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The latest pandemic of cholera which has, since
1961, been sweeping through South-East Asia and
westward to the Middle East has renewed interest
in this ancient scourge and created an awareness
that current methods of prophylaxis and control
are inadequate in preventing the spread of cholera
between countries and within newly affected
nations. Man appears to be the only natural host
and the major natural vector of cholera, which
occurs in epidemics following human traffic routes
and spreading as fast as man can travel. Recent
epidemiological studies indicate that asymptomatic
carriers, especially among household contacts of
cholera cases, may by far outnumber actual cases
of the disease.b Although the role of the asymp-
tomatic carrier in spreading the disease remains to
be established conclusively, there is no evidence
that strains of Vibrio cholerae isolated from car-
riers differ in any way from those of patients.
Thus the healthy carrier, by virtue of his increased
mobility and greater number, may constitute a
greater and more occult threat to the community
at large than the patient whose disease is usually
acute in onset and necessitates his removal from
the community to the relative isolation of a hospi-
tal or treatment centre. The recent field study of
cholera vaccines in the Philippines, while demon-
strating the limited efficacy of the tested vaccines,
also showed that vaccination does not reduce the
incidence of carriers.b Thus possession of a valid
certificate of vaccination, in accordance with the
International Sanitary Regulations, gives a false
sense of security and will not prevent the introduc-
tion of cholera into previously uninfected areas.
These observations indicate the need for an effec-

a Formerly Chief, Department of Bacteriology and Myco-
logy, SEATO Medical Research Laboratory, Bangkok,
Thailand.

b WHO Expert Committee on Cholera (1967) Wld Hlth
Org. techn. Rep. Ser., 352.

tive means of disinfection of carriers or potentially
infected travellers from affected areas. A harm-
less, inexpensive, and effective drug, which could
be administered orally and used on a wide scale
without deleterious side-effects, would likewise be
extremely valuable in mass prophylaxis of popula-
tions or individuals exposed to cholera. The anti-
biotics which have recently been proved to be use-
ful adjuncts to physiological treatment of
cholerac, d, e have certain obvious disadvantages
which preclude their use in widescale
prophylaxis.f Among these are their expense
(which is a particularly significant factor in the
areas which are usually afflicted with cholera), the
possibility of selecting resistant variants of
V. cholerae or other pathogens, and potentially
deleterious effects on natural host-resistance mech-
anisms by alterations of the normal intestinal
microflora.

Accordingly, our attention was turned toward
the chemosynthetic agents and particularly to clio-
quinol,g a halogenated quinoline derivationh which
has been used on a wide scale for prophylaxis

C Carpenter, C. C. J., Wallace, C. K., Mitra, P. P.,
Sack, R. B., Mondal, A., Wells, S. A., Dans, P. E.,
Lewis, G. W. & Chaudhuri, R. N. (1965) Antibiotic therapy
in cholera. In: Proceedings of the Cholera Research Sym-
posium, Honolulu, Washington, D.C., US Government
Printing Office, pp. 190-198.

d Kobari, K. (1965) Treatment of cholera El Tor with
antimicrobial drugs. In: Proceedings of the Cholera Research
Symposium, Honolulu, Washington, D.C., US Government
Printing Office, pp. 199-200.

e Greenough, W. B., Gordon, R. S., Rosenberg, I. S.,
Davies, B. I. & Benenson, A. S. (1964) Lancet, 1, 355-357.

f Gangarosa, E. J., Saghari, H., Emile, J., Sanati, A.,
Siadat, H. & Watanabe, Y. (1966) Bull. Wld Hlth Org.,
35, 669-674.

g Clioquinol is the proposed International Non-propietary
Name for 5-chloro-7-iodo-8-quinolinol, also known as
iodochlorhydroxyquin or ICHQ, and under the commercial
names Vioform or Entero-Vioform among others.

h Stecher, P. G., ed. (1960) The Merck Index, 7th ed,
Rahway, N. J., Merck & Co. Inc., p. 561.
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and treatment of amoebiasis and shigellosisi, ji k
and diarrhoea of travellers.' Initial tests revealed
that V. cholerae was sensitive to relatively small
amounts of clioquinol in vitro and therefore a
more extensive study was undertaken to evaluate
the potential of the drug as a mass prophylactic
in cholera.

Materials and methods
Bacterial strains. The cholera vibrio strains tested

consisted primarily of cultures recently isolated by
one of us (R.A.F.) in Thailand, India, Viet-Nam,
and the Philippines and maintained in the lyophil-
ized state since shortly after isolation. A total of
52 strains were used, approximately equally di-
vided among El Tor and classical vibrios of both
serotypes, Inaba and Ogawa, and including the re-
ference cultures, NIH 35A3 and NIH 41 of the
US National Institutes of Health. The other en-
teric bacteria employed were derived primarily
from the stock culture collection of the Depart-
ment of Bacteriology and Mycology of the US
Army Medical Component of the SEATO Medical
Research Laboratory, Bangkok. Most were re-
cently isolated locally. They included 5 strains of
enteropathogenic Escherichia coli serotypes; 5
non-enteropathogenic E. coli strains; 9 Shigella
strains (Sh. dysenteriae 1 and 2; Sh. flexneri 1, 2,
3, 4 and 6; Sh. boydii 4; Sh. sonnei 1); 7 Salmo-
nella types (Salm. paratyphi A; Salm. paratyphi
B; Salm. typhimurium; Salm. saintpaul; Salm.
newport; Salm. typhi; Salm. anatum) ; 5 strains of
Proteus (2 Pr. mirabilis; Pr. vulgaris; Pr. rettgeri;
Pr. morganii); 4 strains of Aerobacter aerogenes
and 1 of A. cloacae; 5 paracolon strains; 3 strains
of Bethesda and 5 of Providencia; and 5 strains of
Pseudomonas (including 4 Ps. aeruginosa and
1 Ps. pseudomallei).

Sensitivity testing. Initially, tests were performed
by applying radially cut fragments of clio-
quinol (Entero-Vioform tablets; Ciba Lot 22286)
on the surface of agar plates (meat extract agar
or trypticase soy agar) heavily streaked with the
organism to be tested. The zones of inhibition

i Brooke, M. M., Heeren, H. R., Sawyer, G. M. &
Stoner, D. (1958) Publ. Hlth Rep. (Wash.), 73, 499-510.

J Anderson, H. H. (1965) Chemotherapy of protozoan
infections: amebiasis. In: DiPalma, J., ed., Drill's pharma-
cology in medicine, New York, N.Y., McGraw-Hill,
pp. 1392-1402.

k Gholz, L. M. & Arons, W. L. (1964) Amer. J. trop.
Med. Hyg., 13, 396-401.

1 McPhee, H. R. (1956) Milit. Med., 118, 236.

were measured after 18 hours' incubation. Some
tests were also performed on blood agar. The
initial tests were performed with tablets (250 mg
each) from a 5-year-old shelf sample bottle. Sub-
sequently a fresh preparation was obtained and
tested in parallel with the older batch with virtually
identical results even though the fresh preparation
(Lot 099750) was stated to contain (p-stearylamino-
phenyl)-trimethylammopium methosulfate (Sapa-
mine), a cationic detergent added presumably to
enhance solubility of the clioquinol in the gut.
Tube dilution sensitivity testing was performed
with pure clioquinol (Vioform) powder (Ciba,
obtained through the courtesy of Dr Philip C.
Eisman). The powder was suspended at 10 mg/ml
in absolute ethanol and heated to solution in a
water-bath at boiling temperature. Subsequently,
it was diluted 1:10 in sterile trypticase soy broth
and then diluted serially in 2-fold decrements in
the same medium. The turbidity which became
apparent in the initial tubes of the dilution
sequence was ignored as it tended to settle on
overnight incubation and did not appear to
interfere with the interpretation of the results.
Serological tubes containing 0.5 ml of the
drug dilutions were inoculated with an equal
volume of a 10-6 dilution of a suspension of the
organisms to be tested. The suspensions were pre-
pared by harvesting the surface growth of heavily
streaked Petri dishes with 10 ml of medium after
overnight incubation. Incubation of the tube dilu-
tion tests was at 37°C for 18 hours, at which time
the turbidity was recorded and the cultures were
streaked on the surface of agar plates to determine
the presence of survivors. Equivalent dilutions of
ethanol without drug were employed as controls
and were always without activity at the 5% level.
On some occasions these conditions were varied as
described in the text. Human ileal fluid, obtained
through the courtesy of Captain Andrew Plaut,
MC, US Army, was included in the menstruum in
one series of assays.
An attempt was made to develop the resistance

of V. cholerae to the drug by means of the gra-
dient plate technique.! Ten strains were streaked
on agar containing a gradient of up to 100 [tg of
clioquinol per ml. Six successive serial transfers
were made from the leading edge of visible growth
(at the highest level of drug which permitted visi-
ble growth) and the passed strains were then tested
for sensitivity by the tube dilution technique.

m Szybalski, W. & Bryson, W. (1952) Science, 116, 45-51.



CLIOQUINOL AS PROPHYLACTIC AGAINST CHOLERA 805

In vivo tests in infant rabbits. Some attempts
were also made to protect infant rabbits from ex-
perimental cholera infection. For this purpose,
pure clioquinol powder was suspended in aqueous
solution of 0.1 % polyoxyethylene sorbitan mono-
oleate (Tween 80) and administered orally via a
gastric tube to infant rabbits before and/or after
intra-intestinal challenge with approximately
104 viable V. cholerae strain 569 B Inaba." The
animals were observed for diarrhoea, death, and
excessive fluid in the intestinal tract at the time
of sacrifice or death.

Results
In vitro sensitivity testing with clioquinol tab-

lets. All of the strains of cholera vibrios tested (both
El Tor and classical varieties) were found to be
sensitive to clioquinol tablets. The zones of inhibi-
tion ranged from 9 mm to 20 mm and did not
differ significantly when the new formulation con-
taining Sapamine was used.
Or the other genera tested, only the shigellae

were uniformly sensitive to clioquinol. Each of
the 9 strains tested was inhibited: zone diameters
ranged from 5 mm to 18 mm. Occasional strains
of the other genera, Salmonella, Escherichia,
Aerobacter, paracolons, Proteus, Pseudomonas,
Bethesda and Providencia, had slight zones of in-
hibition which were generally too small to be mea-
sured. With some strains, a yellowish zone was
noted around the tablet fragment.

In tests performed on blood agar in parallel
with meat extract agar or trypticase soy agar a
similar pattern was obtained. However, the zones
of inhibition were considerably smaller on the
blood agar medium, ranging from 7 mm to 10 mm
with cholera vibrios and from less than 5 mm to
10 mm with the shigellae.
Tube dilution sensitivity tests. All of the strains

of cholera vibrios tested were inhibited in vitro by
relatively low concentrations of pure clioquinol.
35 strains were inhibited by 1.9 [tg/ml, 16 strains
by 3.9 ,ug/ml and 1 strain by 7.8 ,ug/ml. The bac-
tericidal levels (MLC) were either the same as the
minimal inhibitory concentration (MIC) or 2- to 4-
.fold higher. In a repeated test with 19 of the
strains, the results did not vary by more than
1 tube.
The results of tests with the other organisms in

general paralleled those obtained with the tablets

n Finkelstein, R. A., Norris, H. T. & Dutta, N. K. (1964)
J. infect. Dis., 114, 203-216. /

on agar. Sh. sonnei, however, was resistant to 250
,ug/ml, the highest level tested. This strain also
gave the smallest zone of inhibition for tablets.
The other Shigella strains ranged in sensitivity
from approximately 1.0 jig/ml to 250 ,ug/ml. Two
strains were not killed at the highest drug level
tested, while the MLC values for the others ranged
from 2- to 8-fold higher than the MIC. Of the
remaining strains of other organisms, only 7 were
inhibited by the drug. These included 3 entero-
pathic E. coli strains (MIC 125 ig/rml), 2 Ps.
aeruginosa (MIC 7.8 ,ug/ml), Ps. pseudomallei
(MIC 250 jg/ml), and Salm. typhi (MIC 250
jig/mI).

Six strains of El Tor vibrios were tested, in
parallel, at two levels of inoculum, 10-1 and 10-6.
At the usual inoculum level, the MIC ranged from
1.9 jig/ml to 3.9 jig/ml. At the heavier level, the
MIC was 15.6 ,ug/ml.
Tube dilution sensitivity tests were also per-

formed with 4 V. cholerae strains in parallel in
medium containing human ileal fluid (1:2) and
in the plain medium. Under normal assay condi-
tions the MLC ranged from 3.9 tig/ml to 7.8
j9g/ml for the strains tested. In the medium con-
taining intestinal fluid, the MLC was elevated to
31 jig/ml.
To determine whether the presence of resistant

organisms normally found in the intestinal tract of
man would have any effect on the sensitivity of
V. cholerae, tube dilution assays were performed
with mixed inocula. Four V. cholerae strains were
each paired with 5 E. coli strains and with 5 para-
colon strains, each of which had been shown to be
resistant to clioquinol. After incubation, the dilu-
tions were streaked on alkaline lauryl sulfate tel-
lurite agar,0 a selective medium for V. cholerae,
to determine survival of the vibrios. The results
were all within 1 dilution tube of the controls,
regardless of the presence of growing resistant
organisms.

Following 6 successive passages by the gradient
plate technique, the sensitivity of 2 strains of
V. cholerae was unaffected whereas 8 other strains
had doubled in resistance.

Protective effect in experimental cholera. Clio-
quinol, administered in 3 doses of 10 mg
per os into the stomach of infant rabbits chal-
lenged intra-intestinally with 104-105 cholera

o Felsenfeld, 0. & Watanabe, Y. (1958) U.S. armed
Forces med. J., 9, 975-982.
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EVALUATION OF CLIOQUINOL a AS A PROPHYLACTIC AGAINST EXPERIMENTAL CHOLERA
IN INFANT RABBITS

Time (after V. cholerae inoculation)
Experiment Group 24 hours 28 hours 48 hours

No.b T Dead Diarrhoea Nob Dead Diarrhoea No.b Dead | Diarrhoea

Control 8 2 5 8 6 8 _ -_

Treated 8 0 2 8 2 4 - -

Control 7 0 3 7 3 5 7 6 6
2

Treated 8 0 2 8 1 4 8 7 7

Control 6 1 3 6 3 5 6 6 6
3

Treated 7 0 0 7 1 1 7 5 3

Control 21 3 11 21 12 18 13 12 12
Total

Treated 23 0 4c 23 4c 9 15 12 10

a Administered per os, as a suspension of Vioform powder, in 3 doses of 10 mg each:
Experiment 1: 6 h and 2 h before and 2 h after intra-intestinal inoculation of 104 -105 viable V. cholerae.
Experiment 2: 2 h, 5 h, and 8 h after vibrio inoculation.
Experiment 3: 20 h, 16 h, and 10 h before vibrio inoculation.

b Total No. in group.
c Statistically significant difference.

vibrios was found to delay the onset of choleraic
diarrhoea and death. The results are summa-
rized in the table. Because of the relatively
small numbers of animals used and the lack of
differences in response to the various treatment
regimens, the results were pooled for statistical
analysis using Fisher's exact method for calcula-
tion of probability. The analysis indicated that the
differences in frequency of diarrhoea between
treated and control groups were significant at 24
hours and bordered on significance at 28 hours.
The difference in frequency of survivors at 28-
hour interval was also significant. However, the
protective effect was no longer evident at 48
hours, which was 40 hours after the cessation of
treatment in the group which received treatment
for the longest period after challenge. Results
were similar in parallel tests employing chlor-
hydroxyquinoline, a related drug to which the
vibrios are also highly sensitive in vitro.

Discussion

The present study suggests that clioquinol may
prove useful in the control of epidemic cholera. It
has many of the properties of an ideal drug for
mass chemoprophylaxis and could possibly also be

used for the treatment of carriers. Long-term
studies in man have not revealed any significant
side-effects.P All the strains of V. cholerae tested
were found to be sensitive to relatively small
amounts of clioquinol in vitro. In contrast, the
vast majority of other enteric organisms tested
were, with the exception of the shigellae, un-
affected. Thus clioquinol may be expected to
cause no deleterious alterations in the normal
enteric microflora, which has been recently shown
to be stable in human subjects undergoing long-
term continuous therapy with the drug.P

V. cholerae was still sensitive when cultivated in
the presence of growing cultures of resistant en-
teric commensal organisms and resistance was not
readily acquired in vitro following serial passage
on gradient agar plates. A potential drawback was
provided by the observations that larger quantities
of the drug were required when assays were per-
formed in the presence of body fluids, blood, or
intestinal juice. However, it should be mentioned
in this regard that clioquinol has been reported to
be effective in reducing the incidence of
shigellosisk in man even though, in the present

P Batterman, R. C., Gholz, L. M. & Bell, M. E. (1964)
Proc. Soc. exp. Biol. (N.Y.), 115, 957-959.
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study, it was demonstrated that shigellae are gen-
erally more tolerant of the drug than is V. cholerae.

In vivo studies in the infant rabbit demonstrated
a significant degree of protection against V. chole-
rae, manifest primarily as a delay in the onset of
symptoms and death. The results might have been
more impressive if the treatment had been pro-
longed, or if larger doses had been given. In any
case, it is hazardous to predict, from studies in
experimental animals, how effective a drug will be
in the field. This can only be done by studies in
man under natural circumstances. The present
results indicate that controlled studies should be
undertaken to evaluate the protective effect of
clioquinol in epidemic cholera. In this regard, it is
of interest to recall that chiniofon (Yatren), a re-
lated drug, was reported to have a favourable
effect on shortening the carrier state in cholera in
1932,q and a study conducted during the Egyp-
tian epidemic of 1947 r suggested that clioquinol
might reduce the period of V. cholerae excretion
in carriers. Although the results were not statisti-
cally significant in the latter study, the drug
appeared to be the most effective of those tested.

Actually, some difficulties may be encountered
in the treatment of recognized carriers, since so
little is known about the nature of the carrier state
and the factors which determine whether an indi-
vidual becomes a carrier or a case. Infection with
cholera vibrios presents a spectrum ranging from
the completely asymptomatic individual, through a
series of subclinical to clinical diarrhoeal condi-
tions, to the severe case, so often regarded as typi-
cal, with rice-water diarrhoea and shock, leading
to death. Although the carrier state is usually
transitory, lasting only for a few days to a few
weeks, occasional instances of long-term carriers

q Kiribayashi, S. & Aida, T. (1932) J. med. Ass. Formosa,
31, 326 (Cited in: Trop. Dis. Bull., 29, 682).

r Gohar, M. A., El-Mofty, A., Eissa, A. A., Mousa, A. H.,
Sorour, A., Doss, H., Goma, T., Abou El-Wafa, M., El-
Azhari, A., Mitri, S. & Ibrahim, M. (1952) J. trop. Med.
Hyg., 55, 241-245.

have been reported. One convalescent carrier in
the Philippines s has excreted El Tor vibrios inter-
mittently over a period of 3 years, although no
secondary cases have been associated with her well-
marked strain. A recent study t suggested that occa-
sional convalescent carriers may harbour vibrios
for moderately long periods following antibiotic
therapy, perhaps in the gall bladder or intestinal
crypts, and can be recognized only by purging.
Specific immunity, as well as other factors such as
intestinal motility, undoubtedly play a role in de-
termining whether the vibrios can localize and
multiply in the small bowel, which would be essen-
tial if disease is to result. The fact that immuniza-
tion does not reduce the incidence of carriers
might suggest that the vibrios may localize in the
large bowel instead of the small bowel in many of
those destined to be carriers instead of patients.
Indeed, we have found that both asymptomatic
carriers whom we have studied were bacteriologi-
cally positive rectally at the same time as their
small bowel was free of vibrios.U If this is so, it
is possible that antibody, which could protect
against small bowel infection, may be destroyed or
rendered inactive in the large bowel.v Similarly,
an antibiotic or drug might be effective in the
small bowel but ineffective in the large bowel.
Thus the major role if any, for a chemosynthetic
drug such as clioquinol may be the prevention of
infection rather than treatment of the carrier sta-
te. Again, this remains to be determined by con-
trolled studies in man with the above considera-
tions in mind.

8 Dizon, J. J. (1965) Carriers of cholera El Tor in the
Philippines. In: Proceedings of the Cholera Research Sym-
posium, Honolulu, Washington, D.C., US Government
Printing Office, pp. 322-326.

t Gangarosa, E. J., Saghari, H., Emile, J. & Siadat, H.
(1966) Bull. Wld Hlth Org., 34, 363-369.

u Finkelstein, R. A. & Atthasampunna, P. (1966) In:
SEATO Medical Research Laboratory, Annual report,
Bangkok, SEATO, p. 70.

v Freter, R. (1965) Coproantibody and oral vaccines. In:
Proceedings ofCholera Research Symposium, Honolulu, Wash-
ington, D.C., US Government Priting Office, pp. 222-228.


