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Abstract

Chronic lymphocytic leukemia (CLL) is characterized by immune dysfunction and increased susceptibility
to bacterial infections. Growing antimicrobial resistance has renewed interest in bacteriophage therapy
(PT) as a complementary antimicrobial approach. However, naturally occurring anti-phage antibodies
may affect its efficacy. This study investigated the upper respiratory tract microbiota of newly diagnosed,
untreated CLL patients with no prior exposure to therapeutic phages. A total of 51 bacterial isolates
were recovered from 22 CLL patients and 14 isolates from 12 healthy volunteers. Staphylococcus aureus
was the predominant species, followed by coagulase-negative staphylococci (CoNS). Antimicrobial
susceptibility testing revealed the highest susceptibility (82.35%) to linezolid and moxifloxacin,
whereas several S. aureus isolates showed reduced susceptibility to glycopeptides. Commercial phage
preparations showed weak or no lytic activity against most isolates, particularly CoNS. In contrast, all
12 S. aureus isolates from CLL patients and healthy volunteers were susceptible to phage PSA-1 from
the Pyophage preparation, with an efficiency of plating (EOP) of 0.7-1.0. Naturally occurring anti-phage
antibodies were detected in both groups. The mean phage neutralization constant (K) was 0.64 + 0.12
in CLL patients and 0.28 * 0.06 in healthy controls, indicating variable pre-existing humoral immunity
that may influence phage activity. These findings indicate that upper respiratory isolates from untreated
CLL patients remain largely susceptible to conventional antibiotics. Phage therapy may represent a
promising adjunctive strategy for managing S. aureus infections in CLL patients. Assessment of phage
susceptibility and anti-phage antibody levels may optimize future phage-based therapies.

Keywords: Chronic Lymphocytic Leukemia, Bacterial Infection, Antibiotic Susceptibility, Bacteriophage, Phage Therapy,

Anti-Phage Antibodies

INTRODUCTION

Chronic lymphocytic leukemia (CLL) is
the most frequently diagnosed leukemia in adults
worldwide and is characterized by the progressive
accumulation of mature, immunophenotypically
defined CD19 + CD5 + CD23 + B lymphocytes.
Malignant cells expand within proliferative niches
in the bone marrow and lymphoid tissues and
persist due to impaired apoptotic mechanisms.*
This pathological accumulation is accompanied by
broad immune dysfunction, resulting in weakened
cellular and humoral immune responses and a
markedly increased vulnerability to infections.

Multiple components of the
immune system are affected in CLL, including
hypogammaglobulinemia, dysregulation of
T-cell subsets, impaired complement activation,
neutropenia, and expansion ofimmunosuppressive
myeloid populations. In addition, interactions
between leukemic cells and the surrounding
microenvironment promote tumor survival
through direct contact and soluble mediators,
further contributing to immune impairment.?
Importantly, immunodeficiency associated with

CLL is frequently intensified by antineoplastic
therapy. Conventional chemotherapy and some
targeted agents disrupt bone marrow function,
damage mucosal barriers, and suppress both B-
and T-cell activity, thereby increasing susceptibility
to opportunistic infections. As a result, infectious
complications remain the leading cause of
morbidity and mortality in CLL patients. On other
hand, it is believed that there is a bidirectional
relationship between CLL and infection since
common community-acquired infections are
considered as a risk factor for the development
of CLL.? The healthcare-associated infections
(HAIs) further increase treatment complexity and
healthcare burden*® with the expanded spectrum
of causative agents. Thus, regular monitoring
of patients with CLL is very important to ensure
immediate action upon any evidence of infection
and early intervention to decrease the infection-
related risk of hospitalization.

Infections in CLL may be viral, fungal, or
bacterial in origin and can involve either single
or multiple microbial species. Among bacterial
pathogens, Staphylococcus aureus, Streptococcus
pneumoniae, Pseudomonas aeruginosa,
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Escherichia coli, Klebsiella pneumoniae, and
Haemophilus influenzae are most commonly
reported. Sporadic cases of invasive fungal
infections, including Candida and Aspergillus
species, have also been described, particularly
in patients with advanced disease and prolonged
neutropenia.® Despite extensive research
conducted on infectious complications in CLL, the
data on colonizing microbiota, especially from
particular geographic regions, remain scarce. To
our knowledge no previous studies from Georgia
have systematically examined the composition of
colonizing bacterial communities in patients with
CLL.

Given the strong association between
infections and adverse clinical outcomes in CLL,
increasing attention has been directed toward
advanced molecular diagnostic approaches
that enable rapid pathogen detection and
identification, and more accurate clinical decision-
making improving preventive and therapeutic
strategies.”® While broad-spectrum antibiotics
remain the cornerstone of treatment for bacterial
infections, the rapid emergence of antimicrobial
resistance complicates empirical therapy and limits
available options. Although numerous studies
report antibiotic susceptibility profiles of clinical
isolates from CLL patients,’ there is comparatively
limited information regarding the effectiveness
of non-antibiotic antimicrobial approaches,
such as bacterial vaccines (bacterial lysates) and
bacteriophages, against bacteria most frequently
colonizing or infecting this population.

Bacteriophage therapy (PT) has re-
emerged as a promising complementary
antimicrobial strategy due to its high specificity
toward bacterial hosts and the capacity of certain
phages to disrupt biofilms, known to be key
contributors to chronic and recurrent infections
and antimicrobial resistance.'® Bacteriophages are
ubiquitous in natural environments, an integral
part of the human microbiome, being detectable in
body fluids such as saliva, urine, feces, and blood.
By contributing substantially to bacterial turnover,
phages play an important role in maintaining
microbial ecosystem balance. From a therapeutic
perspective, phages offer several advantages,
including minimal toxicity to mammalian cells,
preservation of commensal microbiota, and

potential synergistic activity with antibiotics.>** In
some settings, phages have been shown to restore
bacterial susceptibility to antimicrobial agents.
Moreover, individualized phage preparations
can be generated from phage libraries to match
patient-specific bacterial isolates, supporting the
concept of personalized antimicrobial therapy.®
At the same time, interactions between
bacteriophages and the human immune system
are complex and not yet fully understood.
Exposure to phages can induce humoral immune
responses, predominantly I1gM, but also 1gG and
IgA antibodies, which may neutralize phage activity
and potentially reduce therapeutic efficacy.'®
Importantly, little is known about baseline
anti-phage immunity in immunocompromised
individuals, including patients with CLL. It is
plausible that naturally occurring antibodies
against commonly circulating phages may already
be present prior to therapeutic administration,
which could influence both infection dynamics
and responses to phage-based interventions. In
addition to antimicrobial treatment, prevention
of infections in CLL relies on multiple strategies,
including vaccination against respiratory
pathogens, immunoglobulin replacement therapy
in patients with severe antibody deficiency, early
detection of colonizing or emerging pathogens
and antimicrobial prophylaxis in selected high risk
groups. Improved understanding of colonization
patterns may therefore inform both preventive
and therapeutic decision-making and help identify
patients at increased risk of invasive disease.
Based on these considerations, the
present study aimed to characterize the upper
respiratory tract microbiota of CLL patients who
had not previously been evaluated for bacterial
colonization and had not received phage therapy.
We further assessed the susceptibility of isolated
bacteria to commonly used antibiotics and to
selected bacteriophages, and evaluated the
presence and phage-neutralizing capacity of
naturally occurring anti-phage antibodies in
patient sera. This integrated approach was
designed to provide preliminary insight into the
feasibility of phage-based antimicrobial strategies
in CLL and to contribute baseline data relevant to
infection prevention in this vulnerable population.
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Table 1. Clinical and hematological characteristics of patients with Chronic Lymphocytic Leukemia (CLL)*

Parameters CLL Patients
Number of participants (n) 22

Age range (years) 50-75
Gender (M/F) 10/12

CLL stage (Rai)

Leukocytes (WBC) (x10%L) 41.3+9.8
Lymphocytes (%) 77.3+3.3
Monocytes (%) 3.7+0.6
NLR 0.20+0.04
Infection signs (fever, cough, 1 patient

muscle pain, sore throat)

at the time of admission

Antibiotic treatment conducted prior

to admission

Comorbidities and associated conditions

Rai O-1 (early-stage)

2 patients (antibiotics Moxifloxacin, Ciprofloxacin,
and Ampicillin + Sulbactam)
12 patients in total, with Type Il diabetes mellitus (n = 1); chronic

ischemic heart disease with coronary stents (n = 1);

iron-deficiency anemia (n = 1); hyperlipidemia (n = 1);

hyperuricemia (n = 1); severe/critical anemia (n = 1); thrombocytopenia
(n=1); hepatomegaly/hepatosplenomegaly (n = 2); allergic reactions/
angioedema (n = 1); intestinal protozoal infection (n = 1); acute viral
infection (n=1)

*Data are presented as mean + standard deviation (SD) or number of patients (n), as appropriate. All patients were in the early
stage of disease according to the Rai classification (Rai stages 0-1). WBC = white blood cell count; NLR = neutrophil-to-lymphocyte
ratio. Comorbidities and associated clinical conditions observed in the study cohort are also summarized

MATERIALS AND METHODS

Sample collection

Peripheral blood samples, as well as
nasopharyngeal and oropharyngeal swabs, were
collected from 22 patients diagnosed with CLL
(age range: 50-75 years; 10 males and 12 females)
at the M. Zodelava Center of Hematology, Thilisi,
Georgia. All patients were newly diagnosed and
had not received any CLL-specific therapy at the
time of sampling (Table 1).

Samples were collected after obtaining
written informed consent from all participants and
approval from the local ethics committee.

Fourteen age and sex matched healthy
volunteers were also enrolled as a control group
following written informed consent.

Microbiological analysis

Nasopharyngeal and oropharyngeal
swabs obtained from patients and healthy
volunteers were processed using standard culture-

based microbiological methods.'” Briefly, swabs
were streaked onto sheep blood agar (SBA) plates
using the four-quadrant streaking technique and
simultaneously inoculated into tubes containing
tryptic soy broth (TSB) for enrichment. Plates and
broths were incubated at 37 °C for 24-36 hours.

Following incubation, subcultures were
performed on routinely used selective and
differential media with emphasis on isolation
of clinically relevant bacterial species, including
Staphylococcus aureus, Streptococcus pneumoniae,
Pseudomonas aeruginosa, Escherichia coli, and
Klebsiella pneumoniae.* Preliminary identification
was based on colony morphology, Gram staining
and microscopic examination, also growth
characteristics on selective and differential
media, followed by basic biochemical testing.
The final phenotypic species-level identification
was performed using Analytical Profile Index (API)
systems, including APl Staph, API 20 NE, API 20E,
and API 20 STREP (bioMerieux, France).
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Assessment of antibiotic and bacteriophage
susceptibility

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). 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. 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.’®! The commercial preparations
“Pyo Bacteriophage”, “Staph Bacteriophage”,
“Ses Bacteriophage”, “Intesti Bacteriophage”,
“Fersisi Bacteriophage”, “Enko bacteriophage”
(all products of “Eliava Biopreparations”, Georgia)
were used in the study. In addition, S. aureus
specific phage PSA-1 cloned from the Pyophage
preparation on the host strain S. aureus GMH17,
was tested for lytic activity against Staphylococcus
spp. isolates.

Phage virion morphology

Phage nucleocapsid morphology was
studied by transmission electron microscopy
(TEM). Concentrated phage suspensions (=1 x
10 PFU/mL) were applied to Formvar/carbon film-
coated 300 mesh copper grids - CF300-CU (Electron
Microscopy Sciences, PA, USA). Samples were
negatively stained with 2% Phosphotungstate and
examined using the microscope JEM 100 SX (Jeol,
Japan). Up to 6 phage particles were measured,
and the average head and tail dimensions were
determined.

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 pL of
semi-purified preparation of phage PSA-1 at a
concentration of 108 PFU/mLin 0.05 M carbonate-
bicarbonate 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, I1gM, 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 for an optical density (OD) at 450 nm using a
spectrophotometer (Selecta, Spain).

Phage neutralization assay

The standard methodology of phage
neutralization reaction®®?%?! was used to assess
the neutralizing activity of naturally occurring
antibodies against S. aureus phages in sera
obtained from CLL patients. The rate of inactivation
of the S. aureus-specific phage PSA-1 was
determined. Sera from 16 patients (dilutions 1:50
and 1:100) were incubated with phage suspension
containing 1 x 10° plaque-forming units per mL
(PFU/mL) for 10 and 30 minutes at 37 °C. Following
100-fold dilution of the reaction mixtures in cold
saline, surviving phages were quantified using the
double-agar overlay method on the host strain,
and percent neutralization was calculated. The
neutralization constant (K) was calculated using
the formula: K=2.3 x (D/T) x log(P /P ), where D is
the serum dilution, Tis incubation time in minutes,
P,is the initial phage titer, and P, is the phage titer
after time T.

Statistical analysis

Statistical analysis was performed using
Microsoft Excel and relevant statistical software.
Proportions of bacterial susceptibility profiles
were compared between cohorts using Fisher’s
exact test. For quantitative data, an unpaired, two-
tailed Student’s t-test was applied to determine
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Table 2. Antibiotic susceptibility/resistance of bacterial isolates obtained from the URT of CLL patients (51 strains)

and healthy volunteers (14 strains)

Isolation Antibiotics

Sensitive
strains (%)

Resistant
strains (%)

CLL Patients Moxifloxacin 5 ug 82.4 17.7
Linezolid 10 pg 82.4 17.7
Tobramycin 10 pg 74.5 25.5
Tetracyclin 30 pg 74.5 25.5
Cefuroxime 30 pg 74.5 25.5
Levofloxacin 5 ug 72.6 27.5
Vancomycin 30 ug 68.6 31.4

Healthy Volunteers Linezolid 10 pg 92.9 7.1
Tetracyclin 30 pg 78.6 21.4
Moxifloxacin 5 ug 78.6 21.4
Levofloxacin 5 pg 71.4 28.6
Cefuroxime 30 pug 64.3 35.7
Tobramycin 10 pg 42.9 57.1
Vancomycin 30 ug 85.7 14.3

the statistical significance of differences in anti-
phage antibody levels, with data presented as
mean + standard error of the mean (SEM). Since
Levene’s test indicated equal variances for the 1:50
dilution, the standard Student’s t-test was used,
whereas an independent-samples t-test (Welch’s
correction) was applied for the 1:100 dilutions
due to unequal variances. A value of P < 0.05 was
considered statistically significant.

RESULTS AND DISCUSSION

A total of 51 bacterial strains were
isolated from 44 oropharyngeal swabs collected
from the nasal cavity and throat of 22 CLL patients
and identified at the species level. Among these,
42 isolates belonged to opportunistic pathogenic
species (17 species total), including Pseudomonas
luteola (1), Staphylococcus epidermidis (8), S.
salivarius (2), S. lentus (5), S. capitis (2), S. warneri
(2), S. hominis (2), S. xylosus (1), S. haemolyticus
(1), S. saprophyticus (1), S. cohnii (1), Kocuria
varians/rosea (1), Aerococcus viridans (3), and
Bacillus subtilis (3). Nine isolates were identified
as Staphylococcus aureus. Most of these organisms
are recognized as possible causes of infection
in immunocompromised patients, including
individuals with hematological malignancies.

From 12 nasopharyngeal swabs of healthy
volunteers 14 bacterial strains were isolated, of

which 11 were opportunistic bacteria - 3 species
of CoN staphylococci, including S. epidermidis
(6), S. salivarius (1), S. lentus (2), and S. xylosus
(2). Three isolates were identified as S. aureus,
frequently found as nasal carriage in practically
healthy population.

Antibiotic susceptibility testing of
bacterial isolates included representatives
of several antimicrobial classes: tetracycline,
vancomycin, linezolid, cefuroxime, levofloxacin,
moxifloxacin, and tobramycin. Overall, isolates
demonstrated moderate to high susceptibility
to most antibiotics tested (=58% of strains), with
linezolid and moxifloxacin showing the highest
activity (82.35%).

Interestingly, several S. aureus isolates
from CLL patients exhibited intermediate
resistance to vancomycin (MIC range 4-8 ug/
mL), while susceptibility to other antibiotic
classes remained high (Table 2 and Figure 1).
This is typically characteristic for vancomycin-
intermediate Staphylococcus aureus (VISA) strains,
that can occur as a result of accumulations of
mutations leading to a number of phenotypic
changes, primarily the increased cell wall thickness,
limiting the access of vancomycin to its target. VISA
strains are mostly isolated in hospital settings
from patients with underlying diseases (diabetes,
kidney disorders etc.), manifested as skin or
wound infections but can escalate to more serious
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systemic infections if left untreated. Thus, timely
detection and rational management of VISAin CLL
patients is of high medical importance.?>?

In the antibiotic susceptibility testing
of the isolates from healthy controls the same
antimicrobial panel was used. Moxifloxacin and
linezolid again demonstrated the highest activity,
with susceptibility rates ranging from 82.4%-
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—
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=]
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S ©

=}
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92.9%, linezolid showing the greatest overall
efficacy. Comparing to CLL patients, the percentage
of vancomycin intermediate resistant strains was
lower in healthy individuals (Table 2, Figure 1).
To date, no randomized clinical trials
have evaluated antibiotic strategies specifically
in CLL patients, and no national evidence-based
antimicrobial guidelines exist in Georgia for this

T

Tetracyclin ~ Vancomycin Linezolid Cefuroxime  Levofloxacin  Moxifloxacin  Tobramycin
30pg 30pg 10pg 30pg Spg Sug 10ug
Antibiotics

m Healthy volunteers ~ m CLL patients

Figure 1. Antibiotic susceptibility profiles of nasopharyngeal bacterial strains isolated from CLL patients (n =51) and
healthy volunteers (n = 14). Statistical analysis was performed using Fisher’s exact test to compare the proportions
of antibiotic susceptibility profiles (sensitive versus resistant strains) between CLL patients and healthy volunteers

Figure 2. Transmission electron micrograph (TEM) of
staphylococcal bacteriophage PSA-1

JEM 100 SX (Jeol, Japan), 80KV, instrumental
magnification X 40,000

population. Our findings indicating high in vitro
activity of oxazolidinones against both pathogenic
and opportunistic Gram-positive bacteria suggest
that these agents may be effective options for
treating secondary bacterial infections in CLL
patients.

Commercial phage preparations (Pyo, Ses,
Enko, Intesti, Pyophage, and Staph-phage) showed
no lytic activity against the majority of isolated
strains. This was not surprising and likely reflects
the species composition of the isolates, as most
belonged to coagulase-negative staphylococci
usually not covered by available commercial phage
cocktails. On the contrary, the lack of activity
against S. aureus isolates was rather unexpected,
as strains from diverse origins are typically highly
susceptible to Sa- specific phages.* These findings
may indicate potential strain-specific differences
in phage receptors or host defense mechanisms
among S. aureus isolates from CLL patients.

Interestingly, certain lytic activity was
demonstrated by the individual phage which has
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Table 3. Susceptibility of Staphylococcus spp. isolates to phage Sa PSA-1*

Staphylococcus Source No. of Susceptible Mean EOP
species isolates (n) (range)
tested

S. aureus CLL patients 9 9 0.80-1.00
Healthy volunteers 3 3 0.70-1.00

S. epidermidis CLL patients 8 2 <0.01-0.06
Healthy volunteers 6 0 <0.01

S. lentus CLL patients 5 0 <0.01
Healthy volunteers 2 0 <0.01

S. hominis CLL patients 2 0 <0.01

S. capitis CLL patients 2 0 <0.01

S. warneri CLL patients 2 0 <0.01

S. haemolyticus CLL patients 1 0 <0.01

S. saprophyticus CLL patients 1 0 <0.01

S. cohnii CLL patients 1 0 <0.01

S. xylosus Healthy volunteers 2 0 <0.01

S. salivarius Healthy volunteers 1 0 <0.01

*EOP (efficiency of plating) was calculated as the ratio of the phage titer obtained on the test strain to the phage titer obtained

on the reference host strain Staphylococcus aureus GMH 17

been cloned from the Pyophage preparation and
propagated on the host strain S. aureus GMH17
(Table 3). This phage - Sa PSA-1 with Myoviridae
morphotype (Figure 2), closely resembling
staphylococcal virulent phage Sb-1,%* showed
strong lytic activity against all S. aureus isolates
while several coagulase-negative staphylococci
exhibited weak sensitivity to it. These results
highlight the importance of screening phage
libraries to identify effective phages for therapeutic

18 r
P<0.05
16 r
14 r

12 r

OD 450 nm

08 r

06

04 r

02 r

50x

Sera Dilutions

M Healthy volunteers

® CLL patients

or prophylactic use, which will increase the
feasibility of personalized phage preparations.
Previous studies have demonstrated that
phage administration may induce phage-specific
humoral immune responses, though mechanisms
regulating this response and itsimpact on treatment
efficacy remain not sufficiently clear.®?>?¢ Case
reports of phage therapy in humans have provided
conflicting evidence regarding whether anti-phage
antibodies impair therapeutic outcomes.?”*®

100x

Figure 3. Naturally occurring total antibodies (IgG, IgM, and IgA) to S. aureus phage PSA-1, determined by indirect
ELISA in the blood sera of CLL patients (n = 10) and age-matched healthy volunteers (n = 14)
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Figure 4. Sera from CLL patients (n = 16) and healthy volunteers (n = 14) were tested at 1:50 and 1:100 dilutions
using the Phage Neutralization Reaction (PNR). Phage neutralization is represented as the neutralization constant (K)

Therefore, we next evaluated the
presence of naturally occurring antibodies
against Sa- specific phage from the Pyophage
cocktail propagated on S. aureus in the sera of 10
selected CLL patients and 14 healthy volunteers.
As shown in Figure 3, moderate levels of phage-
binding antibodies were detected in both groups
(OD range 1.3-1.5), with no statistical difference
between these two groups. This is not surprising,
since staphylococcal infections frequently occur
in the population both - practically healthy and
with different diseases, including CLL. So, the
human bodies naturally may contain also anti-
staphylococcal phages, capable to induce human
humoral response to them, especially if we
measure antibodies against the most widespread
type of staphylococcal phages, to which we also
may attribute phage PSA-1.

Statistical analysis was performed using
an unpaired two-tailed Student’s t-test. Anti-phage
antibody levels were significantly higher in CLL
patients than in healthy volunteers at the 1:50
serum dilution (P < 0.05), whereas no significant
difference was observed between the groups at
the 1:100 serum dilution. Data are presented as
mean * SE.

Considering that not all binding
antibodies have phage neutralizing capability,
and neutralization depends on epitope specificity,
antibody isotype, and immune interactions,%3°
a series of classical phage neutralization tests
was performed.'®2° Sera from CLL patients

demonstrated partial inhibition of phage activity
(Figure 4). At a serum dilution of 1:50, the mean
neutralization rate was 31.4% + 0.05 (P < 0.05)
with K = 0.65 + 0.22, whereas at 1:100 dilution,
as expected, the neutralization rate decreased
to 14.59% + 0.05 (P < 0.05) with K =0.63 + 0.13.
The average phage neutralization capacity of CLL
patient’s sera comprised 0.64 + 0.12 The sera
from healthy volunteers exhibited a distinctly
lower neutralization profile: at 1:50 dilution, the
neutralization rate was 17.71% * 0.05 (P < 0.05)
with K = 0.33 £ 0.09, while at 1:100 dilution, it
decreased to 6.18% + 0.05 (P < 0.05) with K =
0.23 £ 0.08. The average K for the sera of healthy
volunteers was determined as 0.28 + 0.06. An
independent-samples t-test (Welch’s correction)
was conducted to compare the two groups, as
Levene’s test indicated unequal variances (P =
0.026). The results showed a statistically significant
difference between the groups.

Overall, obtained results indicate that
naturally occurring antibodies in untreated
CLL patients (as well as in healthy controls)
partially inhibit the lytic activity of phage PSA-1
in vitro. Based on these preliminary findings and
earlier studies on the virulent phage behavior
(data not shown here), PSA-1 may represent a
suitable therapeutic candidate for treatment of
staphylococcal URT infections in CLL patients,
either alone or in combination with antibiotics.

Comparison of phage neutralization rates
(K constant) between CLL patients and healthy
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volunteers showed a statistically significant
difference between the two groups at both
serum dilutions (1:50 and 1:100) (P < 0.05),
indicating a higher phage neutralization capacity
in CLL patients. According Levene’s test indicated
equal variances, the standard Student’s t-test
was used for the serum dilutions (1:50) and an
independent-samples t-test (Welch’s correction)
for the serum dilutions (1:100). The results showed
a statistically significant difference between the
groups. Overall, both study groups - CLL patients
and healthy volunteers exhibited the presence of
APA (although at a very low level) in their serum
samples, indicating the possible previous exposure
to endogenous or exogenous naturally circulating
phages.

The relatively small sample size was the
main limitation of this study, which restricted
the ability to draw robust and generalizable
conclusions regarding the prevalence and role
of bacterial pathogens in the upper respiratory
tract of patients with CLL. Therefore, the findings
cannot be interpreted as definitive evidence. The
limited number of participants also constrained
the assessment of phage susceptibility and the
potential effectiveness of phage therapy for the
control of bacterial infections in CLL patients.
In addition, bacterial isolates obtained from
both CLL patients and healthy controls were not
screened against a broader panel of individual
bacteriophages, particularly those available in
the Eliava phage collection. Such screening might
have identified additional phages with lytic activity
against the target bacterial isolates, especially CoN
staphylococci, thereby substantially increasing the
proportion of phage-susceptible isolates detected
in this study.

CONCLUSION

In conclusion, our data suggest that
bacteria colonizing the URT in the newly
diagnosed, untreated CLL patients remain
largely susceptible to conventional antibiotics.
At the same time, considering the possible
development of antimicrobial resistance in the
course of antibiotic treatment the phage therapy

may be suggested as a complementary strategy
within a broader, multidisciplinary approach
to infection management in CLL patients. The
effective implementation of phage therapy along
with the use of commercially available phage
mixtures will likely require the development of
customized phage preparations based on careful
selection from collections of therapeutic phages.
The monitoring of neutralizing antibodies during
preclinical evaluation and clinical application
of therapeutic phages may be an important
additional parameter for predicting of their
therapeutic efficacy in vivo.
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