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SUMMARY

Background: The increase of catheter-associated urinary
tract infections (CAUTIs) caused by extensively drug-
resistant (XDR) Klebsiella pneumoniae represents a critical
failure of the current antimicrobial paradigm. In geriatric
cohorts with significant comorbidities, the exhaustion
of conventional therapeutic options often precipitates
a cycle of recurrent sepsis, prolonged hospitalization,
and prohibitively high healthcare expenditure. When
“last-resort” agents such as ceftazidime-avibactam and
colistin fail, clinicians in resource-limited settings are
left with no guideline-endorsed alternatives. This report
evaluates the clinical and economic impact of a prag-
matic non-antibiotic acidification strategy applied as a
salvage intervention in a “pan-resistant” scenario.

Case Report: We describe the complex clinical course of
an 82-year-old female with type 2 diabetes and neu-
rogenic bladder following an acute ischemic stroke.
Despite rigorous adherence to standard catheter care
protocols, she developed intractable, recurrent XDR
K. pneumoniae CAUTI. The pathogen demonstrated re-
sistance to all first-line and reserve antibiotics, leading
to four ICU admissions within a single trimester. With
methenamine hippurate unavailable and the family

declining suprapubic diversion, we initiated a physio-
logical acidification protocol. This regimen synergized
high-dose oral ascorbic acid (2g/day) - hypothesized to
downregulate virulence genes - with twice-daily blad-
der irrigation using diluted (0.25%) acetic acid to create
a hostile pH environment for bacterial adherence.

Literature Search Methods and Results: Utilizing
PRISMA principles adapted for narrative synthesis, a
systematic search of PubMed and Scopus yielded 145
initial results. After screening for relevance to non-
antibiotic salvage therapy and biofilm disruption, 17
highly relevant articles were incorporated to validate
the mechanistic plausibility of our combined protocol.
Conclusions: Following initiation of the intervention,
a sustained absence of symptomatic episodes was
observed. Over a 12-month follow-up, the patient re-
mained free of CAUTI, requiring no further antibiotic
therapy. We posit that low-cost, accessible acidification
adjuncts represent a vital “frugal innovation” for anti-
microbial stewardship in vulnerable populations.
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B INTRODUCTION

atheter-associated urinary tract infections
(CAUTIs) are among the most prevalent
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infections is increasingly complicated by the rapid
proliferation of multidrug-resistant (MDR) and
extensively drug-resistant (XDR) Gram-negative
pathogens. Globally, Klebsiella pneumoniae infec-
tions cause approximately 800,000 deaths annual-
ly, with resistance to cephalosporins and carbap-
enems driving over 50% of this mortality [1]. In
South Asia and other resource-constrained set-
tings, the epidemiology is shifting alarmingly.
Longitudinal surveillance data indicates a sus-
tained rise in resistance to cornerstone agents
among community and hospital isolates [2]. This
crisis is exacerbated by the increasing burden of
metallo-beta-lactamase-producing Enterobacter-
ales, which profoundly restrict therapeutic ave-
nues and worsen clinical outcomes [3].

K. pneumoniae is particularly notorious in this con-
text due to its ability to form dense biofilms on
catheter surfaces. Biofilms encase bacteria in a pro-
tective extracellular matrix, significantly reducing
the penetration of antimicrobial agents and ren-
dering standard susceptibility testing unreliable
[4]. Consequently, clinicians frequently encounter
scenarios where in-vitro susceptibility does not
translate to in-vivo cure, leading to a cycle of re-
lapse and escalation to toxic “last-resort” antibiot-
ics [5]. This reflects a broader global erosion of oral
antibiotic efficacy, particularly among fluoro-
quinolones, which has severely compromised out-
patient management strategies for urinary isolates
[6, 7]. The loss of these oral options often forces
unnecessary hospitalization for intravenous ther-
apy, increasing both cost and resistance risks [8].
The economic and psychosocial impact of this cy-
cle is profound, driving up healthcare costs
through prolonged admissions and loss of car-
egiver productivity, a burden disproportionately
felt in developing economies [9].

Furthermore, repeated courses of broad-spectrum
antibiotics devastate protective endogenous mi-
crobiomes. As recently highlighted by Moriconi et
al., maintaining physiological environments that
support native flora is crucial in counteracting uri-
nary tract infection occurrences and recurrences
[10]. When conventional antibiotic strategies fail,
and when alternative antiseptics like methenam-
ine hippurate are locally unavailable, there is a
critical need for “frugal innovations”—low-cost,
physiologically plausible interventions that can
disrupt biofilms without exerting antimicrobial
selective pressure. We present a case of refractory

XDR K. pneumonige CAUTI in a geriatric patient,
successfully managed with a non-antibiotic proto-
col combining bladder irrigation (acetic acid) and
urinary acidification (Vitamin C).

B CASE REPORT

An 82-year-old female with type 2 diabetes pre-
sented with progressive obtundation and hemod-
ynamic instability, necessitating Intensive Care
Unit (ICU) admission. She was diagnosed with an
acute ischemic stroke complicated by aspiration
pneumonitis and septic shock. Due to urinary re-
tention and the need for strict output monitoring,
an indwelling latex Foley catheter was inserted.
The patient was managed with intravenous ceftri-
axone, antiplatelet therapy, and supportive care.
While her neurological and respiratory status sta-
bilized, allowing ward transfer by day 5, she de-
veloped high-grade fever with rigors and turbid
urine during convalescence. Urine cultures re-
vealed MDR K. pneumoniae resistant to all first-line
antibiotics including piperacillin-tazobactam and
meropenem. The indwelling latex catheter was
immediately replaced with a 100% silicone cathe-
ter, and therapy was empirically escalated to cef-
tazidime-avibactam. Interestingly, a subsequent
CARBA-R molecular assay demonstrated the
presence of carbapenemase genes conferring gen-
otypic resistance to ceftazidime-avibactam. How-
ever, the patient exhibited clinical defervescence,
and the course was completed based on clinical
response - a discordance likely attributable to the
limitations of in-vitro testing in biofilm-mediated
infections.

Following discharge, the patient entered a cycle of
debilitating recurrences. Over the next three
months, she suffered three further episodes of se-
vere CAUTI. Episode 2 involved recurrence with
Pseudomonas aeruginosa; episode 3 involved recur-
rence with XDR K. pneumonise unresponsive to
ceftazidime-avibactam and resistant to tigecycline,
necessitating fosfomycin salvage therapy; episode
4 presented as severe pyelonephritis with macro-
scopic hematuria caused by a “pan-resistant” K.
pneumoniae strain. This final episode required re-
admission and combination therapy with merope-
nem and colistin. By the end of the third month,
the patient had undergone four hospital admis-
sions. The cumulative antibiotic exposure was im-
mense, and the organism had evolved into an
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XDR phenotype with no remaining oral therapeu-
tic options. Suprapubic catheterization was of-
fered but declined by the family. Crucially, methe-
namine hippurate, a standard urinary antiseptic,
was not available in India.

Faced with a therapeutic dead-end, a multidisci-
plinary decision was made to trial a non-antibiot-
ic, acidification-based prophylaxis protocol. The
rationale was to create a hostile urinary environ-
ment for K. pneumoniae growth and biofilm main-
tenance. Written informed consent was obtained
for this off-label approach. The regimen comprised
systemic acidification using high-dose oral Ascor-
bic Acid (Vitamin C), 2g/day in divided doses,
and local, twice-daily bladder irrigation with ster-
ile diluted (0.25%) acetic acid. The solution was
instilled via the catheter, retained for 30 minutes,
and then drained. This was paired with a strict
schedule of silicone catheter replacement every 21
days and dietary modification restricting alkalin-
izing foods. Urinary pH was monitored utilizing
Combur-Test urine dipsticks (Roche Diagnostics).
As no universally established target range exists in
current literature, we conservatively targeted a pH
of 6. Systematic monitoring of urinary pH was

performed daily for the first 5 days until this target
was achieved. Subsequently, monitoring was
spaced to fortnightly for one month, and then
maintained on a monthly basis. To monitor for po-
tential systemic acidosis resulting from topical ab-
sorption, Arterial Blood Gases (ABGs) were mon-
itored during the hospitalized duration. Following
discharge, surveillance was transitioned to month-
ly Venous Blood Gases (VBGs) to specifically mon-
itor pH and serum bicarbonate (HCO3) levels,
alongside routine electrolytes.

Prior to the intervention, the patient’s primary car-
egiver reported severe psychosocial and financial
distress. The unpredictability of the infections
meant the caregiver was unable to maintain em-
ployment, and the financial strain of repeated ICU
admissions was becoming untenable. The patient,
formerly independent, developed significant anx-
iety related to catheter care, viewing the device as
a source of constant “poison”. Following the initi-
ation of the protocol, the primary caregiver was
strictly trained in the aseptic irrigation technique
and demonstrated competency before discharge.
The active involvement empowered the family,
and they noted the immediate disappearance of

Acidification Protocol
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(Day 1)

Acute ischemic stroke
and septic shock

Latex Foley catheter

CAUTI Episode 1
(Day 5)

High-grade fever,
turbid urine
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daily
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required.

@l 12 Month Follow-Up
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Figure 1 - Timeline of clinical course, microbiological findings, and therapeutic interventions in recurrent cathe-

ter-associated urinary tract infection.

Legend: Timeline depicting the progression of recurrent catheter-associated urinary tract infections, including
clinical events, identified pathogens, and antimicrobial or non-antibiotic interventions over a 15-month period.
The initiation of urinary acidification therapy is followed by sustained clinical remission without further hospi-

talizations.

Abbreviations: CAUTI, catheter-associated urinary tract infection; MDR, multidrug-resistant; XDR, extensively

drug-resistant.
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the foul urinary odor. “It gave us our life back,”
the caregiver noted during the six-month fol-
low-up.

The intervention was well-tolerated. The patient
reported no suprapubic discomfort, burning sensa-
tion, or hematuria. Crucially, no metabolic acidosis
was observed at any point during ABG or VBG
monitoring. The follow-up regimen included
monthly urine routine, urine cultures, renal func-
tion tests (RFTs), and serum electrolytes. Addition-
ally, weekly telephone consultations were conduct-
ed to actively monitor for emerging clinical symp-
toms. Over the subsequent 12-month follow-up, the
patient remained entirely free of symptomatic
CAUTL Routine surveillance cultures occasionally
showed asymptomatic bacteriuria, but in the ab-
sence of fever or systemic symptoms, antibiotics
were withheld. The hospitalization rate dropped to
zero. The chronological sequence of clinical events,
microbiological findings, and therapeutic interven-
tions is summarized in Figure 1.

B LITERATURE SEARCH METHODS

Guided by PRISMA principles for narrative synthe-
sis, we searched PubMed/MEDLINE and Scopus
for English-language literature (up to December
2025) using combinations of: “urinary acidifica-
tion,” “ascorbic acid,” “acetic acid irrigation,” “bio-
film disruption,” and “CAUTL” From 145 initial
results, articles were systematically screened for
relevance to non-antibiotic salvage therapies, bio-
film disruption, and multidrug-resistant CAUTL

B RESULTS OF THE LITERATURE SEARCH

Following full-text assessment, 17 relevant articles
were included: 6 in-vitro mechanistic studies, 4

clinical observational studies, 3 randomized/qua-
si-experimental trials, and 4 case reports/series
(Table 1). The extracted literature validates our
combined acidification protocol along two princi-
pal mechanistic axes: (1) physicochemical disrup-
tion of biofilm integrity via local pH modulation,
and (2) attenuation of bacterial virulence through
altered gene expression and metabolic pathways.
Importantly, these findings highlight a critical clin-
ical gap. Despite strong biological plausibility and
supportive early-phase data for acetic and ascorbic
acid therapies, there remains a conspicuous ab-
sence of large-scale, controlled trials evaluating
urinary acidification for XDR CAUTL This lack of
guideline-endorsed alternatives for pan-resistant
scenarios reinforces the critical need for hypothe-
sis-generating reports such as the present study.

B DISCUSSION

This case suggests the potential utility of a “back-
to-basics” physiological strategy in the manage-
ment of modern, highly resistant infectious diseas-
es. The successful 12-month remission of an XDR
K. pneumoniae infection using acetic acid and Vita-
min C suggests a potential alternative to increas-
ingly expensive and toxic reserve antibiotics. The
efficacy of this regimen likely stems from a syner-
gistic disruption of the bacterial biofilm, the pri-
mary defense mechanism of K. pneumoniae in
CAUTIL Historic data supports the use of short-
chain organic acids as antiseptics, as acetic acid
penetrates bacterial cell walls, acidifying the cyto-
plasm and disrupting enzymatic functions [15]. A
randomized controlled trial by Chung et al.
showed that vinegar bladder irrigation signifi-
cantly reduced bacteriuria in long-term catheter-
ized patients, while Bruun et al. demonstrated the

Table 1 - Summary of Key Included Studies on Urinary Acidification.

No. of - Representative Relevance
Study Type Studies Key Findings References to Present Case
In-vitro mechanistic 6 Anti-biofilm and. agFl-v%rulence effects [11] Biological plausibility
of acidification

.Randoml.zed / 3 Reduced bac.te}‘lur}a with bladder [12,13] o it o

interventional irrigation

Observational 4 LzemeEs recurrence T E e [14] Real-world relevance
adjuncts

Case reports/series 4 Success in salvage therapy [14, 15] Direct clinical parallel
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safety of this approach in reducing catheter en-
crustation [12, 13]. More recent reports reinforce
its value as a salvage therapy when standard op-
tions fail or are unavailable [14].

While traditionally viewed merely as a urinary
acidifier, recent transcriptomic evidence suggests
Vitamin C exerts a more sophisticated mechanism.
A pivotal study by Xu et al. demonstrated that Vi-
tamin C exerts multifaceted anti-virulence activity
against carbapenem-resistant K. pneumoniae. Mech-
anistically, it dissipates the bacterial proton motive
force, thereby inhibiting the efflux pumps required
to transport capsular polysaccharides to the cell
surface [11]. Furthermore, the study confirmed that
Vitamin C downregulates the expression of critical
virulence genes, including the capsule regulators
rmpA and rmpA2, biofilm-associated genes [uxS
and galF, and fimbrial adhesion genes fimB, mrk],
and ecpA [11]. In our patient, we hypothesize that
this synergistic blockade may have impaired the
pathogen’s virulence mechanisms.

It is vital to acknowledge that acetic acid bladder
irrigation is not currently endorsed by major uro-
logical guidelines (e.g., EAU, AUA) for routine
prophylaxis. This caution is driven by theoretical
risks of chemical cystitis, hematuria, and systemic
acidosis resulting from mucosal absorption [16].
However, these guidelines largely assume the
availability of effective alternatives. In the context
of “pan-resistance,” where the alternative is septic
shock or permanent nephrostomy, the risk-benefit
calculus shifts. Our rigorous monitoring with dai-
ly pH tracking and ABG/VBG assessments con-
firmed the safety of this highly dilute (0.25%) solu-
tion, supporting previous findings in neurogenic
bladder cohorts [14]. A notable feature of this case
was the discordance between the CARBA-R assay
and the initial clinical response. Standard suscep-
tibility testing is performed on planktonic bacteria
and fails to account for the biofilm mode of growth,
which increases antibiotic tolerance by up to 1000-
fold [4]. Conversely, this implies that agents which
disrupt biofilms may restore clinical success even
when the bacterium appears resistant by standard
metrics.

The economic argument for this strategy remains
compelling, particularly regarding the “financial
toxicity” associated with antimicrobial resistance
in the Global South. In India, where out-of-pocket
expenditure accounts for over 50% of total health
spending, the cost of reserve antibiotics can be cat-

astrophic, frequently pushing families into pover-
ty [9, 17]. By replacing these prohibitively expen-
sive agents with a low-cost, home-based regimen,
we achieved a massive reduction in direct health-
care costs.

As a single-case observation, this report cannot
definitively establish causality. A key confounding
variable was the transition from a latex to a 100%
silicone catheter. While studies like Verma et al.
show pure silicone significantly reduces early bac-
terial colonization compared to latex, our patient
still suffered three severe recurrences post-switch,
suggesting silicone alone was insufficient against
these resistant isolates [18]. Furthermore, the acid-
ification protocol was paired with a strict 21-day
catheter replacement schedule, making it difficult
to isolate whether prolonged remission was driv-
en by physicochemical biofilm disruption or the
accelerated exchange frequency. Finally, although
rigorous monitoring revealed no adverse systemic
effects, long-term mucosal tolerability requires
validation in larger, prospective cohorts. There-
fore, the 12-month clinical remission represents a
strong temporal association rather than a proven
direct therapeutic effect.

B CONCLUSIONS

As the pipeline for new antibiotics slows and re-
sistance mechanisms evolve, the medical commu-
nity must look backward as well as forward. This
approach merits serious consideration as a frugal
innovation for refractory cases in resource-limited
settings. We hypothesize that sustained urinary
acidification disrupts biofilm stability while con-
currently attenuating bacterial virulence path-
ways. Large-scale, multi-center, randomized con-
trolled trials comparing acidification protocols
against standard care in silicone-catheterized co-
horts are warranted to formalize dosing protocols,
confirm safety profiles, and justify guideline en-
dorsement. This approach aligns with antimicro-
bial stewardship principles by reducing selective
pressure and preserving the efficacy of last-resort
antibiotics.
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Patient consent

Written informed consent was obtained from the
patient’s legal representative for the publication of
this case report. A copy of the consent form has
been uploaded as supplementary file alongside
this reviewed submission.
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