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CASE REPORTS

Intracellular bacterial communities 
in patient with recurrent urinary tract infection 
caused by Staphylococcus spp and Streptococcus 
agalactiae: a case report and literature review
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Abstract 

Background:   Urinary tract infections (UTI) are among the most frequent pathologies worldwide. Uropatho‑
genic Escherichia coli (UPEC) is the leading etiological agent; however, depending on the patient’s characteristics, 
the etiology may include some atypical pathogens. Some pathogenic bacteria can internalize in the urothelial and 
phagocytic cells complicating treatment and timely diagnosis.

Case presentation:  We present a clinical case of a married female patient with urological alteration, constant cath‑
eterization, and urethral dilation with recurrent UTI for ten years, with five episodes per year and reports of negative 
urine culture. The microscopic analysis revealed intracellular bacterial communities (IBC) and pyocytes with active 
bacteria. A protocol was designed for the release of intracellular bacteria in urine samples; without the proposed treat‑
ment, the urine culture was negative. However, upon releasing the internalized bacteria, we obtained a polymicrobial 
urine culture. We isolated and identified Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus simulans, 
and Streptococcus agalactiae. All microorganisms were sensitive to nitrofurans and sulfas. The patient is under treat‑
ment with nitrofurantoin and continuous follow-up by our workgroup.

Conclusions:   It is essential to look for IBC and pyocytes with active bacteria in patients with recurrent UTIs to avoid 
false-negative urine culture results and provide timely treatment. Polymicrobial culture must be considered depend‑
ing on the patient and clinical history.
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1 � Background
Urinary tract infections (UTI) are among the most com-
mon infectious diseases worldwide [1], being uropatho-
genic Escherichia coli (UPEC) the leading etiological 
agent. However, the etiology can differ depending on the 
type of patients and their clinical background. Other less 

frequent uropathogens are Klebsiella pneumoniae, Strep-
tococcus agalactiae, Proteus mirabilis, Salmonella spp, 
Staphylococcus spp, Enterococcus spp, and Candida spp 
[2]. These microorganisms possess virulence and anti-
microbial resistance characteristics that allow them to 
adapt to the urinary tract environment and successfully 
carry out their pathogenesis mechanism. In this sense, it 
is reported that some urinary pathogens such as UPEC, 
K. pneumoniae, Staphylococcus spp, S. agalactiae, and 
Enterococcus faecalis can internalize into the bladder 
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epithelium, forming biofilm-like bacterial consortia 
called intracellular bacterial communities (IBC) [3–7].

IBCs are formed due to the interaction of the patho-
gen with receptors present on the cell surface leading to 
a rearrangement of the actin cytoskeleton, allowing the 
internalization of the pathogen in an endocytic vacuole 
from which they are subsequently released to gain access 
to the cell cytoplasm, where they replicate [8, 9]. IBCs 
are important because they have been associated with 
immune evasion, antimicrobial resistance, persistence 
in the urinary tract, and recurrence of UTIs [3, 9, 10]. In 
addition, IBCs have also been associated with false-nega-
tive urine culture results, which considerably complicates 
diagnosis and timely treatment [11].

Despite its importance, there are few reports of IBC in 
the urinary sediment of patients with urinary tract infec-
tions. Polymicrobial cultures are generally considered 
contamination. However, there is evidence detailing the 
importance of polymicrobial infections, the interaction 
of these mixed bacterial populations, and their impact on 
infection development and persistence [12].

2 � Case presentation
A 40-year-old married female patient was diagnosed 
with urethral stenosis after a bladder catheterization 
performed ten years ago. Bilateral renal and bladder 
ultrasound with convex transducer showed bilateral non-
obstructive renal lithiasis, a full bladder with a volume 
of 297  mL, slightly thickened wall of 6  mm post-void, 
without mural lesions, homogeneous and anechoic con-
tent, with ureteral jets with adequate strength and fre-
quency. Post-micturition, the patient presented urinary 
retention of 44% (132 mL). The patient has been submit-
ted monthly since 2016 for catheterization and urethral 
dilation procedure to treat the urethral stenosis. She 
reported frequent UTI symptoms (mainly dysuria and 
low volume micturition) since the first catheterization, 
with more than five acute episodes per year and poor 
response to antimicrobial treatment. The patient also 
referred to present previously negative urine culture 
results, despite the presence of leukocytes and bacteriu-
ria. She also described having been under repeated anti-
biotic treatment with levofloxacin and cotrimoxazole 
with a transient improvement but frequent relapses.

Since we have previously observed false negative urine 
cultures due to the presence of IBC or biofilms [11], we 
suspected that the recurrence of UTI episodes in the 
patient is due to these so-called bacterial morphotypes.

3 � Urinalysis
After aseptic directions, a urine sample was collected and 
sent to the Emerging Diseases Laboratory of the Univer-
sity of Sonora. The urine sample was examined using an 

URISPIN-U120 (Spinreact, Girona, Spain) with URIN-10 
(Spinreact, Girona, Spain) dipsticks. For the detection of 
bacterial morphotypes, 10  mL of urine was centrifuged 
for 10  min at 400 × g, and the obtained urine sediment 
was examined microscopically using Sternheimer-Malbin 
stain [13]. Adherence and IBC were considered posi-
tives if bacteria attached to epithelial cells and bacteria 
inside of endosomes in epithelial cells, respectively, were 
observed [11].

In the chemical analysis (dipstick), negative results 
were observed for nitrites but positive for leukocyte 
esterase, proteins, and ketones. In the urinary sediment, 
we observed scarce planktonic bacteria, urothelial cells 
with the presence of intracellular bacterial communities 
(Fig. 1, Additional file: 1) and coccoid bacteria adhered to 
the cell surface, scarce renal tubular cells, and moderate 
pyocytes (10–15 /high power field) with active bacteria 
(Additional file: 2).

4 � Urine sample processing for intracellular 
bacterial release

Since IBCs have been associated with false negatives 
in urine culture, we released the internalized bacte-
rial cells by centrifuging 10  mL of urine at 400 × g for 
10  min to obtain the sediment. Once the sediment was 
obtained, it was resuspended in a mixture of Luria–Ber-
tani broth (LB), Triton 100x, and sterile distilled water 
(4.5 mL:0.5 mL:5 mL) or a mix of LB and sterile distilled 
water (5 mL:5 mL).

The suspension was shaken thoroughly for one minute 
and incubated for 1 h at 37 °C and then plated on Mac-
Conkey agar (for Gram-negatives bacteria), mannitol-salt 
agar (for Staphylococcus spp), blood agar (for phenotypic 
detection of hemolysins), and Mueller–Hinton agar (for 
CFU/mL count). All cultures were incubated for 24 h at 
37 °C. The experiment was performed three times under 
sterile conditions, and the untreated urine sample was 
used as a control and plated on the same culture media.

5 � Microbiological analysis
No bacterial growth was observed in the plates inocu-
lated with the untreated urine sample and controls; 
however, bacterial growth was observed on the samples 
treated with the different mixtures (with and without tri-
ton 100x). The CFU/mL count in the treated samples was 
greater than 100,000 CFU/mL. Interestingly, no bacterial 
growth was observed on the MacConkey agar plate, but 
growth was observed on the Mueller–Hinton agar, man-
nitol-salt agar (polymicrobial: yellow and pink colonies), 
and blood agar (polymicrobial: colonies greater than 
5 mm with a β-hemolytic halo and non-hemolytic colo-
nies) plates.



Page 3 of 8Barrios‑Villa et al. African Journal of Urology           (2022) 28:46 	

Gram staining was performed on the colonies obtained 
in the urine cultures. Gram-positives cocci grouped in 
clusters were observed in yellow or pink colonies from 
mannitol-salt agar and in non-hemolytic colonies from 
blood agar, while Gram-positive cocci in sets of 3–5 bac-
teria grouped in chains were observed in hemolytic colo-
nies from blood agar. Given the colonial morphology in 
the culture media and the bacterial cell morphology in 
the Gram stain, we suspected that the isolated microor-
ganisms were S. aureus (yellow colonies on mannitol-salt 
agar), Staphylococcus spp (pink colonies on blood and 
mannitol-salt agar), and Streptococcus spp (hemolytic 
colonies on blood agar).

Since these are polymicrobial cultures and consider-
ing their importance [12, 14], two mannitol-fermenting 
colonies (yellow colonies) and two non-fermenting colo-
nies (pink colonies) were taken from mannitol-salt agar. 
Similarly, two hemolytic and two non-hemolytic colonies 
were taken from blood agar. The eight selected colonies 
were seeded on individual plates of mannitol-salt agar 
or blood agar (according to their origin) and incubated 

for 24 h at 37 °C; its purity was confirmed based on the 
colonial morphology and they were cryopreserved for 
later use. For the identification of the isolated micro-
organisms, catalase, coagulase, and oxidase tests were 
used [15]. All the isolated bacteria were negative for oxi-
dase, the suspected S. aureus, and Staphylococcus spp, 
but not the Streptococcus spp were positive for catalase, 
and those that showed typical S. aureus morphology on 
mannitol-salt agar were positives for coagulase. Due to 
the colonial morphology on blood agar, specific antisera 
(Slidex Strepto A & Slidex Strepto B, Biomerieux, Spain) 
were used to differentiate Streptococcus pyogenes (Lance-
field Group A) from Streptococcus agalactiae (Lancefield 
Group B) [16]; the agglutination test indicated that the 
β-hemolytic microorganism obtained was Streptococcus 
agalactiae.

The obtained clinical isolates and their antibiotic resist-
ance profiles were again identified using the MicroS-
can AutoScan 4 automated equipment (Siemens Health 
care Diagnostics Ltd. Mexico) with specific panels 
for Gram-positive microorganisms and following the 

Fig. 1  Light field microscopy of patient’s urinary sediment. Exfoliated cells were stain with Sternheimer-Malbin dye. A–C Bladder epithelial cells 
with superficial bacterial adherence and bacteria inside endosomes (red arrow). D Pyocytes with active bacteria
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manufacturer’s directions. The identification of S. agalac-
tiae (the two selected hemolytic colonies) and S. aureus 
(the two selected mannitol-fermenting colonies) was 
confirmed. In addition, the non-mannitol-fermenting 
and non-hemolytic colonies were identified as Staphy-
lococcus epidermidis (two isolates) and Staphylococcus 
simulans (two isolates), respectively. At this stage of the 
study, we have identified S. aureus, S. epidermidis, S. sim-
ulans, and S. agalactiae as the etiologic agents of UTI in 
the patient.

Regarding antibiotic resistance, the identified isolates 
were multidrug resistant (MDR); all Staphylococcus spp 
(including one isolate of S. aureus) isolates showed resist-
ance to amoxicillin/clavulanic acid, ampicillin/sulbactam, 
ciprofloxacin, ampicillin, and penicillin. Resistance to 
ceftriaxone, levofloxacin, and moxifloxacin was observed 
in all isolates, except in one isolate of S. aureus, while 
gentamicin resistance was found only in one isolate of S. 
epidermidis (Table  1). Synercid resistance was observed 
in S. aureus (SA2), which was also resistant to oxacillin 
and clindamycin (surrogate antibiotic for methicillin) 
[17], S. agalactiae (SGB) isolates, were resistant mainly 
to ciprofloxacin, clindamycin, erythromycin, and levo-
floxacin. On the other hand, all pathogens were sensitive 

to cotrimoxazole, nitrofurantoin, rifampicin, tetracycline, 
daptomycin, and vancomycin. Additionally, we deter-
mined methicillin resistance on the identified S. aureus 
strains by Kirby–Bauer disk diffusion test, according to 
CLSI guidelines [17], and was observed that S. aureus 
strain 2 (SA2) was resistant, but S. aureus strain 1 (SA1) 
was susceptible. The patient is currently under treat-
ment with nitrofurantoin and in a periodic inspection 
by the Emerging Diseases Laboratory of the University 
of Sonora. Monthly, the patient provides a urine sample 
to the laboratory, and a urinalysis and urine cultures are 
performed.

6 � Discussion
Urinary tract infections are mainly caused by UPEC; 
however, atypical pathogens have been reported mainly 
in patients with anatomical, functional, hormonal, or 
immunological compromises [18, 19]. Polymicrobial 
urine cultures are usually considered as contamination 
due to the process of urine specimen collection and are 
often discarded. However, they have now gained rel-
evance due to probable polymicrobial interactions and 
their effect on the development and persistence of UTIs, 
as well as, on antimicrobial resistance associated with 

Table 1  Antibiotic resistance results of isolated pathogens

AMC Amoxicillin/Clavulanic acid, AMS Ampicillin/Sulbactam, AMP Ampicillin, CRO Ceftriaxone, CIP Ciprofloxacin, CLI Clindamycin, DAP Daptomycin, ERY Erythromycin, 
GM Gentamicin, LEV Levofloxacin, LNZ Linezolid, MOX Moxifloxacin, NIT Nitrofurantoin, OXA Oxacillin, PEN Penicillin, RIF Rifampicin, SYN Synercid, TET Tetracycline, 
SXT Cotrimoxazole, VAN Vancomycin, SA Staphylococcus aureus, SE Staphylococcus epidermidis, SS Staphylococcus simulans, SGB Streptococcus agalactiae, R Resistant, S 
Sensible, ND Not determined

Antibiotic SA 1 SA 2 SE 1 SE 2 SS 1 SS 2 SGB 1 SGB 2

AMC S R R R R R S S

AMS S R R R R R S S

AMP R R R R R R S S

CRO S R R R R R S S

CIP R R R R R R R R

CLI R R R R R R R R

CX S R ND ND ND ND ND ND

DAP S S S S S S S S

ERY R R R R R R R R

GM S S S R S S S R

LEV R S R R R R R R

LNZ S S S S S S S S

MOX R S R R R R R S

NIT S S S S S S S S

OXA R R ND ND ND ND ND ND

PEN R R R R R R S S

RIF S S S S S S S S

SYN S R S S S S S S

TET S S S S S S S S

SXT S S S S S S S S

VAN S S S S S S S S
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mixed bacterial biofilms and modulation of the host 
immune response [12, 20–22].

We present a clinical case of polymicrobial UTI caused 
by S. aureus, S. epidermidis, S. simulans, and S. agalac-
tiae in a patient with urological alteration and urinary 
retention. The patient had recurrent urinary tract infec-
tions over the last ten years with more than five episodes 
per year. In previous urine cultures, she reported nega-
tive results (< 100,000  CFU/mL) despite the presence 
of bacteria and leukocytes in the urinary sediment. She 
also said having been previously under constant antibi-
otic treatment with levofloxacin and cotrimoxazole with 
no improvement in her symptoms. In the analysis of the 
urinary sediment, the presence of pyocytes with active 
bacteria and intracellular bacterial communities in the 
bladder urothelium was observed. This finding could 
explain the constant reports of negative urine culture, 
since it has been reported that IBCs, besides being asso-
ciated with immune evasion, antimicrobial resistance and 
persistence in the urinary tract, they are also associated 
with false negatives in urine culture [3, 11, 23]. Consid-
ering the above and to avoid a reduced CFU/mL count 
in the urine culture, we released the internalized bacte-
ria using a mixture of Triton 100X, sterile distilled water, 
and mechanical agitation. We observed that treated 
samples presented CFU/mL counts indicative of UTI, 
while untreated samples showed no microbial growth. 
These results are similar to those previously reported 
by our workgroup in cases of recurrent UTIs caused by 
IBC-forming UPEC [11]. Interestingly, in this case, no 
Gram-negative bacteria were observed, we obtained 
polymicrobial cultures, and the identified microorgan-
isms were S. aureus, S. epidermidis, S. simulans, and S. 
agalactiae. S. aureus is an etiologic agent of UTI; how-
ever, S. epidermidis, S. simulans, and S. agalactiae are 

less frequent, and some (S. epidermidis) are commonly 
considered contaminants related to the sample collection 
process [24]. However, there are reports of immune-com-
promised patients or with comorbidities with infectious 
processes caused by these microorganisms, which are 
mainly multidrug resistant. Table 2 shows some reports 
of infectious processes caused by S. epidermidis, S. simu-
lans, and S. agalactiae and their resistance profiles.

Clinical isolates reported by other authors present 
resistance profiles similar to the isolates reported in this 
study, with high resistance mainly to β-lactam antibiot-
ics (only in Staphylococcus spp. isolates), fluoroquinolo-
nes, clindamycin, and erythromycin. One of the S. aureus 
isolates (SA2) was resistant to cefoxitin, an antibiotic 
implemented for the detection of methicillin-resistant S. 
aureus (MRSA) [17, 34]. In this regard, MRSA is charac-
terized by multidrug resistance and represents a major 
problem, mainly in healthcare-associated infections; in 
addition, clinical isolates of S. aureus, including MRSA 
isolated from our patient, not only presented resistance 
to clindamycin (surrogated antibiotic to methicillin) and 
oxacillin, but also one of them (SA2) was resistant to 
synercid, which is a mixture of streptogramins A and B 
(quinupristin and dalfopristin) with synergistic activity, 
that is used in cases of multidrug-resistant Gram-positive 
infectious processes. Resistance to these drugs involves 
the presence of mecA, mecB, or mecC genes (methicillin 
resistance) [35, 36] and methylations in the 23S rRNA 
subunit or the presence of genes, such as vgbA or vgB 
coding for a lactonase (streptogramin B), efflux pumps 
and acetylases (streptogramin A) [37–39], so it would 
be interesting to search for these genetic elements in the 
obtained clinical isolates.

Polymicrobial cultures are commonly considered 
as contamination; however, recently, in Japan, it was 

Table 2  Reports of infectious processes caused by S. epidermidis, S. simulans, and Streptococcus agalactiae 

SE Staphylococcus epidermidis, SS Staphylococcus simulans, SGB Streptococcus group B, RTI’s Respiratory tract infection, UTI’s Urinary tract infections, WI’s Wound 
infection, VUR Vesicoureteral reflux, MDR Multidrug resistance, CIP Ciprofloxacin, SYN Synercid, GM Gentamicin, PEN Penicillin, TET Tetracycline, ERY Erythromycin, SXT 
Cotrimoxazole, CEF Cefazolin, CRO Ceftriaxone, AMS Ampicillin/Sulbactam, OXA Oxacillin, CLI Clindamycin, LVX Levofloxacin

Pathogen Risk factor Infection Antibiotic Resistance MDR Refs.

SE Blood malignancies, myelomas, diabe‑
tes, and hospitalized patients

Sepsis, ventriculitis, prosthetic-
join infection

CIP, SYN, GEN Yes [25]

SE Hospitalized patients RTI’s, UTI’s, WI’s PEN, TET, ERY, SXT, CEF Yes [26]

SE VUR UTI CRO NR [27]

SS Geriatric patient, ureteral and renal 
stones, animal exposure

UTI Fluoroquinolones NR [28]

SS Geriatric patient Pleural empyema AMS, CEF, CIP, OXA, TET Yes [29]

SS Elderly, animal exposure Abscess, osteomyelitis foot AMP, CIP, CLI, OXA, PEN, CRO Yes [30]

SGB Diabetes UTI’s TET, CIP No [31]

SGB Pregnant women, HIV, diabetes UTI’s, none CRO, ERY, CIP, CLI, TET Yes [32]

SGB None and catheterized patients UTI’s Macrolides, LVX, TET Yes [33]
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observed that in patients with polymicrobial UTI, there 
is an increased risk of recurrence of infection after anti-
microbial treatment, and it is proposed that it should be 
confirmed that the patient does not present risk factors 
associated with complicated UTI [22]. This is coincident 
with our report, since the patient presents urological 
alteration, urinary retention, and constant therapeutic 
failure, which allows us to classify her infectious process 
as a complicated UTI. In addition, the patient is submit-
ted monthly to urethral catheterization and dilation pro-
cesses as a treatment for urethral stenosis. In this sense, 
another study conducted in France reported a higher 
prevalence of polymicrobial urine cultures in catheter-
ized patients compared to patients without a urinary 
catheter [40]. It is also mentioned that the use of anti-
biotics in patients with polymicrobial UTI represents a 
risk, given their ineffectiveness and the possibility of the 
emergence of antibiotic resistance due to selective pres-
sure, which favors multidrug resistance.

A probable explanation for the observed etiology is 
that during manipulation of the patient’s urogenital tract 
for treatment of urethral stenosis, these microorganisms 
gained access to the bladder and caused disease since, 
except for S. aureus, these bacteria are commonly found 
in the intestinal or genitourinary microbiota; however, it 
has been reported that they can form intracellular bac-
terial communities, and clinical cases of UTI caused by 
these infrequent uropathogens have been documented 
in patients with urological disorders and in pregnant 
women [5–7, 28, 41]. Therefore, they are not ruled out as 
the possible etiological agents of recurrent UTI.

In the case of S. aureus, its origin could be the bladder 
catheterization process that caused the stenosis in the 
patient, since one of the most frequent routes of entry of 
this pathogen to the urinary tract is through the use of 
prolonged catheterization. Interestingly, in addition to 
the IBC, pyocytes with active bacteria (10–15 cells per 
field) were observed. It is known that S. aureus, through 
the expression of fibronectin-binding adhesins (FnBPA 
or FnBPB), can internalize in epithelial cells and in non-
professional phagocytic cells [42–44]. In addition, it is 
known that it can survive inside phagocytic cells and 
lyse them by the production of toxins such as leukocidin 
AB [6, 45]. This could explain the high number of endo-
cytic vacuoles with bacteria in the bladder urothelium, as 
well as the high number of pyocytes present in the uri-
nary sediment, along with the positive leukocyte esterase 
result in the urinalysis report.

Similarly, the negative urine culture results could be 
due to the presence of pyocytes with active bacteria and 
IBC. Therefore, it is important to consider modifying 
the urine culture protocol in urine samples with similar 

characteristics to avoid positive urine culture bias and 
facilitate timely treatment of UTIs. Interestingly, all the 
isolated microorganisms were resistant to quinolones 
(levofloxacin and ciprofloxacin); however, they were 
sensitive to the cotrimoxazole under which the patient 
was being treated; the persistence of these pathogens in 
the urinary tract despite being sensitive to cotrimoxa-
zole could be due to its ability to internalize in urothe-
lial and phagocytic cells which could provide protection 
against the antibacterial agent. To our knowledge, this 
is the first report of IBC in patients with recurrent pol-
ymicrobial and complicated UTIs in Mexico.

7 � Conclusions
It is necessary to modify the established protocols for 
urinalysis and urine culture and include the search for 
intracellular bacteria, either in urothelial cells or the 
presence of pyocytes with active bacteria in the urinary 
sediment of patients with recurrent UTIs. Likewise, if 
no improvement is observed after treatment, constant 
follow-up of these patients is recommended, and a peri-
odic search for IBC or endocytic vacuoles that could 
explain the therapeutic failure should be performed. 
Additionally, due to reports of unusual pathogens caus-
ing UTIs, it is important to not discard atypical micro-
organisms in UTIs and take them into consideration 
depending on the characteristics of the patients.

Abbreviations
UPEC: Uropathogenic Escherichia coli; IBC: Intracellular bacterial communities; 
CFU/mL: Colony forming units per milliliter; UTI: Urinary tract infection; LB: 
Luria–Bertani Broth.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12301-​022-​00314-6.

Additional file 1. Evidence of intracellular bacterial communities in the 
patient’s urinary sediment. Presence of endocytic vacuole with motile 
bacteria.

Additional file 2. Presence of pyocytes with active bacteria in the urinary 
sediment of the patient with UTI.

Acknowledgements
The authors are pleased to acknowledge the Departamento de ciencias 
Químico-Biológicas y Agropecuarias, and División de Ciencias e Ingenierías 
from Universidad de Sonora.

Author contributions
BVE was involved in conceptualization, methodology, formal analysis, investi‑
gation, and writing—original draft; VD helped in writing—review and editing 
and resources; MPP contributed to writing—review and editing and resources; 
CL was involved in writing—review and editing and resources; BMMG helped 
in writing—review and editing, resources, project administration, and supervi‑
sion. All authors have read and approved the final manuscript.

https://doi.org/10.1186/s12301-022-00314-6
https://doi.org/10.1186/s12301-022-00314-6


Page 7 of 8Barrios‑Villa et al. African Journal of Urology           (2022) 28:46 	

Funding
This research did not receive a grant from any funding agency in the public, 
commercial, or not-for-profit sectors.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Patient was informed about the protocol to be followed during the urine 
sample analysis. Her participation was requested. The patient’s personal data 
are kept under anonymity. In addition, the patient is under periodic examina‑
tion by the workgroup.

Consent for publication
Written informed consent was obtained from the patient for publication of 
this case report and accompanying images.

Competing interests
The authors report no conflicts of interest.

Received: 26 May 2022   Accepted: 30 August 2022

References
	1.	 Foxman B (2010) The epidemiology of urinary tract infection. Nat Rev 

Urol 7(12):653–660. https://​doi.​org/​10.​1038/​nrurol.​2010.​190
	2.	 Flores-Mireles AL, Walker JN, Caparon M, Hultgren SJ (2015) Urinary 

tract infections: epidemiology, mechanisms of infection and treatment 
options. Nat Rev Microbiol 13(5):269–284. https://​doi.​org/​10.​1038/​nrmic​
ro3432

	3.	 Rosen DA, Hooton TM, Stamm WE, Humphrey PA, Hultgren SJ (2007) 
Detection of intracellular bacterial communities in human urinary tract 
infection. PLoS Med 4(12):1949–1958. https://​doi.​org/​10.​1371/​journ​al.​
pmed.​00403​29

	4.	 Rosen DA, Pinkner JS, Jones JM, Walker JN, Clegg S, Hultgren SJ (2008) 
Utilization of an intracellular bacterial community pathway in Klebsiella 
pneumoniae urinary tract infection and the effects of FimK on type 1 pilus 
expression. Infect Immun 76(7):3337–3345. https://​doi.​org/​10.​1128/​IAI.​
00090-​08

	5.	 Szabados F, Kleine B, Anders A et al (2008) Staphylococcus saprophyticus 
ATCC 15305 is internalized into human urinary bladder carcinoma cell 
line 5637. FEMS Microbiol Lett 285(2):163–169. https://​doi.​org/​10.​1111/j.​
1574-​6968.​2008.​01218.x

	6.	 Fraunholz M, Sinha B (2012) Intracellular Staphylococcus aureus: live-in 
and let die. Front Cell Infect Microbiol 2(April):43. https://​doi.​org/​10.​3389/​
fcimb.​2012.​00043

	7.	 Leclercq SY, Sullivan MJ, Ipe DS, Smith JP, Cripps AW, Ulett GC (2016) 
Pathogenesis of Streptococcus urinary tract infection depends on bacte‑
rial strain and β-hemolysin/cytolysin that mediates cytotoxicity, cytokine 
synthesis, inflammation and virulence. Sci Rep 6:1–14. https://​doi.​org/​10.​
1038/​srep2​9000

	8.	 Luna-Pineda VM, Ochoa S, Cruz-Córdova A et al (2018) Infecciones del 
tracto urinario, inmunidad y vacunación. Bol Med Hosp Infant Mex 
75(2):67–78. https://​doi.​org/​10.​24875/​BMHIM.​M1800​0011

	9.	 Olson P, Hunstad D (2016) Subversion of Host Innate Immunity by 
Uropathogenic Escherichia coli. Pathogens 5(1):2. https://​doi.​org/​10.​3390/​
patho​gens5​010002

	10.	 Robino L, Scavone P, Araujo L et al (2014) Intracellular bacteria in the 
pathogenesis of Escherichia coli urinary tract infection in children. Clin 
Infect Dis 59(11):e158–e164. https://​doi.​org/​10.​1093/​cid/​ciu634

	11.	 Ballesteros-Monrreal MG, Arenas-Hernández MMP, Barrios-Villa E et al 
(2021) Bacterial morphotypes as important trait for uropathogenic E. coli 
diagnostic; a virulence-phenotype-phylogeny study. Microorganisms 
9(11):2381. https://​doi.​org/​10.​3390/​micro​organ​isms9​112381

	12.	 Gaston JR, Johnson AO, Bair KL, White AN, Armbruster CE (2021) Polymi‑
crobial interactions in the urinary tract: Is the enemy of my enemy my 
friend? Infect Immun. https://​doi.​org/​10.​1128/​IAI.​00652-​20

	13.	 Martínez-Figueroa C, Cortés-Sarabia K, Del Carmen A-R, Catalán-Nájera 
HG, Martínez-Alarcón M, Vences-Velázquez A (2020) Observation of 
intracellular bacterial communities in urinary sediment using bright‑
field microscopy; a case report. BMC Urol. https://​doi.​org/​10.​1186/​
s12894-​020-​00661-y

	14.	 Croxall G, Weston V, Joseph S, Manning G, Cheetham P, McNally A (2011) 
Increased human pathogenic potential of Escherichia coli from polymi‑
crobial urinary tract infections in comparison to isolates from monomi‑
crobial culture samples. J Med Microbiol 60(1):102–109. https://​doi.​org/​
10.​1099/​jmm.0.​020602-0

	15.	 Murray PR, Baron EJ, American Society for Microbiology. P, Whittier S. 
Manual of clinical microbiology. Manual of clinical microbiology. (2003). 
513 p.

	16.	 Romanik M, Nowosielski K, Martirosian G, Poręba R, Sioma-Markowska U 
(2011) Identification of pregnant women at risk of Streptococcus group B 
colonisation. Neuro Endocrinol Lett 32(3):308–312

	17.	 Clinical and Laboratory Standards Institute (CLSI) (2020) Perfomance 
standards for antimicrobial susceptibility testing. 30th ed.

	18.	 Magliano E, Grazioli V, Deflorio L et al (2012) Gender and age-dependent 
etiology of community-acquired urinary tract infections. Sci World J 
2012:1–6. https://​doi.​org/​10.​1100/​2012/​349597

	19.	 Ronald A (2002) The etiology of urinary tract infection: traditional and 
emerging pathogens. Am J Med 113(1):14–19. https://​doi.​org/​10.​1016/​
S0002-​9343(02)​01055-0

	20.	 Kline KA, Lewis AL (2016) Gram-positive uropathogens, polymicrobial 
urinary tract infection, and the emerging microbiota of the urinary tract. 
Microbiol Spectr 4(2):262–269. https://​doi.​org/​10.​1128/​micro​biols​pec.​
UTI-​0012-​2012

	21.	 Hjelm E, Lundell-Etherden I (2009) Ascending Urinary Tract Infection in 
Rats Induced by Staphylococcus saprophyticus and Proteus mirabilis. Acta 
Pathol Microbiol Scand Ser B Microbiol 95B(1–6):347–350. https://​doi.​org/​
10.​1111/j.​1699-​0463.​1987.​tb031​36.x

	22.	 Sato T, Fujita H, Takahashi M, Hatta M, Aoki H, Ishidoya S (2017) Cor‑
respondence of polymicrobial bacteriuria in the uncomplicated urinary 
tract infection of the premenopausal woman. Jpn J Urol 108(1):24–29. 
https://​doi.​org/​10.​5980/​jpnju​rol.​108.​24

	23.	 Robino L, Scavone P, Araujo L, Algorta G, Zunino P, Vignoli R (2013) Detec‑
tion of intracellular bacterial communities in a child with Escherichia coli 
recurrent urinary tract infections. Pathog Dis 68(3):78–81. https://​doi.​org/​
10.​1111/​2049-​632X.​12047

	24.	 Widerström M (2016) Commentary: significance of Staphylococcus epider-
midis in health care-associated infections, from contaminant to clinically 
relevant pathogen: this is a wake-up. J Clin Microbiol 54(7):1679–1681. 
https://​doi.​org/​10.​1128/​JCM.​00743-​16

	25.	 Widerström M, McCullough CA, Coombs GW, Monsen T, Christiansen KJ 
(2012) A multidrug-resistant Staphylococcus epidermidis Clone (ST2) Is 
an ongoing cause of hospital-acquired infection in a Western Australian 
Hospital. J Clin Microbiol 50(6):2147–2151. https://​doi.​org/​10.​1128/​JCM.​
06456-​11

	26.	 Chabi R, Momtaz H (2019) Virulence factors and antibiotic resistance 
properties of the Staphylococcus epidermidis strains isolated from hospital 
infections in Ahvaz. Iran Trop Med Health 47(1):56. https://​doi.​org/​10.​
1186/​s41182-​019-​0180-7

	27.	 Upadhyayula S, Kambalapalli M, Asmar BI (2012) Staphylococcus epider-
midis urinary tract infection in an infant. Case Rep Infect Dis 2012:1–2. 
https://​doi.​org/​10.​1155/​2012/​983153

	28.	 Drobeniuc A, Traenkner J, Rebolledo PA, Ghazaryan V, Rouphael N (2021) 
Staphylococcus simulans: a rare uropathogen. IDCases 25:e01202. https://​
doi.​org/​10.​1016/j.​idcr.​2021.​e01202

	29.	 Lal A, Akhtar J, Ullah A, Abraham GM (2018) First case of pleural empyema 
caused by Staphylococcus simulans : review of the literature. Case Rep 
Infect Dis 2018:1–5. https://​doi.​org/​10.​1155/​2018/​78312​84

	30.	 Kline DPMA (2010) Staphylococcus simulans Osteomyelitis of the Foot: a 
case report. Foot Ankle Online J. https://​doi.​org/​10.​3827/​faoj.​2010.​0301.​
0004

	31.	 Mohanty S, Purohit G, Rath S, Seth RK, Mohanty RR (2021) Urinary tract 
infection due to Group B Streptococcus: a case series from Eastern India. 
Clin Case Rep. https://​doi.​org/​10.​1002/​ccr3.​4885

https://doi.org/10.1038/nrurol.2010.190
https://doi.org/10.1038/nrmicro3432
https://doi.org/10.1038/nrmicro3432
https://doi.org/10.1371/journal.pmed.0040329
https://doi.org/10.1371/journal.pmed.0040329
https://doi.org/10.1128/IAI.00090-08
https://doi.org/10.1128/IAI.00090-08
https://doi.org/10.1111/j.1574-6968.2008.01218.x
https://doi.org/10.1111/j.1574-6968.2008.01218.x
https://doi.org/10.3389/fcimb.2012.00043
https://doi.org/10.3389/fcimb.2012.00043
https://doi.org/10.1038/srep29000
https://doi.org/10.1038/srep29000
https://doi.org/10.24875/BMHIM.M18000011
https://doi.org/10.3390/pathogens5010002
https://doi.org/10.3390/pathogens5010002
https://doi.org/10.1093/cid/ciu634
https://doi.org/10.3390/microorganisms9112381
https://doi.org/10.1128/IAI.00652-20
https://doi.org/10.1186/s12894-020-00661-y
https://doi.org/10.1186/s12894-020-00661-y
https://doi.org/10.1099/jmm.0.020602-0
https://doi.org/10.1099/jmm.0.020602-0
https://doi.org/10.1100/2012/349597
https://doi.org/10.1016/S0002-9343(02)01055-0
https://doi.org/10.1016/S0002-9343(02)01055-0
https://doi.org/10.1128/microbiolspec.UTI-0012-2012
https://doi.org/10.1128/microbiolspec.UTI-0012-2012
https://doi.org/10.1111/j.1699-0463.1987.tb03136.x
https://doi.org/10.1111/j.1699-0463.1987.tb03136.x
https://doi.org/10.5980/jpnjurol.108.24
https://doi.org/10.1111/2049-632X.12047
https://doi.org/10.1111/2049-632X.12047
https://doi.org/10.1128/JCM.00743-16
https://doi.org/10.1128/JCM.06456-11
https://doi.org/10.1128/JCM.06456-11
https://doi.org/10.1186/s41182-019-0180-7
https://doi.org/10.1186/s41182-019-0180-7
https://doi.org/10.1155/2012/983153
https://doi.org/10.1016/j.idcr.2021.e01202
https://doi.org/10.1016/j.idcr.2021.e01202
https://doi.org/10.1155/2018/7831284
https://doi.org/10.3827/faoj.2010.0301.0004
https://doi.org/10.3827/faoj.2010.0301.0004
https://doi.org/10.1002/ccr3.4885


Page 8 of 8Barrios‑Villa et al. African Journal of Urology           (2022) 28:46 

	32.	 Tesfaye A, Melese A, Derbie A (2022) Antimicrobial resistance profile and 
associated factors of group B Streptococci colonization among pregnant 
women attending antenatal clinics in Jigjiga, Southeast Ethiopia. Int J 
Microbiol. https://​doi.​org/​10.​1155/​2022/​99108​42

	33.	 Piccinelli G, Biscaro V, Gargiulo F, Caruso A, De Francesco MA (2015) 
Characterization and antibiotic susceptibility of Streptococcus agalactiae 
isolates causing urinary tract infections. Infect Genet Evol 34:1–6. https://​
doi.​org/​10.​1016/j.​meegid.​2015.​07.​001

	34.	 Gurung RR, Maharjan P, Chhetri GG (2020) Antibiotic resistance pattern 
of Staphylococcus aureus with reference to MRSA isolates from pediatric 
patients. Futur Sci OA. https://​doi.​org/​10.​2144/​fsoa-​2019-​0122

	35.	 Becker K, van Alen S, Idelevich EA et al (2018) Plasmid-encoded transfer‑
able mecB -mediated methicillin resistance in Staphylococcus aureus. 
Emerg Infect Dis 24(2):242–248. https://​doi.​org/​10.​3201/​eid24​02.​171074

	36.	 Peacock SJ, Paterson GK (2015) Mechanisms of methicillin resistance in 
Staphylococcus aureus. Annu Rev Biochem 84(1):577–601. https://​doi.​org/​
10.​1146/​annur​ev-​bioch​em-​060614-​034516

	37.	 Allignet J, Loncle V, Simenel C, Delepierre M, El Solh N (1993) Sequence 
of a staphylococcal gene, vat, encoding an acetyltransferase inactivating 
the A-type compounds of virginiamycin-like antibiotics. Gene 130(1):91–
98. https://​doi.​org/​10.​1016/​0378-​1119(93)​90350-C

	38.	 Allignet J, El Solh N (1997) Characterization of a new staphylococcal gene, 
vgaB, encoding a putative ABC transporter conferring resistance to strep‑
togramin A and related compounds. Gene 202(1–2):133–138. https://​doi.​
org/​10.​1016/​S0378-​1119(97)​00464-2

	39.	 Yu F, Lu C, Liu Y et al (2014) Emergence of quinupristin/dalfopristin 
resistance among livestock-associated Staphylococcus aureus ST9 clinical 
isolates. Int J Antimicrob Agents 44(5):416–419. https://​doi.​org/​10.​1016/j.​
ijant​imicag.​2014.​06.​020

	40.	 Fourcade C, Canini L, Lavigne J-P, Sotto A (2015) A comparison of 
monomicrobial versus polymicrobial Enterococcus faecalis bacteriuria in 
a French University Hospital. Eur J Clin Microbiol Infect Dis 34(8):1667–
1673. https://​doi.​org/​10.​1007/​s10096-​015-​2403-0

	41.	 van Kessel KPM, Bestebroer J, van Strijp JAG (2014) Neutrophil-mediated 
phagocytosis of Staphylococcus aureus. Front Immunol. https://​doi.​org/​
10.​3389/​fimmu.​2014.​00467

	42.	 Paudel S, Bagale K, Patel S, Kooyers NJ, Kulkarni R (2021) Human urine 
alters methicillin-resistant Staphylococcus aureus virulence and transcrip‑
tome. Appl Environ Microbiol. https://​doi.​org/​10.​1128/​AEM.​00744-​21

	43.	 Speziale P, Pietrocola G (2020) The Multivalent role of fibronectin-binding 
proteins A and B (FnBPA and FnBPB) of Staphylococcus aureus in Host 
infections. Front Microbiol. https://​doi.​org/​10.​3389/​fmicb.​2020.​02054

	44.	 Dziewanowska K, Patti JM, Deobald CF, Bayles KW, Trumble WR, Bohach 
GA (1999) Fibronectin binding protein and host cell tyrosine kinase are 
required for internalization of Staphylococcus aureus by epithelial cells. 
Infect Immun 67(9):4673–4678. https://​doi.​org/​10.​1128/​IAI.​67.9.​4673-​
4678.​1999

	45.	 Melehani JH, James DBA, DuMont AL, Torres VJ, Duncan JA (2015) Staphy-
lococcus aureus leukocidin A/B (LukAB) kills human monocytes via host 
NLRP3 and ASC when extracellular, but not intracellular. PLOS Pathog 
11(6):e1004970. https://​doi.​org/​10.​1371/​journ​al.​ppat.​10049​70

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1155/2022/9910842
https://doi.org/10.1016/j.meegid.2015.07.001
https://doi.org/10.1016/j.meegid.2015.07.001
https://doi.org/10.2144/fsoa-2019-0122
https://doi.org/10.3201/eid2402.171074
https://doi.org/10.1146/annurev-biochem-060614-034516
https://doi.org/10.1146/annurev-biochem-060614-034516
https://doi.org/10.1016/0378-1119(93)90350-C
https://doi.org/10.1016/S0378-1119(97)00464-2
https://doi.org/10.1016/S0378-1119(97)00464-2
https://doi.org/10.1016/j.ijantimicag.2014.06.020
https://doi.org/10.1016/j.ijantimicag.2014.06.020
https://doi.org/10.1007/s10096-015-2403-0
https://doi.org/10.3389/fimmu.2014.00467
https://doi.org/10.3389/fimmu.2014.00467
https://doi.org/10.1128/AEM.00744-21
https://doi.org/10.3389/fmicb.2020.02054
https://doi.org/10.1128/IAI.67.9.4673-4678.1999
https://doi.org/10.1128/IAI.67.9.4673-4678.1999
https://doi.org/10.1371/journal.ppat.1004970



