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BACTERIOPHAGE COMPOSITIONS AND METHODS OF SELECTION OF
COMPONENTS AGAINST SPECIFIC BACTERIA

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit of U.S. Provisional Patent
Application No. 62/353,517 filed June 22, 2016; U.S. Provisional Patent Application No.
62/489,860 filed April 25, 2017 and U.S. Provisional Patent Application No. 62/510,649
filed May 24, 2017 the entire contents of which are incorporated by reference herein.
FIELD OF THE INVENTION
[0002] The subject matter of the instant invention relates to methods of
compounding compositions comprising bacteriophage effective for treating bacterial
infections, including but not limited to, multidrug resistant bacterial infections. The
invention also relates to compositions, bacterial diversity sets, and phage libraries
prepared according to the methods of the instant invention.
BACKGROUND OF INVENTION
[0003] Current global surveillance indicates that multidrug resistant (MDR)
bacteria are emerging at an alarming rate. There is also a significant concern regarding
the possibility that genetic engineering and synthetic biology may result in the creation of
highly virulent microorganisms. In view of the potential threat of rapidly occurring and
spreading virulent microorganisms and antimicrobial resistance, alternative clinical
treatments against bacterial infection must be sought and developed.
[0004] Bacteriophages (“phages”) are diverse viruses that replicate within and
can kill specific bacterial hosts. The possibility of harnessing lytic phages as an

antibacterial was investigated following their initial isolation early in the 20™ century,
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and they have been used clinically as antibacterial agents in some countries with some
success. Notwithstanding, phage therapy was largely abandoned in the U.S. subsequent
to the discovery of penicillin, and only recently has interest in phage therapeutics been
renewed. For example, engineered phages have been used as therapeutic delivery systems
e.g., natural phages covalently attached to antibiotics, pathogen-targeted peptide displays
on the surface of a phage, and bacteria specific CRISPR (clustered regularly interspaced
short palindromic repeats)-Cas systems for silencing antibiotic resistance genes.
Components of phage have also been used as antibacterial agents (e.g., cloning phage
genes) such as lysozymes, endolysin, and phage tail-associated muralytic lytic enzymes
(TAME).

[0005] Phages are typically highly specific for a particular bacterial host and thus
can be used clinically to target a bacterial pathogen. Unfortunately, however, due to
phage-bacterial host specificity, so called broad spectrum phage products against
numerous bacterial strains, even of the same pathogenic bacterial species, are difficult to
develop; a previously effective phage therapy can quickly become ineffective during
clinical treatment as the target bacterial host is eliminated and is naturally replaced by
one or more emergent phage-resistant bacterial strains. In fact, pre-existing phage-
resistance and/or emergent phage-resistance in a bacterial population is to be expected
whenever a phage and a bacterial population interact, and unless steps are taken to also
target these resistant mutants in the bacterial population, these mutants will simply be
selected-for and will outgrow once the phage eliminate the susceptible fraction of the
population. Thus, currently, the clinical usefulness of phage therapy remains limited at

best, and there remains a need for improved methods and formulations for using phage as
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antibacterial agents. Specifically, there remains a need for methods which permit the
rapid and reliable compounding of therapeutic compositions comprising one or more
phages, wherein said composition is not only custom designed (“personalized™) to treat
an infection caused by a particular bacterial strain in a subject in need thereof, but is also
able to overcome the expected phage-resistant bacterial mutant strains that will outgrow
during treatment, so as to allow therapeutic efficacy.
SUMMARY OF THE INVENTION
[0006] In a first aspect, the invention relates to a method of compounding a phage
cocktail directed against a bacterial pathogen comprising

a). constructing a bacterial diversity set comprising diverse strains of the same
species as said bacterial pathogen, said constructing comprising collecting a plurality of
bacterial isolates of the same species as said bacterial pathogen, analyzing said plurality
of bacterial isolates to identify bacterial isolates which are clinically, genotypically and/or
metabolically diverse strains of said species of bacterial pathogen, and down selecting
said plurality of bacterial isolates to include said clinically, genotypically and/or
metabolically diverse strains of said species of bacterial pathogen to create said bacterial
diversity set;

b). collecting mixed phages from diverse environmental sources;

¢). constructing a Tier 1 archival phage library, said constructing comprising
hosting the mixed phages collected in step (b) on one or more of the diverse strains of
said species of bacterial pathogen comprising the bacterial diversity set created in step (a)
in order to identify and purify lytic phages against strains of said bacterial species, and

selecting said lytic phages for the Tier 1 archival phage library;
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d). constructing a Tier 2 working phage library, said constructing comprising
characterizing the Tier 1 archival phage library constructed in step (c) to identify and
exclude phages which demonstrate undesirable and/or toxic characteristics, further
screening remaining phages in the Tier 1 working phage library against one or more of
the diverse strains of said species of bacterial pathogen comprising the bacterial diversity
set created in step (a) to characterize host range of each said remaining phages, and
selecting phages free of undesirable and/or toxic characteristics and having desirable
host ranges for the Tier 2 working phage library;

e). screening the Tier 2 working phage library constructed in step (d) for
individual phages and/or various phage combinations that may be therapeutically
effective against the bacterial pathogen, said screening comprising performing phage
efficacy assays, wherein said phage efficacy assays comprise growing cultures of said
bacterial pathogen with individual phages, and/or various phage combinations from the
Tier 2 working phage library, and analyzing bactericidal activity against said bacterial
pathogen by said individual phages and/or said various phage combinations in said
cultures, wherein a suitable delay in bacterial growth and/or a lack of appearance of
phage-resistant bacterial growth in said cultures indicates said individual phages and/or
said various phage combinations may be therapeutically effective against the bacterial
pathogen; and

f). compounding one or more of said individual phages, and/or said various
phage combinations, that may be therapeutically effective identified in step (e) to form

said phage cocktail.
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[0007] In a particular embodiment, the bacterial pathogen is multidrug resistant.
In another embodiment, the bacterial pathogen is a clinical bacterial isolate causing
infection in a subject. In a particular embodiment, the clinical bacterial isolate causing
infection in a subject is multidrug resistant. In another embodiment, the plurality of
bacterial isolates is clinical bacterial isolates. In a particular embodiment, the clinical
bacterial isolates are obtained from bona-fide human infections.

[0008] In another embodiment, the plurality of bacterial isolates is analyzed in
step (a) to identify said genotypically diverse bacterial strains. In a particular
embodiment, the analysis comprises one or more experimental techniques selected from
the group consisting of whole genome analysis, targeted sequence analysis, amplicon
sequencing analysis, and analysis of restriction fragment length polymorphisms and PCR
genotyping by pulse field gel electrophoresis.

[0009] In another embodiment, the plurality of bacterial isolates is analyzed in
step (a) to identify metabolically diverse bacterial strains. In a particular embodiment, the
analysis comprises determining one or more bacterial metabolic criteria selected from the
group consisting of antibiotic resistance, ability to utilize various sugars, ability to utilize
various carbon sources, ability to grow on various salts, ability to grow in presence or
absence of oxygen, and bacterial motility.

[0010] In another embodiment, the diverse environmental sources of mixed
phages are selected from the group consisting of soil, water treatment plants, raw sewage,
sea water, lakes, rivers, streams, standing cesspools, animal and human intestines, and

fecal matter.
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[0011] In another embodiment, the identification and purification of lytic phages
in step (c) comprises identifying and purifying phages that produce clear point plaques in
classical plaquing assays against one or more of the bacterial strains in the bacterial
diversity set created in step (a). In a particular embodiment, all of the bacterial strains in
the bacterial diversity set are assayed. In another embodiment, the lytic phages creating
clear point plaques are purified using multiple rounds of classical plaque purification
techniques.

[0012] In another embodiment, the phages which demonstrate undesirable and/or
toxic characteristics and are excluded from the Tier 2 library are selected from the group
consisting of phages which carry toxin genes or other bacterial virulence factors, phages
which possess lysogenic properties and/or carry lysogeny genes, phages which transduce
bacterial virulence factor genes or antibiotic resistance genes, phages which carry any
antibiotic-resistance genes or can confer antibiotic resistance to bacterial strains, and
phages which elicit an inappropriate immune response and/or provoke a strong allergenic
response in a mammalian system.

[0013] In another embodiment, the phages identified and selected for inclusion in
the Tier 2 working phage library have different host range. In a particular embodiment,
the phages identified and selected for inclusion in the Tier 2 working phage library are
selected from the group consisting of phages having a broad host range and phages
having a narrow host range. In a particular embodiment, the Tier 2 working phage library
comprises phages with a broad host range and phages with a narrow host range.

[0014] In another embodiment, one or more steps of the methods of the present

invention are performed using robotics or other high throughput assay. In a particular
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embodiment, the phage efficacy assay in step (e) is performed using a high throughput
assay. In a particular embodiment, the high throughput assay is a liquid assay system.

. [0015] In another embodiment, the phage efficacy assay in step (e) comprises
growing liquid cultures of said bacterial pathogen with said individual phages from the
Tier 2 working phage library to detect phages which can cause a desirable delay in
bacterial growth.

[0016] In another embodiment, the delay in bacterial growth and/or the lack of
appearance of phage-resistant bacterial growth in the phage efficacy assay in step (e) is
monitored comprising the use of a photometric assay. In particular embodiments, the
photometric assay is selected from the group consisting of fluorescence, absorption, and
transrnission assays. In another particular embodiment, the photometric assay comprises a
step wherein an additive is used to cause and/or enhance the photometric signal detection.
In a particular embodiment, said additive is tetrazolium dye.

[0017] In a particular embodiment, the phage cocktail compounded in step (f) is a
synergistic phage cocktail. |

[0018] In yet another embodiment, the method further comprises rescreening the
phage cocktails compounded in step (f) against the Tier 2 working phage library
according to step (e) to identify possible additional therapeutically effective phage
combinations. In a particular embodiment, the method comprises iteratively rescreening
the phage cocktails to identify possible additional therapeutically effective phage
combinations. In a particular embodiment, the phages of said additional therapeutically
effective phage combinations act synergistically to cause a suitable delay in bacterial

growth.
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[0019] In yet another embodiment, the method further comprises rescreening a
phage combination and/or a phage cocktail which does not cause a desirable delay and/or
a synergistic delay in bacterial growth, and/or does not cause a lack of appearance of
phage-resistant bacterial growth, to identify possible additional phages which may
produce a desirable delay and/or a synergistic delay in bacterial growth and/or a lack of
appearance of phage-resistant bacterial growth when added to the phage combination
and/or the phage cocktail, wherein said rescreening comprises rescreening with one or
more individual phages selected from the group consisting of phages in the Tier 2
working phage library, phages in the Tier 1 archival phage library, and new phages
isolated from environmental sources.

[0020] In a particular embodiment, the method comprises iteratively rescreening
the phage combination and/or the phage cocktail which does not cause a desirable delay
and/or a synergistic delay in bacterial growth, and/or does not cause a lack of appearance
of phage-resistant bacterial growth, with one or more phages from the Tier 1 library, the
Tier 2 library, and/or phages from new environmental samples

[0021] In another embodiment, the method further comprises updating the
bacterial diversity set as additional strains of the same species as said bacterial pathogen
are identified, and/or updating the Tier 1 archival phage library and/or the Tier 2 working
phage library to include additional phages.

[0022] In yet another embodiment, the method further comprises purifying each
of the phages in the Tier 2 working phage library in large amounts, and/or at high titer

and high purity, to facilitate compounding of said phage cocktails.
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[0023] In additional embodiments, thé method further comprises manufacturing
phages identified in step (), and/or the phage cocktails compounded in step (f), on said
bacterial pathogen, and/or on laboratory strains, manufacturing strains, and/or
domesticated strains of the same species as said bacterial pathogen, to high titer, and
purifying to high purity.

[0024) In another embodiment, the phage combination identified in step (e)
and/or the phage cocktail compounded in step (f) comprises one or more phages that
cannot infect said bacterial pathogen, but can infect emergent bacterial strains which arise
following infection of said bacterial pathogen by other phages in the phage combination
and/or the phage cocktail. In a particular embodiment, said one or more phages that
cannot infect said bacterial pathogen act synergistically with one or more phages that can
infect said bacterial pathogen to produce said suitable delay in bacterial growth and/or
said lack of appearance of phage-resistant bacterial growth. In another particular
embodiment, the emergent bacterial strains are less virulent than said bacterial pathogen,
regain sensitivity to one or more drugs, and/or display reduced fitness for growth in the
subject. In a particular embodiment, the drug is an antibiotic.

[0025] In another aspect, the invention relates to a method of compounding a
phage cocktail directed against a bacterial pathogen causing infection in a subject
comprising screening the bacterial pathogen against an established Tier 2 working phage
library. In a particular embodiment, the method further comprises screening a Tier 1
archival phage library and/or new environmental samples against said bacterial pathogen

to identify new phages for inclusion in the phage cocktail. In a further embodiment, the
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new phages are characterized and included in the established Tier 2 working phage
library.

[0026] In another aspect, the invention relates to a phage cocktail compounded
according to the methods of the instant invention. In a particular embodiment, the phage
cocktail is a synergistic phage cocktail.

[0027] In another aspect, the invention relates to a bacterial diversity set created
according to the methods of the instant invention.

[0028] In another aspect, the invention relates to a phage library created
according to the methods of the instant invention. In a particular embodiment, the phage
library is a Tier 1 archival phage library. In another embodiment, the phage library is a
Tier 2 working phage library.

[0029] In yet another aspect, the invention relates to a method of treating a
bacterial infection in a subject in need thereof comprising administering to the subject an
effective amount of a pharmaceutical composition comprising a phage cocktail
compounded according to the methods of the instant invention. In a particular
embodiment, the bacterial infection to be treated is selected from the group consisting of
wound infections, post-surgical infections, and systemic bacteremias.

[0030] In various additional aspects, the invention relates to a phage cocktail
comprising a therapeutically effective phage combination for use in treating a bacterial
infection in a subject in need thereof; use of a phage cocktail comprising a therapeutically
effective phage combination for treating a bacterial infection in a subject in need thereof;

and use of a phage cocktail comprising a therapeutically effective phage combination in
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the manufacture of a medicament for treating a bacterial infection in a subject in need
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Figure 1 depicts the general possible plate design for assessing the
infectivity of phage strains versus a given bacterial host strain described in Example 1.
Media with a tetrazolium dye mixture is added to all wells. Separate phage strains are
then added in at column 1 to a total of 10" pfu per well, which will produce an
approximate 1000 Multiplicity of Infection (MoI). The phage from column 1 will then be
serially diluted 10-fold to column 7 to a final Mol of 0.001. Control wells are located in
columns 8 through 10 to assess sterility of the media and phage. Additionally column 10
provides for an unadulterated bacterial growth curve for the host strain. Columns 11 and
12 serve as wells to be used for diluting the bacterial host strain to achieve the proper
inoculating concentration of 10* cfu per well.

[0032] Figure 2 depicts bacterial growth curves for bacteria AB5075 in the
presence of phage as reported in Example 2. Bacterial growth hold time is indicated as
the time when the curve stays flat. The X curve is growth of the bacteria alone in PBS.
The black circles represent a curve depicting bacteria grown with just the phage directed
to encapsulated bacterial cells (AB-Armyl). The gray circles depict AB-NavyPd1-4
which infects just the unencapsulated cells. The empty circles represent growth in the
presence of the AB$ Cocktail (i.e., AB-Armyl + AB-Navyl-4). Results indicate that
infection of AB5075 with the five-member AB$ Cocktail results in complete killing in

vitro. Treatment with AB-NavyP$1-4 resulted in no change in growth compared to PBS-
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treated cells. AB-Army¢! infection resulted in an extended lag phase, due to the 99%
killing of capsule-positive cells, and the eventual outgrowth of capsule-negative cells.

[0033] Figure 3 depicts change in mouse weight on day two post-infection
discussed in Example 2. On day 2, the median weight loss was 18.7, 16.0, and 14.5% for
PBS, AB-Amy], and AB Cocktail treated mice, respectively. Statistical analysis using a
Kruskal-Wallis test followed by Dunn’s multiple comparison test found a significant
difference between control and cocktail-treated mice (P < 0.01) and control- and
monophage-treated mice (P < 0.05). Weights for day 1-5 pdst-infection were also

collected (data not shown).

[0034] Figure 4 depicts bioluminescence of 4. baumannii AB5075::lux in the
mouse wound discussed in Example 2. The photon emission of each wound was
measured using an IVIS® In Vivo Imaging System on days 1, 3, and 5 post-infection.
Statistical analysis was completed using a Kruskal-Wallis test followed by Dunn’s
multiple comparison test. ** P <0.01; *** P <0.001.

[0035] Figure 5 depicts the infection area of 4. baumannii AB5075::]ux in the
mouse wound discussed in Example 2. The area of the bioluminescence of 4. baumannii
was measured to evaluate the dispersal of AB5075::lux to areas outside of the initial
boundaries of the surgical wound. Statistical analysis was completed using a Kruskal-
Wallis test followed by Dunn’s multiple comparison test. * P < 0.05; ** P < 0.01; *** P
<0.001.

[0036] Figures 6A and 6B depicts the size of mouse wounds over the course of
infection discussed in Example 2. The size of each mouse wound was measured by Aranz

on days 3, 7, 9, and 13 post-infection. (A) Comparison of treatments on days 3, 7, 9 and

12
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13. (B) Comparison within each treatment group across days 3, 7, 9, and 13. Statistical
analysis was completed using a Kruskal-Wallis test followed by Dunn’s multiple
comparison test. ** P <0.01; *** P <0.001.

[0037] Figure 7 depicts the virulence spectra of the indicated S. aureus phage as
a percentage of strains infected as discussed in Example 3. The Staphylococcus species
used in this study include S. cohnii, S. epidermidis, S. hyicus, S. haemoliticus, S.
saprophyticus,. S. sciuri, and S. xylosus. “HA-MRSA?” refers to Healthcare-Associated
MRSA isolates; “CA-MRSA” refers to Community-Acquired MRSA isolates; “MSSA”
refers to methicillin sensitive S. aureus isolates.

[0038] Figure 8 depicts analysis of bacteriophage cocktails on S. aureus as
discussed in Example 3. MRSA strain NS10016 was monitored for 48 hours in a growth
assay described in Example 1. A total of 4x10° cells were added per well. Phage was
added to a final Multiplicity of infection (MOI) of 2.5 and growth was measured every 15
minutes for 48 hours. The plots represent triplicate experiments; all combinations contain
identical total phage quantities.

[0039] Figure 9 depicts analysis of bacteriophage cocktails on S. aureus strains
as discussed in Example 3. MRSA strain 3195.CO1 was monitored for 48 hours in a
growth assay described in Example 1. A total of 4x10° cells were added per well. Phage
was added to a final Multiplicity of infection (MOI) of 2.5 and growth measured every 15
minutes for 48 hours. The plots represent triplicate experiinents; all combinations contain
identical total phage quantities.

[0040] Figure 10 depicts the measurement of phage activity against S. aureus

strain Xen36 in the growth assay disclosed in Example 1. Strain Xen36 was tested with
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1x10° pfumL of phage SA0470¢1, SA11987¢1 and phage K individually or in a
combination mixture for 24 hours at 37°C. “IP Mix” refers to the phage mixture phage
K, SA0470¢1 and SA11987¢1; “Wash Mix” refers to the same phage mixture which was
used for a wound wash during an in vivo study (data not shown). The plot includes the
lowest effective MOI for each bacteriophage tested.

[0041] Figure 11 depicts inhibition of biofilm formation of S. aureus strain Xen36
in the presence of a mixture of phage K, SA0470¢1 and SA11987¢1. The biofilms were
incubated with a mixture of phage K, SA0470¢1 and SA11987¢1 for 24 hours at 37°C.
Statistical significance was determined by a Student’s t-Test (two tailed), P < 0.05
(0.0194). The star symbol indicates statistical significance.

[0042] Figure 12 depicts the clinical course before and during the initial phase of
bacteriophage therapy for the case report described in Example 5. Selected blood and
peritoneal fluid cultures are depicted above the graphic data. Antibiotic and phage
administration are indicated below the graphic data. A/C/R is an abbreviation for
Azithromycin/Colistin/Rifampin. The darker line corresponds to the daily maximal fever
and the lighter line corresponds to the white blood cell count. As depicted, “¢pIV” is
Navy phage cocktail 1; “¢PC” is also referred to herein as the “Texas A&M cocktail.”
[0043] Figure 13 depicts the clinical isolates harvested before and after phage
therapy in the case report described in Example 5.

[0044] Figure 14 depicts the phage therapy (doses/day) of the Navy cocktail
phages utilized in the personalized phage therapy described in Example 5. Phage therapy

(1.V.) started on March 17, 2016.
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[0045] Figures 15A-15H depict the activity of phage cocktails $PC and Navy
phage cocktail 1 (*Abd MIX”) against serial isolates of 4. baumannii isolated from intra-
abdominal drains before bacteriophage therapy (strain TP1) (Figure 15 A and Figure 15
E), and four days (Strain TP2; Figure 15 B and Figure 15C) and eight days (Strain TP3;
Figure 15F and Figure 15G) after initiation of bacteriophage therapy. Figure 15 D shows
the activity of a second-generation phage cocktail directed at the TP3 4. baumannii
strain. Figure 15H shows the additive activity of the Navy phage cocktail 1 (10° pfu) and
a sub-lethal concentration of minocycline (0.25 pg/mL) against A. baumannii strain TP3.
The ICso of 4. baumannii strain TP3 to minocycline by ETEST was 4pg/mL.

[0046] Figure 16 is a graph which depicts the synergy observed between Ab$71
and AbTP3¢1 discussed in Example 5. The y axis represents relative respiration units; the
x axis indicates time (in hours). As indicated, data is provided for bacteria only (solid
line), AbTP3¢]1 (triangles), Abd71 (closed circles), and the phage cocktail of Ab¢71 and
AbTP31 (open circles). (The symbols do not depict data points.) As depicted therein,
TP3 was AB$71 resistant. However, TP3 was completely susceptible to the phage
cocktail of AB$71+ABTP3é1.

[0047] Figure 17 depicts the phage titer from plasma samples during phage
therapy discussed in Example 5. Plasma sample collected 5 minutes prior and following
administration of 5x10° pfu of phage via intravenous injection indicated that phage titers
in systemic circulation increase rapidly from 0 pfu/ml to 1.8x10* pfu/ml. Phage titer
dropped to 4.4x10° pfu/ml, 3.3x10% pfuw/ml, 20 pfu/ml within 30, 60 and 120 minutes,
respectively, post injection. Plasma samples collected 6 hours following initial injection

contained no detectable phage titer (limit of phage detection was 20 pfu/ml).
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[0048] Figure 18 depicts in vivo pharmacokinetics relevant to the case study
described in Example 5. Specifically, the graph depicts the plasma phage concentration
vs. time after intravenous administration (i.e., how long the phage circulate in the
bloodstream). Image courtesy of Dr. Robert Schooley, UCSD.

[0049] Figure 19 depicts the stability of various phages in Ringer’s Solution and
SM buffer relevant to the case study described in Example 5.

[0050] Figures 20A, 20B and 20C depict the experimental design of a
“checkerboard assay” titration of phage mixture for bacterial isolates discussed in
Example 6. Each square represents a well on the microtiter plate. As depicted,
increasing concentration of one phage (“phage 1”, here labeled “Baul”) is distributed
along the verlical axis and the other phage (“phage 2, here labeled “Bau28”) is
distributed along the horizontal axis. The hatched squares indicate bacterial growth.
Three possible outcomes of this experiment are presented in Figure 20A, Figure 20B and
Figure 20C. In Figure 20A, the mixed phages demonstrate additive effect; the
isobologram on the right is a straight line. Synergism is demonstrated in Figure 20B,
where isobologram is concave. Antagonistic interactions in Figure 20C result in a convex
isobologram.

[0051] Figure 21 depicts a timeline for blood culture status and time to positivity
discussed in Example 7. Data demonstrate data for blood cultures which had reverted to
positive, reverted to sterile again (within one day after reinstituting the original dosing)
durably for several days coinciding with clinical improvement.

[0052] Figure 22 depicts results from a 96-well photometric assay monitoring

bacterial growth of K. pneumoniae 4640 in the presence of meropenem and phage
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discussed in Example 8. 10* cfu of meropenem” K. pneumoniae 4640 was grown at 37°C
for 48 hours in the conditions listed. The concentration of meropenem used for the
indicated cultures was 4pg/ml. Phage Kp4640¢1 was used at an MOI of 100 +/-
meropenem, and serial dilutions to an MOI of 0.01 were also used with meropenem. At
all MOIs tested, phage Kp4640¢1 synergized with meropenem leading to a substantial
increase in the hold-time and no detectable bacterial growth for at least 48 hrs at 37°C.
The small baseline differences/drift with varying phage concentration are due to altered
optical characteristics and do not reflect bacterial growth.

[0053)] Figure 23 depicts synergistic effects seen with a combination of phages
against K. pneumoniae 4640 discussed in Example 8. K. pneumoniae 4640 was added at
approximately 10* cfu per well. Individual phage was added at an MOI of 100. All wells
were incubated at 37°C for 48 hours according to methods described in Example 1.
Phage KP4640R$3 and KP4640R¢4 alone showed no effect on the bacterial growth.
Phage KP4640¢1 and KP4640$2 both prevented growth of K. pneumoniae by 6 and 9
hours respectively. Mixing phage KP4640¢1 and KP4640$2 showed to be as effective as
KP4640¢1 alone, by delaying bacterial growth by 6 hours. Mixing phage KP4640¢1 and
KP4640R$3 proved to delay bacterial growth by up to 12 hours. Most notably, however,
mixing all 4 phage used in this study prevented bacterial growth for 48 hours.

[0054] Figure 24 depicts the experimental design of a “checkerboard assay” to
evaluate the type of interaction that might occur between a phage cocktail and a bacterial
pathogen in the presence of neutralizing antibodies present in a subject’s serum as

discussed in Example 6.
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[0055] Figure 25 depicts vancomycin and phage synergy against vancomycin-
resistant Enterobacter faecalis discussed in Example 4.

DETAILED DESCRIPTION

[0056] While the specification concludes with the claims particularly pointing out
and distinctly claiming the invention, it is believed that the present invention will be
better understood from the following description.

[0057] All percentages and ratios used herein are by weight of the total
composition unless otherwise indicated herein. All temperatures are in degrees Celsius
unless specified otherwise. All measurements made are at 25°C and normal pressure
unless otherwise designated. The present invention can “comprise” (open ended) or
“consist essentially of” the components of the present invention as well as other
ingredients or elements described herein. As used herein, "comprising" means the
elements recited, or their equivalent in structure or function, plus any other element or
elements which are not recited. The terms "having” and "including" are also to be
construed as open ended unless the context suggests otherwise. As used herein,
"consisting essentially of" means that the invention may include ingredients in addition to
those recited in the claim, but only if the additional ingredients do not materially alter the
basic and novel characteristics of the claimed invention.

[0058] All ranges recited herein include the endpoints, including those that recite

1" n LN 1}

a range "between" two values. Terms such as "about,” "generally," "substantially,"
“approximately” and the like are to be construed as modifying a term or value such that it
is not an absolute, but does not read on the prior art. Such terms will be defined by the

circumstances and the terms that they modify as those terms are understood by those of
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skill in the art. This ﬁncludes, at very least, the degree of expected experimental error,
technique error and instrument error for a given technique used to measure a value.
Unless otherwise indicated, as used herein, "a" and "an" include the plural, such that, e.g.,
"a phage cocktail” can mean at least one phage cocktail, as well as a plurality of phage
cocktails, i.e., more than one phage cocktail. As understood by one of skill in the art, the
tel"m “phage” can be use to refer to a singe phage or more than one phage.

[0059] Where used herein, the term "and/or" when used in a list of two or more
items means that any one of the listed characteristics can be present, or any combination
of two or more of the listed characteristics can be present. For example, if a composition
of the instant invention is described as containing characteristics A, B, and/or C, the
composition can contain A feature alone; B alone; C alone; A and B in combination; A
and C in combination; B and C in combination; or A, B, and C in combination. The
entire teachings of any patents, patent applications or other publications referred to herein
are incorporated by reference herein as if fully set forth herein.

[0060] It is contemplated herein that in order to get better clinical results using
phage therapy, more creative ways to compound therapeutic phage cocktails are needed.
As discussed briefly above, the tendency for phage resistant bacterial strains to emerge
during phage therapy has posgd a severe limitation in the potential use of phage to treat
bacterial infections, including MDR bacterial infections. Typically, an infecting bacterial
strain can change significantly in response to host and phage selection pressures during
an infection, and thus an essentially clonal bacterial infection can fragment into a cohort
or cloud of strains that are closely related but phenotypically and/or genotypically distinct

from each other and the parent strain of the infection. Thus, although it may be possible
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using prior art methods to compound a phage cocktail that can kill a target bacterial
pathogen, typically, the resulting phage cocktail will not be clinically effective
indefinitely because of changes which develop in the population of the bacterial pathogen
which block phage infectivity. In fact, low frequency phage resistance mutants are likely
present in the infectious bacterial population at the outset. The failure of prior art phage
therapy is thus revealed when these emergent and/or pre-existing mutants outgrow
following phage therapy. In addition, prior art methods of compounding phage cocktails
are extremely limited by the standard practice of relying only on phages with detectable
activity against (and thus known to infect) the particular targeted clinical bacterial
pathogen infecting the subject.

[0061] It is contemplated herein that in order to compound effective anti-bacterial
phage cocktails that can be used to eradicate a bacterial infection, one has to anticipate
the emerging changes in the bacterial pathogen. To this end, the methods of the invention
comprise creating and employing well characterized phage libraries which can be used to
rapidly and reliably compound personalized phage cocktails that provide the greatest
chance of getting complete coverage and efficacy against the entire population of an
infectious bacterial pathogen. Significantly, in contrast to pre-existing methods, creating
and screening pre-characterized diverse phage libraries according to the methods of the
instant invention permits the rapid and reliable identification not only of phages that can
have a therapeutic effect on a bacterial pathogen, but also phages that work
synergistically in combination to drive the targeted bacterial population to near
extinction. Surprisingly, the methods of the instant invention also permit the creation of

therapeutic phage cocktails which include phages that when tested individually have
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undetectable activity against the targeted bacterial pathogen, but are important to the
overall therapeutic efficacy of the cocktail; the activity of these critical phages is only
revealed and detectable in the context of the cocktails compounded through the use of the
methods of the instant invention. Perhaps such phages target low frequency pre-existing
mutants in the population of the bacterial pathogen, and/or mutants that emerge due to the
activity of other phages in the cocktail; notably, the particular mechanism of action of
such phage cocktails need not be understood in order to compound them or achieve
therapeutic efficacy with them.

[0062] By identifying the therapeutic utility of phages which on their own have
no detectable activity against a targeted bacterial pathogen, and permitting using these
phages to build synergistic cocktails that greatly reduce, delay, or even prevent phage
resistance to the synergistic cocktail, the methods of the instant invention are a significant
improvement over prior art methods. To date, the applicant is unaware of any other
known methods beside the instant invention to reliably find synergistic cocktails, and
synergistic cocktails that include phages which on their own have no detectable activity
against the targeted bacterial pathogen. Indeed, the invention allows the identification of
extremely rare and unique combinations of phages that can work synergistically against
numerous clinical strains of the same species of bacterial pathogen starting with no a
priori knowledge of phage susceptibility. By not needing to know the mechanism of the
synergy, the disclosed methods are broadly applicable to numerous bacterial species.
[0063] In view of the foregoing, the method of compounding therapeutically
effective phage cocktails disclosed herein can be deemed counterintuitive since the

cocktails may comprise phages that can exclusively infect low frequenéy emergent and/or
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pre-existing resistant mutants in a bacterial population, and not the dominant parent
bacterial strain, i.e., one cannot detect the ability of these phages to infect the targeted
bacterial pathogen using current and/or classical techniques, and their contribution to the
therapeutic efficacy of a synergistic cocktail can only be detected in the context of the
synergistic cocktail via the instant invention used to compound said synérgistic cocktail.
If these low frequency mutants are not also targeted, there is a possibility that these
mutants can outgrow following phage therapy developed with current and/or classical
methods, resulting in a therapeutic failure. Thus, in this respect, the therapeutic phage
cocktail prepared according to the methods of the instant invention can provide a
synergistic bactericidal effect; ie., the unique combination of phages in the cocktail
target and kill even undetectable segments of the infectious bacterial population,
producing an overall therapeutic effect that is greater than the therapeutic effect that
would have been produced had each phage been used individually to treat the subject’s
infection, or if a cocktail had been developed via current and/classical methods that omit
the phages that are both required for overall therapeutic efficacy of a synergistic cocktail
and themselves have no detectable activity. Importantly, the method allows monitoring
the effect of a single phage or multiple phages on bacterial growth in real time. Thus, it is
contemplated herein that the methods of the invention are a significant improvement over
prior art methods that inevitably fail to identify potential therapeutic phages which only
have a detectable activity in the context of a synergistic cocktail made éccording to the

methods of the instant invention.

[0064] Thus, in contrast to prior art methods of compounding phage cocktails, it

is contemplated herein that the methods of the instant invention provide a new way to
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intelligently, efficiently, and reliably create phage cocktails compounded to comprise
phages which can infect not only the bacterial isolate used to design it, but also the
emergent and/or pre-existing resistant bacterial strains that would otherwise outgrow
during phage therapy. This manner of cocktail is identified by screening a well
characterized diverse phage library and detecting synergistic bactericidal activity,
according to the methods detailed below. Accordingly, the methods of the instant
invention permit the compounding of a wide variety of unique, therapeutically effective
phage cocktails on a case-by-case basis; specifically compounded for individual target
bacterial pathogens. Specifically, in a particular embodiment, the methods disclosed
herein can be used to generate personalized bacteriophage cocktails against clinically
relevant MDR bacterial pathogens.

[0065] In a particular embodiment of the invention, the infectious bacterial
strain(s) (“bacterial pathogen™) is isolated from the patient and screened against a pre-
existing characterized library of phages. The screening methodology then serves as a
reliable pipeline that allows for the rapid formulation of personalized combinations of
phages (ideally, including synergistic cocktails) that can effectively target bacterial
pathogens, including MDR pathogens. Thus, as contemplated herein, these personalized
cocktails are tailored to specifically treat a discrete infection, and the host range of the
cocktail is specifically suited to cover the infection. The combination of phages used in
these personalized cocktails may provide synergistic effects, and not only target the
parent strain of an infection but also resistant sub-populations that pre-exist or emerge as
a result of the phage therapy. Additionally, as discussed in detail below, it is further

contemplated herein that the formulation of a particular personalized cocktail according
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to the methods of the instant invention may have therapeutic utility beyond the original

patient for whom the cocktail was generated.

[0066] The methods of compounding phage cocktails disclosed herein also
provide the advantage that, unlike current use of antibiotic therapies, pathogenic bacteria
in circulation will not have repeated exposure to a single treatment and thus will not have
the opportunity to evolve broad resistanc.e to the treatment.

[0067] Thus, in a first aspect, the invention relates to a method of compounding a
phage cocktail directed against a bacterial pathogen comprising

a). constructing a bacterial diversity set comprising diverse strains of the same
species as said bacterial pathogen, said constructing comprising collecting a plurality of
bacterial isolates of the same species as said bacterial pathogen, analyzing said plurality
of bacterial isolates to identify bacterial isolates which are clinically, genotypically and/or
metabolically diverse strains of said species of bacterial pathogen, and down selecting
said plurality of bacterial isolates to include said clinically, genotypically and/or
metabolically diverse strains of said species of bacterial pathogen to create said bacterial
diversity set;

b). collecting mixed phages from diverse environmental sources;

c). constructing a Tier 1 archival phage library, said constructing comprising
hosting the mixed phages collected in step (b) on one or more of the diverse strains of
said species of bacterial pathogen comprising the bacterial diversity set created in step (a)
in order to identify and purify lytic phages against strains of said bacterial species, and

selecting said lytic phages for the Tier 1 archival phage library;
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d). constructing a Tier 2 working phage library, said constructing comprising
characterizing the Tier 1 archival phage library constructed in step (c) to identify and
exclude phages which demonstrate undesirable and/or toxic characteristics, further’
screening remaining phages in the Tier 1 archival phage library against one or more of
the diverse strains of said species of bacterial pathogen comprising the bacterial diversity
set created in step (a) to characterize host range of each said remaining phages, and
selecting phages free of undesirable and/or toxic characteristics and having desirable
host ranges for the Tier 2 working phage library;

e). screening the Tier 2 working phage library constructed in step (d) for
individual phages and/or various phage combinations that may be therapeutically
effective against the bacterial pathogen, said screening comprising performing phage
efficacy assays, wherein said phage efficacy assays comprise growing cultures of said
bacterial pathogen with individual phages, and/or various phage combinations from the
Tier 2 working phage library, and analyzing bactericidal activity against said bacterial
pathogen by said individual phages and/or said various phage combinations in said
cultures, wherein a suitable delay in bacterial growth and/or a lack of appearance of
phage-resistant bacterial growth in said culfures indicates said individual phages and/or
said various phage combinations may be therapeutically effective against the bacterial
pathogen; and

f). compounding one or more of said individual phages, and/or said various
phage combinations, that may be therapeutically effective identified in step (e) to form

said phage cocktail.
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[0068] As contemplated herein, the methods of the instant invention permit
rapidly compounding a therapeutic composition against any particular bacterial pathogen
that may be present in a clinical isolate obtained from a subject. Thus, the methods of the
instant invention provide the ability to custom design a therapeutic composition that is
“personalized” for an individual patient. As one of skill in the art will appreciate, the term
“compounding” as used herein comprises the creation of a particular composition
comprising one or more and, particularly, a plurality of phages which is designed to
address the unique clinical needs of a subject. While not necessary, in a particular
embodiment, it is contemplated herein that once a phage cocktail is compounded, the
cocktail may be grown on the patient’s clinical isolate as a test for efficacy prior to
administration to the subject.

[0069] As used herein a “mixed phage” refers to an environmental sample
containing more than one phage.

[0070] A ‘“phage cocktail”’, “therapeutic phage cocktail”, “therapeutically
effective phage cocktail” and like terms as used herein are understood to refer to a
composition comprising one or more, and particularly, a plurality of phages compounded
according to the methods of the instant invention which can provide a clinically
beneficial treatment for a bacterial infection when administered to a subject in need
thereof. Specifically, therapeutically effective phage cocktails of the instant invention are
capable of infecting the infective parent bacterial strain as well as the emerging and/or
pre-existing resistant bacterial strains that would otherwise outgrow during phage
therapy. Notably, individually, the phages used for the cocktail may not infect the parent

bacterial strain in any detectable way, and only provide clinical utility and therapeutic
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efficacy in the context of a synergistic cocktail identified using the methods of the instant
invention. As described in more detail below, a therapeutic phage cocktail of the instant
invention causes a desirable delay in bacterial growth and/or a lack of appearance of
phage-resistant bacterial growth. In other various embodiments, a phage cocktail
compounded according to the methods of the invention that displays therapeutic efficacy
may or may not show a synergistic delay in bacterial growth, may show varying degrees
of synergistic delay in bacterial growth, and/or may show a lack of appearance of phage-
resistant bacterial growth. One of skill in the art will appreciate that the term, “varying
degrees of synergistic delay in bacterial growth” includes but is not limited to, only a
modest or minimal synergistic delay in bacterial growth.

[0071] As understood herein, the term “synergy™ is familiar to one of skill in the
art, i.e., a combined effect that is greater than the sum of individual effects. Thus, with
regard to the methods of the instant invention, the terms, “synergy”, “synergistic delay”,
and like terms refer to a bacterial growth hold time (i.e., demonstrated delay in bacterial
growth) that is greater than the simple addition of each individual phage's observed hold-
time/ growth delay. Thus, one of skill in the art will appreciate that, with regard to a
“synergistic phage cocktail”, the synergistic therapeutic effect observed is a therapeutic
effect greater than the demonstrated sum of the individual effects of the phages in the
cocktail; i.e. the delay in bacterial growth produced by the phage combination identified
in step (e) and/or the phage cocktail compounded in step (f) is greater than the delay in
bacterial growth produced by each individual phage in said phage combination/cocktail,

and greater than the addition of the delays in bacterial growth produced by each of the

individual phages of said combination/cocktail.
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[0072] Similarly, with regérd to a synergistic combination of phage(s) and an
antibiotic, it is understood that the synergistic therapeutic effect is a therapeutic effect
greater than the demonstrated sum of the effect of the phage(s) and the antibiotic on
bacterial growth hold times.

[0073] It is contemplated herein that synergistic cocktails of the instant invention
can extend growth hold time long enough to have therapeutic efficacy. In addition,
synergistic cocktails may prevent any detectable bacterial growth for the entire time
course of the assay, e.g., 18 hours or more. Thus, in some cases, a synergistic response
can result in a near extinction event, i.e., no bacterial growth occurs at all after exposure
to the synergistic cocktail. It is understood herein that such cocktails may display a
desirable synergistic delay.

[0074] As understood herein, a “subject”, “subject in need thereof” and like terms
encompass any organism, e.g., any animal or human, that may be suffering from a
bacterial infection, particularly an infection caused by a MDR bacteria.

[0075] As understood herein, “diverse strains of the same species as said bacterial
pathogen” refers to unique strains of the same bacterial pathogen infecting the individual
in need of treatment. This includes, e.g., a group of bacteria which belong to the same
species but may vary considerably in their ability to produce productive infections,
disease manifestations and pathogenesis in any living organism. The genotypic and
phenotypic nature of this group of bacteria can vary considerably from each other.
Indeed, it is contemplated herein that each of these unique strains will be selected for the
bacterial diversity set so as to maximize genetic diversity within the collection, which in

turn will maximize the available bacterial surface phenotypes and potential phage
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receptors present in aggregate within the bacterial diversity set, which in turn will
maximize the diversity of the phages isolated from the environment when using this
diversity set for phage isolation according to the methods of the instant invention.

[0076] As used herein, a “clinical isolate” is a pathogenic bacteria harvested from
human or animals during course of pathogenesis or gradual progression of a specific
disease, e.g., an infectious bacterial pathogen that was isolated from a bona-fide human
infection.

[0077] As understood herein, a “bona-fide human infection” refers to a bacterial
infection, which produces pathogenesis in humans, including, e.g., a symptomatic
infection that requires medical intervention, including culturing the infectious bacterial
strain.

[0078] Any type of bacterial contamination may be treated using the methods and
compositions of the instant invention. Particularly, bacterial infections to be treated
using the compositions and methods of the instant invention may include any infection by
a bacterial pathogen that poses a health threat to a subject. In a particular embodiment,
bacteria for treatr.nent according to the methods of the present invention include, but are
not limited to, multidrug resistant bacterial strains. As understood herein, the terms,
“multidrug resistant”, “multi drug resistant”, “multi drug resistance”, “MDR” and like
terms may be used interchangeably herein, and are familiar to one of skill in the art, i.e., a
multidrug resistant bacteria is an organism that demonstrates resistance to multiple
different antibacterial drugs, e.g., antibiotics; and more specifically, resistance to multiple
different classes of antibiotics. It is understood herein that bacterial infections to be

treated comprise bacteria in biofilm and/or planktonic growth modes.
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[0079] Bacteria that may be treated include, but are not limited to the “ESKAPE”
pathogens (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumonia,
Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter sp), which are
often nosocomial in nature and can cause severe local and systemic infections.
Specifically, these include, e.g., methicillin-resistant Staphylococcus aureus (MRSA);
vancomycin-resistant Enferococcus faecium (VRE); carbapenem-resistant Klebsiella
pneumonia (NDM-1); MDR-Pseudomonas aeruginosa; and MDR-Acinetobacter
baumannii.

[0080] Among the ESKAPE pathogens, 4. baumannii is a Gram-negative,
encapsulated, opportunistic pathogen that is easily spread in hospital intensive care units.
For example, 4. baumannii infections are typically found in the respiratory tract, urinary
tract, and wounds. Many 4. baumannii clinical isolates are also MDR, which severely
restricts the available treatment options, with untreatable infections in traumatic wounds
often resulting in prolonged healing times, the need for extensive surgical debridement,
and in some cases the further or complete amputation of limbs. Notably, blast-related
injuries in military populations are associated with significant tissue destruction with
concomitant extensive blood loss and therefore these injuries are at high risk for
infectious complications. One of skill in the art will appreciate that given the ability for
A. baumannii and other MDR ESKAPE pathogens to colonize and survive in a host of
environmental settings, there is an urgent need for new therapeutics against these
pathogens.

[0081] One of skill in the art will appreciate that bacterial infections to be treated

using the compositions and methods of the instant invention include any type of bacterial
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infection in a subject. These include, for example, not only infections that may be
associated with wounds, but also non-wounds, e.g., infections that might arise without
underlying trauma or any other type of bodily injury, traumatic or otherwise. These
infections may include local infections, e.g. a respiratory infection or an internal or
external abscess that progresses to a systemic infection. Infections that may be treated
according to the methods of the instant invention also include infected surgical wounds,
e.g., “post-surgical” infections that may arise in a subject after and/or resulting from a
surgical procedure or any other kind of medical or surgical treatment or intervention, e.g.,
a catheterization procedure, or surgical implantation of a medical device, prosthetic, or
other foreign object into a subject, etc. One of skill in the art will appreciate the myriad
other therapeutic uses for the personalized phage cocktails of the instant invention given
that the personafized cocktails can be administered both topically and systemically, e.g.
via IV or IM injections, or injected into the peritoneal cavity. Thus the types of infections
that can be treated also include, for example, infections associated with and/or treatment
for burns, ulcers, systemic bacteremia, septicemia, inflammatory urologic disease,
infections associated with cystic fibrosis, abscesses, empyema, suppurative lung diseases,
as well as infections in other internal organs, including but not limited to infections in the
liver, spleen, kidney, bladder, lungs etc.

[0082] Further embodiments include a method of generating a Tier 2 working
phage library, wherein said method comprises (a) obtaining a Tier 1 archival phage
library comprising a plurality of iﬁdividually isolated phage having bactericidal activity
against a bacterial pathogen; (b) screening the Tier 1 archival phage library to identify

phage containing undesirable, deleterious and/or toxic characteristics; (c) generating a
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Tier 2 working phage library from the Tier 1 archival phage library by excluding those
phage identified in (b) from the Tier 2 working phage library. The Tier 2 working phage
library can either comprises phage with a narrow, broad, or a narrow and broad host
range.

[0083] Further preferred embodiments include a method of generating a
bactericidal composition comprising phage to treat a bacterial infection in a patient,
wherein the method comprises: (a) contacting a bacterial pathogen isolated from a patient
against a plurality of individually isolated phage; (b) identifying one or more phage
having bactericidal activity against the bacterial pathogen; (c) growing up the phage
identified in (b), wherein the phage is grown in media con;prising the bacterial pathogen
isolated from the patient; (d) purifying the phage produced (c); and (e) generating a
bactericidal composition comprising the purified phage obtained in (d).

[0084] Other preferred embodiments include a method of generating a
bactericidal composition comprising phage to treat a bacterial infection in a patient,
wherein the method comprises: (a) contacting a bacterial pathogen isolated from a patient
against a plurality of individually isolated phage: (b) identifying one or more phage
having bactericidal activity against the bacterial pathogen; (c) generating the bactericidal
composition by retrieving the phage identified in (b) from previousiy amplified stocks of
purified phage.

[0085] Other preferred embodiments include a method of generating a
bactericidal composition comprising phage to treat a bacterial contamination in an
environment, wherein the method comprises: (a) contacting a bacterial pathogen isolated

from an environmental sample against a plurality of individually isolated phage; (b)
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identifying one or more phage having bactericidal activity against the bacterial pathogen;
(c) growing up the phage identified in (b), wherein the phage is grown in media
comprising the bacterial pathogen isolated from the environmental sample; (d) purifying
the phage produced (c); and (e) generating a bactericidal composition comprising the
purified phage obtained in (d).

[0086] Other preferred embodiments include a method of generating a
bactericidal composition comprising phage to treat a bacterial contamination in an
environment, wherein the method comprises: (a) contacting a bacterial pathogen isolated
from an environmental sample against a plurality of individually isolated phage; (b)
identifying one or more phage having bactericidal activity against the bacterial pathogen;
(c) generating the bactericidal composition by retrieving the phage identified in (b) from
previously amplified stocks of purified phage.

[0087] In any of these embodiments, the contacting step can be performed in a 96
well plate. Additionally, in any of these embodiments, one or more steps of said method
can be performed using robotics or other high throughput assays. For example, the high
throughput assay can be a liquid assay system.

[0088] In any of these embodiments, the bactericidal activity can be monitored by
a photometric assay. Examples of such photometric assays include, but are not limited to
fluorescence, absorption, or transmission assays. Moreover, the photometric assay may
comprise a step wherein an additive is used to cause and/or enhance the photometric
signal detection. One preferred example of such additive is tetrazolium dye.

[0089] In futher preferred embodiments, the method further comprises screening

the plurality of individually isolated phage for phage combinations which produce a
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synergistic increase in bactericidal activity. Examples of bactericidal activity include but
are not limited to bacterial lysis, delay in bacterial growth, or a lack of appearance of
phage-resistant bacterial growth. In further embodiments, bactericidal activity can be
measured by: (a) phage that can generate clear point plaques on the bacterial sample; (b)
phage that demonstrate lytic characteristics using a rapid streak method on a plate; (c)
bacterial lysis of at least 0.1, at least 0.2, at least 0.3, at least 0.4, at least 0.5, or between
0.1- 0.5 ODggo absorbance difference in turbidity with Small or Large Batch assays; (d)
delay in bacterial growth of at least 0.1, at least 0.125, at least 0.15, at least 0.175, at least
0.2, or at between 0.1-0.2 ODgqo absorbance difference in turbidity in bacteriostatic phage
infections; (e) a lack of appearance of phage-resistant bacterial growth for at least 4
hours, at least 5 hours, at least 6 hours, at least 7 hours, or in between 4-6 hours post-
infection; (f) reduced growth curves of surviving bacteria after phage infection for at
least 4 hours, at least 5 hours, at least 6 hours, at least 7 hours, or in between 4-6 hours in
the Host Range Quick Test; or (f) a prevention or delay of at least 50, at least 75, at least
100, at least 125, at least 150, at least 175, at least 200, or between 50-200 relative
respiration units in tetrazolium dye-based color change from active bacterial metabolism
using the Omnilog bioassay of phage-infected bacteria from the Host Range Quick Test.

[0090] Moreover, in any of the preferred embodiments, the plurality of
individually isolated phage can be prescreened for undesirable, deleterious and/or toxic
characteristics. Additionally, those phage having such undesirable, deleterious and/or
toxic characteristics can be excluded from the plurality of individually isolated phage.
Examples of such undesirable, deleterious and/or toxic characteristics include, but are not

limited to phage which carry toxin genes, phage which possess lysogenic properties
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and/or carry lysogeny genes, phage which can transduce bacterial virulence factor genes
or antibiotic resistance genes different from factors already present in the patient, phage
which carry any antibiotic-resistance genes or can confer antibiotic resistance to bacterial
strains, and phage which elicit an antagonistic immune response and/or provoke a strong
allergenic response in a mammalian system.

[0091] In any of the embodiments, the plurality of individually isolated phage can
be obtained from diverse environmental sources, including soil, water treatment plants,
raw sewage, sea water, lakes, rivers, streams, standing cesspools, animal and human
intestines or fecal matter, organic substrates, biofilms, or medical/hospital sources.
Moreover, the the bacterial pathogen can comprise (a) a plurality of strains of the same
species of said ba;terial pathogen; (b) clinically, genotypically and/or metabolically
diverse strains of said species of bacterial pathogen; and/or (c) be a multi-drug resistant
pathogen. Moreover, the plurality of strains can be down selected to generate a bacterial
diversity set of strains comprising clinically, genotypically and/or metabolically diverse
strains of said species of bacterial pathogen. Examples of such metabolically diverse
strains include, but are not limited to antibiotic resistance, ability to utilize various sugars,
ability to utilize various carbon sources, ability to grow on various salts, ability to grow
in presence or absence of oxygen, or bacterial motility. In preferred embodiments, the
plurality of individually isolated phage can comprise lytic phage.

[0092] In the preferred embodiments, the purified phage can be purified by a
purification technique, such as, for example, (a) cesium chloride gradient
ultracentrifugation; (b) octanol washes; (c) differentiation filtration; (d) column

chromatography; or (e) phase partition chromatography.
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[0093] In preferred embodiments, the cesium chloride level in the bactericidal
composition is less than 50 ug/L, less than 40 ug/L, less than 30 ug/L, less than 25 ug/L,
less than 20 ug/L, less than 19ug/L, less than 18 ug/L, less than 17 ug/L, less than 16
ug/L, less than 15 ug/L, less than 14 ug/L, less than 13 ug/L, less than 12 ug/L, less than
11 ug/L, less than 10 ug/L. Moreover, in further preferred embodiments, the endotoxin
in the bactericidal composition is less than 500 Units per mL, 450 Units per mL, 400
Units per mL, 375 Units per mL, 350 Units per mL, 325 Units per mL, 300 Units per mL,
275 Units per mL, 250 Units per mL, 225 Units per mL, or 200 Units per mL.

[0094] In other preferred embodiments, the minimal burst size in the bactericidal ‘
composition is less than 200, less than 175, less than 150, less than 140, less than 130,
less than 120, less than 110, less than 100, less than 90, less than 80, less than 70, less
than 60, or less than 50.

[0095] Other embodiments include using the Tier 2 working phage library
produced by any of the methods described herein to obtain a plurality of individually
isolated phage. These individually isolated phage can then be used to generate
bactericidal compositions. These bacterial compositions can comprise a mixture of
different phage identified by any one the methods described above. In preferred
embodiments, the mixture of phage produces a synergistic increase in bactericidal
activity.

[0096] Any of these compositions described herein can be used to treat either a
bacterial infection in a patient; or bacterial contamination in an environment. In preferred
embodiments, the patient is a mammal, and even more preferably, the mammal is a

human. In other preferred embodiments, the mammal is a murine, a simian, a farm
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animal, a sport animal, and a pet, including, but not limited to a rodent (e.g. a guinea pig,
a hamster, a rat, a mouse), murine (e.g. a mouse), canine (e.g. a dog), feline (e.g. a cat),
equine (e.g. a horse), a primate, simian (e.g. a monkey or ape), a monkey (e.g. marmoset,
baboon), or an ape (e.g. gorilla, chimpanzee, orangutan, gibbon).

[0097] The methods described herein can be used to decontaminate the
environment. Examples of such environments, include but is not limited to oil rigs,
medical stents, soil, water treatment plants, raw sewage, sea water, lakes, rivers, streams,
standing cesspools, animal or human intestines or fecal matter, organic substrates,
biofilms, or medical/hospital sources.

Bacterial “Diversity Set” Construction:

[0098] The methods of the present invention comprise assembling a “diversity
set” of isolated strains (“isolates™) of a single bacterial pathogen, and particularly, isolates
that are clinically relevant. In a particular embodiment, the diversity set comprises
clinically relevant MDR strains of a single bacterial pathogen. These isolates may be
obtained from a variety of sources, e.g., pre-existing repositories of clinical bacterial
isolates, as well as from contemporary and/or recent human or animal bacterial
infections, including: topical, local, or systemic infections recently cultured. In a
particular embodiment, clinical isolates of MDR strains of a single bacterial pathogen are
collected from these sources. These isolates may be taken from bona-fide human
infections and thus the diversity set represents a collection of bona-fide human pathogens
that have caused actual infections.

[0099] This large collection of clinically relevant MDR strains of the same

species as the targeted bacterial pathogen is then down-selected to comprise a collection
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of strains that are as diverse from each other as possible. One of skill in the art will
appreciate that the down-selection of bacterial strains can be performed using a variety of
conventional methods appropriate for characterizing the biological nature of bacteria. For
example, the clinical isolates may be analyzed to identify genotypically diverse bacterial
strains using a variety of manual as well as automated conventional methods. Such
experimental techniques are familiar to one of skill in the art and include, but are not
limited to, employing whole genome and/or targeted partial sequence analysis to identify
diverse strains. Characterizing restriction fragment length polymorphisms (RFLP) by
pulse field gel electrophoresis (PFGE) may also be used to characterize bacterial strains.
In addition, PCR-based genotyping may be used. Bacterial serotyping may also be
performed using a variety of conventional methods. Characterizing the strains by phage
typing may also be used. In a particular embodiment, the analysis may comprise one or
more experimental techniques including but not limited to whole genome analysis,
targeted sequence analysis, amplicon squencing analysis, and analysis of restriction
fragment length polymorphisms and/or PCR genotyping by pulse field gel
electrophoresis.

[00100] In addition, the plurality of clinical isolates may also be analyzed using
conventional methods to identify metabolically diverse bacterial strains. A variety of
conventional or classical microbiological techniques, media, and other reagents may be
employed to perform the indicated analyses, including but not limited to manual
techniques as well as automated systems familiar to one of skill in the art, e.g., the BD
PHOENIX Automated Microbiology System (Becton, Dickinson and Co., Franklin

Lakes, N.J.) In a particular embodiment, the methods of analyzing bacterial metabolic
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criteria for diversity set down-selection used in the methods of the instant invention are
familiar to one of skill in the art, and include but are not limited to, one or more methods
selected from the group consisting of antibiotic resistance, ability to utilize various
sugars, ability to utilize various carbon sources, ability to grow on various salts, ability to
grow in presence or absence of oxygen, ability to grow at various temperatures, and
bacterial motility. The types of antibiotics, various sugars, carbon sources, salts, as well
as other types of biological features useful for assessing metébolic criteria of bacteria,
are familiar to one of skill in the art. Such metabolic analyses may be performed alone or
in conjunction with genetic analyses discussed above.

[00101] It is understood herein that bacterial diversity set construction is an
iterative process that may be continuously updated, e.g., as MDR strains drift in and out
of clinical relevance. Accordingly, in a particular embodiment, it is contemplated herein
that the temporal requirements for diversity set updates may comprise more than one
reformulation per year, e.g. an outbreak or the sudden appearance of a new clinically
relevant MDR bacterial strain may require its isolation and addition to the diversity set.
Alternatively, if the diversity set contains one or more bacterial strains that are no longer
observed as clinically problematic, they can be removed from the diversity set.

[00102] The goal of bacterial diversity set construction is to assemble a
manageable number of clinically relevant bacterial strains that are as dissimilar from each
other as possible while accurately representing the current clinical burden of bacterial
pathogens, including but not limited to MDR bacterial strains. Thus, a down-selected
diversity set may comprise any number of bacterial isolates. For example, it is

contemplated that the diversity set may comprise from about 75-125 unique bacterial
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strains. It is contemplated herein that, in a particular embodiment, a manageable number
of strains may be approximately 100 strains, but may be more or less without limitation.
[00103] It is contemplated that the bacterial diversity set is as close to a diverse
and current representation of the clinical bacterial burden as possible. Thus, a current
bacterial pathogen of interest is represented by the bacterial diversity set. The diversity
set is also used to isolate phages and to build a tiered characterized phage library,
harvested and isolated from a variety of divérse environmental sources. Thus, this tiered
phage library can be prepared in advance using the bacterial diversity set, and will
contain phages that may infect the bacterial pathogen of interest. As described in detail
below, the tiered phage library is a reagent that is screened against said particular
bacterial pathogen of interest in order to develop a therapeutic phage cocktail against said
bacterial pathogen.

Tier 1 Archival Phage Library Construction:

[00104) For the preparation of a “Tier 1 Archival Phage Library”, mixed phages
are harvested from a variety of diverse environmental sources and then hosted on one or
more strains of bacteria from the bacterial diversity set in order to identify and purify
lytic phages capable of infecting members of the bacterial diversity set. As understood
herein, “lytic” phages can generate clear plaques when plated on the diverse bacterial
strains. Lytic phages may be identified and purified using a variety of methods familiar
to one of skill in the art, e.g., using classical phage isolation and plaque purification
methods. For example, in one embodiment, identifying and purifying lytic phage in step
(c) of the method described herein comprises identifying and purifying phages that

produce clear point plaques in classical plaquing assays against one or more, or up to all,
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of the bacterial strains in the bacterial diversity set created in step (a) of the method. In
another embodiment, the lytic phages creating clear point plaques may be purified using
multiple rounds of classical plaque purification techniques. As used herein, the terms
“classical plaquing assays” and “classical plaque purification techniques” are
conventional methods familiar to one of skill in the art. See, e.g., Sambrook, J., E. F.
Fritsch and T. Maniatis (1989). "Molecular Cloning: A Laboratory Manual. 2nd ed."
Cold Spring Harbor Press, Cold Spring Harbor, NY.

[00105] As understood herein, harvesting mixed phages from a variety of “diverse
environmental sources” refers to obtaining phage-rich samples from a wide variety of
different places where phage may be found in the environment, including, but not limited
to, any place where bacteria are likely to thrive. In fact, phages are universally abundant
in the environment.  The primary factors affecting the successful isolation of such
phages are the availability of a robust collection of clinically relevant bacterial pathogens
to serve as hosts, e.g. the bacterial diversity set, and access to diverse environmental
sampling sites rich in phages. With these conditions met, simple screening methods can
be employed to rapidly isolate and amplify lytic phages specific to bacterial pathogen(s)
of interest, and their therapeutic potential can be investigated.

[00106] As used herein, “new phages”, “new phages isolated from environmental
sources” and like terms refer to additional phages which have yet to be included and
assayed as part of a Tier 1 or Tier 2 library. Such phages can be acquired by obtaining
new environmental samples comprising phages from diverse environmental sources,

including new environmental samples which comprise uncharacterized “wild phages”, as
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well as new samples of additional characterized phages that may be obtained from other
laboratories or commercial vendors for use in the methods of the instant invention.
[00107] One of skill in the art will appreciate the myriad sources of phage that
may be used in the methods of the instant invention. Possible sources include, e.g.,
natural sources in the environment such as soil and sea water, as well as man-made
sources such as untreated sewage water and water from waste-water treatment plants.
Clinical samples from infected subjects (e.g., human patients, animals or any other
species) may also serve as a source of phage. In a particular embodiment, diverse
environmental sources of phage may be selected from the group consisting of soil, water
treatment plants, raw sewage, sea-water, lakes, rivers, streams, standing cesspools, and
animal and human intestines and fecal matter and any manure. Phage may be sourced
anywhere from a variety of diverse locations around the globe, e.g., within the US and
internationally.

[00108] Phage may be collected and isolated for use in the methods of the present
invention using conventional methods. For example, a composition of tryptic soy (TS)
broth powder in 300ml of collected sample (e.g. sewage water) may be combined with
200 microliters of an actively growing target bacterial culture in an Erlenmeyer flask and
incubated at 37°C. Culture samples may be harvested at different times (e.g., 6 hours, 18
hours), supernatant from aliquots of the cultures collected (10,000x, 2 minutes), filter
sterilized, and the supernatant can then be used to inoculate each bacterial diversity set
strain, and each bacterial diversity set strain/supernatant mix plated or spotted, and
resulting plaques then resuspended and filtered sterilized and/or treated with chloroform

according to conventional methods for isolating phage plaques. In a particular
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embodiment, plaque isolation may be repeated numerous times, e.g. three times, in order
to purify phages capable of infecting the desired host from other mixed phages present in
the environmental sample.

[00109] It is contemplated herein that, at this point in the phage isolation and
phage library construction process, the only selection criterion for inclusion in the Tier 1
archival phage library is that the phages are lytic, i.e., they generate clear plaques when
plated on their bacterial host(s). It is further understood herein that the collection of
phage for the Tier 1 archival phage library is an iterative and ongoing process. Thus, as
the bacterial diversity set is continuously updated, the Tier 1 archival phage library may
also be continuously updated. It is contemplated herein that in a particular embodiment,
the Tier 1 archival phage library may be any size, and possibly very large; for example,
the amount of phage in the Tier 1 archival library may number in the thousands. For
example, a Tier 1 library may comprise from about 750 to about 1500 phages. Ina
particular embodiment, a manageable number of phages may be approximately from
about 1000 phages, but may be more or less without limitation. In one embodiment, the
Tier 1 archival library may comprise greater than 1000 phages.

[00110] While the methods of the instant invention comprise isolating “wild”
phage, it is also contemplated herein that the methods of the invention may comprise
creating a Tier 1 working phage library also comprising phages that are readily available,
e.g., previously isolated and characterized phages for use in the methods of the instant
invention may be obtained from research laboratories and/or commercial sources. It is

contemplated herein that phages from any variety of such sources may be used alone or
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in combination with phages harvested from the wild in a phage library of the instant
invention.

Tier 2 Working Phage Library Construction:

[00111] According to the methods of the instant invention, phage assembled in the
Tier 1 archival phage library is down-selected for inclusion in a working phage library,
i.e., a “Tier 2 working phage library” to avoid including phages in a therapeutic cocktail
that possess undesirable and/or toxic characteristics. As understood by one of skill in the
art, the term “undesirable and/or toxic characteristics” refers to the presence of any
gene(s) inside of a phage genome which would potentially activate the production of
toxic proteins upon introduction of the phage in a subject’s system. Additionally, phages
carrying any antibiotic resistance gene(s), and/or lysogenic gene(s) are considered as
possessing undesirable and/or toxic characteristics.

[00112] Accordingly, phage may be assessed based on various exclusion criteria in
order to identify phages that are best suited for inclusion in a therapeutic phage cocktail;
i.e., phages that demonstrate “nontoxic characteristics.” For example, in a particular
embodiment, phage in the Tier 1 archival phage library can be subjected to genome
sequence analysis and/or PCR analysis to determine if any of the phages encode known
toxin genes. For the creation of a therapeutic phage cocktail, phage with known toxin
genes should be excluded from the working library. In addition, the phage can be
subjected to genome sequence analysis and/or PCR analysis to determine if any of the
phage encodes known lysogeny genes, or genes encoding known antibiotic resistance
genes. Phage with known lysogeny genes and/or known antibiotic resistance genes

should be excluded from the working library. With respect to antibiotic resistance,
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eliminating phages with known antibiotic genes prevents the addition of exogenous
antibiotic resistance genes into the phage therapeutic treatment of an already MDR
bacterial infection.

[00113] Phage administered therapeutically to a subject will typically elicit an
immune response in the subject, including both innate and adaptive antibody and cell-
mediated responses. The subject’s immune response in some cases may antagonize
efficacy of the phage therapeutic. Thus, it is contemplated herein that phage that elicit a
strong antagonistic, i.e., inappropriate, immune response in the subject, e.g., an immune
response that blocks and/or neutralizes the bacterial infectivity of the phage, may be
excluded from the working library.

[00114] In a particular embodiment, phages that can transduce bacterial virulence
factor genes may be excluded from the working library.

[00115] Thus, in a particular embodiment, phages which demonstrate undesirable
and/or toxic characteristics and are excluded are selected from the group consisting of
phages which carry toxin genes, phages which possess lysogenic properties and/or carry
lysogeny genes, phages which can transduce bacterial virulence factor genes or antibiotic
resistance genes, phages which carry any antibiotic-resistance genes or can confer
antibiotic resistance to bacterial strains, and phages which elicit an inappropriate immune
response and/or provoke a strong allergenic response in a mammalian system.

[00116] As understood herein, an “inapi:;ropriate immune response” may vary and
can be assessed on a case by case basis. For example, it is contemplated herein that in
some cases, the lack of an immune response to phages in the subject is desired so that the

phages can freely kill the bacterial pathogen. On the other hand, it is also possible that
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the mechanism of action of other phages involves a strong host immune response that is
recruited to the infection site by the phages and stimulates the immune response against
the bacterial target. One of skill in the art will appreciate the conditional nature of, and
potential benefit of, tailoring cocktail formulations that elicit different kinds of immune
responses, and the need to select the appropriate phages for a cocktail accordingly.
[00117] The phages passing the exclusion criteria listed above are then screened
against the bacterial diversity set in order to determine the bacterial host range of each
phage, in order to identify and include those phages having desirable host ranges. As
understood herein, determining the “bacterial host range” refers to the process of
identifying the set of bacterial strains that are susceptible to infection by the given phage.
Thus, as used herein the term “ “host range” refers to the empirically determined set of
bacterial strains, e.g. particularly strains of the bacterial diversity set, and/or phage
resistant mutants thereof, that a phage (or a phage cocktail) is able to infect and kill.
Screening to determine a phage’s bacterial host range may be performed using
conventional methods familiar to one of skill in the art, including but not limited to
assays using robotics and other high-thlroughput methodologies.

[00118] As understood herein, a “desirable” host range is contextual, as one of
skill in the art will appreciate.  In some cases, phages with a desirable host range may
include phages that target many bacterial isolates of interest, e.g., many of the bacteria in
the diversity set. In other cases, phages with narrow and/or specific host ranges are
required. For example, in the diversity set, as representative of the current clinical
bacterial burden, there may be phenotypes and/or representative bacterial strains that are

particularly difficult for phages to infect, thus phages capable of infecting these strains
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may be rare and/or difficult to isolate, and identifying phages that can kill these and only
these problematic strains is critical. In a particular embodiment, .the goal is to build a Tier
2 working phage library comprising phages with distinct but complementary host ranges.
Indeed, a host range of one phage may overlap with the host range of a different phage.
The concept is similar to that of a Venn diagram; each circle can represent an individual
phage’s bacterial host range, which may intersect with one or more other phage’s
bacterial host range. On the other hand, the host range of the phage (or phage cocktail)
may be specific, or “unique” to a particular bacterial pathogen of interest, e.g., a “unique
host range.”

[00119] Phage bacterial host ranges may be broader or narrower than other host
ranges. Phages with a broad host range indicate, in general, that the receptor for said
phage is common among the strains, while a narrow host range may indicate that a
unique receptor is used. For example, as used herein, a “broad host range” can refer to the
ability of a phage to infect from about 15 or more bacterial strains, while a narrow host
range can vary from about 1 to about S bacterial strains.

[00120] Phage cocktails of the instant invention may be compounded with phage
bacterial host range specificity in mind. Indeed, it is contemplated herein that the phage
cocktails of the instant invention may be compounded to comprise phages with broad
host ranges, narrow host ranges, specific host ranges, or combinations thereof. In some
cases, a phage cocktail comprising phages with the broadest host range possible may be
desired; in other cases, a phage cocktail comprising phages with narrow host range
phages may be desired, e.g., to make a phage cocktail(s) that comprises phages that work

synergistically to eradicate the bacterial pathogen.
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[00121] In a particular embodiment, similarly, the Tier 2 library may comprise
phages having distinct, but overlapping, bacterial host ranges. Thus, in a particular
embodiment, the Tier 2 working library may be designed to comprise phages with broad
bacterial host range, phages with a narrow bacterial host range, or a combination thereof. |
[00122] A Tier 2 working phage library of the instant invention may comprise any
number of phages. In a particular embodiment, it is contemplated herein that a Tier 2
working phage library may comprise from about 100-750 phages. It is contemplated
herein that in a particular embodiment, a manageable number of phages may be
approximately about 500 phages, but may be more or less without limitation. In a
particular embodiment, a Tier 2 working phage library of the instant invention may
include hundreds of phages. In another embodiment, the Tier 2 working library may
comprise less than 1000 phages.

[00123] The methods of the instant invention comprise purification of phage
preparations, e.g., to minimize endotoxin and foreign antigens present in crude phage
lysates.  Such purification may be performed using conventional methods, e.g.,
comprising the use of cesium chloride density gradients and ultracentrifugation, and
optionally, comprising methodologies consistent with good manufacturing practice
guidelines (GMPs) in view of the ultimate goal of producing a therapeutic phage cocktail
for administration to a subject. Such guidelines are familiar to one of skill in the art.
[00124] The term “purified” refers to a preparation that is substantially free of
unwanted substances in the composition, including, but not limited to extraneous

biological materials e.g., nucleic acids, proteins, carbohydrates, lipids, or toxins , and/or
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other impurities, e.g., metals or other trace elements, that might interfere with the
effectiveness of the cocktail.

[00125] In the method of the instant invention, following down-selection, phages
in the Tier 2 working phage library may be purified at high titer and high purity, and held
in reserve for facilitating rapid cocktail formulation. Alternatively, in another
embodiment, it is contemplated herein that phage in the Tier 1 archival phage library may
be similarly purified at high titer and high purity prior to down-selection and creation of
the Tier 2 working phage library. The phage libraries may also be purified to very high
titer and very high purity.

[00126] As used herein, terms like “high titer”,“very high titer, “high purity”, and
and very high purity” refer to degrees of titer and purity that are familiar to one of skill in
the art. For example, with regard to the methods of the instant invention, “high titer” and
like terms means a phage preparation which contains approximately 10° to 10" plaque
forming units (pfu)/ml of phage particles. The term “very high titer” and like terms
means titers in excess of 10'' pfu/ml.  One of skill in the art will appreciate that the titer
of the phage combinations and phage cocktails compounded according to the methods of
the instant invention may vary. In a particular embodiment, formulations for
administration to subjects for therapeutic use ideally will be of therapeutically effective
titer, e.g., high or very high titer, prepared according to GMPs.

[00127] Similarly, “high purity”; “highly pure” and like terms means phage
preparaﬁons purified through differential centrifugation techniques or similar methods.
Similarly, “very high purity” means phage preparations purified through isopicnic density

gradient technique specifically on cesium or other heavy salt gradients, or similar
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methodology. One of skill in the art will appreciate that the degree of purity of the phage
combinations and phage cocktails compounded according to the me;hods of the instant
invention may vary. In a particular embodiment, formulations for administration to
subjects for therapeutic use ideally will be of pharmaceutically acceptable purity, e.g.,
high or very high purity prepared according to GMPs.

[00128] In another embodiment, it is contemplated herein that the methods of the
instant invention may comprise producing large amounts of phage in the Tier 1 archival
phage library and/or phage in the Tier 2 working library. One of skill in the art will
appreciate the meaning of such concept in the context of the field of phage biology and
methodologies. As used herein, the term “large amounts” includes, but is not limited toat
least 10° pfu/m! of phage particles and at least a liter of such a preparation. In a particular
embodiment, large amounts of phage are prepared at high titer or very high titer and/or at
high purity or very high purity according to GMP guidelines, to facilitate compounding
of therapeutic phage cocktails. As understood herein, “facilitating compounding”
includes decreasing the length of time required to produce a phage cocktail for clinical
administration.

[00129] Similar to the process associated with maintaining a Tier 1 archival phage
library and a bacterial diversity set, it is contemplated herein that the down-selection of
phages for the Tier 2 working phage library may also be an iterative and ongoing process.
Thus, as the bacterial diversity set is updated, the Tier 1 archival phage library, and also
the Tier 2 working phage library may be correspondingly updated according to the

methods of the invention.
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[00130] In a particular embodiment, the method of the instant invention uses
phages with different but desirable host ranges to populate the Tier 2 phage library, so as
to build a characterized working library comprising phages with diverse and desirable
host ranges. In the method of the instant invention, cocktails are built from this library
empirically.

Custom/Personalized Phage Cocktail Formulation:

[00131] It is contemplated herein that the dynamic nature of the bacterial diversity
sef, and the Tier 1 and the Tier 2 phage libraries described above are key reagents of the
methods of the instant invention as they enable the rapid identification and compounding
of phage cocktails, from relevant and characterized phages, for use as effective
therapeutics in a subject in need thereof. In this regard, it is contemplated herein that one
or more steps of the methods of the instant invention may be performed using robotics or
other high throughput assays familiar to one of skill in the art, to further enablc;, rapid
reagent construction and/or cocktail formulation.

[00132] Specifically, in order to rapidly arrive at a therapeutic phage cocktail for a
given subject, the phage information compiled in the Tier 1 and Tier 2 libraries may be
applied in combination with phage efficacy assays to rapidly identify and generate a
therapeutic phage cocktail for the subject.

[00133] As used herein, a “phage efficacy assay” refers to an assay to detect the
effectiveness of one or more phages, or a phage cocktail, to prevent bacterial growth in
culture media which otherwise supports robust bacterial growth. Such ap assay may
comprise growing cultures of a targeted bacterial pathogen with individual phages, and/or

various phage combinations from the Tier 2 working phage library, and analyzing
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bactericidal activity against said bacterial pathogen, wherein a suitable delay in bacterial
growth and/or the lack of appearance of phage-resistant bacterial growth in a culture
indicates that an individual phage and/or a various phage combination may be
therapeutically effective against said bacterial pathogen. For example, a clinical isolate
of a bacterial pathogen may be cultured overnight (e.g., to log phase), and then isolate
inoculum aliquoted to phage dilutions in wells of a 96 well-plate. The interaction
between the bacteria and phage is then monitored for evidence of bacterial growth delay
using conventional methods, and specifically, in a particular embodiment, according to
assay methods as described herein.

[00134] In addition to th:: foregoing, it is contemplated herein that one may be able
to perform a prescreening method to reduce the number of phages needed to be screened
in a phage efficacy assay. Specifically, this prescreening methods links bacterial spectral
features with phage infectivity or susceptibility. Correlating spectral features of a targeted
bacterial pathogen with susceptibility to infection by specific phages may be possible as
bacterial spectral features can correlate with the presence or absence of specific surface
structures which serve as phage receptors, and these receptors, by extension, can correlate
with phage infectivity. Thus, prescreening the infectious bacterial target with spectral
assays before running a phage efficacy assay can inform which phages in the Tier 2
library (or Tier 1 library as needed) should be screened first in order to decrease the time
necessary to compound a synergistic cocktail. Spectral assays that may be employed in
this regard include but are not limited to Raman spectroscopy, mass speétroscopy, and/or
fluorescent immunolabeling. Thus, in a particular embodiment, it is contemplated herein

that spectral assays may be used to reduce the number phages to be screened in the first
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round of iterative screening of the Tier 2 library, by analyzing spectral features which
correlate with phage infectivity or susceptibility. It is contemplated herein that such
assays may comprise the use of automated systems.

[00135] Aciditionally, as the cormrelative power between the bacterial spectral
features and verified phage infectivity increases, e.g., through verification using a phage
efficacy assay described herein, it may be possible to eliminate the need for a phage
efficacy assay in all cocktail compounding events. Such elimination can be based on the
analysis of correlative data between spectral features and phage infectivity and/or
susceptibility. Thus, in a particular embodiment, where correlative spectral data exists
between bacterial spectral features and phage infectivity, the phage efficacy assay and/or
rounds of iterative library screening may not be needed in all synergistic cocktail
compounding events.

[00136] One of skill in the art may employ a variety of existing conventional
methods for “growing cultures of a bacterial pathogen with individual phages, and/or
various phage combinations™ to assay the ability of phage to kill bacteria, delay bacterial
growth, and/or to detect the lack of appearance of phage-resistant bacterial growth.
These include, for example conventional phage plaque assays or spot assays where the
effectiveness of phage or various phage combinations to prevent bacterial growth can be
evaluated on solid agar or semi-solid medium media.

[00137] In a particular embodiment, high-throughput methodologies comprising
the use of microtiter plates and liquid media for running multiple simultaneous assays
and cultures are also contemplated herein. For example, the delay in bacterial growth

and/or the lack of appearance of phage -resistant bacterial growth may be monitored
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comprising the use of a high-throughput photometric assay and liquid media. In
particular embodiments, the photometric assay may be, e.g., fluorescence, absorption, or
transmission assays. In a particular embodiment, the photometric assay comprises a step
wherein an additive such as tetrazolium dye is used to cause and/or enhance the
photometric signal detection. For example, in a particular embodiment, such assays
include phage efficacy assays monitoring the delay in bacterial growth, called a growth
“hold-time,” which can be used to determine the lytic activity of individual phages or
compounded phage cocktails using an automated, high throughput, indirect liquid lysis
assay to evaluate phage bactericidal activity using an OMNILOG system (Henry M, et al.
2012. Bacteriophage 2:159-167). Such assay is described in Example 1.

[00138] The phage efficacy assay described in Example 1 is a liquid-based assay
that can be performed in high-throughput, e.g., with robotic assistance in 96-well plate
format, and it monitors bacterial metabolic activity rather than growth (culture turbidity).
The assay monitors a colorimetric change in a dye in response to bacterial respiration.
This color change is a surrogate for viability of the bacterial strain. Essentially, the assay
can be used to determine, per well of a 96-well plate (each well being a unique culture)
whether the phage prevent or delay the color change/bacterial respiration/bacterial
viability/bacterial growth. In other words, the assay is performed to determine whether a
phage kills, i.e., can hold and/or prevent bacterial growth. For example, resuits for wells
(cultures) containing individual phages from the Tier 2 library are analyzed and
individual phages with desired hold-times are selected and differentially compounded
into cocktails. The bactericidal activity of the cocktails is reassessed following the same

procedure. Once the cocktail hold-time is determined, it is also possible to perform the
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96-well assay again, only now every well contains the identified cocktail and one or more
different phages from the Tier 2 working phage library (and/or the Tier 1 library and/or
newly identified uncharacterized phages, as needed), in an effort to identify an additional
phage(s) that further enrich the activity of the cocktail and augment the hold-time of said
identified cocktail, and/or find possible additional therapeutically effective phage
combinations. In a particular embodiment, the goal of cocktail formulation as described
here is to identify phage cocktails that work synergistically, e.g. cocktails whose hold-
times are greater than the simple addition of the hold-time of each of the constituent
phages in said cocktail.

[00139] When a lytic phage is mixed with its bacterial host, under the right
conditions, the phage will infect and kill the vast majority of the bacterial host. Either due
to pre-existing mutations in the bacterial population, or active mutagenesis processes in
the bacterial cell, a small fraction of the bacterial host will be or will become resistant to
the phage. An example of this is seen in Example 2 prbvided below where 4. baumannii,
once exposed to the appropriate phage, ceases capsule production. Thus the phage selects
for a population of either pre-existing or emergent bacterial mutants that no longer
produce a capsule. The capsule is likely the receptor for this phage, and the loss of the
capsule results in a bacterial population that is now resistant to the phage. This new
unencapsulated bacterial strain then has to be targeted with a completely different set of
phage, and these phages only infect unencapsulated A. baumannii. Adding these phages
kills the unencapsulated population, allowing the therapeutic cocktail to function
effectively, even though these phages targeting the unencapsulated bacteria do not infect

the original encapsulated strain. When added to the original encapsulated 4. baumannii
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these phages that target the uncapsulated bacteria have an undetectable effect on the
original encapsulated 4. baumannii population. Thus, the effective cocktail against 4. .
baumannii described in Example 2 is compounded using one phage that only partially
holds the growth of the parent bacterial strain and four more phage that have little to no
detectable impact on the parent encapsulated strain. It is only in the context of the
cocktail that the activity and necessity of the phages targeting unencapsulated A.
baumannii becomes apparent. The said cocktail also functions synergistically, as the
hold-time of the cocktail is far greater than the simple addition of the hold-time of the
phage that infects encapsulated 4. baumannii and the 4 phages that exclusively infect the
unencapsulated emergent 4. baumannii mutants.

[00140] It is contemplated herein that the methods and compositions of the instant
invention provide a vast improvement in the field of phage therapy. For example, since
the methods of the present invention identify phage cocktails which comprise phage that
do not have a detectable effect on the parent strain of the bacterial pathogen, (e.g. the
encapsulated 4. baumannii), the compounding of therapeutic phage -cocktail
formulations described herein are counterintuitive; such cocktails likely would not be
identified, let alone readily or reliably identified, according to conventional methods
which rely on the use of pre-isolated phages already suspected as having a detectable
bactericidal activity, and therefore a potential therapeutic effect on a particular clinical
bacterial strain. Phages like those that can be identified here, which only infect small sub-
populations of an infectious bacterial strain, have no detectable activity when assayed
using conventional methods. Thus, using classical methods, there is no activity or basis

for including them in a potential therapeutic phage cocktail. Using classical methods,
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phages such as these may actually be eliminated from the pool of phages with therapeutic
potential against said bacterial pathogen. Moreover, the methods of the instant invention
allow the detection of previously unidentified therapeutically effective phages, including
previously unknown synergistic combinations of phages, quickly and easily, against
numerous bacterial species, pérmitting new and different phages to be identified for
potential therapeutic use.

[00141] Phage therapeutics seeks to exploit the predator-prey relationship between
a phage and its host bacteria. Like all predator-prey relationships, unless the predator
drives the prey to extinction, and assuming other environmental factors are held constant,
equilibrium between the predator and prey will be established. In the case of phage-
bacterial interactions, phage-resistance is a manifestation of such equilibrium. Thus the
goal of phage therapeutics is to identify phages and phage cocktail formulations that are
capable of eradicating a bacterial population, e.g., driving the infectious bacterial
population to near extinction within the subject in need of therapy. Indeed, the cocktail
formulations compounded using the methods of the instant invention which are designed
to eradicate or nearly eradicate an infectious bacterial population, and which are often
synergistic and counterintuitively include phages that actually have no detectable activity
against the targeted bacterial pathogen on their own, are very rare. Thus the combination
of phages that make up the therapeutic phage cocktails compounded using the method of
the instant invention are unlikely to be found in nature. Additionally, prior to the method
of the instant invention, there was no way of systematically and reliably identifying
phages for inclusion into a therapeutic cocktail that had no detectable activity against the

targeted bacterial pathogen on their own.
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[00142] As used herein, the terms “desirable delay in bacterial growth”, “suitable
delay in bacterial growth”, “growth hold time”, “lack of appearance of phage-resistant
bacterial growth” and like terms is understood to relate to the effectiveness of a phage,
phage combination, or phage cocktail to prevent bacterial growth for a given amount of
time in culture. In a particular embodiment, this includes bacterial growth in the liquid
culture environment described in Example 1. Typically, in this assay, growth hold-time
indicative of a promising phage is from about 4 to about 8 hours. In a particular
embodiment, the growth hold time of a promising phage cocktail, assembled from
individual phages deemed as promising, may be a minimum hold-time of about 12 hours
to about 18 hours or longer without limit. In other particular embodiments, the growth
hold time of a phage or phage cocktail may be from about 15, 16, 17, 18, 19, or 20 hours.
In another embodiment, cocktail hold-times of less than 12 hours may have therapeutic
efficacy.

[00143] In yet another embodiment, the growth hold-time of a promising
individual phage may be zero or undetectable and only when this type of phage is
included with another phage deemed to be promising, or as a new constituent of a
cocktail deemed to be promising, will the activity and necessity of such a phage become
detectable. In such situations, phages of this type, which have undetectable or nearly
undetectable activities on their own, can surprisingly add to a synergistic hold-time when
included in promising phage cocktails.

[00144] It is contemplated herein that the methods of the instant invention can be

used to identify a phage combination that can produce a complete or nearly complete
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growth arrest of the bacterial pathogen. This may be evident from a growth hold time
from about 16-48 hours or more.

[00145] One of skill in the art will appreciate that promising growth hold times,
including minimum hold times, and growth hold times Aindicative of complete or nearly
complete growth arrest, may vary depending on the species of bacteria, e.g., some
bacterial species typically grow more slowly than other bacteria. Promising growth hold
times of bacteria under investigation may be easily discerned according to the methods of
the instant invention without undue experimentation.

[00146] Specifically, in a particular embodiment, a phage cocktail may be
identified according to the methods of the instant invention as follows. Upon
presentation, a clinical sample is taken from a subject suffering from a bacterial infection.
Typically, but not necessarily, the subject is infected with a MDR bacteria. The infective
bacterial strain in the isolate is identified using conventional methods and then matched
against the bacterial species of existing bacterial diversity sets and Tierl/Tier 2 phage
libraries. At this point, previously compounded phage cocktails against the same
bacterial species may be rescreened for the ability to infect and kill (or delay the growth
of) the subject’s infective bacterial strain using a high throughput or robotics-based phage
efficacy assay such as described in Example 1.

[00147] If no previously compounded cocktails are found to adequately kill the
infective bacterial pathogen, the Tier 2 library for the same bacterial species can be
screened specifically against the subject’s infective bacterial pathogen. It is

contemplated herein that according to the methods of the instant invention, therapeutic
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phage cocktails may be obtained by screening all phages in the Tier 2 working phage
library against a target bacterial pathogen individually.

[00148] According to the methods of the instant invention, any phage showing any
delay in resistant bacterial growth infects that bacterial target to some degree. As
discussed above, such phages may produce growth holds to some extent, but insufficient
to result in effective treatment of the bacterial infection on their own. Generally,
promising growth hold-times may be approximately from about 4-8 hours. In a particular
embodiment, the growth hold time of a therapeutic phage cocktail is about 18 hours or
more. Upon identification, phages which display some amount of growth hold time may
be variously combined into other phage combinations (cocktails) and rescreened, e.g. the
phage cfficacy assay is performed again with the various phage cocktails, to look for
improved growth hold-times. Additionally, a phage efficacy assay can be performed
again with these cocktails and the individual addition of another phage from the Tier 2
library (and/or the Tier 1 library and/or wild phages recently isolated), as needed. Such
rescreenings can be used to rapidly arrive at new phage combinations which demonstrate
improvements in growth hold-time. Such improvements may be additive increases in
growth hold-times, or they may in fact demonstrate synergistic improvements in the
delay in phage-resistant bacterial growth.

[00149] In view of the foregoing, it is contemplated herein that several iterations of
screening (rescreening) according to the methods of the instant invention may be
performed to obtain the final formulation of phages for compounding into a therapeutic
phage cocktail that achieves and/or maximizes a synergistic increase in hold-time. Ina

particular embodiment, the method may encompass screening a phage library against a
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clinical bacterial pathogen in question using each phage individually per well of a plate
(i.e., so each phage is screened individually against the pathogen), and identifying phages
that give approximately a 4-8 hour hold time. These identified phages are then cocktailed,
and the assay is repeated looking for a combinatorial and ideally synergistic hold-time
between approximately 16-20 hours or more. If no synergy is seen, and/or if the cocktail
hold-time does not achieve 16-20 hours, the 96-well assay can be performed again, only
now each well contains the identified cocktail and at least one additional phage from the
Tier 2 library and/or the Tier 1 library and/or a newly identified wild phage, in an attempt
to identify new phages for the cocktail that will augment, and ideally, act synergistically
to improve, growth hold time. It is in these rescreening steps that one may find an
additional phage with a previously undetectable activity against the targeted pathogen,
but now in the context of a cocktail, its activity, presumably against a phage-resistant
sub-population, is now detectable and can be seen as requjred to achieve synergy and
therapeutic efficacy.

[00150] According to the methods of the instant invention, cocktail compounding
is flexible, e.g. if a previously identified cocktail against the same bacterial species as the
targeted pathogen shows adequate activity and/or if a synergistic hold-time of 16-20
hours can be achieved from the initial Tier 2 library screen and cocktail formulation, then
rescreening is not necessary. The method of the instant invention is also scalable, e.g., if
the initial Tier 2 library screen and cocktail formulation fails to produce a synergistic
cocktail with a 16-20 hour hold-time, rounds of iterative rescreening can be performed
using a promising preliminary cocktail and individual phages from the Tier 2 library

(and/or Tier 1 library, and/or newly isolated wild phages) until one identifies a cocktail
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that can achieve a synergistic hold-time of 16-20 hours. It is in the iterative rescreening
that phages with undetectable activities against the targeted bacterial pathogen on their
own will be identified, and the activity of such phages will be both detectable and
required in the final formulation of the synergistic cocktail. Ideally, the identified and
compounded phages will be capable of killing the bacterial strain together. |
[00151] Of course, as mentioned above, the methods of the instant invention may
be used to produce a therapeutic phage cocktail after just one screening. Indeed, the
methods may identify a phage cocktail that produces a synergistic effect on bacterial
growth hold-times after just one screening of a Tier 2 library. On the other hand, phage
cocktails may be identified wherein the combined effect on bacterial growth hold-times is
additive and/or insufficient.

[00152] Moreover, when a phage cocktail of the instant invention preys upon a
bacterial strain, it may produce a resistant bacterial strain, e.g., through selection and/or
active mutation. That is, the resistant strain may have been present in very low frequency
in the parent population (e.g., it did exist but in such low frequency that the new phage's
activity was previously undetectable) or such resistant strain may not have existed in the
parent bacterial population prior to the activity of the cocktail, but arose as a result of
treatment with the phage cocktail itself. It is contemplated herein that such resistant
bacterial strains may be susceptible to some other phage, i.e., a phage that showed no
inhibitory activity previously (e.g., a phage in the Tier 2 working phage library, and/or
Tier 1 archival phage library, and/or one or more newly harvested “wild” or other

previously untested phage).
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[00153] Thus, while phage cocktails of the instant invention may show therapeutic
effectiveness, phage cocktails with augmented clinical effectiveness may be desired.
Specifically, while a bacterial growth hold may be therapeutically acceptable, further
delay in bacterial growth may be desired in order to provide a more therapeutically
effective composition. Accordingly, it is contemplated herein that the methods of the
invention may comprise rescreening steps.

[00154] Indeed, in situations in which complete bacterial eradication is not
achieved, it may be that all of the phages are killing the same isoform of the bacterial
strain within the larger population, i.e., killing the dominant bacterial isoform in the
bacterial population, but missing the low-frequency bacterial isoforms at the periphery of
the population. In this case, one could go back and screen the library again in the
presence of this cocktail, looking for other phages whose therapeutic contribution might
now only be detectable in the context of the presence of this first cocktail. That is, these
phages may infect rare members of the overall bacterial population, and their killing
activity might only be detectable when the freshly discovered cocktail is used.
Accordingly, it is contemplated herein that the methods of the instant invention provide a
unique way of identifying and demonstrating the therapeutic value of a wide variety, of
phages, and which would otherwise be overlooked using conventional methods.

[00155] Thus, in a particular embodiment, in the event that an improved
therapeutic affect is desired, (e.g., if an augmented or even a synergistic delay in bacterial
growth is desired) various compounded phage cocktails (i.e., compounded according to
step (f) of the method), can be rescreened (e.g., in high throughput using the phage

efficacy assay disclosed in Example 1) against every individual phage in the Tier 2
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working phage library (i.e., rescreened according to step (e) of the method) to find a
combination of phage that produces an augmented or even synergistic inhibitory affect on
bacterial hold-time/ growth delay.

[00156] It is further contemplated herein that in additional embodiments, phage
cocktails which produce synergistic affects on growth delay may be rescreened in order
to find phage combinations which provide an even greater therapeutic benefit, including
but not limited to, even greater synergistic affects on growth hold-time.

[00157] Accordingly, any phage cocktails of the instant invention may be
rescreened not only against individual phages in a Tier 2 working phage library, but also
against a Tier 1 archival phage library, and/or even against wild or other newly acquired
phages to identify possible phage cocktails that display greater therapeutic benefit,
including greater synergistic inhibitory effects on bacterial growth hold time.

[00158] Rescreening steps contemplated herein may be achieved, e.g., by addition
of the entire compounded phage cocktail to a well of a culture plate, and a new phage
(i.e., phage from any one of the Tier 2 working phage library, Tier 1 archival phage
library, and/or wild or otherwise newly acquired phage) is added to the well and analyzed
for a possible enhancement in the degree of growth inhibition, including but not limited
to enhancement in any synergistic affect on growth inhibition, that may not have been
detected before.

[00159] As understood herein, improving the therapeutic effect of a phage cocktail
need not be limited to effects on bacterial growth holds, bacterial killing, or other
measure of bactericidal activity. For example, it is understood herein that phage therapy

exploits a predator prey relationship, thus resistance is anticipated and targeted according
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to the methods of the present invention. It is contemplated herein that while phage
predation may cause a phage-resistant bacterial population to emerge, that population
may be less virulent and/or may be altered such that they display reduced fitness for
growth in the subject. In addition, the emergent population may be more susceptible to
antibiotics; i.e., phage resistance may alter virulence and may induce re-sensitization to
antibiotics. Thus, a phage cocktail of the instant invention may comprise phages that can
augment the therapeutic efficacy of a phage cocktail in a manner beyond merely
enhancing bacterial killing/delaying growth/bactericidal activity, e.g., by making the
subject’s MDR infection more responsive to antibiotics. Indeed, evidence of such
findings is suggested in several of the examples provided below.

[00160] Additionally, during therapeutic application of a phage cocktail of the
instant invention, the phages may act as good adjuvants by provoking the humoral and
cell mediated immunity of a mammalian system against the bacterial pathogen. For
example, and without intending to be limited by any particular mechanism of action, it is
contemplated herein that bacterial debris attached to the individual phage particles may
act as a good immunogen during effective lysis of bacteria after phage treatment and thus
may enhance the therapeutic efficacy of a phage cocktail.

[00161] In the event that a suitable cocktail cannot be generated against a bacterial
pathogen, screening of the Tier 1 phage library and/or new environmental samples
against said pathogen may be used to identify new phages for inclusion into the Tier 2
working phage library and/or a cocktail against said pathogen. In addition, it is further
contemplated herein that the bacterial diversity set and/or the phage libraries of the

instant invention may be regularly or “iteratively” updated to include different bacterial
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strains or phage, respectively. As understood herein, “iteratively” encompasses regularly
updating the contents of the bacterial diversity set and/or phage libraries on a regular
temporal basis. For example, from time to time (e.g., once a year, or less or more
frequently as desired) isolates of bacterial strains, including new bacterial clinical
isolates, may be (re)evaluated for inclusion in the bacterial diversity set. Similarly, new
wild phages may be harvested or otherwise obtained from other available sources and
incorporated into the Tier 1 and/or Tier 2 working phage libraries after proper evaluation
to confirm that the phages are appropriate, e.g., lytic, free of any toxin genes, etc. as
discussed above. Accordingly, it is contemplated herein that phage cocktails of the
instant invention may be assembled from a robust, characterized, and flexible phage
libraries which contemplates that effective therapeutic cocktails might comprise ‘fresh’
wild-caught phages, and that the phage libraries may be constantly updated to chase
clinically relevant strains of bacteria.

[00162] While the bacterial diversity set and/or the Tier 1 and Tier 2 phage
libraries of the methods of the instant invention may be updated over time out of
biological necessity, it is also contemplated herein that, in another embodiment, the Tier
1 library may not need to be updated to continue to be effective in the methods of the
instant invention. For example, as clinically relevant bacterial strains change over time,
phages in a Tier 1 archival phage library that were excluded from the Tier 2 library due to
host range considerations, might now function to kill the new clinically relevant bacterial
strains added to the bacterial diversity set, even though previously these phages seemed

redundant and/or inappropriate for the Tier 2 library.
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[00163] While the methods of the invention contemplate possible rescreening
steps to identify a therapeutic phage cocktail and/or to augment the therapeutic efficacy
of a phage cocktail, it is also contemplated herein that the methods of the instant
invention may not require rescreening against a Tier 1 archival phage library and/or
against wild/newly acquired phage upon establishing a robust Tier 2 working phage
library which is iteratively updated as discussed above. Indeed, the methods of the
instant invention encompass establishing a robust Tier 2 working phage library that is
well characterized and may be used to compound therapeutic phage cocktails against a
majority, or nearly all, clinically relevant pathogens of said species of bacterial pathogen.
As .understood herein, an ‘“‘established” Tier 2 working phage library is a defined phage
library which serves as a depository of phages screened to be free of any harmful entities,
e.g., toxin genes, lysogenic genes and antibiotic resistance genes as discussed herein. An
“gstablished” Tier 2 library is understood to be a collection of phages that will be updated
iteratively, as needed, as the dominant clinically relevant strains of bacteria will naturaliy
change over time.

[00164] Significantly, it is contemplated herein that once a Tier 2 working phage
library has been established, clinical samples of bacterial pathogens may be obtained
from a subject and quickly screened against pre-existing phage cocktails and/or the
established Tier 2 working phage library to identify phages for a therapeutic phage
cocktail as disclosed herein. Accordingly, consistent with the idea of creating
“established” Tier 2 libraries, it is contemplated herein that bacterial diversity sets, Tier 1
archival phage libraries, and Tier 2 phage libraries may all be generated “in advance”,

i.e., already available for use in compounding phage cocktails according to the instant
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invention upon presentation of an isolate of a bacterial pathogen. Thus, the performance
of the steps of the methods of the instant invention are not limited to first receiving a
clinical bacterial isolate from a clinician; a bacterial diversity set and phage libraries may
be established according to the methods of the invention beforehand, in anticipation of
the receipt of possible clinical bacterial isolates. As such, in contrast to prior art
methods, the present invention can permit the rapid and reliable identification of a
therapeutic phage cocktail for many subjects in need thereof, including many patients for
whom there are few, if any, remaining clinical options.

[00165] The methods of the instant invention are scalable and tailorable. For
example, in a particular embodiment, suitable phages of interest against a bacterial
pathogen may be readily available such that one may not need to obtain phage from the
wild to build a phage library for use in the methods of the instant invention. Thus, it is
contemplated herein that in a particular embodiment, the methods of the instant invention
may be performed without first needing to perform the step of collecting phages in
environmental samples from diverse environmental sources.

[00166] Similarly, while it is contemplated herein that the methods of the instant
invention may be performed in an iterative manner, as discussed herein, one of skill in
the art will appreciate that the degree to which the steps of the method need to be
repeated in order to obtain a therapeutic phage cocktail can vary. Indeed, because the
method is modular and scalable, the method may be used to identify a first therapeutic
phage cocktail, whereas compounding subsequent cocktails for the same patient (or other
patients infected with the same bacterial pathogen) may not require performing all the

steps of the method and/or performing iterative rescreening.
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[00167] Indeed, while the present invention allows for the creation of therapeutic
“personalized” phage cocktails, it is contemplated herein that multiple patients presenting
with the same symptoms and clinical strain of bacteria may benefit from the same phage
cocktail; i.e., a second patient presenting with the same bacterial strain as a first patient
may benefit from treatment with a “personalized” phage cocktail developed to treat the
first patient. This may be the case, for example, when patients may have been exposed to
the same environmental conditions, e.g., patients from the same geographic location,
hospital, or other medical treatment facility in which a particular strain of MDR bacteria
may be prevalent. Thus, the methods of the invention encompass treating more than one
patient with a “personalized’ cocktail if deemed clinically sound to do so.

[00168] | Thus, because the methods of the present invention produces
personalized therapeutic cocktails, the manner in which a therapeutic phage cocktail is
identified may vary according to the needs of the patient and the particular virulence of
the bacterial pathogen; e.g., identification of a therapeutic phage cocktail may not require
iterative screening or it may require only a few rounds of iterative screening. On the
other hand, to successfully treat some patients, it may, in fact, require not only several
rounds of iterative library rescreening to develop an appropriate cocktail, it may require
several such cocktails developed over time as the bacterial strain changes within the
patient in need of therapy, particularly if the infectious bacteria can readily develop phage
resistance. Notably, even when additional rounds of screening are performed, it is
contemplated herein that the methods of the instant invention permit the design and
compounding of a therapeutically effective phage cocktail more rapidly than

conventional methods.
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[00169] Importantly, the method of the instant invention is empirical and is based
on cocktail performance. While it is evident in the case of the A. baumannii cocktail
described in Example 2 that one phage infects encapsulated bacteria, while the four
others infect unencapsulated bacteria, it is critical to appreciate that this level of
mechanistic understanding is not required to generate effective cocktails using the
methods of the instant invention. In fact, such a mechanistic understanding will not be
attained for most of the cocktails defined by the methods of the instant invention. Indeed,
there is no need to identify the phage receptor or to understand the population dynamics
that occur during phage infection and bacterial eradication, either in the lab setting during
formulation, or even during successful treatment in a patient. This is a significant
departure from the prior art, which often seeks to understand the mechanism of killing by
a phage cocktail, and the receptors used by each phage. Characterizing each cocktail in
this manner is laborious, time consuming, and expensive. In contrast, in the methods of
the instant invention, by beginning with a robust and characterized phage library,
optionally followed by one or more rounds of iterative screening as needed,
therapeutically effective cocktails can be compounded simply based on performance.
Manufacturing:

[00170] Once a phage 'cocktail is identified that kills the infective bacterial
pathogen in vitro (e.g., as evidenced by a phage efficacy assay), the phage cocktail may
be manufactured for clinical use. In a particular embodiment, highly pure and high titer
preparations of the phage cocktail may be manufactured using conventional methods
according to GMP guidelines. In a particular embodiment, manufacturing methods

comprise growing phage for a phage cocktail on cultures of the actual bacterial pathogen
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of interest and/or on laboratory strains, manufacturing strains, production strains, and/or
on other domesticated strains of the same species as said bacterial pathogen and
processed for clinical use.

[00171] Indeed, one of skill in the art will appreciate that the choice of the
manufacturing strain can be consequential. Every time a phage grows on a different
permissible host bacterial strain, there will be some level of host-adaption. For instance,
if a phage is found that successfully infects a particular pathogen of interest, if that phage
is then manufactured on an exogenous host, the resulting manufactured population will
have adapted to the manufacturing strain, i.e., the resulting manufactured population will
be the progeny phage that are best suited for infecting that manufacturing strain. This
host-adaption may be inconsequential with respect to the ability of the resulting
manufactured phages to infect the targeted bacterial strain, or the population of the
manufactured phages may have significantly shifted away from being optimized for the
targeted pathogen. Such a shift may be undetectable in vitro in the lab, but could be
extremely significant in the context of a human or animal host with an immune system
and mechanisms for eliminating phages, e.g., circulating macrophages and neutrophils, as
well as Kupffer cells and dendritic cells. Thus for the method of the instant invention, in
one embodiment, the actual targeted strain isolated from the patient in need of therapy
will be used for the manufacture of each of the constituent phages of a cocktail identified
by the methods of the instant invention. Use of the actual targeted bacterial pathogen for
manufacturing of the constituent phages allows for the best 'possible match between the
manufactured phages and the actual targeted bacterial pathogen. Phages which may be

included in the formulation of a particular cocktail that do not have a detectable activity
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against the targeted bacterial pathogen, and therefore cannot readily grow on the targeted
bacterial pathogen, may be grown on a permissive domesticated manufacturing strain.
[00172] In another particular embodiment, all of the phages in a cocktail identified
by the method of the instant invention may be manufactured on permissive domesticated
manufacturing strains. Additionally, in a particular embodiment, all of the phages in the
Tier 2 library and/or Tier 1 library may be prepared in very high titer and very high purity
on permissive domesticated manufacturing strains and stored so as to facilitate rapid
compounding of the cocktail from these previously prepared phages.

[00173] As understood herein, “laboratory strains” include bacteria which are
proven to be innocuous and can be used as a phage growth host. “Manufacturing or
production strains”, “domesticated strains”, and “permissive strains” encompass
bacterial strains capable of serving as hosts for the constituent phages of a particular
cocktail, but are GMP and/or avirulent and/or attenuated for virulence and/or do not
contain toxins, unwanted antibiotic resistance genes, or prophages.

[00174] In a particular embodiment, production of a personalized phage cocktail of
the instant invention may be performed as follows. Selected phages from a Tier 2 library
(all phages selected for the library will be grown and stored separately following the
same procedures) or other phages as needed may be grown in small scale liquid lysate of
approximately 5 ml-100ml (phage amplification stage lasting approximately 1.5 hours),
then grown in a large scale liquid lysate of approximately 1L-20L (phage amplification
stage lasting approximately 2.5 hours), then the individual selected phages may be
purified using tangential flow filtration (TFF) (approximately 3 hours), followed by a

CsCl density gradient purification (ultracentrifugation lasting for approximately 16
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hours), followed by dialysis with PBS (3 exchanges, pH 7.4 lasting for approximately 4
hours), and filtration through a 0.22 micron filter. The purified individual phages may
then be titered and compounded into the identified cocktail. After the phage cocktail is
compounded, it may be subjected to sterility testing on agar plates using conventional
methods (approximatelyl6 hours). The cocktail may be further formulated to an
acceptable titer, (e.g., to a titer of 5x10° pfu/ml of phage particles) in a pharmaceutically
acceptable dosage, as deemed appropriate by the attending physician for administration to
the patient.

[00175] Alternatively, as discussed herein, in another embodiment, CsCl density
gradient purification may be performed using conventional methods on phages in the Tier
1 library, prior to, and thus simplifying, the production process after a therapeutic phage
cocktail for a subject has been identified.

[00176] In a particular embodiment, it is contemplated that the phage cocktails of
the instant invention may contain any number of individual phages. In a particular
embodiment, the cocktail may comprise less than 10 individual phages. In other
embodiment, the cocktail may comprise from about 10-15 phages.

[00177] In a particular embodiment, with respect to manufacturing personalized
therapeutic cocktails, the so called scale-up for industrial production does not necessarily
involve the large scale production of phages similar to the large scale GMP production of
antibiotics, e.g., the production of hundreds of liters of a phage lysate. Instead, with
regard to the instant invention, the concept of scale-up for industrial applications involves
the increase in the number of personalized therapeutic cocktails that can be compounded

simultaneously.
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[00178] In a particular embodiment, it may be possible that a personalized
therapeutic cocktail could show clinical efficacy on another patient’s bacterial infection.
In such a case, the phage cocktail in question, when applied to a second or third party
patient, may be manufactured in the infectious bacteria of that second or third party
and/or permissible domesticated manufacturing strains, as needed, according to the
methods of the instant invention.

Compositions and Methods of Treatment:

[00179] The phage cocktails of the instant invention, in a pharmaceutically
acceptable dosage form, are administered to a subject in a manner as deemed appropriate
by an attending pHysician. Thus, in another aspect, the instant invention relates to
compositions, including pharmaceutical compositions, comprising phage cocktails
compounded according to the methods of the instant invention. In particular
embodiments, the compositions are therapeutically effective phage cocktails of very high
titer and very high purity, or of high titer and high purity, which are not found in nature.
Indeed, it is contemplated herein that the phage cocktails produced according to the
methods of the instant invention are particularly effective when compared to
conventional therapeutic phage cocktails, and can reliably and rapidly provide
therapeutically effective synergistic lytic effects on bacterial pathogens. Thus, methods
of the instant invention may be used to design phage cocktails unique in composition as
well as uniquely effective compared to compositions made according to conventional
methods.

[00180] Moreover, as discussed above, while the methods of the instant invention

may be used to formulate a personalized phage cocktail, it is contemplated herein that the
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cocktail could also be used to treat other individuals infected with the same or very
similar bacterial strain(s). Thus the method of the instant invention may be used to

generate phage cocktails that have broad therapeutic use.

[00181] As used herein, the term “composition” encompasses “phage cocktails” as
disclosed herein, and includes, but is not limited to, pharmaceutical compositions
comprising a plurality of purified phages.

[00182] “Pharmaceutical compositions” are familiar to one of skill in the art and
typically comprise active pharmaceutical ingredients formulated in combination with
inactive ingredients selected from a variety of conventional pharmaceutically acceptable
excipients, carriers, buffers, diluent.s, etc. The term "pharmaceutically acceptable"” is
used to refer to a non-toxic material that is compatible with a biological system such as a
cell, cell culture, tissue, or organism. Examples of pharmaceutically acceptable
excipients, carriers, buffers, diluents etc. are familiar to one of skill in the art and can be
found, e.g., in Remington's Pharmaceutical Sciences (latest edition), Mack Publishing
Company, Easton, Pa. For example, pharmaceutically acceptable excipients include, but
are not limited to, wetting or emulsifying agents, pH buffering substances, binders,
stabilizers, preservatives, bulking agents, adsorbents, disinfectants, detergents, sugar
alcohols, gelling or viscosity enhancing additives, flavoring agents, and colors.
Pharmaceutically acceptable carriers include macromolecules such as proteins,
polysaccharides, polylactic acids, polyglycolic acids, polymeric amino acids, amino acid
copolymers, trehalose, lipid aggregates (such as oil droplets or liposomes), and inactive

virus particles. Pharmaceutically acceptable diluents include, but are not limited to,

water, saline, and glycerol.
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[00183] As understood by one of skill in the art, the type and amount of
pharmaceutically acceptable additional components included in the pharmaceutical
compositions of the instant invention may vary, e.g., depending upon the desired route of
administration and desired physical state, solubility, stability, and rate of in vivo release
of the corhposition.

[00184] As contemplated herein, the phage cocktails of the instant invention, and
particularly pharmaceutical compositions of the instant invention, comprise an amount of
phage in a unit of weight or volume suitable for administration to a subject. The volume
of the composition administered to a subject (dosage unit) will depend on the method of
administration and is discernible by one of skill in the art. For example, in the case of an
injectable, the volume administered typically may be between 0.1 and 1.0 ml, eg,
approximately 0.5 ml. In another embodiment, up to 10 ml may be delivered in
conjunction with a saline IV.

[00185] For administration by intravenous, cutaneous, subcutaneous, or other
injection, a pharmaceutical formulation is typically in the form of a pyrogen-free,
parenterally acceptable aqueous solution of suitable pH and stability, and may contain an
isotonic vehicle as well as pharmaceutical acceptable stabilizers, preservatives, buffers,
antioxidants, or other additives familiar to one of skill in the art. For example, as
discussed in Example S and depicted in Figure 19, data indicate that the isotonic
properties of Ringer’s solution make a suitable buffer for phage cocktails, while “SM
buffer” is typically used by one of skill in the art for phage dilution and storage. Of
particular interest with phage therapeutics is the removal or limitation of host bacterial

components from the phage cocktail preparation that may have deleterious affects on the
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host, which include but are not limited to LPS, peptidoglycan, bacterial toxins, and
bacterial DNA. Therapeutic cocktail preparations can be designed to contain these kinds
of materials in amounts below acceptable limits.

[00186] Methods of formulating pharmaceutical compositions are familiar to one
of skill in the art. Notably, however, as discussed above, selection of phage for
compounding in a phage cocktail can be counterintuitive. As provided by the methods of
the instant invention, anticipating the bacterial changes that occur during infection or
phage predation often calls for the inclusion of phage that cannot infect the parent strain
of the infection. These phages infect the emergent strains during the infection and allow
intelligent synergistic cocktails which show efficacy as a therapeutic despite not infecting
the parent strain of the infection. Thus, it is contemplated herein that in a particular
embodiment, a phage cocktail of the instant invention may comprise one or more phages
that cannot detectably infect a parent strain of the bacterial pathogen causing infection in
a subject, but can infect emergent bacterial strains which arise during the infection.
[00187] In another embodiment, it is contemplated herein that a therapeutic phage
cocktail may stress the emergent bacterial strains such that the emergent bacterial strains
regain sensitivity to one or more drugs, including antibiotics.

[00188] In another aspect, the present invention relates to methods of treating a
bacterial infection comprising administering to a subject in need thereof an effective
amount of a phage cocktail (or a pharmaceutical composition comprising an effective
amount of a phage cocktail) compounded according to the methods of the instant

invention.
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[00189] As understood herein, a “subject in need thereof” includes any human or
animal suffering from a bacterial infection, including but not limited to a multidrug
resistant bacterial infection. Indeed, while it is contemplated herein that the methods of
the instant invention may be used to target a specific pathogenic species, the method can
also be used against essentially all human and/or animal bacterial pathogens, including
but not limited to multidrug resistant bacterial pathogens, so long as the reagents
(bacterial diversity set and/or phage libraries) exist for each said bacterial pathogen.
Thus, in a particular embodiment, by employing the methods of the present invention,
one of skill in the art can design and create personalized bacteriophage cocktails against

many different clinically relevant pathogens, including multi MDR bacterial pathogens.

[00190] As un'derstood herein, terms such as  “effective amount” and
“therapeutically effective amount” of a pharmaceutical composition of the instant
invention, refer to an amount of a compAosition suitable to elicit a therapeutically
beneficial response in the subject, e.g., by eradicating a bacterial pathogen in the subject
and/or altering the virulence or antibiotic susceptibility of surviving phage-resistant
bacterial pathogens and/or by providing an added benefit when a phage cocktail
compounded according to the methods of the instant invention is simultaneously
administered with either effective and/or ineffective antibiotics. Such response may
include e.g., preventing, ameliorating, treating, inhibiting, and/or reducing one of more
pathological conditions associated with a bacterial infection. One of skill in the art will
appreciate that it is desirable that the initial dose of a phage cocktail of the instant
invention be sufficient to control the bacteria population before it reaches a lethal

threshold. Animal models suggest that 10° to 10" pfu/ml phage particles per dose would
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likely be the maximum dosage tenable based on protein load presented acutely to the
liver in an adult (which would be scaled down in a pediatric population, i.e., EU limited
10° dosing discussed in the below examples). It is suspected that this is a sufficient acute
bolus to reduce the bacterial burden sufficiently to potentiate an immune response.
Notably, phage “viremia” may be measured in the blood after administration. Animal
models suggest that viremia is quite transient given the host immune response and
sequestration in the reticuloendothelial system (liver and spleen).

[00191] Suitable effective amounts of the compositions of the instant invention can
be readily determined by one of skill in the art and can depend upon the age, weight,
species (if non-human) and medical condition of the subject to be treated. In addition, one
of skill in the art will appreciate that the type of infection (e.g., systemic or localized),
and the accessibility of the infection to treatment may also impact the dosage amount that
is deemed effective. One of skill in the art will appreciate that initial information may be
gleaned in laboratory experiments and an effective amount of a phage cocktail for
humans subsequently determined through dosing trials and routine experimentation.
[00192] It is contemplated herein that the compositions of the instant invention
may be administered to a subject by a variety of routes according to conventional
methods, including but not limited to systemic, parenteral (e.g., by intracisternal injection
and infusion techniques), intradermal, transmembranal, transdermal (including topical),
intramuscular, intraperitoneal, intravenous, intra-arterial, intralesional, subcutaneous,
oral, and intranasal (e.g., inhalation) routes of administration. Administration can also be

by continuous infusion or bolus injection.
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[00193] In addition, the compositions of the instant invention can be administered
in a vaiiety of dosage forms. These include, e.g., liquid preparations and suspensions,
including preparations for parenteral, subcutaneous, intradermal, intramuscular,
intraperitoneal or intravenous administration (e.g., injectable administration), such as
sterile isotonic aqueous solutions, suspensions, emulsions or viscous compositions that
may be buffered to a selected pH. In a particular embodiment, it is contemplated herein
that the compositions of the instant invention are administered to a subject as an
injectable, including but not limited to injectable compositions for delivery by
intramuscular, intravenous, subcutaneous, or transdermal injection. Such compositions
may be formulated using a variety of pharmaceutical excipients, carriers or diluents
familiar to one of skill in the art.

[00194] In another particular embodiment, the compositions of the instant
invention, and/or pharmaceutical formulations administered in conjunction therewith,
e.g., antibiotics, may be administered orally. Oral formulations for administration
according to the methods of the present invention may include a variety of dosage forms,
e.g., solutions, powders, suspensions, tablets, pills, capsules, caplets, sustained release
formulations, or preparations which are time-released or which have a liquid filling, e.g,
gelatin covered liquid, whereby the gelatin is dissolved in the stomach for delivery to the
gut. Such formulations may include a variety of pharmaceutically acceptable excipients
described herein, including but not limited to mannitol, lactose, starch, magnesium
stearate, sodium saccharine, cellulose, and magnesium carbonate.

[00195] In a particular embodiment, it is contemplated herein that a composition

for oral administration may be a liquid formulation. Such formulations may comprise a
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pharmaceutically acceptable thickening agent which can create a composition with
enhanced viscosity which facilitates mucosal delivery of the active agent, e.g., by
providing extended contact with the lining of the stomach. Such viscous compositions
may be made by one of skill in the art employing conventional methods and employing
pharmaceutical excipients and reagents, e.g, methylcellulose, xanthan gum,
carboxymethyl cellulose, hydroxypropyl cellulose, and carbomer.

[00196] Other dosage forms suitable for nasal or respiratory (mucosal)
administration, e.g., in the form of a squeeze spray dispenser, pump dispenser or aerosol
dispenser, are contemplated herein. Dosage forms suitable for rectal or vaginal delivery
are also contemplated herein. Where appropriate, compositions for use with the methods
of the instant invention may also be lyophilized and may be delivered to a subject with or
without rehydration using conventional methods.

[00197] As understood herein, the methods of the instant invention comprise
administering the compositions of the invention to a subject according to various
regimens, ie., in an amount and in a manner and for a time sufficient to provide a
clinically meaningful benefit to the subject. Suitable administration regimens for use
with the ins