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Acute hemorrhagic cystitis (AHC) is one of 
the most common causes of gross hematuria in the 
pediatric population, especially in males (43%) rather 
than in females (9%), and more frequently in early 
childhood (1). However, macroscopic hematuria is 
the main clinical sign of urinary tract infection (UTI) 
in the emergency department and can be present in 
up to 26% of the cases. Therefore, it is essential to 
recognize this condition and be put in differential 
diagnosis with other causes of gross hematuria that, 
differently from AHC, do not have the same self-
limiting and benign course.

Etiology
Up to 20-50% of AHC are consequences of 

infections sustained by Adenovirus types 11 
and 21 (but types 14, 34, 35, 3, 7 can also affect 
urinary tract epithelium). Bacteria, fungi, and 
parasites are less common causes of hemorrhagic 
cystitis. In a smaller percentage of the cases, AHC 
may be determined even by Influenza A virus, 
Cytomegalovirus (CMV) and bacteria (such as 
Escherichia Coli and Klebsiella pneumoniae) (2, 3). 
The other bacteria isolated and causing hemorrhagic 
cystitis are Staphylococcus saprophyticus, Proteus 

mirabilis and Klebsiella species. Candida albicans, 
Cryptococcus neoformans, Aspergillus fumigatus, 
are also associated with AHC. The urothelium in 
Candida infection is more frequently covered with 
pseudomembranes or pale plaques, while infections 
by parasites are rarer. The implant of Schistosoma 
haematobium in the mucosa predispose to the 
development of squamous cell carcinoma of the 
urinary bladder. Calcified cysts of Echinococcus 
granulosus infiltrate the bladder wall causing 
hematuria (4). 

AHC can also be the consequence of 
exposure to radiation or alkylating drugs such 
as cyclophosphamide, busulfan, chlorambucil, 
ifosfamide. Moreover, in immunocompromised 
patients, the reactivation of latent Polyoma BK virus 
(less frequently, even JC virus) may play an essential 
role in AHC. For this reason, immunocompromised 
patients and, more specifically, the pediatric 
population undergoing bone marrow transplantation 
are more likely to suffer from AHC. In these 
cases, the resulting severe bleeding can be a life-
threatening event and deserves specific treatment 
and opportune prevention (5). Nevertheless, it is 
important to remind how adenovirus infections 
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of focally derived microorganisms through the 
urethra. UPECs are opportunistic intracellular 
pathogens resistant to innate immune responses 
that invade the uroepithelium thanks to fimbriae 
(or pili). There are two types of fimbriae, type 1 
pilus and type P pilus. Both types of pili consist of 
major pilus protein subunit (pilus stalk) and several 
minor subunit proteins representing the actual 
adhesins (37). These pili are involved in the initial 
attachment of UPEC to the urinary tract mucosa 
and biofilm formation. Other bacterial cell surface 
virulence factors include flagellum and capsular 
lipopolysaccharide (LPS). However, UPEC 
elaborates on other secreted virulence factors such 
as adhesins, toxins, enzymes that play different 
pathogenic roles during infection. 

Hemolysins and siderophores are responsible 
for the colonization of urinary tract infection and 
persistence despite the host immune response. 
On the other hand, another virulence factor is 
activating the epithelium defence system after the 
adherence to the surface of the bladder. The LPS 
of E. coli activates Toll-like receptors (TLR); 
as a consequence should be the stimulation of 
inflammatory factors transcription, cytokine 
production, neutrophil recruitment and finally, 
exfoliation of infected bladder epithelial cells. 
These virulence factors of UPECs are associated 
with antimicrobial resistance (38).

Clinical features
AHC is characterized by sudden-onset gross 

hematuria in an otherwise healthy child; hematuria 
may appear at the end of the beginning of the 
voiding act, or less frequently, it can be present 
during the whole micturition; the color of urine is 
generally bright red and presence of blood clots is 
frequent. Hematuria is generally associated with or 
preceded by dysuria, frequency, urgency, tenesmus, 
oppressive suprapubic pain, enuresis, but it can 
rarely be the only clinical feature of AHC. Fever 
is uncommon, but it can be present in a small 
percentage of cases, together with other symptoms 
of adenovirus infection (ocular, gastrointestinal or 
respiratory). Possible complications may be anemia 
and clots that may obstruct the urine flow, but in 

are possible causes of glomerular hematuria in the 
context of IgA nephropathy (6). 

Other uncommon causes of AHC are vasculitis, 
amyloidosis and genetic syndromes (mutation 
of ITGB4 gene for integrin β4 subunit in 
epidermolysis bullosa). However, it is necessary 
to remark that in an important percentage of 
the cases, it is impossible to determine a causal 
agent for AHC (7,8). From an omic science-based 
perspective, many basic and clinical investigators 
tried to decipher the pathophysiological factors 
underlying acute hemorrhagic cystitis in children; 
this led to the identification of an intricate and 
complex interplay of genetic and non-genetic 
(immunomediated, metabolic) factors which may 
cause acute hemorrhagic cystitis or predispose/
contribute to this condition (9, 10). This complex 
disease model covering different potential factors 
is commonly observed in the aetiology of several 
complex and not yet fully understood pediatric 
conditions. However, the advent of next-generation 
and other related technologies led to an increased 
understanding of the monogenic causes underlying 
many of these childhood diseases (11-16). 

Several different genes and cellular mechanisms 
have thus been identified in recent years, and this 
highlighted the importance of omic sciences in 
defining the clinical spectrum and the therapies 
tailored to many disorders of infancy (17-
20). Notably, genes that regulate response to 
environmental factors or influence metabolic 
substrate or sub-cellular events have been revealed 
to be causative for previously neglected disorders 
(21-29). In addition, our understanding of the 
processes associated with rare and/or multisystemic 
abnormalities will be pivotal for targeted treatments 
and the development of personalized pediatrics, 
according to several examples (30-36). 

Acute hemorrhagic cystitis due to Escherichia coli
Escherichia coli (E. coli) is the most common 

organism causing urinary tract infection (UTIs) 
in infants (about 80-85% of cases). Among the 
different strains of E.coli, uropathogenic E. coli 
(UPEC) is a normal commensal of the human gut 
that colonizes the urinary tract from the ascension 
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diagnostic evaluation. First-step blood analysis 
should be comprehensive of CBC, reticulocytes 
count, serum creatinine, urea, albumin, bilirubin, 
LDH, CPK, cholesterol, serum electrolytes, C3, 
C4, coagulation profile, RCP, ESR, ASOT. HMGB1 
serum level may be altered (41, 42). Abdominal, 
renal and bladder the US should be performed to 
exclude the presence of calculi or tumor masses. 
Once other causes are excluded, diagnosis of AHC 
can be easily performed (43).

Therapy
There are no specific guidelines for the AHC 

treatment. The role of antibiotics remains unclear, 
even though viruses are the most common cause 
of AHC, there is the hypothetical increased risk 
of bacterial colonization due to the damage of 
bladder epithelium and the alterations of the regular 
mechanics of urination, especially in girls or in people 
who have risk factors in developing complicated UTI. 
It is possible to choose broad-spectrum antibiotics 
if the pathogen responsible for AHC has not yet 
been identified with certainty. AHC supported by 
viruses and fungi is eradicated by administering 
specific antivirals or antifungals. Instead, for 
alkylating drug-related AHC, this condition may be 
prevented by administering specific antidotes such 
as classical 2-mercaptoethanesulfonic acid (Mesna) 
(44). melatonin administration may be a beneficial 
treatment (45-49). 
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Differential diagnosis in pediatric first aid
The evaluation should start in the pediatric 

emergency department from clinical condition 
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described before) and patient history. It is necessary 
to exclude traumas, drugs exposition, familial 
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