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Clinical Studies of the Use of Bacteriophage
in the Treatment of Cholera*
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R. I. KOTLJAROVA, M. S. NAUMgINA, S. U. DAVYDOV, K. A. MONSUR, M. A. RAHMAN,

M. A. LATIF, R. S. NORTHRUP, R. A. CASH, I. HUQ, C. R. DEY & R. A. PHILLIPS

This study reports the use of bacteriophage prepared in the USSR in the treatment
of cholera. Patients with acute cholera were rehydrated with a standard intravenous solu-
tion and were then given a bacteriophage preparation in addition to maintenance intra-
venous therapy. The titre of the phage preparations was between 108 and 109 pfu/ml.
Bacteriophage was given by mouth (25 ml for adults and 20 ml for children) for 3 days;
in addition, some patients were also given an intramuscular injection (20 ml) of phage
on the first day in hospital. For comparison, other groups ofpatients were given a standard
tetracycline regimen or a placebo preparation. Daily vibrio and phage counts were made
on stool samples from all patients and the vibrio strains isolated from each patient were
tested for sensitivity to the phage preparation.

The criteria used to evaluate the various therapies were duration of diarrhoea, volume
of stool, and duration of vibrio excretion.

The results of the study demonstrate that, in the doses used, the therapeutic effect of
bacteriophage, if any, was markedly inferior to that of tetracycline and that in the current
state of our knowledge bacteriophage, as used in this study, has no place in the treatment
of cholera.

INTRODUCTION

Investigations linking bacteriophage and cholera
began soon after the independent dicovery of bac-
teriophage by Twort (1915) and d'Herelle (1917). The
successful isolations of vibriophage were followed by
clinical trials as early as 1926. Epidemiological obser-
vations made about this time also reinforced belief
in the likelihood of success of bacteriophage therapy.
Pasricha, De Monte & Gupta (1931) stated that " The
mortality rate, which is high at the beginning of the
cholera season, falls rapidly when cholera 'phages
become widely distributed in Nature. The spread
of bacteriophages thus apparently plays a very

* These studies were carried out at the Pakistan-SEATO
Cholera Research Laboratory, Dacca-12, East Pakistan, by
physicians and scientists of the Ministry of Health, Moscow,
USSR, the Institute of Public Health, Dacca-12, East Paki-
stan, and the Pakistan-SEATO Cholera Research Labora-
tory. The studies were supported in part by Research
Agreement No. 196802 between the National Institutes of
Health, Bethesda, Md., USA and the Pakistan-SEATO
Cholera Research Laboratory.

important role in the lowered mortality, and in
bringing the epidemic to a close." Yet despite such
theoretical support the efficacy of vibriophage was
not clearly established at this time (Pandit, 1951).
More recently, clinical and prophylactic studies of

the use of phage were carried out in East Pakistan,
Afghanistan, Iraq, and Calcutta by Pastuhov, Saja-
mov, Nikonov, and other Soviet workers between
1958 and 1967, using specially grown bacteriophage
which, they believed, had enhanced lytic activity.
The studies were reported to have demonstrated the
effectiveness of bacteriophage in therapy and pro-
phylaxis (Plankina et al., 1961; Sajamov, 1963, 1968).

All of these studies, however, suffered from draw-
backs that make their conclusions open to question.
Non-random patient selection, failure or inability
to incorporate a control group, inadequate labora-
tory investigations, simultaneous use of vaccine, poor
follow-up of cases, and the possible use of antibiotics
have been among the difficulties encountered in
attempting to interpret the results. It is important
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to note that in these studies the emphasis was on
recovery from the disease. The records of the
Pakistan-SEATO Cholera Research Laboratory Hos-
pital show, however, that with the proper use of
intravenous fluids alone, complete recovery without
complications from cholera is guaranteed in over
99% of cases.' Thus the conclusions of clinical
studies in cholera should be based on observed
changes in the course of the disease rather than on
its outcome.
With this in mind a team of Soviet scientists visited

East Pakistan in March 1969 to carry out studies
on the treatment of cholera with bacteriophage.
Studies were performed in collaboration with the
East Pakistan Institute of Public Health and the
Pakistan-SEATO Cholera Research Laboratory
(PSCRL) in Dacca. The present paper reports some
of the results of this study.

MATERIALS AND METHODS

Preparation of bacteriophage

Bacteriophage was prepared by the All-Union
Scientific Research Anti-Plague Institute of the Min-
istry of Health of the USSR. The phage types were
grown under optimal conditions on strains of Vibrio
cholerae in Martin's medium (Martin, 1898), as
modified by Kozlov (1950).
The polyvalent cholera phage of the classical bio-

type included the following: Type " C" from
Asheshov's collection, 58% (Asheshov et al., 1933);
Type "A " from the same collection, 37 %; Type "D "
from Asheshov, 4.9 %; and Type " I " of the Mukerjee
classification, 0.1 % (Mukerjee, Guha & Guha Roy,
1957).
The polyvalent cholera phage of the El Tor bio-

type consisted of Type D, 76%; Type A, 14.5%;
Type B, 0.1 % (all from Asheshov); phage XII
(stool Na 4/66 obtained from S. Mukerjee), 0.03 %;
and Type II El Tor (Mukerjee), 9.3% (Mukerjee &
Guha Roy, 1961).

After growing and mixing the phages, the cholera
vibrios were inactivated by 8-quinolinol sulfate potas-
sium salt (1: 10 000). The resulting preparation
was filtered through asbestos and packed in sterile
vials.

Each batch of bacteriophage prepared was tested
by 2 laboratories of the Ministry of Health of the

1 Unpublished data, 1962-1968.

USSR for control of lytic activities, specificity, safety,
and sterility before final release for use. A placebo
preparation consisting of the modified Martin's pep-
tone media was also prepared for use as a control
in the clinical and prophylactic studies.

Clinical methods

Patients over 7 years of age admitted to the wards
of the PSCRL with clinical cholera and positive dark-
field examination of the stool were initially admitted
to the study. However, pregnant women, patients
who had received substantial or indeterminate treat-
ment outside the hospital before admission, and
patients with other complicating illnesses were ex-
cluded. Rapid intravenous rehydration with Dacca
solution 1 was carried out on admission, after which
patients were maintained in water and electrolyte
balance by replacement of stool losses with further
intravenous infusions of Dacca solution (Gordon,
Greenough & Lindenbaum, 1965; Hare et al., 1970).
The therapeutic trial was conducted in two suc-

cessive phases. In the first phase, the patients admit-
ted to the study were divided by age into two groups,
those aged 7-12 years and those aged 13 years and
over, which were then subdivided into treatment
groups. Patients within each of the treatment groups
were then given phage or placebo orally on a strictly
alternate basis according to the following schedule:

Adults: 25 ml phage or placebo and 25 ml of 2% bicar-
bonate;

Children: 20 ml phage or placebo and 20 ml of 2% bicar-
bonate.

The first dose was given 8-12 hours after admission
and repeat doses were given 24-48 hours after the
first dose for a total of 3 doses.

Stool was collected before giving phage or placebo
and daily thereafter during a 3-day period for
quantitative analysis of vibrios and phage. Blood
was drawn at the same time to determine haemato-
crit, plasma specific gravity, and plasma protein
values. Rectal swabs for vibrio culture were taken
on admission and daily for 7 days.

In the second phase of the investigations, patients
were divided similarly by age and were then given
bacteriophage or tetracycline alternately within
4 hours of admission according to the following
schedule:

1 Dacca solution contains 5 g of NaCI, 4 g of NaHCO.,
and 1 g of KCI per litre.
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Phage group

Adults
20 ml intramuscularly and 25 ml
orally with 25 ml 20% bicarbo-
nate. Oral phage and bicarbo-
nate repeated 24 and 48 hours
later

Children
15 ml intramuscularly and 20 ml
orally with 20 ml 2% bicarbo-
nate. Oral phage and bicarbo-
nate repeated 24 and 48 hours
later

Tetracycline group

300 mg orally
lowed by 300
every 6 hours
5 days

200 mg orally
lowed by 200
every 6 hours
5 days

fol-
mg

for

fol-
mg
for

Stool samples were obtained by rectal catheter
before phage or tetracycline was given, at 4 h, 12 h,
and 24 h after starting phage or tetracycline, and at
08.00 hours daily for 3 days. These specimens were

examined qualitatively and sometimes quantitatively
for vibrios and phage. Rectal swab cultures were also
taken daily for 7 days. Blood samples were taken
and analysed as in phase one of the study.

Stool output was measured and recorded every

4 hours until diarrhoea ceased and was matched
quantitatively by the intravenous administration of
Dacca solution. Urine output was measured every

8 hours. Pulse, blood pressure, and respiratory rate
were observed frequently during the initial rehydra-
tion period until they were stable, after which they
were monitored at 8-hourly intervals. Temperature
was also measured at 8-hourly intervals with a rectal
thermometer. Patients were given milk, tea, bread,
and eggs during their first 72 hours of treatment,
after which they were allowed a full diet of rice
and curry.

Stool volume and duration of diarrhoea were cal-
culated to include all liquid stool passed before the
consistent appearance of soft or formed stool.

Bacteriological methods

Stool samples were obtained from the patients on

admission and each morning thereafter. Stool was

streaked directly on to Monsur's medium (Monsur,
1963), Hottinger's agar (Hottinger, 1912), and gela-
tine agar, and some were enriched in bile peptone
broth and 1 % peptone water. Cultures were read
after overnight incubation and the findings were

confirmed by slide agglutination and full-scale agglu-
tination in broth. Agglutination of chicken red blood
cells (Finkelstein & Mukerjee, 1963), sensitivity to
polymixin (Han & Khie, 1962), and sensitivity to
Mukerjee's Group IV phage (Mukerjee, 1963) and
type IV phage El Tor of Mukerjee & Guha Roy
(1961) were used to differentiate between the classical

and El Tor biotypes. Serotyping was done with
specific Inaba and Ogawa typing serum.
For quantitative vibrio determinations, stool was

obtained with a sterile rectal catheter. Decimal dilu-
tions were prepared in T1N1 composition broth
(trypticase 1.0% and NaCl 1.0% in distilled water)
and Hottinger's broth within 15 minutes from the
time the specimen was taken, and these were plated,
using a multiple-drop technique, on to Monsur's me-
dium. After 18-24 hours incubation at 35°C, vibrio
colonies were counted and the count in the original
samples calculated.
Phage counts were performed on the same stool

samples. Chloroform, or heating at 56°C for one
hour, was used to eliminate bacteria and drops from
decimal dilutions of the stool were placed on lawns
of Vibrio cholerae (Mukerjee's strain 154). Plaques
were counted within the drops after incubation for
18-20 hours, and the bacteriophage concentration
was calculated (Wilson & Miles, 1955). Midway
through the study the method was changed to the
more accurate agar-layer technique of Gratia (1936).

Stool enrichment was performed routinely to detect
low numbers of phage.
The Vibrio cholerae strains isolated from each

patient were tested for sensitivity to the two poly-
valent phage mixtures used clinically (Adams, 1959).
Drops of decimal dilutions of the phage mixtures
were placed on lawns of each strain, as in the phage-
typing procedure. The pattern and amount of lysis
produced by these drops was observed after over-
night incubation, and plaques within the drops were
counted. Indicator strains were tested with the phage
mixtures in the same manner as the strains isolated
from the patients. These indicator strains were
Mukerjee's classical strain 154, Russian classical
strain 145, and Russian El Tor strain 345.

RESULTS

A total of 30 adults and 6 children was admitted
during phase one, and 20 adults and 10 children
were admitted during phase two of the study. All
patients were treated according to standard methods
using the intravenous fluids described above: they
became alert and recovered normal pulse, blood pres-
sure, respiratory rate, and appearance within 2 hours
of admission.
The serial blood samples for the examination of

haematocrit and plasma specific gravity indicated
that the patients were effectively hydrated and main-
tained in fluid balance during the period of diarrhoea.
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Table 1. Admission characteristics of adult patients a

Characteristic fOral phage 1 Placebo [Injection-oral1 Tetracycline

No. of patients 15 15 10 10

Age (years) 30 23 35 29

Sex (male/female) 5/10 7/8 5/5 5/5

Weight (kg) 39 41 43 41

Radial pulse:
No. of patients with no detectable pulse 5 5 3 7

Average rate when present (per min) 102 102 88 100

Blood pressure:

No. of patients with no detectable blood
pressure 5 8 3 6 (1 NTb)

Mean systolic BP when detectable
(mm Hg) 91 74 77 60

Respiratory rate (per min) 28 28 27 30

Plasma specific gravity 1.039 1.036 1.038 1.039

Duration of diarrhoea before admission (h) 14 17 15 15

Stool volumes (ml):

First 8 hours after admission 2 512 1 738 3 255 1 578

Second 8 hours after admission 2 487 1 729 2 418 1 969

First 24 hours after admission 6 957 5 369 7 367 4 626

a Average value.
b NT = not taken on admission.

Because of the small number of paediatric patients
admitted during phase one, only the data for paedia-
tric patients from phase two were analysed. As the
characteristics of all the adult treatment groups were

similar, the results were analysed together and will
be presented together.
The admission characteristics for the adult treat-

ment groups are shown in Table 1. The patients who
received phage both orally and by injection were

somewhat older than those in the placebo group
(P <0.05). Since both belonged to the young adult
age group this difference is not likely to be of any

significance. The first and second 8-hour stool out-
puts were higher for the oral and injection-oral
phage groups as compared with the placebo and te-
tracycline groups. This difference should be borne in
mind while analysing the results.
The results of treatment (Table 2) showed that the

after-treatment stool output, the duration of diar-
rhoea, and the duration of positive culture were

similar for the placebo and the phage groups but

were significantly less for the tetracycline group.
Since the initial stool output of the phage-treated
group was somewhat larger than that of the placebo
group one could argue that this was an effect of
phage treatment. However, even if this difference
were real, it would not appear to be of any practical
value in comparison with the markedly better results
obtained by tetracycline therapy.

Five children were treated with phage orally and
by injection and an equal number were treated with
tetracycline (Table 3). The stool output of the tetra-
cycline-treated children was 4.5 litres over 41 hours,
while that of the phage-treated children was 5.6 litres
over 54 hours; these differences were not significant.
The tetracycline-treated children, however, had a sig-
nificantly shorter duration of vibrio excretion in
hospital.
Of the 50 adults, 16 had bacteriophage present in

their stools on admission to the hospital. Only 1 of
the phage-treated patients did not have phage in his
stool at some time after admission; he was a patient
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Table 2. Results of treatment of adult patients a

Characteristic Oral phage Placebo [Injection-oral Tetracycline
phage

Stool volume (litres):

Total in hospital 16.2 16.1 14.6 6.3

After treatment commenced 14.2 15.0 14.2 6.0

After first 24 hours in hospital b 9.3 10.7 7.2 1.7

Duration of diarrhoea (h):

Total in hospital 81 76 75 36

After treatment commenced 76 70 74 34

Duration of positive culture after
admission c (days) 4.3 4.3 4.0 0.7

a Average values.
b The stool volume in the period commencing after the first 24 hours.
c Rectal swab direct, followed by enrichment culture.

Table 3. Paediatric treatment results a

Characteristic 1 Injection-oral f Tetracycline

No. of patients 5 5

Weight (on admission) (kg) 18 18

Stool volume (litres):

Total in hospital 5.6 4.5

After treatment commenced 5.2 4.1

After first 24 hours in hospital b 2.4 1.2

Duration of diarrhoea (h):

Total in hospital 54 41

After treatment commenced 52 39

Duration of positive culture after
admission c (days) 3.2 0.8

a Average values.
b The stool volume in the period commencing after the first

24 hours.
c Rectal swab direct, followed by enrichment culture.

with El Tor vibrios who was treated with classical
phage.
The bacteriophage studies of the phage mixtures

showed that the titre of the classical mixture was
between 108 and 109 pfu/ml when classical indicator
strains 154 and 145 were used. All the classical
strains isolated from the patients were quite sensitive
to the phage mixtures. Confluent lysis was produced

on lawns of all the classical strains tested with a
drop of 10-2 dilution ofeither phage mixture. Definite
lysis (5 plaques) was produced in 27 of the 31 strains
by a drop of 10-5 dilution of the classical phage
mixture, and in 30 of the 31 strains by a 10-5 dilu-
tion of the El Tor phage mixture.
The El Tor strains isolated from patients, how-

ever, and the El Tor indicator strain 345 were less
sensitive to the phage mixtures in observations using
T1N1 media. In the initial screening of these orga-
nisms, no lysis was observed at a 10-2 dilution of
either phage mixture. Detailed examination of 9 El
Tor strains isolated from patients, and of strain 345,
was carried out using a variety of culture media and
lower phage dilutions. Clear-cut lysis of any strain
was not produced even by a 10-1 dilution of phage.
For all the 8 El Tor strains tested a change in the
vibrio growth pattern on the plate termed " opaque
lysis " was observed: in these cases the surface of the
culture was somewhat thinned out in the area over
which the classical phage mixture was added in the
above dilution. The El Tor phage mixture produced
this effect, however, in only 3 of the 8 vibrio strains
at a 10-1 dilution, and in only 1 strain at a 10-2
dilution; it had no effect in 4 of the strains.
The proportion of El Tor and classical cases varied

in the different treatment groups (Table 4). Because
of the inability to identify the El Tor cases on
admission, most of the El Tor cases in the phage-
treatment group received the classical phage mixture.
No differences in vibrio excretion or stools, however,
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Table 4. Number of El Tor cases and number
of classical cases in the treatment groups

Treatment group El Tor T Classical Total

Oral phage, adult 3 1 2 1 5

Placebo, adult 3 12 15

Injection-oral phage, adult 8 2 10

Tetracycline, adult 4 6 10

Injection-oral phage, paediatric 5 0 5

Tetracycline, paediatric 3 2 5

could be detected among patients with El Tor or

classical vibrio strains who received the correct phage
mixture, and those who received the incorrect phage
mixture. In addition, no difference could be detected
in vibrio excretion or stools between the patients in-
fected with the El Tor biotype of Vibrio cholerae and
those infected with the classical biotype.

DISCUSSION

The results of these studies show that bacterio-
phage given according to the schedule noted here
had no clinical effect of practical value on the
course of cholera in patients being treated concomi-
tantly with standard intravenous rehydration and
maintenance intravenous therapy.

Tetracycline, on the other hand, substantially
reduced stool volume and the duration of diarrhoea,
and eliminated vibrios from the stool in less than
one day. This is consistent with the tetracycline
studies of Lindenbaum (1967) and of Carpenter
et al. (1966).
The in vitro effect of bacteriophage on the El Tor

Vibrio cholerae strains tested appears to be similar
to that produced by Mukerjee's Group IV phage on

El Tor Vibrio cholerae (Monsur et al., 1965) and may
be due to simple lysis of bacteria without the multi-
plication of bacteriophage. Incompatibility of the
phage receptors of bacterial cells with the phage types
used for treatment might also explain the low lytic
activity of polyvalent El Tor phage against the El Tor
vibrio isolated.
The difficulty in predicting the phage sensitivity

of vibrio strains likely to be encountered in an

epidemic is yet another practical drawback to cholera
therapy with phage. As a result of this difficulty,
the studies of phage given by the intramuscular

route might be considered incomplete, since most of
the patients in that group were infected with the El
Tor biotype. Two patients with classical Vibrio chole-
rae did receive the classical phage by the intramuscu-
lar route, however. The course of their disease did
not differ from that of the other phage-treated pa-
tients, indicating that the intramuscular route of ad-
ministration is also not effective in phage therapy.
The therapeutic approach used in these studies

employed small numbers of bacteriophage relative
to the total number of vibrios in the intestine. Thus,
it depended upon the natural process of adsorption
of bacteriophage to bacteria, the multiplication of
bacteriophage within the bacteria, and finally the
lysis of the vibrio. This process of adsorption,
multiplication, and lysis requires at least 30 min for
completion (Mukerjee, 1961). To eliminate all the
vibrios present in the intestine with the small initial
inoculum of bacteriophage it would have to be
repeated many times and would require many hours.

In the actively purging cholera patient, in whom
the transit time through the intestine is sometimes
as short as 20 min, such a process would be unlikely
to be effective. A vibrio infected with phage would
be carried into the colon or perhaps out of the
intestine by the fast-moving faecal stream long before
it could burst and release other bacteriophage par-
ticles. At the same time other vibrios still high in
the intestine would have multiplied, allowing con-
tinuation of the disease processes. This situation is
suggested by the number of cases in which we found
bacteriophage and vibrios, both in high concentra-
tions, existing together in the stool. Because of the
different conditions imposed by the actively purging
Vibrio cholerae-infected intestine, it appears that the
co-existence of vibrios and phage in vivo, both at
concentrations of 10000000 per ml, was the rule
rather than the exception. Recent studies by Monsur
et al. (1970) at the Pakistan-SEATO Cholera
Research Laboratory using highly concentrated bac-
teriophage in doses more than 2 000 times those
used in this study have demonstrated that even
with such massive quantities of phage, the stool
became free from vibrios within 24 hours in only
50% of their cases.

Thus, despite its promise of therapeutic efficacy,
the bacteriophage did not eliminate Vibrio cholerae
from the intestine, and did not significantly affect the
course of the disease. From these studies we can
conclude that bacteriophage in the doses and con-
centrations used is of no value as an adjunct to stan-
dard intravenous therapy in the treatment of cholera.
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RESUME

ETUDES CLINIQUES SUR L'EMPLOI DU BACTERIOPHAGE DANS LE TRAITEMENT DU CHOLERA

On a procede a des essais de traitement du cholera
a I'aide de preparations de bacteriophages, obtenues en
URSS, titrant de 108 a 109 unites formatrices de plage
par millilitre.
Des malades atteints d'une forme aigue de I'affection ont

beneficie des leur admission a 1'h6pital de la rehydratation
par voie intraveineuse suivie d'un traitement d'entretien.
On leur a egalement administre du bacteriophage par voie
orale (25 ml chez les adultes, 20 ml chez les enfants)
pendant 3 jours. Certains patients ont requ en outre une
injection unique intramusculaire de 20 ml de bacterio-
phage le ler jour du traitement. Des groupes temoins
de choleriques ont ete traites soit par la tetracycline

(traitement standard) soit par placebo. Chez tous les
malades, on a pratique quotidiennement la numdration
des vibrions et des phages dans les selles, et les souches
isolees chez chacun d'entre eux ont fait l'objet d'epreuves
de sensibifite vis-a-vis de la preparation de phages.

Les resultats de 1'expdrimentation montrent que le
bacteriophage, aux doses utilisees, n'a pratiquement
aucune action therapeutique sur la duree de la diarrhee,
l'importance des emissions de selles et la dur&e de la
pdriode d'excretion des vibrions. En revanche, la tetra-
cycline a eu 1'effet escompte sur ces divers parametres
choisis comme crit&res d'efficacite.
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