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Abstract

Regarding their specificity, bacteriophages have been widely investi-
gated to combat bacterial infections. Phage therapy is proposed as a
promising alternative antibacterial agent. The present study was con-
ducted to isolate and characterize bacteriophages against clinical bac-
terial isolates from sewage water. Recovery of phage was high from
the processed sewage water (66%) against tested bacterial hosts.
Plaque assay revealed four different plagues morphology against
Escherichia coli with high lytic activity. In contrast, one small mor-
phology plaques were appeared against Staphylococcus aureus with
low lytic activity. The mean phage titer of phage isolates was 7.7x10°

and 2.9x10" plaque forming unit/ml for S. aureus and E. coli respec-
tively. The isolated phages showed a narrow host range when tested
against 19 different bacterial isolates. The electron microscopy re-
vealed that EC1 Phage has the typical morphology of the family Podo-
_ viridae, order Caudovirales. The isolated bacteriophages need to be
Received: further characterized at the molecular level and tested in vivo to be
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INTRODUCTION

The emergence of multi-drug resistance (MDR) bacteria strains, which are posing a global health
threat, has developed the interest of scientists to use alternative strategies to control pathogenic bac-
teria (Ullah et al., 2021). Lytic bacteriophages or phage therapy, were suggested to be an attractive
alternative to antibiotics for the biological control of bacterial disease (Yu et al., 2013).

Phages are widely distributed in soil, sewage, animal wastes and their secretions. Determination of
their host range is very important for their use in phage therapy, while there are two types of host
range, some phages can only infect one or a few bacterial strains so they have a narrow host range,
while other phages can infect many species from different genera and this called broad host rang
(Ross et al., 2016).

Unlike antibiotics, phages kill target bacteria specifically and do not destroy the normal flora of the
host, so the application of phage therapy could be a natural and non-toxic method to reduce and
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control the growth of human pathogenic bacteria (Masoud et al., 2020); The efficacy of phages to
control bacterial growth had been extensively investigated, Shende and his colleagues isolated and
characterized phages from dairy farm waste disposal using E. coli and Bacillus subtilis as the host
system. The recovered phage had a broad host range (Shende et al., 2017). Other investigations
succeeded in the isolation highly virulent phages with high specificity to their host even MDR
strains like methicillin resistant S. aureus, Acinetobacter baumanni, and E. coli 0157:H7 (Esmael et
al., 2021; Rasool et al., 2016; Sjahriani et al., 2021).

There is considerable attention on using phages to treat bacterial infections (Al-Anany et al., 2023);
Le and his colleagues employed intravenous administration of phage in place of antibiotics to suc-
cessfully treat a recurrent UTI caused by Klepsiella pneumoniae (Le et al., 2023). Some identified
and isolated phages, however, have a very limited host range and are unable to infect distinct bacte-
rial strains within the same species. This restriction might be overcome by preparing phage librar-
ies, which would enable researchers to choose the best phage cocktail for a given infection (Duarte
etal., 2024).

The present study aims to isolate and characterize bacteriophage from sewage water against com-
mon pathogenic bacteria, and this will be the first report on the isolation of a bacteriophage in
Misurata city.

MATERIALS AND METHODS

Sample collection

Sewage water sample from the Wastewater Treatment Station in Misurata was collected in January
2022 in sterile container, brought to the lab and processed by centrifugation at 4000 r.p.m for 10
min to remove any large debris. Then the supernatant was filtered using 0.22pm syringe filter unit
in an attempt to obtain phage containing water sample (Rasool et al., 2016).

Bacterial primary host

In this study, four-gram negative bacteria (2 Acinetobacter sp., Pseudomonas aeruginosa, and
Escherichia coli) and two Staphylococcus aureus isolates were used as host strains for bacterio-
phage isolation. These clinical isolates were obtained from Misurata Reference Laboratory and
Misurata Central Laboratory. Most of these isolates revealed a remarkable elevation of resistance to
antibiotics.

Amplification and preliminary screening of bacteriophage

Phage contents in filtrated sewage water against each bacterial isolate were propagated by culture-
enrichment method according to the Sambrook et al. protocol with minor modifications (Sambrook
et al., 1989). Briefly: 15ml filtrate sewage sample and 25ml sterile nutrient broth were mixed with
10ml overnight culture of host stain and incubated at 37 C° for 48h. After that bacteria were re-
moved by centrifugation at 4000 r.p.m for 10min then filtration of the supernatant via 0.22um sy-
ringe filter unit.

To test the presence of lytic phages in filtrates, spot assay and turbidity reduction assay were used.
In the spot method; 100ul of filtrate was spot inoculated on the surface of counterpart log phase
bacterial lawn on Mullar Hinton Agar plates. After 24h incubation period, plates were examined for
the presence of lytic zones on bacterial lawns (Masoud et al., 2020; Rasool et al., 2016).

The test was repeated twice and two high lytic positive filtrates were selected for further experi-
ments. Whereas in the turbidity reduction technique, 3ml log phase bacterial culture was inoculated
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with 0.5ml from filtrate, OD of enriched culture is measured at 600nm wavelength with respect to
control (bacterial culture only) via spectrophotometer at zero time, after 24h and after 48h, incuba-
tion period at 37 C° (Qamar et al. 2019). The two methods were repeated thrice before judgment the
results.

Bacteriophage morphology

In order to determine the plaque morphology, double agar layer (DAL) method was conducted
(Shende et al., 2017). Briefly: a mixture of serially diluted phage filtrates with their log phase host
culture was added to 3ml molten soft agar and poured quickly onto solidified Mullar Hinton agar
plates. The plague morphology was noted and counted after incubating the plates overnight at 37
C°. The phage titer was expressed as plaque forming unit per 1 milliliter (PFU/ml) and determined
by the following formula: (PFU/ml = (number of plaques X dilution factor) / volume of phage plat-
ed in ml) (Qamar et al., 2019).

E. coli Phage morphology was determined using a transmition electron microscope (TEM) with the
same protocol described by Chen et al. (Chen et al., 2018). The phage filtrate was negatively
stained with 2% unaryl acetate on carbon coated grids and examined under TEM ( Zeiss EM10CR,
Germany). The size and morphology of the phage were determined from three identical phage par-
ticles.

Host range

Spot assay was carried out as described previously to determine the host range of the two isolated
phages. The primary bacterial host along with 19 different MDR bacteria stains were tested (2 Aci-
netobacter sp., Pseudomonas aeruginosa, 2 Staphylococcus aureus, Enterococcus sp., 6 Escherich-
ia coli, 3 Klebsiella sp., 2 Citrobacter koseri).

RESULTS AND DISCUSSION

Efficacy of sewage water for bacteriophage isolation:

Bacteriophages are obligate bacterial parasites that infect and kill bacteria in a specific manner.
Considering of emergence of bacterial resistance to broad-spectrum antibiotics; phage therapy is
proposed as a promising alternative antibacterial agent. Besides this, they are ubiquitous in nature
and they have been estimated to be more abundant in aquatic systems especially, in sewage water
(108-10*° / ml), compared to seawater and soil (Ullah et al., 2021).

In the present study, an untreated sewage water sample was processed for phage isolation against
six different clinical pathogens. The final filtrate obtained after the enrichment step with each host
was separately assessed against the coordinate host through spot assay.

Recovery of phage was high (66%); The tested sewage sample showed positive lytic spots against
all the tested hosts except for two (figurel), which is in accordance with previous studies reporting
the high recovery (72% - 93%) of bacteriophage in sewage water against S. aureus, E. coli, B. sub-
tilis and A. baumannii [5, 6, 13](Alsaffar,2019; Rasool et al., 2016; Shende et al., 2017).

Lytic activity of processed sewage filtrates

In order to confirm the presence of bacteriophages in E. coli and S. aureus filtrates which revealed
clear lytic zones in spot assay; each filtrate was added to both cultures of counterpart bacteria and
monitored for cell lysis as indicated by reduction of culture turbidity comparing with control.
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Figure (1). Spot assay for lytic bacteriophage screening is sewage water filtrates. A: The lytic activity of filtrates on E.
coli S1 (clear zone), B: Lytic activity of filtrates on S. aureus (clear zone). C: No lytic activity of filtrates on Acineto-
bacter sp .

OD600nm of filtrate treated E. coli was recorded as 0.141 and 0.066 after 24h and 48h incubation
period respectively. The reduction in the turbidity compared with the control indicates to presence
of bacteriophages, which lyse the bacteria. The high reduction in the turbidity (0.066) compared
with turbidity at zero time (0.559), suggests that phage in E. coli filtrate has high lytic activity.
Whereas turbidity assay of S. aureus filtrate indicates to presence of phage with low lytic activity
since it revealed a slight reduction in the turbidity between the zero time (0.315) and 48h (0.263)
incubation period.

Characterization of phage plague and determination of phage titer

Plaque assay by using the double agar layer (DAL) method was used to isolate and characterize the
suspected phages in positive filtrates in this study. Under optimal conditions; plague morphology
can be a consistent feature of the bacteriophage. Except for T7, most phage plaques acquire a cer-
tain size, appearance and edges after a period of incubation. Therefore, it is assumed that a change
in plague morphology during the study may have resulted from a mutation in viral strain (Spanakis
& Horne, 1987). Additionally, Shende suggests that variation in the plaque morphology may related
to the differences in phage strain, agar strength and addition of cations (Shende et al., 2017).

Generally, more virulent phages have less lysis time and produce larger clear plaques with high
plaque productivity (Galle et al., 2011). Depending on the morphology of plaques; four different
Iytic phage morph-type were observed against E. coli (figure2). In this study infection of E. coli S1
by these phages exhibited clear, circular plaques with infinitive edges and depending on differences
in the size these morph-type recorded as: Large (3.5mm), medium (1.5-2mm), small (=1mm) and
very small which referred to as phage EC1, phage EC2, phage EC3 and Phage EC4 respectively.

Electron microscopy of phage EC1 showed that the appearance of PhageEC1 was composed of an
isometric polyhedral head approximately 43nm in diameter and a short tail approximately 12nm in
length (figure 3). Based on these morphological characteristics and according to the International
Committee on Taxonomy of Viruses ( ICTV) classification; PhageEC1 was determined as a mem-
ber of the family Podoviridae and the order Caudovirales (Chen et al., 2017). bacteriophage effec-
tive against E. coli belonging to the Podoviridae family was reported previously ( Vera-Mansilla et
al., 2022).



Al-Mukhtar Journal of Basic Sciences 22 (1): 30-37, 2024 page 34of 8

Figure (2). Plaques morphology. A: DLA plate of 10-8 dilution of E. coli S1 phages shows different morph-type
plaques. B: DLA plate of 10-6 dilution of S. aureus S1 phages with one morph-type plaques.

Figure (3). Transmission electron micrograph of phage EC1( marked with red arrows).

For the determination of phage titer, 10°® and 10 dilution plates having 198 and 58 plaques were
selected (falling in the recommended range of 30 - 300). The total E. coli plague titer was high in
the used sewage water sample (2.9x10™ PFU/mL.). the present findings are in accordance with ear-
lier reports of Shende et al., who isolated three different phage morph-types against E.coli with
mean phage titer ranging between 3x10'° and 5x10™ PFU/mI (Shende et al.,2017). Qamar and his
colleagues found 5 different Iytic coli-phage with (10%-10° PFU/mI) titer in sewage water (Qamar et
al., 2019). However, other studied showed low coli-phage plaque assay results (21-86 PFU/mlI)
(Megha et al., 2017).

Infection of MDR S. aureus isolates by phage produced one morph-type clear tiny plaques on the

surface of the double layer agar plate with a mean titer of 7.7x10° PFU/mlI (Figure 2), the isolated
phage against S. aureus S1 strain designated as phage SA. The tiny clear plaques were previously
reported for S. aureus phages (Kaur et al., 2012; Rasool et al., 2016).

Host range of isolated phages
The isolated phages were tested against a variety of multi drug resistance clinical bacterial isolates.
Among the nineteen strains, none of the bacteria was found sensitive to phage SA except its prima-
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ry hosts. Besides their respective hosts, phage ECs showed lytic activity against two MDR isolates:
Acinetobacter sp. and Staph. aureus.

Likewise present study, various investigations revealed that host specific bacteriophages against
human MDR pathogen are prevalent and can be readily isolated from sewage samples (Kaur et al.,
2012; Rasool et al., 2016; Shende et al., 2017).

The narrow host range reported during this study conforms to the reports of Carey-Smith et al.,
Shende et al., Qamar et al., and Othman et al., who had isolated narrow host range phages restricted
to respected host only or to maximum of two bacterial species (Carey-Smith et al., 2006; Othman et
al., 2015., Qamar et al., 2019; Shende et al., 2017). The Specificity of phages is due to the fact that
the virion of the virus interacts with specific receptors on its host’s surface and this interaction can-
not be achieved if a slight change happens in the structure of the receptor. Therefore, highly specific
phages have applications in phage typing methods for the identification of bacteria at the sub spe-
cies level (Megha et al., 2017). In contrast, broad host range phages are more useful in some appli-
cations of bacteriophages, mainly, phage therapy since a broad host range phage would be equiva-
lent to broad-spectrum antibiotics. Noteworthy, narrow host range phages against MDR bacteria are
effective for personalized phage therapy (Mattila et al., 2015).

CONCLUSION

Specific bacteriophage against multidrug resistance bacteria could be isolated from sewage water
that was positive for 66% of tested MDR bacteria hosts in the present study. High titers of five dif-
ferent morph-type phages were isolated; four against E. coli with high lytic activity and one against
S. aureus isolate. The isolated phages showed a narrow host range mainly specific to the respective
host or a maximum three different species. This preliminary study needs to be extended to include
more sewage water samples and more different hosts. Additionally, the isolated bacteriophages
need to be further purified and characterized to evaluate it is lytic efficacy at the vivo level.

ACKNOWLEDGEMENT

The authors express their gratitude towards the Pathology and Transmission Electron Microscope
Unit lab staff at Jordan University/ Amman/ Jordan for providing technical assistance.

ETHICS
There are no ethical issues that may arise after the publication of this manuscript.

Duality of interest: The authors declare that they have no duality of interest associated with this
manuscript.

Author contributions: Asma Alilesh and Marwa Al-wash designed the research work and carried
out the major experiments. Asma Alilesh performed the scientific discussion and wrote the manu-
script. Tasneem M. Alswehlyland Khawla A. Aween assissted in experiments.

Funding: No specific funding was received for this work.
REFERENCES

Al-Anany, A. M., Hooey, P. B., Cook, J. D., Burrows, L. L., Martyniuk, J., Hynes, A. P., & Ger-
man, G. J. 2023. Phage Therapy in the Management of Urinary Tract Infections: A Compre-



Al-Mukhtar Journal of Basic Sciences 22 (1): 30-37, 2024 page 36o0f 8

hensive ~ Systematic  Review. PHAGE  (New  Rochelle,  N.Y.), 4(3),112-127.
https://doi.org/10.1089/phage.2023.0024

Al-Saffar, M. 2019. Isolation and characterization of lytic bacteriophages infecting Acinetobacter
Baunannii from sewage water in babylon province, Irag. Biochem. Cell. Arch., 19(1): 1881-
1888.

Carey-Smith, G. V., Billington, C., Cornelius, A. J., Hudson, J. A., & Heinemann, J. A. 2006. Isola-
tion and characterization of bacteriophages infecting Salmonella spp. FEMS microbiology
letters, 258(2),182-186. https://doi.org/10.1111/j.15746968.2006.00217.x

Chen, Y., Sun, E., Song, J., Yang, L., & Wu, B. 2018. Complete Genome Sequence of a Novel T7-
Like Bacteriophage from a Pasteurella multocida Capsular Type A Isolate. Current micro-
biology, 75(5),574-579. https://doi.org/10.1007/s00284-017-1419-3

Duarte, J., Maximo, C., Costa, P., Oliveira, V., Gomes, N.C.M., Romalde, J.L., Pereira, C., & Al-
meida, A. 2024. Potential of an Isolated Bacteriophage to Inactivate Klebsiella pneumoniae:
Preliminary Studies to Control Urinary Tract Infections. Antibiotics .13(2), 195.
https://doi.org/10.3390/antibiotics13020195

Esmael, A., Azab, E., Gobouri, A. A., Nasr-Eldin, M. A., Moustafa, M. M. A., Mohamed, S. A.,
Badr, O. A. M., & Abdelatty, A. M. 2021. Isolation and Characterization of Two Lytic Bac-
teriophages Infecting a Multi-Drug Resistant Salmonella Typhimurium and Their Efficacy
to Combat Salmonellosis in  Ready-to-Use Foods. Microorganisms, 9(2),423.
https://doi.org/10.3390/microorganisms9020423

Gallet, R., Kannoly, S., & Wang, I. N. 2011. Effects of bacteriophage traits on plaquefor-
mation. BMC Microbiology, 11,181. https://doi.org/10.1186/1471-2180-11-181.

Kaur, S., Harjai, K., & Chhibber, S. 2012. Methicillin-resistant Staphylococcus aureus phage
plaque size enhancement using sublethal concentrations of antibiotics. Applied and envi-
ronmental microbiology, 78(23), 8227-8233. https://doi.org/10.1128/AEM.02371-12

Le, T., Nang, S. C., Zhao, J., Yu, H. H., Li, J., Gill, J. J., Liu, M., & Aslam, S. 2023. Therapeutic
Potential of Intravenous Phage as Standalone Therapy for Recurrent Drug-Resistant Urinary
Tract  Infections. Antimicrobial ~ agents and  chemotherapy, 67(4), e0003723.
https://doi.org/10.1128/aac.00037-23

Masoud, S., Refat, H., Sayed, N., Abd-El Aal, M., Dosocky, A., Mohammed, Z., Abdel-Wahab, M.,
Mekawy, D., Ali, A., Atya, B., Welliam, K., Abd El-Baky, R. and Hashem, Z. 2020. Appli-
cation of bacteriophages isolated from sewage to control urinary O157:H7 Escherichia coli
and several bacterial uropathogens. Novel research in microbiology journal, 4(5): 1005-
1014.

Mattila, S., Ruotsalainen, P., & Jalasvuori, M. 2015. On-Demand Isolation of Bacteriophages
Against Drug-Resistant Bacteria for Personalized Phage Therapy. Frontiers in microbiolo-
gy, 6,1271. https://doi.org/10.3389/fmicb.2015.01271.



https://doi.org/10.1111/j.15746968.2006.00217.x
https://doi.org/10.1007/s00284-017-1419-3
https://doi.org/10.3390/microorganisms9020423
https://doi.org/10.1186/1471-2180-11-181
https://doi.org/10.1128/AEM.02371-12
https://doi.org/10.3389/fmicb.2015.01271

Al-Mukhtar Journal of Basic Sciences 22 (1): 30-37, 2024 page 370f 8

Megha, P.S., Murugan S. and Harikumar, P.S. 2017. Isolation and Characterization of Lytic
Coliphages from Sewage Water. Journal of pure applied microbiology, 11(1): 559-565.
http://dx.doi.org/10.22207/JPAM.11.1.73

Othman, B. A., Askora, A., & Abo-Senna, A. S. 2015. Isolation and characterization of a Siphoviri-
dae phage infecting Bacillus megaterium from a heavily trafficked holy site in Saudi Ara-
bia. Folia Microbiologica, 60(4), 289-295. https://doi.org/10.1007/s12223-015-0375-1.

Qamar, H., Owais, M., Chauhan, D. and Rehman, S.2019. Isolation of bacteriophages from untreat-
ed sewage water against multi-drug resistant E. coli - An initiative to fight against drug re-
sistance .Research square,10(21203): 1-15

Rasool, M. H., Yousaf, R., Siddique, A. B., Saqgalein, M., & Khurshid, M. 2016. Isolation, Charac-
terization, and Antibacterial Activity of Bacteriophages Against Methicillin-
Resistant Staphylococcus aureus in  Pakistan. Jundishapur  journal of microbiolo-
gy, 9(10),e36135. https://doi.org/10.5812/jjm.36135

Ross, A., Ward, S., & Hyman, P. 2016. More Is Better: Selecting for Broad Host Range Bacterio-
phages. Frontiers in microbiology, 7,1352. https://doi.org/10.3389/fmicb.2016.01352

Sambrook, J., Fritsch, E. R., & Maniatis, T. (1989). Molecular Cloning: A Laboratory Manual (2nd
ed.). Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press.

Shende, R. K., Hirpurkar, S. D., Sannat, C., Rawat, N., & Pandey, V. 2017. Isolation and character-
ization of bacteriophages with lytic activity against common bacterial pathogens. Veterinary
world, 10(8), 973-978. https://doi.org/10.14202/vetworld.2017.973-978

Sjahriani, T., Wasito, E. B., & Tyasningsih, W. 2021. Isolation and Identification of Escherichia
coli O157:H7 Lytic Bacteriophage from Environment Sewage. International journal of food
science, 2021,7383121. https://doi.org/10.1155/2021/7383121

Spanakis, E., & Horne, M. T. 1987. Co-adaptation of Escherichia coli and coliphage lambda vir in
continuous culture. Journal of general microbiology, 133(2), 353-360.
https://doi.org/10.1099/00221287-133-2-353

Ullah, A., Qamash, T., Khan, F. A., Sultan, A., Ahmad, S., Abbas, M., Khattak, M. A. K., Begum,
N., Din, S. U., Jamil, J., & Kalsoom 2021. Characterization of a Coliphage AS1 isolated
from sewage effluent in Pakistan. Brazilian journal of biology - Revista brasleira de biolo-
gia, 82, €240943. https://doi.org/10.1590/1519-6984.240943

Vera-Mansilla, J., Sanchez, P., Silva-Valenzuela, C. A., & Molina-Quiroz, R. C. 2022. Isolation
and Characterization of Novel Lytic Phages Infecting Multidrug-Resistant Escherichia
coli. Microbiology spectrum, 10(1), e0167821. https://doi.org/10.1128/spectrum.01678-21

Yu, Y.P., Gong, T., Jost, G., Liu, W. H.,, Ye, D. Z., & Luo, Z. H. 2013. Isolation and characteriza-
tion of five lytic bacteriophages infecting a Vibrio strain closely related to Vibrio Ow-
ensii. FEMS  microbiology letters, 348(2),112-1109. https://doi.org/10.1111/1574-
6968.12277



https://www.microbiologyjournal.org/isolation-and-characterization-of-lytic-coliphages-from-sewage-water/
https://doi.org/10.1007/s12223-015-0375-1
https://doi.org/10.5812/jjm.36135
https://doi.org/10.3389/fmicb.2016.01352
https://doi.org/10.14202/vetworld.2017.973-978
https://doi.org/10.1155/2021/7383121
https://doi.org/10.1099/00221287-133-2-353
https://doi.org/10.1590/1519-6984.240943
https://doi.org/10.1111/1574-6968.12277
https://doi.org/10.1111/1574-6968.12277

