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Introduction: The aim of this study was to analyze urinalysis findings and urinary bacterial culture in hemodialysis-dependent end-
stage renal disease patients. The research goal was to understand the proportion, risk factors, and the causative organisms of urinary
tract infection in hemodialysis-dependent end-stage renal disease patients.

Materials and Methods: Between May 2020 and June 2021, this study included 100 hemodialysis-dependent end-stage renal
disease patients (50 male patients and 50 female patients). The urine underwent microscopic examination, pyuria was defined as
>5 white blood cells per high-power field, and urinary bacterial cultures were conducted for patients with pyuria. Bacteriuria was
defined as >10* colony-forming units/'mL in men and >10° colony-forming units'mL in women. Daily urine output was
investigated by oral listening. Postvoiding residual urine volume was measured.

Results: Fifty-six percent of male patients and 30% of female patients had normosthenuria, 24% of male patients and 38% of female
patients had pyuria, and 20% of male patients and 32% of female patients had a urinary tract infection. A comparison of
normosthenuria and urinary tract infection revealed no statistically significant difference in age, time on dialysis, daily urine output,
and postvoiding residual urine volume. The proportion of female patients among those with normosthenuria was 34.8%, whereas the
proportion of female patients among those with UTI was 61.5%. Urinary bacterial cultures showed that the major causative organisms
were Escherichia coli (45%; 18/40 cultures) and extended spectrum beta-lactamase-producing Escherichia coli (17.5%; 7/40
cultures).

Conclusion: The incidence of urinary tract infection was higher in female patients than in male patients. The proportion of resistant
bacteria as the causative organisms was high in hemodialysis-dependent end-stage renal disease patients. Urinary bacterial culture
should be checked while patients are able to void urine.
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Introduction

Urinary tract infection (UTI) is the second-ranked infectious disease globally and is a global concern, based on the
economic and public health points of view.! In recent years, the number of UTIs caused by multidrug-resistant microbial
strains has significantly risen, and multidrug-resistant microbial strains have been a clinical concern in public healthcare
systems.’

UTIs affect male and female individuals, adults, pregnant women, children, young adults, and infants,' and are
common in patients with hemodialysis-dependent end-stage renal disease (ESRD).>> However, taking a urine test is
difficult for hemodialysis-dependent ESRD patients. In many hemodialysis clinics and hospitals, routine examina-
tions do not include urinalysis and urinary bacterial cultures, and hemodialysis-dependent ESRD patients may be
hesitant to complain to physicians about urination symptoms during physicians’ round because of the lack of
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With regard to UTIs, the symptoms of bacterial cystitis (eg, pollakisuria, urgency, and sense of residual urine or
miction pain) affect the quality of life, and pyelonephritis might become urosepsis,®’ which is a life-threatening disease,
especially in hemodialysis-dependent ESRD patients. Understanding urinalysis and urinary bacterial cultures in hemo-
dialysis-dependent ESRD patients is necessary.

As far as we know, some reports have been published about the features of urinalysis and urinary bacterial cultures in
hemodialysis-dependent ESRD patients. However, the features of urinalysis and urinary bacterial culture, and the
proportion of drug-resistant bacteria such as extended spectrum beta-lactamase (ESBL)-producing strains in these
patients have not been clarified. We report in this paper the outcomes of urinalysis, urinary bacterial cultures, the
proportion of ESBL-producing strains and patients’ urination background in dialysis-dependent ESRD patients.

Materials and Methods

This prospective study was conducted at Tokyo Women’s Medical University Center East (Tokyo, Japan) and at Tomioka
Clinic (Iwaki City, Fukushima Prefecture, Japan). It was approved by the Institutional Review Board of Tokyo Women’s
Medical University (registration no. 5583) and conducted in accordance with the Helsinki Declaration. Informed consent
was obtained from all included patients.

Between May 2020 and June 2021, we recruited hemodialysis-dependent ESRD patients who voided urine at least
once daily and who had been on hemodialysis for more than 1 month. We included patients of all ages, patients who had
ESRD from any cause, and patients with certain risk factors for UTIs such as diabetes or benign prostate hyperplasia.
However, patients were excluded if they had miction pain or fever, had undergone antibiotic treatment in the previous 1
week, had undergone bladder catheterization, had a urinary stone or urological abnormality, were pregnant, or used
steroidal drugs.

Urine was sampled once for each patient. Clean-catch midstream urine was obtained before or after hemodialysis and
processed within 2 hours after voiding. The voided urine was centrifuged. The supernatant was poured out, and the
sediment was transferred to a clean slide, and thereafter underwent microscopic examination using the standard method
at a laboratory in Tokyo Women’s Medical University Center East or at Tomioka Clinic. Pyuria was defined as >5 white
blood cells per high-power field. Urinary bacterial cultures were conducted for patients with pyuria. Urinary bacterial
culture analyses were conducted by using the WalkAway 96 plus System (Beckman Coulter, Brea, CA, USA) at the
laboratory in Tokyo Women’s Medical University Center East or by using the MALDI Biotyper System (Bruker,
Billerica, MA, USA) at Kotobiken Medical Laboratories, Inc., Central Laboratory Tohoku. Bacteriuria was defined as
>10* colony-forming units (CFU)/mL in male patients and >10° CFU/mL in female patients.® Antimicrobial suscept-
ibility testing was conducted by using the WalkAway 96 plus System at the laboratory in Tokyo Women’s Medical
University Center East or by using Dry Plate Eiken at Kotobiken Medical Laboratories, Inc., Central Laboratory Tohoku.
Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis were detected as the causative organism, ESBL-producing
strain detection was tested by using the MASTDISCS Combi AmpC & ESBL ID Set (Mast Group, Ltd., Bootle, United
Kingdom) at the laboratory in Tokyo Women’s Medical University Center East or by using the disc diffusion method at
Kotobiken Medical Laboratories, Inc., Central Laboratory Tohoku. The susceptibility of strains to the following 16
antimicrobial agents was tested: ampicillin, cefazolin, cefaclor, cefotaxime, ceftazidime, cefmetazole, imipenem/cilasta-
tin, meropenem, ampicillin/sulbactam, tazobactam/piperacillin, amikacin, gentamicin, minocycline, levofloxacin, cipro-
floxacin, and fosfomycin.

Daily urine output was investigated by using information in a patient’s bladder diary or the medical record. The lack
of miction pain and fever was investigated by oral listening. Postvoiding residual urine volume was measured by using
the BladderScan BVI6100 bladder volume device (Verathon Inc, Bothell, WA, USA). Statistical analysis was conducted
by using JMP Pro 16 (SAS Institute, Tokyo, Japan). Qualitative parameters were compared by using the y° test.
Quantitative parameters were compared by using the unpaired two-sample #-test. P-values less than 0.05 were significant.

Results
This study included 100 hemodialysis-dependent ESRD patients (50 men and 50 women). The cause of ESRD were
diabetic nephropathy (37 patients: 17 male patients and 20 female patients); nephrosclerosis (19 patients: 11 male
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Table | Sex Differences in the Background Characteristics of Hemodialysis-Dependent ESRD Patients

Male Patients Female Patients P-value
No. of patients 50 50
Age (years) 0.58
Mean * SD 69.9 + 12.8 68.5 + 14.4
Median (range) 71 (34-91) 71 (37-92)
Time on dialysis treatment (months) 0.06
Mean * SD 16.0 £ 21.0 27.4 £ 28.0
Median (range) 8.5 (1-84) 23 (1-132)
Cause of CKD, n (%) |
Diabetes 17 (34%) 20 (40%)
Nephrosclerosis 11 (22%) 8 (16%)
Chronic glomerulonephritis 4 (8%) 0
IgA nephropathy 2 (4%) I (22%)
Other 16 (32%) 21 (42%)

Abbreviations: ESRD, end-stage renal disease; SD, standard deviation; CKD, chronic kidney disease; IgA, immunoglobulin A.

patients and 8 female patients); chronic glomerulonephritis (4 male patients); IgA nephropathy (3 patients: 2
male patients and 1 female patient); and other (37 patients: 16 male patients and 21 female patients). The mean age of
the male patients and female patients was 69.9 years and 68.5 years, respectively. The mean time on dialysis treatment of
the male patients and female patients was 16.0 months and 27.4 months, respectively. A comparison of male and female
patients revealed no statistically significant difference with regard to the cause of ESRD, age, and time on dialysis
treatment. Table 1 shows the background characteristics of the hemodialysis-dependent ESRD patients.

Forty-three patients (28 male patients and 15 female patients) had normosthenuria (ie, nonpyuria and nonbacteriuria),
31 patients (12 male patients and 19 female patients) had pyuria only, O patients had bacteriuria only, and 26 patients (10
male patients and 16 female patients) had both pyuria and bacteriuria; these 26 patients were diagnosed as having a UTIL.
As a result, 43% of all patients, 56% of male patients, and 30% of female patients had normosthenuria; 31% of all
patients, 24% of male patients, and 38% of female patients had pyuria; and 26% of all patients, 20% of male patients, and
32% of female patients had a UTI (Figure 1). All 26 patients who had UTI did not have miction pain.

The mean age of patients with normosthenuria and UTI was 67.1 years and 70.1 years, respectively. The mean time
on dialysis treatment of patients with normosthenuria and UTI was 17.7 months and 24.5 months, respectively. The mean
daily urine output of patients with normosthenuria and UTI was 548 mL and 421.5 mL, respectively. The postvoiding

female patients 30 38
male patients 56
All patients 43 31
0% 20% 40% 60% 80% 100%

normosthenuria pyuria  murinary tract infection

Figure | The proportion of normosthenuria, pyuria, and urinary tract infection in hemodialysis-dependent end-stage renal disease patients.
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Table 2 A Comparison of Urinary Findings Between Normosthenuria and UTI in Hemodialysis-Dependent ESRD

Patients
Normosthenuria UTI P-value
No. of patients 43 26
Age (years) 0.36
Mean + SD 67.1 £ 154 70.1 £ 109
Median (range) 69 (34-91) 70 (26-92)
Time on dialysis treatment (months) 0.23
Mean * SD 17.7 £ 19.7 245 + 274
Median (range) 8 (1-70) 20.5 (1-84)
Daily urine output (mL) 0.32
Mean * SD 548 + 577 421.5 £ 433.8
Median (range) 300 (30-2300) 290 (20-1500)
Postvoiding residual volume (mL) 0.92
Mean * SD 13.1 £ 16.2 154 + 188
Median (range) 0 (0-41) 0 (0-50)
Presence of diabetic patients, n (%) 17 (39.5%) 7 (26.9%) 0.31
Presence of female patients, n (%) 15 (34.8%) 16 (61.5%) 0.04

Abbreviations: ESRD, end-stage renal disease; UTI, urinary tract infection; SD, standard deviation.

residual volume of patients with normosthenuria and UTI was 13.1 mL and 15.4 mL, respectively. The proportion of
diabetic patients with normosthenuria and UTI was 39.5% and 26.9%, respectively. A comparison of normosthenuria and
UTI in hemodialysis-dependent ESRD patients revealed no statistically significant difference in age, time on dialysis
treatment, daily urine output, postvoiding residual urine volume and the proportion of diabetic patients. The proportion of
female patients among those with normosthenuria was 34.8%, whereas the proportion of female patients among those
with UTI was 61.5%. The proportion of female patients was statistically higher among patients with UTI than among
patients with normosthenuria (Table 2).

Among a cumulative total of 40 urinary bacterial cultures from the 26 hemodialysis-dependent ESRD patients who
had UTI, 75% (30/40) of cultures had gram-negative bacteria and 25% (10/40) of cultures had gram-positive bacteria.
The major causative organisms detected were Escherichia coli (45%; 18/40 cultures) and ESBL-producing Escherichia
coli (17.5%; 7/40 cultures) (Table 3). The susceptible rate of seven ESBL-producing Escherichia coli strains was 100%
for cefmetazole, imipenem/cilastatin, meropenem, tazobactam/piperacillin, and amikacin. However, these strains were
totally resistant to ampicillin, cefazolin, cefaclor, cefotaxime, and ceftazidime (Figure 2).

Table 3 Sex Differences in the Bacterial Cultures of Hemodialysis-Dependent ESRD Patients with Bacteriuria

Male Patients (n) Female Patients (n) Total n (%)

Gram-negative I 19 30 (75)
Escherichia coli 5 13 18 (45)
ESBL-producing Escherichia coli 2 5 7 (17.5)
Klebsiella pneumoniae | 4 5(12.5)
Acinetobacter baumannii 2 0 2 (5)
Proteus mirabilis | 0 I (2.5)
Enterobacter cloacae 0 | I (2.5)
Pseudomonas aeruginosa [ | 2 (5)
Citrobacter braakii [ 0 I (2.5)
Gram-positive 3 7 10 (25)
Enterococcus faecium 0 5 5(12.5)
Group B streptococcus 2 2 4 (10)
Coagulase-negative staphylococci | 0 1 (2.5)

Abbreviations: ESRD, end-stage renal disease; ESBL, extended spectrum beta-lactamase.
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Figure 2 The antimicrobial susceptibility of extended spectrum beta-lactamase-producing Escherichia coli was categorized as susceptible, intermediate, or resistant. Sixteen
antibacterial drugs were tested with seven strains of extended spectrum beta-lactamase-producing Escherichia coli.

Discussion

UTIs are common in chronic kidney disease patients before starting maintenance dialysis therapy’
lysis-dependent ESRD patients.> > Our study showed that 26% of hemodialysis-dependent ESRD patients (20% male
patients and 32% female patients) were diagnosed as having a UTI. The proportion of UTI among hemodialysis-

' and in hemodia-

dependent ESRD patients has been reported as 22.5%-33%.> The result of our study was compatible with those of past
research.> In our study, the proportion of UTI in female patients was 1.6 times that of male patients. The high
prevalence of UTI in female patients may be associated with the female anatomy.'

Bacterial cystitis is one type of UTIL. The symptoms of bacterial cystitis are pollakisuria, urgency, sense of residual
urine and miction pain. Proof of the existence of these symptoms, pyuria, and bacteriuria are required to diagnose
a patient as having bacterial cystitis. We found that hemodialysis-dependent ESRD patients had pyuria and bacteriuria,
even though they did not complain about miction pain. We recommend that urinalysis and bacterial cultures should be
investigated in advance while hemodialysis-dependent ESRD patients are able to void urine, although they do not
complain about miction pain.

A controversial issue is whether pyuria is a useful marker of UTI in hemodialysis-dependent ESRD patients. Manhal
et al® reported that the sensitivity and specificity of pyuria screening for UTI were 60% and 80%, respectively, and that
pyuria was a good marker for significant bacteriuria. However, the positive predictive value of pyuria screening for UTIs
was 35.5%—45%; therefore, pyuria was not a good marker for UTIs detection. Investigators have concluded that samples
positive for pyuria should be cultured to confirm a UTIL'*"* Oikonomou and Alhaddad'* reported that there was no
association between pyuria and fever, sepsis in hemodialysis-dependent ESRD patients, urinalysis was not a reliable
diagnostic tool in febrile and/or septic hemodialysis-dependent ESRD patients, and a urine culture was needed. Our study
revealed that the positive predictive value of pyuria screening for UTI was 45.6% (26/57). Thus, we concluded that
pyuria was not a UTI marker in hemodialysis-dependent ESRD patients. Urinary bacterial culture needs to be investi-
gated for patients with positive pyuria findings.
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In our study, the mean postvoiding residual urine volume in UTI patients was 15.4 mL, which was less than 50 mL. May

et al'®

report that a postvoiding residual urine volume greater than 50 mL is a significant amount of urine and creates the
potential for recurring UTI. Therefore, no relationship may exist between the postvoiding residual urine volume and the high
proportion of UTI in hemodialysis-dependent ESRD patients. One of the causes of an increase in the postvoiding residual
urine volume is the diabetic neurogenic bladder.'®'” Our study group contained 37 diabetic patients. The mean postvoiding
residual urine volume among the 37 diabetic patients was 7.8 mL. The postvoiding residual urine volume was small in
hemodialysis-dependent ESRD patients. In our study, the mean daily urine output of the hemodialysis-dependent ESRD
patients was 548 mL and 421.5 mL in normothermia and UTI, respectively. The mean daily urine output was understandably
small in the hemodialysis-dependent ESRD patients. A speculation is that the increase in the postvoiding residual urine
volume depends on a large quantity of daily urine output. Therefore, checking the postvoiding residual urine volume may not
be needed routinely for hemodialysis-dependent ESRD patients who have a small amount of urine. However, one
hemodialysis-dependent ESRD male patient was 72 years old and his postvoiding residual urine volume was 150 mL. He
had diabetes and pyuria without a sense of residual urine. Physicians may need to check the postvoiding residual urine
volume at least once for hemodialysis-dependent ESRD patients who have pyuria or bacteriuria.

Urinary bacterial cultures were widely detected from gram-negative to gram-positive in the hemodialysis-dependent
ESRD patients. Our results revealed 75% gram-negative bacteria and 25% gram-positive bacteria. Table 4, which is
based on published reports and our results, shows 51.5% gram-negative bacteria and 48.5% gram-positive bacteria.
Bacterial cystitis in hemodialysis-dependent ESRD patients is equivalent to complicated UTI. In our study, bacteriuria
was defined as >10* CFU/mL in male patients and >10° CFU/mL in female patients, based on the Guidelines on
Urological Infections by the European Association of Urology.® Manhal et al’® reported bacteriuria, defined as >10° CFU/
mL, in all patients. Haider et al* and Nakai et al'® reported bacteriuria, defined as >10* CFU/mL, in all patients. In all of
the aforementioned authors’ reports, bacterial cultures contained >10* CFU/mL. Therefore, we speculated the causative
bacteria of UTI in hemodialysis-dependent ESRD patients from the authors’ reports and we aggregated their results.

Of note, 17.5% (7/40) of patients had ESBL-producing Escherichia coli, especially women, of whom 19.2% (5/26)
had ESBL-producing Escherichia coli. Wada et al'® reported that 6.5% (55/847) ESBL-producing Escherichia coli were
detected among non-ESRD women with acute uncomplicated cystitis in a Japanese nationwide survey. Song et al'’
reported that 6.26% (24/383) of non-ESRD female outpatients with intractable recurrent cystitis had ESBL-producing
Escherichia coli. The proportion of resistant bacteria in causative organisms of UTI was higher among hemodialysis-
dependent ESRD patients than among non-ESRD patients. This factor may be the main reason that ESRD patients

usually visit hospitals and may be prescribed antibacterial drugs on many occasions. To prevent the outbreak of resistant

Table 4 All Published Reports of the Bacterial Cultures of Hemodialysis-Dependent ESRD Patients with Bacteriuria

Author Manhal et al® n Haider et al* n Nakai et al'’ n Present Study n Total n (%)
Gram-negative 13 12 13 30 68 (51.5)
Escherichia coli 6 8 5 18 37 (28.1)
Klebsiella spp. 5 3 | 5 14 (10.7)
Acinetobacter spp. | 0 0 2 3(22)
Proteus spp. | | 0 [ 3(22)
Pseudomonas aeruginosa 0 0 | 2 3(22)
Citrobacter spp. 0 0 | | 2 (1.5)
Enterobacter cloacae 0 0 0 | | (0.8)
Other 0 0 5 0 5(3.8)
Gram-positive 2 14 38 10 64 (48.5)
Staphylococcus spp. | 7 22 | 31 (23.5)
Enterococcus spp. 0 6 12 5 23 (17.4)
Streptococcus spp. | | 3 4 9 (6.8)
Other 0 0 | 0 | (0.8)

Abbreviation: ESRD, end-stage renal disease.
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bacteria, antibacterial drugs should be prescribed for bacterial cystitis only when certain symptoms such as pollakisuria,
urgency, sense of residual urine, and miction pain are aggravated.

For hemodialysis-dependent ESRD patients who have bacterial cystitis, which is equivalent to a complicated UTI, the
choice of antibacterial drug for the treatment? is to prescribe oral levofloxacin or ciprofloxacin as the first-choice

2021 and oral cefdinir or cefpodoxime proxetil as the second-choice therapy.””

therapy,

The number of UTIs caused by multidrug-resistant microbial strains has significantly risen in recent years.” ESBL
bacteria are a beta-lactamase-producing strain. The emergence of strains expressing ESBL has been one of the most
important developments in resistance and have become a global public health concern.>?' Klebsiella, Escherichia,
Enterobacter, Citrobacter, Serratia, Proteus, Morganella, and Providencia have antibiotic-resistance genes, which
comprises the ESBLs.>*' Carbapenem antibacterial drugs such as meropenem are prescribed as the first-choice therapy

for UTIs caused by ESBL-producing strains,?**!

and cephamycins such as cefmetazole are prescribed for patients who
have UTIs and who have acceptable vital signs.?° Jia et al** detected 308 ESBL-producing Escherichia coli among non-
ESRD patients. The susceptible rate of three hundred eight ESBL-producing Escherichia coli strains were 99.9% and
97.9% for imipenem and cefmetazole, respectively. Hamada et al*® reported that, among non-ESRD outpatients,
cefmetazole was an efficacious treatment for UTI due to ESBL-producing Escherichia coli. Kuwana et al** concluded
that, for sepsis in UTI caused by ESBL-producing Escherichia coli among non-ESRD outpatients, de-escalation therapy
from broad-spectrum antibiotics to cephamycins is a potential treatment when vital signs are stable. Our results showed
that 100% of the seven ESBL-producing strains were susceptible to not only meropenem but also cefmetazole in
hemodialysis-dependent ESRD patients. Cefmetazole, as well as meropenem, might be useful for UTI caused by ESBL-
producing Escherichia coli, even in hemodialysis-dependent ESRD patients.

Behzadi®® said that understanding the structures and mechanisms of fimbriae in uropathogenic Escherichia coli
enables clinicians to prevent the occurrence of infections and/or to treat UTIs. FimH is bacterial adhesin that helps
bacteria to bind to host cells, and is displayed on the bacterial surface as a component of the fimbrial organelle.”> Sarshar
et al*® reported that mannose-based FimH antagonists, which are an antiadhesive therapeutic against uropathogens, are
valuable and effective for treating UTIs in vitro and in vivo as an alternative to the antibiotic therapeutic strategy. We
would like to investigate the usefulness of antiadhesive therapeutics for treating hemodialysis-dependent ESRD patients
who have UTIs in the future.

Our study has several limitations. First, we may have included patients who had certain risk factors and comorbidities
for UTIs such as neurological bladder or cystocele. However, diagnosing neurological bladder or cystocele is difficult
without further invasive examinations. Second, in this study, we diagnosed patients who had both pyuria, based on
urinalysis findings, and bacteriuria as a UTI, based on urinary bacterial culture findings. The patients did not have
miction pain or fever. They may have been actually diagnosed as having asymptomatic cystitis, which is a type of UTI.
However, previous investigators have used the term “urinary tract infection” for hemodialysis-dependent ESRD patients
who did not any symptoms but had pyuria and bacteriuria. We matched previous papers as a matter of convenience.
Third, we could not investigate the history of UTIs of the patients. The patients who had bacteriuria at the time of this
study may develop pyelonephritis or urosepsis in the future. Thus, we would like to further investigate the history of
UTIs for the patients in the long term.

Conclusions

The rate of UTI in dialysis-dependent ESRD patients was 32% and 20%, in female patients and male patients,
respectively. The proportion of resistant bacteria in causative organisms of UTI was high in dialysis-dependent ESRD
patients. The urine output of hemodialysis-dependent ESRD patients decreased gradually; therefore, a urinary bacterial
culture should be routinely checked while they can void some urine, even if they do not complain about bladder and
urethral pain, especially for female patients. This finding is useful for the choice of antibacterial drug for treating UTIs in
dialysis-dependent ESRD patients, and it will help the patient's life if they develop a UTI.
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Abbreviations
UTIL, urinary tract infection; ESRD, end-stage renal disease; CFU, colony forming units; ESBL, extended spectrum beta-

lactamase.
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