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Utility of point-of-care Gram stain by physicians
for urinary tract infection in children <36 months
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Abstract N\
Urinary tract infection (UTI) in children requires early diagnosis and treatment to prevent repeated UTI and renal scarring. This study |
aimed to evaluate the usefulness of the point-of-care Gram stain by physicians for suspected UTI in children at Okinawa Chubu
Hospital as a rapid diagnostic test.

A single-center, retrospective study was undertaken between January 2011 and December 2015. Patients aged 36 months or
younger who were reviewed had suspected UTI in the emergency room or outpatient clinic. Urine culture, urinalysis, and point-of-
care Gram stain were performed on a single specimen. Patients with structural or functional urological defects requiring routine
catheterization were excluded. We compared the diagnostic performance among the rapid diagnostic tests (i.e., pyuria, point-of-care
Gram stain, or both). Kappa statistics were used to evaluate the agreement between the results of point-of-care Gram stain and
morphotypes of urine culture with the 95% CI (bias corrected bootstrap interval). We also analyzed which antibiotics were more
susceptible to the bacteria of urine culture results, selected by the results of point-of-care Gram stain or empirical treatment based on
the Japanese guidelines by McNemar test.

Of 1694 patients reviewed in the study, 1546 were eligible according to our inclusion criteria. Using urine culture as the gold
standard for UTI, the sensitivity and specificity of pyuria were 73.2% and 95.1%, whereas those of the point-of-care Gram stain were
81.4% and 98.2%, respectively. The concordance rate between the morphotypes of bacteria detected by point-of-care Gram stain
and those of urine culture was 0.784 (kappa coefficient) (95% Cl 0.736-0.831). Furthermore, the proportion of “susceptible” in the
minimum inhibitory concentration of pathogen-targeted treatment based on the point-of-care Gram stain was higher than that of
empirical therapy (exact McNemar significance probability: .0001).

Our analysis suggests that the point-of-care Gram stain is a useful rapid diagnostic tool for suspected UTI in young children.
Pathogen-targeted treatment based on the point-of-care Gram stain would lead to better antibiotic selection compared with
empirical therapy.

Abbreviations: 95% Cl = 95% confidence interval, LR = likelihood ratio, MIC = minimum inhibitory concentration, NPV = negative
predictive value, PPV = positive predictive value, UA = urinalysis, UTI = urinary tract infection.
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1. Introduction

Urinary tract infection (UTI) represents one of the most
significant causes of serious bacterial infection in the pediatric
population.!"! A delay in treatment may result in repeated UTI
and scarring of the urinary tract, leading to renal failure.!
Therefore, appropriate use of antibiotics for UTI immediately

after diagnosis is imperative. However, diagnosing UTTI utilizing
medical history or a physical examination alone is difficult
because symptoms may not be specific, especially for infants and
young children.”®! The American Academy of Pediatrics guide-
lines suggests that the diagnosis of UTI should be made on the
basis of quantitative urine culture results in addition to evidence
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of pyuria, with a threshold of 5 white blood cells per high-power
field in microscopic analysis.!*! In contrast, the UK’s National
Institute for Health and Clinical Excellence guideline®®! and the
Japanese Association for Infectious Disease/Japanese Society of
Chemotherapy (JAID/JSC) Guide to Clinical Management of
Infectious Diseases 20151 suggests that excluding UTI is not
possible, even if pyuria is not present and emphasizes urine
culture as the gold standard for diagnosing UTI. Our research
group previously reported that 21% of patients with UTIs did not
present with pyuria at the time of diagnosis.!”! Because results of
urine cultures take a few days, an accurate rapid test for bed-side
diagnosis of UTI can be valuable. A recent meta-analysis for rapid
urine tests for UTI in children included 95 clinical studies
and 95,703 children (<18 years of age), with urine culture as the
gold standard test.!®! Sensitivity and specificity was 91% and
96% for urine Gram stain, 74% and 86 % for pyuria, 79% and
87% for leukocyte esterase test, and 49% and 98% for a nitrite
test, respectively. While a urine Gram stain is useful, the
guidelines do not include the results of Gram stains as part of
the diagnosis of UTI*®! because its utility compared to pyuria on
urinalysis (UA) is still controversial.”>'% Nevertheless, no clinical
studies have been conducted to evaluate point-of-care Gram
stains performed by physicians for the diagnosis of UTI in young
children.

This study aimed to determine the usefulness of a point-of-care
Gram stain by physicians for suspected UTI in children in a large
hospital in Japan.™ The specific aims were to compare the
validity of point-of-care Gram stain compared with urine cultures
(gold standard test) and to evaluate the appropriateness of the
antibiotic selection based on the results of the Gram stain
compared with empirical therapy.

2. Materials and methods

2.1. Study design

This was a retrospective study of patients with suspected UTI in a
single-center from January 2011 to December 2015.

2.2. Study setting

Our hospital in Okinawa, Japan is a 550-bed acute care general
hospital, including 41 pediatric beds. Approximately 20,000
children visit the Emergency Department (ED) annually and
nearly 1500 are hospitalized in a pediatric ward. Okinawa
Chubu Hospital has a Postgraduate Medical Education Program
since 1966 and is affiliated with the University of Hawaii.'?! All
physicians perform Gram stain tests in the ED and pediatric
outpatient clinic, immediately after urine samples are obtained.
They then select antibiotics based on the results of Gram
staining.!' 14!

Our practice endorses catheterization of children younger than
36 months old. UA, urine culture, and point-of-care Gram stain
were done on a single urine specimen obtained by catheter before
administering antibiotics. The Gram stain was performed and
interpreted by trained resident physicians as soon as possible after
obtaining the urine samples. The technique of Gram staining was
regularly instructed and evaluated by the members of infectious
disease division in our facility.

2.3. Inclusion criteria and exclusion criteria

We reviewed patients 0 to 36 months of age visiting our hospital
between January 2011 and December 2015 with suspected
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bacterial UTI and all febrile infants younger than 2 months.
Because diagnosing UTI at an age younger than 2 months with a
medical history or physical examination is difficult, these
inclusion criteria were necessary to measure the accuracy of a
rapid test for UTI in young children."! Patients with structural or
functional urological defects requiring routine catheterization
were excluded from the study. Those who were not submitted
either Gram stain or UA were also excluded.

2.4. Clinical management of patients

In our hospital, antibiotics for UTT were selected after point-of-
care Gram stains in the ED or the pediatric outpatient clinic. The
antibiotic regimen in our facility was based on Japanese!®! or
USA™ guidelines; the first-line therapy was based on local
antibiotic-resistance patterns, updated annually by our hospital’s
microbiology lab.['31 A second-generation cephalosporin is
recommended for Gram-negative rods (Enterobacteriaceae, such
as Escherichia coli, Klebsiella spp., Enterobacter spp., and
Proteus mirabilis). Ampicillin and gentamicin are recommended
for Gram-positive cocci (Enterococcus faecalis and Streptococcus
agalactiae).

First-line therapy based on the JAID/JSC!®! is ampicillin and
gentamicin for neonates and first to third generation cepha-
losporins for infants and young children.

2.5. Data collection

Medical records were reviewed in order to obtain pertinent
demographics, clinical and laboratory information, all bacteria
that were isolated, and the prescribed antibiotics. All point-of-
care Gram stains were done by physicians.

2.6. Variable definitions

Point-of-care Gram stain, and urine culture were performed from
un-centrifuged urine and UA was performed from centrifuged
urine on a single urine specimen. Urine culture was considered
positive if 10* colony forming unit of uropathogens were
identified.!®! Urine culture results were used as the gold standard
of diagnosis of UTI for comparison. Urine cultures were
evaluated by laboratory technicians without clinical information,
pyuria on UA or Gram stain results. Pyuria was defined as
positive when five leukocytes per oil immersion field were
observed by using an automated urine analyzer (Aution Hybrid,
Arkray, Kyoto, Japan). Point-of-care Gram stains were per-
formed and interpreted by physicians soon after urine samples
were obtained. A point-of-care Gram stain was deemed positive if
white blood cells were present, and any organisms were observed.
Morphotypes and the presumptive bacteria were as follows:
Gram-positive cocci for E faecalis, S agalactiae, or Staphylococ-
cus aureus and Gram-negative rods for E coli, Klebsiella spp.,
Enterobacter spp., P mirabilis, or Pseudomonas aeruginosa.

2.7. Statistical analysis

The median and interquartile ranges were used when data were
non-normally distributed. Categorical variables were reported as
percentages. To compare performance among the rapid diagnos-
tic tests, we calculated sensitivity, specificity, positive likelihood
ratio (LR), negative LR, and positive and negative predictive
values (PPVs and NPVs) with the 95% confidence interval (95%
CI) for each testing method (i.e., pyuria, point-of-care Gram
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stain, or both). Kappa statistics were used to evaluate the
agreement between the results of point-of-care Gram stain and
morphotypes of urine culture with the 95% CI (bias corrected
bootstrap interval)."! These were calculated by bootstrap
methods with options of 1000 replications and a random-
number seed (1234321).

We also analyzed which antibiotics were more susceptible to the
bacteria of urine culture results, selected by the results of point-of-
care Gram stain or empirical treatment based on the Japanese
guidelines 2015!! by McNemar test. The drug susceptibility test
was classified by the minimum inhibitory concentration (MIC).
The MIC is the standard of the United States Clinical and
Laboratory Standards Institute (CLSJ; S: susceptible, I: intermedi-
ate, R: resistant). The data were analyzed with Stata software,
version 14.2 (Stata Corp., College Station, TX).

2.8. Sample size calculation

According to Cantey et al,!'® when a urine culture test is regarded

as the gold standard for diagnosis of UTI, the sensitivity of the
Gram stain is 97.3% and specificity 73.8%. Assuming that the
predicted value of the sensitivity in the point-of-care Gram stain
was 0.973, the expected proportion was 0.027 (=1 — 0.973), the
width of the interval was 0.05, and the confidence level was 95 %,
the sample size of patients with a positive urine culture needed for
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sensitivity calculation was 162. Additionally, assuming that the
estimated value of specificity in the point-of-care Gram stain was
0.738, the expected proportion was 0.262 (= 1 — 0.738), the
width of the interval was 0.05, and the confidence level was 95%,
the number of negative urine cultures required was 1189. A total
of 1351 people would be required. In our hospital, because 350
urine cultures are annually submitted and approximately 35
patients aged younger than 3 years with UTI are hospitalized, we
set the research period as 5 years.

2.9. Ethics

The study was approved by the Institutional Review Board of
Okinawa Chubu Hospital (No. 28-70), and the need for written
informed consent was waived. This study was conducted in
accordance with Ethical Guidelines for Medical and Health
Research Involving Human Subjects in Japan. We were not
required to obtain individual informed consent from the patients
included in the study. We posted information on our research on
the institution’s website and a bulletin board at the hospital.

3. Results

Urine cultures of 1594 patients were processed during the study
period (Fig. 1). Forty-six (2.9%) patients did not have urine

1594
urine cultures
submitted

18 Gram stain not performed
22 UA not performed
6 Neither test performed

2 Routine catheterization

needed

1546 children
included in the study

Figure 1. Flowchart for the selection of patients.
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Clinical and laboratory characteristics of this study.
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Bacteria isolated from urine cultures.

Number, percentage (%) Special bacteria

Variable All subjects, n=1546
Age; month (IQR) 31,19
Female sex; n (%) 696 (45%)
Multiple UTI episodes; n (%) 20 (1.3%)
Positive urine cultures; n (%) 183 (12%)

Data are presented as n (%) for categorical variables, and medians and interquartile for continuous
variables.
IQR =interquartile, UTI=urinary tract infection.

cultures, UA, and/or point-of-care Gram stain from a single urine
specimen. Two (0.1%) patients were excluded because of routine
catheterization. Of the remaining 1546 patients, 696 (45%)
were girls and the median age was 3 months (interquartile range,
1-15 months) (Table 1). Of these, 183 (12%) patients had a
pathogen detected in urine culture. Among urine culture-positive
patients, 63 (34%) were girls and the median age was 3 months
(interquartile range, 2-11 months).

We calculated the sensitivity, specificity, PPV, NPV, positive
LR, and negative LR of pyuria on UA, point-of-care Gram stain,
and combination of pyuria and point-of-care Gram stain, and
positive combination of either pyuria or point-of-care Gram stain
(Table 2). Urine culture was considered a gold standard test for
comparison. The sensitivity and specificity of pyuria were 73.2%
and 95.1% respectively, whereas the point-of-care Gram stain
had a sensitivity and specificity of 81.4% and 98.2%,
respectively. Furthermore, the sensitivity and specificity of
combined pyuria and point-of-care Gram stain had a sensitivity
and specificity of 70.0% and 99.6% respectively, while the
sensitivity and specificity of either pyuria or point-of-care Gram
stain had a sensitivity and specificity of 100% and 95.8%,
respectively.

Of the 183 positive urine cultures, bacteria isolated from the
urine culture were E coli, Klebsiella spp., E faecalis, P mirabilis,
and multiple identified bacteria, including E faecalis (Table 3).
Extended-spectrum beta-lactamases were confirmed in 12 (9.5%)
cases in E coli, 2 (9.1%) cases in Klebsiella spp., and 2 (50%)
cases in P mirabilis.

The kappa coefficient between the morphotypes of bacteria
detected by the point-of-care Gram stain, and those detected by
urine culture was 0.784 (95% CI 0.736-0.831) (Table 4). For the
bacteria detected by urine culture, 87.4% of the pathogen-targeted
treatments based on the point-of-care Gram stain were “suscepti-
ble” at MIC. In contrast, 79% of the empirical therapy based on
the guideline was “susceptible” at MIC (exact McNemar
significance probability was .0001). All cultured bacteria could
be covered with antibiotics based on the point-of-care Gram stain

Gram-negative rod

E coli 126 (68.5%) ESBL 12 (9.5%)
Klebsiella spp. 22 (12.0%) ESBL 2 (9.1%)
Enterobacter spp. 4
P mirabilis 4 ESBL 2 (50%)
P aeruginosa 1
Gram-positive coccus
E faecalis 11 (6.0%)
S agalactiae 2
Multiple identified bacteria 8 E. faecalis 7 (3.8%)
Others 5 MRSA 1

ESBL = extended-spectrum beta-lactamases, £ faecalis= Enterococcus faecalis, E coli= Escherichia
coli, MRSA=methicillin-resistant Staphylococcus aureus, P mirabilis= Proteus ~mirabilis, P
aeruginosa= Pseudomonas aeruginosa, S agalactiae= Streptococcus agalactiae.

Concordance rate of the point-of-care gram stain and urine
culture.

Urine culture
None GNR GPC Multiple-organism

Point-of-care Gram stain

None 1339 28 4 2
GNR 18 128 1 6
GPC 6 4 10 0
Multiple identified bacteria 0 0 0 0

Kappa coefficient: 0.784 (95% Cl 0.736-0.831).
GNR = Gram negative rod, GPC = Gram positive coccus.

except multidrug-resistant bacteria, such as extended-spectrum
beta-lactamases.

4. Discussion

We found that point-of-care Gram stain was superior to pyuria
on UA as a rapid diagnostic test for UTIL Specifically, the
sensitivity and positive LR were higher with Gram stain. Positive
LR was 158.9 when both pyuria and the point-of-care Gram stain
were positive, and sensitivity was 100% when either pyuria or the
point-of-care Gram stain was positive. The agreement of bacterial
morphology between the point-of-care Gram stain by physicians
and results of the cultures was substantial by evaluating the
kappa coefficient. Furthermore, the proportion of “susceptible”
at MIC of the pathogen-targeted treatment based on the point-of-
care Gram stain was higher than that of empirical therapy
according to current Japanese guidelines. !

Properties of rapid tests for UTI.

Sensitivity %,
[95%Cl]

Specificity %,
[95%CI]

PPV %,
[95%CI]

NPV %,
[95%C1]

Positive LR [95%Cl] /Negative
LR [95%(CI]

Pyuria on UA

Point-of-care Gram stain

UA (pyuria) and
point-of-care Gram stain

UA (pyuria) or
point-of-care Gram stain

73.2% [0.662-0.795]
81.4% [0.750-0.868]
70% [0.627-0.765]

95.1% [0.938-0.962]
98.2% [0.974-0.989]
99.6% [0.990-0.998]

100% [0.980-1.00] 95.8% [0.946-0.968]

66.7% [0.609-0.720]
86.1% [0.806-0.903]
95.5% [0.905-0.980]

76.3% [0.714-0.805]

96.4% [0.954-0.971]
97.5% [0.967-0.982]
96.1% [0.952-0.969)]

14.9 [11.6-19.1)/0.28 [0.22-0.36]
46.2[30.9-69.2]/0.19[0.14-0.26]
158.9[71.1-355.1]/0.30[0.24-0.38]

100% 23.9[18.6-30.8]/0.00

Cl=confidence interval, LR= likelihood ratio, NPV =negative predictive value, PPV =npositive predictive value, UA=urinalysis, UTI=urinary tract infection.



Yodoshi et al. Medicine (2019) 98:14

Our study shows that the point-of-care Gram stain and pyuria
on UA had a very high specificity. This resulted in a higher
positive LR, hence a positive test makes UTI extremely likely and
that moderate sensitivity does not rule out UTI even if each test is
negative. Importantly, the NPVs for UTT of Gram stain together
with pyuria were 100%. Cantey et al reported that the sensitivity
and specificity of the Gram stain using centrifuged urine for UTI
were 97.3% and 85%, while those of pyuria were 97.5% and
74%, respectively.''® This previous report showed a much higher
sensitivity than that of our study. This difference is likely because
urine was not centrifuged for pyuria and Gram stain in our study.
Shaw et al'”! also examined the sensitivity and specificity of the
Gram stain using un-centrifuged urine for UTI by laboratory
technicians. They found that the sensitivity and specificity were
81% and 97%, respectively.!'”! Point-of-care Gram stain in our
study had as high a sensitivity as that in the study by Shaw et al'”!
using unspun urine for the Gram stain and the gold standard of
10* uropathogens in urine culture. The Gram stain is a rapid
diagnostic test for UTI, which can be carried quickly at low cost.
For clean-catch, unspun urine, the presence of at least one
bacteria is likely to indicate a bacterial count of >10° CFU/
mL,["8! and the absence of bacteria in several fields on a Gram
stain indicates the probability of fewer than 10* bacteria/mL.1*!
In our study, we used point-of-care Gram stain with unspun
urine, a procedure that took S-minute.

In our study physicians, not laboratory technicians, performed
the Gram stain, and the kappa coefficient suggests that they were
accurate in their reading. There have been no reports on the
validity of the point-of-care urine Gram stain by physicians.
Furthermore, we show that choice of antibiotics based on point-
of-care Gram stain was better than recommended empirical
therapy. In empirical therapy based on the Japanese guideline or
local susceptibility patterns in Japan, the first-line drug of UTI for
neonates is ampicillin plus gentamicin, and the first-line
antibiotics after infancy are cephalosporins. However, cepha-
losporins, such as cefixime and cefotaxime, are used in most UTI
cases in children living in North America.'"”! Except during the
neonatal period, such empirical antibiotics do not cover E
faecalis, which accounts for 9% to 10% of childhood
infections.?*=*?! In our study, the rate of detection of E faecalis
in the whole culture was 9.8%. Additionally, antibiotics that
were selected based on point-of-care Gram stain were 8.4% more
sensitive to culture results than those by empirical therapy based
on the Japanese guidelines. These results suggest that the point-
of-care Gram stain enabled selection of antibiotics that can cover
E faecalis more accurately than empirical therapy. Furthermore,
in our study, bacteria that were not covered by point-of-care
Gram stain would not have been covered by empirical therapy.

Limitations of our study include the retrospective nature of this
study. It is also possible that despite clear guidelines in our
hospital to do a Gram stain before sending a sample for a UA
testing, in some children, the physician knew the results of a
pyuria on UA before performing the Gram stain test, possibly
resulting in biased reporting. In addition, we used unspun urine
for testing, different than the technique used in the lab. However,
we report similar sensitivity and specificity of the Gram stain as
when performed by laboratory technicians.!'”! Finally, there may
be limited applicability of this study to all patient populations.
Although the recommendation of this study is that physicians
perform Gram stains on urine samples, federal regulatory
standards in some countries, such as the United States, may
restrict physicians from carrying out urine Gram stains in non-
certified settings.
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In conclusion, our analysis suggests that the point-of-care
Gram stain is a useful rapid diagnostic tool for suspected UTTI in
children less than 36 months of age. Antibiotic selection based on
point-of-care Gram stain is preferable compared to empirical
therapy recommendations.
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