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Objectives: Laboratories determine the most appropriate approach for the collection and transport of urine
specimens. We investigated the effect of a chlorhexidine-based preservative tube on sample stability, compared
the results of refrigerated polystyrene tubes with no additives, and investigated the effect of temperature on the
performance of preservative tubes.

Design andmethods: Fresh urine specimen (n=48) aliquots in BDVacutainer®Plus Urinalysis Preservative
Tubes and polystyrene tubes were analyzed on an Iris Diagnostics iQ200. Samples in polystyrene tubes were re-
frigerated for 4 and 8 h. Four aliquots in preservative tubes were kept at room temperature for 4, 8, 24, and 72 h,
while two aliquots were kept on ice for 4 and 8 h.

Results: There was good agreement for all chemistry and microscopy parameters with the exceptions of
white blood cells (WBCs) at 24 and 72 h and red blood cells (RBCs) at 72 h. Preservative tubes on ice showed
a significant decrease in concordance ofWBCs and calcium oxalate (CaOx) parameters comparedwith the results
at room temperature. Results of refrigerated polystyrene tubes showed good agreement with the exceptions of
WBC clumps and amorphous crystal at 8 h.

Conclusions: A chlorhexidine-containing preservative tube seems advantageous for urine sample transport
from outside healthcare services. A preservative tube offers comparable results with urine samples kept in a re-
frigerator for 4–8 h for themajority of parameters. Keeping samples at room temperature is recommendedwhen
preservative tubes are used because ice produces a negative effect on WBCs and CaOx.

© 2015 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.

Introduction

Urinalysis is one of the most common screening tests performed in
the clinical laboratory [1,2]. According to CLSI GP16A3 Guidelines [3],
the recommended analysis time for urine samples is within 2 h of col-
lection. For delayed analysis, keeping the sample in an uncontrolled
temperature environment or the lack of a preservative will reduce
the quality of the results [4]. Refrigeration is known to reduce cell

degradation and bacterial growth, but the increased frequency of crys-
talsmay affect the recognition of other particles [5]. Commercial preser-
vative tubes are available tomaintain sample integritywithout cell lysis,
bacterial growth, or in vitro crystal formation [3].

The Becton–Dickinson Vacutainer® Plus Urinalysis Preservative
(BD UAP) Tube (Becton, Dickinson and Company, Franklin Lakes, NJ,
USA) contains 0.4% chlorhexidine, 5.6% ethyl paraben, and 94% sodium
propionate. The manufacturer states that the tube stabilizes urine over
72 h without the need for refrigeration and does not interfere with
strip and microscopy analysis on various urine analyzers.

The primary aim of this study was to assess the effect of the BD UAP
tube on the stability of urine aliquots kept at room temperature for up
to 72 h. Our secondary and tertiary aims were to investigate whether
temperature affected the performance of the preservative tube and to
compare these options with polystyrene test tubes refrigerated for up
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to 8 h in order to obtain data on the appropriate preservation of urine
specimens.

Materials and methods

Urine specimens

Forty-eight first-voided morning urine samples from the Outpatient
Clinics of Urology submitted to the Central Laboratory of the Ankara
Numune Education and Research Hospital were included in the study.
Approximately 90 mL was obtained per patient, and specimens with
macroscopic hematuria were excluded. All the participants gave
informed consent approved by the Ethics Committee of the Ankara
Numune Education and Research Hospital.

Study procedure and time points

Urine specimens were divided into the following tubes for particle
and test strip analyses:

1. Preservative tube (polyethylene terephthalate [PET] plastic with
chlorhexidine-based preservative) at room temperature, four ali-
quots (8 mL) for analyses at 4, 8, 24, and 72 h;

2. Preservative tube (PET plastic with chlorhexidine-based preserva-
tive) in a container with ice packs, two aliquots (8 mL) for analyses
at 4 and 8 h;

3. Polystyrene test tube with no additives, refrigerated, two aliquots
(8 mL) for analyses at 4 and 8 h.

Measurements

Chemical analysis and microscopy analysis were performed with
iChem®VELOCITY™ Strips on an iChem® VELOCITY™ Urine Chemistry
System, iQ®200 SPRINT™ (Iris Diagnostics Inc., Chatsworth, CA, USA)
by reflectance photometry and flow cell digital imaging; the Auto-
Particle Recognition software classifies each image into one of 12 cate-
gories [6]. Quality control materials (iChemVELOCITY IRISpec CA/CB/CC
[Iris Diagnostics]) were run daily. A bimonthly external quality assur-
ance program (RIQAS [Randox International Quality Assessment
Scheme] Urinalysis Program, [Randox Laboratories-US, Ltd.]) was also
used by the laboratory.

Limits of positivitywere accepted as: 3, 5, and 4 cells per high-power
field (HPF) for RBCs, WBCs, and squamous epithelial cells, respectively.
Any detected yeast, cast, uric acid crystal, and WBC clump per HPF was
accepted as positive.

Statistical analysis

Statistical analysis was performed by using SPSS v.21 software.
Concordance between each aliquot and the 0 h aliquot was estimated
as percentage (95% CI) +/− one color block from the best fit line or
within one grading difference. Higher than 80% concordance was ac-
cepted as good agreement. The 95% confidence intervals for agreement
were calculated according to CLSI document EP12-A2.

Results

For urine chemistry parameters, 4.1%, 35.4%, 68.8%, 2.1%, and 56.3%
of the 0-h samples were positive for glucose, protein, blood, nitrite,
and leukocyte esterase, respectively. Bilirubin, urobilinogen, ketone, and
pH results did not exceed reference intervals. Percentages exceeding
the cut-off value for RBCs, WBCs, WBC clump, epithelial cells, casts,
yeast, and CaOx crystals were 52.8%, 50%, 6.3%, 4.2%, 2.1%, 6.3%,
and 8.3%, respectively. For bacteria, amorphous and uric acid crystal
parameters, results were within the reference interval. The mean
relative density and pH of urine specimens in the polystyrene test

tubes were 1.017 and 5.0, respectively, while the corresponding values
were 1.017 and 5.5 for the samples in preservative tubes.

In the preservative tube, therewas good agreement for all the chem-
istry andmicroscopy parameters at the different time intervals with the
exceptions of WBCs at 24 and 72 h and RBCs at 72 h. Concordance at 4
and 8 h was good for WBCs but concordance was moderate at 24 and
72 h (70.8%, 77.1%, respectively). For RBCs, agreement was good at 4,
8, and 24 h, whereas it was moderate at 72 h (79.2%) (Table 1).

The effect of temperature on samples was then examined in order to
determine appropriate transport conditions between the outside
healthcare services and the Public Health Laboratory. As indicated in
Table 2, keeping preservative tubes on ice caused a significant decrease
in the concordance of WBCs and CaOx parameters. For the refrigerated
polystyrene tube samples with no additives, particle and chemistry
analysis showed good agreementwith the reference groupwith the ex-
ceptions ofWBC clump and amorphous crystals at 8 h (77.1% and 79.1%
concordance, respectively).

Discussion

The results of the study obtained data for the accurate analysis of the
urine specimens with different storage conditions.

Concordance evaluation indicated good agreement for all the chem-
istry andmicroscopy parameters with the exceptions ofWBCs at 24 and
72 h and RBCs at 72 h. Possible changes in cell morphology, which

Table 1
Concordance evaluation of chemistry and microscopy parameters in preservative tubes
kept at room temperature.

Chemistry 4 h
% agreement
(95% CI)

8 h
% agreement
(95% CI)

24 h
% agreement
(95% CI)

72 h
% agreement
(95% CI)

Glucose 97.9% 97.9% 97.9% 95.8%
(89.1–99.6) (89.1–99.6) (89.1–99.6) (92.5–100.0)

Protein 97.9% 93.8% 95.8% 97.9%
(89.1–99.6) (83.2–97.8) (86.0–98.8) (89.1–99.6)

Blood 100.0% 97.9% 100.0% 93.8%
(92.5–100.0) (92.5–100.0) (92.5–100.0) (83.2–97.8)

Ketone 100.0% 97.9% 100.0% 97.9%
(92.5–100.0) (86.0–98.8) (92.5–100.0) (86.1–98.8)

Nitrite 100.0% 100.0% 100.0% 97.9%
(92.5–100.0) (92.5–100.0) (92.5–100.0) (92.5–100.0)

Leukocyte esterase 93.8% 93.8% 89.6% 87.5%
(89.1–99.6) (89.1–99.6) (77.8–95.5) (75.3–94.1)

pH 97.9% 97.9% 100% 97.9%
(89.1–99.6) (89.1–99.6) (92.5–100.0) (86.1–98.8)

SG 93.8% 93.8% 93.8% 93.8%
(89.1–99.6) (83.2–97.8) (89.1–96.4) (89.1–96.4)

Microscopy 4 h
% agreement
(95% CI)

8 h
% agreement
(95% CI)

24 h
% agreement
(95% CI)

72 h
% agreement
(95% CI)

RBCs 89.5% 91.6% 87.5% 79.2%
(71.0–90.7) (80.6–96.7) (86.0–98.8) (75.3–94.1)

WBCs 95.8 % 97.9% 70.8% 77.1%
(89.1–99.6) (86.0–98.8) (59–83.4) (63.5–86.8)

WBC clump 95.8% 97.9% 97.9% 97.9 %
(86.0–98.8) (89.1–99.6) (89.1–99.6) (89.1–99.6)

Epithelial cells 97.9% 93.8% 85.4% 89.6%
(92.5–100.0) (89.1–99.6) (83.1–97.9) (89.1–99.6)

Casts 97.9% 93.8% 95.8% 95.8%
(89.1–99.6) (89.1–99.6) (92.5–100.0) (92.5–100.0)

Bacteria 100.0% 97.9% 93.8% 95.8%
(92.5–100.0) (92.5–100.0) (86.0–98.8) (86.0–98.8)

Yeast 100.0% 100.0% 100.0% 97.9%
(92.5–100.0) (92.5–100.0) (92.5–100.0) (86.0–98.8)

Amorphous crystal 97.9% 97.9% 100.0% 100.0%
(92.5–100.0) (92.5–100.0) (92.5–100.0) (92.5–100.0)

CaOx crystal 91.6% 91.6% 91.6% 81.3%
(83.3–97.7) (83.3–97.7) (83.2–97.8) (68.1–89.8)

Uric acid 91.6 % 91.6 % 91.6 % 91.6 %
(80.4–96.7) (80.4–96.7) (80.4–96.7) (80.4–96.7)
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