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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 
UTIs 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].

UTIs 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, 

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 a major natural 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 
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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 ≥ 105 cfu/ml of urine was indicative of significant 
bacteriuria, while ≥103 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 <1 log change or stable counts.
Therapeutic phage preparations used in 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 105 - 106 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; 
ii) “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 
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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 (≥1010 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 ToxinSensorTM 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 × (D/T) × log(P₀/Pt) where, K is the rate of 
phage inactivation, D - serum dilution, T - the time of reaction 
in minutes (10 and 30 min), P0 -the initial phage titer and Pt - 
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 (1x108pfu/ml) were adsorbed onto 96 flat-
bottom well plates, incubated for 1 hr at 37℃ and kept overnight 
at 4℃. 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℃. 
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℃. 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 H2SO4, 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 

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 (10⁶ cfu/ml), E. coli (10⁴ cfu/ml), and E faecalis (10⁵ 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 (10⁶ 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 E. 
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 
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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 (104 -10⁵ 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 (104 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 (106 cfu/ml) and S. 
epidermidis (104 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 (10⁶cfu/ml), Streptococcus 
agalactiae (10⁵cfu/ml), and S. aureus (104 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 (10⁸cfu/ml) and a customized P. aeruginosa 

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 (10⁶ cfu/ml), E. faecalis (10⁶ cfu/ml), and S. haemolyticus 
(10⁵ 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 102 -10³ cfu/
ml. The PT course continued at home with commercial Eliava 
phages that resulted in eradication of both E. coli and E. 
faecalis, 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 
(10⁵ 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 
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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-naïve.

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 -106 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 

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 
1a). 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 (1X105 – 1X107 pfu/
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ml). Similar data - low phage neutralization values during early 
period of PT were shown in the study of Łusiak-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 
at day 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*.

*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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a

b

c

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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b

c

Figure 2. APAs measured by ELISA in biological samples of patients with UTIs during short - term PT presented as absorbance values at 450 
nm. a) blood serum; b) urine; c) saliva; Averages of two parallel measurements.
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Figure 3. APAs measured by ELISA in biological samples of patients with UTIs during short - term PT presented as absorbance values at 450 nm
 a) blood serum; b) saliva; c) urine; Average of two parallel measurements.

a

b

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. 

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 7th 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 
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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.

• 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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