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Search for a Mass Chemotherapeutic Drug
for Cholera Control

A Study of Vibrio Excretion following Single and Multiple Dose Treatment*

E. J. GANGAROSA,1 H. SAGHARI,2 J. EMILE,3 A. SANATI,2
H. SIADAT ' & Y. WATANABE5

In a study designed to seek a suitable drug for mass chemotherapy during a cholera
epidemic, four drugs were administered in single doses to patients with cholera in Iran.
Streptomycin was administered orally; penicillin, parenterally; and chloramphenicol and
a long-acting sulfa drug, both orally and parenterally. No drug consistently eliminated
vibrios from the intestinal tract. Chloramphenicol was also administered in multiple doses
for three days; this also failed to eliminate vibrios in one-third of 25 patients studied. The
major problem with these drugs administered orally seems to be rapid elimination andpoor
absorption by patients with diarrhoea. The authors do not recommend any of these drugs
for single-dose mass chemotherapy and consider that chloramphenicol cannot be re-
commended for multiple-dose mass chemotherapy.

The observations of Carpenter et al. (1964) and of
Greenough et al. (1964) introduced a new era in the
therapy of cholera. They reported that tetracycline,
when combined with fluid and electrolyte therapy,
was effective in the treatment of cholera in that the
duration and severity of diarrhoea were shortened
and the eradication of the organism was accelerated.
MacKenzie (1965) emphasized the importance of
carriers in cholera transmission, and he reported the
elimination of the carrier state in 96% of proven
carriers within 24 hours of the administration of oral
streptomycin in a dose of 1 g hourly for eight hours.
It then seemed to follow logically that if chemo-
therapy is effective in treatment of patients with
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cholera gravis and of cholera carriers, chemotherapy
to treat unrecognized carriers in a large population
(mass chemotherapy) might also be effective.
The first extensive use of mass chemotherapy

as a control measure in cholera was in the epidemic
in Iran in 1965. Because the outbreak was localized
in the eastern provinces of Iran, the programme had
a very special objective. It was hoped that, with
other control measures, mass chemotherapy could
limit the disease to its original focus by eliminating
vibrios from unrecognized carriers. Chloramphenicol
in a dose of 500 mg orally every six hours for three
days, a regime previously used in Japan for the
treatment of contacts of imported cases, was
employed because the relative cost was less than
that of other broad-spectrum antibiotics; it was
well tolerated orally and presumed to be effective
in treatment of cholera gravis. Individuals who
moved from the infected focus in the east to the
non-infected area of the country were required to
have documentary evidence of three-day chloram-
phenicol therapy. Household contacts of proven
cases were treated in the same way.

'The term "chemoprophylaxis " has often been used
synonymously. "Mass chemotherapy" seems to be a pre-
ferable term, although in Iran the programme had thera-
peutic as well as prophylactic aspects.
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Because of problems arising in the administration
of this programme, the possible appearance of a
drug-resistant strain, high operational cost, and the
danger of adverse drug reactions, particularly of
the haematopoietic type, an attempt was made to
determine whether the mass chemotherapeutic
regime could be simplified.

METHOD

The long-acting sulfa drug, sulfanilamido-4-
dimethoxy-5,6-pyrimidine (Fanasil, Roche),' which
was known to be effective in meningococcal menin-
gitis in single doses (Faucon et al., 1964), appeared
somewhat promising for use in Iran because in vitro
sensitivity tests revealed large zones of inhibition
of local strains of pathogenic vibrios around im-
pregnated discs. Single large doses of chlorampheni-
col, streptomycin, and penicillin were also considered
as possible substitutes for the three-day chloram-
phenicol regime. The decision was made to test
these drugs in a clinical trial in which, initially,
patients were randomized into three groups:
(a) those receiving Fanasil, (b) those receiving
chloramphenicol, and (c) a control group given no
chemotherapy. Penicillin and, later, streptomycin
were substituted for chloramphenicol after chloram-
phenicol was deleted from the protocol. Economic
considerations were weighed in selecting these four
drugs.

Subsequently, 25 consecutive patients with bacteri-
ologically proven cholera gravis were treated with
500 mg chloramphenicol orally every six hours for
three days. In addition, these patients received an
initial dose on admission of 1 g intravenously. The
total dose in each patient was 7 g. During con-
valescence, usually on the 10th to 13th day of hospi-
talization, these 25 patients were purged with
magnesium sulfate in doses of 30 g to 45 g orally in
water (Gangarosa et al., 1966).
Only adults and older children were accepted in

the study. Patients were included if they had diarr-
hoea on admission and if Vibrio cholerae biotype
El Tor 2 was isolated. Except in the three-day
chloramphenicol study, patients were treated with
a single dose of drug; control subjects received no

1 Names of commercial manufacturers and trade names
are provided for identification only, and their mention does
not imply endorsement by the Public Health Service or the
US Department of Health, Education, and Welfare.

' The El Tor vibrio is also described by the valid system-
atic name Vibrio eltor Pribram 1933. However, the taxono-
mic status of this organism is not yet definitely fixed.-ED.

chemotherapy. The dose was given orally or paren-
terally; in some patients the dose was divided
between the oral and parenteral routes. The adminis-
tration of drugs was started as soon after admission
as a diagnosis was established. Each dose was care-
fully supervised. Dehydration and electrolyte deficits
were promptly corrected.

Stool specimens were collected daily for a mini-
mum period of two weeks. When a stool specimen
could not be obtained a rectal swab was secured.
Specimens were taken to a laboratory adjoining the
ward and inoculated directly on culture media,
usually within 30 minutes from the time the specimen
was obtained. In addition, alkaline peptone water
was inoculated, and after five to six hours of incu-
bation cultures were again prepared on agar media
Two culture media were used: TCBS 3 (Kobayashi
et al., 1963) and Monsur's (Monsur, 1961). Coded
stool specimens were sent daily to another laboratory
for independent analysis. Bacteriological diagnosis
was usually established within 24 hours and was
confirmed by agglutination with specific typing
sera and by biochemical tests. The strain responsible
for all of the infections except one was Vibrio cho-
lerae biotype El Tor, Ogawa subtype-Feeley's
(1965) Type 4. From one patient an Inaba subtype
was isolated.

RESULTS

Tables 1-3 summarize the findings.

Fanasil

Five patients responded impressively with clear-
ance of vibrios within 24 hours and another two
within two days. As seen in Table 2, the bacteriolo-
gical response was poorest in those who received
some or all of the drug orally. Most of those patients
had acute and severe diarrhoea at the time. How-
ever, two patients did not have diarrhoea, and they
continued to excrete vibrios for more than 10 days.
Of the four patients who received the total dose of
Fanasil parenterally, one had an excellent response
(one-day clearance); two had good responses (two-
day clearance); and one responded poorly (positive
on the fourth day). Of the five who received
combined parenteral and oral Fanasil, two had
excellent responses, and two had poor responses
requiring three days for clearance. One of these
patients had two subsequent bacteriological relapses

"Distributed by Tanabe Seiyaku Co., Ltd, 21 Dosho-
machi, 3-chome, Higashiku, Osaka, Japan.
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TABLE 1
DAYS REQUIRED TO CLEAR a VIBRIOS FROM INTESTINES OF CHOLERA

PATIENTS TREATED WITH SINGLE DOSE OF CHEMOTHERAPEUTIC DRUGS

No. Days after treatment to clearance b
Drug of patients

studied 1 2 3 4 5 6 7 8 9 10+

Fanasilc 16 5 2 2 2 1 1 1 2

Chloramphenicol d 7 3 1 1 1 1

Penicillin 3 1 2

Streptomycin 3 3

Control 6 1 1 2 2

a Patients are considered clear of vibrios if they have 10 negative daily stool cultures after the
last positive culture.

b Day of last positive culture followed by 10 negative daily stool cultures.
c Details in Table 2.
d Details in Table 3.

TABLE 2
BACTERIOLOGICAL RESPONSE OF CHOLERA PATIENTS TREATED

WITH SINGLE DOSE OF FANASIL

No. of Days after treatment to clearance
Dose patients

studied I1 12 1 3 4 1 5 1 6 1 7 8 9 110+

2 g orally 7 2 1 1 1

2 g intramuscularly 4 1 2 1

1 g intramuscularly and I g orally 5 2 2 1

Total 16 5 J2 2 2 1 1 1 2

TABLE 3
BACTERIOLOGICAL RESPONSE OF CHOLERA PATIENTS TREATED

WITH CHLORAMPHENICOL

No. of Days after treatment to clearance
Dose patients

studied 1 2 3 4 |5 6 7 8 9 110+
Single-dose therapy

3 g (2 g orally and I g intra-
muscularly) 1 1

2 g (1 g orally and I g Intra-
venously) 5 2 1 1 1

1 g intravenously 1 1

Total 1 1 1 1i1 1 1

Multiple-dose therapy
I g Intravenously + 500 mg orally
every6h x 12= 7gtotal 25 a 17 1 1 1 5

a Purged with magnesium sulfate during convalescence.
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and continued to excrete vibrios more than 10 days.
In summary, of the 16 patients who received Fanasil,
five had excellent bacteriological responses with
vibrio clearance in less than one day, two res-
ponded well with two-day clearance, and the re-
maining nine responded poorly or not at all.

Chloramphenicol
The plan was to divide the single 2-g dose by

giving half the dose orally and half parenterally.
If this had been successful, the next step would have
been to give the total single dose orally. However,
as seen in Table 3, the response of only three patients
given oral and parenteral chloramphenicol at the
same time was excellent; the remaining three res-
ponded poorly or not at all, as did the one patient
given chloramphenicol parenterally only. Based on
these findings, the decision was made to abandon
the evaluation of single doses of chloramphenicol.

After the single-dose study was terminated, 25 pa-
tients were treated with chloramphenicol for three
days (bottom line of Table 3). Three of these patients
had bacteriological relapses within seven days of
treatment and five additional patients had persistent
infection after the 10th day, demonstrated by pur-
ging with magnesium sulfate.

Penicillin and streptomycin
Three patients given 1.2 mega-units of penicillin G

parenterally and three given oral streptomycip (two
received 5 g and one received 3 g) did not respond
well bacteriologically. They continued to excrete
vibrios for three or more days.

DISCUSSION

Of the four drugs tested, none gave completely
satisfactory results in all cases when administered
in a single dose. Therefore, none of these drugs can
be recommended for oral single-dose mass chemo-
therapy because no predictable antibacterial action
against Vibrio cholerae biotype El Tor can be
expected.

One-third (8 of 25) of the patients treated with
chloramphenicol for three days continued to excrete
cholera vibrios. Carpenter et al. (1965) found that
4 of 11 patients continued to excrete vibrios or
suffered bacteriological relapse after oral tetra-
cycline in four 250-mg doses at six-hour intervals,
and 3 of 6 patients remained bacteriologically po-
sitive more than one day after receiving intravenous
tetracycline in two 500-mg doses at 12-hours'
interval. Kobari (1965) found that 4% of the tetra-

cycline-treated patients who had received 2 g daily
for two days continued to excrete vibrios for longer
than one week. It thus seems that the complete
elimination of vibrios by antimicrobial drugs from
cholera carriers will be very difficult, particularly
by short-term therapy. Even a three-day course of
chloramphenicol treatment would seem to be
inadequate in mass chemotherapy.

Tetracycline has been accepted by most clinicians
as the antibiotic of choice for the treatment of cho-
lera. (Carpenter et al., 1964, 1965; Greenough et al.,
1964). The duration of excretion-of vibrios in patients
treated with this drug has not yet been studied by
purging. Although most promising, tetracycline
has the disadvantage of high cost, especially if used
for mass chemotherapy.

In the search for a suitable chemotherapeutic drug,
Kobari (1965) found erythromycin more promising
than tetracycline, chloramphenicol, or kanamycin.
Erythromycin, synthetic broad-spectrum penicillin
analogues, and other drugs which meet some or
most of the criteria of the ideal drug should be
tested. Until the time comes when mass chemo-
therapy can be added to the armamentarium of
cholera control measures, the known and tested
methods should be used-namely, vaccination;
health education, especially education of the medical
profession; water and food sanitation; and quaran-
tine measures.
The theoretically ideal drug for mass chemo-

therapy of cholera should have a wide margin of
safety. It should be cheap, effective orally in a single
dose, and have a long duration of action. It should
be absorbed quickly in the upper gut and excreted
slowly in the bile or duodenum to prevent its
rapid elimination in individuals with diarrhoea. It
should act on bacteria in such a way that one-step
mutation, such as occurs with streptomycin, does
not occur. If a mutant develops or if a resistant strain
evolves by selection, there should be no cross-
resistance by such a strain between the ideal drug
and broad-spectrum drugs which are so important
in the therapy of clinical cases. A prompt bactericidal
action which clears vibrios within 24 hours is de-
sirable. The drug should be able to penetrate the
inspissated mucus found in the crypts of Lieber-
kuhn in acute cholera diarrhoea and the mucous
coating (see the figure) often observed in gastric
biopsies of patients with cholera gravis (Gangarosa
et al., 1960) because in these protected foci the
cholera vibrio probably proliferates. Finally, the
drug should have a minimal effect on normal enteric
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GASTRIC BIOPSY SPECIMEN FROM PATIENT WITH CHOLERA GRAVIS, SHOWING MUCOUS COATING
ON LUMINAL SURFACE
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bacteria so that whatever natural protection may be
provided by them against enteric diseases should not
be destroyed.
Mass chemotherapy is a public health measure

which satisfies the need and demand to take drastic
action to meet the onslaught of a disease which has
such serious economic, political, and public health
repercussions. However, it gives a false sense of
security and it is attended with some real risks. There
is a danger that widespread use of chemotherapeutic
drugs may contribute to the emergence of drug-
resistant strains. It is quite possible that these drugs
may prove to be harmful to some, not only because
of adverse drug reactions, but also because of the
possible elimination of a natural defence mechanism
probably provided by the normal intestinal flora
(Freter, 1956; Ransom et al., 1961).
The most dangerous individuals infected with

Vibrio cholerae are probably those who have
diarrhoea, with or without other symptoms, because
they may excrete large numbers of vibrios and often
move about in the community, contaminating water
and food supplies. Mass chemotherapy should be
directed primarily against them. However, based

on the observations in this study, it is this group
(infected individuals with diarrhoea) which can be
expected to respond least well to the oral administra-
tion of chemotherapeutic drugs. This is probably
due to rapid drug excretion and poor absorption
when the drug is given by the oral route. This may
be the crux of the problem in cholera mass chemo-
therapy.

It is possible that the metabolic state of the
organism may be a factor involved in the poor anti-
microbial responses seen in this study. Most in vitro
sensitivity tests are performed using actively growing
cells, not resting cells. Resting cells are generally not
suitable for antibiotic sensitivity tests because in the
resting state organisms are usually not sensitive to
antimicrobial drugs. The question arises whether
vibrio cells in the acute phase of cholera are uniformly
actively growing cells or a mixture of metabolically
active and resting cells, perhaps even spheroplasts
or L forms. The same question may be asked regard-
ing the metabolic state of organisms in the con-
valescent intestine. The effects of immunological
mechanisms in cholera against resting cells as com-
pared to growing cells may also be important.
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RItSUM1t

Les auteurs se sont attaches au cours de cette etude A
d6couvrir un medicament pouvant etre utilise pour la
chimiotherapie de masse au cours d'une epidemie de
cholera. La plupart des cliniciens ont adopte la tetra-
cycline comme antibiotique de choix dans le traitement
du cholera El Tor comme du cholera classique, mais ce
produit offre l'inconvenient d'etre d'un prix eleve. Le
medicament theoriquement ideal pour une chimiotherapie
de masse du cholera doit etre d'un emploi offrant une
large marge de securite, peu couiteux, actif par voie orale
i dose unique, et agir pendant une duree suffisante.
11 est souhaitable qu'il entraine la disparition des vibrions
en 24 heures et que, si des souches resistantes apparaissent,
elles ne presentent pas de r6sistance croisee aux autres
composes chimiotherapiques A large spectre. Enfin, il ne

doit avoir qu'une faible action sur la flore normale de
l'intestin.
Quatre produits: le chloramphenicol, un sulfamide

retard, la penicilline et la streptomycine ont e't adminis-
tres a dose unique A un groupe d'adultes et de grands
enfants atteints de chol6ra confirme bacteriologiquement.
La streptomycine (2-3 g) a ete administr6e par voie
orale A 3 patients, la p6nicilline (1,2 million d'unites) a
ete inject&e par voie parent6rale a 3 malades; enfin,
7 et 16 personnes ont reru respectivement du chloram-
ph6nicol (1-3 g) et des sulfamides (2 g) a la fois par voie
orale et par voie parenterale. Aucun de ces produits
administres a dose unique n'a reussi a eliminer de faron
reguliere les vibrions du tractus intestinal. Le chloram-
phenicol a aussi ete administr6 A 25 chol6riques A doses
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multiples pendant trois jours. Cette methode a egalement
echoue et n'a pu entrainer l'elimination des vibrions chez
un tiers des sujets etudies, qui ont continue a excr6ter
des vibrions.
Le principal probleme semble etre 1'excr6tion rapide

et la mauvaise absorption des produits administres

oralement chez des malades diarrheiques. Suivant cette
etude, on ne peut faire confiance a aucun des produits
pour une chimiotherapie de masse a dose unique et le
chloramphenicol ne peut etre recommande pour une
chimiotherapie de masse 'a doses multiples.
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