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Abstract 
 
Increasing multiple drug resistant (MDR) strains of Acinetobacter baumannii has aggravated curiosity in 
development of alternative therapy. Bacteriophages are often considered as alternative agents for controlling 
A. baumannii infections. In the present study two lytic phages for MDR A. baumannii were isolated and their 
efficacy and host ranges were evaluated. The phages were isolated from hospital wastewater. Electron 
microscopy revealed that IsfAB78 might belong to Myoviridae and IsfAB39 to Podoviridae. Initial 
characterization of phages showed that they have narrow host range and failed to infect relative and non-
relative bacteria. Both phages decreased the A. baumannii turbidity significantly, indicating that these 
isolated phages may be considered as candidates for phage therapy. 
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INTRODUCTION 

 
The emergence of multidrug-resistant 

(MDRs) pathogens has created serious 
problem in treatment of infections (1). 
Acinetobacter baumannii is one of the most 
important opportunistic pathogen in the 
hospital acquired infections especially, in 
intensive care units (ICUs) (2).  

These bacteria can be easily isolated from 
water, soil, and hospital facilities.                                        
A. baumannii found on human skin and 
mucous membrane, is responsible for 
opportunistic infections including bacteremia, 
pneumonia, meningitis, urinary tract 
infections, and surgical wounds in immune-
compromised patients (3).  

This pathogen has intrinsic drug resistant 
mechanisms and is capable of acquiring these 
elements (1).  

In recent years, MDR A. baumannii has 
become a serious problem in hospital acquired 
infections (4, 5). 

Prior to the discovery and widespread use 
of antibiotics, it had been suggested that 
bacterial infections could be prevented by 
bacteriophages (6).  

Bacteriophages (phages) are abundant in 
environment and invade bacteria as their 
specific host (7).  

Phage therapy is a complement or an 
alternative system to compensate 
chemotherapy.  

High selectivity and specificity of 
bacteriophages permits targeting of specific 
pathogens, without affecting desirable 
bacterial flora which means that phages are 
unlikely to affect the “colonization pressure" 
of the patients. Thus, phage therapy could be 
natural, less harmful, and effective in 
eliminating bacterial infections (8-9). 

In this study, we isolated and identified 
lytic phages from hospital wastewater. Two 
isolated phages were partially characterized 
and used to examine host susceptibility on 43 
MDR A. baumannii clinical isolates. We report 
the potential of phages as suitable candidate 
for phage therapy. 
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MATERIALS AND METHODS 
 
Isolation and identification of A. baumannii 

During the course of study (2012-2013), 
350 samples including catheter, blood, urine, 
wound, CSF, sputum, and eye swabs were 
collected from ICUs of Isfahan Medical 
University hospitals. Specimens were 
inoculated initially on blood and MacConkey 
agar (Merck) and incubated for 24 h at 37 °C. 
Conventional biochemical methods such as 
oxidase, citrate, urease, malonate 
consumption, oxidation and fermentation of 
sugars, motility and indole production were 
used to identify A. baumannii (10). Molecular 
identification of bacterial isolates was 
confirmed by amplification of the blaOXA-51 
gene. DNA of the isolates was extracted by 
DNA extraction kit (Fermentas, USA) 
according to the manufacturer's protocol. DNA 
concentration and purity was measured using a 
spectrophotometer. The primer sets F:                   
5’- TAA TGG TTT GAT CGGCCTTG - 
3’and R: 5’ - TGGATTGCACTTCATCTTGG 
-3’ were used to amplify blaOXA-51 (11,12). 
PCR was carried out in 25 µL master mix, 
including: MgCl2 (2 mM), dNTP (2 mM), 
primer (500 nM), template DNA (10-100 ng), 
Taq polymerase (1 unit) (12,13) in DNA 
thermal cycler (Master Cycle Gradient, 
Eppendrof, Germany) with initial denaturation 
at 94 °C for 5 min, followed by 30 cycles at 94 
°C for 25 s, 53 °C for 40 s, 72 °C for 50 s, and 
one cycle of final extension at 72 °C for 6 min 
(11). PCR products were separated by 
electrophoresis of amplicons on agarose gel 
(1.5%) and visualized by staining with green 
viewer under UV light. Pseudomonas 
aeruginosa ATCC 27853 and A. baumannii 
ATCC 19606 strains were used as negative and 
positive control, respectively. 
 
Determination of multiple drug resistant               
A. baumannii 

Agar disc diffusion test was performed with 
amikacin, tetracycline, ceftazidime, and 
carbapenem (imipenem and meropenem), 
trimethoprim sulfametoxazol, ampicillin- 
sulbactam, ciprofloxacin (Rosco, Denmark) to 
evaluate susceptibility of A. baumannii 
isolates. Inhibition of bacterial growth was 

measured and compared to the reference tables 
provided by CLSI (Clinical and Laboratory 
Standard Institute) (14). Statistical analysis 
was performed by SPSS software version 14, 
using chi-square test and kappa coefficient.            
P values < 0.05 were considered as an 
indicator of significance. 
 
Isolation, purification and quantification of 
phages 

Water samples including hospital 
wastewater, Karun River, Caspian Sea, Persian 
Gulf and fishpond were preincubated with the 
host A. baumannii for enrichment phages 
present in the water samples. The water 
samples were centrifuged at 4000 rpm for              
10 min and the supernatants were filtered 
through 0.45 µm pore size membrane. The 
phages were amplified by mixing 50 mL of 
filtered supernatant with equal volume of              
2× nutrient broth medium (containing 5 mM 
MgSO4). One mL of 24-h cultures of MDR           
A. baumannii (equal to 0.5 McFarland) was 
added to the mixture. The samples were 
incubated overnight a t 30 °C with shaking at 
160 rpm. Next, several drops of chloroform 
were added to the cultures and shaken for 
additional 10-15 min to kill the bacteria. The 
mixture was centrifuged at 10,000 rpm for           
15 min. The supernatant was filtered through      
0.45 µm membrane filter (15). In order to 
detect phages, the double-layer agar (DLA) 
technique was used. 200 µL of filtered 
samples were mixed with 2.5 mL of nutrient 
agar (0.7% agar) in the presence of 0.1 mL of 
log-phase indicator strain. Then, the mixture 
was transferred to the solid medium of                  
1.5% nutrient agar and incubated at 37 °C for 
24 h (15). Single plaque was picked. The 
plaque purified phage was added to the 
bacterial culture (106 CFU/mL) in 50 mL 
nutrient broth and shaken for additional 24 h. 
The mixture was centrifuged at 14000 rpm for 
10 min, and the supernatant was filtered 
through 0.45 µm filter. This method was 
repeated several times in order to produce high 
amount of purified phage. The titer of phage 
was determined by plaque assay (15). 
 
Transmission electron microscopy 

In order to study morphology of phages,             
1 mL of prepared phage was precipitated with 
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polyethylene glycol 6000 (15). The samples 
were stained with 2% uranyl acetate for 30 s 
and observed in Zeiss 900 transmission 
electron microscope at 80 kV (16).  
 
Interaction of phages with other bacteria 

In order to study the host range, spot assay 
was performed. 100 µL of each MDR                 
A. baumannii isolates was mixed with 2.5 mL 
of 0.7% melted nutrient agar and poured on 
agar plates. When agar of the upper layer was 
solidified, 5 μ L of phage was spotted onto 
each bacterial lawn and left to dry. Plates were 
incubated at 37 °C overnight (17). In order to 
check the polyvalence activity of the phages, 
host spectrum of phages was examined by spot 
test on number of bacterial strains including 
Pseudomonas aeruginosa, Echerchia coli, 
Klebsiella pneumoniae, Staphylococcus 
aureus, Enterococcus faecalis, and other 
Acinetobacter spp, as explained above (16,17). 
 
Bacterial reduction assay 

For this assay, 1 mL of overnight MDR          
A. baumannii bacterial culture was inoculated 
to three separated flasks containing 100 mL 
nutrient agar. Two flasks were inoculated with 
two isolated phages and the third one was 
taken as negative control (having no phages). 
The flasks were incubated in 37 °C while 
shaking at 160 rpm. The optical density              
(OD 600) of samples was measured at 20 min 
intervals for 4 h (18). 

RESULTS 
 
Among 350 samples obtained from ICUs of 

Isfahan Hospitals, 43 A. baumannii were 
identified by the phenotypic methods.  

The isolates confirmed as Acinetobacter by 
PCR. All isolates harbored the blaoxa-51 gene. 
Fig. 1 shows the results of blaoxa-51 
amplification.  

Agar disc diffusion assay showed that 
53.5% of the isolates were resistant                  
to amikacin, 83.7% to tetracycline, 86%                  
to ceftazidime, 90.7% to trimethoprim 
sulfametoxazole, 93% to cefepime, imipenem, 
meropenem, and ampicillin-sulbactam. All of 
isolates were resistant to ciprofloxacin. The 
present study showed a high percentage 
(100%) of multidrug resistant A. baumannii in 
clinical isolates (Fig. 2). 

Two lytic phages were isolated from 
hospital wastewater. Among MDR                  
A. baumannii isolates, AB39 and AB78 served 
as indicators in the initial screening. Both 
phages formed clear plaques on the bacterial 
lawns, indicating lytic property of both            
phages (Fig. 3).  

The electron microscope images indicated 
that phage IsfAB39 has a 50 nm head with six-
sided symmetry and a short tail, similar               
to the Podoviridae family (Fig. 4). IsfAB78 
has an approximately 100 nm long,               
six-sided symmetry and can be classified as 
Myoviridae (Fig. 5). 

 
 

Fig. 1. PCR amplification of blaoxa-51 gene. Lane 1, size marker 50 bp ladder; lane 2, negative control Pseudomonas 
aeruginosa ATCC 27853; lane 3, positive control Acinetobacter baumannii ATCC 19606; and lanes 4-7, clinical 
isolates show bands of amplified DNA at 353 bp. 
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Fig. 2. Antimicrobial susceptibilities of 43 Acinetobacter baumannii clinical isolates from ICU to 9 antimicrobial 
agents, # represents the zero percent. 
 

 

 

Fig. 3. Optical microscope image of phage plaques on 
bacterial lawn . 
 

 

Fig. 4. Electron microscope picture of the phage 
IsfAB78. 
 

 

Fig. 5. Electron microscope picture of the phage IsfAB39. 
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Both isolated phages were studied to 

determine the host spectrum. Also, the 
sensitivity of each phage was evaluated against 
MDR A. baumannii isolates. Among 43 MDR 
A. baumannii isolates, 11 (25.6%) and 12 
(27.9%) isolates showed sensitivity to phages 
IsfAB39 and IsfAB78, respectively (Table 1). 

In order to determine the host range of both 
phages, the sensitivity of IsfAB39 and 

IsfAB78 on related and non-related bacteria 
were examined (Table 2).  

Acinetobacter lwoffii, Pseudomonas 
aeruginosa, Echerchia coli, Klebsiella 
pneumoniae, Staphylococcus aureus and 
Enterococcus faecalis, did not show sensitivity 
to the phages.  

Both phages decreased the A. baumannii 
turbidity significantly (Fig. 6). 

 
Table 1. The host spectrum of phages IsfAB39 and IsfAB78 on Acinetobacter baumannii isolated in ICU. 

Strain Code Phage IsfAB 78 Phage IsfAB 39 Antibiotic sensitivity 
Abo1 S-88 - - XDR 
Abo2 B-49 + + XDR 
Abo3 E-123 - - XDR 
Abo4 E–124 - - XDR 
Abo5 B–61 - - XDR 
Abo6 E-70 - - XDR 
Abo7 B–41 + + PDR 
Abo8 D-104  - - PDR 
Abo9 D-60 - - MDR 
Abo10 D-81 + + PDR 
Abo11 D-96 - - XDR 
Abo12 D-71 + + PDR 
Abo13 AB103 - - XDR 
Abo14 D-83 - - PDR 
Abo15 D-101 + + XDR 
Abo16 3 + + XDR 
Abo17 AB83 - - PDR 
Abo18 AB60 - - MDR 
Abo19 39 - + PDR 
Abo20 40 - - PDR 
Abo21 41 - - PDR 
Abo22 43 + + XDR 
Abo23 D-70 - - XDR 
Abo24 25 - - PDR 
Abo25 D-80 - - PDR 
Abo26 D-59 - - PDR 
Abo27 D-62 - - XDR 
Abo28 33 + + XDR 
Abo29 D-78 + - XDR 
Abo30 46 - - XDR 
Abo31 D-85 - - XDR 
Abo32 D-22 - - PDR 
Abo33 47 + + XDR 
Abo34 18 - - PDR 
Abo35 D-92 - - XDR 
Abo36 D-69 - - PDR 
Abo37 4 + + XDR 
Abo38 AB96 - - XDR 
Abo39 D-73 - - PDR 
Abo40 D-39 - - XDR 
Abo41 D-102 - - XDR 
Abo42 C-236 - - XDR 
Abo43 45 - - PDR 

XDR, extensively drug resistant; PDR, pandrug resistant; MDR, multidrug resistant.
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Fig. 6. Bacterial reduction experiment. Effect of IsfAB78 and IsfAB39 on growth of Acinetobacter baumanii compared 
with the control. 
 

DISCUSSION 
 
Due to increase in the number of drug 

resistant pathogenic bacteria, phage therapy is 
considered as alternative therapeutic method to 
treat bacterial infections (19, 20). Recently, 
extensive studies on phage therapy have been 
done (21). Narrow host range and host 
specificity of phages limit their application in 
clinical and commercial fields. To overcome 
obstacles, further screening of lytic phages, 
application phages cocktails, and combination 
of them with antibiotics should be investigated 
(16). Therefore, it is important to isolate and 
characterize more sensitive and suitable 
phages to improve the quality of phage therapy 
(22). In this research, we isolated MDR                  
A. baumannii lytic phages with the aim of 
using them in treatment and diagnosis. 

Phages can be found in places that bacteria 
are living (23). Acinetobacter species are 
organisms that can be easily isolated from 
non-clinical resources such as soil, surfaces, 

drinking water, wastewater and different foods 
(24). Therefore, phages specific to 
Acinetobacter genus can be easily isolated 
from nature. Recently, 10 phages have been 
isolated from wastewater using 125 clinical 
isolates of A. baumannii as indicator hosts 
(16). These phages were determined                  
AB1 – AB9 and AB11. Electron microscopy 
examination suggested that phages AB1-7 and 
AB9 were belong to the Podoviridae family 
and phages AB8 and AB11 to the Myoviridae 
family (16). In another study, the phage ZZ1, 
specific to A. baumanii, was isolated from 
fishpond water. Ability of this phage to form 
clear plaques in the ABO9V implied lytic 
nature of ZZ1. Morphologically, ZZ1 had 
characteristics similar to the Myoviridae 
family (17). In our study, phages IsfAB39 and 
IsfAB78, were isolated from hospital 
wastewater. Examination by transmission 
electron microscopy showed that the phage 
IsfAB78 might belong to the Myoviridae and 
the phage IsfAB39 to the Podoviridae family. 

Table 2. Results of studying the host spectrum of phages 39 and 78 on other bacteria. 

Phage IsfAB 39   Phage IsfAB78 Bacteria  
-  -  Pseudomonas aeruginosa  
-  -  Klebsiella pneumoniae  
-  -  Acinetobacter loffi 
-  -  Echerchia coli 
-  -  Staphylococcus aureus 
-  -  Enterococcus faecalis 
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Both phages were able to form clear 
pinpointed plaques on AB39 and AB78 lawns, 
indicative of lytic activity of phages, which       
are in accordance with other investigations 
(25, 26). The sensitivity of phages against A. 
baumannii clinical isolates were investigated. 
About 27% of clinical isolates lysed by 
isolated phages. A. baumannii phages have 
narrow host range (16, 21). Phage Abp53 
lysed 27% of A. baumannii isolates (27). This 
result agrees with our findings. Interestingly, 
some isolates showed different sensitivity to 
the phages, suggesting use of phage cocktails 
for therapeutic purposes.  

However, different antibacterial activity 
based on phage concentration and resistance 
mechanism, coinfection of phages on single 
isolates, needs to be determined. AP22 phage 
lysed 68% of A. baumannii strains by forming 
a clear plaque. This phage tested against other 
species of Acinetobacter (A. lwoffii,                       
A. calcoaceticus, and A. anitratus) and also 
against some gram-negative bacteria. All of 
tested bacteria were not sensitive to this phage. 
The AP22 bacteriophage was belong to the 
Myoviridae family (28).  

In this study, we evaluated host specificity 
of both phages on other related and non-
related bacteria by spot method. A. lwoffii and 
mentioned gram-positive and gram-negative 
bacteria did not show sensitivity to the two 
phages indicating low host spectrum. A sharp 
decline in A. baumannii culture was seen after 
20-40 min incubation with phages. A slow 
increase in turbidity of medium was seen after 
24 h. This might be due to appearance of rapid 
resistant bacterium to phage infection. These 
tolerating bacteria may start to grow and 
increase the optical density of the culture. This 
behaviour of phages is a downside in phage 
therapy (21)..  
 

CONCLUSION 
 

In this study two potent lytic phages against 
MDR A. baumannii were isolated. Although 
more details examining the effect of the 
phages will need before using them in phage 
therapy, we hope this study will provide more 
opened insight on treating MDR infections by 
phages.  
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