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CHOLERA BACTERI OPHAGES REVI SI TED

Studies on phages of Vibrio cholerae O1 have been
of historical interest. The phages had been used earlier
for the confirmatory diagnosis of V.cholerae O1 infection.
They are still being used for the differentiation of
classical and ElTor biotypes of V.cholerae O1. In the
past, Escherichia coli phages had been used to detect
non-enteropathogen-specific fecal contamination in
water?. In countries where cholera is endemic, V.cholerae
01 bacteriophages (ie. vibriophages) have been
detected in sewage water and served as strain markers?
and for typing of V.cholerae classical, 01 and 0139
strains*®. In countries where cholera exhibits a seasonal
behaviour characterized by fluctuations in incidence’,
environmental surveillance can play an important role
in cholera control. Asymptomatic infection with V.cholerae
01 occurs much more frequently than do active cases®
and surveillance by detecting V.cholerae O1 bacteria
and vibriophages in sewage water may be a feasible
means of predicting outbreaks of cholera before a
significant number of cases occur. It has been reiterated
that the presence of vibriophges in the sewage water
is related to the number of cholera cases. A study
conducted in South America favoured the use of
presence of phages in sewage water as a potential
predictor of outbreaks of cholera disease®.

Historical Context and Phage Therapy Research

Phage therapy is the recent development in the field
of phage research. The discovery of antibiotics is considered
as one of the most important achievements in the history
of medical science. However, the emergence of multi
antibiotic resistant bacteria is one of the most critical
problems of modern medicine. Prior to the discovery and
widespread use of antibiotics, it was suggested that bacterial
infections could be prevented and/or treated by the
administration of bacteriophages. The bacteriophage was
discovered by Felix d’Herelle, in the early part of the 20"
century and the name bacteriophage was proposed to
imply that phages eat or devour bacterial®. The successful
use of phages for treating staphylococcal skin infection
was reported in France!l. Ernest Hankin, a British
bacteriologist, reported the presence of marked
antibacterial activity against V. cholerae in the waters of
the Ganges and Yamuna rivers in India'2. He suggested
that an unidentified substance (which passed through fine
porcelain filters and was heat labile) was responsible for
this phenomenon and for limiting the spread of cholera
epidemics!?. Almost twenty years after Hankin’s observation,
Frederick Twort from England, gave a hypothesis that it
may be avirus®®. During 1925, d’Herelle’s report of treating
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four cases of bubonic plague with antiplague phage drew
attention towards phage therapy. He latter visited India
and worked on phage therapy of plague at the Haffkine
Institute, Bombay (Mumbai) which led to the establishment
of the Bacteriophage Inquiry in India under the Indian
Research Fund Association and the initiation of phage
therapy, especially for the cholera epidemics occurred
during religious festivals and pilgrimages?.

The disease cholera caused by V. cholerae is an
ideal test case for therapy with phages. The enteric pathogen
is confined inside small intestine, liberates cholera toxin,
the mode of transmission and epidemiological
characteristics of the disease are well known and effective
vaccines are still not available. But the phage therapy for
cholerais not clearly established in the treatment of patients
or as a preventive measure as d’Herelle had hoped earlier®.
It was observed that the severity and duration of cholera
symptoms and the overall mortality from the disease were
reduced in patients given cholera-specific phage by mouth?®
In late 1960s, the World Health Organization (WHO) set
up an international trial of phage therapy for cholera in
Dhaka. This trial was designed according to the widely
accepted international standards and conducted with
the support and under the review of the National Institutes
of Health, USA. In several WHO sponsored studies in East
Pakistan (now Bangladesh) in the 1970s, bacteriophage
therapy was compared with tetracycline as the therapeutic
agent. It was reported that very high dose phage therapy
was comparable to tetracycline in reducing the excretion
of vibrios in the stool- 8,

Prophylaxis and Treatment

The therapeutic phage preparations were important
products of the pharmaceutical industry in the Eastern
Europe since 1952 and in the erstwhile Soviet Union
since 1923. In these countries, therapeutic phage research
and development was centered at the Hirszfeld Institute
of Immunology and Experimental Therapy of the Polish
Academy of Sciences, Wroclaw, Poland; and on a much
larger scale at the Eliava Institute of Bacteriophage,
Microbiology and Virology of the Georgian Academy of
Sciences, Thilisi, formerly the Soviet Republic of Georgia.
The therapeutic phages were also produced in the USA.
William Smith and his colleagues reported the successful
use of phages to treat experimental E.coli infections in
mice®. There are reports of the utility of phages in
preventing and treating experimental disease in mice and
guinea pigs infected with Pseudomonas aeruginosa and

Acinetobacter?-??, Bogovazova et al® evaluated the efficacy
of bacteriophages in the treatment of infections caused
by Klebsiella ozaenae, K.rhinoscleromatis and
K.pneumoniae. Phage therapy was applied to a variety
of infections like bacterial dysentery?25, wound?°,
gastrointestinal tract infections?; infections of skin and
nasal mucosa® and salmonellosis® caused by other
etiologic agents like Shigella, Salmonella, Proteus,
Staphylococcus, Streptococcus.

Safety Profile and Limitations

Phages are similar to antibiotics as they have remarkable
antibacterial activity. All phages are specific ie they react
to only their targeted bacterial host and not to human or
other eukaryotic cells. For example, phages specific to
V. cholerae, always lyse V. cholerae and will not lyse Shigella,
Salmonella or E. coli bacteria. This is a clear contrast to
antibiotics which target both pathogenic microorganisms
and normal microflora. As a result, the microbial balace
in the patient is disturbed and may lead to serious
secondary infections. Several reports about the use of
phages in clinical settings have come from many countries
especially the USSR and Eastern Europe; virtually all of
them supported favourably the prophylactic and therapeutic
use of phages. In all cases, phage therapy appeared to
be safe and there have been virtually no reports of serious
complications associated with the use of lytic phages in
humans®. However, despite favourable reports, the phages
are not commonly used prophylactically or therapeutically
throughout the world and their efficacy is still a matter of
controversy. One limitation is the high specificity of phages
against targeted bacterial species. Phage susceptibility
is necessary before administered and polyvalent phage
cocktails lyse the majority of strains of the etiological agents.
Today, interest in this subject has regained and phages
as therapeutic agents seem to have the effect of diminishing
the chances of selecting multi drug resistant bacteria in
clinical trials of phage therapy.

Phage Typing Study

From early days, one major practical use of phages
was for bacterial identification through a process called
phage typing - the use of patterns of sensitivity to a specific
battery of phages to precisely identify microbial strains.
This technique takes advantage of the specificity of phages
to their hosts and is still in common use around the world.
Phages adsorb to specific receptor sites on the bacterial
cell wall. In gram-negative bacteria, the receptors have
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been identified as protein and lipopolysaccharide
components of the outer membrane layer surrounding the
peptidoglycan. A particular phage or group of phages
will adsorb to specific site and different phages will adsorb
to different sites. Thus, on the surface of a given bacterial
cell a variety of different receptors are present; each type
being represented in a large number of copies.

Despite more than a century of study, cholera remains
an important cause of morbidity and mortality and still
presents a devastating global problem. Strategies for the
prevention and control of an infectious disease like cholera
depend on understanding the origin, transmission, and
other characteristics associated with the epidemic and its
spread. Among the several typing methods, phage typing
is one of the important and useful methods for the
identification and differentiation of V.cholerae strains.

The use of bacteriophages as a method of strain
differentiation has contributed greatly to the understanding
of the epidemiology of the disease cholera. The first vibrio
phages were identified by d’Herelle (1926)%, and
subsequently several distinct types of bacteriophages acting
on V.cholerae had been described?3?34, Majority of early
studies were directed towards the use of cholera phages
for treatment or prophylaxis rather than strain discrimination.
A study was initiated on the cholera phages and phage
typing in Calcutta in 1955. During the initial study of the
classical biotype of V. cholerae, over 600 phages were
screened which could be divided into four antigenically
distinct groups. Four of these phages, isolated from the
stools of cholera patients were included in the phage typing
scheme for classical cholera. The replacement of the
classical biotype by ElTor biotype rendered this scheme
obsolete since the classical biotype disappeared from
India during 1960s. The last case of classical cholera
isolated at the National Institute of Cholera and Enteric
Diseases (NICED), Kolkata was from Baroda in India in
the year 1980. The internationally recognized phage typing
scheme of Basu and Mukerjee (1968)*, includes five phages
(1, 11, 11, 1V, and V) by which V.cholerae O1 biotype ElTor
strains can be differentiated into six different phage types.
Phage typing has been routinely performed on the basis
of this scheme at the NICED, Kolkata since 1968. With the
passage of time, the scheme was restricted to only two
phage types - phage type 2 and 4. Additionally, increasing
number of untypeable strains (10-11%) were also being
encountered with the existing phages of Basu and Mukerjee.
These limitations and the restrictions of this scheme led
to the development of a new phage typing scheme at the

NICED with the help of newly isolated phages for V.cholerae
01. The new scheme comprised five lytic phages different
from each other and also from the phages of Basu and
Mukerjee. A total of 1000 strains of V.cholerae O1 biotype
ElTor from different sources were included for phage typing
by this scheme. Almost 100 per cent strains were found
to be typeable and the strains could be clustered into 27
types. The scheme was found to be highly effective and
could be widely adopted for phage typing of V.cholerae
01 biotype ElTor, particularly in outbreaks originating from
single source of infection.

Until 1992, V.cholerae O1 was considered the sole
causative agent of the cholera. At the end of 1992, the
scenario of cholera that had existed so far changed because
of the emergence of a new etiologic serogroup of V.cholerae,
which is known as 0139 Bengal. The emergence of toxigenic
V.cholerae 0139 led to the development of an effective
phage typing scheme for this organism. A total of five
newly isolated phages lytic to V.cholerae 0139 strains,
differing from each other and also from O1 phages, were
included in this scheme. A total of 500 V.cholerae 0139
strains were evaluated with this scheme for their phage
types, and almost all strains were found to be typeable.
The strains were clustered into 10 different phage types,
of which type 1 (38.2%) was the dominant type, followed
by type 2 (22.4%) and 3 (8%). This scheme comprising
of five newly isolated phages would be another useful tool
in the study of the epidemiology of cholera caused by
V.cholerae 0139°. The NICED which was recognized as a
WHO Collaborating Centre for Diarrhoeal Diseases Research
and Training, operates today as a reference laboratory
and receives strains of V.cholerae from all parts of India
and abroad for biotyping, serotyping and phage typing.
In India, constant monitoring using phage typing of the
isolated strains of V.cholerae O1 is very important. Any
noticeable change in this phenotypic marker may raise
the suspicion of emergence of a new clone. The phages
may play an important role as a potential predictor of
outbreaks of the disease, which serves as an early useful
signal for monitoring control measures of cholera.

Conclusions

The NICED, Kokata is engaged in research on cholera
phages. The other groups are working on phage typing
of other organisms in Russia and Canada®*. All isolates
of V.cholerae from different parts of the country are being
sent to NICED, Kolkata for confirmation, serotyping,
biotyping and phage typing. A total of ten O1 and five
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V.cholerae 0139 phages have been included in two separate
schemes maintained at NICED. These phages were supplied
to different institutes for research purposes from time to
time. American Type Culture Collection (ATCC) - An
international depository of phages has given an account
number to this institute. In India, the predominant serotype
was Ogawa. In 1992-93, the newly emerged strains of
V.cholerae 0139 were similar to V. cholerae O1 except in
serology. The only other marker to differentiate between
the two serovar was reactivity towards 0139 specific phages.
01 phages do not react with 0139 strains and 0139 phages
do not react with O1 strains.

There is a need to continue research in this area, which
offers us a basic idea as a tool of identification with the
help of this phenotypic marker, which is useful for all
developing countries. The recent emergence of multi drug
resistant pathogenic bacteria is a very serious problem.
The phages especially the cholera bacteriophages may
be helpful as therapeutic agents for treating infections.
The effective approach and additional rigorous studies
are urgently required in this field of research.

Reference

1. Dutka, B.J., Shaarawi, A.E., Matins, M.T. and Sanchez, P.S.
North and South American studies on the potential of coliphage
as a water quality indicator. Water Res 2: 1127, 1987.

2. Almeida, R.J., Cameron, D.N., Cook, W.L. and Wachsmuth, I.K.
Vibriophage VcA-3 as an epidemic strain marker for the U.S.
gulf coast Vibrio cholerae. J Clin Microbiol 30: 300, 1992.

3. Mukerjee, S., Guha, D.K. and Guha Roy, U.K. Studies on typing
of cholera by bacteriophage.l. Phage-typing of Vibrio cholerae
from Calcutta epidemics. Ann Biochem Exp Med 17: 161, 1957.

4. Basu, S. and Mukerjee, S. Bacteriophage typing of Vibrio El Tor.
Experientia 24: 299,1968.

5. Chattopadhyay, D.J., Sarkar, B.L., Ansari, MQ., Chakrabarti,
B.K., Roy, M.K., Ghosh, A.N. and Pal, S.C. New phage typing
scheme for Vibrio cholerae O1 biotype ElTor strains. J Clin
Microbiol 31: 1579, 1993.

6. Chakrabarti, A.K., Ghosh, A.N., Nair, G.B., Niyogi, S.K.,
Bhattacharya, S.K. and Sarkar, B.L. Development and evaluation
of a phage typing scheme for Vibrio cholerae 0139. J Clin
Microbiol 38: 44, 2000.

7. Tamplin, M.L. and Carillo, C. Environmental spread of Vibrio
cholerae in Peru. Lancet 338: 1216, 1991.

8. Vugia, D,J. Cholera surveillance. In: Vibrio cholerae and Cholera:
Molecular to Global Perspectives. Eds. |.K. Wachsmuth, P.A.
Blake and O. Olksvik, American Society for Microbiology,
Washington, D.C, p 371, 1994.

9. Madico, G., Checkley, W., Gilman, R.H., Bravo, N., Cabrera, L.,
Calderon, M. and Ceballos, A. Active surveillance of Vibrio
cholerae O1 and vibriophages in sewage water as a potential
tool to predict cholera outbreak. J Clin Microbiol 34: 2968, 1996.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

D’ Herelle, F. Sur un microbe invisible antagoniste des bac. Dysent
Eriques. C R Acad Sci 165: 373, 1917.

Bruynoghe, R. and Maisin, J. Essais de therapeutique au moyen
du bacteriophage. Compt Rend Soc Biol 85: 1120, 1921.

Hankin, E.H. L’action bactericide des Eaux de la Jumna et du
Gange sur le vibrion du cholera. Ann Inst Pasteur 10: 511, 1896.

Twort, FW. An investigation on the nature of ultramicroscopic
viruses. Lancet ii: 1241, 1915.

D’Herelle, F., Malone, R.H. and Lahiri, M.N. Studies on Asiatic
cholera. Indian Med Res Mem 14: 1, 1927.

D’Herelle, F. and Smith, G.H. The Bacteriophage and Its Clinical
Applications. Charles C. Thomas, Springfield, Illinois, p.165, 1930.

Summers, W.C. Cholera and plague in India: The bacteriophage
inquiry of 1927-1936. J Hist Med All Sci 48: 275, 1993.

Monsur, K.A., Rahman, M.A., Huq, F., Islam, M.N., Northrup, R.S.
and Hirschhorn, N. Effect of massive doses of bacteriophage on
excretion of vibrio, duration of diarrhoea and output of stools in
acute cases of cholera. Bull World Health Organ 42: 723, 1970.

Marcuk, L.M., Nikiforov, V.N., Scerbak, J.F., Levitov, T.A., Kotljarova,
R.l., Mammsina, M.S., Dovydov, S.U., Monsur, K.A., Rahman,
M.A., Latif, M.A., Northrup, R.S., Cash, R.A., Huq, I., Dey, C. and
Phillips RA. Clinical studies of the use of bacteriophage in the
treatment of cholera. Bull World Health Organ 45: 77, 1971.

Smith, H.W. and Huggins, M.B. Successful treatment of
experimental Escherichia coli infections in mice using phage: its
general superiority over antibiotics. J Gen Microbiol 128: 307,
1982.

Soothill, J.S. Treatment of experimental infections of mice with
bacteriphages. J Med Microbiol 37: 258, 1992.

Soothill, J.S. Bacteriophage prevents destruction of skin grafts
by Pseudomonas aeruginosa. Burns 20: 209, 1994.

Barrow, P.A. and Soothill, J.S. Bacteriophage therapy and
prophylaxis: Rediscovery and renewed assessment of the potential.
Trends Microbiol 5: 268, 1997.

Bogovazova, G.G., Voroshilova, N.N. and Bondarenko, V.M. The
efficacy of Klebsiella pneumoniae bacteriophage in the therapy
of experimental Klebsiella infection. Zh Mikrobiol Epidemiol
Immunobiol 4: 5, 1991.

Bavalova, E.G., Katsitadze, K.T., Sukvarelidze, L.A., Imnaishvili,
N.S., Sharshidze, T.G., Badashvili, V.A., Kiknadze, G.P., Meipariani,
A.N., Gendzekhadze, N.D., Machavariani, E.V., Gogoberidze,
K.l., Gozalov, E.l. and Dekanosidze, N.G. Preventive value of
dried dysentery bacteriophage. Zh Mikrobiol Epidemiol
Immunobiol 2: 143, 1968.

Tolkacheva, T.V., Abakumoy, E.M., Martynova, V.A. and Golosova,
T.V. Correction of intestinal dysbacteriosis with biological
preparations in acute leukaemia. Probl Gematol Pereliv Krovi
7: 29, 1981.

Sakandelidze, V.M. and Meipariani, A.N. Use of combined phages
in suppurative-inflammatory diseases. Zh Mikrobiol Epidemiol
Immunobiol 6: 135, 1974.

Slopek, S., Durlakawa, |., Weber-Dabrowska, B., Kucharewicz-
Krukowska, A., Dabrowski, M. and Bisikiewicz, R. Results of
bacteriophage treatment of suppurative bacterial infections I.
General evaluations of the results. Arch Immunol Ther Exp 31:
267, 1983.



April 2002

28.

29.

30.

31.

32.

Bogovazova, G.G., Voroshilova, NN, Bondarenko, V.M.,
Gorbatkova, G.A., Afanas’eva, E.V., Kazakova, T.B., Smironov,
V.D., Mamleeva, A.G., Glukharev, I.A., Erastova, E.l., Krylov,
I.A., Ovacherenko TM, Baturo AP, Yalsyk, G.V. and Arefyeva,
N.A. Immunobiological properties and therapeutic effectiveness
of preparations from Klebsiella bacteriophages. Zh Mikrobiol
Epidemiol Immunobiol 3: 30, 1992.

Miliutina, L.N. and Vorotyntseva, N.V. Current strategy and
tactics of etiotropic therapy of acute intestinal infections in children.
Antibiot Khimioter 1: 46, 1993.

Sulakvelidze, A., Alavidze, Z. and Morris, J.G. Jr. Bacteriophage
therapy. Antimicrob Agents Chemother 45: 649, 2001.

D’Herelle, F. The Bacteriophage and Its Behaviour. Williams
and Wilkins, Baltimore, MD, p.490, 1926.

Nicolle, P., Gallut, J. and Minor, L. Lysogenic, phage typing,
serological and biochemical study (cholera-red reaction and
search for lysine decarboxylase) of a collection of Vibrio cholerae
and Vibrio ElTor. Ann Inst Pasteur 99: 664, 1960.

33.

34.

35.

36.

37.

Furniss, A.L., Lee, J.V. and Donovan, T.J. The Vibrios. Public
Health Laboratory Services Monograph Series. Her Majesty’s
Stationery Office, London. 1978.

Drozehvkina, M.S. and Arutyunov, Y.I. Phage typing of Vibrio
cholerae using a new collection of phages. J Hyg Epidemiol
Microbiol Immunol 23: 340, 1979.

Smironova, E.L. and Lomovskaia, N.D. Characteristics of
Actinomyces griseus actinophages and the production of phage-
resistant mutants of the produces of grisin. Antibiotiki 20: 409,
1975

Khakhria, R., Duck, D. and Lior, H. Distribution of Salmonella
enteritis phage types in Canada. Epidemiol Infect 106: 25, 1991.

Khakhria, R. and Lior, H. Extended phage-typing scheme for
campylobacter jejuni and Campylobacter coli. Epidemiol Infect
108: 403, 1992.

This write-up has been contributed by Dr. B. L. Sarkar,
Senior Research Officer, National Institute of Cholera and
Enteric Diseases, Kolkata.

4 N
EDI TORI AL BQOARD
Chai rman
Dr. N.K Ganguly
D rect or - Cener al
Edi t or Menmbers
Dr. N Medappa Dr. PadamS ngh
festt. Eitor D. Lait Kt
O. VK Sivastava Or. Bela Shah
t Dr. V. Mut huswany
Sh. NC Saxena
- /
Printed and Published by Shri J.N. Mthur for the Indian Council of Medical Research,

New Del hi

at the |CVMR O fset Press,
R N 21813/71

New Del hi-110 029



	Cholera Bacteriophages Revisited
	Historical Context and Phage Therapy Research
	Prophylaxis and Treatment
	Safety Profile and Limitations
	Phage Typing Study
	Conclusions
	Reference
	Editorial Board

