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Purpose: Drug resistance against antimicrobials is on the rise at alarmingly high rates.
Acinetobacter baumannii is one of the six ESKAPE pathogens which are a significant “one
health” issue. Clinical isolates of A. baumannii exhibit MDR phenotype mostly and infre-
quently the XDR and PDR phenotype. As a result, these infections have one of the highest
mortality rates in hospitals. Alternative therapies are urgently needed.

Methods: Various phages were enriched against XDR clinical strain of A. baumannii.
A potent phage, QAB 3.4, was further tested against 100 clinical strains. Because of its
broad lytic activity, it was further tested for stability, resistance development and as an
infection control agent.

Results: Phage QAB 3.4 showed broad lytic activity against 100 MDR and XDR clinical
isolates representing a wide diversity of infection sites. Assays conducted to document the
phage’s stability, and ability of clinical isolates to develop resistance against it, showed
promising outcomes for its potential use in clinical applications. Phage QAB 3.4 was able to
eradicate A. baumannii from pre-inoculated solid surfaces. It provides a proof of concept that
phages can be used as environmentally friendly infection control agents.

Conclusion: We propose the phage QAB 3.4 is a promising candidate for further pre-
clinical and clinical studies to test its biosafety and efficacy.

Keywords: ESKAPE, A. baumannii, bacteriophages, phage therapy, host-range, lytic
activity

Introduction

Antibiotic therapy is used throughout the world for the treatment of infectious
diseases caused by various bacterial pathogens. However, some bacterial pathogens
display a wide range of resistance against many antibiotics. Some pathogens exhibit
resistance to almost all available antibiotics including aminoglycosides, ciproflox-
acin, tetracyclines, aminopenicillins and cephalosporins.' Staphylococcus aureus,
Enterobacteriaceae, Enterococcus sp. and Acinetobacter baumannii are listed as
multidrug-resistant pathogens.”

A. baumannii is a gram-negative, non-motile, non-fermentative coccobacillus
that is oxidase negative and coagulase positive. It is known to cause nosocomial
infection in patients who are exposed to prolonged hospitalization in ICUs and are
undergoing extensive use of antibiotics.® It may cause ventilator-acquired pneumo-
nia, complications related to surgery, catheter-related infections of the urinary tract
and bloodstream infections. 4. baumannii is capable of forming biofilms and
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acquires resistance by modification of the drug’s target
site, enzymatic inactivation of the drug and increased
efflux of the drug out of the bacterial cell and
paused influx of the drug.*

Due to increased resistance, it is an emerging challenge to
treat A. baumannii infections. Carbapenems were used
but
A. baumannii strains are also becoming resistant against

against multidrug-resistant A. baumannii some
carbapenems.” Other antibiotics such as sulbactam, poly-
myxin and tigecyclines can also be used as effective treat-
ment against A. baumannii infections but resistance is
prevalent in some strains of A. baumannii against these
classes of antibiotics.® Colistin is considered as an antibiotic
of last resort against A. baumannii infections but its utiliza-
tion has been limited due to toxic effects’ and some strains
have even developed resistance against them.® As a result of
increased resistance of A. baumannii to a wide range of
antibiotics and disinfectants, it is garnering increasingly
greater focus from researchers and clinicians. This scenario
is forcing them to search for novel therapeutics.
Experiments are being conducted on characterization and
utilization of lytic bacteriophages to treat patients suffering
from A. studies,

A. baumannii strains were isolated from different patients

baumannii  infections. In many
and used as host for lytic phages. These phages are able to
kill different strains of A. baumannii. These lytic phages
were characterized and their genomes were sequenced
completely.®*"'° According to some studies, phage exposure
results in decreased virulence in remaining bacteria.''
Resistance in 4. baumannii strains against carbapenem,
aminoglycosides and ciprofloxacin has also been reported
in Pakistan.>'? There is imminent need of collecting bac-
teriolytic phages which can target local bacterial isolates.
The reported work envisaged to isolate phages effective
(MDR)

A. baumannii. We report a phage isolate, QAB3.4, which

against  multidrug-resistant strains  of
showed broad lytic activity against several clinical MDR
and XDR isolates. It exhibited promising properties of
clinical significance such as low resistance emergence.
Moreover, we demonstrate that our phage isolate was
able to efficiently clear bacteria inhabiting solid surfaces

in experimental settings.

Materials and Methods

Bacterial Isolates
Sampling was carried out between July 2018 to

January 2020. Various samples received and confirmed to

be Acinetobacter baumannii at Armed Forces Institute of
Pathology, Rawalpindi, Pakistan, were used to determine
efficiency of our phage. Bacterial identification was ascer-
tained by API 20NE and antibiogram was developed using
CLSI methods. One of the isolates (strain 42) was selected
to enrich the bacteriophage because it was resistant to all
the tested drugs.

Phage Sampling

Acinetobacter baumannii was cultured on Blood and
MacConkey agar plates a day before the start of bacter-
iophage isolation. For the isolation of bacteriophages,
sewage water samples were collected from multiple sites
in sterile pre-labeled bottles. Sampling sites included efflu-
ents from combined military hospital (CMH) Multan,
Nishtar Hospital Multan, Children Hospital Multan and
some dairy farms effluent from Multan region.

Phage Enrichment

A heavy inoculum of sub-cultured Acinetobacter baumannii
was prepared from a randomly selected colony on
MacConkey agar in a 10 mL tube by overnight culture. Pre-
labeled glass flasks were poured with 10 mL of 2x Luria-
Bertani (LB) broth (Oxoid, Catalog no. 0264) followed by
addition of 10 mL sterile sewage samples filtrate and 500 pL
of bacterial culture. Sewage samples were sterilized using 0.2
pL syringe filters (Corning, Catalog no. 411224). All these
flasks were incubated at 37°C for 24 h.

After 24 hours, 12—13 mL suspension from each flask
was transferred into pre-labelled 15 mL tubes. After cen-
trifugation of 10 min at 4200 RPM, the supernatant from
each tube was syringe filtered. This filtrate was used for
two more rounds of enrichment to increase titers of possi-
ble anti-acinetoviruses.

Plaque Assay
After
containing filtrates were taken and serially diluted 10

three enrichments, suspected bacteriophage-
times (10”" through 107'°) in sterile saline solution in 10
tubes. An early log phase bacterial inoculum was prepared
by adding 300 pL of bacterial suspension in 30 mL LB
broth in a flask, followed by incubating it for 2—4 h at
37°C. After that, a mixture of bacterial isolate, bacterioph-
age dilution and soft LB agar (normal solid media con-
tains 1.5% agar) was prepared by adding 0.6% agar in LB
broth. For this purpose, 100 pL of early log phase inocu-
lum was added into a 20 mL glass tube followed by the
addition of 10 pL of each of the 10 phage dilutions. Then
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20 mL of soft LB agar was added. All these tubes were
incubated at 37°C for 20 min for adsorption to take place.

After that about 8 mL of the mixture from each tube
was poured on pre-labeled LB agar plates and incubated at
37°C for 24 h or until appearance of plaques on phage-
positive plates. Plaques were observed and virus titer was
calculated by counting plaques on 1077 plate.

Host Range Assessment

Sensitivity of 100 clinical bacterial isolates against phages was
determined by agar overlay procedure. Vulnerable strains
were titered against phages and plaque forming units were
calculated. We compared relative PFU by dividing PFU/mL of
the strain 42 with those of other clinical strains (Table 1).

Frequency of Phage Resistant Bacteria

We calculated frequency of phage-resistant bacteria follow-
ing methods described in Beale 1984."* One mL of bacteria
at 10% cfu/mL with definite amount of phage lysate to achieve
100 MOI were mixed. Phage-bacteria mixtures were incu-
bated for 10 min at 37°C. Following this, the mixtures were
poured on LB agar plates. Plates were incubated overnight at
37°C. The next day, any emerging colonies were counted.
Ratio between no. of plated CFU and no. of colonies recov-
ered after phage exposure was calculated which provided
relative rates of resistant emergence.

Phage Stability in Broth
Phage prep at 1000 PFU/mL was distributed in three vials
of 1 mL each and one vial was kept at room temperature
on the lab bench, the second vial was refrigerated at 4°C,
and the third vial was put in —21°C. On days 1, 3, 7, 14
and 21, 10 uL (equivalent to 100 PFU/mL) were taken and
mixed with appropriate amounts of bacteria in LB soft
agar. Agar overlay method was employed and plates
were incubated at 37°C for 48 h and plaques were counted.
Additionally, stability of phage activity was determined
in LB broth by preparing 10-fold serial dilution of our
phage starting from 100 PFU/mL to 0.001 PFU/mL. In
every dilution 4. haumannii were added at 10> CFU/mL.
Activity of phage and bacteria was examined by determin-
ing the OD after incubation period of 48 h at 37°C.

Production and Testing of QAB 3.4

Antiserum
Polyclonal Anti QAB 3.4 antiserum was produced by
intra-peritoneal injection of phage in 3-month-old female

rabbits. We injected 6 rabbits with filter sterilized 10 mL
suspension containing 1.5x10" per mL phage in LB broth.
We calculated phage titer by assuming that an appropriate
phage suspension of 1000 PFU/mL strength for bacterial
inoculum of 0.5 McFarland should contain 1.5x10"!
per mL infectious virus particles. A booster injection was
applied after 4 weeks, and blood was collected after 2
weeks of booster injection through the central ear artery.
Blood was kept in sterile 50 mL falcon tubes for 4 h at
room temperature which resulted in clot formation. Serum
was collected from these tubes and centrifuged at
4000 rpm at 4°C for 10 min to remove any cellular debris.
Serum was stored at —20°C until further use.

We made mixtures of phages with the collected sera to
determine neutralizing potential. For this an appropriate
amount of phage (equivalent to 10 MOI) was mixed with
varying amounts of antisera (10 uL to 3 mL). The purpose
was to determine the volume of antiserum which comple-
tely abolishes phage activity. These mixtures were incu-
bated at 37°C for 30 s before they being mixed with
susceptible bacterial strain 42. Only two rabbits yielded
potent anti QAB 3.4 sera. One of those sera were selected
for use in Acinetobacter Clearance Assay.

Acinetobacter Clearance Assay

A 0.5 McFarland inoculum of Acinetobacter baumannii
was prepared in a 10 mL tube. Three circles of one-inch
diameter each were drawn on a pre-sterilized lab bench
surface and labeled as “phenol”, “phage” and “saline”.
Then 2 mL of bacterial inoculum was poured in each
circle. After 20-25 min, 250 pL of 90% phenol, normal
saline, and bacteriophage suspension was added on respec-
tive inoculated circles. Phage was added at 10 MOI (multi-
plicity of infection: ratio between no. of infectious phage
particles and no. of host bacterial cells). The same proce-
dure was adopted for two more surfaces: top of the incu-
bator and office table.

After overnight exposure of inoculated circles with
phenol (positive control), saline (negative control) and
phage, each circle was flooded and then mixed gently
with 0.5 mL of QAB 3.4 antiserum to neutralize any
phage that was still unadsorbed. Remaining bacteria (if
any) were collected with a moistened sterile swab by roll-
ing it over each circle thoroughly. Then cotton part of
swab was aseptically cut into 10 mL sterile saline and
vortexed to collect bacteria in the saline. Subsequently, 1
uL calibrated loop (SPL Life Sciences, Catalog no. 90001)
was dipped into the saline containing inoculum from
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Table | Relative PFU/mL (EOP) and Resistance Frequency of QAB 3.4 in Clinical Strains

Sr. No | Source Sensitive Antibiotics EOP | RRF | Sr. No | Source Sensitive Antibiotics EOP | RRF
| Pus Mino, Pb, Dox, Gen 1.2 0.8 52 Fluid Dox, Mino, Pb I.1 0.9
2 Blood Mino, Pb, Dox, Gen 1.1 0.8 53 NBL Dox, Mino, Pb I.1 0.8
3 NBL Mino, Pb, Dox, Gen 1.1 0.9 54 Tissue Dox, Mino, Pb, Tgc I.1 |
4 Blood Pb, Mino 0.8 | 55 NBL Gen, Tgc, Pb, Mino 0.9 |
5 Pus Pb, Cot 0.2 | 56 Pus Pb 0.8 1.1
swab swab
6 Pus Fep, Dox, Tgc, Pb, Amk, Mino | 0.2 0.8 57 NBL Pb 0.5 0.9
swab
7 Sputum | Dox, Mino, Pb 0.6 09 | 58 EB Pb 0.5 1.2
8 NBL Gen, Imp, Mero, Pb, Dox, 0.7 1.1 59 Tip Pb, Tgc, Mino 0.7 |
Mino
9 Blood Cip, Imp, Mero, Pb, Tgc, Amk, | 0.4 12 | 60 Fluid Pb, Dox, Mino 0.6 1.2
Gen, Min, Dox, Cot
10 CVPtip | Pb 0.7 1.2 | 6l Fluid Pb, Dox, Mino 0.6 1.3
I Sputum | Dox, Mino, Pb 0.7 12 | 62 Sputum | Dox, Imp, Mero, Gen, Cip, Cot, 0.4 0.8
Mino, Pb, Tzp, Tgc, Fep, Aug
12 Pus Pb 0.9 1.3 63 Tissue Dox, Imp, Mero, Gen, Cip, Cot, 0.8 1.2
swab Mino, Pb, Tzp, Tgc, Fep, Aug
13 Pus Gen, Ami, Cot, Imp, Mero 0.4 I.1 64 Blood Tgc, Dox, Pb 0.8 1.1
14 Blood Mino, Pb 0.5 | 65 Tissue Pb, Tgc 0.9 |
15 NBL Ami, Dox, Pb, Mino 0.6 09 | 66 Pus Pb, Mino 1.1 1.1
16 Fluid Ami, Dox, Pb, Mino 0.7 0.9 67 NBL Dox, Mino, Pb | |
17 NBL Ami, Dox, Pb, Mino 0.6 0.8 68 Blood Dox, Mino, Pb 1.2 0.8
18 Pus Pb, Tgc 0.7 0.9 69 Tissue Dox, Mino, Pb I.1 1.2
swab
19 NBL Tgc, Pb, Mino 1.2 | 70 Tip Pb 1.2 1.3
20 NBL Tgc, Pb, Mino, Dox 0.9 09 |71 NBL Pb, Tgc 1.2 0.8
21 TipC/S | Pb 0.9 08 | 72 Tissue Pb, Tgc 1.2 1.1
22 Bile Tgc, Pb, Mino, Gen, Ami, Cip, | 0.5 09 |73 Pl Fluid | Dox, Mino, Pb 1.2 0.8
Cot, Tzp
23 NBL Dox, Pb, Mino 0.5 | 74 Tip Dox, Mino, Pb 1.4 0.9
24 Urine Cot, Imp, Mino 0.4 | 75 Tissue Pb, Amk I.1 |
25 Pus Pb 0.8 09 |76 Tissue NONE 0.3 1.3
26 Sputum | Pb 0.9 08 | 77 Tissue Pb 1.2 I.1
27 Pus Cot, Pb, Mino 0.4 08 |78 Pus Pb 0.8 0.9
swab swab
(Continued)
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Table | (Continued).

Sr. No | Source Sensitive Antibiotics EOP | RRF | Sr. No | Source Sensitive Antibiotics EOP | RRF
28 Fluid Dox, Tge, Pb, Mino, Gen, Cip, | 0.4 0.8 79 Pus Pb 1.4 0.9
Tzp, Ami, Cot swab
29 Pus Pb 1.1 09 | 80 Pus Pb 1.2 1.3
swab swab
30 NBL Pb 1.1 08 | 8l NBL Pb 1.3 0.8
31 NBL Dox, Pb, Mino 1.2 | 82 CVP tip | Dox, Mino, Pb, Tgc 0.8 1.2
32 Pus Dox, Pb, Mino, Gen 0.8 1.1 83 Pus Dox, Mino, Pb, Gen 0.7 1.2
33 Pus Gen, Dox, Cot, Pb, Mino 0.8 I.1 84 EBW Tge, Pb, Mino 0.7 0.8
swab
34 Pus Pb 0.8 12 | 85 EBW Pb, Mino, Dox, Cot, Tgc 0.6 0.9
35 Pus Gen, Cot, Dox, Pb 0.9 1.3 | 86 Pus Dox, Mino, Pb 0.7 1.1
swab
36 EBW Pb, Dox, Mino 0.8 1.3 | 87 Pus Gen, Ami, Dox, Pb, Mino, Tgc 0.7 1.3
swab
37 Tissue Gen, Cot, Dox Pb, Mino, Tgc | 0.6 1.2 88 Pus Tgc, Pb 0.9 1.3
swab
38 Pus C/S | Pb 1.3 1.3 | 89 Pus Dox, Mino 0.9 1.1
swab
39 Tissue Mino, Cot, Pb 1.2 1.2 90 NBL Gen, Dox, Pb, Mino | |
40 Tip Gen, Pb | | 9l Pus Dox, Mino, Pb | 1.2
swab
41 NBL Pb 1.1 | 92 NBL Pb 1.1 0.9
42 Pus Pb | | 93 NBL Pb 0.7 |
swab
43 NBL Tgc 0.2 09 | %4 NBL Pb, Mino 0.8 1.3
44 CSF Pb 0.7 1.1 95 Tissue Pb 1.1 1.3
45 Tissue Dox, Pb, Mino 0.6 09 | 96 Pus Dox, Mino, Pb, Gen 1.1 1.1
swab
46 Pus Pb 1.1 08 | 97 Tissue Mino, Pb | 0.9
swab
47 Tissue Gen, Cip, Cef, Tzp, Cot, Ami, | 0.3 08 | 98 Sputum | Gen, Mino, Pb, Dox 0.7 0.9
Imp, Mero, Pb, Mino
48 NBL Cot, Dox 0.6 09 | 99 NBL Gen, Mino, Pb, Dox 0.9 |
49 NBL Dox, Pb 0.7 0.9 100 NBL Pb, Mino 0.9 |
50 Pus Pb 0.8 0.8 101 NBL Pb, Dox, Mino 1.3 1.3

Abbreviations: Mino, Minocycline; Pb, Polymyxin B; Dox, Doxycycline; Gen, Gentamicin; Cot, Sulfamethoxazole; Fep, Cefepime; Tgc, Tigecycline; Amk, Amikacin; Cip,
Ciprofloxacin; Imp, Imipenem; Mero, Meropenem; Tzp, Piperacillin - Tazobactam; Aug, Amoxycillin - Clavulanic Acid.
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Figure | Phage-Bacteria co-culture assays. A: Bacterial growth curves at various MOI. B: Bacterial growth after 48 h of phage-bacteria co-culture. C: Phage stability test at

various storage tem peratu res.

circles and LB agar plates were semi-quantitatively
streaked. Colonies from phenol-exposed, saline-exposed
and phage-exposed circles were counted to determine the
bactericidal effects of phage.

Results

Titration
We collected some 150 sewage samples from various sites
and six samples from Children Hospital Multan, Pakistan
yielded bacteriophage on A. baumannii strain 42 (Table 1).
Strain 42 was isolated from a pus swab of a patient and
was selected as a host for phage enrichment because it was
resistant to all antibiotics except “colistin”. For phage
purification, single isolated plaques were picked and sub-
jected to enrichment. After every round of enrichment,
isolated plaques were collected, and the process was
repeated three times in order to get a pure single type of
phage. Among the six phages, QAB3.4 exhibited broad
host range and therefore was selected for further analysis.
QAB3.4 titer was measured in terms of plaque-forming
units per milliliter. PFU/mL gives us infectious titer and hence
approximate number of “physically fit” particles. Plates con-
taining 107 dilution of phage were used to count plaques as
these had isolated and hence countable plaques. All work was

done in triplicate and averages were calculated. PFU/mL were
extrapolated from the plaque count to be 2x10'%. This high
titer phage preparation was used in further experiments.

Bacterial Growth and Resistance Analysis
Bacterial growth was observed in LB broth in the presence
and absence of phage. For this, phage mixtures with bac-
teria were made at different MOI. To analyze growth
patterns, 200 uL of each growth mixture and control
were taken and turbidity was measured at regular intervals.
Peak turbidity of negative control reached ~2. None of the
mixtures with phage grew beyond the turbidity of ~1. At
the lowest phage-bacteria ratio of 0.1 MOI, peak OD was
slightly higher than 0.5 (Figure 1A).

In another similar setting, decline in bacterial growth
was determined after 48 h at MOI ranging from 0.001 to
100 by comparing with control (uninfected bacteria). The
absorbance of negative control was observed to be around
~1. Phage-bacteria co-cultures resulted in significant drop
in turbidity. Highest turbidity examined at 0.001 MOI
equaled 0.32 whereas lowest turbidity was observed to
be 0.045 at 100 MOI (Figure 1B).

Phage efficacy under easily maintainable conditions is
of vital importance if they are to have clinical applications.

https:

4266

Dove!

Infection and Drug Resistance 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Hussain et al

We analyzed stability of phage prep at 100 PFU/mL under
various temperatures. We could not detect any significant
loss of infectivity under various temperatures over the
period of 21 days (Figure 1C).

We also quantified possible emergence of resistant
colonies in mixtures of phage and strain 42. Resistant
frequency (RF) in the A. baumannii strain 42 was observed
to be 1.8+0.7x10°’. We also analyzed resistance emer-
gence in our clinical isolates. Then, relative RF was cal-
culated by dividing RF obtained for clinical isolate to that
of strain 42 (Table 1). Relative resistance frequency (RRF)
ranged between 0.8 to 1.3 (a number greater than 1 indi-
cates higher RF as compared with strain 42). We could not
find any statistical correlation with antibiotic resistance
level and resistance frequency.

Phage Efficacy on Clinical Strains

We sampled 100 clinical isolates of A. baumannii to assess
lytic activity of phage QAB 3.4. Phage titer in strain 42
was taken as the standard to analyze the relative PFU/mL
in those strains. We show that our phage exhibited broad
lytic activity. However relative PFU/mL varied greatly
among the tested strains. We also failed to see any correla-
tion between resistance to antibiotics with resistance/sus-
ceptibility to phage QAB 3.4. In around 75% of the
assayed strains, the phage exhibited at least 70% effective-
ness compared with the strain 42. Only in 5% strains, the
phage showed up to 70% reduction in activity in terms of
relative reduction in PFU/mL (Table 1).

Bacterial Clearance Assay

We set out to determine the potential of our acinetophage
isolate in clearing clinically relevant XDR Acinetobacter
strain from solid surfaces. For our experiment, we decided
to mimic conditions that are common to hospital-inhabiting
pathogens. We inoculated different solid surfaces with XDR
Acinetobacter baumannii strain in known quantities and
applied our phage on those surfaces to determine its clearing
potential. We infected our bacterial inoculums at 10 MOL
Same volumes of 90% phenol and normal saline were used to
serve as positive and negative controls respectively. The
purpose was to observe the effectiveness of phage compared
with phenol which is an established bactericidal.

After overnight exposure to phage, phenol and saline,
we collected any remaining bacteria from those surfaces
and cultured on LB agar plates in a quantitative manner
using calibrated 1 uL loops. Therefore, colony count

Table 2 Colony Forming Units (CFU/uL) of Acinetobacter bau-
mannii from Phenol-, Saline- and Phage-Exposed Surfaces

Surface Phenol Phage Saline
Lab Bench 4 12 87

Top of Incubator 3 18 101
Office Table 6 15 112
AvgiSD 4.3t1.6 153 100£12.5

represented CFU per microliter after the exposure of our
bactericidal agents.

We observed that phenol, quite expectedly, was the
most efficient antibacterial as its exposure resulted in
least number of CFU from all three surfaces: 4, 3 and 6
from lab bench, incubator top and office table, respec-
tively. Saline-exposed surfaces gave much higher colony
count (87, 101 and 112 CFU/uL for three surfaces in
above-mentioned order). Phage-exposed surfaces gave
12, 18 and 15 CFU/uL which, although a higher number
when compared with phenol, is significantly smaller than
in the case of saline treatment (Table 2).

Discussion

A. baumannii is associated with several superficial and sys-
temic infections, particularly in ICU settings.'* Its remarkable
success as a nosocomial pathogen has been attributed to its
exceptional survivability in unfavorable conditions."” Its per-
sistence coupled with alarmingly high rates of resistance to
antibiotics is a cause of great concern for medical establish-
ments worldwide. Our work shows that phages (or phage-
derived products) can be used as disinfectants. Unlike phenols,
they are environmentally friendly and self-limiting.

Colonies appearing from phenol and phage-exposed sam-
ples were sporadic. They were not neatly present on the
streaked area, rather, they were randomly located on the plates.
It can, therefore, be concluded that those colonies did not
necessarily originate from inoculated surfaces and may have
grown from accidental trapping of bacteria from the incubator
environment. Why, then, did we not see a similar number of
nonspecific colonies in both phage and phenol-exposed inocu-
lums? This apparent anomaly can be explained on the basis of
broad-spectrum effect of phenol but not phage. As swabs were
used to collect bacteria from inoculated surfaces (as explained
in Materials and Methods), they could have also carried traces
of phenol and phages along with bacteria. When these were
subsequently cultured on LB plates, phenol and phages (albeit,

Infection and Drug Resistance 2021:14

4267

Dove:


https://www.dovepress.com
https://www.dovepress.com

Hussain et al

Dove

in small quantities) would have entered in the plates. Any
bacteria entering from the incubator environment would have
been killed by the broad-spectrum effect of phenol but not by
a narrow-spectrum phage, resulting in more colonies in the
latter case.

One highly desirable feature for a therapeutic phage is
broad host range. Phage QAB 3.4 was able to infect almost
all the tested clinical strains albeit with variable efficacy
(Table 1). It is noteworthy that infection assays using PFU
are considered very reliable because they tend to sometimes
underestimate the infection-causing ability of phages and
therefore plaquing ability, even if low, is a good indicator
for ascertaining host range.'® On tests designed to monitor
phage efficacy under various conditions, QAB 3.4 also
showed good promise. Overall, this phage is the right can-
didate to be further investigated for potential clinical use.

Stability under various storage conditions is very important
if phages are to have any clinical application. A suitable med-
ical product should be storable in already available hospital
storage facilities. In third world countries such as Pakistan, not
all hospitals have ultra-low temperature storage facilities.
Keeping this in mind, we explored whether or not phage
loses its efficacy under easily storable conditions. Phage stocks
in LB broth, made in 15 mL plastic tubes and encased in
opaque boxes, remained stable for as long as 21 days. We
conducted an experiment to see the potential of resistance
against our phage which was found to be low. We compared
RF in strain 42 to that seen in our clinical isolates. We observed
relative RF well within the acceptable limits."* It must however
be emphasized that such lab assays have limited predictive
value. In this backdrop, host-parasite co-evolutionary studies
have the potential to yield valuable insights for not only med-
ical applications of phages but also in other areas. Design of
such experiments should be guided by high-throughput genetic
analyses of virus and bacteria.

Conclusion

In our view, this phage should be tested in animal models
to determine toxicity issues, if any. Additionally, thorough
genomic studies are also needed to alleviate any safety
concerns as well as open doors for targeted genetic engi-
neering to improve efficacy, host range and to possibly
avoid emergence of resistant bacterial clones.
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