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Abstract: Phage typing is an important tool to discriminate the strains of Vibrio cholerae from 
epidemiological point of view. National Institute of Cholera & Enteric Diseases is engaged in 
research on cholera phages since decades in India. Bacteriophages have long been used for 
classification and discrimination of bacterial strains. Cholera, an endemic disease in Indian 
subcontinent with mild to lethal outcome has been studied in detail using a set of bacteriophages 
sensitive to a particular subtype to classify V. cholerae. So, bacteriophage typing of Vibrio cholera
was an extremely important tool before few decades and still today it is very important. Other 
than typing, bacteriophages can be used as therapeutic and the field of phage therapy attains high 
importance in recent years. Phage therapy experiment was found effective in animal model where 
we found that the combination of five phages was highly effective and did nonetheless reduce the 
severity of cholera diarrhea. This novel approach will be further pursued by utilizing cocktail 
phage in preclinical and clinical trials. Our future strategy is to carry forward our mission by 
utilizing the cocktail phage in human volunteer study. 

Historical context
Studies on phages of Vibrio cholerae O1 have been of historical interest. Bacteriophages or 
viruses attack bacteria; the killing ability of “phages” makes them the “natural enemies” of 
bacteria. My enemy’s enemy is my friend: the property of bacteriophages. Almost all types of 
phages spidery tail fibers to recognize and attach to the target’s surface by their specificity. In 
lytic cycle, the phage particle injects its genetic material inside the bacterium. The phage gene 
then command the bacterial synthetic machinery to synthesize phage components which are 
assembled into new progeny phage particles. The viral genome gets packaged inside the protein 
coat. The crowding of various inside the host ultimately causes cell lysis and mature viral 
particles liberated by lysis of the bacterial cell wall. In lysogenic cycle, after the entry of viral 
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genome, the phage gets integrated into the bacterial genome of the host. The viral genome 
integrated to the bacterial genome is termed prophage. Viral genome replicates along with the 
bacterial genome replication and pass on to the daughter cells. In other words, phage DNA would 
replicate only when bacterial chromosome replicates and will stay there as a symbiotic rather than 
a parasite. Occasionally, integrated viral genome detaches and released into the bacterial 
cytoplasm. This dissociation is called induction and lytic cycle is followed releasing mature 
lysogenic phages. Induction can be induced artificially using ultraviolet rays or heat treatment.

The bacteriophages, the term coined by Felix d’Herelle in 1917 and the name bacteriophages was 
proposed to imply that phages eat or devour bacteria. However, Fredric Twort from England first 
described bacteriophages in 1915. Ernest Hankin, an English Bacteriologist, reported the presence 
of marked antibacterial activity against V. cholerae in the water of the Ganges and Yamuna River 
in India in 1896. Hankin's work recalled approximately 20 years prior to the actual discovery of 
bacteriophages. 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.

Phages were used for the confirmatory diagnosis of V. cholerae O1 infection since decades. They 
are still being used for the differentiation of classical and ElTor biotypes of V. cholerae O1. In the 
past, Escherichia coli phage had been used to detect non-entreopathogen specific fecal 
contamination in water (Dutka et al, 1987). In countries where cholera is endemic, V. cholerae O1 
bacteriophages (i.e vibriophages) have been detected in sewage water and served as strain 
markers (Almeida et al, 1992). The cholera phages used for typing of V. cholerae classical, O1 
and O139 strains at National Institute of Cholera and Enteric Diseases (NICED), Kolkata 
(Mukerjee et al, 1957; Basu and Mukerjee, 1968; Chattopadhyay et al, 1993; Chakrabarti et al, 
2000). In countries where cholera exhibits a seasonal behavior characterized by fluctuation in 
incidence (Tamplin and Carillo et al, 1991), environmental surveillance can play an important role 
in cholera control. Asymptomatic infection with V. cholerae O1 occurs much more frequently 
than do active cases (Vugia DJ, 1994). Surveillance by detecting V. cholerae O1 bacteria and 
vibriophages in sewage water may be feasible means for predicting outbreaks of cholera before a 
significant number of cases occur. It has been reiterated that the presence of vibriophages in the 
sewage water is related to the number of cholera cases. A study conducted in South America 
favored the use of presence of phages in sewage water as a potential predictor of outbreaks of 
cholera disease (Madico et al, 1996).

V. cholerae, the causative agent of cholera requires two coordinately regulated factors for full 
virulence: cholera toxin (CT), a potent enterotoxin, and toxin-coregulated pili (TCP), surface 
organelle required for intestinal colonization. The structural genes for CT are shown here to be 
encoded by a filamentous bacteriophage (designated CTXphi). The CTXphi genome 
chromosomally integrated or replicated as a plasmid. CTXphi used TCP as its receptor and 
infected V. cholerae cells through horizontal gene transfer (Waldor and Mekalanos, 1996). He 
further reiterated that O1 and O139 strains are carried by a filamentous bacteriophage (termed 
CTX phage) which is known to use toxin-coregulated pili (TCP) as its receptor. The toxigenic V. 
cholerae strains involves acquisition of the CTX phage and after these strains had acquired the 
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pathogenicity island encoding TCP (Dalsgaard et al, 2001). Seasonal epidemics of cholera 
inversely correlate with the prevalence of environmental cholera phages (Faruque et al, 2005). 
They reported that significantly more environmental water samples contained either a phage or a 
phage-susceptible V. cholerae strain than both (P < 0.00001). The number of cholera patients 
varied seasonally during this period and frequently coincided with the presence of pathogenic V.
cholerae strains in water samples that otherwise lacked detectable cholera phages. Interepidemic 
periods were characterized by water samples containing cholera phages but no viable bacteria 
present. They further clarified that cholera phages can influence cholera seasonality and may also 
play a role in emergence of new V. cholerae pandemic serogroups or clones.

A. 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 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.

Cholera still remains an important cause of morbidity and mortality and 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. Cholera is a severely dehydrating, diarrhoeal condition which has a 
profound effect on human populations, including their evolution and cultural development. 
During the past few years, serious cholera outbreaks have occurred in different parts of India, 
sometimes involving antibiotic-resistant strains. NICED, Kolkata conducts investigations of 
cholera epidemics time to time in different parts of the country. The use of phage typing as a 
method of discrimination of strains has contributed greatly in understanding of the epidemiology 
of the cholera disease. Among the several typing methods, phage typing is one of the important 
and useful methods for the identification and differentiation of V. cholerae strains. 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 stool 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 in 1961. The last case of classical cholera isolated at NICED, Kolkata was from 
Baroda in India in the year 1980. Subsequently, a phage typing scheme for V. cholerae O1El Tor 
was developed by Basu and Mukerjee (1968). The internationally recognized phage typing 
scheme of includes five phages (I, II, III, IV and V) by which V. cholerae O1 biotype ElTor strains 
can be differentiated into six different phage types.
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Fig 1: Electron micrograph of the phages used for phage typing studies of V. cholerae O1 and V. cholerae

O139 strains (Reproduced from Chattopadhyay et al, 1993 and Chakrabarti et al 2000)

Panel of V. cholerae O1 phages used for phage typing

Phage typing has been routinely performed at 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%) was 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 NICED. A total of 98 phages from sewage samples 
were isolated from endemic areas throughout India using propagating strain MAK 757 (ATCC 
51352). Finally, 5 out of 98 phages were selected and incorporated in the O1 phage typing scheme 
(Fig1). The new scheme comprised of five lytic phages different from each other and also from 
the phages of Basu and Mukerjee (Chattopadhyay et al, 1993, Sarkar et al, 1994; 1999). A total of 
1000 strains of V. choleraeO1 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 distinct types (Fig 2). The scheme was found to be highly effective and could 
be widely adopted for phage typing of V. choleraeO1 biotype ElTor, particularly in outbreaks 
originating from single source of infection. Until 1992, V. choleraeO1 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 toxigenic serogroup of V. cholerae, which is known 
as O139 Bengal. The emergence of toxigenic V. cholerae O139 led to the development of an 
effective phage typing scheme for this organism (Chakrabarti et al, 2000). A total of 5 out of 79 
sewage samples collected from different endemic areas of the country were selected for O139 
phage typing scheme (Fig 1). These 5 newly isolated phages lytic to V. cholerae O139 strains, 
differing from each other and also from O1 phages, were included in this scheme. This scheme for 
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phage typing can discriminate V Cholerae O139 strains into 10 different phage types (Fig2). A 
total of 500 V. cholerae O139 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 O139. These two phage typing schemes 
specific for V.choleraeO1 and O139 are in

Fig 2: A. Phage typing patterns observed with the five V. cholerae O139 phages 
(Reproduced from Chakrabarti et al, 2000)

B. Phage typing patterns observed with V. cholerae O1 El Tor phages phages 
(Reproduced from Chattopadhyay et al, 1993)

(+) more than 20 plaques, semi confluent lysis or confluent lysis, sensitive; (-) no plague, resistant
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use routinely for the discrimination of strains of V. cholerae O1 and O139 at this institute. In 
another study, we reported that the new states of India that had not witnessed the cholera disease 
before were added to the cholera map of India (Sarkar et al, 2011). Our analysis showed that the 
annual number of cholera cases reported to WHO by the government was several times lower 
than the numbers we obtained through culture positive strains received at the Phage Typing Unit, 
NICED (Sarkar et al, 2012). This may be due to lack of surveillance as well as proper laboratory 
support and, therefore, the burden of cholera in India is clearly inadequate and underestimated. 
Phage typing is a useful typing tool for subcategorizing the V. cholerae strains. This can be useful 
to determine whether isolates, which come from different places at different times, are similar or 
different in their reactions with specific sets of phages used for typing. Phage typing can show 
possible linkages between seemingly sporadic cases which could help in recognizing and tracing a 
common source of outbreak (Fig 3). The NICED which was recognized as a WHO Collaborating 
Centre for Diarrhoeal Diseases Research and Training operates 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. Because of the global resurgence of the disease cholera, underscores the 
urgent need for effective epidemiological surveillance. As a consequence, phage typing is a 
conventional typing system, which has been used for decades at NICED, India. Apart from 
serology, the strains of V. cholerae can be identified and confirmed with the phages. Phage typing 
methods can test large number of strains rapidly. It is a cost effective and a simple laboratory 
method that does not require any sophisticated equipment. Because of highly host specificity, it 
offers the basic information on identification, biotyping and discrimination of strains. So far, a 
total of five collaborative publications on phage typing with other institutions across India have 
been made by NICED (Torane et al, 2016).

B. Phage Therapy
Felix d’Herelle’s reported of treating four cases of bubonic plague with antiplague phage drew 
attention towards phage therapy in 1925. He latter visited India and worked towards phage
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Fig 3: A. Map of India showing the areas from where V. cholerae O139 biotype El Tor strains were received 

during the period 1998 to 2007 (Reproduced from Sarkar et al, 2011)

B. Distribution of phage types of V. cholerae O1 biotype El Tor strains in India during the period 1998 to 

2007 (Reproduced from Sarkar et al, 2011).

therapy of plague at the Haffkine institute, Mumbai (Bombay) which led to the establishment of 
the Bacteriophages 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 (D’Herelle et al, 1927). The successful use of phages for treating staphylococcal skin 
infection was reported in France (Bruynoghe and Maisin, 1921). 

Multidrug resistant bacteria are a problem worldwide to the researchers. Phage therapy is the 
reemerging approaches of treatment and has been considered since decades (Brussow, 2005). The 
phages are specific to their target bacterial host cell but are unresponsive to human or eukaryotic 
cell (Filippov et al, 2012) whereas antibiotics target both pathogenic microorganisms and normal 
microflora. This clear distinction explores the beneficial nature of bacteriophages. Bacteriophage 
therapy is an approach of harnessing phages as bio agents for the treatment of bacterial infections. 
Despite of development of new antibiotics, ultimately pathogens will be resistant to it. So, phage 
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therapy may be an alternative and potential weapon against infectious diseases as it has been 
experimentally proved that bacteriophages are therapeutically superior to antibiotic therapy 
(Lederberg, 1996; Pirisi, 2000). Bacteriophages are natural predators of bacteria, abundant in 
environment, self-limiting and self-replicating in their target bacterial cell (Carvalho et al, 2010).

Phages are similar to antibiotics as they have remarkable antibacterial activity. Phage therapy is 
the recent development in the field of cholera phage research. The discovery of antibiotics is 
considered as one of the most important achievements in the history of medical sciences. 
However, the emergence of multi antibiotic resistant bacteria is one of the most critical problems 
of modem 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 disease cholera caused by V. cholerae is an ideal test case for therapy. 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 favorably 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 
favorable reports, the phages are used prophylactically or therapeutically in different parts of the 
world. 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.

It is widely believed that phage therapy may have the potential to reduce the harmful bacteria in 
animals. All previous studies, especially on the conventional vibriophages were restricted to 
antiphage antiserum and to neutralization tests in RIL. Very promising results have been obtained 
by many researchers regarding the application of phage therapies in animal models. We observed 
the effect of the phage alone and in combination with V. choleraeO1 in the rabbit ileal loop (RIL). 
Previously, from our work in the rabbit Ileal loop (RIL) model it was reported that phage 
administration did not have a prophylactic effect because it did not reduce the number of 
challenge bacteria and the fluid accumulation ratios in this model (Sarkar et al, 1996). This leads 
us to switch over the phage therapy experiment in RITARD model, where phage prophylaxis was 
determined against experimental V. cholerae infections from various aspects. To achieve this 
objective, we initially performed an in vivo experiment to mimic the in vitro model. Our results
indicated that phage cocktail could control the proliferation of V. cholerae in the RITARD model. 
This suggests that phage therapy could be introduced as a control measure to eliminate V. 
cholerae infection from the intestine. The ability of phage to reduce V. cholerae infection was a 
phage function and not non-specific immune activation. Our experiment might be established as a 
milestone towards the therapeutic use of bacteriophages for acute cholera infection as an 
alternative to antibiotics (Bhowmick el al, 2009). Thereafter, we move to adult rabbit oral model 
to evaluate the therapeutic efficacy of cocktail phage against V. cholerae infection at different 
time intervals. Our results indicated that phages were able to neutralize the challenging dose of V.
cholerae inside the rabbit ileal loop (Fig 4).We concluded that in case of cholera, oral 
administration of a suitably designed phage cocktail could provide a method of treatment 
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alternative to antibiotic therapy (Jaiswal et al, 2013). Later on, in continuation our approach, an 
oral phage administration in mice model with phage cocktail to establish an oral phage cocktail 
therapy. As detailed in the “results”, it was found that the lytic activity of the phage cocktail could 
not only reduce the V. cholerae counts more rapidly compared to the individual phages but also to 
a greater extent indicating the possible usefulness of the phage cocktail as a therapeutic agent for 
combating V. cholerae infection. This study indicated that in case of cholera, oral administration 
of a suitably designed phage cocktail could provide a method of treatment alternative to antibiotic 
therapy (Jaiswal et al, 2014). The most important outcome of this study was that a combination of 
five V. choleraeO1 bacteriophages (cocktail) reduced the number of V. cholerae cells in the orally 
infected mice could be effective in combating V. cholerae infection.

The therapeutic phage preparations were important products of the pharmaceutical industry in the 
Eastern Europe since 1952 and in Soviet Union since 1923. Phage Therapy Center, Tbilisi 

Fig 4: Histopathological changes in mice intestine at 24h post challenge with cocktail phage. 

(Magnification 40X) (Reproduced from Jaiswal et al, 2014)

A. In the control group of mice dilated villus lamina propera of the intestinal villi

B. In phage cocktail treated mice 

C. Antibiotic treated mice after bacterial infection showed normal vilus

D. Intestinal mucosa normal with mild cellular response
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Georgia is now an established treatment center for patients with chronic diseases by antibiotic-
resistant bacterial infections that do not respond to conventional antibiotic therapies. The 
therapeutic phages were also produced in USA. William Smith and his colleagues reported the 
successful use of phages to treat experimental E. coli infections in mice (Smith and Huggins, 
1982). There are reports of the utility of phages in preventing and treating experimental disease in 
mice and guinea pigs infected with Pseudomonas aeroginosa and Acinetobacter. Bogovazova et al 
(1991) evaluated the efficacy of bacteriophages in the treatment of infections caused by Klebsiella
ozaenae, K. rhinoscleromatis and K. pneumonia. Phage therapy was applied to a variety of 
infections like bacterial dysentery (Tolkacheva et al, 1981), wound (Sakandelidze and Meipariani, 
1974), gastrointestinal tract infections (Slopek et al, 1983). This advocates that phage therapy 
could be introduced as a weapon to abolish V. cholerae infection from the intestine. It is discussed 
that phage therapy will ever replace antibiotics; however, with the increasing incidence of 
antibiotic resistant bacteria, there is a clear prospective for it to be used in a complementary 
fashion. One of the significant aspects of the present study is that we established a new 
therapeutic animal model to evaluate the antibacterial activity in vivo. A better way of delivery 
with suitable development of phage cocktail with the help of the technology may bridge the gap 
between antibiotics and phages. The better will be the bioavailability of phage the better will be 
the treatment. Further Characterization of new and potential phages with therapeutic potential 
may spread hope on treating diverse bacterial infections that are irrepressible by presently 
available antibiotics. Moreover, further scientific proof of the in vivo efficacy and safety of phage 
therapy will validate its clinical use in humans, there by possibly critically dropping antibiotic 
use. This revitalized therapy also may become a powerful weapon against bioterrorism based on 
pathogenic bacteria with intentionally introduced antibiotic resistance (Schuch et ah, 2002).To the 
best of our knowledge; this is the first report of treating orally developed V. cholerae infection in a 
murine model with oral application of phage cocktail. Our experiment might be established as a 
milestone toward the therapeutic use of bacteriophages for cholera infection as an alternative to 
antibiotics (Jaiswal et al, 2014)

Conclusion
The NICED, Kolkata is engaged in research on cholera phages. 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 V. cholerae O139 phages have been 
included in two separate schemes maintained at NICED. These phages were supplied to different 
institutions 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 O139 
were similar to V. choleraeO1 except in serology. The only other phenotypic marker to 
differentiate between the two serovar was reactivity towards O139 specific phages. O1 phages do 
not react with O139 strains and O139 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 
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countries. The phages especially the cholera bacteriophages may be helpful as therapeutic agents 
for treating infections. A better way of delivery with suitable development of phage cocktail with 
the help of the technology may bridge the gap between antibiotics and phages. The ultimate goal 
of this study is to establish phage therapy efficaciously through a study in human volunteers. The 
effective approach and additional rigorous studies are urgently required in this field of research.
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