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Abstract 

Chronic lymphocytic leukemia (CLL) is a hematologic malignancy characterized by the accumulation 

of mature B lymphocytes and immunodeficiency, including hypogammaglobulinemia, neutropenia, 

and increased regulatory T cells. These factors elevate CLL patients' risk of bacterial infections, a 

leading cause of morbidity and mortality. While antibiotics remain the primary treatment, rising 

resistance has spurred interest in alternative treatments like phage therapy (PT), specifically targeting 

bacteria and disrupting biofilms. However, naturally occurring anti-phage antibodies may limit PT 

effectiveness. This study analyzed the upper respiratory tract (URT) microflora in 22 CLL patients, 

assessing bacterial susceptibility to antibiotics and phages, along with presence of anti-phage 

antibodies. Among 51 bacterial isolates, Staphylococcus aureus was the most prevalent, followed by a 

number of opportunistic pathogens. Isolated bacteria showed susceptibility to tetracyclines, 

oxazolidinones, and fluoroquinolones, while intermediate resistance to glycopeptides in S. aureus was 

noticed. Commercial phages didn’t display lytic activity to tested bacterial isolates, but S. aureus 

strains were susceptible to phage PSA-1 derived from the Pyophage preparation. Anti-PSA-1 

antibodies were detected in both CLL patients and healthy individuals, with low to moderate phage 

neutralizing activity, suggesting a limited potential impact of pre-existing antibodies on PT outcome. 

Optimizing phage selection and mitigating possible anti-phage immune response seem to be crucial 

for future therapeutic applications in immunocompromised patients, including those with CLL. 

Keywords: Chronic Lymphocytic Leukaemia; bacterial infection; antibiotic resistance; phage therapy; 

anti-phage antibodies 

 

1. Introduction 

Chronic lymphocytic leukemia (CLL), the most common adult leukemia in the world, is an 

oncohematological disease characterized by the abnormal accumulation and proliferation of a large 

number of small mature CD19+CD5+CD23+ B lymphocytes. Leukaemic B cells proliferate in the 

proliferative centres of the bone marrow and lymph nodes, and accumulate due to blocked apoptotic 
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pathways [1]. The accumulation of leukaemic cells results in reduced cellular and humoral immune 

responses and increased susceptibility to infections. These complications are further exacerbated by 

hypogammaglobulinemia, abnormalities in T cell subsets, defects in complement activity, 

neutropenia, an increased number of immunosuppressive monocytes, and microenvironment that 

promote CLL cell survival through direct cell−cell interactions and secreted factors. [2]. 

Immunosuppression caused by the disease itself is aggravated by the treatment. The effects of cancer 

chemotherapy include bone marrow suppression resulting in neutropenia, mucosal barrier 

disruption, and suppressive effects on T cells and B cells. As a consequence, CLL patients suffer from 

various infectious diseases, which are the most common cause of death [3].Modern targeted 

molecular therapies, have expanded the list of pathogens causing infection. 

Infections in CLL patients are frequently caused by viruses, fungi, or bacteria. These infections 

can be monomicrobial, involving a single organism, or polymicrobial, involving multiple microbes. 

Common bacterial agents include Staphylococcus aureus, Streptococcus pneumoniae, Pseudomonas 

aeruginosa, Escherichia coli, Klebsiella pneumoniae, Haemophilus influenzae, etc. Some reports showed 

sporadical cases of Candida and Aspergillus infections, which may be related to therapies resulting in 

more prolonged periods of neutropenia, in patients with advanced disease [4]. To the best of our 

knowledge there are no publications to date from Georgia specifically addressing the colonizing 

microbiota of patients with CLL. 

Given the association between infection-related complications and increased mortality in CLL 

patients, there is significant interest in investigation of the microbes responsible for these infections. 

Research efforts focus on both the identification and characterization of pathogens, as well as the 

development of effective treatment strategies and preventive measures [5]. Antibiotic therapy 

remains a primary treatment for bacterial infections in CLL patients. However, the growing global 

issue of antibiotic resistance complicates the selection of effective treatments. While the literature 

frequently reports data on the antibiotic susceptibility of infectious agents isolated from CLL patients 

[6], there is limited practical data on the effectiveness of alternative antimicrobial means against these 

agents. 

Phage therapy (PT) is a broadly applicable antimicrobial strategy with a high potential in the 

treatment of bacterial infections. Bacteriophages exist in all environments where bacteria thrive, 

including soil, water, food, and sewage. They are part of the microbiome network in humans and 

animals, being present in feces, urine, saliva, and serum. They are responsible for 10–80% of total 

bacterial mortality and play a crucial role in regulating bacterial populations in natural environments 

[7]. Phages may also contribute to the organism's natural defenses against harmful bacteria. Some 

phages possess enzymes capable of degrading biofilms, the polysaccharide matrices considered to 

play a key role in many chronic infections. Moreover, as phages do not affect mammalian cells, they 

are suitable for use in patients with immunodeficiency [8]. Notably, unlike many antibiotics, such is 

the specificity of phages that the commensal flora is left largely intact [9], reducing adverse effects 

associated with the loss of commensal organisms. Phages may also act synergistically with antibiotics 

and there is some evidence that adjunctive phage therapy can “re-sensitise” bacteria to antibiotics 

[10]. While preformulated phage cocktails may be able to meet most clinical needs, a library of phages 

can be used to devise personalised phage formulations. Phages can be engineered to specifically 

target damaged or malignant eukaryotic cells while leaving healthy cells unharmed. This is because 

each phage has a specific receptor that it can recognize and bind to on the surface of its target cell 

[11]. Although phages are unlikely to completely replace conventional antibiotics, except in limited 

clinical circumstances, PT nonetheless has the potential to be as radically transformational to 

medicine as antibiotics once were. 

In addition, our understanding of the interrelationship (cross-talk) between bacteriophages and 

the immune system remains incomplete. Phages initiate the production of anti-phage antibodies 

(APA) in humans predominantly belonging to the IgM isotype, though IgG and IgA responses are 

also induced [12]. However, it should be noted that there is very little information regarding 

immunity to bacteriophages in patients with CLL. Here we hypothesized that CLL patients might 
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have preexisting, naturally-occurring antibodies against various phages, including those commonly 

used in phage therapy. These antibodies could influence infections and immune system regulation, 

also the efficacy of phages if PT is initiated in CLL patients. 

Considering all above mentioned, we aimed to evaluate the URT microflora in CLL patients, 

assess the sensitivity of bacterial isolates to antibiotics and phages, also to detect the presence of 

naturally occurring antibodies in the sera of these patients, and evaluate their phage-neutralization 

potential, which could reduce phage effectiveness. 

2. Materials and Methods 

Sample Collection 

Peripheral blood samples, together with nasopharyngeal and throat swabs, were collected from 

22 chronic lymphocytic leukemia (CLL) patients (age 50-75 y, 10 males and 12 female) at the M. 

Zodelava Centre of Hematology in Tbilisi, Georgia, based on informed written consent and ethical 

approval. All patients were newly diagnosed and remained untreated at the time of sample 

collection. Fourteen healthy volunteers of matching age and sex were also enrolled in the study after 

providing informed consent. 

Microbiological Analysis 

The oropharyngeal swabs taken from the nose and throat of patients and healthy volunteers 

were processed by standard culture-based methodology. Briefly, swabs were streaked on sheep 

blood agar (SBA) plates by four quadrant method, also inoculated in the tubes with trypticase soy 

broth (TSB). After incubation at 37°C 24- 36 hours, sub-culturing was performed on commonly used 

selective media, with focus on isolation of S. aureus, S. pneumoniae, P. aeruginosa, E. coli, K. pneumonia 

and etc. Phenotypic identification was based on cultural- morphological characteristics, Gram 

staining and microscopy, the growth on differential media and basic biochemical tests, and 

completed by using analytical profile index (API) identification systems - API Staph, API 20 NE, API 

20E, API 20 STREP (Biomereux, France). 

Assessment of Antibiotic and Bacteriophage Susceptibility 

The following antibiotics were used: Tetracyclines, Tobramycin, Moxifloxacin and Levofloxacin, 

all effective against both gram-positive and gram-negative bacteria; Vancomycin and Cefuroxime, 

highly effective against gram-positive microorganisms. The antibiotic susceptibility of isolated 

bacteria was tested on Mueller-Hinton agar by Kirby-Bauer disc-diffusion method, according to 

European Committee on Antimicrobial Susceptibility Testing (EUCAST) standards 

(http://www.eucast.org). For vancomycin and linezolid, determination of minimal inhibitory 

concentration (MIC) on solid and liquid media was also performed. 

The susceptibility to bacteriophages was studied by the standard phage spot test, followed with 

titration by the double layer agar technique [13–15]. The commercial preparations Pyo Bacteriophage, 

Staph Bacteriophage, Ses Bacteriophage, Intesti Bacteriophage, Fersisi Bacteriophage, Enko 

bacteriophage (all products of “Eliava Biopreprations”, Georgia) were used in the study along with 

S. aureus specific phage- PSA-1 cloned from the Pyophage preparation on the host strain S. aureus 

GMH17. 

Detection of Naturally-Occurring Anti-phage Antibodies 

The binding ability of sera from 10 randomly selected CLL patients and 14 age- and sex-matched 

healthy volunteers to an S. aureus PSA-1 phage was assessed using an indirect enzyme-linked 

immunosorbent assay (ELISA). 

Briefly, Nunc MaxisorpC 96-well flat-bottom microtiter plates were coated with 50 µL of semi-

purified preparation of phage PSA-1 at a concentration of 10⁸ pfu/mL in 0.05 M carbonate-bicarbonate 
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buffer (CBB, pH 9.6; Sigma, USA). The plates were incubated overnight at 4°C. Blocking was 

performed using Pierce™ Protein-Free Blocking Buffer (Thermo Fisher Scientific, USA). 

Sera were serially diluted 1:25, 1:50, and 1:100 in 5% bovine serum albumin (BSA; Thermo Fisher 

Scientific, USA) in phosphate-buffered saline (PBS; Thermo Fisher Scientific, USA). Fifty microliters 

of each dilution were added to the corresponding wells in duplicates. For detection, a mixture of goat 

anti-human IgG, IgM, and IgA antibodies conjugated to horseradish peroxidase (HRP; Invitrogen, 

USA) was used along with the substrate 3,3′,5,5′-Tetramethylbenzidine (TMB; Thermo Fisher 

Scientific, USA). The plates were read at an optical density (OD) of 450 nm using a spectrophotometer 

(Selecta, Spain). 

Phage Neutralization Assay 

The phage neutralization reaction [13,14] was used to determine the neutralization activity of 

naturally-occurring antibodies to S. aureus phages in the sera from CLL patients. The rate of 

inactivation of S. aureus specific phage – PSA-1 was determined in this assay. The test was carried out 

over a 10- and 30-minutes incubation at 37°C of the sera from 16 patients (sera dilutions1:50 and 

1:100) with phage suspension, containing 1×106 plaque-forming units per mL (pfu/mL). After 100X 

dilution of the reaction sample in the cold saline the surviving phages were enumerated on the host 

strain by the double-agar layer method and the neutralization percent was determined. 

The neutralization constant was calculated by the formula: K = 2.3 X (D/T) X log (Po/Pt), where 

D is the reciprocal of the serum dilution, T - the time in minutes during which the reaction occurred 

(10 and 30 min in this case), Po - the phage titer at the start of the reaction, and Pt - the phage titer at 

time T. 

Statistical Analysis 

Microsoft Excel was used for data analysis. An unpaired, two-tailed Student’s t-test was applied 

to determine statistical significance. Statistical analysis of the groups examined in the neutralization 

test was conducted using the Mann–Whitney U-test for independent samples or the Wilcoxon rank-

sum test for paired samples. Results are presented as the mean phage inactivation rate (K) ± standard 

deviation (SD). 

Statistical significance of p < 0.05 was used. 

3. Results and Discussion 

A total of 51 bacterial strains were isolated from 44 oropharyngeal swabs taken from the nose 

and throat of 22 CLL patients and identified at the species level. Among these, 42 strains were 

classified as opportunistic pathogens, of 17 species in total, such as Pseudomonas luteola (1 strain), S. 

epidermidis (8), S. salivarius (2), S. lentus (5), S. capitis (2), S. warneri (2), S. hominis (2), S. xylosus (1), S. 

heamolyticus (1), S. saprophyticus (1), S. cohnii (1), Kocuria varians/rosea (1), S.lentus (3), S.hominis (1), 

S.capitis (4), S.saprophyticus (1), Aerococcus. viridans (3), Bacillus subtilis (3). Nine isolates were 

identified as S. aureus. The great majority of above listed bacteria are capable to cause infections in 

immunocompromised patinets. 

The antibiotic sensitivity testing involved the representatives of different antibacterial drug 

groups, namely tetracycline, vancomycin, linezolid, cefuroxime, levofloxacin, moxifloxacin and 

tobramycin. In our study, the collected isolates of abovementioned species, showed moderate to high 

susceptibility to all antibiotic groups (≥58%of all tested strains), with linezolid and moxifloxacin 

demonstrating the highest efficacy (82.35%). However, for strains of S. aureus intermediate level 

resistance to glycopeptide vancomycin was observed, while susceptibility to other antibiotic groups 

remained high (Table 1, Figure 1). 

Fourteen bacterial strains were isolated from 12 nasopharyngeal swabs of healthy volunteers 

and among these, 11 strains were classified as opportunistic pathogens such as S. epidermidis (6 
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strains); S. salivarius (1), S. lentus (2), S. xylosus (2). The 3 isolates were identified as S. aureus, carriage 

of which can be observed in up to 20% of practically healthy population. 

The antibiotic sensitivity testing of bacterial isolates from healthy control group was done using 

the same set of antibacterial drugs as for the strains of CLL patients. Moxifloxacin and linezolid 

appeared again the most effective antibiotics against these bacterial isolates with susceptibility rates 

ranging from 82.4% to 92.9%, with the Linezolid showing the highest efficacy (Table 1, Figure 2). 

Table 1. Antibiotic susceptibility/resistance of bacterial strains isolated from the URT of CLL patients and 

healthy volunteers. 

 

To our knowledge, there have been no randomized trials evaluating the use of antibiotics in 

patients with CLL. In addition, no evidence-based guidelines for the antimicrobial treatment of these 

patients exist in Georgia. Our data on the high activity of antibiotics from the oxazolidinone group 

towards the majority of obtained bacterial isolates, both pathogenic and opportunistic microflora, 

indicates their potential in treatment of secondary bacterial infections, primarily caused by gram-

positive bacteria, in CLL patients. 

The commercial bacteriophages (Pyo, Ses, Enko, Intesti, Pyophage, and Staph-phage) didn’t 

show activity against the collected bacterial isolates, that can be mainly explained by the species 

composition of this group of bacterial isolates. The great majority of strains, based on phenotypic 

identification, belongs to miscellaneous Staphylococcus species, phages specific to which are not 

included in the currently commercial phage cocktails. Insensitivity of 9 isolates of S. aureus to 

commercial phage products containing staphylococcal phages seems to be quite unusual since the S. 

aureus strains of different origin generally are highly susceptible to Staph phages [17]. These results 

Type of 

Antibiotic

No. tested No. sensitive % sensitive % resistant

Moxifloxacin 5ϻg 51 42 82,4% 17,7%

Linezolid 10ϻg 51 42 82,4% 17,7%

Tobramycin 10ϻg 51 38 74,5% 25,5%

Tetracyclin 30ϻg 51 38 74,5% 25,5%

Cefuroxime 30ϻg 51 38 74,5% 25,5%

Levofloxacin 5ϻg 51 37 72,6% 27,5%

Vancomycin 30ϻg 51 35 68,6% 31,4%

Type of 

Antibiotic

No. tested No. sensitive % sensitive % resistant

Linezolid 10ϻg 14 13 92,90% 7,14%

Tetracyclin 30ϻg 14 11 78,60% 21,40%

Moxifloxacin 5ϻg 14 11 78,60% 21,40%

Levofloxacin 5ϻg 14 10 71,40% 28,60%

Cefuroxime 30ϻg 14 9 64,30% 35,70%

Tobramycin 10ϻg 14 6 42,90% 57,14%

Vancomycin 30ϻg 14 12 85,70% 14,30%

Healthy volunteers

CLL Patients
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indicate the need for more clarification regarding specifics of S.aureus strains from CLL patients, in 

terms of cell wall receptors and bacterial host defense systems. Interestingly, the individual phage 

cloned from the “Pyophage” preparation and propagated on the host strain S. aureus GMH17, 

appeared to be lytic to all strains of S. aureus. A number of isolates of coagulase negative staphylococci 

were found to be weakly sensitive to this cloned phage (data not shown here). Our findings 

emphasize the need for further research to identify the most effective phages against bacteria 

commonly associated with CLL patients in Georgia. 

Many studies have shown that phage administration can trigger a phage-specific humoral 

immune response. However, the mechanisms regulating this response and their potential impact on 

treatment efficacy remain poorly understood [12,18–20]. Additionally, case reports on the use of 

phage therapy in humans have provided conflicting evidence regarding whether phage-specific 

antibodies inhibit the efficacy of phages [21,22]. 

Therefore, the next phase of our study was focused on examining the presence of naturally 

occurring antibodies against phage from the Pyophage cocktail propagated on S. aureus, in the sera 

of patients and healthy volunteers. The study revealed a certain, moderately high, binding rate of 

circulating naturally occurring antibodies to the tested phages in both, CLL patients (Figure 3) and 

healthy individuals. 

 

Figure 1. Antibiotic sensitivity of bacterial strains (n = 51) isolated from the nasopharynx and throat of CLL 

patients (n = 22). 
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Figure 2. Antibiotic sensitivity of bacterial strains (n = 14) isolated from the nasopharynx and throat of healthy 

volunteers (n = 6). 

 

Figure 3. Levels of naturally occurring IgG, IgM, and IgA antibodies to S. aureus phage PSA-1, determined in the 

blood sera of CLL patients (n = 10) and age-matched healthy volunteers (n = 14) using an indirect ELISA. 

It’s understandable, that antibodies have different effector functions, and not all of them are 

neutralizing. This also applies to naturally-occurring anti-phage antibodies detected by us. Their 

role in phage neutralization depends on various specific factors, such as the antibody's binding 

site on the phage, its isotype, and its interactions with both the phage and the host immune system 

[18,23]. To evaluate the neutralizing ability of the detected antibodies, a phage neutralization assay 

according to classical methodology [13,14] was performed. 
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Figure 4. Inhibition of phage activity by sera from CLL patients (n = 16) assessed by the Phage Neutralization 

Reaction. Dilutions of 1:100 and 1:50 were analyzed. 

Our results showed the average neutralization rate of detected antibodies was 14.59% ± 0.05 (p 

< 0.05) at a serum dilution of 1:100 and the average neutralization constant was calculated as K = 0.65 

± 0.22 (p < 0.05). At a serum dilution of 1:50, the average neutralization rate was 31.4% ± 0.05 (p < 0.05) 

and the average neutralization constant K comprised 0.63 ± 0.13 (p < 0.05). This indicates that at this 

low dilution of sera, compared to the control tube (without sera), approximately one-third of phage 

negative plaques were developed on the plates with the host stain due to the presence of antibodies 

in the sera of CLL patients. This means that the naturally occurring antibodies circulating in the blood 

of CLL patients and capable of binding to the tested phage particles, only partially inhibit phage 

activity. Based on these preliminary data and also a number of indicators of the virulent nature of the 

phage PSA- 1 (data not shown here), it can be considered as one of the candidates for further studies 

on phage application for treating URT bacterial infections of staphylococcal origin in CLL patients, 

alone or in combination with antibiotics. 

In conclusion, our study demonstrates still high possibility of elimination of bacterial 

colonization in CLL patients (diagnosed, but non-treated for CLL) through the rational use of 

antibiotics. Additionally, phage therapy should be considered as part of a broader, multidisciplinary 

approach to managing bacterial infections in CLL patients, in conjunction with appropriate antibiotic 

treatments, to optimize patient outcomes and address the growing challenge of antibiotic resistance. 

Effective PT can be achieved by selecting active phages (monophages or phage mixtures) from the 

large phage collections, such as Eliava Institute’s collection, to be used for preparation of customized 

phages (autophages). Furthermore, during the selection process in preclinical studies and also in the 

course of PT, it is recommended to monitor occurrence of neutralizing antibodies to assess the 

probability of therapeutic phage neutralization in vivo, that might impact the treatment outcome. 
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Abbreviation: 

APA- Anti-Phage Antibodies 

API- Identification Systems 

BSA- Bovine Serum Albumin 

CBB- Carbonate-Bicarbonate Buffer 

CLL- Chronic Lymphocytic Leukemia 

ELISA- Enzyme-Linked Immunosorbent Assay 

HRP-Horseradish Peroxidase 

OD-Optical Density 

PT-Phage Therapy 

SD-Standard Deviation 

TMB-3,3′,5,5′-Tetramethylbenzidine 

TSB-Trypticase Soy Broth 

URT- Upper Respiratory Tract 

References 

1. Kurtis, E., Manoussaka, M. et al. ,,MD-1 downregulation is associated with reduced cell surface CD180 

expression in CLL, Leukemia” Research, Vol. 143, 2024, 107540, ISSN 0145-2126, 

https://doi.org/10.1016/j.leukres.2024.107540. 

2. Tuğba Güven, Z.,,CLL-256 Monocytosis Developing in the Course of Chronic Lymphocytic Leukemia: Case 

Report” Clinical Lymphoma Myeloma and Leukemia Vol. 24, 2024, Pages S349-S35. 

3. Guarana, M., Nucci, M. "Infections in patients with chronic lymphocytic leukemia", Hematology, 

Transfusion and Cell Therapy, 2023,Vol.45(3): 387–393, doi: 10.1016/j.htct.2023.05.006; 

4. Korona-Glowniak, I., Grywalska, E. et al. “Bacterial Colonization in Patients with Chronic Lymphocytic 

Leukemia and Factors Associated with Infections and Colonization”, Journal of Clinical Medicine, 2019, 

V8, Issue 6, p.86, doi: 10.3390/jcm8060861; 

5. Nosari, A. ,,Infectious Complications in Chronic Lymphocytic Leukemia“ Mediterr J Hematol Infect Dis. 

2012 Nov 5; 4(1): e2012070. doi: 10.4084/MJHID.2012.070 

6. Sigrid, S., Mato, A. et al. “Overcoming resistance to targeted therapies in chronic lymphocytic leukemia”, 

Blood Advances, 2021, V5, Issue1, p.334–343, doi: 10.1182/bloodadvances.2020003423; 

7. Naureen, Z., Bertelli, M. et al. ,,Bacteriophages presence in nature and their role in the natural selection of 

bacterial populations” Acta Biomed. 2020 Nov 9; 91(Suppl 13): e2020024. doi: 10.23750/abm. v91i13-S.10819 

8. Ferriol-González, C., Domingo-Calap, P. “Phages for Biofilm removal”, Antibiotics, 2020, V9, p268, doi: 

10.3390/antibiotics 9050268; 

9. Mu, A., McDonald, D. et al. “Assessment of the Microbiome during Bacteriophage Therapy in Combination 

with Systemic Antibiotics to Treat a Case of Staphylococcal Device Infection”, Microbiome, 2021, 9, p.92, 

doi: 10.1186/s40168-021-01026-9; 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 October 2025 doi:10.20944/preprints202510.0608.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.0608.v1
http://creativecommons.org/licenses/by/4.0/


 10 of 10 

 

10. Gordillo Altamirano, F., Forsyth, J.H. et al. “Bacteriophage-Resistant Acinetobacter Baumannii are 

desensitized to Antimicrobials”, Nat. Microbiol, 2021; 6, p.157–161, doi: 10.1038/s41564-020-00830-7; 

11. Sharifull, I., Jie, F. et al. ,,corresponding author, “The power of phages: revolutionizing cancer treatment”, 

Frontiers in Oncology, 2023, doi: 10.3389/fonc.2023.1290296; 

12. Majewska, J., Dąbrowska, K. et al.,,Induction of Phage-Specific Antibodies by Two Therapeutic 

Staphylococcal Bacteriophages Administered per os“ Front. Immunol. 2019 No 14;10:2607 

13. Clockie, M., Kropinski, A. Bacteriophages: Methods and Protocols, Volume 1: Isolation, Characterization, 

and Interactions. 2009. 

14. Adams, M. „Methods of study of bacterial viruses“. In: Bacteriophages. New York: Interscience, 1959b:443–

522  

15. Suladze, T., Tediashvili, M. et al. ,, New Bacteriophages with Podoviridal Morphotypes Active against 

Yersinia pestis: Characterization and Application Potentia” Viruses 2023, 15, 1484 

16. Pescovitz, MD., Torgerson, TR. et al. ,,Effect of rituximab on human in vivo antibody immune responses”. 

J Allergy and Clin. Immunol 2011;128:1295–1302  

17. Kvachadze, L., Balarjishvili, N. ,,Evaluation of lytic activity of staphylococcal bacteriophage Sb-1 against 

freshly isolated clinical pathogens”. Microb Biotechnol , 20114(5):643–650. doi: 10.1111/j.1751-

7915.2011.00259.x 

18. Berkson, J.D., Wate, C.E. et al. ,,Phage-specific immunity impairs efficacy of bacteriophage targeting 

Vancomycin Resistant Enterococcus in a murine model”. Nat Commun 15, 2993 (2024). 

https://doi.org/10.1038/s41467-024-47192-w 

19. Archana, A., Kumar, R. et al. ,,Neutralizing antibody response against subcutaneously injected 

bacteriophages in rabbit model”. Virus disease 32, 38–45 (2021). 

20. Zaczek, M., Owczarek, B. et al. ,,Antibody production in response to staphylococcal MS-1 phage cocktail 

in patients undergoing phage therapy”. Front Microbiol. 7, 1681 (2016). 

21. Lusiak-Szelachowska, M., Żaczek, M. et al. ,,Antiphage activity of sera during phage therapy in relation to 

its outcome”. Future Microbiol. 12, 109–117 (2017). 

22. Dan, J. M., Al-Kolla, R. et al. ,,Development of host immune response to bacteriophage in a lung transplant 

recipient on adjunctive phage therapy for a multidrug resistant pneumonia”. J. Infect. Dis. 227, 311–316 

(2022). 

23. Hodyra-Stefaniak, K., Kaźmierczak, Z. et al. ,,Natural and Induced Antibodies Against Phages in Humans: 

Induction Kinetics and Immunogenicity for Structural Proteins of PB1-Related Phages”. Phage (New 

Rochelle). 2020 Jun 1; 1(2):91-99. doi: 10.1089/phage.2020.0004. Epub 2020 Jun 16. PMID: 36147897; PMCID: 

PMC9041471. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 October 2025 doi:10.20944/preprints202510.0608.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.0608.v1
http://creativecommons.org/licenses/by/4.0/

