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Sterile Pyuria in Patients Admitted to the Hospital
With Infections Outside of the Urinary Tract

Jared B. Hooker, MS2, James W. Mold, MD, MPH, and Satish Kumayr, MD

Objectives: The objective of this study was to determine the incidence, associations, evaluation, and
management of pyuria in patients admitted to the hospital with nonurinary infections.

Methods: This study abstracted inpatient records of consecutive patients hospitalized for pneumonia,
intra-abdominal infections, female genital tract infections (GYN infections), bacterial septicemia, and
enteritis in the pediatric and adult medical and surgical units at an academic medical center.

Results: The study population included 210 patients (66 children; 144 adults). Nearly one-third had
=5 white blood cells (WBCs) per high-power field (pyuria). Pyuria was more common in women (P <
.001) and in patients with GYN infections (P = .001) and less common in patients with pneumonia (P <
.001). Cultures were performed on 18 of 19 children (94.7%) and 26 of 43 adults (60.5%) with pyuria.
Of those, 11.1% of children and 42.1% of adults had a positive culture, and all but one of those met
criteria for a urinary tract infection. Excluding patients with GYN infections, only 18.8% of patients with
pyuria had a positive culture. Of the 44 patients with pyuria who were cultured, a positive culture was
associated with having a GYN infection (P = .01), moderate or large amounts of bacteria in the urine
(P = .005), and a positive urine nitrite (P = .004). The absolute number of WBCs or red blood cells in
the urine and the presence of casts, proteinuria, and leukocyte esterase were not associated with posi-
tive culture or urinary tract infection. Neither pyuria nor a positive culture was related to temperature,
systemic WBC count, or serum albumin, blood urea nitrogen, or creatinine.

Conclusions: Sterile pyuria of uncertain cause is common in patients admitted to the hospital with

acute nonurinary infections. (J Am Board Fam Med 2014;27:97-103.)
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Urinalysis is a test commonly ordered at admission
to a hospital, especially when the patient has a
tebrile illness. In most cases it provides useful in-
formation, but it can sometimes be misleading.
One of the authors (JWM) has observed that pa-
tients admitted to the hospital with acute infectious
illnesses unrelated to the urinary tract frequently
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have pyuria, which can confuse the admitting phy-
sicians, who sometimes alter their antibiotic choice
based on the abnormal urinalysis even when the
evidence for urinary tract infection (UTI) is weak.

Others have documented that sterile pyuria can
occur in both adults and children with pneumonia
and other acute febrile illness, suggesting that some
feature of these illnesses or fever itself might cause
leakage of white blood cells (WBCs) into the
urine."” In fact, sterile pyuria has many causes
(Table 1)."%° However, the incidence, predictors,
and clinical implications of pyuria in patients ad-
mitted to the hospital with infections outside of the
urinary tract have not been studied. Believing that
more information about this phenomenon might help
physicians make better initial antibiotic choices, we
undertook this study to estimate the incidence of
pyuria at the time of hospital admission in patients
with acute infections outside of the urinary tract
and to gather information that could help clinicians
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Table 1. Some Reported Causes of Sterile Pyuria and the Tests Generally Used to Diagnose Them

Cause

Evaluation

Infectious causes
Perinephric abscess
Renal tuberculosis
Fungal infections of the kidneys
Partially treated pyelonephritis
Fungal infections of the bladder
Partially treated cystitis
Contamination of urine with antiseptic
Prostatitis
Urethritis
Cervicitis
Vaginitis
Appendicitis, diverticulitis
Q fever

Noninfectious causes
Crystal nephropathy and nephrolithiasis
Lithium or heavy metal nephropathy

Ultrasound; CT

Urine TB culture and PCR
Gram stain; fungal culture
History; CT

Gram stain; fungal culture
History

Repeat urinalysis

Prostate exam

History; urine PCR; chlamydia culture
Vaginal exam; cervical culture
Vaginal exam; wet prep/KOH
Us; CT

History; serology

CT, IVP
History; lithium level; heavy metal tests

Renal papillary necrosis (diabetes, sickle cell disease, analgesic nephropathy)

Renal sarcoidosis

Polycystic kidney disease

Renal transplant rejection

Interstitial nephritis

Genitourinary malignancy

Interstitial cystitis

Systemic lupus erythematosis, other autoimmune diseases
Kawasaki disease

Urinalysis, IVP; US; CT
Renal biopsy

Us; CT

History; renal biopsy

Urine eosinophils, renal biopsy
CT; cystoscopy

Cystoscopy

ESR; ANA, anti-DNA
History; physical exam

ANA, antinuclear antibodies; CT, computed tomography; ESR, erythrocyte sedimentation rate; KOH, potassium hydroxide;
IVP, intravenous pyelogram; PCR, polymerase chain reaction; TB, tuberculosis; US, ultrasound.

make better initial evaluation and treatment deci-
sions in such cases.

We specifically set about to answer the following
questions about patients admitted to the hospital
with non-urinary tract infections: (1) What are the
incidences of pyuria, bacteriuria, and UTI? (2)
What clinical factors are associated with pyuria in
these patients? and (3) How often and in what ways
does pyuria impact management decisions?

Methods

Data Collection

From a list of consecutive patients (both adults and
children) discharged from the medical and surgical
services of an academic medical center between
June 1 and September 30, 2011, we retrospectively
identified and abstracted the medical records of all
patients with the following diagnoses at discharge:
(1) pneumonia, (2) bacterial septicemia, (3) intra-

abdominal infection, (4) enteritis, or (5) female
genital tract (GYN) infections. We chose to look at
patients with pneumonia and septicemia because
prior studies have suggested a link between these
infections and sterile pyuria, sometimes referred to
as “febrile pyuria.”"* Intra-abdominal infections,
female GYN infections, and enteritis were selected
because they might cause external inflammation of
the urinary tract. We excluded patients with diag-
noses of end-stage renal disease, genitourinary
stones, sickle cell disease, malignant hypertension,
and sarcoidosis— conditions known to cause sterile
pyuria—at admission or discharge. We also ex-
cluded patients who did not have a urinalysis within
24 hours of admission, lacked a history and physical
examination in their record, or had an indwelling
catheter at the time of admission.

After orientation to the electronic medical re-
cord (MediTech, Westwood, MA) and abstraction
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training, one author (JBH) abstracted the data from
the medical records into a spreadsheet (Microsoft
Excel; Microsoft Corp., Redmond, WA) and then
imported them into a statistical analysis program
(Statistix 9; Analytical Software, Tallahassee, FL).
A subset of 10% of the records was reviewed by
another author JWM) to check the accuracy of the
abstractions and direct further training. The abstrac-
tions captured demographic data (age, race, sex, pri-
mary insurance type, habitat before admission);
weight and temperature at admission; presenting
symptoms (categorized by organ system); specific uri-
nary symptoms and signs (frequency, dysuria, ur-
gency, incontinence, flank pain, abdominal pain,
lower abdominal tenderness, and costovertebral an-
gle [CVA] tenderness); WBC count; serum creati-
nine, blood urea nitrogen (BUN), and albumin
levels; urinalysis and urine culture results at admis-
sion; method of urine collection; results of last
urinalysis before discharge; and antibiotics given to
the patient during the first 24 hours after admis-
sion. In addition, we noted whether any other stud-
ies were done that could have been used to deter-
mine the cause of sterile pyuria (urine test for
eosinophils, urine culture for tuberculosis, ultra-
sound of the kidneys/bladder, intravenous pyelo-
gram, renal radionucleotide scan, cystoscopy, mag-
netic resonance imaging of the kidneys, computed
tomography of the abdomen). Glomerular filtra-
tion rate (GFR) was estimated using both the
Cockroff-Gault (CG) and the Modification of Diet
in Renal Disease (MDRD) equations.'®

For urine protein, nitrite, ketones, squamous
cells, and casts, we recorded only whether the result
was negative or positive. To quantify the number of
WBCs and red blood cells per high-powered field
(HPF), we used the categories reported by the
hospital’s laboratory (0-2, 2-5, 5-10, 10-15, 15-
20, 20-25, 25-30, 30-40, 40-50, 50-100, >100,
or too numerous to count). For numbers of bacteria
in the urine, we used the categories of none, light,
moderate, or heavy, as reported by the laboratory.
For the urine culture results, we used the categories
reported by the hospital’s microbiology laboratory
(<100 or no growth; 100-9999; 10,000-49,999;
50,000-99,999; and =100,000 colony-forming
units/mL, as well as multiple organisms). Antibiot-
ics given during the first 24 hours of hospitalization
were recorded and categorized by class.

We defined “pyuria” as >5 WBCs/HPF. A pos-
itive urine culture was defined as at least 100,000

colony-forming units/mL of a single bacterial spe-
cies if the urine was obtained using the clean catch
(CC) method and at least 50,000 colony-forming
units/cm’ of a single bacterial species if the urine
was obtained by catheterization (cath). Urine cul-
tures with multiple bacterial species were consid-
ered negative. We defined sterile pyuria as >5
WBCs/HPF with a negative urine culture. A UTI
was defined as the presence of a positive urine
culture and one or more of the following urinary
symptoms or signs: frequency, dysuria, urgency,
incontinence, flank pain, abdominal pain, lower ab-
dominal tenderness, or CVA tenderness.

The study was approved by the University of
Oklahoma Health Sciences Center Institutional
Review Board, and a Health Insurance Portability
and Accountability Act waiver was granted for our
abstraction of private health information to be de-
identified after review.

Statistical Analyses

We first calculated descriptive statistics for all vari-
ables across all patients (Table 2) and then com-
pared the proportions of patients with pyuria,
pyuria with a positive urine culture, and urinary
tract infection in children versus adults, males ver-
sus females, and across diagnostic groups (Table 3).
Because of the relatively small numbers of patients
in each subcategory, we used Fisher’s exact test for
the bivariate analyses, and we chose not to con-
struct regression models. Because of multiple com-
parisons, we set our « at 1%; P < .01 was consid-
ered significant.

Next we looked at patients with community-
acquired pneumonia and sterile pyuria to see
whether initial antibiotic choice was altered as a
result of the urine findings. We also examined all
cases of sterile pyuria to see whether additional
investigations were conducted to determine the po-
tential cause of the pyuria. Finally, we examined
associations between sterile pyuria and initial body
temperature, circulating WBC count, serum albu-
min, BUN, creatinine, and estimated GFR in an
attempt to identify possible causes of the pyuria in
the absence of UTL

Results

During the study period, 1216 patients were dis-
charged from the acute medical and surgical ser-
vices of the Oklahoma Medical Center with a pri-
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Table 2. Characteristics of the Study Population
(n = 210)

Population Characteristics No. (%)
Age (years)

<18 66 (31.4)

=18 144 (68.6)
Sex

Female 116 (55.2)

Male 94 (44.8)
Race

White 165 (78.6)

Black 29 (13.8)

American Indian 10 (4.8)

Other/unknown 6(2.9)
Primary health insurance

Medicare 54 (25.8)

Medicaid 63 (30.1)

Commercial 50(23.9)

Uninsured 42 (20.1)
Setting before admission

Home 171 (81.4)

Nursing home 9 4.3)

Inpatient facility 26(12.4)

Unknown 4(1.9)
Primary discharge diagnosis

Pneumonia 45 (19.5)
Intra-abdominal infection 88 (41.9)
Female genital infection 10 (4.8)
Enteritis 41 (19.5)
Septicemia, bacterial 26 (12.4)
Pyuria
>5 WBCs/HPF
No 148 (70.5)
Yes 62 (29.5)
>10 WBCs/HPF
No 179 (85.2)
Yes 31 (14.8)
Urine culture result (if urine cultured)
Negative 31(70.5)
Positive 13 (29.5)
At least 1 possible urinary tract symptom
No 30 (14.3)
Yes 180 (85.7)
Urinary tract infection
No 198 (94.3)
Yes 12.(5.7)

HPF, high-powered field; WBC, white blood cells.

mary diagnosis of an acute infectious disease. Of
those, 386 had 1 of the 5 qualifying infectious
diseases. We excluded 155 patients for whom uri-
nalysis was not performed within 24 hours of ad-

mission, 10 patients who had an indwelling urinary
catheter at the time of admission, and 1 patient who
had a ureterostomy tube. In 4 other cases we could
not find a history and physical examination at ad-
mission, and in 6 cases the diagnosis of pneumonia
at discharge was not supported by clinical and lab-
oratory findings. The remaining 210 patients con-
stituted the study sample. Among study patients,
two-thirds (68.6%) were adults, and slightly more
than half were women (55.2%). Other patient char-
acteristics can be found in Table 2.

Incidence and Predictors of Pyuria, Sterile Pyuria,
and UII at Admission

Nearly one third of both adults (43 of 144; 29.9%)
and children (19 of 66; 29%) had pyuria at admis-
sion to the hospital. In 18 of the 19 children (95%)
and 26 of the 43 adults (60%) with pyuria, urine
cultures were performed. Among the 44 patients
with pyuria who had been cultured, 13 (29.5%) had
a positive culture, 12 of whom had at least one
urinary tract symptom or sign, so 2 of 18 children
(11.1%) and 10 of 26 adults (38.5%) with pyuria
met criteria for UTT (see Tables 2 and 3).

Children with pyuria were more likely to be
cultured but less likely to have a positive culture
than adults. Females were more likely to have
pyuria than men (43.1% vs 12.8%; P < .0001), but
they were neither more nor less likely to have a
positive culture or a UTI. There were small, sta-
tistically nonsignificant differences in the rates of
pyuria and positive cultures by urine collection
method (pyuria: 29.8% for the CC method vs 20%
for cath; positive culture: 22.6% for the CC
method vs 33.3% for cath, respectively). Female
patients with GYN infections were more likely
than patients with the other 4 types of infections to
have pyuria, a positive urine culture, and a UTL
The rate of UTI in those patients was 50% (see
Table 3). For all other patients with pyuria, the
probabilities of a positive culture and UTI were
both 18.8%.

In the 44 patients who had pyuria who were
cultured, a positive culture was associated with hav-
ing a GYN infection (x> 6.57; P = .01), having
moderate or large amounts of bacteria in the urine
(x> 7.74; P = .005), and having a urine culture
positive for nitrite (x> 8.19; P = .004). The absolute
number of WBCs or red blood cells in the urine,
the presence of casts of any kind, proteinuria, and
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Table 3. Documented Pyuria and Positive Cultures by Age, Sex, Weight, and Diagnosis

Characteristics Pyuria P Culture Positive* P
All Patients 62/210 (29.5) 13/44 (29.5)
Age group .87 .09
Children 19/66 (28.8) 2/18 (11.1)
Adults 43/144 (29.9) 11/26 (42.3)
Sex <.001 .69
Female 50/116 (43.1) 10/36 (27.8)
Male 12/94 (12.8) 3/8 (37.5)
Weight (Ib) .61 26
<100 13/45 (28.9) 113 (7.7)
100-200 37/111 (33.3) 8/23 (34.8)
>200 9/36 (25) 3/6 (50)
Primary diagnosis
Pneumonia 4/45 (8.9) <.001 0/3 (0) 54
Septicemia 28/88 (31.8) .54 3/17 (17.6) .20
Intra-abdominal infect. 12/41 (29.3) 1.00 1/10 (10) 24
Enteritis 3/10 (33) 1.00 2/2 (100) .08
Female genital infection 15726 (57.7) .001 7/12 (58.3) .02
Signs and symptoms
Fever 26/93 (28) 76 5/23 (21.7) 33
Abdominal pain 43/126 (34.1) .09 9/30 (30) 1.00
Flank pain 1/6 (16.7) .67 0/1 (0) 1.00
Abdominal tenderness 29/86 (33.7) .28 3/21 (14.3) .05
CVA tenderness 1/3 (33) 1.00 0/1 (0) 1.00
Laboratory tests
Urine nitrite 14/19 (73.7) <.001 7/11 (63.6) .008
Urine bacteria (=mod.) 30/44 (68.2) <.001 11/23 (47.8) 008
e¢GFR by CG <60 16/48 (33.3) .56 3/13 (23.1) 23

*Values are n/numbers of patients with pyuria who had a urine culture performed (%).

All P values were obtained using Fisher’s exact test.

CG, Cockroft-Gault; CVA, costovertebral angle; eGFR, estimated glomerular filtration rate.

positive leukocyte esterase were not associated with
a positive culture or UTT.

Effect of Sterile Pyuria on Management Decisions
There were 27 cases of community-acquired pneu-
monia. However, only 2 had pyuria. In one of those
cases, the choice of antibiotic was altered because of
the pyuria. It was impossible to tell whether deci-
sion making was affected in the other diagnostic
groups because of the frequent need to cover for
Gram-negative pathogens for other reasons. Re-
peat urinalyses were performed on 35 of the 62
patients with pyuria (56.5%) and 6 of the 31 pa-
tients (19.4%) with sterile pyuria. In those 6 cases,
3 of the follow-up urinalyses (50%) showed no
pyuria.

In 133 of the 210 cases (63.3%), at least one
other test had been ordered that could have, at least

in part, been in response to the abnormal urinalysis
at admission. These included abdominal computed
tomography, ultrasound of the kidneys or bladder,
magnetic resonance imaging of the kidneys, intra-
venous pyelogram, renal radionucleotide scan,
urine for eosinophils, and urine culture for tuber-
culosis.

Potential Causes of Sterile Pyuria

Sterile pyuria was unrelated to reported fever, mea-
sured body temperature, systemic WBC count, or
serum albumin. It was, however, associated with
lower estimated GFR (mean of 63.1 mL/min in
patients with sterile pyuria vs mean of 96.3 mL/min
in others; odds ratio, 0.99; 95% confidence interval,
0.97-1.00). This effect was lost when estimated
GFR was dichotomized (see Table 3). The mean
BUN and creatinine levels were also somewhat
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higher in patients with sterile pyuria (means of 20.2
vs 17.1 and 1.25 vs 1.05, respectively), but these
differences were not statistically significant.

Discussion
Pyuria was common among patients admitted to an
acute care hospital who were ultimately found to
have infections outside of the urinary tract as the
reason for hospitalization. Aside from female pa-
tients with GYN infections, pyuria was unlikely to
be caused by a UTT, and it should be noted that the
proportion of patients with pyuria who had a UTT
is likely to be overestimated. The prevalence of
bacterial colonization of the urinary tract is 10% to
50% in adults, depending on age, sex, and frailty,
and 5% among febrile children with positive urine
cultures.'"'? Some the qualifying symptom(s) used
in our study (eg, abdominal pain or tenderness)
could have been caused by the primary diagnoses.

Choice of antibiotic at admission remains a mat-
ter of clinical judgment. Our findings inform that
judgment by demonstrating that the presence of
pyuria does not usually indicate the presence of a
UTT in patients with pneumonia, bacterial septi-
cemia, intra-abdominal infection, and enteritis.
These findings suggest that when it is clear that the
primary infection is not in the urinary tract, clini-
cians should not feel obligated to alter their choice
of antibiotics unless there is good reason to believe
the patient has more than one infection. Gyneco-
logical infections seem to be a special case. These
infections could cause inflammation of the external
surfaces of the urinary organs or contiguous infec-
tion, potentially resulting in pyuria and sometimes
a UTL

Our study also produced other interesting find-
ings, which tended to challenge established dogma.
First, because of difficulties involved in obtaining
CC urine specimens and the potential for the con-
tamination of urine specimens with WBCs of vag-
inal origin, women were expected to have a higher
rate of both pyuria and sterile pyuria. In our study,
women did have a higher incidence of pyuria but
the proportion with positive cultures was not dif-
ferent between women and men with pyuria.

Second, we also expected that CC urine tests
would be more likely than urine samples obtained
by catheter to have >5 WBCs/HPF and to grow
multiple organisms. While there were small differ-
ences, they were not statistically significant. Third,

we were surprised at the absence of a strong cor-
relation between pneumonia and pyuria, since this
association was reported in the literature and was
one of the clinical observations leading to this
study. In fact, in this sample, pneumonia was the
least likely of the 5 infections to be associated with
pyuria.

The high incidence of sterile pyuria in these
patients raises questions about the need for further
work-up. Approximately 50% no longer had pyuria
on a repeat urinalysis, so repeating the urinalysis
would seem to be a logical first step. If the pyuria
persists, a list of probable causes and diagnostic
tests should be considered (Table 1).

We speculated that there might be associations
between pyuria and both fever and systemic WBC
count. However, we found neither. In patients with
pyuria, those with kidney damage (lower estimated
GFR) were more likely to have a negative culture.
The latter association was seen only for the CG
estimated GFR and not for the MDRD estimate.
Sterile pyuria has been reported in patients with
end-stage renal disease,'*'* but to our knowledge it
has not been reported in patients with earlier stages
of chronic kidney disease.

The study has several important limitations.
Most significant is the relatively small sample size,
which reduced our power to detect some risk fac-
tors and predictors in particular within the sex and
age subgroups. Data were abstracted by a medical
student before his clinical rotations. While he re-
ceived training and another author JWM) re-ab-
stracted a subset of records, it is possible that some
classification errors may have occurred.

Another potential weakness was selection of pa-
tients based on diagnosis at discharge. It is likely
that in some cases the final diagnoses were not clear
at admission and that UTT was in the differential at
that point. However, we do not believe that this
substantially changes our conclusions or recom-
mendations. We also believe that excluding patients
with conditions known to cause sterile pyuria—thus
reducing the numerator of the proportion—strength-
ens our conclusions.

The exclusion of patients who did not have a
urinalysis at admission may have introduced bias. If
so, it would have been in a direction supportive of
our conclusions because UTT would have been less
likely in patients in whom UTI was not suspected
by the admitting physician. A routine urinalysis in
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all patients would have reduced the percentage of
positive urine cultures.

Because the involved hospital is a teaching hos-
pital, the patients may have been younger and more
complex than those typically admitted to other
acute care hospitals, potendally reducing general-
izability.

A substantial number of patients with pyuria did
not have urine cultures, in part because of the
failure of the emergency department physicians to
order reflexive urine cultures, a fact not always
appreciated by the admitting teams. It is impossible
to say how this might have affected our results. It is
possible that some patients had received antibiotics
either at home or before producing their urine
samples for testing. This would have reduced the
rate of bias of positive urine cultures on our results
and conclusions. Genitourinary infections with
chlamydia and other atypical bacteria would be
expected to produce pyuria and negative cultures
since these organisms do not grow on standard
culture media.

Some may question our choice of >5 WBCs/
HPF. When we recalculated the statistics using
>10 WBCs/HPF, the results were nearly identical.
Others may be concerned that we set culture pos-
itivity at >50,000 colonies/cc in patients whose
urine was obtained by catheter since some have
suggested the cutoff should be at >10,000 colonies/
cc. In this study it would have made no difference
because only one patient with pyuria had a cathe-
terized specimen with a bacterial colony count of
between >10,000 and <50,000.

Despite these limitations, we believe that our
study adds new information in this area of limited
literature and helps clinical decision making in the
choice of antibiotics for patients with infections
outside the urinary tract. A great deal more work
certainly needs to be done in this area.
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