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Purpose: Haemorrhagic cystitis may be due to different etiologies with infectious diseases representing an insidious cause to 
diagnose. The aim of this narrative review is to provide a comprehensive overview of less common but difficult-to-diagnose causes 
of infectious haemorrhagic cystitis of bacterial, mycobacterial, and parasitic origin, Moreover, we highlight possible diagnostic tools 
and currently available treatment options in order to give an updated tool for urologists to use in daily practice.
Patients and Methods: The search engine PubMed was used to select peer-reviewed articles published from 1/Jan/2010 to 31/Aug/2022.
Results: Bacteria, fungal, TB and schistosomiasis are uncommon causes of haemorrhagic cystitis burdened by high morbidity, 
especially if not promptly diagnosed.
Conclusion: Because haemorrhagic cystitis ranges in severity from mild dysuria associated with pelvic discomfort to severe life- 
threatening haemorrhage, punctual diagnosis, and immediate treatment are essential to avoid further complications.
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Introduction
Cystitis is the inflammation of the urinary bladder; it can be acute or chronic and the degree of severity can range from mild 
dysuria associated with pelvic discomfort to severe life-threatening haemorrhage.1 Haemorrhagic cystitis, defined as the 
necrosis of bladder transitional epithelium and associated blood vessels leading to hematuria, may be due different etiologies: 
it is usually caused by chemical and/or toxin, radiation, as well as mechanical insults; however, infectious diseases (bacterial/ 
mycobacterial, fungal, parasitic or viral) may represent an insidious and difficult-to-diagnose cause of hemorrhagic cystitis.2 

In fact, haemorrhagic cystitis can develop in the context of a systemic infectious disease (eg, Cytomegalovirus (CMV), 
Tuberculosis) or may be isolated to the urinary bladder (eg, uropathogenic Escherichia coli).3,4 While the symptoms are 
typical (dysuria, frequency and urgency, irritative voiding symptoms, suprapubic pain, and haematuria), they are not specific 
to a single infectious etiology.5 Indeed, the individual level of immune suppression is related to the infectious agents that can 
be responsible for hemorrhagic cystitis.6 In this narrative review, we provide a comprehensive overview of less common but 
difficult-to-diagnose causes of infectious hemorrhagic cystitis of bacterial, mycobacterial, and parasitic origin; moreover, we 
highlight possible diagnostic tools and currently available treatment options for each pathogen.

Materials and Methods
A narrative review was carried out to retrieve the scientific evidence on bacterial, Candida spp, Tuberculosis (TB), and 
Schistosoma spp. causes of haemorrhagic cystitis. The search engine PubMed was used to select peer-reviewed articles published 
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from 1/Jan/2010 to 31/Aug/2022. The references of the selected manuscripts were carefully assessed to collect articles not 
included in the primary search by two different authors (NR and GM). The following keywords were used to broaden the 
spectrum of the article: (haemorrhagic cystitis) AND (infection); (haemorrhagic cystitis) AND (infection). A total of 584 records 
were found. Based on titles, abstracts, and the content of the full texts, a total of 29 studies were deemed suitable (Figure 1).

Results
Fungal Infection
Fungal infections of the urinary tract are a relatively rare condition with an incidence of 1–2.2%.7 Candida spp. is the most 
common organism that can cause urinary tract infections (UTIs) among fungi.8,9 Other fungi include Cryptococcus neofor-
mans, Aspergillus spp., and Mucorales. Blastomyces dermatitidis can cause acute prostatitis, and both B. dermatitidis and 
Histoplasma capsulatum can be responsible for epididymal-orchitis, but they are not usually involved in hemorrhagic cystitis.9 

Fungal infections associated with hemorrhagic cystitis include Candida spp., Aspergillus spp., and Mucorales.

Candida Species
Epidemiology 
Candida spp. is a fungal pathogen that can be part of the healthy human microbiome but can also cause mucosal infections or 

Figure 1 Flowchart. Adapted from Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for 
reporting systematic reviews. BMJ. 2021;372:n71. Creative Commons.
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invasive candidiasis.10 Candida urinary tract infections (UTIs) are less common in the community, whereas they are more 
frequently reported in hospitalized and immunocompromised patients.8 Literature lacks standardized and generalizable 
criteria for defining infection and colonization.8 The prevalence of candiduria (≥104 cfu/mL in women and ≥5 × 103 cfu/ 
mL in men) in urine samples from both outpatients and inpatients is high, accounting for 1% of urine cultures positive for any 
pathogen in hospital laboratories (0.2% of all cultures evaluated).11 The incidence of candiduria can increase up to 22% in 
intensive care units,12 17% in catheterized patients with spinal cord injury,13 3.4–11% in renal transplant recipients,14,15 and 
10% in patients with type 2 diabetes patients.16 However, the clinical significance of candiduria is controversial. In 
a prospective multicenter observational study, only 2–4% of patients with candiduria had lower urinary tract symptoms 
(LUTS) or hematuria suggestive of UTIs.17 Some risk factors for Candida urinary tract infections have been identified, 
including diabetes mellitus, indwelling catheters, renal transplantation, and immunosuppression.8,12,18

Clinical Presentation 
Most patients diagnosed with candiduria are asymptomatic and do not need any medical medicalt. If symptoms are 
present, clinical features are usually indistinguishable from bacterial UTIs.8 Hemorrhagic cystitis due to Candida species 
is uncommon and usually belongs to high-risk patients such as HIV-infected patients with persistent low CD4+ cell 
count, hematological, and/or oncological patients with persistent neutropenia.19 Greene et al reported a case of hemor-
rhagic emphysematous cystitis (EC) secondary to Candida albicans in a patient with agnogenic myeloid metaplasia and 
treated with prolonged intermittent corticosteroids.20

Tran et al reported a unique case of haemorrhagic Candida glabrata cystitis in an immunocompetent patient after three 
months of therapy with empagliflozin.21 The patient had a history of type 2 diabetes and neurogenic bladder after 
transurethral resection of the prostate. The Authors did not provide information on diabetes control. They hypothesized 
that empagliflozin-induced glycosuria may have played a role in the development of the infection. It is well established 
that empagliflozin is associated with a higher rate of genital mycotic infections22 and in some rare cases has been 
associated with disruptive clinical conditions, such as Fournier’s gangrene.23

Nonetheless, a pooled analysis of four Phase 3 trials did not demonstrate an increased risk of UTIs for empagliflozin 
compared with placebo. Therefore, the evidence for an etiologic link between empagliflozin and hemorrhagic cystitis 
remains controversial.24

Anecdotal cases of coinfections with multiple fungal organisms have been reported in the literature. A rare double 
fungal infection of the bladder due to Candida albicans and Cladosporium presented with lower urinary tract symptoms 
(LUTS) and hematuria was reported by Kandaswami et al.20

Diagnosis 
Although detection of Candida in urine culture is essential for diagnosis, colony counts do not help to distinguish 
contamination from colonization or infection.18 Cystoscopic examination may reveal pseudo membranes or pale plaques 
overlying the urothelium. Ultrasonography or computed tomography may be used in selected cases to detect complica-
tions (fungus ball, abscesses, pyelonephritis) or abnormalities of the urinary tract.8 Imaging studies may be recommended 
to find any risk factor (for example, urinary retention) in case of failure of antifungal therapy.25

Treatment 
Fluconazole is usually the drug of choice, pending antifungal susceptibility test (400 mg loading dose, 200 mg (3 mg/kg) 
daily for 14 days) due to its good penetration in the urine and in the bladder. In patients with Candida spp resistant to 
fluconazole, liposomal amphotericin B, 3–5 mg/kg daily for 1–7 days, or oral flucytosine, 25 mg/kg 4 times daily for 7– 
10 days may be considered.8,26 In selected patients (intolerance to systemic therapy, adverse reactions, or azole-resistant 
organisms) amphotericin B deoxycholate bladder irrigation (50 mg/L sterile water daily for 5 days) may be considered.27

Other Fungal Infections
The literature on other fungal organisms as etiologic factors of hemorrhagic cystitis is scarce and only a few case reports 
are available. Mucorales, Cryptococcus neoformans, Aspergillus fumigatus, and Torulopsis glabrata may be associated 
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with haemorrhagic cystitis.28,29 Muthe et al reported the case of a 60-year-old diabetic woman diagnosed with 
a mucormycosis infection of the urinary tract presenting with LUTS and recurrent hematuria during SARS-CoV-2 
infection.20 Rhizopus species was detected in a fungus-ball-specimen retrieved during cystoscopy in a patient with 
haemorrhagic cystitis. The patient received intravenous liposomal amphotericin B for 6 weeks followed by posaconazole 
300 mg daily for 4 weeks. Complete recovery of symptoms was reported after 10 days. According to the guidelines of the 
Third European Confederation of Medical Mycology, and the Mycoses Study Group Education and Research 
Consortium, the first-line therapy for mucormycosis is liposomal amphotericin B (L-AMB) and surgical resection.30 

However, despite effective antifungal treatment combined with surgery, mucormycosis maintains a poor prognosis with 
a mortality rate of 60–90%, particularly in immunocompromised patients.31,32

Bacterial Infection
Epidemiology
Uropathogenic Escherichia coli (UPEC) is by far the most common cause of UTI, accounting for 80% of outpatient infections 
and 25% of nosocomial infections.33 Among the most common bacterial causes of hemorrhagic cystitis Escherichia coli, 
Staphylococcus saprophyticus, Proteus spp, and Klebsiella spp can be found.29,34 Non-typhoidal Salmonella (NST)35,36 and 
Chryseobacterium indologenes are anecdotally reported as bacterial causes of haemorrhagic cystitis.37

Clinical Presentation
Bacterial hemorrhagic cystitis presents with LUTS and hematuria and is indistinguishable from other infectious causes. 
Chronic and recurrent bacterial cystitis can rarely lead to life-threatening complications, such as spontaneous bladder 
rupture. Olanipekun et al reported a case of a 57-year-old woman with diabetes mellitus and end-stage renal disease on 
hemodialysis who presented with bladder necrosis and perforation due to E. coli.38

A rare form of complicated bacterial UTIs is emphysematous cystitis (EC) which is characterized by the presence of 
gas within the bladder wall and the lumen.39 EC is more frequently reported in elderly women with uncontrolled diabetes 
mellitus. Other risk factors for EC include recurrent UTIs, neurogenic bladder, and urinary stasis due to bladder outlet 
obstructions.39 The most common gas-producing bacteria are E. coli (60%) and Klebsiella pneumonia (10–20%).40,41

Clinical symptoms of EC range from asymptomatic conditions (up to 7%) to severe sepsis.39 Gross haematuria occurs in 
60% of cases.39,42 The most common manifestation is abdominal pain (80%), whereas pneumaturia is usually less frequent.39

A few anecdotal cases of hemorrhagic cystitis due to less common bacteria have been reported in the literature. Teh 
et al described the case of an immunocompetent 27-year-old male who presented with gross hematuria and LUTS after 
a five-month trip through South America. He also complained of sweating, fever, nausea, vomiting, abdominal cramps, 
and diarrhea. A urine culture at presentation revealed Salmonella Oranienburg. The patient reported complete sympto-
matic recovery after the administration of intravenous ampicillin and gentamicin and subsequent oral switch to 
amoxicillin–clavulanate.35 Another case of hemorrhagic cystitis due to NST that caused massive bleeding and shock 
was described by Na et al.36 He presented with disorientation, high temperature (38°C), pyuria, hematuria, and watery 
diarrhea. He suffered from not well-controlled diabetes.

Diagnosis
The most important investigation in the evaluation of a patient with bacterial haemorrhagic cystitis is midstream urine 
culture with antimicrobial susceptibility testing (AST) in order to guide appropriate treatment.43 Ultrasound (US) should 
be performed to rule out upper urinary tract obstruction or renal stone disease in patients with a history of urolithiasis, 
renal dysfunction, or high urine pH.44 In patients with persistent hematuria or pathogens other than E. coli, urethrocysto-
scopy and further imaging, such as a contrast-enhanced computed tomography (CT) scan, or excretory urography, may be 
recommended to detect underlying conditions and to estimate the severity of infection.1 In case of symptomatic EC, 
abdominal CT could be useful to assess the presence of ascending emphysematous infections, intraabdominal abscesses, 
or adjacent neoplastic disease.39
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Treatment
Antibiotics, bladder drainage, and treatment of predisposing conditions are the most important aspect of the treatment of 
hemorrhagic cystitis. Antimicrobial treatment is always guided by AST, while empiric antibiotic treatment should cover 
Gram negative pathogens and should be guided by local epidemiological resistance assessment.45

Tuberculosis
Epidemiology
According to 2022 WHO Global Tuberculosis (TB) Report, TB cases are increasing across the world, and 10.6 million 
people fell ill with TB in 2021.46 Pulmonary dis-ease is the most common presentation of TB,47 however between 5% 
and 45% of disease localization have features of extrapulmonary TB (EPTB), and genito-urinary TB (GUTB) is among 
the most frequent localization.48 Moreover, between 2% and 20% of cases of pulmonary TB show concurrent genitour-
inary involvement through haematogenous dissemination of Mycobacterium tuberculosis from the lungs to kidneys, 
ureters, bladder, prostate, epididymis, urethra, ejaculatory ducts, and genital organs, often well before a diagnosis of 
pulmonary disease has been established.49,50 Due to its frequently asymptomatic presentation, the prevalence of GUTB is 
hard to estimate. However, 15–20% of the 10 million new TB diagnoses presented with extrapulmonary TB annually.50 

GUTB is most frequently described in middle-aged (40 to 50 years old) and males (2-to-1 ratio).50 Nation-wide TB 
prevalence, TB-HIV co-infection rates, or individual-specific characteristics, such as immunosuppression, malnutrition, 
renal transplantation, chronic renal disease and dialysis, liver disease, alcohol or substance abuse, and homelessness may 
further increase the risk of GUTB.50

Clinical Presentation
Symptoms of GUTB, such as pollakiuria and incontinence, appear when the chronic inflammatory insult to the bladder 
wall epithelium causes fibrosis of the tissue and ureterovesical junction dysfunction, resulting in reduced bladder capacity 
(usually less than 100mL).49 Other described symptoms of GUTB are low-back pain (34.4%) and hematuria (35.6% 
overall, 24.5% in developed countries, 44.3% in developing countries).49 Furthermore, GUTB may cause symptoms only 
in advanced stages of the disease48 when vesicoureteral reflux has already determined chronic renal failure.51

Diagnosis
The gold standard for the diagnosis of GUTB is the identification of the mycobacterium on culture of urine samples; 
however, this method is often untimely (with from 4to8 weeks required), requires multiple samples (3–6 morning urine 
samples), with a reported sensitivity varying from 10.7 to 90%.52 Direct microscopy of Ziehl-Neelsen staining of urine 
samples for the detection of mycobacteria is a rapid test with a specificity of 96.7% and sensitivity of 42.1–52.1%, but it 
cannot discriminate between Mycobacterium tuberculosis and other mycobacterial species.53 The sensitivity and speci-
ficity of off-label use of molecular testing (GenXpert) on urine samples ranged from 89% and 95% in culture-confirmed 
cases, while to 55% and 99% in clinically diagnosed GUTB cases with a composite reference standard;54–56 although not 
validated for extrapulmonary samples, this test combines the possibility of an early diagnosis with the detection of 
genotypic resistance to rifampicin; conversely, a negative test may not exclude GUTB. In the subgroup of people living 
with HIV (PLWH), lateral flow lipoarabinomannan (LF-LAM) assay on urinary specimens may be considered to 
consolidate the diagnosis of TB in combination with other methods.57 Radiological testing such as intravenous urography 
and abdominal computerized tomography scan (CT-scan) may support initial clinical suspect, demonstrating the presence 
of calyceal irregularities, infundibular stenosis, pseudotumor or renal scarring, renal cavitation, urinary tract calcification, 
collecting system thickening, stenosis, or dilatation, and contracted bladder:58 these findings have shown sensitivity up to 
91.4% for GUTB.52 Invasive procedures (cystoscopy, transurethral biopsy) may reveal the presence of histological 
alteration compatible with mycobacterial infection and support clinical suspicion when other methods are inconclusive.59

Treatment
The treatment regimen for GUTB is unaltered from the regimen used to treat pulmonary TB and is guided by drug- 
susceptibility-testing (DST); for drug-susceptible TB (DS-TB) 2 months of rifampicin (R), isoniazid (H), pyrazinamide 
(Z) and ethambutol (E), followed by 4 months of HR alone are indicated. Resistance patterns may vary and may 
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comprehend first-line drugs as H and R (multi-drug-resistant TB or MDR-TB), or first-line drugs and any second-line 
drug as fluoroquinolones (FLQ) (pre-extensively DR-TB or pre-XDR-TB) and at least one of bedaquiline (BDQ) and 
linezolid (LZD) (ex-tensively-drug-resistant TB or XDR-TB); expert specialists in the management of drug-resistant TB 
(DR-TB) should select the adequate regimen in these cases.60 Surgical interventions to restore adequate bladder 
capacities, such as augmentation or orthotopic neobladder via devulgarized bowel segments, have been performed in 
case of severe fibrosis to avoid vesicoureteral reflux and subsequent kidney injury. Late diagnosis of GUTB may result in 
progression of disease to the point that ablative surgery represents the only available approach.61,62

Schistosomiasis
Epidemiology
Schistosoma haematobium, a trematode with a widespread presence in developing countries’ fresh waters,63 responsible 
for infecting 250 million people across the world and for 280.000 deaths each year, is a common cause of genito-urinary 
bleeding.64 However, schistosomiasis may be underdiagnosed in non-endemic countries.65,66

Clinical Presentation
Although mostly asymptomatic, haematuria and dysuria may be present in the early and post-acute phases of schisto-
somiasis alongside fever, and nonspecific systemic symptoms.67 Hydronephrosis secondary to urinary tract obstruction 
with or without kidney involvement, bladder calcification, urothelial damage, bladder squamous cell carcinoma, as well 
as fertility decline may follow the progression of the disease.67

Diagnosis
Although lacking a gold standard definition, the detection of viable eggs through urine filtration microscopy is the 
mainstay for the diagnosis of schistosomiasis,68 while serological assays may represent a valuable option for screening of 
imported cases in low-burden countries, with a reported sensitivity ranging from 21.4 to 71.4% and specificity ranging 
from 48.8% to 94.3%.69,70 Further diagnostic methods, including anti-genic and molecular tests, are under study.71

Treatment
Praziquantel (PZQ) is considered the best available drug for schistosomiasis although its mechanism of action is not fully 
understood.71,72 In the absence of standardized regimen, a single-day, oral dose of 40 mg/kg of PZQ is indicated by most 
authors as safe and effective for all Schistosoma spp, either in one or divided in two administrations,71 with a reported cure rate 
of 77.1% for S. haematobium.73 No correlation between cure rates and dosage of PZQ has been described for 
S. hematobium,73 how-ever, especially in low-burden settings, higher dosages (up to 80 mg/kg), or a second PZQ dose 
after 15 days from the first, have been safely and effectively used.71 Reports of decreased PZQ sensitivity in some Schistosoma 
spp. strains are concerning;72 however, new therapeutic strategies are in development.72,74,75

Conclusion
Bacteria, fungal, TB, and schistosomiasis are uncommon causes of haemorrhagic cystitis burdened by high morbidity, 
especially if not promptly diagnosed. Due to the paucity of literature and the difficult-to-diagnose presentation, especially 
in Western countries, urologists are not well aware of which infectious disease agent may be the cause of haemorrhagic 
cystitis.

Because haemorrhagic cystitis ranges in severity from mild dysuria associated with pelvic discomfort to severe life- 
threatening haemorrhage, punctual diagnosis, and immediate treatment are essential to avoid further complications.

Disclosure
The authors report no conflicts of interest in this work.
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