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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Urinary tract infections (UTIs) cause significant morbidity
in the adult population. Increased drug resistance and biofilm
formation by uropathogenic bacteria make their eradication
difficult. Phage therapy (PT), especially using custom-made
preparations, is regarded as a valuable alternative treatment
with promising results. The PT outcome is highly dependent
on the appropriate selection of candidate phages for therapeutic
mixtures and the effective routes and duration of administration.
However, activation of the body's immune mechanisms through
phage administration could play a negative role. A number of
studies have shown the presence of antiphage antibodies (APA)
in the sera of phage-treated patients, but their presence in other
biological fluids still remain unclear. We studied the early
antibody responses in 11 patients with persistent UTIs treated
at the Eliava Phage Therapy Center (EPTC) with custom or
commercial phage preparations administered orally, rectally,
vaginally, intravesically, or in combined modes. PT efficacy
was monitored clinically and bacteriologically. APAs in serum,
urine, and saliva were measured by neutralization assay and
ELISA before therapy, on day 7, and day 14. Natural APA levels
were measured in 6 healthy volunteers as well. Low baseline
APA levels were detected in both patients and healthy subjects.
During PT, in most patients increasing APA responses were
detected in serum, and to a lesser extent in urine and saliva. No
significant influence of APA levels on PT outcome during short-
term treatment was found.

Key words. Urinary tract infections, phage therapy.

Introduction.

Urinary tract infections (UTIs), manifested mainly as urethritis,
cystitis, and pyelonephritis, cause substantial morbidity in both
men and women, with an estimated 150 million cases annually
worldwide, significantly reducing their quality of life [1,2]. In
healthy adult individuals, especially in almost 50% females,
UTIs are typically acute and uncomplicated. Complicated
UTlIs frequently develop in catheterized females in the post-
operational period, male patients with prostatitis or those with
urinary tract dysfunction. Those conditions often become
chronic with recurrent episodes and with potentially severe
consequences such as sepsis, meningitis, or renal failure [1,3].

UTlIs are caused by various uropathogens, most commonly
Escherichia coli, followed by Klebsiella pneumoniae,
Proteus mirabilis, Staphylococcus saprophyticus and some
other coagulase negative (CoN) staphylococci, S. aureus,
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Pseudomonas aeruginosa, group B streptococci, Enterobacter
spp., Enterococcus spp. Increasing antibiotic resistance,
extracellular matrix and biofilm formation by uropathogenic
bacteria contribute to evading host defenses and significantly
complicate treatment efficacy of patients with UTIs [1-4].
Alternative or complementary strategy based on application
of biological means, such as bacterial vaccines/lysates, small
compounds, nutraceuticals, immunomodulating agents,
probiotics and bacteriophages, are more intensively suggested
for medical practice [4,5].

Bacteriophages (phages) comprise amajornatural component of
the human microbiome. They inhabit many organ systems, cross
epithelial barriers, and shape bacterial community structures.
Phages can interact with and affect the mammalian immune
system through the interaction with bacterial microbiome and
also directly - via cellular uptake and recognition of phages [6].
Bacteriophage adherence to mucus layers provides a ubiquitous,
non-host-derived, immunity serving as barrier to bacterial
invasion [7]. Diverse phage populations in the gastrointestinal
and respiratory tracts highlight their role in maintaining host
homeostasis [8]. The bladder-associated phages also may
contribute to urinary health although the urinary phageome is
relatively less studied [9,10].

Phage therapy is increasingly recognized as a promising
alternative for antibiotic-resistant infections [11]. In Georgia
and other former Soviet countries, therapeutic bacteriophages
have been used for decades for prevention and treatment of
various human bacterial infections [12-14]. Renewed interest
in phages and PT in the fight against AMR has led to growing
global adoption in Western countries. PT has been applied to
many bacterial infections, including UTIs. The controlled
clinical trials conducted in Georgia demonstrated its safety and
comparable efficacy to antibiotics [15,16].

Successful PT depends on the availability of specific phages,
their appropriate selection, effective administration strategies
and also on immune responses, particularly production of
anti-phage antibodies (APA) which may influence therapeutic
outcomes. Phages induce the T-dependent type of immune
response, including anti-phage humoral response, similar to that
induced by many other antigens [17,18]. Phages may initiate
both - innate immunity (phagocytosis, cytokine responses) and
adaptive immunity (antibody production) responses [6,19].
Cross-reactive antibodies against therapeutic phages have been
detected in both patients and healthy individuals prior to phage



administration, likely reflecting prior environmental exposure
to bacteriophages [20,21]. APA development follows classical
humoral kinetics: early IgM peaks and increased IgG levels
around days 20-21 post-exposure. Individual immune status,
comorbidities, and previous treatments may influence APA
dynamics.

Neutralizing antibodies may reduce circulating phage levels
and diminish therapeutic efficacy [22,23]. However, a number
of studies have indicated that increased APA levels do not
consistently correlate with PT failure, and in general, there is no
consensus to date regarding whether phage-specific antibodies
affect the clinical outcomes of phage therapy [24,25].

The aim of this prospective observational case-based study
was to evaluate efficacy of short-term PT in patients with UTIs
treated at the EPTC and to determine the APA levels against
therapeutic phages in serum, urine, and saliva of patients before,
during, and after the phage treatment.

Materials and Methods.

Selection of patients and healthy volunteers:

The study included selected adult patients admitted to
the Eliava Phage Therapy Center (EPTC) between May
2022 and June 2023. Eleven patients aged 25 to 85 years, of
different nationalities and with persistent or recurrent chronic
urinary tract infections (UTIs), were included in the study.
For each patient, a comprehensive clinical file was compiled,
including medical history, presenting symptoms, instrumental
examinations, microbiological findings, and treatment protocols.
Patients received either custom-made phage preparations
(or autophages) and/or commercial bacteriophage mixtures
administered via oral, rectal, vaginal, intravesical, or combined
routes. Six healthy individuals (3 males and 3 females, aged
22-60) without urinary tract disturbances or other evidence of
infection were also included in the study for comparison, not
as a control group, but to determine baseline levels of naturally
occurring APAs.

Ethics approval:

The study was approved by the Bioethics Committee of
the G. Eliava Institute of Bacteriophages, Microbiology and
Virology (approval #2022/03). All procedures were performed
in accordance with the Declaration of Helsinki and national
regulations governing clinical phage therapy. In addition to the
standard written informed consent signed by each patient upon
admission to the EPTC, all enrolled patients were informed
about the use of their biological samples and clinical data in the
research.

Clinical and laboratory evaluation:

Diagnostic assessments of enrolled patients were performed at
the Eliava Phage Therapy Center (EPTC). Clinical evaluation
included the patient’s history, general physical examination,
and, when clinically indicated, abdominal ultrasonography or
computed tomography. Clinical -laboratory analyses, conducted
at the Eliava Analytical-Diagnostic Center (EADC), included
complete blood count, urinalysis, C-reactive protein (CRP),
coagulation profile, serum glucose, and evaluation of thyroid,
liver, and kidney functions.

Biological sample collection and processing:

Blood samples (5—10ml) were collected into gel and clot-
activator tubes, centrifuged at 2000g for 15 minutes, and the
resulting serum aliquots were stored at —80°C. Urine samples
were collected in sterile containers, centrifuged at 1500g for 10
min, and concentrated approximately 100-fold using 30 kDa
Amicon Ultra centrifugal filters (Merck, Millipore). The protein
concentration was measured before and after concentration.
Saliva samples were collected with the addition of EDTA,
centrifuged at 1500 g 15 min, and in some cases further
concentrated using 30kDa Amicon Ultra filters. All specimens
were stored at —80°C until used for APA measurements.

Bacteriological analysis:

Bacteriological analysis of biological samples (urine, vaginal
and urethral swabs, semen, prostate secretion, saliva) was
performed following standard microbiological protocols [26].
Microbiological testing and enumeration employed standard
techniques - plating of liquid samples, primarily urine, or four-
quadrant streaking for vaginal and urethral swabs on relevant
microbiological media. Bacterial counts were reported as a
number of colony forming units per mL (cfu/ml). Colony counts
yielding > 10° cfu/ml of urine was indicative of significant
bacteriuria, while >10° cfu/ml of a single uropathogen was
considered sufficient for diagnostics of UTIs in symptomatic
chronic patients. The leading bacterial isolates were characterized
by basic biochemical-cultural properties and identified using the
automated VITEK 2 system (BioMérieux, France).

For the bacteriological assessment of treatment outcomes, the
following thresholds were defined: “significant reduction” as a
>3 log decrease in cfu/ml, “low to moderate reduction” as a 1-2
log decrease, “eradication” as no detectable bacterial growth
and “no response” as <I log change or stable counts.

Therapeuticphage preparationsusedin PT and supplementary
treatments:

Commercial bacteriophage preparations produced by
Eliava “Biopreparations Ltd”, Georgia, were used, including
cocktails - Intestiphage, Pyophage, SES bacteriophage, Enko
bacteriophage, and a monophage -Staphylococcal phage. Each
of these sterile-filtered phage lysates contain active virulent
phages at concentrations 10° - 10° PFU/mL. Depending on
physicians’ prescription, phages were administered orally,
rectally, vaginally or intravesically. The custom phages for
personalized treatment were ordered to the Eliava Authorized
Pharmacy (EAP) and were prepared in the labs of the Eliava
Institute by standard techniques for phage isolation, propagation
and selection [27,28] using particular bacterial isolates from
individual patients (strains of E. faecalis, P. aeruginosa, K.
pneumoniae, E. cloacae etc).

Some patients, in their best interest, received adjunctive
therapies based on the use of biological preparations such
as: i) “Enteroflorid”, (Biopharm, Georgia) containing > 108
live probiotic microbes, predominantly lactic acid bacteria;
i1) “Urostim” (GM Pharma, Georgia) - an immunostimulant,
composed of lyophilized killed cultures from of E. coli, P
proteus, E. faecalis, K. pneumoniae; iii) “Sanuren” (Orlando
Medicine, Italy) -an anti-inflammatory herbal formulation for



UTIs. In single cases oral antibiotics were used in combined
antimicrobial therapy.

Processing of phage antigens for APA assays:

Phage suspensions, used as antigens for assessing anti phage
antibodies (APA), were derived and processed from autophage
preparations and /or commercial phage cocktails showing high
lytic activity against patients’ bacterial strains. High titer phage
lysates (>10'° PFU/ml) were obtained via propagation on liquid
and solid semi-synthetic media by standard methodology [27-
29]. After high-speed centrifugation (18000-20000 rpm, 1-1.5
hr) phage pellets were resuspended in SM buffer and stored at 4°C
overnight, then centrifuged at 5000 rpm 20 min and supernatant
dialyzed against PBS for 24 hours. The obtained semi-purified
phage preparations were checked for final titer and tested for
Endotoxin content using the ToxinSensor™ Chromogenic
LAL Endotoxin Assay Kit (Gen Script, USA) according to the
manufacturer’s instructions. Phage preparations were stored at
4°C until used in immunological assays.

Neutralization assay for APA detection:

Anti phage neutralizing activity in biological samples was
determined using classical methodology [27,28]. Briefly, serum,
urine, and saliva samples were diluted in saline (1:25, 1:50, 1:100,
1:200) and incubated with phage suspensions for predefined
time intervals (10 and 30 minutes). The quantity of infective
phage particles before and after incubation was measured by
double layer method to calculate percent of inactivated phages.
The neutralization constant K was determined using the
formula: K = 2.3 x (D/T) x log(Po/Pt) where, K is the rate of
phage inactivation, D - serum dilution, 7 - the time of reaction
in minutes (10 and 30 min), P0 -the initial phage titer and P? -
the phage titer after reaction. K values <5 were interpreted as a
weak neutralization [24,30].

Detection and quantification of APAs by ELISA:

The indirect ELISA was used to measure APAs in blood sera,
saliva and urine according to a number of protocols [21,22,24,29]
with some modifications. Briefly, the samples of semi purified
phage preparations (1x10%pfu/ml) were adsorbed onto 96 flat-
bottom well plates, incubated for 1 hr at 37°C and kept overnight
at 4°C. After 5x washing with 1xPBS the blocking solution -
2% Bovine serum albumin (BSA)- was added and incubated at
room temperature for 2hrs. Then the processed samples of sera,
urine and saliva diluted across a range of 1:25-1:800 (mostly
standardized at 1:50) were added and incubated for 2 hrs at 37°C.
After multiple washings secondary antibodies- HRP conjugated
total anti human IgG/A/M antibodies (Novex, Life Technologies,
USA) at the dilution 1:2500 were added and incubated for 1hr at
37°C. Following a series of washings a substrate -Ultra- TMB-
ELISA (Thermoscientific, USA) was added, according to the
manufacturer’s instructions. After stopping the reaction with
0.2 M H,SO,, the absorbance of ELISA plates was measured
at 450 nm on the microplate reader EL808 (Biotek, USA). The
absorbance values for control samples (without phage) were
subtracted.

Comparison of average APA levels:

To contrast the changes in APA levels between samples
arithmetic means were calculated on the values obtained from
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all patients (n = 11) and the box plots were constructed. For each
average the coefficient of variance (CV) was also measured. To
assess changes over time within the same patient group, the non-
parametric Wilcoxon matched-pairs signed rank test was used
to compare Day 0 against Day 7 and Day 14 separately for each
sample type (serum, urine, and saliva). Baseline APA levels for
patients (Day 0, n = 11) compared to that of healthy individuals
(n=6) were expressed as ratios. Statistical significance for these
independent groups was determined using the Mann-Whitney
U test. All significances were calculated in GraphPad Prism 8.

Results and Discussion.

Phage therapy of patients with UTIs: Case reports.

The eleven case reports (CR), with a brief description of
patient’s health status, causative agents and the treatment
undertaken in the frames of this observational study are given
below.

CR #1. An 85-year-old female from France had a more than
10-year history of recurrent urinary tract infections treated with
multiple courses of antibiotics without stable improvement. She
visited the EPTC twice with >3 years interval. At first admission
she was treated with phage preparations for bacterial vaginitis
and chronic cystitis that gave her nearly three years of remission
until she was hospitalized because of worsened UTI symptoms.
Since antibiotic therapy courses were unsuccessful, the patient
returned to the EPTC. Microbiological examination revealed S.
aureus (10° cfu/ml), E. coli (10* cfu/ml), and E faecalis (10° cfu/
ml) in urine and vaginal smears. Treatment consisted of SES
bacteriophage, Intestiphage, and Pyophage administered orally
twice daily and as vaginal suppositories once daily. During 18
days, her symptoms were resolved gradually and urine samples
showed bacterial counts reduced by 2-3 log. Six months later
she experienced a recurrence caused by E. coli, which responded
well to home treatment with commercial Eliava phages.

CR #2. A 25-year-old male from the United States had chronic
prostatitis for several years, unresponsive to antibiotic therapy.
He contacted the EPTC remotely and sent his specimens for
bacteriology. Semen culture revealed E. cloacae (10° cfu/
ml), and the autophage was prepared. Upon admission at the
EPTC he reported dysuria and pelvic pain. Cultures showed
E. cloacae, S. capitis, and S. hominis. Treatment included F.
cloacae autophage, Pyophage and Intestiphage administered
orally and rectally, and the probiotic Enteroflorid. During the
patient’s stay at the EPTC his symptoms improved moderately;
E. cloacae counts were moderately reduced though S. capitis
persisted. Two further courses of phage therapy with Eliava
phages at home resulted in satisfactory health status of the
patient.

CR #3. A 36-year-old female from the United Kingdom had
a 15-year history of genitourinary problems, which worsened
with urethral burning and vaginal discharge several months
before application to the EPTC. Remote microbiological
analysis revealed Enterococcus faecalis, and a customized
phage was prepared. Clinical -laboratory investigations at the
EPTC diagnosed bacterial vaginitis and chronic cystitis, with
E. faecalis and Staphylococcus hominis isolated. Treatment
included E. faecalis autophage, Intestiphage, and Staphphage
given orally and vaginally. After two weeks, her symptoms



decreased markedly, accompanied by 3 log reduction of E.
faecalis counts. At the three months follow up, a further
decrease in bacterial counts was documented, and by six months
she reported complete clinical recovery.

CR #4. A 34-year-old male from the United States had a
three-year history of prostatitis following a sexual encounter.
He reported frequent urination, genital discomfort, and
suprapubic pain. A urine and prostate secretion culture revealed
S. hominis (10* -10° cfu/ml). Upon admission to the EPTC,
treatment consisted of oral Intestiphage and SES bacteriophage
administered twice daily, rectal SES suppositories, and
Enteroflorid. Symptoms improved considerably, and S. hominis
counts decreased by 2log. The patient remained stable for three
months following treatment.

CR #5. A 33-year-old male from Southeast Asia suffered from
bacterial prostatitis for three years, characterized by pelvic
pain, urinary discomfort, and reduced libido. Initial cultures
revealed E. faecalis. Despite antibiotic therapy, symptoms
persisted. Upon admission to the EPTC, cultures from urine,
semen, and prostate secretion showed E. faecalis (105 cfu/ml)
and S. haemolyticus (10* cfu/ml). Combined treatment included
oral and rectal Intestiphage, antibiotic Amoxiclav, subsequently
an autophage of E. faecalis was added. After a 17-day course,
his symptoms improved markedly accompanied by 3- 3,5 log
reduction of bacterial load. The patient continued treatment
with the Eliava phages at home. E. faecalis was eradicated. No
serious infectious episodes were reported at the eight months
follow up.

CR #6. A 51-year-old male from India had chronic urinary
infection for several years, with recurrent episodes of dysuria
and perineal pain. Previously isolated E. faecalis prompted
preparation of an autophage. Upon admission to the EPTC,
moderate to high quantities of E. faecalis (10° cfu/ml) and S.
epidermidis (10* cfu/ml) were detected. Treatment included oral
E. faecalis autophage and Intestiphage, and seven sessions of
urethral instillation of Intestiphage. By discharge, the patient’s
symptoms had improved significantly, and the cultures were
negative for the target pathogens.

CR #7. A 43-year-old female from Germany had a decade long
history of bilateral pyelonephritis with recurrent hospitalizations
and multiple intravenous antibiotic courses. She applied to the
EPTC, sent her urine culture in which K. pneumoniae was
revealed and the autophage was prepared. Upon admission to
the EPTC she reported flank pain and weakness. The results of
an ultrasound scan indicated kidney stones and residual urine.
Cultures showed K. pneumoniae (10°cfu/ml), Streptococcus
agalactiae (10°cfu/ml), and S. aureus (10* cfu/ml). Treatment
consisted of K. pneumoniae autophage administered orally
and vaginally, and Intestiphage orally. After 13 days treatment
practically no improvement in patient’s subjective feelings
was observed, and bacterial counts did not decrease as well.
No follow up information was obtained after discharge of the
patient from the EPTC.

CR #8. A 72-year-old male from Australia developed chronic
UTIs following bladder surgery requiring regular treatment.
Six years later, after catheterization he acquired Pseudomonas
aeruginosa infection. The specimen sent to the EPTC showed a
high microbial load (103cfu/ml) and a customized P. aeruginosa
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phage was prepared. Several months later, upon admission to
the EPTC he exhibited moderate levels of P aeruginosa, S.
epidermidis, and E. faecalis. Treatment began with bladder
lavage and a single intravesical instillation with Intestiphage,
followed by a 15 days course of oral and rectal P. aeruginosa
autophage, also oral Intestiphage, Pyophage, and Enkophage.
The patient’s condition remained stable, with improved
subjective feelings although only moderate bacterial reduction
(by 2 log) was achieved. Over the following year he reported
occasional symptom exacerbations that were manageable at
home by application of Eliava commercial phages.

CR #9. A 28-year-old male from China suffered lower
abdominal and genital pain for 2 years before applying to the
EPTC. Multiple antibiotic courses were ineffective. Upon
admission he was diagnosed with chronic UTI, with high counts
(106 cfu/ml) of E. faecalis and S. aureus in urine and semen.
Combined treatment with oral Intestiphage and Pyophage,
rectal Intestiphage suppositories, and Urostim resulted in
significant symptomatic improvement. S. aureus was eradicated
and E. faecalis counts decreased significantly. Four months
follow up confirmed the absence of E. faecalis. After 18 months
a recurrence due to E. cloacae was successfully treated with
the autophage, newly prepared and sent by Eliava Authorized
Pharmacy (EAP).

CR #10. A 29-year-old female from the United Kingdom had
persistent dysuria, urinary frequency, and pelvic discomfort for
about 3 years. E. coli was repeatedly detected. Multiple courses
of intravenous antibiotics provided only temporary relief. Upon
admission to the EPTC she was diagnosed with chronic cystitis
and bacterial vaginitis. Urine and vaginal cultures revealed E.
coli (10° cfu/ml), E. faecalis (10° cfu/ml), and S. haemolyticus
(10° cfu/ml). Combined treatment included oral Intestiphage
and SES bacteriophage, Intestiphage vaginal suppositories,
Urostim, and Sanuren. After 17 days, her symptoms improved
significantly and bacterial counts decreased to 10* -10° cfu/
ml. The PT course continued at home with commercial Eliava
phages that resulted in eradication of both E. coli and F.
Jfaecalis, with intermittent low-level S. haemolyticus that wasn’t
considered clinically significant.

CR #11. A 68-year-old female from France had chronic urinary
symptoms including frequent urination, burning, foul smelling
urine, vaginal discharge, and constipation. Microbiological
testing of urine, vaginal and urethral swabs revealed E. faecalis
(10° cfu/ml) and moderate load of S. haemolyticus. Combined
treatment with oral Intestiphage and Pyophage, Intestiphage
vaginal suppositories, also Urostim, Enteroflorid, and Sanuren
resulted in marked clinical improvement. At discharge, cultures
were negative for previously isolated uropathogens. The patient
continued treatment with commercial phages at home, without
further recurrence during following 6 months.

The presented 11 case reports on patients with UTIs who
underwent short- course phage treatment at the EPTC showed
a quite diverse clinical picture — in terms of the patients’ initial
status, disease duration and severity, the treatment regimen
used and also the outcomes. The clinical assessments of all
patients before PT course, as well as clinical-laboratory testing
results (not presented here) corresponded to the characteristics
of chronic diseases with long-term history. As to previous



experience with PT, only one patient (#1, an 85-year-old
female) has been treated with Eliava commercial phages orally
three years prior to the current study; all other patients were
phage-naive.

Determining the causative agents of UTIs is the most important
part of the treatment strategy. The bacteriological analysis of
patients’ biological samples before treatment initiation revealed
the presence of some anticipated bacterial species, commonly
causing inflammatory processes in the UT. Most frequently
and in significant quantities (105 -10° cfu/ml) E. faecalis was
encountered (in 6 patients), followed by E. coli (2 patients), K.
pneumoniae and E. cloacae (in single patients each). It has to be
noted that various Staphylococcus species (S. aureus, S. hominis,
S. haemolyticus, S. epidermidis) were found in the majority
of patients, although not always in etiologically significant
amounts. Regarding antibiotic resistance, in part of the patients
bacterial isolates showed still certain susceptibility to a number
of antibiotics, while several other patients were colonized with
bacteria resistant to several antibiotics simultaneously (data not
shown).

The treatment of patients was carried out by commercial phages
and, in some cases, additionally with autophages, administered
orally (per os) as well as via rectal or vaginal suppositories.
Additional procedures, such as intravesical phage instillations,
were performed in two patients only: patient #6 (7 series of
instillations) and patient #8 (a single instillation following
bladder lavage, upon admission). While it is recognized that
different routes of administration may influence therapeutic
outcomes as well as the associated immune responses, the
limited sample size in our study does not allow for a meaningful
assessment of these variables.

To analyze the outcomes of phage therapy in a group of selected
UTI patients in relation to immune response, particularly
APA levels we firstly assessed the treatment effectiveness and
categorized them using an approach quite similar to that of
previous studies [24,30]. The evaluation of treatment outcomes
of the study patients with UTIs was based on microbiological
findings, medical examinations, clinical laboratory indicators,
as well as the patient's subjective symptoms and overall health
status after completing a short course of PT (14 days in average)
at the EPTC. For some patients, certain feedback information
was also available (see case reports). The categorization of the
11 study patients is presented in Table 1. The description of
categories is given under the table.

The brief analysis of the case reports revealed a quite good
overall outcome in the study group: 10 out of the 11 chronically
ill patients completed the treatment course at the EPTC with
positive outcomes (categories A, B, and C). Among them 6
patients demonstrated good clinical results with eradication
or significant reduction of pathogens (3 patients of A and B
categories each). In the C category with 4 patients, clinical
stabilization and improved overall health status was registered
but without satisfactory laboratory findings. For one female
patient -with severe chronic long-term pyelonephritis - 14 days
treatment didn’t yield in improvement of health status by both
objective criteria and subjective symptoms (category D-E). We
assume that the PT outcome in this particular patient could have
been significantly improved if purified phage preparations had
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been administered parenterally, primarily via the intravenous
route, which was not available at the EPTC.

The main aim of our study was to investigate the immune
response in patients in the course of phage therapy conducted
at the EPTC, in particular to measure the APA development and
to compare obtained data with the clinical outcomes in study
patients.

Assessment of antiphage antibody (APA) levels in patients
with UTIs.

In all eleven patients studied the APA levels and their dynamics
were determined in serum, urine, and saliva samples collected
before treatment (day 0) and on days 7 and 14 following PT
initiation. In total, 99 samples from patients have been used
in immune assays. In our research, two types of phages were
used for measuring APAs in biological samples: i) custom
phages - specifically prepared using patient’s own bacterial
isolates; ii) mixture of phages isolated from the commercial
cocktail “Intestiphage®“(used in the treatment of practically all
patients in the study group) by cloning and propagating on the
host strains of S. aureus, E. coli, P. aeruginosa and E. feacalis.
Both types of phages underwent a procedure for obtaining semi-
purified phage (see section ‘“Materials and methods’). Two
complementary methodologies — the phage neutralization assay
and the ELISA - were used to assess APA levels in patients’
samples. For comparison the APAs were quantified in biological
fluids from six randomly selected healthy individuals without
symptoms and bacteriological indication of UTIs.

Importantly to note from the beginning that APA levels in
biological fluids from all 11 study patients were measured
against four phage components derived from the Intestiphage
commercial preparation, and the resulting data are presented
below (Figure 1 and 2). Intestiphage derived phages were
selected as antigens because all patients in the study received
Intestiphage as part of their treatment, regardless of whether
they also received autophages or other commercial preparations.
This allowed us to use a standardized antigen source across
all participants, ensuring methodological consistency in APA
measurements. As to bespoke phages, that have been used in PT
of 5 patients (in parallel with the Intestiphage application), the
results of APA measurements will be published later separately,
together with data for other patients treated with custom-made
phages, once the corresponding cohorts reach a sufficient size.
We can only briefly note here that levels and dynamics of APAs
specific to autophages appeared to be quite similar to that of
Intestiphage in those 5 cases.

Assessment of APA levels by neutralization assay.

Neutralizing APA activity in serum was detected in all
patients, although the magnitude of the response varied widely
depending on the patient and day of sample collection (Figure
la). The neutralization constant K ranged 0.0 — 1.4 at day 0,
prior to phage treatment, started to increase by day 7 (K=0.07-
1.9) and at day 14 (an average duration of PT) K comprised 0.2
- 2.3. The highest K values were observed in the patient 10 at
all sampling points. Generally, low to moderate neutralization
activity (K < 3) demonstrated by the study patients, is consistent
with expectations for short course of local-oral phage therapy
using relatively low phage concentrations (1X10° — 1X107 pfu/



ml). Similar data - low phage neutralization values during early
period of PT were shown in the study of Lusiak-Szelachowska
[30], namely K = 0.00-0.52 in the patients’ sera prior to the PT
and relatively increased, but still low K =0.29-0.67 after 2-2.5
weeks of PT. In our study, for most patients, neutralization
activity was markedly higher in serum than in urine or even
more than in saliva (Figures 1b, c). Several individuals (P4, P5,
P6, P11) displayed zero phage neutralization activity in saliva
and also partly in urine, despite measurable responses in their
sera. Interestingly, compared to serum, a relatively expressed
mucosal reaction - the increased neutralization K was registered
atday 14 in saliva and urine of the P7 —the only patient who didn’t
respond positively to the phage treatment undertaken. Overall,
no consistent correlation was observed between neutralization
activity across the three biological fluids within individual
patients. These findings are in line with usual predominance of
systemic antibody elevation while local responses in urine and
saliva develop more modestly.

The neutralization assay as well as ELISA (see below) was
also performed on samples from six healthy volunteers using the
same protocols. Notably, none of the healthy volunteers’ samples
exhibited measurable neutralization activity against the mixture
of the four phages derived from Intestiphage. This may indicate
absence of natural neutralizing antibodies in these individuals
who have never been treated with phages. At the same time this
confirms the characteristics of the neutralization assay which
generally detects only specific neutralizing antibodies elicited
by recent or earlier sufficiently strong antigenic exposure.

Assessment of APA levels by ELISA.

ELISA results provided additional insight into humoral
responses against phages. A total of 117 samples (serum, urine,
saliva) from 11 patients and 6 healthy controls were analyzed.
ELISA revealed APA activity almost in all biological fluids, with
the highest absorbance values recorded in serum (Figures 2a,
b, c¢). Although the optical absorbance was measured at higher
dilutions as well, a 1:50 dilution was chosen for APA quantitative
detection to maintain consistency across patients and fluids.
Maximum absorbance in serum reached 2.5 absorbance units,
whereas urine and saliva showed lower peaks, reaching about

1.8 units. These results are in agreement with the concept that
systemic antibody responses, particularly to therapeutic phage
preparations, is much stronger compared to antibody presence
in local biological fluids and mucosal surfaces. Significant intra
patient fluctuations were observed during PT course: several
patients showed gradual increases over the three sampling
points, while others exhibited minimal or delayed responses.
These variations likely reflect individual differences in patients’
immune status, prior or concurrent treatments, and the extent of
bacterial infections.

Interestingly, the serum, urine, and saliva samples from the
group of healthy individuals also demonstrated APA absorbance
values by ELISA (Figure 3) - lower but still comparable
to baseline (day 0) sera from EPTC patients (Figure 2a).
However, none of these biological samples, even urine, showed
measurable neutralization activity against the same mixture
of 4 phages used in the testing in the study cohort. To explain
such divergence between the results of the two assays we can
assume that natural antibodies, likely arising from exposure to
commensal or environmental phages, may bind phage antigens
weakly without exerting functional neutralization. These
findings are consistent with the understanding that healthy
individuals could be naturally exposed to phages as antigens
and naturally produce phage-specific antibodies, even if they
never received therapeutic phages before [25].

Comparison of average APA levels across the patient co-
hort and healthy individuals.

Comparison of average APA levels among all patients
measured by neutralization assay and ELISA indicated a pattern
of increase after the exposure with phage in all fluids tested
(Figures 4a, 4b). At day 7, a statistically significant increase was
observed only in ELISA of the serum and urine but not in the
saliva. No significant increase was seen by the neutralization
assay on day 7. Antibody levels continued to increase with the
highest averages on day 14 for all samples and the changes
were shown to be significant compared to initial antibody levels
observed at day 0. In both assays, especially in neutralization,
high interpatient variability was demonstrated, although the
phage neutralization results tended to show higher average

Table 1. Grouping of study patients into categories according to the treatment outcomes*.

Category A Category B Category C Category D-E
Fatient 55 (13 vear: old omle) Patient 53 @dvears old feoml) Patient #1 §5vear: old femnale) Patient 7 (43 vears ok, female)
Bacterial proctatitis chronic UTT, combined Chronic UTT; tre atme ot with the Chromic v aginitis and cy=titis with pol- Chronic Pyelonepluiti=s; treatment with the
treatment with cormye reial phages md E. fascalis gutophage and conme rial mricrobial fiom; treatment with condbination autophage of K premansias and
mutibiokic phages of conme roial phages. conmuercial phages.
Patient 55 (51 venrs old omle) Patient 0 2§ vears old male) Patient 52 (25 vears old male)

Chromic TUTT; treatment with the
E_ fascalis gutophagze nnd nte stiphage,

Clromic UTTL;, poly nicrobinl ouliure;
onibvine d treatment with condination of

Chromic proctatitis tre atment with the
E. faecalls guiophaze and conme il

intrave Gcal nstallations with Inte stiphage.  ommercinl phage s phages
Fatient £11 (68 ve nrs old, female ) Patient 10 (28 vears old, female ) Patient 4 34 venrs old male)
Chronic vagimitis chromc oy stitis; conbined Chromic v aginitis, chrooic oy stitis; Bacte rinl prostatitis; condine d tre atoe ot
treatment with conme rrinl phage s treatment with combination of commercial — with commercial phages
pinges
Patient 58 (T2 yenrs old male)

Chromic UTT; tre atment with commerdal
phazes and the Pasmigines autophage

*Description of categories: A - good clinical response to phage therapy with eradication of a pathogen, B - good clinical results with significant
reduction of a pathogen, C - clinical stabilization with low to moderate reduction in bacterial counts; D -E - poor (transient) response or no

response to treatment without reduction in bacterial counts.
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Figure 1. APAs measured by neutralization assay in biological samples of patients with UTIs during short - term PT presented as neutralization
constant (K). a) blood serum, b) urine; c) saliva. Averages of three parallel measurements.
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Figure 4. Box plots of APA levels measured by (a) ELISA and (b) neutralization assays. The box represents the interquartile range. The
horizontal line inside the box is the median while the “X " sign is the arithmetic mean. Whiskers indicate the spread except of outlier that is
shown as a lone dot outside the whisker. Significances of increase compared to Day 0 was calculated with Wilcoxon matched-pairs signed rank
test: *p < 0.05, **p < 0.01, *** p < 0.001.
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Figure 5. Ratios of average APA levels between patients before PT (day 0) and healthy subjects measured by ELISA. Whiskers indicate
standard errors of means (SEM).

increase compared to ELISA measurements. The average
coefficient of variance (CV) across all samples measured by the
ELISA was 47 % for serum, 90 % for urine and 97 % for saliva.
In comparison the neutralization showed the following CVs: 154
% for serum, 131 % for urine and 164 % for saliva. The higher
variability seen using the neutralization assay compared to the
ELISA could indicate patient specific responses in generating
neutralizing antibodies that cannot be distinguished by ELISA.

Comparison of average APA levels measured by ELISA
revealed no significant differences between the patients before
treatment (Day 0) and randomly selected healthy subjects in
none of the three sample types (Figure 2). It should be noted that
the comparisons between healthy subjects and Day 0 patients
should be interpreted cautiously, given potential confounding
differences such as age, the chronic infection status, and prior
exposure to phage antigens.

The neutralization assay didn’t yield any positive outcomes
in the fluids of these healthy subjects, indicating the absence of
neutralizing antibodies in these samples.

Overall interpretation of treatment efficacy and APA
dynamics during short term phage therapy in patients with
UTIs.

Major Findings.

The clinical evaluation of these eleven case reports
demonstrates the significant potential of phage therapy for
managing chronic, antibiotic-resistant UTIs, dominated by
vaginitis and cystitis in females, and complicated prostatitis
- in males. While the cohort’s diverse clinical histories added
complexity to the data interpretation, some clear patterns
emerged. Despite long-standing infection histories, 10 out of
11 patients (90.9 %) achieved positive clinical outcomes after
a relatively short treatment course. Specifically, four patients
showed marked improvement alongside the reduction or
eradication of pathogens such as E. faecalis, P. aeruginosa,
and S. aureus. Notably, the largest subset achieved clinical
stabilization even when laboratory findings were less definitive.
Some patients maintained stable remission through continued
home treatment with phages. Outcomes were consistent across
this small but quite diverse group, indicating that PT can be
effective regardless of age (25-86 y) or gender.

15

Our study demonstrates that APAs develop to varying degrees
during short-course therapy, with the strongest responses
observed in serum and comparatively low levels in urine and
saliva. Despite the variability in the different biological fluids, a
general pattern - an increase in APA levels during the two week
PT was observed across the patient cohort. Most importantly,
the elevated APA levels, including increased ELISA absorbance
and higher neutralization constants, did not correlate with
poorer clinical outcome. Many patients with high APA
responses exhibited significant clinical and microbiological
improvement, while some with low APA levels showed only
modest therapeutic responses. These observations reinforce the
consensus that early humoral immune responses, particularly
during short-term treatment, are not inherently detrimental to
therapeutic success [21,31,32].

The weak or moderate neutralizing activity among the EPTC
patients indicates that short duration of treatment (15 days in
average) limited the intensity of the APA production. Since
the use of total secondary antibodies prevents isotype -specific
interpretation, we can only assume, considering the classical
humoral kinetics, that the observed early APA occurrence
(starting from 7® day after start of PT) can be driven by initial
IgM responses and also possibly by limited early IgG production
which generally peaks by >3 weeks after antigen exposure
[17,22]. When phages are administered locally — orally intensive
phage replication occurs at the infection site colonized by target
bacteria and likely helps maintain effective phage levels even in
the presence of circulating antibodies. The local environment
of the urinary tract during infections characterized by high
bacterial loads facilitates substantial phage replication and
maintains effective phage concentrations even in the presence of
antibody-mediated neutralization. To assess the persistence of
antibodies to administered phages the patients’ samples should
be collected and screened for APAs after completion of PT that
was impossible to conduct in our study. Lusiak-Szelachowska
et al. [21] found that disappearance of APAs may vary from
patient to patient and in some cases may take more than a year.

The variability in APA responses observed among patients
could be influenced by several factors: the diversity of pathogens,
the use of both commercial phage mixtures and custom phages,
differences in disease chronicity, prior exposure to phage



therapy, combined treatment with antibiotics or probiotics etc.
The inter-individual variations in immune responses certainly
can be explained by individual immune profiles, particularly by
structural and genetic differences in the human leukocyte antigen
(HLA) system [33]. In addition, patients with long standing
infections, multiple prior antibiotic treatments, and substantial
mucosal inflammation may exhibit altered or dysregulated
immune responses, potentially affecting APA kinetics. The
observed gradient in APA intensity can be also explained by
the administration routes used. Most patients received phages
primarily via oral and mucosal routes, which typically induce
weaker systemic immunity than parenteral administration - that
was used in the majority of animal studies [17,25].

Comparing ELISA and neutralization assays provided
additional evidence that these tools provide complementary but
distinct information for assessment of the immune response.
ELISA, a binding assay, identifies a broad spectrum of
antibodies - including natural, cross-reactive, or low-affinity
immunoglobulins, whereas neutralization assays detect only
the subset capable of impairing phage infectivity. We found
that healthy controls and some patients at Day 0 demonstrated
measurable ELISA signals but no neutralization activity,
indicating that natural antibodies may bind phage components
without their functional inhibition. Therefore, we think that
the presence of ELISA measured binding antibodies cannot be
viewed as a predictor of treatment failure.

Weaknesses and limitations.

Although the aim of this observational research was to assess
the PT efficacy in patients with UTIs and provide insight into
early immune response during PT and its possible impact on
the treatment efficacy, it was limited by its small sample size,
heterogeneous study population, consisting of international
patients, and restricted follow up. Most notably, the short
treatment period and limited availability of post therapy samples
prevented the assessment of longer-term APA dynamics. ELISA
results obtained with total IgG/M/A secondary antibodies didn’t
allow to make any definitive statements also regarding early
humoral responses. Additionally, use of multi-phage mixtures
for PT and, in a number of cases, some adjunctive therapies
(immunomodulators, bacterial vaccines etc), also capable
to influence the APA production, can be misleading in the
interpretations of phage therapy outcomes and related immune
responses. The use of semi-purified phage preparations, as
antigens, may also complicate the reading of the results in
immunological assays, such as ELISA.

Conclusion.

Key Findings and Future Directions.

A short-term phage therapy of chronic, antibiotic-resistant
UTIs is an effective treatment capable of providing clinical
stabilization regardless of patient age, gender, or long-standing
infection history. The high rate of positive outcomes and
stable remissions underscores the potential of PT, primarily
personalized phage treatment, as a robust alternative for
managing complex urogenital infections when conventional
treatments fail. The possible effectiveness of combined
application of PT with other adjunctive biological means also
has been indicated.
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+ Early immune response to PT, as measured by APA
development, is a natural physiological reaction and does not
represent a barrier to successful short term therapeutic phage
application in patients with urinary tract infections. Most of
the patients showed symptomatic improvement and pathogen
reduction despite measurable APA increases during short-
term PT with moderate phage doses. These findings support
the expanded use of phage therapy for managing chronic and
recurrent UTIs.

* Future studies should include longer treatment durations
and standardized treatment protocols, homogeneity of the
study cohort and extended sampling. The use of patient specific
antigen panels matched to individual therapeutic phages and
isotype specific ELISA will aid further detailed characterization
of humoral immune response, including IgM, IgA, and IgG
dynamics across various biological fluids. All this will provide
more reliable data for a deeper understanding of the role of host
antibody mediated immunity in phage therapy.
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