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Abstract

Objectives: To evaluate the effects of chlorhexidine-based preservative tubes on analytes for routine urinalysis.
Methods: Urine specimen (n=84) aliquots in polystyrene tubes (PS) with no additives (Firatmed Co. Ltd., Istanbul,
Turkey) and in Becton-Dickinson Vacutainer® Plus Urinalysis Preservative (BD-UAP) tubes (Becton Dickinson Inc., NJ,
USA) were analyzed on automatic modular urine analyzer (Dirui Industry, Changchun, China) and the results were com-
pared. Stability was assessed by re-analyzing urine samples in BD-UAP tubes after three and six hours of storage and
comparing with initial results. Cohen’s kappa coefficient (k) was calculated to assess the agreement of results.

Results: Squamous epithelial cell and pH agreement between the tubes was moderate (k=0.60 and 0.58, respectively).
Bilirubin, ketone, protein, nitrite, and glucose showed perfect agreement with the PS tube and remained stable for up
to six hours in the BD-UAP tube (k=1.00, 0.92, 0.83, 0.93, 1.00, respectively). Red blood cells, white blood cells, bacte-
ria, blood, and leukocyte esterase showed moderate to substantial stability at six hours (k=0.56, 0.77, 0.76, 0.87, 0.57,

respectively).

Conclusion: Although storage in chlorhexidine-based preservative tubes has limited effects on chemical strip analysis,
these tubes may not be considered optimal for microscopic examination.
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omplete urinalysis is one of the most commonly per-

formed in vitro screening tests in clinical laboratories [1,
2]. In recent years, the utilization of fully automated urine an-
alyzers has provided higher efficiency and accuracy in com-
plete urinalysis tests [3]. As technological advances in the field
have substantially improved the accuracy and precision of
urinalysis, preanalytical requirements are now the more sig-
nificant issue [4].

The Clinical and Laboratory Standards Institute (CLSI) guide-
lines [5] recommend completing urinalysis within two hours
(hrs) of collection. However, if the analysis exceeds this period,
storing samples in an uncontrolled temperature environment

or without urine preservatives can compromise the quality
of the results [2]. Although refrigeration reduces cell degra-
dation and bacterial growth, it may impact the detection of
other particles due to increased crystal formation [6].

Urine preservatives are commonly used to avoid bacterial
overgrowth in culture samples [7]. Ethanol has traditionally
been used as a preservative with or without polyethylene,
and the use of boric acid and alternative preservatives has
also been reported [8]. However, these preservatives may af-
fect the chemical properties of the sample and change the
appearance of existing particles [4]. These limitations have
prompted manufacturers to evaluate various preservatives.
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Chlorhexidine is a cationic polybiguanide that has important
antimicrobial properties [9]. The broad antimicrobial spec-
trum of chlorhexidine resulted in its widespread use as a disin-
fectant for the skin and in applications in the fields of ophthal-
mology, urology, gynecology, and otorhinolaryngology [9],
and likely led to the idea of using chlorhexidine-based urine
preservative tubes today.

The CLSI recommends that laboratories evaluate urine preser-
vative systems before use [5]. In this context, the primary aim
of this study was to assess the effects of Becton-Dickinson
Vacutainer® Plus Urinalysis Preservative (BD-UAP) tube on an-
alytes of urine aliquots stored at room temperature for up to
six hrs. Proving the effectiveness of tubes containing preserva-
tives in the storage of urine samples would make it possible to
transfer samples from our satellite laboratories to our central
laboratory.

Materials and Methods

This study was conducted between October 2019 and Novem-
ber 2019 in the University of Health Sciences Tepecik Training
and Research Hospital. All patients provided written informed
consent before participation and this study was conducted
according to the criteria set by the declaration of Helsinki.
Ethical approval was obtained from the hospital’s local Ethics
Committee (Date: September 9, 2019, no: 2019/14-17).

Subjects

Urine collection containers with identification barcodes were
given by laboratory technicians to 84 randomly selected pa-
tients who were referred from different outpatient clinics
to the urinalysis laboratory for complete urinalysis. Sample
collection, transport, preparation, and urinalysis procedures
were performed in line with European Urinalysis Guidelines
[10]. Patients were asked to collect a clean catch urine sample
of sufficient volume (at least 80 mL) in the morning and bring
the sample to the laboratory within 10 minutes. Excessively
mucoid, viscous samples and samples with macrohematuria
were excluded from this study.

Methods
Urine samples were transferred to two different tubes:

1. Polystyrene (PS) tube with no additives (Ref no.
8870000008; Firatmed Co. Ltd., Istanbul, Turkey), 10 mL.

2. Becton-Dickinson Vacutainer® Plus Urinalysis Preservative
(BD-UAP) tube (Ref no. 364992; Becton Dickinson Inc., New
Jersey, USA), 8 mL.

The BD-UAP tubes assessed in this study were polyethylene
terephthalate plastic tubes spray-coated with 0.4% chlorhex-
idine, 5.6% ethylparaben, and 94% sodium propionate. Urine
samples in the BD-UAP tubes were inverted 8-10 times as per
the manufacturer’s instructions and stored at room tempera-
ture (20-25°C) protected from light. Analyses were performed

within one hr of collection for both the PS tubes and BD-UAP
tubes (0 hr) and repeated three and six hrs later for the BD-
UAP tubes only.

H-800 and FUS-200 fully automated urine analyzers (Dirui In-
dustrial Co., Changchun, China) were used for the analyses.
H-800 urine chemistry analyzer module is a reflectance pho-
tometer that measures the density of colorimetric changes
in the strips and transforms those into categorical or semi-
quantitative data. Original H-800 strips (Dirui Industrial Co.,
Changchun, China) were used in this study and the chemi-
cal tests (specific gravity, pH, urobilinogen, bilirubin, ketone,
blood, protein, nitrite, leukocyte esterase, and glucose) were
reported semiquantitatively. The within-run percent coef-
ficient of variation (CV%) values for specific gravity, pH, uro-
bilinogen, bilirubin, ketone, blood, protein, nitrite, leukocyte
esterase, and glucose were 4.6,2.5,3.4,3.5,4.0,2.3,6.4,2.5,3.3,
and 5.2, respectively.

The FUS-200 urine sediment analyzer adopts flow cell digital
imaging technology with an artificial intelligence identifica-
tion technique. The urine is illuminated as it passes through
the flow cell and images are recorded with a digital camera
placed on the lens of the microscope. These images are trans-
ferred to the computer, where software classifies and trans-
mits them to the screen to be evaluated by the operator.
Assessment of sediment images in our study was performed
by a single laboratory specialist. Original calibrator and con-
trol material supplied by the manufacturer were used for daily
calibration and quality control procedures, also according to
the manufacturer’s instructions. The within-run CV% of the
FUS-200 analyzer was 8.8.

Statistical analysis

Statistical analyses were performed using SPSS v.20 software
(IBM, NY, USA). All parameters except specific gravity and pH
were dichotomized as positive or negative. Thresholds for pos-
itive red blood cell (RBC), white blood cell (WBC), squamous
epithelial cell, and bacteria results were 17x106/L, 28x10°/L,
22x10¢/L and 6x10°/L, respectively [6]. For chemical param-
eters, results of trace and above were classified as positive.
Because PS tubes are used in standard routine laboratory pro-
cedures, 0-hr results of these tubes were used as a reference,
and the agreement of the BD-UAP tube results was tested.
Additionally, BD-UAP results from 0 hr were compared to 3-
and 6-hr results. Cohen’s kappa coefficient (k) was calculated
to assess the agreement of results [11]. k values in the ranges
of 0.41-0.60, 0.61-0.80 and 0.81-1.00 were defined as mod-
erate, substantial, and perfect agreement, respectively [12]. A
cut-off value of k=0.80 was determined, and analytes with k
values >0.80 were regarded as having an acceptable agree-
ment. pH values were evaluated as ordinal data (<7.00 acid,
=7.00 neutral, and >7.00 alkaline) while specific gravity was
considered continuous data; kK value was used to assess the
agreement between pH values. For specific gravity, normality
of the data distribution was evaluated with Shapiro-Wilk test
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and statistical differences were evaluated using paired t-test.
P-value <0.05 was considered significant.

Results

The manufacturer’s cut-off values and numbers of patholog-
ic urine samples for each parameter are presented in Table 1.
Of the 84 samples examined, 80 samples were acidic and four
samples had a neutral pH. Urobilinogen was excluded from
statistical analyses because too few samples that were tested
were positive.

Mean (tstandard deviation) specific gravity at 0 hr was
101745.97 in the PS tubes and 1018+6.04 in the BD-UAP tubes
(p<0.001). At three and six hrs, specific gravity in the BD-UAP
tubes was 1018+6.32 and 1018+6.25, respectively. There was
no significant change in specific gravity at either time point

compared to the initial value (0 vs. 3 hrs: p=0.290; 0 vs. 6 hrs:
p=0.310).

When assessed for its efficiency in preserving urine parame-
ters, BD-UAP tubes showed the best agreement with the ref-
erence tube for the parameters nitrite and glucose (Table 2).
Perfect agreement was observed for bilirubin, ketone, blood,
protein, and leukocyte esterase parameters. RBC, WBC, and
bacteria parameters showed substantial agreement. Moder-
ate agreement was observed for squamous epithelial cells
and pH.

Showing perfect agreement with the reference tube, bilirubin,
ketone, protein, nitrite, and glucose were stable in BD-UAP
tubes up to six hrs (Table 3). Glucose showed perfect agree-
ment with the reference tube and was also the most stable
parameter at six hrs. Blood demonstrated perfect agreement
with the reference tube at 0 hr, substantial agreement at three

Table 1. Manufacturer’s cut-off values and pathological urine samples

Analyte Manufacturer’s cut-off values Pathologic urine samples, n (%)
Specific gravity (kg/L) 1005-1025 6(7.1)
pH 5.5-8.0 0(0)
Urobilinogen (umol/L) Negative 0(0)
Bilirubin (umol/L) Negative 5(6.0)
Ketone (mmol/L) Negative 15(17.8)
Blood (erythrocytes/uL) 10 58 (69.0)
Protein (g/L) 0.3 26 (31.0)
Nitrite (umol/L) Negative 7 (8.3)
Leukocyte esterase (leukocytes/uL) 15 36 (42.9)
Glucose (mmol/L) 5.6 8(9.5)
Red blood cells (x10°/L) 17 37 (44.0)
White blood cells (x10¢/L) 28 28(33.3)
Squamous epithelial cells (x10/L) 28 28 (33.3)
Bacteria (x10°/L) 11 27 (32.1)

Table 2. Agreement of initial values (0-hour) in polystyrene tubes with no additive and Becton-Dickinson Vacutainer® Plus

Urinalysis Preservative tubes

K (95% CI)

Microscopic parameters

Bacteria (x10°/L)
Bilirubin (umol/L)
Ketone (mmol/L)

Chemical parameters

Blood (erythrocyte/pL)

Protein (g/L)
Nitrite (umol/L)

Leukocyte esterase (leukocyte/pL)

Glucose (mmol/L)
pH (pH units)

Red blood cells (x10%/L)
White blood cells (x10°/L)
Squamous epithelial cells (x10°/L)

0.78 (0.63-0.92
0.79 (0.64-0.93
0.60 (0.41-0.79
0.74 (0.58-0.90
0.88* (0.65-1.00)
0.92* (0.81-1.00)
0.81* (0.68-0.95)
0.86* (0.75-0.98)
( )

( )

)

== ==

1.00* (1.00-1.00
0.93* (0.85-1.00
1.00* (1.00-1.00
0.58 (0.20-0.95)

K: Kappa coefficient, CI: Confidence interval. *Analytes that had an acceptable agreement in the BD UAP tubes compared to the reference tubes (k>0.80)
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Table 3. Agreement of analytes stored in Becton-Dickinson Vacutainer® Plus Urinalysis Preservative (BD-UAP) tubes after three

and six hours of storage compared to initial results

Analytes

BD-UAP tubes

Storage time (hrs) K (95% Cl)

Microscopic parameters Red blood cells (x10%/L)

White blood cells (x10%/L)
Squamous epithelial cells (x106/L)
Bacteria (x10°/L)

Chemical parameters Bilirubin (umol/L)
Ketone (mmol/L)

Blood (erythrocytes/uL)

Protein (g/L)

Nitrite (umol/L)

Leukocyte esterase (leukocytes/pL)

Glucose (mmol/L)

pH (pH units)

0.78 (0.63-0.92
0.56 (0.37-0.75
0.74 (0.58-0.90
0.77 (0.62-0.92
0.91 (0.81-1.00
0.85(0.72-0.98
0.76 (0.60-0.92
0.76 (0.60-0.92
0.88 (0.65-1.00
1.00 (1.00-1.00
0.92 (0.81-1.00
0.92 (0.81-1.00
0.76 (0.61-0.91
0.87 (0.76-0.98
0.89 (0.79-1.00
0.83 (0.70-0.96
0.93 (0.78-1.00
0.93 (0.78-1.00
0.93 (0.84-1.00
0.57 (0.39-0.75
1.00 (1.00-1.00
1.00 (1.00-1.00
0.73 (0.50-1.00
0.80 (0.65-1.00

A WO WO WO WOoO WO WO WwWwoOhw o wowo wo w

K: Kappa coefficient, CI: Confidence interval

hrs, and perfect agreement again at six hrs. Leukocyte ester-
ase remained stable until three hrs but showed only moderate
agreement at six hrs.

WBC and bacteria parameters showed substantial agreement
with the reference tube and their agreement did not change
up to six hrs, whereas RBC stability deteriorated and the level
of agreement fell from substantial to moderate at six hrs.

Squamous epithelial cells and pH had a moderate agreement
with the reference tube and showed better stability.

Discussion

This study comparing a chlorhexidine-based preservative
tube with a reference tube with no additives revealed varying
degrees of agreement and stability in the chlorhexidine tube.
The most important finding from this study is that bilirubin,
ketone, protein, nitrite, and glucose analytes can be stored
for up to six hrs in this chlorhexidine-based preservative tube.
The second noteworthy finding of this study that chemical pa-
rameters generally yield better agreement and stability results
than microscopic parameters.

Compared with the reference tube, the parameters with a per-
fect agreement in BD-UAP tubes were bilirubin, ketone, blood,
protein, nitrite, leukocyte esterase, and glucose. All of these
parameters, except blood remained stable up to three hrs.
RBC, WBC, bacteria, squamous epithelial cells, and pH showed
moderate to a substantial agreement with the reference tube.
At six hrs, both leukocyte esterase and RBC showed a substan-
tial loss of stability.

In our study, chemical parameters generally yielded better
agreement and stability results than microscopic parameters.
Considering the European urine analysis guideline [10] states
that particle analysis can be conducted up to four hrs after col-
lection while analysis of test strip parameters can be done up
to 24 hrs for samples stored at 4°C, our findings are not surpris-
ing. The lower stability of particle parameters may be related to
chemical preservatives causing degradation and morphological
changes in the cell membranes of RBC and WBC due to osmotic
effects [13]. In previous studies, false high RBC counts were re-
ported due to the misclassification of yeast [14]. However, this
parameter was not included in our study due to problems fre-
quently encountered in the measurement of yeast in automatic
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urine sediment analysis [15]. Prolonged storage of urine may
cause an increase in pH due to urease-producing Proteus spp.,
and particle lysis may accompany high pH values. However, the
low agreement in pH starting at 0 hrs indicates that the pH shift
was caused by the urine preservative, not bacterial growth.

The literature includes conflicting reports regarding tubes
from different manufacturers with different preservatives. In
contrast to our findings, Ercan et al. evaluated 48 samples and
found that most chemical and microscopic parameters re-
mained stable until 72 hrs when transferred in tubes stored at
room temperature with chlorhexidine as a preservative. They
noted that RBC lost stability at 72 hrs, while WBC showed in-
stability at 24 hrs [6].

Kouri et al. examined 224 samples in tubes with no additives
and demonstrated that chemical parameters were unaffected
when transferred within eight hrs at +20°C. They reported that
tubes containing chlorhexidine, boric acid, and Stabilur® as
preservatives yielded acceptable results for the same duration
in strip analysis and particle counting or bacteria culture if re-
quired, and that preservative tubes might be able to extend
this 8-hr stability period for both chemical and microscopic
parameters [16].

In their study conducted with 84 samples, Avci et al. found
that tubes containing chlorhexidine as a preservative and
transported more than two hrs yielded unaffected results for
all parameters within the same day [17].

Eksioglu et al. reported comparable results to our study. They
examined 275 samples for stability up to 48 hrs in tubes con-
taining chlorhexidine and found that the preservative tubes did
not meet the preanalytical criteria for chemical analysis or parti-
cle counting. The authors concluded based on their results that
transporting urinary samples for the centralization of urinalysis
was not yet feasible without impacting the results [13].

Literature evaluating the effects of preservative tubes on
chemical and microscopic parameters is scarce. In addition,
most studies that utilized these tubes were focused on analy-
ses that aimed to preserve bacterial content. The discrepancies
between studies using the tubes with the same preservatives
produced by the same manufacturers may be due to varia-
tions in the number of total samples, number of pathologi-
cal samples and statistical methods applied. While Ercan and
Avcl analyzed their results as a simple percentage of agree-
ment, Kouri adopted error ratios and Eksioglu used FN and FP
rates along with k values for concordance analysis. One of the
factors causing conflict between studies is the different cut-
off values used by authors for k value. Although the k range
0.41-0.60 is classified as moderate, 0.61-0.80 as substantial
and 0.81-1.00 as perfect agreement, studies in the health field
emphasize that 0.80 should be used as the lower threshold
for acceptable agreement [18]. In the present study, we also
accepted 0.80 as the cut-off and aimed for parameters to have
near-perfect agreement results in our evaluation of preser-
vative tubes for sample storage. If we had adopted a cut-off
value of 0.60 for acceptability, we would have determined that

all BD-UAP parameters except pH and specific gravity were in
agreement with the reference tube at 0 hr and that all parame-
ters remained stable until three hrs. As we reached six hrs, only
RBC and leukocyte esterase would have lost stability. There-
fore, in this scenario, tubes containing chlorhexidine would
have provided adequate transport conditions for all parame-
ters but pH and specific gravity within three hrs.

This study demonstrates that in addition to consulting the
literature regarding urinalysis preservative tubes, laboratory
physicians must also conduct their own evaluation before us-
ing these tubes, consistent with CLSI recommendations.

The findings in this study are subject to some limitations. First,
manual microscopic examination, the gold standard for par-
ticle counting [19], was not performed in our study, and sec-
ondly, we did not have any samples with alkaline pH levels.
Thirdly, stability analysis was limited to only six hrs. However,
this study aimed to evaluate the efficiency of transferring
urine samples from our peripheral satellite laboratories to our
central laboratory, which takes no longer than six hrs. Another
limitation was that analyses were not repeated at three and six
hrs for the reference tubes with no additive.

Conclusion

In conclusion, although storage in a chlorhexidine-based pre-
servative tube has a limited effect on chemical strip analysis,
it may not be considered an optimal tube for microscopic ex-
amination.
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