cells (Bryan).

One last advantage of ciprofioxacin is that it can also be administered
intravenocusly (Drusanc). Thus in patients who are severely ill and unable
to take oral medications, the dreg can be administered parenterally,

Adverse reactions to ciprofloxacin serious enough to warrant stopping
the drug are éﬁtremely rare (Arcieri). The most common mild adverse
reactions to ciproflgxécin involve the gastrointestinal tract and the
central nervous system. Gastrointestingl adverse effects include nausea,
vomiting and diarches. Central nervous svstem side effects include
dizziness, headaches, tremors and restlessness. In many of the patients
Wwith reported side effects it was often dlffxvuit to dlscern whether
c1prcfloxacxn was the drug responsible for the side etfect as many patients
‘were alsgo on concurrent medxclne, such as theophviline (Arcxerz) All
quinolones, including ciprofloxacin, can at very high doses cause
arthropathy in imaatuge animals of a number of different species (Ingham).
This effect was first . identified with the administration of nalidixic acid
to beagle pups, and since has been found to occur witﬁ the newer 'quinolones
(Ingham). The implications of this for man are unclear, as thié
complication has not beeﬁ found to occur in man, even when nalidixic acid
has been given to children (Schaad}.

Ciprofloxa;in ls a relatively inexpensive drug, especially when
compéred_to other groups of drugs which have such broad spectrum activity,
the third aenergtion cephalosporins. The price of ten 500 mg ciprofloxacin
tablets (a standard five day course) in the United Kingdon is 7 pounds 50
pence (package insert that accempanle% the drug). This is remarkably
1nexpeusive forta drug that has been recently licensed and is still on

patent, and is less than 10% of the cost of a five day course of a third
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generation cephalosporin such as ceftriaxone or moxalactam. If one were to
include the cost of administration of a third generation cephalosporin,
which must be given parenterally, the cost differential would be even
greater (Barriere, Quintiliani).

Ciproflexacin is licensed for use in the United States, the United
Kingdom, West Germany, and most other developed countries. The maﬁor
clinical uses of ciprofloxacin, Sume of which have been éammented on above,
include treatment of bone and joint infectiong. urinary tract infections,
sexually transéitted . diseases, bacteriai diafrhea, and lower respiratory
tract infection. In bone and joint infections, wrinary tract. infections,
sexually transmitted diseases and bacterial diarrheas ciprofloxacin is
likely to be active against almost all of the commoh, as well as the
_ uncomﬁon,‘nicrnbial pathogens at these sites. There are unlikely to be
_other oral agents with such 2 broad antibacterial spectrum, and with such a
wide therapeutic mafgtn. The case cf lower respif&tory tract infections is
somevhat différent, as there are other agents with a more narrow spectrum
that are likely to be)effective against most of the common pathggens. The
use of ciprofioxacin for lower respiratory tract infections is thus likely
to be restricted to patients who are infected ﬁith crganisns for which
ciprofloxacin is especially effective, such as cystic fibrosis patients, who
are often infected with a variety‘of Pseudomonas sp. and methicillin
resistant Staphjaureus (Hodsan},

Our recentiy' completed study of ciprofloxacin for the treatment of

* .

shigellosis is the largest study of the use of one of the newer quinolgnes
for the treatment of shigellosis (Bennish, Salam unpublished data). In this
study, which has not yet been published, we found that 57 (97%) of 59

patients who completed five days of therapy with ciprofloxscin had either



complete resolution or marked.imprcvement in their illness compared to 22
(88%) of 25 patients treated with ampicillin who were infected with.a strain
of.Shigella sensitive to ampicillin (N§), and only 15 (43%) of 35 patients
who were infected with a Shigella strain resistant to ampicillin and who
were initially treated with ampicillin (P <0.001, ampicillin resistant group
vs. ciprofloxacin or ampicillin sensitive group). Patients treated with
ciprofloxacin had Shigella eradicated from there stool significantly faster;
at the end of day one of therapy only 2 (3%) of 62 ciprofloxacin treated
patients were still excreting Shigella cgmgared to 5 (19%) of 26 patients
trgated with ampiciilgn wha were infected with an ampicillin sensitive
strain (P = 0.003) and 16 (43%) of 37 patients receiving ampicillim who were
infected with an ampicillin resistant strain (P <0.0Q1). Two earlier
syaller s;udies, conducted in Central Africa, compared .norfloxacin and
‘oxolinic aecid to the older quinoclone nalidixic acid for the treatwment of
shigellosis (Rogerie; De Mol). Both of those studies found results similar
to ours;\the new quinolone achieved a rapid bacteriologic and clinical
response. ‘Other, large scale Qkudies of the ciprofloxacin for the treatment
of diarrhea'havé been conducted in travelers (Ericsson). !
Increased compliance and decreased cost are the major reasons for
attempting to determine Qhether a sﬁort course of therapy is effective in
fhe treatment of shigellosis. Although problems of compliance are common in
developed countries, the proﬁlem is even more acute in less developed
countries, where?there is, for many'reasbns, a tendency for practitioners to
prescribe ¢r seil less than the standard course therapy (Hossain). The
problem of cost ;; glso more acute in less developed couﬂfries ~ a course of
tﬁérapy thap cogﬁs even $2 (let algne 7 pounds 50 pence) is a considerable
expense fﬁr-nosé families in ﬁhis country, and is actually prohibitively

expensive for many of the poorest families. Reducing the amount of



medication required by 80, or 60%, woulsd represent a considerable and
important saving to many persons.

Pinding effective treatment regimens for shigellosis that can be easily
complied vwith is a msjor public health concern in Bangladesh. In many areas
of Bangladesh dysentery due tg shigeliosis is one of the majcf, (if not the
major} cause of childhood mortality (Ronsmans, Bennish submitted for
publicagﬁon). Current-treatmeﬁt regimens depend on‘co-trimoxazole,
ampicillin, or nalidixic acid. Resistance to all three of these agents,
including nalidixic acid, is becoming more édmmdn, and with our finding that
ciprofloxacin is effective in the treatment of this infection it is lxkely

that it will become one (if not the) drug of choice for shigellosis in the
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smaller studies, conducted in Central Africa, compared norfloxacin and

‘oxolinic aeid to the older quinolone nalidixic acid for the treatment of

shigellosis (Rogerie; De Mol). Both of those studies found results similar

to ours; éhe new quinolone achieved a rapid bacteriologic and clinical
response, 'Other. large scale éiudies-nf the ciprafloxacin for the treatment
of diarrhea'havé been conducted in travelers (Ericsson). )
Increased compliance and decreased o8t are the major reasons for
attempting to determine whether a short course of therapy is effective in
the treatment of shigellosis. Although problems of compliance are common in
developed countries, the proﬁlem is even more acute in less'developed
countries, where there is, for many reasons, a tendency for practltioners to
prescribe or sell less than the standard course therapy (Hossain). The
problem of cost is also more acute in less developed cnuﬂtries - a course of
tﬁerapy that coiis even $2 (let alpne 7 pounds 50 pence) is a considerable
expense fﬁr mos% families in this country, and is actually prohibitively

expensive for many of the poorest families. Reducing the amount of
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iwve adequate levels.of drug in the gut lumen, and it is uniikely that
either of the two drugs, which were given parenterally, achieved luminal
levels that were in excess of the MIC of the Shigelia that were being
treated.

The other three studies of short course therapy have all examined the
usefulness of tetracycline (Stoker, Lionel, Pickering). The first of these
studies was conducted in the early 1960's in Cyprus and compared am oral
mixture of streptomycin and sulphadimidine with a single dose of 2.5 g of
tetracycline {Stoker). The authors found that the bacteriologic cure rate
was 82% in 33 patieﬁts who received the streptomycin-sulphadimidine
combination, compared to 90% in patients who received tetracycline,
Although this study and its methods are somevwhat dated by now {(the short
rcoursé therapy is referred to as "stosstherapy", after a’practice of giving
"2 single massive dose of vitamin D to patients with ricketé. the method by
which it worked was referred to as "therapia sterilisans magna”, the price
of the 550 mg of te;racycline was considered gquite expensive at 12
shillings, and patients were hospitalized for an average of 13 days in the
strep - sulpha group comparéd to "only" 9 days in the tetracycline group),
the conclusion, that a short course of therapy was as effective as a longer
course of therapy in achiéving bacteriologic cure, seems relatively solid.

The second study of short course tetracycline therapy was conducted in
Sri Lanka and compared a single 2.5 g dose with a five dav course of 250 mg
qg 6 h, There_were 39 patients in each group, and the clinical and
bacteriologic response in the two groups was similar, Tﬁe thiéd study was
an apen study of 2.5 g of tétracycline in 26 symptomatic and 16 asymptomatic
Shigella infactéd American studentg attending a summer university course in
Mexico (éickerihg). In this nben study patients infected with strains of

Shigella that were resistant to tetracycline had clinical and bacteriologic
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responsesrthat were similar teo patients that were infected with sensitive
strains. Given the lack of a control group, it is difficult to asses the
overall impact of therapy.

There is reason to think that ciprofloxacin will be even more effective
than either ampicillin or tetraéycline when given for a short course. In
our recently completed study we found that after 2 doses of 500 gm
ciprofloxacin 60 (97%) of patiénts had Shigella eradicated from their
stools, compared to 21 (81%) of 26 patients who had received 4 doses of 500
mg ampicillin aﬁd werg infected with a sffain‘of Shigella that was sensitive
to ampicillin. Only 21 (57%) of 37 patients receiving ampicillin who were
infected with a Shigeilla strain resistant to ampicillin had Shigella
eradicated from their stool after the first day of therapy (P < 0.001) when
. compared fo ciprofloxacin).

The most likely explanation for this rapid response to c}profloxacin is
the fact.that the drug achieves such high serum levels in relationm to the
MIC of the ofganisn. Over 90% of the Shigella strains isolated from
patients in our previous study were inhibited by 0.015 microgramsﬂuf less of
ciproflozacin, Mean peak serum levels in patients from our previous study
were 1.44 micrograms, or approximately 106 times the MIC of 90% of the
isolates. Even mean trough levels, taken 11.5 hours after a ciprofloxacin
dose, were 0.64 micrograms, approximately 40 times the MIC. After a % gram
doge of ciprof;dxacin mean peak serum levels should be in the range of 5
microgréms; given the 3 hour half life of the drug, after a single 1 g dose
serum levels should remain above the MIC of 90% of the organisms for at
least 8 half-lifes, or 24 hours. Such peak drug levels are sti;l well
within thé the?apeutic, and non-toxic range. Brug levels in the stool,

given that 30% of the drug is not absorbed and a portion of that which is
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absorbed is excreted intc the gut lumen, should even be higher, These
pharmacologic considerations, when taken as a .whole, and combined with our
experience in our recently completed study of ciprofloxacin in the treatment
of shigellosis, provide very ﬂfrong evidence for thinking that a short
course.of therapy is likely to be effective.

Shig&.toxin is a protein that is produced in large quantities by
Shigeila dysenteriae type 1 and by certain serotypes of Escherichia coli,
and in smaller amounts by a variety of ofher enteric pathogens, including
all Shigella species (Keusch 1972a, Catngy}f,lt has a variety of effects in
different animal modéls, gnciuding the limb paralysis and death after
injection intq susceptible animals, (hence its description as a neurotoxinm),
the induction of fluid secretion when infected in rabbzt ileal loops
(entertoxicity} and when applied to a variety of different continuous cell
lines in c¢ulture, the death of the cells (cytote;icity) {Keusch 1972b,

‘Keusch 1975). These bhidlogic properties had all been described prior to the
purificaiiou of the toxin, hence Shiga toxin was variously known as Shigella
neurotoxin, cytotoxin, and enterotoxin. With the subsequent purification
and characterization of the toxin it is now known that all of these
different biologic activities are due to the same protein, which is composed
of a single, large A éhain and ﬁultiple B chains which associate non-
covalently to form the holo~toxin. The molecular weight of the holo-toxin
is approximately 64,000, comprising an A-subunit of 32,000 molecular
weight, and 5 B subunits of approximately 6,000 mo;ecular weight. The A
chain is known  to iphibit protein synthesis in vitro by cétalytically
inactivating the eukaryotié 605 ribosomal subunit, and it is thought that
the B sﬁhunit_is responsible fgr binding fo a glycoprotein receptor
(Donohuelkulfef. In this r@s#ect (a larger A subunit responsible for the“

action of the toxin, and a sealler B subunit which binds the toxin to a
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receptor) Shiga toxin resembles a number of other biologic toxins, such as
chelera toxin.

Infection with §. dysenteriae type 1 is Kknown to reproducibly produce
an antitoxin response in man (Keusch 1976). Small scale studies of patierts
infected with Shigella fﬁexne}i and Shigella sonnei have shown that
infection with these serotypes of Shigella also results in an antitoxin
response. Despite the evidence of an immune response to tﬁe toxin, the role
that toxin actually plays in man temains incompletely defined. The recent
discovery that E. coli 0157:H7 produceszlérge amounts of Shiga toxin ip~
vitro, and that infeétion with this organism, as with S. dysenteriae type 1,
is aasociated. with a relatively rare complication, the hemolytic-ureaic
syndrome, provides strong presumptive evidence that Shigé toxin is involved

. in the pafhogenesis of this complication (Karmali, Anonvmous, Lancet
editnriai).

The recent isclation, purification and amino acid sequencing of the two
subunits of Shiga toxin make it possible for us to distinguish antibody
response in man to each of the two subunits (Seidah). If, as is .likely, it
is found that Shiga toxin does play a role in the pathogenesis of HUS or
other complications of §. dysenteriae type 1 infection, it will be important
when developing vaccines to know the response to each of the two subunits.
Having a defined group of patients with known Shigells infection under our
care from early in their illness until at least day 17 of i;lness will allow
us to d§ Fhis.: Determining the outcome of therapy in patienfs with
dysentery is soﬁewhat less straight forward than is the case for watery
diarrhea, where the volume of stool output becomes the critica; determinant:
The clinfcal Features of dysehtef& are varied, and some symptoms might

persist even when others have resolved. Our experience from our previous
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studies of dysentery is that thie is the case. When patients were treatad
with effective therapy, fever was the first of the symptoms to resolve,
while evidence of colitis, such as WBC's an microscopic examination of
stoel, persisted. It might be of use to have altermative measures of the
effectiveness of therapy, especially of the persistence of an inflammatory
colitis, and C-reactive protein (CRP} and the zeta-sedimentation ratiq are
two safe, imexpensive and easily performed measures of the intensity of
infiammation. CRP is made in the liver in respomse to an inflammatory
stimulus (Bennish, 1984a). It has been used to detect disease, as well as
to monitor prugressiag of disease, The erythrocvte sedimentation rate (ESK)

has served a similar function {Sox}. The gzeta sedimentation ratio {Z5R) is
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response in man to each of the two subunits (Seidah). If, as is Jdikely, it
is found that Shiga toxin dees play a role in the pathogenesis of HUS or
other complications of §. dysenteriae type 1 infection, it will be important
when developing vaccines to know the response to each of the two subunits.
Having a defined group of patients with known Shigella infection under our
care from early in their illness until at least day 17 of i;lnass will allow
us to dé §his.; Determining the outcome of therapy in patienfs with
dysentery is soéewhat less straight forward than is the case for watery
diarrhea, wliere the volume of stool output becomes the critica; determinant.
The c¢linical fehtares of dysaﬁte£§ are varied, and some symptoms might

persist even when others have resolved. Our experience from our previous




Resistance to naiidixic acid has now appeared in parts of Bangladesh, and in
the future resistance is likely to spread. Ciprofloxacin is a second
generation quinolone which is very active in vitro against-Shigelia.
Clinical and laboratory experience to date has shown that development of
;ésistance among Enterobacteriaceae to this drug occurs much less cosmonly
than in the case of nalidixic acid and the ear]ier generation of quinolones.
In a recently completed study of we have shown that ciprofloxacin is as, or
more effective, than ampicillin, im treating Shigella infection when both
were given for a standard five day course, Clinical, and pharmacologic
results from that, and other studies, provide strong evidence for bhelieving
that a shorter course of therapy would be equally as effective in the
treatment of shigellosis. A shortened couvrse of therapy would have the
advantage of increased patient compliance and decreased cosi. important
'considerat;ons when dealing with a public health problem oflthis magnitude,
B.  SPECIFIC AIMS |

The épecific aims‘of this study are:

1. To determine whether a single 1 gram dose, or two doses of 1 gram on

consecutive days, are as effective in treating adults with shigellosis

as a standard course of 500 ag 12 hourly for five days.

2. To determine the pharmacokinetics of ciprofloxacin in patients

with shigellosis; specifically to determine the serum half-life of the

drug in patients with shigellosis, to determiné peak and trough levels

after both a 500 mg and 1 g dose, and to determine the level and

duration of enteric excretion in patients who receive a short course of

therapy.

3. To determine if the ZSR and CRP are useful alternative measures of
the éffectivenesg of therapy, partiéularly the resclution of the

inflammatory colitis that may persist after bacterial cure is achieved.
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METHODS OF PROCEDURE

Patient Selection.
a. Entry criteria

Patients eligible for the study will be males 18 through 59 years of
age who come as cutpatients to our Dhaka Treatment Centre with a
history of bloody dysentery of less than 72 hours duration, and who
have more than 20 white blood cell per high power field on microscopic
examination cf the stool. Patients will be selected in a "convenience"
manner; that i; we will attempt on a space available basis to enroil
all patients who meet the entry criteria, but we will not necessarily
offer enrollment to all patients coming the the Treatment Centre during
this time who meet the eligibility requirements. Signed informed
consent will be requested from all patients prior to their entrv into
the.study.
bi Reasons for exclusion from study

Patients who would otherwise be eligible for inclusion in the

study will be excluded if they; 1. Have taken for their current
illness an antimicrobial agent that is potentially effective against
Shigella. In actual practiée this will mean that patients.who have
taken co-trimoxazele, ampicillinm, or nalidixic acid prior to coming to
the Treatmént Centre will bé excluded from the study, while patients
who have takem tetracycline, furazolidone, or metronidazole will be
eligible for tﬁe study; ii. Patients who have evidenée of infection
in addition to their gastrointestinal infection will be excluded;
iii. Any knpown allergy to the study drug, ciprofloxacin, or to other

quinolones.
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2. Treatment Kegimen

Patients will be randomized in egual numbers to receive either 1 g
ciprofloxacin as a single dose, 1 g ciprofloxacin on twa consecutive
days at a 24 h interval, or 500 mg ciprofloxacin 12 hourly for 10 total
_doses for five consecutive days.
3. Randomization

Patients will be assigned consecutive study numbers upon enrollment
into the study, and will be given thefépy with a regimen that has been
pre-assigned to that study npumber. Assignment of therapy will be done
prior to the initiation of the study using a random number table and a
block randomization method. Medication will be prepared in capsule
form, and packaged in blister packs. The drugs for all four t{reatment
regimens will be prepared in identical appearing blister packs;
patients receiving short course therapy ﬁill have én inactive capsule
in place of drgg for those doses far which no active drug is to be
given. Th&rab? will therefore be double blinded.
4. Clinical Evaluation and Laboratory Studies

Patients will be hospitalized in the adult study ward of the Dhaka
Treatment Centre for six days, and will be requested to return for
follow-up 10 days after discharge.

The foliowing will be“ the schedule for <¢limical and laborator?
evaluations:
&. Complete history and physical examination.
b Stoel micrescopic examination.
e. Culture of stool to identify Shigella sp., Salmopella sp., Vibrio

sp., Gampyvlobacter jejuni, Plesiomonas shigelloides and Aeramonas

_ﬁydrophiiia.
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i, Culture of rectal swadb sample to identif~ Shigella sp.

o, Complete blood count and differential count (0.5 mi whole blood).

f. Serum electrolytes, creatinine, SGPT, total bilirubin, C-reactive
protein (2.5 ml whole bluod?, ZSR (0.1 m} whole blood}.

g. Blood cﬁlture (3.0 ml whole blood).

h. Measurement of antibody response to the A and B sub-units of Shiga
toxin (2 ml of whole blondl.

i, Urinalvsis

Day 1.

a. History and phvsical examination.

b. Vital signs evervy 4 hours.

c. Enumeration and characterization of each stool.
Definitions ~ Stools will be characterized as either watery (can be
poured)}; . soft (takes the ghave of the container in which it is placed)

g and formed (retains it's own shape). Each stool will aiso be
characterized as having gross blooed and mucous according to the
following scale; gross {majoritv of stool}. moderate {eéuai amounts
of fecal material) and trace {streaks of blood and or mucous}.

d. Determination of peak drug level ninety minutes aftev the first dose of
medication {2 ml of whole blood).

“, Rectal swab and stool culture for Shigella.

Day 2.

a. Historv and physical examination.

h. Vital signs every four hours.

C. Drug levels just prior to, and 90 minutes, 4 hours and 11.5 hours after

8 am dose of antibiotics (8.0 ml of whole blood required).



d, Enumeration and characterization of stools.

e, Rectal swab and staol culture for Shigella. ,

. Stool sample for determination of drug level. (lst sample after 8:30 a.m.)
g. CPR and ZSR determination (0.5 ml whole blood).

Day 3.

a. History and physical examination

b. Vital signs every four hours

¢.  Enumeration and characterization of stools.

d. Rectal swab and stool culture for Shigella.

e. Microscopic e#amination of stool.

f. Stool sample for determinants of drug level. (st sample after 8:30 a.m. )

a. History and physical examination.

b. Vital signs every four hours,

[

C. Culture of rectal swab and stcol samples for Shigelia.

d. Enumeration and characterization of stools.

e. Stool sample for determination of drug level.(lst sample after 8:30 a.m,)
Day 5.

a, History and physical examination.

b. Vital signe every four hours.

c. Culture of rectal swab and stool samples for Shigella.

d. Enumer;tion and characterization of stools,

e. | Determination of trough ciprofloxacin 30 minutes prior to last dose (2
ml whole blood),

f. Determination of antibody response to A and B sub-units of Shiga toxin

{2.0 m! of whole blood required).

g. Measurement of ChP and ZSR (0.5 ml of whole blood).
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Day 6.

a. History and éh?sical examination,

b, Vital signs every four hours.

c. Enumeration and characterization of stools.

d. Culture of rectal swab and stool sample for Shigella.

e. Discharge at the end of the study day.

f. Stool sample for determination of drug level (lst sample after 8:30 a.m.)
10 Post Discharge Visit .

a. Culture of rectal swab for Shigzells.

b. Determination of antibedy response to A and B syb-units of Shiga

toxin (2.5 ml of whole blood required).

C. Measurement of CRP and Z5R (0.5 ml whole blood).

A summary of the information that will be obtained during the

study is provided in the form for computer entry of the data, a copy of

which is attached (Apnex 3).

5. Sample size determination

%

We require a sample size of 40 evaluable patients in each treatment

group in order to test with a power of 80% and and with a significance

level (alpha) of 0.05 that there is no more than a 30% difference in

cﬁre\rates between the group receiving the standard five day course of

therapy (where based-on our previous studv we expect the rate of

clinical cure to be 95%) and the two groups receiving the shorter

courses of therapy. We estimate that we will have to initially enroll

approximately 160 patients in order to achieve the number of patients we

require for analvysis. This -allows for patients who do not have

Shigella isolated from a culture of their admission rectal swab or stool
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sample, as well as patients who withdraw from the study prior to its
completion and who will therefore not be considered in the main

analysis.

6. Qutcomes evaluated

We will evaluvate bhoth the c¢linical and bacteriologic résponse to
therapy. Clinical response be be judged on the basis of the patients
last day of hospitalization, and will be graded as follows:
Resolution of illness: 1. No watery stools.
! 2. £ 3 stools in total for the 24 h period.

3. Afebrile (<37.89C)

Marked improvement: 1. Up to 1 watery stool.

2. ( 6 stools in total for the 24 h period.

3. Afebrile (<37.89C)

‘ﬁiight improvement: 1. Up to 3 watery stools.
- 2. £ 9 stools in total for the 24 h period.
3. Afebrile (<37.8°C)
Failure: Preseéce of any of the following:
1. > 3 watery stools.
2., > 10 stools in total for the 24 h period.
3. Febrile - (£37.8°C)

A patient will be considered bacteriologically cured if Shigella
cannot be isolated from a day 3 stool or rectal swab sample, and cannot
be isolated from any subsequent stool or rectal swab sample.

We will also compare a number of other clinical cutcomes, inciuding

stool frequency on each of the six study days, the presence of physicai
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S1gns or symptoms such as abdominal pain or tenderness, and the number
of WBC's on stool micruscnpic examination.

Only patxents who complete ajl1 five days of therapy wxl] be
eligible to be included in the main analysis.
7. Handling of treatment failures

If at the end of treatment a patient ig Judaed to be a treatment
failure (by either cllnzcal or bactericlogic crlteria) they will receive
a full five day course of ciprofloxacin, 508 mg 9 12 hours for 10 doses.
8. Statistical methods )

Differences between means will be tested using a ope-way analysis

of variance. Multiple comparisons of 1nd1vzdual sroup means will be
doene using the multiple t-test, and will be carried out only if the
overall F test is significant. For data that is not.normally
distributed, data wiil first‘ be normalized by determining the normal
log. Proportions will be tested using the chi-square test for m by 2
tablés with partitioning of the degrees Qf freedem, and testing of.
multiple groups will be carried out énly if the everal} chi-gquare
result is significant. If the expected cell size is less than five in
any of the proportiong being compared, Fisher's exact test will be used
instead of the chi-square test. Statpac software (Walonick Assaci;tes,
Miqneabolis, Minnesota) will be used fof the entry and sorting of data,
and for statistical analysis.
9. Laboratory methods

Stool and rectal swab samples will be cultured by the routine‘
methods now in use in our laboratorijes. Determination of drug levels
will be done by a bio-assay in the laboratory of Dr. Michael Barza, of
the Tufts University'School of Medicine. Antibodies to Shiga toxin

will done by an ELISA method using purified A (or ‘B) sub-unit as the
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capture antibody. In a2 selected number of these samples the LLISA

method will be compared with a cvtotoxicity neutralization assay.

10. Blood drawing

For this study we will withdraw a total of 26.6 ml of whole blood
over a 16 day period in a total of 5 venipunctures and 8 blood draws
{the multiple drug determinations on day 2 will be-done throﬁgh an
indwelling venous catheter, which reduces the need for separate

venipunctures for three of the blood draws).

11. Reimbursement of lost wages.

We believe that most patients, provided adequate therapy, will be
able to return to work after their second day of ‘treatment. Therefore
patients will lose on average 5 days of work (4 days in hospital and 1
day for the follow-up wvisit). We will provide 150 taka/per day
renumeration for the work days lost, as weli as 150 taka transport costs

for the return visit.

SIGNIFICANCE

If it is found that a short course ciprafloxaciﬁ therapy is as effective
as standard five day, 10 dose therapy, then treatment can be greatly
simplified, cost reduced, and presumébly compliance increased.
Determination of whether or not the anti-toxin anfibody response is
primarily directed against the A aor B sub-unit of toxin will provide
important information about the relative importance of the two different
sub-units in initiating immunity to toxin, information that will be of
use in developing a Shjgej;a vaccine if it is found that toxin plavs
eifher an important rolé in pathogenesis (likelv, at least in the case

of HUS} or induces protective immunitv. If the ZSR or the CRP appear
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to correlate well with othey signs ang symploms of disease, or with
other laboratory measures of the intereity of eafitis, suchk as L8R and
CRP, then they might be useful, sigple measnres for fellowing the

pregress of disease,

COLLABORATIVE‘ARRANGEMENTS
The determination of the drug levels in serulm and stool will be done in
the laboratorv of Dr. Michael Barza, Frofessor of Medicine, New Engl and

Medical Center, Tufts University Sehonl of Hedicine.
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ABSTRACT SBUMMARY
Patients enrolled in the study will be adults with clinical evidence of
dysentery, and we will enroll only patients who are capable of giving
voluntary informed consent, Children will not be enrolled in this

study.

Our hypothesis is that short course therapy is as effective as standard
five dav therapy in the treatment of this infection. [t is possible
th?t short course therapy is less effective, and that patients receiving
the shorter duration of therapv will have symptoms of dvsentery for a
ipngey period than patients who receive a 5 day course. Given the
previgus success of short course therapy with drugs that are less pofent
;han giprofloxacin* we think the latter possibility (that patients

receiving a short course of therapvy will have symptoms for a longer

duration) unlikely.

Any patient who is judged to have failed treatment at the end of the
five study davs will be treated with a full five day course of
medication. Thus, if regquired, all patients will receive known,

effective therapy.

All data will be recorded and computerized using an ancnymous study

number.

Signed informed consent will be cbtained from all patients prior to

their entry into the study.
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A medical history will be taken on admission to the study and daily.
The interview will be done at the bedside, and will include only
information that is routinely_obtained as part of a medical history.
The initial interview will last 15 te 20 minutes, and subsequent

interviews approximately 10 minutes,

Patients will bengfit because they will receive attentive care for their
shigellosis. The major benefit however will accrue to society, If
short course therapy is found effective, then this will ha;e major
public heaith implications for the treatment of dysentery in this

country,.

This study requires the use of Treatment Centre records, as well as the -

use of blood and stool samples.
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Short course ciprofloxacin study

SECTION IIT - DETAILED BUDGET

A. Personnel: | % Perjod Amount($) Total ($)
DPr. M. Bennish Pr.Investigator
Dr. M.A. Salam " 20% (2-vr) 5,612
To be named Medical Officer 100% " 16,800
" * Data Entry Tech 100% " 10,800
" " Laboratory Tech 100% " 19,218 52,430
B. Lab, test costs
Test No. of test Rate/test
la.stool M/E 120 x 3 1.65 594
1b.stool M/E 40 x 1 1.65 66
2a.blood for Hetd, 120 1 6.93 832
T/C,B/C,retic,
platelet, rbe
morphology
2b.Do 40 1 65.93 - 278
2c.Do 30 1 £.93 208
3a.serum bhilir.SGPT 120 x 1 6.6 792
3b.Do : 40 x 1 6.A 284
3c.Do 30 1 6.6 198
4a,serum electrolyte, 120 x 1 7.0 840
total protein,
creatinine
4b.Po 40 1 7.0 280
4c.Do 30 1 7.0 210
5a.blood culture 120 ‘1 8.0 960
5b.Do 40 x 1 8.0 320
S5c.Do 10 1 8.0 80
ba.stool ¢/s for Shigella 120 x i Y. 47 1,737
and Campylobacter
6b. Do 40 1 14,47 579
6e/Do 30 1 14,47 435
7a.rectal swab & stool - 120 x 16 5.07 8,735
culture for Shigella,
and Salmonella
7b.Do 40 x 6 5.07 1,217
8a.determination of MIC 120 2 B.67 2,081
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¥.

9, Antibiotic sensitiviby 124 x 2

10. Culture and complete Zh
biochemical iden.of
non-cholera Vibrio

11a.urine analvysis 120 x 1

11b. Do 40 x 1

11¢. Do . N x

12a.blood for C-reactive 120 x 3
protein

12, " . " " 40 x 1

Patient hospitalization -

4,58

7.63

4,40
4. 40
4,40
2.00

2.00

1a.6 days/patient for 120 patients @ 30 US$/day

{(with the provision for 10% incregent)

1b.3 days/patient for 40 culture negative cases

. Reimbursement of wage loss

Por 120 study patients @ 3 $/day for 5 days/patient

. Follow-up transport for 120 patients

Supplies and mategial

1a. Study drugs (To be supplied free of cost)

tb. needles, syringes, vials for
sample collection, tape etc.
“i¢. non~stock supplies.

. ICDDR,B Transport
. Transportation of things

. Printing & reproduction

. Telex, mimecgraph

. Capital expepditure

ta. table top digital balance one
1b. Yile storage facility (cabinet)
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1,100

191

528
- 176
132
720

80

2,000
2,800

Grand Total :

24,633

25,200

3,000

600

4,000

500
1,500
1,000
1,000
1,500
200

118,080



10.
11.
12.

13.

Bodget Summary

Personnel services:

Supplies and materials
Equipment

Patient hospitalization
Qutpatient care

ICDDR,B transport

Travel & . transportation of persons
TransportationAof things

Rent, Communication & utilities
Information service

Printing and reproduction
Other contractual services

Canstruction, renovation and alteration

Total cost exclusive of support cost :
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Amount (USS$)
52,400
33,180

1,700
28,800

500

1,500

1,000

118,080



H.  ENGLISH CONSENT FORM

’

You are suffering from blood dysentery which is probably due to
infection with a germ named Shigella. The current therapy for this illness
requires five days of therapy. We are trying to find out whether a shorter
course of therapy, either for one, two or three days, is just as effective
as the five day course, The drug that we will be using, ciprofloxacin, is
known to be very effective in the treatment of this infection when given for
five days, and we have good reason to believe that it will also be effegtive
when given for shorter periods of time. Such a shorter course of therapy
would be much more convenient, as well as less expensive. If you agree to
participate in this study vou will have a 1 in 4 chance of receiving the one
'day course of therapy, the two day course of theraéy, the three day course
of therapy, or the standard five day course of therapy. However neither
you, nor we, will know -which course you received until the study is
completed. If you agree to participate in the study you will be required to:
1. 'Stay in the Treatment Centre for six days, and to come back for a

return visit 10 days after discharge. Because we anticipate that you
will be feeling substantially better after vyour .second dav of
treatment, and you will therefore miss five days of work that vou would
otherwise not miss, we will reimburse vou 150 taka/day for the five
days that vyou miss, as well as 50 taka to cover the transportation
costs of your return visit.

2. On admission to the study, and on each of the subsequent five days, we
will take a detailed history of your symptoms, examine yocu thoroughly,
and record the findings.

3. During the study (including the follow-up visit) we will withdraw 24.5

" m! {about 5 teaspoons) of blood from you. This total amount will not
be obtained at once, but rather in smaller amounts on 8 separate
occasions. We will obtain this blood to ensure that vou have no
complications, as well as to determine your response to the infection,
and the amount of the drug that is getting into your bloodstream. The
amount of blood that we are obtaining will not in any way affect your

health, and you will feel only a very slight pain, from the stick of a

very :small needle, at the time that we are withdrawing the blood.

&, On each of the study days we will insert a small cotton tipped swab

into vour rectum to obtain a sample which will let us know if vou still
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are infected with the germ that was causipng your dysentery. This is
not painful - on occasion it might cause you slight, momentary,
discomfort.

5. We will also obtain a stool sample from you during every day that vou
are in the study for the same purpose - to tell whether you are still
infected with the germ that is causing vour dysentery.

6. During the period of the study your body temperature, pulse rate, and
rate of respiration will be measuyred and recorded every four hours.,
and your blood pressure recorded at least twice daily. We will also
ask you every day a number of questions about how you are feeling -

guestions such as whether vou hgve a headache, stomach pain, and
trouble breathing.

7. You are the one to decide if vou should jein in this study. JIf you do
' not participate in the study vow will receive the usual and standard
treatment that is offered by this Treatment Centre,

B. 1f at any time yvou wish te withdrav from the study vou may so reguest.

9. All information gathered during this study will be kept private and
confidential.

10. If you wish to know the results of any of the tests done during the
studv, or the overall study results, those will be provided to you upon
vour regquest, and 4s thev become svailable.

- If you agree to participate in the study, please put vour signature or Thumb

impression below:

Signature of the Investigator Signature of the Patient

Date | ' . Date
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