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Obijective: Due to the emergence of antibiotic-resistant strains of bacteria such as
Klebsiella pneumoniae, the use of antibacterial potential of bacteriophages has been
considered as an effective approach in controlling the infections.

Method: After isolating lytic bacteriophage (PKpMal/19) against K.pneumoniae
PTCC1290 from Maragheh urban sewage by agar bilayer method, purification, titration
and enrichment of the bacteriophage were performed. Morphological characteristics of
PKpMal/19 were determined using electron microscopy. One step growth, latent period,
burst size, stability and finally host range of the bacteriophage was evaluated using spot
test.

Results A bacteriophage with the morphological features of Tectiviridae family was
isolated and purified. Its latent period and burst size were 20 min and 311 PFU
respectively. Appropriate lytic effect of the bacteriophage was shown between -22 and
37 °C. Stability of the phage was high in pH= 4-10. The phage (PKpMal/19), was
effective against one of the 20 clinical isolates of K.pneumoniae (5% of K. pneumoniae
isolates), but it showed antibacterial effect on 10 Pseudomonas aeroginosa ( 50% of P.
aeruginosa isolates) and 16 Staphylococcus aureus isolates (80% of S. aureus isolates).
Conclusions: In spite of appropriate lytic effect and also, high stability to environmental
conditions, Due to its narrow host range to K. pneumoniae clinical isolates, it needs to
exactly determination of its host range and efficacy of the phage against problematic
strains of bacteria for using it as phage therapy candidate. Detailed survey of molecular
characteristics of the bacteriophage is necessary.
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Introduction

The increasing prevalence of antibiotic resistance among bacterial pathogens has emerged as
one of the most serious threats to global public health. Among hospital-associated opportunistic
pathogens, Klebsiella pneumoniae is particularly important because it is responsible for a broad
range of severe infections, including pneumonia, urinary tract infections, biliary tract infections,
and surgical wound infections. The emergence of multidrug-resistant and extensively drug-
resistant strains has limited the effectiveness of conventional antimicrobial therapy and has
intensified the search for alternative or complementary treatment strategies. In this context,
bacteriophage therapy has regained attention as a biologically targeted, highly specific, and
environmentally compatible approach for controlling bacterial infections. Because
bacteriophages infect and lyse bacterial cells with relatively high specificity, they may offer an
effective solution for combating antibiotic-resistant bacteria while exerting less disturbance on
normal microbiota. The present study aimed to isolate a lytic bacteriophage against the standard
strain K. pneumoniae PTCC 1290, characterize its biological and morphological properties, and
evaluate its lytic activity against clinical isolates of K. pneumoniae and selected isolates from
other clinically important bacterial genera.

Method

For bacteriophage isolation, sewage and aquatic samples were collected from different
environmental sources in Maragheh, including untreated municipal wastewater obtained before
chlorination. The standard bacterial strain K. pneumoniae PTCC 1290 was used as the host for
phage enrichment and isolation. Following filtration, enrichment in nutrient broth, plaque
formation by the double-layer agar method, and repeated purification, a distinct Iytic
bacteriophage designated PKpMal/19 was successfully isolated. The purified phage suspension
showed a high titer of approximately 10° PFU/ml. This relatively high concentration indicated
efficient recovery and purification of the isolated phage. Host-range analysis was first
performed against 20 clinical K. pneumoniae isolates, among which PKpMa1/19 demonstrated
Iytic activity against only one isolate, corresponding to 5% of the tested K. pneumoniae strains.
Although this narrow activity suggested limited specificity within the same species, further
screening against 52 additional clinical isolates belonging to other bacterial genera revealed an
unexpectedly broader lytic spectrum. Specifically, the phage exhibited lytic activity against 28
of these isolates, including 2 Escherichia coli isolates, 10 Pseudomonas aeruginosa isolates,
and 16 Staphylococcus aureus isolates. This broader pattern of antibacterial action was notable,
as it extended beyond the original host genus and suggested potential value for further applied
studies.

Results

Morphological characterization by transmission electron microscopy revealed that PKpMal/19
possessed a spherical head and lacked a tail structure. The capsid diameter was estimated to be
approximately 25-80 nm. On the basis of this morphology, the phage was considered to be
most likely affiliated with the family Tectiviridae (figl, a). The one-step growth experiment
showed that the phage had a latent period of approximately 20 minutes and a burst size of 311
PFU per infected bacterial cell (figl, b). The optimal multiplicity of infection (MOI) was 0.01,
indicating that the phage was highly effective even at a low phage-to-bacterium ratio.
Environmental stability assays showed that PKpMal/19 retained lytic activity across a broad
range of temperatures and pH values, although its activity varied depending on the severity of
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the tested condition. The phage remained active between -20 and 37 -C, but its lytic activity
decreased as temperature increased and was completely lost at 70 C (figl, c). In pH testing,
PKpMal/19 remained active within the pH range of 4 to 10, with maximal stability around pH
7. Its lytic activity was lost at pH 13, indicating that strong alkalinity severely compromises
infectivity (figl, d). The phage was also resistant to chloroform, which suggests that its
structural integrity was not significantly affected by exposure to this organic solvent. In
contrast, ultraviolet irradiation had a strong inactivating effect: the phage lost its lytic activity
after 15 minutes of UV exposure. Collectively, these results indicate that PKpMal/19 is
environmentally robust under several laboratory conditions, but it is sensitive to high heat and
UV radiation.
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Figure.1l. characteristics of lytic bacteriophage PKpMal/19. a: Morphology of the phage in
TEM. B: One-step growth curve of the phage. c: Temperature stability of the phage activity. d:
pH stability of the phage.

Discussion: The broader lytic activity of PKpMal/19 against selected isolates from other
genera is an especially interesting outcome of this study. Many bacteriophages isolated against
Klebsiella pneumoniae show narrow host ranges and are effective only against a small fraction
of strains within the same species. In contrast, PKpMal/19 showed measurable activity against
a comparatively large number of clinical isolates from E. coli, P. aeruginosa, and S. aureus.
Such a profile may reflect complex interactions between phage adsorption structures and
bacterial surface receptors, including capsules, lipopolysaccharides, and other surface
components. It may also reflect evolutionary adaptation under mixed microbial pressure in
environmental and hospital-associated settings. Since all clinical isolates used in this study
originated from a hospital environment, one possible explanation is that microbial coexistence
and selective pressure in such a setting may have favored phages with broader or more flexible
host-recognition features. This observation is particularly relevant because phages with a wider
host spectrum may be useful in treating polymicrobial infections, especially in hospital settings
where mixed bacterial communities are common.

At the same time, the narrow activity of PKpMal/19 against clinical K. pneumoniae isolates
highlights an important limitation. Although the phage was active against its reference host
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strain and several non-Klebsiella clinical isolates, its low efficacy against most tested K.
pneumoniae strains indicates that it may not be suitable as a stand-alone therapeutic agent for
all Klebsiella infections. This limitation is not unusual in phage biology, since receptor
heterogeneity, capsular diversity, restriction-modification systems, CRISPR-associated defense
mechanisms, and other bacterial anti-phage strategies can strongly influence susceptibility.
Therefore, careful host-range testing remains essential before any therapeutic application. In
practice, the phage could still be valuable as part of a broader phage collection or a phage
cocktail, particularly if combined with other phages that complement its host profile.
Comparison with previous studies supports several of the present findings. The latent period
and burst size of PKpMal/19 are consistent with the performance characteristics of several
reported Klebsiella-infecting phages, although the morphology of PKpMal/19 appears unusual
because tailless phages are less commonly reported than members of the families Podoviridae,
Myoviridae, and Siphoviridae. Prior studies on Klebsiella-specific phages have frequently
reported narrow host ranges, with some phages lysing only a single strain or a small fraction of
related isolates. The finding that PKpMal/19 could lyse multiple isolates from unrelated genera
is therefore notable and may deserve further investigation at the genomic level. Because no
molecular characterization was carried out in the present study, definitive taxonomic placement
remains provisional, and genome sequencing would be necessary to confirm its family
affiliation, genetic content, receptor-binding determinants, and therapeutic safety profile.
From a translational perspective, the biological characteristics of PKpMal/19 suggest that it
has potential as a candidate for additional preclinical investigation. Its high titer, rapid infection
cycle, adequate burst size, resistance to chloroform, and stability in moderate temperature and
pH ranges are favorable properties for laboratory handling and possible formulation
development. However, the strong sensitivity to UV radiation and high temperature should be
considered in storage and application design. Most importantly, the observed host-range pattern
suggests that the phage may be more useful as part of a strategy targeting mixed bacterial
populations than as a highly specific anti-Klebsiella agent alone. Future work should therefore
include genomic sequencing, detailed adsorption studies, assessment of biofilm inhibition,
synergy testing with antibiotics, and in vivo efficacy and safety evaluation. Such studies would
clarify whether PKpMal/19 can be developed into a practical component of phage-based
interventions for resistant bacterial infections.

Conclusion: The present study successfully isolated and characterized a lytic bacteriophage,
PKpMal/19, from municipal wastewater against K. pneumoniae PTCC 1290. These findings
support the potential of PKpMal/19 as a biologically interesting phage candidate and
emphasize the importance of host-range characterization and molecular validation before
therapeutic application.
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