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Abstract

Accurate diagnosis and proper treatment of infectious diseases in the early stages
are essential in preventing financial losses and patient suffering. Advanced diagnostic tests
e.g. ELISA, CFT, PCR etc. are very costly, cumbersome, require sophisticated equipment
and skilled personnel and cannot be employed at field level. Bacteriophages are virus-
es that specifically infect bacteria, replicate in it and lyse it. Lysis of the bacteria can
be detected by using suitable indicator system. By employing bacteriophages along with
indicator systems, accurate, easy and cost effective diagnosis of bacterial pathogens is
possible in field conditions. Phage based diagnostic methods are cheap, simple and highly
specific for bacterial diseases and are of bedside and penside applicability. Phage based
diagnostics employing phage amplification and phage plaque method, reporter genes for
luminescence, Fluorescence assays, MTT assay, Adenylate Kinase assay and ATP assay
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have been described here.
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Introduction

Accurate diagnosis and proper treatment of infectious
diseases in the early stages are essential in preventing financial
losses and patient suffering. Various advanced diagnostic tests
e.g. ELISA, CFT, PCR etc. are available but these are not em-
ployed in field because they are cumbersome, require very cost-
ly, sophisticated equipment and skilled personnel and can be per-
formed in specialized labs only. Available ELISA and molecular
assay based kits are very costly.

Bacteriophages

Bacteriophages are viruses that infect and replicate in
prokaryotic cells. Phages kill between 4% - 50% of the bacteria
produced every day, are driver of global geochemical cycles and
a reservoir of the greatest genetic diversity on Earth!!l. Two in-
dependent observations made by who described glassy trans-
formations of micrococci colonies and antagonistic bacterial
microbes, respectively, are seen as the onset of modern phage
research.

In 1917 bacteriophages were officially discovered by
d’Herelle, a French Canadian Microbiologist at the Pasteur In-

stitute in Paris® who coined the name bacteriophages, derived
from ‘bacteria’ and ‘phagein’ (Greek), which means ‘to eat’. He
also introduced the term ‘plaque’ to describe the circular area of
clearing caused by infection of a single phage on double-layered
agar plates.

Phage based diagnostic assays

By employing bacteriophages along with suitable in-
dicator systems, easy diagnosis of bacterial pathogens is pos-
sible in field conditions. The use of bacteriophage in assays
for detecting bacteria was first reported over half a century ago
when an assay to detect Salmonella using the phage Felix 01
was described by Cherry et al in 195451, Bacteriophage based
diagnosis is particularly useful when studying slow growing or-
ganisms such as Brucella spp., Mycobacterium tuberculosis and
Mycobacterium avium subsp. Paratuberculosis'®. The ability of
bacteriophage to specifically infect, and lyse its host bacterium
is to be exploited as a means of uniquely identifying target bac-
teria. After lysis by the specific lytic phage, release of specific
contents of the bacteria can be detected by using suitable indica-
tor system. Phage-based assays are particularly attractive since
they are rapid, simple, and do not require the use of expensive
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equipment. Phage based diagnosis is easy because phages can
be maintained at room temperature!”. Observed that after lyo-
philization, phage retained its activity during storage for at least
20 months at 4°C. Phage is stable for 24 hours in broth at pH
values from 6 to 8 at 37°C. The specificity of bacteriophage for
their hosts has made them ideal tools for the classification, iden-
tification, and detection of bacteria.

Phage amplification and phage plaque method

Favrin et al'® developed a novel assay that utilizes the
normal infection cycle of bacteriophage SJ2 for detection of Sal-
monella enterica serovar Enteritidis in broth. It included 4 stag-
es (i) capture and concentration of target cells by using Immuno
Magnetic Separation (IMS) (ii) infection of the target bacterium
with phage (iii) amplification and recovery of progeny phage
and (iv) assay of progeny phage on the basis of their effect on
a healthy population of host cells (signal-amplifying cells). The
end point of the assay can be determined by using either fluores-
cence or optical density measurements. The detection limit of
the assay in broth is less than 10* CFU/ml, and the assay can be
performed in 4 to 5 h.

McNerney et al® reported that successful infection
and replication of bacteriophages is indicative of the presence
of viable bacteria. They described the development of a bacte-
riophage replication assay for the detection of Mycobacterium
tuberculosis by using mycobacteriophage D29. Optimization of
phage inoculation and incubation times allowed highly sensi-
tive detection of M. bovis. Mythri and Samaga!'” collected three
consecutive sputum samples. After decontamination and con-
centration techniques, samples were used for phage assay, cul-
tured on Lowenstein-Jensen medium and smears were prepared.
The overall sensitivity, specificity, PPV and NPV of phage assay
when compared to LJ culture were 83.3%, 100%, 1.0 and 0.92,
respectively. With respect to smear-negative specimens, the sen-
sitivity was 50%.

Reporter phage based assays

Meighen!'!l reported that bioluminescent bacteria, in-
cluding Photobacterium, Vibrio, and Photorhabdus are capable
of emitting light. The light-emitting reaction involves an intra-
cellular luciferase. Bacterial luciferase is a heterodimeric en-
zyme and coded by the /ux 4 and lux B genes. Lux A and Lux B
genes have been used as reporter genes for bacterial detection.
The principle of this detection method requires the introduction
of the Jux genes into the genome of a bacteriophage. The recom-
binant phages lack the intracellular biochemistry necessary for
light production. However, infection of host bacteria by phage
leads to the expression of phage genes and the additional lux
gene within 30 to 50 minutes!'?. The result of phage infection is
bioluminescent bacteria. The specificity of the detection method
is determined by bacteriophage and host specificity and only vi-
able cells are detected.

Hennes et all'¥ used fluorescently stained bacterio-
phages to identify and enumerate specific strains of heterotro-
phic bacteria and cyanobacteria that were added to natural ma-
rine microbial communities. Chen and Griffiths!"*! constructed
recombinant bacteriophages specific for Salmonella spp. and
containing either /ux AB or the entire /ux operon. By employing
a 6 hour preincubation step of this reporter phage and Salmonel-
la, as few as 10 Salmonella cells per ml in the original sample
could be detected. Loessner et al (1996) reported that by using
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the recombinant Listeria phage A511: luxAB, as few as 5 x 10?
CFU/ml of tested Listeria cells could be detected after phage
infection and two hours incubation at 20°C.

Goodridge et al'™ developed a fluorescent bacterio-
phage assay for the detection of E. coli O157:H7 in ground beef
and raw milk samples. In this assay, fluorescently labelled phage
ARI1 specific for E. coli O157:H7 was used. Attachment of the
labelled phage ARI to the surface of E. coli O157:H7 could be
visualized by epifluorescent microscopy or quantified by flow
cytometry. The detection limits of this assay were approximately
1 x 10*CFU/ml in raw milk.

Edgar et all'9 reported biotinylation of engineered
host-specific bacteriophage and conjugation of the phage to
streptavidin-coated quantum dots. The method provides specific
detection of as few as 10 bacterial cells per ml in experimental
samples, with an approximately 100-fold amplification of the
signal over background in 1 h.

MTT assay and other biochemical assays

Gupta and Saxenal'”! adapted MTT assay and nitrate re-
duction assay for use along with phage in detection of Brucella
organisms. In phage based MTT assay, all the standard isolates
of Brucella changed colour from yellow to purple upon addition
of MTT after 6.5 hours of incubation of bacteria alone. However,
in case of wells containing bacteria incubated with the specific
brucellaphage, no colour change was observed after 6.5 hours of
incubation because of the specific lysis of bacteria by the phage.
In phage based Nitrate Reduction Test, red colour was noticed in
the case of live Brucella isolates alone, but in case of Brucella
incubated with phage for 8 hours, it remained colourless. The
above mentioned tests can be suitably adapted to develop pen
side kits for use with clinical samples after concentration of or-
ganisms in sample with positive serum and reduction of sample
contamination using certain antibiotics.

Figure 1: Phage based Nitrate Reductase Test in small tubes.

J Clin Trials Pathol Case Stud | volume 1: issue 1


http://www.ommegaonline.org

Phage based Diagnosis of Bacterial Infections

Figure 2: Phage based MTT assay for Salmonella in small tubes.

Table 1: Confirmation of Salmonella by cost effective phage mediated
lysis and costly PCR.

Isolate of Salmonella PCR positivity Lysis by phage

37s +

38s + +
31s + +
59s + +
71s + +
80s + +
96s + +
12s + +
49s + +

ATP and AK assays

The ATP bioluminescence reaction is catalysed by the
enzyme luciferase, and requires a series of substrates including
ATP (adenosine triphosphate) and luciferin. Here ATP functions
to link the enzyme luciferase to its substrate luciferin.

Sanders (1995) used bacteriophage for specific lysis
of Listeria monocytogenes, and the subsequent detection of
an increase in the level of released bacterial ATP. This meth-
od enabled to rapidly and selectively identify 2.5 x 10° cells of
L. Monocytogenes in the presence of one other Listeria species
within 80 minutes after the addition of bacteriophage. Murphy
et all"® also investigated the phage-mediated adenylate kinase
(AK) assay. This assay was claimed to be more sensitive than the
phage-mediated ATP assay.

Blasco et all'"! used bacteriophages to cause specific
lysis of bacteria and developed sensitive and rapid assay for the
specific detection of bacteria using Escherichia coli and Salmo-
nella Newport as the test organisms. The release of cell contents
was measured by ATP bioluminescence. Increased sensitivity
was obtained by focusing on the bacteria’s adenylate kinase
(AK) as the cell marker instead of ATP as conventionally used.
Fewer than 10° E. coli cells could be readily detected in less
than 1 h. Salmonella Newport assays, although as sensitive, were
slower and took up to 2 h.

Minikh et al? used wild type T4 bacteriophage and re-
combinant T4 bacteriophages displaying biotin binding peptide
and cellulose binding module on their heads. These phages were
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immobilized on nano-Aluminum fiber-based filter, streptavidin
magnetic beads and microcrystalline cellulose, respectively. In-
fectivity of the immobilized phages was investigated by moni-
toring the phage-mediated growth inhibition of bioluminescent
E. coli B and cell lysis using bioluminescent ATP assay. Excess
of interfering microflora at levels 60-fold greater than the target
organism did not affect the results when bacteriophage was im-
mobilized on the filter prior to concentration of bacterial cells.

Saxena and Guptal®! exploited the phenomena of ATP
release on phage mediated lysis of bacteria and ATP catalyzed
luciferase-luciferin reaction to develop a novel assay for diag-
nosis of Brucellosis from clinical samples employing the ATP
Determination kit (Invitrogen Detection Technologies). Mean
luminescence was 1616.333 + 662.608 for Brucella positive
uterine secretions alone and 18507 + 3327.018 for phage treated
positive samples. There was a very significant difference (P <
0.01) between the two values. The average increase in lumines-
cence was 10.03 folds. The mean luminescence of negative sam-
ples treated with phage was 700.333 + 364.664. The difference
between the luminescence of phage treated positive and negative
samples was very significant (P < 0.01). The positive/negative
status of animals from which the samples were derived was con-
firmed by Rose Bengal Plate Test and ELISA. The novel assay is
simple, easy, accurate and field applicable assay for Brucellosis.

Thus, phage based methods offer cheap, simple and
highly specific diagnostic tests for bacterial diseases which are
of bedside and penside applicability.
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