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Acinetobacter baumannii is an opportunistic pathogen which is a major cause of nosocomial
infection. Bacteriophages are bacterial viruses that are used as alternative agents in the treatment of
multidrug-resistant bacterial infections. In this research, our purpose was to investigate the efficacy
of a cocktail of five bacteriophages. Ten (10) bacteriophage isolates were determined for the host
range analysis and five bacteriophages, JABP-02, JABP-19, JABP-29, JABP-39 and JABP-44 that
showed broad host range (36.9-64.6 %) were selected for the preparation of the bacteriophage
cocktail. Transmission electron microscopy revealed JABP-02 and JABP-44 belonged to family
Myoviridae and @ABP-19, BABP-29, BABP-39 belonged to family Podoviridae. The bacteriophage
cocktail was tested for its efficacy on growth inhibition against 44 A. baumannii clinical isolates
using the colorimetric microtiter plate method. The results of the growth inhibition assay of the
bacteriophage cocktail showed that the growth inhibition against A. baumannii ranged from 45.1-
96%. High efficacy of the bacteriophage cocktail was found against the A. baumannii strains that can
be infected by the five bacteriophages (>77%). Our study demonstrates high efficacy of the
bacteriophage cocktail on inhibiting the growth of A. baumannii. The bacteriophage cocktail is a
valuable alternative agent for controlling the multi- drug resistant A. baumannii in hospitals.
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INTRODUCTION

A. baumannii are opportunistic pathogens that cause a baumannii have developed antibiotic resistance which is
variety of infections such as respiratory tract infections, a serious problem in the treatment of these infections.
urinary tract infections, skin infections and bacteremia. A. The infections of multi-drug resistant A. baumannii (MDR-
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AB) and extensively drug-resistant A. baumannii (XDR-
AB) are of particular concern in patients in intensive care
and burns units which cause high mortality rates (Alp et
al,, 2012; Park et al, 2013). In recent decades, the
prevalence of MDR-AB and XDR-AB has increased
worldwide. MDR-AB and XDR-AB infected patients must
stay longer in hospital than patients without such drug
resistant infections. This leads to a higher cost of
hospitalization. Bacteriophage therapy has been claimed
to be a potential candidate for the treatment of MDR-AB
and XDR-AB. Bacteriophages are viruses that specifically
infect bacteria and kill the host cell when the progeny of
the phage particles leave the cells. So far, more than 10
A. baumannii bacteriophages have been isolated and
investigated for their biological properties (Chang et al.,
2012; Jin et al., 2012; Kitti et al., 2014; Lee et al., 2011,
Lin et al., 2010; Merabishvili et al., 2014; Popova et al.,
2012; Shen et al., 2012; Thawal et al., 2012; Yang et al.,
2010; Yele et al., 2012). These bacteriophages have
been examined for being potential candidates in phage
therapy. The host range of bacteriophages is significant
for use as antibacterial agents. However, narrow host
specificity of A. baumannii bacteriophages, ranging from
13-59%, have been reported from different geographical
isolates (Jin et al., 2012; Merabishvili et al., 2014; Thawal
et al, 2012). Consequently, to assure that
bacteriophages possess a broad host range activity that
includes the target bacteria, multiple phage types
possessing a diversity of host ranges are often combined
into mixtures called ‘phage cocktails’ (Chan et al., 2013).
Phage cocktails have been applied to improve the
chances of success in bacterial killing in the treatment of
Pseudomonas aeruginosa and E. coli O157:H7 (Chan et
al., 2013). Due to the narrow host range of A. baumannii
bacteriophages, the objective of our study was to screen
new bacteriophages with broad host range activity and
determine the efficacy of a A. baumannii bacteriophage
cocktail in inhibiting the growth of A. baumannii.

MATERIALS AND METHODS
Bacterial strains

Eleven MDR-AB isolates obtained from Buddhachinaraj hospital,
Phitsanulok, Thailand were used as host bacteria for bacteriophage
isolation (Niumsup et al., 2009). Sixty-five clinical isolates of A.
baumannii obtained from Sawan Pracharak Hospital, Nakorn
Sawan, Thailand were used for growth inhibition assay. Bacteria
were cultivated in Luria - Bertani broth (LB) or Luria - Bertani
Agar (LBA). Confirmation of the Acinetobacter species was based
on biochemical tests and detection of the 16S rRNA gene.

Isolation of bacteriophage

All bacteriophages were isolated from wastewater treatment
plants from two hospitals in Phitsanulok Province. Samples
were collected and centrifuged to remove debris. The supernatant
was filtered. Then, 5 ml of the filtered supernatants were mixed
with 5 ml of double strength broth containing overnight culture A.

baumannii. After 48 h, the culture was centrifuged, and the
supernatant was used for the detection of lytic bacteriophages by
a double-layer method. Phage enrichment and purification were
performed as described by Kitti et al. (2014).

Host range analysis

Host range analysis of the ten bacteriophages was determined by
spot tests. Hundred microliter of overnight bacterial cultures were
added to 2.5 ml of soft agar, mixed gently and poured into an agar
plate. Subsequently, 5 pl aliquots of phage suspension (1.0 x 10°
PFU) were spotted on the lawn of bacteria. Plates were dried and
incubated at 37°C for 7 h. The clearance zone indicating lysis at the
spot of phage inoculation implied that the host was sensitive.

Morphology of bacteriophages

Five bacteriophages which showed high lytic activity were used to
determine the morphology. Phage suspension (10* PFU/ml) was
dropped onto the surface of a formvar-coated grid and negatively
stained with 0.5% uranyl acetate for 3-5 min. After drying, the
preparations were observed in a transmission electron microscope
(Philips, Oregon, USA).

Bacteriohage enrichment and preparation of bacteriophage
cocktail

A. baumannii were grown in 100 ml LB broth until OD600 reached
0.4. Phages were added at a multiplicity of infection (MOI) of 0.5
and incubated at 37°C until complete lysis. Then, 2-3 ml chloroform
was added and bacterial debris was pelleted by centrifugation at
4000 g for 10 min. Each phage was enriched three times and the
phage concentration was determined using the plaque assay
method (Kitti et al., 2014). The phage stocks were stored at 4 +
1°C. Bacteriohage titer was determined before a growth inhibition
assay was performed. The titer of each bacteriophage was
determined and diluted into 10° PFU/ml in SM buffer. Each
bacteriophage was mixed (1:1:1:1:1) to prepare the bacteriophage
cocktail.

Growth inhibition assay

A bacterial growth inhibition assay was performed as described by
Knezevic and Petrovic (2008) using the cocktail of five A. baumannii
bacteriophages (Knezevic and Petrovic, 2014). Briefly, A. baumannii
were cultured in LB broth incubated at 37°C with shaking at 150
rpm / min for 24 h.

The overnight cultures were diluted (1:100) into LB broth and
incubated at 37°C with shaking at 150 rpm/ min until OD650
reached 0.4 then 50 ul (approximately 2 x 10° CFU/ml) were
inoculated in 50 ul double strength LB broth into 96-well microtiter
plates wells flat bottom (Nunc,USA). One hundred microliters of the
five bacteriophage cocktail was added to each well. Then 50 ul of
0.1% filter sterilized TTC (Hi-media) was added. The plate was
incubated at 37°C in the dark for 24 h. The absorbance at OD540
was measured by a Micro-plate Reader. The experiment was
replicated twice with triplicate samples. The percentage inhibition of
the bacteriophage cocktail against all A. baumannii was calculated
using the formula:

% inhibition = the absorbance of controls - the absorhance of treated wells x 100
the ahsorbance of controls




Table 1. Characteristics and host range of bacteriophages used in this study.
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Phage Isolates

Host bacteria

Plaque size (mm)

Host range 1*

Host range 2**

N = 11 (%) N = 65 (%)
@ABP-01 A1589 5-8, Clear 11 (100) 6 (9.23)
@ABP-02 A1389 6-8, Clear with turbid 5 (45.45) 32 (49.23)
@ABP-04 A1522 3-5, Clear with turbid 6 (54.54) 16 (24.61)
@ABP-05 A1521 3-5, Clear with turbid 6 (54.54) 0 (0)
@ABP-07 A1386 3-5, Clear 4 (36.36) 3 (4.62)
@ABP-19 A1589 5-7, Clear 8 (72.72) 41 (63.07)
@ABP-24 A1244 3-5, Clear 2 (18.18) 3 (4.62)
@ABP-29 A1589 5-7, Clear 8 (72.72) 42 (64.61)
@ABP-39 A1511 1-2, Clear 5 (45.45) 33 (50.8)
@ABP-44 A1244 4-6, Clear 3(27.27) 24 (36.92)

Host range was determined using spot test analysis. Host rangel*: Host range was determined using 11 MDR-AB isolates obtained from
Buddhachinaraj hospital, Phitsanulok, Thailand. Host range2**: Host range was determined using clinical A. baumannii isolates from Sawan

Pracharak Hospital, Nakorn Sawan, Thailand.

RESULTS
Isolation of lytic phage

Fifty-four isolates of A. baumannii bacteriophages were
collected from two treatment plants. Ten isolates with high
Iytic activity on a broad range of 11 A. baumannii were
selected for further characterization. These are
designated as JABP-01, 3ABP-02, JABP-04, JABP-05,
@ABP-07, OABP-19, BABP-24, JABP-29, BABP-39 and
@ABP-44 (Table 1).

Host range analysis

Ten (10) A. baumannii bacteriophages isolated from
hospitals in Phitsanulok Province were used to
investigate the ability to infect 65 A. baumannii isolated
from a hospital in Nakorn Sawan Province. Five
bacteriophages that showed a broad host range were
@ABP-02(49.23%), @ABP- 19 (63.07%), JABP-
29(64.61%), JABP-39(50.8 %) and JABP-44(36.9 %)
(Table 1). Five that showed low specific host ranged from
0-25.75% were JABP-01, JABP-04, JABP-05, BABP-
07 and GABP-24 (Table 1). GABP-02, JABP-19, GABP-
29, GABP-39 and QABP-44 were selected in this study
for the preparation of the bacteriophage cocktail.

Bacteriophage susceptibility type of A. baumannii

We classified 65 A. baumannii by spot tests using five
bacteriophages, into 12 groups; A-L (Table 2).

Among the bacterial strains tested, 21 were
bacteriophage non-susceptible strains (group A) and
were also non multi-drug resistant strains. Fourteen A.
baumannii were susceptible to infection by 5

bacteriophages. All of them were multi-drug resistant
bacteria and belonged to group L (Table 2).

Phage morphology

To classify dABP-02, JABP-19, BABP-29, JABP-39 and
@ABP-44 into morphology specific groups, phage
particles were examined with an electron microscope.
Our data shows JABP-19, JABP-29and JABP-39 have
an icosahedral head (70,110, 70 nm) with a short tail,
belonging to the Podoviridae family (Figure 1a, b and c).
@ABP-02 and JABP-44 showed a contractile tail (60, 11
nm) and an icosahedral head (80, 44 nm) (Figure 1d and
e), a morphology characteristic of the family Myoviridae.
All five bacteriophages were tailed bacteriophages and
identified as members of order Caudovirales.

Effect of bacteriophage cocktail on A. baumannii
growth

We used the colorimetric microtiter plate method to
determine the efficacy of the five bacteriophages in
inhibiting A. baumannii growth. The ratio of bacteriophage
to infected target host was preliminarily determined using
one bacteriophage. We found that the amount of
bacteriophage and A. baumannii that showed good
inhibition effects was 10° PFU/mI and 10° CFU/mI (data
not shown). The effects of the bacteriophage cocktail on
bacterial growth was tested using 44 A. baumannii. The
results of the growth inhibition assay using the
bacteriophage cocktail are presented in Table 2 and
Figure 2. The bacteriophage cocktail exhibiting the growth
inhibition of A. baumannii ranged from 45.1-96% (Figure
2). A. baumannii that can be infected with the five
bacteriophages (group L) showed the percentage growth
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Table 2. Percent inhibition of phage cocktail and A. baumannii bacteriophage susceptibility pattern.

% inhibition of phage

Typing Phage susceptibility pattern MDR (%) Non-MDR (%) cocktail

A Non-susceptible 0(0) 21 (32.3) -

B PABP-19 1(1.5) 0 (0) 47.8+3.6

C BABP-29/19 4(6.2) 0 (0) 45.1+8 - 80.7+3.3
D JABP-29/39 1(1.5) 0 (0) 77.6+2.98

E BABP-2/44 1(1.5) 0 (0) 91.2+1.58

F @ABP-2/19/29 2(3.1) 0 (0) 73.843.3-92.4+1.2
G DABP-19/29/39 1(1.5) 0 (0) 57.242.7

H DABP-2/19/29/39 10(15.5) 0 (0) 45.4+2.8 - 95.0+0.7
I DABP-2/19/29/44 2(3.1) 0 (0) 73.842.9 - 84.6+3.0
J DBABP-2/29/39/44 1(1.5) 0 (0) 91.6+5.37

K DABP-19/29/39/44 6(9.2) 0 (0) 86.845.7 - 94.5+0.2
L @ABP- 2/19/29/39/44 15 (23.1) 0(0) 77.443.2 - 95.740.4

Figure 1. The Transmission Electron Micrograph of the Podoviridae (A,B,C) and Myoviridae (D,E) family of bacteriophages.
DABP-19(A), DABP-29(B) and DABP-39(C) belonging to the Podoviridae family. @ABP-02 (D) JABP- 44 (E) belonging to
the Myoviridae family.

inhibition higher than 77% (Figure 2). No growth inhibition DISCUSSION
was found in the non MDR-AB strains which are
bacteriophage non susceptible strains (group A). The bacteria—phage interactions, host range and dosage
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Figure 2. In vitro efficacies of the bacteriophage cocktail against different A. baumannii bacteriophage susceptibility group. Each bar represents the percent
growth inhibition against A. baumannii strains. The color of the bar represents the bacteriophage susceptibility group; group B, light blue; group C, brown group
D, orange; group E, pink; group, F, yellow; group G, black; group, H, violet; group |, dark blue; Group J, light green; group K, dark green; group L, red.
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are important information to the successful development
of phages for therapy (Levin and Bull, 2004; Hyman and
Abedon, 2010).

In this study, we determined the host range of ten
bacteriophages to identify five potential bacteriophages
as candidates for developing phage cocktails. Our results
classified 65 A. baumannii into 12 bacteriophage
susceptibility groups (Table 2). The phage-susceptibility
test provides a specific method for differentiating the
MDR-AB from non MDR-AB. A. baumannii strains in
group L (14 isolates) were infected with the five
bacteriophages, whereas A. baumannii strains in group A
(21 isolates) were non-bacteriophage susceptible strains.
All of the strains in group A are non-MDR-AB. Bacteria
have evolved several adaptive immunity mechanisms to
resist bacteriophage infection. These include adsorption
resistance which results in reduced interaction between
phage and bacterium (Hyman and Abedon, 2010). The
variety of receptor sites on the bacterial surface are
involved in phage adsorption and penetration into the
host cell (Rakhuba et al., 2013). In addition, the
differences in the cell wall polysaccharide structure
receptor on the bacterial surface are major factors in
bacteriophage sensitivity (Ainsworth et al., 2014). The
diversification of restriction—modification (RM) systems
include phage-genome uptake blocks, superinfection
immunity, restriction modification, and the generation of
anti-phage sequences in CRISPR loci are also immunity
mechanisms to resist bacteriophage infection after phage
adsorption (Hyman and Abedon, 2010; Bikard et al.,
2013). A previous study showed that @ABP-01 exhibited
high Iytic activity and a broad host range (100%) when
using A. baumannii host isolated from the same hospital
as the bacteriophage isolated (Kitti et al., 2014). Our data
indicates that @ABP-01 showed narrow host range
activity (9.23%) against A. baumannii host isolated from a
different hospital as the bacteriophage isolate. This can
be explained by the difference in the immunity
mechanism of bacteriophage infection resistance among
geographic differences A. baumannii clones.

Bacteriophages that have a broad host range are
valuable candidates for further study of the efficacy of A.
baumannii bacteriophage cocktaill. Among the five
bacteriophages in our study, two families of
bacteriophages belonging to Podoviridae and Myoviridae
were observed under an electron microscope. This
reflects similar previous findings that most of the A.
baumannii bacteriophages identified so far belong to
Podoviridae and Myoviridae (Jin et al.,, 2012; Lee et al,
2011; Lin et al., 2010; Popova et al., 2012; Thawal et al.,
2012). They are classified in Caudovirales which includes
96% of bacteriophages isolates identified to date
(Ackermann, 2009).

Most studies in A. baumannii bacteriophages assessing
the efficacy of bacteriophages used one bacteriophage at
a time. Our studies used the colorimetric microtiter plate
method to determine the efficacy of bacteriophage

cocktail in bacterial growth inhibition. This test is
economically cheaper and less time consuming than the
conventional method. The different MOI of bacteria and
bacteriophages are involved in the efficacy of inhibition in
this test. We found the MOI 0.01 of bacteriophages and
A. baumannii showed good inhibition effects. This MOI
was used in the growth inhibition system. The
bacteriophage cocktail showed high percent growth
inhibition (> 70%) against the A. baumannii groups |1, J, K
and L. These strains are susceptible to at least 4 or 5
bacteriophages. However, a low percent of growth
inhibition was found against some of the groups of A.
baumannii (B, C, G and H). The occurrence of
bacteriophage resistant mutant isolates may explain this
phenomenon. Mutation can occur during overnight
incubation of bacteria with bacteriophages in a microplate
system (Fridholm et al, 2005). Isolation  of
bacteriophages that infected the resistant mutant isolates
are needed and further investigated for fulfiling the
limitation of bacteriophages in the treatment of MDR-AB.

Conclusion

In conclusion, this study showed the high efficacy of the
bacteriophage cocktail against most phage susceptible A.
baumannii. All of them were multi-drug resistant bacteria.
The bacteriophage cocktail was found to be potential
agent against multi-drug resistance bacteria and have
some future important in phage therapy.
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